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Pollen data from a Levinson-Lessing Lake sediment coré2@M, 98°38E) and Cape Sabler, Taymyr Lake
permafrost sequences (B8N, 100°32E) reveal substantial environmental changes on the northern Taymyr
Peninsula during the last 32000'C years. The continuous records confirm that a scarce steppe-like vegetation
with PoaceaeArtemisiaand Cyperaceae dominated32 000-10306%C yr BP, while tundra-like vegetation with
Oxyria, Ranunculaceae and Caryophyllaceae grew in wetter areas. The coldest interval cccl8@QD yr BP.
Lateglacial pollen data show several warming events followed by a climate deteriocatl500“C yr BP,

which may correspond with the Younger Dryas. The Late Pleistocene/Holocene transitdh300—10000

14C yr BP, is characterized by a change from the herb-dominated vegetation to shrubby tundsetulitisect.
Nanaeand Salix. Alnus fruticosarrived locallyc. 9000-8500+“C yr BP and disappearad 4000-35004C yr

BP. Communities oBetulasect.Nanag broadly distributed at. 10000-3500+“C yr BP, almost disappeared
when vegetation became similar to the modern herb tundra after 35002400 BP. Quantitative climate
reconstructions show Last Glacial Maximum summer temperature abGuielow the present and Preboreal (
10000™C ¥ BP) temperature 2=€ above the present. Maximum summer temperature occurred between 10000
and 5500*°C yr BP; later summers were similar to present or slightly warmer.
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Recent field-based studies on the Taymyr Peninsiganerating additional pollen data, developing much

have documented restricted Late Weichselian glaciatibetter age models, performing quantitative environ-

in central Siberia (e.g. Mter et al. 1999; Alexanderson mental reconstruction, and revising the pollen-based

et al. 2001; Mangeruckt al. 2002), thereby disproving interpretations. Moreover, we compare our new records

the mostly theoretically based maximum glaciatiowith others assembled for Project ‘Taymyr’ (Hahne &

scenario (e.g. Grosswald 1998; Grosswald & Hughddelles 1997; Kienelet al. 1999; Siegeret al. 1999;

2002). The environmental conditions associated withndreev et al. 2002b; Andreevet al. in press) and

this minimal glacier cover, however, remain poorlwith the published environmental records from adja-

understood. Better reconstruction of these environmemrisnt areas of Taymyr (Belorusova & Ukraintseva

requires longer and better-dated sediment sequend@80; Nikol'skaya 1980; Nikol'skayaet al. 1980;

containing biological remains (i.e. pollen and macroAndreeva & Kind 1982; Belorusovat al. 1987;

fossils). Velichko et al. 1997; Andreev & Klimanov 2000).
This article reconstructs vegetation and climatéhis comparison gives a detailed picture of environ-

change on the northern Taymyr Peninsula based owental changes on the northern Taymyr Peninsula

new studies of long pollen sequences from Levinsosincec. 32000C yr BP.

Lessing Lake and Cape Sabler, Taymyr Lake (Fig. 1).

These sequences were discovered in the 1990s as part

of the multidisciplinary German—Russian research

Project ‘Taymyr’ (Melleset al. 1996). We build on Study area

prior Project ‘Taymyr’ pollen work for Levinson- : ;

Lessing Lake (Hahne & Melles 1999) and macrofosslﬂewnson-Lessmg Lake

work for Cape Sabler (Kienaset al. 2001) by Levinson-Lessing Lake (728N, 98°38E; 47 m a.s.l.)
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Fig. 1. A. Map of the Arctic.
B. Map of Taymyr-Severnaya
Zemlya region. C. Overview
map of the Levinson-Lessing
Lake area with coring site.
Bathymetry in m. D.
Overview map of the Cape
Sabler area with sampled
sites.
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is the deepest lake (110 m) of the northern Taymyreatlands to 1 m in gravelly sediments without vegeta-
Peninsula and lies within the limits of the Glavnytion cover. Diverse types of gleysols dominate the lake
Range, Byrranga Mountains (Fig. 1). The hills sursurroundings, depending on the moisture regime (Ani-
rounding the lake reach altitudes up to 570 m a.s.l. Tlsémov & Pospelov 1999).
lake basin is 15 km long and 1-2 km wide, covering an Levinson-Lessing Lake is situated at the border
area ofc. 25 kn¥. Inflow occurs via the Krasnaya Riverbetween the Subarctic and Arctic tundra zones.
in the north and by numerous small streams on théegetation varies from mountain desert with sparse
relatively steep eastern and western slopes. Outflowlishen-herb cover to moss-forb tundra with discontin-
by the Protochnaya River in the south. The geomonous vegetation at high elevations, and dry sedge-forb
phology of the lake area reflects its tectonic origirtundra with dominanDryas octopetala, Salix polaris
reshaped by glacial erosion presumably during the eadpd Cassiope tetragonéAnisimov & Pospelov 1999).
Weichselian (Anisimov & Pospelov 1999; Niessetral. In some places, vegetation is of steppe-like character
1999). Bedrock is composed of terrigeneous Permiavith grasses dominating. The largest plant diversity
rocks (auleurolites) with intrusions of dolerites (Boloccurs in the marginal meadows on the lowest
shiyanov & Anisimov 1995). Krasnaya River terrace. Willow shrubSdlix arctica,
The continental Arctic climate in the lake basirs. reptans, S. pulchjaare sparsely distributed (Zhur-
includes long, severe winters and short summers. Jidgnko 1995).
temperature () is only 5-7C, while January
temperature () is about—33 to —35°C. Mean annual
temperature (J) is about—15°C. Annual precipitation
(Pyr) reaches 250 mm, with a maximum in summefhe Cape Sabler Peninsula (38N, 100°32E) is
(Atlas Arktiki 1985). located on the northwestern shore of Taymyr Lake,
The lake basin lies within the zone of continuouabout 50 km east of Levinson-Lessing Lake (Fig. 1). A
permafrost, up to 500 m thick (Geokriologia SSSRumber of shallow lakes separate the peninsula from a
1989). Active layer thickness ranges from 20—30 cm iow elevation portion of the Byrranga Mountains

Cape Sabler Peninsula
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Fig. 1. Continued.
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- predominance of thin-lalyered solifluction sheets on Permian bedrocks (P15k), rock streams;

- predominance of cemetery mound (baydzerakh) and solifluction features;

- poligens, bogs with low centre poligons, thermal erosion;

- nivation, solifluction lobes, solifluction terraces; - beach;
- cemetery mound, thermal erosion; ZsersA - hummocky terrace with thermokarst lakes;
Cape Sabler-1 - sections investigated by Moller ef al. (1999); SAQ-1 - investigated sections (this study)

Fig. 1. Continued.

