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A quote basse le falde	


termali nei calcari tagliano	


la topografia e fuoriescono	


come a Saturnia, Bagno 	


Vignoni, Chianciano	


…etc.	





In convective	


system the heat	


flow approaches	


to 0 	









Roman map of ofthe empire (0.33 x 6.88 m)	



Aque Volterrane	





Before the descovering of boric acid in 1770 a.D.	


the natural products of the “lagoons” (coloured salts	


and alteration minerals) were used as colours for 	


clothes colori (clothes in Middel Age were mostly	


pale brown)	





Covered lagoon	



Steam was used	


to increase the	


evaporation	


of condensates	





In 1904 the first	


power generation	


using steam	







Electical power (2004)	



Larderello 	

550 MW	


Travale 	

160 MW	


Mt Amiata 	

  88 MW	


-----------------------------	



	

 	

798 MW	







Larderello is surrounded	


by ore deposits	





Geology of Larderello	



1)  Moho at 20 km (35 in the Apennines)	


2)  anomalous 3He/4He ratio	


3)  negative gravimetric anomaly	


4)  cooling granite (3 Ma old)	


5)  reflecting horizon (K) at 3/4 km depth	

















Origine dei fluidi	



















Is this a boiling brine???	













The Mt. Amiata	



Was discovered by chance in the ‘50s by a drilling for the	


prospection of mercury by the local mining company.	



To the hot gas (at Bagnore: SW of the volcano) was added 	


water to convince the Larderello ltd. to invest money in the area	



In the ‘60s a campaign with shallow wells (30-70 m deep)	


to measure the thermal gradient discovered the area of 	


Piancastagnaio (SE of the volcano)	





Comparing Larderello vs Mt. Amiata	



Similarities	



1)  Same geological environment	


2)  Similar bul lower heat flow (>300 mW/m2)	


3)  Same reservoir and cap rock	


4)  Permeability by fractures	


5)  Same origin of heat from a cooling granite	


6)  Same low Moho depth	


7)  Fluids of meteoric origin	


8)  K horizon still present, but a little deeper	



Differences	



1)  Superheated steam at Larderello; two phase	


      in the limestone reservoir, liquid-dominated	


      deep reservoir (>300 °C) at Mt Amiata	


2) Two clearly separated reservoirs at Mt. Amiata	


3) Fumaroles at larderello, many CO2 vents and	


     travertine deposits at Larderello	











V=vulcanics	


MPQ=Mio-Quaternary sediments	


LU=ligurids	


TN=carbonate reservoir	


MRU2-3=basament	


MRU1=micaschists	


GC=gneiss	


MR=magmatic rocks	



Hydrology	


of Mt Amiata	







1st reservoir	


(150-200 °C)	



2nd reservoir	


(>300 °C)	





Whereas at Larderello fluids	


are forced to move into the reservoir	



Because of the low pressure of the system,	


At Mt. Amiata there is a hydrostatica”	





Meteoric recharge	


of the system	







Chemical relations	


between springs	


and wells	





Chemical relations	


between springs	


and geothermal wells	





Fosso bianco	


Bagni S. Filippo	



Ca++ + 2HCO3
--->	



CaCO3+ CO2 + H2O	





If this process	


occurs underground	


the CO2 split from	


solutions and this	


is the reason for the	


many CO2 emissions	


at Mt. Amiata 	





Problemi aperti all’Amiata:	



1) Interazione acquiferi superficiali/profondi: QUASI IMPOSSIBILE	



2) L’alimentazione dei sistemi, sempre meteorica, è QUASI IMPOSSIBILE	


     avvenga sulla verticale (self sealing)	



3) A riprova di 1 e 2 c’è il fatto che nelle sorgenti termali c’è poco	


    ammonio e poco boro	



3) Hg, Sb, CO2, NH4, B, Rn…etc: in ambienti termalmente anomali	


    sono molto mobili (meglio non mangiare i funghi delle aree minerarie	


    e delle discariche)	



4) L’inquinamento da mercurio forse è un problema più grave di quello	


    generato dallo sfruttamento dell’energia geotermica	




