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Active geothermal systems constitute a unique natural laboratory for the analysis and characterisation of heat-
fluid-rock interactions. The possibility of sampling using drilled wells, in some cases up to 2-3 km depth, in a same 
geothermal field allow the possibility to model hydrothermal alteration processes both in a vertical as in lateral 
dimensions, allowing tracking fluid-flow processes. Also, if depth wells are available, it is possible to model and 
understand how thermal fluids react with the hosted rocks and how both, fluids and rocks, could change their 
composition. On the contrary with fossil geothermal systems, or with exhumed hydrothermal altered areas, 
active geothermal systems allow direct sampling of thermal fluids and host rocks that are currently reacting. In 
this sense, Browne (1978) suggested that active geothermal systems may be regarded as large-scale, 
uncontrolled, open-end natural experiments. Several papers were published after that excellent review and a 
particularly good summary about the parameters controlling hydrothermal minerals in geothermal systems was 
provided by Reyes (1990). Temperature, permeability, pressure, fluid composition, initial host-rock composition, 
duration of hydrothermal activity and number of hydrothermal regimes seems to be the main controls on the 
formation of hydrothermal minerals in geothermal systems. Consequently, the analysis and precise identification 
of the hydrothermal mineral paganesis existing in a precise geothermal system will provide us qualitative and, 
even in some cases, quantitative information about these forming variables. Moreover, Henley & Ellis (1983) 
proposed the understanding of ancient, already exhumed geothermal systems, as an extra way to approach our 
constraints to the active ones. 
 
Different techniques have been currently used for the identification of hydrothermal mineralogy, including optical 
microscopy, X-ray diffraction (XRD), electron microscopy (EMPA and SEM) and fluid inclusions. Probably XRD 
studies are particularly relevant in geothermal exploration because allow to identify the clay mineralogy 
progression, in particular de I/S and C/S reaction progress that is responsible for the change in resistivity of country 
rocks, allowing the MT identification of the clay cap (dominated by smectite and illite/smectite mixed layer) in 
contrast with the reservoir domain, characterized by propylitic alteration and where chlorite is present. However, 
the reaction progress of these clay minerals is not so straightforward as evidenced by detailed high-resolution  



 

transmission electron microscopy (HR-TEM) suggesting more complex interlayering mechanism not only 
temperature controlled. Kinetic of interlayering mechanism must be considered and local host rock composition, 
texture and permeability seems to control the progression of clay minerals under typical disequilibrium conditions 
that dominate geothermal systems. 
 
Future advances in geothermal research must include the precise quantification of one of the main factors of fluid-
flow: the permeability. It is a real challenge how to quantify effective permeability under reservoir conditions. 
Moreover, the comprehension of how permeability change along fractures zones open new concepts about fluid-
flow-fractures. Recent experimental work in several advanced laboratories begin to give critical information about 
the fluid and heat pathways along fractures, opening a new window for the research. In this same sense, recent 
advances of the micro-CT technique highlight interesting and exiting results allowing to understand how hot fluid 
react with host rocks. Experimental works in some research labs, as GNS in Wairakei (New Zealand) are also 
providing interesting results because the can reproduce reservoir conditions at the laboratory scale, obtaining 
challenging data. 
 
And, of course, one of the major open question is in relation with the timing and duration of geothermal systems. 
Conventional radiometric dating methods are not so precise for dating active hydrothermal processes. However, 
interesting results could be obtained using high-spatial resolution U/Th dating in calcites. This technique is 
currently used for dating corals, speleothems and Quaternary calcite filling fractures. The possibility to apply this 
technique to geothermal system could open a new look about the duration of hydrothermal alteration and its 
timing. 
 
The future of hydrothermal alteration research in geothermal systems is completely open. New high-resolution 
analytical techniques will allow us to move from the micro and nano-scale to the conceptual model. Moreover, the 
possibility to expand our researchers to ancient exhumed systems will allow to take a look at the past for 
understanding present-day geothermal reservoirs. 
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