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Two Boat Lake is a non-glacial lake situated within the 
largest ice free area on Greenland. This literary study has 
investigated whether it could potentially become a good 
historical archive in future studies. As a periglacial lake with 
a talik at its bottom in a climate inducing permafrost, Two 
Boat Lake is interesting for the Greenland Analogue Surface 
Project (GRASP) from the Swedish Nuclear and Waste 
Management (SKB) when investigating the ecology and 
hydrology of a landscape that will be similar to a future 
glaciated repository in Sweden. The purpose of this report is 
to analyse data of the sediment thickness in the lake, 
gathered with ground penetrating radar, to see where the 
best place to drill would be in future studies. Different 
articles were studied to compare pros and cons of methods 
focusing on geomorphology, organic content, fossils and 
isotopes or chemical analyses. The result shows a maximum 
sediment thickness in north of Two Boat Lake. As a 
conclusion, the studied methods, the maximum sediment 
thickness and the regional setting was compared to propose 
an approach when analysing future sediment cores.  
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Sammanfattning 
Two Boat Lake är en icke-glacial sjö som ligger inom det största isfria området på 
Grönland. Denna litteraturstudie har undersökt om sjön potentiellt skulle kunna bli ett 
bra historiskt arkiv i framtida studier. Som en periglacial sjö med en talik på botten i 
ett klimat med permafrost är Two Boat Lake intressant för Greenland Analogue 
Surface Project (GRASP) från Svensk Kärnbränslehantering (SKB) då de undersöker 
ekologi och hydrologi i ett landskap som liknar ett framtida kärnbränsleförvar i 
Sverige. Syftet med den här rapporten är att analysera rådata insamlad med ground 
penetrating radar för att se var den bästa platsen vore att borra i framtida studier. 
Olika artiklar studerades för att jämföra för- och nackdelar hos metoder som 
fokuserar på geomorfologi, organiskt innehåll, fossil och isotoper eller kemiska 
analyser. Radarbilderna visar på en maximal sedimentmäktighet i de norra delarna 
av Two Boat Lake. Som en slutsats jämfördes de studerade metoderna med den 
maximala tjockleken och områdesbeskrivningen för att föreslå tillvägagångssätt vid 
analys av framtida borrkärnor.  

 
 

Abstract 
Two Boat Lake is a non-glacial lake situated within the largest ice free area on 
Greenland. This literary study has investigated whether it could potentially become a 
good environmental archive in future studies. As a periglacial lake with permafrost 
and a talik at its bottom, Two Boat Lake is interesting for the Greenland Analogue 
Surface Project (GRASP) from the Swedish Nuclear and Waste Management (SKB) 
when investigating the ecology and hydrology of a landscape that will be similar to a 
future glaciated repository in Sweden. The purpose of this report is to analyse data of 
the sediment thickness in the lake, gathered with ground penetrating radar, to see 
where the best place would be to drill a sediment core in future studies. Different 
articles were studied to compare advantages and disadvantages of methods focusing 
on geomorphology, organic content, fossils and isotopes or chemical analyses. The 
result shows a maximum sediment thickness in the northern part of Two Boat Lake. 
As a conclusion, the studied methods, the maximum sediment thickness and the 
regional setting was compared to propose an approach when analysing future 
sediment cores.  
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1 Introduction 
The purpose of this report is to investigate whether a sediment core from Two Boat 
Lake would serve as a good environmental archive. This is a literary study using 
publications concerning lacustrine sedimentary investigations to see what methods 
could be used for future research of Two Boat Lake. A fundamental prerequisite for 
any environmental record from lake sediment is the presence of undisturbed 
sediments with sufficient thickness to span the time frame that are of interest. Profiles 
of ground penetrating radar collected over the lake was also processed and 
interpreted to investigate the presence and thickness of sediments in Two Boat Lake.  
 Usually, when investigating lake sediment, a range of methods are 
available. The studies may focus on fossil content, chemical analysis, 
geomorphology, etc. The advantage of sediment cores from lakes is that it is possible 
to extract quite detailed information. Ice cores may represent up to several hundreds 
of thousands of years of climatic variation, readable through the quota of oxygen 
isotopes as well as preserved methane and other gases. Lake sediment cores can 
contain plant rests like pollen or different animal species on top of the atmospheric 
indicators (SKB, 2009).    
 Western Greenland is the biggest ice free area of the entire island, 
encompassing 200 km2(Funder, 1989). Two Boat Lake lies on the east edge of this 
area. Greenland Analogue Surface Project, or GRASP, is a research programme at 
the Swedish Nuclear and Waste Management (short SKB) that incorporates studies 

of the periglacial environment around Two 
Boat Lake. The aim of the GRASP studies 
is to investigate ecosystems and hydrology 
in a periglacial environment to assess how 
the nuclear waste repository will react on 
different processes in a future climate, 
potentially a new glacial period, but also 
how the environment would react to the 
repository in cases of accidents such as 
leaks. The fact that Two Boat Lake has no 
inflow or outflow on the surface and that it 
has a talik – which is an unfrozen area – at 
its bottom also makes it an interesting case 
for future use as an environmental archive.  
 This report aims to investigate 
whether further studies of Two Boat Lake 
would be valuable for investigation and if 
so, what type of method should be used 
based on other studies of lakes as 
archives.  

