
Geothermal Energy Release at the Solfatara of Pozzuoli 
(Phlegraean Fields): Phreatic and Phreatomagmatic 
Explosion Risk Implications 

F. ITALIANO 

P.M. NUCCIO 
M. VALENZA 

Istituto di Geochimica dei Fluidi, C.N.R, Palermo, Italy 

Istituto di Mineratogia, Petrografia e Geochimica, 
Univerity of Palermo, Palermo, Italy 

ABSTRACT 

The H20, CO2 and H2S outputs at the Solfa- 
tara of Pozzuoli have been measured and a 
map of the exhaling areas has also been made. 
The energy released at the surface by the 
fluids has been estimated to be 1019 ergs/day. 

The presence of aquifers at Phlegraean 
Fields increases the phreatic and phreato- 
magmatic explosion risk. 

Our results suggest that even if an uprising 
magma may interact with water at depth, an 
explosion could occur only at the shallow levels 
of a few hundred meters. Since the tranfer of 
energy toward the surface is favoured by the 
presence of fractures, a detailed analysis of the 
deep fracture network would help to evaluate 
the risk levels of the various areas of Phleg- 
raean Fields. 

INTRODUCTION 

Phlegraean  Fie lds  make  up the floor of 
an impressive caldera,  about  12 k m  in 
diameter ,  t ha t  was formed approx. 35,000 
years  ago by  the emission of more  than  80 
km 3 of pyroclast ic  products.  All  e rupt ions  
since then  have t ended  to decrease  both  
in energy and on volume (ARMIENTI et al., 
1983). 

This  a rea  has  cont inual ly  undergone  
a l ternat ing phases  of uplift  and  subsid- 
ence of the  ground. According to both  
historical repor ts  and  evidence left  by  
l i thodomi on R o m a n  ruins these  phenom-  
ena da te  back at  leas t  2,000 years.  

Bull. Volcanol., Vol. 47-2, 1984 

Before the  las t  erupt ion in 1538, which 
formed Monte  Nuovo, the  ground rose up 
about  7 meters .  Dur ing  the  las t  century  
was a gradual  subsidence,  t hen  in the  
s u m m e r  of 1969 a rapid  uplif t  began  
which in 1972 reached  170 cm (Oss .  VESU- 
VIANO, 1983). 

Be tween  1972 and  1974 the  ground 
subsided again about  20 cm, and there  
after,  up to 1982, the  s i tuat ion r e m a i n e d  
fairly s table .  

Beginning in the  s u m m e r  of 1982 the 
ground rose again, gaining ano the r  m e t e r  
by J a n u a r y  1984. The re fo re  be tween  1969 
and J anua ry  1984 there  was a total  rise of 
about  2.50 meters .  

Mos t  of the  knowledge in our posses-  
sion regarding the Ph leg raean  stratig- 
r aphy  comes from informat ion ob ta ined  
by  AGIP  during the i r  geo the rma l  explora-  
tions. T h e  geo the rmal  dri l l ings tap, 
bes ides  shallow aquifers, o ther  product ive 
levels  a t  a dep th  be tween  1,400 and  3,046 
meters ,  having a m a x i m u m  t e m p e r a t u r e  
of more  than  400°C (SAFEN, 1955; CIOPPI, 
1981). T h e s e  levels  are  of ten in te rca la ted  
by  rocks sea led  by the saline deposi ts  
p rec ipa ted  from the rma l  fluids. 

T h e  energy  flux associa ted  with the  
fluids emi t t ed  by the Sol fa ta ra  of Pozzuoli 
was eva lua ted  by  a mixed  group of 
r e sea rcher s  from the  Is t i tu to  di Minera-  
logia, Petrograf ia  e Geochimica  of the  
Univers i ty  of Pa le rmo  and  f rom the  Isti- 
tuto di Geochimica  dei  Fluidi  of C.N.R., 
during the p rogram of geochemical  
survei l lance of volcanic activity. 
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The  aim of this evaluat ion was to plot, 
over a period of time, the variations in the 
energy flux so as to evaluate the probabil- 
ity of a volcanic explosion. 

THE EXHALING AREAS 

Mapping of the exhaling areas was 
carried out in this area. The  various zones 
were identified by topography and  struc- 
ture as well as by exhalat ion characteris- 
tics. T h e y  are shown in Fig. 1 and  are 
briefly described as follows: 

1. T h e  Sof f ione  A r e a  - This  area takes 
its n a m e  from very active fumarole (also 
known as Forum Vulcani or Elliptical 
fumarole) si tuated in the southern part  of 
the crater. 

