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Abstract. The summits and slopes of some islands along thbesstern and northern coasts
of the White Sea are covered with dried out pedtaiihe thickness of the peat deposit is 30—
80 cm and it is separatény troughs intogently sloping polygonal peat blocks up to 26im
size. On some northern islands the peat blocks paxmafrost cores. The main components of
the dried out peatlands vegetation are dwarf shamokslichens. The peat stratigraphy reveals
two stages of peatland development. On the fisgest the islands were covered with wet
cottongrass carpets, which repeated the convesf retiape. On the second stage, they were
occupied by the xeromorphic vegetation. We sugtiegtthese polygonal patterned peatlands
are the remnants of blanket bogs, the formatiowlnith assumes the conditions of a much
more humid climate in the historical past. The tiofieheir active development was calculated
according to the White Sea level changes and ration dates from 1000—-4000 BP.

1. Introduction

There exist islands covered with dried out peadamdthe White Sea, the appearance of which
resembles the shape of ice-wedge polygonal noiresctic lowlands. The peat deposisiparatedby
troughs intogently sloping polygonal peat blocks 4-26 im size. A layer of withered peat with a
thickness of 30—80 cm repeats the convex relighshacovering the summits and slopes of the land.
The islands are far beyond the zone ofAhgtic polygon mires, and the ice wedges, which are &}pic
for the polygon mires, appear to be always abgethe troughs of the peatlands. The xeromorphic
vegetation, that covers the peatlands, consistslynai dwarf shrubs and lichens. The purpose of thi
work is to give brief essay on the current vegetatio survey the peat deposit stratigraphy and to
reconstruct the Holocene history of these pecpkatlands.

2. Study area

The White Sea is located in the northeastern gaBuoope along the boundary of Fennoscandia. In
the period from 2006 to 2016 more than 750 km efdbastline were observed between the mouths of
the Ponoi and Kem'’ rivers (figure 1). All studieslands are located along the coast with a maximum
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distance of 14 km. The polygon patterned peatlavel® found on 9 islands. Additionally peatland
with hummocky-hollow surface pattern was observedeshnyak island (table 1).
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Figure 1. Study islands: 1 — Veshnyak, 2 — Figure 2. Polygon patterned peatland on Danilov
Unnamed island near the Goryainov island, 3island.
— Danilov, 4 — Sosnovetz, 5 — Stolbovaya
Luda, 6 — Bol'shaya Srednyaya Luda, 7 —
Sharapikha, 8 — Zelenaya Luda, 9 — Bol'shoi
Rob’yak, 10 — Terroikha.

The surveyed territory is located within Belomorfaid belt — the southeastern part of the ancient
Precambrian Fennoscandian shield [1]. Bedrocks wimt@il by acid gneisses and granite gneisses,
lacking in almost all biogenic elements, some nidbasic rocks cover smaller areas [2]. Islands in
southern and western part are bare fractured rotdcaps whereas in the northeastern part, they have
a thin layer of loose marine deposits [3].

Table 1. Study islands.

Geographic coordinates  Altitude abovesize, Peatlands mineral

Island N E sea level, m kmz basement

Veshnyak 67°06'25" 41°24'07" 20.1 0.621 softreedts above rock
Unnamed near Goryainov ~ 67°01'40" 41°20'48" <5.0 0.008 soft sediments above rock
Danilov 66°44'20" 41°05'33" 6.3 0.036 soft sediteebove rock
Sosnhovetz 66°29'22"  40°40'59" 16.2 0.491 sofinsedts above rock
Stolbovaya Luda 66°40'42"  33°47'02" 19.1 0.024 re back

