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Abstract 
 
In 2011 Anglo American published a promising multi metal ore deposit in Sodankylä, Northern Finland. The ore is named Sakatti, 

after a small pond in the vicinity of the discovering place. The ore is under the Viiankiaapa mire, which is part of national mire 

protecting program and Natura 2000 program. Viinkiaapa is at the eastern side of river Kitinen, which is known to have flooded, 

bringing mineral material to the mire. To prevent the possibly environment effects in the future, it is essential to know present 

conditions of the mire.  

 

The study area is at the southern part of the Viiankiaapa mire and consist of eight sampling sites for peat. The basal sediment of the 

study area was determined with ground penetrating radar profiles that pass the sampling sites. To study the mineral supply of the 

mire, nine elements (Na, Mg, Al, S, P, K, Ca, Mn, and Fe) were chosen for geochemical analyses and the ash content of the peat 

profiles was determined.   

 

The basal sediment is highly affected by the vicinity of the river Kitinen. Fluvial channels have eroded till, which was deposited during 

the last glacial period. At the eastern side of the study area possibly aeolian sand is detected. Depressions eroded by fluvial channels 

are filled by gyttja, typically below 179 m a.s.l. 

 

The geochemistry of the peat indicates that the early phase of the mire was characterized with higher mineral supply. At the eastern 

part of Viiankiaapa the mineral supply has decreased after the early phase of the mire. The mineral supply has been higher at the 

middle parts of the mire throughout the Holocene. The floods of the river Kitinen are the main source of the mineral supply. The 

decrease in the mineral supply indicates that the flooding events have reduced, and the normal floods inundate smaller area than 

the early floods. 

 

The topmost 30 cm of the mire is very wet and undecomposed, which reflects the risen water level at the river and mire. The two 

modern age determination samples suggest that the surface layer has deposited in a short time. The mire is in a transitional phase 

and the ongoing and predicted changes will most probably cause change to the hydrology and nutrient level of the Viiankiaapa mire 
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Tiivistelmä 
 
Vuonna 2011 Anglo American julkisti lupaavan multimetallimalmilöydön Sodankylässä, Pohjois-Suomessa. Malmi on nimetty Sakatti-

malmiksi, läheisen lammen mukaan. Malmilöydös on Viiankiaapa-suon alla, joka kuuluu kansalliseen suonsuojeluohjelmaan ja 

Natura 2000-ohjelmaan. Suon läntisellä puolella virtaa Kitinen-joki, jonka tiedetään tulvineen ja tuoneen mineraaliainesta suolle. 

Mahdollisten ympäristövaikutusten ehkäisemiseksi on tärkeää tietää suon nykyinen tila. 

 

Tutkimusalue sijaitsee Viiankiaavan eteläosassa ja koostuu kahdeksasta turvenäytepisteestä. Alueen pohjasedimentin tyyppi 

määritettiin maatutkaprofiileilla, jotka kulkivat näytepisteiden kautta. Suolle kulkeutuneen mineraaliaineksen määrittämiseksi 

geokemialliseen analyysiin valittiin (Na, Mg, Al, S, P, K, Ca, Mn ja Fe). Lisäksi määriteltiin turpeen tuhkapitoisuus. 

 

Kitisen läheisyys on vaikuttanut voimakkaasti alueen pohjasedimenttiin. Fluviaaliset kanavat ovat erodoineet viimeisimmän 

jääkauden aikana kerrostunutta moreenia. Alueen itäosassa on mahdollisesti eolista hiekkaa. Fluviaalikanavien erodoimiin 

syvänteisiin on kerrostunut järvimutaa tyypillisesti alle 179 m m.p.y. 

 

Turpeen geokemian indikoi suolle kulkeutuneen mineraaliainesmäärän olleen suurempaa suon alkuvaiheessa. Viiankiaavan 

itäpuolella mineraaliaineksen määrä on vähentynyt huomattavasti, kun taas suon keskiosissa määrä on pysynyt suurena koko 

Holoseenin ajan. Kitisen tulvat ovat olleet Viiankiaavan päämineraaliaineksen lähde. Mineraaliaineksen laskun viittaa tulvien määrän 

vähenneen ja normaalien tulvien peittävän alleen pienempiä alueita. 

 

Suon ylin 30 cm on hyvin märkää ja huonosti maatunutta, mikä heijastaa vedenpinnan nousua suolla ja joessa. Kaksi moderniksi 

määritettyä ajoitusnäytettä viittaa pintaturpeen kerrostuneen lyhyessä ajassa. Suo on siirtymisvaiheessa ja nykyiset ja ennustetut 

muutokset tulevat todennäköisesti vaikuttamaan Viiankiaavan hydrologiaan ja ravinteisuuteen. 
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1. INTRODUCTION 

 

 

In 2011, Anglo American published their ore discovery in Sodankylä, northern Finland 

(Brownscombe et al. 2015). The discovery was part of Anglo American’s nickel sulphide 

exploration across Fennoscandia which begun in 2002 and is still on going. The ore is called 

Sakatti ore, which was named after a small pond in the vicinity of the place where it was 

discovered. The Sakatti ore deposit is located in the Central Lapland Greenstone Belt 

(CLBT), which is known to be rich in economic mineral deposits. The ore deposit is one of 

the most promising polymetallic deposits in Europe.  

 

The Sakatti ore is located under Viiankiaapa mire, which is part of national mire protecting 

program and Natura 2000 program (Hjelt and Pääkkö 2006). Viiankiaapa is a mire complex 

that includes flark fens, long unbroken strings, ponds, and pine bogs. Viiankiaapa is habitat 

rich in fauna and flora, among which is several threatened plant species and birds.  

 

The evidence of changes in environmental and climatic conditions are stored in peatlands. 

Peat preserves the prevailing conditions during its accumulation; trace elements, metals, and 

plant remnants (Krumins et al. 2011). Plants indicate climate conditions during the 

accumulation and elements indicate the influence of mineral soil and groundwater. 

 

Almost a third of Finland’s land area is covered by peatlands (Hyvärinen and Vehviläinen 

1981, Tikkanen 2006), most of them are situated in northern Finland and Ostrobothnia 

(Lappalainen et al. 1984, Virtanen et al. 2003). The climate in Northern Finland is favourable 

for mire development because precipitation is higher than evaporation year round and the 

snowmelt water can stay at the mire long till summer (Hyvärinen and Vehviläinen 1981, 

Solantie 2006, Tikkanen 2006). 

 

Usually mire areas are large and have more than one mire type, which are called mire 

complexes. In similar climate conditions, mires develop similar vegetation and morphology, 

as well as structure and alternation of peat which can be recognised to be members of the 

same mire complex type. In Finland, there are three main mire complex types; raised bogs, 
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aapamires and palsa bogs. The majority of mires in northern Finland are aapamires 

(Ruuhijärvi 1960, Hyvärinen and Vehviläinen 1981). 

 

In geological research, peat is divided to three main groups Carex, Sphagnum and Bryales 

peat. One or many of the main types contain remains of other mosses and plants, which 

create each peat type (Virtanen et al. 2003). Carex peat dominates minerotrophic mires and 

Sphagnum ombrotrophic mires. Bryales indicates very nutrient rich conditions (Vasander 

2013). Typically, at early phases of mire development, minerotrophic Carex-Bryales type 

peat dominates. As the peat layer thickens and peat grows above the water level, nutrients 

stay on the lower parts of the peat layer (Damman 1978). Over time, this can lead to the 

development from minerotrophic to ombrotrophic (Sphagnum dominating) mire (Shotyk 

1988). 

 

In northern Finland mires are mainly aapamires (Ruuhijärvi 1960, Hyvärinen and 

Vehviläinen 1981) where the surface of mire is usually sloping or tilted (Huttunen and 

Tolonen 2006).  The floods and water running from surrounding areas creates the mosaic 

surface pattern with alternating drier ridges and wetter flarks. The ridges are higher than 

their surrounding and create a dam-like block, which prevents water from floating onward 

(Lappalainen 2004). 

 

There are different theories on why ridges develop and grow. One of them is that those part 

are suitable for specific kind of vegetation and those species grow on the ridges making them 

bigger and a more blocking dam. Other theories are a) solifluction that changes the place of 

ridges and b) that in winter bare watery flarks freeze first, which makes it easier for the frost 

to rise ridges. It is possible that all mentioned factors have influenced the development of 

ridges at some point of their development history (Lappalainen 2004). A part reason for 

developing of the ridges and flarks is water running from the higher elevation to lower 

elevation. Most important source of water is spring floods when melting water brings water 

and nutrients from the surrounding minerogenic areas to the mire (Airaksinen and Karttunen 

2001, Lappalainen 2004). The floodwaters in spring stay on the mire and form pools to lower 

elevations (Hyvärinen and Vehviläinen 1981). In areas of river influence, significant amount 

of water with suspended and dissolved sediment can enter the peatland during flood events. 
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Flood events are typical for rivers in northern Finland, especially if river is not regulated i.e. 

there is no power plants.  The floods also prevent the vegetation change from Carex peat to 

Sphagnum peat (Lappalainen 2004). 

 

Dissolved ions and suspended (typically fine-grained) sediments are transferred to mire by 

flooding water. By detecting detrital mineral effect of peat (mineral supply), it is possible to 

recognise past flooding events. The ash content is an accurate indicator of mineral material 

of the mire, thus high ash content implies high mineral material. The material transported by 

groundwater and surface runoff from nearby soil reflects the composition of local bedrock 

(Shotyk 1988, Bakalowicz 1994, Lappalainen 2004, Husa and Kontula 2006). The mineral 

material brought by floods has different chemical composition than the local bedrock 

(Rydelek 2013). 

 

Geochemistry of peat reflects the effect of mineral soil and groundwater in mire. The 

concentrations of elements, like Na, Mg, Al, Si, P, K, Mg, Mn, and Fe, can be used as 

indicator of environmental conditions during time of accumulation. These elements either 

are essential nutrients for plants or not needed at all (Vatansever et al. 2016). They also have 

different chemistry and geochemistry. Al, Si, and Na are not essential elements for plants, 

but plants can still uptake them. Aluminium has toxic influence and its usefulness for plants 

is not proved.  Si is not an essential element, but it has beneficial influence on some plants 

(Ma and Yamaji 2006, Vatansever et al. 2016). High sodium content is toxic for plants and 

it indicates high soil salinity (Vatansever et al. 2016). Phosphorous, potassium, magnesium 

and calcium are the most essential elements for plants. Iron and manganese are 

micronutrients, meaning that they are essential, but plants need them only little amounts 

(Vatansever et al. 2016).  

 

Silicon and aluminium content follow the ash content (Shotyk). Iron and manganese have 

several oxidation forms and they both need acidic conditions for mobilization (Damman 

1978, Lahermo et al. 2002, Klavins et al. 2009, Schitteck et al. 2016). Calcium and 

magnesium are alkali earth metals that are easily soluble. Calcium content is highly 

dependent on the mineral material supply and composition on underlying bedrock (Arkhipov 

and Bernatonis 2006).  P and K are enriched to the surface layer and living plants (Shotyk 
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1988). They both have monovalent cations that organic compound reject, thus they are fast 

leached from the peat. 

 

The mineral supply to the mire can be estimated by element contents and their ratios.  Ca/Mg 

ratio tells the trophic state of the mire (Shotyk 1988, Weiss et al. 2001) Fe/Mn reflects the 

acidity and pH conditions. Mn and Ca contents and Ca/Al ratio can be used as indicators of 

flooding events. 

 

Viiankiaapa is located on the eastern side of river Kitinen. Kitinen is known to have flooded 

(Suonperä 2016) and its vicinity has affected the mires development. The regulations of the 

river Kitinen started in 1960’s when the first powerplant and dam were built. Channel 

improvements for flood control are one of the most effecting human action for river regime 

(Hyvärinen and Vehviläinen 1981). The water level in the river has risen (A. Åberg et al. 

2017), which has caused the surface of the mire to become wetter. The mire is in a 

transitional state where the chemical composition is changing because of the decreased 

influence of underlying mineral soil and decreased mineral supply from the river. 

 

The law of Environmental Impact Assessment (EIA; YVA in Finnish) aims to prevent or 

reduce potential negative impacts of planned project to the environment (Laki 

ympäristövaikutusten arviointimenettelystä 252/2017). To be able to project possible 

environmental impacts in the future, it is essential to know present conditions of the 

environment. This study aims to 1) provide general history of the Viiankiaapa mire 

development, 2) shed light on flooding history of the Viiankiaapa mire by using chemical 

and physical imprint of mineral supply during the Holocene, and 3) investigate the basal 

sediment of study area by ground penetrating radar interpretation. The hypothesis is that 

river Kitinen and its floods have imprinted the development of the mire and the conditions 

of the mire have become wetter after the dams were built in 1950-1980. 
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2. STUDY AREA AND GEOLOGICAL SETTING 

 

 

The study area is located at the Viiankiaapa mire in Sodankylä, northern Finland (Figure 1). 

Viiankiaapa is on the eastern side of the river Kitinen. Viiankiaapa is an aapamire complex 

having minerotrophic and oligotrophic areas. Over half of its land area is covered by open 

mire, which is characterized by flarks and ridges and one third of the area is covered by 

forestry mire (Lappalainen 2004, Hjelt and Pääkkö 2006). The mire is located 180–200 m 

a.s.l. and tilted towards west and the river Kitinen (Figure 2A and 2B). The river Kitinen is 

known to have flooded bringing mineral material to the mire (Suonperä 2016). The former 

fluvial outwash fan of the river Kitinen can be seen from Figure 3. The groundwater flows 

from east to west towards Kitinen. At spring the direction changes slightly to NE-SW 

direction, because in the northern part of mire the groundwater table rises faster than in 

southern parts (S. Åberg et al. 2019). Carex peat cover 66 % of the peat and Sphagnum peat 

34% (Lappalainen 2004, Pajunen 1980). Viiankiaapa is part of the Natura 2000 program and 

Finnish mire protection program. At the mire grows endangered mosses like Hamatocaulis 

vernicosus (Hjelt and Pääkkö 2006). 

