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New radiocarbon-AMS and optically stimulated
luminescence (OSL) dates from key sections of post-
glacial terraces of the Yenisei River near the Arctic Cir-
cle demonstrate that the bulk of the Second Terrace
alluvium was deposited during the early marine isotope
stage 3 (MIS 3) some 45-60 ka BP. The glacifluvial
cover of the Third Terrace was formed by melting
Putorana glaciers approximately 60-75 ka BP.

The terrace sequences of the Yenisei River between
the cities of Turukhansk and Igarka (Turukhansk Dis-
trict, 66°-67° N) have been used since the 1970s as
stratigraphic markers for reconstructing climatic fluctu-
ations in Siberia and their correlation with Late Pleis-
tocene events of western Europe. Following Sachs [1],
many authors correlated all waterlain sediments, which
cover the Zyryanka glacial complex at 30-60 m asl,
with the Karginsky marine strata representing the last
boreal transgression of Siberia north of 69° N. Based on
conventional radiocarbon dating, the Karginsky ther-
mochron with interglacial climate was attributed to the
interval of 50-22 ka BP [2-4], i.e., to MIS 3. This cor-
relation was often restricted to the Second Terrace at
3040 m asl. The Third Terrace at 50-60 m asl was con-
sidered as the Zyryanka glacifluvial plain of MIS 4, and
the First Terrace at 20-25 m asl was thought to have
formed during MIS 2 [4, 5].

Recently obtained AMS, OSL, and U/Th dates have
demonstrated that the Karginsky warming in key sec-
tions is older than 80 ka BP. Consequently, they corre-
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late not with MIS 3, but with MIS 5 (probably, Se) [6-8].
Therefore, it was necessary to obtain updated chronom-
etry of the fluvial strata in the Turukhansk Yenisei key
sections, where they clearly overlie tills and glacilacus-
trine rhytmites of the last (Zyryanka) glaciation.

METHODS

In 2003, we resampled the key exposures and
obtained 25 AMS-radiocarbon dates from T. Goslar at
the Poznan Laboratory, Poland (table). Because 10 mg
of organic material is sufficient for an AMS dating, we
preferred to date only delicate plant remains, such as
leaves, seeds, and moss tissue, which are least likely to
survive redeposition. These tiny fossils were selected
under a binocular microscope. We consider the result-
ant AMS dates to be more accurate than earlier pub-
lished conventional dates [3, 4] measured on bulk sam-
ples. The calibration of radiocarbon dates is still contro-
versial for the period discussed in this paper, although
one should probably add 3-5 ka to the '“C age in order
to obtain “calendar years” [9] which could be compared
with OSL values.

We also present 35 dates obtained by measuring
optically stimulated Iuminescence (OSL) of quartz
grains [10] at the Nordic Laboratory of Luminescence
Dating in Risoe, Denmark, under the guidance of
A. Murray (table). The OSL dates are here cited with an
error given as one standard deviation of the laboratory
counting procedure in the same manner as for “C dates.
However, other uncertainties of OSL dating, such as
incomplete bleaching, fluctuating water content, migra-
tion of nucleides, and instability of the signal, lead to
additional errors, which often are larger than for the
radiocarbon analysis. For example, our OSL ages have
been calculated as though the sediments were continu-
ously water-saturated since deposition. In our opinion,
this is a reasonable hypothesis, although it may lead to
an overestimation of the age. If we extrapolate the low
water content of the sampling moment to the entire
postdepositional period, then the calculated ages would
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Dates: AMS radiocarbon (Roman print) and OSL (italics)
Field Height above | Age 14c, Lab no. Field Height above | Age OSL, Lab 1o
sample river, m ka BP sample river, m ka BP
Poloi downstream (First Terrace, 66°42.2°), eolian sand
406 21.8 27 +£2 042576
405 21.3 32+2 H52529
404 20.4 35+2 H52528
403 19.6 54 +4 042575
Alluvial sand