Bol'shaya Srednyaya Luda 66°36'03" 33°41'04" 15.5 0.050 bare rock

Bol'shoi Rob’yak 66°37'31" 34°54'26" 16.8 0.269ardrock

Sharapikha 66°13'41" 34°03'09" 31.8 0.112 bark ro

Zelenaya luda 65°53'39"  34°48'40" 11.0 0.058 back

Terroikha 65°02'40" 34°59'25" 22.5 0.232 bar&roc

Among the most important factors in the historyttod formation of coastal peatlands during the
Holocene are the isostatic land uplift and osddla of the White Sea level [4, 5]. The rate and
sometimes the direction of vertical movements ffedént parts of the studied territory are diffdren
[6, 7]. Since the highest middle Holocene transgjoes (ca. 6250 BP, Tapes phase), the sea level
along the west coast has dropped by 20-25 m, whtlee northeast it has dropped to 10 m. The most
distinct coast paleoline, corresponding to thelseal 4100 years ago traced at 17 m a.s.l., ishen t
western coast and it is 8 m a.s.l. on the nortkeasibast. The modern uplift is 1-2 mm per yedhén
west and the fall is 1.4—2.5 mm in the northeakst [7
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The climatic regime of the White Sea region maylescribed as intermediate between marine and
continental types. The winters are relatively wdrat lengthy whereas summers are short and cold.
Additional specific climate features include sigrdint cloudiness, high air humidity, abundant
precipitation, and generally unstable weather dandi throughout the year. The intensive cyclonic
activity and relatively rapid shifts of synopticogesses create high variability of the values of
meteorological parameters [8]. The long-term meanual air temperature along the studied area
ranges from —0.67 in the northeast (Sosnovetz dsl@eather station) to +1.4 °C (Kem’' weather
station) in the south-west. The annual precipitat®343 mm (Sosnovetz) and 467 mm (Kem’), 71—
75% of them fall in the warm period of the year. [8]

The studied islands are mainly covered by heathg;hwary based on geographic location. The
southern and western islands are situated wittennibrth taiga subzone [9]. As a rulempetrum
hermaphroditumis the most abundant species of these heafhscinium vitis-idaeaand V.
uliginosumare common. On the well-drained substratestostaphylosuva-ursi and Arctousalpina
are importantVaccinium myrtillus Avenella flexousaand Luzula pilosaare confined to the snow-
protected habitatsAndromeda polifoliaRubus chamaemoruand Carex rarifolra are significant in
the paludified heathlands. Mosses (mainBteurozium schrebéexi lichens Cladonia spp.,
Flavocetraria nivalis etc.) and liverworts (chieflftilidium ciliare) are common. The peculiarity of
these island heaths is the presence of some baedleven hemiboreal, plantRubus saxatilis
Luzula pilosa Dicranum polysetumetc.) and the absence of some arctic-montaneypodnctic
species Betula nanaAlectoria ochroleucaThamnolia vermicularisetc.), which are common on the
northern islands. The other vegetation types ofstinghern and western islands are the supralittoral
coastal meadows, salt marshes, fragments of nainelspine forests, which occupy a negligible area.

The northern islands are lying within the southdnan(low arctic) subzone [9]. The Veshnyak
island flat summit is mainly covered by chionophabdeath with lichen€ladonia arbusculaand
Flavocetraria nivalis predominate.Empetrum hermaphroditunBetula nanaand prostrateSalix
glauca prevail among the vascular plants. On the steeprestslopes there ar&mpetrum
hermaphroditumBetula nana Chamaepericlymenum suecicutominating heath and willowSglix
glauca S lanatg) thickets. The Danilov and the small unnamed ddaare entirely covered by dried
out peat deposits witlempetrum hermaphroditurheath with abundance &®ubus chamaemorus
(figure 2). The Sosnovetz island covered by peposits that have the form of a palsa peatland and i
some places of a slightly differentiated plateabe Tmounds and plateau are mainly covered by
Cladonia arbuscula Flavocetraria nivalis dominated heath with a high significance Rtibus
chamaemoruand Empetrum hermaphrodituririophorum scheuchzerCarex aquatilis C. rariflora
andSphagnum lindbergiS riparium predominate in the hollows. The other vegetatyges (mainly
coastal meadows and herbs coenoses) of the norsiends are of little significance.

