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Abstract

Arctic regions are affected by the warming twice times faster than the global mean. (Overland
et al., 2017) Within the last years permafrost has rapidly thawed which is a significant issue in
relation to climate change and landscape structures in arctic regions.

The biggest issue of rapidly thawing permafrost are the stored carbon sources in the ground
which contain a lot of methane and carbon dioxide. Thus climate change is a lot influenced by

self-enforcing feedback effects which have a very high impact (Pithan et al., 2014).

This study is based on 10 short sediment cores taken from thermokarst lakes on the Alaska
North Slope in July and August 2018 by researchers of the Alfred Wegener Institute for Polar

and Marine Research and the University of Alaska Fairbanks.

The main focus of this thesis is the understanding of the dynamics of thermokarst lakes based
on geochemical analyses, physical parameters and remote sensing imageries.

Within this study the dynamics of thermokarst lakes were discussed and researched in relation
to their decomposed organic matter content.

The relation between the lake size, water depth, lake ice type and organic matter input was
discussed as well.

Lastly this thesis canvased the influence of salinity of organic matter input.

The method of these classifications is qualitative and is handled by data tables without

statistical classifiers.



1. Introduction

The northern part of Alaska, namely the Alaskan North Slope, is characterized by arctic
conditions in all categories. It is especially influenced by continuous permafrost. Permafrost is
vulnerable to climate change and as a consequence of increasing air temperatures thawing
processes create visible changes in the landscape because of the resulting increased ground
temperatures as well (Romanovsky et al. 2010).

An obvious evidence for thawing processes and the resulting degradation of permafrost are
thermokarst lakes.

These types of lakes are very complex in their development and very relevant on a global level
since they act as carbon sinks or carbon sources and even provide information about the
global greenhouse gas emissions according to their state of development. (Walter et al. 2007)
The velocity of thawing is very significant according to the release of greenhouse gases. Abrupt
thawing causes more degassing of carbon dioxide (CO,) and especially methane (CH4) than
gradual thawing over years (Figure 1).

Itis also necessary to realize that the lakes start to freeze every autumn and thaw every spring.
In relation to the cycle of the seasons the albedo changes as well. If the thawing processes are
advantaged more through increasing temperatures, the annual albedo is higher which means
a self-enforcing feedback effect. So it is very important to study the dynamics of the lakes to
provide information about the impacts of the climate change in relation to permafrost
thawing processes. Deposited sediments of the lake ground can also give a view on the
variability of the environment during the Holocene. (Lenz et al. 2016)
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Figure 1: Difference of gradual and abrupt thawing. a schematic, b Net ecosystem
exchange in Greenland (1,2), Healy, Alaska (3-5), western Alaska (6-9), interior Alaska
(10, 11, 14-19), northeast Siberia (12, 13), (Walter Anthony et al. 2018)



1.1 Thermokarst lake development

The periglacial landscape is characterized by ice-rich permafrost and ice wedges.
Thermokarst lakes develop by ground ice loss, ground subsidence and pooling of water. That
is why the natural rhythm of summer and winter is important by the development of
thermokarst lakes, too. The active layer of the permafrost starts to thaw at the beginning of
summer and starts to freeze at the end of the late summer.

The abrupt thawing causes visible bulges in the landscape (Figure 2 (b)). The thawing causes
a depression which gets filled by thawing waters and precipitation waters (Figure 2(c)). Ice
wedges accelerate these processes because of the ice-richness which indicates more thawing
waters. (Figure 2 (d)). Ice wedges also cause degrading in a much more intense way at the
places where they developed. As ice wedges develop in a high amount in arctic tundra, the
occurrence of them is very significant. The non-frozen Talik also causes thawing around the

lake because of the heat flux in direction to the surrounding permafrost (Figure 2 (e)), Grosse

et al., 2013).
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Figure 2: Thermokarst lake development in five
stages, (Grosse et al., 2013)



1.2 Research hypotheses

The main focus of this bachelor’s thesis project will be the analyses of the relationship
between the lake type characteristics and organic matter deposition of lake sediments based
on 10 short sediment cores with references to their dynamics.

One category of the lake classification will be dynamic and stable lakes. For this category
comparison of remote sensing imageries will be used to get an idea of the lake size changes
over the past 32 years. It is also expected that the stable lakes consist of more decomposed
organic matter than the more dynamic lakes because they tend to change in size more often
which is a reason for a higher rate of terrestrial plants than aquatic plants. It is expected as
well that larger and deeper grounded ice lakes contain less organic matter input and rather
feature aquatic plants than smaller and shallower floating ice lakes.

Marine influenced and freshwater lakes will be studied to get an idea of the organic matter in
relation to their salinity.

Consequently, the three main research hypotheses are:

1. Sediments of stable lakes comprise more organic matter decomposed and rather
aquatic plants than dynamic lakes which may contain less organic matter decomposed

and rather terrestrial plants.

2. Sediments of smaller, shallower, grounded ice lakes have a lower organic matter input

than larger, deeper, floating ice lakes.

3. Lakes with higher salinity provide a lower organic content than lakes with lower

salinity.



2.Study area

The study area extends from 70.4° to 70.9° N latitude and from -152.2 to -154.5° W
longitude (Figure 3).

The region is in the North of Alaska on the Alaska North Slope and is also partly located on
the Outer Arctic Coastal Plain (OACP). Thus, this area is influenced by marine waters.
Especially the north coast of Alaska is influenced by a very fast coastal erosion which
influences the salinity and drainage of thermokarst lakes as well. In a span of 1955-2005 the
coast has eroded up to 0.9 km at some points in the north of Teshekpuk lake (Mars et al,
2007).

22.5 % of the OACP are covered up with thermokarst lakes and 61.8 % of the landscape are

drained thermokarst lake basins. (Jones et al., 2015)
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Figure 3: Spatial classifying of the study area, a) Study area (red) marked at the North of Alaska, b) Study area (red) marked on OACP,
¢) Concrete study area with taken cores, (Backmap a) and b) from Esri (Copyright © Esri), c)Landsat 8 satellite imagery provided by
USGS Data Center)



Ten cores were taken on 29" and 30" of July in 2018. Every core was taken from a different
lake. The core length was measured right after coring.

Water depths and water temperatures were measured as well. The water depths reach up
from 67 cm to 350 cm which shows a variability of lake depths.

Water temperatures are very similar from 13 °C to 16.5 °C.