Figure 1 The Arctic Circle (Wikipedia, 2005) 

 
Four radar profiles have been analysed to estimate the sediment thickness in the 
lake to see the feasibility of a sediment core and possibly were the best place for 
such a sediment core sample would be. Further, based on the geomorphology, the 
regional setting and other studies within the polar region (Figure 1), a choice of 
methods for the analysis of these samples will be proposed as a conclusion.           
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1.1 Regional Setting  
Two Boat Lake is situated at 67° 7'44.40"N and 50°10'30.29"V, just outside the ice 
sheet of Russell Glacier in the east (Google Earth, 2014) and the town 
Kangerlussuaq 26km to the west (Petrone, 2013). It is 375 m a. s. l. (metres above 
sea level) and has a catchment area of 5.6km2 (Clarhäll, 2011). Petrone (2013) 
stated that one may separate types of periglacial lakes by observing their colour. Two 
Boat Lake has a darker green colour since its main water-inflow comes from the 
groundwater and the precipitation. This differs from a lake with a glaciofluvial inflow, 
which typically has a grey colour.  

The geology in the area of Kangerlussuaq mainly consist of granodioritic 
gneisses, but north of Two Boat Lake lies the Ikertôq- thrust, which is a mixture of 
metasedimentary sandstone. Thrusts, ridges and valleys overridden repeatedly by 
glaciers have resulted in the wider valleys which are today generally associated with 
periglacial conditions. Aerial photography of the Two Boat lake catchment and 
mapping of the regolith was performed by Clarhäll in 2010, with five core drilling at a 
depth of 0.5m below the surface. This showed that the catchment mainly consist of 
post-glacial silt but also diamicton, glaciofluvium, silty peat and colluvium. The 
underlying layers beneath the silt generally consist of sandy material (Clarhäll, 2011). 
Petrone (2013) calculated that the terrestrial sediment thickness reaches up to 15 
metres in the valleys surrounding Two Boat Lake.  Clarhäll (2011) mentions the large 
amount of eolian silt in the Kangerlussuaq area, the redeposition being a result of 
eastern winds due to strong catabatic winds and high-pressure cells over the glacier. 
 For climate conditions, Kangerlussuaq is used as a reference point since 
it is the town nearest Two Boat Lake and also has the nearest weather station. 
Between 1973 and 1999 the mean precipitation was 149 mm/y and mean 
temperature -5.7oC (DMI, 2014). During GRASP-investigations in 2008, evidence of a 
thermocline in the lake was found at a depth of 16 metres, beneath which the mean 
pH of approximately 8 and dissolved oxygen decreases and the conductivity 
increases (Clarhäll, 2011).  
 Permafrost extends between the ice sheet and the coast, creating 
landforms and processes commonly associated with it. The exceptions are taliks at 
the bottom of larger lakes, breaking the trend of frozen ground. When the active layer 
– at a mean depth of 0.7m – experience freeze/thaw processes, the ground cracks or 
form ice-wedge polygons (in this case silt and ice-filled cracks), especially in the 
north-east beach of Two Boat Lake. One of the more common features at the lake 
shores are ice-push ridges, mainly situated along the southwest edge of the lake. Ice-
push ridges are in this case probably a result from expanding lake ice during winter, 
both transporting sediment from the bottom of the lake on to its shore as well as 
pushing sediment on the shore inland  (Clarhäll, 2011). In this study a height 
difference between the lake surface and the surrounding terrain was assessed based 
on a DEM (Digital elevation model) from Clarhäll (2011). The slope was concluded to 
be approximately 25 m high at its maximum, especially visible in the northern 
shoreline of the lake. The vegetation is dominated by dwarf-shrub heath and peat. 
 South of Greenland was according to Willerslev et. al.,(2007) ice free 
between 450 to 800 ka BP (kiloannum before present). This was estimated through 
dating of biomolecules in the Dye 3 ice core. At about 18 ka BP the ice reached its 
maximum beyond today’s coast line (Funder et. al., 1989). 8 ka years later the edge 
of the ice retreated to approximately the present day coast line until finally, 6 ka years 
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BP, it reached the point where it is today(van Tatenhove et. al., 1996). Van 
Tatenhove also speculated  another advance at about 4 ka BP, when the ice sheet 
supposedly reached 10km outside the ice sheet today (Funder et. al., 1989). 
 

