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In a periglacial environment it is important to know the thickness, orientation 
and structure of sediments when assessing the landscape and its hydrological 
pathways. Using a ground- penetrating radar (GPR) I have profiled large 
areas of the subsurface in a catchment area to a lake on western Greenland. 
Post-processing and calculations of the gathered data has revealed that the 
sediment thickness is maximum 15 meters in the valleys. Due to the fact that 
no correlation data is available, such as boreholes or pits, this estimation has 
large error limits but the profiles gathered reveals the structure in the 
subsurface to a great extent. 

I ett periglacialt landskap  är det viktigt att veta mäktighet, orientering  och 
struktur på sediment när en utvärdering av landskapet och dess hydrologiska 
karaktär skall genomföras. Genom att använda en markradar har jag 
undersökt stora delar av ett avrinningsområde till en sjö på västra Grönland. 
Post-processering och beräkning av det insamlade datan har visat att 
sedimentmäktigheter på vissa platser är upp emot 15 meter. Efter som ingen 
referensdata var tillgängligt, såsom borrhål eller utgrävningar, har denna 
uppskattning en stor felmarginal men visar tydlig intern struktur i sedimenten. 
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Abstract
In a periglacial environment it is important to know the thickness, orientation and structure
of sediments when assessing the landscape and its hydrological pathways. Using a ground-
penetrating radar (GPR) I have profiled large areas of the subsurface in a catchment area to a
lake on western Greenland. Post-processing and calculations of the gathered data has revealed
that the sediment thickness is maximum 15 meters in the valleys. Due to the fact that no
correlation data is available, such as boreholes or pits, this estimation has large error limits but
the profiles gathered reveals the structure in the subsurface to a great extent.

Sammanfattning
I ett periglacialt landskap är det viktigt att veta mäktighet, orientering och struktur på sediment
när en utvärdering av landskapet och dess hydrologiska karaktär skall genomföras. Genom
att använda en markradar har jag undersökt stora delar av ett avrinningsområde till en sjö på
västra Grönland. Post-processering och beräkning av det insamlade datat har visat att sed-
imentmäktigheter på vissa platser är upp emot 15 meter. Eftersom ingen referensdata var
tillgängligt, såsom borrhål eller utgrävningar, har denna uppskattning en stor felmarginal. Dock
visar profilerna på tydlig intern struktur.
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1 INTRODUCTION
In a periglacial environment, the interaction between surface- and groundwater is mainly con-
trolled by the presence or absence of permafrost, which is permanently frozen soil or bedrock
(White et al. 2007). Even in environments with continuous permafrost, such as the area inves-
tigated on Greenland, isolated areas may become unfrozen due to hydrothermal and thermal
processes. Such an area is termed a talik according to Woo (1993). An open talik within an
area of permafrost may therefor act as a hydrological connection between ground surface and
deeper unfrozen soil and/or bedrock. This connection allows an exchange between surface wa-
ter and groundwater. TwoBoat Lake in western Greenland is believed to be such a phenomena,
and investigating the sediments in and around the lake may give evidence for an underlying
talik and exchange of groundwater and surfacewater in permafrost regions.

GRASP (Greenland Analogue Surface Project) under SKB (Swedish Nuclear Fuel and
Waste Management Company) is responsible for the safety assessment of a possible nuclear
repository in Sweden. It is possible that future climate variations may trigger an ice age, which
covers the landscape with an ice sheet. Such an event and its implications on a repository must
be taken into consideration in the safety assessment. Western Greenland represents an analogue

Figure 1: Map displaying the location of Kangerlussuaq and TwoBoatLake and the extent of the Green-
land Ice Sheet.(Natural Earth 2012)
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to this scenario in Sweden, in that the bedrock is similar and situated in a periglacial environ-
ment (figure 1). Of interest in the project is the hydrological pathways and connections in the
subsurface. TwoBoat Lake is believed to be a talik, and in the case of a deep nuclear repository
may constitute a hydrological connection between the repository and the surface water. The
goal of the GRASP-project is to increase the understanding of how cooling and glaciations af-
fects a deep repository in a crystalline basement dominated by permafrost (SKB 2010).

