Caserta, Italy
June 26 – 30, 2022

3rd International Multidisciplinary Conference
on Mineral and Thermal Waters
Caserta (Italy), June 26th – 30th, 2022

TELESE SPA & FERRARELLE SPRINGS
FIELD TRIP GUIDEBOOK
Corniello A., Cuoco E., Ducci D., Fabbri P.,
Forte G., Paolucci V., Piscopo V., Tedesco D., Viaroli S.

1

Caserta, Italy
June 26 – 30, 2022

ORGANIZED BY

2

Caserta, Italy
June 26 – 30, 2022

This field trip is a chance to have a look at the whole exploitation
cycle of this valuable mineral sparkling water from the spring to
the bottle.
During the field trip, the main geological and hydrogeological
features of the area will be described, also making use of maps.
Special emphasis will be placed on the research carried out by
the joint-stock companies in collaboration with Universities and
Research Institutes, aimed to improve hydrogeological
knowledge and exploitation management.
The scientific content of this guide is under total responsibility
of the authors.
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TELESE THERMAL CENTER
The Telese spa began its activity in 1877 with Eduardo Minieri
and today has excellent health and accommodation facilities.
The thermal plant, surrounded by an enchanting park of secular
trees (Fig. 1), hosts two springs (Cerro and S. Lucia) and several
wells (Diana inf., Diana sup., Goccioloni, S. Stefano). They are
widely used for the treatment of skin diseases, problems of the
digestive and respiratory systems and rheumatisms. The benefits
can be reached by direct assumption as well as by aerosol and
bath therapies.

Fig. 1: Park of the Telese thermal center.

The Telese spa is near the little town of Telese (Campania
Region, Southern Italy), 30 km NE of Caserta, at the base of
Montepugliano Hill, a carbonate ridge that represents the SE
edge of the wide Matese Massif (Fig. 2).
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Fig. 2: Area of interest

At the base of the hill (Fig. 3), from west to east and for almost
one kilometer, we find cold springs HCO3-Ca type (Grassano
springs - about 4.5 m3/s; TDS ~ 0.5 g/L; Fig. 4) and then
hypothermal, HCO3-Ca type, sulphurous and CO2-rich springs
(about 1 m3/s; TDS ~ 1.7 g/L).
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Fig. 3: Hydrogeological map of the Telese area (from Corniello et al., 2021).
(1) Alluvial deposits (Quaternary); (2) slope deposits; (3) tuff (Campanian
Ignimbrite—39,000 y b.p.); (4) travertine; (5) clayey marly flysch; (6)
limestones; (7) fault; (8) main sinkholes; (9) groundwater levels - October
2019 (m a.s.l.); (10) sampling points: S. Salvatore well (2); Grassano I spring
(3); Grassano II spring (4); Vigne S. well (5); G. Hotel Telese well (6);
Centro Relax well (7); Cerro spring (8); S. Lucia spring (9); Diana inf. Well
(10); Diana sup. Well (11); Goccioloni well (12); S. Stefano well (13); Telese
Lake (14)

Unlike Grassano springs, the origin of mineral sulphurous
waters would be linked to the earthquake occurred in 1349.
However, this phenomenon would have been a reactivation of
older mineral springs since the wide travertine outcropping
(about 10,000 bp) is certainly linked to the local presence of
mineral waters.
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Fig. 4: Grassano springs

Montepugliano Hill and the nearest carbonate ridge of Acero Mt.
have limited areal extension, therefore previous studies
(Corniello & de Riso, 1986; Fiorillo et al. 2019) extend the
catchment area of all the springs to the southeastern sector of the
Matese carbonate massif (Fig. 6), such hypothesis is also
confirmed by isotopic data (Tab. 1). In fact, the equation (z = 512.24 × δ18O - 2781) found by Di Luccio et al. (2018) indicates
the mean recharge altitude of the waters of Montepugliano is
about 1500 m asl, according to the massif mean altitude.
At the base of Montepugliano Hill, the origin of the Grassano
springs is due: a) to the presence of faults that drain groundwater
and b) to the local lower altitude (about 54 m asl) of the alluvial
deposits that surround the hill, relatively less permeable than
carbonate rocks. In addition, groundwater flows to the SE,
discharging into the mineral springs (their altitude is 58-59 m asl
- Fig. 7).
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Fig. 5. Catchment area of Telese springs (from Corniello et al., 2021). (1)
Alluvial deposits; (2) slope deposits; (3) tuff; (4) travertine; (5) clayey
marly flysch; (6) carbonates; (7) main fault; (8) groundwater basal flow;
(9) Grassano springs (a) and mineral wells/springs (b); 10) well 1 (see
Table 1)
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At the top of the hill, many sinkholes can be identified (Fig. 3
and Fig. 6).
The areal concentration of sinkholes is certainly due to the local
CO2 rich mineral waters, which promote rock dissolution.
However, as this gas is heavier than air, to explain the influence
of these waters on the karst, it is necessary to consider one or
more variations of the karst base level. One of these may have
been linked to the deposition of thick tuff (39,000 bp) at the base
of Montepugliano hill and of the other nearby reliefs (De Vivo
et al., 2001).