The polygon patterned peatlands are separate massinost of the islands. On some islands the
polygonal structures are combined with extensivienpérost peat plateaus. On the Danilov island the
polygonal relief turns into a more homogeneousealatwith permafrost at the northern foothill. The
hilltop of Sosnovetz is entirely occupied by a pafirost peatland with an undulating relief, by the
edges of which a polygonal structure is develoglung the slopes and on the foothill. The studied
peatlands on Veshnyak island are spotted by flansits and they have hummocky-hollow relief.

3. Methods

3.1. Vegetation studies

The peatlands vegetation was recorded with abdutdlevés, which were made in homogeneous
stands from sample plots 25 m2 in 2011-2016. Theddnce of each taxon was recorded by means
of a cover percentage scale. The location in méstreanorelief pattern, exposure and slope angle
were recorded for each sample plot.
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3.2. Peat studies
Peat samples were taken manually from small pithéofull depth usually every 5 cm if a uniform
layer or by visible limits if noticed. In StolbovayLuda and Bol'shaya Srednyaya Luda the thickness
of samples was 2 cm. In Bol'shoy Rob’yak, Sharap#elenaya luda it was from 5 to 15 cm. For the
most part of the islands the peat samples werentakly from one point, but on bigger islands they
were taken from several sampling points. For thailba island we laid stratigraphical geological
cross-section based on 5 sampling points throughatole peatland. Altogether 151 peat samples
from 14 pits were analyzed in this study.

Botanical macrofossil analyses and degree of deositipn evaluation of samples were made with
a microscope method at the precision of 5% in thbdcatory of mire ecosystem IB KarRC RAS in
Petrozavodsk by N. Stoikina. The radiocarbon datwes performed in the conventioniC
laboratories at the Geological Institute of the fas Academy of Sciences (Moscow) (GIN) and
Herzen State Pedagogical University of Russia €&tBburg) (SPb).

3.3 Meteorological data
The main sources of meteorological data of Hydrometegiocal Service in Russia are Raspisaniye
Pogodi Ltd. (rp5.ru) and hydrometeorological dasabénttp://ib.komisc.ru/climat) [10].

4, Results

4.1 Essay on the current vegetation

The main components of the dried out peatlandstatge are the dwarf shrubs (chiefynpetrum
hermaphroditumalsoVaccinium uliginosuni. vitis-idaeg Arctous alping, lichens Cladonia
arbuscula C. rangiferina Flavocetraria nivalis Cetraria islandica etc.) andRubus chamaemorus
The moss floor is poorly developed usually and mte®fDicranum elongaturess often
Polytrichum strictumLiverworts are commor®tilidium ciliare grows mainly on the top of polygons;
Calypogeiaspp. andCephaloziaspp. are confined to the polygon slopes. Thereleflation scars on
the most windswept sites on the polygon surfacéctwéare overgrown b@chrolechia frigidaand
cup-shapeladoniaspecies. As a rule, the troughs between polygmsaupied by the same dwarf
shrubs and sometimes also by the same lichensdhewest troughs lack any vegetation. The mire
hygrophilous species and the ice wedges, whickyareal for the Arctic polygon mires [11], are
always absent in the troughs of the dry polygortlaed. Another difference from palsa and polygon
mires is the absence Ahdromeda polifoliaCarex rariflora, Eriophorum vaginatupSphagnunspp.,
etc. in the communities of the top of the polygdhisch communities with some variations in structure
and floristic compositions are typical for the @atlands of the studied islands, except for Veskny
Island. On the latter island, the studied peatldra® hummocky-hollow relief. The hummocks 40—
60 cm high are covered by heath with abundané&gdetrum hermaphrodityrRubus chamaemorus
Betula nanaand sometimes of lichen€ladoniaspp.,Cetraria islandicg; Carex rariflorais constant.
The hollows are dry with mineral substrate or a fhgat layer on the bottom. There are scattered
Polytrichumspp., lichens, liverworts and solita®galix glaucaor S. lanatain them.

4.2 Peat stratigraphy

The peat deposits are dry. The fragments of peosifire observed only on the northeastern islands
(Danilov, Sosnovetz). It occurs in the central paiftpeat blocks at the depth of 40 cm and pemstrat
deeper into the sand. The basal layer of the dega$ense dark brown peat while the upper layer is
more bulk, have lighter brown tint and permeatet Wving roots of shrubs.

