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Abstract. Two peat cores from two mires with different characteristics, but both containing 

permafrost features and located in the eastern part of the Tavvavuoma mire complex in  

northernmost Sweden, were analysed for macrofossils and geochemical properties. Local vegetation 

sequences and changes in geochemical properties of peat were used to reconstruct development of 

the studied mires during the Holocene. The study includes measurements of water/ice content, bulk 

density, loss-on-ignition and C/N ratio. Radiocarbon dates for peatland inception and permafrost 

aggradation are available. The main purpose of the study is to verify permafrost history in the 

peatlands. The results of the macrofossil analysis and values of C/N ratio indicate nutrient poor to 

intermediate fen environments in both studied mires until recently.  Signs of permafrost upheaval 

which caused formation of xerophilic peat can be proved only since late 1950’s. The study results 

corroborate with other studies from Northern Fennoscandia and infer peatland initiation soon after 

the deglaciation of the area and permafrost-free conditions throughout entire Holocene until 

recently.  
 

Key words: plant macrofossils, palsa, peat plateau, peatland development, Tavvavuoma, 
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1. Introduction 

Permafrost or perennially frozen ground is defined as ground (including mineral and organic soils, 

rocks and ice) that remains below 0°C for at least two consecutive years (Riseborough et al., 2008; 

Harris et al., 2009). It is estimated that the northern circumpolar permafrost region occupies about 

19 million km
2
 or 16% of the global land area (Kuhry et al., 2010). The soils in the region, 

according to Tarnocai et al. (2009), contain approximately 1672 Pg of organic carbon. The 

anticipated temperature rise is expected to experience from 1.5°C to 4.5°C greater warming in 

higher latitudes if compared with mean global values (Chapman and Walsh, 1993; Serreze et al., 

2000; IPCC, 2001). This may influence the increase in release of the stored organic carbon to the 

atmosphere as greenhouse gases, which can make a positive feedback to the warming system 

(Gruber et al., 2004; Davidson and Janssens, 2006; Zimov et al., 2006; Schuur et al., 2008). This 

scenario is not included in any future climate modelling in spite of the fact that permafrost 

degradation has already been observed around the Arctic and a significant portion of permafrost is 

expected to thaw out this century (ACIA, 2004).  This reason has led to a recent increase in 

attention to permafrost and Arctic environments, and their historical development and response to 

climate changes (Kuhry et al., 2010). 

Permafrost in Fennoscandia occupies relatively small areas and is found only locally. Mountain 

permafrost occurs at high altitudes. At the lower altitudes permafrost can only be found in peatlands 

where permafrost features such as palsas and peat plateaus are formed (Oksanen, 2006; Harris et al., 

2009). Recent studies and monitoring data revealed that annual temperatures of frozen ground in 

both palsas and peat plateaus are close to 0°C (Christiansen et al., 2010). This makes low altitude 

permafrost sensitive to environmental alterations (especially, air temperature and precipitation) and 

therefore it may be an important indicator of climate change (Williams and Smith, 1989; Zuidhoff 

and Kolstrup, 2000; Romanovsky et al., 2010). Additionally, to assess the impact of the anticipated 

future global warming, it is important to understand how these peatland permafrost features (palsa 

complexes and peat plateaus) have reacted to past climate changes and how permafrost aggradation 

or degradation has affected ecosystems in local or/and regional scale. 

Palsas and peat plateaus in Fennoscandia have been studied since the beginning of the 20
th

 century, 

when Fries and Bergström (1910) presented a first hypothesis about the origin of these permafrost 

features. The most extensive studies regarding inception, growth and degradation of palsas and peat 

plateaus have been carried out after World War II. One of the first studies was carried by Lundqvist 

(1951) in Sweden. This was followed by several Finnish studies, such as Salmi (1970; 1972) and 

Seppälä (1972; 1982; 1983; 1986), and by Vorren (1972) and Åhman (1977) in Norway. Quite soon, 

due to increased interest in climate history and permafrost development, most of the studies related 
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to palsas were performed to date the aggradation of permafrost with an interest in earlier peatland 

development. One of the earliest attempts to use radiocarbon to estimate permafrost appearance was 

carried out in Finland by Salmi (1968), in Sweden by Sonesson (1970) and in Norway by Vorren 

and Vorren (1976) and Vorren (1979a,b). Recently, extensive mire vegetation permafrost 

development studies have been conducted by Oksanen (2006) in Finland and Hempel (2009) in the 

Tavvavuoma area, Sweden. Different techniques to assess permafrost history and vulnerability to 

climate change were used by a few Swedish studies. The study carried by Zuidhoff and Kolstrup 

(2000) in Laivadalen analysed historical changes in palsa distribution by using older aerial 

photographs, whereas a study conducted by Kokfelt et al. (2010) in Stordalen analysed not only 

plant macrofossils, but also changes in various nutrients in the system.  

All the studies report rather recent aggradation of permafrost. Dates vary from the beginning to the 

end of the Little Ice Age. Only Oksanen (2006) and Kokfelt et al. (2010) have got additional 

indications of presence of permafrost at ~2500 yr BP, however the authors themselves were not 

certain and presented several explanations for the results. Also, all the authors agree about the lack 

of absolute datings of permafrost features, therefore additional studies related to the topic are 

needed.  

The Tavvavuoma peatland complex is a remote territory in northernmost Sweden. However, it is 

one of the most extensive peat plateau and palsa mire complexes in Northern Europe and thus 

attracted attention already in 1960s and early 1970s, when the area was first studied by Wramner 

(1973). However, only since 2005 the area has been constantly monitored (Sannel and Kuhry, 2011) 

and only one Holocene peatland development study has been accomplished (Hempel, 2009). 

This study is based on plant macrofossil and geochemical analyses of two peat cores taken from two 

separate mires in the Tavvavuoma area. The main objective of this study is to date the permafrost 

aggradation in the studied mires. This contributes to the knowledge about permafrost in northern 

Europe. Other objective is to assess a historical development of the studied mires throughout the 

Holocene by combining various different analyses. Radiocarbon dates are available for initiation of 

peat deposition in the area as well as for permafrost aggradation. Additionally, data for carbon 

content and C/N ratio is available. Thus, the study follows global and regional demands, and 

increases our knowledge of Holocene and permafrost development in the area.  
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2. Background 

2.1. Peatlands and permafrost in Northern Europe 

A peatland is a landscape with or without vegetation with a naturally accumulated peat layer at the 

surface (IPS, 2013) and is usually found in areas where precipitation exceeds evaporation. The 

peatland initiation begins when a high ground water level causes moist conditions, which change 

vegetation assemblages; and when low oxygen concentrations lead to decrease in decomposition of 

accumulating organic material. The formation can be primary and secondary, where primary 

peatland formation refers to a process where peat accumulates directly on freshly, due to 

deglaciation or land uplift, exposed land surface (Kuhry and Turunen, 2006; Haapanen, 2010). 

Usually, a thin gyttja layer at the base of peat accumulations indicates this type of peatland 

initiation (Haapanen, 2010).  

Secondary peatland formation includes paludification and terrestrialization (Kuhry and Turunen, 

2006; Haapanen, 2010). Paludification is a process where a mature ecosystem: forest, grassland or 

other, is converted to peatland. This type of mire formation is usually induced by topography, 

changes in climatic conditions or ecological environment, for instance: beavers’ activity, storms and 

other factors destroying forest. Poorly permeable soils are more favourable for waterlogging, while 

permeable soils require a more drastic rise of the ground water level (Haapanen, 2010).  

Terrestrialization is a succession from an open water body to a peatland. This can be related to both 

biogenic and/or minerogenic littoral sedimentation processes. Thick limnic mud and gyttja layers 

are often found at the base of peat accumulations. These are remnants of an ancient pool or lake, 

and cover the original clay or silt bottom (Haapanen, 2010). 

Peatlands are one of the most common components of northern European landscapes, where they 

cover extensive areas. In Fennoscandia approximately a quarter of the land surface is classified as 

peatland (Parviainen and Luoto, 2007). The importance of peatlands in northern Europe can be 

implied from the fact that in most of the Northern European countries peatland cover exceeds 10% 

of countries’ areas (Table 1). Also, peatlands are both ecological and economical treasures of 

nations: they act as buffer ecosystems, they are storage and sources of organic carbon, which can be 

used as fuel as well as may make an immense impact to micro-and-macro climatic conditions 

(Wieder et al., 2006; Franzén et al., 2012; IPS, 2013). Due to these reasons peatlands in Northern 

Europe are extremely well studied if compared to other regions and continents. Futhermore, 

recently, northern peatlands all over the circumpolar permafrost region gained increased attention 

due to implied global warming which may affect vulnerable peatland ecosystems and, most 

importantly, add up to emission of greenhouse gases (Schuur et al., 2008; Kuhry et al., 2010). 



Vilmantas Prėskienis 

8 
 

Table 1 Area of peat cover in each country in Northern Europe according to the European Soil Database 

(Montanarella et al., 2006) 

Country 
Area of peat cover 

km
2
 % 

Denmark 1091 2.6 

Estonia 9353 21.7 

Finland 88908 29.5 

Latvia 7385 11.7 

Lithuania 2433 3.8 

Norway 18685 6.0 

Sweden 65859 15.6 

 

Different climatic and topographical conditions lead to formation of different types of mire 

complexes, which are large landscape units of peatlands with similar peat stratigraphy, hydrology 

and plant communities. Northern European peatlands can generally be divided into four main mire 

complex types: aapa (string) mires, palsa mires, raised bogs and blanket bogs (Parviainen and Luoto, 

2007). The two latter types are both ombrotrophic (receive all of water and nutrients from 

precipitation) wetlands, that dominate in southern and western parts of the region (Figure 1), where 

relatively warmer and moister climate prevails. According to Solantie (1974) the northern limit of 

raised bogs in Finland appears to be located in an area where evaporation is higher than 

precipitation on open land by the second half of June. The raised bog type is rather continental and 

is best characterized by its surface which is of smooth dome shape. Whereas blanket bogs occur 

mainly in the Norwegian coasts, where annual precipitation exceeds 1000 mm and is at least three 

times higher than the evaporation. Blanket bogs can develop directly on the mineral ground and up 

to a considerable angle of slope with poor surface drainage (Parviainen and Luoto, 2007).  