This study focuses on the geometry and internal structure of the regolith in the drainage
area of TwoBoat Lake, in particular the sediment thickness and position within the catchment,
in order to assist the GRASP-project in its ongoing investigation of the analogue model and
hydrological modeling. Questions include:

• Whether the outlet area has shallow subsurface bedrock (blocking the water from exit-
ing) or whether the bedrock is deeper down (allowing the water percolate through the
sediments and exit the catchment area).

• Sediment thickness in the southern and northern valleys of the catchment area

• Lake sediments and wether unfrozen sediments could be distinguished giving evidence
for a talik beneath the lake

1.1 Site Description
TwoBoatLake is located slightly north of the Polar Circle at 67.12N 50.17E at an elevation of
337 m above sea level. It is accessible through a dirt road leading up from the town of Kanger-
lussuaq, which lies approximately 26km to the southwest of the lake. The lake is situated just
by the ice sheet margin and the climate is dominated by the proximity to the ice which leads to
a dry subarctic climate. The town of Kangerlussuaq, which in this case is used as a reference
value, has an annual mean temperature of −5.7◦ Celcius and receives 149 mm of precipitation
yearly (Danish Meteorological Institute 2012). Owing to the low annual temperature the region
lies in an area of continuous permafrost (Christiansen & Humlum 2000). During the summer,
when the temperature is above freezing, the ground thaws and an active layer is formed in the
upmost parts of the soil. This lake does not receive its water from runoff of glacial melt water,
which has a distinct grey color to it, seen in the bottom right in figure 2. It instead has a clear
and dark green color, since water input to the lake is by precipitation and groundwater flow.

The catchment area of the lake is approximately 1.56km2 and consists mostly of postglacial
silt to fine sand with some areas of till (SKB 2010). The lithology of this region is dominated
by Achaean crystalline metamorphic rocks that display an ENE strike (Rasmussen & van Gool
2000). The bedrock is clearly visible in places and scattered around the lake, although more
dominantly at higher elevations. A bathometry of the lake was carried out by SKB showing the
depth of the lake reaching 30 meters in the central parts. The deeper parts are concentrated to
the central southwestern part of the lake. Samples collected from the bottom of the lake showed
layers of till overlain by silt (SKB 2010). During the last ice-age, when glaciers covered parts
of Northern Europe, Northern America, the Arctic and Greenland with ice. Clark et al. (2009)
found that the Last Glaciation Maximum (LGM) for the Greenland Ice Sheet (GIS) occurred at
around 20ka, causing a lowering of the relative sea level. At this time it is believed that the ice
sheet extended well beyond the current-day coastline due to findings of submarine moraines off
the shelf (Kelly 1985). Due to a warmer climate, deglaciation started to occur around this time.
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Figure 2: Map of the study area. The approximate catchment area of the lake is outlined in red and the
lake is outlined in blue. (SKB 2010)

A rapid and high increase in temperature during the Greenland Interstadial 1 (G-I 1), which
occurred around 12.6-14.7 cal. kyr BP, probably led to an increase in deglaciation and ablation
of the Greenland Ice Sheet (Björck et al. 1998). During the approximate 175 km retreat from
the coastline to the present-day ice margin, it is believed the ice-sheet halted or re-advanced at
times to form extensive moraine systems. van Tatenhove et al. (1996) also concluded, based
on carbon-14 dating, that the ice sheet margin was situated behind the current day ice sheet
for approximately 6000 of the last 8000 years. Occurrences of wind-blown deposits of sand
and silt in contact with the present day margin also suggest this. Such aeolian deposits usually
occur further away from the ice sheet margin as flood plains close to the ice dry up and wind
transport the material further from the ice. These deposits are sometimes called loess, and have
been widespread in parts of China since the last ice-age.

