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Asstnecr. - A preliminary estimation of Vul-
cano's geothermal potential by drrectly measuring
the fumaroles gaseous output and by calculating the
amount of energy associated has been done. The
method anC the special device used for measuring
the output are here described. Based on the data
registered in 1979 during the rapid thermal evolution
of Vulcano's system, and in agreement with the
modei propcsed by Clnenezza, Nuccro and Va-
r,uNze (1981), the depth of the geothermal reservoir
has been calculated and a rough estimation of its
volume has been obtained.

The reservoir results as being at a depth of
approx. 1.6-2 kms. and its volume, which is probably
of the order cf 0.1 km', is decidedly small.

RressuNro. - Atraverso la misura diretta della
quantiti di gas emessi dalle fumarole e calcolando
la quantiti dr energia ad essa associata, b stata effet-
tuata una stima preliminare del potenziale geoter-
mico delf isola di Vulcano. Vengono descritti il
metodo e 1o speciale apparato usato per la misura
della quantiti di vapore emesso. Sulla base dei dati
registrati nel 1979, durante l'evoluzione del sistema
di Vulcano e, in accordo con il modello proposto
da Can,qpszze, Nuccro e Vam^*zA (1981), E stata
calcolata la profonditi del serbatoio geotermico ed
b stata effettuata una stima orientativa del suo
volume.

Tale serbatoio risulta essere posto ad una pro-
fonditi di ci;ca 1,6-2 km ed il suo volume, che E
probabilmente dell'ordine di 0,1 km*, b decisamente
plccoro.

fntroduction

In the last few years there has been a
renev/ed interest in the geothermal explo-
ration of Vulcano. In this resoect the Italiarr
cornpanies AGIP, ENEL and EMS have
developed a geothermal energy utilization
program that aims at making the islands of
Vulcano, Lipari and Salina self-sufficient as
far as energy and water are concerned. fn

1956 AGIP bored two wells near the << Fa-
raglione di levante > finding at a depth of
about 200 meters a thermal aquifer having
a temDerature close to 200' C

Latir geochemical studies (ToNmr, 1970)
suggested that there was a deeper geothermal
reservoir. According to CARAPEZZA, Nucclo
and V.e,lrNzA (198i) the fluids present in
this reservoir determine a liquid-vapour
biphase system with temperatures of 320'
350" c.

The vapour phase reaches the surface
feeding the fumarolic manifestetions at the
crater rim.

In this paper we present the results of
the measurements of the total output of
mass and energy at the surface.

Using data recorded in 1979 during the
rapid evolution of the fumarolic activity, we
were also able to make a rough estimation
of the volume and of the depth of the
geothermal reservoir.

Composition of {umarolic gasee

The composition of the fumarolic gases
was determined through the use of appro-
priate sampling methods and by their sub-
sequent analysis.

The aetber condenser method

This method was used to determine the
gasfHzO ratio and is based on the volume
of dry gas pumped and on the weight of the
collected condensate.
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Fig..J . Mapping. of the fumarolic 6elds on the Gran Cratere area. - Dotted area: diffused fumarolic
manrtestatrons. l|Iack area: more intense fumarolic manifestations with visible gaseous release.

The quant i t ies of  Nat ,  K ' ,  Mg2o,  Fe2*,
etc. in the condensate were determined by
means of atomic absorption spectrophoto-
metry; the HCI by means of volumetric
ritation of the chlorides present; the HF
by means of ion-selective ditermination and
the H:;BO:I by means of spectrophotomeffy.
The dry gases were analyzed by gas-chromato-
graphy.

The absorption ol lumarolic gases in an
NH4OH solatiolt containing,AgNOs

This method, already used by Srcenor
(1952), was emploved in the determination
of the H:S and SO:,: conrenr. The analytical
results relative to the composition oi the
fumarolic gases of Vulcano are given in
table 1.

Output of fumarolic gaees

Some methods already exist in literature
to estimate the quantity of volcanic gases
emanated into the atmosphere. The applica-
bility of a method often depends on the
type of emanation and on environmental
problems. In the case of Vulcano, considering
the easy access to the fumarolic fields, wi
preferred to use a direct method based on
measurements of the emanating area and of
the gaseous output.