The northernmost Europe (Figure 1) is mainly covered by boreal forests, alpine-arctic tundra and 

aapa mires. This peatland complex type is characteristic for cold climate wetlands. Aapa mires are 

usually large and treeless and are characterized by a pronounced surface pattern of wet flarks and 

hummocky strings that evolve due to groundwater flow. These mires develop in conditions 

characterized by short summers, long winters and snow melting in spring causing floods 

(Parviainen and Luoto, 2007). In contrast to raised bogs, aapa mires are mainly minerotrophic 

peatlands, which are dependent on surrounding mineral soil as the source of nutrients. However, 

aapa mire complexes may contain some ombrotrophic areas as well (Parviainen and Luoto, 2007).  
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Figure 1. Map of the distribution of main mire complex types and permafrost in northern Europe (based on: 

Parviainen and Luoto, 2007; Harris et al., 2009; Lilleøren et al., 2012). Palsa mire complex zone overlaps 

with the area of peatland permafrost.  
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In the zone of aapa mires the terrain is frozen for a considerable part of the year. Furthermore, a part 

of the zone includes sporadic patches where soil can be frozen all year round due to colder and drier 

conditions (Parviainen and Luoto, 2007). In such conditions palsa mires can evolve. Palsa mires are 

characterized by peat mounds (palsas) with perennially frozen cores surrounded by wet and 

unfrozen parts of mire (flarks). Where environmental conditions allow the extension of frozen 

ground over larger parts of the mire, peat plateaus develop (Seppälä, 1986).  

At lower altitudes in Fennoscandia permafrost can only exist sporadically in peatlands, where palsas 

and peat plateaus are formed (Oksanen, 2006). However, up in the higher terrain mountain 

permafrost is present in various soils and rocks (Figure 1). The general lower limit of mountain 

permafrost in Scandinavia decreases from the western coast towards the more continental 

conditions in eastern Norway and north-western Sweden. Discontinuous permafrost exists as low as 

at 550 m a.s.l. in the interior part of the northern Scandinavian mountains, and above 990 m a.s.l. in 

the coastal mountains. Meanwhile towards the Gulf of Bothnia a hypothetical lower limit of 

permafrost rises again and therefore perennially frozen ground becomes more constrained in 

peatlands when getting closer to Finland (Christiansen et al., 2010).  

2.2. Palsas and peat plateaus 

Palsas are perennially frozen peat hummocks rising above the surrounding mire surface (Figure 2) 

(Seppälä, 1986; Oksanen, 2006; Kujala et al., 2008). The highest palsas emerge from surrounding 

mire surface by 7-12 meters and can be up to 150 m in diameter (Kujala et al., 2008); however most 

of them are around 1-2 meters of height and 25-45 m in diameter (Zuidhoff and Kolstrup, 2000; 

Oksanen, 2006). Palsas are mainly found in the sporadic permafrost zone. These periglacial 

landscape features can compose complex structures where separate hummocks may have 

connections of ice-heaved mire surfaces as well as areas of wet mire flarks of various width in 

between. Where conditions are favourable (vast flat areas of mire surface allowing permafrost body 

to grow fairly even in thickness over all the mire) peat plateaus can be formed (Seppälä, 1986). 

These permafrost features are more common in the discontinuous and southern continuous 

permafrost zones. They are usually surrounded by aapa mires (fens) and have internal water pools 

during summer due to uneven relief, partial decay and thaw. Peat plateaus sometimes are implied as 

coalesced palsa complexes and can occupy large areas, but do not rise higher than usual palsas. Peat 

plateaus may have parts suffering decay while other areas are growing at the same time (Seppälä, 

1986; Oksanen, 2006). The same has been noticed with palsas: one palsa can indicate permafrost 

thawing signals, while the neighbouring one has just started growing.  
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Figure 2. Example of palsa – a drier peat hummock rising above the wetland surface. The steep slope of this 

palsa is affected by erosion. 

The exact location where an initiation of a palsa may take place in the future cannot be entirely 

explained, because various local micro-topography and vegetation cover differences can affect 

snow depth variations at a mire surface during winter, which has been proved to be an important 

factor for initiation of palsas (Seppälä, 1982; 1986). Palsa formation can start at places where the 

snow cover locally is so thin that frost is able to penetrate deeper into the peat than in the 

surrounding area. The deep frost has more opportunities to survive during the short northern 

summer and during consecutive summers and winters the portion of frozen ground expands. Local 

ice accumulation due to cryosuction accelerates the rise of peat surface above the water level. When 

it happens, the surface peat dries out during summer and further prevents the frozen core from 

thawing (Seppälä, 1986; Zuidhoff and Kolstrup, 2000; Kujala et al., 2008) 

Thin snow layer during winter and low precipitation during summer time are essential for palsas to 

form. This is because of the special thermal characteristics of peat (Table 2). Thermal conductivity 

of dry peat is equivalent to that of snow, about 0.071 W/m°K. Whereas, conductivity of saturated 

peat is about 0.46 and of frozen saturated peat it can approach 2.343 W/m°K, close to the 

conductivity of ice (Kujala et al., 2008). These figures mean that the cold can penetrate deep into 

the peat layers and heat can easily flow from deeper wet peat layers in winter, whereas the dry peat 

on the palsa surface insulates the frozen core and prevents thawing during the short summer. 
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Table 2. Thermal characteristics of different soils (Williams and Smith, 1989; Davis, 2001) 

Substance 
Thermal conductivity 

(W/m°K) 

Heat capacity (J/kg°K) 

 

Ice 2.24 2.1 

Unfrozen sand (with 

20% water content) 
1.80 1.18 

Dry peat 0.06 1.92 

Unfrozen peat (with 80% 

water content) 
0.50 3.6 

Frozen peat ~2 - 

 

Peat can absorb large amounts of water (the water content in the core of palsas ranges from 80 to 

90 % of total weight), and capillary water can move through it easily (Kujala et al., 2008). This is a 

second characteristic of peat, which supports the growth of palsas. Freezing take place from above 

and the downward flux of cold freezes the peat and sucks water from below to the freezing front. 

This has been expected to form segregated frozen peat layers with thin ice lenses. This also explains 

the fact that palsas of 7 m can rise up from mires with a peat depth of only 2 m (Kujala et al., 2008). 

When a palsa attains a mound-shaped morphology with steep slopes, continuing upheaval, 

gravitational forces, wind and rain cause erosion, and lack of vegetation can cause peat blocks to 

crack. With time the frozen palsa core can lose its insulating dry peat crust. It is calculated that 

without the covering peat layer the permafrost would disappear in palsa regions, where the mean 

annual air temperature is close to -2°C (Kujala et al., 2008). Hence, growing palsa initiate 

degradation of itself. Due to their life cycle degrading palsas do not necessarily indicate changing 

climate (Seppälä, 1986; Zuidhoff and Kolstrup, 2000).  

The degradation of palsa permafrost core happens relatively faster than the aggradation (Seppälä, 

1986). The former presence of a permafrost body is usually indicated by thermokarst depressions: 

small lakes, ponds, collapse scars or deeper flarks, sometimes dead palsas can be formed. These are 

unfrozen remnants, or low circular rim ridges 0.5-2 m high surrounding open ponds or open peat 

surfaces without vegetation (Seppälä, 1986).  

2.3 Macrofossil analysis and reconstruction of polar palaeo-environments 

Plant macrofossils are plant fossils or subfossils that are visible to the naked eye and can be 

manipulated by hand (Birks, 2007). The size can be diverse – everything from 0.5 mm long moss 

leaves to enormous tree trunks. The material for analysis is rather various as well. Plant remains 

include fruits, seeds, leaves, cuticles, buds, bud scales, anthers, flower parts, rhizomes, roots, twigs, 
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wood, bark and other vegetative parts (Birks, 2007). Various parts of pteridophytes, bryophytes and 

algae are important sources of information, when higher plants are scarce in a study area.  

The main sources for macrofossils are lake or peat accumulations, but plant remains can also be 

recovered from old soils, that have been preserved in permafrost, in loess deposits (Birks, 2007) or 

under volcanic ashes (Baales et al., 2002). The main application of macrofossil analyses is 

palaeoenvironment and palaeoclimate reconstructions, related to changes in plant assemblages in 

different depositional horizons. This method has been used to infer the transitions from 

minerotrophic (fen) to ombrotrophic (bog) mire environments (Hughes and Barber, 2004), as well 

as bog surface wetness alterations, that are assumed to represent changes in precipitation and 

temperature (Barber and Charman, 2003; Charman et al., 2009). However, it is important to 

emphasize that the changes only indicate an alteration of the environment which may affect plant 

grow conditions. A correct interpretation is always critical (Birks, 2007; Mauquoy and Van Geel, 

2007).   

Macrofossils are most useful when studied together with pollen, but in some cases the macrofossil 

analysis can be more relevant due to lack of pollen in an environment. Polar environments are 

exactly those having smaller concentrations of pollen, whereas peatlands accumulate sufficient 

amounts of macrofossils of lower plants, which can still be successfully used to reconstruct 

palaeoenvironments (Birks, 2007). Plant macrofossil analysis has some other advantages against 

pollen. Firstly, plant macroremains can often be identified to a higher taxonomy level than pollen, 

usually to species level. Also, pollen are smaller particles and can be transported by wind and rivers 

much farther than macroremains (Birks, 2007; Mauquouy and Van Geel, 2007). The latter fact has 

two feedbacks: the results of macrofossil analysis are easier to interpret, but consequently results of 

pollen analysis are valid over bigger area and can even infer regional climatic changes, while 

interpretations based only on macrofossil studies are appropriate just for local scale.  

There are no good indicatory species for permafrost. It is only possible to detect the phase where a 

palsa rises above the mire surface, since certain vegetation species endure submerged habitats while 

others can only be found on relatively dry surfaces (Oksanen, 2002; Hedenäs, 2003; Seppälä, 2005). 

