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The scientific interest for the thermal manifestations of
S. Miguel dates back to Fouqué, whose results were published
in 1873, while further contributions were given by Lepierre
(1912) and Herculano de Carvalho (1953).

In 1969 Quintino in his study on the hydrothermal system
of Furnas stressed the importance of the chemical analyses
of the fumaroles and the thermal waters as an investigation
tool in determining the characteristics of subsoil fluid circulation.

Apart from the more important researches carried out by
the S. Miguel geothermal project, this paper is aimed to give
a short up-to-date contribution on the basis of some chemical
data obtained by surface sampling of fumaroles and thermal
springs from Furnas and Agua de Pau areas.

Figure 1 shows the locations of the studied manifestations,
which include also some cold waters.
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Figure 1 — Locations of the studied manifestations.

Table Ta and Ib give the analytical data for the waters.

The square diagram of fig. 2 allows to distinguish two
different families, by the chemical standpoint, of bicarbonate
and sulphate waters.

In considering the waters of bicarbonate composition it is
easy to observe (fig. 3) that their pH values, ranging from
3.16 to 7.78, are correlated with the temperature. The weak
acidity of these waters appears due to the greater solubility of
carbon dioxide at lower temperatures.

Instead, the stronger acidity of sulphate waters is probably
the result of surface oxidization of sulphur species, which allows
a higher degree of rock alteration. '

By a simple statistical cluster analysis it is possible to
depict the fundamental associations between the investigated
chemical characters (fig. 4). The resulting fwo main branches
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Figure 2 — Square diagram representing the fundamental chemical com-
position.

point out the preferential grouping of chemical guantities which
can ccrrespond to different chemical processes, possibly giving
rise to the observed different hydrochemical types.

In other words, the variables of the right branch should
correspond to leaching of rocks by weakly acid hydrogencar-
bonate waters, giving rise to the bicarbonate type, while the
other parameters should pertain to a stronger alteration process
in acid environment, with resulting sulphate solutions.

The temperature was not considered by this statistical
procedure since the surface measurements could give values
not completely reliable.

Geothermometers based on concentrations of specific che-
mical indicators give sometimes deceiving information ; in our
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Figure 3 — Correlation between temperature and pH values of waters
of bicarbonate type.

case, either the SiO, or the Na/K geothermometer, if applied
to the samples 9 and 10 with the highest temperatures and
possibly the least affected by superficial changes, give values
around 100°C.

The observed temperature of the first confined aquifer
encountered by a drilling in Agua de Pau area at a depth of
about 150 m is around 110°C ; since the inference of a similar
hydrogeological pattern for the area of Furnas does not seem
unreascnable, we can assume the calculated temperature as
representative of a shallow confined agquifer.

304




THE ACTIVITY OF OCEANIC VOLCANOES

SYMPOSIUM ON

'SJUaNIIISUOD [BOIUSD 3}
JO SIsA[eue JISN [EOWSIJRIS B woay Sunnsar weagoipus — p 21031

4 ©eN Yos €®HN %0is X  ED BW UuW

o4

G0

oL

305

20



ARQUIPELAGO — CIENCIAS DA NATUREZA

The same calculating procedure cannot be safely applied for
the other samples because :

a) the acid waters of sulphate type presumably reflect a
non-equilibrium situation of present alteration of rocks,
yet not fulfilling a main condition of geothermometry ;
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Figure 5 — Correlation between Na/K ratios and pH values of waters
of bicarbonate type.

b) the remaining waters of bicarbonate type show Na/K
ratios depending on pH values (fig. 5); this can be
ascribed to different degrees of leaching of rocks, with
enrichment of K with respect to Na, due to the above

306




SYMPOSIUM ON THE ACTIVITY OF OCEANIC VOLCANOES

mentioned greater solubility of carbon dioxide in deep
waters cooled by mixing with surface solutions; the
again resulting non-equilibrium situation prevents any
correct geothermometry.

The sodium bicarbonate waters appear tc represent the
shallow boiling aquifer outflowing in the low areas of Caldeiras
das Furnas and Ribeira Quente. Samples 9 and 10 seem to
keep better the original chemical-physical characters, while all
the other samples pertaining to this group are the result of
different degrees of dilution by surface waters.

At higher elevation this boiling aquifer is confined, but
possible fractures can allow the escaping gases to reach the
surface ; their condensation gives rise to acid solutions, with
increased degree of alteration of rocks and the observed change
in chemical character. The surface acid waters are to be con-
sidered as an evidence of the deeper confined boiling aquifer.

Keeping into account the trace elements distribution, the
ratio NH,/Li seems well apt to discriminate between the two
outlined genetic processes ; while both lithium and ammonia can
be present in the boiling aquifer, ammonia only is allowed
to migrate upwards in the gaseous form. The observed values
of the NH,/Li ratio in the investigated samples fit rather well
this hypothesis.

With reference to the main composition of the bubbling
gases, the data from Caldeira de Esguicho and Ribeira Grande
manifestations (table IT) respectively of bicarbonate and sulp-
hate type, point out a higher ratio of gas to water in the second
kind of waters, again strenghtening the previous assumptions.

A systematic survey of chemical composition of ground
waters, with special reference to the elements whose mobility
can be to a large extent influenced by changes in the chemical-
physical conditions of the subsoil environment, besides its
importance for geothermal purposes, can act as a simple but
effective tool in surveillance of active or potentially active
volcanic areas.
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Obviously, the chemical changes of ground waters cannot
reflect short-time variations of the actual thermodynamic con-
ditions, but can provide an integrated picture of some major
trends in compositional characters well in advance of the
establishing of critical conditions, thus allowing a long-term
forecast.

Although the experiences on this subject are few and very
recent, the usefulness of such a simple tool should not be
underevaluated.
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|

TABLE II
. 1
€O | Co ‘ H.S | 9as/water
2 | 2 2 { lt/kg ‘
| | ‘ |
' Caldeira de Esguicho ®s | 7l | 003 | 9
Ribeira Grande 81.1 ‘ 187 | 002 | 289

Table II — Volume percentage composition of the bubbling gases.
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