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KlZlvy ihkl\ys _gZ dhfie_dkghfm ZgZebam ]_hfhjnheh]bg_kdbo mkeh\bc
wlZih\ jZa\blby [hehlgh]h fZkkb\Z Fmojbgh jZkiheh _ggh]lh \ kj_"~g_1Z_"gh
K ijbf_g_gb_f kh\j_f_gguo f_Ilh~ h\ \ukigthldghgb *36bnjh\h_ fh”_ebjh\:
j_ev_nz ¥e&6jZz*"bhm]e_jh~rgZy ~Zlbjh\dZ ~_1Zevguc [hlZgbgq_kdbc ZgZeba
kljmdImjzZz Ihjnyghc aZe_"b b mkeh\by nhjfbjh\Zgby [hehlZ \ JThehp_g_ Mk
_“bguc [hehlguc fzZkkbj\Kekyfb\ j_amevlzZl_ kebygby g_kdhevdbo g_aZ
[hehlhh[jZzah\Zgby hdheh dZe e_| gZaz”™ <uyle_gu ™\Z ijbgpbibZevg
[hehlz aZlhezgb\zZgb_ fbg_jZevguo kmoh”~heh\ b azZ[heZgb\Zgb_ i_
ijhkljzgkiI\Zgg _h~rghjh~rghklv kljZlb]jZnbb Ilhjnyghc aZe_"b mgZke_"~h\ZggZz
fbg_jZevghlh eh'Z ]brjheh]lbg_kdh]lh j_"bfZz b Z\lholhgguo nZzZdlhjh\
Ahfbgbjmxsb_ \b”u IThjnZlhjmmkdmf knZ]gh\luc fhqZ-bgguc r_cojb_\h
knZ]lgh\wc b bo ijhkljzgkI\_ggh_ jZkij_~_e_gb_ Ilhemqg_ggu_ ~Zggu_ bf_»
ihgbfzgby azZdhghf_jghkl_c nhjfbjh\Zgby [hehlguo wdhkbkl_f j_]bhgZ b jZz
m]e_jh~ghlh [x”*"_1Z lhjnygbdh\ AZiZz~"ghe* Kbéhjb @Z k_jbjki_dlib\hc fh”_eb
[mMm*msbo baf_g_gbc

Dexqg_\u_ kekn\Z]gh\u_ [hehlZ iZe_hwdheh]by \b”u lhjnZz ]Jhehp_g Ihjn
Kb[bjv m]e_jh~guc pbde

ABSTRACT

This study presents a comprehensive paleoecological recomstruat the Mukhrino peatland, a
representative oligotrophi8phagnunbog within the Middle Taiga zone of Western Siberthe world's largest
peatland region. Utilizing a multidisciplinary approach, the research aims to reconstruct thifohistdry ofthe
peat deposit, its stratigraphic heterogeneity, and the main stages of ecosystem developmenutthtaigho
Holocene.

Background and Objectives: As a significant global carbon reservoir, West Siberian peatlands &yl a
role in the carbon cycle. nderstanding their lonterm development is essential for interpreting contemporary
carbon flux monitoring data and forecasting ecosystem responses to ongoing climate change. dhéhigoal
research is to reconstruct the conditions, dynamics and waly$ethto the formation of the unified Mukhrino
peatland.

Methodology: The research integrates hghcision GPS leveling, digital terrain modeling (DEM),
radiocarbon dating (AM&'C), and detailed plant macrofossil analysis of peat cores. A dense nefvmieholes
was established along four stratigraphic profiles (North, South, East, West), enabling spatieityaeglysis. Peat
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classification follows genetic principles, distinguishing oligotrophic, mesotrophic, and eutrgpbg llased on
macrofesil and trophic status.

Key results: The study reveals that the modern, unified peatland (~75 km?) formed through tltercoales
of at least two primary, independent paatumulation centers around 9 370 calibrated years before present (cal yr
BP). Theg centers originated via two distinct pathways: terrestrial paludification ofcdaiferous forests on
mineral uplands (predominantly in the northern sector) and aquatic paludification (infillingyrafrpriakes and
palecriver channels (notably in theestern sector).

The internal structure of the peat deposit is highly heterogeneous, directly inherited from-élestpre
relief of the mineral basement (a flat depression with absolute elevations2% @8 a.s.l.) and contrasting
hydrological regims. The DEM of the mineral basement shows an inverse topography compared to the current
convex bog surface, highlighting the differential peat accumulation rates. Deepest peat dejjogitmbss m) are
located in ancient stream and lake basins.

Early Hdocene (c. 11 00@ 500 cal yr BP). Peat initiation began around 11 000 cal yr BP in a palaeochannel
depression (NE sector) with eutrophic régghnum peat. Shortly after (~10 600 cal yr BP), a second center
developed in the south with eutrophic herbacgbussetadmenyanthedern) and hypnum peats, indicating rich
groundwateifed fen conditions. The merger of the northern and southern centers into a single hydrologital syste
occurred around 9 370 cal yr BP.

Mid-Holocene Transition (c. 8 568000 cal yBP). The northern sector rapidly transitioned to oligotrophic
conditions dominated b$phagnunfuscumpeat by ~8 500 cal yr BP.

Oligotrophic Phase and Late Holocene Dynamics (c. 8-Q@f@sent). The consolidated bog entered a stable
oligotrophic stage dracterized by rapid peat accumulation (avg. 0.080 cm/yr). The stratigraphy is dominated by
alternating layers oSphagnunfuscum(hummock) peat an8phagnum balticufmajugpapillosum(hollow) peat,
reflecting the establishment of ridgellow complexes. Adistinct marker horizon of woodgottongrass peat
(~4500 cal yr BP) signals a widespread, relatively dry climatic phase. A continuous layer ofdetestatmntent
across the bog indicates a regional palaeofire event or significant aeolian deposition.

Ped types: Botanical analysis identifies oligotrophic peat as dominant (61.6% of samples). The tlominan
peatforming types are: 1pphagnunfuscum(oligotrophic) peat (22.4% frequency), forming the peatland domed
core; 2)Sphagnunhollow peat (13.9%); and Jcheuchzeri&phagnunpeat (6.5%). Their spatial distribution is
closely linked to microtopography and hydrology.

This detailed reconstruction confirms the hypothesis of a polygenetic origin for the Mukhrinaghedtia
findings underscore the profouadd lasting influence of initial geomorphological and hydrological conditions on
peat stratigraphy, even within a seemingly uniform raised bog. This spatial heterogeneity ipgpaattjormation
history is crucial for accurate upscaling of peiatsed arbon stock and accumulation rate measurements. The
research demonstrates the ecosystem's resilience, having undergone significant hydrologicakatiah \&gts
(e.g., the mieHolocene dry phase) while maintaining its carbon sequestration functienstily provides an
essential paleecological framework for interpreting data from the ongoing carbon monitoring station at the
Mukhrino "Carbon Supersite", thereby improving models of carbon budget dynamics and tteriomgsponse of
West Siberian pékands to climate change.

Keywords:Sphagnunpeatlands, palaeoecology, peat types, Holocene, peat accumulation, Western Siberia, carbor
cycle.

Bkihevam_fu_ khdjZs_gby
JHM jZkl\hj_gguc hj]Zgbg_kdbc m]Je_jh~
PFJ— pbnjh\Zy fh~_ev j_ev_nZ
dZe e_| gdda&b[jh\Zgguo e_I| gZzaz"
cal yr BP—calibrated years before present
DEM - digital elevation model

<<?>?GB?

LhjnyguhehlzazgbfZyg 3% kmrpbdhgp_gljbjmik30% fbjh\h]lazizkz
ihg\_ggmhe jHCl¥mo et al., 1998; Xu et al., 2018; Yu et al., 2010; Yu et al., 204k h[h _
agZqgq_gb_ bf xI wdhkbkl _fu AzZiajgig Kb[bhbazZ[hehqg_ggh]lh j ]bhgZ
kh”_j°Zs_]h a fbjhi\ZibhwZhjnz | x10al m]e_jh”"Z > .UHPHQHWVNL
6KHQJ HW DO 6PLWK HW DO @ Knhjfbjh\Z\rbkv \ jZg
ijhr"he Zxl \uihegylv dexqg_\mx jhev \ Jeh[Zevghf m]e _jh*ghf pbde _
kdhjhkl¥239 ] f? ]h™ [Bleuten, Lapshina, 2001; Turunen et al., 2001; Glebov et al., 2002;
Tsyganov et al., 2021].
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< mkeh\byo kh\j_f ggh]h ihl_ie _gby debfzZlZz hkh[_ggh \ujZ  _g¢
>$QLVLPRY =LPRY @ \hajzklz_| \zZ gihklglbanxeqgbly*ghh]lb pheé
Hkh[h_ \gbfzZgb_ m”_ey_ Ilky jZkl\hj_gghfm hj]l]Zgbqg_—kdifjitithm dhire _j
jZaeh™ _gby hjljZgbqg_kdh]lh \_s_kI\Z dhlhjuc ljZgkihjlbjm_Iky k ih\_jc
fbg _jZebah\Zlvky k \u®_e _gb f iZjgbdhWassenaarh1993$ Channhah@al., 1994;
JUHHPDQ HW DO JUH\ 6PLWK @ KhklzZ\ b k\hcklI\Z
hij_~_eyxlky kljh_gb _f Ihjnyghc aZe_"b \ hkh[_gghklb ih\_joghklgt
hkms_kl\ey_Iky hkgh\ghc Kk[j\Wk Nhehlgbomxsb_ jmgvb >, YDQRY 1F
Bleuten et al., 2020].