This  fumarole, although its exhaling 
area is only 0.2 m 2, gives a relatively high 
contribution of energy to the total output 
of the Solfatara, its flux of condensed 
water being approx. 1 .6 .  10 - 2 .  cm 3 .  
sec - 1 -  c m  2 (STP). 

2. Fr ied l i inder  Observa tory  A r e a  A 
wide fumarolized area, 500 m 2, partially 

a meters~ n '" 

~ scattered fumaroles 

] m u d  pooi 

~-~ weak exhalatin 9 area 

] d i f f u s e d  exhalating area 

~ sti'ong exhaiating area 

e high flux emission 

FIG. 1 - Sketch map of the Solfatara crater showing exhaling areas having different flux inten- 
sities. 
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covering the internal  wall of the crater 
behind the FriedKinder Observatory. The  
intensi ty of the s team exhalations vary 
from place to place, with H20 flux values 
between 1.3. 10 5 and 2.8.  10 4 
cm 3 • sec -1 • cm-2; the <<Bocca Grande~  
fumarole, s h o ~ n g  a very high H20 flux 
value (0.8. 10 -2 .  cm 3 • sec -1 .  cm-2), is 
the hottest  point with a tempera ture  of 
158°C. 

3. The Forum Pisciarell i  A r e a  This  
fumarolized area, covering 600 m 2, except 
for a few high emission points (e.g. Fuma-  
role A), generally gives low H20 flux 
values between 7.8. 10 5. cm 3 " s e c  1 
c m  2. This  area is clearly located along a 
fracture with a NW-SE direction. 

4. Nor thern  Fracture  A r e a  - A fracture 
system having a NE-SW direction lies 
along the nor thern  wall of the crater. On 
the high side of the wall, open fractures 
extend for about 40 meters,  while on the 
lower side they are concealed by detritic 
materials. A few fumaroles are developing 
on the crater floor destroying the vegeta- 
tion. The  s team flux measured  along the 

open fracture, is slower when the exha- 
lation becomes diffused over an extensive 
area. 

5. Fangaia  This  is an extensive exhal- 
ing area consisting of low H20 flux 
fumaroles (1.6.  10 - e .  cm 3 • sec - 1 .  cm -2) 
and of hot mud  pools (75°C - 80°C). 

The  pools are about  two meters  deep 
with their area varying from a few square 
meters  to more than  500 m 2. T h e y  are 
arranged along an E-W fracture. At the 
end of 1983 a new mud  pool appeared, 
growing in a month,  to a length of 12.5 
meters  and an average width of 0.5 
meters.  

This  event  indicates the in tense  activity 
of this fracture, which has already under-  
gone similar p h e n o m e n a  in the past  
(OLMERI DEL CASTILLO and QUAGLIA- 
RELLO, 1970). Besides this new mud  pool, 
Fangaia consists of the following features: 

-- a mud  pool of about  360 m 2, having 
a CO2 flux of the order of 4.5- 10 1. 
cm 3 • sec -1 • cm -2, surrounded by a weak 
fumarolized area; 

TABLE 1 - Extent of exhaling areas and relative H20 output. 

SITE Emanating area H 0 output 
2 

(m 2 ) (103Kg/day) 

Soffione area 0.2 3 

Fieldlander Observatory area 500 30 

Forum Piseiarelli area 600 90 

Northern fracture area 12~0 i00 

Stufe area 150 8 

Weak fumarolized S-E side 94 1.5 

Southern scattered fumarolds -- 0.8 

Yangaia (fumaroles) 7500 0.7 

Fangaia (mud pools) 650 n.d. 

10,694 ,2  234 
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TABLE 2 - Gas ratios at the various fumaroles expressed in wt.%. 

S I T E RATIOS 

C02/H20 H2S/H20 

Soffione area 

Fieldlander Observatory area 

Northern fracture area 

Forum Pisciarelli area 

- 3  
0,23'7 2 . 3  10 

- 3  
O. 266 3 . 5  10 

- 3  
0 . 3 2 7  1 , 0  10 

- 3  
0 . 3 5 8  3 . 6  i 0  

- -  an amygda lo ida l  mud  pool of about  
140 m 2 par t ia l ly  filled by  water,  ex tending  
along the  E-W fracture. 

--  a pool of very  dense  mud  about  50 
m 2, connec ted  with the  previous pool by  
an open fracture.  