1.2 Ground-penetrating radar theory
An ideal method for mapping shallow sub-surface (<50m) features is ground-penetrating radar
(GPR). It has become widely popular since the mid-1990s for geophysical studies requiring a
high vertical resolution, as well as allowing for real-time acquisition of the data (Neal 2004).
One of the more common ways of collecting data is the common-offset technique, which means
that the transmitting and receiving antennas are kept at a constant distance from each other, and
can be moved in any horizontal direction to collect data. Other techniques involve separating
the transmitter and receiver at different spacing, common in seismic techniques. This is usually
more time-consuming and most commercialized GPR’s have combined the individual antennas
into one unit with a constant offset, such as the unit used in this study.
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Figure 3: A simplified illustration of the GPR-technique showing the transmitting (Tx) antenna and
receiving (Rx) antenna of the unit as well as two media of different speeds (v1 and v2) in which the
electromagnetic signal travels). t1 is the time between transmission and reflection and t2 is the time
between reflection and reception.

A GPR sends out an electromagnetic pulse and depending on the properties of the ground,
reflective signals are recorded to indicate subsurface features. If the speed of the signal in the
ground is known, a depth can be calculated from the time delay of the reflected signal. The
velocity of the signal depends on the electromagnetic properties of the material in which it is
propagates; mainly the relative electric permittivity (εr), the electric conductivity (σ) and the
relative magnetic permeability (µr).

Figure 3 illustrates the basic principle of a GPR. When the unit transmits a pulse from the
transmitting antenna (Tx) any reflected wave from the subsurface as well as air- and ground
waves will be recorded by the receiving antenna (Rx) in the unit. The time between two trans-
mitted pulses from the Tx is called the time-window (Tw). If a pulse reflects of a boundary or
object, the time between transmission and reception is called the two-way travel time (TWT),
and in the case illustrated in figure 3 TWT would be t1 + t2.

GPR-antennas vary in frequency, ranging from 50 to 2000MHz. Frequency and velocity deter-
mines the wavelength of the electromagnetic waves:

f =
v
λ
↔ λ =

v
f

(1)

where f is the center-frequency, λ is the wavelength and v the velocity in the medium.

It is evident from equation 1 that increasing the frequency will decrease the wavelength of
the pulse. Resolution is directly related to this, as shorter wavelengths will be able to de-
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tect smaller features in the subsurface. Thus, higher frequencies increase resolution. As the
electromagnetic wave travels downward it attenuates due to interactions with the material in
the ground, decreasing the amplitude of the waves with time. This attenuation increases with
higher frequency, mainly due to the fact that water absorb electromagnetic energy at frequen-
cies higher than 1000MHz (which is also the mechanism behind microwaves ovens). These
relationships leads to a system where high frequencies have higher resolution but lower pene-
tration depth than lower frequencies which has a low resolution but can penetrate deeper into
the subsurface with less attenuation.

The velocity of the electromagnetic wave (v) in the material can be calculated as a function
of the frequency of the signal, the speed of light in free space (C0), the materials electrical
permittivity (εr), the electrical conductivity (σ) and the relative magnetic permittivity (µr) ac-
cording to equation 2:

v =
c0√

εrµr
1+
√

1+( σ

ωε
)2

2

(2)

where ω is the angular frequency (calculated as 2π f ) and σ

ωε
is the energy-loss as the signal

propagates through the material. If the loss of the energy in the material is small (e.g. in clay-
poor soils and absence of ion-rich waters), then the angular frequency will far outweigh the
conductivity in the above equation. In that case the energy-loss will be negligible and σ

ωε
≈ 0

(Reynolds 1997). If the magnetic response of the material is small, as is the case with most
soil and bedrock lithology, the relative magnetic permittivity can also be negligible leading to
µr ≈ 1, which corresponds to a nonmagnetic material. The above equation can then be rewritten
and simplified to a shorter one in equation 3 below:

v =
c0√
εr

(3)

In most GPR-studies a knowledge of the velocity within the subsurface material is essential
when determining the depth to mapped objects. Thus, the relative electrical permittivity, eval-
uated further below, is key to figuring out the electromagnetic wave velocity used to convert
travel times to depth. Typical relevant properties of different mediums can be found in table 1.