(Derevyagin et al. 1997). Permafrost features ardake area (Atlas Arktiki 1985). The Peninsula is
widespread and include frost cracks, polygonal grounsifuated within the northern belt of the Subarctic tundra.
ice wedges, thermokarst depressions, solifluction ahtgrb-dwarf-shrub tundra dominates, withryas punc-
nivation forms. The peninsula shoreline consists of siltyta, Salix polaris, S. nummularia, Luzula nivabsid
cliffs up to 25 m high (Derevyagiat al. 1997; Mdler et Carex ensifoliaand mosses likélylocomium alaskia-
al. 1999). num and Drepanocladus incinatusSparse shrub com-

The Cape Sabler Peninsula has similar climate, sailunities of Salix arctica, S. reptans, S. pulchend
and permafrost characteristics as the Levinson-LessiBgtula nanaare also present.
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Table 1.AMS radiocarbon dates from Levinson-Lessing Lake PG1228 core. Dates from assumed contaminated layers are given in italics.

NN Core Depth (cm) Dated material 1%C age a*3c Lab. no.
1 1228-3/1 0-2 Humic acids 663040 —-21.9 KIA3312
2 1228-3/1 105-111 Non-identified macrofossils 37405 -26.0 AA40891
3 1228-3/2 149-156 Non-identified macrofossils 66460 —-25.8 AA40892
4 1228-4/1 198-200 Humic acids 89740 -275 KIA3313
5 1228-4/1 199-205 Non-identified macrofossils 49760 -27.1 AA40893
6 1228-4/1 245-251 Non-identified macrofossils 46355 —26.7 AA40894
7 1228-4/2 299-306 Non-identified macrofossils 1554010 -25.0 AA40895
8 1228-4/2 348-354 Non-identified macrofossils 62480 —-26.3 AA40896
9 1228-4/3 399-400 Humic acids 1062%60 -255 KIA3314

10 1228-4/3 400-406 Non-identified macrofossils 52180 -27.1 AA40897

11 1228-4/3 448-454 Non-identified macrofossils 797020 —26.3 AA40898

12 1228-4/3 467 Aguatic moss remains 56500 -23.1 OxA-6526

13 1228-4/3 470 Humic acids 1048070 -23.0 KIA5289

14 1228-5/2 548-554 Non-identified macrofossils 1086800 -26.2 AA40899

15 1228-5/2 599-600 Humic acids 1193%0 —-26.1 KIA3315

16 1228-5/2 600-606 Non-identified macrofossils 114500 —26.6 AA40900

17 1228-5/3 648-654 Non-identified macrofossils 1199070 -27.0 AA40901

18 1228-5/3 700-706 Non-identified macrofossils 1370010 —25.8 AA40902

19 1228-6/1 748-756 Non-identified macrofossils 14 6496 —-26.4 AA40903

20 1228-6/2 789-799 Humic acids 15480 —26.4 KIA3316

21 1228-6/2 799-803 Non-identified macrofossils 1533080 -25.5 AA40904

22 1228-6/3 900-906 Non-identified macrofossils 1680040 —-25.8 AA40905

23 1228-6/3 904 Humic acids 19640180 -28.1 KIA5290

24 1228-7/1 1000-1006 Non-identified macrofossils 110980 -25.5 AA40906

25 1228-7/2 1095-1110 Non-identified macrofossils 20472m0 -26.0 AA40907

26 1228-7/2 1100 Humic acids 22890260 —28.3 KIA5291

27 1228-7/3 1195-1210 Non-identified macrofossils 18180 —25.6 AA40908

28 1228-7/3 1199-1200 Humic acids 2424070 —-24.7 KIA3318

29 1228-8/2 1295-1310 Non-identified macrofossils 198600 —25.6 AA40909

30 1228-9/2 1595-1610 Non-identified macrofossils 21862m0 —-25.3 AA40912

31 1228-8/3 1395-1410 Non-identified macrofossils 1892010 —25.9 AA40910

32 1228-8/3 1399-1400 Humic acids 2676210 -23.7 KIA3319

33 1228-9/1 1502-1506 Non-identified macrofossils 118100 —26.3 AA40911

34 1228-9/2 1599-1600 Humic acids 2798@50 -235 KIA3320

35 1228-9/3 1700 Humic acids 28130290 -23.0 KIA5292

36 1228-11/1 1707-1723 Plant remains 18930 —-27.7 KIA 1401

37 1228-11/1 1723-1750 Plant remains 37260 —28.3 KIA 1402

38 1228-9/3 1741 Humic acids 29330270 -21.7 KIA5293

39 1228-11/1 1748-1753 Non-identified macrofossils 61 BB -26.1 AA40913

40 1228-11/2 1799-1800 Humic acids 116460 —26.5 KIA3321

41 1228-11/2 1802-1806 Non-identified macrofossils 40 -26.1 AA40914

42 1228-11/2 1820 Humic acids 2659®30 -25.8 KIA5294

43 1228-11/2 1845-1855 Non-identified macrofossils 24-8@240 —24.8 AA40915

44 1228-11/3 1900 Humic acids 3102060 -21.7 KIA5295

45 1228-11/3 1948-1953 Non-identified macrofossils 246250 -25.1 AA40916

46 1228-13/1 1995-2010 Non-identified macrofossils 11366 —-25.8 AA40917

47 1228-13/1 1999-2000 Humic acids 2244000 -26.1 KIA3322

48 1228-13/2 2100 Humic acids 32273440 —22.9 KIA5296

49 1228-13/3 2198-2199 Humic acids 3521690 -225 KIA3323

Methods A pollen sampling interval of 10-20 cm was used for

the upper 980 cm of the core, and 50 cm for most of the
deposits below (except 20 cm for 1680-1820 cm and
10 cm for 1840-2000 cm depths). Sampling intervals
Piston core PG1228 (2210-cm-long) was collected frofor AMS */C dating of macrofossil remains (Table 1)
the central part of Levinson-Lessing Lake at 108 mwverec. 50 cm for the upper 800 cm of the core and
water depth when ice cover was 2 m thick during th&00 cm in the deposits below (excepts0 cm between
spring of 1995 (Fig. 1; Mellest al. 1994; Overduiret the 1748 and 1855 cm depth). AdditiondIC dating

al. 1996). A gravity corer was used at the same site teas conducted on humic acids, extracted from 19
recover the uppermost sediments (0—27 cm) with mirgamples, using KOH for extraction and HCI for
mal disturbance of the water—sediment interface.  cleaning.

Sampling, radiocarbon and pollen methods
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Fig. 2. Age/depth model for the --8--"C ages from pollen chronology
core PG1228 from Levinson- =& - “C ages from macrofossil remains
Lessing Lake.

The AMS **C dating of the core was adjusted forl996 at 100-cm intervals for radiocarbon analyses
an unanticipated problem associated with using tlf€able 2) and in 10-20cm intervals for pollen and
rope-supported coring device at 110 m water depttestate amoebae analysis. Unfortunately, it was not
Below 10 m sediment depth, the corer slowly startggbssible to sample two intervals, 1000—-1140 cm and
to open before the intended depth; this probleh770-2100 cm, because of sediment disturbance. Addi-
potentially allowed sediments from the upper third dfional pollen samples at 10-20 cm intervals were taken
each 3-m section (below 10 m sediment depth) to iewm a 270-cm-long section (SAO-3) and a 310-cm-
displaced. Sediment below approximately 1 m itong section (SAO-4) (Fig. 1). Four levels were sampled
each 3-m section appears to lie at the correct depfthr radiocarbon dating from these short sections (Table
All potentially displaced “C samples ifalicized, 2).