Baf_g_gby ]b”~jheh]bg_kdh]h j_"bfzZ b |_fi_jZlmju fhlml kms_k
mJ]e jh~rguc [ZeZgk [hehl ihl _gpbZevgh i _j \h”y bo ba gZdhibl_ey \
et al., 2002; Feeman et al., 2004; Frey, Smith, 2005; Yu et al., 2010; Pearson et al., 2013; Ratcliffe et al.,

=DURY HW DO @ < wlhf dhgl_dkl_ iZe_hwdheh]bqg_kdb_ j_
hleh™ _gbc ij_"hklZ\eyx]l mgbdZevgmx \hafh ghdxx bhqgftbldmfgllehe glu
wdhkbkl_f b ijhljghabjh\Zlv bo j_Zdpbx gZ baf_g_gby debfzZlZz \ [m"
Swindles et al., 2019; Tsyganov et al., 2021; Blyakharchuk et al., 2023; Zarov et al., 2023].

Dhfie_dkgu_ bkke_"~h\Zgby mle_jh~glhdh[pbddleXZlgny‘ey jZajZ]
kljZzl _]lbc mijz\e _gby [hehlZfb dzZd dhfihg _glZfb ]Jeh[Zevghc debfz
wlhf kms_ kl\mxsb_ hp_gdb m]e_jhrgh]lh [x*" _1Z qZklh o0ZjZc
g_hij_~ ezgghdd¥xgbanqg |1Z ijhklj2Agki\ gadic Th]l gghklb [hehlguo fZkkl
>$QLVLPRY HW DO =RX HW DO @ < wlhf dhgl_dkl_ hkt
[hehlguc fZkkb\ Fmojbgh gZ | _jjblhjbb dhlhjh]h jZkiheh _g b nmgc
iheb]l]hg yleyxsbcky mgbdZevghb\gEZangi®iecM mkFhHdh]lhe Igb_ bgkljmf_
bkke ~h\Zgby m]Je jh~gh]h [ZeZgkZ [hehlguo wdhkbkl_f ~ fhgkljbjmx
k \ebygb_ f fbdjhdebfZlbgq_kdbo nzZdlhjh\ b kljmdIimjhc kh\j_f_g
hij_~_ey |Iky kljh_gb_f b ]_g_@bdkhd TthjnygWIDQRY HW DO =
$EDNXPRY HW DO $PRQ HW DO @ Ilhwlhfm “ey dhj]
fhgblhjbg]Zz b ihkljh_gby | _ij_a _glZlb\guo fh”_e ¢ m]e_jh~gh]h
\hkklZgh\blv bklhjbx jZahbJbghdghih fZkkb\Zz

Hkgh\ghc p_evx gZklhys ]h bkke ~h\Zgby y\ey |Iky j_dh
nhjfbjh\Zgby b hkgh\lguo wlZih\ jZa\blby [hehlgh]h fZkkb\Z Fmojbg
\ joh\uo knZ]Jgh\uo [hehl AZiZ"ghc Kb[bjb

< jZ[hl_ klZ\bebkv ke _"mbkammqgagbZdgdjzZib]ljZznbb Ihjnyghc aZe °
N IZevgh]h [hlZgbq_kdh]l]h ZgZebazZ IhjnZz \uyle _gb_ ieZklhh[jZ:
hkh[_gghkl_¢ bo ijhkljZzgkl\ _ggh]h jzZkij_~ e gby mklZghle _gb_ h
[hehlgh]lh fZkkb\Z

=bihl_az bkke_fthVWygb¥Y]Z | qlh bkke_~m_fuc [hehlguc fZkkb\
aZgyluc ozZjzdl_jghc ey kj_"g_c lIZc]b [hehlghc jZklbl _evghklvx Kk
jZah[s_gguo p_gljh\ [hehlhh[jZah\Zgby \' dhlhjuo \ke_ “kl\b_
]Jbrjhobfbq_kdbo mkdhjbcZkbky jZaebqgu_ ih kljZIb]jZnbb lhjnygu_ a
bkke_~h\Zgb_ iha\hebl \uy\blv hkgh\gu_ azZdhghf_jghklb jZa\blby
j_1bhg_ hp_gblv bo j_ZdplXIlgdlEggh_ nZdlhju hlke_~blv ijhp_kk \a
f_ " "m jZaebqgguflbldhZfb [hehlZ \ ijhp_kk_ h[jZah\Zgby _“bgh]h fZkkb\.

H;T?DLU B F?LH>U
JZchg bkke _~h\Zghbc

;hehlguc fZkkb\ Fmojbgh iehg4Zkxhah dd gZ e \h[_j “ghc | _jjZ
Bjlur \ kj_~g_IZ_"ghc ih*ahg_ AZiBVaytaskK e Bjb1978 ;heaklgbfz |
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ehdZevguc \h*hjza”_ e f_"m j FmojbgZ b ;hevrhc j_qdhc Ijhly |
\hklhd gz df k k_“ gZ gZ xdf :[khexlgu_ \ukhlu |_jjblhjbb baf_
ij_"_ezZeoe f_ljh\ gZ”" mjh\g_f fhjy Kh]leZkgh deZkkwdb&Brpbh [hE&Qgu
fZkkb\ hlghkblky d \_joh\uf knZ]gh\uf \uimdeuf heb]hljhnguf [heh
AZgghlh j_]bhgZ >, YDQRY 1RYLNRY .DWV @
DebfZlbg_kdb_ mkeh\by jZchgZ bkke_"h\Zgbc khhI\_Ilkl\mxl

AZiZz"ghc Kb[bjb Ih f42ghguheh]bg_kdbo gZ[ex” _gbc ijh\_~ gguo ¢
[hehlgh]lh fZkkb\Z Fmojbgh- i_jbh”kj_~g_Jh~ h\Zy I_fi_jZImjZ \ha”“mo.

- f& Z dhebqg_klI\h ZlIfhkn_jguo hkz~dh\ ff \ ]hr >ey kjZ\g_g
f I _hklZgp®BEgiEZgkbckd azZ wlhl ~_ i_jbh” ihdZau\Zxl ke_"mx
kj_"~g_lh~h\Zy | _fi_jZImjZz f& b dhebqg_kl\h hkzZ~dh\ ff q
fbdjhdebfZlbg_kdbo hkh[_gghklyo [hehlgh]h fZkkb\Z
=b~jheh]bg_kdZy k_Iv |I_jjblhjbb oZzZjzdfl kbeimfuky dEZewbrpo jmqv
kl dZxsbo \'j FmojbgzZ \ \hklhgghc gZklb b \ j ;hevrZy j gqdzZ *j_
iheghklvx i_j_djulzZ Ihjnhf \ azZizZz”"ghc qZklb [hehlZ Jbk Kj_»"
aZe_'b khklz\ey | f 1jZ "hklb]ZyagfZgdkdpiZevgludjh\ \ f_klZo

jZkiheh™ _gby ~j \gbo ha_jguo dhleh\bg b j _gguo iZe_hjmk_e
F_Ih~u bkke_"h\Zgbc

Gb\_ebjh\Zgb_ ih\_joghklb [hehlfhihkFiaklgdhZ pbnjh\uo fh”_e_ ¢ j_e\
ih\_joghklb b fbg_jZevgh]lh ehZ

Gb\ _ebjh\hqgu_  jZ[hlttbeilgkVvh ey kha”rZgby pbnjh\hc fh”" _e
ih\_joghklb [hehlZ |h \k_c iehsZ”b [ueZ aZeh  _gZ j ]JmeyjgZy k_|I
500f Z ”"ey iehsz”b \h~hk[hjZ i_j\bggh hqg_jg_gghc ih fhjnheh]b
gZklhlhc f lh\ _joghklv [hehdgh]lhgbiZ&kjh\ZeZkv k ijbf_g
Abnn_j gpbZevghijb fgbdz ODfRU -DYDG JhjbahglZevgzy Ihfgghklyv
\_jlbdZewgzif JZ[hlu \uihegyebkv \ dbg_fZlbq_kdhf j_“bf_ [Zah\Zy
g_ih™\b ghc gZ ijhly’ _gbb \k_o baf_j_gbfc sZekl\ih |_jjblhjbb [heh]
dZ ~"hc Ilhgd_ ijh\h~"behkv 1jb I|j_ofbgmlguo Kk_ ZgkZRibqZ j gdurco
dhfie_dkZo azZ hlkgzlgmx ih\_joghklv ijbgbfZeky fhoh\hc ihdjh\
dhqdh\Zluo jyfhluo mqgZkldZo bkihevah\Zekly\ kjog'gild hnp\lgh\uo dl
AZf ju \uihegyebkv \ abfgbc i _jbh® qglh ihalhebeh azZnbdkbjh\Zlv
mjh\gb [hehlguo \h*

lhkljh_gb_ k_Idb ih\_joghklb [hehlZ \uiheg_gh \ ijh]jzZzff_ 3LQQ
<ukhlgu_ hif _Idb hij_~_ efyaebdjv Nignlgby j _amevIiZlh\ ljzofbgmlguo k_Kk
bkdexgZebkv agZg_gby k hldehg _gb_f [he__ g _f \ jiZaZ hl “"jm]b«
hkgh\_ ihemq_gguo “~Zgguo \ 4*,6 [uweZclkhauXkdh!| r _ahlhjuc azl_f
bfihjlbjh\Zzg \ 6%$*$ *, 6l "gheypbb f_Ih~hf IjbZg]lmeypbb 1Ijb fh”_ebjh\
ke "“mxsb_ ihijz\db \ukhlZ ]jy» m\_ebg_gZ gZ f kj_"~g__ agZz
hims_gh gZ f hilghkbl_evgh ijbe_]Zxs_c |_jjblhjbb khhI\_IkI\m_1I k
Mjh\_gv \h~u \ libehdgjZo b ha_jdZo ijbgyl jZ\guf mjh\gx fhgZ 'bg