Surface water pH values and bottom water pH values were measured to analyse the water
quality of the lakes. They reach from a minimum of 6.99 to a maximum of 8.17. (Table 1)
Pure water has a pH value of 7 which means that the lakes have no acidic properties. They
rather tend to be more basic which means the lake waters contain more free hydroxyl ions.
Basic pH values in lake waters can be found because of a higher biotic productivity. (Institut

Dr. Flad)

Table 1: Core and lake conditions during field work

Core ID Latitude Longitude Date of Core = Water Water Surface @ Bottom
(°N) (°W) collection length = depth T water water
(DD.MM.YYYY  after pH pH
) coring
[em]  [em] [°C]
TLO18Y 70.76377  153.56076 29.07.2018 40 250 13 8.10 7.77
12
TLO18-15 70.73219  153.45337 30.07.2018 42 220 14 7.92 7.62
TLO18-26 70.82292  153.83806 29.07.2018 62 230 16 6.99 6.99
TLO18-27 70.86937  153.77577 29.07.2018 14 64 16 7.84 7.19
TLO18-36 70.73708  154.13290 30.07.2018 35 200 13.5 8.02 7.62
TLO18-48 70.83154  152.92044 30.07.2018 31-33 160 14.0 8.17 7.54
TLO18-52 70.77983  153.14758 30.07.2018 22 200 - 7.63 7.43
TLO18-54 70.78470 @ 152.96373 30.07.2018 13 100 - 7.49 -
TLO18-75 70.85054  152.59093 30.07.2018 15.5 100 16.5 7.80 7.46
TLO18- 70.78878 @ 154.45096 29.07.2018 58 350 15 8.03 7.81
IKPO1

Y'TL018 denote Teshekpuk Lake Observatory 2018
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2.1 Permafrost

Permafrost is classified as a

The landscape is marked by the influence of the continuous ice-rich permafrost up to
thicknesses of minimum 410 m (Jorgenson et al. 2008).

The temperatures of the permafrost are cold with mean annual values of -6 to -10 °C (Figure
4, Romanovsky et al. 2010). Hence this region consists of a lot of thermokarst lakes because
of the thawing processes caused by summertime temperatures and because of the intensified

feedback effect by the climate change (Pithan et al., 2014).
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Figure 4: Permafrost classifications and permafrost temperatures (Romanovsky et al. 2010)
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2.2 Geology

The geology of the surface is composed of Late Quaternary marine and terrestrial deposits
(Jorgenson et al. 2008).

The ice-rich marine clay, silt deposits, beach and deltaic sands are overlain by younger
Pleistocene and Holocene terrestrial sediments in the parts of the OACP.

The bedrock geology of the study area is characterized by volcanic rocks around the Teshekpuk
Lake area. The east part of the OACP consists of ancient marine sedimentary and the west

part of continental sedimentary (Figure 5).
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Figure 5: Bedrock geology — Alaska (Woodward et al., 2011)
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2.3 Climate and vegetation
Barrow/W. Pos, United States Of America
71.3N, 156.78W | Elevation: 4 m | Climate Class: ET | Years: 1987-2016

[°Cl [mm] Month Temp Precip
7 190 Jan -25.0 40
Feb 24.8 4.4
0 8 Mar 242 2.9
Apr -16.7 3.8
%01 60 May 5.3 6.2
Jun 24 10.6
209 -0 Jul 53 254
Aug 4.4 27.5
107 20 Sep 0.6 20.1
Oct -6.9 1.3
0 0 Nov -16.5 6.4
Dec -22.1 4.7
104
204
-30 T T T T

T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature Mean: -10.7 °C Precipitation Sum: 127.2 mm

Figure 6: Climate chart of Barrow, Alaska from 1987 to 2016 (NOAA)

The study area is influenced by the arctic climate which is why there are annual mean air
temperatures of -10.7 °C. The summer months are cool with a mean July air temperature of
5.3 °Cin Barrow and winter months can get very cold with mean January air temperatures of
-25°C. There are very low precipitation rates in this study area of about 127.2 mm/a in average

which indicates semi-arid conditions of the study area (Figure 6, Shulski and Wendler 2007).

The vegetation is mainly wetland vegetation with wet graminoids and moss. Because of the
permafrost influence the landscape is dominated by high- and low-centered polygonal tundra
(Nowacki et al. 2002). Especially because of the high amount of lakes in this area there is a

high occurrence of lacustrine algae and marine algae in littoral parts as well.
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3.Methods

3.1 Field work

The field work was conducted during an expedition of Alfred Wegener Institute for Polar and
Marine Research (AWI) and also of the University of Fairbanks Alaska (UAF). It took place in
July and August of 2018. This expedition was a part of the PETA-CARB project and was led by
Prof. Dr. Guido Grosse (AWI, University Potsdam) and Dr. Benjamin Jones (UAF) based out of
Teshekpuk Lake Observatory.

The main focus of the expedition was the submarine permafrost, the vegetation types in arctic
tundra regions and also dynamics of thermokarst lakes.

Dr. Josefine Lenz (AWI, UAF) drilled 10 cores from thermokarst lakes using a piston corer while
standing on a float boat. (Figure 7) The lengths of the cores reach from 12 cm to 61.5 cm. It
was cored until the frozen ground was reached which is why there was no ice contained in the
cores. Every core was drilled from a different lake in order to assess spatial variability. The
cores were almost always taken from the central of the lakes.

Lake depth, surface water temperature and electric conductivity were measured by Dr.
Josefine Lenz as well.

The cores were transported to AWI and were stored by 4 °C until November 2018 when they

got opened.

Figure 7: Core taking on a float boat with a piston corer (Photo: Juliane Wolter)
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3.2 Laboratory work

To ascertain the characteristics of the deposits of the lake ground in relation to carbon
content, sediment compounds and vegetation classes the samples got analysed on a
geochemical base. The cores were subsampled to determine the total carbon (TC), total
organic carbon (TOC), total nitrogen (TN) and isotope ratio of total organic carbon (§13C).
Besides the geochemical analyses the cores were described by their visual characteristics

(amount of visible organic), their colour, their grain size and their size.

3.2.1 Sample preparation

The cores were cut in halves with an electronic saw. One half was used to archive each core
and was stored isolated. The other half was used to get subsamples taken from it. The samples
got taken with a syringe. This tool helped against a contamination of the samples under each
other. The taken subsample was split in two 12.5 ml plastic jars (A and B sample) thus every
sample was archived as well and the other part could be used for the geochemical analyses.
The studied core half was described visually before sample extraction. Every core was
classified by its length, colour, grain size, organic matter content and structure. The colour
was defined with the Munsell colour system by Albert H. Munsell. The grain size was
conducted qualitatively with roll validations. The organic matter content was classified
visually, as well as the structure of the cores.

The wet samples got weighted and were freeze-dried afterwards to extract the water.

The dried samples got milled with a Fritsch pulverisette 5 planetary mill to create a
homogenous powdered sample. Each sample was milled in agate jars and agate marbles for 5
minutes at 360 rotations per minute and was transferred into plastic jars with a spatula and a
brush.

For this study it was relevant to use the sample data of the first 10 cm averaged of each core.
This decision was made because there is no relation to a specific point of time since there was
no radiocarbon dating measurement made. This is why there is a discussion about the lake

classification at the end besides all other named work hypotheses.
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3.2.2 Total carbon and total nitrogen

Every sample was measured twice for the analyses of TC and TN, which both could be
determinate within one measurement. The amount of each sample weighted between 5 to
5.8 mg. The samples were weighted with a Sartorius micro M2P laboratory scale which has an
accuracy of + 0.001 mg. The samples were put in tin capsules and also Tungsten(VI)Oxide was
added to catalyse the combustion process.