 

 Sodankylä is part of the Central Lapland greenstone belt. In 2005 a Cu-Ni-PGR deposit was 

discovered under Viiankiaapa under the study site. The ore is hosted by large olivine 

cumulate body that is surrounded by picritic volcanic rock (Brownscombe et al. 2015). On 

the northern side picritic volcanic rock is bordered by silicate siltstone and in the south by 

quartzite. In the north there is also a W–E oriented thrust fault which is cut by two NW–SE 

oriented minor faults (Figure 3). 
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Figure 1: A. Location of the study area in Northern Finland, B. Overview of the study area, C. Sampling sites of 

Peat 1–Peat 8 and the ground penetrating radar lines. Created using AcMap 10.8. Basic map from the National 

Land Survey of Finland. 
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Figure 2: A Digital elevation model of the study area, B. Surface elevation profile across the study area from 

west to east. Created using AcMap 10.8. Digital elevation model data from the National Land Survey of Finland. 
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Figure 3: Hill shade map of the study area showing the former fluvial outwash of the river Kitinen. Between 
Peat 7 and Peat 8 can be seen a threshold, which separates Peat 8 on higher elevation. Created using AcMap 
10.8. Hill shade data from the National Land Survey of Finland. 
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Figure 4: Bedrock of the study area. Created using AcMap 10.8. Bedrock data from the Geological survey of 

Finland, Basic map from the National Land Survey of Finland. 
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After the deglaciation Viiankiaapa was under the Moskujärvi ice lake. The highest water 

level 207 m a.s.l. was reached 10 400 cal. BP right before the ice lake begun to drain to the 

northernmost bay of the Ancylus ice lake lowering the water level to 195 m a.s.l. (Johansson 

and Kujansuu 2005). The glacier had retreated so far that the waters that before were 

dammed in the north got released to Ancylus lake. Moskujärvi and its drainage waters got 

connected to Ancylus lake and the water level decreased to 186 m a.s.l. As the water level 

in Ancylus lake retreated, Moskujärvi became separated lake from Ancylus (Johansson and 

Kujansuu 2005). The size of Moskujärvi decreased and it begin to paludify, which was the 

beginning of development of the peat and mire (Salonen 2019).  

 

The sediment under the peat is characterized by the influence of the ice sheets and the 

deglaciation (Figure 5). Central Lapland was part of the ice divide zone where the erosion 

caused by the glacier was weak (Hirvas 2006). Some preglacial deposits are preserved at the 

hollow parts of the bedrock in Viiankiaapa (A. Åberg et al. 2017). During the glaciations till 

and moraine layers were deposited at the mire basin. After the deglaciation melting waters 

created fluvial deposits and wind blowing from the remaining glacier created aeolian 

deposits. During the Moskujärvi ice lake and the Ancylus phase, lacustrine sediments and 

gyttja layers were deposited (Johansson and Kujansuu 2005). The sediment thickness under 

peat varies from 0 to 15 meters, but there are also places of thicker sediment layers (A. Åberg 

et al. 2017). 

 

After the ore discovery, a lot of research has taken place at the Viiankiaapa mire (Figure 6). 

Suonperä (2016) studied the peat geochemistry of the northern side of the mire. Lahtinen 

(2017), Bigler (2018), and Turtiainen (2020) studied the hydrogeochemical characteristics 

of the groundwater and porewater, and the hydraulic properties of the peat. Their study areas 

are presented in Figure 6. Also, other studies and research concerning the area are referred 

in this thesis. 
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Figure 5: The quaternary deposits and the main peat type of the study area. Created using ArcMap 10.8. 

Superficial deposit data 1:20 000 and 1: 200 000 from Geological Survey of Finland. Background map, basic 

map raster, from the National Land Survey of Finland 
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Figure 6: Sampling sites and study sites of previous research from Viiankiaapa modified from Suonperä 2016, 

Lahtinen 2017, Bigler 2018 and Turtiainen 2020. The sampling sites of Turtiainen 2020 are same as the sites 

of Peat 1–Peat 8. Created using AcMap 10.8. Basic map from the National Land Survey of Finland 
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3. METHODS  

 

 

3.1. Coring and sampling 

 

The fieldwork was performed in March and April 20019. Eight study sites were selected for 

sampling. To avoid impact for nature, all samples were collected during wintertime when 

the surface of the mire was frozen.  The snow coverage was 30–80 cm depending on the 

study point.  The samples were taken with 1-meter Russian peat collector. Because the top 

part of the mire was frosted, a hole was drilled to ice, which contaminated the top part of the 

profile. Typically, the sampling depth begun ca. 20-40 cm below the surface. The cores were 

put to 1-meter cutters, held in a cold, and brought to Kumpula campus University of Helsinki 

where they were held in a freezer until the subsampling begun in June 2019.  

 

The frozen cores were taken to room temperature one or two days before their subsampling. 

Subsamples were taken for ash content and trace element analyses with 2 cm intervals in 

depths above one meter and 5 cm below 1-meter depth. The subsamples were put to LPDE 

bags. If the core was too thin or showed changes, the length of sample was altered to 

propriate length. The samples were put to freezer until the actual analyses. Samples for age 

determination were taken if there was a bigger wood particle or if the colour or 

decomposition state of the core changed. All analyses were done in Kumpula in department 

of Geology and geography. 

 

 

3.2 Stratigraphy, humification and age determination 

 

Humification is the redox reaction in peat layers where the plant remains decompose to 

unrecognizable humus material forming peat (Shotyk 1988, Virtanen et al. 2003). Moisture, 

temperature, pH, and nutrients effect the humification speed. Peat is most acidic at the top 

layers and the alkalinity increases towards the bottom. The majority of peat layer’s 

humification happens in the top layers of the mire. The humification indicates those 
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temperature and moisture circumstances at the deposition time. During the humification 

peat’s carbon content rises and oxygen content decreases (Virtanen et al. 2003). 

 

The main characteristics of the peat were described at the field. The main characteristics are 

stratigraphy and humification. For stratigraphy the types of the mosses, particles of wood, 

seeds, roots, other plants, or mineral material were described. The decomposition stage of 

the peat was determined at field by using the ten level scaled von Post method (Lappalainen 

et al. 1984, Shotyk 1988). A piece of peat is squeezed in hand. How much water and peat 

and what their colour is tells how decomposed the peat is (Kaila 1956). The von Post scale 

is 1–10, where 1 is very poorly decomposed and 10 is completely composed. The remnants 

of plants and their seeds were identified visually. Peat 5 weas not described enough detailed, 

so its stratigraphy and humification is missing, but the core is included to the stratigraphy 

and humification Figure.  

 

For age determination analysis 14 peat samples were chosen from five study points and from 

varying depths. The samples were prepared with acid-alkaline-acid treatment. They were 

burned with Thermo Scientific Flash 2000 NC equipment and the formed CO2 gas was 

transformed to solid graphite sample by using chemical redox reaction. The radiocarbon age 

from the graphite sample was determined by Accelerator Mass Spectrometry method using 

the particle accelerator of laboratory of Chronology at the University of Helsinki. The result 

was calibrated to calendar years using the OxCal-program (Bronk Ramsey 2001). The 

method is fully described in Appendixes 1. Peat increment rate was calculated from the result 

of age determination samples 

 

 

3.3 Ash content 

 

The subsamples for ash content analysis were taken from the freezer to room temperament 

one day before the analysis, since the sample must be unfrozen. The analysis was done with 

Leco TGA701 thermogravimetric analyser (Leco corporation 2007) with program SF3008. 

There are 20 crucial spots in the machine. First one is zero sample, one is for parallel sample 

and one for reference sample. The reference sample was MOSS 25 M2. 2–3 grams of wet 
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sample were weighted to the crucial. The mass reference sample was 0.2–0.3 grams. The 

machine weights the mas of the crucial as the temperature rises to 100 ⁰C. The temperature 

stays in 100 ⁰C until the weight of all samples is stabilized. Then the temperature rises to 

550 ⁰C and the machine weights the crucial until their weight has stabilized. The organic 

material burns in 550 ⁰C so in that temperature only the inorganic material is left, which is 

also called the ash content.  

 

 

3.4. Ground penetrating radar 

 

Ground penetrating radar (GPR) is a nondestructive research method. It uses high 

electromagnetic waves, typically 50–500 MHz (Peltoniemi 1988). The transmitter emits 

electromagnetic energy to the ground, the electromagnetic waves reflect from various 

interfaces and the radar receiver detects the transmitted waves. The receiver records how 

much time and strength it requires for the wave to return. When the wave conducts an 

obstacle with different permittivity, the wave can return to the surface by refracting or 

reflecting. Waves are reflected when they encounter a contrast in relative permittivity, for 

example ground water, when soil type changes or the surface of bedrock (Peltoniemi 1988). 

Because the used frequencies are so high the ground penetrating radar’s resolution is good, 

but the depth penetration does not go deep. Generally, reliable results come up to 20-40 

meters, but the results get less accurate with increasing depth.  

 

Velocity of the waves depends on the material and the frequency of the wave. Lower 

frequencies go deeper, but loose resolution. The wave moves slower in materials that have 

higher dialectricity. The higher the material’s dielectric permittivity is, the slower the wave 

moves, and it cannot penetrate as far. This means that in unsaturated sand the wave moves 

faster and deeper than in saturated sand. 

 

Wave’s velocity can be approximate with equation 1 
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where μ is the magnetic permeability, ε is the dielectric permittivity of the medium and c is 

the speed of light. 

 

Ground penetrating radar data was collected at the same time as peat cores. The data was 

collected with MALÅ Professional Explorer Control Unit, MALÅ XV monitor and MALÅ 

XV 100 MHz and 30 MHz unshielded rough terrain antennas (MALÅ Geoscience AB 2007). 

Three GPR-lines were chosen for the study since they align with the study points. The chosen 

GPR-lines, their antenna separation and the frequencies are given in table 1. 

 

Table 1. Antenna separation and frequencies of ground penetration radar data.  
profile antenna separation MHz 

271 6,2m 30 
277 2,2m 100 
280 6,2m 30 

 

Table 1. Antenna separation and frequencies of ground penetration radar data. 

 

The GPR-data was processed with Reflexw-program®. The data was time triggered, so the 

real trace increment was calculated by dividing the length of the profile by the number of 

traces. The processing steps are presented in Table 2. 

Table 2. The processing steps for time triggered ground penetrating radar data.  

0 DC-shift The effect of first air and ground wave to the other signals is decreased 

1 Dewow To allow and strengthen the spectral peak for specific antenna center-frequency 

and decrease the wobbliness of the wave 

2 Time-zerocorrection The first air and ground wave are removed, and the profile is set to begin from 

the ground level.  

3 Applying gain The signals at the wanted depth part are strengthened 

4 Background 

removal 

Three values are set to count the average information of wanted number of 

traces to minimize the visibility and effect of first ground and surface waves, and 

to remove the background waves 

5 Filtering Removes the high and low frequency noise. In migration step a certain velocity is 

set for the profile 

6 Migration  By using the velocity based on the researched soil material, the reflections are 

corrected to their true position within the subsurface 

7 Topographic 

correction 

Sets the profile to align real topography of the profile 
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Dewow is determined by the antenna frequency. For 100 MHz it is 10 and for 30 MHz it is 

40. In migration step a certain velocity is set for the profile. The signal travels in different 

velocities in different substances. In wet substances like peat the signals moves slower and 

weakens faster than in unsaturated soils. Since in this study concentrates on peat 

geochemistry the velocity is set to 0,05, so that the peat layers are best visible in the profile.  

 

 

3.5. Trace elements 

 

Nine elements were chosen for the trace element analysis Na, Mg, Al, Si, K, P, Ca, Mn, and 

Fe. For trace element analyses the samples were dried in a ScanVac CoolSafe Freeze Dryer 

(LaboGene 2011) for four days. Dry samples were homogenized with a wooden hammer 

trough the LPDE bags. Since the homogenizing was done by hand it is possible that the 

material was not completely homogenized and cause error to results. This was prevented by 

using parallel samples.  

 

To PFE tubes were weighted 0.2g of the homogenized sample. 12ml of nitric acid (HNO3) 

was added and the tubes were sealed by double caps. The inner cap is loosely attached to the 

cap and the outer screw cap is sealed with machine. The samples were put to CEM Mars 5 

microwave (CEM Corporation 2001), which dissolved solid material to liquid. During the 

microwave program gas was formed to the tubes. The double caps enable the gas to escape 

from the tubes to the space between the caps without the any loss of sample. After the 

program the sealed cap was opened first so the gas could escape before opening the inner 

cap. The liquid samples were transferred to plastic sample tubes. The final sample mixture 

was prepared by mixing 0.5 ml of the sample and 9.5 ml of deionised water, so the final 

volume was 10ml. 

 

The actual analysis was done with Agilent 7800 ICP-MS machinery (Agilent 2015). ICP-

MS stands for Inductively coupled plasma mass spectrometry. The calibration of ICP-MS is 

done by making at least four calibration samples that have the same elements that are 

researched from the actual samples. One calibration sample is empty, the others have 
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increasing amount of the elements. From these samples is produced calibration curve that 

tells the highest and lowest detectible amounts of wanted element.  

