ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/260489348

Late Quaternary stratigraphy of western Yamal Peninsula, Russia: New
constraints on the configuration of the Eurasian ice sheet

Article in Geology - September 1999

DOI: 10.1130/0091-7613(1999)027<0807:LQSOWY>2.3.C0O;2

CITATIONS READS

81 75

5 authors, including:

£ Olafur Ingdlfsson Hanna Lokrantz
University of Iceland Bergab
173 PUBLICATIONS 7,268 CITATIONS 20 PUBLICATIONS 1,979 CITATIONS

SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project A Plethora of Plodding Poikilotherms as Pan-American Pleistocene Paleoclimate Proxies View project

Project Glacial history of Svalbard View project

All content following this page was uploaded by Olafur Ingélfsson on 27 February 2017.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/260489348_Late_Quaternary_stratigraphy_of_western_Yamal_Peninsula_Russia_New_constraints_on_the_configuration_of_the_Eurasian_ice_sheet?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/260489348_Late_Quaternary_stratigraphy_of_western_Yamal_Peninsula_Russia_New_constraints_on_the_configuration_of_the_Eurasian_ice_sheet?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/A-Plethora-of-Plodding-Poikilotherms-as-Pan-American-Pleistocene-Paleoclimate-Proxies?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Glacial-history-of-Svalbard?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Olafur_Ingolfsson?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Olafur_Ingolfsson?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Iceland?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Olafur_Ingolfsson?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hanna_Lokrantz?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hanna_Lokrantz?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hanna_Lokrantz?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Olafur_Ingolfsson?enrichId=rgreq-70b41045b55f56be9ba0471edf2cb5c6-XXX&enrichSource=Y292ZXJQYWdlOzI2MDQ4OTM0ODtBUzo0NjYzNzE5NzM3ODM1NTRAMTQ4ODIwMzE1MTUxOQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Late Quaternary stratigraphy of western Yamal Peninsula, Russia:
New constraints on the configuration of the Eurasian ice sheet
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ABSTRACT 71°20N (Gataullin, 1988). Below the Kara
Ice-sheet reconstructions for the last glacial maximum in northern Eurasia range from nearly diamicton, tens to hundreds of meters of the
complete coverage by a contiguous marine-based ice sheet to large unglaciated areas. Stramiiddle to late Pleistocene Marresale formation
graphic records from Yamal Peninsula, Russia, provide new insight on the eastern limit of the and Labsuyakha sand are deformed, resulting in
Eurasian ice sheet in the Kara Sea. Radiocarbon and infrared stimulated luminescence ages froomumerous largex(L0 m) close to isoclinal and
coastal cliff sections date the emplacement of the Kara diamicton as older than ca. 40 ka, reflectrecumbent to gently inclined folds. Parallel and
ing regional glaciation. Ice-wedge growth, peat accumulation, and eolian and fluvial deposition harmonic-like folds are present, but most
characterized the past ~40 k.y. and do not support coverage of Yamal Peninsula by an ice sheet @onspicuous are large (hundreds of meters
proximity to a glacier margin. Thus, the late Weichselian Eurasian ice sheet was largely confinedwide) overturned chevron folds. Close to the
to Barents Sea and its global sea-level contribution is reduced to ~7 m of sea-level equivalent. Marresale Station, the folds are often strongly
asymmetrical, with uniform vergence toward
INTRODUCTION confounding reconstructions of late Quaternarthe north to northeast, indicating deforming
Large uncertainties remain on the extent anide sheets in northern Eurasia. We initiated fielthrusts out of the southern Kara Sea.
thickness of the last ice sheet over the extensivesearch on the western Yamal Peninsula (Fig. 1) The lowermost facies of the Kara diamicton is
shallow shelves bordering northern Eurasia. Glae address specifically if this area was covered ky stratified diamicton formed by intense shear-
cial-maximum ice-sheet reconstructions ranga 2—3-km-thick ice sheet, as proposed by marigg, folding, and dislocation of underlying sedi-
from nearly complete coverage of northern Russiae-sheet reconstructions (Lambeck, 1995; Peltienents, which have destroyed primary bedding.
by a contiguous marine-based ice sheet (Lambed996; Grosswald, 1998), or remained largelysediment shearing is recognized by tightly
1995; Peltier, 1996; Grosswald, 1998) to individunglaciated during the past ~30 k.y. (Velichkspaced low-angle thrust faults, recumbent folds,
ual ice caps centered on arctic archipelagos thettal., 1997). Here we present new stratigraph&mall-scale boudinage structures, shear bands,
advanced onto adjacent shelves (Velichko et atgcords with conventional and accelerator mashsharmonic and intrafolial folds, and overturned
1997). The maximum discrepancy between icespectrometry radiocarbon adesnd infrared and truncated silt and sand beds. At a larger
sheet reconstructions is equivalent to about 14 stimulated luminescence (IRSL) ages that givecale, the Labsuyakha sand is displaced meters
of global sea level. Hence, the existing uncemeeded insights on the late Quaternary extent opward into the Kara diamicton, sheared along

