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Abstract 

The aim of the study was to assess the possibilities in using ground-penetrating radar to 
identify small-scale stratigraphy in the upper 1 m of a soil profile and to statistically identify 
differences in the stratigraphic units discovered using the GPR unit. The study area is ca 15 
km southwest of Lycksele near a gravel pit on the banks of Örån. It was located on top of a 
large (>5 m thick) glacifluvial deposit of indeterminate age overlayed by till from the latest 
deglaciation. The data sampled included 22 radargrams depicting a total length of >1000 m 
as well as soil samples from three stratigraphic units from three different trenches (9 samples 
in total). Visual analysis of the stratigraphy took place via trenches as well as by studying the 
radar images. The radar images show that three stratigraphic units can be identified clearly 
(ablation till, S1, a transitional layer of mixed till and glacifluvium, S2, and the underlying 
glacifluvium, S3) but that the border between the two lower units can be opaque at times. 
Field observations showed this to be due to the genesis of the topmost unit, the ablation till. 
Observations in the field also showed relict podsolization in a kettle in the northern part of 
the study area. Grain-size comparison of the three stratigraphic units identified was 
performed via sieving. Calculations of the weight percentage were then used for statistical 
analysis to identify any differences between the strata. Results show that there are differences 
regarding fine material (ø <0.074 mm, p=0.038), gravel (ø > 2 mm, p<0.0001) and sand 
(p=0.027) within these three stratigraphic units.  
 
Keywords: Ground-penetrating radar, small scale, near surface, stratigraphy, late 
Weichselian, grain-size comparison  
  



 

 
 

Contents 

Abstract 
1 Introduction .......................................................................................................... 1 

2 Materials and methods ............................................................................. 2 

2.1 Site description ..................................................................................................... 2 

2.2 Field methods and materials .......................................................................... 3 

2.3 Grain-size analysis .............................................................................................. 4 

2.4 Methods for data analysis ................................................................................ 5 

3 Results ........................................................................................................................ 6 

3.1 Radar stratigraphy .............................................................................................. 6 

3.2 Grain-size composition of the stratigraphic units ................................. 8 

4 Discussion ............................................................................................................... 8 

4.1 Stratigraphy ........................................................................................................... 8 

4.2 Composition ........................................................................................................... 9 

4.3 Possible genesis and age of stratigraphic units ..................................... 10 

4.4 Using GPR to identify small-scale stratigraphy...................................... 11 

Acknowledgements ............................................................................................. 11 

5 References .............................................................................................................12 

 

 



 

1 
 

1 Introduction 
In the Lycksele-area of central Västerbotten the main direction of glacial movement in the 
late Weichselian period is thought to have been from the northwest, which is supported by 
the overall lineations and structures in the study area. However, some large-scale formations 
in the study area, located 15 km southwest of Lycksele, show a transverse direction allowing 
for a more interesting interpretation of the Weichselian glacial stage.  There is an alluvial fan 
present covered with till which could implicate weak basal activity during the deglaciation 
period as well as a cold-based ice sheet for most of the late Weichselian period. 
 
The preservation of landforms have been shown previously  to apply to  Veiki moraine 
(Lagerbäck 1988) and the Pajala fan (Kleman 1992), which illustrate that large formations 
can survive one or even several glaciations and deglaciations without being significantly 
disrupted (Kleman 1994, Kleman et al.. 1994). In later years it has been shown that more 
sensitive, and sometimes smaller, structures such as podsols in Finland (Pitkäranta 2009), 
marine sediments outside the southern coast of of Sjælland, Denmark (Houmark-Nielsen 
1994) and lacustrine sediments in Lake Baikal, Siberia (Tarasov et al. 2007) can be preserved 
under cold-based ice sheets for long periods of time without being destroyed.   
 
From an environmental point of view this is significant as it opens a window back in time, 
allowing studies of geochemical and biological background values (Thouveny et al. 1994, 
Tarasov et al. 2007). Human impact (both from land use and pollution) is clearly visible in 
sediment and soil-profiles (e.g. Bergkvist 2001, Klaminder et al. 2008) so clean and reliable 
background values may be hard to come by. This would however only be a valid source of 
data if the previous interglacials climate was similar to the current interglacials as weathering 
and leaching is so heavily reliant on moisture, site biology, temperature and of course 
exposure time (Jenny 1941, Mokma et al. 2004).  
 