- -  a pool of about  10 m 2 s i tua ted  
be tween  the  amygdalo ida l  pool and  the 
la rges t  one. 

OUTPUTS OF H~O, CO2 AND H2S 

T h e  gaseous output  was calcula ted 
using the following equation: 

Q ~ ~ i Ai ~i  
1 

where Q ~ total  mass  output  pe r  unit  
t ime; 

Ai = ex ten t  of exhal ing area; 
Oi = average output  of the  ~i>> 

fumarole  pe r  uni t  of t ime and 
area.  

T h e  specific flux of condensed  s t e a m  
was m e a s u r e d  by  the  me thods  a l ready  
t e s ted  on the  is land of Vulcano, Aeol ian  
Islands, (ITALIANO et al., 1983), using a 
s ta inless  s teel  condenser .  

T h e  value ob ta ined  for each site is the  
a r i thmet ica l  m e a n  of th ree  measure -  

ments .  T h e  reproducibi l i ty  of the meas-  
u r e m e n t s  is be t t e r  than  5%; whereas  the 
uncer ta in ty  of the final e s t ima tes  is of the 
order  of 20%. Tab le  1 shows the daily 
output  of H20 for each sampled  area. 

A different  me thod  was used for 
measur ing  the  CO2 output  a t  the mud 
pools: the  gas was collected in a stainless 
s tee l  funnel and  was carr ied through a 
rubbe r  tube  to an ups idedown bot t le  full 
of water,  having a known volume. As the 
gas en t e r e d  the  bot t le ,  the  water  was 
pushed  out, and  by  measur ing  the t ime it 
took to e m p t y  the bott le ,  the  specific flux 
of CO 2 was calculated.  The  surface area  of 
the  degassing mud pools were also 
m e a s u r e d  and the total  C Q  output  was 
calculated.  

In  the  fumarol ized area  the  CO2 and 
the  H2S outputs  were calculated using 
both  the  condensed  s t eam measure-  
ments ,  and  the C O J H 2 0  and H2S/H20 
concentra t ion rat ios measu red  at  the  vari- 
ous fumaroles  (Tab les  2 and 3). 

GEOTHERMAL ENERGY OUTPUT 

T h e  energy brought  to the  surface by 
the  geo the rmal  exhala t ions  was comput- 
ed. As more  than  99% of the  gases is H20 
vapour  and  CO2, the  calculations were 
based  on these  two species. 

T h e  t e m p e r a t u r e  of the  emissions was 
always near  100°C except  for the  Soffione 
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TABLE 3 - Daily CO2 and H2S outputs of the various areas. 

S I T g CO output H S output 
2 2 

( 1 0 3 K g / d a y )  (103Kg/day) 

Soffione 

Fieldlander Observatory area 

Forum Pisciarelli area 

Northern fracture area 

Stufe area 

Weak fumarolized area S-E side 

Southern scattered fumaroles 

Fangaia (fumaroles) 

Fangaia (mud pools) 

- 3  
1 7 10 

- 3  
7 98 I0 

- 3  
3 0 . 5  305 10 

- 3  
3 2 . 5  9 7 . 5  10 

- 3  
2.8 8 10 

- 3  
0.4 1.15 I0 

-3 
0.i 0.4 i0 

-3 
0.2 0.5 I0 

85 n.d. 

-3 
15.5 517.5 i0 

fumarole (--145°C), and the <<Bocca 
Grande,  ( - 158°C). Therefore the excess 
energy of the fluids with respect to the 
mean ambient temperature of 25°C was 
calculated. 

As we are dealing with a process that 
takes place under a constant pressure of 1 
atmosphere, the energy is equal to the 
enthalpy variation of the entire process, 
which we have schematized as follows: 

AH1 
H20 vapour ~- H20 liquid 

100oC condensation 100oC 

AH2 
~- H20 liquid 

25oC 

CQgas  
100°C 

AH3 
~- CO2gas 

25°C 

The value h H1 relative to the conden- 
sation of the H20 at 100°C is a kno~aa 
value equal to 9,717 cal/mole. 

A H2 = C~ A T 

where Cs is the specific heat of liquid H20 
at a constant pressure of 1 arm. 

t =  25°C 

h H3 = I Cv(c%) d T 
t =  100°C 

1 C~ (coe), expressed as cal.  mol , can be 
substituted by the empirical equation: a + 
bT + cT -2, T being the absolute tempera- 
ture and the constants, a = 6.21, b = 
10.40 10 -3, c=- -35 .45  10 -7 (LEWIS and 
RANDALL, 1961). 

