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1.   IntroducJon	  
The	   presence	   of	   territories	   characterized	   by	   local	   temperature	   and	   heat	   flux	  

anomalies,	   as	   the	   Southern	  Garda	   Lake	  and	   the	  Verona	  Province	  areas,	   is	  well	  

known	   (Fig.1a;1b).	   They	   are	   found	   In	   the	   Po	   Plain,	   located	   in	   northern	   Italy	  

between	  the	  Alpine	  and	  Apennine	  mountain	  ranges.	  The	  use	  of	  low	  and	  medium	  

temperature	  geothermal	  resources	  enhances	  a	  sustainable	  development	  of	  the	  

area,	  combined	  with	  significant	  energy	  and	  cost	  savings,	  as	  well	  as	  a	  substan*al	  

reduc*on	  of	   greenhouse	  emissions	   into	   the	  atmosphere.	   To	  promote	  a	  proper	  

use	  of	  geothermal	  energy	  through	  direct	  uses	  of	  heat	  and	  by	  coupling	  with	  heat	  

pump	  systems	  it	  is	  essen*al	  to	  characterize	  the	  geothermal	  reservoirs	  involved,	  

taking	   into	   account	   the	   local	   differences	   related	   to	   geological,	   hydrogeological	  

and	  thermal	  features.	  

	  

	  

2.Tectonic	  and	  Structural	  CharacterisJc	  
The	   rela*onship	  between	   tectonic	   -‐	   structural	   characteris*c,	   and	   the	  presence	  of	   thermal	  fluids	   is	  not	   clear	   and	   for	   this	  

reason	  we	  are	  studying:	  

-‐  the	  difference	  between	  the	  chemical-‐physical	  composi*ons	  of	  thermal	  groundwater	  of	  the	  two	  districts	  iden*fied	  from	  

literature	  (districts	  A	  and	  B	  in	  Fig.1b);	  

-‐  the	  presence	  of	  	  thermal	  contamina*on	  	  within	  the	  Lake	  Garda;	  

-‐  the	  hydrothermal	  circuits	  for	  assessing	  the	  geothermal	  resource	  renewability.	  

-‐  In	  the	  past	  authors	  such	  as	  Sighinolfi	  and	  Sorbini	  (Fig.	  2)	  helped	  produce	  geochemical	  and	  hydrogeological	  models	  that	  

are	   s*ll	   worthy	   of	   interest.	   The	   hydrogeological	   profile	   in	   the	   figure	   represents	   the	   thermal	   area	   of	   Caldiero	   called	  

District	  A	  in	  Castellaccio	  e	  Zorzin,	  2012.	  (	  fig.2)	  

Fig.1a	  –Map	  of	  temperatures	  and	  permeable	  rocks	  in	  the	  

Po	   P la in	   w i th	   ma in	   hydrothermal	   sys tems .	  

(Pasquale,Verdoya	  and	  Chiozzi,	  2014)	  

In	  evidence	  Verona’s	  Province	  (Fig.1	  b)	  

Fig.1b	  	  –	  Thermal	  district	  map	  of	  the	  

Verona	  Province	  (Castellaccio	  and	  

Zorzin	  2012)	  	  

3.	  Geochemical	  and	  Geological	  data	  
The	   groundwater	   geochemical	   characteriza*on	   obtained	   from	   the	   screening	   of	  

available	   literature	   (Castellaccio	   &	   Zorzin	   2012;	   Sighinolfi	   et	   al.,	   1982)	   shows	   the	  

presence	  of	  different	  geochemical	   facies.	   The	  Piper	  diagram	  of	   the	  districts	  highlights	  

the	   existence	   of	   calcium	   and	   magnesium	   bicarbonate	   waters	   differen*ated	   by	   their	  

temperature	  level	  ranging	  between	  24	  and	  31	  °C	  for	  Caldiero	  groundwaters	  and	  12	  and	  

