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RESUMEN

La zona de estudio pertenece a la region septentrional de la Patagonia extrandina,
se localiza en el sector Sur de la Peninsula Valdés entre los paralelos 42° 32' Sy 42° 53’ Sy
los meridianos 63° 34" W y 64° 22° W, cubriendo una superficie de 1700 km? y esta
delimitada al Norte por una divisoria de aguas subterraneas, al Oeste por el Golfo Nuevo y al

Sur y Este por el Océano Atlantico.

El régimen climatico es de tipo arido mesotermal, con precipitaciones pluviales que

apenas superan los 200 mm/afo, y ausencia de cursos de agua superficiales permanentes.

Morfolégicamente, el area se caracteriza por un relieve llano aterrazado y la
presencia de dos grandes depresiones con cotas de hasta -42 m por debajo del nivel del

mar, que alojan en su interior cuerpos salinos (salinas Grande y Chica).

La carencia de agua potable en la Peninsula Valdés ha sido y es una de las
principales limitantes para su desarrollo socioeconémico. Histéricamente, la demanda de
agua estuvo asociada a la actividad pecuaria (ganaderia ovina), el abastecimiento a la
poblacién laboral de establecimientos de produccién de sal y mas recientemente a localidad

de Puerto Piramides, de importante crecimiento vinculado a la actividad turistica.

En funcién de la histérica necesidad de recursos de agua potable y de la falta de
informacion geohidroldgica del area, se plantearon como objetivos de esta investigacion:
reconocer y evaluar la disponibilidad de aguas subterraneas en cantidad y calidad en un
sector de la Peninsula, especialmente en un area aledana al Golfo Nuevo, identificar el
sistema geohidrolégico a nivel regional y local y los mecanismos hidrodinamicos e
hidroquimicos actuantes, plantear un modelo conceptual de funcionamiento del sistema,
contribuir a determinar la posibilidad de provision sustentable de agua potable a la localidad
de Puerto Piramides, y establecer las medidas de proteccion ambiental del/los acuifero/s

localizados, sobre la base de la previa determinacién de su vulnerabilidad.

La investigacion se desarroll6 en una primer etapa sobre toda la Peninsula Valdés de
modo de obtener el marco geohidrolégico regional y definir las caracteristicas de borde de la
zona de estudio y en una segunda, exclusivamente en el area de Tesis con un analisis mas
completo y de mayor detalle. En ambos casos se efectuaron tareas de campo, laboratorio y

gabinete.

Se identificaron y mapearon las principales unidades geomorfolégicas: Médanos y

Mantos arenosos, Planicies aterrazadas, Depresiones endorreicas y Zona Costera, para
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luego relacionarlas al circuito hidrogeologico y a los procesos de recarga-circulacion-

descarga.

En base al analisis litologico, tanto de superficie como de subsuelo se definiéo una
secuencia hidrogeologica que inicia con una Zona No Saturada de espesor variable (0 a
mas de 70m) y comportamiento esencialmente acuifero, por debajo de la cual se localiza
una acuifero freatico alojado en sedimentos cuaternarios y/o terciarios de la Fm. Puerto
Madryn. Luego un acuitardo de geometria irregular lo separa de otro acuifero en este caso

semiconfinado. Se trata de acuiferos en medio poroso.

El fendmeno de recarga se produce principalmente en la zona correspondiente a la
unidad Médanos y Mantos Arenosos, identificandose un tipo de recarga autéctona directa
para el acuifero freatico y autoctona indirecta, a través del mismo, para los niveles acuiferos
inferiores. Su cuantificacion se estimé a partir de balances hidrolégicos de paso diario y
mediante el método de fluctuaciones de niveles freaticos resultando en ambos casos en el

orden del 30% de las precipitaciones.

Se reconocen como mecanismos actuantes a favor del ingreso de agua al sistema la
reduccion real de las pérdidas consuntivas por adaptaciones vegetales al clima arido
(xerofitas) y la infiltracion rapida producto de la presencia de materiales altamente
permeables (médanos y mantos arenosos) y suelos con muy baja capacidad de campo

(Aridisoles y Entisoles).

La descarga ocurre de manera externa o regional, sobre el perimetro de la
peninsula con destino en el Golfo Nuevo y Océano Atlantico, e internamente en los bajos de
las salinas Grande y Chica manifestandose en sus bordes mediante manantiales. A partir de

alli el egreso es netamente consuntivo.

Los resultados de indole hidroquimica acompanan el modelo conceptual
hidrodinamico identificandose aguas de baja salinidad (entre 280 y 1400 mg/l) de tipo idnico
bicarbonatado clorurado sédico y clorurado bicarbonatado sodico en la zona de recarga, y
aguas de caracteristicas salobres hasta casi salinas con valores que superan 2100 mg/l
alcanzando en situaciones extremas los 9800 mg/l y con calificacidon de cloruradas sédicas
en los estadios de circulacion y descarga. Los resultados isotépicos ratifican también tanto el

origen metedrico de la recarga como su principal ocurrencia en el area medanosa.

Se calcularon las reservas totales generales y las reguladoras distinguiendo entre
aquellas aptas para consumo humano y para uso ganadero. Se detectd un volumen de agua
potencialmente extraible para suministro de la localidad de Puerto Piramides, para el cual se

proponen dos sitios alternativos para su explotacion teniendo en cuenta la sustentabilidad
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del aprovechamiento. Se analizan también las consecuencias ambientales con miras a

prevenir tanto una contaminacién como una sobre-explotacién del recurso.