  

The ICP-MS results indicate the element concentration in the liquid sample. Since the 

original sample was solid, the amount of solid element in liquid must be counted by using 

formula 

 

μg/g =(V·l·(psample-pzero))/m 

 

where V is the final velocity of sample in ml, l is the dilution factor, psample is the content of 

sample μg/ml, pzero is the content of zero sample in μg/ml, and m is the mass of the solid 

sample (Virkanen et al. 2017). 

 

There is room for 40 tubes in CEM Mars 5 microwave. To secure the valid of the analyses 

and to monitor the analysis run, every set of 40 had 1 zero sample, two reference samples, 

the actual samples, and the parallel samples. The reference samples were Humus h 2 #647 

and MOSS HB25 M2. Standard protocol was used, samples and reference samples were 

treated the same way and went through same procedures (Virkanen et al. 2017). All work 

was done in fume hood.  
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4. RESULTS 

 

 

4.1. Stratigraphy, humification, and age determination 

 

The peat is dominated by Carex peat, but other peat and moss types are present in all cores. 

All are Carex dominated and Sphagnum or Bryales supported. they also have remnants of 

Menyanthes, Equisetum, and lignin. Most cores have mineral material mixed with the peat 

at the bottom before peat changes completely to mineral material and sediment. The peat 

sample from Peat 4 reaches 217 cm, but the grain size analysis sample is down to 267 cm. 

The material below 217 cm is mixture of peat and sand/mineral material. The peat sample 

in Peat 8 ends at 220 cm, but grain size analysis sample is from 220–240 cm.  

 

Peat 2 is the deepest reaching the depth of 390 cm. It is Carex dominated until 250 cm and 

is Bryales supported 235–370 cm. Below 300 cm the humification rises from >4 to 7–9. 

Below 370 cm the peat silicate gyttja since the ash content increases from 10 % to over 60 

% (Pidoplichko and Grishchuk 1962, Stankevica et al. 2016).   

 

Peat 4 has a wood particle at 204–209cm and well decomposed woody Carex peat at 209–

213 cm. From 213 cm downwards is sand or gravel and the transition from well humificated 

peat to sand is very sudden. The exact humification is difficult to determine in the field, so 

in the picture the humification below 200 cm is described as 7. The humification is mainly 

3-5 at von Moss scale and increases with depth. In deepest cores, Peat 2, and Peat 7 the 

humification rises to over 7 below 250 cm. In Peat 7 the humification decreases below 290 

cm from 8 to 4.  

 

The 14 age determination samples were from five different cores and different depths (Table 

3). The results vary from modern to 9500 BP. The radiocarbon content in the modern sample 

from Peat 3, 36–39 cm corresponds to atmospheres radiocarbon content in around 2012 and 

the content in Peat 8, 49-51 cm corresponds to atmospheres content in mid-2000’s. The 

oldest sample is from Peat 2, 385–387cm and is 9500 BP.  
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In Peat 3, 6, and 8 the peat increment rate is 0.14–0.21 mm/y, representing the upper two 

meters. In deeper cores the rate is 0.12–0.71 mm/y. In Peat 2 the peat increment is 0.36 mm/y 

8 700–2750 BP and 9 500–8 700 BP 0.69 mm/y. In Peat 7 the peat increment rate is 0.24–

0,28 mm/y 8 000–1 000 BP, and 0.71 8 700–8 000 BP.  

 

The age determination results are presented in table 3 and the combined stratigraphy, 

humification, age determination and peat increment rate results in Figure 7. 

 

Table 3. Results of radiocarbon dating in radiocarbon years and calibrated calendar years, the 95 % certainty 

spectrum of the results, and the peat increment rate above the sample. 
 

Core Depth Age BP ± Calibrated 

age BP 

95 % variation Peat increment 

rate mm/y 

2.1. 115-120 cm 2588 24 2750 2700 - 2800 
 

2.2. 330-335 cm 7892 29 8700 8600 - 8800 0.36 

2.2. 385-387 cm 8495 32 9500 9450 - 9550 0.69 

3.1. 36-39 cm MODERN 
    

3.3. 175-180 cm 6039 30 6900 6800 - 7000 0.20 

6A.2. 68-70 cm 2474 29 2700 2400 - 2700 
 

6A.2. 111-117 cm 4966 30 5700 5600 - 5700 0.14 

7.1. 70-72 cm 1081 26 1000 900 - 1100 
 

7.1. 125-130 cm 2844 25 3000 2900 - 3000 0.28 

7.1. 245-250 cm 7240 25 8000 8000 - 8200 0.24 

7.1. 295-300 cm 7907 25 8700 8600 - 8800 0.71 

8.1. 49-51 cm MODERN 
    

8.1. 105-110 cm 2577 23 2750 2700 -2800 0.21 

8.1. 175-180 cm 5963 26 6800 6700 - 6900 0.17 

 

 

  



22 
 

 

Figure 7: Stratigraphy, humification, the results of the age determination samples, and the estimated phases of Holocene based on the geochemical results of Peat 1–Peat 8. 

The presentation of Peat 5 is simplified due the incomplete characteristic description. Symbols from Muurinen 2000, the Geological survey of Finland.
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4.2. The ash content 

 

The ash content in Peat 2 is 3–10 % in the peat but increases at the gyttja layer to over 60%. 

In Peat 4 the base level of ash content is 4%, but the content increases towards the bottom to 

7%. In the wood remnant layer, the ash content increases to 25%. In peat 7 the ash content 

is 3.5–5%. In peat 8 the base level is 2.5–5 % until 190 cm where it increases to 10%. The 

ash content of Peat 2, Peat 4, Peat 7, and Peat 8 are presented in Figure 8. 
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Figure 8: Ash content of Peat 2, Peat 4, Peat 7, and Peat 8. The ash content is presented as logarithmic scale.
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4.3. Ground penetrating radar  

 

The surface of the peat was very wet during the sampling in March 2019. The peat cores 

were supposed to begin from the very surface, but because of the wetness and badly 

decomposition, peat did not stay in the core sampler. All the peat samples begin from 20-

60cm below mire surface. The wetness of the surface can be seen from the GPR data. At 

around 50cm can be seen some weak reflections which is caused by the wet surface and the 

better decomposed part that begins in around 50cm. The air and ground waves are suppressed 

in the GPR processing and because the transition is close to the surface, it is also partly 

suppressed. The processed and analysed pictures of profile 271, 277, and 280 are presented 

in Figures 8–10.  

For ground penetrating radar profile 271 frequency of 100 MHz with 6.2 meters antenna 

separation was used. The profile is west-east parallel from Peat 1 to Peat 8 (Figure 9A). The 

basal sediment is varying at the profile. The most continuous deposit is till deposit which 

comes to the surface at 290–510 meters.  Under Peat 2 and Peat 7 deposit of sorted sediments 

overly the till deposit. This suggest that the till has been eroded and a layer of fluvial or 

aeolian sediment has deposited on top of it. Under Peat 3 can be detected a deposit of sorted 

material which is overlaid with thin till layer. Under Peat 8, the basal sediment is sand which 

is underlaid by coarser sediment.  

 

For ground penetrating radar profile 277 frequency of 30 MHz with 2.2 meters antenna 

separation was used. The profile 277 is east-west parallel from peat 1 to Peat 6 (Figure 9B). 

From the profile can be separated fluvial sediment and till deposits. The sorted sediments 

overlay the till deposit at 0–100 meters, 180–300 meters and 400–480 meters. At 330–390 

meters the till deposit rises above the surrounding area and the can be separated also from 

the quaternary deposit map (Figure 4). 

 

 

For ground penetrating radar profile 280 frequency of 100 MHz with 6.2 meters antenna 

separation was used. The profile is north-south parallel from Peat 6 to Peat 5 (Figure 9C). 



26 
 
Between 20–750 m the basal deposit is fluvial sediment and 760–1100 m sorted fluvial or 

eolian sediment. 
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Figure 9: A Processed and interpreted profile 271. B. Processed and interpreted profile 277. C. Processed and 

interpreted profile 280.  

 

 

4.4. Geochemistry  

 

The ICP-MS analysis was done in two patches. The first one was done for samples from Peat 

2, 4, 7, and 8 in December 2019 and. For the rest of the samples the analysis was done in 

June 2020. In the second patch due an error in the calibration process the highest detectable 

content for sodium was 130 ppm for majority of the samples. Thus, sodium is left out of the 

results for Peat 1, 3, 5 and 6. The results of all are presented in Figures 10.A–12.C and 

Appendix 2. 

 

Peat 1 can be divided into two zones, 30–100 cm and 100–220 cm (Figure 10.A). The upper 

zone represents the modern part of the core and is characterised by fluctuations in all element 

contents. Manganese and iron have almost identical graphs. They both have two increasing 

peaks at 80–100 cm. Also, calcium content increases at the same depth as Mn and Fe. The 

lower zone is characterised by smoother graphs and there are no great fluctuations in the 

content. There can be separated a peak at 120–130 cm where P, K, Mn, and Fe content 
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increases and Mg, Al and ca content slightly decreases. Also, at 155–170 cm there is a 

decreasing peak in Al and Si content. 

 

Peat 2 is the deepest sampling site and reaching 387 cm. It can be divided into four zones 

50–100 cm, 100–240 cm, 240–370 cm, and 370–390 cm (Figure 10.B). The first zone 

represents the time after 2 660 cal. BP. All elements except aluminium have fluctuations. 

The second zone represents the middle age of the mire. Phosphorus and potassium have 

increasing peaks at 120 cm. Exception is Si, which has its smallest contents in this zone. At 

170 cm can be seen a slight increasing peak in all the other elements. In the first and second 

zone humification is 3–4 and stratigraphy is Carex peat supported with Sphagnum. At the 

third zone the fluctuations are greater. Phosphorus has its greatest peaks at this zone. P, Ca, 

Mn, and Fe have a peak at 250 cm, and all elements except Si have a decreasing peak at 335 

cm. The third zone represents the early state of the mire. Humification is highest at this zone 

being 5–9 and stratigraphy is characterised by Bryales and wood remnants. The fourth zone 

is the gyttja layer and represent the Mosku ice lake phase at mire. The graph of each element 

except phosphorous changes its direction in this zone. If the content has decreased with depth 

this far, now it begins to increase and vice versa. 
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Figure 10.A: The element distribution of Peat 1.
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Figure 10.B: Element distribution of Peat 2.
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Peat 3 can be divided into three zones, 20–80 cm, 80–130 cm, and 130–230 cm (Figure 

11.A). The first zone represents the modern time. The biggest elemental content fluctuations 

are in this zone. Phosphorous and potassium contents are any times higher closer to the 

surface than in the baselevel. Si, P, and Fe have an increasing peak at 80 cm. The second 

zone represents the period between modern and early phase of the mire. The graphs are the 

most subtle in the middle zone and there are now big fluctuations. The third zone represent 

the early phase of the mire. The content of most elements begins to increase at 130 cm. The 

stratigraphy in the first zone is Carex-Sphagnum peat, with remnants of Equisetum and the 

second Carex-Sphagnum peat. The stratigraphy of the third zone is Carex-Sphagnum-

Bryales with remnants of wood and Menyanthes at the bottom.  

 

Peat 4 can be divided to three zones (Figure 11.B). The first zone is 30–50 cm and represents 

the modern period. All elements except silicon and aluminium have content change at 45 

cm. The second zone is 50–180 cm. In the second zone the element contents begin to steadily 

increase. At 160–180 cm there is fluctuations in most elements. The third zone is at 180–

217 cm. at 180 cm there is a smal peak in all elements and below that content begns to 

increase in other elements except S, Ca, Mn, and Fe, which begin to decrease. The 

humification is 3-4 and stratigraphy is Carex-Sphagnum peat until 200 cm where the 

humification rises to 7. This changeis propably caused by the wood remnants that begin at 

200 cm. 

 

Peat 5 can be divided into three zones, 25–60 cm, 60–200 cm, and 200–280 cm. The first 

zone represents the modern period at the mire. At the second zone the metal contents increase 

towards the bottom. The third zone begins with an increasing peak after which the contents 

decrease. Throughout the whole profile all elements have some fluctuations and aluminium 

is the only one that shas a steady profile. 
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Figure 11.A: Element distribution of Peat 3.
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Figure 11.B: Element distribution of Peat 4. 
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Figure 11.C: Element distribution of Peat 5.
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Peat 6 is only 120 cm deep, but it can be divided into three zones (Figure 12.A). The first is 

25–40 cm and represents the modern time at the mire. The content fluctuations are the 

biggest closer to the surface. The second zone, 40–70 cm, represents the time of smaller 

nutrients and mineral supply. The content of most elements increases with depth until 70 cm 

and decreases. The third zone, 70–120 cm, represents the paludification and early phases of 

the sampling site when nutrient and mineral supply were higher. In all graphs can be seen a 

change in the content at 90 cm where the Al, Si, P, and K content begins to increase with 

depth and the content of other element begins to decrease.  

 

Peat 7 can be divided into three zones, 30–80 cm, 80–200 cm, and 200–300 cm (Figure 

12.B). Through the whole core fluctuations are quite small and Si is the only one with great 

fluctuations. The first zone represents the last 1 000 years at the sampling site.  At the first 

zone P and Fe have some differences between sequent samples, but the greatest fluctuations 

are in Na, Si, and K contents. Na and K have their biggest contents. At the second zone the 

contents of most elements increase steadily. Si is the only element that has big content 

differences between sequent samples. However, Si content is 10–60 ppm and even difference 

of few ppm seems big compared to other elements whose content is many hundreds. Every 

element except sodium have peak at 200 cm. For Al, P, and K it is increasing and for the 

others decreasing. At the third zone the fluctuations are greater than in the second zone, but 

not big. Ca, Mn, and Fe have an increasing peak at 240 cm. At 280 cm where the Bryales 

peat ends there is a change in the graph of Mg, Ca, Mn, and Fe.  