Table 1) were not considered for the age-depth modelTwo methods were used to process the pollen
(Fig. 2). We have also excluded pollen data corresporgsimples. Most of the SAO samples started with a
ing to the potentially displaced material from interheavy-liquid separation (Berglund & Ralska-Jasiewic-
pretation. zowa 1986) followed by acetolysis and glycerin

The 27-m sediment section from Cape Sabler, SAOAlounting (analyses by G. N. Shilova, Moscow State

(Fig. 1; Derevyagiret al. 1997) was sampled in summerUniversity). Additional samples from section SAO-1
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Table 2.Conventional and AMS radiocarbon dates from Cape Sabler terrestrial profiles: SAO-1, SAO-3 and SAO-4. Dates not used for the
reconstructions are given in italics.

NN Section Depth (cm) Dated material 1C age 9¥C  Lab. no.

1 SAO-1 70-80 Peat 2270+ 80 —-26.0 AWI-96-1

2 SAO-1 130 Sedge peat 15#520 —25.8 KIA5745

3 SAO-1 160-170 Sedge-moss peat 210P5 —27.1 KIA5746

4  SAO-1 260-270 Plant remains 673@B0 —26.7 KIA5747

5 SAO-1 300-350 Peat 101726130 —25.0 AWI-96-2

6 SAO-1 500-600 Peat with small twigs 123t@70 —-26.3 AWI-96-3

7 SAO-1 570 Plant remains 1185550 —27.1 KIA5748

8 SAO-1 1000-1050 Peat with small twigs 1822820 AWI-96-4

9 SAO-1 1320 Moss peat 19020800 AWI-96-5
10 SAO-1 1320 Salixleaves 18065 60 —26.4 KIA5749
12 SAO-1  1500-1550 Plant remains 1952@70 —26.6  AWI-96-6
13 SAO-1 2100 Peat 26750650 —-27.0 AWI-96-7
14 SAO-1 2100 Moss peat 3038080~170 —25.8 KIA5750
15 SAO-1 2180 Shrub twigs 29540790 —-26.4 AWI-96-8
16 SAO-1 2310 Alkaline residue of woody remains and roots 3208210 -25.5 KIA5751

Humid acids, woody and non-identified plant remains 26F2A50

17 SAO-1 2500 Roots, non-identified aquatic plants remains 299580 —-25.5 AWI-96-10
19 SAO-1 2520 Alkaline residue of woody and non-identified plant remains  36-280/—200 KIA5752
20 SAO-3 120 Non-identified plant remains 206010 AWI-96-11
21 SAO-3 140 Non-identified plant remains 23400 —27.0 AWI-96-12
22 SAO-3 265 Non-identified plant remains 438®0 —-23.4 AWI-96-13
23 SAO-4 70-80 Peat with woody remains 282®0 —26.3 AWI-96-14

and all samples from core PG1228 were processed usifymyr) and treeless time (like the Late Weichselian).
standard HF techniques (Hahne & Melles 1999). Despite these problems, the IS reconstruction for the
Pollen percentages are based as follows: (1) arborkake Pleistocene on northern Taymyr Peninsula remains
and non-arboreal pollen taxa from the sum of terrestribklpful; as it shows consistent climate trends.
pollen taxa; (2) spores from the sum of pollen and The BMA method (Guiot 1990) was used to
spores; (3) redeposited taxa — Tertiary spores argtonstruct climate changes from the PG1228 pollen
redeposited pollen — from the sum of pollen andecord. The method uses chord distances to determine
redeposited taxa; and (4) algae from the sum of pollehe similarity between each analysed pollen spectrum
and algae (Berglund & Ralska-Jasiewiczowa [986and each spectrum in the reference pollen data set of
Calculations and plotting were performed with Tilial110 modern pollen samples collected in the former
TiliaGraph software (Grimm 1991). USSR and Mongolia territories (Taraset al. 1998,
Testate amoebae were extracted from sediments w&002). In this study, minimum and maximum values for
a 500um sieve. A drop of the concentrate was placedgach climate variable were reconstructed from the 10
on a slide, then glycerol was added. Normally, best modern analogues determined for each fossil
subsamples were examined at 200—40@agnification sample. Table 3 lists the 39 pollen taxa identified in
with a light microscope. the PG1228 record that have been used in the climate
reconstructions. Modern climate values for each of the
1110 modern pollen sampling sites have been calculated
from an updated version of the climate database of
To quantitatively reconstruct climate from the pollen
records, two statistical techniques were used: (1) the
statistical-information (IS) method and (2) the best
modern analogue (BMA) method. The IS methodable 3.Pollen taxa identified in the Levinson-Lessing record and
(Klimanov 1984; Velichkoet al. 2002) determines the used in the climate reconstruction by the BMA method.
statistical relationship between recent pollen spectra
and climate and then applies this relationship to fossif>® 1ame
pollen records to reconstruct past environments. Spegirusundif., Apiaceae, Artemisia, Asteraceae unddetulaundif.,
fically, it uses the total pollen/spore ratio as well as t%&%‘ﬁ:j‘%igﬁigﬁs Cg%oepdﬁgg‘if;‘ééC;‘:Egg’ggéaceae'
relative abundance of the_l4 most common arb_or_ tianaceéd:lippophae, Juni;’)erusl_amiaceaeLa’rix, LiIiaceaé,
taxa. Because the method is mostly based on statlstlgaggraceae, PapaveraceBigea, PinugDiploxylon), Pinus
correlations between arboreal pollen and climatéjaploxylon), Plantaginaceae, Poaceae, Polygona&emilus
reconstructions in treed areas and treed time interv&anunculaceae, Rosace&mex Rubiaceae3alix Saxifragaceae,
are more reliable than treeless areas (like the northetf{oPhulariacead halictrum Valerianaceae

Climate reconstruction methods
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Leemans & Cramer (1991) with precise topography (Wore and consist of couplets with silt-sized basal and
Cramer, pers. comm. 2001). PPBase software facilitateldy-sized top layers. These regular laminae probably
the calculations (Guiot & Goeury 1996; http://mediagepresent annual layers. The remaining 20% of the core
obs-mip.fr/paleo_utils). is comprised of sandy layers, which occur irregularly

Because the BMA method takes into account arborelroughout the sequence. The thickness of these layers
as well as non-arboreal pollen it has better potential thaaries between 2 mm and 20 cm; they are derived from
the IS method for treeless areas such as northemwllapses of delta front sediments and subsequent down-
Taymyr. Nevertheless, we did not apply the methaslope sediment transport to the lake centre (Ehell.
either to the lower part of the Levinson-Lessing recorti999). The sediments throughout the core appear to be
or to the Cape Sabler pollen data because of low pollenntinuously deposited; there is no evidence of erosion
concentration and potential sediment displacemenit non-deposition.
discussed above.