The vario EL lll Elementar Analyzer (Elementar Analysensysteme GmbH) accomplished the
measurement process. It heats the samples up to 950 °C with a helium atmosphere which is
oxygen-saturated. At 850 °C the CO,, N,, NO and NO, are formed and are reduced in a
reduction tube.

The actual measurement begins at 50 °C which causes a mobilisation of nitrogen and a transfer
to the measuring chamber. The nitrogen is getting detected by a heat conductivity sensor
which appears as a peak in heat conductivity.

Afterwards, the vario EL Il heats up to 130 °C again to begin the carbon dioxide transfer to
the measuring chamber as well which causes another peak of heat conductivity. To prove the
extent of the peaks it was important to put these into context with the sample weight.
Resulting values of TC and TN were given in wt% with an accuracy of 99.95 % for carbon and
99.9% for nitrogen.

It was necessary to prove these accuracies with calibration standards. Acetanilide, sucrose and
30 % EDTA were measured at the beginning of the set to control the set of standards used in
between the sample measurements after every 30 measurements consisting of 20 % EDTA,
12 % calcium carbonate and two soil standards. Even the standards were measured twice and

could have only a measurement difference maximum of 10 %.

3.2.3 Total organic carbon

It is important to distinguish total organic carbon from the total carbon content of the samples
because the total carbon content also contains the inorganic carbon like little shell remains.
The total organic carbon was measured with the elementary analysis device varioMAX C
Element Analyzer (Elementar Analysensysteme GmbH). It functions with catalytic tube
pyrolysis while pure Nitrogen (99.996 %) is the carrier gas. The amount of the measured
sample is based on its total carbon content. The samples were weighted with a Mettler Toledo

XS105 dual range analysis scale with an accuracy of + 0.1 mg) in steel crucibles.

16



At the beginning of the analysis, a set of calibration standards composed of pure glutamate,
30 % glutamate and 2:3 glutamate were used. After every 15 samples 2:3 glutamate, 10:40
glutamate, 5:45 glutamate and 1:19 glutamate were used to control the measurements.

The samples were heated up to 580 °C in a helium atmosphere which is oxygen-saturated to
form them in carbon dioxide formation. To assure the complete carbon dioxide formation the
gases were heated up to 930 °C. The device exhibits a detectable carbon content minimum
of 0.1 %. The carbon dioxide peak during integration is determined by the cut off value which
is calculated by sample mass and anticipated carbon amount. The total organic carbon content
is defined by the value and arising of the peak. The accuracy of this method amounts to 99.9
%. Within the values of TOC and N there was calculated a ratio which implies the state of
decomposition of the organic matter in the samples. The organic matter qualifies a better

conserved state, if the values are higher.

3.2.4 Stable carbon isotopes

Carbon ions needed to be removed for stable isotope analysis. For this, a little amount of each
sample was filled in Erlenmeyer glass flasks. Every sample was enriched with 20 ml 1.3 molar
hydrochloride acid (HCI). The solution was heated up to 97.7 °C on a hot plate for three hours.
They were filled up with purified water afterwards. The samples were decanted every day for
three days in a row to remove the Cl ions. It was necessary to reduce the Cl" content of under
500 ppm. The elimination of these ions was needed to avoid disorders in the electromagnetic
field of the mass spectrometry which is used for the measurements. Divergent ionization
reacts could be avoid with this process as well. The samples were tested with Quatofix
Chloride test stripes to ensure the amount of Cl ions in every sample.

The samples were vacuum-filtered, dried at 50 °C and hand-grinded afterwards to get the
samples decarbonised and pulverised again.

The following equation shows the reaction while decarbonising the samples:

1.) CO%™ 4+ 2HCl - CO, + 2Cl™ + H,PB

To prepare the samples for the measurement it was necessary to weigh in a targeted amount
of the samples with the following equitation:

2.)target weight [mg] = %

The weighing was conducted with a Sartorius micro M2P scale (accuracy of + 0.001 mg) with

a maximum deviation of 0.05 mg from the target weights.
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The analysis was accomplished by Delta V Advantage Isotope Ratio MS supplement (Thermo
Fisher Scientific) with a Flash 2000 Organic Elementar Analyzer (Thermo Fisher Scientific).
Both devices use helium as carrier gas.

The first step oft he analysis is the sample combustion and oxidationat 1020 °C with chrome
dioxide as an oxidant which causes the formation of carbon dioxide (CO,) and pure nitrogen
formations.

Elemental copper causes a reduction to pure nitrogen (N;) at 650 °C and leaves the CO,
unmodified. The gas chromatography tube separates the gases. Nitrogen comes into the
mass spectrometry faster because its lighter than CO,. Inside the tubes, external nitrogen
and external CO, passes through the mass spectrometry to measure reference value. The
measuring in general works by ionising the samples within electron impulses which are
caused by energy inducing. The ions get separated by detection in the analysis unit where
they get categorised by their mass and charge ratio and their energy intensity. The raw
measured data has been calibrated to standards using a linear correction. The 1 o standard

error is better than +0.15 %eo.

3.3 GIS analytics

3.3.1 Lake size
For lake size dynamics it was necessary to compare older stadiums with the latest situation

of the lakes. Therefore, remote sensing images were used to compare the lakes size visually.
To find suitable images Google Earth Engine was utilised to find satellite images due the
summer month. The cloud cover was filtered, too. As a result of this method, a Landsat 5
image from 12t August 1986 and a Landsat 8 image of 19" September 2018 were used to
digitalise the lake outlines. The digitalisation was produced with QGIS3.6 and its polygon
tool. Afterwards the lake size could have been ascertained with field calculator. For Lake
IKPO1 there was only one suitable image from 25t July 2006 available to show the dynamics

of the lake properly.

3.3.2 Grounded ice lakes and floating ice lakes

The categorisation of grounded ice lakes and floating ice lakes was made with the assistance
of scientific papers by Dr. Christopher D. Arp et al. from 2011 and 2012, hence these studies

show already ascertained classifications for this study area.
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4 .Results

4.1 Field work

First results were made while field work. Important results of field work were the core taking
and the measurement of electrical conductivity of the surface water.

The measured electrical conductivity of the surface water had a wide range of values between
143 pS/cm and 10380 uS/cm. (Fig.) The lakes 48, 75 and IKPO1 have the highest values with
values between 7000 and 10380 uS/cm. The lowest values with 143 to 168 puS/cm were

measured in the lakes 54 and 52. The remaining lakes have very similar values from 400 to
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Figure 8: Electrical Conductivity of lakes

4.2 Laboratory work

4.2.1 Core descriptions

The cores were described by their length, colour, grain size, organic matter content and
structure (Table). The cores TLO18-27, -52, -54, -75 are the shorter cores of this study, they
have alength of 12 cm to 22 cm. The longer cores TLO18-12, -15, -26, 36, -48 and -IKPO1 reach
up from 32 cm to 61.5 cm. The cores spread from yellowish tones to reddish and brownish
tones and also from lighter to black tones. The grain sizes reach from clay to sandy material.
Every core contains silt from fine to coarse. The cores TLO18-15, -36 and -48 contain coarser
grain sizes up to fine sand and coarse silt. The other cores are more clayish and contained fine
to middle silt.