By studying oxygen-isotope ratios in the GRIP and GRIP2 ice cores (Summit, Greenland) 
Dansgaard et al. (1993) and McManus et al. (1994) have found that even though the climate 
has varied considerably in the last 100 to 250-kyr period, the climate of the last interglacial 
(LI) is thought to have been largely similar to today’s (Dansgaard et al. 1993, McManus et al. 
1994, Thouveny et al. 1994) or slightly warmer (Kukla et al. 2002, Tarasov et al. 2007). The 
ice-core data has been correlated to continental Europe by Thouveny et al. via magnetic 
susceptibility-, pollen- and organic-carbon records from central France, showing that climate 
interpolations from non-local sources can be used when comparing large-scale climate 
change over long periods of time.   
 
In later years there has been an increasing amount of studies using optically stimulated 
luminescence (OSL) to date sediments and deposits normally difficult to date. They argue 
that some deposits are younger than expected and propose that the early Weichselian glacial 
stage was longer than previously assumed Pitkäranta (2009) argues this for the 
Penttilänkangas paleosol which is on the same latitude as the sediments dated by 
Alexandersson et al. (2010) to 52-36 kyrs old. They were also previously thought to be 
Eemian in origin. This could imply ice-free conditions during this time period, something 
Wohlfarth (2010) concludes for at least southern and central Sweden.  
 
The introduction ground-penetrating radar (GPR), which is a non-destructive tool, into the 
study of glaciotectonic structures and patterns as well as stratigraphy was done at least as 
early as the 1970s and has been a strong tool up to the present day (Fulton and Smith 1978, 
Beres and Haeni 1991, Møller and Jakobsen 2002, Møller and Vosgerau 2005, Pasanen 
2009), Fulton and Smith did indeed study the stratigraphy of glacial and post-glacial soils 
whereas Beres and Haeni’s goal was more hydrogeological. GPR is an excellent tool for 
differentiating between strata of different composition and origin without disturbing the site 
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itself by digging. Møller and Jakobsen attempted to characterize sandy till with GPR-
technology showing that sandy till shows strong similarities across a variety of sites, 
independent of location due to its composition and internal structure and resulting reflective 
pattern. The structure of strata within the ground and their representation on radar images is 
strongly connected to their relative GPR-velocity, i.e. the velocity at which the EM-wave 
propagates in the soil as well as the resolution, something Møller and Vosgerau attempts to 
address in their paper on the Karup outwash plain in Denmark.  
 
Finding large-scale structures transverse to late-Weichselian ice flow indicates that 
underlying the upper layer of diamicton there must be at least traces of pre-late Weichselian 
deposits, something that could potentially be identified by ground-penetrating radar. 
 
The goal of this study is to identify and categorize the stratigraphy in the upper 100 cm of the 
soil through GPR-analyses as well as by sampling and analyzing grain size.  

2 Materials and methods 

2.1 Site description 
The study site is located 15 km southwest of Lycksele in central Västerbotten, Sweden (Figure 
1) on glacifluvial material that the river Örån flows through today (Figure 2). It is located ca 
280 m above sea level.  

 
Figure 1. The study area's general location in Sweden. 

The thickness of the glacifluvial material is >5 m. This has then been covered by a thin layer 
(≤0.5 m) of diamicton. The diamicton was estimated to be sandy ablation till based on 
observation alone. It was deposited during the late Weichselian glaciation and subsequent 
deglaciation 10-9 kyrs ago (Lundqvist 1980, 1986 and 1994). The area is very flat as shown by 
GIS-imaging of height data (Figure 2) and has been interpreted as either a delta formation or 
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a glacifvluvial terrace next to an esker formation. The main vegetation on and around the 
study site is Pinus sp with the field layer mainly consisting of typical heath vegetation e.g. 
Empetrum nigrum, Vaccinium vitis-idaea and lichens. 
 