tainty in past ice-sheet volume confounds effortthe Eurasian ice sheet. thrust faults, and tens of meters wide blocks are
to balance eustatic sea-level lowering with global dislocated and deposited as intraclasts in the
models of past ice-sheet volume (Peltier, 1996 TRATIGRAPHIC AND CHRONOLOGIC Kara diamicton. The Kara diamicton above the

and advance predictions of future sea levélONTROL zone of subglacial deformation is massive and
(Peltier, 1988). The coastal cliff sections of the western Yamahcludes debris-rich ice. The ice can constitute as

The presence of glacial flutes and till in thePeninsula contain a rich record of late Quaternamuch as 80% of the diamicton and often has a
central Barents Sea provides unambiguous evénvironmental change. Previous studies havayered appearance caused by alternating debris
dence for a grounded ice sheet on the Barents SEacumented the continuity of lithostratigraphidbands and ice. Recumbent folds and low-angle
shelf during the late Weichselian (Solheim et alynits and the glacier origin of the much of thehrusts defined by debris bands in the ice show
1990). This ice sheet inundated adjacent Svalbagdound ice (Kaplyanskaya and Tarnogradskylow toward the northeast, confirming directions
(Landvik et al., 1998) and expanded northward th986; Gataullin, 1988; Astakhov et al., 1996)indicated by subdiamicton deformations. The
the continental shelf edge, filling the 500+ mOur field studies concentrated on the wellmassive diamicton facies is a mixture of grain
deep Franz Victoria and Saint Anna troughsxposed sections in 10—25-m-high coastal cliffsizes, but the most prominent feature is the
(Lubinski et al., 1996; Polyak et al., 1997). Studiewithin 5 km south of the Marresale Polar Statiomandom distribution of pebbles. The few cobble-
of postglacial emergence indicate maximum icgFigs. 1C and 2). sized clasts are angular or subangular, and
sheet loading over the central Barents Sea andRegional glaciation is signified by thefrequently have bullet-nose form and glacial
eastern Svalbard (Forman et al., 1997). This ise20-m-thick Kara diamicton and associatedtriae. Provenance of the matrix and clasts shows
static response within prescribed glacier limit&ilometer- to meter-scale glaciotectonism. Thignrichment in Paleozoic shale, sandstone, and
and coupled with refinements in modeling Eartldiamicton has a sheet-like geometry and occulimestone, originating from Novaya Zemlya, and
rheology is the basis for reconstructing a 2-kmwidely on western Yamal Peninsula south o€retaceous and Paleogene silt and clay derived
thick ice sheet over the Barents Sea (Lambeck from the Kara Sea (Gataullin, 1988). The ice-
1995; Peltier, 1996). However, there are fev 'GSA Data repository item 9971, Radiocarbon agegiamicton complex is interpreted as relict debris-
chronologically constrained glacial geologic datfor Quaterary stratigraphic units on western Yamglch g|acier ice, preserving glaciodynamic struc-
to define ice-sheet limits east of Novaya ZemlyEPemnsula, Russia, is available on request from Doc(gl]res. Allochthonous terrestrial organic matter
ments Secretary, GSA, P.O. Box 9140, Boulder, C

B 80301, editing@geosociety.org, or www.geosociety.ordfom the underlying Labsuyakha sand and the
*E-mail: SLF@uic.edu. pubs/drpint.htm. Kara diamicton yield“C ages ranging from >26

Data Repository item 9971 contains additional material related to this article.