 
2 Background  
2.1 Studies of sedimentary lakes 
Previous studies of sediments in lakes can be used as a good source when 
designing research projects for Two Boat Lake.  Here follows a few examples of 
procedure in articles concerning lake research in the polar region, focusing on 
different problems and indicators that may be useful when choosing methodology for 
future research in Two Boat Lake. The following sources were used: 

 Rubensdotter & Rosqvist (2009), studied alpine lakes in the vicinity of Mårma 
glacier (north of Sweden) to compare geomorphological features of a lake to 
its historical archive. This was done with both aerial photography as well as 
fieldwork. 

 Wohlfarth et. al. (1995), studied a lake situated in the plains of Bjørnøya Island 
in Svalbard with the aim to establish patterns for climatic trends during 
Holocene. Their methods focus mainly on chemical and fossil analysing. 

 Klug et. al. (2009) investigated Duck Lake; one of many in a post glacial, U-
shaped valley on Store Koldewey Island, northeast of Greenland. Mainly using 
chironomids (also known as non-biting midges) as indicators, Klug et. al. made 
a biogeochemical interpretation of the sediment to study limnic environmental 
changes.  

 Aebly & Fritz (2009) attempted to reconstruct a lake level curve through 
geomorphic, stratigraphic and geophysical analyses of several lakes near 
Kangerlussuaq in Greenland.  They created models to calculate the 
precipitation and evaporation during the Mid-Holocene in lakes without inflow 
through ground water (because of permafrost and bedrock). The data was 
compared to nearby lakes where studies with isotopes and diatoms were 
made.  

 Janbu et. al. (2011) attempted to make a “high-resolution record” of a lake in 
Senja Island (Arctic Norway) based on fossil and geochemical analyses, 
among which the organic matter was a main information source. 

 
There are a large set of scientific work that deal with environmental records from lake 
sediments in polar regions. The reason for the selection of these specific five studies 
is their variability in method, showing fragments of a wide range of different aspects 
when investigating lake sediment or its catchment. Their view of priority varies 
greatly, as often is the case in the process of developing scientific areas. 
Rubensdotter & Rosqvist, for example, focus primarily on the geomorphological 
processes of lacustrine catchments and correlating the stratigraphy of sediment to 
what is visible in the landscape, while Klug et. al. focuses on a very specific and 
small species of fossil. Wolfarth et. al. is also focused on fossil, but more widely 
identifying several species, etc. The purpose of showing a variety of methods is to 
point out how the information gathered with different methods may enhance very 
different aspects. Below follows a description of these different aspects.  
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2.1.1 Stratigraphy and mineralogy 

The primary interpretation of a sediment core is usually based on observations of 
grain size, mineralogy, colour, generally observed approximation of organic content 
and structures such as lineations, crossbedding, etc. All the examples of lacustrine 
studies used this as starting point for their analysis. This is a basic and essential part 
of the investigative methods and has not been the main focus in the methodology 
discussion. 
 

2.1.2 Geomorphology 

Lacustrine sediment can be interpreted with the help of the geomorphology of a 
catchment  since the smallest of change in processes may have a major impact on 
the sediment stratigraphy (Rubensdotter, 2006). The landscape can indicate what to 
expect in sediment samples and make it easier to decide what methods to focus on 
before having seen the core (Figure 2). Detection of these indicators may be done 
through aerial photography, DEM data or data gathered with satellite before 
performing the actual sampling.  

An active area may also indicate the stress that a landscape has been 
through, showing the past seasonal variability. A high seasonal variability as often 
found in the polar region might result in for example freeze/thaw-processes (Figure 
2), which in its turn may result in a slow slope transportation of terrestrial vegetation 
and regolith into the lake, settling as allochthonous sediment. In a warmer climate 
with a lot of vegetation, that would result in an accumulation of organic content in the 
lake. If no terrestrial plants are recognizable one can always trace the source of 
sediment based on the mineralogy. That is why a general knowledge of the local 
geology is relevant (Wohlfarth et. al., 1995). This succession of events can be traced 
in Figure 2 (1st column 1st row) and would be useful when analysing vegetation or 
ecology and climate conditions. 
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Figure 2  Minerogenic lacustrine sediments in alpine environments. The figure can be used 
as a guide line in how to draw conclusions on the basis of processes that is involved in 
different geomorphological features. Modified from Rubensdotter (2006). 
 

