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Abstract 

The northern Central Siberian Arctic provides many suitable archives for climate 

reconstructions and presents a highly sensitive eco-region with scarce human disturbance. 

The objective of this study was to identify and interpret changes in the vegetation cover 

during the last 1100 year, by means of a short core, which was cored in 2007 from a lake in 

the catchment of the Popigai river, Northern Siberia. In order to achieve reliable results, a 

multi-proxy approach was used to identify alterations in the lake system and its vicinity. 

In this study a pollen record was generated and analyzed with statistical means. Further 

measurements include sedimentary parameters, namely grain size, biogeochemistry (TN, TC, 

TOC) and stable isotopes (ŭ
13
C and ŭ

15
N). 

The results of the statistical analyses were used to divide the pollen record into five zones. 

Each pollen assemblage zone (PAZ) is showing a rather specific pollen composition and is 

indicating changes in the vegetation cover in the lakeôs vicinity. The relationships among 

samples and species were investigated using a principal component analysis, revealing a clear 

treeline signal.   

The lower part of the core is reflecting the Medieval Warm Period (MWP), reaching from 

about 900 AD to 1300 AD. The pollen composition comprises of a rather mixed signal, 

including tree taxa as well as shrub and herb taxa, yet not displaying a pronounced trend. 

However, internal sedimentological lake signals, e.g. TOC, TN and ŭ
13

C show a clear 

decrease during this time. From approx. 1300 AD to 1550 AD a rather unspecific pollen 

assemblage was reconstructed. Starting around 1550 AD and lasting until the early 18
th
 

century, the vegetation signal showed a clear decrease in tree pollen accompanied by a strong 

increase in shrub pollen, thereby indicating to the Little Ice Age (LIA). This coincides with 

the results of the TOC and the TN measurements, which display here their lowest values 

within this study. Another transition zone, which lasts until the 1970s, separates the LIA from 

the Global Warming period. This recent warming trend is clearly reflected in the pollen 

composition of the upper samples, where a pronounced increase of tree pollen as well as a 

decrease in herb pollen becomes apparent. Biogeochemical results match this trend by 

displaying the highest values throughout the core in the upper samples. The stable isotope 

ratios are showing more variability, although the ŭ
15

N ratios are presenting a slightly positive 

trend.   

Since proxies, especially sedimentary ones, can be reflecting different parameters, the multi-

proxy approach proved very useful. The combination of biogeochemistry and stable isotope 

ratios is used to indicate the source of organic matter in the sediment, identifying a clearly 
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lacustrine dominated signal in this study. Furthermore, it is possible to draw conclusions 

concerning the bioproductivity in the lake system from the determined parameters.    

The findings presented here are indicating that the major climate phases in the last 1100 years 

are also reflected in the vegetation and sediment signals in the investigated lake. The end of 

the Medieval Warm Period as well as the Little Ice Age and modern day Global Warming are 

well distinguishable in the pollen record. 

This study queues well into the ongoing research to understand the reaction and feedbacks of 

the high latitudes in relation to global climate change and can thereby contribute to a higher 

resolution as well as a better understanding of the Siberian Arctic.  
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Zusammenfassung 

Die nördliche zentralsibirische Arktis verfügt über viele Klimaarchive, welche sich gut für 

Klimarekonstruktionen eignen. Sie ist eine hochsensible Ökoregion, welche zudem kaum vom 

Menschen überformt wurde. Das Ziel dieser Diplomarbeit war es, Veränderungen einer 

lokalen Vegetation innerhalb der letzten 1100 Jahre zu identifizieren und so gegebenenfalls 

Klimaveränderungen zu erfassen. Die vorliegende Studie beruht auf einem Kurzkern, welcher 

2007 aus einem See im Einzugsgebiet des Popigai Flusses in Nordsibirien gezogen wurde.   

Um eine ganzheitliche Betrachtungsweise zu ermöglichen, wurde ein Multi-Proxy Ansatz 

gewählt. Dieser gestattet es besonders effektiv und umfassend Veränderungen im Ökosystem 

See und seiner Umgebung festzustellen. Für diese Studie wurde als Untersuchungsbasis ein 

Pollendatensatz generiert und statistisch ausgewertet. Die durchgeführten sedimentologischen 

Analysen ermöglichen zudem die Bestimmung von Korngrößenzusammensetzung,  

biogeochemische Kenngrößen wie Gesamtkohlenstoffgehalt (TC), organischer 

Kohlenstoffgehalt (TOC) und Stickstoffgehalt (TN) und die Ermittlung von stabilen 

Isotopenverhältnisse. 