TLO18-26, -36, -48 and -IKPO1 are organic dominated with visible organic remains, the others
are minerogenic dominated. The organic dominated cores show different rates of
decomposition. TLO18-26 and -36 exhibit well decomposed organic, while TLO18-48 contains

macro organics and TLO18-IKPO1 even exhibits less to moderately decomposed organics.
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Table 2: Core descriptions

Core ID Length | Colour Grain | Organic matter Structure
[em] [Munsell, | size content
1994]
TLO18-12 40 2.5Y fU to T | fine organics at the | layering visible,
‘21/52\'('> end, lighter layers | minerogenic dominated
3'/1 contain coarser
organic
TLO18-15 42 2.5Y fS -> visible organics at | minerogenic dominated
i\/(?’ > gU->T | the bottom
3/2 ->
5Y
3/1
TLO18-26 61.5 5y fu well decomposed, | organic dominated, well
2.5/2 coarser remains layered
TLO18-27 13 5y mU -> | no organic visible | very minerogenic
4/2 T/fU dominated, very dense
TLO18-36 36 5y fu -> well decomposed | organic dominated,
?{Iz > gU coarser minerogenic
3/1 compounds at the
bottom
TLO18-48 32 5Y T/fU - | no organic visible | organic dominated, fine
2{;: . > at the top, layered,
5y fu -> macro organics minerogenic at the
3/1-> gU-> | visible in the bottom
5Y T middle
4/1
TLO18-52 22 5Y muU no organic visible | very minerogenic
3/1 dominated (silty),
clay laminae
TLO18-54 12 2.5Y fu -> no organic visible | very minerogenic
i{(z > T dominated (clay), very
41 dense
TLO18-75 16 2.5Y Tto fU | poorly minerogenic dominated,
;g{(l > decomposed living | very dense
4'/1 vegetation at the
top
TLO18-IKPO1 | 57 2.5Y muU larger remains, organic dominated
3/3-> possibly aquatic,
black ->
5 Y less-moderately
3/2-> decomposed
2.5Y
2.5/1->
2.5Y
3/2 ->
black

*-> = colour and grain size changes during core
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4.2.2 Total carbon and total nitrogen

TC and TN values were measured in one measurement. The TN values are significant lower

than the measured TC values. The values of TN and TC correspond with each other which

shows a relation between total carbon and total nitrogen content. The TN values range

between 0.21 wt% to 0.674 wt%. TLO18-12, -26 and 36 have the highest values with 0.56 wt%

to 0.674 wt%. The lowest values have been measured in TLO18-27, -54 and -75 with 0.27wt%,

0.281 wt% and 0.21 wt% (Figure).

The TC content is significantly higher and reach from 3.89 wt% to 11.487 wt%. The highest

values were measured in TLO18-12, -26, -36 and -48. These values range from 7.04 wt% to

11.487 wt%. The lowest were measured in TLO18-27, -52, -54 and -75 with 4.35 wt%, 4.82

wt% , 4.5705 wt% and 3.89 wt% which is barely a third of the maximum (Figure).
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4.2.3 Total organic carbon

The TOC values are in a very similar range (from 3.67 wt% to 11.337 wt %) as the TC values
and correspond very well. The highest values were also measured in TLO18-12, -26 and -36.
Otherwise the lowest were measured in TLO18-27, -54 and -75 with 4.35 wt%, 4.5705 wt%
and 3.89 wt% again. TLO18-IKPO1 contains more TOC (5.23 wt%) than TC (5.11 wt%) (Figure

11).
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Figure 11: Total organic carbon in all cores

4.2.4 Stable carbon isotopes

The 613C values reach from -27.16 %VPDB to -29.52 %VPDB. The lowest values were
measured in TLO18-IKPO1, -26, -36 and -12 which also describe the highest ratios. They
spread between -28.68 %VPDB to -29.52 %VPDB. The highest values were measured in
TLO18-27 and -75 with -28.3 %VPDB and -27.16 &VPDB which is a lower ratio of stable

carbon isotopes (Figure 12).
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Figure 12: Stable carbon isotopes ratio of all cores
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4.3 GIS analytics
4.3.1 Lake size

The digitalisations of lake sizes show spatial variabilities over the years 1986 to 2018. (Table

3, Figure 13, 14) The most dynamics were visible on the lakes 27, 12 and 36. They register a

size change of 7.18% to 5.82 %. The lowest changes were calculated on lake 75 with 0.25 %

and lake 54 with 3.89 %. Every lake, except lake 27, register a positive lake size growth. The

lake 27 shows a negative lake growth and implies a drainage.

Table 3: Lake dynamics (size changes) from 1986 to 2018
Lake ID Lake size 1986 Lake size 2018 Dynamic Dynamic
[km’] [km’] [km’] [%]

12 9,844 10,485 0,641 6,11
15 9,572 10,018 0,446 4,45
26 6,449 6,723 0,274 4,08
27 4,028 3,758 -0,270 -7,18
36 5,535 5,877 0,342 5,82
48 3,809 3,987 0,178 4,46
52 18,524 19,505 0,981 5,03
54 16,727 17,404 0,677 3,89
75 13,035 13,068 0,033 0,25
IKPO1 0,652* 0,689 0,037 5,37

*Lake size was digitalised with Landsat 5 image from 25th July 2006

Legend
77 Lake size 1986
I Lake size 2018

AITLO18-27h

PITLO18-26

Figure 13: Lake size dynamics of Lakes 26, 27, IKPO1 and 75 (Backmap from Lan

USGS Data Center)

Legend
it Lake size 2006
I Lake size 2018
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ATL015-35

BT 015-4f

B01-52

AITLO18-1

Figure 14: Lake size dynamics of lake 52, 54, 48, 36, 12 and 15 (Backmap from Landsat 8 satellite imagery provided by USGS
Data Center)

4.3.2 Grounded and floating ice lakes

There are several papers by Arp published which allow to classify the ice of the lakes in this
study area. For most of the studied lakes there is used a classification of the lake ice regime
classes from mid-April. It shows an Advanced Synthetic Aperture Radar imagery in the OACP
from 2003 to 2011.

The lakes 27, 48, 54 and 75 are classified as grounded ice lakes. The lakes 12, 15, 26, and 52
(2007) were categorised as floating ice lakes. (Arp et al., 2012) Lake 36 is a floating ice lake as

well. (Arp et al., 2011) For lake IKPO1 was no classification available. (Figure 15)

Study area RS, W, . .

I Grounded ice lake
B Floating ice lake

satellite imagery provided by USGS Data Center)
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5. Discussion
5.1 Interpretation of organic matter characteristics

Most of the made visual characterisation corresponds with the measured TOC content as well.
As TLO18-26, -36, -48 and —IKPO1 were classified as organic dominated, they also show the
highest TOC contents. On the other hand, it is shown that TLO18-12 contains even more total
organic carbon than TLO18-IKPO1 which was not suspected while describing the core because
it was characterised as minerogenic dominated (Table 2).

As the results show, the carbon content of TC and TOC measurements are corresponding. The
TOCin TLO18-IKPO1 is higher than the measured TC values. This represents that there is barely
any inorganic carbon in this core. Higher inorganic carbon content would be shown as remains
of shells or crustacean which is not a significant result of this study.