 

Peat 8 can be divided into three zones (Figure 12.C). The first zone 30–80 cm, represents 

the modern time. The first zone is characterized by content fluctuations and most elements 

have an increasing peak at 60 cm. In the second zone, 80–170 cm, the graphs have no big 

fluctuations and the contents of most element increase with increasing depth. In the third 

zone, 170–210 cm, the content of Ca, Mn, and Fe begins to decrease, and the aluminium 

content begins to increase rapidly. In all graphs can be seen a peak at 185 cm. 

 

 

 



36 
 

 

 

Figure 12.A: Element distribution of Peat 6. 
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Figure 12.B: Element distribution of Peat 7. 
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Figure 12.C: Element distribution of Peat 8.
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The element contents have similar pattern in all profiles. Sodium content decreases with 

depth. The highest contents and fluctuations are in the modern layer. The average content 

below modern layer is below 40 ppm. In Peat 7 Na content slightly increases with depth, but 

the contents are still below 40 ppm.  

 

The magnesium content increases with depth. The increase is clear in all other cores except 

Peat 1 and Peat 6. In both cores the content begins to decrease in the middle of the core. The 

average Mg content is 600–900 ppm in all others except Peat 6 and 8 where it is 300 ppm.  

 

The aluminium content decreases with depth in all study points. The content stays quite 

constant, but in all cores the content begins to increase faster closer to the bottom. The 

average content before the increase is around 400 ppm. 

 

The silicon content does not have a clear increasing or decreasing pattern. The Si content is 

even at its highest 250 ppm, but mainly it is below 80 ppm. Since the contents are so low 

even a small difference between sequent samples can cause a great fluctuation to the graph.  

 

Potassium and phosphorous have very similar graphs. The Phosphorous content mainly 

decreases with depth. The Greatest fluctuations are close to the surface and at the base level 

the content is around 500 ppm. The potassium content decreases with depth. At the upper 

part of the peat the content is 200–600 ppm, but the base level is less than 20 ppm.  

 

Calcium, manganese, and iron have almost identical graphs. Their content decreases with 

depth and they have peaks at the same depths. The base level of calcium is at 1000–3000 

ppm, with manganese it is below 100 ppm, and with iron it is above 10 000 ppm.  

 

Ca and Mn have similar graphs and often iron’s graph differs only slightly from Ca and Mn 

graphs. Sodium, potassium and phosphorous, and magnesium and aluminium have similar 

graphs. This indicates that these elements occur together in the mineral material. 

  



40 
 
5. DISCUSSION 

 
  
5.1. The basal sediment below the Viiankiaapa mire 
 

The study area in southwestern part of Viiankiaapa mire has mainly deposited above former 

fluvial fan type flood plain deposits of river Kitinen.  The flood plain is almost 4 km wide 

and is characterized by coarse-grained braid plain deposits (A. Åberg 2021). The former 

channels and channel fills are abundant in GPR profiles. At higher elevation, till layers 

become more common. Till deposits are however less common in this area than it is in 

average in the Kersilö-Viiankiaapa area (A. Åberg 2021). Former till bed is cutted by fluvial 

paleochannels and till is eroded away. In this area, till is the basal sediment at higher 

elevations, which can be seen in GPR profiles (Figure 9.A–9.C) Sand is present near Peat 8 

(Figure 9.A) and it forms dyne like shape in GPR profile. If the interpretation is right, the 

dyne field that is visible eg. in Petäjäsaari has more wide sub peat distribution. Sand like 

radar facies is visible also in GPR profile 280 but origin remains open. It can be either fluvial 

or eolian. 

 

 

5.2. Development of Viiankiaapa 
 

5.2.1. Initiation of the paludification during Early Holocene 

 

The mire development in Viiankiaapa started soon after the deglaciation of the area. The 

deglaciation is estimated to have happened ca 10 500 cal. BP (Salonen 2019). However, 

there is indication also of earlier ice-free conditions in the study area already at14±3.2 and 

11±2 ka, derived from OSL-determination of aeolian and fluvial sediments (A. Åberg et al. 

2020).  During the deglaciation the area was first covered by the Moskujärvi ice lake ca 

10 400–10 300 cal. BP. The water level was 207 m a.s.l. and after opening of new drainage 

channel in Hirviäkuru corge, water level of the ice lake dropped to 195 m a.s.l. (A. Åberg 

2021). After the Moskujärvi ice lake, low elevation areas at the study site (below 186 m 

a.s.l.) were covered by the Ancylus lake (ca 10.3–10.2 BP).   
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The observed gyttja layers at bottom of Peat 2 and in GPR profile 271 are inferred to be 

deposited during Moskujärvi Ice Lake and Ancyluslake phases. The age determination 

obtained from gyttja in profile Peat 2 at 385–387 cm shows age of 9 500 cal BP, indicating 

the time period when the Moskujärvi Ice Lake drained to the Ancylus ice lake but was not 

it’s bay. The rivers draining to the Moskujärvi Ice Lake brought mineral material that were 

deposited at the bottom of the Moskujärvi Ice Lake (Salonen 2019, A. Åberg et al., 2021). 

The gyttja layer represents the state when the sediment input was smaller, and the lake was 

in paludification process transitioning to mire. According to these results, gyttja has 

sedimented into depressions that lies below 179 m.a.s.l. However, it needs to be stated that 

GPR sounding is not able to detect thin layers. Therefore, gyttja can be present more widely 

than it is now interpreted from GPR data. 

 

The paludifcation is a process where organic matter begins to accumulate in situ. According 

to the radiocarbon dates the paludification of the study area begun ca 9 000 BP. In Peat 2 the 

paludification begun ca 9 300 cal. BP and in Peat 7 ca 8 700 cal. BP. The study at the 

northern side of the Viiankiaapa suggest that the paludification begun 9 735–10 115 BP 

(Suonperä 2016). The different basal age of the peat in different positions, suggest that the 

paludification has started almost simultaneously at several depressions around the mire. The 

paludification has begun earlier in depressions and subsequently in shallower parts of the 

mire basin.  

 

The early state of the mire is recorded in Peat 2 and Peat 7. The peat is dominated by Bryales, 

Carex and remnants of wood, suggesting nutrient rich woody peatland at the time of 

deposition. Similar suggestion has reported also in other studies from Viiankiaapa 

(Lappalainen 2004, Suonperä 2016).  Bryales requires nutrient rich environments and 

appearance of Bryales mosses indicates eutrophy of the environment. In areas where Bryales 

appears, the nitrogen and calcium content and pH are typically high, contrary to potassium 

and phosphorus content that typically are low (Vasander 2013). Peat 3 and Peat 7 have their 

lowest phosphorous and potassium contents and the highest calcium contents of the profile 

simultaneously with appearance of Bryales.  In Peat 2, the calcium content increases and 

potassium content decreases in the transition from gyttja to Bryales peat. The appearance of 
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Bryales in the lower part of the peat profiles reflects the deposition near mineral soil. The 

growing of Bryales and the high nutrient phase of the mire does not last for long, since during 

time the peat layer thickens, and the active layer of peat loses its direct contact to the mineral 

soil. The trophic state of the mire can be inferred from Ca/Mg ratio. The ratio of local 

rainwater according to Suonperä (2016) is 1,5. If the Ca/Mg ratio in peat is higher than in 

rainwater, it indicates that the mire is minerotophic (Shotyk 1988, Weiss 2001). Bryales peat 

indicates high trophic state at the mire. High trophic state indicated by the Bryales at the 

bottom of Peat 2, and Peat 7 are supported by the Ca/Mg ratios ca >10 in Peat 2 and ca 7 in 

Peat 7 (Figure 13). Northern part of the Viiankiaapa mire (Suonperä 2016) shows Ca/Mg 

ratio >10. The contents of Al, Ca, Mg, Mn, and Fe in the peat are high, because of the 

influence of the mineral soil and the increasing amount of organic functional groups that 

increase the accumulation of metals (Arkhipov and Bernatonis 2006, Klavins et al. 2009). 

 

The wood remnants in bottom of the three peat profiles (Peat 2, Peat 3, and Peat 7) suggest 

that the Viiankiaapa mire was forested at the early phase of its history. The inferred flooding 

of river Kitinen offered suitable conditions for forested mire to develop. Forested mires 

develop in conditions where during the growing season soil and sediment are saturated 

enough that mire vegetation can grow, but outside the growing season the soil is dry enough 

for woody plants to reproduce (Vermont Agency of Natural Resources 2021). A dry season 

also enables the effective humification, which explains the well decomposed basal peat in 

profiles Peat 2 and 7. The peat increment rate at the bottom of Peat 2 and 7 is around 0.7 

mm/y. In the northern part of the mire, the peat increment rate during the Early Holocene 

was 0.4 mm/y but it increased around 8000 BP to 0.75 mm/y (Suonperä 2016).  
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Figure 13: The Ca/Mg ratios of Peat 1–Peat 8.  



44 
 
5.2.2. Mire development during Middle and Late Holocene 

 

After the deepest parts of the mire had paludificated, peat increment begun in the shallower 

parts of the mire. Based on the radiocarbon ages of Peat 3 and Peat 8 suggest that areas ca 2 

m below the current surface paludificated ca 7 000 cal. BP. Especially the wood remnants in 

Peat 3 and 4 suggest that during the paludification the dominating circumstances were 

forested mire. The radiocarbon age from Peat 6 suggest that even the shallowest parts 

paludificated latest 6 000 cal BP. The stratigraphy has similar characteristics after the 

paludification in all of the studied peat profiles. Peat is dominated by Carex, the share of 

Bryales and wood remains in peat show decreasing trend while Sphagnum shows increasing 

trend with increasing thickness of peat layer, which is well in accordance with results of 

Suonperä (2016). At present the average peat increment in Finland is 0.38 mm/y, the highest 

being 0.8 mm/y and lowest is 0.24 mm/y (Mäkilä et al. 2013). After the early phase of 

development of the Viiankiaapa mire, the peat increment rate in the study area decreased to 

0.2– 0.36 mm/y, except in Peat 6, where it is 0.12 mm/y (see Table 3). The peat increment 

rates obtained in this study are similar to average rates in aapamires in Finland (0.25 mm/y) 

(Mäkilä 2006) but somewhat lower than it is reported from northern part of the Viiankiaapa 

mire (0.25–0.5 mm/y) (Suonperä 2016).Chemical content of peat is characterized by mostly 

steady decrease of element content towards the surface, which reflects the decreasing 

influence of the mineral soil (Arkhipov and Bernatonis 2006).   

 

However, there are signs of increased mineral supply and flooding events, which are shown 

in the ash content (Figure 8), element content and in the element ratios. After the early phase 

the Ca/Mg ratio in Peat 2 is 8–9 but shows higher trophic state depths 220–270 cm and 60–

70 cm. At Peat 1 the Ca/Mg ratio is 5 but shows higher trophic state at 80–90 cm. Peat 4, 

Peat 5, Peat 7, and Peat 8 have an increasing trend in Ca/Mg ratio upwards. At the other 

sampling sites the trophic state has stayed at the same level. At Peat 3 and Peat 6 the Ca/Mg 

ratio is at 7 and 9 through the profile. To conclude, according to the Ca/Mg ratio the trophic 

state in the Viiankiaapa mire has been minerotrophic through the mire’s history. The well 

decomposed peat at bottom of peat profiles Peat 2, Peat 4, and Peat 7 are deposited during 

the early Holocene that is characterized by warm and dry conditions. The prevailing warm 
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conditions enhance increase in evaporation which leads to the lowering of water table. The 

lowering water table is favorable for decomposition of peat (Pirinen et al. 2012).  

 

Calcium and magnesium are alkali earth metals which are highly soluble. The calcium 

content in peat is highly dependent on the water and mineral supply and the origin of the 

calcium (Arkhipov and Bernatonis 2006). High calcium content in the local bedrock and in 

the mineral material transported to the mire are main reasons for high calcium content in 

peat. Organic functional groups enhance the accumulation of metals in the peat (Klavins et 

al. 2009). The amount of organic compounds increases with increased humification. Hence, 

the content of Ca and Mg increases with depth. The most prominent rise of calcium content 

occurs at same depth as the highest humification rates at the bottom of Peat 2, Peat 4, and 

Peat 7.  

 

 

5.2.3. Recent history of the mire development 

 

According to field observations, rapid change in composition of peat took place at ca 30–50 

cm depth in several sampling sites. In addition, peat changed undecomposed and loose, and 

water content of the samples was very high. There are no chemistry analyses from the top 

layer, but the ages of the two modern age determination samples from 36–39 (Peat 3) cm 

and 49–51 cm (Peat 8) show age of approximately 20 years, coinciding the construction of 

the Kelukoski power plant. This suggest that the top 50 cm has deposited in a very short 

period. It is known that the river Kitinen has flooded significantly before the dams were 

constructed at the 1980’s (Suonperä 2016). The regulation of the Kitinen begun in 1960’s 

when a power plant was built in Porttipahka to the upstream of the Kitinen (Marttunen et al. 