The geothermal energy released in 24 
hours at the varous sites was then calcu- 
lated and the results are shown in 
Table 4. 

Figure 2 shows both the H20 vapour 
and CO 2 output expressed as the percent- 
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TABLE 4 Daily geothermal energy release comuted from the steam and CO 2 outputs. 

H^O energy CO 2 energy 

SITE ~ol8ergs 1016ergs 

Soffione area 0.7 0,4 

Fieldlander Observatory area 0.8 3,9 

Forum P i s c i t e l l i  area 2.3 11.65 

Northern fracture area 2,55 13 

Stufe area 0.15 1.4 

Weak fumaro]ized area S-E side 0,03 0.2 

Southern scattered fumaroles 0.02 0,05 

Fangaia (fumaroles) 0.01 0.I  

Fangaia (mud pools) n,d. 41.3 

6.56 72 

° i 

1 2 3 4 5 6 7 8 

Fro. 2 - Output of H20 and CO 2 of the single 
areas, expressed in weight % of the total 
output. 

1 - Northern Fracture; 
2 -  Forum Pisciarelli area; 
3 -  Friedl~nder Observatory area; 
4 - Stufe area; 
5 - Soffione area; 
6 -  Weak fumarolized area (S-E side); 
7 -  Scattered fumaroles (south side); 
8 - Fangaia area. 

age of the  to ta l  outputs  a t  the  Solfa tara  of 
Pozzuoli. I t  is possible  to see tha t  the 
m a x i m u m  contr ibut ion of the  H20 vapour 
output  is given by Forum Pisciarell i  area, 
whereas  the  mud  pools of Fangaia  give 
more  than  59% of the  total  C Q  output. 

Assuming  t ha t  the  m u d  pools  are fed by 
the  same  fluids emi t t ed  by  the  fumaroles,  
thei r  CO2 output  (Tab le  3) suggests tha t  
more  t han  200 .  103kg. day - i  of s team 
condenses  in the  water  tab le  existing in 
the  Fanga ia  area.  T h a t  m e a n s  tha t  the 
to ta l  s t e a m  reaching the  surface will 
double,  t hen  the ext imate  of the  
geo the rmal  energy carr ied by  the fluids 
shoulds also double.  

ENERGY IMPLICATION ON VOLCANIC 
RISK 

Historical  repor ts  and  vulcanological 
da ta  indicate tha t  Ph legraean  Fields  are 
character ized by a high volcanic risk. The  
presence  of aquifers increases  the  phreat ic  
and  ph rea toma gma t i c  explosion risk. 
NUCCIO and  VALENZA (1983) indicate tha t  
the  essent ia l  condit ions for a volcanic 
explosion are: 

- -  a t h e r m a l  source of energy,  general ly  
magma;  
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FIG. 3 - Overpressure obtained by heating at constant volume water (upper curves) or steam 

(lower curves), having an initial tempera~re  indicated in the abscissa. 
The three curves were calculated for three different final temperatures. The geothermal 

gradients of normal area and of a volcanic area are also reported (dotted lines). 

- - t h e  presence  of fluids, genera l ly  
water  vapour, a t  depth,  having a pressure  
at  leas t  equal  to the  overburden;  

--  a sufficient amount  of energy gener-  
a ted  by  the expansion of fluids to b reak  
and lift the  rocks. 

These  condit ions imply  tha t  the  more  
l ikely centers  of explosion will be located 
at  the level of the  aquifers. 

The  geothermal  well CF-23, dr i l led 
near  the  Solfatara,  t apped  some aquifers 
a t  about  --200 m and  --1,600 m. T h e  
deepes t  aquifer in the  a rea  was reached  a t  
--3,000 m, by  the well S. Vito 1. 

The  mos t  probable  volcanic events  are: 
- a  phrea t ic  explosion, following an 

accumulat ion of energy in the  aquifers; 
- a ph rea tomagmat i c  explosion, caused 

by a sudden energy t ransfer  f rom the  
magma to the  water.  

T h e  consequence of each of these  
events  is obviously different,  the  mos t  
dangerous  condit ions being a t t a ined  in the  
la t te r  case, as the  m a g m a  is an a lmos t  
infinite source of energy.  

