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PREFACE 

TheBrcl :\nnuill Arctic Workshop has growl1 out of J series of informJI annUill meetings 
.�p()ns(lred lov lNST,CI,:\R �lllcl other ilcaclemic institlltiol1s \\orldwldc. Opcn to C\eryulle 
intercsted In the Arctic. these met'tings kive cOllsistecl of a series nr talk:-, ilflc) postcr<;essio!1s 
covt'llng i!ll aspects of high-Lltitudc environments, past and present Like the prniolls i\rctic 
Workshops. this workshClp also include presentJtions on Arctic and l\ntarctic clim:lte. 
archeology, environmental geochemistry, geomorphology, hyd rolog y . gl,l(iology, soils , 
ecology, oceano graphy , and QuaternJry histelry . Thm, the workshop offers all opportunity for 
stimu!ating discussions between scientists studying various aspects of high-IJtitucle cliIl1Jtes 
and environments. 

The first Arctic Workshop w as organized by J ohn Andre\vs Jt INSTAAR in 1970 to give 
grJduate students an opportunity to present their ongoing research, obtain some ex perience in 
public spe aking , and to get feedback from more senior researchers. ]n keeping with this 

tradition, the U.S. National Science Foundation and the Research Council of Norway have 
sponsered the partic ipation of 4S graduate students from all over the world to this meeting , 
We are extremely pleased to have such a high partic ipation of gradu ate students - making up 
nearly half of the worksh op participants. We hope to be as much i nspired by these young 
minds as we can inspire them further in their wonderfully exciting guest to understand high

latitude climates ,md environments. 

The conferenee is being held at the Polar Environmental Centre. The Centre for the 
Environment ,md co - operat ion in the Polar Areas and the Barents region - The Polar 
Environmental Centre - is Norw ay 's new cen tre of research, environmental monitoring and 
a d visory services in the Northern Regi on and the Arctic/ Antarctic . 
The conveners (Stein Bondevik, :JvIorten Hald, Elisabeth ]saksson, Nalan Ko\, Tore Vorren) 
would like to thank our sponsers: the Norwegian Polar Institute , the University of Tromsø, the 
Research Council of Norway and the U.S. Na tional Science Found ation. We also offer our 

sincere thanks to Anne Kibsgaard , who did an excellent job as secretary for this workshop, 
Ellen Berg, who assisted A Ki bsgaard , and Audun 1gesund , who was respansible for the web 

layout . 
We hope the 33rd Annual Arctic Workshop \Vill be a rewarding interdisciplinary meeting for 

you on a variety of Arctic research thernes. 

WeJcome to Tromsø! 

NaHln Ko\ 
(on beh al f of the conveners) 
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33'<1 Annual Arctic 'Vorkshop 

Polar Environmental Centre, Tromsø, Norway 

3-5 April 2003 

PROGRA.I\!II\!IE 

Thursday, 3'd April 

8:00 Registration 

8:45 Nalan Ko� Welcome 

Session: Marine records 

9:00 J.T. Andrews The last 2000 year: A marine history of the Vestfirdir area of 
NW lceJand based on results from fjord cores. 

9:20 A.E. Jennings H olocene cJimate evolution and variability in the Denmark 
Strait region from multi-proxy analysis of cores from the SE Greenl and and N 
lcel and shelves. 

I 9:4 0 G.B. Kristiansdottir H igh latitude Mg/Ca-temperature calibrations for three 

arctic, benthic foraminifera species: Melonis barleeanus, Cassidulina 

neoferelis and lslalldiella sp. 

10:00 S. Olafsd6ttir Late Quaternary marine environments NW off lceland: 
Evidence from foraminiferal data and stable oxygen isotope analyses. 

10:20 Coffee break 

10:50 G. Dunhj]) Snorri Drift - A 200k yr oceanographic and sedimentary record. 

I l: 10 G. Downing Absence of Hudson Strait Provenance of ice rafted detritus in 

Stage 6 from core V28-82. 

11 :30 S. Hemming 40 Ar/39Ar evidence for provenance of ice-rafted hornblende 

grains from ODP sile 984. 
Il :50 M. Hald Late glacial and Holocene paleoceanography of the van Mijenfjord, 

Spitsbergen. 

12: 10 S. Korsun Glacier proximal foraminifera in a meItwater dominated fjord of 
Svalbard: year-to-year change. 

12:30 LUNCH 

13:30 Poster sess ion 

15:30 Coffee break 

15:50 C. Vogt Two very detailed cJay mineral core records of Marine Isotope Stages 

1-6 from the Euras i an Basin, Arctic Ocean. 
16:10 1\;1 Vanneste Arctic gas hydrate provinces along the Western Svalbard 

Continental Margin. 
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16:30 D. "iinkelmann Rcconst ruction of recent and late HCllocene seclimentation 

proeesses on the continental shelf west of Spitsbergen . 
16:50 E. hanova The Holocene foraminifcral �lsscJlJblagcs \ \f K�lr:l :lJld Barents 

seas: p�deoce:lJ1ographic i mpl icat i ons . 
17: 10 .l.P.W. S.nitski t-\rctic coast erosion : :\ regional to luctl pcrspt'\:ti\e 
17:30 G.1. h anov Migration he:l\Y met:t1s in ore depo:site-rin>r-sc:l system (No\'aya 

ZemJya Archipelago). 

17:50 S. GerJand The role of sea ice for lon g - ran ge transport of radioactive 
polllltion-field observations in the Fram Strait and in a S\'albard IJorcl. 

18:10 - 19:30 ICEBREAKER 

Friday, 4th April 

Session:. Terrestrial records 

9:00 l\I.A. Jensen Evidence of a high sea level event during the last icc age in the 

Arkhangelsk area, NW Rusia. 

9:20 L. Anderson Holocene temperature and moisture reconstructions for the 

sOllthern Yukon Territory, Canada: oxygen isotopc studies of small carbonate 
lakes. 

9:40 R. Pienitz Global \Vanning in the Arctic: What abollt northern Qllebec and 
Labrador? 

10:00 J. Theau Mapping  hchen in the cariboll summer range of northern Quebec, 
Canada, using Landsat TM imagery. 

10:20 Coffee break 

Il: 10 D.D. Rousseau Pollen record of air trajectories  i n  the Arcti c. 

Il :30 A. Prick Monitoring weathering processes and rock fall act ivity i n  an Arctic 
environment, longyearbyen , Svalbard . 

Il :50 F. Caimeis New knowledge on permafrost provided by medical scanner 
imaging data in  Nunavik, Quebec .  

12: 10 e.G. Knudsen Last deglaci ation of Jæren ,  south western Norway - dynam ics , 
chronology and C]imate variability. 

12:30 LUNCH 

13:30 Poster session 

Session:. Gladers and Glacial history 

14:30 J. England Recent developments on the configuration ,  surface topography 
and dynamics of the Late Wisconsin  an, Innuitian lee Sheet . 

14:50 G. Mercier Glaeier fluctuations in the Akshayuk Pass, Auyuittuq National 
Park (Nunavut - Canada). 
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J 5: JO ,J. Briner An extensive nOI1heastern Lamentide lee Sheet dming the Last 
Gbcial IVlaxirnum. 

15:30 Coffee break 

J 6:00 P. Lajeunesse Quaternary glacial geology and relative sea level history of 
eastern Mel ville Island, western Canadian Arctic Archipelago 

16:20 1. Lønne Fridjovbreen on Svalbard - evollltion of the two last smge events. 

16:50 S. r\.sberg Satellite remote sensing of glaciers and ice caps in Svalbard, 

Emasian High Arctic. 

19:30 'Vorkshop dinner 

Saturday, 5th April 

Session:. Glaciers and Glacial his/ory 

9:00 A. Horrnes Holocene glacier recessions in Lapland and SvaJbard inferred 
from radiocarbon dates of specified organic material. 

9:20 P. Moller Glacial and environmental history of Severnaya Zemlya, Siberian 
high arctic, during the last > 130,000 years. 

9:40 1. Murdma a Paleoenvironments in the Rllskaya Gavan' Fjord (NW Novaya 
Zemlya) during the last millenillm: responses to global climate changes. 

10:00 K. Andreassen Palaeo-ice streams to the sOllthern Barents Sea margin during 
the Late Cenozoic: evidence from glacial lineations, mega blocks and rafts. 

10:20 S.M. Principato Using 36-chlorine ages and marine cores to constrain the 
Late Quaternary history of the Vestfirclir Peninsula, 1celand. 

10:50 ColTee break 

Session: Ice cores. 

Il : 10 J. Burk hart ImpoI1ance of accumulation timing in preservation of Total 
Inorganic Nitrate (TlN) at Summit, Greenland: implications for surface snow 
reconstructions. 

I l  :30 T. Popp The anatomy of abrupt climate changes from Greenland ice cores. 

Il :50 L. KariOf Wave1et methods for analysis of ice core time series. 

12:30 End of 'Workshop 
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The l ast 2000 year : A marine history of the Vestfirdir area of NW 
Iceland based on resuIts from fjord cores 

J.  T.  Andrews and J. Mac Kenzie Richter 

INSTAAR and Department of Geol ogical  Sciences ,  Box 450, Un ivers i ty  of Colorado, Boulder, 
CO 80309, USA. 

We report the results of decadal to century-scale s ampl ing of marine sediments from 
twa fjords in Vestfirdir, NW leel and .  The cores were retrieved on cru ise B997 with the 
Bjarni Saemundssol1 . B997-328 i s  from Reykjarfj ordur, on the outer north coast of the 
pen insu la  whereas B99-34 1 was retrieved from Jokulfirdir ,  a branch of the main 
Isafj ardardjup system, which received drainage from Dragnajoku l l ,  a local ice cap. The 
twa cores have modest l .JC AMS control based mainly on in situ molluscs averaging ane 
date per 500 yr for the l ast 2-3 cal ka. The rates of sediment accumulation at both sites 
show l i ttle variabi l i ty and average around 1 00 cmJky. As common datå at both si tes we 
have total carbonate content ,  mass magnetic susceptibi l i ty ,  grain -size, and 01 80 of 
benthic foramin ifera. At B997-328 we also passes the foraminiferal assemblage data.  
At nearby sites we have a variety of sediment magnetic properties measured at l cm 
i nterval s .  Our goal i s  to see how far we can extract paleocl imatic data from the se sites 
to both compare wi th and extend same of the historical i n formation related to the 
Settlement and human history of Iceland.  Both sites have comparable records of 
carbonate content ,  marked by hi gh values at the beginn ing of the period and with a 
sharp decl i ne at the start of the last mi l lennium .  The el80 in the benthic foramin ifera 
track the changes in carbonate and show a sharp increase in 01 80 during the interval 
broadly defined at the Litt le lee Age (LIA). The el 80 record also matches rather closely 
the reconstructed "sea-ice index" for leeland. The association between lower carbonate 
and heavier 01 80 values i ndicates that the LIA in Vestfirdir  is cold rather than wet 
and/or "fresh". However, the broad LIA interval coincides i n  B997-328 with a major 
peak in the percentages of the Arctic  foraminifera Elphidum excavatum form clavata 

which aften implies a freshening in the water column. Perhaps surprisingly, plots of the 
mean grain-size from l aser-sizer measurements suggest comparable changes in the 
energy levels of transport between the two sites wi th a decrease in  mean size over the 
l ast 500-600 yr. 
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Holocene Climate Evolution and Variability in the Denmark Strait Region 
from lVlulti-Proxy Analysis of Cores from the SE Greenland and NIceland 
Shelves 

Anne E .  Jennings, Nancy J .  Weiner, J ohn T. Andrews and Greta B .  Kr istj ansdott i r  

INSTAAR and Department of Geol ogiea l  Se ienees ,  Un i vers i ty of Colorado,  Bou lder, CO 80309-0450. 

E-mai l :  jenn i nga@spot .col orado.edu, phone 303-492-7621 

Holocene oceanographic and environmental changes are compared on the E ast Greenland 
shelf and N .  Iceland shelf, us ing IRO , total carbonate and foraminiferal records from fou r, 
h igh-resolut ion sediment cores .  The goal of the study is to characterize Holocene c l imate 
evolution and the patterns and potential cyclicity of natu raI c l imatic vari ab i l i ty .  The four 
cores are well  posi t ioned to capture the ocean/atmosphere/ ice dynamics in this region of 
contact between the Arctic and Atlantic realrns. Core M0 99-23 1 7  has a c. 1 3  m Holocene 
section . I t  was rai sed from an E Greenl and shelf basin on the north side of the O enmark 
S trai t .  Thi s site i s  influenced main ly  by Polar Water of the E ast Greenland C urrent .  Two 
cores are from the Kangerlussuaq Trough,  on the East Greenland shelf on the sou th side of the 
Denmark S trai t .  C ore JM96- 1 2 1 6/ 2-GC is a 2 . 5  m core from the outer shelf and core M0 99-
2322 is a 26 m Holocene core from the deepest part of the trough on the middle shelf. T hese 
sites underl ie  the E ast Greenland Current ,  but are also influenced by modified Atlantic Water 
at intermediate depths, that en ters the trough via a westward turning branch of the Irminger 
Current .  The fourth core i s  MD99-2269, a 25 m-long Holocene core rai sed from 
Hunafloadjup on the northern Iceland shelf. This core site l ies close to the boundary between 
the Atlantic Water carried northward in  the Irminger C urrent and the southern l imi t  of 
Arct iclPol ar water in the East Icel and C urrent .  The cores are well dated and corre l ated with 
both AMS 1 4C dates and by  Icel andic tephra marker horizons :  Vedde Ash and Saksunarvatn 
tephra. The comparisons of carbonate, IRD, and foraminiferal records among these cores 
shed l ight on environmental contrasts north and south of the Denmark S trai t ,  and the 
competing influences of freshwater forcing,  summer solar insolation ,  and the history of 
Atlantic Water in the Irminger C urrent .  
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High l ati tude M g/Ca-temperature ca1ibrations for three arctic ,  
benthic foraminifera species : Melonis barleeanus, Cassidulina 
neoteretis and Islandiella sp. 

Kri stjansdott i r, G .B . ,  Jenn i ngs ,  A .E . ,  and Lea. D .W .* 

INST AAR and Dept . of Geol . Sc iences, Un i vers i ty of Col orado, Boulder, CO 80303, USA,  
* Dept. of  Geol . Sc i cnces ,  Un i versi ty of  Cal i forn i a ,  San ta  Barbara , CA 93 1 06, USA 
E-mai l :  ghk (g!colorado.edu 

S ince the mid 1 990s foramin ifera Mg/C a  studies have been growing evermore important in  
paleorecon struct ions .  Development of the techn ique has been dri ven by the need for 
quantitat ive paleotemperature reconstruct ion . A d istinet advantage of the Mg/C a  method i s  
the opportunity t o  reconstruct temperature and sal ini ty o f  seawater b y  paired m easureme nts of 
Mg/C a  and 8180. The bas is  for Mg/C a  paleothermometry is the temperature depe ndent 
incorporation of Mg into calc i te . Empirical studies and thermodynamic cal culat ions of 
inorgan ic  calc i te show an exponential re lationship between Mg incorporati on and 
temperature .  An exponential relationsh ip  is s imi larly observed for both benthic and 
planktonic foramin ifera. 
C al ibrat ions of Mg/C a  rat io against temperature are reasonably well -constrained for 
temperatures > 1 0°C but are poorly developed for cooler temperatures ,  thus l imi t ing the 
methods appl icabi l i ty to h igh-lati tud e  studies .  We have developed prel iminary cal ibrations 
for three common , arct ic ,  benthic foramin ifera by using modem samples from the lceland and 
Greenland margins .  These two margins  are i deal l y  sui ted to conduct cool water cal ibrations 
for Mg/C a studies because they offer a spati al bottom-temperature gradient  of O to 9°C . 
We use a set of surface grab samples col lected from the Iceland margin during cruise B997 
along with Greenland margin surface samples from cru ise BS 1 1 9 1  (grab samples)  and 
HU93 03 0  (boxcores) .  All samples were stained with Rose Bengal upon col l ection . Both 
stained and unstained individuals were use for thi s study due to a l imi ted number of staine d  
individuals i n  the samples .  Three infaunal, benthic speeies: Melonis barleeanus, Cassidulina 

neoteretis, and lslandiella norcrossi/helenae we re analyzed.  Before analys is  e ach sample 
we nt through a rigorou s  cleaning  procedure establi shed by Boyle and Ke i gwin ( 1 985/ 1 986) as 
modified by Boyle and Rosenthal ( 1 996) . This cleaning procedu re require s  a sample size of 
at least 0.175 mg. Arctic foramini fera are , in  general , smaller than their tropical counterparts 
and therefore a l arger number of individuals ( 60- 1 00) i s  needed to obtain the requ ired we ight .  
One advantage of the l arge r  number of individu al s  neede d  for each measure ment i s  that we 
obtain a more consi stent value for the M g/C a  ratio of the sample .  
A l l  three spe cie s  show Mg/C a  ratios comparable to  other publ i shed values for benthic 
foraminifera (Le ar et al. , 2002) . M. barleeanus shows the greatest temperatu re sensitivi ty, 
while both C. neoteretis and l. nor/hel show a s l i ghtly lower  (but quite c le ar) sensitivity. 
Mi nor e leme nts (Mg, Sr, Na) and trace-elements (C d,  Ba, La, Ce , Nd, Eu , Lu , U) were 
me asure d  on an IC P-MS at the Univ .  of C al i fornia ,  Santa Barbara. Isotope analysis was done 
at the Le ibniz Laboratory at Kie l  Univ .  Hydrographic data we re col le cted du ring the 
re spe ctive cruises and su pplemental data are archived at the Icelandic M arine Rese arch 
Institu te .  
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Referenees : 
B oyle . E. and K e i gw i n .  L. D . . J 985/1986: Compar i s o n  of At l a n t i c  and Pac i fic paleoc h e m i c al records for the  last  
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Lear. C. H . .  Rose n t h al. Y . . a n d  S l owey. N . . 2002: B en t h i c  forami n ife ral M g/Ca-pal e othermometry: A revi sed 

core-top c a l i hrat i on. Geochil/lica et CoslIlochimica Acta, 66: 3375-3387. 
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Late Quaternary marine environments NW off Iceland : Evid ence 
from foraminiferal data and stable oxygen isotope analyses . 

Sædf s  Olafsd6ttir l , A slau g  G ei rsd6tt ir l , Ann e E. Jcnn ings2, J ohn T. An drew s2 , G udrun 
Helgadottir

3
. 

J Dept . of Geosciences ,  Un iversi ty of lce land 
2INST AAR and Dept . of Geol . Sc i ences, Un i versi t y  of Col orado 
3M ari ne  Research Ins t i tute 

C ore MD99-2264 was col lected in  ] 999 du ring the lMAGES cruise on the M arion Dufresne 
from the Djli pal l trough , NW Icel and shelf. Presen t ly ,  the Northwest she lf  of Icel and is a 
boundary region for the ocean ographic  Polar Fron t ,  where surface water masses from the 
warm and sal ine Irminger Cu rrent (>4°C ; S>35) passes the cold East Greenland Cu rrent 
« 0°C ;S< 34) .  Past changes of the Polar Fron t are regi stered i n  ou r records .  
The core i s  3 8  m l ong and extends back to 33 ,000 14C BP. We u se grain size,  IRD (>2 mm 
clasts) ,  l i thofacies, benthi c  foraminiferal assembl ages and stable isotope measurements in  
order to reconstruct paleocu rrents ,  sea-ice cover and c l imatic vari at i on s . The study focuses on 
the degl aciat ion period aroun d ] 5 ,000 to 1 0,000 cal . years BP.  The chronology is based on 1 2  
AMS 1 4C datings and two tephra markers (J6hann sd6tt ir et al , this volume) .  Sedimentation 
rate du ring th is  time period varies  from ] 2 mm/ year (warmer periods) to 3 mm/year (cooler 
periods) .  The foramin i feral assemblages record has therefore an extremely  h igh resolu ti on ,  
sampled every 20  years throughout the  period.  
Our research qu estions are directed towards ] )  determining the income and strength of the 
Atlantic Irminger Current from LGM towards modem condi t ions .  2) determin ing the 
proximity of the local glacier to the stu dy si te ,  and 3) to compare our records to resu l ts from 
other study s i tes in  the Nordic Seas .  
Prel iminary resu lts suggest the income of the Atl antic water mass du ring the Bøl l i ng  interva] 
with the presence of the Atlant ic  species Cassidulina laevigata, Stainforthia fusiformis and 
Trifarina angulosa around 1 4 , 1 00 cal yr BP. At that t ime IRD was l ow and total l y  absent 
arou nd 1 4,50 0  - 1 4,300 c al yr BP. Other key species suggest marked environmental change 
after 1 3 ,800 caI .  yr .  BP. Thi s  section contains glacimarine sediments with a dominat ing 
Arctic fauna of Cassidulina reniforme and Elphidium excavata f. clavata. The speci es 
Cibicides lobatulus and Astrononion gallowayi also increase considerably  i ndicat ing s tronger 
bottom CUffent conditions .  The appearance of IRD and the cold Arctic faun a  suggest 
readvance of the NW Ice C ap weU out into Isafj ardardjup during  the Younger Dryas chron . 
Around 1 0,80 0  cal . yr BP a gradual change in faunal composition and rise in  diversity i s  
recorded. The IRD diminishes and disappears along with increase of Atlantic indicators 
suggesting that the Irminger Current w as travers ing the NW shelf at that time . 
Stab le i so topes measurements on the benthic foramin ifera species C. reniforme i s  in progress 
and will add valuable information to the interpretation . 
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Snorri Drift - A 200k yr oceanographic and sedimentary record 

Gita DunhilL INST AAR, Boulder. CO USA. E-mail: dunhill @col orado.edu, 

Pre liminary investigat i ons of an 18 meter eore eolleeted from the Iceland slope south of 

Denmark Strait reveal a eoherent reeord reaehing back to oxygen isotope stage 7. The eore 

provides a rare opportl1nity to study the environmental and oeeanographie condit ions just 

south of Denmark S trai t over the last 200k years. Oxygen i sotope data, sedimentological 

analyses, and grain counts  provide the data to interpret climatic shifts as well as changes in 

the strength and direct ion of the bottom currents .  
Core MD99-2323 was eollected in 1062 meters water depth from Snorri Drift, whieh is  one 

of the northern North Atlant ic drifts. The ehronology of the core i s  based on radiocarbon 
dates, tephrachronology and an oxygen i sotope curve deri ved from the planktic foram, 

Neogloboquadrina pachyderma sini stral . The 18 core shows a widely varying li thology with 

the interglacial intervals consisting of mostly ml1ddy sand with few clasts and some 
laminations .  Within the in terstadials are abrupt coolings, which are marked by darker gray, 

clast rieh l1ni ts. Sediment from stages l, 3 and 5 have distinct lithologic and mineral 

characteristics .  S tage 3 and 5 being much more variable than stage l. Interstadial sediment of 

stage 1 contain muddy sand with some clasts and laminations .  Grain counts reveal that 
sediments from st age l have a di s t inetly Icelandic origin. Although no basalt is present, the 

sediment contains abundant amounts of basaltic and rhyolitic ash grains .  There are minor 

amounts of ql1artz and forams .  Sediments from stage 3, on the other hand, contain l1nits of 
finer, laminated, muddy sand with few clasts (similar to st age 1 sediments), which alternate 

with darker pebble and clast rieh uni ts, which represent the abrupt coolings .  Grain counts 

reveal minor amOl1nt s  of basalt and rose quartz, fewer forams, and significantly less  tephra, 
except in the primary ash zone Il depos i t. The darker, coarser units are characterized by 

increased amounts of quartz and basalt. The sediments of stage 5 are quite distinct from the 

more recent i nterstadiaIs. The li thology i s  a weakly laminated foram rich, well sorted muddy 
sand . In general there are no clasts and the interval is finer than in the rest if the core. The 

grain are dominated by planktic  forams with less than 3% basalt, variable amounts of quartz. 
In general, there is no obvious Icelandic contribution to this interval. 

The stadials are characterized by pebble and clast rich, dark grey, stiff layers. Many of these 

intervals are punctuated by lighter, soft er, finer sandier units which represent warmings within 

the stadiaIs. The grain counts from stage 2 sediments show an increase in basalt, grey lithic 

fragments, and rose quartz relative to the surrounding interstadiials, as well as an increase in 

quartz. There are fewer planktic forams and an equal amount of basaltic glass grains. The 

lithology and grain counts of stage 4 are quite similar to those of stage 2, except, there is a 
lesser amount of basaltic glass grains and an increase in  plantik forams .  
As the climate shifts from i nterglaicals to  glacial stages there are accompanying changes in 
lithology, sediment source and grain sizes as recorded at this drift site. As the climate cools 
the sediment carried to this site shows increasing quantities of quartz, grey lithic fragments, 
and basalt and decreasing abundances of planktic forams indicating a change to a more distal 
source (not Icelandic). This change in sediment provenance suggests a shift in the bottom 
current's direction. 
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Absenee of Hudson Strait Provenanee of lee Rafted Detritus in 

Stage 6 from eore V28-82 
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U S A .  Emai l :  downing@ldeo .columbia.edu , phone (845)  365-866 1 
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C ore V28-82 in  the eastern North Atlantic (49027'  N, 220 1 6' W) i s  located in the heart of 
Ruddiman ' s IRD belt (Ruddiman, 1 977 ,  GSAB, v. 88, p . 1 8l3-27) and has prominent 
Heinrich layers . Magnetic susceptibil i ty measurements taken on V28-82 show that the 
background susceptibi lity of the l ast glac ial interval i s  uniformly higher than that of the stage 
5 interglacial (see the Fig . ) .  In addition , di stinct peaks for Hl, H2 ,  H4, and H5 are present, 
consistent with publ i shed data from other cores in  the IRD belt (Grousset et al . ,  1 993 ,  
Paleoceanography, v .  8 ,  p .  1 75-92), and most l ikely represent a Hudson Strait source .  Stage 6 
also has simi larly high background susceptibi l i ty compared to the l ast glac ial interval . 
However, no distinct peaks exist ,  including at Hl] (Termination Il) . Flux measurements 
(McManus et al . ] 998 ,  EPSL, v . l55 ,  p .  29-43) show that there is, however, an IRD flux peak 
at H] ] ( see the Fig . ) .  The susceptibi l i ty measurements indicate that thi s IRD must have a 
different provenance from Hl, H2, H4, and H5 .  Pb isotope measurements reported by 
Gwiazda et al . ( 1 996 .  Paleoceanography, v .  1 1 , p .  37 1 -78) suggest H I l  i s  simi lar to  H3 ,  in  
that the  compositions of Pb i n  feIdspar are l ike those of the  background glacial sediment. Ar 
ages from hornblende grain s  show a structure similar to Hl, with Paleozoic and 
Mesoproterozoic grains  being dominant leading up to the flux peak ,  and Paleoproterozoic 
grains  being dominant  in the heart of and fol lowing  the peak .  Additional counting and 
i sotopic measurements  are currently being taken across H I l  and should aid in the comparison 
with the Heinrich l ayers of the l ast glacial in terval. The l ack of a strong Hudson Strai t signal 
i n  HIl suggests that either a Hudson Strai t ice stream was not operating  during S tage 6 ,  or 
that one was operating  but was not as effective i n  diluting the sediment provenance in  the 
eastern IRD belt .  Measurements from the western part of the IRD belt appear to indicate the 
absence of a Hudson S trait ice stream in S tage 6. 
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40A rp9 A r  evidence for provenance of ice-rafted horn blende grains 

from ODP site 984 

Sidney Hemmingl, Grcg Downing! , & Je rry McM anlls2 
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Core ODP-984 in  the North Atlantic (6 1 °26'N. 24°05'W) i s  located outs ide of the ice rafted 
detri tus ( lRD) bel t ,  and on the Bjorn dri ft deposit sOlltheast of Iceland .  The average 
sedimentat ion rate is ] 1 . 5 cmJky (Channel l  et aL , 2002 , JGR 107 (B6) #2 1 1 4) .  We have 
measured the -10 Ar/39 Ar ages of multiple individual hornblende grains from the > 1 50 Dm 
fraction from severaI of the more prominent IRD intervals from Marine Isotope Stages 2, 6, 8 ,  
and] O .  Most of the samples have a large ca .  l Ga popu lation of  ages ,  consi stent with 
derivation from the Grenvi l le province. The youngest sample analyzed i s  from approximately 
Termination I (-HI). HI in the IRD belt has no evidence of a substanti al Grenvi l le  
populat ion, and thus i t  i s  unl ikely that the Grenvi l le  province of North Ameriea (e.g . ,  Gulf of 
St .  Lawrence) i s  the source of the se hornblendes .  Analyses from hornblendes sampled from 
cores east of Greenland (and north of the Denmark Strai t) and from the Bear Is land trough 
mouth fan and mid-Norwegian margin (Hemming et aL , 2002 , QI, 95-96, p. 75-85)  has 
revealed no Grenvi l le-age grains .  The southern part of Norway has a large Grenvi l l e  
province, and i s  the  northern s ide  of  the passage leading to  the North Sea  trough mouth fan . 
We consider it l i ke ly  that the Grenvi l le  grai ns  were derived from thi s province via ice streams 
feeding the North Sea trough mouth fan . In  addit ion to the ca .  1 Ga popul ation , there are 
Paleozoie ( -400-600 Ma) ,  Paleoproterozoic (- 1 . 6-] . 8 Ga) ,  and some very young «50 Ma:  
Iceland hotspot) grains .  Anal yses of hornblendes from samples of the North Sea trough 
mouth fan would hel p to constrain the sources of hornblendes in ODP 984. 
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Late glacial and Holocene paleoceanography of the van 
lVlij enfjord , Spitsbergen 

l Morten Hald ,  2 Sergei Korsun ,  l Matthias Forwick,I Tore O .  Vorren & 2Liza Khomenko 

I) Department of Geology, Un i vers i ty of Tromsø, Norway 
2) Department of Bio logy, S t .  Petersburg Un ivers i ty ,  S t .  Petersburg 199034 Russ ia  

An 1 8  meter long sediment core , MD99-2305, retrieved by the IMAGES cru ise in  1 999,  , has 
been investigated for paleoceanographic proxies .  Van Mijenfjord i s  50 km long and 1 0  km 
wide with three t ide water glaciers and a sil! i n  the outer part .  The fjord is normal ly covered 
by sea-ice 8-9 months per year. The core is l ocated in  the outer part of the fjord , about 1 0  km 
in  fjord from Akseløya at 1 1 5 meter water depth . The uppermost 1 6  m of the core contains  a 
Holocene mud, and the lowermost 2 m cons is t  of glaciomarine muds and diamictons, the 
l atter i nterpreted to be a basal t i l l .  A total of 1 0  radiocarbon dates have been obtained and an 
age model in calendar years BP have been produced. The boundary between t i l l  and 
glaciomarine sediments is dated to c. Il 000 cal .  years BP, (corresponding to 9800 14C years 
BP). The glaciomarine sediments and Holocene mud represent the l ast I l  000 cal .  years BP. 
A proxy record of thi s part of the stratigraphy ,  including benthic foramin ifera, IRD counts 
from X-radiographs and stable oxygen and c arbon i sotopes ,  has been establ i shed. The 
y ounger Dryas/Preboreal transit ion is characterized by a marked deplet ion in both 8 180 and 
8 13C (measured on the benthic foramin iferal species Cassidulina reniforme) . The structure 
of the 8 180 i s  s imilar to that of the IRD curve .  Relatively low 8 180 corresponds to a 
minimum in IRD and a reduction in the ice proximal species C. ren iforme and Elphidium 

excavalum . During  this period there is a high flux of foraminifera and h igh content of bivalve 
mollusks. A broad max imum in both 8 180 and IRD is found between 7000 and 5000 cal 
years BP. During this period there i s  a ri se i n  the ice  proximal foraminifera. The last 4000 cal 
years BP i s  characteri zed by low IRD (except from one surge-event at 1 300 AD) , a depletion 
i n  8 180, decline i n  b ivalve mollusks and foramin iferal flux .  

A prel iminary i nterpretation suggest that early Holocene was  a rel at ively warm, high
productive phase with reduced glac ial act ivi ty .  Mid Holocene (7000-5000 cal years BP) 
appears to have experienced i ncreased glac iation and increased flux o.f () 180, ei ther due to 
increased oceani c  flux or due to cooling .  Upper Holocene probably reflects a more local fjord 
signal due to a progressing isolation result ing from the postglac i al i sostatic rebound of the 
fjord sil! . The low IRD conten t  the last 4000 cal .  years BP may represent condit ions s imilar 
to that of the modem fjord. The depletion i n  oxygen i sotopes the l ast  4000 years BP may be 
due to increased sea ice  formation bringing l i ght i sotopic water to the fjord bottom by brine 
formation . 
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Glacier proximal foraminifera in a meltwater dominated fjord of 

Svalbard : year-to-year change 
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SubpoJar glaciers reaching sea levcJ produce turb id  meltwater. which, being a powerful 
ecological-stress agent ,  structures  foramin iferal assemblages into an off-glacier sequence 
along the gradient of mineral fal 1out .  Such a sequence imprinted in the fossi l  record portrays a 
transit ion from glacier-proximal v ia  gJ acier-di stal to normal marine sett ings . The increasing 
attention to ul tra-high resolution c1 imatic  archives has encouraged us to address the fol1owing 
question : How recurrent i s  the off-glacier sequence of foramini feral assemblages on a year to 
decade timescale? 

The study area, Tempelfj orden ( tributary to I sfjorden,  western Svalbard) ,  1 1 0 m  water depth ,  
has two coalescing l arge out le t  gl aciers calv ing into the fjordhead . The meJ twater plurne , 
measured in  ]uly 2002 , had a typical structure .  The highest concentrations of suspended 
matter (25 to 45 mg/l , consisting entire ly of mineral paI'tic1es) were observed in the surface 
l ayer within 200 m from the glacier front .  The concentration decreased with water depth and 
away from the source .  In the di stal part of the plume ( lO km from the source ) ,  surface 
concentrations were 5 to 20 mg/l . Beyond the plume (> 1 5  km) , concentrat ions reached typical 
offshore values of ca. l mg/l above the pycnoc1 ine and O.l mg/l below it, while the 
suspension largely consisted of organic partic1es .  

A 25-km-long transect of 8 stations ,  first sampled in August 1 995 , revealed that  the area 
affected by the turbid outflow was inhabited by a typical sequence of characteri stic 
foraminiferal taxa.  Elphidium excavatum and Quinqueloculina stalkeri were most proximal . 
Further away from the gl acier, Cassidulina reniforme became dominant .  The gl acier-di stal 
peaks were of Nonionellina labradoriea and lslandiella norcrossi. 

The second sampling along the same transect in August 200 l, showed that a]] populations had 
retained their relative posi tions in the sequence, but absolute posi tions along the fjord had 
consistently changed . Four of the five species had moved ca .  2 km toward the fjordhead, 
fol 1owing the receding glacier (except for l. norcrossi, which populat ion had remained in the 
same place) .  Thus, ( 1 )  the sequence of foraminiferal populations, inhabi t ing meltwater 
dominated environments, is  consistent over years , whereas (2) absolute d istances are sensi t ive 
to fluctuations i n  glac ial impact ,  which essential 1y  is meJtwater production, 
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Two very detailed c1ay mineral core records of Marine Isotope 

Stages 1-6 from the Eurasian B asin ,  Arctic Ocean 

Christoph Vogt I .  Jochen Knies2 , David L. Clark' and Ruediger Stein4 
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:2 Geologica l  Survey of Norway, Le i v  Eir iksson vei 39 ,  N-749 1 Trondhei m, Norway 
:1 Department of Geology and Geophys ics ,  Un i versi ty of Madi son-Wi scons i n ,  1 2 1 5  West Dayton 
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The impact of sea-ice cover on the sedimentation of the Arctic Ocean is  of part icular in terest 
as its l arge extent compared to its small thickness resul ts  in an ex treme sensit ivi ty to dimatic 
change . Predominantly fine  grained materi al is entrained in the shal low she l f  regions « 30 m 
water depth) and i n  particu lar in the polynyas where most sea-ice i s  formed. Newly  produced 
sea-ice transports smectite-rich sediments from the Laptev and Kara Seas through the 
Southern Eurasian Basin of the Arctic Ocean .  Northwest of Svalbard relatively warm Atlantic 
Water of the northward flowing Westspitsbergen Current  (WSC) submerge at the Polar Front 
beneath the cold sea-ice covered Polar Water. The posit ion of the Polar Front  and the sea-ice 
edge depends on the strength of the WSC and the outflow of the Polar Water which i s  dosel y  
rel ated t o  the freshwater i nput t o  the Arct ic Ocean . Fine grained sediments ,  just released from 
melt ing sea-ice may be deposited on the sea-floor very dose to the actual position of the 
marginal ice zone (MIZ) due biological l y  accelerated sedimentation . As sea-ice contains  high 
amounts of smectite,  bottom sediments deri ved from sea-ice should contain increased 
smectite contents. 