GZ hkgh\_ ~Zgguo h fhsghklb Ihjnyghc aZe b \ lhgdZo [mj_g
r cinZce k hif _IdZfb Jem[bgu >Zggu_ [ueb bgl_jihebjh\Zgu f_Ih~Ahf
"bklzgpbc ,:' \ ijh]jZff_ 6%*$j*abnewlZl_ [ueZ ihemqg_gZ pbnjh\.
jZkij_~_e_gby ]Jem[bg IhjnZ ih iehsZ”~b \k_]h [hehlZ

Fhr ev fbg_ jZevghlh eh Z J[ueZ ihemqg_gZ \ 4*,6 k ijbf_g_
©DZevdmeylhj jzZzkljh\2 >ey jZkq _|1Z [ueb bkihevah\Zgu \ukhlu pbn
NZgguh ]Jem[bgZo lhjnz JZagbpZ \ukhl f_""m ~\mfy jZkljh\ufb bah
ihemgblv pbnjhimx fh”_ev jZkij_~ e _gby mjh\gy ih\_joghklb fbg jZe\
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HI[hj IhjnZAMS'& jZ"bhm]e _jh~rgZy ~Zlbjh\dZz
>ey hl[hjZ lhjnyguo dhehghd [ueb \u[hEblughhlyziddkb\Z ih 7\
ihi_j_qguf b "\mf ijh~rhevguf ijhnbeyf Jbk DZ ~"Zy kd\Z bgZ ijk
[mMjZ [ueZ hlh[jZgZ gZ \kx ]Jem[bgm aZekZblbjZdfth\ew gBA[gZapu miZdh
ieZklbdh\u_ iZd_lu k aZkl_"dhc b "hKkjlZxereyZ"\Ze¥d fhjZrbo ZgZebah\

<ulhjhggh h[jZapu lhjnZ Ijbeh _gb -1 jhlkmgidhZigZebabjh\ZgL
ihfhsvx jZAbhmle jhirgH]lHh"Z gZ mkdhjbl_ekighfljfZkkj $06 >6WHL
6WHLQKRI HW DO @ >ey baf_imlebyhjZ[h&Z eBkhvibqg _kdZy ih’

ijh[ \dexgzZeZ k'b]JzZgb_ "ey ibhemdhlhhbyc &BeZ\eb\Zeky b dZlZe
\hkklZgZ\eb\Zeky ~h 1jZnblZ \ ijbkm3kd\pblhrejmodZguc ]jZnbl ij kkh\zZ
ZgZebabjh\Zeky \ kbkl_f_$06 PFbjh\Zely bhmkdhjyeky \ we dljbq_Kk
wg_jlbb dw< Bahlhigu_ "a&lghhrjjgdbjh\Zeb k bkihevah\Zgb f b
agZq_0¢Bf& gz $06 >6WHLQKRI HW DO @ JZ”bhm]e_jh~rgu_

bkihevah\zZgb _f ZIlfhkn_jguoudZdpdjyhohq@Wé&DO >5HLPHU HW DO

[hf[h\h]h i _jbh”"Z >+XD HW DO @ k bkihevah\Zgb _f iZd_|I_ ©F(
>%ODDXZ @ J_amevlZlu jZ"bhm]e_jh~guo ~ZI|bamehtdwibz et[a.bdh\Z
2015; Tsyganov et al.021; Zarov et al., 2023
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Jbk JZkiheh™ _gb_ Ihjnyguo kd\
Jhem[u_ Thgdb kljZlb]jZnbg_kdbo
ij_ju\bklu_ djZkgu_ ebgbb b Ihqg_
ijbrhgguo h[jZaph\ |hjnZ gZ Z[kh
\hajzZzkl djzZkgu_ a\za”u Jbfkdbfb
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- \hklhgqguc - x,guc ,9 aZiZ”*guc
qg_jgu_ gbkez k djZzkghc — h[\h~"
Z[khexlguc \hajzZkl dzZe e | gZaZz
gbkezZz k [_ehc H\pghdhjc IThjnyghc
kd\Z bgu <j_adZz kbgyy—- Ihqt
jZkiheh  _gb_ [hehlgh]h fZkkb\Z Fm
nbabg_kdhc dzjl_
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Fig. 1. Location of peat boreholes (blue dots),
stratigraphic sections (dashed red lines), and
sampling points for basal peat samples for
absolute dating (red stars). Roman numerals
denote profile numbers: northern, 11— eastern,

Il — southern, 1IV— western; black numbers with
red outline— absolute age, calibrated years BP;
, black numbers with white outline peat borehole
68.68 68.70 number. Inset: blue detlocation of the Mukhrino
peatland on the physical map.
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;hlZgbg_kdbc ZgZeba lhjnZz
;hlZzgbq_kdbc ZgZeba lhjnyguo h[jZaph\ ‘hihZghekly avgdEimpgll!
©>bgzZfbdZ hdjm ' Zxs_c¢ kj_~u b ]Jeh[Zevgu_ baf g gby debfzlz? X]h
mgb\_jkbl_1Z F_Ih~"bdZ \dexqZeZ ijhfuldm ijh[ IlhjnZ q_j_a kblh k j
ihle_"mxsbf fbdjhkdhibg_kdbf ZgZebahf fbdjhkdhi FbdF_” Ehfh ijh
o Hij_~ e _gb_ jzZklbl_evguo hklzZldh\ ijh\h~"behkv k bkihevah\Zgt
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hij ~ ebl e ¢ > @WVDhebqg_kI\ _ggZy hp_gdZ \uihegyeZkv beZahf
j_amevlzZlh\ \ ijhp_glghf hlghr_gbb d h[s _c¢c iehszZ”b ij_"f Igh]h kil _de

H[jZ[hldZ b \bamZebaZpby kljZIb]jZnbg_kdbo ~Zgguo \uihegy
ki_pbZebabjh\Zggh]lh ijh]jZzffghlh h[_ki_Dyugdey, 3HDIBAW*WDISKiha\hebe
ihkljhblv k_1bkZevguo kljZlb]jZnbg_kdbo dhehghd hljZ Zxsbo \_jlbi
lhjnyghc aZe b Ijbeh™ _gb_ -1 jbkmgdb I

Hij_~_e_gb_ \b”Z |IhjnZ

lh~ ] _g_Ilbg_kdbf \b~Ahf IhjnZ \ jZ[hl_ ihgbfZ Iky i_j\bqgZy 1Zdk
deZkkbnbdZpbb IhjnhdZj&Hhlhjjbyam _ |ky hij_~_ezgguf [hlZgbg_kdbf khk
jZaeh™ _gby kh”_j"Zgb_f ImfmkzZ b ~jm]bfb k\hcklI\Zfb DZ ~uc ]_
khhi\_ITklI\m_I hij_~ ezgghfm nblhp _gham jZklbl _evghfm khh[s_kl\m
>7\XUHPQRY ezkli@[jzamxsbf kgqblz_lky ditthjhpgnxez]Z | agzZqgbl_ev
fhsghklb b ijhkljZzgkl\_gghc ijhly zgghklb kehb ieZklu \ I
leZklhh[jZamxsb_ \b”u I|hjnZ hljZz Zxl mklhcgb\u_ nblhp_ghau b
kms _ klI\h\Z\rb_ gZ [hehl ™eblgegygh]h \j f gb >7\XUHPQRY @

<u”_e_gb_ \b”2h\ |IhjnZ hkgh\u\Z _Iky gZ ij_h[eZ~"Zgbb hklZIldh\
\brh\ hij_~_e_gghc wdheh]bb gZijbf_j knZ]gh\uo foh\ hkhd beb *j
ijbgylhc deZkkbnbdZpb_c >7\CDWRRRIYQ /ILVV HW DO @ LC
highkbeb IhjnZ k dhebg_kl\hf ~j_ \_kguo hklZldh\ dhjz ~j_\_kbgZz
ljZ\yghc b ~j-fh&hVhc ]jmHEZfdhebqg_kl\hf ~j \_kguo hklZIdh35%.ij_"_
ljb wlhf hklZldpglgKhuo jZkl_gbc b foh\ khklZ\eyeb g_ f_g__ \h '
]Jimii_ khhI\_IkI\_ggh LhjnZ k dhebqg_klI\hf ~j_\_kguo hklzZIdh\ f_g_ _
fhoh\hc beb IjEhghbhc ]jmiizf 2?keb hklZldb foh\ khklZ\eyeb l
highkbefthah\hc ]jmii_ ijb kh”_j"Zgbb-hd IjZ\tyghoh\hc _keb g_ [he__
—d ljZ\yghc ]jmii_ <klj_gZ _fhklv \b”~h\ IhjnZ [ueZ hij_~_e_gZ dzd
h[jZaph\ "Zggh]h \b”"Z |hjnZ d h[s_fm dhebqg_klI\m hlh[jZgguo h[jZapl