Hence, interpretation of permafrost initiation in a mire is based on vegetation succession from 

plants growing in wet habitats to favouring drier ecosystems. Although some studies may confuse 

emergence of palsa with changes in water level in peatland due to other reasons (Kokfelt et al., 

2010); especially since the transition from wetter to drier environments can also indicate other 

natural wetland successions. Also, a great number of species are never encountered on or near 

permafrost; thus the absence of permafrost is easier to prove than its presence (Oksanen, 2002). 

Furthermore, problems can arise when a palsa surface is subject to abrasion. In winter palsa 
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surfaces are usually not covered by snow; therefore ice crystals blown by the wind abrade the peat 

and eventually old fen peat may be exposed at the present palsa surface. This case can create 

confusions when interpreting the macrofossil data. Furthermore, the dating of the surface peat 

would not indicate the age of the palsa (Seppälä, 2005).  
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3. Study area 

3.1 Geographical setting 

The Tavvavuoma wetland complex is located in the northernmost part of Sweden (Figure 1), north 

of the Arctic Circle, in the zone of sporadic permafrost (Harris et al., 2009), and is one of the most 

extensive peat plateau and palsa mire complexes in northern Europe (Sannel and Kuhry, 2011). The 

wetland complex with surrounding drier areas is a Natura2000 protected area, which occupies 54 

km
2 

(Länsstyrelsen Norrbotten, 2007). Palsa mires and peat plateaus compose 15 % (8 km
2
) of the 

total Tavvavuoma area (Figure 4). The mires are situated in landscape depressions with an altitude 

ranging from 540 m a.s.l., in broad valleys, to 720 m a.s.l., in high-plateau wetlands. Whereas 

surrounding higher landforms (up to 1119 m a.s.l.) are mainly covered by dry oligotrophic heaths 

(69 % of the whole Tavvavuoma area) (Figure 3). Forests of mountain birch (Betula pubescens ssp. 

czerepanovii) are also common in the area (5% of the area). Polar/alpine tree-line meanders within 

the Tavvavuoma complex, which, therefore, lies at the ecotone between boreal forest and tundra. 

 

Figure 3. View to the Tavvajaure valley from the south-east. The dry heath vegetation surrounding peatlands 

can be seen in the front. 

The formation of the modern landscape started after the Weichselian ice sheet retreated from the 

area. The deglaciation in Tavvavuoma most likely has happened from the north southwards 

(Lundqvist, 1991) and the area is thought to have been deglaciated around 10 100 years BP 

(Lundqvist, 2011). As previous research in Tavvavuoma (Hempel, 2009) and other peatland



 

 
 

 

Figure 4. Surface cover map of the studied part of the Tavvavuoma peatland complex (based on Google Maps satellite images).
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areas in the region (Seppä and Birks, 2001; Seppälä, 2005; Oksanen, 2006; Kokfelt et al., 2010) 

state, peatland formation occurred almost directly or soon after the deglaciation. According to the 

paleaoclimatic research carried out by Seppä and Birks (2001) in Tsuolbmajavri (a lake located in 

Finland, approximately 60 km northwest of Tavvavuoma) climate was relatively warm (mean July 

temperatures up to 13°C) and humid (mean annual precipitation around 700 mm) during Early 

Holocene and was slowly getting colder and drier during the last 7 000 years until recently.  

The permafrost aggradation in northern Fennoscandia has been reported as fairly recent (mainly 

since the Little Ice Age) by a couple of studies. Late Holocene permafrost aggradation (∼650 

radiocarbon years BP) is reported from northern Finland (Oksanen, 2006) and Stordalen, northern 

Sweden (Kokfelt er al, 2010). Whereas, late Little Ice Age permafrost has been suggested by 

Zuidhoff and Kolstrup (2000). According to their study, palsas in Laivadalen, northern Sweden, 

emerged approximately 100 radiocarbon years BP. One date is also available from the Tavvavuoma 

peat plateau, which has been dated to 115 radiocarbon years BP (Hempel, 2009). These dates 

corroborate with the palaeoclimate data (Seppä and Birks, 2001) suggesting warmer climate and, 

thus, smaller expectations of permafrost aggradation throughout the entire Holocene until recently.   

3.2 Climatic background 

Meteorological parameters and ground temperatures of the Tavvavuoma peat plateau have been 

monitored for several years. Thermistors in two boreholes (T2 with depth of 2 m and T10 with 

depth of 6.1 m) and meteorological station have been recording soil and air temperatures as well as 

precipitation and snow cover data since 2005 (T10 since 2008) (Christiansen et al., 2010; Sannel 

and Kuhry, 2011). The monitoring has shown that permafrost temperatures stay close to 0 (MAGT 

are -0.3°C at 2 m depth and -0.4°C at 5.1 m depth), while the mean annual ground surface 

temperature (MAGST) is 0.2°C and active layer thickness (ALT) fluctuates close to 0.5 m depth 

(Christiansen et al., 2010). Mean annual air temperatures (MAAT) during the monitored interval 

fluctuates around -2°C and daily temperature data shows that freezing degree days still exceed 

thawing degree days (for years 2008-2009 FDD was -1936°Cdays while TDD 1058°Cdays) 

(Christiansen et al., 2010).  

Meteorological data for a longer period of time (Table 3) is available from Karesuando (68°27‘N, 

22°30‘E; 327 m a.s.l.), located about 65 km east of the study area. Based on monitoring data from 

the site, one can expect temperatures in Tavvavuoma to be lower by approximately 1.2°C (Sannel 

and Kuhry, 2011) while precipitation patterns are expected to be similar, because both locations are 

situated in a precipitation shadow zone east of the Scandinavian mountain chain. It is noticeable that 

since the early 1930’s the climate has been slowly warming during the 20
th

 century (Table 3). Since 

1960 the mean annual air temperature has increased by 1°C, and, what is most harmful for 
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permafrost features in peatlands, winter precipitation has increased by approximately 20%. 

However, the actual snow depth on a surface of a peat plateau or a palsa can be expected to be 

much shallower than may be inferred from the winter precipitation data from Karesuando. The 

permafrost features have elevated surfaces and little vegetation trapping the snow; therefore much 

of the snowfall is redistributed by wind into adjacent depressions (Seppälä, 1986; Sannel and Kuhry, 

2011). 

Table 3. Mean air temperature and precipitation in Karesuando since 1931 (SMHI, 2013)  

1931-1960 January April July October Mean Annual 

Temperature, °C -13 -5 +13 -2 n.d. 

Precipitation, mm n.d. n.d. n.d. n.d. 600 

1961-1990 January April July October Mean Annual 

Temperature, °C -16.1 -3.7 +12.8 -1.6 -2.3 

Precipitation, mm 23.3 22.2 71.7 39.4 415.8 

1990-2012 January April July October Mean Annual 

Temperature, °C -14.2 -4.2 +11.5 +1.7 -1.4 

Precipitation, mm 29.6 18 84.1 39.9 500 

 

3.3 ALVI study site 

The analysed profiles (ALVI and RIBA) were obtained from two different sites. The profile ALVI 

(68° 27’ 51’’ N, 20° 54’ 5’’ E; 549 m a.s.l.) is taken from a peat-plateau complex stretching to the 

west from Tavvajaure Lake (Figure 4). This complex is a part of a large peatland delimited by 

Tavvajaure Lake to the east, Jievddujaure Lake and Jievdu Mountain to the west and Gollojohka 

River to the south. Its borders towards north are not clear due to connection to other mires 

northwards through the valley of Goahtemuorjohka River.  

The mire stretches 2.5 km from north to south and approximately the same distance from west to 

east. It has a complicated inner structure with several rivulets meandering between palsas and peat-

plateaus and connecting small thermokarst lakes. Palsa complexes are more common in the northern 

and western parts of the mire, while peat-plateaus uplifted by 0.5-1 m above the mire surface are 

prevailing in the south-eastern part along the lake (Figure 4). Other protruding features in the mire 

are narrow meandering sandy ridges, presumably eskers left by the latest glaciation or survived as 

relict landscape from earlier glaciations (Kleman and Hättestrand, 1999).  
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The ALVI profile was taken from one of the peat-plateaus situated close to Tavvajaure Lake 

(approximately 300 m from the shore). The surface of the peat-plateau is fairy undulating. It 

consists of relatively higher elevated (up to 1 m above the mire surface) smooth surfaces and some 

scattered lower hollows (close to the mire surface). The comparatively higher and drier surfaces are 

overgrown by typical peat plateau vegetation (Betula nana, Empetrum nigrum, Rubus chamaemorus, 

Cladonia rangiferina, Dicranum elongatum). The hollows possess semi-oval shapes and are wetter 

but not submerged habitats usually populated with various Sphagnum and Cyperaceae species 

(Figure 5). These features may be interpreted as young permafrost landforms still under formation, 

or, on contrary, scars of previously existed permafrost features (Seppälä, 1986). The latter is a more 

likely explanation, since more permafrost degradation indicators are available around. 

 

Figure 5. Photo of the peat plateau where the ALVI site is located. In the centre part is a small hollow 

overgrown by Sphagnum and sedges surrounded by drier sections of the peat plateau with typical vegetation. 

Within the peat plateau, there are several wet flarks and small ponds, also relatively bigger lakes. It 

is unclear if these features are underlain by permafrost or contains no frozen soil even deep under 

the surface. Steeper shores of these waterlogged depressions are favoured by Cyperaceae family 

(especially Eriophorum sp.) while shallower slopes are characterized by Sphagnum species. 

Exposed peat occurs at the steepest shores of the lakes, indicating active erosion. 

3.4 RIBA study site 

The profile RIBA (68° 28’ 38’’ N, 21° 11’’ E; 614 m a.s.l.) is obtained from a relatively smaller 

(area of approximately 1 km
2
) palsa mire, which is situated on a plateau to the north-east from the 
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Tavvajaure Lake (Figure 4). The mire occupies the central and the lowest part of the plateau and is 

surrounded by Ribatoaivi hill (680 m a.s.l.) to the north and Ráhpesoaivi (up to 692 m a.s.l.) hills to 

the south and west. The mire surface is slightly tilted towards the north-west, and is affected by 

small rivers and streams. Several small lakes are part of the mire as well.   