The surrounding area shows varied geomorphology with a lot of glacifluvial deposits around 
the river itself and some esker-like features within these (Figure 2). There are flutings 
transverse to late-Weichselian ice flow in this river valley. The area surrounding the river has 
been eroded by glacifluvial activity and there are subglacial or postglacial meltwater channels 
running into the river valley from the surrounding area (Figure 2). The dominant soil type is 
till which is either ablation or basal till. There are also large areas of peatland in the 
immediate are around the river valley. 

 
Figure 2. GIS rendering of relative height (Lantmäteriet 2013) by use of hillshade and soil-type imagery (SGU 
2013). The main features relevant to the study are the green glacifluvial material, dark green dots indicate esker 
formations, the blue till, grey "glacifluvially eroded landscape" and black arrows representing meltwater channels.  

2.2 Field methods and materials 
A rectangular grid (figure 3) was measured and placed in the field using store-bought 
metallic fence posts. The grid has three lines, A-C, consisting of nine points, 1-9. A tenth 
point on the B-line, B0, was added to include a section outside of the main study site. The 
distance between points was 10 m from points 1 through 9 and 20 m from A to C except for 
between points B1 and C1 where the distance was somewhat shorter due to the 
geomorphology of the site. Radar images were not identical in length due to human error in 
measurement (Table 1). The radar images consist of 24 sections with a total length of 1100 m. 
The first radar profile (DAT_0001) was excluded because the sampling depth was too great 
(>9 m) which was irrelevant for the study and the second to be excluded didn’t yield any 
results at all (length = 0.04 m). 
 

 
Figure 3. The grid used for measuring radar profiles. The profile runs from northwest to southeast from B0 to B9. 
B0 was used to elongate one profile in order to see if there were structures present outside of the main study area. 
A1 is the northernmost point and C9 is the southernmost, A9 is the point located furthest to the east and B0 was 
located furthest to the west. 
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Field measurements of stratigraphy and any other internal structures of the site were carried 
out with a MALÅ HDR 450 unit with a frequency of 450 MHz and a trace interval of 4 m-2. 
2D ground-penetrating radar sections (e.g. Neal 2004, Pasanen 2009, Pitkäranta 2009) were 
measured perpendicularly. The short profiles were measured from A to C, from the midpoints 
between A1 and B1 and C1 and C2 all the way through to A1 to C9. 
 
The long profiles were measured from A1 to C9, from the midpoint between A1 and B1 to the 
midpoint of B9 and C9 all the way through C2 to C9. C1 was passed over as the starting point 
for the last section as the geomorphology of the site did not permit it. 
  
Table 1. Specified data collection parameter for some GPR-profiles, the section name was decided by the radar 
unit’s internal software. 

Data 
collection       

Section name DAT_0002 DAT_0003 DAT_0005 DAT_0007 DAT_0010 

Figure 3a 3b 3c 3d 3e 

Length (m) 31.81 40.01 39.89 39.73 39.69 

Starting point A1 A2 A4 A6 A9 

End point C1 C2 C4 C6 C9 

2.3 Grain-size analysis 
Very little boulders were observed on the terrace where samples were taken in the till, none 
were observed in the surface. The sampling for grain-size comparison was carried out using 
three hand-dug trenches and a small spade to sample the three different stratigraphic units 
as observed in radar images leading to nine (9) samples in total. The material was placed in 
plastic bags and brought back to the laboratory for analysis. Any material with a diameter of 
≥19 mm was removed from the samples.  
 
The material was placed in pre-weighed aluminum containers and dried in an oven at 105°C 
for 8 hours. The material was then sieved through 12 sieves of progressively smaller opening 
diameters: 16, 11.3, 8, 5.66, 4, 2, 1, 0.5, 0.25, 0.125 and 0.074 mm respectively. The material 
in the sieves was then weighed individually and their cumulative weight-% was calculated 
beginning with the finest material (Figure 4).  
 