The relative electric permittivity of a material is based on its dielectric properties; i.e. the
polarization of its constituent compounds, atoms and dipolar molecules when an electric field
is applied. It is a measure of the material’s ability to store an electrical charge, and is expressed
as the materials dielectric constant, K:

εr = Kε0 (4)

In equation 4 K can have a value ranging from 1 in free space to 80 in water and ε0 is the
permittivity of free space. Owing to the high polarity of water molecules the water content of
a material plays a significant role in determining the permittivity of a material, as shown below
in figure 4.
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Figure 4: A plot of permittivity versus water content. From Salat & Junge (2010).

The electrical conductivity of the material (σ) is the measure of the material’s ability to
conduct an electrical current. Material with a high conductivity greatly reduces the quality of
the GPR-signals, since the GPR pulse will create an internal electromagnetic field of opposite
direction, which dampens the external field. Attenuation also occurs as the pulse travels through
the material, to a higher extent in conductive materials. Such high-loss materials include water
with a high amount of dissolved salt ions and clays-rich soils.

The relative magnetic permeability (µ) is the degree of magnetization a material acquires
when a magnetic field is applied to it. This is generally of little importance in GPR-studies as
it is mostly a factor when ferromagnetic oxides and sulphides are to be found in the subsurface
(Neal 2004).

Medium
Electromagnetic-wave
velocity [m ·ns−1]

Relative dielectric
permittivity [εr]

Conductivity
[mS ·m−1]

Air 0.3 1 0
Fresh water 0.03 80 0.5
Seawater 0.01 80 30 000
Unsaturated sand 0.1–0.2 2.55–7.5 0.01
Saturated sand 0.05–0.08 20-31.6 0.1–1
Unsaturated sand and gravel 0.09–0.13 3.5–6.5 0.007–0.06
Saturated sand and gravel 0.06 15.5–17.5 0.7–9
Unsaturated silt 0.09–0.12 2.5–5 1–100
Saturated silt 0.05–0.07 22–30 100
Unsaturated till 0.1–0.12 7.4–21.1 2.5–10
Saturated till 0.1–0.12 24–34 2–5
Freshwater peat 0.03–0.06 57–80 <40
Bedrock 0.12–0.13 4–6 10−5−40

Table 1: Common geological mediums with laboratory derived properties. From Neal (2004)
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According to Reynolds (1997), when a propagating electromagnetic wave (EM-wave) en-
counters a medium of different electrical properties, the reflected wave will be proportional
to the difference in electrical properties of the two layers. In the case where reflector is per-
pendicular to the EM-wave to the surface a reflection coefficient (RC⊥), which respect to the
amplitude of the signal, can be calculated using the electric properties of two different layers:

RC⊥ =

√
εr2−

√
εr1√

εr1−
√

εr2
(5)

where εr1 and εr2 are the different relative dielectric permittivities of two connected layers.
If the reflector is not perpendicular to the incoming signal, which is most likely the case in

nature, additional variables has to be incorporated into the equation:

RC =

√
εr2 · cosφr−

√
εr1 · cosφi√

εr1 · cosφi−
√

εr2 · cosφr
(6)

where εr1 and εr2 are the different relative dielectric permittivities of two connected layers, φi
is the incoming angle of the EM-wave towards the reflector and φr is the angle of the reflected
EM-wave.
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2 Material and Methods

2.1 Data acquisition

Figure 5: . The setup for the profiling. (1) is the 250 MHz antenna, (2) is the monitor/pc and (3) is the
GPS.