Figure 3 shows the  overpressure  
ob ta ined  by  vaporizat ion of wate r  having 
dif ferent  initial t e m p e r a t u r e s  a t  various 
magmat i c  t empera tu res .  T h e  t e m p e r a t u r e  
of the  aquifer located a t - - 1 , 6 0 0  me te r s  is 
320°C, so we can expect  an overpressure  
of about  4-6 kbars  resul t ing from the  
vaporizat ion of water  tak ing  place a t  con- 
s tan t  vo lume and  magmat i c  t e m p e r a t u r e  
(Fig. 3). Th is  overpressure  is one order  of 
magni tude  more  than  the  overburden.  
Th is  impl ies  tha t  the  second instabi l i ty  
condit ion m a y  easi ly  be reached.  

We calcula ted  th i rd  ins tabi l i ty  condit ion 
of the  aquifers  a t  --200 m, --1,600 m and 
- 3 , 0 0 0  m using the  graph shown in Fig. 4. In  
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FIG. 4 - Work done during expansion of s team to lift a given rock columns. 
On the  ordinate are shown: 
-- Work necessary to lift a rock column (d = 2) of a given height,  with 1 cm 2 cross section, so 

t h a t  its base  reaches ground level. 
-- Dep th  of the hypothet ical  explosion center,  equivalent  to the height  of the rock column. 
-- Final pressure  (Pf) of the  expansion process, equivalent  to the l i thostatic pressure on the 

hypothet ical  explosion center.  
On the  abscissa is shown: initial pressure (Pi) of s team occurring after the vaporization of water 

a t  1,000°C (from Fig. 3). 
The  segments  cut off by  the  << a>~ curve on the  l ines indicating various final t empera tures  (700- 

100°C) are proportional  to the  work developed by the  adiabatic expansion of 100 moles of steam. 
The  segments  cut off by the  << i>~ curve on the  l ines indicating various Pi/Pf ratios (R = 4-R = 

550), are proportional  to the  work developed during the  isothermal  expansion of 100 moles of 
steam. 

Below the  dotted << C P ,  curve (boiling point  curve of water) s team condenses,  limiting the final 
t empera tu re  of the  adiabatic expansion process. 

To the  r ight  of the  max imum intial pressure  line (for t = 1,000°C) all the  Pi values are unat- 
tainable.  
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TABLE 5 - Water colums, with equivalent aquifer vertical thickness expressed in meters, that 
must be converted to steam at magmatic temperatures to able to do the work necessary to lift the 
overhanging rocks in the hypotheses of explosion centers respectively located a t -200  m, --1600 m 
and --3000 m. The data regarding the isothermal expansion at--3000 m gives either unattainable 
values of initial pressure, or unreasonable vertical thickness of the aquifers. 

ADIABATIC EXPANSION (Tf = 500°C) ISOTHERMAL EXPANSION (P i /P f  = 12) 

Depth of  hypothet ica l  explosive 

centers expressed in m 
-200 -1600 -3000 -200 -1600 -3000 

Moles of  expanding steam per 
2 

cm of  exploding surface 

(see f i g . 4 )  

Height in meters of  the equi- 

valent water column, having 1 
2 

cm cross sect ion 

- Equivalent ve r t i ca l  thickness 

of the saturated aqu i fe r  in m, 

assuming a poros i t y  of  10% 

50 312.5 1125 30 190 

9 56 202.5 5.4 

90 560 2025 54 342 

34.2 

this graph we can read, on the ordinate, 
the work required to lift a rock column (5 
-- 2) having a 1 cm 2 cross section and a 
height  equal to the depth  of the explosion 
center  being considered. 

The  work done by the expansion of the 
s team following the vaporization of the 
water, is es t imated  to be 0.8 - 1013 ergs for 
an explosion center  si tuated a t - - 2 0 0  m. 

Although the expansion process is mos t  
likely to be mainly adiabatic, we consid- 
ered the two ext reme cases: all adiabatic 
and all i sothermal  expansions. 

We assumed here tha t  the process 
takes place be tween  1,000°C (Ti) and 
500°C (Tf). We can read, on the 500°C 
(Tf) line in Fig. 4, tha t  the work done by 
100 moles of s t eam expanding adiabati- 
cally, is 2 .  1013 ergs (curve << a>>). There-  
fore the moles  of s t eam necessary to lift 
the rock column under  consideration are: 

100 moles: 1.6-1013 ergs = N moles: 
0.8.  1013 ergs N = 50 moles 

50 moles  of vapour are equivalent  to 
900 g of H20 and therefore to a column of 

water  (5 (H220) = 1) 9.0 m high with a 1 
cm 2 cross section. 