In this presentation we will compare a sediment core dose to the MIZ and the last glacial 
maximum B arents Sea Ice Sheet (PS2 1 38 ,  6 . 3 1 m core length) with a sediment core from the 
western Gakkel Ridge (PS2206, 1 .57 m). We sampled and analysed the grain size distribution 
and the day fraction mineral content with the highest possible sample resolution (every cm). 
In both cores the age model i s  based on a rather complete stable isotope re c ord and severaI 
AMS 14C ages .  Both cores reach the Marine Isotope Stage 6 to 5 transition , the Termination 
Il .  The very different core length already point to the very different sedimentation and 
sediment accumulation rates of the cores dose to the MIZ and the LGM ice sheet (PS2138) 
and below the nearly permanent sea-ice cover in the central Eurasian Basin (PS2206) . 
Nevertheless, very simi lar developments in the day mineral records of both cores are 
observed pointing to a common transport mechanism of this t iny material for the whole 
Eurasian B asin .  Changes of the day mineral content related to the global interglacial to 
glac ial changes as well as local influences will  be i l lustrated in this presentation . Regarding 
day mineralogy, the day mineral group smectite i s  one of the best tracer i n  the Arctic Ocean , 
point ing to the large flood basal t region of the Putorana Plateau which i s  drained by  the 
tributaries of the Khathanga (into the western Laptev Sea) and the Yenisey rivers (into the 
Kara Sea). 
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In  200 l ,  we devoted a hi gh-resolut ion sei  smie survey within the framework of the 
HYDRATECH and INGGAS projects to the detai led study of the spati al d is tribution of gas 
hydrate and free gas accumulations West of Svalbard . 

The sei smie data from the first study area clearl y i l lustrate the widespread occurrence of gas 
hydrates and free gas accumulat ions north of the Knipovich Ridge .  A nearly-continuous 
polari ty-reversed BSR i s  present on down-slope sei smie profi les and can be traced across the 
NW -Svalbard slope from -800 m to -2300 m of water depths .  In the absenee of a d i stinet 
and/or continuous BSR, i t  is the sudden change in  reflection amplitude and frequency content 
that marks the base of the hydrate zone that coincides here with the top of the free gas zone .  
Veloci ty analyses and model l ing reveal h igh P-wave velocities above the BSR attributed to a 
gradual ly  increase of part ial hydrate saturation (6- 1 0% of pore volume) and a sharp drop of 
acoustic veloci ty across the BSR due to free gas accumulat ion.  The sub-bottom depth of the 
BSR closely matches the caIculated stabi l i ty  l imi t  for methane hydrates .  The deep-water 
methane hydrate zone l ies  in an area characteri sed by mid-ocean ridge escarpments related to 
the northwards propagat ion of the Knipovich Ridge in its early stage . Tectonic activi ty rel ated 
to incipient rifting and faul t ing may eventual ly  result  in  changes in  heat and flu id flow 
regime, gas composit ion and orig in ,  and therefore control the hydrate and free gas 
accumulation and dis tribution on the continental slope off NW -Svalbard .  

Data from the second study area located -40 km east of the  Knipovich Ridge off SW
Svalbard margin in  water depths of -2250 m are characteri sed by mud diapirism. The mud 
domes seem to ri se from a seismically chaotic zone, buried under a 200 to 400 ms thick 
sediment drape.  The mud diapiri sm is most pronounced in the southern part of this study area. 
SeveraI bright spots developed on top of the domes within specific stratigraphic l ayers . These 
enhanced reflections are interpreted as the result  of sediment mobil isation and subsequent 
changes in  fluid flow patterns ,  leading to stratigraphically-controlled gas trapping within the 
local highs .  We observe short reflections (- 1 km long) with reversed polari ty,  obliquely 
crossing the strat igraphy. These reflections show all characteri st ics typical of a gas hydrate
free gas BSR and Iie close to the theoretical methane hydrate l imit .  Therefore , they might 
indicate the local formation and accumul ation of gas hydrates above gas-bearing sediments .  
The origin and the extent of diapirism i s  unclear, but l ies most probably  i n  a combination of 
overpressured gas, continuous loading of clay-rich sediments ,  and neotectonic activity of the 
Knipovich Ridge. 
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48 marine surface sediment samples from west off Spitzbergen and the Barents Sea have been 
anal ysed for TOC , CaC03 , Nlo( , Norg , Nbnd, cPCorg , a l 5Nlo( , a l 5Norg , and parameters from 
Rock-Eval-pyrolysi s as well as for clay mineral assemblages (XRD) with focu s  on organic 
carbon origin  and di stribution to yield an up to date picture of recent sedimentation pattem . 
ROV -pictures have been used to support interpretation of the results .  Three short cores of 
Storfj orden (dated by 1 4C and 2 l Opb) were analysed similarly to reve al environmental changes 
during  the l ast - 1 50 years . 
Coarse grained surface sediments from outer shelf  areas are considered to represent erosional  
surfaces  forrned by contour currents .  Thus nearby palaeo IRD-si gnal s  do not necessari ly  
reflect recent ice  rafting rather than out-washing of soft Holocene sediments s ince the  onset of 
the contour current most probable during neoglaci ation -2 ,6 Ky BP (Andrulei t  et al . ,  1 996) .  
Low carbonate contents in fjord environments and their  submarine extensions to the shelf 
break are interpreted as a result of di ssolution presurnably due to brine formation in these 
environments .  Erosional channels in the soft substrates as seen by ROV pictures are probably  
caused by dense brines flushing the shelf (e .g .  Quadfasel et al . ,  1 988) and may be rel ated to  
extraordinary h igh sedimentation rates recorded by Honj o  et al . ( 1 988) .  
Organic matter from surface sediments exhibits highest TOClNorg ratios and lowest a 1 3corg 
values at inner fjords while strong gradients exist  towards more open marine conditions .  
Decreasing maturity of organic matter (Rock-Eval pyrolysis) from land to sea support these 
resul ts .  Based on a a 1 3 Corg binary mixing model ,  organic matter of the inner fjords i s  
dominated by the terrigenous portion while more open m arine sites display minor or  even no 
terrestrial contribution . Spots dominated by marine  productivity have been found  at  the outer 
Isfjorden, west off Prins Karls Forland as well as off the Kongsfjordenl Krossfjorden area and 
may reflect l ocal upwel l ing in concert with geologic h interl and condit ions at thi s locations 
(Svendsen et al . ,  2002) .  
Accumulation rates o f  marine  organic carbon a s  well a s  reconstructed primary productivit ies 
decreased since the early 1 960ies .  Negative correlation of the Isfj ord temperature record with 
reconstructed productivities of core 1 244 could be explained by a reduced annual duration of 
the marginal ice zone in  the area. 
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Spatial and temporaI vari ations in  the Holocene benthic foramin iferal assemblages were 
studied in six sediment cores from Kara and B arents seas .  Three corcs were retrieved by Rlv ' s  
"Polarstem" and "Boris Petrov" from eastem part o f  the Kara Sea (Core PS-27 1 8-6,  
Vilkitsky S trait ,  w.d .  1 53 m,  Core BPO I -62/4 and Core BPOO-07/5 , Siberi an she lf, northward 
of the Yenisei estuary, w .d .  1 20 and 43 m respectively) . Three cores were obtained by RIV 
"Akademik Sergey Vavi lov" at simi l ar water depths from northern (Core ASV 880, Franz 
Victoria Trough, 388 m) and central (Core ASV 858 and ASV 1 200, Central Bas in ,  3 1 2 m 
and 308 m) parts of the B arents Sea.  AMS- 1 4C dates obtained within the framework of 
Russian-French and Russian-German projects provide the calendar scales for all s ix cores 
(Levitan et al . ,  2000; Duplessy et  al . ,  200 1 ; Ivanova et al . ,  2002 ; S imstich et  al . ,  i n  
preparation) .  Common arctic species Cassidulina ren iform is and Elphidium excavatum forma 
cla vata strongly dominate throughout the Holocene record i n  5 of 6 cores ,  except for the 
shallowest Core BPOO-07/5 . The latter record demonstrates the highest species diversity 
resu lt ing from the vicin i ty of marine to river waters mixing zone. In the Kara Sea, two 
northem cores show the s imi lar Early Holocene trend of increasing percentage of rather 
stenohaline calcareous species ( C. reniforme, Nonion labradoricum, Islandiella spp . )  
preferring normal marine sal in i ty  whereas i n  the southem Core BPOO-07/5 a group of species 
(E. asklundi/incertum, Haynesina orbiculare, E. groenlandicllm and E. bartletti) thrieving the 
lower sal ini ty predominates over the "marine" calcareous species from 7 to 1 . 6 cal .  ka 
BP . . "Marine species" becomes more common later on . This pattern points to the Atlantic 
water penetration in  the Eastern Kara Sea in the Early Holocene, l ikely from - I l to 7 cal .  ka 
BP . . About 7 cal .  ka BP .  the mixing zone moved northward which allows to suppose an 
i ncrease in river discharge . However, mixing zone did not reach 76°N as follows from the 
strong dominance of "marine species" during the Holocene in  the northern Core BPO 1 -62/4 . 
Suggested Atlantic water i nput from the north in  the Early Holocene i s  consistent with our 
oxygen i sotope and benthic foraminiferal data on Core ASV 880 from Franz Victoria Trough 
(Duplessy et  al . ,  200 1 )  as well  as with publi shed data on Sain t  Anna Trough (Hald  et al . ,  
1 999), and Laptev S e a  (Boucsein e t  al . ,  2000) . The Holocene optimum, 7 . 8-6 .9 cal .  k a  BP . ,  
establi shed in Franz Victoria Trough (Duplessy et  al . ,  200 1 )  i s  characterized by the 
assemblages wi th enhanced value of Islandiella spp. as a respond to sea-ice margin retreat to 
the north at least during summers and/or longer ice-free season . However, foraminiferal 
assemblages in three studied cores from the North-Eastern B arents Sea don ' t  demonstrate 
h igher values of so-cal led "Atlantic species" ( l ike Cassidlilina teretis) , or planktic 
foraminifera. In the Late Holocene, an i ncreased percentage of opportunistic E. clavatllm 

points to more stressed bottom environments .  
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High-latitude coasts are susceptible to increases in global temperatures ,  through extending the 
periods of ice thaw and reduction in summer sea-ice extent ,  thereby creating greatcr wave 
exposure .  One conseguence i s  increased coastal erosion (Solomon et al . ,  1 994) . Reduction in 
the ice season, combined with a shrinking and thinning of the Arctic sea-ice cover (Rothrock 
et al . ,  1 999 ; Serreze et al . ,  2000) , is contributing to Al askan and Siberian coastl ine retreat at 
rates of meters per year (Are ,  1 999) . Paradoxical ly ,  sediment transport by ice is l ikely to 
inerease along with more freguent and stronger storms (Proshutinsky et al . 1 999; Stierle  and 
Eieken ,  2002) .  The inerease in coastal erosion wil l  be offset local ly, around the mouths of 
Arctic Rivers that are expected to de l iver ever more sediment with warming of the hinterl and 
(Syvitski , 2002) .  Along with these structural impacts ,  sea level ri se continues ,  with the l argest 
contribution ( 80%) to Arctic Ocean sea level ri se (::::::5mm/yr) coming from melt of ice fields .  

Arctic coastal communit ies depend on access to the sea and to sea ice, but are vulnerable to 
flooding and erosion. To examine the combined impact of cl imate change at  the local scale ,  a 
variety of approaches are used to assess the hi story and risk of erosion and flooding along the 
Chukchi Sea coast near Barrow, Alaska (www.colorado.edu/Research/HARC) . The study 
ut i l izes field measurements, digi tal i magery, GIS , and numerical model ing to guantify past 
proeesses and rates ,  as well as possible future scenarios of variable  condi t ions  and changing 
environment.  Shorel ine and nearshore bluff erosion rates are observed to be spatial ly variable ,  
averaging 2 1 m  per 50yr, and 26m per 50yr, respectively .  These erosion rates are about 50% 
smaller than rates calculated for ice-rich,  peaty shorel ines,  east of Barrow (Brown et al . ,  
2002) .  Severai mitigation strategies for slowing shore currents and assoc iated sediment 
transport were investigated using the Delft3D hydrodynamic modeling system .  S imulations 
suggest that a well-placed groin ,  or a sunken barge , could reduce flow veloc i ties by > 1 0% .  
Scenario modeling continues in  an effort to predict  the coastal impact from a series o f  1 00-yr 
ocean storms.  
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Annual ly  the great amount of suspended and dissolved material ( including tox ic  elements and 
heavy metal s) enters Barents and Kara seas .  The Novaya Zemlya Archipelago (NZ) i s  among 
the most important source provinces of West Arctic shelf (W AS). Among the l argest is 
Pavlovskoye (Bezymyannoe) lead-zinc deposit (POF) , involving severai deposits and ore 
occurrences of Pb, Zn and Cu ( Kalenich, Kryukov , Semenov, 1 998) .  Seasonal and c l imate 
changes provoke erosion of ore bodies thus much increasing amounts of heavy metal s  
suppl ied to  the  environment of the Novaya Zemlya Shelf. The studies carried ou t  within the 
l i t toral zone by MAGE, PMGRE and VNIIOkeangeologi a in 1 99 1 -2002 revealed hi gh and 
abnorm al concentrations of toxic elements in water, suspended matter and bottom sediments .  
In  this connection, detailed geochemical works have been init iated in order to assess the 
impact by a naturai exogenic source .  The main ore bodies are located on the left shore of the 
Bezymyannaya River. They are crossed by permanent deeply incised tributaries (creeks :  
Vetvisty, Rzhavy, Pryamoy) . Seasonal streams and swamped stagnant-water sites are also 
present within the area.  

Studies carried out by PMGRE in 1 994-200 1 in the she lf  area adj acent to the deposit have 
formed the base for assessment in-flow of toxic e lements deep in  offshore NZ. The main ore 
bodies are located in the left coast of Bezymyannaya river, forming the source exposures in i ts  
border in  the southern part . They are crossed by permanent deeply incised tributaries ( streams 
Diabasovy, Vetvisty, Rzhavy) .  Moreover, there are seasonal currents and swamped sections 
of standing water over the area .  The Bezymyannaya River, i ts tributaries and l agoon separated 
from the inlet by a sand bar and the Bezymyannaya Inlet have been i nvestigated. The POF 
area (Rzhavy Creek) was studied in detai l .  HM (Pb, Zn , Cu, Cd) in water column were 
analyzed by inversion voltmeter-ammeter method ( IV A- 1 M  device) .  

The Bezymyannaya In le t  i s  supplied wi th  29 ,  8 ,7 ,  1 ,9 and about 0, 1 tons of  Zn , Pb, Cu and 
Cd, respectively per annum suggesting  the profound importance of the Barents Sea ecosystem 
in the geochemical respect .  We can state that the volurne of HM supplied from the naturaI 
source is incommensurable with that disposed into the marine environment from industrial 
technogenic sources .  The POF is  a powerfu l  source  of HM supplied to the Bezymyannaya 
River ecosystem .  It provides a hydrogeochemical background two orders exceeding 
maximum permissible concentrations (MPC )  in streams drain ing the deposit and four t imes 
exceeding MPC in the undercurrent of the Bezymyannaya River. Moreover, within some 
stagnant-water sites, metal l i ferous solutions with huge concentrations generate above ore 
bodies .  High concentrations of Cu and Cd are typical of sub- and superpermafrost waters i n  
this region . No abrupt spasmodie change i n  concentrations o f  toxic e lements has been 
recorded at the river-sea barrier. The fron tier of this barrier zone i s  most l ike ly located west of 
the Lebed'  Isl and. 
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The isotope caesium- 1 37 ( U7CS) in  the Arctic environment originates from long range 

transport from various  sources such as the fal lout from nllcIear test explosions during the 

1 950s and 60s and the Chernobyl accident ,  and d ischarges from nucIear reprocessing  

plants and other nucIear instal lations .  Level s  are typical ly very low in  the environment far 

away from sources, and therefore l arge sample volurnes are required for doing  analyses .  

Accordingly ,  l i tt le data exi st on sea ice, due to difficult and time-consuming sampl ing  

procedures .  A smal l number of  measurements of  the levels  of  the gamma radiation 

emitting 1
37Cs radionucIide in mult i-year sea ice from the Fram Strai t at about 79 ON and 

seasonal fast ice in  Kongsfj orden (Svalbard) was perforrned in  order to improve the 

understanding of the role of sea ice in  long-range transport of radioact ive pol l ll tants, and to 

understand how varyin g  sea ice properties could affect thi s transport . For the Svalbard 

location , a cIoser relation between fast ice and fjord water can be expected , since the ice i s  

no t  dri ft ing.  The samples from the Fram Strai t were taken from mult i -year ice ,  and back

trajectory calculations with the help of remote sensing and buoy data show potential source 

areas in the area of the Laptev Sea, especial l y  from i ts  western part .  For low-Ievel samples 

as i nvesti gated here , the gamma measurement method (gamma spectroscopy) , requires 

approxi mately 200 l i tres  of water per sample ,  i .e .  the corresponding amount  of sea ice .  Ice 

was obtained by coring  with a mechanical dri l l ,  and water was sampled by pumps or by 

means of a bucket. S amples were prefiltered and pumped through a sorbent fi l ter system. 

The fi l ters were ashed and measured on a high-purity Germanium detector for gamma 

radiation . The resuIts from Kongsfjorden showed relatively low 1 37Cs levels both in sea 

water and in melted sea ice. More i nterest ing ,  the ratio between the two levels was 

agreeing  weU with the rat io of bulk sal ini t ies in  both media .  Thi s would confirm that the 
1 37 Cs radionucIides stay with the brine during  ice formation and are not otherwise 
incorporated i n  the i ce ' s  matrix .  Gamma measurements from mult i -year ice i n  the Fram 

Strait were then used to calculate sea water levels for 1
37 Cs during ice formation.  Tests 

with measurements of technetium-99 (99Tc) ,  another radionucI ide,  and measurements of 
sediments from the sea ice surface and the sea floor wil l  be presented along with the 1

37Cs 

results .  
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Evidence of a high sea level event during the l ast ice age in the 
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Rai sed marine deposits are found below ti l l  at severaI localities along the B arents- and White 
Sea eoast , NW Russia .  Stratigraphieal ly  the se deposits are placed above Eemian marine 
deposi t s ,  indieating a separate , l ater transgression in the area. The Arkhangelsk area 
experieneed a complex glac iat ion history during the l ast iee age (the Weichseli an) ,  where first 
a terrestri al ly  based iee sheet from the east, l ater the marine based iee sheet from the B arents -
Kara Sea and final ly the Scandinavian iee sheet reached the area.  The marine uni t  is placed 
stratigraphical ly  between two advanees of the Barents - Kara Sea ice sheet. The deposits are 
dated by means of OSL, and severaI dates from al l l ocal i t ies  gi ve consistent ages around 60 
ka BP, suggest ing a Middle Weichsel i an age for the transgression . Weichsel ian marine 
deposi ts  are rare ly reported from northern Russia and the deposits from the Arkhangelsk area 
are the first stratigraphieal ly well -constrained evidence of a Weichsel i an marine transgression 
in NW Russi a .  
The marine un i t  comprises faeies from four deposi t ional environments: offshore mud ,  estuary 
mouth , estuary f1ank and inner estuarine t idal deposi ts .  Most local i t ies are dominated by tidal 
deposi ts incIuding extremely well -preserved t idal rhythmites. At one local i ty a continuous 
succession from di stal marine to proximal brackish  deposi ts  i s  preserved. The marine mud 
contains  a sparse Yoldiella intermedia fauna,  indicative of eold, but not glaciomarine 
condit ions.  The t idal deposits contain a low diverse Macoma calcarea fauna composed of 
shells brought in from nearby habitats ,  indicat ing arctic eondit ions,  somewhat eolder than the 
present but not h igh arct ic .  
The wel l -preserved tidal rhythmites comprise alternating spring and neap tidal deposits .  These 
provide a high-resolution tool for est imates of sedimentation rate .  A very high sedimentation 
rate of up to 60 cm! month i s  suggested from a 1 0 m thick aggradational succession. This 
indieates deposi t ion during rapidly rising sea leve ! .  Marine mud and foreed regressive estuary 
mouth deposi ts below aggrading tidal deposits suggest a complex transgressive - regressive -
transgressive sea level history . 
The isostatie component of sea level change provides addit ional constraints on the glaciation 
history of the area .  Assuming a tidal range similar to the present, the relat ive sea level during 
deposi t ion was at least  25 m above present .  At  60 ka BP eustat ic sea level was approximately 
90 m below present. The occurrence of marine deposits from this  t ime 25 m above sea l evel 
indicates substant ial isostatic subsidence, and the demise of a significant ice  sheet before this 
t ime . 
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Oxygen i sotope and l ake-Ievel data from the sediment cares of three geographical ly proximal 
l akes are used to reconstruct changes i n  regional Holocene cl imate .  The combined results are 
an unprecedented separation of the effects of temperature and moisture on the 3 1 80 s ignal 
through t ime that provide new opportuni t ies far evaluating environmental response . Each of 
the three l akes i s  a depressed kettle basin .  They are situated in l ate Quaternary carbonaceous 
till and outwash deposi ts  of the sou thern Yukon in the semi-arid rain-shadow of the S t .  Elias 
Mountains .  The proximity of the lakes to the St .  El ias Range al lows ins ight into the record of 
late Holocene glacial h i story i n  addition to regional paleoecological change .  The three l akes 
are representative examples of hydrological ly  cIosed, intermediate and open lake-systems . 
Sedimentation rates for al l  three sites are rel at ive ly high .  The 0 .5 to 2 .0-cm sampling i nterval 
for 3 1 80 analyses are equivalent to a time resolut ion of 1 0  to 20 years . Chronologies are 
con strai ned by 2 1 0Pb dating ,  the White River volcanic ash , and radiocarbon ages of terrestrial 
macrofossi ls .  

Je l lybean Lake (60.35 1 oN, 1 34 .805 °W) i s  hydrol ogically open, with modem lake-water 3 1 80 
values similar to regional rivers, spring-waters and precipitation ( -2 1 %0) . We propose that 
Je l lybean Lake sediment-core 3 1 80 values reflect i nput waters that are controlled by changes 
in ambient temperature and/or moisture source regions.  Sediment-care 31 80 values range 
from - 1 8 .5%0 to -2 1 %0. Marcel la Lake (60.074 oN, 1 3 3 .898 °W) is hydrologically c1osed, so 

that most, if not all of the outflow i s  via evaparation . Modern Lake water 31 80 in M arcel la  i s  
-8%0 and sediment-core 31 80 values range from -7 . 5  t o  - 1 3%0. Changes i n  Marcel la  (closed) 
sediment-care 3 1 80 values are control led by changes in  rel ative humidity, which governs 
evaparation rates ,  and changes of the input water 3 1 80 (precipitat ion) .  We correct Marcel la  
(cIosed) data wi th Je l lybean (open) data to caIculate i sotopic enrichment i n  Marcella due 
solely to changes i n  rel at ive humidity .  In addition to the Marce l la  31 80 data, 
sedimento10gical analyses of sediment cores from shal low to deep water-depths indicate that 
the lake-Ievel has fluctuated >4 m between the early and middle Holocene, providing 
stratigraphic evidence that the l ake i s  highly sensi t ive to changes in moisture .  A synthesis of 
the results provides a g l impse of complex c l imate change and a basis far evaluating 
environmental response .  

29 



Global w arming in  the Arcti c :  What about northern Quebec and 

Labrador? 

Reinhard Pienitz 1 , Marie-Andree Fal l u l , Emi l ie  Sall ln ier-Talbot 1 , Tamsin Laing 1 , Gwendoline 
Van Wassenhove 1 , Karin Ponader l .2 , Kerrie Swadl ing U & Jan Walker4 

I Palcol i mnology-Pal coecology Laboratory , Ccntre d't�tudes nord iqucs,  Dcpt . of Geography, 
Un i vers i te  Laval , Quebec (Quebcc) ,  G I  K 7 P4, Canada; c-mai l : re i nhard .p icn i t z@ccn .u l ava l .ca 

2 prcsent address :  The Acadcmy of Natura I  Sc iences,  Ph i l ade lph ia ,  PA 1 9 1 03 ,  U . S .A .  
3 present address :  School of Zoology,  Un i  vers i ty  of Tasman ia,  Hobart 700 l ,  Austral i a  
4 Dept . o f  B iology , Okanagan U n i  vers i ty Col l ege ,  Kelowna (Bri t i sh-Columbia) ,  V l V l V7, Canada 

The predicted amplification of the effects of global warming at high lati tudes makes i t  
important t o  understand the potential response o f  the c ircumpolar region a n d  i t s  abundant 
freshwater ecosystems to global cl imate change . To explore the potenti al responses of 
northern lakes to cl imate change and to place instrumental temperature records into a longer
term perspective, we studied the fossi l  d iatom, chironomid ,  pol len and macrofossi l  records 
preserved i n  the sediments of 1 5  l akes d i stributed throughout  northern Quebec and Labrador. 
Diatom stratigraphic sequences and d iatom-inferred patterns  of I imnological change s ince 
basin formation fol lowing the retreat of ice sheets and post-glacial marine waters revealed 
Holocene lake trajectories  that are closely associated with successional shi fts i n  l ake 
catchment vegetation and soi l s .  The main trends observed in all reconstructed l ake hi stories 
are : ( 1 )  a progressive loss of alkal in i ty over t ime ; (2)  abrupt increases in  d issolved organic 
matter (DOC) and water colour that coincide with the arrival of con ifer trees ;  and (3) 
subsequent shifts that are closely correlated with the export of organic matter to recipient 
lakes .  In terms of paleocl imate , our chironomid-based reconstructions of surface water 
temperatures toget her with the d iatom records provide evidence for relat ively stable cl imatic 
condit ions  or slight cool ing over recent decades and centuries in  eastern subarct ic Canada, up 
unt i l  the present-day. This c l imatic scenario i s  in  sharp contrast with records of c l imate 
warming as inferred from other paleolimnological studies conducted in  northwestern Canada 
and Alaska, yet i t  i s  consis tent with decadal observational data that reveal pronounced 
cl imatic cooling over the western subpolar North Atlantic and adjoining l and  areas of eastern 
Canada. 
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The George River caribou herd i ncreased from about 5 ,000 i n  the 1 950s to about 700,000 heads i n  the 
1 990s. Thi s  has led to an over-ut i l i zation of the summer habitat , resu l t ing  in a s lrong degradation of 
the vegetat ion cover. Thi s  degradation has had a d i rect i mpact on heal th  problems observed in the 
caribou popu lat ion over the l ast few years and has also l ikely contributed to the recent decl ine  of the 
George Ri ver herd which has been observed in  a recent survey (440,000 heads in 2000-200 1 ) . Lichen 
habitat s  are a good ind icator of caribou herd act i v ity because of their sens i t iv i ty  to  overgrazing and 
overtrampi ing ,  their widespread d i stribut ion over northern terri tories, and their i nfluence on herd 
nutri t ion .  The study area is l ocated i n  the northeast Quebec-Labrador pen i n su l a  (Canada) . It covers a 
very large territory which i s  not easi l y  accessible (Fig .  1 ) . As a resu l t ,  fie ld  studies over the whole 
terri tory are l imi ted and aerial surveys cannot be conducted freguently .  Satel l i te remote sensing offers 
the synopt i c  v iew and temporai resolu t ion necessary for mapping  and moni tori n g  caribou habitat s .  

• Boreal Fores! 
ForE'�l lurw::1ra 
Tunoi'a 

o landsat·5 TM imagery Summer range of the George - River Caribou Hed in 1993 - - - Tree line 
Fi gure l .  Study area 

_r O % lichen 1 00  
; COud;s 

Fi gure 2. Lichen map 

In this pa per, we present a new approach for the detection and mapping of l iehen i n  a heterogeneous 
habitat of northern Quebec . The method is based on speetrai mixture analys i s  (SMA) . SMA is based 
on the concept that each p ixe l  eontains  d ifferent surface elements  which contribute to the pixel value 
detected by the remote sens ing  i nstrument .  SMA guantifies the contribut ion of each of these elements 
to the pixel value and retrieves proportions inside each pixel . When app l ied over the entire study area, 
cons i st ing of a mosaic of th irteen Landsat TM images (Fig .  1 ) , a map is produced showing the l ichen 
fract ion for each pixel (Fig .  2) . These resu l ts  provide addi t ional and more detai led information than 
the more tradit ional i mage c lassification methods . Thi s  new approach presents a good potential for 
moni toring  l ichen covers over l arge areas and for change detect ion studies .  
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Pollen record of air traj ectories in the Arctic 

D.D.  Rousseau( 1 ,2) ,  D .  Duzer( l ) , G .  Cambon( l ) , D .  J ol ly( l ) , U .  Pou lsen ( 3 ) ,  J .  Ferrier( 1 )  R .  
Gros( l ) , P .  Schevin and J .L .  Etienne (4) 

( 1 )  Universite Montpel l ier II-CNRS , Inst i tut  des Sc iences de l 'Evolu t ion ,  p l . Eugene Bata i l l on ,  34095 
Montpe l l ier cedex 05 , France, 

(2) Lamont-Doherty Earth Observatory of Columbia Un i vers i ty ,  Pal i sades ,  NY 1 0964, USA,  
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Tracing modem atmosphere dynamics  i s  important to constrain models  used for past cl imate 
reconstruction . The main types of tracers of arctic air masses are chemical and show different 
patterns.  Dust in the ice at the summit of  the Greenland ice cap has been shown, through 
i sotope analyses, to have originated from Chinese deserts ,  mostly the Takl a Makan and Gobi . 
Conversely, the chemical composit ion of the aerosols reaching the summit of the ice cap 
associated with backward air masses trajectories points to source areas in  North America ,  
Europe and Asia .  A total of four pol len traps have been di splayed on both coasts of 
Greenland during the l ast two years in order to assess long distance transport in  the Arctic 
domain and to identify potential vegetation source areas (EPILOBE Project) associated with 
air mass pathways . 
o Another pollen trap was installed on the sea ice during the ice-sea dri ft expedit ion from 
North Pole of French explorer Dr. Jean-Louis Etienne .  Unti l  now the use of pollen as an air 
mass tracer had not yet been investigated .  Here we show that first evidence pollen represents 
a biological alternative to understand both present and past air mass dynamics in the Arctic 
and its associated relationship with biosphere changes .  Examples are taken from the 
Greenland Southern-West coast and from North Pole .  

Fi g . 1 
Location of the pol len traps on the Epi lobe network and during  the "Banquise  2002 expedi t ion" 
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Monitoring \Veathering Processes and Rock Fall Activity in  an 
A rctic Environment, Longyearbyen , Svalbard 
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A rockwal l  constituted of sandstone and shale has becn moni tored on an al l  year-around basis 
s ince the Summer 200 1 in  order to better understand the relationship between rock 
temperature , rock moi sture content, weathering evolut ion and rock fal l occurrence in  a high 
latitude environment (Longyearbyen , 78° 1 3 ' N) .  
The rockwall temperature i s  monitored at depths of 40 cm, 1 0  cm, l cm and at the rock 
surface .  The rockwall is experiencing numerous and sometimes considerable temperature 
fluctuations ,  even during the polar winter. Nevertheless ,  rock surface temperature crosses the 
zero degree threshold only  in the fal l  and in the spring ;  it gets very close to zero degree 
severaI t imes during  the pol ar winter, due to milder weather condit ions .  The ampl i tude of 
temperature vari ations decreases from the surface downwards due to thermal flow dampening .  
At 40 cm deep, the rock freezes once i n  the fal l  and remains frozen . 
Rock moi sture content i s  monitored by dai ly  weighing exposed rock tablets ; i t  undergoes 
large and quick variat ions l i nked to weather condi t ions during the fal l  and spring .  The winter 
is characterized by a progressive drying of the rock ,  l i nked to subl imation . Rocks rarely reach 
high saturation values , and when i t  i s  the case , this happens in the fal l  and in the spring.  
Therefore , condi t ions favourable to cryogenic wea thering ( i . e .  freezing of the rock when i ts  
moi sture content i s  h igh) are met only rare ly .  But when these condit ions are met ,  frost action 
can be very aggressive, because of the h igh rock moi sture content ,  the quick cool ing or the 
extended duration of freezing periods. 
A regular evaluation of rock weathering (before cracking ,  weight loss or any other vi sible 
change) i s  assessed for rock speeimens exposed to the naturaI environment using as a cri teri a 
the variations of their dynamic Young's modulus .  These measurements are aimed at 
evaluat ing how long an exposure to the Svalbard environment has to be for the weathering 
process to be in i t iated and how fast thi s decay wil l  progress .  The aggressivity of the 
environment on the weathering point  of view i s  proven by the decrease in Young's modulus  of 
4 out of 5 porous l imestone tablets after the first five months of exposure (Sept. 200 1 - January 
2002) at the study site . A simi lar exposure did not cause any decrease in the Young's modulus 
of 5 samples of the local sandstone.  Frost action does not act through the porous media of this 
poorly porous sandstone, but by wedging  of i ts wide opened and wel l -developed crack 
system. Cryogenic weathering is thought to act on thi s rockwal l by wedging .  
Rock fal l activity i s  evaluated us ing sediment traps and checking the  decay evolut ion of 
painted squares on the rockwal l .  Five sediment traps are set at the base of the rockwall and 
collect the fall ing rock debris .  These traps are 1 .25 to 3 .50 meters lang and collected debris 
coming from rockwall portion estimated to be between 3 1  and 88 m2 i n  surface .  They are 
emptied about 4 t imes a week and the collected debris are sieved at 2 mm, dried and wei ght . 
Rock fall occurrence shows a very i rregular distribution, with maximums in  autumn and 
spring .  The l argest  rock fal l  events happened on days when cryogenic weathering condit ions 
were met . These measurements al low the assessment of rockwal l retreat rates . 
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Climate change impact on hydrological processes 

in the sub-arctic Tana Basin in Northern Fennoscandia 

Rutger Dankers 
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Hydrology plays an i mportant role  i n  arct ic and sub-arctic ecosystems.  The length of the growing  
season for example, depends on  the  moment of  snow cover deplet ion in spring. In  summer, the amount 
of water that i s  avail able to pl ants is part ly control led by evaporat ion.  Being dependent on temperature 

as wel l  as precipitat ion,  hydrological processes such as snowmelt and evapotranspirati on may be 
h igh ly  sensiti ve to changes in c l imate, such as those predicted for the coming century due to the 
enhanced greenhouse effect .  In thi s study, the i mpact of c l imate change on hydrological processes was 
analysed in detail for the sub-arctic Tana River Basin,  in  northernmost Finland and Norway . For th is  
purpose , a conceptual water balance model (Dankers, 2002),  that uses physical ly-based descript ions of 
snowmelt and evaporation, was coupled to a regional c l i mate model (RCM) .  Unl ike most other 
hydrological modeIs ,  the current model simulates the spatial  patterns in snow coverage and 
evaporati on,  in addi t ion to river discharge . Thi s  model was used to calculate the A2 scenario of the 
IPCCSpecial Report on Emi ssion Scenarios (SRES) (Nakicenovic & Swart, 2000) . All model 

experiments that were performed, indicate a 
s ignificant shorten ing  of the snow season of 
30 to 70 days (figure ] ) . Due to the much shorter 
snow season, the s i gn ificance of subl imation in 
the annual water balance decreases, the growing 
season i s  extended, and the amount of  radiation 

that i s  recei ved during the snow-free season 
i ncreases by about 1 6% .  In summer, 
evapotranspirat ion is s ignificant ly higher, and 
the annual ri ver discharge i ncreases by almost 
40%. Changes l ike the se are bel ieved to be 
h igh ly  relevant to the entire sub-arctic 
ecosystem, and may even provide a feedback to 
the global c l imate system. 

