Hidrogeology of Lajes Graben – Terceira, Azores
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The Terceira climate, like the remaining azorean islands, is tempered maritime, characterized by an annual average temperature around 17ºC and
an annual precipitation normally greater than 1 000 mm, regular through the year. The relative humidity is always high, with monthly average
above 77%.
According to Azevedo (1996) in the Lajes graben the precipitation varies between 910 mm and 1110 mm, with the lowest values in the littoral SE
and the highest in the Fontinhas plateau. The evapotranspiration has the highest values varying between 714 and 781 mm in the southern littoral
and between 636 and 713 in the other more elevated zones.
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Land use

Introduction
Terceira is one of the nine islands of Azores archipelago located in its central group. Is disposed in the North Atlantic Ocean between 38º 47’of
latitude N and 27º 24’ of longitude W (figure 1).
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The land use in the Lajes graben is primarily pastureland, with a important areas used for military purposes (Lajes Field Air Base) and with
important villages (Praia da Vitória, Lajes and Fontinhas).
The Lajes graben is mainly composed of Eutric Andossols, characterized by a high permeability (Pinheiro, 1990), so the zones occupied for
pasturing have a high infiltration capability.

Hydrogeology
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Two principal types of groundwater bodies occurs on Terceira island: basal water body (saturated zone), floating on a displacing salt water,
and perched water bodies disposed on the upper levels. The occurrence and development of these groundwater aquifers are illustrated in the
figure 5.
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Figure 5 – Simplified groundwater model of Lajes Graben, based on theoretical analysis for the groundwater characteristics
of small volcanic islands and on specific results from the drilling wells.
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Figure 1 – Azores location in the North Atlantic Ocean and Terceira location in the archipelago

Geomorphology and tectonics
Terceira island presents four geomorphologic massifs, composed by the strato-volcanoes of Cinco Picos, Guilherme Moniz and Santa Bárbara, and
by a low depression area, located between the last two volcanoes, called the Transition Zone (figure 2).
The Cinco Picos massif, with approximately 151 km2, is considered the oldest emerged volcanic structure of the island. Is composed by tree main
depressions – two grabens (Grota do Vale e Lajes) and one Caldera (Cinco Picos) – which are intercalated between elongated elevations (Serra de
Santiago, Serra do Cume and Serra da Ribeirinha).
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The basal water body corresponds to a layer of freshwater that occurs at elevations slightly above sea level, floating on a deeper level of denser
salt water which saturates the rocks to an unknown depth below sea level (Ghyben-Herzberg lens). The salt water migrates constantly from the sea
to the freshwater due to lower salt concentration in the latter and no steady state boundaries exist between the two phases.
Fresh water flows constantly in all directions from the centre of the island towards the coast. A mixing area takes place at the interface between
salt water and fresh water, and seawater flows constantly in the opposite direction to compensate for the loss through the mixing zone.
The average thickness of the freshwater in the Lajes graben is about 20 to 30 m (Frohlish and Berbereia, 2000), but it could be less in faulted
areas. The principal source of fresh ground water in the Lajes graben area, as for the eastern sector of the island, is the basal groundwater, which is
explored by several drilled wells (City Hall of Praia da Vitória and USFORAZ). The water however presents problems of saltwater intrusion, with
high TDS, sodium, potassium and chloride concentrations.
Recharge of the basal water body results directly from percolating rainwater or by underground leakage from perched water bodies. The
infiltration varies greatly between the seasons of the year resulting in thickness fluctuation of the fresh water lens and vertical mixing of the fresh
water with salt water.
Perched groundwater bodies occur above the basal aquifer and are trapped or impounded by relatively impermeable layers, as paleossoils or
weathered pyroclastic deposits. The groundwater normally flows along these impermeable or semi-permeable layers until reaches its horizontal
extend or discharges at the ground surface by springs. Natural storage in perched aquifers is generally small and the flow of perched water springs
tends to be relatively unstable. Tree perched aquifers have been identified in the Lajes graben (Rodrigues, 2002): (a) Fontinhas; (b) Lajes 1 and
(c) Lajes 2 (figure 6).