Geology;September 1999; v. 27; no. 9; p. 807-810; 3 figures. 807



A} - e a0t 00'  B0° 10°E
Svalbardgy- Franz
*E:SH.‘& Wintovia
.{l:';'—‘ K Ty Saint
. el = Arda
. F ey A T"fw' Svarnaya
300 ey =Y '.""1.____- .._Eﬂmlya
2 . e “Franz JJ 1 1a® N
g i Baranis Josal ¥ “.
i Sna Land # ™ J.-.,..?
.- - - [0 %
300 = %

 Maxi

"'C""'_\ Bl

] ¥¥
[~ taimnd
r—:rn-

4/ J _

|: ot

%%M/
Bt G m"-:‘:‘-‘l

g x

Figure 1. A: Northern Eurasia showing maximum and minimum reconstructed ice-sheet limits of
Lambeck (1995) and our inferred late Weichselian limit. Limit north of Kolguez Island is from
Svendsen et al. (1999). B: Yamal Peninsula showing major rivers and spot elevations (meters).
C: Enlargement of Corona Satellite images 054 050 and 054 051 of western Yamal Peninsula,
Russia, taken on September 8, 1964. Kilometer-scale bar shows location of studied sections.

situ rooted vascular plant remains that indicate
repeated brief periods of subaerial exposure. Syn-
genetic and en echelon stacked frost-crack
pseudomorphs that locally deform bedding and
terminate at fine beds attest to active cryogenesis
with eolian deposition. Near the top of the Oleny
sand, abundant cryogenic convolutions are asso-
ciated with a horizon of buried ice wedges that
represents a significant period of subaerial expo-
sure. Well-preserved vascular plant fragments
from the Oleny sand yielC ages of 28.2-26.2

ka (Fig. 2); corresponding IRSL ages are 32.8 £
3.1 ka (UIC-649) and 30.0 + 3.1 ka (UIC-653),
and indicate that théC ages are finite.

The upper part of the stratigraphic sequence
contains interfingering eolian and fluvial sedi-
ments, referred to as the Baidarata sand (Fig. 2).
The eolian facies has attributes similar to those of
the Oleny sand. Fluvial interbeds usually exhibit
horizontal to low-angle stratification, contain
pebble- to cobble-size peaty intraclasts, and have
an erosive, wavy basal contact with eolian sedi-
ments. Higher energy fluvial facies are character-
ized by trough cross-stratified sands with climb-
ing ripples and occasional pebbles. Vascular plant
remains from the eolian facies of the Baidarata
sand yielded“C ages between 16.4 and 12.2 ka
(Fig. 2). Subfossil birch tree remainBgtula
pendulg with 1C ages of ca. 8.9-8.0 ka are
rooted into the top of the Baidarata sand and are
subsumed by overlying the Nenets peat. The
Nenets peat formed between 8 and 1 ka, infills
depressions (<7 m deep) on the top of the
Baidarata sand, and is buried by discontinuous
cover sand, called the Chum sand (Fig. 2)

LATE QUATERNARY ICE-SHEET
LIMITS

The pervasive and large-scale glacial tec-
tonism associated with the Kara diamicton and
provenance of erratics reflect north to northeast-
erly glacier flow onto Yamal Peninsula from
source areas over Novaya Zemlya and the Kara
Sea. However, the configuration of the ice sheet
that deposited the Kara diamicton is unresolved.
Glaciological modeling indicates that the Saint
Anna and Eastern Novaya Zemlya troughs were
barriers for the eastward movement of the Barents
Sea ice sheet, the majority of flow having been
constrained to the troughs (D. MacAyeal, 1999,
personal commun.). The north to northeast glacier
motion inferred from the Kara diamicton may

to >55 ka; these are considered minimum limittUIC-650), and 44.0 + 4.0 (UIC-651) ka, indicat-reflect the lateral expansion of a southward-

ing ages for this glaciation (Fig. 2).

ing that thé*“C ages are finite. The age differencédlowing lobate-glacier margin into the southern

The Varjakha peat and silt infills 5—-20-m-widebetween the two geochronometers is consisteliara Sea from source areas on Novaya Zemlya
basins on the upper surface of the Kara diamictowith 14C time-scale calendar calibration (Kitigawa(cf. Gataullin, 1988). However, there may be
This deposit is characterized by alternating centand Van der Plicht, 1998). The Oleny sand, whichlacier flow contribution from southern sources,
meter-scale beds of sandy silt and peat, depositeonformably overlies the lacustrine sediments, igotentially from the Ural Mountains. Radio-
in a shallow lacustrine environment. Individuala well-sorted fine sand to fine sandy silt withcarbon ages of ca. 33 ka and corresponding IRSL
peat plants from the Varjakha peat and silt yieldecentimeter-scale subhorizontal and undulatorgges of ca. 40 ka for the Varjakha silt and peat
14C ages of 32.4—-28.6 ka (Fig. 2) and correspondiratification of eolian origin. Bedding in theimmediately overlying the Kara diamicton pro-
ing fine-grained polymineral extracts gave IRSLOleny sand is graded; top finer grained laminagide minimum limiting ages for this glaciation