Referenees : 
Dankers, R .  2002 : Sub-arctic hydrology and 

climate change, a case study of the Tana River 

Basin in Northern Fennoscandia . Ph .D. thesis,  
University of Utrecht .  A l so published as 
Netherlands Geographical Studies 304 .  
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Figure 1 Shortening of the snow season io the 
Tana Basin under the SRES scenario  A2 

Nakicenovic, N .  & Swart , R .  (eds .)  2000: Special report on emission scenarios. Cambridge :  
Cambridge University Press .  
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New Knowledge on Perrnafrost Provided by 1Vledical Scanner 
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In geocryological studies, report on perrnafrost structure i s  usuaJ Jy  l imited to the description 
of cores or sections supported by photographs .  Other information such as grain-size, water 
content (volumetric  or gravimetric ) ,  mechanical properties and chemical parameters requi re 
that the cores be destrueted . Manipulating  the core excessively for the se purposes i s  l ikely to 
lead to contaminat ions .  Thi s causes a problem when the core ' s  in tegri ty must be preserved for 
subsequent gases or water content determination and analyses ( e . g .  i sotope studies) .  As a 
resul t ,  i n  most cases ,  ice gaz and soil volumetric contents are only est imates .  

In  the  context of  a multidiscipl inary research on a palsa in  the  disconti nuous permafrost zone ,  
an innovative and non destructive method was applied to image cores and to pl an 
subsampling sections for water and gas extract ion . 

Imaging  was done with the help of a scanner by X-ray tomography. Imagi ng  ice lenses, soil 
layers , faults ,  sedimentary structures and gas bubbles permits to interpret ice lensing and soil 
cryo-structure i ssued from perrnafrost aggradation and segregation ice formation .  Two kinds 
of image were produced : two-dimensional section images which alJow to measure ice ,  gases 
and soi l volumetric  contents (figure l),  and three-dimensional reconstruct ions of cores .  

Figure l : 2-D Sean Figure 2 : 3-D Sean 

An image analysis software wil l  be applied to make quant itative measurements of gaz 
inclusions and ice contents while the structure of ice lenses, ice veins ,  faul ts ,  and sedimentary 
faeies will be interpreted in  terms of known theories of frost heave and water migration in 
frozen ground.  A virtual reeord of the whole eryostratigraphic sequence wiJJ remain available 
after destructive sub-sampling wil l  have been done .  
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Last deglaciation of Jæren, south western Norway - dynami cs,  
chronology and climate variabil ity 
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At Jæren ,  south western Norway, a thick sequence of Quaternary sed i ments  from the Weichsel i an and 
o lder gl aciat ions are preserved.  Based on observat ion of N - S oriented druml i ns ,  stri ati ons and fabri c  
measurements i t  has been suggested that Jæren  on mul t ipl e  occas ions through the Ple i stocene was 
i nundated by an ice stream fol lowing  the Norwegian Channe l  around southem Norway to the she lf  
edge (Sej rup et a l . 1 998) .  Durin g  the l ast gl ac i at ion,  the l ow land of J æren acted as a confluence area  
for rel at i vely s low flowing  terrestrial i ce  from the  i n l and and the  Norwegian  Channe l  lee  Stream 
(NCIS),  with flow towards SW and N respect i ve ly .  Radiocarbon dates from the Norwegian Channel 
suggests that the NCIS di s in tegrated rapid ly  at c .  1 5  1 4C ka BP.  Even if not conc lus i ve ,  dates from 
terrestri a l  bas in s  suggest that parts of Jæren were degl ac iated at c. 1 4  1 4C ka BP, and the Younger 
Dryas margi n are mapped 50 k m  i n l and of the coast i n  th i s  region (Andersen et a l . ,  1 987 ;  Paus ,  1 989) .  
M orphological and sed imentological  stud ies at  Jæren have revealed evidences of an extensi ve 
readvance duri ng the l ast degl aci ati on .  In the Bryne area sha l l ow mari ne sand,  most l ike ly  deposi ted 
during  early degl ac iat ion,  has been deformed and overla in by l i l l .  Further south,  in the  Storamos area,  
a readvance are i mpl ied by a l obate pattern of margi na l  moraine ri dges surrounding an area dominated 
by druml inoid ridges .  Sma l l  l akes are concentrated i n side the area affected by the readvanc ing g lacier, 
resll l t i ng  i n  a fresh gl ac ial i mpress ion .  Both readvances are found i n  the conti nuat ion of val leys  
towards east . Ridges transverse to the l ast ice flow direct ion ,  i nterpreted as Rogenmoraine,  and ring  
shaped ridges ,  i nterpreted as pll ljumoraine ,  are found  i n  the  immedi ate v ic i n i ty of areas affected by the 
readvance. The preservation of these l andforms ind icates that part s  of the gl acier were stagnant during  
the  same phase . 
SeveraI frontal deposi ts are mapped between Jæren and the YOllnger Dryas margina l  deposits 
(Andersen et a l . ,  1 987) .  The fragmented nature of these deposits ,  and lack of chronological control , 
makes i t  hard to corre late them, and further correl ate to c l imati c changes during  the Late Weichsel ian .  
To contribute to th is  i ssue, new cores  from three coastal basins ,  placed in  a hummocky bedrock 
l andscape south of J æren ,  were taken during  2002 . Dat ing and sedimentological descri pt ion of these 
cores are in progress, with the main a im to get a better chronology of the degl aciati on . Further 
i nvestigations of the cores w i l l  contribute to our understanding of the l ast deglac i at ion at Jæren and to 
the understanding of l ate glac i al c 1 imate osci l l at ions in south western Norway . 
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and dynamics of the Late Wiseonsinan, Innuitian lee Sheet.  
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It is now reeognized that the Innuit ian lee Sheet ( I lS) eonsisted of alpine and lowl and sectors (Dyke 
et al 2002) .  The alpine sector was eompri sed of radial ly-outflowing iee from highland divides e lose 
to those of the eontemporary ieefields on Axel Heiberg and Ellesmere i sl ands .  Thi s  iee eoaleseed 
and fi l led the intervening  basin of Eureka and Nansen sounds that eonstituted the axis of max imum 
former iee thiekness in  the alpine sector, the removal of whieh has been long-attributed to the 
eorresponding axi s  of max imum postglaeial emergenee (Blake 1 970). Along the length of Nares 
Strai t ,  the alpine sector of the IlS eoaleseed with the Greenland lee Sheet, a l lowing  the Ellesmere 
Isl and iee divides to thieken and migrate westward . An i nereasing number of AMS 1 4C dates on 
erratie she l l s  in  t i l l  indieate iee bui ldup from margins elose to modern posi t ions as l ate as 19 ka BP.  
Reeent fie Jd work ( 1 997-2000) aeross S .  Ellesmere Is land to western Axel  I-Ieiberg i slands has 
foeussed on this buildup and iee divide migrat ion .  This includes the mapping of a prominent granite 
dispersal train that forms a 600 km are extending from SE El lesmere Is land aeross the arehipelago to 
the polar continental she lf. Northwest of Norwegian Bay, this granite di spersal train is 
predominantly eonfined to Massey Sound, however; along i ts  western margin ,  i t  trims the north side 
of Amund Ringnes Isl and, where striae paral le I  the sound.  The northern margin of the di spersal train 
i s  eonfined to the ehannel  along the entire length of S and W Axel Heiberg Island where vigorous 
outflow from loeal IlS divides held the Ellesmere Is land i ee offshore ,  displae ing i t  northwestward , 
where the granite dispersal train next appears on S .  Meighen Island. Approximate ly  300 new 1 4C 
dates on deglae ial and postglaeial shore l ines are now avai l able aeross S .  El lesmere Isl and and most 
of Axel Heiberg Island showing  IlS sti l l  seaward of most eoastl ines at 9 ka BP.  

The lowland sector of the  I lS oeeupied the central part of the Canadian Arctic Arehipelago, joined to 
the alpine sec tor via a saddle over Norwegian Bay. Geological mapping of striae and dispersal trains  
i n  the lowland sector show divergent outflow from a divide oriented east-west across what are now 
mostly marine channeIs .  The western limit of the lowland divide remains undetermined but growing 
evidenee suggests i ts  replaeement by island-based ice caps on Melvi l le ,  Prince Patrick and Ellef 
Ringnes i s lands,  flanking  the polar continental shelf. Rapid breakup of marine-based i ce throughout 
the lowland sector progressed from west to east ,  l argely after 1 0  ka BP, leaving the island-based ice 
to retreat radial l y  inland.  

The expanding 1 4C database on deglaeial and postglacial shorelines i s  helping  to refine the location 
of former ice divides ( areas of greater unloading) and the eonfiguration of ice re tre at . Although 
postglae ial emergence i s  ongoing throughout most of the alpine seetor of the former IlS , widespread 
and ongoing submergence dominates the western part of the lowland seetor. The onset of 
submergence began in the westernmost i s lands possibly as early as the mid Holocene and has 
recently progressed to the E. coast of Melvil le Island. This eastward migration of submergence 
(following earl ier emergence) is assumed to record the migration of a crustal forebulge now erossing  
this region of  formerly thinner, marine-based ice .  Ongoing  fieldwork i s  designed to complete a pan
archipelago synthesis of the IlS and its resulting sea l eveJ adjustments .  
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Akshayuk Pass ,  located in  Auyui ttuq National Park on B affin Island, is a deep vaJ]ey where 
numerous glaciers of a]] sizes are present . Glacier fluctuation analyses i n  this vaJ]ey have 
been based on l ichenometric studies (Dyke,  1 990; Locke et  al . ,  1 979) .  The objective of this 
presentation i s  to show resu lts obtained during the summer of 2002 , i n  part icular the same 
sites studied by Thompson ( 1 954) , Davis ( 1 985)  and Graham ( 1 997) .  According to the first 
analysi s resul ts ,  i t  i s  possible to ascertain that glaciers have retreated rapidly over the past 50 

years , for example,  Fork glacier (Figure 1 )  and Turnweather glacier. S ize-frequency 
distributions ,  Schmidt hammer R-values and l ichen percentage cover stat ist ical analyses, 
based on the avai labi l i ty of control points ,  permit the establi shment of rel ative and absolute 
ages .  A monitoring program of glacier snout retreat in  the Park was also undertaken .  Data 
was coJ]ected vi a field observations and measurements, as weJ] as remote sensing techniques.  

Figure 1 
T H O R  M OUNTA I N  

3 8  



Referenees: 
- Dav i s .  P .T . . 1 98 5 : Neogl ac i a l  morai nes  on B �l ffi n  I s l a m l .  I n  J .T.  Andrews ( ed . ) .  Quare m a ry en vironmen ts, 

eastern Canadiall A rctic. Baft/Il Island a n d  Ivesrem Greenland. B oston : A l J e n  and U n w i n .  
- Dyke.  A S .  1 990:  A lich enometric studY of Ho loren e rock g laciers and neog lacial m o ra in es, Fran ces lak e  m ap 

a rea, sourheastern Yukon Territory and Norrh \\'esr Tcrriro ries. Geologica l  S urvey of Canad a B u l l e t i n 394 . 3 3  p.  
- Grah a m .  D . . 1 997 : Th e Neog lacial h isrory of A ksho \llk Pass, Baffin Islllnd, Canada, lIsing lich enomerry and 
rock Ireath e ring techniques ( B ac h e l or ' s  Thesi s ) .  Cen t re for G J ac i o logy .  U n i versi ty  o f  Wales .  Aberys twy th .  

- Loc ke .  W.W.  I l l .  Andrews .  J .T . .  Webber. P L  1 97 9 :  A manua l  for l i c henolllc t ry . Brirish Geol1 lorphological 

Resea rch Group Techn ical BIll/etin 26 . 45 pp. 
- Thompson. H . R . .  1 95 4 :  Pungn irtullg Pass.  Ba/fin Island: an e.lplorarory reg iona l  g eomorphology. 
Unpubl i shed PhD t hesi s .  Mon tre a l . MeG i l l  U n i vers i t y .  

39 



An extensive northeastern Laurentide lee Sheet during the L ast 
Glacial M aximum 

J ason P .  Briner, Gifford H. Mil ler, P .  Thompson Davi s .  and Roy D. Coulthard 

INST AAR and Department of Geological  Sc iences, Un i vers i ty  of Col orado,  Boulder, CO 80303, 

USA. E-mai l : j ason.briner@colorado.edu 
INSTAAR and Department of Geological Sciences,  U n i vers i ty  of Colorado,  Boulder, CO 80303 , 
USA.  E-mai l :  gmi l l e r@colorado .edu 
Department of NaturaI Sciences,  Bent ley Col lege, Wal tham, MA 02454, USA.  E-mai l :  
pdavi s @ bent ley .edu 
INSTAAR and Department of Geological Sciences,  Un i vers i ty  of Colorado,  Bou lder, CO 80303, 
USA.  E-mai l :  roy .cou l thard @ colorado .edu 

The current l ast glac ial maximum (LGM) reconstruction in  the eastern Canadian Arct ic 
depicts the Laurentide lee Sheet (LIS) terminating at the mouths of fiords and sounds ,  with 
the adjacent i nter-fiord plateaus ice-free .  However, > 1 00 cosmogenic exposure ages that 
directly date LIS deposits i n  the Clyde Region, northeastern Baffin Is land, indicate that the 
LIS terminated far beyond fiord mouths during the LGM . Furthermore , summits up to 450 m 
direct ly adj acent to B affin Bay are covered with weathered blockfie lds that contain scattered 
LGM and deglac ial errat ics ,  indicating that cold-based,  non-erosive ice covered even the 
outermost summits. In the most dis tal sector of the Clyde Foreland,  where cold-based ice 
hardly modified the landscape, erratics yield a multi -mod al exposure age di stribution 
suggesting numerous advances and retreats across the foreland from -60 ka to the last 
deglaciation - 1 3  ka. At numerous locations, unconsol idated sediments at the surface of the 
foreland are beyond the range of radiocarbon dati ng, indicating  that scattered erratics  and 
melt-water channeIs ,  but not basal t i l l ,  are the dominant LGM features on the foreland. 
Final ly ,  the rai sed, >50 ka Aston Delta,  a comerstone in  the "small ice" model of LGM ice 
extent that l asted for three decades, was overridden by cold-based ice during the LGM, as 
were scattered high peaks that punctuate the Aston Lowlands. 

These new cosmogenic exposure age data depict an extensive LIS in  the Clyde Region during 
the LGM, and contrary to earlier interpretations, support generally  synchronous northern and 
southem LIS margins  during the LGM.  Beyond fiord mouths ,  ice occupied over-deepened 
continental-shelf troughs, probably terminating at the shelf break. The ice sheet margin along 
inter-fiord regions i s  less c Iear, but was probably beyond the modem coastline  as wel l .  
S trong gradients in  basal thermal regimes suggest spatial ly  variable patterns in glacier 
thickness, velocity, and erosion, an overal l behavior that points to an ice-stream-dominated 
ice sheet margin.  
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Melvi J le  Isl and occupies a strategic geological posit ion because i t  l ies  at the junction of the 
former terminus of the Laurentide Ice Sheet to the south , the Innuit ian Ice Sheet to the 
northeast , and local i s l and-based ice caps. Resul ts  of our study c Jarify the interactions 
between the former ice sheets and document their  influence on subsequent glacio-i sostatic 
relat ive sea level adjustments .  Radiocarbon dating  on fossi l  she l l s  indicate that deglaciation of 
the i s land occurred between 1 0. 5  and 9.6 ka BP. On northeast Melvi I I e  Island, evidence of a 
northeast-southwest ice flow of unknown age and origin i s  recorded by flut ings with grani te 
erratics .  On the southern part of the is land ,  an ice-shelf associated with the Laurentide Ice 
Sheet grounded on Dundas Peninsula and deposi ted severaI ti l l  sheets (Hodgson , 1 994 ; 
Hodgson et al . ,  1 983 ;  Hodgson and Vincent ,  1 984) .  An older t i l l  sheet enclosing granite 
erratics occurs some 25 km in land from the east coast of the is land and records the passage of 
an ice margin of unknown age associ ated with undetermined and higher (-80- 1 50 m asI ) 
relat ive sea leveI s .  In  the study area,  late Wisconsinan marine l imit varies between 35  and 90 
m above sea level . Postgl acial isobases traced on the elevation of shorel ines that emerged at 
the same time (- 1 0 .5 - 1 0. 3  ka BP) i ndicate strong glacio-i sostat ic influence from the northeast ,  
i . e .  Innui t ian dominated. After more than 1 0  300 years of glacio-isostatical ly  i nduced land 
emergence,  sedimentary and geomorphic evidence indicate that the coastl ine of eastern 
Melvi l le  Island is  now undergoing transgression . Recent ly activated coastal processes incJude 
inland beach migration over the vegetation mat, drowning of gull ies, rising of the water table ,  
formation of l agoons ,  barrier reefs and is lands,  and shoreline erosion . This rapid recent sea 
level rise is  attributed to the eastward migration of the crustal forebulge which bordered 
former ice margins .  Resul t s  imply that the zero i sobase, the threshold between submergence 
and emergence, i s  located east of where i t  is located in  previous models .  

Referenees : 
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Fridtj ovbreen i s  a 48 .7 km2 , polythermal surge-type glacier on Nordenskioldland ,  western 
Spi tsbergen,  terminating in the fjord . Historical data suggest that the gl acier surged in  the l ate 
1 850'  s ,  and reached i t s  maximum position i n  1 86 1 .  This event was fol lowed by  1 1 9 years of 
ice-front retreat, with an average rate of 37 . 8  mJyr, unti J  i t s  minimum documented extent was 
reached in  1 980. The ice-front ,  part ly  terrestri al at this time, remained more or less unchanged 
in  1 5  years , mainly controlled by the geometry of the abl ation area .  
From 1 995 to 1 998,  the ice-front advanced 4000 m in  33 months and fi l led 5 km2 of the inner, 
O-50 m deep fjord basin as well as a small terrestri al area.  The average advance rate reached 
1 54 mJmonth during the first ten months. The ice-front has subsequent ly  retreated 1 800 m ,  on 
average 600 mJyear, mainly by calving,  and probably reached the end of i ts 7-year-long active 
ph ase  i n  August 2002 . 
The ongoing surge has taken place during the warmest interval of the l ast century, whereas 
the former surge was during the Litt le lee Age maximum, the coldest part of the Holocene.  
The evolution of the two surge-episodes and the i ntervening quiescent phase has be en 
reconstructed from aerial photographs ,  bottom profi l ing data ( 3 . 5  kHz), ground-penetrating  
radar and fie ld  observations. During the  l ast advance ,  the abl at ion area i ncreased by 5 .0 km2 

and covered a l 5 . 1 -km2 Iarge area compared to 2 1 .0 km2 in 1 86 1 .  lee-cored moraines ,  forrned 
during the 1 34-year-long quiescent phase , cover 4 .9  km2 . 
Although the ice-front advance phase terminated i n  1 998 (see figure below) , the ice-flux 
remained high unti l  2002 . Processes observed during  the l ast part of this 7-year-long active 
phase , i nclude internal deformation of the g lacier ice in  the frontal area ,  entrainment of 
marine sediments by subglacial thrusting, and formation of proglacial push-moraines along 
the terrestri al margin as weU as below sea l eve! . 
Conclu sion :  The active surge-phase for calving glaciers may be  divided into an ice-front 
advance interval and an i ce-front retreat interva! . The beginning of ice-front retreat does not 
necessari ly  mark the termination of the surge . 

AD surglH!pisode 50·570 mlyr 540 ml\'r 460 ml\'r 
y rs 1 .....,.1995. _200.:;;2=-____ -:-:-�----::o:�::..::.:2:.:00:!:2==20:!:01=:::;===2:::!!00=0===�' 999 
2000 , 01995 1 9196 ' 1 998 • 90 920 mlyr 1 997 770 mlyr 1 9?�1 986) 
1 950 i ( 1 96�\ 960) 

qUiescent period 
1 900 1 (134 yrs) 

: ./ surge-advance 
1 85 I 1 1858-1 861 

1980 

35 - - - - ? l7l}r . - - - _ _  - - -

leE-FRONT MOVEMENTS 
1 861  - 2002 

surge advance begins from - _ _  _ an unknown up/jord position - - - _ _ _ 1 861  ? - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -� . 1 998 1 861 
! ! 

Fluctuations of the Fridtjovbreen ice-front in Fridtjovhamna, west coast of Spitsbergen ,  1 86 1 -2002 . 
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Recent compi l at i on s  of c l i mate-rel ated observat i ons show that i mportant changes  are now underway i n  
t he  H igh Arct ic ,  probably as a response to  a nthropogen ic  greenhouse gas  emiss ions  over t he  l ast -250 
years . These changes i nc lude warm ing  of the troposphere, reduct i ons i n  sea ice cover, decreases i n  
snow cover area, and warming  o f  tundra permafrost . Gl aci ers and i ce caps are probab ly  a l so changi ng .  
However, t he  number and  length of systemat i c  mass  bal ance observat i ons  i s  re l at i ve ly  smal l .  My PhD 
research i s  a study of glacier and ice cap vari at i ons  over a re l at i ve ly  long peri od (the l ast -80 years) on 
a l arge scale (the H igh Arcti c  arch ipelago of Sval bard) based on satel l i te i magery and arch iva l  maps . 
Measurements of g lac ier vari at ions  and mass bal ance have been conducted con t i nuous ly  on Svalbard 
s i nce 1 966, but most i nvest i gations are restricted to smal l g lac iers in northwestern Sva lbard .  The 
beh av ior and current status of most l arge gl aciers and ice caps is l arge ly  unknown . 

In th i s  project h igh resolu t ion ,  modem satel l i te i magery i s  used to  map oment g l ac ier and ice cap 
extents .  These maps are be ing compared wi th  arch i val i nformat i on to assess rate s  and sty les  of change .  
The primary type of modem imagery i s  from the Advanced Spacebome Thermal Emi ss ion and 
Reflect ion radi ometer (ASTER) i n strument carri ed onboard Terra . The satel l i te was launched on 
December 1 8 , 1 999 and i mage col lect i on commenced on February 24, 2000. The ASTER i nstrument 
co l lects 60 km x 60 km scenes us i ng  three subsystems:  v i s i ble and near i n frared images (VNIR) i n  

three bands have a nominal  1 5  m ground resolut ion ; s i x  bands o f  short-wave i n frared i mages (SWIR) 
have ground resolut ion of 30 m ;  and, thermal i n frared images (TIR) are acqu i red at 90 m resolut ion 
across a further five bands .  The fine spat i al resolut ion ( 1 5  m) and good radi ometr ic range ( 1 4  bands) 
make ASTER i magery wel l suited for a number of g lac io logical appl icat i ons ,  i nc lud ing  measuri ng  
f10w speeds (us ing  feature trackin g  of crevasses) ,  d i scri minat ing glac ier boundari es, mapping 
snowl i ne pos i t ions ,  and mon i toring  mel twater d i scharge i nto surround ing  coastal waters . 

Sate l l i te i magery provides c 1 imate-related i nformat i on about i ce masses i n  Svalbard . The pos i t ion of a 
l ate summer snowl ine  ind icates the spatial d i stribut ion of net accumulat ion on a g lac ier. As the mass 
balance of a glacier becomes increasing ly  negat i ve ,  the snowl ine  wi l l retreat to  h i gher e levati ons .  A 
t ime series of observat ions of snowl ine posi t ions can y ie ld  i mportant i n format i on about the short term 
mass balance of an ice mass and i t s  variabi l i ty .  

Svalbard contains  approxi mate ly  1 ,200 ice masses ,  man y of which are of surge-type . To ensure that 
we are studying  c l imate-re lated changes, we have selected benchmark glac iers in characteri st i c  regions 
of the arch ipelago.  Detai l s  of the select ion process w i l l  be described . 
As an example, we sha l l  describe resul t s  of a study of Storøyajøkulen,  a s i mple ,  se l f  contained i ce cap 
occupying  an i s l and in  northeastem Svalbard . Storøyajøkulen had in 1 977  an area of 29 . 1 0  km

2 

calcu l ated from vert ical  aerial photographs .  A compari son with ASTER i magery reveal s that the ice 
cap h as undergone a reduct ion in g lacier area with a couple of square k i lometers between 1 977 and 
200 1 . 
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Palaeocl imate reconstruct ions based on accurate geochronology are needed to assess former 
variations of cl imate parameters .  Mountain gl acier mass balance changes are sensi tive 
indicators of changes in temperature and precipi tation . Bulk samples of terrestrial organic  
material are widely used to bui ld  chronologies far former glac ial advances and retreats .  The 
problems associated with contamination by the infi l tration of younger humic acids ,  
penetration of  roots,  bioturbation and redeposit ion of  palaeosols are well known . The aim of  
th i s  study i s  to improve the  age data that has  establ i shed the Holocene glacier vari ations in  
Svalbard and northem Lapland.  AMS-dates of  specified and extracted organic material l ike 
insects ,  spores ,  seeds ,  plant macrofossi l s  and humic acids have been collected and analyzed 
for compari son wi th existing bulk ages .  
In Lapland, organic materi al in  the  Kaskasevagge val ley  in front of  Nipalsg lac iaren (67 °58  'N ;  
1 8°33  'E) was  sampled from two frontal moraines located a t  1 1 60 and 1 1 65 m asl . Two 
palaeosols,  which are buried 1 5-50 cm in the ti l l  sediments of the two different moraines have 
been dated . The first soil has two date c lusters : beet les and Cenococcum geophilum spores are 
dated with 1 060-790 cal yr BP, whereas woody plant tissues and the SOL ( soluble fract ion,  
main ly humic acids)  have an age of 23 1 0- 1 730 cal yr BP.  There i s  a lack for material of about 
1 000 years . This soil has previously been dated in  a former study to 2750-2 1 00 cal yr B P  
(Denton and Karlen ,  1 973) .  The second soi l has three clusters : 4840-44 1 0, 6290-5460 cal yr 
BP (both Cenococcum geophilum and S OL) and 7740-76 1 0  cal yr BP (Cenococcum 

geophilum). Former dates on humic acid  point  to 6 1 80-5790 cal yr BP (Karlen, 1 973) .  S ome 
more sub samples are actual ly  processed . 
In Svalbard, fieldwork wi l l  commence in  2003 . We are looking  systematical ly for organi c  
material that has be en  disgorged from beneath glaciers and within ice  caves forrned by  
subglaci al melt water streams. In spring 200 1 O le  Humlum (UNIS) found organic mosses 
within Longyearbreen glaeier,  providing an opportunity for an improved chronology of 
Holocene glacier recessions. Test samples are in  progress and will be presented at the 
workshop. A key task i s  to compare ages from within glaeiers with glacial variat ions, 
reconstructed by investigations of proglacial l akes on Svalbard (Svendsen and Mangerud,  
1 997) .  We wil l  discuss the comparabi l i ty and discrepancies of different organic materials 
within different records u sed for Holocene c l imate variations i n  Scandinavia. 
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With a posi tion on the north-eastern flank of any Kara Sea-based ice  sheet, stratigraphic data 
from the Severnaya Zemlya is lands (ZS) i s  crucial for any ice-sheet reconstruction . The area 
was, however, excluded during QUEEN fie ld investigations .  In order to resolve this ,  a new 
field research programme has been l aunched , with its first field season on SZ in 2002 at two 
key Iocations on October Revolution Island .  

Our  main effort was  put  into the  stratigraphy along the Ozernaya River. Here we mapped 
three marine sequences, divided by glacial t i l l s .  The lowermost sequence is shal low-marine 
strat ified sand (M-l )  with in situ mollusc shel l s .  It i s  tectonized by a glaeier which advanced 
southwards from inland SZ towards the Kara Sea, deposi t ing the Iowermost t i l l  ( T- l ) .  CIayey
to-sand y marine sediments (M-2) in turn overl ie thi s ti l l ,  containing numerous in situ fossil 
mollusc shel l s ,  as wel l  as driftwood and whalebones .  Clast fabrics  from the above-Iying t i l l  
( T-2) and glaciotectonics in  the underl ying M-2 show that also this  glaeier advance was 
southwards into the Kara Sea.  The uppermost marine unit  (M- 3) i s  a sandy subli ttoral deposit  
and beach graveIs .  The beach graveIs ,  in  turn , are covered by a thin ,  cryoturbated diamicton , 
probably of a gIaciaI origin ( T-3) . 

The data indicate three Late Quaternary major glac iations on October Revolution Island, 
where Iocal ice caps grew and expanded and probably  coalesced with ice from Taymyr and 
Novaya Zemlya to form a Kara Sea Ice Sheet. The signifieant i sostatie depression, eausing 
subsequent deposition of marine sediments and formation of rai sed beaehes at altitudes up to 
1 00- 1 30 m a. s . l .  suggest that the glaeiation was regional , not only expansion of Ioeal glaeiers , 
and that SZ was an iee-sheet nucleation area .  The age of the gIaeiation events i s  sti l l  
uneertain :  Our best eandidate for Eemian deposits i s  marine unit  2, with i ts rich fossil record . 
Jf that wil l  be substantiated by our pending age determinations, the stratigraphy reeords a pre
Eemian marine event (M-l ) ,  followed by a major S aalian (> 1 30 ka) glaeiation ( T- l ) .  There 
fol lows an Eemian interglaeial marine event (M-2) ,  whieh i s  in turn followed by a major 
gIaeiation (T-2) . Later, following an ice retreat, marine uni t  3 and subsequently the capping 
gIaeiaI drift sheet were deposited. 
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The 6-m long sediment core ASV -987 collected from the deep part of the gl aciated Russkaya 
Gavan ' Fjord in 1 997 (riv Akademik Sergei Vavi lov) was investi gated for l i thology, grain 
size, coarse debris ,  organic carbon , foraminifera, macrobenthic remains ,  and stable i sotopes in  
foraminiferal tests. Age control was provided by seven AMS 1 4C ages .  The recovered 
sedimentary section spans approximate ly  800 years, from ca.  1 1 70 AD. The proxy records 
reveal variations in sedimentation processes, bioproductivity, glacier front position , sea-ice 
condit ions,  and hydrographic regime in the fjord . These characterist ics are interpreted in 
terms of regional and global cl imatic changes in the last mi l l ennium. We dist inguish four 
stages in the environmental evolution of Russkaya Gavan ' , which presumably  responded to 
major c l imatic events :  the Medieval Warm Period,  the Little Ice Age (earl y and l ate phases) ,  
and the recent warming.  
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Lithology and time series of maj or characteri stics of ASV -987 corre lated with tree-ring based 
summer temperature anomal y from Polar Urals (Briffa et al . ,  1 995) and with reconstructed 
Islandic Low intensity (Meeker& Mayewski , 2002). ASV -987 characteri stic s  shown are : 
Mass Accumulation Rates (MAR, ca1culated using interpolated ages< densi ty ,  and water 
contents) ,  coarse grain-size fractions, percentage of selected foramin iferal species ,  and stable 
isotopes .  Age interval for the Early LIA unit i s  highlighted. 
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The study area is located at the south-western end of the Bjørnøyrenna gl ac ial trough at the 
SW Barents  Sea continental margin .  Industry 3-D seismie data show the exi stence of mega
scale glac ial l ineations on seven sei smic retlectors that can be corre l ated regional ly  over the 
western B arents Sea, document ing that grounded glaeiers reached the she lf  edge in this area at 
least seven times .  

Thi s  study is  based on -2000 km2 of industry 3-D se i  smie data, which i s  designed to image 
deeper targets .  The vert ical resolution is not very good compared to high-resolution 2-D 
sei smie data that is commonly used to study the upper glac igenic sediments .  The horizontal 
resolution i s ,  however very good due to high spatial sample rate , and the data provide detai led 
images of interpreted horizons and horizontal attribute maps .  A data-cube where frequencies 
lower that 40 Hz had been removed by post-stack fi l tering was used to study special features .  

The mega scale streamlined l ineations, 0 .8-25 km long, around 1 00 to 200 m wide and with a 
re l i ef of about 3 m ,  are taken as indication of fast-flowing ice-streams .  Their orientations 
indicate that the study area has been intluenced both by westwards moving  ice streams 
occupyin g  the Bjørnøyrenna and north-westwards moving ice streams from the Scandinavia 
main land .  The seismic uni ts  within the study area are dominated by a chaotic seismie facies 
on vert ical  sei smic profi les .  We focus  here on mapping high-ampl itude segments within the se 
uni ts ,  using the RMS (root-mean-square) ampli tude volurne attribute .  The high-ampli tude 
segments represent mega blocks and rafts ,  which in severaI units are al i gned in 1 -2 km wide 
and over 50 km long chains .  The sediment chains have the same orientation as flow l ines of 
palaeo-ice streams, determined from the mega scale glac ial l ineat ions on seismie horizons. 
Thi s  indicates that the sediment blocks were transported and deposi ted by  ice that drained out 
Bjørnøyrenna to the shelf edge . Individual mega blocks, which may have an areal extent of 
over 2.2 km2, were probably transported by freezing onto the bottom of overriding ice .  At a 
l ater stage, basal melt ing would have allowed separation of sediment blocks from the ice .  
Lineations on the attribute maps indicate that that many mega blocks have been partly or 
complete ly  disrupted, sheared and pul led apart from each other. Disrupted parts of sediment 
blocks fi t together l ike parts of a j ig  saw puzzle . 

Prel iminary mapping indicates that mega blocks and rafts occur i n  most uni ts  of the 
glacigenic section within the study area,  al i gned in sediment chains  or seattered throughout 
the area. This  indicates that the process of glaciotectonic erosion ,  transportation and 
deposit ion by ice streams may account for h igh sediment fluxes to the shelf edge and the 
Bjørnøya Trough Mouth Fan during the Late Cenozoic .  
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During the Last Glaci al Maximum (LGM),  ice extended offshore around leeland, and ice 
margins are commonly interpreted from marine cores and sei smic studies .  However, the 
preci se i nterpretation of the t iming of re-advance and retreat i s  compl icated by the 
uncertaint ies associated with interpretat ion of di amictons and ambiguit ies in  rad iocarbon 
dat ing .  It i s  al so difficul t  to determine the chrono logy of terrestri al gl acial h is tory in  thi s 
region due to  a l ack of dateable organic  materi al and radiocarbon dates are l imited .  

The purpose of this study i s  to determine the late glac ial and deglaci al history of the eastem 
l imb of the Vestfi rdir Peninsu la  (VP), leeland using new 36Cl exposure ages of boulders and 
bed rock surfaces .  These ages are constrained by corre lation with fjord and shelf sediment 
cores .  One of the primary uncertaint ies of cosmogenic dat ing in leeland i s  defining a 
production rate . The production rate of Swanson and Caffee (200 1 )  provides more reasonable 
ages corresponding to the marine records than using the production rate of Phi l l ips and 
Plummer ( 1 996) .  Using Swanson and Caffee ' s  production rate , bedrock surfaces range in age 
from 24.4ka±3 .2ka to 1 1 . 8ka±2 .4ka. Boulders from the crests of end moraines in the val ley of 
Laugaland correspond to a mean age of l S . 8S± 1  ka (n=4) and the outermost moraine in 
Kaldalon has an average age of 1 1 . S± 0 .9ka (n=3) .  Age calculations of boulders on each 
moraine show that there is good precision within the moraine, which suggests a systematic 
offset i n  the 36Cl ages .  An addit ional correction for the leeland low i s  also probably  necessary 
(S tone, 2000) . 

