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The contribution by Sottile ef al. (2026) represents
a valuable addition to the understanding of the
La Laja system (San Juan, Argentina), particularly
through the integration of geophysical, structural
and geomorphological data. The identification of
structurally controlled permeability and reservoir
architecture provides an important framework for
interpreting fluid circulation.

In this context, it may be useful to further refine
the classification of the La Laja system. While the
authors refer to it as a hydrothermal system, the
available evidence appears to be more consistent
with a low-temperature geothermal system.

This distinction is not merely semantic, as it
involves differences in heat sources, fluid origin, and
hydrological functioning. The term “hydrothermal
system” encompasses a broad range of geothermal
settings, including both magmatically driven
systems and those controlled by regional heat flow
and hydrogeological circulation (Hochstein, 1990;
Dickson and Fanelli, 2004; Sowizdzat, 2022).
In contrast, low-temperature geothermal systems are
typically characterized by conductive or conduction-
dominated heat transfer, meteoric-dominated recharge,
and structurally controlled flow paths, commonly
linked to regional groundwater circulation systems

and relatively low enthalpy conditions (Ingebritsen
etal.,2006; Moeck, 2014; Jalilinasrabady et al., 2022).

The geophysical and morphostructural results
presented by Sottile ez al. (2026), particularly the role
of active faults in controlling permeability and the
apparent lack of association with shallow magmatic
bodies, are consistent with this interpretation.
This view is also in agreement with previous studies
(e.g., Orozco Chirino et al., 2021), that interpret
La Laja as a system where meteoric waters infiltrate
at higher elevations, circulate at depth, and are
heated under regional geothermal gradients before
ascending along structural pathways through the
largely Paleozoic and Cenozoic sedimentary pile
of the Precordillera, including a thick section of
Cambrian and Ordovician carbonates (Astini ef al.,
2005). The regional geodynamic context further
supports this interpretation. The La Laja system
is located within the Pampean flat-slab segment,
where arc magmatism was largely suppressed since
the Miocene, and any residual magmatic activity
was spatially displaced to the east (e.g., Kay and
Mpodozis, 2002; Ramos et al., 2002).

Clarifying this distinction is particularly relevant
when considering travertine-forming systems, which
can be interpreted in terms of two end-member
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models: volcanic-hydrothermal and artesian-karstic.
However, these systems are better understood as
the result of three partially decoupled controls:
(1) heat source (magmatic vs. geothermal), (2) CO:
source (mantle, crustal, or biogenic; e.g., Kerrick,
2001), and (3) hydrological regime (meteoric vs.
deep circulation).

Recognizing La Laja as a low-temperature
geothermal system has important implications.
It supports a model dominated by regional hydrology
and structural control, rather than magmatic input,
and provides a more consistent framework for
interpreting fluid sources, CO: origin, and travertine
deposition. In this context, travertine distribution
and dispersal patterns are expected to be primarily
controlled by structural pathways and basin-scale
hydrology, which, in turn, influence the spatial
organization of facies and the resulting heterogeneity
of carbonate accumulations (e.g., Pentecost, 2005;
Gandin and Capezzuoli, 2014; Mors et al., 2019;
Astini et al., 2025).

In addition, the travertine system at La Laja
displays a wide range of mound morphologies (Astini
etal., 2016; also see figures 5, 7, 9 and 10 in Sottile
et al., 2026), which may provide further insights
into the underlying hydrodynamic and structural
controls. Field observations indicate the coexistence
of conical subaerial mounds with high aspect ratios
and relatively stable central vent positions, as well as
broader, low-relief, discoidal bodies with depressed
central areas that likely functioned as shallow pools
with subaqueous precipitation.

Such morphological variability has been shown
to reflect differences in discharge rate, fluid pressure,
vent stability, and self-sealing processes driven
by carbonate precipitation (e.g., Luo et al., 2022).
In this context, the integration of geophysical data
with detailed morphological and sedimentological
observations could help constrain the controlling
parameters of mound growth, including the role
of structurally focused flow, temporal variability
in discharge, and feedback mechanisms between
permeability and precipitation. This approach may
provide a valuable pathway to link subsurface structure
with surface expression in geothermal travertine
systems. This has direct implications not only for the
understanding of depositional architecture, but also
for the evaluation of travertine bodies as industrial
carbonate resources (dimension stone and related
applications), where facies distribution, porosity,
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and diagenetic overprint determine their quality
and exploitability.

On a broader scale, the same controls govern
the spatial organization of facies and the resulting
heterogeneity of carbonate accumulations, which are
widely used as analogues in reservoir characterization
(e.g., Claes et al., 2015; Della Porta, 2015; Ronchi
and Cruciani, 2015; De Boever et al., 2016). In these
systems, permeability architecture reflects the interplay
between fluid flow, degassing, and accommodation
space, leading to strong facies-controlled heterogeneity
and multi-scale variability in petrophysical properties
(Lucia, 1999; Mancini et al., 2019).