This output is calculated using the fotrlow-
ing equation:

fr

Q : 2 i A r Q i
I

where: Q : total mass in the unit of time;
Ai = emanating surface of the <<l> fumarole;
@i : average output of the <<l>> fumarole
per unit of surface.
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In a few cases the measurements were not
taken, either because the vapour was insuf-
ficient or because the fumarole itself had a
very particular morphology, and v/e were
anyway convinced that the estimate of the
total output would not be appreciably
altereted.

A difierent method was used for measuring
the output of the fumaroles of the isthmus
that links Vulcano to Vulcanello and those
of the fumaroles in the sea. In these two
cases the gas was collected with an aluminum
funnel having a diameter of about l0 cm
and was carried through a rubber tube to an
upsidedown bottle of known volume full of
water. As the gas enters the bottle the water
is pushed out, and by measuting the time to
empty the bottle, the CO: output was
deduced.

Since the CO: represents about | % of.
the H:O vapour in these fumaroles which
have temperatures riear 100'C, the quantity
of H:.:O, rvhich makes up 99 c/o of the gaseous
emanation, was deduced. The result are given
in table 2.

Output measurements of some of the
species we considered, were made on Vul-
cano by FervnE Prnnnrr et al. (1980),
table l.

These measurements were made on samples
of air taken at a Cistance of approximately
400 m from the fumarolic field where a
source of SF,r had been placed with the aim
to determining the Cilution ratio to be applied
to all the species considered.

Tlet.r 2
Total output ol COz rueasured in the

fumaroles at tbe seaside

SITE

546.00

1  4 . 3 0

0 . 6 4

0 . 0 9

0 . 3 1

0 . 0 7

o . 0 a

The ionic species in the condensate are expressed
in. mmols/l itre.

An accurate mapping of the fumarolic
fields was made (fig. 1) and the actual
emanating area A was measured as was the
temperature of each fumarole.

The gaseous flux O was measured by means
of a specificly developed device. It was made
of a portion of tube, of an established
diameter, aimed at intercepting the fumarolic
gases. The vapour condensed on the walls
of an externally refrigerated cone, and, by
means of an open, duct the condensate v/as
collected in a gtaduated container.

The quantity of HrO vapour emanated
daily by the entire fumarole was calculated
by means of the following formula:

VA
a - _ 86,400

ST

where: V : the volume of the collected
condensate; A: the measured surface of the
emanating area of the fumarole; S : the
intercepting areaof the device; T : the time,
in seconds, in which the condensate is col-
lected; 86,400 : the number of seconds in
one day.

The measurements \yere repeated at least
three times consecutively in each point of
measurement and the average flux was found.
In some cases we repeated the operation in
difierent points of the same fumarole.

The results are given in table 5.

;;. 
"," 

output was .",."t","0 ,;;;;r,";;;
that the COr content is lVo and Hfr is 99Vo.

This method however doesn't take into
accunt the difierent ways in which each
single species is diflused in the air, which

*ro

Fumaro tes  o f  the  is thmus

subaqueous fumano les

0 .35  tons /day  35  tons /day

0 . 1 5  t o n s / d a y  1 5  t o n s / d a y
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TeerB 3
Output of some gases rneasilred at tbe crater
in 1980 by Fervni.  Prsnnrr et  al .  (1980)

TnsrE, 4
Total output ol lunarolic species at tbe uater

! o n s / d a y

2 . 3  -  O . 4

+
6 . 4  -  O . 4

+
o . 1 1  -  0 . 0 3

o From R.F. Prtnnlr et al. ,  1980.

depends on their specific chemical properries
and on possible interactions in the atmosphe-
re. Oxidation reduction reactions have u
great effect on the sulphuretted species and
can cause the formation of solid sulphur,
which, ar a certain distance from the point
of discharge, might no longer be found under
the form of SO:: or H:S.

ril7e can therefore conclude that there is
probably a considerable error in the measure-
ments made on Vulcano by Fervnr, PrpnnEr
et  a l .

In fact the ratio between the various species
measured does not coincide with the- ratio
deduced from the analysis of the same gases
taken directly from the fumarole. HCl and
HF do not undergo the same fractionation
phenomena which-SOg is subiected. If we
consider that these t\yo sases have similar
chemical properties and that their ratio
respects that of the gases directly measured
in the fumarolic condensate, we can assume
that the quantities of HCI and HF measured
by Fervne PrEnnEr et al. are probably quite
close to that emanated bv the fumaroles.