Rubensdotter & Rosqvist (2009) concluded that there is a need to understand 
geomorphological processes to estimate possible redeposition processes. One 
example of this is finding turbidites when analysing a sediment core. Turbidites are 
caused by slope processes; sediment “ruined” or redepositioned as an effect of quick 
sediment dumping.  These are a disadvantage when trying to estimate a 
sedimentation rate, a mean value for the velocity of sedimentation over time, since it 
may disturb the time line in a disproportionate way. This means that if more sediment 
is dumped over a very short period (e.g. one day), it may have the same thickness as 
sediment settling over hundreds of years. Over all, the sedimentation rate is difficult 
to estimate in an active area with many geomorphological events (Rubensdotter & 
Rosqvist, 2009).  
. 

2.1.3 Organic Content 

Lakes are commonly rich in organic content (OC), either autochthonous or 
allochthonous. Identifying species as land-living or lacustrine is one way to use the 
OC, identifying vegetation and transportation processes in the surrounding 
environment. Wohlfarth et. al. (1995) could for example conclude that warmer 
climatic circumstance dominated during summer with the findings of macro fossil 
(Dryas and Angelica archangelica). 
  In sediment with anoxic conditions we can assume that the deposition 
has happened with increased vegetation. Anoxic environments are often the result of 
biomaterial failing to decompose due to fast sedimentation. This is also an indication 
of warmer, growth-enhancing climate (Wohlfarth et al. 1995).  
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 If the OC is very high there may be a problem in some analyses, such as 
with an elemental carbon analyser. Janbu et al (2011) discovered that too high 
amounts of OC could create an overload for this instrument, showing a low value 
when it is in fact high. This was one of the difficulties in analysing the samples at 
Senja Island. A long seasonal ice cover of the lake resulted in methanogenesis (the 
formation of methane when organic matter is decomposed by microbes).  The 
combination of methane and a very high OC decreases the sensitivity in detecting 
climate change in the lake, making measurements with carbon isotope 13 and 
nitrogen isotope 15 less useful. In that type of situation it is best to change tactics 
and try methods for testing the magnetic properties instead (Janbu et. al., 2011). 

 

2.1.4 Fossils and isotopes  

Diatoms are algae that are common and abundant in many different environments. 
Since one sediment sample could contain more than a hundred species of diatoms 
and since many of these have well documented environmental preferences (Swedish 
University of Agricultural Science, 2013) these alone may give detailed information 
about the paleoenvironment (Wohlfarth et. al., 1995). Because diatoms are normally 
very common, Rubensdotter & Rosqvist (2009) concluded that the absence of 
diatoms also is a good indicator for either turbidity or dryer periods.  
 When the evaporation is great, traces of diatoms are harder to find due to 
dissolution (Aebly & Fritz 2009). Janbu et al (2011) even found in their geochemical 
analyses that alkaline, warm and dry conditions at some point resulted in the 
dissolving of diatoms in the lake of their study. These dissolved diatoms, containing 
silicone, resulted in the precipitation of feldspar, leading to feldspar rich sediment. 
 Another example is a study by Klug et. al. (2009) that focuses mainly on 
the insect chironomids (also known as non-biting midges). Using the chironomids as 
indicators, Klug et. al. made a biogeochemical interpretation of the sediment to study 
limnic environmental changes. Analysis based on this one specific specie proved 
more difficult than previously predicted, since the chironomids turned out to have a 
low bioproductivity during Holocene. Only parts of a reconstruction of Holocene 
paleoclimate were possible, resulting in a discontinuous time line. The study 
concluded that more studies are needed to create a complete picture concerning the 
historical ecology of this area.  
 Isotopes are mainly used for absolute dating and chemical analyses. One 
example is the use of oxygen isotope 18 (in comparison to oxygen isotope 16) which 
may be found in a higher amount from a sequence deposited during a dryer climate 
(Aebly & Fritz 2009). Wohlfarth et. al. (1995) chose to compare isotope indicators of 
warmer climate with human history, affirming the climatic change with the moving 
patterns of hunters travelling north.  
 

2.1.5 Chemical analysis 

Although chemical analyses of sediment cores is essential for investigation, 
designing models for predicting paleoclimatic changes is inherently difficult. One 
example of this is the work done by Aebly and Fritz (2009) who constructed models 
overviewing the paleoclimate. The models were found to include errors when 
compared to other lakes in the vicinity. One example of uncertainty is when salt from 
earlier depositions (like shorelines) is reworked causing difficulties in biological and 
geochemical measurements. Hence, processes within the lake could affect the 
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chemistry, thereby not truly reflecting the surrounding environment for its sequence of 
time. A process like this may happen over a long time, making the lake chemically 
less sensitive towards environmental or climatic change and therefor possibly 
misrepresenting sections in time. The best way to avoid errors such as this is to 
make a parallel record of nearby lakes with diatom and isotope dating  (Aebly & Fritz, 
2009).  