Figure 2 – Profile of Terceira island. 1- Santa Bárbara volcano; 2 – Transition Zone; 3 – Guilherme Moniz volcano; 4 – Cinco Picos volcano; 5
– Grota do Vale graben; 6 – Serra da Ribeirinha; 7 – Cinco Picos Caldera; 8 – Serra do Cume and 9 – Lajes graben.

The Lajes graben located in the eastern part of Cinco Picos volcano, corresponds to a depression, with about 29,1 km2, mainly ruled by tectonic
mechanisms. It is bounded by faults that trends WNW-ESE – theFontinhas fault in the SW side and Santiago in the NE side (figure 3).
The flatter part of the graben structure is composed by a central plane, with an altitude that range between 35 m and 150 m, that develops slopes to
NE and SE until the ocean.
The graben floor is structurally truncated by secondary faults, oriented from NW to SE that forms different compartments (figure 3).

The Fontinhas aquifer occurs between the Fontinhas fault and another parallel discontinuity in the SW sector of the Lajes graben. It has an
average elevation of 115 m and is intercepted by some excavated small wells (figure 7).
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Figure 7 – Excavated well in Fontinhas, Terceira island.
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Figura 1.8 - Principais alinhamentos tectónicos da ilha Terceira. Adaptado de Lloyd e Collis, (1981).

Figure 3 – Terceira Island and Lajes graben main faults (from Rodrigues, 2002)

Geology
Terceira is a young volcanic island built essentially of lava flows and subordinate tephras, with insignificant sedimentary deposits. According to
Lloyd and Collis (1980) the rocks of Terceira can be divided into Quaternary Igneous Rocks, Pleistocene Recent Tephras and Pleistocene Recent
sediment and hot spring deposits. The Quaternary Igneous Rocks are predominant in the entire island, and, according to Self (1976), can be divided
into two groups: the Lower Terceira Group and the Upper Terceira Group. This author defined the base of Upper Terceira Group as being marked
by the Lajes and Angra Ignimbrites (about 20 000 and 23 000 Years old respectively), that provide a good stratigraphic reference.
The Lajes graben area presents a substrate essentially built with Lower Terceira Group of rocks (Cinco Picos Trachybasalts, Lower Terceira
Ignimbrites and Lower Terceira Basalts) recovered with Lajes Ignimbrites and Upper Terceira Basalts (figure 4).
The Cinco Picos Trachybasalts are the oldest exposed rocks on Terceira and form the SE shield of the island. It’s composed by lava flows and
subordinate tephras, the last one with low permeability’s.
The Lajes Ingnibrites corresponds to the youngest widespread ignimbrite on Terceira island. This formation presents different degrees of welding
and a thickness inferior to 15 m. Like the Lower and Upper Terceira Basalts this materials are especially permeable due their young age and the
thinness of individual lava flows, which averages only 2-3 m.

Figure 4 – Lajes Graben Geological Map. Adapted from Rodrigues (2002)

The Lajes aquifer 1 occurs from Juncal to the edge of the Lajes Caldeira, dipping to NW, under the Air Base and the Lajes village. It has an
average elevation of 42 m and is intercepted by 11 supply wells that explore basal aquifer (Praia da Vitória City Hall and USFORAZ) and for
some small escaved wells. The groundwater in this perched aquifer occurs associated with a paleossoil with about 1 m of thikness and with
ignimbrite deposits and basaltic flows.
The Lajes 2 aquifer is associated with an weathered pyroclastic layer that occurs at an elevation of 21 m between trachibasalt lava flows. It is
intercepted by few small escaved wells and by 11 supply wells that explore basal aquifers (Praia da Vitória City Hall and USFORAZ).
The infiltration to the groundwater reservoir in Lajes graben, estimated from available meteorological data and the calculated theoretical
evaporation in the area is about 400 mm/year.
The perched groundwater bodies of Fontinhas, Lajes 1 and Lajes 2 is significantly less mineralized than in basal groundwater. In the Lajes 1
groundwater bodie, shared with the civil and military areas, there are some areas with high concentrations of hydrocarbons, result of leaking of
some storage tanks.