The basal layer of the deposits is composed obrgihss peat with decomposition degree 35% or
more. Beside&riophorum remnants of Ericale®ubus chamaemoruSalix Betulg Spagnunsect.
Cuspidata Dicranum Polytrichum are common. The remnants Glarex rariflora, C. aquatilis
Equisetumand herbs are less seen. Almost pure cottongegsssid was observed only once — at the
foothill of Danilov island (figure 3a), where it waverlapped with a layer of logs, brought by tee s
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(not shown on the graph). In addition, the basat fmyer is frozen here; both of these factors gmev
the penetration of shrub roots into the underlyilegosit. In addition to th&riophorum there are
remnants of5alix The maximum thickness of the cottongrass basalipe25—-30 cm (figure 3b, ). In
some caseg&riophorumis not absolute dominant of basal peat, althowgh present in significant

amounts (figure 3c, h, k%.
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Figure 3. Peat macrofossil composition columns (a—n — Idard-c — Danilov (a — foothill, b —
seaside slope, ¢ — hilltop); d—f — Sosnovetz (dhereside slope, e — foothill, f — seaside slope}; g
Unnamed island near Goryainov island; h, n — VeaRrgiilltops); i — Stolbovaya Luda; j — Bol'shaya
Srednyaya Luda; k — Bol'shoy Rob’yak; | — Sharapikin — Zelenaya luda. 1-17 — Macrofossils: 1 —
Betula nana 2 — Salix 3 — Empetrum 4 — Vaccinium 5 — Ericales (undetected), 6 Rubus
chamaemorus7 —Chamaepericlymenum suecicu+Eriophorum 9 —Carex (C. rariflora — i, I, n;

C. aquatilis—i (bottom)), 10 Equisetum11 — Herbs (undetected), 1Dieranum 13 —Polytrichum

14 —Pleurozium 15 — Bryales (inclLoeskypnum badium b, i), 16 -Sphagnun{S. sect.Cuspidata—

d, g, k, I;S lindbergii — h; S riparium — n; S capillifolium — m), 17 — Lichens; 18 — Decomposition

degree (%).
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The cottongrass peat is overlapped by dwarf-shameswith decomposition degree of 20-35%.
There are deposits with both sharp and slightlyememoothed boundary of dwarf-shrub peat. The
most detailed study was carried out at Stolbovaydaland Bol'shaya Srednyaya Luda, the transition
is relatively smooth on the first one, and on teeasd islandEriophorumcontent abruptly decreases
from 65 to 10%. In the above mentioned Danilovndldeposit with artificial boundary in the form of
logs the transition of peat layers is quite sh&mpetrumremnants is the dominant of dwarf-shrub
peat layerVacciniumis also usual, some of the shrubs cannot be detedmbut most likely they also
belong to these gener&ubus chamaemorus common. Peculiar remnants are Dicranum
(probably,D. elongatum andPolytrichumspecies, in some cases, the former plays an edsehe
(figure 3a). Small cottongrass content (5—10%) lmafiound close to the surface (up to 5-15 cm); in a
few cases, it completely disappears at the deptB5e80 cm (figure 3j, k). Sometimes there are
remnants ofChamaepericlymenum suecicuifhe thickness of the dwarf-shrub peat layer ie th
deeper deposits may reach up to 60 cm, in shall&®~30 cm.