36C1 ages from the upI and bedrock surface of Armul i  suggest that ice was at least 376m asl 
thick in  Isafjardardjup until approxi mately  22ka. The morphology of the l andscape (cirques ,  
horns ,  and aretes) ,  the preservation of block fields on uplands, and the l ack of glacial 
sediment suggest that thin ,  cold based ice or ice free areas were present on the parts of the 
upland plateau on the VP during the LGM. Submarine ridges at the mouth of Isafj ardardjup 
and within the fjords suggest a stepwise retreat of the ice-cap from the northwest .  I t  i s  more 
difficult to constrain ice retreat from the northeast direction ,  i .e .  the Hunafloaall trough 
system, as a systematic set of submarine ridges have not been identified. It is l ikely that ice 
from the mainland ice cap and the VP converged be fore reaching the Hunafloaall trough 
system.  lee probably  retreated from this trough via calving i n  the direction of decreasing 
water depth .  
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Stone,  J . O .  2000: Air pressure a n d  cosmoge nic isotope proclucti on .  Journal of Geophysical Research. l 05 , 
23,753-23,75 9 .  
S wanson,  T . W .  & Caffee,  M .L . ,  200 1 : Determi n ation of 36CI procluction rates clerived from t h e  w e l l  dated 
deglac iation surfaces of Whiclbey and Fi dalgo Islands, Washington.  Quaternary Research 56,  p.  366-3 8 2 .  
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Concentrat ions of chemical species  preserved in the ice core record can prov ide  a proxy 
record of paleoatmospheric concentrat ions and oxidation capacity .  Through transfer function 
model ing these proxy records may be used to val idate c l imate change modeIs ,  atmospherie 
photochemical model s ,  and separate anthropogenic c l imate forcing from naturaI vari abi l i ty .  
Understanding the nonl inear rel ationship between concentrations in the atmosphere ,  snow, 
fim and ice i s  cri t ical i f  the ice core proxy record is to be useful for validat ing atmospherie  
photochemical models  or  further developing the records into indices for c l imate dynamics .  

Thi s study investi gates the preservation of total inorganic ni trate (TIN)  in  fim as a function of 
accumulat ion .  TIN is the preserved combinat ion of aerosol N03' plus gaseous HN03 and is 
considered the sink of total reactive ni trogen,  NOy .  N03' measured in ice cores has been 
considered a proxy for TIN in the atmosphere . Toward understanding the transfer function 
model for N03- ,  snow pits were excavated eluring the spring of 1 998 fol lowing a winterover 
measurement period at Summit,  Greenlanel .  Firn profi les  of N03- from 1 0  snow pits collected 
elemonstrate the importance of accumulat ion timing on the preservation of N03- .  Using a t ime 
series of N03- surface snow concentrat ion and accumulat ion collected duri ng  the 1 997- 1 998 
winterover the fim profi les  are re-created and compared with sampled measurements .  Results 
indicate that prior to the summer season , accumulation t iming i s  an important parameter in the 
preservation of the speeies .  N03- concentrations in the snow pits have a max imum of 1 2  IlM 
and a mean of 2 .6  (SD:  0.05) IlM. Concentrations in the surface snow ranged from l to 1 9  IlM 

with a mean of 2 .7 (SD:  0 .3 )  IlM. The spat ial vari abi l i ty of preserved N03- as it is rel ated to 
accumulation is al so demonstrated .  Addi tional physically-based transfer function modeling i s  
being conducted to further understand post-deposi tional proeesses. The resul ts  from th i s  study 
suggest that the strongest control on the preservation of ni trate at Summit, Greenland is 
accumulation . However, there i s  evidence that other post-depositional proeesses such as grain 
metamorphism also play an important role .  

Developing a proxy of  paleoatmospheric  concentrations begins with deriving  the surface 
snow concentrations based on the ice core record . Once the surface snow concentrations are 
establ i shed, the atmosphere-to-fim dynamics may be modeled i n  reverse , as they are 
understood . The results from this investigation demonstrate that surface snow concentrations 
can satisfactori ly  be estimated from snow pits accounting for accumulation vari abi l i ty alone.  

*Correspond ing  author :  joh n n y @ h wr. arizona.edu . P.O.  2 1 00 1 1 ,  Tueson,  AZ 8572 1 -00 1 1 
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Detai led sampl ing from Greenland ice cores has a great potential for reveal ing  e lues  to the 
anatomy of an abrupt cl imate change . Stable i sotopes measurements of ice have been made 
with nearly annual resolut ion across the end of the Younger Dryas in the new NorthGRIP ice 
core . Detai led sampl ing reveals a multiple event structure for the Y ounger Dryas termination . 
The atmospheric warming of the ice sheet occurs in  three phases ,  beginning with warming of 
roughly half of the total over about 1 0  years , stable period of about 30 years , and a 
resumption of rapid warming for another 1 0  years . The pace of warming in  each step i s  about 
0 .5  to  1 degree C per year. The detai led i sotope records of NorthGRIP and GISP2 are 
remarkably coherent and both share a simi lar structure to lower resolution i sotope records 
avai l able from GRIP and DYE3 . The s imi lari ty at this fine detail lends support to the 
hypothesis that the i sotope shifts are recording cl imate fluctuations over a l arge region , rather 
than noise, and that year-by-year cl imate changes can be reconstructed for these very l arge 
abrupt c l imate changes. 

Al l  four cores  show a large and extremely rapid drop ( 1  to 5 years) in deuterium excess , an 
indicator of sea surface conditions at the moisture source, and i t  i s  this event that i s  used to 
synchronize the four cores .  The deuterium ex cess drop correlates well with abrupt changes in 
chemistry and dust records, but precedes a change in  accumulation rate by about 1 5  years . It 
i s  thought that these cl imate events are tied to the re-establ ishment of the North Atl antic deep 
water formation and the polar front retreat, fol lowed by the re-establ ishment and 
strengthening of the Iceland Low pressure system drawing storms into Greenland.  

The sequence of events at the end of the Y ounger Dryas i s  then compared to s imi lar 
measurements made at the start of the Y ounger Dryas and across the Bol l ing warming.  We 
begin to assess if all of these abrupt changes have the same mechanisms, or i f  they have 
differen t  fingerprints and thus perhaps driven by markedly differen t  processes . 
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We have used wa\'elet methods to analyse data sets from ice cores in  an attempt to answer 
c l imatological questions such as how representative t ime series from ice cores are . Wavelet 
methods have become a mature method in  analys ing geophysical time series e . g .  [Percival 

and Mofjeld, 1 997] [Kwnar and Foufoula-Georgiou, 1 997] and recentl y in  glaciological 
appl ications [ Winebrenner et al. ,  200 1 ] .  The key idea i s  that noi se created by the environment 
acts on d ifferen t  scales  for different time series and by using wavelet anal ysi s we are able to 
decompose the data series i nto components that correspond to changes of data averages on 
varying scales [Percival and Walden, 2000] . By doing thi s we can investigate at what t ime 
scales we have common changes i n  our t ime series .  The analysis quant i fies not only  the data 
vari ance on various scales but al so the locations i n  the original series at which changes on 
the se scales occur. Wave1et methods as opposed to classical spectral analysis handle non
stationary time series wel l .  We appl ied these techniques on t ime series obtained from fim 
cores collected during the Norwegian Antarct ic Research Expedi tion (NARE) i n  2000/0 1 
[KarlOf et al. ,  Submitted] . The analysis reveals di fferent characteri st ics of vari ance 
contribut ion depending  on the type of signal anal ysed. Thi s  has impl icat ions for the planning 
of what species that should be analysed from an ice core . 
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When European s  penetrated Arctic North America,  they found the  l and occupied by a people 
remarkab ly  d i fferent  from any that they had ever known . The exi stence of such a peopl e  appealed to 
the romant ic trad i t ion of n ineteenth century explorat ion l i terature, and European explorers and travel 
writers accentuated the s impl ic i ty ,  the i solat ion, and the a l ien qual i ty of Inu i t  l ife .  Early theories  on 
Inuit h i story pictured theOl as a surv iv ing  remnant of Ice Age cultures,  or as Ameri ndians whose 
un ique way of l i fe had evol ved as the resu l t  of an ancient and i solated adaptation to arct ic regions .  
Thi s  perception  underl ies much anthropological wri t ing rel ated to the un ique attributes of the Inu i t  and 
of tradi t ional Inuit cul ture, and the view has attained wide publ ic  d i ssemination through popu lar 
accounts  and the promot ions of the Inu i t  art i ndustry . 

Archaeological evidence ind icates Ihat the Inui t  of Arct ic  Canada and Greenl and deri ve from an 
ancestraI cul ture which devel oped in  the Bering  Sea-North Pacific region ,  and that they reached Iheir 
current  homelands through an apparent ly rapid expansion which occurred during  the past mi l l enn ium.  
Th i s  i n terpretation of Inui t  h i story has  not  deepIy i mpacted the publ i c  v iew of ancient and i solated 
adaptat ion ;  i t  has mere ly  transposed the site of that adaptat ion to Al aska, and i nterpreted the eastward 
expansion and the subsequent development of Eastem Inu i t  cu l ture i n  terms of processes of adaptati on 
to changing environmental condi t ions .  A reassessment  of evidence related to the t iming  of the se 
events, combined with a growing  appreci at ion of the extent of European presence i n  the eastern Arct ic  
during the past mi l lenn ium, suggests that h i storical rather than environmental factors were central to 
these major developments i n  Inui t  culture .  

AncestraI Inui t  cul ture appears to  deri ve from the  Bering Strait, in  a segment of Alaskan Esk imo 
society which for the  past 2000 years control l ed the  i ron trade from As ia  to America .  Recent revi s ions 
to the dat ing of the eastward expans ion of Thule cul ture Inui t  to Canada and Greenland i ndicate that i t  
occurred during the l th or 1 3 th centuries  AD, and was probably i n st igated by the development of 
metal sources-the Cape York meteorites and Norse farmers/traders-in the Eastem Arcti c .  The 
subsequent development of Inui t  cultu re was c10sely t i  ed to economic relations wi th the growing 
European presence i n  Greenl and and Arct ic Canada. Thi s  i nterpretation forces a rev is ion of our 
concept of tradit ional Inui t  cul ture as the product of long-standing i solat ion and adaptat ion to the 
un ique environment of the Eastern Arcti c .  

I t  i s  argued that pol i tical  and socia l  decis ions rel at ing to  the Inuit-including  t he  resett lement of 
communit ies and the devolut ion of pol i tica l  dec is ion-making-have been adversely i nfluenced by th is  
false concept . The i mage that the world holds of a people ,  and indeed a people'  s sel f- image, i s  c losely 
t ied to the understanding of their h i story . The i mage of the Inu i t  as a simple, unspoi led,  unth inking 
society of noble and capable hunters i s  in t imately  rel ated to the view of Inui t  h i story as an ancient and 
i solated adaptation to a harsh environment .  It is now c lear that the Inui t  way of l i fe that was described 
by n ineteenth century explorers had developed during the preceding few centuries in response to 
rapidly changing economic c i rcumstance. The ancestors of the Inui t  were not the most i solated nation 
on earth ,  but were i n  fact an entrepreneurial North Pacific people who were attracted to the Eastem 
Arctic during the 1 3th  century in order to trade with Europeans, and whose way of l i fe had developed 
in contact with the evol v ing  g lobal culture and economy ever since . 
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The main objective of this study i s  to document patterns and frequencies  of naturai c l imate 
vari abi l i ty on decadal t ime scales during the l ast mi l lennium in the Nordic Seas. Sea surface 
temperatures (SSTs) are reconstructed from high sedimentation rate si tes on the North-Iceland 
Shelf (66° 37 . 53  N ,  20 05 l . 1 6  W) and the Vøring Plateau (66° 5 8 . 1 8  N, OT 3 8 . 3 6  E) by us ing 
diatom based transfer functions .  The North-Iceland Shelf i s  a t  present under the influence of 
the Irminger Current and the East  Icel andic Current .  Recorded changes in SSTs and diatom 
species assemblages are i nterpreted to represent the proportional rel at ionship between these 
two currents .  The Norwegian At lantic Current  (NwAC) characterize modem surface 
conditions over the V øring Plateau and its past variabi l i ty is reflected in the reconstructed 
SSTs.  Chronologies of the cores are based on AMS radiocarbon datings and 2 1 0Pb 
measu rements .  

The results show high c l imate variabi l i ty and contrasting SSTs between the North-Iceland 
She lf  and the Vøring Plateau for the l ast ei ght centuries .  Between 1 250 and 1 400 AD, i . e .  at  
the end of the Medieval Warm Period (MWP), the Vøring  Plateau experienced warm SSTs 
preceding an abrupt temperature cool ing of 1 . 5 "C  within a decade that J ead to the Little lee 
Age . At the same t ime, North-leeland Shelf was warmer than present during the Medieval 
Warm Period, but was fol lowed by an even warmer period between 1 400 and 1 650 AD. 
Surface condit ions improved over the Vøring  Plateau after 1 600 AD, while SSTs cooled on 
the North- Iceland She lf. These resul ts  thereby indicate that during  a strengthening of the 
NwAC, the East Icelandic Current is also strengthened and/or the Irminger Current  became 
weaker. Thi s  c l imatic antiphase relation documented between the se two areas suggests an 
atmospheric circulation pattern s imi l ar to the recent North Atlantic Osc i l lation , however with 
centuries duration . 
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Mega blocks and sediment rafts are mapped in buried t i l l  units of Late Cenozoic sediments 
using industry 3-D sei smie data from the south-western margin of the Bjørnøyrenna glacial 
trough in  the SW B arents Sea .  

The 3-D survey, covering an area of -2000 km2 , was primari ly  designed to image deeper 
targets ,  and the vert ical resolution is low compared to high-resolution 2-D seismie data that i s  
commonly used to study the  upper glacigenic sediments .  The horizontal resolution i s ,  
however very good due to high spatial sample rate , and the data provide detailed images of  
interpreted horizons and horizontal attribute maps . A data-cube where frequencies  lower than 
40 Hz had been removed by post-stack fil tering was used to study special features .  

The 3 -D sei smie da ta  show the exi stence of mega-scale glacial l ineations on a t  least seven 
seismie reflectors that can be correlated regional ly  over the western Barents  Sea, documenting 
that grounded glaeiers reached the shel f edge in this area at least seven times .  The sei smie 
uni ts  of thi s sequence are all in vertical profi les characterized by chaotic sei smie facies .  We 
focus  here on mapping high-amplitude segments within these units ,  u sing the RMS (root
mean-square) ampli tude volurne attribute . The h igh-amplitude segments represent mega 
blocks and rafts, which in severai units are aligned i n  1 -2 km wide and over 50 km long 
chains .  The sediment chain s  have the same orientation as flow lines of palaeo-ice streams ,  
determined from mega scale glacial l ineations on seismie horizons .  Th is  indicates that the 
sediment blocks were transported and deposited by ice that drained out Bjørnøyrenna to the 
shelf edge . Individual mega blocks ,  which may have an areal extent of over 2.2 km2 , were 
probably transported by freezing on to the bottom of overriding ice .  At  a l ater stage , basal 
mel ting would have allowed separation of sediment blocks from the ice. Lineations on 
attribute maps indicate that many mega blocks have been partly or completel y  disrupted , 
sheared and pulled apart from each other. Disrupted parts of sediment blocks fit together l ike 
parts of a j i g  saw puzzle .  

Pre l iminary mapping indicates that  mega blocks and rafts occur in most  units of the 
glacigenic section within the study area, aligned in  sediment chains or seattered throughout 
the area .  This indicates that the proeess of glac iotectonic erosion, transportation and 
deposition by ice streams may account for high sediment fluxes from the B arents Sea and 
Scandinavian main land to the shelf edge and the Bjørnøya Trough Mouth Fan during the Late 
Cenozoic .  
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Pol len records completed by 1 4C ,  IRSL, and Uffh dates from Bol ' shoy Lyakhovsky Island 
(73°20'N,  1 4 1  °30'E) document the environmental history in the region during the last 200 ka. 
Rich grass-sedge tundra occupied the area about 200 Uffh ka  ago. Absence of typical 
cryoxerophit ic taxa, high pol len concentration , and l ow amounts of redeposited pollen 
indicates relatively warm and wet c l imate . This in terval may correspond with an in terstadial 
during the Tazovski y (Saal ian) stadial . 

Poaceae-A rtemisia steppe- l ike vegetation with some shrubs (Alnus frutieosa , Salix, Betula 

IlaIla dominated vegetation short ly before Kazantsevo (Eemian) Interglacial (ca 1 25 ka ago) . 
Cl imate was rather warm and wet during  this in terval , corresponded to some Pre-Kazantsevo 
(Pre-Eemian) warming s imi lar to Al lerød . 

A lnus frutieosa, Betllia, and Cyperaceae pol len are characteristic for the Eemian deposi ts  
surv ived only within the buried ice wedge cas ts .  The high concentration of pol len and content 
of the spectra reflect warm and rel ativel y  wet c l imate during that time, resu l t ing thermokarst 
processes. Betula nana pollen is dominant in the late Eemian spectra that may indicate a 
c l imate deteriorat ion.Low pol len concentration , l arge amounts of redeposi ted palynomorphs 
and presence of cryoxerophitic taxa  characterise pol len records dated >55-50 1 4C ka BP and 
from 1 1 9±22 to > 79 IRSL ka. Dry grass and sedge communit ies with few other herbs 
occupied the area during this time, corresponding to the Zyryan (Early Weichseli an) stadial . 
Dominance of redeposited pollen reflects scarce vegetat ion cover and/or low pol len 
productivity.  

Higher pollen concentrat ion,  fewer redeposited palynomorphs ,  and increase of Cyperaceae 
pollen content are characteri stic for records dated ca 47-37 ka by  1 4C and IRSL. Sedge and 
grass tundra-l ike vegetat ion with some other herbs (mostly Caryophyllaceae) dominated 
vegetat ion . Presence of some warm pollen indicator (Salix, Betula nana, Ericales) reflects 
rel atively warm and wet c l imate during this interval , corresponded to the K arginski (Middle 
Weichselian) interstadial . S imi lar paleoenvironmen for this interval are also recorded on the 
Bykovsky Pns .  (Andreev e t  al . ,  2002) .  

In  the pollen spectra dated ca .  3 1 -28 1 4C ka BP pollen concentration decreased. Grass-sedge 
communit ies with some C aryophyl laceae, Asteraceae, Brassicaceae, and Valeriana dominated 
vegetation during this interval . Large amounts of redeposited pollen reflect scarce vegetation 
cover and/or low pollen productivity in  that time. Cl imate was much dryer and colder than 
during the previous interval . There are no records from Sartan (Late Weichsel i an)  stadial . 
Thi s  may i ndicate extremely unfavorable  environment during that interval . 
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Two sections from coastal c l iff near the Marresale Polar Station on western YaInal 
Peninsula were recently i nvestigated for pol len .  A detailed description of the sections and 
their l i thostratigraphy was publ i shed by Forman et al . (2002) .  Our study focuses on the 
environmental changes reflected in the pol len records ,  completed by 1 4C and IRSL dates .  
They document the environmental history in the area during the l ate Karginski (Middle 
Weichsel i an) interstadial . 

Low poJlen concentration , l arge amounts of redeposited pol l en ,  and rel ati vely l arge 
presence of A rtemisia pol len characteri se bottom sediments from the 4 . 1 km section 

1 4 (Forman et al . 2002) ,  dated from 33 ,4±5 to 32 ,7±6 C ka BP and 45 , 1 ±4 to 4 1  ,3±4 IRSL 
ka,  respect ively .  The narrow age interval defi ned by the 1 4C ages possibl y indicate that 
some of the dated plant macrofossi l s  were reworked or the y may indicate h igh 
accumulation rate during  the t ime of deposit ion . Grass-sedge plant associat ions with few 
other herbs occupied the area during this t ime, corresponding to the l ate Karginski 
interstadial . A rtemisia pol len may indicate rather xerophitic vegetation, and/or disturbed 
soi l s  in the area. Dominance of redeposited pol len reflects scarce (di sturbed) vegetation 
cover or/and low pollen productivity.  The cl imate was relat ively cold and dry. 

The upper part of the section contains less redeposited pol len,  and consequently the 
concentration of non-redeposited pollen is significant ly higher. Pol len contents indicate the 
dominance of tundra-like grass-sedge vegetation.  The upper part of the section is 1 4C dated 
to ca. 33 ,4 ka, whereas an IRSL age determination gives 35 ,7±3 ka. The pollen 
composition suggests more humid conditions during the later part of the l ate Karginski 
interstadial . 

Pol len records from the 4 .7  km section (Forman et al . 2002) reflect environmental 
condition in the area between 30, l ±3 and 25, l ±6 1 4C ka BP. Large amounts of redeposited 
Pinaceae pollen characteri se the deposi ts .  Pollen spectra reflect scarce tundra-like 
vegetation cover during this interval . Presence of Betula nana and Salix pollen may reflect 
some presence of shrub communities i n  the area .  This suggests that the c l imate was 
somewhat warmer than during the interval , recorded in  the 4 . 1 km section . 

Generally ,  rather warm environments prevai led during the Middle Weichse l ian time in 
many Siberian regions (e .g .  Andreev, 2002b) ,  but severe environments haves a lso been 
reconstructed based on pollen records from coastal areas of the East-Siberian Sea (Andreev 
et al . ,  200 1 ) , Laptev Sea (Andreev et al . ,  2002a),  and northern Taymyr (Andreev, e t  al . ,  
2003) .  Hence, the harsh environmental conditions prevai led in  a broad region o f  the high 
Eurasian North , i n  areas proximal to the Arctic Ocean , during  the Karginsky interstadial . 

57 



Referenees : 
A ndre e v ,  A . A .  e t  al . 200 I :  Late P lc i stocenc I n terstad ia l  E n v i ronmen t  on Fadeycvsky Isl a n d ,  East S i berian 
Sea. R u ss ia .  A rctic, A n ta rrtic, and A lpin e Resca rch :\3 .  2 8 - 3 5 .  
A ndreev ,  A .A.  e t  al . 2 002 a :  Paleoenviron m e n t al c h a nges  i n  Northcastern S i beri a d u r i n g  the U pper 
Quaternary - e v i dcnce fro m  pol l e n  record s of the  I3 ykovsky Pen i nsu la .  Polcl lJorschung 70, 1 3 - 2 5 .  

A ndreev ,  A . A .  e t  al . 2 002b .  Late Plc i s toccnc a n d  H o l ocene \egeta t ion  and c l i matc changcs  i n  t h e  Taymyr 
l owl a n d ,  Nort hcrn S iberi a recons tructed from po l l e n  rccord s .  QlIaternary Resea rch.  57,  1 3 8- 1 50 
Andreev ,  A . A .  et al 2 00 3 .  Vegetat ion and c l i matc  c h angcs  on the  n orthern Taymyr. Russ ia  dur i ng  the  U pper 
Pl e i s tocene and Holocene reconstructed fro m  pol l e n  records .  Boreas 
Form a n ,  S . L . ,  e t  al . 2 002 : Late Quatern ary strat i graphy ,  g l ac i al l i m i t s ,  and paleoe n v i ronmcnts  of  M arresale 

area.  western Yamal Pc n i n su la ,  Russ ia .  Quate rn a rv Research 57,  355-370.  

5 8  



Postglacial emergence of A mund and Ellef Ringnes islands, A rctic 

Canada : implications for the northwest sector of the Innuitian Ice 

Sheet 

Nigel Atki nson and John England 

Department of Earth and Atmospherie Sciences,  Un i vers i ty  of A lberta, Edmonton , A lberta ,  T6G 2E3, 

Canada.  E-mai l :  na l @ ualberta .ca  

During the l ate Wi sconsinan gl acial maximum, Amund and El lef  Ringnes i s l ands were 
covered by the northwest sector of the Innllitian Ice Sheet . Ice-flow indicators and grani te 
erratics di stributed a]ong eastern Amund Ringnes I s] and indicate regional ice from the south 
and east converged in  Norwegian Bay, supplying an ice stream that flowed northwest through 
Massey Sound. In contrast ,  i ce-flow features and degl aci al l andforms demonstrate Ellef 
Ringnes Is land supported a ]ocal ice cap, but i t  remains  unclear whether this was a ful l -g lac ial 
ice cap or a l ate-glacial remnant of Innuit ian ice .  Collectively,  these data provide a minim um 
estimate for the ex tent and thickness of the northwest Innui tian Ice Sheet . 

The o]dest deglaci al dates occur on east-central El lef Ringnes and northern Amund Ringnes 
is lands,  where ice had evacuated surrounding marine channels by 1 0  ka BP. Three new 
relat ive sea Ievel curves are presented for the Ringnes Islands .  These are well described by a 
simple exponential function, and record continuous,  ongoing emergence of Amund Ringnes 
Island and eastern Ellef Ringnes Island . However, l ate Holocene submergence characterizes 
western Ellef Ringnes Isl and,  l ikely recording the passage of the crustal forebu]ge .  Isobases 
drawn on postgl acial shorelines ri se southeastwards,  across the Ringnes Isl ands, recording  
greater upl i ft towards Norwegian Bay, which i s  consistent with the source of the Massey 
Sound Ice Stream. The fac t  there i s  no deflection of the i sobases from the Ringnes Is land 
across Massey SOllnd and Peary Channe l  suggests a relatively uniform ice load across the 
area.  However, northeast of the Ringnes Islands ,  the isobases deflect northwards ,  recording 
the greater influence of the former Axel Heiberg ice load ( see England, Atkinson and Dyke, 
this volume) .  Col lect ively, these data wil l  contribute to improved geophysical model l ing of 
the former Innui ti an Ice Sheet and adj acent independent ice masses to the west ,  fringing the 
polar continental shel f. 
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One of the most widely distributed forms of surface structures in  circumpolar arct i c  regions 
are earth hummocks (MacKay 1 980) . They consis t  of mineral soi l and appear regularly ,  
fragmenting the l andscape into areas occupied by hummocks and areas of intermedi ary 
depressions.  We investigated N pools and N turnover rates of hummocks and inter-hummock 
areas at a Typical Tundra site and a Southern Tundra site in  arctic Russia (Taimyr Peninsula) .  
The aim of the present study was to investigate the relationship between landscape 
characteristics and nutrient cycl ing in arctic ecosystems .  

Resu lts a nd Conclu sion 
On regional scales ,  N dynamics were posi tively rel ated to latitude (temperature ) .  However, on 
local scales, the  wetter and thus  cooler in ter-hummock are as  (Chapin et al . 1 979) showed 
h igher N pools and N transformation rates (Fig .  l) than the rel at ively warmer hummocks .  
Thus ,  effects of temperature were overridden by 
• effects of plant cover: inter-hummock areas are dominated by mosses ,  which indirectly 

prornote microbial act ivi ty ,  since the y are poor competitors for soil nutrients .  
Furthermore , these plants efficiently absorb nutrients from precipitat ion and surface water 
and are, thus ,  responsible for high amounts of nutrients in  the part icu lar microhab itat 
(Bates 2000). In contrast ,  in hummocks resource l imi tation most likely occurs due to 
depletion of nutrients through graminoids,  which are the main vegetation component of 
this surface type . 

• effects of microtopography: due to lower levels in  the rel ief l i tter i s  accumulated i n  the 
inter-hummock areas providing external substrate input to these soi l s .  Additional ly ,  
subsurface run-off of water i s  channeled in  in ter-hummock depressions leading to nutrient  
accumulation i n  these microhabitats . 

Figure l :  Microbi al N 
240 40 ( left) and gross N = Hummocks 35 u 200 - Inler-Hummocks 30 ;;: mineralization rates � 1 60 o 25 "';" (right) in  soi l s  of .� 1 2 0  20 � z hummocks and i nter-z 1 5  ;. .3 80 1 0  I Z hummock areas of  a 40 5 '" E-O O Southern Tundra and Typical Southern Typical Southern Tundra Tundra Tundra Tundra 
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Icel and i s  situated a t  the  boundary between cold ,  polar a i r  masses and  rel at ively warm air 
masses of tropical orig in .  Icel and i s  also at the boundary between the cold ,  rel at ively fresh 
East Greenland Current and the warm, salt y North Atlantic Dri ft .  Subtle shifts in either 
atmospheric or oceanic circulation are expected to produce strong changes in the terrestri al 
environment of Iceland .  As a consequence, the impact of North At lantic H olocene circu lation 
variabil i ty i s  l ikely to be  stronger on Iceland than most other North Atl antic l andmasses .  
Despi te the  l arge ampl i tude of cl imate change expected for Iceland during the  Holocene, and 
numerous l arge ice caps that would respond to these changes ,  there are no complete records of 
terrestrial environmental change for the Holocene of Ice land, and the status of Icel andic 
glaciers in  the early Holocene remains debated .  It i s  not known whether Iceland ' s  l arge ice 
caps disappeared in  the early Holocene, and if  they did ,  when they re-grew.  

To address these questions ,  continuous cores from a deep, h igh-sedimentation-rate lake basin 
wil l be taken to provide high-resolut ion, quantitative evidence of environmental change over 
the past 1 0  ka. To determine the best position of the continuous sediment cores ,  an ini t ial 
seismic survey of sediment fi l l  in  Hvftarvatn (a  glac ial dominated l ake located at 420 m 
elevation on the eastern margin of Langjokull Ice Cap in central -western Iceland) was 
completed .  Analysis of the seismic data reveals over 30 m of finely stratified postglacial 
sediment in the north basin ,  and shift ing locations of primary sediment sources during the 
Holocene. The approximate sediment volumes for each of these periods have been 
determined. The shifting  sediment sources are i ndications of possible environmental changes 
in  Hvftarvatn basin and shifts i n  Langjokul l  Ice Cap. 

The uppermost sediments in  Hvftarvatn exhibit al l  the characteri st ics of c lastic varves.  Once 
the continuous cores are recovered, there i s  significant potential to use the varves to help 
address the question regarding the status of Icelandic glaciers during the Holocene. As each 
clastic varve couplet represents one year of sediment accumulation ,  a chronology can be 
constructed for Hvftarvatn for approximately the l ast 1 500 years . Tephra marker beds wi l l  be 
identified in  the cores to correl ate with the varve chronology. In addit ion,  for glacial ly 
dominated l akes, varve thickness i s  generall y  regulated by  the intensity of summer melt .  
Init ial study of the varved l ake sediments confirms their nature and poten t i  al for more 
extensive work to be conducted. 
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Two l arge fronts of tidewater g] aci ers (N athorst- ,  Liestøl - and Doktor gl aeier) are today 
terminating in Van Keulenfjorden ,  southem part of Spitsbergen . 1 00 years ago, these 
t idewater glaeiers ended almost 1 5  km further ou t in the fjord (Hamberg, 1 905 ) .  The cI imate 
on Svalbard has, since the first meteorological measurements started in 1 9 1 2 , become 
warmer, especi al ly  in the beginning of the l ast cen tury, up to the 1 930ies (Førl and et . a! . ,  
1 997) ,  but thi s c l imatic change i s  probabl y not b i g  enough to cause such a dramatic g laci al 
retreat .  Echo sounding measurements, aeri al photos and old maps have provided information 
about the retreat history and fjord floor topography in Van Keulenfjorden ,  during the last 
century. The echo profi le ( fig .  l )  starts jus t  outside the l arge Nathorst end-moraine,  marking 
the maximum gl ac ial extent i n  hi storical t ime .  It fol lows an approx imate strai ght l ine ,  nearl y 
reaching  the 2002 glaeier front  in  south east .  

Retreat rates during the given periods are caIcul ated from old glaeier front  posi t ions ( LiestøI , 
1 976) . Between 1 898 and 2002 , the fronts retreated 1 4  km (::::: 1 3 5 m/yr), \vi th rates varying 
from 77 to 250 rnlyr. The fastest retreats appeared in periods when the glaeier front 
terminated in relative ly deep water. Thi s  re l at ionship between retreat rate and water depth at 
the glaeier front is c Iear .  It suggests that water depth i s  an important control l ing  factor, and 
that a t idewater gl aeier retreat is not necessari ly a cI imatic signa! . 

The prel iminary results i n  thi s study indicate that water depth control the retreat rate of the 
g]aciers in thi s arctic marine system,  Van Keulenfjorden ,  Svalbard . AIso ,  fjord geometry, 
surge events and sediment distribution are considered to be important ,  and wi l l  be studied 
further. 
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Figure l :  Fjord floor topography ,  water depth and glaeier front posit ions along an extended eeho 
profi le i n  Van Keulenfj orden, Svalbard . Retreat rates during  the gi ven t ime periods (on top, in  italie) 
are gi ven in mlyear. Front positions based on data from LiestøI , 1 976 .  
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The Aston Lowlands (AL) are the l argest coastal foreland on eastem Baffin Island, located 
between Clyde Inlet and McBeth Fiord ,  both of which may have contained l arge ice streams 
during  the l ast glacial max imum (LGM).  Due to its rel ative i solation from the ice-stream
dominated fjords, the central AL is a key area for understanding the earl iest  stage of the last 
degl aciation of the Eastem Canadian Arctic (ECA) . Previous workers traced del icate l ateral 
meltwater channels on the central AL to a prominent shorel ine at -80m aht , the same 
elevation as the huge, rai sed Aston delta, from which in situ molluscs were dated >54,000 1 4C 
yrs BP .  Thi s led to the supposit ion that ice had not crossed the AL since the formation of the 
Aston delta (Løken, 1 966), which became a comerstone of the "small ice" model for the 
ECA . 
New cosmogenic exposure (CE) ages of glacial errat ics atop the Aston del ta  and adjacent 
summits  indicate the se sites were gl aciated during the LGM.  Thi s suggests that the meltwater 
channel s that end at the 80m shorel ine may have been carved during the las t  deglaciation . 
However, aeri al photograph and field observations suggest the l ate-glac ial or Holocene 
marine l imi t  to be -30m aht, in  accordance with the highest radiocarbon-dated rai sed marine 
features on the Clyde Foreland to the north ,  and Henry Kater Peninsula to the south .  Raised 
marine features between 30m and the 80m marine l imi t  are also present on the AL, but no 
d i st inct shorel ines are preserved. Two shal low l akes above 30m on the AL contain s imple 
deglac ial sequences of t i l l  overl ain by gytj a, with no evidence of a marine i ncursion or non
marine pre-Holocene sedimentation . Radiocarbon ages are pending on shel l s  collected 
between modem sea l evel and 80m and on basal organi c  macrofossi l s  from a l ake core at 
75m.  
CE ages and l ake core stratigraphy support LGM ice cover on the  AL.  However, l andforms 
presumed to relate to this glaciation are associated with the 80m marine  l imi t  that i s  
demonstrably >54,000 1 4C years old .  Three possibi l i t ies are suggested. l .  The 80m marine 
l imi t  was reoccupied during the l as t  deglaci ation , but foss i l iferous sediments were not 
deposited or not preserved,  or have not yet been found despite detai led investigations.  2 .  
Despite abundant and consi stent CE ages ,  the central part o f  the AL was  not glaci ated during 
the LGM .  The 30m shorel ine ,  defining the deglacial or Holocene marine l i mi t ,  was bui l t  by 
meltwater flowing in modem streams over an unglac iated landscape to the sea,  while 
deglaciation proceeded farther west .  3 .  Meltwater channels drain ing to the 80m marine l imi t  
are rel ic t  features from a previous glac iat ion whose decay bu i l t  the prominent shorel ine .  The 
channels  and shorel ine were preserved under minimally erosive cold-based ice .  The Holocene 
marine l imi t  is at least 30m aht , and meltwater descended to it along large channels now 
occupied by underfit modem s treams mther than the channels that descend to 80m. We favour 
the l ast  option . 
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Large scale development of the l ate Pliocene to Pleistocene 

glacigenic prograding wedge off lVIid-Norway 

I
K . l .  Torbjørn Dahlgren ,  I T .O.  Vorren & 2 E .  Henri ksen 

I Department of Geology , U n i vers i ty  of Tromso. N -9037 Tromsø 
2Stato i l Nord-Norge , Mø lnho l tet 42, Medk i l a .  Postboks 40, N -948 I Harstad 

The post-Ol igocene sed imentary succession offshore mid and northem Norway 65°-70oN i s  
the  focus of an ongoing col laborat ion project between the Universi ty of Tromsø and S tatoiL 
The overal l aim of the proj ect i s  to achieve a better understanding of the sedimentary patterns 
and processes along the margin ,  and how these relate to vertical movements of the shelf as 
wel l as the bordering  l and  areas .  In  thi s presentation we wil l  focus on the l ate Pl i ocene to 
Plei stoeene margin development .  During  thi s period a gl aeigenie prograd ing wedge ( the 
Naust  Formation) was deposited offshore mid-Norway. In plaees the wedge reaehes a 
thiekness in  exeess of l . S  km, and during  i ts deposition the shelf break migrated up to 200 km 
seaward . 