Data was collected from April 15th to 18th 2011. A MALÅ X3M shielded antenna with a
central frequency of 250MHz (figure 5.1) was used. The antenna was connected to a XV moni-
tor running Linux (figure 5.2). The monitor allowed for real-time display of the radargrams and
adjustments were made accordingly. Furthermore, a Trimble DGPS R7 with a separate antenna
(figure 5.3) was connected to the monitor and continuously logged the locations of the col-
lected data. Throughout the study the shielded antenna was dragged behind at walking speed,
while the monitor and GPS were situated on the stomach and back respectively. The thin snow
cover (in most places) allowed for profiling with relative ease. Since the terrain was irregular
in some places, the option of using a measuring wheel for constant distance-measurement was
not possible. Instead, measurements were taken at a constant time interval of 0.1s in most of
the profiles. The time-window varied for different profiles, however it averaged 150ms since it
was believed to be the best option in the field.
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Figure 6: Overview of TwoBoatLake showing the GPR profiles in red including analyzed profiles (shown
as blue lines). The analyzed profiles are numbered and the starting point of the individual profiles is
termed as A and the endpoint as B.
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As shown in figure 6 a total of 160 profiles were made across the catchment area. After
further analyzing all profiles, a few were selected that showed clear reflectors and in areas of
interest. These were chosen to cover the different features of the catchment area and are thus
spatially varied. Only one profile (profile 143, figure 6) clearly recorded the subsurface of the
lake, mainly due to the shallow depths and is included in the analysis. Two valley profiles
has also been analyzed to acquire approximate regolith thicknesses in the valleys, one in the
southern parts of the catchment area (profile 141, figure 6) and one in the northernmost part of
the catchment area (profile 90, figure 6). The remaining profiles will be left un-analyzed due to
time constrictions and these may be reevaluated at a later time.

Many of the profiles extend in a semi-straight line from a location where the bedrock is visible
on the surface to another where it is also exposed. This was done on purpose in the field to
make it easier to track the bedrock reflector across the profiles during later analyzing. In places
where no bedrock was exposed, start- and endpoints was determined based on the surrounding
topography, usually between two elevated points in the landscape.

2.2 Data Processing
All of the raw data collected had to be processed to be able to better analyze and interpret the
various profiles, which is the standard case in most GPR-related studies. In the raw data most of
the lower reflectors are not visible. Data processing can be done extremely thoroughly, however
for this study only some basic processing steps were done as it was not entirely necessary for
the aims and goals to delve too deep into more complicated processing. The general work flow
is shown in figure 7 and described further below.

Figure 7: Schematic illustration of the work flow involved in acquisition, processing and interpretation
of GPR data.
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Geolocating: Correlation of the GPR-data to the GPS data. This also involves conversion from
latitude and longitude to Universal Transverse Mercator.

Dewow filter: This filter gets rid of wow noise, which are very low frequency noises, by
calculating the mean value of a trace section and subtracting that from the trace.

Bandpass filter: Removes low and high frequencies, in effect only allowing frequencies within
a certain range. This removes both low and high frequency noise from the data.

Topographic correction: Offsets a point along a profile in accordance with the topography
(elevation) recorded in the GPS data.

Depth conversion: When no velocity can be estimated, this step is skipped and the depth
is displayed as two-way travel time (TWT). If and estimation of the velocity can be made then
the depth can be calculated with the equation below:

Depth≈ TWT · velocity
2

(7)

This step requires knowledge about the velocity in the substrata. By estimating the electric
permittivity using table 1, the velocity can be estimated with the use of equation 3.
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3 Results and Interpretation
The analyzed profiles listed in figure 6 are presented below. Each profile (except number 143)
is displayed in two figures; one in a large radargram with the post-processed data and no in-
terpretation and a second figure where reflectors has been drawn over the radargram and blank
plots. Distance 0 m in the radargrams corresponds to position A along profiles (figure 8. Strong
reflectors has been picked from the processed data and are shown in colored dashed lines. In
some cases, arrows point towards interesting objects in the figures. The interpretations of the
profiles are discussed further below in the Discussion section.