401 17.6 55+3 042574

407 15 >49 Poz-4929 409 15 49 £3 042577

Poloi upstream (Second Terrace, 66°43.6"), eolian sand with peat layers

391 30 10.7 £ 0.06 Poz-8307

389 31.3 31.8+0.5 Poz-8306 390 31 44 +3 042567

388 30.8 26.7 £ 0.2 Poz-5086

387a 30.2 36.2+0.7 Poz-8304 386 30 41 £2 H52527

387b 30.2 355+0.7 Poz-8305 393 29.5 46 £3 042568

383 29 384+0.8 Poz-5085 385 28.8 44 +3 042566

380a 27.4 39.2+1 Poz-4924

380b 27.4 39+1 Poz-4925

Underlying laminated alluvial sand with moss mats

379 29.9 37.1+£0.8 Poz-4922

378 29.4 37.7+£0.9 Poz-8301
377 29.2 50 £3 042565

382a 27.9 425+1.4 Poz-4926 381 27.8 42 +£2 H52526

382b 27.9 40.5+1.1 Poz-4928 376 27.8 47 £2 H52525

375 27.5 40.3+1.2 Poz-8300

384a 27 46 £ 2.5 Poz-8303

384b 27 43.6 +1.8 Poz-8922

373 25.5 42.2+1.4 Poz-4921 374 25.8 44 +2 H52524

371 23.6 474 +2.8 Poz-8299 372 24.5 58 +4 042564

369 23.3 46 +2 Poz-4920

368 23 46.5 £ 2.6 Poz-8297 367 22.6 43 +3 H52523
366 22 53+£3 042563

Konoshchel’e (Second Terrace, 66°17.4"), alluvial sand

308 32.6 507 Poz-5083

307 32 35.6+0.8 Poz-8294 304 32.5 49 +£3 H52520

302 29.5 >49 Poz-8293 306 31.5 93+6 042548

297 27 >48 Poz-8291 298 27 47 +4 H52519
295 24.2 76 £5 042547

294 23.2 >52 Poz-5082 292 21.9 76 +4 042546

291 21 >49 Poz-5081 289 21 76 +4 042545
288 15 8519 042544

Goroshikha (Third Terrace, 66°23.2"), sandur
309 42 63 +4 042551
311 38 8316 042550
312 31 57 +4 042549
Bol’shoi Shar (Third Terrace, 66°), sandur

275 37 53 +4 H52513
274 36.2 44 7 042540
273 35.5 42 £5 H52512
251 32.5 48 +4 H52509
250 31 64 +5 042531
249 30 66 +4 042530
248 28.5 59 +4 H52508
247 25 66 5 H52507
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Sections of terraces on the Peri-Polar stretch of the Yenisei River with radiocarbon and luminescence dates, ka. (/) Floodplain silt;
(2) glacilacustrine clayey rhythmites; (3) till; (4) subaerial sand, in places with peat seams; (5) cross-bedded channel sand; (6) lam-
inated sand with silt seams or moss mats; (7) cryoturbation; (8) peaty bed; (9) loesslike siltstone.

have been up to 15% lower. Due to all such uncertain-
ties we consider only series of OSL dates as meaning-
ful. The reliability of the ages is further verified by the
internal consistency of each series and by comparison
with '*C series.

DISTRIBUTION OF DATES

Intercalated fluvial and lacustrine formations have
been repeatedly described from the Bolshoi Shar bluff
(66° N) exposing the Third Terrace at 50-60 m asl [2,
4, 5]. At 2 km from the upstream end of the 6 km long
bluff, we discovered a thus-far unknown till with cob-
bles of Putorana dolerites and basalts, sandwiched
between the underlying glaciolacustrine clayey rhyth-
mite and the overlying gravelly sand. This cross-bed-
ded sand is dark brownish due to an abundance of mafic
clasts. This unit is interpreted as a sandur deposited by
the same Putorana ice cap that produced the mentioned
till (figure).