Es wurde mit Hilfe statistischer Analysen festgestellt, dass sich der Kern in fünf Pollenzonen 

gliedern lässt. Jede dieser Zonen zeigt eine differenzierte Pollenzusammensetzung, welche auf 

Vegetationsveränderungen in der Umgebung des Sees hinweist. Die Ergebnisse der 

durchgeführten Hauptkomponentenanalyse lassen Rückschlüsse auf die Verschiebung der 

Baumgrenze zu.  

Im ältesten Kernabschnitt, welcher den Zeitraum von ca. 900 n.Ch. bis 1300 n.Ch. umfasst, 

konnte das Mittelalterliche Klimaoptimum nachgewiesen werden. Die 

Pollenzusammensetzung für diesen Zeitraum weist ein gemischtes Signal aus Baum-, Strauch-

Gräser- und Kräuterpollen auf, zeigt dabei aber keinen eindeutigen Trend an. Im Gegensatz 

dazu belegen die sedimentologischen Untersuchungen der Seesedimente, so zum Beispiel 

TOC, TN  sowohl als auch das  ŭ
13

C Signal einen deutlich negativen Trend. Im folgenden 

Kernabschnitt vom Anfang des 14. Jh. bis zur Mitte des 16. Jh. war es nicht möglich, ein 

eindeutiges richtungsweisendes Pollensignal festzustellen; es handelt sich vermutlich um eine 

Übergangszone. Im dritten Kernabschnitt hingegen ist ab der Mitte des 16. Jh. eine klare 

Abnahme der Baumtaxa  und zeitgleich ein ausgeprägter Anstieg der Strauchtaxa zu 

verzeichnen. Diese Phase hält bis zum Beginn des 18.Jh. an und kann mit der Kleinen Eiszeit 

gleichgesetzt werden. Im gleichen Zeitraum erreichen die biogeochemischen Proxys ihre mit 

Abstand geringsten Werte, was die Annahme von sichtbaren Auswirkungen der Kleinen 

Eiszeit weiter unterstützt. Eine abermalige Übergangsphase schließt sich an und im jüngsten 
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Kernabschnitt ab ca. 1970 zeichnet sich die Globale Erwärmung in den Ergebnissen dieser 

Studie deutlich ab. Der bis heute anhaltende Erwärmungstrend zeigt sich eindeutig in der 

Pollentaxazusammensetzung der Proben des letzten Kernabschnittes, in welchen es zu einem 

rapiden Anstieg von Baumpollen und einem Rückgang von Strauch-, Gräser- und 

Kräuterpollen kommt. Die biogeochemischen Messungen zeigen ihre höchsten Werte 

innerhalb des Kernes in den oberen Proben und unterstützen damit die Annahme, dass die 

moderne Klimaerwärmung im Sediment reflektiert wird. Obwohl die Resultate der stabilen 

Isotope ein ungenaueres Signal wiedergeben, zeigen die ŭ
15

N Analyseergebnisse einen 

positiven Trend.  

Da insbesondere sedimentologische Proxys für verschiedene Parameter genutzt werden 

können, erwies sich der bei den Untersuchungen verwendete Multi-Proxy Ansatz als 

besonders sinnvoll:  Biogeochemische Daten und stabile Isotopenmessergebnisse wurden zum 

Beispiel genutzt, um Aussagen über die im Sediment enthaltene organische Substanz zu 

treffen und deren Hauptursprung zu identifizieren.  In dieser Studie zeigte sich ein eindeutig 

limnisch geprägtes Signal, welches Rückschlüsse auf einen geringen Eintrag terrestrischen 

Pflanzenmaterials zulässt. Darüber hinaus ist es möglich, aus den bestimmten 

sedimentologischen Parametern Schlussfolgerungen über Veränderungen der Bioproduktivität 

innerhalb des Sees zu ziehen. 

Sowohl die Untersuchung der Vegetationszusammensetzung als auch die Ergebnisse der 

sedimentologischen Analysen belegen die spätholozänen Klimaschwankungen  der letzten 

1100 Jahren in der untersuchten Region. Insbesondere das Ende des Mittelalterlichen 

Klimaoptimums, die Kleine Eiszeit als auch die Moderne Klimaerwärmung sind in dem hier 

erstellten Pollendatensatz deutlich erkennbar. 

