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1.INTRODUCTION

Fluid geochemistry can beregarded asauseful tool for exploring and exploiting geothermal
resources, being ableto provideimportant ingghtson the chemica—physicad conditionsof thereservoirs
and the thermodynamic processes acting at depth in geothermal fields (e.g. Nicholson, 1993;
Arnorsson, 2001). In northern Chile, several promising geothermal systemshave been recognized:
Surire (4,300 ma.s.l.) 250 km NE thecity of Iquique (Lahsen, 1976), Puchuldiza (4,200masl.),
located 200 km NE the city of Iquique (Lahsen, 1975, 1976), Apacheta (5,100 ma.s.l.) 120 km
NE thecity of Cdama(Urzuaet al., 2002), El Tatio (4,300mas.l.), 100 km NE thecity of Calama
(e.g. Lahsen, 1976; Lahsen and Trujillo, 1976), LaTorta (4,900 m a.s.l.) 90 km NE the city of
Cdama(Urzuaet al., 2002). In the present work the chemicd featuresof thetherma fluid discharges
from Puchuldiza, A pachetaand El Tatio geothermal systemsare presentedin order to: i) assessthe
origin of the gascompounds, and ii) eval uate the physi cal—chemical conditions of the geothermal
reservoirs.
2.GEOLOGICAL SETTING

The Centra Volcanic Zone (CV Z) ispart of theAndes Range and liesa ong southern Peru,

northern Chile, western Boliviaand western Argentina. The CV Z, hosting severa activevol canoes
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(Stern, 2004), ismainly constituted by L ate Oligocene and Quaternary vol canic and sedimentary
rocks, Miocene—Plioceneandesitictorhyalitic lavaflows, lavadomesand ignimbrites, brecciasand
sandstones (L ahsen, 1976; Ramirez and Huete, 1981). The main tectonic featuresof thisvolcanic
range are a series of NNW-SSE trending grabens (Francis and Rundle, 1976; Lahsen, 1976),
wherethemain Chilean geothermal fieldsare hosted.
3.RESULTS

Thermal fluid dischargesof Puchuldiza, El Tatio and A pachetageothermal systemshaveoutlet
temperaturesvarying between 43 and 92 °C. The chemical composition of gasesisdominated by
the presence of CO, (10,018-992,830 pmol/mol) and H,O (2,221-992,830 umol/mol). Among
acid gases, H,Sisgenerally present in considerableamounts (25-4261 pumol/mol), while HF, HCI
and SO, arevirtually absent (<0.1 pmol/mol), with the only exception of the A pachetathermal
discharges, where significant concentrations of HCI (6.07—6.34 umol/mol) and SO, (1.19-1.53
umol/mol) weredetected. Among residua gases, N,,, H, and CH, show highly variableconcentrations
(108-33,048, 0.7-245 and 0.04-2,344 pmol/mol, respectively), whileAr and O, show relevant
contentsonly at Puchuldiza(up to 717 and 207 umol/mol, respectively). Helium and Ne are present
only inminor amounts, and CO contentsare bel ow thedetection limit (0.01 umol/mal), likely dueto
itscompl etedissolutioninto shalow aguifers. Concerning the organic gasfraction, the composition
of light hydrocarbonsismarked by ahigh speciation, afeature that hasbeen commonly observedin
fluids of worldwide geothermal areas(e.g. Capaccioni et al., 2004; Tass et al., 2005). Gas species
pertaining to the alkanes group are generally the most abundant ones, although at Apachetathelight
akenescontentsprevail over those of their homologue alkanes.
4. DISCUSSIONAND CONCLUSIONS

Theorigin of thetherma fluid dischargesof Puchuldiza, El Tatio and Apachetaareasismainly
related to the contribution of at least three different sources: 1) alow—temperature atmaospheric—ich,
2) amedium—temperature hydrothermal, and 2) ahigh—-temperature magmatic—related component.
At Puchul dizathetherma fluidshavethe highest contentsof low—temperaturegas species(CH,, light
dkanes Ar and O,), dthough gascomposition maintainscluesof medium—to-high ental phy processes
acting at depth. Onthe contrary, at Apachetathe highly acidic gases (SO, and HCI), coupled with
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the particularly low contents of hydrocarbons, mainly composed by alkenes, suggest astrong
contribution of ahigh—temperature component (Capaccioni et al., 1995; Giggenbach, 1996). At El
Tatio thechemical characteristicsof thethermal fluids seemstoindicate the presenceof arelatively
largeand well-devel oped geotherma system, with minimum contentsof atmospheric—+d ated species.

Reservoir temperatures, calculated onthe basis of the H./Ar geothermometer (Chiodini etal.,
2001), for Puchuldiza (136—-176°C) geothermal system, are consi stent with both those directly
measured at the bottom of the 600—-900 m deep exploration wells (164°C) (Arayaet al., 1979),
and thoseindi cated by the organi ¢ gas geothermometers (Capaccioni and Mangani, 2001; Tass et
al., 2005). Differently, at El Tatio the thermodynamic equilibrium of the reactionsamong thelight
hydrocarbons, which are characterized by arelatively slow kinetics, seemsto be established at
temperature significantly higher than that (265°C) measured at depth (Lahsen and Trujillo, 1976)
and those cal culated by using theinorganic geothermometers (220-250°C). Thissuggeststhat i) the
deeper level sof thisgeothermal system are characterized by relatively hightemperatures (~300°C),
and i) thethick hydrothermal aquifer feeding thethermal dischargesisableto buffer the high-
temperature chemica sand the heat flux. Findly, at Apacheta, the cal culated temperatures of boththe
organic and theinorganic gas geothermometersare particularly high (>330°C), not common for
geothermd fluids, possibly in relation to the presence of amagmatic sysem gtill activeinthearea, as
dsoindicated by therelatively high contentsof light alkenes, HCl and SO,

Further important constraints on the reservoir conditions and the origin of thermal fluid
dischargesof northern Chile are expected to be obtained from adetailed geochemical survey tobe
carried out intheforthcoming yearsby the Chilean talian research group, mainly aimed to generate
aregiona framework for geothermal fields of theAndean Central Volcanic Zone.
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