Commonly, there is no cottongeass at all in thdaserlayer of peat as well as in the current
communities. The other peat forming plants are kupented with the remnants of lichens and
hepatic mosses. The degree of decomposition dexrdasl5%. The stratigraphic profile from the
Danilov island demonstrates the stratification loése layers over the entire area of the peatland
(figure 4).
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Figure 4. Stratigraphical geological cross-section (west-ea®ction) of the peatland on Danilov
island. 1 — dwarf-shrub peat, 2 — dwarf-shrub pedh cottongrass, 3 — cottongrass peat, 4 —
permafrost, 5 — sand, 6 — rock basement (sandrogikdary is suppositive).
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In addition to the typical polygonal patterned perads we studied some similar formations. For
example, in figure 3 h, n, the stratigraphy of Eivalpeat deposits of the hummocky-hollow complex
from Veshnyak island are given. The main featufeth® deposit structure are similar to those of the
other deposits. The peculiarities are the presehphagnum lindbergiiemnants in the basal layer in
one case an@arex aquatilisn the second one as well as the larger roRBatéila nana

There are two radiocarbon datings of basal cotsgypeat layers: from the islands Stolbovaya
Luda 1610+30 BP (GIN-15057) and Bol'shaya Srednyayda 3664+50 BP (SPb-1928).

5. Discussions

5.1 Paleocommunities

The stratigraphy of the deposit of all polygonaltganed peatlands is rather similar. In all cases t
main layers of peat are identified — the basal rlayéth the degree of decomposition of 35-50%,
consisting predominantly of the remnants of cottasg and the overlapping layer of dwarf-shrub peat
with a degree of decomposition of 20-30%, in witleé remnants of cottongrass are found in small
amounts close to the surface. Thus, the stratigrajfithe peat deposits identifies two stages of
vegetation development. At the first stage thenidéawere covered by wet cottongrass carpets
repeating the convex shape of the relief. In additio Eriophorum Ericales,Salix, Betula nana
Sphagnunsect.Cuspidata Carex rariflora, herbs and some Bryales species were in paleocaitynu
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composition. In conditions of a slow water flow fhat plateaus, as on Veshnyak islasgghagnum
and sedges (includin@arex aquatili3 were abundant.

Currently there are no such communities on the eomelief forms in the region. On some islands
of the east of the Kola Peninsula on the mires wehmafrost, some thawed hollows occupied by a
carpet of cottongras€fiophorum scheuchzerke. russeolumE. medid can still be found, but this
relates only to the depressions of micro-reliefrddiof convex relief forms with mostly atmospheric
nutrition are known as blanket bogs which globatribhution today is confined to coaxtremely
oceanic climate [4, 13, 14, 15]The cottongrass is the main peat-forming planteflilanket bogs in
the oligotrophic (acid) conditions [12]. Based amr studies of the deposits, similar paleocommusiitie
occupied large areas on some islands, often bh@émain type of vegetation in the historical past.

The second stage of peatlands vegetation develdpmas its xeromorphisation. Cottongrass
paleocommunities were changed by dwarf-shrub—maods later, in some places, by dwarf-shrub—
lichen. Most species of cottongrass paleocommunéie absent in the modern flora of peatlands.

5.2 Time frame
The comparison of the current absolute hypsomginisition of peatlands with the history of the
White Sea level fluctuations during the Holocerleved us to determine to some extent the time of the
beginning of the formation of peatland on the id&n

The sea level in the western part during highestdiei Holocene transgression (ca. 6250 BP)
exceeds present time level for 2025 m [7] andtallied islands were below sea level or in the zone
of active wave action. In the eastern part, theleeal was 10 m higher than the current and some of
the islands were under water as well. The sea lexgérienced weak oscillation till 4000-4100 BP,
when it reached 15-17 m [4, 7]. After that, the Eignificant regression of the sea started (Trivia
Ostrea stages transition). Finally, the White ®eellfell to an absolute 10 m only 2000 years &go.
that time, the lowest of the studied islands inwlestern part of the sea came to the surface. filus
the most of the studied peatlands the age of orgimot exceed 2000-4000 years. The time of
peatland initiation on the Bol'shaya Srednyaya L{8&64 + 50 BP) is close to that assuming the sea
level oscillations.

5.3 Climatic envelopes

The blanket bogs existence in the past in the Wbéa region is a remarkable fact. Currently, the
nearest active blanket bogs are located in thehrafrthe central part of Norway [13, 14] which is
more than 800 km to the northwest from the Whita &mast. The existence of blanket bogs is limited
by narrow climatic envelopes [15, 16, 17]. There several climatic indexes delineating blanket bog
formation conditions. Further we compare them witbdern conditions along the coast of the White
Sea obtained by long-term observations at the geathations.