Interpretation of an extens ive sei smie database compris ing a dense grid of 2D- as well as 3D
sei smies i s  well underway, and a detai led seismo-stratigraphie framework has been 
established . We have subdivided the entire l ate Plio- to Plei stoeene prograding  wedge of the 
Naust Formation offshore Nordland, and are thus able  to reeonstruet the out-bui ld ing of the 
cont inental margin and make inferences about the sedimentary proeesses and paleo
environment .  
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Figure i l lustrat ing  the Pl ioeene to Plei stoeene migrat ion of 
the shel f  break off mid-Norway . Also shown i s  an interpreted 
sei smie profi le running aeross the shelf. The present day she lf  
break i s  marked by the  broken l i ne .  
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Inter-species, radiocarbon age comparisons on subfossil molluscs 

from Arctic Canad a :  the Portlandia arctiea problem. 

John H .  England, Eart h & At mospher ie  Sciences ,  U n i vers i ty  of  Alberta ,  Edmonton ,  AB,  T6G 2E3 ,  

Canada; Arthur S .  Dyke & Roger McNeely ,  Termin Sc iences D iv i s ion ,  Geologica l  Survey of 

Canada, 60 1 Booth Street , Ottawa, ON, K l A OE8 ,  Canada .  

Ninety 1 4C dates have been obtained on mul tiple species of marine mol luscs col lected from 
either the same enclosing sediments (direct compari sons, > 20 sites) or from sediments 
closely related to the same deglaci al sea leve! ( associations ,  - 1 0 si tes) . These si tes range 
across the e astern Queen El izabeth Islands (>  1 00,  000 km\ including one si te on NW 
Greenland .  All  but one si te occurs outside the l imi t  of widespread carbonate terrain ,  
predominant ly of Paleozoic age . The study was  prompted by the growing recogni tion that 
there was a noticeable di scordance between 1 4C dates obtained on the infaunal  bivalve 
Portlandia arctiea and i ts epifaunal counterparts ,  predominantly Hiatella a rctiea and Mya 

truneata. Most samples have been corrected for naturai and sputtering i sotope fractionation to 
a base of. 1 3 C = -25 0/00, from which a marine resevoir correction of -4 1 0  years was then 
appl ied.  These ages are essent ial l y  equivalent to the minori ty of samples calculated to a base 
of. 

nC = O 0/00 (with no marine resevoir correction appl ied) . We note that although the 
marine resevoir correction may vary in  space and t ime, this vari abi l i ty would not account for 
age differences determined on species within the same sample .  

Our 'direct comparisons '  show that on the outer Hazen Plateau , NE Ellesmere Island, and a t  
the  entrance to Nares S trai t ,  P.  arctiea i s  commonly. 1 000 1 4C yrs older than H. arctiea and 
M. lruncata . Simi lar differences were found > 400 km to the west, on NW Axel Heiberg 
Island. Within the ' associ ations ' , P. arctiea also displays consi stent ly  older ages ,  occas ional ly  

1 4 · 1 4 < 500 C yrs older but I D  some cases up to 1 500 - 2200 C yrs older. Though some unknown 
amount of these reported differences may be the product of in ter-Iaboratory factors, severai of 
our 'direct comparisons '  are the product  of successive analyses in the same laboratory run.  

We conclude tha t  the  older dates on P .  arctiea reported here are due to an exaggerated 
resevoir-age effect  related to the uptake of 'o ld '  carbon derived from adj acent carbonate 
terrain that characterizes most of the Queen Elizabeth Isl ands .  It i s  noteworthy that the only 

direct comapri son that shows concordant inter-species 1 4C dates (including P. arctiea) comes 
from deglacial sediments within the Precambrian Shield. The so-cal led Portlandia-effect  
presented here has important implications for the Canadian High Arctic .  Here , P.  arctiea has 
often been the shel l -of-choice for field workers trying to establish the date of deglaciation 
because i t  is of ten the sol i tary pioneer species that prevail s  under the high sedimentation rates 
that characterized this environment. Excessive ages on P. arctiea have also contributed to 
unusual postglaci al emergence curves from this region. Whether the inter-species differences 
are site specific or vary systematical ly across this region is presently unknown.  However, the 
persistence of thi s problem in  samples as young as 3.5 1 4C ka BP indicates that this problem is 
not confined to deglacial environments .  
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Former iee shelves of the NW Laurentide lee Sheet, lVIelviI le  

Island, NWT. 

John H .  Engl and and Octavian Catuneanu , Eart h & A t mospher ie  S c i e n c e s ,  U n i vers i t y  of A l berta ,  

Edmo n t o n ,  A B . ,  Canada .  T6G 2E3 . 

The Vi scount Melv i l le  Sound Ice Shelf, emanating  from the M ' Clin tock Ice Divide of the 
NW Laurentide lee Sheet ,  overrode the coast of SW Melvi l le  Isl and towards the end of the 
Late Wisconsinan.  The icc shelf deposited Winter Harbour Ti l l  that extends  5 - 1 0  km in land 
and to - 1 00 m asI (Hodgson et al . 1 984) .  Di stal to the Winter H arbour Ti l l ,  Boldue Til l  
extends - 1 0  km farther i n l and where it terminates agai nst the oldest ,  recognized ice margin 
marked by Dundas Ti l l .  Degraded kames at the l imit of Dundas Til l  form the drainage divide 
(-200 m asI) on central Dundas Peninsu la .  Al l  three t i l l  sheet margins are convolute and 
remain broadly paral lei for tens of ki lometers suggest ing that they all may be products of 
success ive ice shelves .  

Prior to our fieldwork (2002) ,  two al ternative interpretations were publ i shed concerning the 
age of Winter Harbour Ti I l :  Hodgson et al ( 1 984) proposed that the t i l l  was bracketed by 1 4C 
dates on marine shel ls  spanning 1 0. 3  to 9 .6  ka BP,  whereas Dyke ( 1 987) proposed that the ti l l  
was bracketed by older dates spanning 1 1 . 3 to  1 1 .0 ka BP. The 1 1  ka BP date was required by 
degl aci al shel l s  collected by Dyke hundreds of km up- ice on Prince of Wales Is land .  The age 
of the Boldue Ti l l  was unknown (possibly Late Wiscons i nan, and equivalent to Liddon Ti l l  
along M ' Clure Strai t to the south) whereas the Du ndas Ti l l  was regarded to be pre-Late 
Wisconsinan.  

We revis i ted severaI key stratigraphic si tes on and adjacent to Winter Harbour Til l .  We 
determined that a l arge area of glaciomarine rhythmites (previously dated to 1 0. 3  ka BP, 
Hodgson et al . 1 984) prograded from the Winter Harbour Ti l l  in to which outwash deposited 
shore l ines at marine l imi t  (72 m asI) .  Furthermore , this same marine l imi t  overl ies Boldue 
Ti l l ,  requiring them to be coeval . Hence, the Winter Harbour Til l  is s imply a st i l l stand or 
readvance fol lowing deposi t ion of Boldue Till by the Viscount Melvi l le  Sound Ice Shelf. 
Retreat of Winter Harbour ice occurred when rel at ive sea leveI had dropped to 35 m asI , 
marine l imi t  on i ts proximal side (9 .6  ka BP).  This interpretation i s  consistent with Hodgson 
et al ' s  ( 1 984) original chronology, but incorporates  Buldoc Ti l l  as wel l .  Therefore , Buldoc 
Till cannot be coeval with Liddon Till ( I l .  7 ka BP). Furthermore, if  the original GSC dates 

bracket ing Winter Harbour Til l  are confirmed by those currently submitted,  then the 1 1  ka BP 
dates from Prince of Wales Island warrant further testing .  

Hodgson ( 1 993) reports tha t  the advance responsible for the  Viscount Melvil ! e  Sound Ice 
Shelf first overrode shells on Victori a  Island sometime after 1 0.4 ka BP (thei r  1 4C age) .  Our 
observations indicate that this same ice had reached the i nland  l imit  of Boldue Til !  and had 
retreated back to the l imit  of Winter Harbour Til !  by. 1 0 . 3  ka BP.  If this  date is verified, 
then the 400 km advance of the V iscount Melvil le  Ice Shelf (60, 000 km2) occurred in  less 
than 1 00 years during the Y ounger Dryas Geochron .  Such a catastrophic  evacuation of ice 
would have significantly lowered the marine-based M ' Cl intock Ice Divide, increas ing i ts 
susceptibil i ty to calving as eustat ic sea level rose . Our current  observations sugge st  that the 
Dundas Til l  may also be of Late Wisconsinan age, possibly the northern extension of Liddon 
Til l .  Thi s  will be tested by fieldwork in 2003 . 
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New, detai led stratigraphical analyses ,  from sediment core JM99- 1 200, based on the pl anktie 
foraminiferal fauna, oxygen isotopic measurements (benthic and pl anktic) ,  the content of ice 
rafted debris have been carried out .  The aim is to reconstruct abrupt c l imatic change and 
variabi l i ty during the Younger Dryas ( YD) and during  the Allerød (AL)/YD and 
YD/Preboreal- transit ions to discuss the causes of the abrupt c l imatic changes .  

The core i s  l ocated in  Andfjorden on the continental shelf off northem Norway at 476m water 
depth .  This is an open marine location , which can provide us  wi th  a h igh resolution of c l imate 
records. The core site is i nfluenced by two water masses .  The relatively warm At lantic Water 
from the North Atlantic Current  and the less sal ine coastal water from the Norwegian Coastal 

Current .  The chronology of the core i s  based on ten AMS 1 4C dati ngs perforrned on 
macrofossi l s .  The AMS datings have been cal ibrated to calendar years by us ing INTCAL 98 

(Stuiver et al . ,  1 998) .  Sea surface temperatures (SST) were calculated by us ing the S IMMAX 
transfer function . The method i s  developed by  Pflaumann et al . ,  ( 1 996) based on the modem 
analogue technique . Sea surface sal in i ty were calcul ated by us ing the method of Duplessy et 
al . ,  ( 1 99 1 ) . 

Allerød has low temperatures in  this area, but the Atl antic Water was probabl y  present 
because of the high production signal i n  the amount of planktonic foraminifera/g. -The 
production decreases towards the transi t ion between AL and YD. This i s  al so supported by an 

abrupt and large decrease in the D 1 3C.  In the beginn ing of YD there is an extreme low 
production signal and low temperatures .  Late YD shows the lowest temperatures ,  which 
corre lates very well to other high resolution records ,  in  particu lar the GRIP ice core (Johnsen 
et al . ,  1 997) .  The gradual decrease in  oxygen i sotopes during YD indicates an accumulation 
of fresh surface water in the area. The transition from YD to Preboreal i s  characterized by 
extreme temperature instabil i ty between cold (2°C) and warm ( 1 0°C) from 1 1 300- 1 1 500 
calendar yr. BP in  the sea surface temperatures .  These fluctuations are also observed i n  
extreme variations in  the planktie fauna composit ion , by a shift in dominance between the 
polar and sup polar species and planktie foraminifera/g. Areas close to the l arge ice sheets 
glaeiers appear to be very sensitive to cl imatic variations at the transit ion between cold and 
warm climatic modes .  A possible explanation for the i nstabi l i ty  seen in thi s record may be 
the interaction between meltwater from the waning Fennoscandian Ice Sheet and h igh influx 
of Atlantic Water. 
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The degl ac iation of the Trænadjupet - Vestfjorden - Ofotfjorden area, one of the major 
drai nage routes of the north-western part of the Fennoscandian Ice Sheet ,  i s  being studied 
as part of the Norwegian Research Counci l  funded project SPON COM (2002 - 2006) at 
the Universi ty of Tromsø.  Here we foeus on some prel iminary results from the Vestfj orden 
area,  an area which so far has received ] i tt Je attention from researchers .  

Two dist inet submarine ridges have been identified on  sei smie profi Jes .  The outer ridge, 
situated across the fjord from Røst to Bodø, i s  20 km across and up to 80 m high .  The inner 
ridge l ies  paral le]  to the outer ridge, about 25 km further north-east , near V ærøy. I t  i s  20 
km wide and up to 50 m high.  Both ridges have an acoustical ly  transparent sei smie 
s ignature . 

A 4 .36  m ]ong gravity core was retrieved from a smal l  bas in  immediate ]y outside the outer 
(Røst) moraine .  Pre l iminary examination of the core revea] s three main uni ts :  the 
l owermost unit consists of 1 . 6 m of dark grey diamicton, i nterpreted as a basal ti l l .  The 
middle unit consists of 2 . 35  m of bioturbated, massive silt y cIay.  Sporadie  cIasts 
i nterpreted as IRD ,  and a cold-water fossi l  fauna suggest a gl aciomarine ori gin for the si l t .  
The upper un i t  consists of  a 30 cm thiek, bioturbated cI ast-rich s i l t ,  fi nin g  upwards into 1 0  
cm of s i l t  y cIay with occasional cIasts and 5 cm of cI ayey s i l t .  A rel atively warm-water 
fossi ]  fauna suggests a non-gl acia] orig in  for the upper uni t .  

The t iming of events are not  yet  precisely known. Previous workers have i ndicated that  the 
ice front retreated from the shelf edge south of Lofoten somewhere between 1 9  and 1 6  1 4C 
ka BP (Olsen et al . ,  200 1 ; Dahl gren & Vorren,  2003) ,  and north of Lofoten by 1 4 . 6  1 4C ka 
BP (Vorren & Plassen,  2002) .  The iee front was positioned at the coast during the Older 
Dryas ehronozone ( 1 2 .2  ka BP; Olsen, 2002) .  Thus ,  the l ocality was degl aeiated between 
1 2 . 2  and 1 6  ka BP. Radiocarbon dates are pending.  
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The landsJide proeess widely distributed in a typical- tundra subzone of the Yamal Penin sula ,  
actively changes the primary surface of the marine pl ains  and terraees .  The l andslide affected 
slopes cover up to 70% territory. The cryogenic landsJides are developing on the surfaces  
bui J t  of  the fine-grained marine sediments with a high saJ ini ty (Dubikov 2002) .  Research i s  
based on  the data obtained from the station 'Vaskiny Dachi ' s ince 1 988 .  The monitoring of 
the l andslides incJudes study of the trace element composition in  plants on the l andslide
affected slopes .  
The proeess of the  biological accumulation of trace elements i s  extremely uneven, and 
depends upon morphological e lements of slope (B - shearing pl ain ,  C - l andslide body) , age of 
landsJides, speeies and l i fe forms of plants .  The resuJts of chemical analyses have shown that 
high wiJJow canopy dominated on ancient landslide slopes i s  characterized by the maximum 
content of trace elements ,  especiaJ Jy  zinc, strontium and boron (Ukraintseva et  aJ . 2000) . The 
trace element content ( in  ash) i s  essentia] ] y  higher in wi J Jows than in  grasses (Fig . ) .  
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Chemical composit ion of plants is determined by the period of their existence on l andslide
disturbed surface and can serve to determine the relative age of l andslide events. Trace 
elements in the wiJlow branches may be increased or decreased with age (fig).  The latter 
obviously has to do with the mobil i ty of one or other element and its migration-rate in an 
active l ayer (Table) .  

Table .  Trace e lements i n  w i l l ow branches as t h e  i ndicators o f  l andsl ide age 

Shearing plains Trace elements Landsl ide bodies Trace e lements 

B+* Zn , Sr, V **  c+ Sr, N i ,  Cu 

B- N i ,  Co, (C u) c- Zn, Co, V 
* + content of trace e lements i ncreases wi th age , - content of trace elements decreases w i th age . ** -
significance decreases from left to right,  poor- informative elements are parenthesi zed . 
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The most complete of information is  obtained on the Late Valdaian (Weichsel ian) glac iat ion,  
having reached max imum di stribution i n  the Kola region ca .  1 6 000 years BP.  In the first step 
of deglaciat ion that l asted approximately 5 000 years , areal deglaciation took place . During  
interstadial warmings extensive peripheral covers were cu t  off from the ma in  i ce  mass and 
thick glaciofluvial deposits accumulated in  periglaci al basins near the edge of the active ice .  
Dead ice melt ing was going on for a long time including severaI in terstadial warmings .  The 

glacier that advanced duri n g  the phases of stadial cool ings deformed interstadi al deposits  and bui l t  

mai n l y  push moraine ridges .  Thus ,  a marginal  be l t  was formed during  each interstadial-s tadial  
cl imatic  cycle at the edge of act ive ice .  Three marginal  beIts were formed during the peri od between 

the Last Glac ial M aximum in the Kola region and the Preboreal . I n  the sec ond ste p dissected 

deglaciation took place. The ice sheet was dissected by extended m arine gulfs duri n g  the warm i n g  at 
the beginning of the Holocene .  In  these gulfs glaci omari ne  sediments were superseded by  mari n e  

deposi ts ,  probably d u e  to fi nal  i c e  melting about 9 000 years BP. 

Typical paleoseismic dis locations have been detected by field observations i n  the Kola 
Peni nsula.  They are expressed in  topography i n  the form of seismie di tches ,  scarps ,  gorges ,  
l andsl ides and disturbances in  Quatemary sediments bedding .  The dis locations are 
accompanied by such phenomena as col lapses ,  pi l l ars and other seismic s ignatures ,  which are 
not found outside the sei smogenous structures ,  and are confined to active faul t  zones.  The 
map of ancient earthquake epicenters was made on the basis of geological data and aerophoto 
interpretation . These are distributed unevenly .  The epicenters main ly  concentrate in the west 
and in  the center of the Kola Peninsula ,  i n  the area,  which has been occupied by active ice 
during  the Older and Y ounger Dryas or near the distal s ide of the Older Dryas marginal 
ridges.  Such a distribution of dislocations is  explained probably  by fast deglaciation of the 
territory occupied by the Younger Dryas ice cover, and by the sharpest ice and topographic 
gradient i n  some places in the area which was covered by active ice in  the Older Dryas . The 
epicenters of ancient earthquakes and the epicenters of most of historical ( recorded in 
historical manuscripts) and recent earthquakes coincide .  This apparently testifies to the 
inheri ted nature of the historical and modem ones. 
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The objective of this study i s  to elucidate the variation of ice-rafted debri s ( IRD) in Van 
Mijenfj orden (Svalbard) .  Van Mijenfjorden is  the sec ond l argest fjord i n  western Svalbard , 
being 50 km long and about 1 0  km wide.  The i s land Akseløya crosses almost the entire tJ ord 
width in the outer parts .  At present,  sediment contribution to the fjord occurs from severaI 
rivers , as well as from gl aeiers at the fjord head and cl ose to the fjord mouth ,  respect ivel y .  

The IMAGES core MD99-2305 was sampled about 1 0  km in-fjord from Akseløya . It i s  1 8  
meters long.  The uppermost c .  1 6  m of the core comprise Holocene mud ,  whereas the 
lowermost 2 m are composed of glacimarine muds and diamictons .  1 0  radiocarbon dates 
provide the chronology of the core , indicating that the uppermost 1 6  m represent the last c .  1 1  
000 cal . years . X-radiographs from half-core sections were analysed,  and grains coarser than 1 
mm were defined as IRD. Results are presented as IRD flux (number of grains*cm-2*ka- I ) .  

Very high IRD flux (up  to  900 grains*cm-2*ka- l ) characteri ses the period between c .  I l  000 
and 1 0  700 cal . years BP. It i s  supposed that the se high values reflect the final  phase of the 
main degl aciat ion of the fjord . A d istinet drop in  IRD flux around 1 0  700 cal . years BP is 
suggested to indicate the end of major glaeier retreat .  Mean IRD flux of less than 20 
grains*cm-2*ka- 1 between 1 0  700 and 7000 cal . years BP i s  supposed to represent a relat ivel y 
warm early Holocene with reduced glacial activi ty .  The period between 7000 and 5000 cal . 
years BP i s  characteri sed by increasing IRD-flux,  including two marked peaks (c .  50 
grains*cm-2*ka- l ) around 6300 and 5800 cal . years BP,  representing the highest IRD-flux in 
the fj ord after the degl aci at ion . The increasing IRD flux appears to reflect increasing glacial 
activity. After 5000 cal .  years BP, mean IRD flux decreases from c .  1 5  grains*cm-2*ka- 1 to 
less than 5 grains*cm-2 *ka- 1 within 1 000 years . From 4000 cal . years BP to the present, IRD 
flux further decreases to the lowest values during the Holocene. One possible reason for 
decreasing IRD values can be an increasing amount of sea ice suppressing ice  drift and hence 
the deposition of IRD (see Dowdeswel l et al . ,  2000) . However, with in the period of general 
IRD-flux decrease ,  three marked peaks occur. These are correlated to a maj or surge of the 
Pau la  Glacier system around 1 300 AD, as well as two subsequent IRD maxima around 1 480 
AD and 1 580 AD, as mentioned by Hald et al . (200 1 ) . 

Benthic foraminifera analys is ,  as well as 8 1 80 and 8 l 3e measurements (perforrned on the 
benthic foraminiferal species Cassidulina renifonne) support the inferred environmental 
changes in  the fjord during  the past c. 1 1  000 cal . years , based on IRD-analysi s .  
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The aim of this study i s  twofold .  First ,  the role of the Fennoscandian Mountains as nucleation 
centre for gl aci al inception is investigated .  The sec ond objective is to review glacial erosion 
by mountain glaeiers throughout the Quaternary . Al l  avail able field data and severaI 
model l ing experiments show that the Fennoscandian Mountains  seeded the l ast glaci ation . 
S ince the mountains seem to be of key importance for ice sheet inception, i t  
i s  reasonable to  assume a simi l ar inception pattern throughout most of  the  major Plei stocene 
glac iations. Thi s pattern also implies prolonged periods of glaci al ice in the Fennoscandian 
mountains during late Cenozoic t ime. Mountain  based glaeiers thus have had a long t ime to 
act on their substratum result ing in a profound geomorphological impact .  
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Fie ld  observations revealed the activization of of thermal erosion proeesses of Yenisey, 
Nori l skaya , Val yok ri vers banks . It seems l ikely to be a result of global c l imate warming  
causing ground ice and perennial  snow patches mel t ing as  well a s  water level increasing  after 
main nood-time . 

A specific relief with block up to 25-30 m high and about 60 m wide have been formed in  the 
Yen isey estuary where polygonal -wedge ice develop. Temporary or permanent water streams 
appear along melting ice-wedges forming gul l ies that are of inherited pol ygonal shape 
because of rapid ice mel t ing .  

In  s i tes of ground sheet ice  development,  thermal erosion gives ri se to c irques formation up to 
50-80 m in  di ameter. Cirque walls are formed of ice and frozen ground .  Sheet ice of injected 
or sometimes segregated origin i s  up to 3-3 .5  m thick.  Along the contact wi th surrounding 
ground, the zone of ice-reach ground of reticul ate and atax i te cryogenic tex ture i s  observed. 
Rates of denudation are d ifferen t  within the c irque because thawed loam covers the ice 
surface unevenly .  Thi s  t ixotropic matherial fi l l s  up the cirque bottom and streams towards the 
river form . Ice-reach peat l ayer covering loams thaws slower than cirque wal l s  and almost 
everywhere overhangs l i ke caps up to 0 .5- 1 m wide .  After caps col lapse, the heat now to the 
ice-reach contact lOne and rate of denudation increase. 

Presenee of sheet ice decreases the geotechnical safety of construct ions .  Thus ,  the support of 
bridge over the river Nori lskaya had been deformed .  This bridge , about 1 km long, in  the left 
part leans  on the frozen river bank by the foundation . In the base of  foundat ion ground layers 
are as fol lows: 0- 1 4  m - artific ial embankment of coarce matheri al ;  1 4- 1 8  m - loam, ice 
content 0 .2-0.4; 1 8-28 m - ice l ayer; 28 m and lower - clay, ice content 0 .2 .  While the support 
was being construeted, the naturaI equi l ibrium of geocryological condit ions had been 
disturbed and the ground ice began to melt out .  For 20 years, the foundation was undergone 
complicated deformation :  downwards (up to 1 800 mm) and l aterall y  with the river CUffent (up 
to 650 mm) . The deformation resulted in the destruetion of the railroad and the highway, 
damage of vehicles .  

This support have been executed under financial support of Russian Foundation of 
Fundamental Research, grant N� 0 1 -05-64635 . 
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The Tjbrnes Fracture Zone l ies  across the North Icelandic Shelf. Active volcanic systems and 
tectonic act ivi ty h ave forrned severaI north south trending basins which form sediment traps 
for marine sediments transported along the shelf. Iceland is located in an area of sharp 
oceanographi c  and atmospheric gradients .  The northern part of the North Icelandic shel f i s  
close to the boundary between the cold, low-sal in ity East Icelandic Current ,  a nd  the relat ively 
warm, sal ine Irminger Current ,  which flows clockwise around  Iceland. The area i s  also 
periodical ly  covered by seasonal sea ice ,  which extends from Greenland to Iceland .  
Palaeorecords and documentary records from Iceland  show that changes i n  the  posit ion of the 
frontal systems have occurred in  recent times. Core materi al from a 37 m long  CALYPSO 
piston core was obtained on the 1 999 RV Marion Dufresne IMAGES Cruise .  The materi al is 
used to study the dynamics  of the sediemntary basin east of Grimsey Island on the North 
Icelandic Shelf. The present-day water depth is 450 m. Ultra high resolution in the shelf 
sediments (up to 2 . 5  mm/yr) and the presence of terrestri al ly  dated air-fal l tephra markers 
from leelandic volcanoes ,  as well  as rad iocarbon dates of marine molluscs in the core materi al 
yields a time resolution of 1 0-50 years per one cm thick core sl ice sample .  The 
mult idiscipl inary study of the l ate Holocene record of predominantly muddy sediments in  the 
Skj al fandadjup basin demonstrates that marked vari at ions in the distribution of water masses 
have occurred repeatedly through the l ast 2000 cal .  years . In  addi tion to short- term 
fluctuations there i s  a c lear indication of environmental changes corresponding in  time to the 
Medieval W arm Period and the Little lee Age. A higher frequency variabi l i ty is reflected by 
changes in grain size properties and mineralogical composition of the sand fract ion.  
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Analyses of gravity cores rai sed from four l akes in  western Spitsbergen ,  Svalbard , show 
marked strati graphical changes in  recent (post Little Ice Age) sediments .  The lakes have 
varied water chemistries (pH range : 6 . 3 -7 .4) and contrasting edaphic characteri st ics ,  one 
being coastal and three occupying upland basins .  At Skardtjørna and Tjørnskardet on 
Nordenskioldkysten, there is an apparent floristic change coupled to increased diatom 
concentrations in  the uppermost 1 2  cm of sediment. At the former s i te ,  there is al so evidence 
of increased sedimentation rates, suggesting  accelerated catchment geomorphic activity in 
recent decades .  At Istjørna and Istjornelva, 25 km southwest of Longyearbyen ,  stri king 
changes occur in si l i ceous algal assemblages contained in the upper 3 and 6 cm of sediment ,  
respectivel y .  At  both sites ,  di atom and chrysophyte cyst concentrations increase dramatical l y  
in  the most recent sediments .  Although few microfoss i l s  are present i n  older sediments ,  those 
observed show no signs of dissolution, e l iminating this as the potential  cause for the recent 
stratigraphic changes .  Instead , we hypothesize that al gal production has increased in all four 
l akes i n  the 20th century, most  l ikely as a synergistic response to cl imate warming ( longer 
growing seasons) and atmospheric nutrient deposit ion . These results are compatible with 
observations from both northern Scandinav ia  and Arctic Canada. 
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Recent efforts under the international QUEEN programme (Quaternary En vironmen ts of the 

Eurasian North) have defined, mapped and dated ice-marginal zones across the Russi an high 
arctic ,  from the White Sea area in the west to the Taimyr Peninsu la  in the east , for 
h ighli ghting the ice sheet history during the l ast > 1 50,000 years . The program defines four 
periods with extensive gl aciations :  ( 1 )  A Late Saal i an glaciation (older than 1 30,000 years) 
was one of the most extensive glaciation during the Quaternary, with immense areas in  
Euras ia  covered by huge glaeiers ; (2)  An extensive glaciation during the Early Weichse l ian 
(ca .  90,000 years ago) ; (3 )  successively smaller g laciations during early Middle Weichsel i an 
(60-50,000 years ago) and (4) the Late Wichsel ian (2 1 - 1 8 ,000 years ago) . The Early 
Weichsel ian glaciation covered the coastal northern Russia and western S iberi a and extended 
eastwards over the Kara Sea and the Yamal and Taimyr peninsulas, whereas l ater, during the 
M iddle and Late Weichsel i an glac iations , the centre of gl aciation shifted westwards and areas 
east of the Kara Sea basin were mostly ice-free .  

A separate study o f  the structure o f  genetie vari ation within and among popul ations i n  four 
e Iosely-related arctic e Ional sedges was carried out on a west-east transect along the northern 
Russian and Siberian coast (Fig .  l )  during the Swedish-Russi an Tundra Ecology-94 
Expedition. The sedges studied were Carex bigelowii, C. el1sifolia , ssp. arctisibirica C. 

fugens and C. stans. The studied tax a  all had high levels  of genetie vari ation,  both within 
populations and taxa .  Genetie variation observed could not be rel ated to any tested environ
mental variable ,  but showed significant correlation to the length of time each area had been 
ice free :  the h ighest genetie variation was found in popul ation growing in  easternmost areas ,  
that were ice free throughout the last glac i al cyeI e ,  and the lowest vari ation occurs in  
populations growing along the coast of the Arctic Ocean in  Northern Russ ia ,  i n  areas 
glaciated or in eIose proximity to ice sheets during  the Middle and Late Weichsel ian.  
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Ice cores from the rel atively low-Iying ice caps in  Svalbard have not been widely exploited in 
c J imatic and environmental studies due to uncertaint ies about the effect of melt water 
percolation .  However, results from two recent Svalbard ice cores ,  at Lomonosovfonna and 
Austfonna, have shown that with careful site seleetion , high-resolution sampl ing and multiple 
chemical analyses ,  i t  i s  possible to recover ice cores with preserved annual signai s .  These 
cores are estimated to cover at least the past 600 years and have been dated using a 
combination of known reference horizons and glacial model ing .  The O 1 80 data from both 
Lomonosovfonna and Austfonna ice cores suggest that the 20ieth century was the warmest 
century during the past 600 years . The anthropogenic influence on Svalbard environment is 
i l lustrated by increased levels of non sea-sal t sulphate , ni trate,  acidi ty,  fl y-ash and organic 
contaminants part icularly during the second half of 1 900s . Decreased concentrations of some 
components in recent decades most l ikely reflect emission and use restrict ions .  However, 
some current-use organic pesticide compounds show growing concentrat ions in near surface 
l ayers. The distribution of speeies in these two Svalbard ice cores has probably  been al tered to 
some degree by melt  but the records sti l l  provide information about major trends in  
atmospherie variabi l i ty  of both cJ imate parameters and pollution history. 
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Geochemical study of  tephra l ayers in  soil sections and lake sediments on the  Vestfirdir 
Peninsula ,  and marine sediment cores from the surrounding shelf, provide a basi s for developing 
preci se correlations between terrestrial sequences wi th  marine records during the  last deglaciat ion 
of Ice l and.  The marine sediments are well  constrained by numerous AMS 1 4C dates. The 
magnitude of the marine reservoir correction in  the area i s  established, by comparing the 
radiocarbon dates obtained from marine cores and terrestrial sequences containing the same tephra 
l ayers . The presenee of two marker l ayers has been confirmed in our sites ; the Vedde tephra 
( 1 0300 1 4C yr; l 1 980±80 cal . yrs BP) and the Saksunarvatn tephra (9000 1 4C yr; 1 0 1 80±60 cal yrs 
BP).  

The avai lable radiocarbon dates bracket the age of the Vedde tephra i n  the cores .  In the marine 
core MD99-2264 from the Djupall trough, a sample taken just above the Vedde tephra resulted i n  
an  AMS radiocarbon age of  1 1 1 70±90, and a sample taken approx . 1 55 cm below the tephra shows 
an age of 1 2080±90. Reworked grains  with geochemical signatures simi l ar to the Vedde tephra 
have also been identified at the base of an 1 8  m long fjord core MD99-2265 .  This fjord core has a 
basal date of 1 0700± 1 20 1 4C yr. In both the trough and the fjord , seismie data show that the Vedde 
tephra coincides with a prominent reflector interpreted as an erosional boundary. This boundary 
l ies just below the base of our fjord core .  Based on the 1 0300 1 4C yr age of the Vedde tephra, the 
uncorrected 1 4C dates that most explici t ly date the base of the tephra in our cores ,  suggest an 800 
yr ocean reservoir correction on the northwest Iceland shelf. This is consistent with the ocean 
reservoir correction calculated from sediments containing the Vedde tephra taken from the north 
Iceland shelf (Eiriksson et  al . ,  2000) . 

The Saksunarvatn tephra i s  a very distinet l ayer in  cores MD99-2264 and MD99-2265 . Extensive 
1 4C dating above and below this tephra layer in each core restricts the age to an uncorrected AMS 
date of 9400 1 4C yr BP.  The S aksunarvatn tephra i s  also present on land, both in lake sediments 
and soil sections dose to the shore of Jokulfirdir and in Nordurfjordur. Comparing -AMS 1 4C ages 
of this tephra on land and in the marine cores suggests a reservoir correction of 400 years , which 
is consistent with the condusion of Andrews et al . (2002) .  

Both the Vedde tephra and  the Saksunarvatn tephra fit well into the age-depth model of the marine 
cores providing credibi l i ty to the AMS radiocarbon dates .  Work on addit ional tephra layers found 
both in the marine environment and on land i s  i n  progress and wil l  further aid i n  the correlation 
between terrestri al and marine sequences-during this sensitive t ime in the glac ial history of Iceland .  
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Improved mul t i -parameter records from the northern Barents Sea margin show two 
prominent freshwater pul ses  into the Arctic Ocean during MIS 5 that s ignificant ly dis turbed 
the regional oceanic regime and probably affected global cl imate . Both pul ses are associated 
with major IRD events ,  reveal ing in tensive iceberg/sea ice mel t ing .  The older meltwater 
pul se occurred near the MIS 5/6 boundary (- 1 3 1 ,000 yr B .P . ) ;  Its - 2000 year duration and 
h igh IRD input accompanied by hi gh i l l i te content suggest a col l apse of l arge-scale Saali an 
Glaciation in the Arctic Ocean . Movement of thi s meltwater with the Transpolar Drift current 
in  to Fram Strai t probably promoted freshening of Nordic Seas surface water, which may 
have increased sea- ice formation and significantl y reduced deep water formation . A second 
pul se of freshwater occurred within MIS Sa (-77 ,000 yr B .P. ) ;  I ts hi gh smecti te content and 
relative ly  short duration is possibly consi stent with sudden discharge of Early Weichsel ian 
ice-dammed l akes in northern Siberi a as suggested by terrestri al glacial geologic data. The 
inf]uence of this MIS Sa meltwater pulse has been observed at a num ber of s i tes along the 
Transpolar Drift ,  through Fram Strai t ,  and into the Nordic Seas ; i t  may wel l have been a 
trigger for the North Atlantic cool ing  event C20. 
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Timing and structure of the l ate and post glaci al development of the northem Svalbard 
margin ,  together with the in i t ial influx of the Atlantic water into the Arct ic Ocean are st i l l  
very poorly constrained. We investigated a sediment core (NP94-S 1 )  from a high 
accumulation area on the continental shelf north of Hinlopen S trait with the purpose of 
resolving the t iming and structure of the last deglac iat ion . Detai led analyses of ice rafted 
detri tus ,  benthic and planktic foramin iferal fauna,  d iatom flora, grain size and radiocarbon 
dates are used to reconstruct the paleoceanographi c  evolution of the area. Our results indicate 
that the dis integration of Hinlopen S trait ice and possibly the northem margin of the Svalbard 
ice sheet commenced between 1 3 .7 - 1 3 .9 1 4C Ky BP.  Influx of subsurface Atlantic waters 
into the area ( 1 2 . 6  1 4C Ky BP) and the retreat of the sea-ice cover with the accompanying 
opening of the surface waters ( 1 0.8  1 4C Ky BP) happened at different t imes and both much 
l ater than the disintegration of the ice sheets . Cl imatic transit ion from the YD to the Holocene 
happened at 1 0. 1  1 4C Ky BP at this site accompanied  by increases of M. barleeanus and I. 

norcrossi/helenae. However, the lack of significant i ncrease in  C. neoteretis i mplies that 
significant bottom water warming i s  not evident at the transition to the Holocene at the 
northem Svalbard margin .  Thi s  i s  true also for the surface waters . Whereas ,  in  the eastem 
Nordic Se as thi s transi t ion involves surface water temperature increases between 5 to 9°C 
(Ko� et al . 1 996) .  The retum of N. labradoriea at  9 . 8  1 4C Ky BP could reflect a retum of the 
Polar Front and hence, deterioration of the c l imate during the PB . This would i ndicate the 
presence of a possible Preboreal Osci l lation at this area and a two-step warming at the start of 
the Holocene as documented from the Nordic Seas. 
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The rel ative sea-level change of Barents and White Seas '  coastal l i ne  during  Late Plei stocene 
and Hol ocene \vas stu di ed for the estimation of gl acio-i sostat ic emergence of Kola region . 
Reconstmct ion of sea-leve! change has been made for different parts of the region us ing the 
rel at ive sea-leve! (RSL) curves . 