As TN values provide the bio productivity of each core. The cores TLO18-12, -26, -36 and -48
show values >0.4 wt% and >8.2 wt% TOC which indicates a higher bioproductivity (Lenz et al.,
2013).

The C/N ratio shows shows the degree of decomposition (Figure 16), while the ratio of C/N
and 613C provide the discrimination of organic sources or vegetation origin (Figure 17, Lenz

et al., 2016).
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Figure 16: C/N ratio of all cores
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Figure 17: C/N ratio and 813C values of all cores

5.2 GIS analytics

The measured dynamic of the lakes was expected to occur mostly as a positive growth, which
also happened as expected, because of the increasing ground temperatures. (Romanovski et
al., 2010) On the other side, a lot of thermokarst lakes in this area lean to drain, thus there is
resulting a high thermo-erosion in the ground (Jones et al., 2015).

It is also interesting to have a look on the growth direction because there is no growth in all
directions. Lakes 12, 15, 26, 36, 48, 52, 54 and 75 all tend to expand in northern directions,
thus they stretch to the coastal area. (Figure 13 and 14, Arp et al., 2011)

While studying the grounded and floating ice lakes, there showed a spatial distribution of
every lake type. Grounded ice lakes seems rather to appear in the east part of the study area,

while floating ice lakes seems to be rather in the centre and west of the study area.

26



5.3 Work Hypotheses

5.3.1 First work hypothesis

The analytical results were used to show how different lake parameter relate to each other.
First work hypotheses express an assumed relation between stable lakes, more decomposed
organic and rather aquatic plant remains in comparison to dynamic lakes which contain less
decomposed organics and rather terrestrial plants. To prove this hypotheses, it is necessary
to prove if there are lake which show these assumed parameters at the same time. While
Lakes 26, 48, 54 and 75 are classified as stable lakes. The lakes 12, 15, 27, 36, 52 and IKPO1
are categorised as dynamic lakes. To examine the rate of decomposed organics it is necessary
to use the C/N ratio. It classifies the stable lakes 48, 54 and 75 as the most containing
decomposed organic. However, the fourth stable lake 26 is classified containing the lowest
decomposed organic material which does not fit to the assumed hypotheses and which is not
suitable for the further proving. To verify the vegetation origin, it is necessary to show a
relation between d13C values and C/N ratio. It shows that the stable lakes 48, 54 and 75
contain more decomposed organic and do not contain aquatic plants. The cores TLO18-48 and
-75 contain terrestrial plants which shows clearly the opposite of the assumed hypothesis.
Even core TLO18-54 contains rather terrestrial plants. Otherwise, the other stable lake with
less decomposed organic contains lacustrine algae. As a result of this, it could be said that
stable lakes contain rather decomposed organic but it can not be proved that they also contain
rather aquatic material which seems to depend on its decomposing level as well.

The dynamic lakes 12, 15, 27, 36, 52 and IKPO1 are assumed to contain less decomposed
organic. This is accurate for lakes 12, 36 and IKPO1. Otherwise, TLO18-15, -27 and -52 show
higher decomposition values which is then not suitable for further analytics in relation to first
hypothesis. TLO18-12 contains rather lacustrine algae which is the opposite of the supposed
hypotheses. TLO12-36 and IKPO1 contain rather terrestrial plants which is accurate in relation
to the first hypotheses. The other dynamic lakes, which contain rather decomposed organics,
contain rather terrestrial plants as well. All in all, the first hypotheses can not be confirmed

because there are some contradictions and only two lakes are accurate.
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Table 4: Summarised results for the first work hypothesis, Dynamic, C/N ratio and Vegetation origin

Dynamic — Lake size change

Core ID (%] C/N ratio (TOC/TN) Vegetation origin
0
rather lacustrine
TLO18-12 12,19 algae
TIo18-15 [ 4451986424 1487 rather terrestrial
rather lacustrine
TLO18-26 4,075561505 11,337 algae

TLO18-27
TLO18-36
TLO18-48 4,464509656 terrestrial

motgs2  [EEI5,029479621 MEISA roher terrestrial
TLO18-54 3,889910365 _ rather terrestrial

TLO18-75 0,252525253 terrestrial

rather terrestrial
13,766 rather terrestrial

14,37 .
rather terrestrial

Classification
Stable (£0.1-%+2.9) Low (11,3-12,5)
Rather low (12,51-
Rather stable (+3-+4.4) 14,5)

5.3.2 Second work hypothesis
The second work hypotheses stated a relation between smaller, shallower and grounded ice

lakes and their lower organic matter input in comparison to larger, deeper and floating ice
lakes with higher organic matter input. Once again it was necessary to prove, if the parameters
would correspond with each other. As small lakes were classified lake 26, 27, 36, 48 and IKPO1.
Lake 12 15 52, 54 and 75 were categorised as larger lakes. The smaller lakes are assumed to
be shallower which is accurate for lake 27, 36 and 48. Nevertheless, lake 26 and IKPO1 are
categorised as deeper lakes which causes a discrimination of these lakes for further analytics
in relation to the ice lake type and their organic matter input. The smaller lakes with shallower
water depths that also are classified as grounded ice lakes are lake 27 and lake 48, hence lake
36 is a floating ice lake which makes it not accurate in relation to the organic matter input
rate. Lake 27 exhibits a lower organic matter input. However, lake 48 shows a higher organic
matter input which contradicts the second work hypothesis. So one of five possible lakes is
accurate in relation to the second work hypothesis so far.

The second work hypothesis needs to be proved by the opposite parameters as well.

28



To the larger lakes with deeper water depths belong lake 12 and 15. Lake 52, 54 and 75 are
larger lakes with shallower water depths which makes them not suitable for the second work
hypothesis either. If lake 12 and 15 are proved in relation to their ice lake type, they show
assumed results because they are classified as floating ice lakes. All in all, the second
hypothesis is accurate for three out of ten expected lakes which shows that the opposite of
the hypothesis is more accurate. So according to the results, it could be expected that
grounded ice lakes still exhibit less organic matter input and floating ice lakes rather more
organic matter input. The issue with this hypothesis the missing relation between lakes sizes
and water depths because there is no clear declaration as there are two large and deep lakes,

three small and shallow lakes, two small and deep lakes and three large and shallow lakes.

Table 5: Summarised results for the second work hypothesis, lake size, lake, depth, ice lake type, TOC

Lake size 2018 | Lake Depth Ice lake type TOC
[km?] [cm] [Arp et al., [t %]
core ID 2012] ?