T h e  work done by 100 moles of s team 
expanding isothermally,  is a function of 
the ratio (R) be tween  the initial and fimal 
pressures  (curve << i>>). The  fimal pressures ,  
equivalent  to the lithostatic pressure at 
each explosion center, are shown on the 
ordinate on Fig. 4. Considering again an 
explosion center  si tuated a t - - 2 0 0  m, the 
isothermal  expansion of 100 moles of 
s team develops 2.6.  1013 ergs if the initial 
pressure is at  least  12 t imes the fimal 
pressure.  Therefore:  

100 moles: 2.6-1013 e r g s -  N moles: 
0.8-1013 ergs 

N = 30 moles which is equivalent  to 540 
g of H20. 

In Table  5 the results  for each explo- 
sion center  considered are shown. 

Whatever  the ~ true expansion process is, 
our study suggests tha t  it is reasonable to 
expect the mos t  likely explosion centers 
to be located at  shallow depths.  
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CONCLUSIONS 

The geochemical surveillance of volcan- 
ic activity aims at identifying both indica- 
tors of rising magma and variances in 
depth conditions. In particular, the esti- 
mates of the energy output carried by the 
fluids, if related to other chemical, physi- 
cal and geological data, give some useful 
indications about possible accumulation of 
energy at depth, and could help to evalu- 
ate the amount of energy implicated in an 
impeding explosion. For a correct evalu- 
ation of volcanic explosion risk, all the 
available data must be interpreted to- 
gether. 

In spite of the numerous sealed levels 
intercepted by the AGIP geothermal dril- 
lings, our results indicated a considerable 
amount of energy carried by the fluids 
towards the surface. This energy is about 
1013 ergs/day at the Solfatara, which is 
close to the potential energy accumulated 
in the Phlegraean caldera by the ground 
uplift in the last 15 years. This estimate 
(6.0-1014 ergs day - I .  m -2) is in the 
same order of magnitude of that 
made using the ammonia output data 
(DALL'AGLIO et al., 1972) for the whole 
Pozzuoli bay: 1,000 - 10,000 H.F.U. 
(3.6.1013 ergs- day -1. m -2 -3 .6 .  1014 ergs. 
day -1.m-e). This convective flux of 
energy is several orders of magnitude 
greater than a conductive flux in a normal 
area. Therefore any model of the evolu- 
tion of the Phlegraean magmatic reservoir 
or interpretation of the bradyseism, must 
take into account the important role 
played by the fluids. 

In Phlegraean Fields, we can expect 
both phreatic and phreatomagmatie explo- 
sions. The former may be as a conse- 
quence of a stow accumulation of energy 
in the aquifers or following a rapid upward 
energy transfer; the latter due to a 
magma-water contact. In this case, our 
results (Table 5) show that: 

-- for a deep explosion center the verti- 
cal thickness of the aquifer involved in the 
vaporization process is so large as to be 
almost unrealistic; 

- -  in the hypothesis of a shallow explo- 
sion center situated at a few hundred 

meters, the vertical thickness of the aqui- 
fer necessary for an explosion is quite 
reasonable. 

VCe would like to point out that in our 
computations we only considered the 
energy required to lift the rocks, whereas 
the energy implicated in a real explosion 
process is almost double. 

On the basis of our results and taking 
into account the hydrological, geothermal 
and structural data on Phlegraean Fields, 
we think a deep phreatomagmatic explo- 
sion is unlikely, whereas the probability of 
a shallow explosion is relatively high. 

The destructive strength of a volcanic 
explosion is strictly related to the kinetic 
energy dissipated during the explosion 
itself. Contrary to the statement made by 
RosI et al. (1983) that ~(the degree of 
primary fragmentation of magma coming 
into contact with water is the main factor 
in controlling the degree of transforma- 
tion of thermal into kinetic energy>>, we 
would like to argue this point since the 
kinetic energy is only the excess of 
mechanical energy dissipated in breaking 
and lifting the over-hanging rocks (NuccIo 
and VALENZA, 1983). 

An explosion process as a consequence 
of a deep magma/water interaction, can be 
outlined as follows: 

-- the vaporization of the deep water; 
- an energy transfer by fluids towards 

shallower levels, at which all explosive 
conditions are verified and the explosion 
occurs. 

As this process is mainly dependent on 
the uprising fluids, we can expect that 
higher risk areas can be defined by the 
deep fracture network. In this respect a 
more detailed structural analysis should 
help to evaluate the risk levels. 
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