How much can we trust quantitative climate reconchronology. —In total, 49 samples from core PG1228

structions based on pollen data? This question vgere AMS *C dated (Table 1; all ages are uncali-
especially important for the Russian Arctic, a regiobrated). Our age-depth model for this core is based on
where an appropriate database of the reference surfaocerelation with a regional pollen chronology for the
samples is still under construction. Past studies assesapger 8 m of the core and macrofossil dates below 12 m.
the reliability of the climate reconstruction technique€orrected humic acid dates provide age constraint
for northern Eurasia by reconstructing present-ddkiroughout the core, but particularly in the gap between
climate characteristics from modern pollen spectr8.and 12 m.
Reported errors in the IS method wet®.6 °C for Ty, Although the macrofossils picked throughout the core
and Ty;; £1.0°C for T;; and+25 mm for R, (Klimanov were expected to provide reliable dates, many are too
1984). However, these results were obtained with tledd and only give maximum age constraints (Fig. 2). On
data sets in which the Arctic was poorly represented.average they deviate by. 2500yr from a *“C

Recent tests demonstrate that the BMA methambnstrained Holocene pollen chronology for adjacent
reconstructs modern climate variables in the Arctiareas on the Taymyr Peninsula (Belorusova & Ukraint-
with reasonably high accuracy (Tarasev al. 2002; seva 1980; Nikol'skaya 1980; Nikol'skayet al. 1980;
Andreev et al. in prep.). Correlation coefficients Andreeva & Kind 1982; Belorusovaet al. 1987,
between reconstructed and calculated climate variableigydenet al. 1997; Velichkoet al. 1997; Andreev &
have suggested that,[ and annual sum of the dayKlimanov 2000; Andreeet al.2002b; Andreeet al.in
temperatures above6 (the so-called sum of growing- press). This large discrepancy probably reflects a high
degree-days with temperatures aboV€ 5GDD5) can content of reworked organic matter in the mostly
be reconstructed with reasonably high confidenemidentified macrofossil samples (including Permian
(R=0.80 and 0.82, respectively). Among the otheroal fragments) and occasional visible sediment dis-
tested variables, P and runoff (difference between P andbance.
evaporation (E)) were reconstructed from the modernTo help resolve the dating problems, a narrow
spectra with relatively high accuracyR€ 0.68 and fraction of humic acids was extracted from the bulk
0.61, respectively). sediment at 19 levels throughout the core. The resulting

In this study, the methods have been applied togetharmic acid ages (Table 2) are consistently 4000 to 6000
only to the upper part of the PG1228 pollen recorgears older than the regional Holocene pollen chronol-
covering the last 17000 years. We assumed that in tligy (Fig. 2). A similar offset is observed between humic
record the above-mentioned problems (e.g. low polletids and macrofossils in the lower half of the core.
concentration or non-arboreal pollen dominance) can beese lower macrofossil ages are, in turn, consistent
neglected, as their influence on the reconstructionsvisth an extrapolation of the overall regional pollen
supposed to be minimized. However, the absolutdronology. Assuming a constant age offset for the
climate values obtained from the pollen records datéaimic acids, the basal age for the core is estimated at
before 20000 yr BP for the northern Taymyr Peninsul83000“C yr BP (Fig. 2).
are suspect and thus have not been plotted on any figureSedimentation rates appear to have an approximately

linear trend in the core. Nevertheless, all three age
constraints (humic, pollen chronology and macrofos-
sils) suggest at least one deviation from this linear trend

Results some time between about 600 and 1200 cm sediment
depth; thus, slower rates occurred for an unknown

Levinson-Lessing Lake duration some time betweenn 17000 andc. 8,000
YCyr BP).

Lithology and stratigraphy. -€ore PG1228 consists of
two main sediment types (Ebat al. 1999). Fine- Pollen. —The pollen diagram for core PG1228 from
grained laminaeg; 0.7 mm) constitute about 80% of thelevinson-Lessing Lake was zoned by visual inspection
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(Fig. 3). The basal pollen zone | (PZ-I) is notable for itbeds. Thick (up to 1.2 m) peaty layers with high silt
very low pollen concentration (up to 500 graingontent characterize the sequence (Figs 4, 5). For
percn?). Its spectra are dominated b#rtemisia, detailed lithological, geomorphological and stratigraphi-
Poaceae, Cyperaceae and Caryophyllaceae. PZdl descriptions of the SAOL section and the terrace, see
(2200—1940 cm) is characterized by two peakBetula Derevyaginet al. (1997) and Mder et al. (1999).
sect. Nanae, Alnus fruticosand Cyperaceae pollen. SAOS3. The lower part of the section (310-120 cm) is
PZ-1l was excluded, however, from further interpretacomposed of interbedded fine-grained grey sand and silt
tion because of potential sediment displacement. PZ-lflyers, including numerous peaty layers with plant
(1940-1810 cm) is similar to PZ-I. The pollen spectra aemains (Fig. 6). At 120-100 cm depth, sand with moss
PZ-1V (1810-1710 cm) are dominated Betulasect. and other plant remains is common. The upper 100 cm
Nanae, Alnus fruticosand Cyperaceae pollen. Pollerof the section consists of grey and yellow fine sand, rich
concentration is relatively high (up to 5000 graing plant detritus and peat lenses.
percn?). PZ-IV was also excluded from further SAOA4. The lower part of the section (270-210 cm) is
interpretation because of potential sediment displadermed by a layer of fine-grained grey sand (Fig. 7). The
ment. The pollen content of PZ-V (1710-1280 cm) igpper layer, 210-105 cm, is composed of an interbed-
similar to that of PZ-I and PZ-Ill. A lower sample atding of fine-grained grey sand, peaty layers and silt
1240 cm is characterized by high contentsB#tula layers, including numerous plant remains. The 105-
sect. Nanae, Alnus fruticosand Cyperaceae pollen,95 cm layer is a peat, overlaid loy10 cm of silt, rich in
while Poaceae and Caryophyllaceae contents are Iglant remains. The upper 85-70cm layer is a non-
The upper part of PZ-V is characterized by a gradudecomposed peat layer overlain by sandy silt (70—
decrease oArtemisiaand Poaceae pollen percentaged5 cm) and well-decomposed peat (45-10cm). The
while Cyperaceae and Rosaceae (mosflyyas uppermost 10cm is the modern soil.
increase. PZ-VI (850-750 cm) is notable for a dramatic
increase inBetulasect.Nanaeand Cyperaceae pollenChronology. —In total, 18 AMS and conventionaf'C
contents, and a decreaseArtemisig Caryophyllaceae ages were obtained from the SAO1 sequence (Table 2).
and Poaceae. Pollen concentration increases sigmnifireasonable age sequence, combined with an apparent
cantly (up to 15000 grains per éjrin this zone. PZ-VII lack of erosional events or hiatuses, suggests that the
(750-710 cm) is characterized by increasing Cypersediments were formed continuously during the tast
ceae, Poaceae, CaryophyllaceAgtemisiaand other 30000 radiocarbon years. A few age reversals reflect the
herbs, whereaBetula sect. Nanae decreases. Pollenreworked character of the dated material. We believe
concentrations are significantly lower in this zone thathat the youngest dates are more reliable, as there is no
in PZ-VI (up to 5000 grains per cij In PZ-VIIl (710— evidence of possible contamination of the sediments by
660 cm)Betulasect.Nanaepollen percentages dramayounger organic material. AIF*C dates assumed as
tically increase (up to 65%), whereas herbs decreaseworked (talicized, Table 2) were not considered for
Totaln‘#)ollen concentration is up to 20000 grainthe palaeoenvironmental reconstructions.
per cnt in this zone. PZ-IX (660-595cm) is notable Three conventionaf“C ages were obtained from
for a dramatic increase (up to 52%) Ainus fruticosa sequence SAO3, and only one age from SAO4 (Table
pollen content and a significant decreas8e@tulasect. 2). The dates indicate that SAO3 and SAO4 sections
Nanaeone. Pollen concentration is at its maximum (upccumulated during the late Holocene.
to 48000 grains per cih in this zone. PZ-X (595—
315 cm) is characterized by a gradual decrea®8ztiila Pollen. —There are two pollen diagrams for sequence
sect. Nanae and Alnus fruticosa pollen contents, SAO1 (Figs 4, 5), both zoned by visual inspection. Fig.
whereas Cyperaceae and Poaceae gradually incredsis. based an analysis by J. Hahne, whereas Fig. 5 is
In this zone, pollen concentration is relatively high (upased on an analysis by G. N. Shilova. The diagrams
to 8000 grains per ci). The pollen spectra of PZ-XI supplement each other, as Hahne's analysis mostly
(315-0cm) are dominated by pollen of Cyperaceaegvers the Holocene, whereas Shilova's the Pleistocene
Poaceae,Betula sect. Nanag and Alnus fruticosa part of the section. In the overlap, both diagrams reflect
Pollen concentration is lower in this zone than in PZ-Xsimilar trends, but differ in the number and amount of
identified palynomorphs. The differences may be due
partly to the different techniques used for pollen
Cape Sabler sections treatment, but may also reflect different palynological
training.
Lithology. —SAO1. The 27-m-high section of the lake The pollen analysis of J. Hahne (Fig. 4) shows a
terrace is of lacustrine sediments (Derevyaginal. lower limit for PZ-I at a depth of 2520 cm. The upper
1997). The predominating facies is laminated, or massilimit of PZ-1 at about 600-cm depth is less clear because
silt, mostly rich in plant detritus (moss remains, woodgf sparse samples. PZ-1 is characterized by very low
twigs, seeds and other plant remains). In the basal parfaafilen concentrations and the presence of large amounts
the section there is an interbedding of clay and fine sanfl reworked palynomorphs. The pollen spectra are
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Table 4.List of testate amoebae species from SAO1 sequences. Species Diversity