2004). At the moment, there is seven power plants in Kitinen (www.kemijoki.fi 2021). Three 

of them are in the range of the planned mining area. Vajukoski is the northernmost, 

Matarakoski is in the middle and Kelukoski is the southernmost. Matarakoski, situated west 

of northern part of Viiankiaapa mire, and Kelukoski, west of southern part of the mire, are 

the closest power plants of Viiankiaapa. Kelukoski, built in 1999–2001, is the youngest 

power plant, Matarakoski was built in 1993–1995 and Vajukoski in 1982–1984 

(www.kemijoki.fi 2021). At the regulated part of the river the water level variations are 
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estimated to be 0.5 m and near the Matarakoski dam the water level has risen seven meters, 

which has caused the groundwater level to rise (S. Åberg et al. 2019). Now the dams control 

the amount of water running in the channel of the river Kitinen, which has led to the rise of 

the groundwater level at the mire (S. Åberg et al. 2019). According to Suonperä (2016) river 

Kitinen was Viiankiaapa’s main source of mineral material until the Matarakoski power 

plant construction in 1980’s. This study suggest that Kelukoski power plant construction has 

risen the water table in the study area. Channel constructions for flood control are one of the 

most effecting human action for river regime (Hyvärinen and Vehviläinen 1981). According 

sharp changes in peat composition, water content and age determination, establishment of 

the dam in Kelukoski power plant has caused water level at the mire to rise 30–50 cm in a 

few years, after which the vegetation has adapted new higher than previously water table.  

At present, the plants that have surveyed in deep water and that favor very wet conditions 

have replaced previous vegetation, from it follows that the mire vegetation is in transition 

phase. 

 

The Ca/Mg ratio indicates that at the modern layer the trophic state decreases in other sites 

except Peat 7 (Figure 13). The samples of Peat 7 begin at 60 cm; thus, the modern part of 

the peat is not well represented in its samples. The sudden decrease of Ca/Mg ratio reflects 

the changes at the mire’s condition. The decreasing of Ca/Mg ratio begins ca 30 cm in Peat 

1, Peat 3, Peat 4, Peat 5, and Peat 6, and ca 40 cm in Peat 2 and 8. 

 

Changing climate affect also the peatlands hydrology (Tarnocai 2009). The last climate 

normal (1981–2010) shows 0.4 °C warmer annual temperature than the previous climate 

normal (1971–2000). Respectively the annual precipitation in Sodankylä has increased 18 

mm, from 509 mm/y to 527 mm/y (Pirinen et al. 2012). Climate scenarios predict increase 

in both temperature and precipitation in the future (IPCC 2013). Rising temperatures itself 

would accelerate evaporation and subsequently lower the water table, which again would 

accelerate the humidification of the peat.  However, because of the predicted increase in 

precipitation, it is difficult to evaluate if the peat increment will increase or decrease. In both 

cases, Viiankiaapa mire will be subjected to future changes in climate.  

 

According to Laitinen et al. (2005), the endangered Hamatocaulis mosses appear in places 

where groundwater is in contact with surface water. Previous study by Bigler (2018) 
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demonstrated that at Viiankiaapa Hamatocaulis mosses appear near groundwater discharge 

places. According to Turtiainen (2020) sampling points Peat 1, Peat 2, and Peat 7 had highest 

K-values and increased groundwater influence characteristics throughout the whole depth as 

others showed only partial groundwater influence. The modern layer is characterized with 

high peat increment rate (up to 20–25 mm/v) and fluctuations at the element contents. The 

bioactivity is highest at the surface of the peat. Roots gather the water and nutrients that are 

transferred to the stems. The bioaccumulation on the surface affects the abundance of 

elements.  

 

The element content of the peat shows similar pattern as it is observed from the northern part 

of the Viiankiaapa mire (Suonperä 2016). However, the deviation of the element content in 

peat (Peat 1–Peat 8) is higher at the modern layer than it is in the northern part of the mire 

(Suonperä 2016). The ortho map of the area shows that the study area of Peat 1–Peat 8 is 

wetter than the northern side of the mire (Figure 14). That might indicate that the 

construction of the Kelukoski power plant has effected more the southern part of the 

Viiankiaapa mire than it has effected the northern part.  
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Figure 14. Orthomap of the study area. The red color indicates that the surface of study area is very wet. 

 

 

5.3. Geochemistry of the peat  

 

5.3.1. Spearman correlation 
 

In a stable climatic condition, the element content would steadily increase or decrease 

towards the surface (Arkhipov and Bernatonis 2006). However, during the Holocene climate 

has not been steady.  changes in the climate effect cause variations to the water and mineral 

supply, water composition and vegetation. The element concentrations and their ratios tell 

about the history and development of the mire. All elements handled in this research, except 

sodium, silicon, and aluminium, are essential nutrients for mosses, but which are needed in 

different amounts. Phosphorous and potassium are primary nutrients, calcium and 

magnesium are secondary, and iron, and manganese are micronutrients that plants require 
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little compared to other nutrients. Even though sodium, silicon and aluminium are not 

essential nutrients, they can be accumulated by plants. Because of their varying essence and 

different geochemistry of the elements, their abundance in the peat varies. Statistical 

analyses are applied to demonstrate how the elements and their contents correlate with each 

other and the ash content. 

 

Spearman correlation and Principal component analysis (PCA) were done with JMP Pro 14. 

Because ash and sodium content information are missing for some samples, pair-wise 

estimation method was used for PCA. It performs correlations for all rows for each column 

with a value. With pair-wise estimate samples with no sodium content information were 

included. Principal component analysis divides the data to parameters that explains majority 

of the variances in the data. This data is divided to 5 components that all together explain 

86.57% of the variations. The Spearman’s correlation results are presented in table 4 and the 

PCA’s main component that explains 32% of the variation is presented in Figure 15. 

 

 

Table 4. The Spearman correlation of elements and ash component of Peat 1–8 from the Viiankiaapa mire 

Sodankylä, Northern Finland. The highest correlations are presented in bolded numbers. 

 

 Na Mg Al Si P K Ca Mn Fe 

Na          

Mg -0.10         

Al -0.16 0.41        

Si 0.04 -0.13 -0.10       

P 0.21 -0.17 0.14 0.22      

K 0.56 0.13 -0.11 0.19 0.55     

Ca -0.27 0.64 0.26 -0.22 -0.34 -0.22    

Mn -0.27 0.42 0.28 -0.03 -0.10 -0.03 0.65   

Fe -0.04 0.42 0.14 0.07 0.13 0.29 0.31 0.68  

Ash 0.04 0.87 0.63 -0.30 -0.02 0.52 0.17 0.25 0.74 

 

 

The elements with highest positive correlations are Mn and Fe (0.68), Mn and Ca (0.65), and 

Ca and Mg (0.64). All those four elements with aluminium form the main component of 

Principal component factor. Elements with rather high correlations are Na and K (0.56), and 

P and K (0.55). They are the main elements of the second principal component.  
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Elements that have the highest positive correlations with ash are Mg (0.87), Fe (0.74) and 

Al (0.62). Also, K has relatively high correlation with ash (0.52). According to Shotyk 

(1988) silicon and aluminium content follow the ash content. Na, Si and P have negative or 

small correlation with ash. Phosphorous and potassium are enriched to the surface layer of 

peat and their baselevels are low compared to the surface concentrations.  

 

In the biplots each arrow presents one element. Close arrows with same length have similar 

properties. The PCA biplot (Figure 10) present that elements with high concentrations that 

increases with depth (Al, Ca, Mn, Mg and Fe) appear separated from the elements with low 

concentrations that decrease with depth (Na, Si, P, and K).  

 

The Principal component analysis and Spearman correlation give similar results which are 

in line with the element distribution graphs. The elements with similar graphs, occur together 

in the PCA and together in minerals in the bedrock and in the peat 

 

  
Figure 15. Principal component 1, which explains 32 % and principal component 2, which explains 22 % of the 

variations. 
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The bedrock under the Viiankiaapa mire contains silicates like olivine, pyroxene, and 

amphiboles (Brownscombe et al. 2015). They all have high contents of iron which makes 

them all prone to oxidation and weathering. Soil and mineral material are weathered from 

local or nearby bedrock (Husa and Kontula 2006) Groundwater is in connection with 

bedrock and minerals dissolve to groundwater. The longer the groundwater is in contact with 

mineral material or bedrock, the more mineral material dissolve to the water. Therefore, the 

water in mires reflects the local bedrock (Shotyk 1988, Bakalowicz 1994, Lappalainen 2004, 

et.). Water transports the dissolved material onward to mire and for plants. 

 

All elements, except Si, have notable pattern to increase or decrease with depth. Silicon has 

low or negative correlations with other elements and negative correlation with ash content. 

According to Shotyk (1988) silicon content follows the ash content. This relation is not 

visible in the silicon content. Silicon is one of the three the most abundant element on Earth. 

The most important form of silicon is silica SiO2. Silica dissolves from silicates and its 

abundance dependent on many variables like amount of CO2, how long groundwater is in 

touch with mineral material, the type of mineral material and bedrock, the grain size and 

temperature (West et al. 2005). The Viiankiaapa mire is organic-rich with pH 5-7.77 

(Lahtinen 2017, Bigler 2018, Turtiainen 2020). The Si content of peat is much lower than 

the content in water of the same study points in Turtiainen (2020). In environments with 

near-neutral pH and high organic-acid concentrations silica is highly soluble and mobile, 

thus lost from the peat (Bennet et al. 1991). According to Shotyk (1988) the silicon content 

in peat follows the ash content.  

 

Sodium, potassium and phosphorous have their highest contents close to the surface, and 

their baselevels are reached very fast below the surface layer. Potassium and phosphorous 

are essential nutrients for plants. Their content is higher in living plant tissues than in dead 

and their ions are fast lost from the groundwater by plant uptake (Shotyk 1988, Bakalowicz 

1994). Organic compounds favor metals instead of sodium, phosphorous and potassium. The 

amount of organic compound increases with increased humification which partly explains 

the increasing amount of Mg, Ca, Mn, Al, and Fe with depth (Klavins et al. 2009, Hömberg 

et al. 2020, Kooijman et al. 2020). 
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Sodium and potassium are alkali metals and forms monovalent cations that are easily 

soluble. Organic materials do not easily make new compound with their cations and when 

they do, those organometal compounds are weak (Shotyk 1988, Bakalowicz 1994). 

According to Shotyk (1988) the amount of phosphorus is not connected to soil phosphorus 

content. The abundance of phosphorous is dependent on pH, total dissolved organic carbon, 

and dissolved Fe. When forming compounds other elements are favored instead of 

phosphorous (Hömberg et al. 2020, Kooijman et al. 2020) Therefore, phosphorous, 

potassium and sodium are fast lost in the peat and their contents are highest close to the 

surface. 

 

 

5.4. Indicators of mineral supply 

 

The presence of mineral material in the peat is not often notable at the field observation. 

However, different physical and chemical properties measured in the laboratory can be used 

as indicators of the mineral material supply at the mire. Considering the vicinity of the river 

Kitinen it can be assumed that the river and its flooding events are the source of the high ash 

content. Ash is a residue of mineral material; thus, it can be used as an indicator of the floods. 

Manganese accumulation is higher in wetter conditions; hence its higher contents indicate 

floods (Stêpniewska et al. 2010). Calcium is abundant in opposite conditions than 

aluminium. Calcium requires wet conditions and aluminium dry and acidic. Thus, high 

Ca/Al ratio and high calcium content imply wetter conditions and floods (Shotyk 1988, 

Herut and Sandler 2006).  

 

 

5.4.1. The ash content 
 

Ash content is an indicator of mineral material at the mire. Ash content is combination of 

primary and secondary ash (Rydelek 2013). The primary ash originates from plant that have 

grown and decomposed at the mire. The secondary ash is mineral material that water has 

brought from weathered bedrock or soil from surrounding areas or it is dissolved from local 

bedrock and groundwater has transported it to the mire (Rydelek 2013). 
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The base level of the ash concentration at the study site is 3–10 %, indicating minerotrophic 

conditions. The ash content is dependent on the mineral supply, thus being higher in 

minerotorphic mires than ombrotrophic mires. Carex peat is the most common peat type in 

minertrophic mires and Sphagnum at ombrotrophic. The ash content of Sphagnum peat is l–

5 % and the average is 3 %, in Carex peat the ash content is over 5 % (Vuorela 1983, Shotyk 

1988, Weiss et al. 2001).  

 

The ash content increases with depth in all four sampling sites implying that the mineral 

supply has been high at the early phase of the mire. Especially in the ash content of Peat 8 a 

distinct decrease after the early phase can be seen. The base level of the ash content in Peat 

8 is lowest from the sampling sites indicating lower mineral supply. Peat 4 and 7 show 

similar results, but their base level is higher indicating slightly higher mineral supply. There 

is no ash content analysis from the bottom of Peat 7, but the values at the upper part of the 

profile (ca. 4 %) are similar as in Peat 4 at the same depths. Peat 2 differs from the others 

drastically. It has the highest ash content which decrease only slight towards the surface 

(Figure 16). The digital elevation model shows how the elevation of the mire surface 

decreases towards west meaning that the easternmost sampling sites Peat 4, Peat 7, and Peat 

8 are higher than Peat 2 (Figure 2). The spatial variation in ash content (Figure 16) suggests 

that mineral supply has been more evident in the lower elevations during the Holocene. The 

elevation of Peat 8 is higher than in other sits. It also has had the smallest mineral supply 

during its whole development. However, the elevated ash content values from the lower part 

of the profile indicate that the mineral supply at the site was higher during the early 

Holocene. The early floods have reached the eastern areas of the mire and later only the 

middle parts.  
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Figure 16. The ash content of Peat 2, Peat 4, Peat 7, and Peat 8. 

 

In the northern part of the mire the average ash content is 6.2% (Suonperä 2016) implying 

higher mineral supply. It’s evident that the flooding has been widespread, at least at the 

western part of the Viiankiaapa mire. 