Grain-size data was determined to be non-normally distributed so a Kruskal-Wallis one-way 
test of variance was concluded using R version 3.0.2 for three different classes of grain size: 
C1 represents the fine-grain material with a diameter <0.0745 mm; silt and clay particles. C2 
represents sand between 0.074 and 2 mm in diameter. C3 represents gravel between 2 and 16 
mm in diameter. 
 
The trenches were also used for visual identification of stratigraphy and used for comparison 
with the radar images.  
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2.4 Methods for data analysis 
RadExplorer 1.41 was used for image interpretation, with some added processing routines to 
improve readability of the images and some values have been presented in a table (2).  
 
Time-zero adjustment defines where first contact is made, i.e. at what time the first airborne 
electromagnetic wave (EM-wave) is picked up by the receiving antenna. The point used is 
where the first and strongest positive peak of the EM-wave is picked up and was configured 
separately for each image. 
 
The wave-propagation velocity was determined individually for each radar image using either 
reference values for sandy soil or was measured from hyperbolae found in the image itself for 
a more exact value. As the images recorded by the radar unit measure reflection over time 
rather than depth it is crucial to understand the velocity at which the EM-wave propagates 
through the material to get precise estimates of the depth at which the stratigraphic 
differences occur. 
 
Identification of the 50 cm level was made, which is where the stratigraphic differences were 
observed in the field. The difference in reflectivity is mostly based on water content (pore 
size) and as there is a difference between the till and glacifluvium regarding fine-matter 
content which regulates the amount of pore water present in the soil it is possible to identify a 
zone where these materials meet. 
 
In the radar images the black parts represent a positive reflection, i.e. the positive part of the 
EM-wave reflection and the white represent the negative part of the EM-wave. When the EM-
wave passes through a material and into another material in which the EM-wave propagates 
at a slower rate there will be a negative reflection coefficient resulting in what can be seen as 
a white band, followed by a black band indicating the wave has crossed a border between two 
different materials. 
 
The images were cleaned up for readability by using amplitude correction, which amplifies 
the reflection in the lower parts of the radar image as the EM-wave disperses by its nature 
downwards giving a weaker reflection in the deeper regions. 
 
Predictive deconvolution improves the signal-to-noise ratio in the images and was used on a 
case-by-case basis to improve the readability of the images. 
 
Background removal is a double-edged tool as it removes the ability to see where first contact 
is made between the EM-wave and the ground but it can allow for some additional 
information about the top 10-20 cm of the radar images to be revealed. As the information 
being looked after was in the upper 100 cm of the soil it was deemed useful. 
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Table 2. Example of processing steps used in RadExplorer 1.41 for the five radar sections presented in the results. 
Wave propagation velocity: ”ref” indicates a value taken from reference values and “hyp” indicates value taken 
from a hyperbola in the radar image. Processing routines used with the same values for every image recorded was 
DC-removal, Spatial Interpolation, Amplitude correction and Topography. The section name was decided by the 
radar unit’s internal software. 

Processing steps Column1 
Column

2 
Column3 Column4 Column5 

Section name  DAT_0002 DAT_0003 DAT_0005 DAT_0007 DAT_0010 

Figure 3a 3b 3c 3d 3e 

DC-removal Yes Yes Yes Yes Yes 

Time zero 
adjustment (ns) 

7.6 7.7 7.6 7.5 7.5 

Predictive 
Deconvolution 

Yes Yes Yes Yes Yes 

Prediction gap 0.586 0.476 0.586 0.586 0.527 

Operator length 10.742 9.285 9.285 10.742 9.285 

"White noise" level 5.440 5.440 5.300 5.440 5.440 

Velocity (cm/ns) 10 (ref) 9.8 (hyp) 10 (ref) 9.7 (hyp) 9.8 (hyp) 

3 Results 

3.1 Radar stratigraphy 
Threee clear stratigraphic units were identified with RadExplorer 1.41, designated S1, S2 and 
S3.It was determined that a transitional zone was present between S1 and S3 as there were 
differences in reflectivity both above and below the 50 cm level. This duality persisted 
throughout all the radar images. The borders between S1 S2 and S3 is clearly definable in the 
radar images, the matrix is very similar for all three units but there is some waviness 
apparent in S2 not present in either S1 or S3. S3 has a more homogenous structure in radar 
images from its top and down to ca 1 m depth. S1 is decidedly more noisy than the other two 
units because of its less homogenous structure. 
 