There are two sets of dates from the Bolshoi Shar
section. The right-hand series in the figure is taken at
2 km downstream from the southern end of the bluff
above the till bed, whereas the left-hand series is taken
2.8 km farther downstream. The sand, up to 30 m thick,
fills a 600-m-wide channel there and penetrates the
entire glacilacustrine unit. The date of 48 ka is obtained
on a sample from the eolian (or lacustrine) mantle of
the terrace. The unweighted mean of the seven remain-

ing OSL dates from the sandur is 56 = 5 ka BP. Elimi-
nating the two youngest dates, we get the nucleus of the

five most consistent OSL dates with a mean value of
62 ka BP.

We have also obtained OSL dates from two sites of
the Second Terrace: (i) at Konoshchel’e (66°17.4" N)
29 km upstream from the Settlement of Kureika and
(ii) at the Poloi upstream section (66°42.2” N). In both
cases, one can see a till overlain by a glacilacustrine
rhythmite at the base of the terrace (figure). Higher up,
a cross-bedded sand is overlain by a very striking sedi-
ment: light fine parallel- or ripple-laminated sand with
numerous moss mats. At Konoshchel’e, the sand
locally fills 1- to 3-m-deep troughs with dense moss
mats along the banks and purer sand in deeper parts.
This sand with forest pollen was interpreted as a signa-
ture of a warm climate of the Karginsky Stage [2, 4]. A
14C date of >36 ka BP was reported by Zubakov who
related it to the Igarka interstadial [4]. A finite '*C date
of 32 ka obtained by Kind from the cryoturbated layer
in the Konoshchel’e section (figure) was used for dating
the “Konoshchel’e cooling” [2]. However, we obtained
a nonfinite '“C date (>48 ka) and an OSL date of 47 ka
from this layer and a '“C date of >49 ka just above this
layer (figure).

We sampled only one exposure of the First Terrace,
the Poloi downstream section (66°43.6” N). The upper
part of the orange sequence appeared to be eolian sand,
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and the underlying light alluvial sand yielded dates not
different from the Second Terrace (figure).

DISCUSSION

The OSL ages from the Bolshoi Shar sandur (table
and figure) suggest that this site was last glaciated from
the Putorana Plateau during MIS 4. This conclusion
contradicts our former suggestion that the last Putorana
glacier reached the Yenisei as early as 90 ka BP [11].
The latter age should better be attributed to the under-
lying glacilacustrine rhythmite formed during the dam-
ming of the Yenisei River by a glacier that advanced
from the north. The Boshoi Shar sandur was formed by
an already free northbound drainage during the advance
of the second Late Pleistocene ice from the uplands. It
is clear that the Third Terrace here is of glacifluvial ori-
gin, as was suggested by Lavrushin [5] and Zubakov
[4]. Only Kind considered the sand as a Karginsky allu-
vium [2]. Analogous sand above the till and varved
rhythmites in a bluff 1.5 km upstream from the Settle-
ment of Goroshikha (66°23.2" N) has yielded similar
OSL ages (mean value 68 ka) (figure).

On the whole, our AMS and OSL dates from the
Second Terrace at Konoshchel’e and Poloi show older
ages than the earlier published conventional radiocar-
bon dates. However, the conventional dates of 35, 40,
41, and 40 ka BP at Farkovo on the Turukhan River
obtained from alluvium of the Second Terrace with
washed plant detritus and forest pollen spectra [2] are
very similar to our dates from the Poloi upstream sec-
tion.