 

Figure 6. Photograph of matured degrading palsa landscape close to the RIBA site. Cracked and abraded peat 

surfaces and steep slopes with little vegetation are the main characteristics of such palsas. In the central part 

there is a wet flark with dense Sphagnum vegetation. 

 

The air and consequently soil temperatures at the RIBA site are likely to be slightly lower than the 

ones at Tavvavuoma monitoring station due to difference in altitude. However, it is only a 

presumption, because no measurements have been carried on this palsa mire and various 

microclimatic parameters (like snow cover depth, ground and surface water patterns) in such a 

mountainous region could create variations that do not necessarily follow the differences in altitude. 

The RIBA site is a traditional palsa mire. Its central part is composed of palsas of various heights 

(mainly from 1 to 2 meters above the mire surface, but some of them reach up to 3 m) with 

thermokarst ponds and flarks of various sizes in between them. The complex is surrounded by a 

narrow belt of fen. Most of the palsas in the mire are mature, according to their shape and 

appearance (Seppälä, 1986). These palsas have steep slopes, and vegetation on their surface is rare, 

inferring active abrasion during the winter season. Furthermore, about one third of the palsas in the 
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mire shows beginning signs of the collapse-stage. Their steep slopes are being washed by water 

from surrounding ponds. Blocks of peat collapsing down to the water and cracks over the entire 

palsa surface, have been registered on several palsas (Figure 6). 

The palsa surface vegetation is mainly composed of lichens (Cladonia rangiferina) and small 

shrubs and herbs, mainly Rubus chamaemorus, Empetrum nigrum and Betula nana. Palsas with less 

abraded surfaces are populated by moss species Dicranum elongatum and Polytrichum juniperinum 

and by scattered shrubs of Vaccinium vitis-idaea and V. uliginosum. Wet flarks surrounding palsas 

are mainly overgrown by Sphagnum (Figure 6). Herbaceous vegetation including Eriophorum, 

Carex and Juncus species is also abundant, especially in deeper parts of the flarks and along the 

shores of thermokarst ponds.  
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4. Methodology 

4.1. Field sampling 

Two peat profiles were collected in late August 2012. The date for the fieldwork was chosen due to 

optimum seasonal conditions in the region and possibility to measure the active layer thickness. The 

active layer tends to reach its maximum thickness in the end of August/beginning of September 

while during September temperatures at nights in the region fall beneath 0°C and refreezing of this 

upper seasonally frozen soil layer begins.   

Coring sites were chosen according to height, shape and condition of a palsa/peat plateau as well as 

to surface vegetation. High palsas that had steep slopes, cracks on surface and slopes, and with rare 

or absent vegetation on the surface were rejected. This selection was essential because cracks may 

indicate thawing and collapsing palsa while lack of vegetation on a surface infers wind erosion 

during winter. Both these processes lead to loss of surface peat, that would definitely affect the 

results and the interpretation (Seppälä, 2005). Palsas higher than 1.5 m above surrounding flarks 

were evaluated as not suitable due to the coring method applied.  

The profiles were collected by hammering down monolith steel pipes with an outer diameter of 38 

mm, and an inner diameter of 30 mm. The shorter pipe (of 1.2 m in length) was used for initiation 

of borehole (the uppermost 50-70 cm of peat profile) while the longer one (2.2 m in length) was 

expected to reach the mineral soil. Unfortunately, this was not the case in the RIBA profile, where 

the base of the peat deposit has therefore not been attained, despite the applied selection of coring 

sites. The maximum depth of 230 cm was possible to reach only after 20 cm of surface peat around 

the borehole had been cleared. However, this was not enough - the thickness of peat accumulations 

appeared to be deeper than expected due to ice-rich layers in the peat, particularly in the lower 

section of the peat profile. At the ALVI site a full peatland sequence down to the mineral soil was 

obtained. 

The peat samples were obtained in 10 cm intervals (Figure 7) and subsequently divided into 

subsamples of 2.5 cm length and stored in ziploc bags. Every time the samples had been taken out, 

the pipes were cleaned to avoid the introduction of “modern” carbon and contamination with older 

or younger macrofossils. The collected samples in ziploc bags were stored in freezer (-4°C) until 

further processing. 

The modern surface vegetation cover was estimated in percentage values approximately 1 m around 

the boreholes. In addition to that, notes of modern vegetation of surrounding palsas and fens were 

made. Also, brief notes about the gross stratigraphy, including colour and substance of peat were 

taken while collecting the profiles. 
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Figure 7. A complete piece of frozen peat core which corresponds to 10 cm of a profile. Ice lenses can be 

seen in the middle part of the core.  

 

4.2 Plant macrofossil analysis 

Samples of known volume ( usually of ~10 cm
3
, but some samples in RIBA profile contained 

extremely little organic material, and, because of that, at smaller amounts for macrofossil analysis 

had to be taken) and mass have been prepared for macrofossil analysis by first soaking them in 5 % 

KOH solution in water and leaving over a night. Then the mixtures were gently heated at 55°C for 

50 minutes to ensure successful deflocculation of the peat. After that the samples were washed 

through 125 μm sieve with gentle water stream (to avoid too much damage to delicate plant 

macrofossils) (Mauquoy and Van Geel, 2007). The macrofossils retained on the sieve were 

transferred to glass containers where they were stored in water until analysis. 

The macrofossil analysis was carried out in two levels. At first, a detailed analysis of the samples 

with intervals of 10 cm within the profiles (deeper than 30 cm in RIBA and 20 cm in ALVI) was 

done. All the uppermost samples were analysed thoroughly because the field notes indicated a shift 

in peat composition there. After the first level of analysis was completed a brief analysis of 

intermediate depths (every 5 cm) was performed to confirm or supplement previously obtained 

results. 

The prepared macrofossils were poured into a petri dish and analysed through stereo binocular 

Leica L2 with magnifications from X10 to X40. The amount of plant macrofossils was estimated as 

volume percentages for mosses, epidermes and roots, and as numbers per sample for leaves and 
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seeds of vascular plants. Some easily distinguishable animal remains were counted in numbers per 

sample as well. Macrofossil abundance as cover value on a petri dish was evaluated for each sample 

(only during the detailed analysis part). The degree of decomposition was defined from 0 

(undecomposed, intact mosses) to 5 (almost completely decomposed, hardly identifiable fragments), 

as reciprocal values of moss preservation classes described by Janssens (1983). 

 

Figure 8. Some examples of plant macrofossils found in the analysed samples. a. Leave of Empetrum nigrum; 

b. Seeds of Menyanthes trifoliata; c. Leaves and stem of Straminergon stramineum; d. Branch of 

Tomentypnum nitens; e. Branch leaves of Sphagnum teres; f. Branches and leaves of Warnstorfia exannulata. 

1 cm in the photo corresponds to 2 mm in reality. 

Well preserved and indicative fragments (Figure 8) were stored in special containers and if needed 

mounted on slides for more thorough examination with microscope Leica DM750 at magnification 

of X100. Most of the mosses were recognised down to species level. Nomenclature for mosses 

belonging to the Amblystegiaceae family follows Hedenäs (2003), for Sphagnum genus – Laine et 

al. (2009), and for other mosses - Nyholm (1975ab).  

The zonation of peat profiles is based on palaeobotanical, physical and chemical properties. 

Diagrams were made using C2 program.  

4.3 Radiocarbon dating 

Peat horizons for dating were selected according to the preliminary plant macrofossil analysis, 

which revealed that there was only one clear shift in the plant macrofossil assemblage per profile. 

These changes were presumed to be indicators of permafrost aggradation and therefore were dated. 

The base peat horizons of each profile were also submitted to date initiation of the peatlands (since 
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the base of peat accumulations had not been reached in the RIBA site, the lowermost available 

horizon was submitted for dating). Later, additional samples from the middle of each profile were 

sent to get a better understanding on rough peat accumulation alterations during the peatland 

development. Thus, six samples in total (Table 4) were sent to Poznań radiocarbon laboratory, 

where the AMS (Accelerator Mass Spectrometry) technique was used to measure radiocarbon age.  

Table 4. Samples submitted for radiocarbon dating 

Sample name Profile name Depth, cm Material submitted 

AL-10 ALVI 5 – 10 
Stems of Polytrichum and Dicranum,  fragments of 

Betula nana leaf 

AL-92 ALVI 90 – 92.5 Bulk peat 

AL-180 ALVI 177.5 – 180 Fragments of Betula nana leaf 

RI-22 RIBA 20 – 22.5 Leaves of Empetrum nigrum 

RI-105 RIBA 100 – 105 Bulk peat 

RI-230 RIBA 227.5 – 230 Bulk peat 

 

Terrestrial plant remains were chosen for submission, because plants growing submerged tend to 

incorporate older carbon – reservoir effect (Oldfield et al., 1997; Barnekow et al., 1998; 

Zimmerman et al., 2012). Exception was given to three samples, where the material was highly 

decomposed and it was nearly impossible to distinguish species and all the recognised species 

derived from the fen environment. Therefore, bulk samples were sent for dating (Table 4).  

Two of four submitted radiocarbon ages were received in values per cent of modern carbon (pMC). 

This unit indicates that the age of the sample is younger than 1950 AD, which is considered as 

“present time” due to the large amounts of artificial radiocarbon released into the atmosphere in the 

late 1950’s and early 1960’s by nuclear detonations (Hua and Barbetti, 2004). To convert ages in 

pMC to calendar years a negative age (BP) was calculated by using the following equation (Stuiver 

and Polach, 1977): 

A = -8033 * ln 
   

   
     (1) 

where A represents age BP and ln denotes natural logarithm.  

The A value for ALVI site was -662.732 and for RIBA site -355.125. The calculated and received 

ages in radiocarbon years BP were calibrated using the OxCal 4.2 program.  

 

4.4 Geochemical analyses 

To supplement the results of plant macrofossil analysis a few geochemical analyses were applied. 