 

3 Method 

This is a literature survey, investigating the preference of method, difficulties and 
conclusions when studying lakes as environmental archives. This information has 
further been utilized in the study of Two Boat Lake, together with a simple analysis of 
four radar profiles of the lake, aiming to investigate the feasibility of a sediment core 
and also to estimate the sediment thickness. To estimate the thickness with 
geophysical methods is both easy and cost effective and it may give an indication 
whether the lake is worth drilling, which might not be the case if its bottom consists 
mainly of till for example. The sediment thickness, especially the maximum sediment 
thickness, is useful to know before taking core samples, since it gives an 
approximation of how much sediment should be available and therefor how deep the 
drilling should go and possibly how long temporal record that is available. Of course, 
the time span that a sediment core covers depends strongly on the sedimentation 
rate. However, the thickness can be used as a first approximation. For example: If 
the thickness of lake sediment is unknown, core drilling might stop at a certain depth 
because of obstacles, but would then miss another piece of sediment that lies below 
the object since there is no way of knowing that the core should continue further. The 
lake sediment thickness was in this case also used to help find the best places for 
future core drilling.  
  

3.1 Ground Penetrating Radar 

Surface or ground penetrating radar consists of a transmitter and a receiver (Figure 
3). The transmitter emits an electromagnetic pulse into the chosen medium and the 
receiver filters and registers the reflected signals as well as its two way travel time, 
the time it takes for a signal to travel from the transmitter, to the object and then to 
the receiver. The radar may penetrate as deep as a few tens of metres below the 
surface with a resolution down to centimetre or decimetre scale. The medium is 
commonly soil and if the measurements are conducted continuously along a straight 
line, the profile may be presented as a cross section.  
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Figure 3 Block diagram of a radar system, modified from Daniels (1996). 

 
The most challenging aspect of radar technology is that it is sensitive to high levels of 
scattering (unwanted noise) and attenuation (α, the loss of signal strength due to 
scattering, dielectric absorption and geometrical spreading (Plewes & Hubbard, 
2001). The acquisition parameters of the radar should preferably be chosen with this 
in consideration. Frequency is the wavelength of the emitted radar pulses and can be 
chosen depending on what type of information is required. A higher frequency can 
discriminate between smaller objects and give more detailed information (higher 
resolution), but can result in scattering and attenuation. A lower frequency would give 
a greater depth of penetration but less detailed information. Strong scattering occurs 
when there are objects in the medium with the same size as the wave length, thus 
the amount of scattering is dependent on the chosen radar frequency. Attenuation 
also happens when the frequency is higher and in turn reduces the penetration 
depth. To avoid scattering, one can decrease the frequency, although that would 
result in a lower resolution (Pettersson, 2014). 
 Attenuation is affected by several parameters, such as the 
electromagnetic properties of a medium which is decided from its dielectric and 
conductive properties (Daniels, 1996). A dielectric is a non-conductor but its 
molecules can be polarized with an electric field creating a secondary current by 
fluctuations in the polarization (i.e. the fluctuating electric field). A dielectric material 
can in other words conduct signals but naturally does not do this very efficiently. Its 
conductive properties can be enhanced through water content, for example.  
 
 Parameters for these are:   

 The complex permittivity            
 The complex conductivity            
 
These parameters are important when deciding on the material loss factor – how the 
radar signal is affected by a material’s dielectric and conductive properties – which 
can be expressed as:  
 

      
  
  

   
 

 

The material loss factor may be low in a dry, loss free material for example; tan   
may be assumedly constant, without change of frequency.  Increased water content 
compared with less water content may conduct a signal faster.  
 It is often convenient to express the permittivity and magnetic 
permeability as a relative number compared with vacuum as:  
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 Relative Permeability          

 Relative Permittivity            
 

Where    respectively    is in free space and    respectively    are relative values, 
the relative dielectric constant (     is further used to calculate the velocity of 

propagation ( ) in homogenous and isotropic material: 
 

    √    

 

, where   is the velocity of propagation in free space (Daniels, 1996). Since the 
velocity of propagation is a function of c and the square root of the relative 
permittivity, the knowledge of the properties in the investigated medium is very 
important for an accurate result. In a heterogenic material, such as a mixture 
between silt and water, the effective permittivity is an approximated sum of the two 
separate components. In other words the permittivity would be calculated as a root 
mean square sum of the permittivity for water and the permittivity for silt (Looyenga, 
1965).  
 Data was collected with ground penetrating radar during a field trip in 
Greenland by Rickard Pettersson in April 2011 (with a Malå ProEx and a 25 MHz 
antenna) and was further processed in Matlab. Out of 22 profiles only four were 

deemed useful for this report (Figure 4-7).  
 This study aimed to estimate the lake sediment thickness from data 
gathered with ground penetrating radar without further data of the regolith on the 
bottom of the lake. The radar profiles were processed in Matlab and the lake 
sediment thickness was calculated with the aid of velocity of propagation derived 
from standard values in literature. For this, the travel time for the surface of the lake 
sediment and a surface of the underlying bedrock were picked in Matlab (Figure 4-7). 
The difference between these could then be calculated into the lake sediment 
thickness, with the simple equation:  
 