The three RSL curves for the Barents coast (Snyder et al . ,  1 996, Corner et al . ,  1 999, 200 1 )  
show a pattern of upl i ft which con forms predictably with the posit ion of each site rel at ive to 
the margin of the retreating Fennoscandia ice sheet .  

The form of RSL curves of Barents Sea coast test ifies to the fol lowing .  During the period 
between 1 0000 and 9000 years ago the rapid rel at ive emergence (4-5 cm per year') of terri tory 
took place . The sti l l stand or rel ative sea-Ievel ri se from 8000 to 6000 years BP correlates with 
the regional Tapes transgression . During the l ast 6000 years the terri tory emerged with 
moderate « 0 .5  cm year') veloci ty .  

The two RSL curves have been derived for the White Sea coast (Kolka et al . ,  1 998 ,  2000) . The 
form of RSL curves for Lesozavod area (SW coast of Kandalaksha bay) test i fies about the h igh 
veloci ty (4-5 cm per year') of a relative emergence of coast during the period from 1 0000 up  to 
9000 years BP and about moderate velocity (- 1 cm per year') of a emergence during the 
younger period of a geological history. 

The RSL curve for Umba area (Tersky Coast of White Sea) shows the rel at ive sea-level rise 
betveen - 1 1 000 and - 1 0000 years BP. However, at present the t ime frameworks of late
glac ial transgression are outlined only and the l ate-glac ial transgression maximum is not 
establ ished . In Holocene the Umba section of White Sea coast emerged with moderate (- 1 cm 
per year') velocity .  

On the basis of the analysis of RSL curves of Barents and White Seas and the posit ion of 
i sobases for Holocene transgression maximum is conc1uded, that in l ate-glacial and in 
Holocene time the coasts of Kola Peninsu la  have possibly endured the fading of glacio
i sostatie emergence in time. The l ast one had most l ikely the dome-shaped form. It occurred 
simultaneously with eustatic ri s ing of the Ocean l evel and ,  usual ly,  exceeded i t  on velocity. 
The posi t ion of coastal l ine of Barents and White Seas in each particul ar site of coast is  caused 
by a difference in veloci t ies of gl acio-isostatic and eustatic risings. These di fferences depend, 
probably,  on rate of glac ial loading and intensity of melted water inflow to Ocean . 
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Chlorine as a geochemical indicator of the marine influence in 

tundra plants of the Lower Yenisey 
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A.A .  Kolokolova & N .G .Ukrai n t seva, M oscow State Un ivers i ty ,  Facu l ty  of Geography,  1 1 9995,  
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It is known that the chemical composit ion of p l an t s  cons iderabl y  depends upon their  phylogenetic 
spec ial i zat ion and the l i vi ng  form. The ecotope geochemical environment is however a lso s ign ificant .  
The coasta l  and estuari ne  ecosystems are deve loping under the evident i mpact of the marine air and 
water mas ses that i s  retlected in the chemical composi t ion of their components ,  and p l an t s  i n  
part icu J ar .  Marine i mpact o n  the terrestrial env ironment can be fol l owed i n  concentrat ion of the typical 
"marine"  elemen t s  such as ch lorine .  It was suggested that the remote watershed areas recei ved less 
ch lorine i nput by air whi l e  the f1 00d plain i s lands cou l d  be subjected to addi t ional  marine impact due 
to seawater i ngressi on .  

Ch lorine content has  been stud ied in  p lan t  spec ies  col l ected duri ng  the fie ld  studies perforrned i n  the 

framework of the INCO-COPERNICUS project «EST ABLISH »  devoted to the biogeochemical  
i n teract ions  i n  the estuary areas .  Sampl i ng  s i tes were l ocated i n  the Yen i sey del ta and gu l f  areas. Pl ant 
species were presented by the most widespread species of I ichens,  mosses, w i l l ow, herbs, and horseta i l  
growing i n  typical watershed and f100d p la in  condi t ions .  Air-dry p lan t  sampJes were m i l led and 
analyzed for ch lorine with the help of XRF spectrometer ORTEC-TEFA by Dr.  Sorok in  (Dokuchaev 
Ins t i tute) . Determinat ion error did not exceed 2-7 %.  

1 ,4 0  
1 , 2 0  
1 . 00 o 0 .80  

?f:. 0 .60 . 

�:�� �:. 

{; 

liiI 

� 0,00 . 
I n JeI  I Delt a 

Flood pla in 

....., �� liiiiiI 
I n JeI I Del t a  

W al ershed 

I _ Willow leaves O Herbaceous 
O Lichen (jJ M osses  

� Equisetum sp . 1 
l andscape . groups,  gu l f  area) . Wi l l ow specles 

Obtained resul t s  showed that the ch lori ne 
content i s  h igher in al l studied p lant  groups 
and species of the f100d p la in  area compared 
to the Yeni sey watershed terraces (Fig . ) .  S i te
specific variation in ch lorine  concentrat ion i s  
most pronounced i n  horsetai l and herbs 
(grasses, sedges) .  In  these plant groups the 
element content i ncreases 2-3 t imes i n  
seaward direction ,  e .g .  from 0 .5% (horsetai l )  
and  0. 1 5 %  (grasses, delta 
area) to 1 .2% and 0.5% (the same p lant 
Figure . Chlori n e  in dominat in g  spee ies  of tundra 

( Ieaves) h ad l ow ch lorine  concentrat ion at al l s i tes (0. 1 -0.2%) .  Lichens and mosses col l ected on the 
Yeni sey terraces were noted for the l owest ch lorine content however h i gher in the i n let area compared 
to the delta s i te .  
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Distribution of Salinity and S ome Water-Exchangeable Ions in the 

Yenisey Inlet and Delta Soils 
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Sal in i ty of the soi l s  forrned in  the estuarine area i s  of part icular interest contributing  to the 
knowledge of the recent and hi storical in teraction processes in the ocean-land transi t ional zone .  
This publication discusses some prel iminary data on water-exchangeable ions determined in 
severaI soi l  profi les investigated in the i s land and coastal parts of the Yenisey delta and inlet  to 
reveal the bi l ateral influence of the river di scharge and the marine environment on l andscape 
geochemistry . Detailed landscape observation, test soi l boring and leve l ing helped to select si tes 
comparable in  geomorphology and l i thology of sediments .  Particul ar atten t i  on was paid to 
accumulative zones with the soddy gley loamy soi l s  con taining enhanced concentration of fine 
part ic les .  Sal in i ty was determined as the total sum of the main ions i n  the analysed fi l tered soil 
water ex traction using standard chemical methods of soi l analysis (Ari nushkina ,  1 96 1 ,  analyst -
R .V .  Grishina) .  Ion determination error d id not exceeded 1 0% .  

Concentration of the water-exchangeable ions varied in soil samples from 0.008% t o  0.066% (six 
profi l es ,  46 samples) .  Maximum value wi thin soi l profi le was found on the low-Ievel flood plain 
si tuated at the beginning of the Yenisey delta (Fig .  l ,  PSH 1 -3 ,  0.049±0.009% ,  n= l O).  The total 
ion concentration was lower l )in the analogous soil profi le  l ocated in the central delta part (e .g .  
TS 1 -8 ,  0.037±0.005%,  n=8)  and 2) in the  s imilar so i l  profi les sampled on the adj acent coastal 
flood plain relative to the i s land part (average values 0.020 and 0.025 %) .  These two observations 
support the idea that the accumulative i s land part of the flood plain and i t s  frontal part in 
particular have zones most enriched i n  water exchangeable ions due to the most act ive 
accumulation of the suspended load with a higher water-exchangeable capaci ty .  Vert ical 
di stribution of the water extraction sal in i ty exhibits at least two peaks corresponding to the 
depths of approx . 1 0  and 40 cm (Fig .  l ) .  Independently of the total sal in i ty the distinctness of 
both peaks drops in seaward direction that i s  also suggested to be rel ated to the river discharge 
parameters .  The peaks may indicate some historical ly correlated flooding events noted for 
enhanced sedimentation of particu lar river deposi t s  natural ly  fading downstream. It could also 
indicate the sea-river interact ion.  This hypothesis  was supported by depth distribution of the ion 
concentration rat io (Cal+Mg")/(Na'+K') also showing peaks at the corresponding depths .  The 
ratio factor distinctly separated the inlet  profi le more subjected to marine impact from the delta 
ones .  In the i nlet profi le  its value equaled to 2, while in  the delta soil s  varied from 7 to 9. 
The work was performed in the framework of the INCO projec t  EST ABLISH .  
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Oli gocene-Holocene evolution of White Sea and adj acent areas in 

respects to diamond placers ' formations 
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The region of  White Sea  depression \Vas  denudation and removal area since the Devoni an 
t ime of the reg ional k imberl i t ic  magmat i sm, during the Mesozoic and up to the beginni ng  of 
the Cenozo ic .  

The trough of the Whi te Sea was  formed in  Oligocene as midland depression . The revealed in  
White Sea  seabed sediments  are represented on ly  by Quaternary deposi ts .  These are deposi ts 
of two l ast glaci at ions,  Moseow and Valdai ones, and divided by i ntergl aeia l  deposi ts .  During 
the l ast in tergl aei al t ime the White Sea was a part of the vast  bas in ,  uni t ing the Barents and 
Bal t i e  seas , the l ast ones were jo inted by the wide ehannel . 

The Kara (Novaya Zemlj a?)  iee sheet was aet ivel y developed in  region during  the Moseow 
and Early Walday glae i at ions .  It transported the material in general southwest and western 
direetion . It means that the materi al from the Arkhangelsk kimberl i ti e  provinee eou ld  be 
transported to the White Sea depression and to the easternmost Kol a part of i t s  shel f at that 
t ime . Noteworthy, that there are the number of di amond-bearing pipes ,  overl apped onl y by 
Quaternary eleposi ts  ( the eommercial  pipes of Zoloti tzky fie ld ,  the d iamondiferous pipes of 
Kepi nsky fie ld) .  Of in terest are the simi l ar eomposi t ional and genetie peeul i ari t ies  of the 
pyropes and ehrome-diopsieles from the kimberl i tes of Arkhangelsk provinee and from the 
Holoeene seel iments of Tersky Coast , Kol a Peninsula .  The eastern and southeastem areas of 
the Kol a Peninsu l a  eou ld  be regardeel as the one more possible source of el iamonds 
(di amonel i ferous kimberl i t i e  pipes of establ i shed Ermakovsky field and of inferred 
Makeevsky, Pyal i tzky, Pulongsky and Snezhni tzky fields) (Sorokhtin et al . ,  1 996 , Gavri lenko 
et al . ,  2002) The materi al was supplied in depression of the White Sea by glae iers , aneient 
glaeiot1uvial anel river streams . 

Numerous sea transgress ions and regressions are authentieal l y  establ i shed and the severaI 
stages of sea basins '  elevel opment in depression of the White Sea during the (terminations ) 
interglaeial periods are also revealed.  In aeeordanee wi th this faet ,  the migration of the eoastal 
l ine and of the l i ttoral zone happened that is favorable for aeeumulat ion of heavy minerals , 
including the diarnonds.  The most prornising plaeer-bearing  sediments are the marine deposits 
of the l ast in tergl aei al i n  the Tersky Coast of the Kola Peninsula .  

Intergl aei al deposi ts  of d ifferent genesis can be regarded also as the i ntermediate eol leetors for 
Holoeene diamond-bearing  plaeers . 
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Molecular study of the foraminiferan Elphidium willialnsoni 
reveals a prornising paleogeographic  to ol in the European A rctic 
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The l i ttoraI fauna of foraminifera of the North At lantic i s  thoroughly  s tu di ed  (Alve & Murray 
1 999) and has been broadl y  used in paleo-reconstructions ,  e .g .  sea-level change (Horton et al . 
1 999) .  By contrast ,  l i tt le i s  known of the Arct ic in tertidal foraminifera. 

The calcit ic ( and thus readi ly  foss i l izable) constituent of the i ntert idal fauna  of the Atlantic 
European Coast includes three major foraminiferal taxa :  Haynesina german iea, Ammonia spp. 
and Elphidium williamson i .  Here we demonstrate that the former two decl ine  somewhere 
along the Norwegi an Coast ,  whereas E. �villiamson i penetrates into the southern B arents Sea 
and the White Sea (with the northernmost locations at 69°20' N) .  Further north and east ,  
where severe fast-ice cripples benthic communit ies ,  no l i t toral foraminifera have been 
observed. E. williamsoni is the only calcareous foraminiferan restricted to the intert idal zone in 
the Arct ic ,  and therefore is a good marker in sea-leveJ studies .  

In the present study, we have obtained the sequences of smal l subunit  ribosomal RNA gene 
from severaI specimens of E. williamson i collected in  the North Sea, B arents  Sea and White 
Sea.  Phylogenetic analysis of these sequences reveals high genetic s imilari ty of al l  examined 
specimens suggest ing that the European E. williamsoni represents a single genetic species .  

Judging on reconstructions of  the  l ast glacial max imum (LGM) ,  the  spec ies  must  have been 
el iminated from the southern B arents Sea. For the White Sea, the reconstructions are less 
certain .  Postglaci al colonization progressed ei ther from the N orth Sea along northern 
Fennoscandia or, unl ikely ,  from hypothetical refuges i n  the White or eastern B arents seas. 

In the B arents and White seas, the species  dwel l s  on t idal mudflats, which exist only in i nner 
bays protected from the surf. Thus ,  the subpopul at ion of a mudflat is distanced from a next 
one by severaI kilometers of uninhabitable rocky shores .  The most probable dispersal agent i s  
floating keIp ,  transported by the eastward coastal currents ; however, short-distance transport 
by birds or broken fast ice i s  al so possible (but not observed) .  As  the Arct ic range of the 
species is  l inearly punctuated, gene flow between subpopulat ions is l ikely to  comply with the 
"stepping-stone" mode , which is i deal for popul ation-genetic studies .  The small subunit  
rRNA gene i s  too conservative to be suitable for popul ation genetics .  Hopefully,  new genes 
that are more variabl e  will be sequenced in the near future ,  thus enabl ing us to reveal the 
direction of postglacial colonization and to elucidate the glacial h is tory of the White Sea. 
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High-resolution Holocen e foralllin iferal and bivalve stratigraphy 
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Fj ords w i th  t he i r  t h i ck  sed i men t  package s  pote n t i a l l y  prov ide  h i gh-reso l u t i o n  record s  of the  
Holocene c l i mate .  A mai n cha l l enge i s  to de tec t  c l i mat i c  change and vari ab i l i t y  d ur i n g  the  

Holocene i n  th i s  Arc t i c  set t i n g ,  and to d i scri m i n ate  l oca l  and reg iona l  s i g n a I s .  The s tudy  are a  
i s  affected by an end -me mber of the  G u l f  S t ream a n d  t Im s  i s  especi a l l y  sen s i t i ve to vari a t ions  

i n  the Nort h  A t l an t i c  hea t  fl u x .  We present  a comple te  1 6-m- long Holocene sequence - core 
MD99-2305 - re tr ieved i n  the  deepest paI1 of the fj ord bas i n ,  l i S mwd ; the modem s i l l  depth  

i s  25 m, The age mode l ,  based on 1 5  rad iocarbon dates ,  demons t rates a s teady decrease of 
sed i menta t ion  ra te  from 0 .5  to O. l c m/yr from I 1  ca l . kyr  to the  prese n t  

Ben th ic  forami n i feral fl u x  decreases u pcore from 30 to I tes t  cm· e yr I .  The most  common 
spee ies  th rou ghou t the  core are Elph idiwl1 eXC(/ \ '{[ l l ll7l a n d  Cassidll /in(/ ren �ronne , which  

accou nt  toge ther  for 30-80% of  the  be n t h i c  a sse m b l age .  I n  t he lower  part o f  the  core ( between 
I l  and approx i mate l y  7 ca ! . kyr  B P ) ,  o ther  abll n d a n t  foram i n i fera are  Cibicides loba lli lus, 

Buccella frig ida and Non ion ellinCl labradoriea , each subsequen t l y  pe ak i n g  (40-50% ) at 
arou nd 1 0 , 9 and 7 . 5  ca l . kyr respec t i ve l y .  R are p l ank ton ic  fora m i n i fe ra ( e s se n t i a l l y  
N.pachy . s i n )  are presen t  i n  t h i s  lower part a n d  a l m ost  d i sappear  lI pcor e .  B i va l ve mol l u sks  a l so  

occu r  m ai n l y  i n  the l ower part ; the  mos t  frequen t  o f  them are the  ep i fall na l  se l ect i ve de pos i t 
feeder Yo/dia hyperborea a n d  t h e  shal low i n fau n al ll nse lec t i ve depos i t  feeder  Nucllioma 

ten uis .  Forami n i fe ral  assembl ages of  the upper part of  t he core « 7  cal . kyr)  are c haractcr ized 

by  the dominance of E. exca vatum and C ren ifonn e ,  the i nc reas i n g  percen tage o f  lslandiella 
l1orcrossi and the  occu rrences  of sha l lO\vlbrack i sh  forami n i fera Hayn esina orbicula re and 
Elphidium incertlll11 . Borea l  taxa ,  such as Hyalin ea balth ica , are near l y abse n t  i n  the  core . 

Through the Holocene ,  t he  fj ord bas in  has  undergone progress ing  i so la t ion  res u l t i n g  from 
pos tg lac i al rebou nd o f  the  s i l ! .  The fau na l  ev idence i ndicates  tha t  from I l  to  8 ca l . k yr the 
cori ng s i te had a good ven t i l a t ion  and \vas bathed by moderate bot tom c u rre n t s  ( p robab l y  
1 -5 cm/sec ) .  B y  7 ca l . kyr, t h e  oceanography o f  t h e  fj ord c ame to  i t s  modem s ta te :  bri ne  
rej ect ion produces  co ld  (- l .ye) and s tagnant  bot tom water ;  a h ypos al i nc sur face water  l ayer 
forms dur ing  su mmer .  

The ent i re abse nee o f  the  g l ac ier-prox i mal  m arker spee ies  Quill q ue!ocll lillCl sta/kai and the 
non-ex i stence o f  s i gn i fican t  dec l i nes  in  s pee ies  d i vers i ty  su gges t  tha t  re-ad vanc i n g  g l ae ie rs 
have never  approached the  cori n g  s i te dur i n g  the Holocene .  
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Airborne Survey of Antaretie Glaciers and the Patagonian 

lee Fields 

Waleed Abdal at i 
NASA Headquarters ,  Wash i ngton DC, USA ; 

Claudio Tei telboim 
Centro de Estud ios C ien t ffi cos ,  Val d i v i a , Ch i l e  
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NASAJGSFC/Wal l ops Fl igh t  Faci l i ty ,  Wa l l ops I s l and VA, USA;  

Earl Frederick , Serdar M anizade,  Robert Russel l ,  John Sonntag, Robert Sw i ft ,  Robert 
Thomas, and James Yungel 
EG&G, NASA/GSFC/Wal l ops Fl i gh t  Faci l i t y ,  Wal l ops I s l and VA, USA ; 

Torry Akins ,  S i vaprasad Gogineni ,  and Pannirselvam Kanagaratnam 
Radar Systems and Remote Sen s ing  Lab, I nformat i on & Tel ecommun icat i on Techno logy 
Center, Un i vers i ty  of Kansas, Lawrence KS, USA ; 

Cesar Acufia,  Gino Casassa ,  Hernan Couyoumdj ian, Andres Rivera, and Rol f S inc lai r, 
Centro de Estud ios Cien t fficos ,  Val d i v i a , Ch i l e  

From November 26-December 1 2 , 2002, we  carri ed out ai rborne surveys of g lac i ers of 
part icu lar i n terest in West Antarct ica,  the Antarct i c  Pen i n su l a, and the Patagon i an Icefie lds ,  

onboard an Ori on P-3 a i rcraft of the Ch i lean Navy.  

In  the  Antarct i c  Pen i n su la ,  gl aci ers fl owing i n to the  Larsen Ice Shelf and over the southern 
port i on of t h i s  i ce she lf  were surveyed in the east . In  the west ,  surveys  covered prev ious ly  
surveyed g l ac i ers over  i s l ands l ocated off the  coast and a l so port i on s  of the coas t .  I n  the 
Amundsen Sea Embayment, Pine I s land,  Thwai tes ,  S mi th  and Koh ler  glaciers were su rveyed . 
In t he  Northern Patagon i a  Icefie ld ,  surveys were perfonned over v i rtua l l y  the  ent i re area. In 
the Southern Patagon ia  Icefie ld ,  the northern most and southernmost port ions  were surveyed . 

In spi te of the trad i t ional l y  bad weather i n  t hese regions ,  we ach ieved e i ght successfu l  fl i gh t s  
from Punta Arenas (each from seven to 1 2  hours durati on)  i n  ] 7 days  of operat ion ,  g iv ing  u s  a 
total measurement time over the target areas of approx imate l y  27 hours .  

The sensors i nc luded : i c e  penetrat i ng  radar (CARDS, 1 50 MHz) ;  scann i ng  l aser al t i meter 
(ATM-2) ;  geodetic GPS (Ashtech Z- 1 2) real -t ime navigat i on system;  d ig i ta l  photogrammetri c 
camera (Nikon D- I X) ;  magnetometer (Geometric s  G-8S8) . A l l  data were corre lated wi th 
preci se GPS posi t ion ing .  The radar returned ice th ickness,  i n ternal stratigraphy ,  and bedrock 
topography from Antaretica, but no such i nformation cou l d  be detected from the temperate 
ice in Patagon ia .  The l aser al t imeter w i l l  al l ow us to map the surface topography of v i rtua l ly  
al l the g lac iers surveyed i n  Patagon ia  and Antaret ica .  The nav igat ion system provided an 
accurate means to remeasure t racks prev ious l y  surveyed . The d igi ta l  camera generates d i gital 
e l evat ion model s  from GPS posi t ions of camera centers by us ing  photogrammetric 
proeessi ng .  The magnetometer data w i l l  generate maps of l ocal and reg iona l  magnetie 
anomal ies of the Earth 's crust Iying under the  ice cover.  

The reg ions  stud ied in Antaret iea and Patagonia are present ly undergoin g  rap id  changes .  
These studies wi l l  thus  provide us  wi th  basel ine detenninat ion of key parameters to a l low 
accurate measurements of future changes.  Some of the data  from the Pen insu la  and Patagon ia  
were col lected over prev ious l y  surveyed s i t e s ,  to  al l ow assessment of past changes . The 
analyses of the a irborne surveys shou ld  provide i mportant informati on for assess ing the 
stabi l i ty of the g laeiers and ice shel ves .  Th i s  i ssue is of part icular importance in Antaret ica,  



where there i s  part i al ev i dence that the d i s i ntegrat i on of ice  she l ves  i s  affect i ng  the stabi l i t y  of 
the i n land ice .  FUl1her i n format i on can be found  at http://w�vw .cec s .c l .  

W e  wish  t o  thank the Ch i l ean Navy for the i r  in va luable cooperat ion and for prov i d i ng:  the 
Orion P-3 a i rcraft and f1 i ght crews used in these surveys .  Val uable weather foreeasts were 
prov ided by Direcc i6n Meteorol6gica de Ch i l e  at Punta Arenas ;  NSF-supported Ant aret i e  
Mesoscal e Predie t ion System CAMPS) a t  NCAR, Colorado,  U S A :  and NOAA-A VHRR 
satel l i te i magery provided through the Un i vers i ty  of W i scons in ,  USA.  Direcc i6n de 
Aeronaut i ea  C i v i l  at Ptmta Arenas prov i ded essent i a l  office space and real -t i me ai rcraft 
weather observat ions  at the ai rport i n  Punta Arenas .  Office space and accommodat i on s  i n  
Punta  Arenas were provi ded by Hotel Faro Evange l i s tas o f  the Chi lean Navy .  W e  thank  M r. 
M arce lo  Arevalo and Mr .  Fel ipe Contreras for col l aborat i ng  wi th  logi st i c s  i n  Punta Arenas .  



Landforms associated with g)acier surge : 

Elisebreen , NW S pitsbergen 

Nico laj K .  Larsen ( I ) , Jan A .  Pi otrowski ( l )  and Pou l Chr i s toffersen (2) 

( I )  Department of Earth  Sc iences,  Un i vers i ty  of Aarhus,  c.F.  Møl lers A l l e  1 20, DK-8000 Århu s  C ,  
Den mark ; (2)  Center for Arc t i c  Technology, Depart ment  of C i v i l  Engineering, Techn ica l  Un i vers i ty  of 
Denmark, DK-2800 Lyngby , Den mark .  

Retreat of E l i sebreen,  a g lac ier on Oscar Il Land, N W  Sp i tsbergen reveal s  a compl e x  se t  of g lac ia l  
landforms i nc lud ing dru m l i n s ,  flutes ,  "t i l l  eskers",  crack-fi l l  r idges, hummocky and thrus t  mora ines .  
S imi l ar l andform assemblages have been suggested to  ind icate g lac ier surge (Evans  and Rea ,  1 999) 
and for these reasons we specu late t hat El i sebreen 
was a surging gl aci er. 

The most profound l andforms are : 

l .  C losel y spaced nutes up to I -m h i gh and 
200-m l ong with i n i t i at i ng  bou lders at the ir  
prox imal ends .  

2 .  Crack-fill r idges cons i s t ing of  t i l l ,  off-set 
consis ten t ly  by 1 0-30° in re la t ion to the ice 

movement . These r idges are typica l l y  0 .3 -
0 .6 m h igh .  They a re superi mposed on both 
tlutes and "t i l l  eskers" .  

3 .  30-35 m h igh  th rust moraine wi th  
associated h u m m ocks on the  up- ice s ide . 

E l i sebreen rests on bedrock and ra i sed mari ne  mud 
and grave I s  in  the marg ina l  part .  S t ri ated bedrock 
surfaces occas ional l y  protmde t h rough the < 5 m 
th ick succession of unconso l i dated sed imen t s .  It i s  
suggested that t h i s  soft sedi ment affected t h e  trigger 
mechan ism of the surge due to i t s  d i fferent 
rheological  behaviour i n  compari son wi th bedrock .  

Sharp boundaries between the  basal t i l l  and t he  
lInderl y i n g  lIndeformed sed i ments  sllggest that  the 
fast forward mot ion was fac i l i tated by basal  s l id ing  
or  sllbglac ia l  deformat ion restricted to  a t h i n  zone .  
The l atter i s  considered more l i ke l y  because i t  i s  
evident that the t i l l  was mob i l e  t o  some extent  as 
ind icated by the occu rrence of flu tes  and crack-fi l l  
ridges .  

Referenees : 

Upper:  Aeri a l  p hotograph of major  

geomorphic e le m e n t s :  d ru m l i n s  and 
moral  nes .  

Lower:  mi nor l and forms : fl ute  ( I e ft) and 

" t i l l  esker" (r ight)  s uperi mposed by a 

crac k- fi l l  r idge.  

Evans ,  O . J . A . ,  and Rea,  B . R  . . 1 999,  Geo morphology a n d  sed i mc n to l ogy o f  surg i ng glac i e rs :  a land-system 

approac h :  Anna ls  o f G l ac i o l ogy.  v .  28,  p. 7 5 - 82.  
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The impact of ice  sheet fluctuations on the Northern North Sea -

South N orwegian margin from 40 ka to 1 0  ka BP. 

Lekens , \V . A . H . ;  Sej rup,  H .P . ; Haflidason , H. 
Depart mc n l  of Eart h  S c i e n c e s ,  U n i vers i t y  o f  B e rge n ,  A l l e gt .  4 1 , 5 007 B e rge n .  E- m a i l :  
\v i Jll . l e k e n s @ ge o .u i b . n o ,  phon e :  +47 5 5 5 8 3 5 2 7  

The Northern North Sea - South Norwegian margin is  characteri zed by l arge-scale geological 
processes during  the Late Quaternary, such as gl ac igenic debri s flows, turbidi tes ,  huge 
transl at ional s l ides ,  contouri tes and l arge-scale hemipel agic deposits (Bugge et a l . ,  1 987 ,  

Haflidason et a l . , 1 99 8 ;  Hjel stuen et al . ,  in  press ; King et al. , 1 996,  1 998) .  B y  us ing high 
resolu t ion cores  and sei smic data these processes are further characterized and both their t iming 
and interre lat ion are presented for the l ast 40 ka. 

It has been found that the deposi tion of gl aci genic debris flows i s  associated with advances of the 
Norwegi an Channel Ice S tream (NCIS) .  These events are fol lowed by l arge scale meJtwater 
plume deposi t ion .  The influence of meltwater on the oxygen i sotope records is widely shown 
within the region (e .g .  Sarnthein et al . , 1 995)  and l arge plumite deposi ts  have been recognized 
from X-ray and high resolut ion seismic profi les (Berstad et al. , in prep. ; Hje lstuen et al. ,  in 

press . ) .  It has been suggested that northward currents shaped the sediment plume along the Mid 
Norwegian margin (Hjel stuen et al. , ill press) . 

The sedimen tat ion rates and bulk  accumul ation rates show the variabi l i ty  of deposi t ion and input 
to the margi n and are main ly governed by the changes in  deglac i ation rate of the Fennoscandian 
ice sheet and the regional weathering  rate on the surrounding main land .  A detai led study of the 
petrology of the IRD enables the di st inet ion between source areas .  Dist inet changes i n  both 
Fennoscandian and Bri tish ice sheet suggest a t ime rel ationship with the Heinrich events in the 
North At lant ic ,  as proposed by Berstad et al .  ( ill prep. ) for the Norwegian lee S tream and more 
in general by for example El l iot et al .  ( 1 998) .  

Referen ees : 
B ugge, T ,  B e fri ng ,  S . ,  Be l derson ,  R .  H . .  Ed v i n ,  T ,  Jansen ,  E . ,  Kenyon , N. H . ,  Hol tedah l ,  H .  & Sej rup, H .  P. 1 987 : 
A g ian t  three-slage submari ne s l ide  off Norway.  Geo-Marine Letters 7 ,  1 9 1 - 1 98 .  
Berstad , I . M . ,  Sej rup,  H . P . ,  Hafl idason,  H . H . ,  Hje l s tuen ,  B .O . ,  R ichter,  T & A l l away,  T i n  prep . :  M e l twater p lume 
and Iceberg release i n  the Southeas t  Norwegian  Sea dur ing the pas t  40 ka;  ev i denced by m u l t i -proxy s tudy at the  
Norweg i a n  M arg i n .  To be submi tted to :  Bjerknes Special Publication: "Climate variability in the Nordic Seas ". 
E l l i ot ,  M . ,  Labeyr ie ,  L . ,  B ond ,  G . ,  Cot ijo ,  E . ,  Turo n ,  J . -L . ,  Tisnerat, N .  & Duplessy ,  J . -c .  1 99 8 :  Mi l l e n i al-scale 
iceberg d i sch arges i n  the Irmi nger B as in  dur ing the last  g l ac i a l  period : Re la t ionsh ip wi th  the Heinrich events  and 
env i ronmenta l  se t t i ngs .  Paleoceanography 1 3 ,  No.  5 , 433-446.  
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Reviews. 
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Cold-water Coral Reefs along the Norwegian Margin : Possible 
Hydrocarbon Indicators and Potential Paleoclimatic A rchives 

Bjorn Lindberg & Jtirgen Mienert 

Department of Geology, Un i vers i ty  of Tromsø, N-9037 , Norway 

Cold-water coral reefs along the Norwegi an margin  have been known for some time, but only 
recently has research revealed their surpri singly great abundance and import ance as a habi tat 
for many marine species .  The l argest complexes extend over > 1 O km with continuous reef 
growth (Sula Reef and Røst Reef) , and can reach more than 50 m in height ( Fugløy Reefs) .  
Reefs are found both out on the shelf and i n  fjords ,  as shallow as 40 m in  the 
Trondheimsfjord , and con sist  mainly of the reef-building  sc1eract inian ahermatypic coral 
Lophelia per/usa . The reefs are connected wi th influx of Atlantic water through the 
Norwegian Current, and are found in places with high rel ief, e levated currents ,  and 
avai labi l i ty of hard substrate . Indicators of fluid venting by l i ght hydrocarbons or other agents 
are of ten, but not always, seen in  connection with reefs ,  e . g .  bri ght spots ,  pockmarks ,  e levated 
hydrocarbon levels i n  the sediments etc .  The reefs establ i shed themselves on the Norwegian 
margin after retreat of the ice-sheet ,  and the oldest dated fragments are -8  ka .  
Paleoceanographic information i s  stored i n  the coral skeietan as the y grow, and reef 
fragments can provide accurate windows of paleoc1 imatic information through 0- and C
i sotope analyzes .  Furthermore 1 4C-dating (reveal ing the age with reservoir effec t  inc1uded) 
can, compared with Urrh dating (giving ' true age ' )  provide an age of the water masses in  the 
area .  
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Genesis of a massive ground ice body at Cape Shpindler, A rctic 

Russia 

Hanna Lokran tz  I and Olafu r  lng61 fsson2 
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Svalbard (UNlS) ,  B o x  1 5 6,  N -9 J 70 Lon gyearbye n ,  N orway . 

Thick bodies of massive ground ice are described from the northem permafrost zone of 
northem North America and Siberi a .  Among the various geneses di scussed for these ice 
bodies the one favoured i s  formation through segregat ion and injection processes ,  where 
excess of pore water freeze within the sediments .  Another theory was put forward by 
Kaplyanskaya and Tarnogradsky ( 1 986) and Astakhov and Isayeva ( 1 988) ,  where they 
i nterpret massive ice in  the north-western S iberi a to be buried remnants of Plei stocene ice 
sheets .  Indeed most fi nds of massive ground ice i n  the western Arctic are within and proximal 
to the l imits  of forme ri Y glaciated areas . Al though both segregation and glacier ice in the 
modem environment can be dis t inguished on the basi s of di agnostic cri teri a such as 
crystallography and geochemistry, and nature of the contacts between the ice body and 
surrounding sediments ,  bodies of buried massive ground ice of ten have undergone post-buri al 
chemical and stmctural alterat ions .  Thi s  makes any fie ld determinat ion between massive 
segregated ice and g lacier ice very complicated . It i s  therefore important to consider as many 
cri teri a as possible before a genetic interpretati on of a massive ice body can be made . 

A massive ground ice body at Cape Shpindler, Yugorski Peninsula ,  arct ic Russia ,  was studied 
with regard to l arge-scale in ternal structures ,  i t s  stratigraphical context and contacts  to 
surrounding sediments .  

Leibman et al . (2000, 200 l)  invest igated studied i ts  chrystallography, chemis try and i sotopic 
composi t ion . We conclude that the massive ground ice at Cape Shpindler is rel ict g lacier ice ,  
possibly with some regel ation ice or segregation ice at the base . The chronology for the 
Shpindler Cape sequence i mplies that the glaeier ice might be of M arine Oxygen Isotope 
S tage (MOIS) 8 age , >200 ka, and consequent ly that it has been preserved by the permafrost 
for the duration of at least three interglac i al s  (Holstein ,  Eem and Holocene) .  

Referenees:  
Astakhov, V .  L,  Jsayeva, L .  L .  1 988 :  The "Ice h i l l " :  An example of  "retarded deglac i at ion" i n  S iberi a .  

Quaternary Science Revie,vs 7, 29-40. 
Kaplayanskaya, F. A . ,  Tarnogradsky, V .  D. 1 986 :  Remnants of the Plei stocene ice sheets i n  the 

permafrost zone as object for paleogl ac io logica l  research . Polar Geography and Geology 1 0, 
257-265 . 