During these analyses data on water content, bulk density and amounts of total organic matter, 

carbon and nitrogen were estimated. 
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Water content was calculated as ratio between dry and wet sample weights. For that, frozen peat 

samples were dried in an oven at 60°C for 72 hours or until completely dried (some samples with 

higher ice/water content required longer time of drying). A low temperature was chosen not to 

damage the plant macrofossils. 

Smaller subsamples of measured volume and mass were separated for loss-on-ignition analysis. To 

follow the procedure the subsamples were dried once more (this time at 95°C for 24 hours). The 

dried subsamples were weighed to measure bulk density (as g of dry weight/cm3), then ignited for 2 

hours at 550°C to determine the organic content (the mass lost during ignition as percentage of the 

dry weight). 

Other subsamples containing relatively small peat quantities were taken to determine content of 

carbon and nitrogen. The subsamples were freeze-dried and subsequently homogenized with mortar 

made of agate (to prevent carbon contamination from carbonate-containing mortar and pestle). 

Homogenized samples were weighed with high-precision scale and submitted to the Isotope 

analysis laboratory of the Department of Geological Sciences at Stockholm University. The 

submitted samples were combusted with a Carlo Erba NC2500 analyser connected via a split 

interface to reduce the gas volume to a Finnigan MAT Delta V mass spectrometer. From these 

measurements the reproducibility was calculated to be better than 0.15‰ for δ13C and δ15N. The 

relative error was <1% for both measurements. 

The net carbon accumulation rates have been calculated by using the bulk density and carbon 

content values. The available peat age data was used to estimate carbon accumulation rates for 

different peatland phases (before and after the permafrost aggradation). 
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5. Results and interpretations 

5.1 Radiocarbon dating 

Six radiocarbon dates are available from both profiles (three dates per profile). All the calibrated 

ages are presented in the Table 5, where the youngest dates representing permafrost aggradation are 

given in calendar years (AD). The dates from the middle of the profile and the lowermost obtained 

peat samples are given in calibrated radiocarbon years BP (before present / before 1950 AD). 

Table 5. Radiocarbon dating results from both profiles 

Sample 

name 
Lab.no. 

Radiocarbon age, 

years 

Calibrated age intervals with highest 

probability (in brackets) 

Calibrated age 

with highest 

probability 

ALVI-10 Poz-51845 108.6 ± 0.35 pMC 
1956 – 1957 (27.2%); 

1997 - 2000 AD (68.2%) 
1957 / 1999 AD 

ALVI-92 Poz-54388 6855 ± 35 BP 7763 – 7614 yr BP (93.8%) 7675 yr BP 

ALVI-180 Poz-51846 8740 ± 70 BP 9939 – 9544 yr BP (90.3%) 9670 yr BP 

RIBA-22 Poz-51852 104.52 ± 0.34 pMC 1955 – 1957 AD (95.4%) 1956 AD 

RIBA-105 Poz-54389 7000 ± 40 BP 7936 – 7733 yr BP (95.4%) 7835 yr BP 

RIBA-230 Poz-51881 8050 ± 50 BP 9092 – 8726 yr BP (95.4%) 9010 yr PB 

 

5.2 Peat plateau profile, ALVI 

The full length of the profile taken from the ALVI site is 185 cm. It mainly consists of peat 

accumulations (peat layer base was detected at 179 cm depth), while the lowermost 6 cm are 

composed of mineral sediment with intermixed organic material. This organics-containing deposit 

in the field appeared as barely organic and, therefore, deeper samples were not taken. However, the 

macrofossil analysis contradicted the presumption – the lowermost taken sample still contained 

approximately 20% organic material. Hence, the exact age of waterlogging of the site cannot be 

settled by this study. Nevertheless, the age of initiation of the peat accumulation has been dated 

from the lowermost peat sample (Table 5). 

Phase ALVI-0: 185-179 cm 

The non-peat material that is characteristic for this phase infers different than subsequent 

depositional conditions in the vicinity of the site, therefore the phase has been named as 0-phase. 

The deposit consists mainly of fine grained inorganic material, where the organic content is up to 20% 

of the total volume, whereas the definition of peat requires organic content to be over 30 % 

(Mauquoy and Van Geel, 2007; IPS, 2013).  
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About 40% of the organic material in the lowermost sample consists of hyaline roots, which most 

likely have grown into this depth at later stages. Other small amounts of plant remains are mainly 

from Warnstorfia exannulata and Pseudocalliergon trifarium, which both are the prevailing moss 

species throughout the entire profile (Figure 9). Most likely these organic particles have been 

intermixed with inorganics when peatland was forming. Furthermore, both these species can grow 

submerged in shallow lakes (Hedenäs, 2003; Atherton et al., 2010), which together with other 

proxies may indicate a terrestrialization process from lake to fen environment. However, this 

hypothesis requires further investigations in deeper non-peat deposits, which have not been 

obtained during this study.  

 

Figure 9. Diagram of geochemical analysis for the ALVI profile 

 

Phase ALVI-Ia: 179-145 cm 

The lower boundary of this phase is marked by increased organic content (Figures 9, 10), and 

indicates peatland formation. The vegetation sequence infers rather slow transformation of the 

environment of the site from lake to mire. The first part of the phase (179-165 cm) is characterized 
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by species that tolerate growing submerged (Hedenäs, 2003; Atherton et al., 2010). Mosses like 

Warnstorfia exannulata, Pseudocalliergon trifarium and Meesia triquetra are all indicating a wet 

environment, and seeds of Menyanthes trifoliata found in the lowest peat layer corroborate the 

hypothesis. Tomentypnum nitens is also present at this depth, and since this species favours slightly 

drier conditions (Hedenäs, 2003; Atherton et al., 2010) it may indicate presence of hummocks at the 

site. 

The second part of the phase is characterized by only two moss species: Tomentypnum nitens and 

Paludella squarrosa. Both of them tolerate drier conditions in a fen (Hedenäs, 2003) and, together 

with the disappearance of other mosses of the Amblystegiaceae family, indicate lowering of the 

water level at the site. This is confirmed by the C/N ratio, which has been increasing since the 

peatland inception, but suddenly starts to decrease at 160 cm depth (Figure 10). This sudden 

increase in nitrogen in the system may have been induced due to separation of lake and mire 

ecosystems at the studied site: plants started to use nitrogen accumulated in the catotelm layer. The 

final transition from lake to mire environment additionally may be indicated by seeds of Potentilla 

palustris detected at 160 cm depth (Figure 9). This plant usually prefers growing at the margins of 

water bodies (Macek and Lepš, 2008) and its seeds are found only at one depth, thus it can be 

interpreted that the lake shore receded at that point and since then we deal only with mire 

environment in the ALVI profile. These plant macrofossils and C/N changes are the proxies that 

corroborate the terrestrialization hypothesis; however they are not sufficient for a full recognition of 

the hypothesis.  

This phase is also conspicuous by relative abundance of fragments of dwarf birch (Betula nana). 

These include both fruits and fragments of leaves. They can be carried both by wind and on a water 

surface for a considerable distance, while it is not plausible that this shrub would have been 

growing together with brown mosses. A possible source for the birch fragments is an esker 

meandering approximately 500 m south-west of the coring site (Figure 4). The second option would 

be an assumption of lower than modern water level in the mire and thus a wider area covered by 

birch inside the modern mire territory. A hummocky pattern with drier areas within the mire would 

be the third option. 

Phase ALVI-Ib: 145-11 cm 

This phase lasts for a rather considerable part of the profile and is characterized by small variations 

in vegetation and C/N ratio. The latter persist at stable values (~20) throughout the entire phase 

(Figure 10). The vegetation indicates an open waterlogged environment with permafrost-free 

conditions that could correspond to an aapa mire.  



 

 
 

 

Figure 9. Macrofossil analysis diagram for the profile ALVI. Seeds, leaves and animal remains are counted as units per 10 cm
3
 of the sample. Other values are 

presented as percentage of the sample. The first column shows the dated depths. The lower depth is dated to 8740 ± 70 yr BP, the middle one to 6855 ± 70 yr BP and 

the upper to 108.6 ± 0.35 pMC. 
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The most abundant moss species throughout this entire phase are Warnstorfia exannulata and 

Pseudocalliergon trifarium with smaller proportions of Scorpidium scorpioides, Meesia triquetra 

and Sphagnum teres (Figure 9). Two Calliergon species (C. richardsonii and giganteum) appear 

only occasionally and most likely indicate small local changes in water level and/or nutrient fluxes.  

The water level alterations are also documented by changes in colour of Warnstorfia exannulata 

moss fragments. Red coloured stems and leaves of this moss compose a majority of fragments of 

this species in a few depths (37-40; 57-60; 77-110 cm). This feature indicates that the moss has 

been exposed to direct sunlight (Hedenäs, 2003), thus the water level must have been lower at the 

periods of time when these particular peat layers have been deposited. The seeds of Menyanthes 

trifoliata found at the same or nearby depths (Figure 9) infer rather wet conditions. However, seeds 

can float for quite a distance from their source, while fragments of dead moss tend to sink in close 

vicinity of growth location. Therefore it can be interpreted that the micro-topography of the studied 

mire has not been flat and various hummocks and hollows (or even string pattern, that are common 

for aapa mires) were present. But also, seeds of water plants are less likely to germinate during drier 

conditions and, thus, this correspondence of red-stemmed mosses and M.trifoliata seeds can suggest 

different scenarios.  

Various fragments of unspecified species of the Cyperaceae family are abundant and consistent 

throughout the entire phase (Figure 9). Especially abundant are roots and epidermes, while both 

biconvex and triangular Carex seeds are found only occasionally. It is noticeable that the Carex 

seeds appear at the same depths as red-stemmed Warnstorfia exannulata; however it is hard to 

make any strong correlation of that.  