16 7-------- e
N Species I
1 Arcella arenariav. compressa&hardez
2 A. megastom#&enard cf. L B b
3 Centropyxis aerophildeflandre
4 C. aerophilav. sphagnicolaDeflandre 10 p--mmmmmenoos B ittt
5 C. aerophilav. minutaChardez .
6 C. cassigWallich) Deflandre e
7 C. constricta(Ehrenberg) Penard ¢
8 C. constrictaf. minimaDecloitre L Ao #oTTTTmTmmrmmmmemosmsmosomenoooeoes
9 C. gibbosaRampi * M ¢
10 C. orbicularis Deflandre e
11 C. plagiostomaBonnet, Thomas (typica) , ’_________ '“* ____________________________________ * .
12 C. plagiostomgmajor) we - N -
13 C. plagiostomgminor) o —
14 C. platystomaPenard) Deflandre
15 C. sylvatica(Deflandre) Thomas ‘ 00 800 2o e mmoepm, cr2n400
16 C. sylvatica v. microstomBonnet
17 C. sylvatica v. minoBonnet, Thomas
18 Cyclopyxis eurystoméDeflandre) Shell density, giem’
19 C. eurystomav. parvulaBonnet, Thomas 000 —m e e
20 C. kahli Deflandre .
21 Geopyxella sylvicol8onnet, Thomas cf. B .
22 Plagiopyxis callidaPenard
23 P. declivisThomas .
24 Heleopera petricold_eidy 30000 F------= o T
25 Nebela bigibbosdenard
26 N. penardianaDeflandre e ST
27 N. tincta (Leidy) *
28 Schoenbornia humicolRecloitre 20000 —-mmemmmrmermsensonsrnsemonsmoTiosen
29 Phryganella acropodigHertwig & Lesser) hadhd
30 Assulina muscorur@reeff 13000 === m e e e e
31 Euglypha ciliataf. glabra Wailes ., ¢
32 E. compressd. glabra Wailes e #ooToTooomsomommmomsooosoosoooooooioiosoooooe
33 E. laevis(Ehrenberg) .
34 E. sp. S000 g4~ 7T $o
35 Trinema linearePenard e ° YRrs &,
0 500 1000 1500 2000 2500

Depth. cm
dominated by Poaceae, Cyperacefrtemisia Caryo- Fig. 8. Rhizopod diversity and density in SAO1 sediments.
phyllaceae, Rosaceae and Ranunculaceae p8l&uala
sect. Nanae pollen occur as well. Two subzones are
distinguished: PZ-Ib (1470-1590 cm) differs from PZCichoriaceae, Gentianaceae). PZ-ll (600-310cm) is
la (2520-2110cm) by distinctly lower Cyperaceaaotable for an increase in Poaceae, Cyperaceae and
pollen contents, PZ-1I (600-350 cm) is notable for &axifragapollen contents, whereas pollen content of
distinct Cyperaceae increase. PZ-Ill (350-180cm) ather herbs andBetula sect. Nanae significantly
characterized by an increase Bektula sect. Nanae, decrease. PZ-Ill (310-180cm) is characterized by a
Alnus fruticosaand Ericales pollen contents, and #igh content oBetulasect.Nanae, Alnus fruticosand
decrease in Cyperaceae. The pollen spectra of PZ4Yicales pollen, and low contents of Cyperaceae and
(180—-0 cm) are dominated by Poaceae and Cyperacd@eaceae. The pollen spectra of PZ-IV (180-0 cm) are
although pollen ofBetula sect. Nanae and Alnus dominated by PoaceaBetulasect.Nanaeand Cypera-
fruticosaare numerous. ceae pollen. Pollen content Binusis also fairly high.

The analysis of G. N. Shilova (Fig. 5) shows that PZ- The two remaining pollen records from Cape Sabler
1 pollen spectra (2520-600 cm) are dominated HHAO3 and SAO4) span only the second half of the
Artemisig Poaceae, CyperaceaBetula sect. Nanae Holocene and show similar trends; both form only one
and Caryophyllaceae pollen. PZ-I is further charactepollen zone each (Figs 6, 7). Minor differences in the
ized by low pollen concentrations and large amounts tfpe and amount of identified palynomorphs in these
reworked palynomorphs. Two subzones can be distisections probably reflect local environments.
guished as well: PZ-la (25206 2200 cm), containing
high amounts of tree pollen (most likely reworked), anBhizopods (testate amoebae)ln-total, 106 samples
PZ-Ib (c. 2200-600 cm), containing high amounts ofvere examined from the Holocene and Late Pleistocene
herb pollen (RosaceaBubus chamaemorus, Saxifragasediments of the SAO1 section for rhizopods (testate
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amoebae). None were found in 70 samples, includimgfraspecific taxa) in the late Holocene samples (Fig. 8);
both Pleistocene and Holocene levels. Five sampldgge dominant complex consists @entropyxis con-
contained only singular shells. In the 36 cases whesgictaf. minor, C. aerophila, C. sylvatica. minorand
rhizopods were present, 35 species, varieties and for@seurystoma. parvula.