TLO18-12

TLO18-15 floating

TLO18-26 6.723

TLO18-27 3.758 64 grounded

TLO18-36 floating*

TLO18-48 grounded _
TLO18-52 floating 4.66
TLO18-54 grounded 4.438
TLO18-75 grounded 3.67
TLO18- -
IKPO1 -

Classification

Low 0-4 0-100 0-4

Rather low  4.1-8 101-200 4.1-5.0

*obtained from Arp et al., 2011
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5.3.3 Third work hypothesis

The third work hypothesis is assuming that lakes with higher salinity contain less organic
matter than lakes with lower salinity. Lakes with a higher salinity are lake 48, 75 and IKPO1.
They are influenced by marine waters a lot regarding to their degree of salinity because marine
waters indicate an electrical conductivity of >2000 pS/cm. (Clean Water Team, 2004)
Regarding to their salinity and the less organic matter input is only lake 75 consisting, hence
lake 48 and IKPO1 contain high amounts of TOC which shows that only one of three lakes
verify the one side of the third hypothesis. Lakes with low salinity and high organic matter
input are lake 12, 15, 26 and 36. This shows that the third work hypothesis is suitable for five
out of ten lakes.

According to this hypothesis, it could be also expected that higher salinity means also a higher
organic input and a lower salinity means also a lower organic matter input. Because of the 50

% of accuracy this thesis can not be proved correctly.

Table 6: Summarised results for the third work hypothesis, electric conductivity, TOC

Core ID Electrical conductivity TOC
[uS/cm] [wt%]
TLO18-12 400
TLO18-15 485
TLO18-26 570
TLO18-27 422
TLO18-36 507
TLO18-48
TLO18-52 168 4.66
TLO18-54 143 4.438
TLO18-75
TLO18-
IKPO1
Classification
Low 0-300 0-4
Rather low  301-1000 4.1-5.0

*thick black lines mark consisting lakes
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6. Outlook

As the classification and relation between each parameter was made qualitatively, there is
also the possibility of validating the work hypotheses with a Principal Component Analysis

which can statistically show the relation of every parameter with each other.

This study is not based on specific radiocarbon dating which makes it difficult to show when
the dynamics specifically happened. On the other side, the time parameter was not
necessary for this study because of using the average of the first 10 cm of the top of each

core which caused a discrimination of the time parameter.

The bio productivity could have been compared with pH values to see if these parameters

relate to each other to create a more biological focus.

7. Conclusion

Within this study the following results could have been conducted:

* Thermokarst lakes are very sensitive to climate change which shows in positive
growth rates because of abrupt thawing. (Table 3)

* According to stable and dynamic lakes, degree of decomposition and aquatic and
terrestrial there could no relation be proved.

* Grounded and floating ice lakes seems to have a relation with the organic input
matter. Otherwise, there is no relation with lake depths and lake sizes.

* Five of ten lakes seem to have a relation of organic matter input and salinity.
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9.Appendix
Tables of data

TLO18-12

Sample Depth
[cm]

2.0

5.0

9.0
12.0
15.0
19.0
24.0
28.0
32.0
36.0
39.0

Used for study

Sample Depth
[em]

2.0
5.0
9.0

AVERAGE

HE e

4RI

‘t ll “"' |
T .

TLo48-12_

™= Nl '«
<Y

o

lL-u»

6 - 40 cm B

Short description

[%]
fU to T, minberogenic
fU to T, minberogenic
fU to T, minberogenic
fU to T, minberogenic
fU to T, organic rich
fU to T, organic rich
fU to T, organic rich
fU to T, organic rich
fU to T, organic rich
fU to T, organic rich
fU to T, organic rich

Short description
[%]

fU to T, minberogenic

fU to T, minberogenic

fU to T, minberogenic

Water content

62.36
66.38
49.08
52.91
50.15
50.61
56.85
49.39
50.33
38.58
43.88

Water content

62.36
66.38
49.08
59.27

TN [wt%]

0.549
0.619
0.508
0.521
0.526
0.501
0.604
0.429
0.491
0.240
0.328

TN [wt%]

0.549
0.619
0.508

0.56

TC [wt%]

7.734
9.232
7.364
7.500
8.191
8.059
10.317
7.351
8.394
4.245
5.828

TC [wt%]

7.734
9.232
7.364

8.11

1w ol ~l
SNl R

TOC [wt%]

6.730
7.432
6.250
5.547
7.551
7.406
8.574
6.234
6.776
4.125
5.524

TOC [wt%]

6.730
7.432
6.250

6.80

TOC/N

12.2533634
12.00320911
12.3059831
10.65516955
14.36941754
14.7920533
14.18707863
14.5242568
13.79993878
17.19313274
16.83924283

TOC/N

12.2533634
12.00320911
12.3059831
12.19

613cC

-28.78
-28.79
-28.47
-28.52
-28.52
-28.59
-28.49
-28.43
-28.30
-28.12
-28.08

613c

-28.78

-28.79

-28.47
-28.68



TLO18-15

Sample Depth
[cm]
1.0
4.0
8.0
13.0
18.0
23.0
28.0
33.0
36.0
38.5
41.0
Used for study
Sample Depth
[cm]
1.0
4.0
8.0
AVERAGE

T e o pe——— e
i‘“TLNHS 0-U2 em

Short description

fS, minerogenic

gU to fS,
gU to fS,
gU to fS,
gU to fS,
guU to fS,
gU to fS,

gU to fS, minerogenic but organic remains visible
gU to fS, minerogenic but organic remains visible
gU to fS, minerogenic but organic remains visible

Tto fu

minerogenic
minerogenic
minerogenic
minerogenic
minerogenic
minerogenic

Short description

fS, minerogenic

gU to fS,
gU to fS,

minerogenic
minerogenic

Water content [%]

43.30
61.25
59.34
57.06
55.16
59.51
64.04
50.21
58.77
30.60
28.71

Water content [%]

43.30
61.25
59.34
54.63

TN [wt%]

0.215
0.458
0.462
0.466
0.425
0.506
0.593
0.304
0.427

0.2
0.276

TN [wt%]

0.215
0.458
0.462

0.38

TC [wt%]

3.405
7.333
7.589
7.369
7.055
8.033
9.724

5.59
7.717
3.268
4.538

TC [wt%]

3.405
7.333
7.589

6.11

TOC [wt%]

2.955
6.954
7.247
6.966
6.615
7.761
9.219
5.307
7.332
2.936
4.289

TOC [wt%]

2.955
6.954
7.247

5.72

TOC/N

13.74323534
15.1842489
15.6868273

14.94858807

15.56543631

15.33739934

15.54604284

17.45833378

17.17006127
14.6798259

15.54085293

TOC/N

13.74323534
15.1842489
15.6868273

14.87

613cC

-28.15
-28.62
-28.57
-28.56
-28.81
-28.89
-28.81
-28.22
-28.38
-28.19
-28.16

613cC

36

-28.15

-28.62
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TLO18-26

Sample Depth [cm]

Used for study

1.0

5.0
10.0
13.0
17.0
22.0
27.0
32.0
37.0
42.0
47.0
52.0
56.0
61.0

Sample Depth [cm]

AVERAGE

1.0
5.0
10.0

Short description

fU, well decomposed organic mud
with poorly decomposed remains

Water content [%]

69.77

63.54
67.53
65.57
64.90
62.92
61.68
65.43
52.13
57.84
64.00
62.47
63.86
49.54

Water content [%]