J?AMEVL:LU

Khjy f ggu_ [hehlgu_ eZg”rZnlu jZklbl _evghklv b j ev_n

EZg~rZnlgZy kljmdIimjZ [hehlgh]l]h fZkkb\Z Fmojbgh y\ey Iky |
\_joh\uo knZ]Jgh\uo [hehl I1Z_ “ghc ahgu AZiZz~ghc Kb[bjb >7THUHQWLF
jZa\blu jhkeu_ —jkfhkghdmklZjgbgldhZhgh\u_ nblhp_ghau k \ukhlhc 7]
yjimkZ f ]Imkluf dmklZjgbgdh\uf yjmkhf b Spghagmubn angustifolifirn fhoh\ hf
ihdjh\_ Kdehgu aziz”"ghc b \hklhgghc qZkl_c¢c aZgylukhkxib\dgguft
dmklZjgbgldhZhgh\ufb khkifZfb k gbadhjhkeuf ~j_\_kguf yjmkhf Bukhl
"hfbgbjh\ZgBpHagnum fuscum\ fhoh\hf ihdjh\_ lh]rZ dzZd p_gljZevg
0ZjZdl_jbam_Ilky jZa\btbh§ZZjpdlgwho dhfie_dkh\ ]~_ jyfh\u_ njzZ]f_glu
khg IZxlky k h[\h”g _ g g u\k niz|mphp\ uEbophorum vaginatum, Sphagnum balticunb
hkhdhAhcop jb kvWz]gh\ufl®arex limosa, Scheuchzeria palustris, Sphagnum majus, S.
balticum, S. papillosum |hiyfb b fhgqzZz bgzZfb HIghkbl _evgh ihgb ™ _ggu_ gZb[h
mqZkldb gZ [fué&do i_j\bgqguo \h~hlhdh\ azZgylu h[rbjgufb Ilhiyfb L
ha_jdh\ufb dhfie_dkZfb

Pbnjh\zZy fh~ _ev j_ev_nZ PFJ beexkljbjm_| baf_g _gb_ Z[khexl
\ij_~_eZo f_ljh\ gZ” mjh\g_f fhjy ijb wlhf h[sbc i_j_izZ” \ukhl gZ |
"hklb]z _I f ljz Jbk PFJ \uy\bezZ q_Ildh_ fhjnheh]bg_kdh_ |
[hehlZz gz ~\Z mqzZkldZ [he__ \ukhdbc k_\ _jguc b hlghkbl _evgh
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k\b" | _evkl\m_ | h bo i_j\hgZgqZevgh g _aZ\bkbfhf jZa\blbb lpgiurxcke "1
mqgZklhd \ Z[khexlguo agZq_gbyo ijbf_jgh gEZdKdffXiervgucgihljhiz” \ul
gZ k_\ _jghf mqzZkld_ khklz\ey | fl Jbk]NZ djhdbged x ghf mgzZklc
ihdZzazl_ev "hklb]z _I f

68.65 6868

Jbk Pbnjh\Zy fh~_ev j_ev_nZbih\_j
[hehlgh]h fZkkb\Zz Fmojbgh Jb
gbkeziibhagZqglu jdhnbe. c

Fig. 2. Digital elevation model of the Mukhrino
peatland. Profile numbers are indicated with
Roman numerals.

PFJ ihal\hebeZ khhilg_klib hkgh\gu_ [hehlgu_ nZpb\th]lZhzdlZglk_
iheh” _gb_f \ j_ev_n_ Ilheh]l]b_ mgzkldb k azf_"e_gguhdgdhhbdgaflazg:
dhfie _dkzZfb dh]”~Z gZ [he__ ~j _gbjh\Zgguo mqgzZkldZo jZa\b\Zxlky jy
mqgZkldb ih dhlhjuf hkms_kl\ey Iky ih\_joghklguc ikbmdjhfheghlgdc
hirbjghfm i_j iZ”m \ukhl ~h-azifZzgZ[kehlgh]h fZkkb\Z ]~_ nhjfbjm_
ha_jdh\uc dhfie_dk ©lhehkZIZy lhiv?

Pbnjh\zZy fh~ _ev fbg_jZevgh]h eh Z b jZkij_~ e _gb_ ]Jem[bg lhjn)

lhkljh_ggZy fh”~_ev hlh[jZzKdj2gjZKijh Jem[bg lhjnZ ih iehsZ”"b
GZb[hevrb_ ]Jem[bgu khkj _“hlhg_gu \ p_gljZevghc qZklb kh\j_f ggh
kf s gb_f gzZ \hklhd Jbk Z Fhsghklv lhjnyghc aZe_ b mf_gvrzZ |
p_gljz d i_jbn_jbb ]~_ 9gZ ]iZ8gpufké_kkif Ihjnygu_ hleh  _gby ih
bkqg_azxl

J ev_n fbg_ jZevgh]l]h eh™Z bf_ | h[jZlgmx gZijZ\e _gghklv ih kjZz
j_ev_nhf ih\_joghklb [hehlZ qglh h[mkeh\e_gh [he__ \ukhdhc kdhjhkl
IlhjnZ \ p_glj_ [hehlghZdh J"'ZkkBkiheh  _gZ h[rbjgZy iehkdZy dhleh\bgZz
hif_1dzZfb- f gz~ mjh\g_f fhjy K_\_jgZy b x'gZy 1]jZgbpu [hehl
\halurZxlky gzZ”~ p_gljZevghc -qZklivXdjZgZ < azZizZz”~ghc b \hklhqgghc
jZkiheh™ _gu ihgb  _gby fbgepZz@vglhlhj_a dhlhju_ hkms_kl\eyeky Kkl
[eb Zcrb_ \h*RlIihdvrmx j _gdm b j FmojbgZz Z 1Zd"_ ijhbkoh”bi iblZg
aZiZ”"ghc qZklb [hehlZ
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Jbk Pbnjh\zy fh” _ev fhsghklb Ilhjnyguo hleh ™ _gbc Z b j_ev_nZ ih\
en“Z [ [hehlgh]lh fZkkb\Z Fmojbgh
Fig. 3. Digital model of peat deposit thicknes# &nd the mineral basement surfafedf the Mukhrino

peatland.

KlIjzIb]jznby Ihjnyghc aZe b b hkgh\gu_ wlZiu jZa\blby [

GZb[he__ "j_\gyy ~Zlbjh\dZ ijb"hggB&}h 10ke Hy dZe e_|
azZj_]bkljbjh\ZgZ gZ Jem[bg_ kf Y\hikkddgght¢ lgZ\kljh kh\j_f_ggh]lh [h
fZkkb\2dbk [G_kdhevdh iha’_ \lhjhc i_j\bqguc hqgZ] Ihjnhh[jZah)
x'ghc qZklb [hehlZ hdheh Ihqdk!l IhjnyghcthazZe b gZ Jem[bg_ kf
10592+23.21h~ZJbk |

| _j\bqgzy ~_ij_kkby -\hklhggihc gqzZklb Jem[bghc kf ehdZe
hl]jZgbg_gghc iehszZ”b b kdhj__ \k_]h y\ey Iky ~gbs_f ijbl_jjZkghc Kk
2). ljhp_kk Ihjnhh[jZah\Zgby gZqgZeky a”_kv a dZe e | gzZazZ” k
ljhklgbdh\h]lh ThjnZ dhlhjuc [ue i_j_djul Ihgdbf-kkezgh\Ijhh I gHpjehtz\ hk

ij_h[ez~Zgb f h&pHdghbm ripariunS. teresb ijbf_kvx ]bigh\uo fem\b§u] kf
(-9 dZe e_| gZzaz” ]bigh\uc lhjn k ijkkehodhgkhiZz]gh\Bphagnum

warnstrofii  |hjnZ iheghklvx aZihegy | i _j\bggmx eh’'[bgm b \uoh”bl
ih\_joghklv
D wlhfm \j f _gb dzZze e | gZzaz” \hkgh\gahciglA&ZhlbehdZey

\h*hjza” ez f_""m j Fmojbgh b ;hevrhc j _gdhc m _ [ueb aZgylu
e _kgh]lh h[ebdzZ \hagbdr_ f \ j_amevliZl_kmoh”hevgh]h aZ[heZqgb\Zgtk
kd\Z bgu ;hehlghljdhgdZjghhkhidhius kI\Z k ohjhrh jZa\bluf ~j_\hk
khkgu _eb d_"jZ b [_j_au hleh'beb ijbrhgguc ieZj&\ yphdhbgphjhz »
fhsghklvx- kf lhjnzZz h[jZah\Zggh]lh hklZldZfb ~j_\_kbguCdrexdhqgdZ
cespitosa, C. juncella k ijbf_kvx iZgtjhZd b \Zolu
lhke_g_ijh*"he bl_evghc i_j_oh”ghc klZ~bb hklZ\bVWijZ\yjhtéhcd
lhjnZ ba hklzZldh\ hkhd imrbpu b knZ]Jgh\uo foh\ fhsghklvx g_ [he_
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k\h_¢c k_\_jghc qZklb ihglb _“bgh\dZf gghlagzZaz”\i\jjoehmx klZ~bx
jZa\blby k ij_h[ez~Zgb _f \ |Isphagriukl i$ciim

lh f_j_ jhklZ Ihjnyghc aZe_"b b nhjfbjh\Zgby \uimdehcOO0Ohjfu i
dZe e | gZzazZz™ \ p_gljZevghc qZklb b gZ kdehgZo -Khoed bghyjibjh\
dhfie_dkuq_Mh k\b”_|I _evkl\m_| aZdhghf_jgh_ q_j_"h\Zgb_ keh_\ \_jo
fhgz bgguo Ihjnh\ ba hklzZIdh\ r_coErigphorummvi®dPu hRdrebblimosa b
lhiyguo \b”h\ knZ]ghSpbadmum balticum, S. majus, S. papillogsum