On the basis of the quaniities of HCI and
HF given by Fervnr, Prr,nnpr et al. (1980)
and taking into consideration the analitical
ratio between these gases and the other
fumarolic species it is possible to obtain the
corected quantities for all species and they
are given in table 4. These values are in sood
agreement with our esrimates, especially
considerating that the measurements were
made with completely difierent methods.

Energy estimatione

From the analysis of the gaseous species
emanated by the fumaroles it is evident that

SPECIES
S p e c i e s  l h i s  w o . k
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252.00 to .s /day

124.00  to .s /day

8 . 8 8  t o n s / d a y

2.75  ta^s /da !

5 . T O  t o n s / d a y

0 . 0 4  t o n s / d a y

0 . 4 1  t o n s / d a y

0 , 2 0  t o n s / d a y

0 . 0 3  t o n s / d a y

0 . 2 6  t o n s / d a y

296.00  -  336.00  tons /dey

146.00  -  164.00  tons /day

3 . 2 0  -  3 . 7 0

6 . 0  -  6 . 4 0

0 . 0 4  -  0 . 1 4  t o n s / d a y

1 . 0 0  -  1 . 1 0  t o n s / d a y

O . 2 4  -  4 . 2 7  t o n s / d a y

0 , 0 3  -  O . O 4  t o n s / d a y

0 , 3 1  -  0 . 3 5  t o n s / d a y

r\lso on the basis of some seochemical considerations
we recalculared output  uu-1u.r  on the Fnrvnr-Plrn-
nst  et  a l .  (1980) data.

approx. 98 % of the fluid is made up of
HzO vapour and CO:r.

In this respect our computation of the
total energy output is based on these two
soecies.- 

The calculated energy is the excess of
energy of fumarolic gases with respect to
the environmental temperature (25" C). This
energy is equal to the enthalpy variation
of the process schematized as follows:

H:O vapour H'zO liquid
COz gas CO: gas
T of emanation of gases T : 25" C

The enthalpy
calculated using

variation (.4H) has been
these equations:

I12:  I  CpdT (1)
) r1

a * bT + C/T2 (2)

(a * bT + C/T'z) dT (3)

AH

Cp:

*=Il"
where the constants a, b and c have the
following values (Levrs and RANoALI,
1 9 6 1  ) :

for HzO for COz

a : 7 . 2 5  a : 6 . 2 1
b  : 2 . 3  1 0 3  b :  1 0 . 4 0  1 0 3
c : 2 . 8  I 0 7  c : - ) 5 . 4 5  1 0 ' ;
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T,c,srE 5
Energy release at

Data on the temperature, surt'ace and autput

RELEASE AT VULCANO

tbe crater.
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The contribution of COz to the total 4H
was calculated simply by substituting in the
equation (l) the values of the above constants
and the temperature values. As far as the
contribution of HzO is concerned, the cal-
culation of AH is made as follows:

0 . 6 0

0 . 3 6

0 . 8 0

1 3 . 3 0

t 2 , 2 4

3 . 0 0

4 . 4 0

0 . 6 0

1 . 5 0

4 . 6 0
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1 3 . 8 0
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crater rim. As far as the fumaroles of the
<< Forgia Vecchia >> and the other groups of
the ..r Fossa )> are concerned, which we
weren't able to make output tests on, we
estimated their global contribution, to be
about 1.5 M\ff.

The fumaroles at the seaside release about
50 tons/day of HsO, equal to 2.L tons/h.
Considering that the enthalpy o[ condensation
at 100" C is 540 calfgt and that another
75 cal/gr are released due to its cooling down
to 25' e, a total of 6L5 calf gr arc obtained'

Therefore the energy released by these
fumaroles is:

E : 2.1 X 106 (er/h) x 6t5 (cal/gr) X

x 1.16 X 10-e(MVh/cal )  :  1 .5M\)7

Therefore, taking into account the release
of energy measured at various fumarolic area
and the estimated conribution of those areas
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HzO vapour l /Hr I  HrO
T of fumarole l+ |  T :

vapour l/Hz
1oo" c l-.>

H:O l iquid l1H3 |
T :  100"C l *  |

where: AHt is calculated between the T of
emanation and 100" c; AHz (the latent heat
of condensation) has a value of. 9,717 cal/
mole; dH:r is calculated from the expression
AH = C"lT, with C" as the specific heat
of l iquid HrO (18 cal/mole).