69.77
63.54
67.53
66.95

TN [wt%]
0.731

0.647
0.644
0.734
0.618
0.674
0.665
0.671
0.638

0.53
0.676
0.661
0.771
0.581

TN [wt%]
0.731
0.647
0.644
0.674

TC [wt%]
12.111

11.212
11.138
13.168
10.546
11.842
11.399
11.327

10.38

9.166
11.686
11.604
13.645
10.191

TC [wt%]
12.111
11.212
11.138
11.487

TOC [wt%]
12.077

10.819
11.114
13.435
10.263
11.736
11.250
11.052

9.968

8.840
11.076
11.153
13.921

9.904

TOC [wt%]
12.077
10.819
11.114
11.337

TOC/N
16.52097832

16.72174094

17.2576349
18.30418233
16.60610866
17.41189348

16.9165726
16.47140301

15.6231928
16.67881012
16.38494723
16.87258852
18.05618363
17.04683895

TOC/N
16.52097832
16.72174094
17.2576349
16.83345139

613C
-29.32

-29.15
-29.27
-28.91
-29.21
-29.05
-29.04
-29.40
-28.87
-28.88
-29.03
-29.12
-29.20
-29.20

613C
-29.32

-29.15
-29.27
-29,25
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TLO18-27

Sample Depth [cm]
1.0
5.0
9.0
12.5
Used for study
Sample Depth [cm]
1.0
5.0
9.0
AVERAGE

Short description
mU, minerogenic
mU, minerogenic
mU, minerogenic
Ttofu

Short description
mU, minerogenic
mU, minerogenic
mU, minerogenic

]

B
I SLUU)

e ke
|

o —
<

1
i

BT

Water content [%]
35.74
31.85
30.16
29.59

Water content [%]
35.74
31.85
30.16
32.58

O._

TN [wt%]
0.272
0.269
0.281
0.312

TN [wt%]
0.272
0.269
0.281
0.27

13 o

TC [wt%]
4.282
4.325
4.455
5.203

TC [wt%]
4.282
4.325
4.455
4.35

TOC [wt%]
4.225
4.249
4.380
4.997

TOC [wt%]
4.225
4.249
4.380
4.28

TOC/N

15.53403104
15.79426567
15.58606905
16.01502758

TOC/N
15.53403104
15.79426567
15.58606905
15.64

613C
-28.31

-28.29
-28.29
-28.43

613C
-28.31

-28.29
-28.29
-28.30
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TLO18-36

o wiow @ o~ o e
S I G Y A A R

i A ' Lo e

. ‘ o
@ T,L0148-26 0-3%cm ~
Sample Depth Short description Water content TN [wt%] TC [wt%] TOC [wt%] TOC/N 6 13C
[cm] [%]
1.0 fU, organic mud, well decomposed 67.86 0.578 8.576 8.240 14.26830551 -28.72
5.0 fU, organic mud, well decomposed 68.16 0.688 9.392 8.839 12.84150942 -28.63
9.0 fU, organic mud, well decomposed 61.42 0.599 8.894 8.503 14.18910281 -28.72
12.0 fU, coarser organic remains 70.10 0.620 9.289 8.817 14.21439739 -28.73
16.0 fU, coarser organic remains 64.91 0.697 11.101 10.997 15.76898626 -28.57
20.0 gU, coarser minerogenic, organic remains 57.21 0.594 9.149 8.898 14.97059075 -28.79
25.0 gU, coarser minerogenic, organic remains 52.15 0.526 8.669 8.370 15.92654625 -28.66
29.0 gU, coarser minerogenic, organic remains 50.34 0.437 7.605 7.423 16.97845531 -28.23
33.0 gU, coarser minerogenic, organic remains 38.69 0.267 4.608 4.526 16.97900538 -28.28
Used for study
Sample Depth Short description Water content TN [wt%] TC [wt%] TOC [wt%] TOC/N 6 13C
[cm] [%]
1.0 fU, organic mud, well decomposed 67.86 0.578 8.576 8.240 14.26830551 -28.72
5.0 fU, organic mud, well decomposed 68.16 0.688 9.392 8.839 12.84150942 -28.63
9.0 fU, organic mud, well decomposed 61.42 0.599 8.894 8.503 14.18910281 -28.72
AVERAGE 65.82 0.622 8.954 8.527 13.76630591 -28.69
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TLO18-48

Sample Depth
[cm]
1.0
4.0
7.0
12.0
15.0
17.0
20.0
24.0
28.0
31.5
Used for study
Sample Depth
[cm]
1.0
4.0
7.0
AVERAGE

Short description

Ttofu

Ttofu

fU, no organic remains, well decomposed?

fU, no organic remains, well decomposed?

fU, no organic remains, well decomposed?

organic rich, macro remains

gU, minerogenic, moderately decomposed organics
gU, minerogenic, moderately decomposed organics
gU, minerogenic, moderately decomposed organics
T

Short description

T to fU
T to fU
fU, no organic remains, well decomposed?

M+ Tiom-48 0-22em

Water content

[%]

62.77
59.54
57.51
60.59
60.02
77.34
50.43
50.94
57.30
31.47

Water content

[%]

62.77
59.54
57.51
59.94

D S ©L ] Tzt

o) hoR

TN [wt%]

0.387
0.442
0.422
0.54
0.471
0.731
0.385
0.5
0.631
0.182

TN [wt%]

0.387
0.442
0.422

0.42

TC [wt%]

6.387
7.669
7.056
9.811
8.799
14.813
7.111
8.863
11.299
3.612

TC [wt%]

6.387
7.669
7.056

7.04

TOC [wt%]

6.204
7.744
6.866
9.437
8.690
14.741
6.750
8.462
11.027
3.511

TOC [wt%]

6.204
7.744
6.866

6.94

TOC/N

16.03036826
17.52004472
16.27021152
17.47571274
18.44952415

20.1649144
17.53224893
16.92426586

17.4762277
19.28996778

TOC/N

16.03036826
17.52004472
16.27021152

16.61

613cC

-28.44
-28.36
-28.45
-28.44
-28.32
-28.75

-28.50
-28.56
-27.86

613cC

-28.44

-28.36

-28.45
-28.42
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TLO18-52

Sample Depth
[cm]
1.0
4.0
9.0
13.0
17.0
21.0
Used for study
Sample Depth
[cm]
1.0
4.0
9.0
AVERAGE

Short description

mU, minerogenic
mU, minerogenic
mU, minerogenic
mU, minerogenic
mU, minerogenic
mU, minerogenic

Short description

mU, minerogenic
mU, minerogenic
mU, minerogenic

o ml owlw! ! sl

Water content

[%]
41.59
32.27
32.93
34.29
33.38
35.27

Water content
[%]
41.59
32.27
32.93
35.60

@« TLD13-52

TN [wt%]

0.283
0.284
0.328
0.303
0.319

0.39

TN [wt%]

0.283
0.284
0.328

0.30

0-22am

TC [wt%]

4.537

4.62
5.306
5.238
5.502
6.814

TC [wt%]

4.537
4.62
5.306
4.82

TOC [wt%]

4314
4.441
5.213
5.262
5.498
6.553

TOC [wt%]