ages of 36.0 + 3.0 (UIC-648), 40.8 +

808

4.2exhibit a diffusive lower boundary and contain inFig. 3). The Kara diamicton may be broadly cor-
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relative with the Markhida till, dated as between The eastern limit of the late Weichseliarsilty glaciogenic diamicton above the marine
>45 and 80 ka in the Pechora River basin, arfeurasian ice sheet is between Novaya Zemlyamit, evidence for glacial coverage during the
may be associated with an extensive earlgnd the Yamal Peninsula. Studies on northetate Weichselian (Forman et al., 1999). The
Weichselian glaciation in Siberia (MangerudNovaya Zemlya document maximum glacio-diminutive glacio-isostatic response on Novaya
et al., 1999) and on Svalbard (Mangerud et alisostatic emergence between 15 and 10 m andamlya (<15 m) compared to Franz Josef Land
1998; Forman, 1999). Thus, the Kara diamicton

reflects ice-sheet advance across the Yan

Peninsula late in marine oxygen isotope stage

stage 4, or earlier, with limits possibly compatibl Infrared

to maximum ice-sheet reconstructions (Lambec st - | paleo- Uncorrected | Stimulated gaffrr%d

1995; Peltier, 1996; Grosswald, 1998). Oatigraphic | ironment |  Lithology “Cage(ka) |agatar " | Age (ka)

Field observations and examination of recent eolian cover 5.0 20.08

declassified Corona Satellite images (3 m reso | Chumsand | oy ; “post bomb" s1.0

tion) show a clear absence of landforms assc poorly \ r ice wedge |1-0x0.04 1.0

ated with glacio-isostatic compensation (e.¢ | Nenets peat | drained / to

raised-beach sequences) on western Yar upland 8.0+0.06 g-g :g-g 2.0

(Fig. 1C), which is incompatible with late : - - 592006 8.1+0.09

Weichselian ice-sheet reconstructions that exce Betula horizon tro?'me il ‘,’2;::38 862008 9010 300

2 km thickness over the Kara Sea (Lambec eolan 1325008 o 000 13

1995; Peltier, 1996; Grosswald, 1998). Analys | = ggidarata | 2nd A e e 1402010

of the stratigraphic record on western Yam | sand low to 1412040 1402010 to

Peninsula indicates active ice-wedge growth a high energy 1502012 | +3*009

eolian and fluvial deposition during the lat fluvial 1645012 0 % 02 20

Weichselian, ca. 40-11 ka (Fig. 3). Stratigraph | Oleny sand | ®gian cover : %3104 202508052 30035

and geomorphic observations and associal ;2277-3:0‘:“ ;g-;:g-g — 35

chronologic control do not support coverage « | Varjakha peat 'sa"l'glw 32404 280204

the Yamal Peninsula by a late Weichselian i( | and silt 304204 B 0L08 (4124 to

sheet or proximity to a glacier margin. 324205 301204 4425 45

diamicton ;?gc':?:t?clm 41215 60 to 80

> >41.0 >26_33.220.8

Figure 3. Composite stratigraphy, associated Lapsuyaiha sand :’:'s':i:" ow §515,1385 g;i ::,g 100

radiocarbon and infrared - luminescence Marresale marine 31104

chronologic control, inferred paleoenviron- T Z 3 —

ments, and concluded calendar ages (Stuiver ;_-‘3 K 53

and Reimer, 1993; Kitigawa and Van der Plicht,
1998) for western Yamal Peninsula, Russia.

diamicton-|
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(20-50 m) indicates modest (<500 m thick) icelevel equivalent at the time of the last glacialubinski, D. J., Korsun, S., Polyak, L., Forman, S. L.,
sheet loads near the eastern margin of the Baremaximum (cf. Andrews, 1992). This missing Iiggg]a#nﬁesﬁ Jst clzrlgg’ét'i:én/*aﬁﬂz ’\F"r'girz \(zétlg'r'ia
Sea_lce (Lambeck, 1995; Fo_rman et a_l., 1999yvater may partlally reS|d¢_a in high AI’C'[IC ice caps, Trouéh, northern Barents Sea: Boreas, V. 25,
Marine records from the adjacent Saint Année-sheet growth immediately prior to deglacia- . 89-100.

trough support early deglaciation and ice-shedibn, or reflect limitations in modeling Earth Makeyev, V. M., Pitul’ko, V. V., and Kasparov, A. K.,
withdrawal from 80°N prior to 13.3 ka (Polyakrheology and Quaternary ice sheets. 1993, The natural environment of the De Long

et al., 1997). Recent marine geologic studies in Archipelago and ancient man in the late Pleisto-
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