Hdheh e d&Z | gZzazZ” gZ ]Jem[bg_ kf \ lThjnyghc aZe_ "b [he
hklzldZo ih\k_f_klgh gZqbgZ_I| ~hfbgriophdé@hvvagmabupzk ijbf_kvx khkgu
glh fh™ _I k\b~_I_evklI\h\Zlv h gZklmib\r_f [he__ kmohf debfZlb-q_kdh
imrip_\u_ khh[s_kI\Z hleh b&b IhjnZ ihke_ qg_]lh [hehlguc fZkkb\
kh\j_f _gguc h[ebd kfRhpZHdgufb dhfie_dkzfb \ p_gljZevghc qZklb
mqZkldZfb ih hdjZcdzf

< azZizZz”ghc gqzZklb k_\_jgh]l]h mqgzkldZ aZ[heZgb\ZghghlgZ ®hAe hXkv
kd\Z bgZz Jbk LhjnygZy aZe_"v a”_kv ih*"klbezZ Iky f_Iljh\uf
kZijhi_e—t& hklzldZfb \h~ghc nehju b nZmgu knhjfbjh\Z\rbfbR% \ i_
6 dZe e_| gZzazZ”™ |hke_ aZiheg_gby diganhléht¢bgakkiZifhfai jghfc\ mkel
_sz hlghkbl_evgh [h]ZIh]h fbg_jZevgh]h ibhAgpd aR\lyjpmgéKkw [hel
kiez\bghc h[jzah\Mdgaghefb fozfb dhlhju_ knhjfbjh\Zeb kehc gbab
fhsghklvx-15 kf >Zevg_cr__ h[_~g_gb_ mfkeh|\jiZce WdhHi]gh iblZgby aZz
ijblhdZ [_"guo dbkeuo \h” k x'ghlh b \hklhggh]lh p_gljh\ lhjnhg.
[ukljhfm i_j_oh”m wlh]h mqzZkldzZ \ \_joh\mx kIZRhbx &Ze_ jbhl kZaz”" \
ijb\_eh d nhjfbjh\Zgixglbf_Ijh\h]h kebgh\KhZ]fhgZ bggh]l]h b r-cop_j
knZ]lgh\hlh \b~Ah\ ThjnZ k ij_h[ezZ"Zgb _f h&pZaghbrh papdlogunnd balticum
<ur_ fhgZ'bgguc Ihjn kf_gykEkiggbf_Ijh\uf ieZklhf -Irmk@dmfqglh
k\b”A I _evkl\m_1 h ijh~"he bl_ev@ad3L0pbdiZzre e | gZazZ” k hlghkbl_ev
kmobfb mkeh\byfb kihkh[kI\h\Z\rbfb jZkrbj_ghbdkmielZsdh hidiZ kg h\ino
liy™» b nhjfbjh\Zgbx jyfh\ k ~hfb3pbadmuzgfbsceim

< kh\j _f gghc ezZg”rzZnlghc kljmdImj_ ih [_j_ ]Zf khd&&\@gybgZ hk

Jbk ]b~rjhnbevgu_ knSphgdnum pdmllosun$. lindbergii nhjfbjmxI| dh\ju

AZ ihke _~gb e | ih®” \ebygb f baf_g _gby mjh\gy \hAu \ ha_j dZd nZz
hdjm Zxs_c |_jjblhjbb bo iehsZ”v i_jbh"begZkdblhhkjdgztsjeZkv < k
aZizZz”"ghc qZklb [hehlZ wlh \ebygb_ \ gzZb[he__ fgh]h\h~gu_ i _jbt
jZkklhygb_ ~h ihemlhjzZz dbehf_Ijh\ h g_f k\b”_I_evkl\m_I| hleh™ _gb_
\'\ _jogbo ]JhjbahglZo kd\Z bgu -10gzkfledhjkg

LhjnygZy aZe_"v ih i_jbn_jbb [hehlZ \ k_\_jghc gZklb Jbk
fZehfhsghc b g_ ij \urz | fih ]Jem[bg_ Iljb*hgguc kehcmkmipjfbyh\Zg
Ilhjnhf < _jogyy gZklv aZeimbblpe-kinAlgh\uf IhjnhklIEddh\ knZ]gh\uo fot
(Sphagnum angustifolium b mr b p &Eriophorum vaginatum k ijbf_ K3akexrostrata \ _j kdh\uo
dmklZjgbgdh\ b ~j_\_kguo hklzZldh\ HJ[jZsZ_| gZ k_[y \gbfZgb_ i_jb
lhjn_ b kh\j_f_gghf jZklbl_evghf ihdjjo\ [ithe hlZb @&bxdglobularis qlh
k\b”r I _evkl\m_1 h i_jbh~bqg_kdhf \ha”~_ckl\bb ih*Zjh\ gZ djzZz_\u_ qZkl

GZ \kzf ijhly _gbb k_\_jghlh ijhnbey-gZ feagblgdkbjh\Zg kiehrcg
ijhkehc k ih\ur_gghc ahevghklvx nibjkbjh\Zgdlh fh | Julv k\yaZc
j_lbhgZevguf iZe_hih Zjhf ijh*"he bl_evguf Zjb~rguf i_jbh”~hf beb wi
wheh\h]h hkzZ~rdhgZdhie _gby >ey mklZgh\le _gby ] g abkz ~*Zggl
Ahihegbl _evgu_p_e _gZijZ\e_ggu_ bkke "~h\Zgby
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Jbk. K_\_jguc kljZIb]jZnbg_kdbc ijhnbev H[RH:glZgkgblyghhyrezZ\_joh\hc
b nmkdmjfn —imrbp_\uc \_johdHbgZ bgguc knZ]Jgh\uc b r-konogd] gjh\ ulh
\_joh\hc- gbabgguc 7~j_\_kguwbabgguc Iljhkl-dbddhhtuc — i_j_oh”gu
N\ _kgiz\ygknZ]lgh\uc kh ke_"Zfb +hkKZjfhi_ew ]JebgZ Kbgyy imgdlbj
ebgby h[hagZqZ | kehc ih\ur_gghc ahevghklb h[gZjm b\Zxsbcky i
Qbkeh \ jZfdhajzkl dzZe e_| gzZzaz”®

Fig. 4. Northernstratigraphicsection Peat types (I): 1 - Sphagnunoligotrophic and~uscumpeat, 2—
cottonrgrass oligotrophic peat, -3hollow Sphagnunand Scheuchzeri&sphagnunoligotrophic peat, 4-
minerotrophic woody peat, 5 minerotrophic reedhypnum peat, 6- minerotrophic woodycaton-grass

peat with traces of fires, # gittiya, 8 — clay. The blue dashed line indicates a layer of increased ash
content, detected across the entire bog area. The number in the frame is the age, cal. years BP.

X'guc kljzZlb]ljZznbg_kdbc ijhnbev azZiZz~gh]lh kdehgZ [hehlgh]l
hijz>Z | hkgh\gu_ klZ”~bb jZa\blby wlhc gZklb [hehlgh]h fZkkb\Z Jbl
= g_lbg_kdbf p_gljhf IhjnhgZdhie_gby a”_kvhyygmehzZkv
i_j_m\eZ g_gb_ ih\_joghklb h[_ki_gb\Ze ih\_joghklguc klhd hl
fbg jZevgufb we f _glzZfb \h®r < kh\j_ f gghf eZg”rZnlghf ihdjh\_ ihe
ijbmjhg_gh d 1Zd gZaulZ_fhc ©Ilhehkgytrdihehiplh\hfm dhfie_dk
jZaljdxs_fmky \ Ih]j _[zggmx j_gdm 1Ih wlhc iehsZ”~b bkoh”gh hkms _|
[hevr_c f_j_ b hij_~_ebeh kljZlb]jZnbg_kdh_ kljh_gb_ \k_c Ihjnyghc
GZ mqgzZkld_f_ ""m kdYZ bjp2thgguc kehc IhjnzZ fhsghklvx ~h Kk
hklzldzfb o\hBdizhjhlgbdZ b \Zolu qlh k\b”_I_evkl\m_I h [h]ZIkI\_ fbg
\ukhdhf mjh\g_ m\eZ g _gghklb I_jjblhjbb gZ i_j\uo wlZiZo __ aZ]|
\h~Zfb K Jem[bgu kf ijZzdlbg_kdb gZ \kzf ijhly  _gbb ijhnbey ijhke
jZah™_gghlh ]bigh\h]h IhjnZ k ijbf_kvx \Zolu Car&klasiocarphlQ hirhgdaf
Fhsghklv kehy \hajzZklz _| ih gZijz\e_gbx k \hklhdZ gzZ aziz” hl
kd\Z bg hg aZe ]Z | \ ijbrhgghc qZklb azZf_sZy o\hsh\uc lhjn
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Jbks. X 'guc kljZIb]jZnbq_kdbc ijhnbev H[hagZbh-gb¥]lghniZc \_joh\hc
—imrbp_\uc \_johXhrccop_jb _\uc \ _joh\krcZ]gh\uc i_j ohAggirabgguc
[hehlghljZz\guc o\E®IMiZihjhlgbdh\uec gbabgguc ]bighYWwgbalagc
N\ _kgue\h”"Z-]ebgZ Qbkeh—XjBE&JZkl dZe e | gZaz”"

Fig. 5. Southerrstratigraphicsection Peat types (¥): 1— Sphagnunoligotrophic peat, 2 cottongrass
oligotrophic peat, 3- Scheuchzeriaoligotrophic peat, 4- Sphagnummesaoligotrophic peat, 5-
minerotriphic fen herb peat (horsetmienyanthegern), 6 — minerotriphic hypnum peat, 7%
minerotriphic woody peat, 8 water, 9- clay. The number in the frame is the age, cal. years BP.