Fig. 6: Drone image of Montepugliano sinkhole; (from Fiorillo et al., 2019).

Chemical analyses of groundwater evidence the highest TDS
values in the mineral waters because CO2 and H2S increase the
reactivity of groundwater towards the carbonate aquifer. The
highest TDS value within mineral waters was found in the Diana
Superiore well (n. 11 – Fig. 7). Moving away from the mineral
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waters towards NW, groundwater is progressively less
mineralized and the hydro-chemical profile tend to assume the
typical shape of waters interacting with carbonate rocks (see
graph of well n. 2 – Fig. 7).

Fig. 7: Chemistry modification (Schoeller-Berkaloff graphs) along
groundwater basal flow (blue arrow) in the carbonate hills (Tab. 1), (from
Corniello et al., 2021 mod.)

Applying the End-Member-Mixing-Analysis (Christophersen &
Hooper 1992) and considering as end-members the wells n. 2
and n. 11, and using Cl-, the percentage of freshwater (n. 2) in
the different wells is (in parenthesis): n. 3 (97%), n. 4 (93%), n.
7 (63%), n. 9 (32%), n. 10 (35%), n. 12 (42%), n. 13 (71%), n.
14 (92%).
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In the sampled waters, 390,873 reads were considered by 16S
rRNA sequencing after removed the low quality, non-chimeric
and non-bacterial reads. The more mineralized waters (n. 7-13)
showed the higher sequences count, but also the lower diversity
in terms of microbial Families (in this case prevalence of
Sulfurovaceae and Thiovulaceae families). This situation would
seem due to high TDS and to the presence of H2S (and pp of
CO2) in the mineral waters.
In summary, groundwater coming from Matese becomes
mineral water in the final part of the groundwater circuit, where
groundwater mixes with the rise up of deep gases (CO2 and H2S)
along the faults at the southern base of Montepugliano Hill.
Moving away from these faults, the mineralization decreases; in
fact, groundwater sampled in well n. 2 (upstream and about 3
km far from the mineral area) is calcium bicarbonate type, cold
and with low TDS.
In accordance with this mineralization scheme, it is possible to
exploit both mineral waters in Spa and the non-mineralized
waters far from the faults that determine the gas uprising. In this
setting, the correct quantitative management of the resources is
strongly related to the knowledge of the hydrogeological budget.
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Table 1. Physico-chemical data (2019) of more interesting groundwater
(location in Fig. 3); from: Corniello et al, 2021 mod. Keys: 1 (Well 1); 2 (San
Salvatore well); 3 (Grassano I Spring); 4 (Grassano II Spring); 7 (Centro
Relax Well; 9 (S. Lucia Spring); 10 (Diana inf. Well); 11 (Diana sup. Well);
12 (Goccioloni Well); 13 (S. Stefano Well); 14 (Telese Lake)
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FERRARELLE MINERAL BOTTLING
WATERS PLANT
The Ferrarelle mineral bottling waters company has a plant
located in a plain near the small town of Riardo (Campania
Region), 70 km NW from Caserta.
The existence of mineral and thermal springs in this area can be
traced back to Roman times. Vitruvius wrote about them in his
treaty on architecture, citing the springs in the Teano area (7 km
far from Riardo) among the acidulous waters able to dissolve
calculus formation. Plinio il Vecchio also mentioned the waters
of Teano in his Naturalis Historia
Ferrarelle is hosted in the Riardo Plain (Southern Italy - east of
the volcanic area of Roccamonfina). This plain corresponds to a
volcano-tectonic graben (Pliocene-Pleistocene in age),
displacing the Mesozoic carbonate units, which outcrop at the
Maggiore Mt. (Campanian Apennine). The tectonic basin was
then filled by pyroclastic and volcanoclastic deposits coming
from the Roccamonfina Volcano (Fig. 8)
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Fig. 8: Geological sketch of the Ferrarelle basin; (from Giordano et al., 1995
mod).

