
American Mineralogist, Volume 110, pages 820–825, 2025

LETTER

The “breathing”Earth at Solfatara-Pisciarelli, Campi Flegrei, southern Italy (2005–2024):
Nature’s attenuation of the effects of bradyseism
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ABSTRACT

Campi Flegrei (CF) is a large volcanic complex west of Naples, in a densely populated region at high
volcanic risk due to recurrent ground uplift and subsidence (bradyseism) that has been ongoing since at
least Greco-Roman times. We compare the current period of unrest beginning in 2005 with that of the
bradyseism crisis of 1982–84. Despite the similarity in the quasi-radially symmetric pattern of ground
deformation suggesting a similar source location and overpressure, the current uplift rate is about 8 times
lower, and the seismic release energy is an order ofmagnitude lower than in 1982–1984 andmainly located
in isolated regions below the Solfatara-Pisciarelli area. We interpret the recent earthquake swarms at
Solfatara-Pisciarelli as a reflection of the activation of a fault system that was inactive during previous
bradyseism crises. Furthermore, the increase of Solfatara-Pisciarelli fumarole mass flux is the manifesta-
tion of fluid discharge that significantly reduces the uplift rate of the ongoing bradyseism event.As a result,
the effects of bradyseism in the CF system have self-attenuated through increased fluid expulsion (“breath-
ing or exhalation”) from the deep, lithostatically pressured reservoir. Having gained a clear understanding
of the causes of bradyseism atCF,we suggest thatmodern geoengineering approaches developed to exploit
high-temperature geothermal reservoirs may be employed to manage fluid flow and reduce the pressure
exerted by geothermal fluids in the Solfatara-Pisciarelli area with the aim ofminimizing the risk of phreatic
eruptions and, concomitantly, reducing uplift and seismicity. This approach requires concerted and coop-
erative efforts between geoscientists, engineers, government officials, and the general public.
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INTRODUCTION AND OVERVIEW OF THE CF VOLCANIC

SYSTEM
Lima et al. (2021) previously described the “bradyseism

signature” at Campi Flegrei (CF) as the ensemble of cyclical phe-
nomena associatedwith ground deformation. CF is an area of very
high volcanic risk, and it is therefore critical to be able to distin-
guish between uplift or deformation that may be a precursor to an
eruption, as occurred in 1538 preceding the Monte Nuovo event,
and ground deformation showing the “bradyseism signature” and
which does not presage an eruption. The unrest at CF beginning in
2005 and continuing today shows a typical “bell-shaped” spatial
pattern of ground deformation (Fig. 1) in which the magnitude of
uplift and subsidence decay rapidly with distance from the central
location ofmaximumuplift/subsidence,with the epicenter located
at the town of Pozzuoli.

De Vivo and Lima (2006) noted that the magmatic and
hydrothermal systems at CF are similar to those associated with

the formation of porphyry copper deposits. In subsequent years,
quantitative conceptual models were developed (Bodnar et al.
2007; Lima et al. 2009, 2021) to show that bradyseism could
be related to the transition from magmatic to hydrothermal
conditions in a subvolcanic environment based on the model of
Fournier (1999). The subsurface at CF is composed of three fluid
reservoirs, separated by two relatively impermeable horizons.
The deepest reservoir contains magmatic fluids (mostly CO2 and
H2O) generated by exsolution from a deeper magma body as it
cools, crystallizes, and expels fluid. The fluids in this deep res-
ervoir are separated from those in the overlying hydrothermal
reservoir by the relatively impermeable crystallized outer por-
tion of the magma body (layer A; Fig. 2a) that Burnham (1979)
refers to as the “crystallized rind.” Episodically, impermeable
layer A fractures, allowing magmatic fluids to migrate into the
overlying reservoir (Fig. 2b). A critical component of bradyse-
ism at CF is the presence of a second impermeable layer B
(claystone/siltstone cap; Fig. 2) that separates and maintains
the deeper hydrothermal system without substantial variations
for centuries (Vanorio and Kanitpanyacharoen 2015). As such,
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