Hdheh dZe e_| gZaz”™ rbjhklihZgjgijh\ x"ghc qgZklb kh\j_f_
[hehlgh]h fZkkb\Z Fmojbgh ihemgbeb ”~j \ _kgu_ khh[s_kI\Z ba khkq
kehc "j_V‘lkgo\lyghlh IhjnZ ba hklZldh\ khkgu [_j_au \Zolu hkhd b r
wlh]lh kehy g_ ij_\urz_|I kfhijBkwhifljZl]g _gb_ ho\Zlu\Z_I \_kv ijhnt
kd\Z bgZfb b Jbk

<ky kj_"gyy qZklv lhjnyghc aZe_ b keh™ _gZ i_j oh”guf r_cop
r cop_jbkhWz]gh\uf \b~rZfb IhjnZ fhsghklvx "h a f < _jogbc Jhjbahgl
h[jZzah\zg dE&fBI heb]hljhnguo knZ]gMphagntimmhbalticumS. papillosum b \
f_gvr_c kl_i_gb 1jz\ hljz Zy kh\j_f_gguc jZklbl_evguc ihdjh\ \ wlhc

GZbf _gvrb_ ]Jem[bgu kf \ x'ghc qZklb [hehlZ hIf_gq _gu \ g_ihKkj
[ebahklb d Ih]hc[ jggd_ Jbk kd\Z bgu b < mkeh\byc«
ih~"lhie_gby b kezZ[h]h Zeex\bZevgh]h aZ]jyag _gby ijb"hgguc kehc It
keh” _g o\hs_\uf b -oikisdhhuf \b~rZfb IhjnzZ k ij_Gdex tpitosdb C.
rostrata 1h\_joghklguc kehc fhsghklkf h[jZah\Zg hkBEphdghtim fallgxS.
angustifoliumk ijbf_kvx dmklZjgbqgdh\ b jZkijhkljZzgy_Iky “h mqzZkldZ kd\Z

AZiZ"guc ijhnbev i_j_k_dZ 4 K[¥Z jyggZkbdZ guc ijhoh*"¥Z gpgua kc

Z | Z [ Jbk AZ[heZgb\Zgb_ k_\ _jghlh mqZz
ijhbahreB7at92dZe e | gZaz” h~gh\j_ f ggh k _]h h[t_~bg _gb_f k x g
i_jbh~ x"guc mqzZklhd J[ue azZgyl J]bigh\ufb -]tbigth\eufbghilypudh
khh[s_kI\Zfb 1h]~Z dZd k_\_jguc mqgZklhd ozZjzdl_jbah\Zeky h[beb _f

iZihjhigbdhf b dhqdZjgufb hkhdzZfb dhlhju_ih f_j_ i_j _m\eZ g_gby |
b ih~gylby mjh\gy ]jmglh\uo \h" azZf -&A&bgh\umb{dpghkihzZfb k mqZklb_
Sphagnum squarrosum Hdheh dZe e | gZazZ” khh[s_kI\Z i_j reb d ZIfhk

iblzgby k qg_j_~h\Zgb_f [Ihjnh\ 0ZjZdl_jghgZ bepygh]hyrdhifie _dkz
Ahfbgbjh\Z @phagnum fusurbS. balticum

Km2Ay ih j_ev_nm dghph jgrevZ b ~Zgguo ih mjh\gyf \ukhl ih\ _jog
hij_ahd f_"~m kd\Z bgZfb b Z [ y\ey_ Iky x'guf kdehghf k_\_jgt
fZkkb\Z Klhd \h?u \ ijhrehf b "h gZklhys_]h \j_f_gb ijhbkoh”be \ x°
kihkh[kI\h\Zeh jZaljblblxgghf keh_ p_gljZevghc qZklb ijhnbey iZihjhlg
fhsghklvx “h kf dhlhjuc \ x"ghc qZklb ijhnbey azZf gy |Iky o\hs
]bigh\h]lh Thjnz \ k_\_jghc qZklb ijhnbey \ jZchg_ kd\Z bgu Z [ n
ijhkehcdm |h]™ gltZd dZklb _]Jh ThesbgZ ~hklb]Zz_1I f 1Ijb wlhf kehc
r_cop_jbkvWwzZ]gh\h]lh IThjnZ ihdju\Z_| \_kv mqgZklhd ijhnbey
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Jbk AZiz~guc kljZlb]ljZnbqg_kdbc ijhnbev H[AagZ§ngdbyhhujnX joh\hc
2—imrbp _\uc \_johxhrccop _jb \uc b r_cebnZghhuc \_joR\gbabgguc
o\hsh\luc—gbabgguc ]bigh\uc b [hehbgdhj\Diloghgbabgguc iZihjhlgbdh\uc
—gbabgguc *j_\ _kghtZ-]ebgZ QbkehA\hafigkl dzZe e | gzZzaz?

Fig. 6. Westernstratigaphicsection Peat types (I): 1— Sphagnunoligotrophic peat, 2 cottongrass
oligotrophic peat, 3- Scheuchzeriand Scheuchzerig&phagnunoligotrophic peats, 4 minerotrophic
horsetail peat, 5 minerotrophic hypnum and helypnum peat, 6- minerdrophic fern peat, 7
minerotrophic woody peat;-8water, 9-clay. The number in the frame is the age, cal. years BP.

<hklhqguc ijhnbev i_j k dzZ_ | bklhdb g _[hevrh]h \h~h}
hkms_ki\eyxs_]h k[jhk ih\_joghklguo [hehlguo \h" \ kdFZibjpgzZ Jbk
libAhggu_ kehb \“hev \hklhgghc i_jbn_jbb [hehlgh]h fZkkb
fZehfhsgufb hleh' _gbyfb ~j \_kgh]h Ihjnz -i_jkAgubdfBjh\uf keh f

imrbp_\h]h IhjnZ < jogxx gqZklv aZe_ b nhjfbhmZ Ifhesdklk hvmkdmf  kf
k ijhkehcdzZfb imrbp_\h]himrgp\ \kgth IhjnZ gz }em[kfg _

< gZb[he__ ]Jem[hdbo ihgb  _gbyo fbg_ jZevgh]h eh Z x g kf jmqg\
h[gZjm™ _g kehc iZihjhlgbdh\h]h ThjnZ Jbk kd\Z imgZ h kjg\gbKk\kevg
[h]1ZIhf ]Jjmglh\hf iblZgbb gZ gZqZevguo klZ~"byo jZa\blby \ wlhc qZkl

Jbk <hklhgguc kljZlb]jZnbg_kdbc ijhnbev H[h&gZdgog_ kmnyZ ]\t
\_joh\hc—- imrbp_\uc \_johVhgbabgguc ~j_\_kguwbabggucklighdh\h
]bigh\uc— gbabgguc iZihjhlgbdRebgzZz- \h*"ZQbkeh \ jZfdhajzZzkl dZe e_
gZaz"n

Fig. 7. Easternstratigraphicsection Peat types (b): 1 - Sphagnunoligotrophic peat, 2- cottorrgrass
oligotrophic peat, 3- minerotrophic wody peat, 4- minerotrophic reedhypnum peat, 5 minerotrophic

fern peat, 6-clay, 7—water. The number in the frame is the age, cal. years BP.
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<klj_qgzZ_fhklv \b~Ah\ IhjnZ b hkh[_gghklb bo ijhkljZzgklI\_ggh]h jZk

< lhjnyghc aZe_ b \uyle _bhnZ lbioh\hc i_j oh”~guc b gbabg
khhi\_Ikl\bb k hkgh\gufb klZ~"byfb jZa\blby [hehlZ Ijbeh ™ _gb_
\_joh\h]h IhjnZ ijboh”blky ih~"Z\eyxs__ dhebqg_kl\h bkke_"HMHZgguo
]_g_Ibg_kdbo \b~h\ IhjnZ |_j_ohkpad\e 1§i ij\b”Zfb |IhjnZ GZ "~hex |
\brh\ ThjnZ ijboh”blky b ]_g_Ibg_kdbo \b”~h\ IhjnZ LZdh_ j.
ke ~kl\b_f jZgg_c heb]hljhnbazZpbb [hehlgh]h fZkkb\Z \ ijhp_kk_ _]h