14°C	   for	   those	  belonging	   to	   the	   Lessinian	  mountains	   (Fig.3a).	   In	   the	  B	  district	   instead	  

(Fig.3b),	   thermal	   waters,	   are	   divided	   into	   four	   groups	   according	   to	   their	   different	  

temperature.	  In	  August	  2013	  Further	  analysis	  were	  carried	  out	  (put	  in	  evidence	  in	  Piper	  

diagram,	  Fig.3a	  and	  3b).	  At	  the	  end	  of	  september	  new	  isotopic	  geochemical	  data	  will	  be	  

analyzed	  to	  complement	  previous	  studies.	  

Fig.	   2	   –	   The	   hydrogeological	   background	   model	   of	   district	   A	  

modified	  (Sorbini	  et	  al.,	  1984).	  	  

4.Methodology	  
Seismic	  Sounding	  and	  Remote	  Sensing,	  passive	  seismic	  survey	   	  as	  HVSR	  

(Horizontal	   Ver*cal	   Spectral	   Ra*o),	   analysis	   of	   satellite	   and	   terrestrial	  

images	  LiDar)	  will	  be	  performed	   to	   improve	   the	   local	   knowledge	  of	   the	  

geothermal	  resources.	  

5.	  Further	  developments	  
In	  the	  research	  programme,	  some	  thermal	  analyses	  images	  have	  been	  performed	  to	  define	  the	  

thermal	  characteriza*on	  of	  the	  districts	  and	  a	  detailed	  inves*ga*on	  about	  the	  characteriza*on	  

of	   Caldiero	   thermal	   area	   with	   a	   tromograph	   (see	   Fig.4b).	   Terres*al	   thermography,	   seismic	  

sounding	   and	  new	  geochemical	   analyses	  will	   be	   carried	  out	   in	   the	   lake	   area	   and	   the	  Verona	  

Province	   to	   beder	   define	   the	   hydrothermal	   circuit	   of	   the	   thermal	   areas	   and	   to	   foresee	   	   a	  

ra*onal	  and	  sustainable	  use	  of	  the	  resources.	  
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Fig.4.b	   Tromographic	   data	   in	   geological	   map.	   In	  

evidence	   the	   Rocca	   hill	   and	   the	   Gazzo	   hill,	   whose	  

origin	  is	  volcanic.	  
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Fig.5	   Image	   of	   Eastern	  

Verona	   Province	   	   (LiDar	  

Ministero	  dell’Ambiente	  e	  

della	  Tutela	  del	  Territorio	  

e	   del	   Mare)	   modified	   by	  	  

A.	   Ninfo	   –Geosciences-‐

UniPd	  

	  

Fig.4a	  Tromograph	  and	  	  tromographic	  

device	  for	  HVSR	  acquisi[on	  

Fig.4.c	   Two	   examples	   of	   HVSR	   output	   of	   Giunone	  

spa	   in	   Caldiero	   town.	   We	   can	   see	   a	   high	   peak	  

when	  rock	  is	  compact	  and	  a	  large	  peak	  	  when	  rock	  

is	   fractured	  such	  as	  near	  area	  volcanic	   (the	  Rocca	  

hill	  and	  the	  Rocca	  hill	  in	  Caldiero-‐	  see	  Fig.4b)	  

Fig.3a	   –	   Chemical	   analysis	   of	   wells	   and	   springs	  

district	   A.	   In	   evidence	   the	   close	   correla[on	  

between	   analysis	   of	   Lessinian	   mountains	   cold	  

waters	  and	  warm	  waters	  2013	  data	  

Fig.3b	   –	   Analysis	   of	   district	   B.	   Thermal	   waters	  

with	  different	  temperatures	  are	  highlighted.	  

The	   chemical	   analysis	   of	   2013	   are	   marked	   in	  

green	   (Castellaccio	  and	  Zorzin,2012	  modified	  by	  

L.Agos[ni)	  