Figure 8: Overview of TwoBoat Lake showing the profiles analyzed. A and B represent start- and
endpoints respectively.
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Figure 9: Processed data from Profile 070. A dewow (15ns) and a bandpass filter (150MHz, 350MHz)
has been applied to the data. Background noise has also been removed.
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Figure 10: Interpreted reflectors of Profile 070. The lower figure has undergone topographic correction
as well as a depth calculation. The black line is the surface elevation across the profile, the slashed red
line is the possible bedrock reflector and the slashed blue line represent an internal layer of regolith. The
dotted red line could be a possible deeper bedrock reflector.
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Figure 11: Processed data from Profile 090. A dewow (15ns) and a bandpass filter (150MHz, 350MHz)
has been applied to the data. Background noise has also been removed.
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Figure 12: Interpreted reflectors of Profile 090. The lower figure has undergone topographic correction
as well as a depth calculation. The black line is the surface elevation across the profile, the slashed red
line is the possible bedrock reflector and the slashed blue line represent an internal layer of regolith.

16



Figure 13: Processed data from Profile 141. A dewow (15ns) and a bandpass filter (150MHz, 350MHz)
has been applied to the data. Background noise has also been removed.
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Figure 14: Interpreted reflectors of Profile 141. The lower figure has undergone topographic correction
as well as a depth calculation. The black line is the surface elevation across the profile, the slashed red
line is the possible bedrock reflector and the slashed blue line represent an internal layer of regolith.
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Figure 15: Processed data from Profile 154. A dewow (15ns) and a bandpass filter (150MHz, 350MHz)
has been applied to the data. Background noise has also been removed.
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Figure 16: Interpreted reflectors of Profile 154. The lower figure has undergone topographic correction
as well as a depth calculation. The black line is the surface elevation across the profile and the slashed
red line is the possible bedrock reflector.
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Figure 17: Processed data from Profile 158. A dewow (15ns) and a bandpass filter (150MHz, 350MHz)
has been applied to the data. Background noise has also been removed.
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Figure 18: Interpreted reflectors of Profile 158. The lower figure has undergone topographic correction
as well as a depth calculation. The black line is the surface elevation across the profile and the slashed
red line is the possible bedrock reflector.
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Figure 19: Processed data from Profile 143. A dewow (15ns) and a bandpass filter (150MHz, 350MHz)
has been applied to the data. Background noise has also been removed.
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Figure 20: A zoomed in section (extension seen in figure 19). Black arrows point out a possible bedrock
reflector.
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4 Discussion
DEPTH CONVERSION AND LACK OF KNOWN VELOCITY All of the depths conversions are
only estimations based on typical values found in the literature in combination with knowledge
on the loose soil distribution and type within the catchment area. A relative permittivity of 15
was used for the profiles on land. This is likely not an accurate value and will most likely vary
both with depths (as the composition changes) and within the catchment area itself as certain
areas have different regolith. Certain areas have a peat layer in upmost part of the soil, while
other areas are dominated by silt and sand. Till and courser material are often found deeper
down and larger blocks are not uncommon. This leads to quite chaotic radargrams and it be-
comes very problematic to accurately predict the velocity of the EM-wave in the subsurface.
Still, the value was set to 15 in the calculation since it is a rough mean of all the different soil
types and mediums found within the catchment area (see table 1). Relative permittivity was
set to 40 for the loose bottom sediments in the lake, since the upmost layers of the sediments
are very loose and saturated silt (SKB 2010). Saturated silt has a relative permittivity of 22–30
according to table 1, but loose bottom sediments must have a higher value since water is the
dominant portion of the material.