were found (Table 4). The number of species in these

samples varied between 1 and 16 (Fig. 8). Generally, the

species diversity is higher in the Holocene than in th@limate reconstruction

Pleistocene sediments. No sphagnophilic species were

found in the Pleistocene sediments. The specibgormation-statistical (IS) reconstruction based on
diversity is at its maximum (up to 16 species antevinson-Lessing Lake and Cape Sabler pollen
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records c. 30000 to c. 20004C yr BP. —-Temperatures About 20000"‘C yr BP to the present. An extremely

at c. 30000 **Cyr BP were below modern valuescold and dry climate is reconstructed for the Sartan
probably by about 2% depending on the seasorstadial (equivalent to Late Weichselian), with T about
(winter T more depressed). Precipitation was als$-6°C below the present (seasonally dependent) and P
lower, probably by about 50-100 mm. A subsequenp to 100 mm lower than today (Fig. 9). A warming
climate amelioration may have occurred 27000yr event at the end of the Sartan stadial (equivalent to
4 BP with T and P slightly above the present. ShortlBglling?) probably had J;, and P slightly higher than
after, cold, dry conditions returned, similar to thase today, but T, as much as T lower. Later, during the
30000“C yr BP, and persisted until at least20000 Allergd (?), T and P were probably even higher (Fig. 9).
Cyr BP. A subsequent cooling (Younger Dryas?) reached values
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about 2-3.5C below the present, with 75 mm less PLate Karginsky intervald. 32000—2200G“C yr BP)
The first Holocene warming is associated with the early
Preborealc. 10000™C yr BP. Warm intervals with T The oldest pollen samples from our study areas are
and P higher than present have been reconstructed alated toc. 30000*“C yr BP (Figs 3-5), similar to dates
for ¢. 9000, 8500, 8000-5500, 4000, 3500, 2300-20@0eviously obtained on northern Taymyr Peninsula
and 1000*“C yr BP (Fig. 9). (Isaeva 1982; Miter et al. 1999). This places the older
portions of our records within the Late Karginsky
interstadial, which lasted untit. 25000 *“Cyr BP
Andreeva & Kind 1982). Sediment lithostratigraphies
show no glacier ice at Levinson-Lessing Lake or Cape
14 Sabler during the Late Karginsky. Pollen spectra instead
About 17000 tac. 13000C yr BP. —Both Tvy and uggest an overall dominance of open, steppe-like and

GDDS curves show similar pattern of temperaturﬁmdra_"ke herb communities, with some short wetter

gewng: r(nFl;% hllg\)/\'/g“ ;/\kl)%su tnggi % rk;]erLO\t/)ve%\clavst%rg’p"rvg‘s'f@griod(s). Most of the spectra associated with this rather
Runoff was also much lower. vere environment are characterized by low pollen

concentrations and high amounts of reworked palyno-
About 13000 toc. 10000 %4C vr BP. — Tun varied morphs (Figs 3-5). The dominant taxa are Poaceae,
considerably but was mostly r¥ear the pr(\e/gent or up Eyperaceaeé\rtemma Caryophyllaceae, Rosaceae and

BMA reconstruction based on Levinson-Lessing Lak
pollen record

o _ anunculaceae. Although pollen B&tulasect.Nanae
2°C warmer. P was similar to the present, as was runo fe sometimes present. shrubs were mostly rare. The

extraordinary high values of reworked pollen and spores
(like ancient Pinaceae]uglansand Corylug for the
heavy liquid separation of SAO1 PZ-la (Fig. 5) is
obably misleading given much lower values for the
é: separation (Fig. 4). This difference suggests that HF
paration is more appropriate for the sediments

About 10000 toc. 5500 **Cyr BP. — T was at its
maximum, with July values 2 to 48 higher than the
present. GDD5 was 100 to 3TD higher than the
present. P was similar to the present except f
maximum values (50-130 mm higher than the prese
near the beginning of this interval, when runoff als g

reached its maximum. The high T and similar P wer og[ammglgl rev;orkeéj palyno':nortphs. f "
probably the cause of the reduced runoff in much of ﬂ:‘gf ur pofien-based reconstruction ot a mostly severe

; : . te Karginsky environment is supported by other
interval. The highest T occurred at the beginning a : . L
end of this interval. oxies for northern Taymyr Peninsula. Eurobiotic

rhizopods are present in the SAO1 sediments, suggest-
ing a cold and dry environment. Moreover, macrofossil
remains of typical steppeephedra, Kobresia, Leonto-
podiun) and tundra taxaRapaver, Dryas, Luzu)drom
e Cape Sabler area have been used to reconstruct
xtremely severe cryoarid conditions for the Late

About 5000“Cyr BP to the present. F dropped,
with Ty, fluctuating between 0 and°@ above the
present during the last 5066C yr BP. P was similar to
the present, although runoff may have been slight

lower. Karginsky (Kienaset al. 2001).
A severe Late Karginsky environment has also been
reconstructed based on pollen records from coastal
Discussion: palaeoenvironmental areas of the Laptev Sea (Andreev al. 2002a), East-
reconstructions Siberian Sea (Andreest al. 2001) and western Yamal

(Andreev unpublished). Hence, the harsh Late Kar-
The pollen data from Levinson-Lessing Lake andinsky environmental conditions around the Levinson-
Cape Sabler are the first long-term and high-resolutiaressing and Taymyr Lakes also occurred in a broad
records from northern Central Siberia. Prior pollen wortegion of the high Eurasian North; these conditions
on Levinson-Lessing Lake (Hahne & Melles 1999) wagrobably reflect short distances to glaciated areas and to
based on the singl&'C date and correlation with thethe Arctic Ocean.
pollen chronology published by Khotinskiy (1984). Unlike the northern Taymyr and other northern areas
Although our pollen zonation is similar to that of Hahneluring the Late Karginsky interstadial, the southern
& Melles (1999), there are significant differences in th&aymyr probably experienced much less severe condi-
environmental and chronological interpretation. Mordions. In the south, northern taiga or forest-tundra
over, in the sections below, we compare our record witlegetation was present (Andreeva & Kind 1982;
radiocarbon-dated environmental records from adjacefndreev et al. 2002b). Because this southern area is
areas of Taymyr (Belorusova & Ukraintseva 198(resently treeless, the climate was warmer than the
Nikol'skaya 1980; Nikol'skayat al. 1980; Andreeva & present.
Kind 1982; Belorusoveet al. 1987; Velichkoet al. Although environmental conditions on northern
1997; Andreev & Klimanov 2000; Andreeet al. Taymyr during the Late Karginsky interstadial were
2002b; Andree\et al. in press). most often severe, the 1S-based climate reconstructions
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suggest some climate amelioratior27 000 yr*“C BP. mely cold climate during the Sartan interval. This is
This reconstruction is supported by a higher density oéflected in the IS and BMA reconstructions, which
testacean shells in the Cape Sabler records, asttbw the coldest climate during the Sartan (Figs 9, 10).
especially by finds of rhizopods typical of wetteReconstructions of the LGM climate in northern Eurasia
habitats (Arcella megastromacf. and Plagiopyxis suggest that Tin Siberia were 7 to 1% colder than the
callida). Although a bud of Populus tremula present and |, 1 to 7°C colder, whileP was 100 to
(26750+ 650yr BP) from the Cape Sabler are®00 mm lower than the present (Taraszal. 1999).
(SAO1) has been used to suggest thaj Tvas up to ~ We suspect a warming at the end of the Sartan Stadial
6°C higher than today (Kienagt al. 2001), this bud (Bglling?) as shown by a gradual decreasédémisia
may have been reworked. The Cape Sabler pollamd Poaceae and increasing Cyperaceae and Rosaceae
records (Figs 4, 5) show tha&opulus tremulawas (mostly Dryas) pollen percentages in the upper part of
probably unable to grow in this area during théevinson-Lessing core PG1228 PZ-V (Fig. 3).
Karginsky time. Moreover, it probably did not grow In contrast to the unclear warming signal (Bglling?),
in southern Taymyr either (Andreeva & Kind 1982there is a distinct warming in the next youngest pollen
Andreevet al. 2002b). The Cape Sabler sediments alstone in core PG1228 (PZ-VI), which can probably be
contain significant amounts of well-preserved ancdobrrelated to the Allergd interstadial. Its age in PG1228
obviously reworked tree and shrub pollen (includings constrained by correlation with pollen records from
exotic taxa such asluglans, Corylus, CarpinQs the adjacent areas (Velichlebal.1997, 2002; Andreev
Therefore, even if climate ameliorated during a portioet al.2002b; Andreeet al.in press). Its age in the Cape
of Late Karginsky time, it is unlikely that the localSabler SAO1 section is constrained by radiocarbon