As result, the bedrock of the Riardo Plain consists in Mesozoic
carbonate rock (i.e., limestone and dolostone) with overlying
Pleistocene volcanic and alluvial deposits. Structural setting is
related to extensional NE-SW and NW-SE trending fault
systems affecting the carbonate rocks. Deep faults and fractures
systems represent the main path for the rising of CO2.
The Ferrarelle mineral waters outflow from an aquifer formed
by a sequence of pyroclastic deposits, belonging to the
Roccamonfina Volcano (pumice, lapilli, ash and tuff) and, in
younger age, to the Phlegrean Fields district (i.e., Campanian

18

Caserta, Italy
June 26 – 30, 2022

Ignimbrite, 39 ky). These materials cover an intensely fractured,
karst and permeable carbonate bedrock (Fig. 9).

Fig. 9: Geological cross-sections of Ferrarelle basin (from Mazza et al.
2013 p.p.); traces are in Fig. 8
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The Roccamonfina volcanic district developed between 630 and
53 ky, it has a maximum thickness of volcanic products of about
1,000 m. The lithology of the western sector of Roccamonfina
volcano (first phase of activity) (Fig. 8) is mainly represented by
lavas; the eastern side, on the contrary, is characterized by
widespread pyroclastic deposits (second phase of activity,
mainly explosive).
Groundwater flow mainly moves from the eastern slope of
Roccamonfina volcano towards the Riardo Plain feeding several
springs (including the Ferrarelle mineral water system) for a
total discharge of approximately 580 L/s. A groundwater divide
in the Riardo Plain with the same direction of the Rocchetta fault
separates groundwater circulation in two different basins.
According to the water table elevation map in Fig. 10, the
Roccamonfina Volcano recharges the western sector of the
Riardo Plain, but it also recharges the north-western area of the
eastern sector of the Plain. On the contrary, the south-eastern
sector is recharged only by local rainwater infiltration.
In the western sector of the Plain, the wells drilled in the
Ferrarelle area are characterized by the same height of the water
level for both the volcanic and carbonate aquifers. (Fig. 11). On
the contrary, significant differences in the groundwater table
elevations between the volcanic and carbonate aquifers can be
distinguished in the eastern sector of the Riardo Plain.
So far, the nature of the aquiclude separating the two aquifers is
only assumed and can be due to the presence of lacustrine levels,
massive and welded pyroclastic flow deposits or flysch units.
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Fig. 10: Hydrogeological map. Legend: 1) Alluvial deposits; 2) Volcanic
deposits; 3) Flysch units; 4) Limestone and dolomitic limestone; 5) Rocchetta
fault; 6) Caldera rim; 7) Hydrographic pattern; 8) Linear springs; 9)
Perched aquifer in the Roccamonfina Caldera; 10) Perched aquifer on the
eastern flank of the Roccamonfina volcano; 11) Basal aquifer; 12) Deep
carbonate aquifer in the eastern Riardo Plain; 13) Main localized springs (Q
> 10 L/s); 14) Ferrarelle S.p.A. plant (from Viaroli et al., 2016).
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Fig. 11: Hydrogeological schematic cross section of the mixing area in
correspondence of the Ferrarelle springs (Viaroli et al., 2019).

Fig. 12: Simplified conceptual sketch model of the Riardo Plain
hydrogeological system. Not in scale. This is not a hydrogeological cross
section. Legend: 1) Main carbonate springs; 2) Main flow direction of the
carbonate aquifers outside the plain; 3) Minor flow directions in the phreatic
carbonate aquifer; 4) Minor flow directions in the confined carbonate
aquifer; 5) Carbonate aquifer water level; 6) Volcanic aquifer water level;
7) Volcanic units; 8) Clays and flysch units; 9) Carbonate units; (from Viaroli
et al., 2018).

A recent update of the groundwater budget (Viaroli et al., 2018)
on the Roccamonfina and Ferrarelle aquifers, highlighted a
complex recharge system. According to the new
hydrogeological conceptual model, an additional deep lateral
22
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inflow from the carbonate reliefs bounding the Riardo Plain
recharges the Ferrarelle aquifer (Fig. 12).
This hypothesis was tested and confirmed through a 2D transient
numerical model (Viaroli et al., 2019), set up in FEFLOW and
calibrated using piezometric data collected in 2003 in Ferrarelle
plant with PEST. The results were furtherly validated using
more than 500 piezometric data collected during the 2000-2014
period. Several deep inflow rates were tested until the best
correspondence between simulated and measured data were
obtained (Fig. 13).
The additional deep lateral recharge calculated using the model
resulted in 415 L/s ± 50 L/s, this value is similar to the inflow
obtained on the groundwater budget calculations, which was
around 480 L/s (Viaroli et al., 2018).