MARGIN OF ERROR As discussed above, estimating the velocity in the subsurface is problem-
atic. According to table 1, the greatest span in relative permittivity can be found in unsaturated
till (7.4–21.1). The upper values account for very coarse grained till, which should be sparse
in the area. The span can thus be shortened to an estimated 7.4–15. The relative permittivity
of unsaturated silt (2.5–5) and unsaturated sand (2.55–7.5) which can be found at the surface
in the study area has to be accounted for. Here it is also possible to remove the extreme end-
values since pure silt and sand probably does not exist within the area. This makes the span
of relative permittivity to 3.5–15. This span must also be corrected for saturation within the
same material. Applying the same reasoning as above, and using table 1 this produces a span
of 20–29 for the same sediments saturated with water. The average is thus 9.3 for unsaturated
sediments and 24.5 for the same sediments saturated. A relative permittivity of 15 was used as
a rough average in the post processing.

The upper plot in figure 14 (Profile 141) shows a possible bedrock reflector around 180 ns.
According to equation 3 this would result in a velocity in the material of ∼ 7.74 · 108m/s and
a TWT of 180 ns would result in an approximate depth of 7 meters. Using the extreme values
discussed above would produce a largest depth of 14.4 meters (using relative permittivity of
3.5) and smallest depth of around 5 meters (using relative permittivity of 29). It can therefor
be concluded that it is much easier to underestimate the sediment depth than to overestimate it
using a relative permittivity of 15. The depth conversion will be much more prone to under-
estimation when finer sediments (lower relative permittivity) are abundant in the subsurface.
The depth conversion in the different profiles should therefore be seen a minimum, and in most
cases would be underestimated and more so when finer sediments dominate the regolith.

VALLEY STRATIGRAPHY Figure 12 and 14 illustrates the stratigraphy of the northern and
southern valley, respectively. The bedrock reflector, outlined in red, is found close to the sur-
face at the valley sides and is at its deepest point close to the center of the valley. This is typical
of U-shaped valleys found in areas influenced by glacial ice, as a valley widens and erodes
under the effect of a valley glacier (Tarbuck & Lutgens 2005, p. 493). It is unknown how
long these particular valleys has been free of ice, but they were most certainly under the GIS
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during the LGM, as the ice extended far beyond Greenland’s coastline in the west. Deposits of
till and/or coarser material could also be distinguished in figure 12 with the reflector outlined
in blue. According to the depth calculation, this layer is up to 5 meters thick in the central
parts of the valley. It is possible that this is glacial deposits from when the valley was under a
valley glacier and when the glacier receded. These deposits have since then been covered with
finer sediments and mass wasting from the upper parts of the adjacent valley peaks. Profile
14 doesn’t display the same stratigraphy, but is also located in a different topographical setting
with no clear depression and valley sides. Still there are internal reflectors in this profile as
well, with one outlined in blue. Since the land areas south of the lake are more peat dominated
compared to the northern valley, it is possible that the reflectors are not as clearly visible since
peat has a larger attenuation compared to silt and sand (Neal 2004, Table 2). Another difference
between the profiles is the total amount of regolith. The northern valley (profile 12) the maxi-
mum depth to the bedrock is approximately 12 meters while in southern valley (figure 14) the
total sediment thickness is only approximately 7 meters. This can ocne again be explained by
the amount of available sediments for deposition. The northern valley is surrounded by higher
areas of exposed bedrock and mass wasting must be higher in this area, compared to the area
of lower relief south of the lake.