The first one is the mean annual temperature (MAFL°C [15]. In this study region the MAT is
—0.67 °C (for Sosnovetz island) and 1.4 °C (for Kener estuary), thus, throughout the region, the
MAT does not exceed the climatic limits for therkat bogs. Accordingly [16] blanket bogs occur in
Fennoscandia in areas where the annual tempenaties from 1.5 to 6.7 °C, but in their opinion,
temperature variables here appear not to be agsiampalimate determinants.

Another temperature parameter, the mean temperatuhe warmest month (MTWA) varies from
8.5 (Sosnovetz) to 14.2 (Kem’), which correspor@dMTWA < 14.5 °C [15] and MTWA 10.0-14.1
°C [16]. The last important temperature parameteontinentality (yearly thermic interval, max.—min.
of monthly mean temperatures); f8osnovetz (21.0) and Kem’ (27.2) it exceeds thesupgpmatic
limit of 18.9 [16] due to low winter temperatures.

The second important group of parameters relatgwreoipitation. In accordance with [16] the
mean annual precipitation (P) explained almost 6@Rwariation in blanket bog occurrence in
Fennoscandia. The greatest discrepancy betweauthrent climatic conditions of the White Sea area
and the blanket bog regions is in much lower pitatipn amount. Blanket bogs occur in
Fennoscandia in the areas where P exceeds 1018 &)whereas the long-term mean for Sosnovetz
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and Kem'’ is 2—3 time less.

The moisture index, Ml (ratio of P to equilibriumagotranspiration) might be expected to capture
the distribution of peatlands better than merelgeltause the latter neglects the large differentes i
evaporative demand between climates at differaitudes and with differing degrees of cloudiness
[17]. MI for blanket bogs occurrence area is > Zle gross evaporation for Ponoi river watershed is
236 mm and for Kem’ river is 356 mm, the calculatimodel demonstrates similar values [18]. So,
accordingly to gross evaporation Ml is 1.45 for &leSosnovetz and 1.19 for Kem’ area, which is
also significantly lower than MI of blanket boggi@n. It turns out that with the same evaporation
rate, to create conditions for the initiation ofitket bogs, the amount of precipitation shouldéase
by 152 mm (30%) in the Ponoi—Soshovetz and 322 #8%] in the Kem’ area.

5.4 Past climatic possibilities for blanket bogtigtion

For the eastern Fennoscandia there are a numbsgooé-pollen diagrams for organic deposits of
mires, on the basis of which the quantitative cttaristics of the paleoclimate were determinedgisin
the information statistical method based on a mesali statistical relationship of current climate
conditions with the surface (subrecent) pollen Bpe¢l9]. One of such pollen-based climatic
reconstructions was made for Lovozero mire froneinpart of Kola Peninsula [20]. It allows tracing

possible climatic circumstances for the initiatafrblanket bog formation during the Holocene.

The most favorable conditions for the blanket biogeption initiations were during the climatical
optimum in the Atlantic period (higher amount o&gipitation, lower rate of climate continentality).
At that time, the most massive formation of blartkegs over Great Britain started [12, 15]. However,
the studied islands were hidden by the waterseofthite Sea.

At the transition of the Atlantic and Subborealipds 4500 BP there was a significant global
cooling during which palsa mires started to formtloe Kola Peninsula about 4000 BP [20]. The next
warming maximum occurred in 3500 BP. Precipitatexteeded the current level by 50 mm, the
temperature- by 2 °C, the climate continentality decreased. Tadiocarbon date of the basal
cottongrass peat layer from Bol'shaya Srednyayaal {8664 + 50 BP) exactly corresponds to this
climate shift. We suppose that during this warmimghe middle of the Subboreal the blanket bogs
started to form on the White Sea islands. At thmesaime, the extension of blanket bogs on the
British islands is traced [15], as well as peatlfonation on the fells of Finnish Lapland [21].,So
the climate of Northern Europe at this time conttréal best to the expansion of the blanket bogs.