 

Die vorliegende Arbeit ergänzt sehr gut die aktuellen wissenschaftlichen Forschungen, welche 

sich mit den Reaktionen und Rückkopplungen der Vegetation in Relation zum modernen 

Klimawandel in den hohen Breiten auseinandersetzt. Sie erhöht die Auflösung der 

wissenschaftlichen Studien in dieser Region und trägt zum spezifizierten Verständnis der 

Klimaentwicklung der Sibirischen Arktis bei.  
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1 Introduction  

 

1.1  Scientific Background 

Nowadays the term climate change has become more and more present and politicians and 

decision-makers need to acknowledge the research findings of scientists and believe in their 

predictions. Yet in order to attempt to create models and predict future developments, it is 

necessary to understand the past. Therefore studies are needed which help to understand when 

thresholds are crossed and how the concerned ecosystems react to changes in their 

environmental surroundings. 

The Arctic, a highly permafrost influenced region, is known to be one of the most sensitive 

ecosystems on earth, maintaining a most sensitive balance (ACIA, 2004). In the context of 

global climate change a high risk for the northern regions, e.g. northern Central Siberia, must 

be assumed. 

Global warming might not only lead to higher ice- and snowmelt rates in the high Arctic, 

which solely would affect the sea-level on a global scale, but also to changes in biome 

displacements that will be resulting from rising temperatures. Changes in vegetation 

composition, and especially a northward moving treeline are likely to trigger a positive 

feedback between climate and vegetation, leading to an even higher rise in temperature, due 

to a decreasing albedo and increasing solar heating of land (Bonan, 2008). It is expected, that 

temperatures in high latitudes will exceed the mean global temperature rise by approx. a 

factor of two (IPPC, 2007). For the Lena delta, a neighboring region of the study area with a 

similar setting, a mean annual temperature rise of about 0.065 K/a is predicted (Langer, 

2006). The general warming trend influences especially the thawing of the active layer, which 

consequently unfreezes progressively, and is thereby changing parameters in this sensitive 

system. Higher ground temperatures, thawing of permafrost and enhanced thermal erosion are 

just a few expected consequences (ACIA, 2004). 

Various studies have been done to evaluate the problems occurring in the context of past 

global warming phases, but these concentrate in most cases on one proxy or on one field of 

possible methods, e.g. Meyers (1997, 2003) is studying lacustrine organic geochemistry in 

detail, Andreev and Klimanov (2000) are using pollen records and MacDonald et al. (2000) 

are focusing on macrofossil dating to reconstruct the treeline movements. In order to get an 

integrated approach some studies combine proxies from different fields, e.g. MacDonald et al.  
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(1993) were using pollen and diatoms records as well as sedimental geochemistry to explain 

the rapid response of treeline vegetation and lakes to past climate warming. Another study by 

Laing et al. (1999) is investigating past former environmental and climatic changes related to 

treeline shifts inferred from fossil diatoms and alkalinity. These studies show that a multi-

proxy approach can help to evaluate changes concerning the climate and the environment 

surrounding of the study site.  

For these reasons, this thesis was conducted as a multi-proxy study combining pollen analysis, 

sedimentology and isotope geochemistry. The study site is located in the high latitudes of 

Central Siberia, a remote and scarcely investigated region, where the Alfred-Wegener 

Institute of Polar and Marine Research, Potsdam is working in order to acquire knowledge 

about the development of the Arctic in former times. 

 

 

1.2  Aims and Objectives 

The aim of this study is to reconstruct the vegetation changes and alterations within the lake 

system during the last 1100 years. In this context the following aims and objectives were 

formulated: 

¶ Characterization of changes in the vegetation composition 

- by determination of pollen spectra composition 

- by statistical analyses and interpretation of pollen spectra composition 

with regard to temperature changes 

¶ Reconstruction of changes in the lacustrine system 

- by sedimentary analysis (grain size, biogeochemistry and stable 

isotopes) conducted on a short core 

- by interpretation of the sedimentary results and already existing surface 

water analysis concerning alterations in the environmental setting of the 

lake and changes in temperature 

¶ Comparison of findings - reconstructed from changes in the vegetation 

composition as well as changes in the lake sediment consistency 
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2.1 Geographic setting 

The study area is located in the catchment of the Popigai river in northern Central Siberia. The 

region belongs to the Krasnoyarsk Krai (óterritoryó), Russia (Figure 01:) and is set in the 

furthermost northeast. Krasnoyarsk Krai is the second largest territory, preceded by its eastern 

neighbour, the Sakha Republic (óYakutiaô) and arose from the autonomous Okrug (ódistrictô) 

Taymyr and Evenk. The former Taymyr district is considered the northernmost in the Russian 

mainland and extends over an area of 862,200km
2
,
 
which is inhabited by approx. 40,000 

people, half of which live in the former administrative center Dundinka. 

