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INTRODUCTION

The karst aquifer System of Silves Querença in the
Central Part of the Algarve, South Portugal occupies
an area of about 300 km2. It is limited by north by the
Mesozoic base formations (sandstones and the Silves
evaporitic carbonated complex) or by the Carbonic
shales and greywackes, and by south by carbonated
Cretacic formations, by marl Upper Jurassic forma-
tions and Miocenic formations (Almeida, C. 1985).

It is the major aquifer system from the Algarve and
one of the most complexes in terms of hydrodynamic
behaviour. Several subunits due to structural reasons
(faults, folds) exist, and their relationships are still bad
known.

Except for the SE part, this Aquifer system is mainly
composed of dolostones and dolomitic limestones of
the Middle and Upper Jurassic. Jurassic limestones
and dolomitic limestones outcrops, intensively carsi-
fied, cover the SE part, between Cerro da Águia-
Barrocal, south to the Ribeira do Algibre.

The main direction of flow is considered to be NE-SW
slowly turning to E-W. The main discharge area is
located at Estombar (most west part of the Aquifer
system) although local discharge areas draining sub-
units like: Alte, Salir, Benémola and Paderne and even
temporarily discharge areas may exist.

However, at the Cerro da Águia region, the study of
the piezometric levels indicated that the direction of
groundwater flow was mainly to N-NE. In order to
confirm this hypothesis a tracer test - using a marine
bacteriophages (H40/1) and geophysical surveys -
using Radio-Frequency - Electromagnetics (RF-EM)
and Audio-magnetotelluric - (AMT) were performed.

TRACER TEST

It has to be considered as a preliminary tracer test,
since its main objective was to identify the preferen-
tial flow pathways and to test the use of a biological
tracer in a karst aquifer at Mediterranean conditions.
The injection took place at a main sinkhole located at
the recharge area of the SE subunit. Several sampling
wells (located S, W and NW) and the river Ribeira do
Algibre were chosen. East of the injection place, there
are no wells, so it wasn’t possible to conclude about
the groundwater flowing towards east. 

The use of marine bacteriophages (virus of bacteria)
was proven to be very efficient in karst aquifers as
well as in porous media (Rossi, 1994 and Rossi et al,
1994). They are colourless (i.e., no visual impact), they
are innocuous and being very rapidly degraded (very
short residence times in freshwater). Their production,
is quite rapid and economic and having a very low
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RESUMEN

El uso combinado de métodos electromagnéticos y trazadores se ha revelado de particular interés para detectar caminos prefe-
renciales de las aguas subterráneas.

Se han utilizado en este estudio medidas multidireccionales de AMT (Audiomagnetotelúrico) y perfiles RF-EM (Radio Frequency
Electromagnetic) para detectar anomalías causadas por la dirección del flujo en el sistema acuífero carstico Silves-Querença
(Algarve Central, Portugal). Los trabajos geofísicos y los experimentos con trazadores condujeron a las mismas conclusiones.

ABSTRACT

The combined use of electromagnetic methods and tracers tests has been of particular interest to detect groundwater pathways.

Multidirectional AMT (Audiomagnetotelluric) measurements and RF-EM (Radio Frequency Electromagnetic) profiles were per-
formed in order to detect the anomalies that are responsible for the direction of groundwater flow in the Karst Aquifer System
of Silves- Querença, Central Algarve, Portugal. The geophysical surveys and tracer tests led the same conclusions. 
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detection limit (1 phage in 2 ml) (Reis et al, 1998). They
are being produced and analysed at the Algarve
University, since 1996.

12 litres of Bacteriophages were injected with a con-
centration of about 20x109 PFU (Plaque Forming
Units)/ml at 60m depth. A volume of 10 m3 water was
then used to complete the injection. Several samples
were analysed at the laboratory using the method
described by Rossi (Rossi, 1994).

The main direction of transport was proven to be N-
NE towards the river Ribeira de Algibre that seems to
be one of the main discharge areas of this subunit. (
Reis et al., 1998).

GEOPHYSICAL SURVEYS: 
RF-EM (RADIO FREQUENCY ELECTROMAGNETICS)
AND AMT (AUDIOMAGNETOTELLURIC).

Two electromagnetic methods were used in order to
detect conductive anomalies and electric
anysotropies: Radio Frequency Electromagnetic and
Audio Magneto Telluric. 

The first method uses radio frequencies ranging from
12-300 kHz. The device - a prototype developed by I.
Mueller, from the Centre d’Hydrogeologie de
l’Université Neuchâtel, Switzerland- is composed by a
receiver antenna automatically oriented by a
motorised pilot device towards the selected transmit-
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Fig 2: Direction of groundwater flow

Fig 1: Location of the Silves-Querença Aquifer System (Central Algarve)

Sistema Aquífero de Silves Querença
(Algarve Central)



ting station. The relationship between the secondary
(Hs) and primary (Hp) magnetic fields are used as a
Hs/Hp, expressed in percentage. This instrumentation
is particularly targeted at identifying heterogeneities,
like faults, karst channels (Turberg et Mueller, 1992) or
river paleochannels in unconsolidated material
(Carvalho Dill, 1993). Using a 4 Hz datalogger and a
GPS is then possible to locate the heterogeneities pre-
cisely.

Four RF-EM continuous profiles were performed at
the area surrounding the injection sinkhole. The pro-
files were plotted over the topographic map, allowing
us to identify the karst channels as it is illustrated at
the Fig. 3.

Two multidirectional Audio magneto telluric sound-
ings were also performed. This method uses as pri-
mary source the magnetic disturbances of the earth
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Fig 3: Tracer test and Geophysical (RF-EM and AMT) results

magnetic field caused by tropical storms. The instru-
mentation used (also developed by I. Mueller) mea-
sures the electric component of the secondary field
and compares it with the magnetic component.

It is possible to measure the apparent resistivity and
the shift between the electric and the magnetic fields
and it is comparable to a sounding with 40-m diame-
ter. The investigation depth is relative high (600- 800
meters at the studied area) since the frequency range
is very low (from 3Hz up to 12 kHz).

Using multidirectional measurements it is possible to
identify the anisotropy of the electromagnetic signal
which seems to be connected to direction of ground-
water flow (Fischer. G. 1985). 

RESULTS

From the observing groundwater levels a hypothesis
was formulated: the existence of groundwater flowing

mainly towards N-NE at the SE part of the Silves-
Querença Aquifer being the river Ribeira do Algibre
the main discharge area of this subunit. In order to
confirm this, tracer tests and geophysical surveys
were performed.

The tracer test apparently revealed a major flow path-
way towards N-NE (higher concentrations and trans-
port velocities) and tested positively the use of marine
bacteriophages as a useful tracer at the Algarve major
karst aquifer. 

The RF-EM profiles indicated an intense fracturation
of the limestones and well developed carsification
northerly from the injection point. Fig 3 suggests the
existence of a karst channel well developed towards
the river Ribeira do Algibre (indicated by the dotted
line). The multidirectional AMT sounding, performed
near the injection point clearly indicates a strong
anisotropy (highest resistivity and lowest phase shift-
ing) orientated towards N-NE (AMT at the left side of
the Figure). The conclusions seem to be concordant



with the observation of the piezometric levels show-
ing the usefulness of the combination of tracer tests
and electromagnetic surveys to detect preferential
groundwater pathways in karst aquifers.
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