      
 

   

, where t is the two way travel time of the radar signal (transmitted and reflected) and 
v is the velocity of propagation value for silt, derived from literature.  
 There is no estimate of the propagation velocity in the sediments at this 
site. In this report, though, silt has been used as a mean value during the data 
analysis, since it is commonly associated with glacial erosion in this type of polar 
region (National Geographic, 2014). The closest to an accurate result one can get is 
through making an educated guess of the soil properties based on what is known of 
the catchment. As a first approximation standard values will be used for the 
calculations (Table 1).  
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Table 1, Radar signal properties in different mediums  

Medium 
Relative 

Dielectric 
Permittivity 

Electromagneti
c Wave velocity 

(m/ns) 

Conductivity 
(mS/m) 

Attenuation 
(dB/m) 

Air 1 0.3 0 0 

Fresh Water 80 0.03 0.5 0.1 

Sea Water 80 0.01 30 000 1000 

Unsaturated sand 2.55-7.5 0.1-0.2 0.01 0.01-0.14 

Saturated sand 20-31.6 0.05-0.08 0.1-1 0.03-0.5 

Unsaturated sand and 
gravel 

3.5-6.5 0.09 -0.13 0.007-0.06 0.01-0.1 

Saturated sand and gravel 15.5-17.5 0.06 0.7-9 0.03- 0.5 

Unsaturated silt 2.5-5 0.09-0.12 1-100 1- 300* 

Saturated silt 22- 30 0.05-0.07 _<100 1- 300* 

Unsaturated clay 2.5-5 0.09-0.12 2-20 0.28 300* 

Saturated clay 15-40 0.05-0.07 20-1000 0.28-300* 

Unsaturated till 7.4 21.1 0.1-0.12* 2.5-10 t 

Saturated till 24 34 0.1 0.12" 2-5 t 

Freshwater peat 57-80 0.03-0.06 <40 0.3 

Bedrock 4-6 0.12-0.13 10
-5

-40 
7x10

-6
-24 

 

From Neal, 2000 

 
Since the most abundant regolith is silt, the velocity for silt 0.05-0.07 m/ns was 
chosen from the standard values in Table 1. The soil properties may well vary a lot 
depending on for example porosity and water content, which is why this range of 
velocity was separated into three different values, 0.05, 0.06 and 0.07 m/ns, one 
representing minimum, one mean and one maximum velocity for a silt-water mixture. 
The reason for doing this is to show how different the calculated values of sediment 
thickness may be from a mere small change in velocity.   
 

4 Results 
All four radar profiles were gathered at the edge of Two Boat Lake, which would 
make sediment cores increasingly representative of processes around the lake. 
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Water depth in the northern area is shallower and the sediment is generally thicker, 
which can be guessed from the overview in Figure 8.    
  

 
Figure 4 Radar image of profile 7  
 
 

 
Figure 5 Radar image of profile 8 
 
 
 

 

 
Figure 6 Radar image of profile 20 
 
 

 
Figure 7 Radar image of profile 21 
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Judging from the Figure 4-7, some type of layering is visible within the sediments at 
least in profile 7 and 8 and possibly in the other two profiles as well.  
 
 

 
 

Figure 8, Overview of the Two Boat Lake Catchment, modified after Clarhäll (2011) and 
Petrone (2013) 

 

 
Figure 9 Geographical location of radar profile 7 in Two Boat Lake (Greenland). 
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Figure 10 Geographical location of radar profile 8 in Two Boat Lake (Greenland).  

Two of the profiles, 7 and 8, are from the southern area of Two Boat Lake and the 
other two, 20 and 21, from the northern area (Figure 9-12).  
 
 

Table 2, Analysed profiles in the southern parts of Two Boat Lake. Thickness 
variation is due to different velocity of propagation values. 

Profile 7 
 

Velocity (m/s) Thickness (m) 

 

Minimum velocity 5*10
7
 2.6 

 

Mean velocity 6*10
7
 3.0 

 

Maximum velocity 7*10
7
 3.6 

 

 
  

Profil 8 Minimum velocity 5*10
7
 1.9 

 

Mean velocity 6*10
7
 2.3 

 

Maximum velocity 7*10
7
 2.6 

 

 
Figure 11 Geographical location of radar profile 20 in Two Boat Lake (Greenland). 
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Figure 12 Geographical location of radar profile 21 in Two Boat Lake (Greenland).  