The pronounced decrease in carbon and total organic content at the depth of 60 cm is due to slightly 

higher inorganic content found in this layer (Figures 9, 10). The fine sand and silt grains are 

intermixed with the peat and no clear vegetation or C/N changes have appeared at that depth, thus 

this increase in influx of inorganic sediments must have been of minor importance (the further 

interpretations are in the discussion section). However, the macrofossils and C/N data at the top part 

of the phase indicate a sudden and major change in the environment of the studied site. These 

changes include increase in decomposition, decrease in C/N ratio and complete disappearance of 

Amblystegiaceae and Cyperaceae families composing an absolute majority of macrofossils until 

then. Most likely they indicate a relatively sudden rise of the surface above the surrounding mire 

water level and thus intensified aerobic decay of the surface peat, what could be consequences of 

the first initiation of permafrost at the site.  
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Phase ALVI-II: 10-0 cm 

The macrofossil data from the uppermost 10 cm corresponds to the modern surface vegetation, and 

therefore must represent the stage of the peat-plateau. Peat mainly consists of relatively fresh roots 

of unspecified shrubs (due to presence of Empetrum nigrum and Betula nana in vicinity of the 

borehole it is possible to assume that the roots are of these shrubs) and of moss fragments from 

Dicranum and Polytrichum genera, indicating a relatively dry environment, as well as fragments of 

unspecified liverworts (most likely of Jungermanniales order). 

This phase begins with increase in C/N ratio (Figure 10), which reaches higher values that the 

previous phase even before the short drop at the end of the phase Ib. The rise of the peat plateau 

creates drier and less trophic conditions at the site, and this leads to the decrease of nitrogen content.  

5.3 Palsa mire profile, RIBA 

The full peatland sequence has not been obtained due to a deeper than expected peat layer. However, 

the radiocarbon date (Table 5) from the lowermost obtained depth (RIBA-230) shows similar age as 

dates from the surrounding peatlands (Table 7); therefore it can be interpreted that the base of the 

peat deposit is not much deeper than the collected profile and almost all of the sequence has been 

obtained. In general, most volume of the whole part of the core below the active layer is composed 

of segregated ice. Some samples contain extremely little organic material, and, because of that, at 

some depths smaller amounts for macrofossil analysis and for loss on ignition had to be taken.  

Another issue related to the RIBA profile is relatively frequent (if compared with ALVI) 

fluctuations of C/N ratio (Figures 10, 11). Moreover, it is not only the alterations in nitrogen content 

that affect these fluctuations but also the carbon content changes. This can be explained by the size 

and position of the palsa mire where the RIBA profile has been taken. The mire is relatively small 

what makes it sensitive to even small annual environmental changes. It also considerably slopes 

down towards the north-west. This characteristic may lead to outflow of nutrients during periods of 

higher precipitation or more intense snow melt and to formation of consistent streams. Due to these 

frequent fluctuations of geochemical parameters the zonation of the RIBA profile (Figure 11, 12) is 

mainly based on macrofossil data. 

Phase RIBA-Ia: 230-172 cm 

The lowermost obtained phase of the RIBA profile is characterized by sudden fluctuations in both 

carbon and nitrogen contents and vegetation sequence (Figure 11, 12). The lowermost analysed 

depth contains seeds of Potentilla palustris and Carex together with some herbaceous roots and 

epidermis, while moss fragments are scarce (Figure 12). Going further up, carbon content suddenly 

decreases, as well as nitrogen content (the latter in smaller rate). The relative decay of the material 
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does not show such changes, thus, it can be inferred as an appearance of flowing water, which could 

have carried away part of the nutrients from the system. The presence of a stream is corroborated by 

an increase in population of Straminergon stramineum. This moss species is common along the 

grassy banks of streams together with Juncus and Sphagnum species (Atherton et al., 2010). Later, 

together with increase in nutrients and decrease in percentage of roots, S. stramineum disappears, 

whereas abundance of Sphagnum teres increases up to 70 % of the sample volume. Soon after that, 

nitrogen content drops down again with short return of S.stramineum and Carex species. These 

fluctuations most likely infer alterations in stream patterns within the fen.  

 

Figure 11. Diagram of geochemical analysis for the profile RIBA 

Hereafter in this phase, no such strong fluctuations in nutrients appeared and moss species 

(Calliergon giganteum, Mnium/Pseudobryum cinclidioides) favouring relatively nutrient rich and 

wet environments became common. These mosses growing together with S. teres and Warnstorfia 
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exannulata suggest wet intermediately rich fen and vicinity of flushes or springs (Nyholm, 1975a,b; 

Hedenäs, 2003; Atherton et al., 2010). The water level in the fen must not have been high, because 

C. giganteum and M. cinclidioides favour such conditions, and additionally, fragments of W. 

exannulata found in the interval of 170-180 cm possess red colour, which is an indicator of direct 

sunlight (Hedenäs, 2003). 

The amount of roots and epidermes of Cyperaceae and/or Juncaceae families is relatively low in 

this phase (Figure 12). However, sedges and rushes were present in the mire, which is indicated not 

only by epidermes, but also seeds. Quite a few triangular Carex seeds have been detected 

throughout the entire phase, while only a few seeds from the Juncus family have been found. 

Usually Juncus produces lots of seeds (Yeloff et al., 2008); thus this situation might indicate either 

that the rush population was much smaller than the population of sedges, or Juncus seeds had higher 

ratio of germination, or they tend to decay faster than Carex seeds. It is also possible that the Juncus 

seeds were carried to the site from some other place by wind or a water stream.   

Phase RIBA-Ib: 172-60 cm 

In the end of the phase RIBA-Ia, remains of Warnstorfia exannulata appear and quite soon become 

fairly abundant (about 40%). It is not completely clear why it remains the only moss species 

throughout the entire phase RIBA-Ib, especially since it favours a similar habitat as the moss 

species found in the lower phase. The amounts and percentages of this moss fluctuate throughout 

the phase together with content of herbaceous fragments. Usually, when moss macrofossils become 

scarce, roots and epidermes of herbaceous plants prevail at that depth. These fluctuations in most 

cases coincide with availability of nutrients (nitrogen content) in the ecosystem. Higher C/N values 

and lower nitrogen contents are favoured by W. exannulata, whereas the opposite – by sedge and 

rush. All these fluctuations most likely are caused by local hummock-hollow pattern dynamics in 

the mire. 

Throughout this phase only one Juncus seed was found, but triangular seeds of Carex were common, 

which is a similar situation as in the previous phase. Additionally, presence of Menyanthes trifoliata 

is indicated by occasionally found seeds (Figure 12). It is unclear, though, if this plant was growing 

throughout the entire phase or just periodically. As in the ALVI profile, despite of M.trifoliata 

having a tendency to grow in wet conditions, its seeds at depths of 90 and 110 cm have been found 

together with red-stemmed Warnstorfia exannulata (indicating low water level, since mosses are 

exposed to direct sunlight).  



 
 

 
 

 

Figure 12. Macrofossil analysis diagram for the profile RIBA. Seeds, leaves and animal remains are counted as units per 10 cm
3
 of the sample. Other values are 

presented as percentage of the sample. The first column shows the dated depths. The lower depth is dated to 8050 ± 50 yr BP, the middle one to 7000 ± 50 and the 

upper to 104.52 ± 0.34 pMC. 
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The fact that these seeds have survived until modern days because they have not germinated in drier 

conditions can be a possible explanation for the uneven appearance of M.trifoliata in the graph and 

their coincidence with red-stemmed mosses.  

This phase is characterised by relatively high amounts of segregated ice within the samples. In some 

samples pure ice lenses occupy more than half of the volume, whereas frozen moisture in the peat 

comprises one third of the sample. In the consequence, very little peat composes the obtained 

samples. Therefore, it is possible that this phase, despite its length in depth, could have been 

relatively short in time.  

Phase RIBA-Ic: 60-23 cm 

The most characteristic parameters of this phase are relatively high amounts of macrofossils and 

low C/N ratios with relatively high nitrogen content (Figure 11). These facts infer a comparatively 

rich fen environment with dense vegetation. The beginning of the phase is marked by variety and 

abundance of herbaceous plants: seeds of both biconvex and triangular Carex, Juncus, Potentilla 

palustris as well as Menyanthes trifoliata have been detected (Figure 12). The variety of moss 

species also increase. Paludella squarrosa together with reappeared Sphagnum teres become the 

prevailing species, which leads to decrease of percentage of Warnstorfia exannulata.   

The described environment of this phase is disturbed only twice: in the middle and at the end of the 

phase. Both of these disturbances are marked by increased decomposition rate and decreased C/N 

ratio, but they prove to be different as well. The first disturbance happening in the middle of the 

phase spans a short interval (Figures 11, 12). The abundance of mosses suddenly decreases, but 

small amounts of Straminergon stramineum appear. Also the percentage of herbaceous roots and 

epidermes increase drastically, but for a short time. All these changes infer approximation of a 

water stream within the fen (Atherton et al., 2010; Hedenäs, 2003).  

The second disturbance marks the end of the phase. Here, the amount of Acari and other soil 

dwellers increase drastically, coinciding with increased decay (Figure 12). Again the only moss 

species remains are W.exannulata, but its amounts also get lower. And finally, together with rarer 

herbaceous roots, roots of shrubs appear. This infers drastic changes of the environment of the 

studied site – drying of the mire surface and increased decay of the surface peat. 

Phase RIBA-II: 23-0 cm 

The final phase of the RIBA profile differs a lot from the preceding phases. It lacks waterlogged 

environment indicating mosses of the Amblystegiaceae family and fragments of herbaceous plants, 

whereas the most abundant macrofossil remains are roots and leaves of shrubs (Betula nana and 

Empetrum nigrum) with a small content of moss fragments of Polytrichum and Dicranum genera. 



Holocene development and permafrost history of two mires in Tavvavuoma, northern Sweden 

 

37 
 

The uppermost sample also contains leaves of Vaccinium uliginosum and Rubus chamaemorus as 

well as seeds of E.nigrum. All the species specific to this phase are growing on the modern palsa 

surface, which suggests that the beginning of this phase represents the palsa initiation and, thus, the 

first permafrost aggradation at the studied site. The palsa formation have also created less trophic 

conditions and, hence, increased C/N ratio (Figure 11). 

5.4 Peat and carbon accumulation rates 

Peat and net carbon accumulation rates are available for both profiles and for their separate 

depositional stages (Table 6). The available calibrated radiocarbon years (Table 5) have been used 

for calculation of the accumulation time spans. The calculations also take into account the 62 years 

since 1950 AD.  