Leibman, M .  O. ,  Vas i l iev,  A .  A . ,  Rogov, V .  V . ,  Ing6l fsson , 6. 2000: Study of mas s i ve ground  
ice of  Yugorsky pen insu la  us ing  crystal l ographi c  methods. Earth Cryosphere No.2 ,  3 1 -40 
( In Russ ian) .  

Leibman ,  M. O . ,  Lein ,  A .  Yu . ,  Hubberten, H.  -W. ,  Vanshtein ,  B .  G . ,  Goncharov, G .  N.  200 1 : 
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reconstructi on of condit ions for i ts formation . Data of glaciological studies Publication 
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Clay mineral distribution i n  surface sediments from the 
Greenland Sea 

Jens Matthiessen & Chri s toph Vogt 
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Clay mineral s may be sensi tive indicators for transport processes and pathways of terrigenous 
sediments .  The fine fraction of sediments may easi l y  be transported by e . g .  bottom currents 
and lor sea-ice (e .g .  Pfirman et al . ,  1 997 ; Wahsner et al . ,  1 999). Despite this  potential for 
paleoenvironmental studies, rel atively l i t t le i s  known about the distribution of c lay minerals in 
surface sediments from the Nordic Seas .  In th is  study, we analysed the di stribution of c lay 
minerals in surface sediments from East Greenland fjords ,  the cont inental shelf and slope and 
the adj acent deep-sea between 70° and 7SO N. Four c lay minerals were i dent ified using the 
standard method outl ined by Wahsner e t  al . ( 1 999) . Il l i te and chlori te are the dominant c lay 
minerals in most sediments and show a relatively even dis tribut ion .  Kaol in i te and smectite 
contents are more variable  and the y are obvious ly related to specific source  areas .  The clay 
mineral associations are relatively uniform in most samples from the shelf, slope and deep-sea 
bas in ,  while fjords sediment show a stronger variabi l i ty .  Some fjords have a specific clay 
mineral association that  i s  cJearl y  re lated to the sediments and rocks of the adj acent  coastal 
areas .  The clay minerals are further dispersed from these point sources i n  the fjords resul t ing 
in a relat ively even distribution in the deep sea .  

Referenees : 
Pfi rman , S .L . ,  Colony, R . ,  Niirnberg, D. ,  Eicken,  H .  & Ri gor, 1 . ,  1 997 : Reconstructin g  the orig in  and 
trajectory of drift ing  Arctic sea ice .  Journal of Geophysical Research, 1 02 ,  ] 2,575- 1 2 ,586 .  

Wahsner, M. et  al . ,  ] 999 :  Clay-mineral d i stribution in  surface sediments of the Eurasian Arctic Ocean 
and continental margin as indicator for source areas and transport pathways .  -- A synthesis .  Boreas, 
28 , 2 1 5-233 .  
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Nitrogen mineralization and heterotrophic respiration in  soils of 

tundra ecosystems 
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During the last decades ,  tundra ecosystems have changed from strong s inks to strong sources of 
CO2 to the atmosphere , indicating an increase in mineral i zation of soi l organic  matter (Shaver et 
al . 2000) . We here report on a study on carbon and ni trogen mineral izat ion in soi l s  of two tundra 
ecosystems in arct ic Russia ,  which aimes at better understanding long-term changes in net 
primary productivi ty and carbon seguestrat ion due to global warming. The results of these 
investigations are compared to those from a South-North transect through Western S iberia .  

Heterotrophic respiration rates ,  as  wel l  as the  microbial biomass were hi gher in  the  organic soi l  
layers compared to the mineral horizons i n  both tundra ecosystems, and in the taiga and steppe . 
However, gross ni trogen mineral ization rates were found to be higher in  the mineral l ayers (A 
horizons)  of  the  soi l s ,  ca1culated on a dry weight basis (Fig .  1 ) , as wel l  as on  a areal basi s a t  the 
arctic s i tes .  Compari sons with other ecosystems revealed that this decoupl ing  of N and C 
mineral ization was typical for tundra ecosystems and was not found i n  tai ga or steppe . Whi l e  the 
reason for thi s pattern is unc1ear, the low mineral izat ion rates in  organic horizons may be highl y 
significant for predict ing the response of tundra ecosystems to global warming .  Elevated air 
temperatures, which first l ead to warming of upper soi l byers , may di fferent ly affect these two 
processes in  the short-term, l eading to a higher in i t ial loss of carbon to the atmosphere , as has 
been reported for arct ic ecosystems (Oechel et al . 1 993) .  

Forest Steppe 

Honzons O A 

Referenees : 

Soulhern Northern Soulhern Taiga Taiga Tundra 
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Figure 1 :  Rntes of gross mi nern

l i zation and hetcrotroph i e  respirat ion 

i n  organie (O) nnd mi neral so i l  

h ori zons (A) of d i fferent vegetat ion 

zones along a South-North transeet in  

Western S i beri a .  

Forest Steppe Ss o I 2 ' N ,  n024 ' E  
Southern Taiga S s o l S ' N .  6so3 7 ' E  
Northern Taiga 6soS 5 ' N ,  7 8 °0S ' E  

Southern Tu ndra 67°S 5 ' N ,  74°S S ' E  

Typieal Tu ndra 69°43 ' N ,  74° 3 S ' E .  
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High Resolution Fjord Records From Norway Reflecting 
Temperature Changes in the Norwegian Current the Last  1000 
Years. 
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Two deep-si l led fjord basins  with a direct connection to the Norwegian Current have been 
investigated with respect to age and 8 1 80 i n  benthic foraminfera. One bas in is located in 
western Norway (Sognesjøen) and one in northem Norway (Malangen) .  Both basins  have 
instrumental temperature and sal ini ty records spanning the last 75 years (western Norway) 
and 22 years (northern N orway). The basin water masses fol low the same temperature trends 
as recorded for the Norwegi an Current . Thus these fjord basins  are l ike ly  to detect chan ges in 
the Norwegian Current back in  t ime. 

Vari ations of 8 1 80 measured on foramin iferal tests depend on temperature , sal in i ty and 
i sotopic composit ion of the ambient water. Changes of the l atter i s  main ly  l i nked to the ice 
volume effect and can be neglected for the time interval di scussed here .  A temperature change 
of l ' C  eorresponds  to 0 .23%0 i n  the 8 1 80 and a sal in i ty change of l unit  corresponds to an 
8 1 80 change of c .  0 .3 1 (western Norway) to 0.43%0 (northern Norway) . By comparing the 
instrumental temperature and sal inity records i t  i s  evident that temperature completely wil l  
dominate the 8 1 80 signal . 

The record of 8 1 80 in  benthic foramin ifera i n  the sediment core from western Norway spans 
the l ast 4500 years with 6 to 25  years resolution throughout the last 1 000 years . I t  shows 
periods with colder waters ( 1  to 1 SC) appearing every 3 60 to 400 years throughout the l ast 
1 000 years with a c. 2 1 0  year variabi l i ty superimposed on this trend. 

The record e from northern Norway spans the l ast 230 years with l to 3 year resolution and 
shows eold temperatures from AD 1 770 to AD 1 900. From AD 1 900 to present there has been 
an increase of c. O .YC.  The yearly variabi l i ty of the record is up to 2 .YC .  

Both records indicate that changes in  solar i rradience i s  an  important forcing mechanism for 
the changes seen i n  the reeords .  The yearly variabi l i ty in  the Malangen record seems to be 
controlled by changes in the NAO (North Atlant ic Osci l lat ion) .  There i s  al so an correlation to 
volcanic aerosol part ic le s .  
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Water and sediment discharge i n  Kuannersuit, Disko, West 

Greenland ; an arctic drainage area dominated by a recently 

surging glacier. 

Henrik Su l sbrtick Mo l l er, Kirsten Thorsoe & Nie l s  Nie l sen .  

Ins t i tute of Geography, Un i versi ty  of Copenhagen ,  Oster Voldgade 1 0, DK- I 350 Copenhagen , 
Denmark .  E-mai l :  hsm @ geo2.r.ku .dk phone +45 3532 25 8 1 .  

H i gh temporal resolu t ion data are presented on water and sedi ment di scharge from the ri ver 
Kuannersu i t  Kuussuat, drai n i ng  a catchment  area (533  k m

2
) on Di sko, West Green l and . The catchment  

area i s  domi nated by an out le t  gl ae ier  of the Sermersuaq Ice Cap which h ave surged .  Sate l l i te images 
document that the surged l asted from Au gust/September 1 995 to the spri n g  1 998 ,  reduc i n g  the down 
val ley d i stance to the head of the fjord from 22 km to 1 2  km .  

In  200 l a hydrometrical stat ion was  establ i shed,  c .  4 km from the  front  of t he  surged gl aeier, i n  order 
to automat ica l ly  measure the d i scharge of water in the braided ri ver Kuannersu i t  Kuussuat .  Coherent 
measurements of water d i scharge , turbid i ty and a range of c l imate parameters were conducted from 
the 61h of lu l y  to the 3 1  ,I  of August 200 1 . Addi t ional s ing le  spot measurements of water d i scharge ex i s t  
from 1 997 ,  1 999 and  2000. The  sedi mentat ion rates i n  the rece i vi ng  fjord , Kuannersu i t  Su l luat ,  were 
measured us ing  a number of cy l i ndrical sed iment  traps during  the majority of the open water seasons 
i n  2000-2002 . Documentat ion of the durat ion of the mel t  water peri od is supported by p ic tures from an 
au tomat ic d igi ta l  camera at the del ta .  

The water d i scharge decrease duri ng  the season and i s  superi mposed by l arge dai l y  fluctuat ion s ( from 
60 to 1 00 m's· I ) .  Peak d i scharge events are i n  the order of 1 50 m\· I . Duri ng  peri ods w i th  consi stent 
temperatures below O Co d i scharge events has been observed from the dai l y  d igi tal photos .  The 
durat ion of the mel t  water season in 200 I is confined to c. 1 50 days from the l s l  of lune ,  based on 
au tomat ica l ly  d ig i tal photos from the del ta and on-s i te  observat ions .  Total run-off duri n g  the 
mon i tored peri od i s  1 54 1 S· I km2 • Su spended sedi ment concentration (SSC) i n  the r iver  i s  between 3-
Sg r i at  the hydrological  stat ion and 1 2  g r i at the g lacier front . Total transport of suspended sed i ment 
during  the peri od i s  calcu lated to 1 .46x l 06 t .  Correspond ing  measurements of sedimentat i on rates 
us ing  sediment traps were conducted in the fjord approx i matel y  2 km from the de l ta  from the I l  Ih of 
lu ly  to the 2 81h of October 40 m above the fjord floor. Assumin g  minor sedimentat ion be fore and after 

trap deployment and un i form sedimentation  w i th i n  0-2 km from the delta the depos i t i on duri n g  the 
period is est imated to 0 . 1 9x I 06 t .  

Based o n  t h e  discharge measurements the river regime i s  c lass ified a s  a n  Arct ic ,  N ival regime.  The 
rates of suspended sediment concentrat i on and annual sedi ment  transport are h i gh compared wi th  
other proglacial ri vers i n  comparable drainage areas on Disko and Green l and i n  general (Hasholt B. ,  
1 996) and  can be  ascribed to t he  glac ier surge . Decrease i n  SSC i n  the ri ver wi th  i ncreasi ng  d i stance 
from the g l acier i ndicates deposi t ion wi th in  the val ley .  Bu i l d  up of the va l ley fl oor are observed and  
documented .  The large d i vergence between river transported suspended sed i ment  and  deposited 
sediment in the fjord i nd icates deposi t ion within the val ley and at the prox imal part of the fjord . 
Recent marine geol ogical stud ies  report pronounced increased sedimentat ion rates i n  the fjord ascribed 
to the  glacier surge (Gi l  bert e t  al . ,  2002) .  

Referenees : 
G i l bert, R . ,  Nielse n ,  N . ,  Mol ler, H . ,  Desloges, J . R .  & Rasch,  M .  2002 : G l aci m ari ne sedimentat ion i n  Kangerdluk 
(Disko Fj ord),  West  Greenland,  i n  response to a surg i n g  glaeier.  Marine Geology 191 , 1 - 1 8 . 
Hashol t ,  B .  1 996: Sed i m e n t  transport in Gree n l and . lAHS Publ. no. 236, 1 05- 1 1 4 .  
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A Changing Climate in the A rctic  inferred from palynological 
studies of Laptev Sea sediments (Siberia) 
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For the fi rst t ime high-resolution pol len record o f  marine sediment sequence from S iberi an 
she lf  was received . Using the radiocarbon dated sediment core from the southeastern Laptev 
Sea 
the fi rst detailed account on the l and-ocean l inkage from this region on the bas is  of pollen  
analysi s was  obtained . The chronology of the  core goes back to 9 .4 cal .ka, yield ing an 
average sample resolution of - 1 00 years (Bauch et al . ,  ] 999) . 

The trends observed in the shelf data seem to be in  good agreement with the maj or Holocene 
changes of the coastal h interl and .  Cl imatic warming in the earl y Holocene caused a change in 
the hydrological situation and soi l with vegetation development on l and .  Th i s  change also 
caused enhanced riverine runoff that could explain the high sedimentation rate that 
persi sted in  core from 7 . 6  to 4 .0 cal .ka (Bauch et al . ,  200 ] ) . Thi s  inferred i ncrease in river 
act iv i ty may correlate with the period for which pol len and organic  run off data indicate 
warmest conditions ,  
with a ful ly  developed forest just  south of the Lena Del ta .  An enhanced transfer of arboreal 
pol len onto the shelf during  the middle Holocene began around 7 . 5  cal .ka and is i nterpreted 
as the result of The northernmost advance of the treel ine between 9 and 3 . 8  cal .ka.  Pol len 
records indicate that warmest condit ions occurred in  the Atlant ic period. 

Referenees : 
Bauch,  H .A. ,  Kassens, H . ,  Erlenkeuser, H .H . ,  Grootes, P .M . ,  Thiede, J .  1 999 :  Deposit ional 
env ironment of the Laptev Sea (Arctic S iberia) during  the Holocene . Boreas 28, 1 94-204 .  Bauch ,  
H .A. ,  Kassens,  H . ,  Naidina, O .D . ,  Kunz-Pirrung, M . ,  Thiede, J .  200 1 : Hol ocene flux rates of 
sedimentary components on the eastem Laptev Sea shelf (Arct ic Siberia) . Quaternary Research 55  
( 3 ) ,  344-35 1 .  
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Holocene Southern Ocean c1imate variabil ity 
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The s i te  TN057- l 7 (500S 6°E) from the Atl antic sector of the Southern Ocean i s  today located 
right on the Antarctic Pol ar Front (APF) , and is therefere in  an ideal posi t ion for 
reconstruct ing past cl imate changes .  By  combin ing  the sedimentary record of Holocene 
changes i n  Summer Sea Surface Temperature (SSST) and sea-ice cover, based on diatom 
transfer fllnctions .  Wi th l l 1 4C-AMS dates from both TN057- 1 7  cores ,  the resul t ing record i s  
capable of  resolving high-frequency vari abi l i ty i n  the Holocene cl imate . The record gives 
evidence for an oceanic c l imate control led main ly  by the insolation on the atmospheric 
circlllat ion. Thi s  i s  overl ain by prominent cycles wi th multicentennia l- and mil len ial-scale 
periods .  The cycl ic i ty i s  possibly l i nked to sol ar variabi l i ty  throu gh both the atmospheric  
circulation in  the southern hemisphere and the  North Atlantic through the  Thermohal ine 
Circulat ion (THC) .  The correcl ation of the SSST changed from northern to southern 
hemisphere summer insolation in  the beginning of Late Holocene,  perhaps indicat ing a 
weakening in tluence of the THC on the c l imate of the Southern Ocean . 
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lVIegascaIe glacial l ineations recording palaeo-ice stream flow to 

the B arents Sea margin during the Late Cenozoic .  
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Department  of Geology, Un i vers i ty  of Tromsø, 9037 Tromsø, Norway 

Late Cenozoic erosion surfaces have been studied based on 3-D seismic data  from the south
western end of the Bjørnøyrenna glacial trough at the SW Barents Sea continental margin .  
The 3 - D  data cover an area o f  - 2000 km2 . The survey was primari ly  designed to image 
deeper targets ,  and the vert ical resolut ion is low compared to high-resolution 2-D seismic data 
that is commonly used to study the upper glacigen ic sediments .  The horizontal resolution i s ,  
however very good due  to high spat ial sample rate ,  and the data provide detai led images of  
palaeo surfaces ,  reveal ing l ineations with a rel ief of around 2 . 5  m .  

Seven seismic reflectors , which can be correlated regional ly over the western Barents Sea  
have been identified and mapped in the upper Cenozoic sedimentary succession.  Mega scale 
streamlined l ineations occur on most of the mapped horizons .  The l ineations are 0 . 8-25 km 
long, around 1 00-200 m wide, have a rel ief of about 3 m, and are taken as i ndications of fast
flowing ice-streams. 

The study area has been influenced by westwards moving glaciers occupying the 
Bjørnøyrenna and north-westwards moving glaciers from the Scandinavi an main land.  The 
l ineations on the oldest reflectors are weak, and only one orientation is observed on each 
reflector, indicat ing ice streaming westwards out Børnøyrenna. The younger reflectors show 
pronounced l ineations with different ori entations and with a signi ficant  amount of cross
cutt ing by different flow-sets, indicating more dynamic ice, with input of ice from 
Bjørnøyrenna as well as the Scandinavian mainland .  

The mega-scale glacial l ineations provide direct evidence of  grounded glaciers extending to  
the  SW Barents Sea margin a t  least seven times during the  Late Cenozoic .  
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A problem of atmospheric ozone formation over the A rctic . 
regIons. 

V . Osetchk in .  

I t  i s  known that the  atmospherie ozone problem has an ecological and c l imatic chan ges -
re lated meaning .  

To solve any of practical problems connected to an atmospherie ozone one shou ld  have 
knowledge of all the aspects of the photochemical ozone formation theory . However, there i s  
up to date a considerable gap between some of  observat ional ozone data and  numerical 
model l ing resu l t s .  The spring  total ozone maximum observed over the Arct ic belongs to 
unexplained feature of the atmostherie ozone problem. The present author may show that a 
very 
weak flax of the gal aet ie space rays ( GSR ) is an essent ial one if  to regard i t s  accumulative 
effect over a long enough period ( over a polar n ight ) .  

If to fol low that way the energetic contribution of the GSR to the ozone formation proeess 
wi l l  be on the average as much considerable as that of sun.  The mechan ism offered by the the 
author may explain the spring polar total ozone maximum and an exccss of total ozone over 
polar regions comparcd to that over the equatori al ones .  
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Vegetation changes in the Lena Delta area for past 8,500 yrs.  
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Modern vegetat ion of the mai n Lena del ta terr i tory presents in  general the dwarf shrub and 
herbaceous-dwarf shrub (Dryas octopetala, Sa lix glallca, Carex stans, Poa arctica, LlIzula n iva lis, 

Papaver pulvinatum, Valeriana capitata, Saxifraga foliolosa) moss (Hylocomnium splendens, 

A u locol11nium tllrgidum, Tomen thypn um nilens) and l i chen northern sub-arct ic tundra, in p laces i n  
combi nat ion w i t h  herbaceous-hypnum and  pol ygonal  bogs . 

The north western and northeastern delta segments  belong to herbaceous-dwarf shrub (Dryas 
oClopetala, Salix pola ris, S. n ummula ria, S. reptans, Carex stans, Poa arctica, Luz u la nivalis, L. 

confusa, Saxifraga foliolosa) moss (Hylocom ium splendens, Drepanocladus unsinalUS, Tomen thypnul11 
n itens, Sphagnum orien tale) and l ichen southern arct ic  tundra i n  combinati on wi th herbaceous

hypnu m and pol ygonal bogs.  

The reconstruct ion of vegetat ion changes i n  the Lena  delta for the l ast 8000 years is based on the 
resu l t s  of pal inological analys i s ,  plant rema ins  anal ys i s  and radiocarbon dat ing  of severaI sect ions of 
al luv ia l  deposi ts  compri s ing a h igh f100dplai n and the fi rst above the f100dplai n terrace .  The 
i nves t igated sect ions located in the central , northern , north western and southwestern part s  of the Lena 
del ta have a good cross-corre lat ion by rad iocarbon dat ings and paleoflori st ic composi t ion of 
vegetat ion macro-remains from the depos i t s .  The avai l ab le  spore-pol len di agrams a l J ow us to 
s ign i ficant ly supplement the characteri st ics of vegetation for some t ime i nterval s .  

In t h e  Boreal period (BO) - 8500 yrs .  BP, shrub (Betllia sect .  Nanae, Salix sp . ,  A lnaster fruticosa, 
A lnus hirsute) and herbaceous-cotton-grass ( Eriophorul11 sp . ,  Carex sp . ,  Calamagrostis sp . ,  
Equiselul11 sp .)  p lant  communi ties were developed i n  the Lena de l ta .  The boundary pf pre-tundra l arch 
(Larix sibirica) open woods passed probabl y i n  d i rect prox i mity to the central del ta area .  

At the boundary of 8000 yr BP, shrub-herbaceous sedge-cotton-grass and cotton-grass-sedge 
assoc i at ions with Betula sect .  Nanae, Salix sp. ,  A lnaster frulicosa, A lnus hirsute were developed i n  
the Lena del ta .  The moss cover consi st i n g  o f  h ypnum mosses was extreme l y  sparse . 

In the Atlant ic period (AT) - 5000-8000 yrs . BP, shrub-dwarf shrub herbaceous sedge and cotton
grass-sedge associations) were widespread . The i nterval 6000-7000 yr BP is the most favorable t ime 
for the process of peat formation in  the Len a  de l ta .  (This  i s  i ndicated by radiocarbon dati n gs referring 
to the base of peat deposits wi th  a thi ckness of 1 .5 m and more that are observed everywhere i n  the 
shore precipices of the branches i n  different del ta parts) .  
In the Subboreal  period (SB) - 2300-5000 yrs . BP, dwarf shrub herbaceous-sedge plant  communi ties 
compri sed of Carex sp . ,  Eriophorum sp . ,  Equisetul11 sp . ,  and Betula sect .  Nanae, Salix sp .  are 
widespread . A typical feature of the SB is the i ncreased part ic ipation of hypnum mosses i n  the p lant 
communites unt i l  the appearance of hypnum-sedge biocoenosi ses (Drepanocladus sp. ,  Calliergon sp. ,  
Tomenlhypnum sp . ,  Carex sp.) by the  end of the SB .  

The Subatlanti c peri od (SA) - 2300-300 yrs .  BP i s  characterized by a un iversal development of  sedge
hypnum and h ypnum plant communi te s  ( Carex sp . ,  Eriophorum sp . ,  A ulacomnium palustre, 
A . turgidum, Bryum pseudotriquelrum, Drepanocladus exannulatus, D. aduncus, D. Sendtneri, 
Scorpidium scorpioides, TOl11enthypnum nilens, etc . ) .  
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Glacigenic deposits in  Spitsbergen fjords 

Liv Pl assen . Tore O. V orren & i"1 a t th i as  Forw ick 

Depan me n t  of Geol ogy . U n i "e rs i t y  of  Tromsø. N - 903 7 Tromsø.  Norway 

In most of the Svalbard area, the "Li t t l e  Ice Age" represents the Holocene g lac ial maximum. 
The gl aciers retreated from their  m aximum posi t ions at around 1 900 AD. Based on high
resolut ion acoust ic data and sediment cores ,  sedimentation patterns in four t idewater glacier 
dominated inlets of Isfjorden (Tempelfjorden ,  B i l lefjorden ,  Yoldi abukta and Borebukta), 
western S pitsbergen, were investigatcd, and a model for sedimentat ion of t idewater gl aeiers in  
these subpolar environments i s  proposed . 

Glac igenic deposits are represented in prox imal and distal basins .  The proximal basin s  
include end  and hummocky morai nes ,  bounded by  an  outer end moraine marking the "Li tt Je  
Ice  Age" glaci al margin .  The distal basins include debris lobes and draping strati fied 
glacimarine sediments outside , and to some extent beneath and above the lobes .  
Tempelfj orden and Bi l lefjorden are presen t ly characteri sed by one terminating glaeier front 
and smal l proximal basins with severaI end moraine ridges .  Yold iabukta and Borebukta are 
characteri sed by two terminating gl aeier fronts and l arge proximal basins .  

The lobe sediments in Tempe l fjorden compri se massive cl ayey s i l t  w i th  seattered cl ast s .  
Di stal gl acimarine sediments compri se strat i fied cl ayey s i l t  with a l ow content of ice-rafted 
debri s ( lRD). Average sedimentation rate for the gl acimari ne sediments in  Tempelfjorden i s  
1 . 7 cm/yr during the l ast 1 30 yr. S imi lar condit ions prevail i n  Bi l lefjorden .  Massive c layey 
s i l t  rich i n  clasts composes the lobe sediments in Borebukta. Distal gl acimarine sediments in  
Yoldiabukta comprise cl ayey s i l t  w i th  a high content of  IRD. Average sedimentat ion rate for 
these sediments i s  0.06 cm/yr during the l ast 2 . 3  cal .  ka. S imilar condi t ions prevail  in  
Borebukta. 

Relativel y  low amounts of cl asts in  the distal sediments in  Tempel fjorden,  compared to 
y oldiabukta, are explained by higher accumulation of suspension fallout sediments, masking 
the IRD in  Tempelfjorden .  The high distal sedimentation rate in  Tempelfj orden (and 
Bi l lefjorden), compared to Yoldiabukta (and Borebukta) , are explained by h igh sediment 
supply from subaeri al rivers , in  addi t ion to suspension fal l out from glacial meltwater runoff 
and icebergs . In Yoldiabukta ( and Borebukta), the sediment supply i s  mainly l imi ted to 
mel twater runoff from gl aeiers and icebergs. 
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3-D seismie data reveal palaeo-ice flow pattern from glacigenic 

sediments, south western Barents Sea 

I I ·  2 I 3 
Rafaelsen,  B. , Andreassen, K .  , KUJ lman,  L.W . , Lebesbye, E .  & Hogstad , K 

I Department of Geol ogy , Un iversi ty of Tromsø, 9037 Tromsø (Norway) 
2 Norsk Hydro ASA, 0246 Oslo (Norway) 

:1 Norsk Hydro ASA, 9480 Harstad (Norway) 

The section of glacigenic sediments between the upper regional unconformity (URU) and the 
sea floor, up to 1 20 m of sediment, have been interpreted from industry 3-D sei smie data. The 
study area, coveri ng total ly  2870 km2, is located in  the south-western Barents Sea. Our 3-D 
se i  smie  data have a good vertical and horizontal resolution, thus  providing  detai led maps of 
palaeo surfaces,  reveal ing l ineations with a rel ief  of  down to 2 . 5  m .  The i nterpreted 3-D 
sei smie data sets suggest a more complex glacial hi story than previously described.  

One of the sei smie cubes reveal s  a ridge complex on the seafloor, being 1 2  km long, 500 m 
wide, 24 m high, and steeper in  the west than in  the east .  The ridge complex i s  in terpreted to 
be a glaciotectonic ridge forrned sub- or pro-glacial ly,  thus indicat ing that the direction of ice  
flow was from west  towards eas t .  Proxi mal to the ridge complex a depressed area, bein g  
topographical ly lower then the rest o f  the sea floor, may suggest from where the sediments i n  
the ridge complex originate . 

In the glacigenic section, imbricated structures appearing crescentic i n  map view, occur. They 
consist  of 300-700 m long and around 300 m wide sediment sheets that are stacked upon one 
another for di stances of 0.5 to 5 km. In vert ical cross-sections these features have the 
appearance of imbricated trust  sheets which downwards seem to sole out along a basal 
decollement zone .  Some of them even reach the sea floor, while other go as deep as down to 
the UR U. These imbricated crescentic thrust sheets are interpreted to be of glaciotectonic 
orig in ,  indicat ing a direct ion of ice flow towards eas t  and west .  1 46 imbricated structures have 
been mapped in  the study area.  

SeveraI generations of l arge-scale l ineations, observed on four differen t  palaeo-surfaces  are 
interpreted to reflect ice flow patterns of palaeo glaeiers. Earlier studies i n  nearby areas 
suggest an ice flow direct ion in the Bjørnøyrenna towards west during the l as t  glac ial 
max imum. The main pattern of the l ineations i n  our data set trends N-S on all four palaeo
surfaces ,  suggesting a dominant ice flow direction from south to north across the Barents 
she lf  at !east four times during the last 0 .8  Ma.  Our data indicate that i f  the flow of grounded 
ice i n  Bjørnøyrenna has been towards west ,  there may have been a convergence-zone in the 
southern part of Bjørnøyrenna.  A second possibi l i ty is that the grooves in  our data set were 
forrned while the ice was retreating. In the l atter case the N-S-trending grooves i n  our data-set 
may have been forrned while Bjørnøyrenna was ice-free and acted as a maj or calving bay for 
the ice moving from south towards north .  This suggests that evidence from the ice advances 
my have been obscured during the retreat of the ice. Thirdly ,  the grounded ice covering the 
south-western Barents Sea may have had a dominant direction of ice flow towards north or 
south .  
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Lategl acial PalaeocIimate in ScotI and and Finnmark 

Patricia Ranner 

I n st i tu t e  of Ecosy s t e m  S c i e n c e ,  U n i vers i t y  of Du rh am 

The northwest European continental margin has a mari t ime cJ imate , variat ions in which are 
driven by changes i n  the c ircul ation and temperature of the North At lantic Ocean . The l imits  
of thi s sea board l ie  c Jose to the north-easternmost and south-westernmost extent of the 
influences of the warm North Atl antic surface currents duri ng the l ast deglac iat ion ,  and were ,  
therefore , potent ial l y  very sensi t ive to  the  c l imatic fluctuations that took pl ace at that t ime.  

Thi s study investi gates the terrestri al record from two si tes ,  representing the extremes of th is  
margin :  Lochan A n  Druim in  northem Scotland ;  and Nikkupierj av ' ri in  the far north of 
Varanger Halvøya , i n  Finnmark (northern Norway) .  H igh-resolution pol len anal ysi s  of 
lacustrine sediments provides data as a proxy for pal aeocJ imate . Independent chronologies  are 
being developed through radioi sotopic and tephrochronological age determi nations ;  these wil l  
provide a secure basis for correl ation with records from other l acustrine s i tes ,  as wel l  as with 
marine and ice core records .  

Pol len analysis a t  Lochan An Druim has thus far provided a characteri st ic profi le  of the  
Lateglaci al and early Holocene vegetation progression which has been wigg le  matched to the 
Grip [J 1 80 record . The palaeocJ imate reconstructions have demonstrated basic trends in  
important c J imate vari ables ,  wi th  cJ imate conditions in  the Lateglaci al shown to be simi l ar to  
those that prevail i n  northern Alaska today, and the  early Holocene cJ imate s imi lar to  that of  
northem Scotland a t  present .  The palaeobiome reconstructions have provided an  objective 
characteri sation of the vegetation associated with these cri t ical c J imatic condit ions .  
Prel iminary pol len analysis  a t  Nikkupierj av ' ri has  di stingui shed the  Younger Dryas and the 
transit ion into the early Holocene . 

Together, these palynological studies wi l l  provide important evidence as to the variations in 
the northerl y extent  of warm water penetration during the Lateglaci al and the transi t ion to the 
Holocene . 
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Temperature effects on Be of soil-respired C O2 :  an incubation 
study with arctic soils 

Andreas Richter ) , Chris t ina  Bi asi ) , Ol ga Rusal i mova2 , Chris t ina RanefeId ) , Hi ldegard Meyer ) , 7 ) Pave l Barsukov� & Wolfgang Wanek 

I Ins t i tu te  of Ecology and Conservat ion B iol ogy ,  Un i vers i ty  of V ienna ,  Al than strasse 1 4 , 1 090 
V ienna ,  Austri a ,  emai l :  andreas . richter@un iv i e . ac .at 
2 Ins t i tu te  of So i l  Sc ience and Agrochemi stry, Russ i an Academy of Sc iences,  S i beri an Branch ,  Street 
Sovjetskaya 1 8 , Novos ib i rsk,  630099, Russ i a 

Duri ng  the h i storical pa st arct ic  ecosystems accumul ated huge amounts  of atmospheric carbon ,  that are 
now,  i n  a warm ing  world ,  a potent i al source of e02 to the atmosphere .  Indeed , ne t  e02 efflux  was 
reported from tundra ecosystems s i nce the l ate 1 980s (Oechel e t  a l . 1 993) .  However, l i t t l e  i n formation  
ex i st s  abou t t he  nature of soi l organ i c  matter (SOM) respired . I n  terms of  potent ia l  negati ve feedback 
effects to further c J imat i c  change it wi l l  be of cmci al i mportance to know whether microorganisms are 
abl e  to u t i l i ze the stable ,  recalc i t rant C poo ls ,  that dominate the  SOM i nventory of the  soi l s .  In order to 
i n ves t i gate the decomposabi l i ty of SOM at various temperature s  we i ncubated soil cores of a typical 
tundra at temperatures between 2°C and 24°C and measured respi rat i on rates and the i sotopic 
s i gnature of CO2 respired as an i nd icator of the u t i l i zed substrates (Amundson et a l . 1 998) .  

Results and Conclusion 
• Substrate l i mi tat ion of microorgan i sms occured at 24°C i n  mineral  hori zon s ,  whereas organ ic 

hori zons exh ibi ted no substrate l i mi tat ion and a l i near increase of respirat ion  rates across the ent i re 
temperature range was observed . 

• The 8 1 3C values of CO2 respi red were negat i ve ly  correl ated wi th temperature, i nd icat i ng  the  

ut i l i zat ion of substrat es l ow in  J 3C at h i gher temperatures (Fig .  I ) .  Accord ing  to the  l i terature these 
substrates compri se more stab le  compounds  (Benner et  a l . 1 987) .  Microorganisms therefore 

may be able to also m obilize recalcitrant soil carbon pooIs at e l evated temperatures .  
• When the 81 3C values of respired CO2 of so i l s  which were i ncubated either at 2°e or 24°e were 

measurd at 1 2°C, the i sotopic s ignature sh i fted to values norma l l y  found at t h i s  temperature .  Th i s  
suggests that certain groups of soi l microbes exhibi t  characteri s t ic temperature optima and 
preferences for speci fi c  C compounds .  
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Figure 1 :  Respiration rates of soil 

cores from a typical tundra 
ecosystem. Numbers adjacent to 
symbols indicate b13C values of 
CO2 respired.  Intact soil cores  of 
organic  horizons were i ncubated at 
2°C (circles) ,  at 1 2°C ( triangle) and 
at 24°C (squares) ,  and measured at 
the temperature indicated .  

A mundson,  R . ,  S t em,  L . ,  Bai sden ,  T. & Wang, Y.  1 998 :  The  i sotopic composi t i on of so i I  and  soi l 
respired CO2 . Geoderma 82, 83- 1 1 4 . 

Benner, R . ,  Foge I ,  M .L . ,  Sprague ,  E.K. & Hodson, R.E. 1 987 : Deplet ion of l 3e i n  l i gn i n  and i ts 
i mpl icat ions for stable carbon i sotope studies .  Nature 329, 708-7 1 O .0echel , W.c. ,  Hastings, 
S J . , Vourl i t i s ,  G. ,  Jenkin s ,  M . ,  Riechers, G .  & Gru lke ,  N .  1 993 : Recent change of arctic tundra 
ecosystems from a net  carbon d iox ide s ink to a source .  Nature 36 1 ,  520-523.  
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Th e effect of geomorphological setting on Holocene sediment 

variability ; examples from two small alpine lakes, northern 

Swedish Lapland 

Len a  Rubensdotter and Gunhi ld  Rosqvist  

Department of Phys ical Geography and Quaternary Geology, Stockholm Univers i ty ,  
S - 1 06 9 1  Stockho lm ,  Sweden . E-mai l :  l e na . rubensdotter @ natgeo . su . se , phone +46 8 1 6 4220 

Analyses and compari son of geomorphological setting  and sediment characteri st ics in two 
smal l neighbouring  alpine l akes show that the minerogeni c  i nflux in to the l akes has varied 
s ignifican t l y  during  the Holocene, both within and between the l akes .  X-ray radiographs of 
the sediments are used to visual i se l i thostratigraphical structures and measure high-resolution 
density vari at ions .  The smal ler  lake contai n s  a homogenous organic-rich sediment sequence 
while the l arger l ake shows l aminated sediments with higher minerogenic content .  Variations 
in sediment composi t ion are interpreted to reflect differences in  geomorphological process 
act ivi ty i n  the catchment ,  which regulate the amount  of fine sediment avail able to fluvial 
surface erosion . 

