
Introduction
The leaching of nutrients from agricultural fields can prove to be a pol-
lutant in the recipient waters such as groundwater aquifers, streams, lakes 
and inlets. Concurrently, the agricultural industry produces crops with low 
protein content due to nutrient starvation and therefore the industry wants 
to increase fertilizer application. There is a societal demand to investigate 
how this problem can be solved and steps have been taken toward preci-
sion farming, mitigation measures, and targeted fertilizer regulation. This 
study is a part of the TReNDS project (www.nitrat.dk) where nitrate trans-
port across the landscape is modelled. More accurately, the results present-
ed here look at how EM and DC geophysics can aid in resolving major flow 
path ways in wetland/riparian lowland settings. These are areas of great 
interest, as they tend to have high nutrient retention rates due to shallow 
redox interfaces and high content of electron donors for microbial nitrate 
reduction.

Data
SkyTEM
The SkyTEM system is an airborne transient domain EM 
geophysics method developed in the late 1990's to early 
2000's at Aarhus University, Dept of Geology. The system 
has been used to map deep groundwater aquifers in many 
parts of Denmark and is considered the fastest method 
mapping resistivity variation to depths of 200-300 meters 
and the model density enables 3D visualizations of ground-
water aquifers and buried valleys. Data used in this study 
is from a survey done with a smaller loop than the regular 
SkyTEM design. The design, called SkyTEM101, was devel-
oped in the NiCA project with the purpose of locating shal-
low aquifers in the top 30 meters of the earth. Inverted data 
are publicly available at the GERDA database administrated 
by GEUS. Data was collected June 16-22, 2011.

DC
Direct current resistivity measurement is a classic meth-
od for mapping subsurface resistivities. Here, a Syscal Pro 
system with 200 probes and a probe separation of 1 m was 
used resulting in a penetration depth of approx. 30 meters 
in the center of the section. DC measurements are inverted 
with Res2DInv software. Data was collected April 20, 2016.

DualEM
A DualEM421 system from Dualem.inc, Canada was used 
for mapping shallow resistivity variation. The device is a 
frequency-domain EM with coil separations of 1, 2 and 4 
meters, respectively, and two coil geometries resulting in 
6 measurements at each location. The maximum penetra-
tion depth varies with soil resistivity but is 2-5 meters in a 
somewhat low-resistivity environment, but may extent to 
10-12 meters in high-resistivity soils. The device is towed 
behind an ATV and measurements are generally fast but 
can be halted by wet and rough areas - which you often find 
in a wetland. Data was collected September 24, 2015.
DualEM421 data is inverted by Aarhus Workbench from 
Aarhus Geosoftware.

Boreholes
Boreholes have been made throughout the study site with 
hand augering equipment such as Eijkelkamp augers and 
the Russian peat corer to a depth of max. 13 meters.

Study site
Fensholt-Torrild valley
The study site is found in East Jutland, a picturesque drive 30 minutes south of Aarhus 
(Figure 2). It is a flat valley of 25 ha surrounded by rolling hills in a catchment of approx. 
200 ha. The valley was a post-glacial lake with formation of gyttja and later turned into 
a fen with subsequent formation of peat. Post-glacial organic sediments can be up to 15 
meters and more.
The fields surrounding the Fensholt-Torrild valley has an extensive system of tile drains 
being one of the main flow path ways to the valley, and the valley itself is drained by a 
ditch going through the valley's central part and discharging to the east (Figure 3). This 
ditch has been present since at least the late 18th century where the area was drained for 
grass production and grazing of animals. 

Geological formations
The geology and landscape of the study area are 
dominated by glacial activity -especially the last We-
ichselian glacial advance from the south-east. Re-
peated glacial advances has created a landscape of 
undulating hills and valleys and a geology of sandy 
clay tills with presence of meltwater sand bodies. 
Also, late-glacial/post-glacial limnic clays are located 
in connection with the glacial deposits. In valleys, we 
find post-glacial limnic and fluvial sediments as sand, 
peat and gyttja.
Below the glacial sediments, Paleogene-Neogene 
sediments of marine, lagoonal and fluvial origin are 
found comprising sediment types from fine clays, to 
clay/sand mixes, sand and coals from fluvial swamps 
and rivers. These are often nicely horizontally contin-
uous features only interrupeted by Quarternary gla-
cial erosion valleys and Tertiary/Quarternary faults.

Results (see cross section figures below)
The SkyTEM data clearly shows the Paleogene clay 
and Neogene sand deposits, and the Quarternary 
erosion valley where the present valley is more or less 
located. The till sediments are highly variable with re-
spect to resistivity which is mainly due to the hetero-
geneity of the material; variations in clay content and 
presence of sand bodies that are to small to outline 
with the SkyTEM data. The post-glacial sediments 
have an extent and depth variation that prevents 
SkyTEM data to accurately detect their presence and 
extent.
The inverted 2D profiles from DC measurements ac-
curately outlines the basin of post-glacial sediments 
which is seen to be an well-defined hydrological bar-
rier for groundwater flow. Also, high-resistivity lay-
ers are found in the glacial till which are most likely 
sandier parts of the till with higher hydraulic conduc-
tivity. Nevertheless, the connectivity to the surface 
water system is low in this survey.
The DualEM has a very low penetration depth and 
thus does not give much information about deeper 
groundwater input. Nevertheless, it gives valuable 
information about both the extent of peat and input 
from tile drains where the soil has higher moisture 
content -> lower resistivity (Figure 6a, 6b). Also, the 
data is able to show saturated/unsaturated zones at 
shallow depth and thus potential flow paths in the 
peat layer.

Figure 1: A model of a riparian zone with high nutrient retention capacity

Figure 2: Location of the Norsminde Fjord catchment (red dot) and the 
Fensholt subcatchment (dark blue box)

Figure 3: Left: The Fensholt subcatchment and the riparian lowland. 
Right: SkyTEM 1D models and the position of the S-S’-section.

Figure 4: A zoom-in on the eastern part of the riparian lowland. Left: DC resisitiv-
ity models and M-M’-section. Right: DualEM 1D models and the position of the 
D-D’ section.

Cross sections, interpretations and possible flow paths (blue arrows)
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Figure 5a: SkyTEM resistivity grid, 0-5 m depth

Figure 5b: SkyTEM resistivity grid, 10-15 m depth

Figure 6a: DualEM421 resistivity grid, 0-0.3 m depth

Figure 6b: DualEM421 resistivity grid, 0.3-0.6 m depth
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Conclusion

Which method is most applicable for es-
tablishing major flow path ways is de-
pendent on the geology and size of the 
aquifers. In this specific study, no large 
continuous aquifers were found in the up-
per stratigraphy (0-20 m), leading to the 
conclusion that shallow water flow togeth-
er with tile drainage is the most dominant 
flow path way. Therefore, DualEM data 
shows the most usable information when 
relating the flows to nutrient retention 
possibilities. Nevertheless, deeper pene-
trating geophysics is always nice to have to 
rule out any risks of unexpected high-flow 
systems.
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