Table 6. Accumulation rates in the studied profiles 

Profile 

name 

Depth 

interval, cm 

Depositional 

stage 

Time span, 

years 

Peat accumulation 

rate, mm/yr 

Carbon 

accumulation rate, 

g/m
2
yr 

ALVI 

0 – 179  9730 0.18 10.2 

0 – 10 Peat plateau 55 1.82 135.9 

10 - 93 Fen 7680 0,11 7 

93 – 179 Fen 1995 0.44 18.9 

RIBA 

0 – 230  9070 0.25 8.2 

0 – 23 Palsa 55 4.02 106.7 

23 – 105 Fen 7840 0.11 4.5 

105-230 Fen 1175 1.06 28.6 

 

The carbon accumulation rate during the permafrost-free conditions (fen stage) is relatively low, but 

still normal for subarctic peatlands, where the rate ranges from 1.2 to 16.5 g/m
2
yr (Vardy et al., 

2000). Although, such a small accumulation rate may be a sign of erosion, that could have been 

active during some period of time in the past. This is expected in the RIBA site, where macrofossils 

indicate former presence of rivulets close to or at the site. The high carbon accumulation during the 

palsa and peat plateau stages (Table 6) is due to the fact that this recent peat has not yet been 

exposed to prolonged periods of decay. Peat compression during coring could have made a huge 

impact on this as well. Although, such accumulation rates are too high for subarctic peatlands 

(Vardy er al, 2000); usually, permafrost landforms with high peat and accumulation ratio are still in 

relatively young age and are still growing (Oksanen et al., 2003; Kuhry and Turunen, 2006).  
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6. Discussion 

6.1 Tavvavuoma development until permafrost aggradation 

The radiocarbon ages in Tavvavuoma indicate inception of peat deposition at approximately 10,000 

– 9,000 cal BP (Table 7). The oldest dates belong to profiles taken from the peat plateau close to 

Tavvajaure Lake, while younger ones are from peatlands located at higher altitudes (RIBA and 

GOLLO profiles). 

Table 7. Peatland inception ages from neighbouring sites 

Site Profile name, altitude Lab.no. 
Radiocarbon age, 

years BP 
Source 

Tavvavuoma peat 

plateau 

Alvi, 549 m a.s.l. Poz-51846 8740 ± 70 This study 

Davva2, 549 m a.s.l. Poz-51850 1255 ± 30 (Kessler, 2013) 

Tav T2, 550 m a.s.l. Poz-28258 8860 ± 50 (Hempel, 2009) 

Palsa mire (source of 

Gollojohka river) 
Gollo, 720 m a.s.l. Poz-51880 8670 ± 50 (Kessler, 2013) 

Palsa mire Riba, 614 m a.s.l. Poz-51881 > 8050 ± 50 This study 

 

The data collected during this and other studies (Hempel, 2009; Kessler, 2013) infers to two 

different hypotheses of the initiation of the mire to the west of Tavvajaure Lake. The silty organics-

containing deposit found at the base of both ALVI and DAVVA2 profiles below the peat layer, 

together with other proxies, may suggest that the broad valley, where modern Tavvajaure and 

Jievddujaure lakes are situated (Figure 3), may have been occupied by a larger water basin during 

the Early Holocene. Unfortunately, the base of the mentioned inorganic layer has not been reached 

during the field sampling, thus the exact age of assumed lake sediments cannot be presented in this 

study. However, it is likely that a prototype of the modern Tavvajaure Lake used to occupy a larger 

area at the beginning of Holocene, possibly just after the deglaciation of the territory when glacial 

meltwater still fed the lake. Later, the gradual increase in temperatures (Seppä and Birks, 2001) led 

to increased biological activity and the shallow lake started to gradually turn into mire.  

Additionally, the hypothesis of gradual lake-mire transition is supported by both macrofossil 

analysis and radiocarbon dating at separate profiles. The inception of peat deposition at the ALVI 

site took place approximately 9 800 cal yr BP (Table 5), whereas at the DAVA2 site, which is much 

closer to the modern shore of the lake, the transition happened only 1 400 cal yr BP (Table 7; 

Kessler, 2013). Furthermore, the vegetation transition in the lowermost samples of the ALVI profile 
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from moss species that favours growing completely submerged to those that can grow in shallow 

fen environment and strengthens the theory even more. Therefore, it is possible that this mire has 

developed by terrestrialization. 

The paludification as the second possible mire formation type for the mire is reported by previous 

study by Hempel (2009). This hypothesis is strengthened by abundance of Betula nana fragments in 

the phase ALVI-Ia and the fact, that no plant macrofossils indicating only lake environment in the 

sub-peat deposit have been found. The dwarf birch tundra may have situated over the modern mire 

area and only due to changing climatic conditions started to turn into wetland. Furthermore, the 

species found at the lowermost peat layers can also grow in very wet fens, which can be expected to 

occur at the edge of expanding peatland (P. Kuhry, pers. comm., 2013). Therefore, paludification is 

more likely form for peatland initiation at the study site. However, further studies are required for 

better special and temporal assessment of the types and patterns of the formation of the mire to the 

west of Tavvajaure Lake. 

The basal peat layer has not been obtained in the RIBA profile, thus the exact age of inception of 

the smaller mire on the plateau to the east of Tavvajaure Lake is not clear. However, the 

radiocarbon age of the lowermost obtained depth is closely corresponding to the initial dates of 

other neighbouring peatlands (Table 7) and inorganic content is slightly increasing at the lower 

depths (Figure 11); therefore an assumption that an age of around 9,500 cal BP marks the beginning 

of peat accumulation on the studied plateau is likely to be correct. The primary peatland formation 

and paludification are the most reasonable peatland formation types according to the surrounding 

terrain. Recently deglaciated terrain is favourable for the primary peatland formation, although there 

is a possibility that before the peatland inception there was tundra (Kuhry and Turunen, 2006). The 

terrestrialization is not likely due to gently sloping terrain of the plateau, which is not favourable for 

a lake to be formed.  

The macrofossil data shows that both peatlands were formed under permafrost-free conditions and 

stayed like that throughout the entire Holocene until recently. The abundance of moss fragments of 

the Amblystegiaceae family as well as epidermes, roots and seeds of wet habitat favouring 

herbaceous plants throughout the entire studied profiles (except for the uppermost parts of the 

profiles) infer an aapa mire environment until permafrost aggradation. The variations in abundance 

of different moss species were most likely induced by changes in availability of nutrients and 

alterations of local mire topography and/or hydrology. Although, some events can be correlated 

with Northern European Holocene climate variations, these are only hypothetical, due to poor 

dating control. 
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One of the conspicuous events in the ALVI profile is the prominent increase in inorganic material at 

60 cm depth. It can have a few different explanations. It may have been a temporal slow stream 

within the mire, or the grains may have been blown by wind from the heath areas surrounding the 

mire. The stream must have been slow, because the sedimentation pattern infers no erosion, only 

slow deposition of grains. Meanwhile the wind action scenario would indicate drier climatic 

conditions or an increased animal activity over the surroundings. The exact date of this exceptional 

layer is unknown, however according to the linear interpolation it would be about 5 000 yr BP. The 

time interval between 6000 and 4000 yr BP is known as the driest period of the Holocene (Karlén, 

1998; Seppä and Birks, 2001; Grudd et al., 2002; Gunnarson et al., 2003; Oksanen, 2006), thus, 

interpretation with increased wind action is quite plausible. Increased reindeer population could 

have an immense effect on vegetation cover; however, this scenario is much harder to correlate with 

climate data.  

This event at 60 cm depth (ALVI profile) might be a cause of such low peat accumulation rate 

(Table 6) at the upper half of fen peat accumulations. Although the sequence of the macrofossil 

assemblages appears to be continuous, without any hiatuses, a possibility of peat erosion cannot be 

ignored. The same low peat accumulation rate is in the upper fen peat stage in the RIBA profile. 

There Straminergon stramineum and other plant macrofossils also indicate an existence of stream 

nearby. But it is more likely that a difference in peat and carbon accumulation rates in lower and 

upper fen peat accumulation stages are influenced by segregated ice content and peat compression. 

The former is much higher in the lower part of the profile, while the latter is higher in the upper. 

This relation is valid for the ALVI profile as well, but with smaller differences.  

The last 3 000 years show a trend of slow climate cooling and increase of moisture (Seppä and 

Birks, 2001; Grudd et al., 2002; Gunnarson et al., 2003; Bjune et al., 2004). This trend is reflected 

in both studies profiles. Starting with 45 cm depth in ALVI macrofossil data indicates increasing 

water level, because Meesia triquetra and red-stemmed Warnstorfia exannulata disappear, while 

populations of Scorpidium scorpioides and Pseudocalliergon trifarium become dominant (Figure 9). 

In addition to that, Betula nana leaves have not been found at these depths. The shift to more humid 

conditions made even bigger influence to the mire at the RIBA site, where Sphagnum teres and 

Paludella squarrosa dominates in depths between 60 and 30 cm (Figure 12). These depth intervals 

(45-10 cm in ALVI and 60-30 cm in RIBA) most likely have been deposited under the climatic 

conditions that prevailed the last 2 000-3 000 years. And only during the Little Ice Age (XVI-XIX 

centuries) the climate became cold enough for the aggradation of permafrost in the area. The latter 

fact is not corroborated by this study, due to later that the Little Ice Age dates, but this even must 



Holocene development and permafrost history of two mires in Tavvavuoma, northern Sweden 

 

41 
 

have triggered the emergence of the studied permafrost landforms. Also, there is a possibility that 

most of the mentioned landforms in the studied mires are older. 

6.2 Permafrost in Tavvavuoma 

Both studied profiles show similar trends when getting closer towards the modern ages. At depth 

intervals of 35-15 in RIBA and 35-5 in ALVI populations of soil-dwellers Acari and other animal 

species suddenly increase and this characteristic is accompanied by increased peat decomposition 

level (Figures 9, 12). These changes together with plant macrofossil data indicate a drastic shift 

from wet, submerged environment to relatively dry conditions. Since the peat cores were taken on 

modern permafrost landforms, it is tenable to infer the mentioned shift as aggradation of permafrost. 