4314
4.441
5.213

4.66

TOC/N

15.24319666
15.63881485

15.893886
17.36779732
17.23552647
16.80354644

TOC/N

15.24319666
15.63881485
15.893886
15.59

613cC

-28.52
-28.39
-28.77
-28.73
-28.72
-28.79

613cC

-28.52

-28.39

-28.77
-28.56
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TLO18-54

Sample Depth

[cm]
1.0
3.0
6.0
9.0
11.5
Used for study
Sample Depth
[em]
1.0
3.0
6.0
9.0
AVERAGE

Short description

fU, no visible organic remains
T, no visible organic remains
T, no visible organic remains
T, no visible organic remains
T, no visible organic remains

Short description

fU, no visible organic remains
T, no visible organic remains
T, no visible organic remains
T, no visible organic remains

Water content
[%]
39.57
32.68
30.36
28.96
28.57

Water content
[%]
39.57
32.68
30.36
28.96
32.89

TN [wt%]

0.3
0.285
0.276
0.264
0.278

TN [wt%]

0.3
0.285
0.276
0.264

0.28125

TC [wt%]

4.964
4.835
4.344
4.139
4.264

TC [wt%]

4.964
4.835
4.344
4.139
4.5705

TOC [wt%]

4,829
4,663
4,158
4,102
4,125

TOC [wt%]

4,829
4,663
4,158
4,102
4,438031256

TOC/N

16.09667699
16.36065349
15.06482432
15.53956126
14.83924183

TOC/N

16.09667699
16.36065349
15.06482432
15.53956126
15.76542901

613cC

-28.64
-28.52
-28.40
-28.37
-28.41

613cC

-28.64
-28.52
-28.40
-28.37
-28.48295253
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TLO18-75

Sample Depth

[cm]
1.5
3.5
7.0
11.0
15.0
Used for study
Sample Depth
[cm]
1.5
3.5
7.0
AVERAGE

Short description

T to fU, living vegetation on top
T to fU
T to fU
Ttofu
Ttofu

Short description

T to fU, living vegetation on top
T to fU
T to fU

b e

Water content
[%]
47.32
26.53
24.79
23.97
26.37

Water content
[%]
47.32
26.53
24.79
32.88

<o T/015-35

TN [wt%]

0.311
0.162
0.153
0.172
0.175

TN [wt%]

0.311
0.162
0.153

0.21

0-16cm

TC [wt%]

6.213
2.729
2.732
2.686
3.045

TC [wt%]

6.213
2.729
2.732

3.89

TOC [wt%]

6.233
2.401
2.387
2.359
2.648

TOC [wt%]

6.233
2.401
2.387

3.67

TOC/N

20.04109318
14.82385103
15.60116905
13.71277973
15.13289315

TOC/N

20.04109318
14.82385103
15.60116905

16.82

613cC

-28.05
-26.74
-26.70
-26.72
-26.68

613c

-28.05

-26.74

-26.70
-27.16
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TLO18-IKPO1

Sample Depth [cm]

Used for study

1.0

3.0

6.0

9.0
12.0
17.0
22.0
28.0
30.0
32.0
34.0
38.0
40.0
45.0
50.0
53.0
56.0

Sample Depth [cm]

AVERAGE

1.0
3.0
6.0
9.0

| @ =l o e
7 N | 5%

a BN
e o

Short description

mU, minerogenic

mU to gU, finely decomposed organic

mU to gU, finely decomposed organic

mU to gU, finely decomposed organic
mU, larger organic remains

mU, larger organic remains

mU, larger organic remains

mU, larger organic remains

mU, organic remains

mU, organic remains

mU, larger organic remains s decomposed
mU, larger organic remains s decomposed
mU, smaller organic remains

mU, smaller organic remains

mU, smaller organic remains

moderately decomposed peat
moderately decomposed peat

Short description
mU, minerogenic
mU to gU, finely decomposed organic
mU to gU, finely decomposed organic
mU to gU, finely decomposed organic

Water content [%]
49.70
69.81
72.22
74.30
59.21
64.04
70.54
69.27
64.23
62.95
71.52
70.57
66.78
64.52
62.54
78.21
76.05

Water content [%]
49.70
69.81
72.22
74.30
66.51

TN [wt%]
0.255
0.5
0.379
0.34
0.225
0.31
0.333
0.388
0.389
0.326
0.456
0.492
0.42
0.423
0.42
1.144
1.236

TN [wt%]
0,255
0,5
0,379
0,34
0,37

S S T -

TC [wt%]
3.48

7??
5.721
6.141
3.725
4.841
6.48
58
5.878
5.422
7.516
7.259
7.186
6.981
6.925
21.156
21.011

TC [wt%]
3.48
7??
5.721
6.141
5.11

TOC [wt%]
3.301
5.812
5.760
6.027
3.303
4.486
5.888
5.767
5.686
5.296
6.960
6.488
6.701
6.496
6.139

19.882
19.882

TOC [wt%]
3.301
5.812
5.760
6.027
5.23

TOC/N

12.94521023
11.62400055
15.19867172
17.72675935
14.68204233
14.46965433
17.68265186
14.86434642
14.61586854
16.24415989
15.26260637
13.18697813
15.95480272
15.35661283
14.61612667
17.37949148
16.08587237

TOC/N
12.94521023
11.62400055
15.19867172
17.72675935
14.37

613C
-28.38

-29.26
-30.18
-30.26
-29.67
-29.21
-30.46
-30.09
-29.26
-29.32
-30.20
-29.57
-30.00
-29.41
-28.64
-30.56
-30.83

613C
-28.38

-29.26

-30.18

-30.26
-29.52
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Core ID

TOC TC

TLO18-12

TLO18-15

TLO18-26

TLO18-27

TLO18-36

TLO18-48

TLO18-52

TN 'TOC/TN

TLO18-54

TLO18-75

TLO18-IKPO1

LOW

-29.52

11.3-12.5

(-29.01)-(-30)

MEDIUM

4.1-5.0

4.1-5.0

12.51-14.5

(-28.51)-(-29.00)

Core ID ‘ Size [km2] 2018 ‘ Size [km2] 1986 ‘ Dynamic [%] ‘ Dynamic [km2] ‘ Depth [cm] ‘ Ice lake type Vegetation origin
TLO18-12 9.844 ‘ ‘ 0.641 ‘_‘ floating Rather lacustrine
TLO18-15 9.572 ‘_‘ 0.446 ‘_‘ floating Rather terrestrial
TLO18-26 6.723 6.449  4.075561505 0274 230 floating Rather lacustrine
TLO18-27 3.758 4.028 ‘_‘ -0.270 64 grounded Rather terrestrial
TLO18-36 5.877 5.535 ‘_‘ 0.342 200 floating Rater Terrestrial
TLO18-48 3.987 3.809  4.464509656 0.178 160 grounded terrestrial
TLO18-52 _‘ 18.524 ‘_‘ 0.981 200  floating Rather terrestrial
TLO18-54  17.404 16727 3.889910365 0.677 100 grounded Rather Terrestrial
TLO18-75 . 13.068 13.035  0.252525253 0.033 100 grounded terrestrial
TLO18-IKPO1 0.689 0.652 _ 5.370101597 0.037 S0 Rather Terrestrial
Classification  |0-4 +0.1-+2.9 0-100

4.1-8 13-+4.4 101-200
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