This perspective also provides a useful framework
to further explore the architecture of the feeding
system (plumbing system) and its role in controlling
the spatial distribution and dispersal of surface
depositional products. In particular, it enables a more
robust genetic interpretation of the facies mosaic,
linking fluid pathways, degassing processes, and
accommodation space to structurally controlled
discharge zones. These aspects appear to be closely
tied to geophysical signatures associated with active
fault systems, highlighting the broader implications
of the results presented by Sottile ez al. (2026). It also
has practical implications for resource assessment
and hazard evaluation, as low-temperature systems
differ significantly from magmatically driven
hydrothermal systems in both geothermal potential
and associated risks (Dickson and Fanelli, 2004).
In contrast, magmatic-hydrothermal systems are
more commonly associated with metal transport
and deposition due to higher temperatures and
more intense fluid-rock interaction, and therefore
have a greater potential for ore-forming processes
(e.g., Robb, 2005; Simmons et al., 2005). Recognizing
the geothermal (non-magmatic) nature of La Laja
thus constrains both its economic potential and its
genetic interpretation.

Building on the valuable geophysical and
morphostructural framework provided by Sottile
et al. (2026), further integration with complementary
datasets could help refine the conceptual model of
the La Laja system. In particular, the incorporation
of hydrogeochemical and isotopic tracers (e.g., 6*C-
COs, 5"*0-H-0) would allow better constraining fluid
sources, residence times, and fluid-rock interaction
processes (e.g., Kerrick, 2001; Ingebritsen et al.,
20006). Likewise, detailed sedimentological and facies
analysis of associated travertine deposits currently
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under study could provide independent insights into
fluid pathways, degassing dynamics, and the spatial
organization of depositional systems.

The present perspective highlights the importance
of integrating geothermal systems within broader
basin-scale hydrological models, particularly in
arid regions such as San Juan, where groundwater
circulation and structural controls play a dominant
role. Integrating the structural framework with basin-
scale hydrogeological models would contribute to
a more comprehensive understanding of recharge
areas, circulation depths, and discharge patterns,
particularly in the context of the arid Andes. Such an
approach may help bridge geophysical observations
with surface expressions and improve the predictive
understanding of similar systems in the region.

References

Astini, R.A.; Davila, F.M.; Lopez Gamundi, O.; Gémez, F.;
Collo, G.; Ezpeleta, M.; Martina, F.; Ortiz, A. 2005.
Cuencas de la region precordillerana. /n Frontera
Exploratoria de la Argentina (Chebli, G.; Spalletti, L.;
editors). Instituto Argentino del Petroleo y del Gas:
115-145. Buenos Aires.

Astini, R.; Gomez, F.; De Maestri, E. 2016. Los travertinos
cuaternarios de La Laja (San Juan): morfologia,
estratigrafia, facies y paleoambientes. /n Congreso
Latinoamericano de Sedimentologia, No. 7, Reunion
Argentina de Sedimentologia, No. 15, Libro de
resumenes: p. 28. La Pampa.

Astini, R.A.; Mors, R.A.; Sariago, R.A.; Druetta, H.S.
2025. Carbonatos asociados con fendmenos hidrotermales
y postumos al volcanismo en la region del cerro Tiporco.
In Geologia y Recursos Naturales de la provincia de
San Luis (Costa, C.H.; editor). Congreso Geologico
Argentino, No. 22, Relatorio: 451-478, San Luis.

Claes, H.; Soete, J.; Van Noten, K.; El Desouky, H.;
Marques Erthal, M.; Vanhaecke, F.; Ozkul, M_;
Swennen, R. 2015. Sedimentology, three-dimensional
geobody reconstruction and carbon dioxide origin
of Pleistocene travertine deposits in the Ballik area
(south-west Turkey). Sedimentology 62 (5): 1408-
1445. https://doi.org/10.1111/sed.12188

De Boever, E.; Foubert, A.; Oligschlaeger, D.;
Claes, S.; Soete, J.; Bertier, P.; Ozkul, M.;
Virgone, A.; Swennen, R. 2016. Multiscale approach
to (micro) porosity quantification in continental
spring carbonate facies: Case study from the Cakmak
quarry (Denizli, Turkey). Geochemistry, Geophysics,
Geosystems 17 (7): 2922-2939.

Della Porta, G. 2015. Carbonate build-ups in lacustrine,
hydrothermal and fluvial settings: comparing
depositional geometry, fabric types and geochemical
signature. /n Microbial Carbonates in Space and Time:
Implications for Global Exploration and Production
(Bosence, D.W.J.; Gibbons, K.A.; Le Heron, D.P.;
Morgan, W.A.; Pritchard, T.; Vining, B.A.; editors).
Geological Society, Special Publications 418: 17-68.
London.