 
 
In profile 7 the thickness can be between 2.6-3.6 metres depending on the chosen 
propagation velocity. This is not a very extensive depth but greater than what can be 
seen in profile 8 with a sediment thickness of 1.9-2.6 metres. 
 
 
 
Table 3, Analysed profiles in the southern parts of Two Boat Lake. Thickness 
variation is due to different velocity of propagation values. 

Profile 20 
 

Velocity (m/s) Thickness (m) 

 

Minimum velocity 5*10
7
 4.4 

 

Mean velocity 6*10
7
 5.3 

 

Maximum velocity 7*10
7
 6.2 

 

 

  Profile 21 Minimum velocity 5*10
7
 7.4 

 

Mean velocity 6*10
7
 8.9 

 

Maximum velocity 7*10
7
 10.3 

 
Profiles 20 and 21 from the northern part of Two Boat Lake have a noticeably greater 
depth of sediment, between 4.4-6.2 metres for profile 20 and 7.4-10.3 metres for 
profile 21.  
 Profile 7, 20 and 21 shows the most promising sediment thickness, while profile 
8 represents a less promising area. The maximum depth at the location of profile 21 
is nearer to the centre of the lake, optimizing the maximum representation of the Two 
Boat Lake catchment.   

 

5 Discussion 

The purpose of this report is to investigate whether a sediment core from Two Boat 
Lake would serve as a good environmental archive. It is also to investigate what type 
of methods that would be practical to use to get the most information possible from 
the samples. Since GRASP is the main investigating group of the lake, and since 
their focus lies within research for the periglacial ecology and hydrology, that has 
been the angle when discussing the different methods.  
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Most lake analyses include a stratigraphic investigation of sediment 
(grain size, structures, etc.) as a base of information for all of the methodological 
areas mentioned in this report.  Methods include analysis of geomorphology, organic 
content, fossil and isotope analysis and chemical analysis.  
 Organic content can be very useful for ecological indications such as 
recognition of vegetation and fossil species but can also indicate seasonal variability. 
Today the vegetation around Two-Boat Lake mainly consists of heath and peat. If the 
vegetation was thriving during a more favourable climate the amount of organic 
matter deposited in the sediment would increase partly because of more biomass at 
the surface but also a thicker active layer of the permafrost. This forcefulness would 
result in a larger transportation system of the allochthonous vegetation towards the 
lake, which is a very clear indication of climate change. However, in chemical 
analyses very high amounts of OC will sometimes result in difficulties since it creates 
an anoxic, often methanogen environment ruining isotopes for example.  
 The transportation process can also be connected to the importance of 
knowing your geomorphology. Geomorphological information has the advantage of 
being easily gathered with aerial photography or just an overview of the surrounding 
catchment. However, one challenge is that it is not as exact and thorough as close up 
field measurements and must therefore always be controlled with fieldwork.   
 Considering GRASP’s main focus lies on seeing what effects periglacial 
environments (such as permafrost and taliks) have in future nuclear waste 
containment areas, there is need for more detailed analyses of the geomorphological 
processes, although some processes are already well described by Clarhäll (2011). 
 Following Rubensdotter’s train of thought we may detect changes in the 
landscape, trace them to processes and conditions and then estimate an expected 
stratigraphy in the sediment core. This principle can be valuable when gathering data 
and deciding what tests to use on it. For example, if a process can be traced to a 
terrestrial transportation from an eroded rock in the vicinity of a lake with magnetic 
minerals, one might test the sediment core for magnetic properties. If the sediment is 
suspected to come from a fluvial transportation system with any type of organic 
activity, one might be able to test the lake sediment for nitrogen or carbon isotopes. 
That is why this correlation can be useful.  
 Processes that are prominent within the Two Boat Lake are periglacial 
up-freezing, eolian processes (the strong catabatic winds) and slope processes 
driven by gravitational forces (height difference in the slope around the lake is 
approximately 25m). Since western Greenland has been under or near ice since at 
least 18 ka BP, it is logical to assume that the permafrost that is active today has 
been active during a later part of the time that the area has been ice free. It is logical 
to assume that as long as the ground has been uncovered but close to the glacier, it 
has undergone these thermal processes.  
 Processes that are less important could be the ice-push ridges of 
expanding lake ice, for example, preventing sediment to settle since it creates lower 
“walls” when it redeposits sediment from the bottom, up against the shore. However, 
this is probably a very local effect and may therefore be ruled out as irrelevant.  
 Diatoms can be very good indicators of the environment, since every 
type has their own specific environmental requires. However, to use these as 
indicators there is need for expert help since there are so many different types of 
diatoms. If a lake has previously been investigated, one may enquire after a specific 
fossil specie, like Klug et. al. (2009), but such a method could be risky. There is a 
large risk that the information will be represented as a broken time line without a 



