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Lonquimay-Tolhuaca volcanic complex

Tolhuaca

Lonquimay

Lonquimay and Tolhuaca volcanoes. 
Source: Aerial photograph by Mighty River Power Chile.
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Tolhuaca Geothermal System

Curacautín geothermal plant, 2012. 
Source: Mighty River Power Chile.

San Gregorio geothermal prospect. 
Source: MRP presentation, Sergio Iriarte.
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Main questions:

•What is the recharge zone of the TGS? Is
there a sustainable recharge source?

•What are the subsurface processes
affecting the chemical composition of the
fluid?

Objective:

To understand the hydrogeochemical
dynamics of the TGS by constraining
groundwater recharge source, subsurface
mixing processes, and to develop a
hydrological model of the associated
reservoir.
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Methods: Fluid sampling and analysis
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Methods: Fluid sampling and analysis

1. Water chemistry: Major, minor and trace element analysis.

2. Stable isotope analysis: O, H, C.

3. Anthropogenic tracers: CFCs and SF6
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1. Fluid chemistry: 
Major and trace element analysis

• WRI processes.
• Magmatic input on reservoir fluid.
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• Recharge source altitude.
• Mixing processes (andesitic water) and

phase separation (boiling).

2. Stable isotopes: δ18O and δD
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3. Anthropogenic tracers: What are Chlorofluorocarbons?

• Volatile, synthetic compounds of
carbon, chlorine and fluorine
produced commercially since 1930 for
uses in refrigeration.

• CFCs are responsible for ozone layer
depletion!

• Release of CFCs into the atmosphere
and subsequent incorporation into
the hydrological cycle has allowed
their use as tools for groundwater
dating.

• CFC-11, CFC-12, CFC-113 and SF6 are
measured.
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3. Anthropogenic tracers: CFCs and SF6

• Modern groundwater (>1940) dating.
• Subsurface mixing and dilution processes Groundwater flow mechanisms.

CFC-Free 
‘Deep reservoir’ fluid

Modern meteoric 
component
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Preliminary conclusions
• High B/Cl ratios and elevated concentrations of As,

Zn, Sb, and Au in springs along the Tolhuaca NW
trend are consistent with the structurally controlled
model proposed by previous authors and indicate a
contribution through magmatic degassing.

• Springs south of the Tolhuaca volcano show a much
more dilute composition, lower temperatures, low
B/Cl ratios, lower concentration of magmatically-
derived trace metals, and higher input of soil CO2.
(no magmatic input)

• Naturally outflowing springs in the Curacautín valley
show high CFC concentrations, indicating diffuse
flow during ascent to the surface.

• Deep wells and thermal waters associated to
structures show almost no detectable CFC contents
(1-10% modern groundwater), indicating that: a)
little to no recharge has occurred since 1940, and b)
thermal waters ascend rapidly to the surface along
structures (focused flow).
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