With a population density of only 0.05 inhabitant/km
2 

and most settlements in the vicinity of 

the major river Yenissei or in the southern part of the district, human influence in the study 

area is limited. 

 

Figure 01: Study area in Northern Central Siberia (globe by Lancer 2008; Satellite picture by Martin Trauth 

2011, University of Potsdam; Landsat Image by Frank Günther, 2011). 

2 Study Area 
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2.2 Geological and geomorphological setting  

The investigated lake 07-SA-34 (71Á30ô05ò N and 110Á54ô00ò E) is located on the Siberian 

Platform, which stretches from the Yenisey River in the west to the Lena River in the east. It 

reaches from the Laptev Sea (Artic Ocean) in the high northern latitudes to the Baikal lake in 

the South. The Siberian Plattform (Figure 02:) basically composes of two levels. 

 

 

Figure 02: Main structure of the Siberian Platform (Koronosky 2002). 
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The basement originated from the Precambrian platform and consists of various tectonic 

blocks, that form the bedrock for the covering Paleozoic deposits (Koronovsky, 2002; 

Mitrofanov and Taskin, 1994). As most of the sequences originate in the much 

metamorphosed basement rocks and are heavily granitized, their origin is hard to differentiate 

(Mitrofanov and Taskin, 1994). Deposits only expose a few particular areas, e.g. the Aldan 

shield or the Anabar massif, where basement sediments emerge. Throughout the Siberian 

Platform, Quaternary sediments are widely spread and are to be found in various genetic 

types. While the north-west is dominated by glacial sediment, the areas further south are 

mainly covered by periglacial and lacustrine-alluvial sediments (Koronovsky, 2002). Loess, 

as dune sands or in different stages of genesis can also be found in the more southern parts of 

the Siberian Platform. During the last glacial, which reached its maximum in the area of the 

Siberian Platform around 17,000 to 18,000 years ago, the study area remained free of ice 

masses, as glaciation in north-west Siberia was limited to local iceshilds and mainly found in 

high elevations (Svendensen et al, 2004; Saarnisto, 2001).  

 

 

Figure 03: Geographic location of the Popigai impact crater and simplified geology of surrounding area 

(Vishnevsky and Montanari, 1999). 
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The lake 07-SA-34 (71Á30ô05ò N and 110Á54ô00ò E) is set in the outer ring of the Popgai 

Crater (Figure 3) which was first recognized by Masaitis in 1970 (Vishnevsky and Montanari, 

1999) and shares the fourth place of impact craters on earth with the Manicouagan Crater 

(Quebec, Canada). The Popigai crater was formed around 35.7 ± 0.2 Myr. (Bottomley et al. 

1997) and is well preserved. The collision with a meteor, 5-8 km in size, created an impact 

structure of about 100 km in diameter on the northeastern margin of the Anabar shield 

(Masaitis 2002). Masaitis (2002) states further, that only slightly modified by erosion, the 

impact site is imprinted as a round-shaped depression with a max. depth of 150-200m (Figure 

04) (Pilkington et al, 2002) below the surrounding area. Typical topographic features, such as 

semi-circula drainage systems, are found as far as 50km from the outer rim crater depression 

(Masaitis et al 1975). 

 

 

 

Figure 04: Geological map of the Popigai impact structure (Vishnevsky and Montanari, 1999). 
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The topography of the study area features a pronounced microrelief comprising of 

thermokarst lakes, frost heaves, ice segregation, thermal cracking, ice wedge polygones, 

solifluction and further cryogenic landforms (see chapter 2.3 and 2.4) (IUSS 2007). 

 

 

2.3 Soil 

Soils in the northwest of Siberia are, as are all soils in regions of continuous permafrost (see 

chapter 2.4), cryosols (IUSS, 2007; Scheffer and Schachtschabel, 2002). Cryosol can be 

distinguished into four soil groups: cyrosol, fluvisol, glysol, leptosol and podsol, which can 

furthermore be subdivided into several classes (Figure 05). The following classes, displayed 

in Table 1, were distinguished in the study area and its surrounding. 

 

Table 1: Soil classes presented in the study area and surrounding region, according to WRB 2006 (World 

Refence Base for Soil Resources) (Data from Soil Atlas of the northern Circumpolar Region, JRC European 

Commission, 2010). 