THE OUTLET The drainage divide for the catchment area of TwoBoat Lake is outlined in
red in figure 2. East of the lake the divide is dictated by a ridge of elevated bedrock rising
above the lake. The outlet is in the central eastern part, and investigated in profile 158 (figure
18), and the extent of the profile and the location of the outlet can be seen in figure 8. The pro-
file crosses a depression in the bedrock ridge filled with mixed sediments. It was unknown how
much sediments covered this depression. No visible flow of water could be seen further down
(in the basin relevent to profile 70 and profile 154) later in August 2011. This would indicate
the water from the lake is cut off from exiting to lower elevation by bedrock and/or imperme-
able sediments (clays or other fine sediments). Based on the depth calculations and topography
correction, the estimated lowest point of the bedrock ridge in the depression is approximately
336 m a.s.l. This means that the bedrock ridge is lower than the measured elevation of the lake
(approximately 337 m a.s.l.). Revisiting the area during the summer of 2011, the level of the
lake was lowered several decimeters. Based on the measurements and elevation of the lake
during different times, one can conclude that the lakes level is determined by the ability of the
water to flow out of the lake during high levels or runoff (snow melt during spring) and pre-
cipitation through or on top the sediments. This would result in a constant level of the lake, as
any level above the bedrock ridge would drain the lake to equilibrium. Profile 070 extends east
of the outlet towards the east, and is shown in figure 10. The data through this profile revealed
several reflectors but it seems the reflectors follow the topography to an extent, but increasing
in depth in the lower elevations.

SEDIMENTS IN THE LAKE Only a few profiles showed any reflectors off the bottom of the
lake, further discussed below. The most visible reflectors could be found in profile 143 (figure
19), where internal stratigraphy and possible bedrock reflectors could be distinguished. Figure
20 shows the lake sediments in the shallow areas in the southern part. The arrows point towards
clear reflectors, which could be the the bedrock reflector. In that case, the bedrock is overlain by
loose sediments ranging 0.5–1.5 m in thickness. Clear layers of different composition and/or
lithology can be seen. With no sediment cores available it is tough to define the individual
layers, but the topmost layer is most likely a loose layer of silt deposited from runoff from the
catchment area. Deeper layers could represent time intervals of different environmental
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PROBLEMS WITH BOTTOM SEDIMENTS UNDER TWOBOAT LAKE One of the objectives
was to profile most of the sediments under TwoBoatLake. The GPR, however, had trouble
registering the reflective signals coming off of the bottom of the lake. There are a few possible
explanations for this. One possibility is that the 1.3 meter thick ice on the lake was too great,
consuming too much of the pulse, although similar studies has been successful when when ice
thickness was equal or greater (Rickard Pettersson, verbal communication). Another possible
explanation is that the sediments at the bottom of the lake were too loose to give a decent reflec-
tion owing to an insignificant velocity difference between the water and the loose sediments. A
100Mhz antenna was also used but gave similar results. When testing the equipment on land
the profiles gave a much clearer result. It was then decided to focus mainly on profiling the
sediments around the lake and in the shallow parts of the lake.

SPATIAL DISTRIBUTION OF PROFILES Since time was limited and the catchment area of
TwoBoat Lake is very large, rough transects were profiled around most of the lake, often try-
ing to connect places of visible bedrock for easier later interpretation and then crossing those
profiles at a high angle. In some places the high relief of the slopes made data acquisition
problematic, in other sections it was impossible. More detailed profiling was performed at the
outlet, to the southeast.

5 Conclusions
A ground-penetrating radar is very valuable when investigating the shallow subsurface, and the
results often show high resolution and can distinguish between objects fairly well. I have used
this equipment to investigate the sediments and depth to the bedrock in and around TwoBoat
Lake on western Greenland. The valleys around the lake show a typical and expected valley
stratigraphy with a U-shaped bedrock and internal layers of regolith. Maximum sediment load
in the valleys range from 7 to 12 meters in the central parts and diminish to zero along the
valley sides. Depth conversion was a problem due to an influence of a wide range of subsurface
material resulting in depth values that most likely are underestimated in most cases. Investigat-
ing the sediments under the lake proved more problematic than expected, but shallow areas of
the lake showed clear sediment layers with total thicknesses of 0.5 to 1.5 meters. Profiling the
outlet showed a distinct bedrock ridge blocking the lake water from exiting the catchment area,
but higher levels of the lake would lead to drainage over this ridge. Further down in the outlet
a complicated stratigraphy of sediments was concluded. Due to limitations in the equipment
used and other factors, the study did not provide any evidence for an underlying talik beneath
TwoBoat Lake.
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