The border between till and glacifluvium contains some depressions in which higher levels of 
sand can be found within the till. This is however not clearly visible in the radar images and 
grain-size comparison is needed to identify these differences.  
 
According to GPR-measurements the glacifluvial material underlying the till is >5 m thick. It 
has been designated S3 as it is the lowest of three identified stratigraphic units (S1, S2 and 
S3) in the upper 100 cm of the soil (Figure 4). S3 does show some depositional structures 
below 1 m. All short radar profiles (≤40 m) are shown in Appendix 1 and all long radar 
profiles (≥40 m) are shown in Appendix 2. 
 
The negative reflection coefficient where S1 transitions into S2 shows that the underlying 
material has a lower EM-wave propagation velocity. There is also a negative reflection 
coefficient between S2 and S3 indicating a still slower velocity. 
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Figure 4. Radar profiles of sections DAT_0002, 0003, 0005, 0007 and 0010. The red marking outlines the lower 
edge of the ablation till, stratigraphic unit S1. The green marking outlines the inferred bottom of the transition 
zone (S2) and also the upper boundary of the lowest stratigraphic unit, S3, the glacifluvium. 
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3.2 Grain-size composition of the stratigraphic units 
There is a definite difference in the grain composition in two of three stratigraphic units as 
was determined by statistical analysis, p=0.039 for C1 shows a significant difference in the 
amount of fine material between the three stratigraphic units. P=0.027 for C2 indicating a 
significant difference in the amount of sand within all three stratigraphic units and a large 
difference in the amount of coarse material with p<0.0001 (31.9, 60.2 and 64.8% for S1, S2 
and S3 respectively) (Figure 5). 

 
Figure 5. Cumulative % of the grain composition of the three stratigraphic units as well as the grain-size 
composition of the average values of the three samples C1, C2 and C3 represent the boundaries for the three 
classes used for the statistical analysis. The numbers, e.g. 0009 suffixed to the stratigraphic units indicate at what 
radar profile the sample was taken. 

Averaging out the three samples into their respective gives a slight increase in S2’s content of 
fine material (C1) and makes it more similar to the cumulative curve of S1. S1 shows a higher 
(15%) amount of fine-grained material than the other two stratigraphic units. The 
glacifluvium underlying it (S3) is very gravelly and shows typical characteristics of 
glacifluvially deposited material; well-rounded grains and a large average grain size. 

4 Discussion 

4.1 Stratigraphy 
The uppermost unit (S1) is a sandy diamicton 10-40 cm thick comprised of material 
incorporated into the basal flow during the late-Weichselian glacial stage and subsequently 
deposited as an ablation till together with any en- or supraglacial material during 
deglaciation. It is varying in thickness but with no clear pattern through the radar images. 
 
The differing EM-wave propagation velocities in the materials is the result of varying 
amounts of fine material, which would adhesively and cohesively bind pore water. A high 
amount of fine material allows for higher amounts of water in the pores and therefore a faster 
EM-wave-propagation velocity. This is especially visible in thick layers of coarse material 
such as glacifluvium and sandy till as these soils tend to be dry as the percolation speed of 
water will be higher in these materials. 
 

0%

20%

40%

60%

80%

100% S3_0009

S3_0003

S3_0005
C3 

C1 

C2 
S2_0009
S2_0003
S2_0005

C1 C2 

C3 

0%

20%

40%

60%

80%

100%

<
0

.0
7

4

<
0

.1
2

5

<
0

.2
5

<
0

.5 <
1

<
2

<
4

<
5

.6
6 <
8

<
1

1
.3

<
1

6

>
1

6

S1_0009

S1_0003

S1_0005

C3 
C2 

C1 
<

0
.0

7
4

<
0

.1
2

5

<
0

.2
5

<
0

.5 <
1

<
2

<
4

<
5

.6
6 <
8

<
1

1
.3

<
1

6

>
1

6

S3_AVERAGE

S2_AVERAGE

S1_AVERAGE

C1 
C2 

C3 



 

