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ABSTRACT 
Resistivity measurements are important to investigate hydrogeophysical questions. But structures 
in depths of several hundred meters are difficult to explore. Hence, three-dimensional large-scale 
geoelectrical measurements were used to obtain additional information from a buried valley in 
the North Sea area in Germany. Resistances are determined as fraction of voltage and current. A 
combination of forward modeling and inversion is used to find an appropriate subsurface model. 
As result the valley is imaged very well and in greater depths the saltwater intrusions can be seen 
also. 
 
INTRODUCTION 
The actual aim of the study was a buried glacial valley from the Pleistocene, which is up to 400 
m deep, 1-2 km wide and several km long. It is covered by a clay layer, the so-called Lauenburg 
Clay, which protects the valley from pollutions which may intrude from the surface. The second 
aim is the determination of the saltwater/freshwater interface. Many types of geophysical 
measurements such as seismics, airborne electromagnetics and gravimetry were already applied 
to that area, to investigate its structure and the generation process (BurVal Working Group, 2006 
and Gabriel et al. 2003). So, the structural underground is well known from seismic and gravity 
measurements. But the electrical properties of the deeper regions of the valley mostly remain 
unknown, especially the regions below the clay, because the layer impedes the penetration of the 
electromagnetic field (EM) into the ground. And, because of the limited frequency range of the 
EM equipment information could only be obtained from depths up to 200 m. To investigate the 
deeper regions of the valley a three-dimensional large-scale direct current dipole-dipole 
experiment was done. 
 
EXPERIMENT AND DATA EVALUATION 
The area of investigation is located in Northern Germany, south of the city of Cuxhaven near the 
coast of the North Sea. An area of approx. 4x3 km was chosen and 20 receiver stations were 
installed. Every station consisted of four electrodes arranged in a star shape with a center 
electrode and the three remaining electrodes pointing at directions to North (0°), 120° and 240°. 
The dipole lengths were 75 m. A 3-channel GEOLORE transient recorder (Golden et al. 2004) 
registered voltages from the three dipoles with a frequency of 8 Hz. Similar arrays were used to 
inject currents up to 40 A supplied by a high current generator at 10 locations (figure 1). A total 
of 1800 independent data (20 receiver sites x 10 transmitters x 3 injections directions x 3 
measuring directions) could be obtained. 
 
The processing of the recorded time series included time corrections and re-sampling of the 
current signal due to different sampling frequencies. Various filters were applied for both voltage 
and current signal to remove anthropogenic and long-periodic telluric noise. Resistances are 
estimated as a correlation coefficient between current and voltage (Schünemann et al, 2007). 
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Figure 1. Measuring area. The borders of the valley are shown by north-south running 
lines. Current positions are marked by E1-E10, receiver sites are represented two-digit or 

as “F number”. 
 
RESULTS 
For the inversion the DC3dInvRes code from Günther (2004) was used. To predict accurate 
voltages the continuity equation was solved with the finite difference method. Starting with a 
homogeneous model the inversion was done using smoothness constrains with decreased vertical 
weights. Errors obtained from the resistance determination are used for individual weighting of 
the data to account for the different quality of the resistances. A resulting model is presented in 
figure 2. 
 
Eight different layers with increasing thicknesses are shown. The depth is denoted above the 
according picture. Additionally the electrode positions are marked in the first picture. Lower 
resistivity values are indicated by darker colors, higher values by lighter colors. 
 
We can mark out different regions in the subfigures. In subfigures one to four between x=0 and 
x=1000 the buried valley is visible. The darker gray zones in comparison to the surrounding area 
stem from the clay layer, which can mostly be found in the valley. The resistivity values are 
between 30-60 Ωm. In subfigures two to four the gray band reaches over the whole area from 
South to North. In this depth the clay reaches its greatest extension. 
The other interesting fact, the saltwater intrusion, begins in the 5th subfigure at a depth between 
180-290 m. Its center is near the coordinates x=2000 and y=3500. With increasing depth it 
becomes clearer and in the last layer the included area reaches from the right margin of the figure 
to the center. That implies that the saltwater moves southwards from the North Sea (figure 1) and 
the freshwater/saltwater interface can be found at depth of about 200 m. From earlier 
measurements a saltwater intrusion was already known in lower depth, but far north of the actual 
measuring area (Siemon et al. 2001). Because of the limited penetration depth of the airborne 
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electromagnetic method the deeper regions could not be imaged and so the saltwater was not 
recognized. The same authors mentioned a second saltwater intrusion from the west. In the upper 
left corner of the last two subfigures there is also a low resistive area. This may be a branch of 
the second saltwater intrusion. In the last figure both appear close to each other and are expected 
to join in greater depth. 

 

 
 

Figure 2. Model received from inversion. Depth slices from 0-20m to 600-800 m. Saltwater 
intrusions encircled with white lines, the valley is encircled with black. 

 
DISCUSSION AND CONCLUSIONS 
Large-scale dc measurements are a valuable tool for obtaining resistivity values from greater 
depth. It can close the gap between EM and seismics. The measurements yielded a lot of 
information regarding the buried valley and the saltwater intrusions. The valley could be 
identified clearly by the position of the clay layer (figure 2). Higher resistivity values from below 
the layer indicate sandy material. Two saltwater intrusions are found in the area. Both intrusions 
are far inland. Probably they have a wedge shaped form and move slowly inland under the 
freshwater. While the first intrusion has proceeded further and reaches depths that correspond to 
the valleys greatest depth, the second one has not moved that far. Another problem arises with 
the ascending saltwater. The valley is indeed protected against pollution from the surface through 
the clay layer, but it is not protected from beneath. So there is a danger of intruding saltwater into 
the reservoir. The valley and its surrounding areas are used by water works for freshwater 
supply. Hence it should be considered to monitor the progress of the saltwater/freshwater 
interface and to initialize counteractive measures if necessary. A new project comes up in the 
next months for further investigation on this subject. 
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