GZbl[hevr__ jzZkijhkljZzg_gb_ bf_xlo\tVhe IhjnZ Ifffgiggh\hc

b lIjZ\yghc ]Jimii GZ hklZevgu_ ]jmiiu \b”Ah\ ThjnZ ijboh”blk:
GZb[hevrmx \klj_gZ fhklv bflkjinnmkdmf knZ]Jgh\uc fhgZ bgguc
r cop_jbkvWwz]gh\luc \b2u IhjnZ IjbehZ[gb I

LZdbf h[jZzahf hkgh\m Ilhjnyghc aZe_"b [hehlgh]h fZkkb\Z keZ
lhjn b knZ]gh\uc fhgqZ bgguc \b”u lhjnZz

H;KM@>?GB?

ljh\_~ _ggh_ bkke_"h\Zgb_ [hehlgh]h fZkkb\Z Fmojbgh "Z_|
aZdhghf_jghkl_c¢ jZa\blby[hé&éhhygyukj ~g 1Z “ghc ih”ahg_ AZiZ"ghc
]Jhehp_g_ lhemqg_ggu_ ~Zggu_ iha\lheyx!| +hklZ&kh\bdwguijbgbyath f_°
bkoh~rguf j_ev_nhf ih\_joghklb m¥«dl\byfdvdhMghiblZgby b nhjfbjh\
jZaguo |Ibih\ Ihjnyghc aZe_ b

Nhjfbjh\Zghehlgh]h fZkkb\Z gZgZehkv \ iha"pZdgief ¢théhp_q_

dh]~Z  kha~Zebkv [eZ]hijbylgu_ iZe_h]_h]jZnbeykdbjZa\lmkegh
[hehlhh[jZah\Z] _evgh]h hijbpZ&kgu | _fi_jZImju b \eZ ghkéhkdebfzl
j_ev.n rbjhdh_ jZkifhkl§ZF[lyijhgbpZ fuo hkZ~hgguo ihjh” i_j _m\eZ

JZ"bhm]e_jh~gu_ ~Zlbjh\db ijbAhggu@Kl®€h \dHApnZe | gZzaz”™ khhI\_lk
i_jbh"m debfZlbg_kdh]h ihl_ie_gby ihke_iha~g_"jbZkh\h]h ihoheh"Z

ljhp_kk IhpZzdhie _gby gZgZeky hddhehe | gZazZz” gZ ehdZevghf
k_\_-\\hklhgghc gZklb kh\j_f_ggh]lh [hehlgh]h fZkkb\Z \ Jem[hdhc ~_ij
| _q_gb_ e_| hldezZz”u\Zeky ljhklgbdhJbcgb\ljhKhghdidh_ ~h aZiheg
wld i_j\bgqghc ~_ij_kkbb Ihjnhf hdBeh e_| gZaz” gh\luc bahebjh\z
IhjnhgZdhie_gby ihyley |ky \ x'ghc qZklb kh\j_f_ggh]lh [hehlgh]h f.
jZkrbjy | k\hx iehszZ”~v b \ I_q_gb_ e_| ho\Zlu\Z_| \kx ihgbv _ggr
ehdZevgh]lh \h~hjza~_ezZ ]~_ rbjhdh_ jZkijhkljZzg _gb_ ihemqgZxl g
o\hs -\Rolh\iEZihjhlgbdh\u_ b -hikihgdh\uh_ Ihib [h]Zlh]h ]jmglh\h]h iblZq
bo \ebygb f ijhbkoh”~bl ih~lhie _gb_ b Zeeholhggh_ kmodbdpgwgh
| fgholhcguo b kf _rZgguo e_kh\ \ k_ \ _jghc gzZklb ehdZevgh]h \h~hjzZ

e | gZzaz” ihke_ g _ijh~he bl _evghc gbabgghc b i_j oh”ghc klZ”bc
kehb "j_V‘lko\ygh]lh b IjZ\ygh]h IhjnZ k_\_jgZy aiZkI\k [beileliZsZhdplbh_j re
\ \_joh\mx klzZjzZedblby k ij_h[ez~Zgb_f \ jZklbl_evghf ihdjh\_

Ahfbgbjh\Z @phagnum fuscum

| _j\bqgu_ hqgZ]b IhjnhgZdhie_gby kebebkv \ _“bgmx dBehlgmnix
gZazZz” GZ x ghf mqgzkld_ fZkkblE\uY mgbb\h[\h*gzgghklb sz gZ ij
ihglb "\mo lukyg e | khojZgyebkv r_cop_jbkAnd]gih\u_cldhpbjbP\lgljZev
qZklv [hehlZ hklZeZkv g_ho\lZg_gghc [mj_gb_f h~gZdh gZ hkgt
[hehlghc dhleh\bgu Jbk j[~ittelghbliv glh bf_ggh d wlhfm k_dlhjm
ijbmjhg_gu gZb[he_ _ ~j \gb_ hleh” _gby LzZdbf h[jZahf kebygb_ k_
aZlhezZgb\Zgby \_jhylgh ijhbkoh”“beh ih _z ©p_gljZevghc hkb

77



Zarov E.A., Lapshina E.D. 26. Environmental Dynamics and Global Climate Change, 15&87.

ij_~iheh _gby b mlhqg_gb¥nie Kdhé&]j_dhgkljmdpbb g_h[oh”bfu ~hi
ihe_\u_ bkke_"h\Zgby

Ki_ j oh~hf [hehlghlh fZkkb\Z \ \_joh\mx knZ]gh\mx klZ~bx jZa\
gZjzklzgb_ fhsghklb Ihjnyghc aZe ‘b ijb wlhf kdhjhklv Ihjnhg
0.082t0.02 kf Jh~hikjz\g _gbx k “ kf Th™ b “ kf Tha \ i _jbhAy

i_j_oh”ghc klZ”"bc jZa\blby [hehlZ >=AWURYbHWhhE®]hljhn@hc klZ~bb
"h gZklhys _]h \j_f gb h[jZah\Zeky fhsguc ~hlhjnZ krehjdb pmxksdrm f
dmihéd[jZaguc ijhnbev k_\ jghc qZklb fZkkb\Z b k\b”_ | evkl\mxsbhc
fbg _jZevgh]h iblZgby

> |Zevguc kljZlb]jZnbg_kdbc ZgZeba ihalhebe j dhgkljmbjh\Zz
wlZiu jZa\blby kZfh]lh [hehlgh]h fZkkb\Z gh b badb®_ mlxe hbec hdebdfHd
gZ ijhly" _gbb \k_]h ]Jhehp_gZ >$PRQ HW DO $PRQ HW DO
h[t _dlhf ey bamqg_gby bklhjbb ijbjh*guo eZg”~rZnlh\ AZiZz*"ghc Kb[bjl

ljibf _gqZl _evghc hkh[_gghklvx Ilhjnyguo hleh™ _gbc [hehlgh]h
y\eg |ky gZebgb _ ijhkehcdbmrbdjp \\KJjhh I|hjnZ gZz ] e miBD & f
knhjfbjh\zZ\r _cky a e ldg2adBlNZ Zxs ¢ _"bghh[jZzagh_baf g _gb_ jZk
ih \k_c iehsZ”~b [hehlZ \ualZggh_ \_jhylg__ \k_]h baf_g_gb_f ]b”jhd

H{gign  _gb_ ijhkeh_d -*mnbgkg\Wt]lh 1IThjnzZz k\b”_|I_evkl\m_Il h
i _j_kljhcd_ khklzZ\Z b \g_rg_]h h[ebdZ [hehlguo wdhkbkl_f \ hI\_|
ihke "mxsbf J[ukljuf \hkklZgh\e _gb_f Ibibgguo knZ]gh\luo jyfh\luo
mdZau\l\Z | gZ \mkhidogbo\hklv \ _joh\uo knZ]Jgh\uo [hehl b ij ~iheZ]Z_
debfZlbg_kdb_ baf_g_gby fhlml g_ hdZaZlv dzZlZkljhnbg_kdh]h \h:
\uk\h[h™~ gbx gZdhie _ggh]h m]e _jh”*Z Z ebrv \ua\Zlv i_j _kljhcdm
[hehlguo fXkkkbZ kq | baf _g _gby iehszZ~gh]h khhilghr_gby [hehlguo [b

<uy\le _ggZy ijhkljzZzgkl\_ggZy g_h~ghjh~rghklv kljZlIb]jZnbb mgZ
fbg _jZevgh]l]h eh Z b hkh[_gghkl_c¢ ]b”jheh]bb mdzZaulzZ | gZ Ih q
[hehlghc kbkV\_jah\h]lh IbiZz kms_klI\mxl hI*"_evgu_ mqgZkldb b h[rbjg
ijbgpbibzZevgh jZaghc bklhjb_c jZza\blby b kljh_gb _f lhjnyghc aZe °
ihkljh_gby 1ijhkljZzgkl\_gguo fh” e ¢ "bgZfbdb gZdhie _gby -mJe |
obfbg_kdb_ ¥Ahcilklhlghklv kl_i_gv jZaeh  _gby ahevghklv b ke_"h
mJ]e jh~Z gbabgguo i_j oh”guo b \ _joh\uo lhjnh\ jZaebggu >&KDPE'
2009].