The table 5 shows the energy values,
expressed in M\7, of the fumaroles of the
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C r a t e . . i m  ( m e a s u r e d )

O t h e n  f u m a r o l e s  a t  t h e  c n a t e .  ( e s t i m a t e d )

S e a s i d e  f u m a n o l e s  ( m e a s u f e d )

O t h e r  f u m a n o l e s  a t  t h e  s e a s i d e  ( e s t i m a t e d )

TOTAL

Tenrn 6
Surlace leakage ol geothermal energy

at uarious sites ol Vulcano

If we assume that;

- the increase in the imput of energy E was
applied with costant intensity, from the
beginning of the evolution;

- the evolution occured between two steady
states, as the temperature plateaus before
and after the thermal evolution suggest;

- the energy output measured in July 1980
and that at the beginning of the August-
October 1979 evolutions are comparable.
seeing that the temperature of the gases
was the same (t : J03" c);

- the energy output directly measured at the
surface in geothermal areas is equal to
I/5 - I/10 of the total (Murrren, 1975);

- the maximum temperature of the fumarolic
gases measured at the surface can be cor-
related with that of the reservoir, following
the model proposed by Canetrzze. et al.
( 1 9 8 1 ) ;

- the porosity of the rocks forming the
r e s e r v o i r  i s  e : 0 . 1 :

- the density of the rocks forming the
r e s e r v o i r i s 6 : 2 :

- the thermal capacity of the reservoir
(rocks * water) is 0.4-0.50 cal/cms uC.

The volume of the eeothermal reservoir is
determined by rn"uit of the following
expression:

\/ : ee/CrAt (4)

rvhere: Q9 : the- quantity of energy, expres-
sed in calories, needed by the reservoir to
increase its own temperature from the
original value to the final vah-re; Cr : the
thermal capacity of the reservoir (rocks *
water : 0.425 cal/cmtt); At : [1 -t i :
( 3 1 8 - 3 0 3 ) : 1 5 ' g .

Since the evolution took place between
two steady states, the increase in the energy
input is equal to that of the estimated
energy output. The regular increase in tem-
perature of the fumaroles suggests that the
increased energy input was costantly applied
to the system and the increased energy input
Ei must have been used, in reasonably com-
parable quantities, both by the reservoir to
increase its own temperature, and partially
dissipated by the output increase. The
quantity of energy Qe stored in the reservoir
during the evolution is therefore:

4 . 2 4

1 . 5 0

1 . 5 0

o , 2 0

that it was impossible to measure, we have
been able to evaluate the total energy output
at Vulcano as being near to ll.5 M\f
( table 6) .

Volume and deprh eetimation of Vul-
canots geothermal reeervoir

Volune
By using the energy output values acquired,

and the data relative to the evcilution of the
fumarolic activity registered between August
and October L979, we arrived at a rough
estimation of the volume of Vulcano's seo-
thermal reservoir.

After a period of absolute costancy a
regular increase in temperature of the
fumarolic gases, was observeci, which, on
August 15th l97c) was J03" C and which
by October 8th had reached 118. C.

At the same time variations in other
parameters were observed, such as changes
in the composition of the gases, an increase
in the gaseous flux and the extention of the
fumarolic area. The increase of about one
order_ of magnitude in the total output of
gas has been estimated. The dati and
assumption used to estimate the volume of
the reservoir are sumarized belovr.

The data are:
- initial temperature of the fumarolic gases

(tt) - 303" Ci
- final temperature of the fumarolic gases

( r r )  :  118 "  C :
- duration of the evolution : 54 davs:
- variation in the gaseous flux measured at

tumarole F5 : 50 %;
- estimated increase of the total gas out-

put : 1 order of magnitude;
- thermal capacity 0.66-cal/cm3 of a brine

with 10 wt/o NaCl at T of about 310'C.
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(h X lengbt ol time ol euol.)
Q r =

2

where Ei : 10 Eu - ll.5 X t0 : 115 M\Y
and taking into account that the superficial
leakage is 1/10 of the total we have:

( 1 1 5 x 1 0 M S r ) y . 2 4 t ' , X 5 4 d
Q e =

2 (1, .1610 o MWh/cal )
-- 6.42 X 1014 cal

and from eq. 4 we have:

(0.425 cal  uC'r  (cmt)- t )  X 15" C
t / -

6.42 x 10ra cal

:  10r{  cm3 :  0.L km3
1We must point out that this value is only

to be considered as an order of masnitude
and is referred to the central part;f the
reservoir, where the more active convective
circulation produces a rapid thermal re-
equilibration.