 

The early Holocene ash content is recorded in Peat 2. The high ash content (>6%) at the 

bottom of Peat 2 (Figure 8) suggest mineral supply at the freshly paludificated area. During 

middle and late Holocene, the trend in ash content is decreasing. Especially in Peat 8 the 

decreasing ash content indicates that its mineral supply has been higher during the early 

phases of its development and became minor after that. The ash content in the surface 

typically show increase in few topmost samples except in Peat 7. Its geochemical results and 

ash content of Peat 7 begin at 58 cm and 72 cm and do not show pattern of increasing. This 

indicates that the modern layer in Peat 7 begins above 58 cm.  In Peat 2 the geochemical 

result indicate that the modern layer begins at 62 cm and is reflected to the three topmost 

samples at 50–62 cm. However, the ash content begins to rise at 66 cm. In Peat 4 the ash 

content begins to increase at 47 cm and the geochemical results indicate that the modern 
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layer begins at 42 cm and is reflected to the two topmost samples. The ash content of Peat 8 

begins to increase at 78 cm, but the shallowest sample is from 55 cm. The age determination 

sample at 36 cm in Peat 8 is modern, geochemistry of Peat 8 shows increasing pattern from 

48 cm upwards and ash content at 75 cm. 

 

 

5.4.2. Manganese content 
 

The manganese content is indirectly dependent on the air-water conditions. The mobility and 

abundance of manganese increases in wetter conditions (Stêpniewska et al. 2010). High 

manganese content can be related to the higher leaching of the surrounding land areas during 

periods of decreased temperature and increased precipitation (Schitteck et al. 2016). Hence, 

increased manganese content can be used as an indicator of increased water and mineral 

material supply. The manganese content is mainly between 50–150 ppm, and the content 

increases with depth. In boxplot half of the observations are inside the box, the line 

represents the median, and the lines reach the extreme values that are 4% of the observations.  

 

Peat 2 was the first sampling site to paludificate and it has the highest manganese content at 

the bottom (150–200 ppm) indicating high mineral supply and mineral soil influence during 

the early Holocene. The continuing high mineral supply in Peat 2 can be seen as the high 

manganese base level (150 ppm) through the whole profile (Figure 10.B). During the middle 

Holocene Peat 2, Peat 4, Peat 5, Peat 6, Peat 7, and Peat 8 have similar manganese patterns. 

Below the bottom 20 cm of the peat profile the manganese content increases with decreasing 

depth. Above the bottom 20 cm the manganese content decreases towards the surface. This 

indicates that the influence of the mineral soil has been higher at the early development phase 

of the mire.  At the modern layer the manganese content begins to increase in all sampling 

sites where the modern layer can be detected. The increased manganese content close to the 

surface is most probably related to the poor decomposition of the surface layer. The spatial 

content of Mn increases from east towards the middle of the study site (Figure 17). Peat 5, 

Peat 6, and Peat 8 have the lowest manganese contents and Peat 1- Peat 4 have the highest. 

The Mg content suggests that mineral supply has been high in Peat 1, Peat 2, Peat 3, and 

Peat 4, and more moderate in sites Peat 5, Peat 5, Peat 7, and Peat 8. 
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Figure 17. Boxplot presenting the content distribution of manganese in Peat 1–Peat 8. 

 

 

 

5.4.3. Calcium content 
 

Calcium and magnesium are earth alkali metals which are highly soluble. The calcium 

content in peat is highly dependent on the water and mineral supply and the origin of the 

calcium (Arkhipov and Bernatonis 2006). High calcium content in the local bedrock and in 

the mineral material transported to the mire are main reasons for high calcium content in 

peat. Organic functional groups enhance the accumulation of metals in the peat (Klavins et 

al. 2009). The amount of organic compound increases with increased humification. Hence, 

the content of Ca and Mg increases with depth. 

 

The amount of calcium can be used as an indicator of the mineral supply of the mire. In 

warmer periods more calcium is accumulated in peat (Arkhipov and Bernatonis 2006). The 
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calcium contetn is dependent on the water level of the mire, hence more calcium is 

accumulated during wetter periods (Jamrichová et al. 2017).  

 

The calcium content increases with depth and its graph are almost identical with manganese. 

The calcium content increases at during the early Holocene and early development phase of 

the mire. During the middle and late Holocene, the calcium content decreases with 

decreasing depth. At the modern layer the calcium content begins to increase.  The calcium 

contents are lowest at Peat 5, Peat 6, and Peat 8 (Figure 18).  Peat 5 and Peat 6 are the 

westernmost sampling sites and further away from the middle of the mire. If they are left 

out, the calcium content increases towards west with. Exception to this is Peat 7 whose high 

calcium content is most probably related to its depth.  

 
Figure 18. Boxplot of calcium content of Peat 1–Peat 8.  

 

 

5.4.3. Ca/Al ratio 
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Aluminium is commonly used for elemental normalization because it has accurate and 

precise chemical determination (Herut and Sandler 2006). It represents aluminosilicate and 

its content is not significantly affected by anthropogenic input. It is detrital element 

originating from the catchment, and its content follows the ash content (Shotyk 1988, Herut 

and Sandler 2006). Thus, it can be used as an indicator of the amount of mineral supply and 

surface runoff.  

 

The easternmost sites Peat 7 and Peat 8 show higher mineral supply events close to the 

bottom during the early and middle Holocene (Figure 19). The increased Ca/Al ratios at the 

middle of the study area, Peat 1–Peat 4, indicate higher mineral material supply during the 

late Holocene. The westernmost sites Peat 5 and Peat 6 show periods of higher mineral 

supply through the whole cores at 5000 cl. BP, 3 000 cal. BP, 1000 cal. BP and close the 

surface. Peat 3, Peat 6, and Peat 8 stand out with low Ca/Al ratios (Figure 19 and Figure 20), 

which indicates that the mineral supply has been lowest at the eastern part of the study area 

and the mineral material supply has increased towards the west.  

 

The mobility and activity of aluminium increases when the pH decreases close to 4 but 

decreases in pH <4 (Shotyk 1988,). Increased aluminium content can indicate dryer and 

colder periods on the mire. During warmer periods the weathering is increased, the snow 

coverage time is shorter, and the supply of air borne dust is higher. Weathering and dust 

provide more base cations, which increases the pH (Koinig et al. 1997). Hence the increased 

Ca/Al ratio indicates higher mineral supply at the mire 

 

The aluminium content also indicates the acidity of the mire conditions. When the acidity 

increases H+ replaces the base cations and Aluminium ions in the soil exchange sites, which 

increases the amount of dissoluted aluminium cations (Koinig et al. 1997, Vanguelova et al. 

2007). Plants uptake cations via their roots. Aluminium is not a nutrient, but the roots have 

higher affinity for Al than for nutrients like Ca and Mg, which can lead to leaching of the 

nutrients. 
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Figure 19. The Ca/Al ratios of peat 1–Peat 8. 
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Figure 20. Boxplot of Ca/Al ratios of Peat 1–Peat 8. 

 

 

Considering the vicinity of the river Kitinen it can be assumed that its flooding events have 

been the source of mineral material (Suonperä 2016). When all the indicators of mineral 

material supply are observed, a pattern of increasing mineral supply from east to west is 

noticed. Peat 8 is the westernmost sampling site and shows lowest mineral material supply 

through its development when Peat 2 shows characteristics of high mineral supply during 

the early, middle, and late Holocene.  

 

The results also imply that its mineral material supply has decreased after the early phases 

of the mire. The Ca/Al ratio indicates that at the early phase of the mire, the mineral supply 

was higher at the western part of the study area. The low floods after the early phase have 

not reached the eastern part of the study area. 
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The westernmost sites Peat 5 and Peat 6 stand out because of their low mineral material 

supply. They are the closest sites to the river. Peat 6 differs from the other sites in many 

ways. It is the shallowest sampling site and was the last to paludificate. Its location between 

the riverbank and till deposit has protected it from the floods. On Krotesky et al. (2007) the 

sampling points of minerogenic mire were close to each other, two of them even 2 m apart 

and still the geochemical result differed between the sampling points, which underlines that 

fact the mire conditions can have great variations in geochemistry even at small area. 

 

 

Figure 28: Digital elevation model of the study area and interpretations of the extension of the early and current 

floods. 
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6. CONCLUSIONS 

 

 

The basal sediment at the area was imprinted by the erosional and depositional activity of 

the past fluvial fan of the Kitinen River. Fluvial channels have eroded the till, which was 

deposited during the last glacial period. At the eastern side of the study area possibly aeolian 

sand is detected. Depressions eroded by fluvial channels are filled by gyttja, typically below 

179 m a.s.l.  

 

The paludification of the Viiankiaapa mire begun in the depressions of the mire basin ca 

9 000–10 000 cal. BP simultaneously within several parts. The early phases of the mire are 

characterized by high minerotrophy and forested mire conditions. The Ca/Mg ratio indicates 

that the mire has been minerotorphic thorough its history. 

 

During the middle and ate Holocene the contents of Mg, Al, Ca, Mn, and Fe decrease with 

peat increment, indicating the decreased influence of the mineral soil. The fluctuations in the 

geochemistry imply changes in the mineral material supply. 

 

The results indicate regular flooding during the Holocene. At the early phase of the mire 

development the flooding events have inundated the whole study area, but especially the 

easternmost study point, Peat 8, show diminishing influence towards the late Holocene. The 

river Kitinen can be assumed to be the source of the floods through the Holocene.  

 

The topmost 30 cm of the mire is very wet and undecomposed, reflecting the risen water 

level at the mire. The two modern age determination samples (36 cm and 49 cm) suggest 

that the surface layer has deposited in a short time. 

 

The mire is in a transitional phase and the mire vegetation is subjected to several ongoing 

changes: 1) The regulation of the river Kitinen affected the flooding pattern of the river. The 

floods are not as extensive as they used to be, which has led to decreased mineral supply. 

The decreased mineral supply decreases the trophic state of the mire. 2) After the 

construction of the Kelukoski power plant water level at the study area has risen ca 30–60 
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cm. The vegetation has adapted to the new water table. 3) The ongoing and predicted changes 

in will most probably change to the hydrology of the mire.  
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Seija Kultti 
Geotieteiden ja maantieteen osasto 
Gustaf Hällströminkatu 2 
PL 64 
00014 Helsingin yliopisto 

VIITE: Turvenäytteet 

RADIOHIILIMÄÄRITYKSIÄ 

Lab. koodi Näyte Radiohiili-ikä (BP) ± pMC(%) ± 

Hela-4491 Peat 8/1, 49-51, turve MODERN 106,21 0,28 

Hela-4492 Peat 8/1, 105-110, turve 2577 23 

Hela-4493 Peat 2/1, 115-120, turve 2588 24 

Hela-4494 Peat 3/1, 36-39, turve MODERN 103,83 0,26 

Turpeelle on käytetty ns. acid-alkali-acid-käsittelyä (AAA) (esim. de Vries&Barendsen 

1954, Higham 2002). Näytteet on pakattu tinakuppeihin (Elemental Microanalysis D1001) 

ja pakatut näytteet poltettu EA-laitteistolla (Thermo Scientific Flash 2000 NC). Syntyneet 

CO2 -näytteet on kerätty kryogeenisesti ja muunnettu kemiallisen pelkistysreaktion (Slota 

et al 1986, Palonen et al 2013) kautta kiinteiksi grafiittinäytteiksi. Kohtioista on mitattu ra-

diohiilipitoisuus AMS (Accelerator Mass Spectrometry)-menetelmällä käyttäen Helsingin 

yliopiston hiukkaskiihdytintä (Tikkanen et al 2004).  

Tulosraportointi näytteille noudattaa artikkelissa (Millard 2014) kuvattua tapaa. Kukin tu-

los on annettu radiohiili-ikänä vuodesta 1950 AD taaksepäin lukien ja perustuu 14C:n puo-

liintumisaikaan 5568 vuotta. Radiohiili-iän epätarkkuuteen (± 1) sisältyvät näytteen mit-

tauksista ja tarpeellisista vertailumittauksista aiheutuvat tilastolliset virheet. Radiohiili-ikä 

on normitettu isotooppifraktioitumisen suhteen vastaamaan arvoa -25 ‰ käyttäen AMS-

menetelmällä mitattua 13C-arvoa. Tulos on korjattu kalenterivuosiksi käyttäen Intcal13-

korjauskäyrää (Reimer et al 2013) ja Oxcal 4.2 ohjelmistoa (Bronk-Ramsey 2009).  

Tulos Hela-4491 vastaa radiohiilipitoisuudeltaan ilmakehän pitoisuutta 2000-luvun puoli-

välistä ja Hela-4494 noin vuoden 2012.  

FT, dosentti Markku Oinonen 
yksikönjohtaja 
markku.j.oinonen@helsinki.fi 
050 318 7302 

Appendix 1Original  C14 dating reports
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Seija Kultti 
Helsingin yliopisto 
 
 
VIITE: turvenäytteet 
 
   

RADIOHIILIMÄÄRITYKSIÄ 
 

Lab. koodi Näyte 
Radiohiili-ikä 

(BP) 
± 

Hela-4753 2/2, 330-335 cm, turve 7892 29 

Hela-4754 2/2, 385-387 cm, turve 8495 32 

Hela-4755 3/3, 175-180 cm, turve 6039 30 

Hela-4756 6A/2, 68-70 cm, turve 2474 29 

Hela-4757 6A/2,111-117 cm, turve 4966 30 

Hela-4758 7/1, 70-72 cm, turve 1081 26 

Hela-4759 7/1, 125-130 cm, turve 2844 25 

Hela-4760 7/1, 245-250 cm, turve 7240 25 

Hela-4761 7/1, 295-300 cm, turve 7907 25 

Hela-4762 8/1, 175-180 cm, turve 5963 26 

 

Turvenäytteille on käytetty ns. acid-alkali-acid-käsittelyä (AAA) (esim. de Vries&Barend-

sen 1954, Higham 2002). Näytteet on pakattu tinakuppeihin (Elemental Microanalysis 

D1001) ja pakatut näytteet poltettu EA-laitteistolla (Thermo Scientific Flash 2000 NC). 