H[s ijbgylu_ ih*oh”u wdkljZiheypbb ~"Zgguo Ilhg_gguo bkke ~h'
[hehlZ >6KHQJ HW DO 6PLWK HW DO @ fhlml ijb\h”blv
hp _gdZo imeZ m]e _jh”"Z < hlebgb_ hl gbo dhfie _dkgu_ j dhgkl
[hehlgh]lh fZkkb\Z ih”~h[gu_ ijh\_~ _gghc gZ Fmojbgh gd&bdkighi]lh »
ZgZebazZz I|hjnZz ihkljh_gby KkljZlb]ljZnbg_kdbo ijhnbe _c \ khq
fh~r _ebjh\Zgb_f j_ev_nZ ih\_joghklb b fbg_jZevgh]lh eh Z ih\urzxl |
hp _ghd kdhjhklb gZdhie _gby b aZiZzkh\ m]Je_jh”Z \ lhjnyguo aZe_ "Zo

A:DEXQ?GB?

ljh\_~ ggh_ bkke_ ~h\Zgb __ ihalhebeh mklZgh\blv hkgh\g
\hagbdgh\_gby b jZa\blby [hehlgh]h fZkkb\Z Fmojbgh 17_  ijh
g _ij_julguc fhgblhjbg] khklhygby ihdZazZl e ¢ hdjm Zxs_c kj_"u b pkt

bamqg_gb_ kljBbb)\\Zgh ~ey khihklZ\e _gby ZdImZevgh]h [ZeZgkZ m
gZdhie_gby _]Jh \ JThehp_g_ k p_evx "Zevg cr_]h ijhlJghabjh\Zgby h
gZ baf g _gby debfzlz lhemg_ggu_ j_amevlZlu k\b” | _evkl\mxl
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nhjfbjh\Zgby yvigiro [hehl hij "~ ey fhlh dzd debfzZlbgq_kdbfb nzdlhjZft
] hfhjnheh]bq_kdbfb b ]b~jh] _heh]bq_kdbfb mkeh\byfb

<u”_e_ggu_ wlZiu jZa\blby [hehlZ hljZ Zx] h[smx |_g” _gpbx d
kf g_ jZklbl_evguo khh[s_kI\ ih f_j_ ydudbhieZeby ¢dhjahfbgbjmxsbfb \

IhjnZ y\eyxlky \_joh\u_ knZ]ghkwnZ]ghj\z\yghhlhju_ ij_bfms_kI\_ggh h
\ p_gljZzevghc gZklb [hehlgh]lh fZkkb\Z

yE:=H>:JGHKLB

>Zggu_ bkke_"h\Zgby ijh\_~ gu Kk

bkihevah\zZgb f bgnjzZklji
ihebl]hgZz ©Fmojbgh?2 \ jzZfdZo

Jhkm~ZjkI\_ggh]lh az~Zgby DZj[h

< -7).

IJIBEH@?GB?

APPENDIX 1
Jbk 1;hlZgbq_kdbc khklZ\ lhjnyguo kd\Z bg \“hev k_\_jgh}h ijhnbe
\hajzkl dZe e>FlpZmdZazZgdgghf klZl ¢ >7VNIJDQRY HW DO =
)LJ

IMacrofossil of peat cores along the northern transect. Number in fraage, cal years BP.
Dates are given according to the data from articles [Tsyganov et al., 2021; Zarov et al., 2023].
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Jbk |;hlZgbg_kdbc khklZ\ Ihjnyguo kd\Z bg \*hev azZiZz”"gh}th ijhnbe
\hajzkl dZe e_| gZzaz” Djzkguf p\_Ihf \u”_e_gadlvhejdkdgdgu big\ _
NZgguf klZl_¢c >7VNMIJDQRY HW DO =DURY HW DO
)LJ IMacrofosd of peat cores along the western transect. Number in framage, cal years BP. Red
color highlights age inversion. Dates are given according to the data from articles [Tsygan@0gatal.
Zarov et al., 2023].
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Jbk 1;hlZgbq_kdbc khklZ\kidh\dylgada*hev \hklhggh]h ijhnbey— Qbkeh
\hajzkl dZe e>YlgZmdZazZgu ih ~Zgguf klZzl_c >7VN\IJDQRY HW DO
)LJ [IMacrofossil of peat cores along the eastern transect. Number inframge, cal years BP.
Dates are given according to the data from articles [Tsyganov et al., 2021; Zarov et al., 2023].
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Jbk 1;hlZgbq_kdbc khklZ\ lhjnyguo kd\Z bg \"hev x 'gh]h—jhnbey
\hajzZzkl dZe e_l| gZaz” DjzZkguf p\_Ihf \u®_e. gZNhajdkbgdguhbip\_
NZgguf klZl_¢c >7VNMIJDQRY HW DO =DURY HW DO
)LJ [IMacrofossil of peat cores along the southern transect. Number infraage, cal years BP.
Red color highlights age inversion. Ages are given according to the datarticles [Tsyganov et al.,
2021; Zarov et al., 2023].
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Jbk 1;hlZgbq_kdbc khklZ\ lhjnyguo kd\Z bg \g_ ijhraABba¢Z k] b kedhe\ |
e | gZzaz” DjzZkguf p\_Ihf \u”_e_gu \hejZlklgud Zlag\g ykithb*Zgguf klZz
[Lamentowicz et al.2015; Tsyganov et al., 2021; Zarov et al., 2023].
)LJ [IMacrofossil of peat cores out of transects. Number in franage, cal years BP. Red color
highlights age inversion. Ages are given according to the data from articles [Lamentowicz ét5al., 20
Tsyganov et al., 2021; Zarov et al., 2023].
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Jbkl6. HflhagZq gk mgd-ZojZklbl_evigkl ZId87):1- knZ]ga+ Sphagnum
capillifolium, 3— Sph. riparium 4 - Sph. lindbergii 5— Sph. fuscumb — Sph. angustifolium7 — Sph.
magellanicun, 8 — Sph. papillosum® — Sph. balticum10— Sph. majusl1- Sph. jenseniil2— KnZ]Jgmf
lhiyghtce b]hljhn,dl@-€Sph. squarrosunld— Sph. fallax 15— Sph. centralel6— Sph.
subsecundunl7—- KnzZ]JgimfahljhnglBe Sph. teresl9— =bigh\d 0 b20- Hkhd2d-C.
limosa 22— C. rostratg 23— C. lasiocarpa 24— C. cespitosa25— C. juncella 26— C. globularis 27—
R _cop B8+ <ZolB®-iZihjhlgBd- O\hs31l-Imrbp22-dmklZjgh3pdhjh
N\ _kbm\Z134— dhjBrj\ _kbdZj aB-dhjb”™j_\ _kbge36— dhjB”j_\_kbgZ
khkgdr—g_hij_~_e_bguygwhklZBB-fbg_jZevdguegd9—kZijhi_ ;¥ \h~Z
)LJ ILegend for Figures-4: plant remains (B7): 1— sphagna2— Sphagnumcapillifolium, 3 —
Sph. riparium 4 — Sph. lindbergii 5— Sph. fuscumé — Sph. angustifolium7 — Sph. magellanicun8 —
Sph. papillosum9 — Sph. balticum10- Sph. majusl1— Sph. jensenijil2— Oligotrophic hollow
Sphagnuml13-Sph. squarrosumi4— Sph. fallax15- Sph. centralel6— Sph. subsecundyrh7-
MesotrophicSphagnum18- Sph. teres19— Hypnaceae mosses, 2@Bedges, 231 C. limosa 22— C.
rostrata 23— C. lasiocarpa 24— C. cespitosa25— C. juncella 26— C. globularis 27— Scheuchzeria
28— Menyanthes29-fern, 30— Equisetum31— Eriophorum 32— dwarf shrubs, 33 willow bark and
wood, 34— birch bark and wood, 35spruce bark and wood, 36dine bark and wood, 37unidentified
herbaceous remains; 38nineral substrate; 39gyttja; 40— water.
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IIBEH@?GB?
APPENDIX 2

LZ[ebpZ | <klj_qZ_fhklv \bAh\ lhjnzZ

7TDEOH |1 3HDW W\SH RFFXUUHQFH

<b” IhjnZz 3HD Lbi IhjnzZz | <klj_gzZ_fhklv

types Occurrence, %
N m k d rFuscun O 22.L
KnZ]gh\uc fhqgZ  tSphagnurhollow @) 13.9
R cop_ jkknZ]gh\iScheuchzer-Sphagnui @) 6.4¢
LjZ\yghc +HI E 6.2¢
R _cop_jb _'Scheuchzer M 4.7¢
Imrbp -knZ]gh\ Eriophorun-Sphagnui @) 4.1¢
LjiZ\yghc +HI M 3.7¢
KnZ]gh\luc \_joh\hc  Sphagnut @) 3.6¢
Hkth\-]bigh\uc ~hypnun E 3.5¢
>j \_kguc ! E 3.4¢
LjZ\y-knZ]gh\uc +H-Sphagnur @) 3.3¢
Ljz\y-]bigh\uc +HU-hypnun E 2.4
R _cop_jb _'Scheuchzer @) 1.¢
>j \_kljzZ\yghc :-herbaceot E 1.€
LjZ\y-knZ]gh\uc baceou-Sphagnur M 1.4
Imrbp _\uEriophorun @) 1.2
>j \_kljZz\yghc :-herbaceot M 1.2
IZihjhlgbdh\uc E 1.8
R _cop_jkknZ]gh\iScheuchzer-Sphagnui M 1.2

Ijbf_qgZgblbiu Ihjn@-\_joh\iM—i_j oh~gRk€gbabgguc
Note: Peat types: ombrotrophic (O), mesotrophic (M), eutrophic (E).
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