9 
 

It is possible to distinguish between till and glacifluvial material as has been shown in this 
study. It is also supported by older studies (e.g. Møller and Vosgerau 2005; Pitkäranta 2009). 
For this study the identification of the borders between stratigraphic units proved easiest but 
there was however some differences observed in the imaging of the three stratigraphic units. 
S2 may show some internal structures which distinguishes it from the other two stratigraphic 
units, but it could be an apparent difference resulting from the relatively low thickness of the 
layer compared to the till and glacifluvium. S1 is inherently noisier than the other two units 
due to its varying composition and the presence of some larger rocks and boulders within the 
matrix. S3 tends to become noisier in the deeper levels due to increasing grain size further 
down. 
 
The easiest layer to identify is the transitional layer. It is almost impossible to define the 
sandier parts of the till from the coarser regions outside of the depressions in the study site. 
This is in line with previous studies that identify fine-grain material content as very 
important when identifying stratigraphic units of similar material from one another (Møller 
and Jakobsen 2002, Møller and Vosgerau 2005). To do so would require higher resolution 
radar images which would sacrifice observed depth as the depth of penetration decreases 
with increased antenna center frequency. 
 
In identifying small-scale structures in materials such as till and glacifluvium that have been 
glacially deposited, redeposited and deformed by more than one glaciation there is still the 
possibility that one may have to use destructive methods, e.g. digging trenches, to actually 
identify the stratigraphic units as they may be hard to detect using only ground-penetrating 
radar. This is especially true for distinguishing the intermediate layer from the underlying 
glacifluvium as the fine-grain material is very difficult to distinguish visually and require 
grain-size analyses to distinguish. This does not take into account the highly subjective 
feeling of physically exploring the material by digging, a process where one can definitely feel 
the difference between a stratigraphic unit containing high amounts of fine-grained material 
and one of more coarse material provided that both have been subjected to similar glacial 
compression through the difficulty in digging through the layers. 
 
It is impossible to distinguish any relict podsolization in the stratigraphy from radargrams, 
the layers are too deformed and discontinuous for that to be realistic and the material too 
incorporated into the overlying till. Better preserved paleosols like the Penttilänkangas 
paleosol studied by Pitkäranta (2009) would be required to identify paleosols on radar 
images. 

4.2 Composition 
The similarity between the average representations of S2 and S3 indicate that the fine 
material present in the till is not incorporated from the underlying glacifluvial material but 
rather a product of glacial activity or post-glacial deposition. If it were to be post-glacial in 
origin then there would be little to no trace of the finer material in the mixing zone apart 
from any material transported as a result of podsolization, however this would probably be 
located further down in the glacifluvium due to its high permeability and the fact that some 
podsolization survived the late Weichselian, indicating a small effect on the underlying 
material by the late Weichselian basal flow in this area, something that is supported by 
previous studies (Lagerbäck 1988, Kleman 1992, 1994, Kleman et al. 1994) that indicate a 
cold-based ice sheet during the late-Weichselian over large parts of northern Sweden. 
 
The compositions of the three stratigraphic units are not surprising as one would expect 
more fine material in the till compared to the glacifluvial material, there is however a distinct 
lack of larger boulders in the till pointing towards a high amount of finer rocks and gravel in 
the original basal flow, most likely due to the parent material being the underlying 
glacifluvium. There is also a lower amount of silt and clay (14.5 compared to 28% from a 
similar locale) as has been shown by Ivarsson (2007) indicating a lack of this material. The 
cause of this is most likely that the parent material of the till is the underlying glacifluvium. 
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It is interesting to note that the compaction of the three units seems to be highest in the 
transitional layer, which could mean it has been formed basally and has then been covered by 
en- and supraglacial ablation till during deglaciation. 
 