Syntyneet CO2 -näytteet on kerätty kryogeenisesti ja muunnettu kemiallisen pelkistysreak-

tion (Slota et al 1986, Palonen et al 2013) kautta kiinteiksi grafiittinäytteiksi. Kohtioista on 

mitattu radiohiilipitoisuus AMS (Accelerator Mass Spectrometry)-menetelmällä käyttäen 

Helsingin yliopiston hiukkaskiihdytintä (Tikkanen et al 2004).  

Tulosraportointi näytteille noudattaa artikkelissa (Millard 2014) kuvattua tapaa. Kukin tu-

los on annettu radiohiili-ikänä vuodesta 1950 AD taaksepäin lukien ja perustuu 14C:n puo-

liintumisaikaan 5568 vuotta. Radiohiili-iän epätarkkuuteen (± 1) sisältyvät näytteen mit-

tauksista ja tarpeellisista vertailumittauksista aiheutuvat tilastolliset virheet. Radiohiili-ikä 

on normitettu isotooppifraktioitumisen suhteen vastaamaan arvoa -25 ‰ käyttäen AMS-

menetelmällä mitattua 13C-arvoa. Tulos on korjattu kalenterivuosiksi käyttäen IntCal20-

korjauskäyrää (Reimer et al 2020) ja Oxcal ohjelmistoa (Bronk-Ramsey 2009).   
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Peat 2 depth (cm) ash % Peat 4 depth (cm) ash %
58 3,80 45 4,18
60 3,54 47 4,58
66 3,22 51 3,12
68 4,09 55 3,59
72 3,23 59 3,82
76 4,13 61 3,74
80 4,94 63 3,84
88 5,34 69 4,04
90 5,62 71 3,90
96 5,20 73 3,74

100 5,13 77 4,22
110 5,31 79 4,00
115 5,48 81 4,26
125 5,97 87 3,91
130 5,65 89 3,65
140 5,22 91 4,01
150 4,46 97 4,47
155 5,42 100 4,45
165 5,08 105 4,77
170 4,96 115 4,42
175 3,91 120 4,43
185 4,97 125 4,47
195 4,19 130 4,45
210 5,09 133 4,56
215 3,63 135 4,51
220 4,96 138 4,93
230 3,93 143 4,88
240 5,11 148 4,91
245 5,60 153 4,80
255 5,69 158 5,12
260 5,58 163 5,43
270 5,20 167 5,54
275 5,61 168 5,59
285 6,37 172 5,82
290 6,55 173 5,49
295 7,05 177 5,62
300 6,73 178 5,49
310 7,41 182 5,49
315 7,01 185 6,28
320 6,97 189 5,63
330 7,55 194 6,12
335 7,40 199 7,40
345 7,54 204 0,65
355 8,24 208 10,86
365 9,95 211 25,14
370 9,87
375 14,82
380 59,88
385 67,68

Appendix 2
Ash content (%)



Peat 7 depth (cm) ash % Peat 8 depth (cm) ash %
62,5 4,12 58 3,47
70,0 4,13 67 2,95
72,0 3,87 75 2,66
76,0 3,96 77 2,78
80,0 3,96 89 2,80
84,0 3,80 105 3,27
86,0 3,59 110 2,84
90,0 3,87 120 3,67
96,0 3,77 135 4,13

100,0 3,83 140 4,20
110,0 3,85 150 4,30
125,0 4,31 155 4,25
150,0 0,35 175 4,90
160,0 0,39 180 4,39
170,0 0,44 190 5,20
175,0 4,58 200 10,66
180,0 4,73 203 7,62
190,0 4,88



Peat 1
Depth (cm) Na Mg Al Si P K Ca Mn Fe

30 800,55 1255,25 259,92 65,49 1047,45 679,64 5491,04 138,42 25214,36
34 455,20 1107,37 221,83 84,25 774,83 514,45 5413,03 119,01 21391,73
38 374,02 999,70 235,41 97,82 930,64 517,76 4797,48 121,13 21546,84
42 454,84 1017,56 172,15 75,73 752,07 388,75 5257,65 106,23 21462,59
46 356,91 761,67 346,76 98,59 756,49 270,51 4540,37 82,78 18095,24
53 282,60 697,78 225,05 76,61 708,05 202,92 4261,07 73,84 15829,50
54 212,23 805,01 196,93 97,03 562,89 166,41 4976,34 74,80 15922,47
58 225,58 834,04 310,53 72,11 661,73 155,34 4312,13 67,19 16802,96
64 235,33 664,93 297,19 94,61 659,44 222,84 3697,13 83,43 17120,42
68 196,71 784,96 210,94 84,77 509,18 166,88 4235,40 91,01 16682,11
72 203,14 676,67 196,78 72,74 524,71 145,61 3737,52 84,48 17706,25
76 150,82 716,54 236,68 79,84 566,06 119,90 4211,97 92,33 16011,91
80 131,38 659,29 270,31 121,95 607,80 95,55 5254,60 418,80 55829,51
84 131,49 834,06 312,19 72,88 592,09 100,01 5668,01 206,23 27858,18
86 130,93 812,66 290,53 59,02 613,23 114,60 5648,42 217,38 33195,13
90 130,63 799,35 361,00 60,41 679,88 119,54 5627,45 228,03 34736,26
94 204,80 699,08 319,02 89,86 632,03 316,97 5436,77 335,17 91519,73
98 131,53 867,80 400,43 89,08 845,54 205,55 5040,63 119,71 22291,04

105 131,42 993,61 427,35 73,21 711,18 155,89 5434,17 101,51 18785,04
115 130,80 1061,82 459,88 80,64 714,13 71,56 6055,66 128,04 23850,49
125 131,70 978,19 394,06 70,16 802,29 96,95 5925,70 171,79 35571,95
135 130,53 1076,68 479,10 60,43 584,78 35,75 6112,37 142,65 21860,22
150 131,11 920,27 579,37 163,21 517,46 36,93 5727,92 149,65 21848,57
160 131,90 872,80 445,78 109,62 483,03 26,48 5211,71 143,05 19058,85
170 131,83 895,22 508,16 121,62 426,05 28,47 5199,28 137,88 17753,83
175 131,74 863,52 752,78 155,72 439,94 33,50 5075,28 141,60 17777,99
185 131,18 918,30 889,38 164,68 418,32 32,51 5426,90 140,16 16177,11
190 130,97 902,42 999,70 188,09 443,07 36,36 5173,16 145,71 16877,58
200 131,69 911,00 1399,89 231,76 482,21 44,15 5037,58 141,94 17710,75

Peat 2 Depth (cm) Na Mg Al Si P K Ca Mn Fe
50 103,80 567,35 201,18 33,21 774,32 208,32 4394,44 85,95 18816,71
56 146,19 345,93 208,28 46,46 600,59 170,54 3641,58 71,87 17249,21
62 106,40 248,49 166,65 54,90 634,85 255,87 2575,55 56,09 19233,13
68 88,74 297,48 244,77 29,18 585,48 107,38 2986,64 60,43 14995,98
70 159,19 423,34 292,47 25,21 650,43 138,80 3615,33 74,76 18933,71
78 41,63 482,71 428,45 30,74 629,69 78,76 4196,88 94,08 23462,67
88 45,85 524,54 473,51 20,89 646,30 67,56 4396,24 101,83 23384,49
90 53,32 572,01 509,34 23,68 642,21 72,46 4759,72 112,28 25461,75
96 53,79 563,66 522,00 52,55 627,61 62,39 4498,95 109,70 23442,85
98 38,99 554,09 504,65 31,73 639,39 58,47 4490,00 109,93 23228,37

110 34,63 604,12 520,01 34,74 650,92 93,99 4899,58 127,12 22764,14
115 34,42 672,65 484,27 25,60 800,75 173,52 5287,86 136,96 24702,24
125 22,47 632,62 507,36 27,43 696,15 71,91 5244,08 148,80 24362,27
140 15,46 639,71 395,92 13,32 504,86 12,49 5210,17 160,78 22511,43
155 13,21 616,64 452,50 9,08 472,52 7,54 4950,17 145,93 21599,26
170 13,14 635,49 333,68 11,39 500,12 5,99 5256,41 159,38 23633,32
175 12,76 655,07 344,92 6,33 445,93 4,95 5457,15 171,63 23826,82
195 15,59 532,04 367,60 8,10 451,93 8,77 4565,60 156,95 19947,01
210 14,00 533,24 539,37 32,36 489,48 10,60 5151,04 170,91 22054,98
220 11,53 511,41 686,62 22,59 463,49 8,42 5221,04 172,40 22042,32
230 9,55 513,64 800,19 37,27 523,84 7,31 5259,79 173,92 22693,65
245 10,90 588,50 957,69 36,76 493,57 8,83 5591,28 181,68 23711,34
255 8,23 557,76 1254,03 37,43 400,81 5,70 5331,67 163,37 23173,94
260 11,75 687,42 1308,64 38,44 473,24 5,80 6299,01 190,12 26353,24
270 12,40 773,11 1730,42 36,51 434,94 5,79 6777,41 197,37 26156,70
275 11,87 754,35 2197,12 34,11 372,36 5,26 6776,22 189,95 26545,22
290 15,61 792,31 1918,66 31,04 361,43 7,95 7028,81 194,86 25953,15
295 12,11 779,98 3385,98 30,81 467,91 5,54 7101,47 202,80 27476,22
300 10,69 744,09 2791,23 22,56 604,24 5,33 6970,62 203,66 27273,37
315 10,29 706,95 2578,21 18,67 563,64 5,21 7224,08 204,96 26794,06
330 11,52 734,17 3244,69 22,67 432,73 6,11 7639,79 200,56 28450,65
335 2,78 399,63 1926,28 0,00 179,57 0,54 4111,37 105,33 15056,11
345 10,90 677,05 3899,05 19,15 546,30 9,32 7029,70 187,02 25390,16
355 11,75 750,40 4580,93 18,30 529,95 9,28 7812,51 197,49 28155,96
370 13,47 876,75 6156,75 23,35 522,76 12,84 9330,40 226,28 33523,31
380 38,50 1942,75 6120,53 10,36 518,57 152,36 5958,48 162,59 50107,84

Appendix 3Geochemistry, raw data



385 52,96 3956,47 8608,44 0,00 471,15 309,57 4578,64 149,21 56490,86

Depth (cm) Na Mg Al Si P K Ca Mn Fe
 Peat 3 20 131,72 539,96 572,54 109,00 1723,96 749,32 2205,61 48,42 32556,93

30 130,90 289,40 481,52 121,71 1347,18 297,77 1726,76 37,87 31629,62
36 130,90 293,07 577,43 107,81 1101,87 155,90 2213,54 43,76 26662,88
41 130,95 325,85 564,18 93,05 1162,56 175,45 2391,81 45,23 27632,79
47 130,82 326,07 389,73 111,35 1183,60 106,17 2564,40 45,68 28789,80
52 131,62 442,53 453,87 82,52 956,90 51,64 3278,57 55,00 22091,71
56 129,56 522,18 399,36 65,75 847,31 55,32 3947,53 61,10 19744,18
62 131,47 613,61 458,67 127,87 973,77 201,18 4558,86 65,23 27003,69
66 131,95 629,30 426,30 69,19 731,40 112,59 4391,44 64,98 17157,12
70 130,20 642,73 432,36 55,61 698,36 87,89 4444,37 66,36 16660,56
74 130,54 628,27 529,01 61,99 572,06 68,13 4344,24 66,03 15416,95
80 130,13 676,09 623,98 62,08 603,28 70,29 4589,37 69,10 15613,15
84 131,76 754,60 740,36 91,09 581,90 75,04 5208,42 80,43 16827,03
88 130,87 725,16 734,24 84,95 529,54 111,06 5076,62 79,67 17515,88
92 131,28 752,45 732,69 65,85 594,89 49,08 5219,43 82,22 17854,28
98 131,28 794,62 790,49 82,53 595,76 30,71 5483,34 87,71 17072,40

105 131,36 731,54 708,48 53,99 541,06 27,97 5179,74 82,47 17918,28
115 131,04 770,98 704,72 48,83 535,63 27,15 5463,47 89,10 16001,92
130 131,92 653,21 728,25 59,69 644,23 77,82 4323,91 71,02 17385,37
140 130,25 684,21 900,55 64,20 617,06 25,99 4885,29 80,34 18531,90
150 130,99 699,65 1164,51 41,14 539,65 10,55 4587,25 75,47 15147,89
160 130,27 818,49 1582,09 66,08 607,54 13,74 5404,09 94,31 15364,20
170 129,18 751,59 1438,00 29,82 612,37 12,93 5184,08 92,15 16186,47
180 131,82 932,44 1990,87 22,84 635,92 9,59 6413,41 112,98 15148,38
190 130,04 918,28 2328,01 68,80 608,04 10,63 6656,22 112,29 16996,32
200 130,57 949,09 3716,80 41,84 737,73 9,50 7013,47 120,48 16622,98
210 130,49 847,91 3876,68 106,91 813,52 17,33 5991,57 106,46 17589,86
220 131,59 954,39 5272,59 111,24 840,60 21,56 6706,95 118,11 16477,32
225 130,34 943,35 7876,35 133,85 1217,80 22,87 6900,01 124,54 17162,48

