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Thermal Water from the Guarani Aquifer
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The Uruguayan Thermal Region:
A Historic Resource, Scientifically Mapped

80 years of empirical wellness and tourism usage, now mapped through the first comprehensive and
integrated hydrochemical, geospatial, and balneological characterization.

Group 1: Guarani Aquifer System (GAS)
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Group 2: Distinct Ryarogeological Setting
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Subterranean 0Origins: Two Distinct Geological Architectures

Guarani Aquifer System [GAS) Almiron system
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Physicochemical Baselining: Temperature and Mineralization Divergence

A massive divergence in total dissolved solids and heat dictates fundamentally different therapeutic applications.
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The Hydrochemical Fingerprint

Normalized lon Fingerprinting:
Proving hydrochemical affinity is
dictated by geological origin,

not mere geographic proximity.

Sr/

Sr.

NO3’

- Guarani Aquifer System (GAS):
Cyan & Teal (AdA, A, CR, AC, D, G)

== Almirén System:
Indigo (Al) B




The Diagnostic Dichotomy

WMW (Weak/Medium Mineralization)

SMW (Strong Mineralization)

Origin Guarani Aquifer System (GAS) Crystalline Basement / Tres Islas Fm.
Facies Sodium-Bicarbonate Chloride-Sodium
Temperature Mesothermal to Hyperthermal Hypothermal (32°C)

(36-44.5°C)

Mineralization

311-734 mg/L

6,990 mg/L

Primary Indications

Musculoskeletal, Stress, Sleep,
Long COVID

Musculoskeletal, Dermatological
(Psoriasis)
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Hydrogeochemical Characterization of Thermal Waters from
the Guarani Aquifer in Uruguay and Their Potential Use

in Balneology
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Abstract

Thermal groundwater resources constitute valuable health-orented georesources, particularly
when integrated into regional strategies for wellness, balneotherapy, and therapeutic tourism.
This study presents the first comprehensive and integrated hydrochemical, geospatial, and
balneological characterization of thermal groundwater systems in Uruguay, enabling their classi-
fication from a medical hydrology perspective and supporting the assessment of their potential
use in balneotherapy. Seven thermal groundwater sources located in northwestern Uruguay
were investigated, mainly associated with the Guarani Aquifer System (GAS), together with the
singular Almirén spring, which represents a distinct hydrogeological setting. Field measure-
ments and laboratory analyses were conducted to determine physicochemical parameters, major
ions, and gases. Hydrogeochemical facies were identified using Piper and Gibbs diagrams,
while multivariate statistical techniques, including Principal Component Analysis (PCA) and
hierarchical clustering, were applied to discriminate water types and support their balneological
classification. The results indicate that most thermal waters associated with the GAS are charac-
terized by sodium-bicarbonate facies, weak to medium mineralization. Dry residue to 180 °C,
(311734 mg /L), and mesothermal to hy perthermal temperatures (36.3-44.5 °C), reflecting deep
confined circulation and prolonged water—rock interaction. By comparison, the Almirén spring
exhibits a chloride—sodium facies with strong mineralization. Dry residue to 180 °C, (6590 mg/L)
and hypothermal (32 °C), consistent with a distinct hydrogeological origin involving crystalline
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of Uruguay’s thermal groundwater and its possible use in balneology. Future research should
focus on controlled clinical and balneological studies to validate specific therapeutic effects.
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Anatomical Mapping: Musculoskeletal & Rheumatic Disorders (MRD)

Almirén Path: Strona Mineralization
UITHION Fatil. otfrong wineraiiZation

GAS Path: Weak/Medium Mineralization

Therapeutic Factor: Salinity & Osmotic.

Therapeutic Factor: Hyperthermal &

Hydrostatic. Mechanism: Mild hormetic stimulus,

modulation of immune-neuroendocrine
responses, systemic redox balance.

Mechanism: Thermoregulation, joint
unloading via buoyancy, reduced muscle

tone, increased exercise tolerance. - _
Target: Chronic inflammatory rheumatic

conditions with stiffness and low-grade
inflammation.

Target: Osteoarthritis, Low back pain,
Fibromyalgia. Best integrated into
structured aquatic rehabilitation.
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Dermatological Translation:
Chloride-Sodium Interventions

| )
The Indication
Plague psoriasis and chronic inflammatory
dermatoses.
= = 4

‘ The Mechanism

Salinity and ionic composition influence epidermal
homeostasis, modulate cutaneous inflammatory
pathways, and improve skin barrier desquamation.

Clinical Caution

Due to extreme mineralization (6,590 mg/L), requires
strict protocol standardization (duration, frequency,
temperature) and barrier integrity assessment.




Emerging Indications: Stress and Sleep Architecture

Stress (HPA Axis Modulation)

Moderate hyperthermia induces
transient hypothalamic-pituitary-
adrenal (HPA) activation, followed
by an adaptive reduction in basal
cortisol secretion.

This controlled thermal stimulation
Improves physiological resilience
and dampens the biological
markers of chronic stress.

Sleep (Thermoregulation)

Peripheral distal vasodilation from
warm immersion accelerates the
transition to sleep.

The crucial mechanism is the
post-heating core cooling

phase, which significantly
significantly reduces sleep onset
latency and improves total sleep
consolidation.




Systemic Rehabilitation: Obesity & Long COVID

7~

Obesity (Behavioral & Mechanical)

Balneotherapy acts as a crucial adherence facilitator.
Hydrostatic unloading allows for safe, low-impact aerobic
training. The hyperthermal environment serves as a
behavioral “kick-start,” concentrating high-intensity
Intervention into a short period to drive lasting lifestyle
changes.

Long COVID (Paced Recovery)

v i
J
5
5'.'
!

!
)
gt

3 A
D
- &
. o

Targets core post-viral symptoms of fatigue, pain, and
neuromotor deconditioning. Warm-water immersion provides
a safe, resistance-adjustable environment for proprioceptive
training and paced functional capacity recovery, minimizing
the risk of post-exertional symptom worsening.




From Subterranean Origins to
Therapeutic Translation

Uruguay’s thermal groundwater is no longer just a geological phenomenon or
an empirical tradition. Through rigorous hydrochemical fingerprinting, the
Guarani and Almiron aquifers are now defined as distinct, evidence-based

therapeutic instruments ready for the future of medical hydrology.
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