Por ultimo se resalta la buena correspondencia entre las unidades geomorfolégicas
y las distintas componentes del modelo conceptual de funcionamiento geohidrolégico,
proponiéndose para estudios a desarrollarse en sitios de caracteristicas similares, tomar
como punto de partida la delimitacién de las principales unidades hidromorfolégicas, dentro

de un desarrollo metodoldgico similar al aqui planteado.
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ABSTRACT

The study area is located in the northern region of the extra-Andean Patagonia, in
the southern portion of the Peninsula Valdés between latitude 42° 32’ and 42° 53’ S and
longitude 63° 34’and 64° 22’ W, covering a surface of 1,700 kmZ. It is bounded on the north
by a subsurface watershed, on the west by the Golfo Nuevo, and on the south and east by

the Atlantic Ocean.

The climate type is arid, mesothermal, with an annual rainfall scarcely exceeding

200 mm, and an absence of permanent surface watercourses.

Morphologically, the area is characterized by a relief consisting of a terrace-like plain
and by the presence of two large depressions with heights of up to 42 m bsl, containing salt

water bodies in their interior (the Salina Grande and Salina Chica salt pans).

The shortage of drinking water in Peninsula Valdés has been, and still is, one of the
main limitations to its socioeconomic development. Historically, there has been a demand for
water connected with cattle rearing (sheep farming), the supply to the labour population of
salt production facilities, and more recently to the town of Puerto Piramides, which has grown

significantly due to the influence of tourism.

Considering the historical need for drinking water resources and the lack of
geohydrological information on the area, the objectives of this research study were: to study
and evaluate the availability of subsurface water and its quantity and quality in an area of the
peninsula, especially in the proximity of the Golfo Nuevo; to identify the geohydrological
system at a regional and local level, as well as the hydrodynamic and hydrochemical
mechanisms at play; to provide a conceptual model of how the system operates; to
contribute by assessing the availability of a sustainable drinking water supply to the town of
Puerto Piramides; and to propose measures of environmental protection of the aquifer(s)

detected, on the basis of its/their previously determined vulnerability.

The first stage of this research was undertaken over the whole extension of the
Peninsula Valdés in order to establish the regional geohydrologic framework and to define
the boundary features of the study area. In the second stage, which focused exclusively on
the thesis study area, a more complete and detailed analysis was carried out. In both cases,

field work as well as chemistry and computer laboratory work was undertaken.

The main geomorphological units were identified and mapped — i.e. Sand dunes and
Sandy layers, Terrace-like plains, Endorheic depressions and the Coastal area — in order to

relate them to the recharge, circulation, and discharge processes.
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On the basis of both the surface and subsurface lithological analysis, a
hydrogeological sequence was defined. It begins with an unsaturated zone of variable
thickness (0 to over 70m). Below this there is a phreatic aquifer contained within Quaternary
and/or Tertiary sediments of the Puerto Madryn Formation. It is separated from another
aquifer — in this case semi-confined — by an aquitard of irregular geometry. These are

porous-media aquifers.

The recharge phenomenon takes place mainly in the area corresponding to the
Sand dunes and Sandy layers unit, the recharge being direct and originated exclusively by in
situ precipitation for the phreatic aquifer, whereas in the case of the deeper underlying
aquifers it is indirect and it percolates vertically through the aquitard(s). Its quantification was
estimated on the basis of hydrological balances on a daily time step, using the water level

fluctuation method, giving results in both cases on the order of 30 percent of the rainfall.

The operating mechanisms which contribute to the inflow of water into the system
are the net reduction of consumptive waste due to vegetation adaptations to the arid climate
(xerophytes), and the rapid infiltration caused by the presence of highly permeable materials

(sand dunes and sandy layers) and soils with very low field capacity (Aridisols and Entisols).

Discharge occurs regionally along the perimeter of the peninsula towards the Golfo
Nuevo and the Atlantic Ocean, and locally towards the depressions of the Salina Grande and
Salina Chica salt pans, emerging in the margins as springs. As from there, water loss is only

caused by evaporation.

The hydrochemical results match the hydrodynamic conceptual model, identifying
low-salinity waters (between 280 and 1,400 mg/l) of sodium chloride—bicarbonate and
sodium bicarbonate—chloride water types in the recharge areas; and brackish to nearly saline
waters with values of over 2,100 mg/l, reaching in extreme situations 9,800 mg/l and being
classified as a sodium chloride type in the circulation and discharge stages. The isotopic
results also support the meteoric origin of the recharge, as well as their main occurrence in

the sand dunes area.

The static and dynamic groundwater reserves were estimated, distinguishing
between those fit for human consumption and those for cattle consumption. A potentially
extractable volume of water for the supply of the town of Puerto Piramides was detected, and
two possible locations for its exploitation are suggested, taking into consideration the
sustainability of their management. The environmental consequences were also analyzed,

with a view to preventing both the contamination and the over-exploitation of the resource.
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To conclude, the close correspondence between geomorphological units and the
different components of the conceptual model of geohydrological processes is highlighted,
suggesting that any studies to be developed in locations with similar characteristics should
take as a starting point the delimitation of the main hydromorphological units, in the

framework of a methodological development similar to the one proposed in this study.