Peat 4 Depth (cm) Na Mg Al Si P K Ca Mn Fe
35 58,30 297,76 254,31 17,13 1157,77 353,41 2149,50 63,61 35868,99
45 245,22 232,71 194,57 14,16 625,60 70,08 3119,14 41,63 16338,68
53 6,10 284,75 201,69 13,80 717,39 15,87 3349,62 53,24 15325,44
61 4,34 358,90 230,48 13,00 784,28 11,52 3834,28 63,11 15327,85
71 16,06 455,77 224,92 8,05 747,15 12,76 4319,62 71,67 16261,88
77 123,15 503,87 191,85 16,65 759,05 21,52 4066,84 70,56 16537,28
79 17,22 523,55 189,53 10,48 759,84 9,13 4148,20 74,68 14935,56
89 31,42 547,27 204,16 8,32 701,28 11,22 4010,77 71,91 14536,48
91 85,81 638,14 199,59 12,67 686,68 11,29 4572,44 80,32 17982,41

100 110,59 540,32 190,05 8,23 601,78 16,46 3810,36 69,78 15031,37
105 8,84 558,53 233,09 14,95 682,58 10,35 4637,95 86,08 16291,97
110 2,18 256,71 91,60 21,01 256,13 3,62 2030,19 37,62 8152,67
120 6,04 637,25 248,23 21,69 450,89 6,52 5152,86 91,07 18351,50
130 6,08 640,07 268,81 21,84 475,73 10,94 5015,09 94,02 16658,23
133 4,68 661,50 487,40 37,31 556,47 18,32 5071,86 104,26 17419,50
143 8,24 695,18 700,65 25,43 553,41 16,54 5347,63 113,94 19225,31
158 2,52 657,68 640,89 7,99 423,20 6,96 5120,88 114,86 18140,21
167 2,11 798,25 1620,94 25,87 500,65 10,92 6003,58 136,95 20765,08
173 2,92 656,48 1262,72 13,18 545,04 13,92 5241,70 129,14 18986,05
182 3,40 835,48 1908,21 19,25 585,28 12,50 6300,99 146,61 22021,34
185 2,67 848,57 2963,61 12,85 546,67 4,38 6389,74 143,82 20146,82
188 2,19 778,29 3274,32 4,87 574,97 0,00 5926,97 135,41 18425,56
199 4,64 916,35 6137,74 40,62 617,02 11,00 6890,50 153,47 20263,01
204 7,07 911,28 6687,46 34,93 575,97 27,10 6088,08 131,74 18343,74
211 23,17 1661,27 9679,99 10,41 871,35 110,97 4850,01 121,43 15225,09

Peat 5 Depth (cm) Na Mg Al Si P K Ca Mn Fe
25 275,20 648,65 284,23 59,22 700,92 384,89 4269,24 93,78 18507,43
40 589,40 556,58 153,09 80,60 765,33 608,43 3214,48 82,33 27719,52
52 131,76 523,22 210,60 66,89 558,15 225,65 3957,07 79,45 22802,23
64 130,57 377,16 303,17 81,16 1072,72 209,03 3458,51 65,91 19158,16
72 131,21 359,17 340,30 44,17 605,51 61,41 3601,97 67,31 14289,17
78 131,33 384,87 382,14 129,03 439,32 93,69 3687,99 62,43 14402,54
84 131,69 387,34 379,40 100,08 383,84 100,35 3682,52 57,80 13915,97



90 131,26 423,47 449,70 74,43 376,44 79,59 3817,49 59,34 15868,02
96 131,59 400,35 389,37 98,08 452,62 74,77 3704,71 55,50 16615,56

104 131,87 403,88 388,39 92,74 484,52 218,55 3672,83 58,07 15929,42
105 131,80 454,17 403,81 160,36 606,39 132,61 3838,53 68,28 17498,47
115 131,69 438,31 435,86 169,04 642,69 78,45 3907,48 67,29 18392,92
125 130,89 528,67 328,97 73,55 386,93 30,81 4570,33 79,36 18318,08
138 131,16 440,08 266,98 71,60 315,38 17,98 3606,88 62,36 16652,00
147 130,47 437,94 345,96 73,88 377,37 24,04 3721,03 62,61 18909,20
157 131,47 473,49 434,16 68,03 364,79 16,39 3852,39 69,96 18669,94
167 131,77 468,76 418,36 95,08 362,63 21,95 3771,95 67,81 18939,25
177 130,69 478,88 361,04 42,47 331,97 11,80 3834,11 71,44 20555,14
186 131,74 473,31 336,74 58,28 355,39 16,46 4021,58 72,77 18959,87
187 130,07 473,61 285,49 48,03 323,11 11,21 3785,21 70,86 19455,96
196 131,15 487,99 235,05 25,29 304,75 14,27 3945,83 73,22 16972,47
206 131,26 517,42 339,39 28,28 299,13 18,27 4179,39 76,46 18460,10
216 131,52 453,28 448,73 70,10 354,64 18,08 3512,23 75,79 18851,87
226 130,62 468,77 611,19 113,12 362,36 23,30 3660,43 81,48 21295,32
236 131,59 675,28 978,83 52,68 247,37 27,47 5385,63 109,26 20999,72
246 130,91 503,85 1136,22 46,76 308,63 20,60 4000,16 79,28 16816,22
256 131,25 542,09 1274,77 55,28 262,06 27,41 4148,47 76,05 17783,91
266 131,50 510,40 1699,63 87,18 296,63 28,89 3795,17 71,00 15716,70
276 131,71 509,43 2129,44 94,33 349,83 26,14 3622,55 65,84 13801,44

Peat 6 Depth (cm) Na Mg Al Si P K Ca Mn Fe
25 131,13 321,22 462,94 182,27 630,92 101,60 2468,95 55,04 25542,79
29 130,98 250,10 437,15 121,32 623,58 76,19 2289,70 46,70 18267,37
33 131,57 233,72 330,09 169,69 534,52 53,32 2300,47 47,29 23963,16
37 131,92 280,79 270,22 144,71 445,12 39,23 2614,40 58,00 20522,12
41 130,84 269,58 308,00 148,93 541,35 33,02 2490,19 57,82 20952,60
45 131,59 316,41 426,11 105,17 640,69 27,48 2999,32 67,75 18244,33
49 131,17 329,64 420,90 110,35 645,91 26,90 3177,62 71,05 17771,15
49 131,38 339,62 390,90 114,47 626,26 24,72 3228,52 72,88 19476,99
53 131,82 327,81 432,20 118,85 675,33 22,36 3134,33 70,10 18041,05
57 131,79 314,52 464,92 197,80 660,07 41,35 2890,12 66,75 19038,21
61 131,25 421,45 459,52 162,68 649,92 27,60 3892,78 87,53 19717,39
65 131,54 390,66 505,81 154,38 578,44 32,17 3700,46 81,65 21546,52
70 130,02 403,91 423,42 139,13 683,56 27,94 3926,54 106,62 23537,34
75 131,95 348,46 674,56 137,73 601,78 25,73 3403,52 80,68 20483,10
75 131,60 322,72 637,91 160,81 652,90 25,61 3121,09 76,23 22344,26
81 129,98 367,38 900,00 135,79 581,15 35,82 3582,16 80,65 19251,24
87 130,27 299,37 916,04 126,81 550,24 13,20 2926,38 75,38 17947,55
93 130,36 309,37 1760,43 145,99 660,02 18,72 3162,40 72,31 18339,25

101 131,26 312,05 2462,40 194,14 774,93 26,93 3151,81 71,74 17288,37
106 130,42 281,28 3210,97 208,30 782,80 23,13 2814,93 65,53 14452,02

Peat 7
Depth (cm) Na Mg Al Si P K Ca Mn Fe

58 20,36 190,40 217,38 23,87 654,85 37,43 1918,22 23,39 13680,50
67 22,86 242,36 286,01 16,96 679,86 46,66 2549,64 27,04 14782,12
70 30,44 255,47 293,98 22,31 739,81 90,22 2563,29 27,44 14705,77
72 41,92 280,28 343,37 24,07 735,01 105,46 2892,94 28,75 13267,13
76 30,41 282,83 364,74 25,82 694,81 98,38 2854,02 29,15 12149,68
80 19,80 282,02 347,16 25,59 700,54 78,98 2789,12 29,77 12724,39
86 28,52 315,90 399,76 22,74 617,92 69,53 2871,51 33,42 12873,28
90 29,04 326,78 415,70 21,05 637,75 62,98 2928,51 34,00 13010,07
96 12,30 365,48 463,17 34,10 643,87 41,69 3092,53 36,99 13209,12

100 2,57 368,22 451,46 17,80 645,47 26,12 3106,47 37,63 12686,98
115 7,21 443,48 482,38 21,42 637,96 28,94 3494,79 44,96 13093,02
125 19,01 582,50 459,99 28,01 520,11 40,60 4438,59 59,86 16197,54
150 2,85 597,40 390,15 50,03 469,05 18,46 4283,83 62,21 15142,73
155 3,00 690,61 372,20 34,27 384,19 11,48 4784,94 71,13 16463,57
160 3,37 719,93 369,14 50,49 383,90 13,27 4916,39 72,63 16615,34
165 3,82 741,26 322,37 24,90 373,52 9,26 4984,87 73,89 16542,94
170 5,77 751,53 310,40 37,04 386,69 11,22 5021,60 74,23 16733,34
175 6,25 792,13 244,22 18,54 350,95 7,26 5207,48 75,80 17958,46



180 8,78 810,40 231,58 18,96 363,65 7,08 5382,10 77,60 18181,28
185 10,45 806,57 222,49 40,88 344,23 9,80 5284,55 74,49 17304,73
190 12,77 845,95 200,37 13,75 334,17 5,94 5496,95 76,75 18281,49
195 15,19 878,30 203,82 30,89 343,32 6,97 5705,45 78,72 19196,13
200 15,52 737,81 252,70 28,11 410,11 18,21 5146,97 69,14 17987,05
205 16,44 930,40 181,19 32,29 360,26 5,92 6378,90 86,22 20961,06
210 18,21 898,39 167,56 14,93 331,85 6,35 6092,25 83,24 19986,40
215 17,37 935,84 170,90 13,81 362,53 4,95 6430,20 87,12 20688,23
220 19,18 993,43 134,17 12,22 294,43 5,46 6534,47 84,97 19951,74
225 21,51 982,06 94,79 18,68 287,36 4,92 6562,18 83,20 20419,61
230 20,21 939,33 112,25 17,45 338,42 9,23 6330,78 85,74 20023,25
235 23,60 1083,37 110,44 28,97 301,85 6,02 7390,27 96,89 22977,88
240 26,67 1169,99 100,74 22,44 328,02 9,33 8033,26 106,14 24756,34
245 25,96 1125,95 81,88 25,54 253,56 6,83 7542,28 97,30 22608,71
250 31,34 1184,61 79,21 40,66 240,43 9,42 7623,28 97,45 22292,06
255 35,14 1179,81 83,15 44,98 225,73 11,73 7566,60 95,99 22070,86
265 30,35 1119,22 122,19 35,73 287,70 11,42 8012,17 101,50 24019,65
270 30,50 1168,68 176,27 35,67 271,68 11,62 8172,50 107,09 24915,17
275 29,68 1138,97 176,91 33,71 282,29 11,46 7978,58 104,46 24445,79
280 29,71 1036,30 236,91 42,12 285,49 13,47 7194,31 102,12 22469,05
285 28,43 965,18 263,30 42,96 332,26 14,96 6641,96 99,11 20321,04
290 38,39 959,26 336,27 50,74 277,46 18,86 5869,65 78,24 16793,70
295 38,38 909,71 794,04 52,23 297,54 21,61 5639,89 76,57 16312,41

Peat 8
Depth (cm) Na Mg Al Si P K Ca Mn Fe

40 120,52 375,64 942,66 26,21 505,51 164,43 2496,31 32,72 9676,43
48 122,96 297,27 733,38 7,82 464,94 260,47 2284,83 28,05 10474,88
55 49,43 257,61 857,64 24,30 501,99 68,02 2259,89 27,82 10285,65
60 38,39 270,88 1101,06 21,00 416,57 56,20 3121,74 40,86 13809,87
67 23,16 242,86 1476,15 40,28 773,98 61,81 2704,76 33,44 9466,05
75 22,75 189,36 1240,50 32,92 534,12 38,96 2075,49 26,68 7944,44
77 24,74 196,22 1328,61 36,10 537,96 42,64 2157,70 27,93 8338,64
89 22,47 233,06 1507,05 31,43 533,89 32,98 2228,15 30,38 9270,88

105 23,14 277,65 1195,96 46,09 433,57 50,93 2465,72 33,83 9254,23
110 16,17 213,88 1365,38 24,95 408,68 25,64 2044,03 36,65 10933,30
120 12,95 314,04 1693,89 20,71 659,10 35,44 2884,04 58,73 13193,57
135 11,56 353,16 1782,00 24,44 628,96 23,36 3084,33 74,79 14369,55
140 11,96 342,60 1965,74 21,78 691,96 23,27 3137,94 73,08 16210,95
150 10,74 312,56 1920,15 14,92 523,32 12,29 3262,46 75,23 16605,04
155 12,53 342,30 2077,55 13,46 563,73 8,42 3579,95 82,42 17126,68
165 13,54 413,45 2139,19 10,20 591,10 5,37 4062,65 94,66 19218,98
170 13,69 428,86 1990,50 7,70 530,72 7,42 4113,69 93,33 18969,56
175 15,07 474,37 2008,71 9,46 539,20 7,75 4499,77 100,05 21081,58
180 17,18 470,16 2065,76 18,40 592,16 8,08 4475,62 99,09 20970,34
185 14,89 435,77 1790,32 13,80 674,18 7,69 3871,82 85,76 17478,88
190 16,54 468,85 2452,01 16,01 669,09 8,11 4295,97 91,31 19849,26
200 18,75 467,12 3520,50 23,81 912,78 15,50 3968,50 82,09 17477,02
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