The upheaval of the peat surface above the water level induced decomposition of peat by increasing 

availability of oxygen and by improving habitats for soil-dwellers.  

This relatively sudden change in environmental conditions induces formation of xerophilic peat, 

consisting mainly of roots of shrubs and smaller portions of Polytrichum and Dicranum mosses. 

Seppälä (2005) emphasises the importance of dating both sides of a contact layer, because if only 

one sample is dated, then the confidence of the exact age of palsa or eat plateau formation can be 

smaller. This is because an early abrasion of peat accumulations can occur before a deposition of 

xerophilic peat starts. However, in both (ALVI and RIBA) cases well expressed transition from fen 

to bog environment was inferred from both plant macrofossil analysis and geochemical data 

(Figures 9-12). Highly decomposed brown-moss peat horizons precede xerophilic peat layers, 

which indicate no-or-low pre-depositional peat erosion (P. Kuhry, pers. comm., 2012). Therefore, 

the former presence of intensive erosion during permafrost aggradation was considered unlikely and 

only the samples from the base of the xerophilic peat (AL-10 and RI-22, Table 4) were sent for 

dating.  

The received permafrost aggradation dates appeared to be rather modern (Table 5). The dated 

leaves of Empetrum nigrum from RIBA profile 22 cm depth and fragments of Polytrichum, 

Dicranum and Betula nana from ALVI profile 10 cm depth indicated the presence of the studied 

palsa (in RIBA site) and peat plateau (in ALVI site) in late 1950’s (1955-1957). The dated 

fragments of shrub leaves infer that conditions were already dry enough for their growth, thus 

permafrost aggradation must have started earlier, perhaps even a few decades earlier. These dates 

corroborate with the aerial photographs taken at the Tavvavuoma area in 1963 (A.B.K. Sannel, pers. 

comm., 2013), since the studied permafrost landforms can be already seen at that time. Nevertheless, 

contamination of dated samples with modern carbon still remains plausible. The submitted material 

derives from the active layer, where the soft peat was deformed while coring (especially the 
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uppermost 10 cm), and relatively modern (not necessarily fresh) plant macrofossils could have been 

intermixed with the older deposits and thus contaminate the results. This hypothesis can only be 

verified by later studies by dating the uppermost fen peat samples.  

 Additionally, dating of an individual palsa only infers the age of the exact palsa and testifies that 

the prevailing climate and local conditions at that time was appropriate enough for the palsa 

formation. It does not record a concurrent change of the climate, because aggradation and 

degradation of permafrost is triggered also by the internal dynamics of a peat plateau or palsa 

complex. Therefore, several palsa datings from neighbouring mires in a larger area are needed to 

give an account of the climate independently from other proxies (Seppälä, 2005; Oksanen, 2006). 

However, all the five ages of permafrost aggradation, that have obtained in Tavvavuoma area so far, 

are similar. The oldest age is presented by Hempel (2009), where the upheaval of the peat plateau 

south of the ALVI site is dated to 105 cal. yr BP. However, the given age is only the median of all 

the possible ages. The calibration curve indicates a range of plausible ages from 300 cal. yr BP till 

modern dates (Hempel, 2009). The latter age would correspond to the other two ages presented by 

Kessler (2013), which are of the same age as in ALVI and RIBA sites. This infers that the 

permafrost in the Tavvavuoma area is extremely recent even if compared to the other recent ages 

from neighbouring peatlands (studies by Oksanen, 2006 and Kokfelt et al., 2010). Yet, more studies 

in the area are still needed to validate the results.   
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Conclusions 

 1. Peat deposition in Tavvavuoma began soon after the deglaciation. The mire at the ALVI 

site was initiated approximately 9800 years BP by paludification or by terrestrialization of 

Tavvajaure Lake. The exact age and formation type of the mire at the RIBA site are unknown, but a 

similar age as at the ALVI site is likely. 

2. The Tavvavuoma peatlands developed in permafrost-free conditions and remained so 

throughout the entire Holocene until recently. The mire at the ALVI site remained intermediately 

rich fen throughout the studied period until permafrost aggradation and maintained relatively 

constant C/N values. Nutrient availability in the mire at the RIBA site proved to be more sensitive 

to local hydrological and climatic changes and fluctuated from nutrient-poor to intermediate fen 

environments. 

3. Permafrost aggradation in the Tavvavuoma area began rather late. Both sites indicate 

existence of palsa/peat plateau vegetation since at least 1955-1957. This corroborate with the aerial 

photographs from early 60’s and with few other dates available from the area.  

4. Long term peat and net carbon accumulation rates in both profiles are relatively low 

(0.18-0.25 mm/yr and 10.2-8.2 g/m
2
yr respectively), but adequate for subarctic peatlands. The 

alterations of the rates in the separate intervals are controlled by differences in ice content and peat 

compression. 
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Appendix 1. Data of plant macrofossil analysis of the ALVI profile. Seeds, leaves and animal remains are counted as units per 10 cm
3
 of the sample. Other values 

are presented as percentage of the sample. 
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112.5–115 - n.d. 5 20 - - - - - - 1 1 - - - 51 5 - - - - - - - - - - - 
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132.5–135 - n.d. 4 5 - - - - - - 1 20 - - - 45 10 2 - - 2 - - - - - 32 2 

137.5–140 - 210 4 10 - - - 15 - - 1 1 - - - 30 5 4 2 - 2 - 2 2 - 8 12 - 

142.5–145 - n.d. 4 10 10 - - 1 20 1 1 1 - - - 25 5 - - - - - 2 - - - - - 

147.5–150 - 135 4 - - - - - 80 5 - - - - - 10 - - 1 - 1 - 1 - - - - 4 
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Appendix 2. Data of plant macrofossil analysis of the RIBA profile. Seeds, leaves and animal remains are counted as units per 10 cm
3
 of the sample. Other values 

are presented as percentage of the sample. 
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57.5–60 - 250 4 15 - - - - 1 - - 55 10 2 2 - - 1 - - - - - - 4 2 1 

62.5–65 - n.d. 5 1 - - - - - - - 65 10 - - - - - - - - - - - 1 4 1 

67.5–70 - 115 3 70 - - - - - - - 25 5 - 1 - - - - - - - - - 2 - - 

72.5–75 - n.d. 5 25 - - - - - - - 50 10 - 3 - - - - - - - - - 4 2 - 

77.5–80 - 70 5 30 - - - - - - - 33 15 - 2 1 - - - - - - - - 4 - 1 

82.5–85 - n.d. 5 20 - - - - - - - 30 30 - - - - - - - - - - - - - - 

87.5–90 - 50 4 10 - - - - - - - 55 15 - 1 - - 1 - - - - - - - - - 
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92.5–95 - n.d. 4 70 - - - - 1 - - 15 10 - - - - - - - - - - - 4 - - 

97.5–100 - 60 5 10 - - - - - - - 60 10 - - - - - - - - - - - 2 - - 

102.5–105 - n.d. 5 5 - - - - - - - 45 30 - 4 - - - - - - - - - - - - 

107.5–110 - 70 3 40 - - - - - - - 35 10 - 5 - - 2 - - - - - - - - - 

112.5–115 - n.d. 5 15 - - - - - - - 40 10 - 1 - - - - - - - - - - - - 

117.5–120 - 85 5 10 - - - - - - - 25 10 - - - - - - 1 1 - - - 2 - - 

125.5–125 - n.d. 5 1 - - - - - - - 45 20 - 2 - - - - - - - - - - - - 

127.5–130 - 45 5 10 - - - - - - - 55 15 - 11 - - - - - - - - - - 19 - 

132.5–135 - n.d. 5 10 - - - - - - - 50 10 - - - - - - - - - - - 6 - 3 

137.5–140 - 175 5 1 - - - - - - - 65 10 - - - - - - - - - - - - 7 2 

142.5–145 - n.d. 5 10 - - - - - - - 45 10 - - - - 2 - - - - - - 11 4 - 

147.5–150 - 95 4 40 - - - - - - - 30 20 - - - - - - - - - - - - - - 

152.5–155 - n.d. 5 10 - - - - - - - 50 30 - 5 - - - - - - - - - - - 2 

157.5–160 - 90 5 25 - - - - - - - 40 15 - - - - - - - - - - - - - - 

162.5–165 - n.d. 5 1 - - - - - - - 35 5 - - - - - - - - - - - 4 6 - 

167.5–170 - 115 5 15 - - - - - - - 45 10 - 1 - - - - - - - - - - - - 

172.5–175 - n.d. 5 - - - - 5 20 - - 40 - - 1 - - - - - - - - - - - - 

177.5–180 - 95 4 10 - - - 10 25 - - 35 10 - 1 - - 2 - - - - - - 2 - - 

182.5–185 - n.d. 4 20 - - - 1 1 - - 50 15 - 3 1 - - - - - - - - - - - 

187.5–190 - 110 3 40 20 - - - 10 - - 20 - - - - - - - - - - - - - - - 

192.5–195 - n.d. 4 1 - - - 1 35 - - 35 - - - - - - - 1 - - - - - - - 

197.5–200 - 70 5 5 - 10 - - 10 - - 30 10 - 30 - - - - 5 - - - - - - 5 

202.5–205 - n.d. 3 - - - 1 - 70 - - 15 - - - - - - - - - - - - - - - 

207.5–210 - 95 5 - - - - - 10 - - 35 8 - 6 - - - - - - - - - - - - 

212.5–215 - n.d. 4 - - 5 - - 30 - - 30 - - - - - 12 - - - - - - - - - 

217.5–220 - 170 4 - - 10 - - 35 - - 25 - - 3 3 - - - - - - - - 3 - - 

222.5–225 - n.d. 4 - - 1 - 1 40 - - 20 - - 4 - - 4 - - - - - - - - - 

227.5–230 - 125 5 1 - - - - 2 - - 25 5 - 4 - 13 - - 2 - - - - 13 17 8 



 

 
 

 


	Framsida
	tomsida
	Förord
	tomsida
	Vilmantas Preskienis master thesis