On the slopes and on the alluvial fan north of the study site the till is more characteristic with 
boulders and larger rocks in the matrix. The alluvial fan is located closer to areas not eroded 
by glacifluvial meltwater and directly south of areas covered by basal till and drumlinoid 
shapes which could account for the coarser grains in the matrix outside of the study site. 

4.3 Possible genesis and age of stratigraphic units 
The overlying till is late Weichselian in origin and therefore ca 10 kyrs old. The transitional 
zone would therefore also be of similar age. The underlying material could also be late 
Weichselian in origin but the direction of the alluvial fan north of the study zone indicates an 
older age, there is also the presence of possible relict podsolization within the kettle hole in 
the northern edge of the study area. As most fine material is still present in the till there is no 
reason to assume a fluvial sorting or transport of the material postglacially. 

 
Figure 6A. Shows the recent podsolization's O, B and C horizons. Figure 5B depicts the traces of possible relict B-
horizon partly incorporated into the sandy till. The image is taken in the kettle in the northern part of the study 
site. The markings indicate a 10 cm interval for both A and B. 

The genesis of the three stratigraphic units as depicted in the radar images have been 
determined to be for S1 late Weichselian during deglaciation, S2 is a transitional layer 
between the glacifluvium and overlying till and would therefore be as old as the overlying till, 
i.e. Weichselian in origin. The underlying glacifluvial material is definitely older than the late 
Weichselian glaciation based several observations; there is an alluvial fan transverse to late-
Weichselian ice flow located in the river valley north of the study site and deep (>10 m) 
canyons cut into glacifluvial material with a thin cover of till, the study site itself is very flat 
with only a thin cover of till on top of thick glacifluvium. This indicates low activity from the 
late Weichselian as it would otherwise be more deformed. In a kettle in the northern part of 
the studied area possible relict podsolization was discovered under the till. In the kettle the 
till was also more sandy and with less gravel and rocks.  
 
The potential survival of podsolization into the Holocene indicates low glacial erosion and a 
long ice-free period between the formation of the glacifluvial terrace and the deposition of the 
overlying till. Small kettle formations north of and inside the study area have survived to be 
filled with till which would indicate low basal activity (Kleman 1992, 1994, Kleman et al. 
1994). The longest ice-free period before the Weichselian was the Eemian, which could have 
provided the necessary climate for podsolization (Dansgaard et al. 1993, McManus et al. 

A B 
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1994, Thouveny et al. 1994, Kukla et al. 2002, Tarasov et al. 2007) but there is also the 
possibility that this podsolization is a product of a longer interstadial during the Weichselian. 
In order to properly assess the age of the glacifluvial material, and any possible relict 
podsolization, more in-depth studies would be required. 

4.4 Using GPR to identify small-scale stratigraphy 
The possibility of false readings is a factor, however it is largely dependent on clay and iron 
content in the soil being studied as large quantities of charged materials tend to distort the 
images recorded by the radar antennae. 
 
The usage of GPR as a tool to identify stratigraphy in areas with a complex glacial history has 
been shown to give adequate results by several studies (e.g. Pitkäranta 2009; Møller and 
Jakobsen 2002; Møller and Vosgerau 2005) and the results shown in this study indicates that 
GPR may be useful in determining differences in stratigraphy. More in-depth analyses are 
required to identify and classify the stratigraphic units however. This is especially true where 
the genesis is in doubt and the composition of the stratigraphic units is similar to one 
another. GPR does however manage to differentiate between soils that are statistically 
different with relative ease. The amount of physical samples that needs to be extracted after a 
GPR-study is also significantly smaller than if one wishes to analyse a large area using 
conventional methodology. 
 
Visual definition of the border between S1/S2 and S2/S3 is very difficult to do, however the 
GPR-technology allows for such transitions to be at estimated with a higher degree of 
precision making it a very useful tool to use in large-scale studies. Especially regarding 
complex deposits and deposits of similar composition as even small differences in wave-
propagation velocity can be detected with sufficient analyses. The material is similar for all 
three stratigraphic units (S1, S2 and S3) and in reality it is likely that exact definition of the 
lower edges of the transitional zone is impossible to find as it is such a gradual transition into 
glacifluvium from the till.  
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