16 
 

continuous existence of the species. Chemical analysis is sometimes similar in 
character to the search of specific fossils: Without sufficient background information it 
is hard to know what exactly to analyse. In a new geographical area of investigation it 
is wise to take as many different types of chemical spices as possible before focusing 
on something specific.   
 The radar profiles from Two Boat Lake show that the sediment thickness 
is greater in the northern parts (up to 10.3 m) than in the southern parts (up to 3.6 m). 
The water depth is also shallower northward. These numbers may indicate more 
extensive sediment dumping due to height differences enhancing the steepness of 
the slope and thereby the risk for small scale landslides. The numbers may also (less 
likely) indicate a surface inflow in the northern area at some point. Thicker sediment 
is promising for a drilling location, although a sample from the southwest might give a 
more proportionate picture of the processes from the lake, since that would not be 
over represented by the sediment debris from the slopes or the old inflow of glacial 
melting water.  
 One source of errors is that the lake sediment is probably not only silt, as 
was estimated when calculating the sediment thickness; it might change into another 
type of soil (for example organic content) or be a mixture of soil. It may also have 
different amounts of water content or porosity, which may alter the properties even of 
a homogenous soil type. Judging from the radar profiles, there seemed to be other 
layers between the sediment surface and the bedrock surface as well. If the 
environment has been very calm during a longer time these layers could be seasonal 
varved sediment. In that case it is plausible to assume that there are little turbidites in 
the lake sediment, since this seasonal pattern is visible in the profiles. Another 
explanation that is less likely but possible is that the layers represents another type of 
regolith or possibly silt that has an increased lithification, creating a difference in 
properties that affects the electromagnetic signal when being reflected. In these 
cases, it would mean that the mean velocity used for the calculation of thickness is 
not accurate, which in its turn would make the results much less accurate too.  
 The fact that there is almost no turbulence from water input in Two Boat 
Lake (since there is no surface inflow) has probably preserved sediment that is to 
some extent older, perhaps being the reason for the possibility of well kept, 
seasonally varved sediment. During approximately 6000 years the ice sheet edge 
has been where it is today, excluding the advance of 10km at around 4 ka BP that 
van Tatenhove (1996) suggested. Before that it stretched to the coastline and 
beyond(Funder et. al., 1989; van Tatenhove et. al., 1996). The age of Two Boat Lake 
is yet to be discovered, but it is logical to assume that it was once a glacial lake 
(though it is not today) with water inflow from the glacial melt water. However, as 
mentioned before, it has probably been a while since Two Boat Lake was connected 
to these fluvial processes, since it is green rather than grey as some of the other 
glacial lakes near the Russell Glacier.   
 Getting an absolute dating of Two Boat Lake’s oldest sediment would 
definitely be interesting and also contribute to drawing other conclusions of the 
environment during its life time and show how representative the stratigraphy really is 
for the amount of sediment that may be at the bottom. This will also help in setting a 
sedimentation rate which can contribute to connecting geomorphological processes 
to the sediment in the lake.    
 Future studies of Two Boat Lake will increase our understanding of the 
Greenlandic paleoclimate and paleoenvironment. It can also contribute to the 
development of methods for exploring lakes as environmental archives. Last, but not 
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least, GRASP’s studies within the catchment of Two Boat Lake can lead to 
knowledge that will help ensure a safer nuclear waste repository. This, at the very 
least, would be worth investing in.  
 

 

6 Conclusions  

As a conclusion of this report, the drilling location of sediment is recommended at the 
location of profile 21. The following methods are proposed for further studies of Two 
Boat Lake: 
 Organic content can be both good and bad for investigation. For this 
study, considering the ecology, it would be crucial. Investigating the OC is preferable 
for isotope dating, fossil detection and not least: The vegetation indicating the 
ecology and climate. When taking samples for organic tests one might also want to 
consider identifying diatoms as environmental indicators. Dating the lake would be 
helpful in order to know how long Two Boat Lake has existed. Absolute dating may 
be done with isotopes. Geomorphological information should be correlated with the 
sediment stratigraphy, using the same frame as Rubensdotter from Figure 2.  
 So far, the GRASP project has produced reports of sampling including 
aerial photography, chemical analyses of the water and regolith analyses from bore 
holes of the terrestrial part of the catchment. No report has been published 
concerning the lacustrine sediment at greater depth than 0.5m. Therefore that is the 
self-evident next step in the research.  
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