climate was significantly warmer than today. dates of 11853-50 and 1017@&:130yr BP. The
warming in core PG1228 is demonstrated by a dramatic
Interval c. 26000-20008“C yr BP increase of Betula sect. Nanae, Salixand pollen

concentration, and significant decrease Astemisia
Pollen spectra for thec. 26000-20000“Cyr BP Poaceae and other herb taxa pollen contents (Fig. 3).
interval, limited to Levinson-Lessing core PG1228This same warming is expressed in SAO1 PZ-1l in Fig.
show conditions similar to the Late Karginsky: ope® with increases in Poaceae and Cyperaceae and
steppe-like vegetation (Poaceae alwdemisiadomi- decreases dhrtemisig Caryophyllaceae, Cichoriaceae,
nate) with some tundra-like communitieBegtulasect. Gentianaceae, Rosaceae and other herbs. The high
Nanae, Salix Caryophyllaceae and other herb taxajalues of Cyperaceae pollen and low values of
This result is based on PZ-lll and PZ-V of PG1228Artemisig Caryophyllaceae, Rosaceae, Ranunculaceae
Two other pollen zones that seem to fall within this agend other herbs in the PZ-Il in Fig. 4 can also be
interval, PZ-1l and PZ-1V, were excluded because afterpreted as a response of local vegetation to a wetter
potential displacement during coring (see above). Tlaad slightly warmer climate. The occurrence of euro-
generally severe climate conditions for the intergal biotic Testacea shells throughout the SAO1 sediments
26000-20000*“Cyr BP on the northern Taymyrand the presence of soil and sphagnophilic species also
Peninsula were similar to those reconstructed for tlsggnal a warm climate. Finally, both climate reconstruc-
Laptev Sea region from pollen records (Andrest\al. tion methods suggest that,J was up to 2C higher
2002a). than today (Figs 9, 10). Similar results are obtained

from pollen records in the adjacent areas (Veliclgto
Sartan interval ¢. 20000-10008“C yr BP) Slr.elsg?l 2002; Andreeet al. 2002b; Andree\et al.in
Steppe-like vegetation dominated the northern TaymyrA cooling of approximately Younger Dryas age is
Peninsula during the Sartan (Late Weichselian Stadiakpressed in both core PG1228 and in section SAO-1.
c. 22000-10000*Cyr BP), although tundra-like Pollen Zone-VIl of PG1228 shows an increase of
communities with Betula sect. Nanae, Salixand Cyperaceae, Poaceae, Caryophyllacéagemisiaand
Cyperaceae were also widespread. Pollen spectraother herb taxa pollen content and decreaddegula
Levinson-Lessing core PG1228 contain large amourgect.Nanaecontents and pollen concentration. Similar
of PoaceaeArtemisia Caryophyllaceae, Ranunculaincreases ofArtemisig Asteraceae, Rosaceae, Ranun-
ceae, Cichoriaceae and other herb taxa (upper partcoflaceae and some other herb taxa occur in SAO PZ-lI
PZ-V and PZ-Ib; Figs 4, 5). Macrofossil remains in(Fig. 4) and in the upper part of SAO PZ-Il (Fig. 5).
Cape Sabler profile SAO14C dated to 18065 60 yr Overall, these pollen spectra show that steppe commu-
BP, also show dominant steppe xerophytes and tundhigéies became more dominant than during the prior
cryophytes (Kienaset al. 2001). Moreover, very few warm period (Allergd?). Similar changes occurred in
rhizopod shells are found in the Sartan sediments (Figicords from adjacent areas of Taymyr (Nikol'skaya
8), which is also typical for Sartan sediments from th&980; Nikol'skayaet al. 1980; Velichkoet al. 1997,
Laptev Sea region (Bobraat al.in prep.). Thus, pollen, 2002; Andreev & Klimanov 2000; Andreeet al.
macrofossils and rhizopod shells all suggest an extr2002b).
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Holocene ¢. 10000-0“C yr BP) shrubs remained either within or very close to the study
sites. Coinciding with these decreases are gradual
Numerous and substantial environmental changexreases in Cyperaceae, Poaceae and Polypodiaceae.
occurred at the Late Glacial/Preboreal transition ofhese changes most likely reflect rising sea level,
the northern Taymyr Peninsula. In core PG1228 Pdeclining summer insolation and onset of cooler, more
VIII, Betula pollen percentages and total pollen cormaritime climate during the Atlantic period (Wat al.
centration increased sharply while herb valued000). Thus, the shrubby tundra dominatedBstula
decreased (Fig. 3). Similarly, SAO1 pollen recordsect.Nanae and probably withAlnus fruticosaas co-
(PZ-Ill'in Fig. 4) show increases @etulasect.Nanae dominant in some places, was gradually replaced with
and Ericales pollen percentages, radiocarbon-dated tterb-tundra communities (mostly with Cyperaceae and
10200 yr BP. Dwarf birches, locally in mosaics witlPoaceae) between 8000 and 4500“C yr BP. Both
Ericales communities, dominated the vegetation in tldimate reconstruction methods suggest a climate
area. Rhizopod species diversity increased and wsrmer than today during the Atlantic period (Figs 9,
spectra include some sphagnophilic, coarse-humi@).
rhizopods (species froHeleopera, Nebeland Trien- Holocene climate conditions appear to have deterio-
nia genera) and calceophili€entropyxis plagiostoma rated strongly aftec. 4500“C yr BP to values similar
(Fig. 8). These changes suggest a much warmer andhe present, where they remained for much of the late
wetter environment than befoce10000C yr BP. Our Holocene. Rhizopods became absent or had low species
climate reconstructions have quantified this enviromlversity and density (Fig. 8). There were also
ment, showing that the early Preboreal warming substantial decreases in total pollen concentration,
10000%C yr BP resulted in J;; 3—4°C higher than the Betulasect.NanaeandAlnus fruticosapollen contents
present and P about 100 mm higher (Figs 9, 10). @z-XI, Fig. 3; PZ-IV, Figs 4, 5). Although reduced,
climate change of similar magnitude is recorded atthese pollen taxa remained common in all late Holocene
number of Northern Eurasian locations (e.g. Velickeko spectra (Figs 3-7). We believe that they mostly
al. 1997, 2002; Andreev & Klimanov 2000; Andreet represent long-distance pollen, especialjnus A
al. 2002b). long-distance origin of arboreal pollen is also indicated