Cryosol 

Crcc Calcic Cryosol permafrost affected soil, accumulation of carbonates 

CRha Haplic Cryosol Permafrost affected soil without cryoturbation 

CRhi Histic Cryosol non-cryoturbated permafrost affected, peaty topsoil 

CRtu Turbic Cryosol  cryotubated permafrost-affected 

CRum Umbric Cryosol non-cryoturbated permafrost affected, acid topsoil 

Fluvisol FLhi Histic fluvisol 

soils in recent river, lake or marine deposits, with a 

peaty topsoil 

Glysol GLhi Histic Glysol peaty topsoil, influenced by shallow groundwater 

Leptosol 
LPnt Nudilithic Leptosol bare rock 

LPrz Renzic Leptosol shallow soils over calcareous rock, dark humose topsoil 

Podsol 
PZet Entic Podzols rich in organic matter 

PZrs Rustic Podsols acid soil having a pale layer over iron-rich subsoil 
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Figure 05: Soil map of study area and surrounding region (Soil Atlas of the northern Circumpolar Region, 

European Union, 2010) (star indicates approx. position of lake 07-SA-34). 

 

The WRB (ISSU 2007) states, that the parent material can be a ñwide variety of material, 

including glacial till and aeolian, alluvial, colluvial and residual materialsò. The dominating 

soil-forming processes are of cryogenic nature (ISSU 2007). 

 

 

2.4 Permafrost and thermokarst  

Permafrost is defined as ñperennially frozen ground which remains at, or below, 0ÁC for at 

least two consecutive yearsò (Jones et al., 2010). Approx. 23-25% of the northern hemisphere 

is underlain by permafrost (French 2007) and whereas almost all of Siberia is affected by it, 

about 60% of Russia are swayed by it (Figure 06).  
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Permafrost can either be occuring continuous (91% - 100% of ground underlain by 

permafrost), discontinuous (51% - 90%), sporadic (10% - 50%) or as isolated patches (< 10%) 

(Jones et al. 2010). 

 

Figure 06: Map of Permafrost distribution in the northern circumpolar region; blue ï continuous; dark blue ï 

discontinuous; light green ï sprodic; dark green ï isolated patches; red square indicated study area (from Soil 

Atlas of the Northern Circumpolar Region, European Union, 2010). 

 

French (2007) stated that in the northern parts of Siberia, along the Siberian coastal plain, the 

frozen ground reaches a thickness of up to 600m, decreasing southwards and reaching a 

maximum depth of about 300m on its southern limits. 

 

Table 2: Permafrost depths and mean annual air temperatures in Russia (Sources: Brown and Péwé(1973), 

Washburn (1979)) (French, 2007): 

  Locality  Latitude Permafrost Zone 

Mean Air 

Temperature (°C) Permafrost Thickness (m) 

Russia Nord'vik 72°N Continuous -12 610 

  Ust'port 69°N Continuous -10 455 

  Yakutsk 62°N Continuous -10 195-250 
 

 

Permafrost is not only dependent on temperature, but also on further environmental factors, 

such as relief, rock/soil type, snow cover and vegetation (Washburn, 1980; French, 2007). 

Whereas vegetation probably presents the most complex and hardest to evaluate, due to its 

regional and local differences in coverage, cover thickness, isolation value from solar heat 

etc.. French (2007) points out that several studies indicate that the active layer, the ground that 

thaws during summer, is most pronounced beneath well-drained bare soil/rock and thinnest 
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beneath poorly-drained and well-vegetated areas. As a general rule it can be stated, that the 

active layer is developed thinnest in the Polar Regions and becomes more distinct further 

southwards. 

The main reason for the development of thermokarst depressions is the thawing of ground ice, 

which can lead to a change in the local or regional geomorphology due to degradation, 

collapse, subsidence, erosion and instability of the ground surface (Washburn, 1979; 

Washburn, 1980; French, 2007). The initial formation process might be induced by 

disturbances of the vegetation cover, fire, the shifting of drainage channels, climate change or 

by human activity (French 2007). 

The typical development stages of Siberian thermokarst lakes are displayed in Figure 07. 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 07: Sequence of development of alas thermokarst relief in central Yakutia, according to Soloviev in 

French (2007), modified. 

 

1a Ice-wedge degradation 

1b Baydjarakhii formation 

2 Ice-wedge degradation 

3a Alas formation with small   

thermokarst lake 

3b Young alas 

3c Young alas with migrating 

thermokarst lake 

4a Mature alas, formation of 

epigenetic ice-wedges 

4b ice segregation (frost heaving) 

of alas floor 

5 Relict post-alas stage 
























































































































