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the intrusion of magma of 3 m thickness as a sill in this depth range and connected to the simultaneous strain of 
the crust in the ESE-WNW direction2. A quasi-horizontal elongated crack oriented NW-SE and centred o�shore 
Pozzuoli was the main source of upli� during the 1980–2010 ground displacements11. �e crack is schematised as 
a laterally extended pressurised triaxial ellipsoid of 100 m thickness at a depth of 3.6 km. Between 1980 and 2010, 
it was paired with a stationary point source, acting below Solfatara at a depth of 1.9 km11.

�e Solfatara (Fig.�1, S - East of Pozzuoli) and Mofete/Mt. Nuovo (M - West of Pozzuoli) fumaroles provided 
most of the data used to study geochemical unrests (strong variations in the temporal trends of geochemical data) 
at the caldera12, 13, 15, 16. Figure�2 shows the temporal variations in the concentration of CO2/H2O and CH4/H2O 
ratios collected at Solfatara between May 1983 and December 198415. Until (or just before) April 1, 1984, a slow 
decrease in concentration of CO2/H2O was paired with a steep decrease in CH4/H2O concentration. A�er this 
date, the CO2/H2O ratio drastically increased while the CH4/H2O ratio remained constant until the end of 1984. 
�ese data were recently used to model a hot source of vertical �uid injections deeper than 2 km, acting between 
September and October 1983 (dashed lines in Fig.�2) and causing the main �ux variations in the hydrothermal 
system during the unrest17. �e isotopic study of the origin of sulphur, carbon, and methane in Solfatara fuma-
roles during the unrest showed that geochemical patterns for sulphur and carbon are inconsistent with magmatic 
sources shallower than 4 km acting in the same period16, 18.

A�er September 1983, the increase in number and intensity of shallow (�4.5 km depth) earthquakes in the 
centre of the caldera led the local authorities to evacuate �40000 people from the Pozzuoli City centre. Of these 
more than 20000 were permanently relocated to the new Monteruscello District, north of the city19. �e average 
spatial seismic distribution and source properties during the 1982–84 unrest have been extensively studied and 
compared with geochemical and deformation data12, 16, 20, 21. Seismic intensities showed no clear correlations with 
ground upli�, while focal mechanisms were compatible with double couple source models22, 23.

Figure 1. Structural map of Campi Flegrei caldera. �e upper le� panel shows the caldera location in Italy. 
Bold letters mark the volcanic centres of Pozzuoli, Solfatara, and Mt. Nuovo. �e Naples metropolitan area 
extends east of Solfatara. Major faults are marked by red lines and volcanic vents coloured by age. Redrawn 
joining the results in Vilardo et al.31 and Vitale et al.30 using ESRI ArcGIS 10.0 (https://www.esri.com/
training/catalog/5763042b851d31e02a43ed4d/using-arcmap-in-arcgis-desktop-10/). Faults and coastline are 
transformed into a shape �le in this workspace and imported in Voxler 3.0© (http://www.goldenso�ware.com/
products/voxler). �ey are then imposed on all maps reproduced in the following �gures.
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Figure 4. Time-dependent seismicity during the 1983 unrest. Microearthquakes (black circles) and 
corresponding probability density functions (PDF, red dots, 1000 samples per event) are drawn under the 
structural map of Campi Flegrei caldera (grey lines on each map) and on two vertical planes crossing the 
S-wave attenuation model (AA’ and BB’). All UTM coordinates use the WGS84 geodetic datum. �e yellow 
circumference intersecting Mount Nuovo corresponds approximately to the end of the path followed by 
magma transfer and preceding the last eruption of the volcano4. All panels show the correlation of seismic 
and attenuation patterns with deformation sources. �e sections of the main deformation ellipsoid (yellow 
ellipses) and magmatic anomaly (red circle) are shown on all maps and AA’ cross-sections. �e small yellow 
circle on the maps and the BB’ cross-sections under Solfatara is the paired secondary deformation source11 
active under Solfatara. Panel (a): �e white arrow outlines the seismic propagation from Pozzuoli to Solfatara 
inside the caprock before September-October 1983. Panel (b) shows the seismic signature of the �uid injections 
modelled by Chiodini et al.17 using geochemical data. �e 4–4.5 deep attenuation anomaly is approximated 
by an orange ellipse on all vertical sections. On a map, the resolved high-attenuation anomaly is concealed 
by the deformation anomaly. �e �gures were created using the same so�wares and data described in Fig.�3 
(ESRI ArcGIS 10.0©, https://www.esri.com/training/catalog/5763042b851d31e02a43ed4d/using-arcmap-in-
arcgis-desktop-10/; Voxler 3.0©, http://www.goldenso�ware.com/products/voxler; Photoshop CS©, https://
helpx.adobe.com/uk/x-productkb/policy-pricing/cs6-product-downloads.html. �e PDF are created using 
SeismicityViewer (http://alomax.free.fr/nlloc/) and imposing the results on each panel).
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