Deptb

The model proposed by Cenaerzze, et al.
(1981) postulates the existance of a pres-
surized geothermal reservoir located above
a metamorphic basement, in the carbonatic-
sedimentary and volcanic levels.

The evolution of such a system from a
liquid-vapour biphase to a mono-phase can
take place:

- because it reaches its critical temperature,
which for a brine, with 10 wt% NaCl is
about 480" C;

- because the internal vapour pressure at the
bottom of the reservoir equals the hydro-
static pressure.

This latter condition was attained in 1979
when evolution towards the mono-phase
system was observed (NuccIo, VarrNze,
Ca.va,pnzztt, 1980). The maximum tempe-
rature of the fumaroles at that time was
303' C, corresponding to temperature of the
boiling acquifer which was about 140" C and
to the vapour pressure which was about
180  a tm  (  +  20  a tm . ) .

Therefore the bottom of the geothermal
reservoir must be at a dept equal to the
hvdrostatic pressure of tgO + 20 atm., and
that is, 

'at 
1.6-2 km below sea level.

Conclucling remarks

The total output of energy measured in

July 1980 at Vulcano is of the order of
11.5 M\f. The experiences made on other
geothermal areas suggest that this value,
associated to the natural superficial leakage,
represents l/5 -1/10 of the natural f lux of
energy towards the surface.

rWe can therefore conclude that the actual
geothermal energy available on Vulcano is
of the order of 100 M\il.

Finally, the exiguity of the order of
magnitude of the geothermal reservoir's
estimated volume, results as being in good
agreement with the indications given by the
rapid geochemical variations in the compo-
sition of the fumarolic gases observed during
the evolution of the svstem in the last few
years.

( 5 )

R E F E R E N C E S

Crnepnzze. M., Nuccro P.M., Varrr.rze M. (1981)
- A geocbemical interpretatiue tnodel on the ge-
nesis and euolution ot' the lumaroles ol Vulcano,
Aeolian Islands, Italy. Bvll. Volcanol., vol. 44J.

Farvnn Prennet R., Gunrr C., Sssrnren-Cannu R.
(1980) - Estitrzation du debit de SO,, HCI et HF
emis par le aolcan Vulcano (Italie). Workshop
on Volcanic Gases, Gif sur Yvette (France).

Lrwrs G.N., ReNnelr. M. (1961) - Thernodinamics.
2nd ed., Mc Grow Hill, New York.

Murrrs,n L.J.P. (I97r) - Summary ol section IL
Geology, Hydrology and Geotbermal systems. In
proceedings Second United National Symposium
on the Development and Use of Geothermal
Resources, San Francisco, USA, 20-29 May 1975.

Nuccro P.M., VersNz,', M., Crr*arezza M. (1980) -
Surueillance ot' tbe uolcanic actiuity ol Vulcano
(Aeolian Islands, Italy): eaolution risk and cboice
ol critical parumetets. E.O.S. Trans. A.G.U., v.
6r-45.



386 F. ITALIANO, P.M. NUCCIO, M. VALENZA

Stcnnnr L. (1955) - Captazione ed analisi chimica
dei gas delle esalazioni solrtdrico-sollorose dei uul-

^ cani in lase solfatarica. Bull. Volcan., 17, lO7-112.
Srcrhur L. (1941) - Il recente ciclo dbll,attiuiti

t'amarolica dell'isola di Vulcano. Bull. Volcan..
7. 85-140.

Touenr F. (1970) - Geocbimica dei gas aulcaxici

per fni di preuisione dell'attiaiti esplosiaa. Rap-
potto tt. J. Contatto CNR 69.00544 1553316.2,
Palermo.

U.O.3.L.7. Pnocrtro Frner.rzzaro GBolrNervrrce
(1979) - Rapporto dell'Uniti Operatiaa 3.1.7. sul-
l'attiaili saolta a Vulcaro (Eolie). Palermo, no
vembre 1979.