Dickson, M.H.; Fanelli, M. 2004. What is Geothermal
Energy? International Geothermal Association (IGA):
15 p. Pisa.

Gandin, A.; Capezzuoli, E. 2014. Travertine: distinctive
depositional fabrics of carbonates from thermal
spring systems. Sedimentology 61 (1): 264-290.
https://doi.org/10.1111/sed.12087

Hochstein, M.P. 1990. Classification and assessment of
geothermal resources. /n Small Geothermal Resources:
A Guide to Development and Utilization (Dickson, M.H.;
Fanelli, M.; editors). UNITAR/UNDP Centre on Small
Energy Sources: 31-59. Roma.

Ingebritsen, S.E.; Sanford, W.E.; Neuzil, C.E. 2006.
Groundwater in Geologic Processes (2™ edition).
Cambridge University Press: 536 p. Cambridge.

Jalilinasrabady, S.; Itoi, R.; Setyawan, A. 2022. Geothermal
Resources: Briefing on Geothermal Systems and Their
Classification. /n Geothermal Energy: An Overview on
Resources and Potential (Setyawan, A.; Setyawan; A.
Jalilinasrabady, S.; Pambudi, N.A.; Itoi, R.; editors).
Springer: 1-25. Cham.

Kay, S.M.; Mpodozis, C. 2002. Magmatism as a probe to
the Neogene shallowing of the Nazca plate beneath the
modern Chilean flat-slab. Journal of South American
Earth Sciences 15 (1): 39-57.

Kerrick, D.M. 2001. Present and past nonanthropogenic
CO: degassing from the solid earth. Reviews of
Geophysics 39 (4): 565-585.

Lucia, F.J. 1999. Carbonate Reservoir Characterization.
Springer-Verlag: 226 p. Berlin.

Luo, L.; Wen, H.; Brogi, A.; Capezzuoli, E. 2022. Factors
controlling the geometry of travertine mounds:
Insights from Heinitang (China). Sedimentology
69 (4): 1519-1546.

Mancini, A.; Capezzuoli, E.; Erthal, M.; Swennen, R. 2019.
Hierarchical approach to define travertine depositional
systems: 3D conceptual morphological model and possible
applications. Marine and Petroleum Geology 103: 549-
563. https://doi.org/10.1016/j.marpetge0.2019.02.021

Moeck, 1.S. 2014. Catalog of geothermal play types based
on geologic controls. Renewable and Sustainable
Energy Reviews 37: 867-882.



Astini / Andean Geology 53 (3): 810-813, 2026

Mors, R.A.; Astini, R.A.; Gémez, F.J. 2019. Coexisting
active travertines and tufas in the southeastern border of
the Puna plateau. Sedimentary Geology 389: 200-217.

Orozco Chirino, P.G.; Astini, R.A.; Presa, J.M.;
Alvarado, P.M.; Venerdini, A.L.; Rivas Bilbao, A.C.;
Pérez Lujan, S.B.; Ortiz, G.F.; Peralta Arnold, Y.J;
Saez, M. 2021. The La Laja spring system in
the Argentine Precordillera: A conceptual model
based on geochemical and isotopic data. Journal
of South American Earth Sciences 109:103241.
https://dx.doi.org/10.1016/j.jsames.2021.103241

Pentecost, A. 2005. Travertine. Springer: 445 p. Berlin.

Ramos, V.A.; Cristallini, E.O.; Pérez, D.J. 2002. The
Pampean flat-slab of the Central Andes. Journal of
South American Earth Sciences 15 (1): 59-78.

Robb, L. 2005. Introduction to Ore-Forming Processes;
Blackwell: 373 p. Malden, MA.

813

Ronchi, P.; Cruciani, F. 2015. Continental carbonates as
a hydrocarbon reservoir, an analog case study from
the travertine of Saturnia, Italy. American Association
Petroleum of Geologists Bulletin 99 (4): 711-734.

Simmons, S.F.; White, N.C.; John, D.A. 2005. Geological
characteristics of epithermal precious and base metal
deposits. /n Economic Geology One Hundredth
Anniversary Volume (1905-2005) (Hedenquist, J.W.;
Thompson, J.F.H.; Goldfarb, R.J.; Richards, J.P.; editors).
Society of Economic Geologists: 485-522. Littleton.

Sottile, A.; Rodriguez, A.; Winocur, D.; Grigolo, M;
Martinez, M. 2026. Applied geophysics to
morphostructurally characterize a hydrothermal system:
La Laja, San Juan (Argentina). Andean Geology 53 (1):
113-135. https://dx.doi.org/10.5027/andgeoV53n1-3784

Sowizdzat, A. 2022. Geothermal Systems-An Overview.
Energies 15: 6377. https://doi.org/10.3390/en15176377

Manuscript received: March 20, 2026; revised/accepted: April 07,

2026; available online: April 07, 2026.