The basal dark brownish cross-bedded sand at
Konoshchel’e may be contemporaneous to the sandur
at Bolshoi Shar and Goroshikha. It might be even older,
judging by the OSL series of 85 to 76 ka at Konosh-
chel’e (figure). There is a persistent geochronometric
difference between similar sand units with moss mats at
Konoshchel’e and Poloi. At Poloi, the light sand with
moss mats yielded an exceptionally consistent series of
old finite '“C dates ranging from 47 ka in the lower part
to 40 ka in the upper. This series of decreasing ages
continues higher above the alluvial sand. Certainly, a
single radiocarbon age close to the limit of the method
should be regarded with skepticism. However, the sta-
ble series of 18 dates (table) in our case strongly sug-
gests their reality. The '“C dates are also supported by a
number of parallel OSL ages in the same range.

At the Poloi upstream section, the alluvial sand is
overlain by eolian sand with two levels of large ice
wedge casts (figure). The dates around the oldest ice
wedge are crucial for determining the moment of the
final alluvial deposition. The wedge cast filled with
eolian sand (*C dates 38, 39, 39 ka; OSL dates 41, 44,
46 ka) cuts into alluvial mossy sand with “C dates of
44,42, 41 ka and an OSL date of 42 ka. Thus, alluvial
deposition ceased very close to 40 radiocarbon and
44 luminescence ka BP. The eolian sand is overlain by
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a peat bed with sand interlayers. The lowermost peat
layer yielded '*C ages of 35 and 36 ka, whereas the
younger peat yielded 27 and 32 ka BP, supporting the
interpretation presented above. The infill of the upper-
most ice wedge cast, which pierces all three peats, has
yielded a “C date of 10.7 ka BP indicating the early
Holocene degradation of the permafrost.

At Konoshchel’e, nonfinite '“C ages are accompa-
nied by OSL ages higher than at Poloi (table), indicat-
ing that this characteristic sand is really older at
Konoshchel’e. The absence of driftwood tree trunks
and the predominance of moss and delicate shrub twigs
in this alluvium of the river flowing from the south sug-
gest that the climate, which was milder than immedi-
ately before and after the interstadial of early MIS, was
more severe during this interstadial than today in the
subzone of northern taiga. The large ice wedge casts at
Poloi are located approximately 350 km south of the
present-day limit for active ice wedges in mineral soils,
suggesting drier and possibly colder winters than today.

Surprisingly, the OSL dates from the First Terrace of
the Poloi downstream site just above the till indicate
synchronicity of this alluvium with that of the Second
Terrace. In other words, the First Terrace is an erosional
feature at this site. The uppermost radiocarbon dates of
the Poloi upstream section (39 to 27 ka), all collected
from eolian sand, suggest that the river level fell rapidly
from 35 to approximately 20 m asl after formation of
the Second Terrace. Taking also into consideration the
old age of the main part of the Konoshchel’e sequence,
we infer that the Yenisei terraces mostly have high base-
ments and their sediments are not necessarily geneti-
cally and chronologically related to the formation of the
terrace staircase.

GEOCHRONOLOGICAL CONCLUSIONS

The sand of the Third Yenisei Terrace at Bolshoi
Shar and Goroshikha was evidently formed by meltwa-
ter streams from a Putorana ice cap during MIS 4, some
75 to 60 calendar ka BP. This formation can also be
traced as lithologically similar dark cross-bedded sand
at the base of the alluvial mantle of the Second Terrace.
The overlying light-colored alluvial sands of the Sec-
ond Terrace with moss mats and forest pollen at the bot-
tom and cryoturbations at the top are approximately 56
to 45 luminescence or 47 to 40 radiocarbon ka old at
Poloi, but still older at Konoshchel’e. Previously, Kind
assigned them to the Middle Karginsky warming 42 to
35 ka BP [2]. Zubakov assigned them to the Igarka ther-
mochron, which presumably lasted from the beginning
MIS 3 to 34 ka BP [4]. Although the new dates show
older ages than those estimated by Kind and Zubakov,
the containing strata are still younger than the strato-
typic Karginsky alluvium [8]. The composite sequence
is topped by eolian sand and silt with cryoturbations
and peat layers formed slightly later than 45 lumines-
cence or 40 radiocarbon ka BP but before MIS 2.
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