Fig. 13: Simulated hydraulic head values in PzV and PzC monitoring wells.
The model scheme is in Fig. 11 (from Viaroli et al., 2019).
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The groundwater of the carbonate aquifers (red lines in Fig. 14A
and 14B) shows two different compositions according to the
hydraulic separation made by the Rocchetta fault (Fig. 10).
The water of the western carbonate aquifer shows higher
alkaline (Na+ + K+) ion content because of the mixing between
the carbonate and the volcanic groundwater. Furthermore, this
water also shows a Ca2+ and HCO3- enrichment due to the CO2
uprising. These carbonate waters are collected in deep wells
drilled in the Ferrarelle plant, where the gas vents area is located
Chemical data confirm the mixing of the carbonate and the
volcanic groundwater in the south-western zone. In fact, waters
of the two aquifers (black and red lines in Fig. 14A) do not show
significant chemical differences.

Fig. 14: Schoeller-Berkaloff graphs of main elements (meq/L) of the
groundwater sampled in the Riardo Plain. A) Western sector: 1) carbonate
aquifer (Ferrarelle wells); 2) SW volcanic aquifer (Ferrarelle wells); 3) NW
volcanic aquifer. B) Eastern sector: 4) carbonate aquifer; 5) SE volcanic
aquifer; 6) volcanic aquifer (NW zone;) (from Viaroli et al., 2016).
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In the north-western zone of the Riardo Plain (green lines in Fig.
14A), the chemical nature of groundwater [Na-K(HCO3)2]
points out the exclusive volcanic composition of the aquifer,
recharged from the infiltrated waters through the slope of the
Roccamonfina Volcano.
The same Na-K(HCO3)2 waters were also collected in the NW
zone eastern sector of Riardo Plain (green lines in Fig. 14B),
confirming that this sector is similarly recharged from the
Roccamonfina volcano slope.
Finally, groundwater at SE of the eastern Riardo Plain (black
lines in Fig. 14B) seems to be affected by a slight carbonate
water mixing. This is probably due to local rainwater recharge
within both volcanoclastic deposits and local debris cone
deposits (about 2 km2) along the edge of the Maggiore Mt.
Therefore, peculiar chemical composition and natural sparkling
(Tab. 2) of the Ferrarelle mineral water are due to: a) the
carbonate and volcanic groundwater mixing and b) the natural
presence of CO2 in the aquifers. CO2 vents are related to gas
directly escaping from the mantle wedge (Fig. 15).
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Fig. 15: Relative N2/100-HeX10-Ar composition in the gas samples of the
study area of interest; (from Cuoco et al., 2017).

Tab. 2: The Ferrarelle mineral water analysis report.
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FERRARELLE ITINERARY
STOP 1: Masseria Le Sorgenti: we will arrive at the Masseria Le
Sorgenti along the green pathway of the FAI (Fondo Ambiente
Italiano), a not-for-profit trust which promote the Italy's natural
heritage, art, history and traditions, crossing the historical park of the
Ferrarelle Springs (90 ha with organic cultivation of olive, wheat,
hazelnut, etc.). This is an ancient truly authentic “masseria”
(farmhouse), having strong bond both with the territory and with the
culture of good food. Therefore, here a unique culinary experience
(lunch) will welcome the participants
STOP 2: The springs tapped by wells: emphasis will be placed on
details about the drilling and the wells completion techniques.
STOP 3: Artesian springs: The last stop includes the opening of the
impressive artesian springs of the Ferrarelle Mineral Sparkling water,
with high natural CO2 content and a unique mix of beneficial minerals
(magnesium, potassium, silica, bicarbonate and especially calcium).
STOP 4: The bottling plant: the whole bottling process will be shown
and explained. The water is captured from the source, by food-grade
pipelines, and sent to the bottling plants. Then the water is temporarily
stored, in food-grade tanks directly connected to the bottling lines
(glass and PET).
STOP 5: The chemical laboratories: laboratories are equipped with
advanced devices able to perform accurate analysis (physio-chemical,
microbiological and on the packaging) and managed by an expert
graduate staff having necessary skills to control the groundwater
quality along the whole process.
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