However, some of the studied islands at this tireeevstill below the sea level. The last warming
event occurred in the lesser climatic optimum @&f khedieval period, with the maximum about 1000
years ago. Radiocarbon dating from the Stolbovay#al(1610+30 BP) is of a slightly older age. The
amount of precipitation exceeded then the curevellby 75 mm, temperaturdby 1-2 °C [20]. By
that time all the surveyed islands already appedried above comparative climate data show that an
increase in MAT and MTWA by 1-2 degrees would netlede these areas beyond the climatic
optimum for the development of blanket bogs. Thetioentality decline is due to a greater increase i
winter temperatures; it could even approach theupptimum limit.

To the greatest extent, the climatic optimum is meatched by precipitation. The above
calculations show that at the same rate of evaiporaghe amount of precipitation required for blahk
bog initiations should have exceeded the curreesdiy 150-300 mm. The calculated precipitation
rate [20] refers to the inner part of the Kola Penla; perhaps the increase in precipitation at the
seashore was significantly greater. Moreover, slents might have inherent lower evaporation due to
higher permanent air humidity on the sea coasbimparison with the inner regions of the continent.
The average annual air humidity at Sosnovetz is,898ereas at the Kanevka weather station located
in the interior of the mainland at 80 km from Soggta is 82%. In the warm months the difference is
even more significant (89% and 78%). There are 8@ags with fog during year in the northern part
of the White Sea and in the summer months fogsroeeery 3 days [22]. These factors reduced the
evaporation and led to an increase of the subditatedity.

It is known that the climate of the White Sea istable both on a short-term and on a long-term
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scale [8, 23]. Currently, the increase in prectmtais observed, i.g. for Kem’' annual precipitatio
grows from 425 (1968 yr) to 514 (2014 yr), i.e88tmm, significant growth is also observed at the
other stations along the White Sea [23]. It is edusy the intensification of cyclonic activity atite
increase in the intensity of precipitation [24].uBhit can be assumed that the amount of predgnitat
on the White Sea coast in the past could also ¢eifisiantly higher than the current level and
conditions for the blanket bogs development migéll exist.

The warm period was replaced by a “small Ice Agéthvan extreme at about 800 BP, when
precipitation and temperature were lower than tiesgnt-day values by 50 mm and by 3—4 °C (2 °C
in July) and the climate continentality increasédat cooling event led to degradation of Sphagnum
on palsas and the formation of dwarf shrub ancelictcommunities, which still persist in the areg[20
We assume that at the same time the blanket bage 0/hite Sea islands might dry up.

Indirectly, it is indicated by the position of tl@ver boundary of the peatlands at about 10 m.a.s.|
in the western part of the sea. The slopes ofdlamds appeared less than 1000 years ago were never
occupied by cottongrass communities. In the nodfeea islands, which are currently experiencing
subsidence [7], the peatlands extend to suprallttpass communities.

The existence of permafrost fragments in blocksamhe northern peatlands is an interesting fact.
There is a suggestion that the permafrost as watarorizon, can contribute to the blanket bogs
development [25]. However, the studies of climatiovelops [15, 16] show that palsa mires and
blanket bogs in the north of Europe have a cleamthal disjunction, which means that they cannot be
at one time in one place. Suggesting, the develapofepermafrost in the peatlands of the White Sea
islands occurred later or during the changes iim i@nt communities. As in the case of Fennosaandi
palsa mires [26], the existence of permafrost iseruly maintained in them due to strong winds,
which are drying the peat surface and keepinge#rcbf snow in winter.

6. Conclusion

The drying out polygonal patterned peatlands ofmmimand slopes of the White Sea islands are the
evidence of blanket bog existence during a moreithawiimate periods of 1000-4000 years ago. The
amount of precipitation on the White Sea coastireguor their existence at that time had to exceed
significantly the previously assumed value. To fresent time, these peatlands stopped their
development and the erosion processes are prayailliis study provides only a general idea about
the history of their development. Relict peatlamfighe islands of the White Sea are quite unique
formations and undoubtedly require further invesimns.
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