The early Holocene was a period of higher-tharby the increase dPinus, Piceaand Larix percentages.
present temperatures on northern Taymyr Peninsulhe present northern distributional limit of these taxa is
Alder arrived locally about 8800-8508'C yr BP as a few hundred kilometres to the south. There are no
shown by the dramatic increases Ainus fruticosa Betula or Alnus shrubs in the Levinson-Lessing Lake
pollen content (up to 52%) and total pollen concentrarea today despite modern pollen spectra with up to
tion (up to 48000 grains percinin PZ-IX of core 20% of Betula sect. Nanaeand up to 10% ofAlnus
PG1228 (Fig. 3) and a slight increaseAmnus pollen fruticosapollen (uppermost part of core PG1228). Thus,
content at the bottom of PZ-11l in section SAO1 (Figs 4shrubless herb tundra has generally dominated the
5). Macrofossil remains oflnus fruticosa dated to region sincec. 4500yr BP. In well-protected local
9300+ 100, 8850+ 50 and 8220t 120 *Cyr BP, sites, however, dwarBetula sect. Nanaemight even
have also been found north of its present distributiohave dominated the vegetation. Its local presence about
close to the investigated sites (Nikol'skaggal. 1980; 2800 *C yr BP is confirmed by macrofossil finds in
Kremenetski et al. 1998). Vegetation cover wasprofile SAO4 (Kienaset al. 2001).
probably similar to the modern southern (shrub) tundra, Climate reconstructions (especially by the IS
whereBetula nana, SaliandAlnus fruticosadominate. method) show a middle Holocene climate deterioration
The early HoloceneAlnus fruticosawas probably followed by conditions similar to the present (Figs 9,
restricted to well-protected habitats, as it is in th&0). Brief warming events interrupted the similar-to-
modern southern tundra zone. Generally, the northgsresent conditions of the late Holocene (warm events
limit of Larix forests withAlnus fruticosawas further 4000, 3500, 2300-2000 and 1000yr BP). Similarly
north than today on the Taymyr Peninsula about 860@ated climate fluctuations are recorded in many North-
8400“C years ago (Andreest al.2002b). At that time, ern Eurasian paleoenvironmental records (e.g. Velichko
during the so-called Boreal thermal optimum, the Arctiet al. 1997; Andreev & Klimanov 2000; Andreest al.
Ocean had a weaker influence on the Taymyr enviro2001, 2002b.)
ment than today because of a lower sea level and, thus, a
longer distance to the coast (Velichlat al. 1997;

Andreev et al. 2002b)._Summer_ insolation, anome"ConcIusions
important factor, was still much higher than modern.

Betulasect.NanaeandAlnus fruticosgoollen content The first high-resolution, continuous pollen records for
gradually decreases between9000 and 5003“C yr the northern Taymyr Peninsula reveal substantial
BP in PZ-X of PG1228 (Fig. 3) reflecting their reductiorvegetation and climate changes over the past 30000
in the local vegetation. Although decreasing, th&Cyr BP, a period without any glacier cover. The
percentages were still quite high and show that thesklest part of the record, corresponding to the Late



504 Andrei A. Andreev et al. BOREAS 32 (2003)

Karginsky and the Sartan intervals, shows a steppe-likeclimate changes around the Lama Lake, Taymyr Peninsula during

vegetation with Poaceadirtemisia and Cyperaceae the Late Pleistocene and Holocene reconstructed from pollen
! records.Quaternary International

dominating. Tundra-like communities wittBetula Andreeva, S. M. &Kind, N. V. 1982: Karginsky deposilis Kind, N.

nana, DryasandSalixwere probably present in moister v & Leonov, B. N. (eds.)Antropogen Taymyrar8—114. Nauka,
sites. The coldest climate occurred within the SartanMoscow (in Russian).

period atc. 18000“C yr BP. Subsequent LateglacialAtlas Arktiki. 1985: GUGK, Moscow (in Russian).

climate fluctuations probably correspond to interstadifisimov. M. A. & Pospelov, I. N. 1999: The landscape and
geobotanical characteristics of the Levinson-Lessing Lake basin,

warmings and the YOL_mger Dryas cooling. The Late- Byrranga Mountains Central Taymyin Kassens, H., Bauch, H.
glacial/Preboreal transition, 10300—10006"C yr BP, A., Dmitrenko, I., Eicken, H., Hubberten, H.-W., Melles, M.,
is characterized by rapid warming and a change toThiede, J. & Timokhov, L. (eds.)tand-Ocean System in the
shrubby tundra. DwaimBetulaandSalix. Alnus fruticosa  Siberian Arctic: Dynamics and History361-376. Springer-

; . 14 . Verlag, Berlin.
arrived locally ¢. 9000-85007"C yr BP; the early Belorusova, Zh. M. & Ukraintseva, V. V. 1980: Paleogeography of

H_o_Iocene also includedetula sect. Nanae commu- Novaya River (Taymyr Peninsula) during the late Pleistocene and
nities. These taxa occurred when temperature andHolocene Botanicheskiy Zhurnal 68368-379 (in Russian).
precipitation were higher than present. Shrubby tundealorusova, Zh. M., Lovelius, N. V. & Ukraintseva, V. V. 1987:
probably existed until cooler conditions arrived during Regional characteristics of the Holocene environmental changes

: _ 4 on Taymyr PeninsulaBotanicheskiy Zhurnal 72610-618 (in
the early Subboreal period, 4000-3500“C yr BP. Russian).

The local vegetation developed into modern he4rb tundg@rgiund, B. E. & Ralska-Jasiewiczowa, M. 1986: Pollen analysis
at the end of the Subboreal peri@d 3000-2500C yr and pollen diagramsin Berglund, B. E. (ed.):Handbook of
BP. Brief warming events interrupted the similar-to- Holocene Palaeoecology and Palaeohydrolog$5-484. Inter-

iti science, New York.
ggeosoe_ngocggg_ﬁgr:ll_soggtyreégt? Holocere 4000, 3500, Bolshiyanov, D. Yu. & Anisimov, M. A. 1995: Investigations in the
: Levinson-Lessing Lake area. Geomorphological studies and
landscape mapping. Russian—German cooperation: the expedition
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