We find that moderate d ifferences i n  geomorphological sett ing and process activity around 
alpine l akes may significant ly affect l ake sediment composit ion .  We also find that non-gl aci al 
processes can produce minerogenic sediment l ayers with s imi lar characteri stics as l ayers 
supposed to represent g l acier advances in progl aci al l akes .  Minerogenic sedimentation rates 
are shown to vary over t ime depending  on deposi t ional process, which might affect age model 
construct ions .  

Our resul ts indicate that erosion of surface soi l s  characterised the first part of the Holocene. 
Thi s general erosion waS possibly enhanced during  shorter t ime periods with c l imate 
deterioration, for example around 8300 cal yr BP. Minerogenic inflow in to Lake 865 was low 
and constant during  the middle Holocene indicat ing stable environmental conditions i n  the 
catchment .  The variabi l i ty of sediment composi t ion increase in  the l ate Hol ocene, possibly 
caused by short-term c l imate fluctuations occurring during a general c l imate deterioration .  
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A high resolution record from Isotope stage 2 in  the N e  N ordic 

Seas 

Kari -Li se Rørvik ,  J an Sverre Laberg ,  Morten H ald & Tore O.  Vorren 

Ins t i tute for Geology , Un i versi ty ()f Troms�) ,  N-9037 Tromsø, Norway . E-mai l :  kari l @ stud . ibg.u i t . no ;  
jans l @ i b2 .u i t .no ;  mOI1enh @ i bg. u i t . no  

The main task of this  s tudy i s  to quant ify sea surface temperatures (SSTs) during  marine 
i sotope s tage 2 ( last glaci al maximum) . It has previously been shown that  seasonal ly  ice-free 
waters existed in the high northern l at i tudes during th is  period providing a source for heat and 
moister support ing the bui ld-up and dis in tegration of the Fennoscandinand -and B arents  Sea 
ice shee t .  We are current ly performing  strati graphic analyses from sediment core MD99-2294 
including % CaC03, planctic foramin iferal fauna,  oxygen i sotopic measurements ,  and con tent 
of ice rafted debri s .  These prox ies have proven to be rel iable indications of sea surface 
temperatures ,  rel ative sea ice di stribut ion and flux of Atlantic water in to the region . M D99-
2294 compri se the upper 24m of the Lofoten Contouri te Drift .  SeveraI contouri te  drifts have 
been ident ified on the Norwegi an cont inental margin ,  including the Lofoten Drift studied i n  
detai l  here .  The dri fts on  the Norwegian margin owe their ori gin to sediment transport by and 
deposit ion from surface and intermediate water masses. Sediment transport along the s lope 
has provided the main sediment input during the Neogene, with sedimentat ion rate as h igh as 
1 90 cm/ka during late Weichel ian .  This h igh resolution has the potent ial to provide a 
paleoclimatic t ime series  up to 5 year. Previous studies have proven periods having At lant ic 
Water advect ion , termed HP-zones (HP = high productivi ty) with active deep-water 
format ion .  We focus on HP 1 ( 1 4 .5- 1 9 . 5  1 4C kyr BP) which is reflected in the % CaC03 
record . The % CaC03 record i ndicates that HP 1 can be divided into three part s .  The early and 
l ate part have maximum CaCO:� values suggest ing elevated SSTs.  
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Problems of semantic  compositions with rock eIk inscriptions in  
the Siberian taiga zone 

Nata l i a  Sergeeva 

Branch Inst i tute of Kemerovo State Uni versity in Novokuznetsk Russia 

For the first time in this research on the rock art monuments of the S iberian taiga terri tory one 
could elefine  670 composi t ion wi th eIk image . The c lassificat ion developed in research 
alloweel to present systematical ly  the whole picture anel local variants of spreaeling the basic 
elescriptive plot complexes .  In this research the attempt was maele for correction anel 
interpretation of some plot groups with eIk images on account of biological characteri st ic of 
this particu lar type anel also elata of ethnology anel mythology of Siberian people .  In 
framework of th is  research the semantic b locks of al l  e lk ' s  composi tions combined by 
complexes of basic leading ieleas of primit ive uni tes  in Siberi an taiga terri tory have be en 
pickeel out .  Also in thi s paper the author divieles semantic categories  of rock  monuments with 
elk ' s  i n script ions depending on their supposed functional operation and purpose o f  drawings 
pictures .  

As our research elata shows the e Ik in  rock art of ancient S iberian taiga people was not  the 
Goel , but i t  was an important component in  the system of views nature ,  surrounding world anel 
an un iversal , sociocul tural , sacral , cosmic anel astral symbol connected from the one hanel 
with the sun ,  stars , moving,  lite, fert i l i ty anel from the other with death and the world of the 
elead.  

1 1 1  



Commander Islands as the significant point for monitoring some 
dangerous changes in B eringia Ecosystem. 

Dr. Vladimir Sevosti anov 

"Commander I s l ands&BC Nature Protect ion and Conservat ion Assoc iat ion"  

P .O .Box S482 ,Victori a ,BC ,Canada,V8R 6S4 E-Ma i l : seaotter3 @ h ot m a i l . com 
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As you may be aware , the number of sea otters has dramatical ly  decl ined during the l ast seven 
years i n  some parts of the Northern Pacifi c .  

At th i s  time , we can foresee a real ly  catastrophical reduction in the  populat ion of  sea  otters 
near the Aleutian Islands. They seem to di sappear for unknown reasons .  

Almost the same situation i s  occurring with Stel ler Sea  Lions and some other species which 
are in  the top level of the feeding chain .  

For the time being  is a very dangerous situation wi th the Arctic fox (Medniy subspecies 
the biggest , native one in  the World) .Hardly  imagine ,  that it may be completely destroyed by  
extensive epizootic last ing for the  l ast 20 years . 

But most dangerous s ignal we had i n  2000, when on the Commander Islands fond on the 
beach five dead whales and in  200 l, again on the Bering Isl and was fond l dead Right whale .  

Al l  these facts clearly di splay that something i s  drastical ly  wrong wi th  the  natural functions in  
the  whole ecosystem of the Bering Sea. 

In this case, I 'm quite confident that the Commander Islands wi l l  be a most s ignificant focal 
point of the North Pacific ,  for better understanding  the changes which have been occurring i n  
the ecosystem of Berengia .  

Where are the Commander Islands ? 
Please , have a look at a map of the Northem part of the Pacific Ocean and You wi l l  easi ly 
notice between the two continents ,  Eurasia and America the chai n  of the Islands .  It ' s the 
Aleutians. Two small Islands, closing the Aleutian ' s  chain on the east and Kamchatka are the 
Bering and Medniy Islands .  That ' s  righ, i t ' s the Commander Islands Archipelago. 
So,  geographical ly  the Commander Islands are located approximately 200 miles ( 3 33  km ) 
from the Attu Islands off Aleutians in  the Bering Sea and about 1 000 miles ( 3350 km ) from 
Anchorage , Alaska. It means - 1 66 E ; 55 N . 
Why the y so unique ? 

1 .  Historical aspect : 
As you know for now ,  the Commander Islands, better known as Bering and Medniy Islands , 
played an important role i n  Vitus Bering's expedition to Alaska and the Aleutian Islands. 

Even at the tem of the 1 8th  centery, nobody knew about the strait separat ing America from 
Asia as well as about the terrain east of Kamchatka. 
On 29 May 1 74 1  ,the "Saint Peter" and "Saint  Pau l "  packet boats left the Petropavlovsk
Kamchatskiy ( A vacha bay ) and sailed into Pacific .  It was the Second Russian Great 

1 1 2 



Kamchatka Expcdi t ion . Vi tus Bering ,Capta in-Commander was the head of expedi t ion . 
Captain Alex scy Chirikov and famous German natural i st George Ste l ler was also among the 
part ic ipan ts .  

On their way back, the  hoat was  caught by severe storm that l asted for 1 7  days .  On 4 
November 1 7-'+ 1 ,  the seamens noticed high shore at a di stance . The l and resembled as the 
Kamchatka .  hut examination of the shore proved that the crew l anded not to the Kamchatka 
coast . It was the coast of unknown Is land .  The seamens were doomed to winter on the 
unfriendly desert shore .  Only 46 persons out of 70 stayed alive. Vitus Bering di cd on 8 
December 1 74 1 .A l ive members of the " S aint  Peter" crew decided to name the di scovered 
Is land after their Commander. 

2. Ethnographical and Archeological aspects : 
The Aleuts appeared on the Commander Is lands early i n  the 1 9th century. They were settlers 
from the Aleut ian Isl ands . Most of the Aleuts inhabit ing Bering Island came from Atka Isl and 
( USA in present t ime ) , and those who l ived on Medni y  Isl and originated from Attu Isl and ( 
USA in  present t ime ) .  Different origin  of the sett lers was reflected in  both the l inguist ic and 
cul tural dist inct ions of the two Islands.  The culture of the Commander Aleuts i s  ori ginal and 
uncommon. 
The Nikol skoye vi l l  age (Bering Isl and, founded in  1 826) and Preobrazhenskoye vi l l  age 
(Medniy Is land) are the l argest settlements on the Commander Islands.  
More than twenty wooden houses were bui l t  by the Gutchinson Company ( USA ) in 

Nikolskoye v i l l age in the second hal f of the 1 8th century .  SeveraI bui ldings of that period 
have been preserved in the vi l lage t i l l  presen t .  
Nowadays on the  Commander Isl ands ex i s t s  on l y  Nikol skoye vi l lage . It i s  an  administrative 
centre of the Aleution national area with the smal l  popul ation of the people about 600-650. 
Most of them unemployed, others are engaged in a hunt and fi shery. The smal l part of their 
popula t ion works in  the Nature Reserve . 

By the w ay,  the Commander Islands are real l y  one and native area in  Russia for this small 
popul at ion of aboriginal people .  

3. Biodiversity aspect : 
Actual ly,  the waters between Russia and USA ( Al aska and Aleutians ) l ies a sea so rich i n  
wildl ife and so  varied i n  coastal and subsea habi tats that i t '  s considered one  of most 
biological l y  productive and diverse marine environments. Covering almost a mil l ion square 
miles of subarctic waters, the Bering Sea supports vast populations of fi sh and shel lfish,  birds 
from every continents and countless numbers of the whales ,  porpoises ,  dolphins ,  walruses, sea 
l ions ,  fur seaI s ,  sea otters and seaI s .  

But on ly  on the Commander Islands we can found the  ful l  picture of that . 

The main reason are in  unique combination some geological and hydrological factors around 
thi s small area. 

Cl imate of the Isl ands i s  typical l y  oceanic and high breadthes .  Average temperature of the 
most cold month (January) a minus of 5 ,4 degrees Cels ius ,  warmest (August) plus of 1 0,4 
degrees Celsius .  Average of cloudiness is 8 1  percents .  The high humidity of air i s  
characteris t ic .  The sea  near Commander Islands i s  quietest in  summer and most stormy from 
November to March .  The force of a wind during  storm quite often reaches 35 - 40 meters per 
second. The ice around the Commander Is lands has been not forrned at al l .  H'S explained by 
action warm ocean of currents, wich reaching the Islands from the Japanese sea. 
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Also,  near Commander Is lands there are a few huge and active under water voJcanoes .  

Al l  together i ts  form the most favorable condit ions for phito and wo plankton which forrned 
the base of l i v ing for the other h igh range organi sms at the Ecosystem. 

I t '  s the main factors of the huge biodiversi ty of the seaweeds near the coastal l i ne  of the 
Is l ands too. Actual ly ,  i t ' s  one of the ri chest area of seaweeds by speeies and biomass in the 
World .  

Furthermore ,  the Commander and  Aleut ian Is lands connect As ia  and  Northern Ameriea .  In 
fact ,  its fonn a bridge which ensured the di spersal of plants and animals .  Flora and fauna  of 
the Islands are represented by queer combination of speeies of the Asian and American origin .  
That ' s  why  the Commanders are the extreme eastern point of  the range of  Asian speeies .  

Migration routes of  many whale speeies  pass along the  Islands shores .  In the  coastal waters , 
the fatten ing or wintering areas of 1 5  toothed whale speeies and 6 whale-bone whale speeies 
( sperm whales, k i l ler whales ,  B ering Sea and Cuvier's beaked whales ,  porpoises , lesser 
finbacks ,  seiwhales,  finwhale,  humpback and northen right whales  ) are located . 

1 89 bird speeies were regi stered on the Commander Islands ;57 of them were proved to nest 
there .The birds associated with water,sea colonial birds in  particular, are most abundant and 
diverse on the Islands. 

Many inhibit ions of the Commander Isl ands are rare and l i sted in  the Russ ian and IUCN Red 
Data Books .  They are harbor seais ,  sea otters , Artic foxes ( subspecies from Medniy Isl and ), 
practical ly  al l whale speeies ,  glaucous-wnged gul l s ,  red legged kitt iwakes ,  peregrine faJcons ,  
gyrfaJcons and emperor geese. 

Almost all known marine mammal ' s famil ies are represented there . Sea-otters ( about 4-4,5 
thousands ) ,harbor ( flower ) seal s and l argas ( about 1 0- 1 5  thousands ) are the residents of the 
Islands; rookeries of northern fur seal s ( about 250 thousands ) and Stel ler's sea l ions ( about 5 
thouthands ) are being restored .  

The terrestrial vegetat ion of the Commander Islands i s  extremely original . The mountain 
tundra, covering most of the territory, developed in  the absenee of perrnafrost .  This i s  not 
characteristic of such communi ties .  In addition, i t  has been never seriously affected by the 
vegetari an animal s  ( rodents and ungulates) .These animals do actually  create the appearance 
of tundra on the mainland .  Mushrooms are also abundant on the Commanders .  

4 .  Ecological a n d  Nature Protection aspects : 
The history of mastering and exploi t ing the Commander Islands i s  abundant in  irreversible 
l osses .  Mereiless whal ing ,  seal ing,  and harvest of the sea birds actual ly  began since the 
moment of the Isl ands discovery. In 1 755 ,  more then thirteen years after the is lands were 
discovered, a trader by the name of Piotr Yakovlev visited the Commander Islands and wrote 
a report about the urgency of banning the manatee harvest .  His  warning was neglected and the 
l ast sea cow was kil led in  1 768 .  
I t '  s reall y  most of  the dramatie point why the  nature of  the  northern insular communit ies i s  
extremely vulnerable .  Any imprudent human interference i n  this fragile world may result in  
severe deterioration of i t s  harmony and unity .  

S ince the 1 958  Russian Government highly prohibit the 30 miles area the sea water around 
the Commander Islands for commercial fishing. As a resul t ,  more then 40 years this area 
doesn ' t  have so distraction influence from i t .  In mean time i t ' s only one area for whole 
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Beringia .  That ' s  \vhy ,  from the point of view to further safety and study  naturaI mari ne eco
system, the Commander Is lands extremel y impotent too. 

In 1 99 3 ,  the Commander I s l ands N ature Preserye was establ ished . By Russi an federal l aw ,  a 
l arge percentage of the Is lands .  as well as a 30-m i l e  rad ius  of ocean around them, became 
primary conservation areas .  In the same year, the Gore-Chernomirdin Commission ( USA -
Russia ) highl ighted the Commander Is lands Nature Preserve as a key zone for conservat ion 
i n  the North Pacific .  J t " s  wel l  display how the Commander I sl ands  pl ay the impotent roJe for 
the USA ,  Russia ,  Japan , Canada, China,  Korea and many others . 

5. The \VorJd Human Being aspect : 
In the mean t ime, a few an American ' s  companies ,  which have been doing some eco--touri s t  
expedit ion at the North Pac ific .  

The first one was " Zegrahm & Eco Expedit ion " ( Seatt le ,  USA ) . I n  1 997 they organized 
some short landing on the Commander Isl ands wi th huge success .  After al l ,  another an 
American firm such the " Society Expedi t ions " ( Seat t le ,  USA ), was fol lowing .  

They have been doing some successful eco - touri s t  expedi t ions a t  the  North Pac ific ,  incJuded 
the Commander Islands in  their dis tention from Japan to Alaska. The Commander Isl ands 
were always high light of the trip for al l people around the World indeed ! 

Resume 

My col leagues and ] have been doi ng  i ntensi ve research work in the Commander I s l ands for more than 
2 0  years . From that experience ,  I can establ i sh  beyond doubt that for many n atural , h i storica l , 
economic and other reasons the  Commander I s l ands i s  an essent ia l  foca l  poi n t  for fi e ld  expedi t ion 
work and fi nal ly  for conservat i on projects i n  the un ique ecosystem of the North Pac i fic .  

Evidence gathered and project s orig inat ing there wi l l  be  of v i ta l  import ance for a l l  countri e s :  the USA,  
Russ ia ,  Canada, Japan , Korea and many others .  

As  you know, t h i s  process m a y  b e  most typical  mark for t h e  present condit ion o f  Bering ia  Ecosystem,  
because the Commander Is lands i t se l f  i s  a keystone of that . 

That 's why ,  i n  meant ime very i mportant to organ i ze on the Commander a very carefu l mon i toring by 
fie ld  expedi t ions al l year's around and organ i ze with the Commander Nature Reserve some speci a l , 
sc ien t ific  bases for permanent research  acti v i t i e s .  

Final l y ,  our  Assoc iat ion and the  Commander I s lands Nature Reserve h ave been inv i t i ng  a l l  co l leagues 
to sh are with u s  unique opportun i t  y to work together on the Commander Is lands i n  nem future .  
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Holocene climate changes at the northern Svalbard continental . 
margIn.  

S lubowska M .A .  l .  Ko<; N .  2 ,  Rasmussen T . L .  l ,  Klitgaard Kris tensen D. 3 

1 The Un i vers i ty  Centre on Sval bard , N-9 J 70 Longyearbyen.  Norway . E-mai l :  martas @un i s .no .  phone 

+4779023347 
2 Norwegian Pol ar In st i tute ,  Pol ar Env ironmental  Centre ,  N-9296 Tromsø, Norway 
3 Depart ment of Geology , Un i vers i ty  of Bergen ,  N-S007 Bergen ,  Norway 

The study was based on the core NP94-5 1 SC2 (800 2 1 ,346 N, 1 60 1 7  ,970 E, 400 m water 
depth , 5 1 3  cm long) retrieved from the mouth of the Hin lopen Strai t in the Arctic Ocean , 
north of Svalbard . We have chosen Svalbard archipelago for our study, because of i ts  location 
in the h igh Arctic at the northemmost reach of the warmer West Spitsbergen Current ,  which 
forms the continuation of the North Atlantic Current .  In this specific  sett ing ,  dose to the Polar 
Front, even small vari at ions in  the current system are expected to have a l arge effect on the 
regional climate. Thus ,  the Svalbard area is ideal for moni toring past changes in the ocean 
circulation. 

We aimed to reconstruct the t iming and the development of the Holocene at the northem 
Svalbard margin .  Radiocarbon dates (AMS C 1 4) give the  age of approximately  9650 BP for 
the bottom of the core . A detai led analysis of severaI oceanographic proxies  such as : studie s  
of  ice-rafted debri s ORD) i n  the core (based on  rapid X-ray diffraction analysis on bulk 
materi al) ,  saturation i sothermal remanent magnet isation (S IRM), oxygen and carbon i sotopes ,  
benthic and planktic foraminifera1 faunas ,  grain s ize distributions ,  spectral reflectance (L  *a*b  
scale) and AMS C I 4 dates were used to  reconstruct the paleoceanographic evolution of the 
study area. 

In comparison to the Late Deglaciation,  where very rapid changes occurred (Ko� et al . 2002) ,  
results of IRD and magnetic susceptibi l i ty indicate relative ly low variabi l i ty i n  the 
environmental condi t ions in  the Holocene, especial ly during  the Mid-Late Holocene period. 
However, the oxygen i sotope data show low-amplitude variations during the ent ire Holocene 
with a gradual trend towards lower 0 0 1 8 values in the Late Holocene.  The foraminifera 
distribution patterns show more variations during the Holocene than the physical parameters . 
In the lower Holocene the data of Nonionellina labradoriea, Cassidulina reniforme and 
Elphidium excavatum is characterized by s ignificant variations with a tendency towards more 
stabi1 i ty during  the Holocene thermal optimum. The distribution of E. exca vatum shows 
changes at the beginning of the Holocene and i ts  relat ive abundance inereases towards the 
Late Holocene .  Cibicides lobatulus data show a very strong peak between 9380 - 98 1 5  BP 
just after the transit ion into the Holocene, indicat ing stronger bottom currents .  The Holocene 
results of N. labradoriea, C. ren iforme, E. exca vatum and Islandiella norcrossi display 
s ignificant variations ,  i ndicat ing  relat ively l arge changes in the ocean circu lat ion . 

Referenees : 
KOl!, N.  et al . 2002 : Late glac ial paleoceanography of Hin lopen Strai t ,  northem Svalbard . Polar 
Research 2 1  (2) , 307-3 1 4 . 
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Organic carbon records from the Kara Sea (Arctic Ocean) : 

Distribution,  sources, burial , and variability during Holocene 

times. 

R .  Ste in ,  K .  Fahl , J .  M atthiessen 

Alfred \Vegener Inst i tute for Pol ar and Mari ne Research ,  Bremerhaven ,  Germany 

The Kara Sea surface sediments display organic carbon contents between 0.2 and up to 3 % ,  
with maximum values in  the Ob and Yenisei estuaries ,  submarine channeI s ,  and the S t .  Ann a  
and Voronin troughs .  The organic carbon preserved in  the sediments i s  predominantly of 
terri genous ori g in .  Towards the open Kara Sea,  wi th increasing  di stance from the estuaries ,  a 
decrease in  amount of terrigenous  matter i s  indicated by decreasing CIN ratios ,  increasing 
o l 3Corg values, and decreasing long-chain n-alkanes .  The post-glacial to Holocene organic 
carbon i nput have been strongly influenced by sea-Ievel ri se and rel ated changes in  river 
di scharge and coastal erosion . For the entire Kara Sea, we estimate an average Holocene (O-
I l  CaJ . kyrs . BP) accumulation of 2 . 1 x 1 06 t y" 1 of total organic  carbon . The organic carbon 
burial rate can be divided in to 1 .7 x 1 06 t y. 1 of terrigenous and 0.4 x 1 06 t f l marine organic 
carbon . For the l ate Holocene time interval (O - 6 CaJ . kyrs . BP), a mass balance for 
terrigenous organic carbon impl ies that 1 .2 x 1 06 t f l (about 50 % of the input) i s  buried on 
the Kara Sea shelf, and 0.8 x 1 06 t / (about 36% of the input) is exported towards the interior 
ocean v ia  currents .  The export via sea ice i s  < 1 % of the i nput .  During the l ate Holocene,  only  
0 .23  x 1 06 t y" I (or < l % of  the primary production) are buried in the sediments which impl ies  
that > 99% of the  marine organic carbon i s  remineral ized or  exported.  
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Late Weichselian and Early Holocene oceanographic changes off 
North Iceland 

M .  K .  B .  Søndergaard ( l ) , L. Pal l i sgaard ( l ) , K . -L .  Knu dsen ( I )  and J .  EirIksson (2 )  

( 1 ) Department of  Earth Sciences ,  Un i vers i ty  of Aarhus,  DK-8000 Aarhus C ,  Denmark . E-mai l :  
met te .bri xen @ geo .au .dk , phone +45 8942 3530,  (2)  Science Inst i tute ,  Un i vers i ty o f  Icel and ,  IS- l O  l 
Reykj avik ,  lce l and . 

Late Glac ial and Holocene high-resolution sedimentary records has been obtained from pi ston 
cores and gravi ty cores on the North Icelandic she lf. The shelf region north of Iceland i s  
oceanographical ly  a very sensitive region . At the present t ime ,  the region i s  characteri sed by 
the oceanographic Polar Front running  along the north Icelandic shelf, separat ing the cold ,  
low-sal ini ty East Icel andic Current to the  north ,  and down to  a t  least 500 m water depth as  
reflected by the  present foraminiferal fauna distribution the  relatively warm , sal ine lrminger 
Current  that flows clockwise around Iceland. The record of shelf sediments penetrated by the 
sediment cores extends beyond the Last Glaci al Maximum.  Tephra layers have been 
identified and are used for correlation between cores and also in  combination with 
radiocarbon dates for construction of age-models .  Several larger pal aeoceanographic shifts 
occurred in the area during the Late Glacial and earl y Holocene .  Incursion of relat ive ly  warm 
and Atlantic waters to the shelf region during the pre-Boll ing is manifested by benthic 
foraminiferal assemblages (A . weddellensis, C. neoteretis and Mil iol ida) .  S imi lar 
environmental signal s  are repeated during part of the Y ounger Dryas around the level of the 
Vedde tephra marker. A total dominance of the high arct ic planktonic N. pachyderma s ini stral 
in the same pre-Bol l ing interval indicate that the surface waters must have been influenced by 
the cold East  Icelandic Current and that  the water masses were strat ified.  The record of Late 
Weichselian and Early Holocene bottom waters on the North Icelandic shelf shows a clear 
antiphase rel ationship with sharply reduced flow of Atlantic waters at the beginning of the 
Bol l ing and the Preboreal in contrast with the increased strength of North Atlantic Current 
inflow into the eastern part of the Nordic Seas and warming events in  the GRIP temperature 
reconstructions .  
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lYIanaging lYIultiple Stressor : Cli mate Change Vulnerabil ity in the 

Barents Sea 

Heather Tompkins 

Centre for In ternat i on a l  C l i mate  and E n v i ro n menta l  Researc h - Oslo  (CICERO) 

The Barents Sea is a particu larly vulnerable  region to c I imate change due to i t s  geographic 
location and sensitive biological environment. The region i s  home to over I SO fi sh speeies 
including cod and herring, important seabird colonies and mammal s such as whales ,  polar 
bears and seaI s .  However, c l imate vulnerabi l i ty is al so influenced by economic activi t ies .  The 
Barents Sea region is an important international fi shery, has plenti fu l  tourism opportunit ies ,  
and has considerable  oil and gas reserves for potential development .  These activi t ies are 
l ikely to exacerbate c I imate vulnerabi l i ty in  some cases, and reduce i t  i n  others .  Thi s poster 
presents a framework for examining the effects of mul tiple stressors on c l imate vulnerabi l i ty 
in  the B arents Sea, with the objective of identifying possible adaptation strategies .  

The poster wi l l  incIude information about the fol lowing components of the study:  

• Definit ion of vulnerabi l i ty and res i l ience in the context of the Barents Sea .  

• Identi fication of cI i mate change impacts (based on exi st ing studies and c l imate 
model ing results) . 

• Identification of mult iple stressors and their impacts .  

• Development of adaptation strategies for the B arents Sea. 
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Analysis of a submarine channels system in  the Greenland B asin 

Manon Wi lken and Jurgen Micnert 

Departmen t of Geology, U n i vers i ty  of Tromsø, N-903 7 Troms(\.  Norway . E-mai l :  

Manon .Wi l ken @ i bg . u i t .no ,  phone +47 7764653 7  

The Greenland basin extends from the shelf a t  around 500m to water depths exceeding 3500m 
and is bordered by topographic boundaries as the J an Mayen Fracture Zone in  the South, the 
Greenland Fracture Zone in  the North and the Mohns Ridge to the East . Along the continen tal 
margin,  southward flowing currents (East Greenland Current and Arctic Intermediate Waters) 
transport cold water masses from the Arctic Ocean into the North Atlanti c ,  resll l t ing in an 
along-slope transport of sediments .  Addit ional ly ,  calving of glaciers from the East-Greenland 
ice-sheet and sea i ce production on the shelf  may entrai n l arge amounts of sediments across 
the shelf and down-slope due to meltwater production and brine formation . 

During severaI geological and geophysical surveys ( side-scan sonar, sei smic profil ing ,  gravi ty 
coring) we i nvestigated the sediment dynamics of deep-sea channel s  in  the Greenland Basin 
and adj acent margin ,  i n  particll lar with regard to their response to c J imatic driven ice sheet 
advances and retreats .  Our studies focus on the largest , over 400km long deep-sea channel 
and fan system of the set of channel systems in the Greenland Basin (Mienert et al . ,  1 993) .  
The channel and fan system ex tends from the  upper s l ope to the deepest part of the  basin .  The 
upper slope has a wel l-developed system of shallow triblltaries with a high order of branching  
suggest ing in i t iat ion by co ld  water cascades .  The s ide  scan sonar data al so reveal widespread 
fields of sediment waves along the continental slope and bctween the channel s indicating 
down-slope flow and sediment transfer processes by near-bottom currents .  Transparent lIni ts  
of debris flows observed on the sei smic records from the continental slope as wel l  as from the 
abyssal plain indicate phases of mass movements from the shelf edge to the deep-sea basin ,  
probably a t  i ce  sheet advances during  maximum glaci ation .  

Referenees : 
Mienert, J . ,  Kenyon, N .H . ,  Thiede, J .  & Hollender, F-J . 1 993 :  Pol ar continental margi n s :  Studies  off 
East Grennland. Eos 74 (20) , 225,23 1 ,234 and 236.  
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lYlarine Environmental Changes in the Holocene of the Faeroe 

Islands as Evidenced by Quantitative Diatom Analyses . 

bva Witon l , Bj c1rn M almgren l & Andrzcj Wi tkowsh' 

' U n i ve rs i t y  of Gi.1teborg. Department of Eart h  S c i c n ce s  - M ari n e  Geo l ogy.  B o x  460 . SE-40S 30 
Goteborg, Sweden .  E-mai l :  cwa @ Q. vc . Q.u . s c .  phone  + 4 6  3 1  773 44 70 
2Un i  vers i ty  of Szczeci n ,  Ins t i tute of Mari ne S c i e n c e s ,  Department of Paleooceanol ogy, u l .  Waska 1 3 , 
PL-7 1 -4 I S Szczec i n ,  Pol and . E-mai l :  w i t k ow s k @ u n i v . szczec i n .]!1 , phone +48 9 1  444 1 6 94 

Diatom analyses were performed on the sediment cores S KPC-O l ,  SKPC-08 , and S KPC- l O 
from the Skalafjord , Faeroe Islands .  The sedimentary sequences show dist inct changes with 
t ime with respect to the species composi t ion of the di atom flora . Changes within diatom 
ecological groups al lowed reconstruction of the paleogeographical development of the study 
area during the Holocene . Core S KPC-O l retrieved from the inner part of the Skalafjord 
provides evidence of a change from a l ake environment to an intermediate-stage bracki sh
water lagoon , and the development of the sti l l  exist ing marine environment of the Skalafjord . 
The change from freshwater to marine condi t ions occurred between about 6400-7700 yrs B .P.  

Cores SKPC-08 and S KPC- l O were retrieved from the mouths of the Kaldbaksfjord and 
Skalafjord , respect ively .  Diatom floral census data for the marine part of core S KPC-O l and 
cores SKPC-08, and S KPC- I O, which are exc!usively marine,  have been generated .  The 
mari ne interval of S KPC-O I encompasses the l ast 6400 years . For core SKPC- l O an 
exceptional ly  high resolllt ion is obtainable for the in terval 660 and 890 years A .D .  where the 
sedimentation rate is nearl y 3 . 5  mm/year. The chronology for core S KPC-08 has not yet been 
establ i shed . Mult ivari ate-stati stical analysis ( maximllm-likel ihood factor anal ysi s) based on 
the 1 9  most abundant species provides evidence of the most s ignificant patterns of Holocene 
environmental changes in the Faeroe Is lands .  
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Reeonstrueting Little lee Age Snow and lee Distribution in  the 
Canadian High Arctic and its Paleoclimatic  Significanee 

Gabriel  J .  Wolken and  John Engl and 
Department of Earth and Atmospherie Sciences ,  Un i vers i ty  of A lberta ,  Eclmonton ,  A lberta  T6G 2E3 , 

Canada.  E-mai l :  gwol kcn @ua lberta .ca.  phone :  (780)492-3265 

Climate change during the 20th and 2 1  st centuries has resul ted in  extensive modification of 
polar regions ;  this trend will continue as predicted temperature inercases there exceed those 
el sewhere on the globe OPCC, 200 l ) . Accelerated melting of Alaskan and Yukon Glaeiers ,  
and  associ ated sea  leve! ri se recently reported in  the  l i terature , alert us  to thi s ongoing change 
(Arendt et al . ,  2002) .  It i s  imperative to expand our moni toring of Arct ic environmental 
change, in order to assess both past and present c l imate variabi l i ty .  The Queen Elizabeth 
Islands (QEI) ,  reprcsenting an area of -4 1 0,000 km2, contains  -5% of the terrestri al ice found 
in the Northem Hemisphere (Koemer, 1 989) ;  hence ,  i t  i s  a naturaI extension of neighbouring 
Alaskan/Yukon research,  and complements studies of the  alarming rcduction of Arctic sea ice  
spanning the past three decades .  

Evidence for an expanded Neoglacial ice cover in  the QEI i s  recorded by the recent retrcat of 
glaeiers ,  small ice caps, and perennial snowfields following the Little Ice Age (LIA) (- 1 600 -
1 900 AD) , exposing prominent trimlines (Ives,  1 962) .  In many cases ,  these tri mlines mark 
the former equi l ibrium-l ine alt i tude (ELA) ,  which indicates the posi t ion where annual 
accumulation equals annual ablation ; consequently,  the elevation above which snow pers isted 
perennial ly  on the landscape . 

Mapping Neoglac ial trimlines and rcconstructing paleo-ELAs throughout the QEI provide : i )  
a measure of  L IA snow and i ce  expansion and ELA lowering comparcd to modem conditions 
(Miller et al . ,  1 975) ,  i i) an opportuni ty to consider the LIA cl imate forcing that may have been 
responsible for it , such as changes in the trajectory of storm tracks (Lamoureux ,  2000; 
Bradley and England , 1 978) ,  i i i )  a measure of the degrce of melt that has occurred in the CAA 
since the onset of 20th century warming, and iv) a valuable dataset of snow and ice extent and 
rel ated cl imatic conditions that can be used as input for coupled glacier/ice sheet c l imate 
models .  These models  can be used to assess prcdicted future c l imate change on Arctic ice 
masses ,  which i s  relevant to future sea leve! change . Eight locations throughout the QEI have 
been selected for thi s study (ranging from 3 ,600 km2 to 1 0,800 km2) ;  prel iminary rcsults wi l l  
be presented . 

Referenees:  
Koemer, R .  M .  1 989:  Queen El izabeth Islands Gl aciers . Geological Survey of Canada .  
Lamoureux,  S .  2000: Five cen turies  o f  in terannual sediment  y ie ld and rai nfal l - induced eros ion i n  t h e  Canadian  

Arendt ,  A .  A . ,  Echelmeyer, K.  A . ,  H arrison,  W .  D . ,  Lingle ,  C.  S . ,  & Valent ine ,  V .  B .  2002 : Rapid  wastage 
of Alaska glaciers and the i r  contribut ion to r is ing sea leve ! .  Science 297, 3 82-3 86.  

Bradley,  R .  S .  & England,  J .  1 97 8 :  Recent  c l i mat ic  fl uctuati ons of the Canadian  H i gh Arct ic  and their 
s ignificance for glaciology.  A rctic and A lpine Research I O( 4), 7 1 5-73 1 .  

I PCC 200 1 : Summary for pol icymakers: Cl i mate c h ange 200 1 : i mpacts, adaptat ion,  and vul nerabil i ty. Report of 
Working Group 11 of the IPCC. 

Ives,  J .  D. 1 962 : Indicat ion of recent  extensive glacieri zation i n  north central B affi n Island,  N.W.T. Journal of 
Glaciology 4 ,  1 97-205 . 

High Arctic recorded i n  l acustri n e  varves. Water Resources Research 36( 1 ) , 309-3 1 8 . 

Mil ler, G .  H . ,  Bradley,  R .  S . ,  & Andre ws, J .  T. 1 97 5 :  The glaciat ion level  and l owest equ i l i brium l i n e  alt i tude i n  
the High  Canad i a n  Arctic : maps a n d  c l i mat ic i n terpretat ion . A rctic and A lpine Research 7(2) ,  1 55 - 1 68 .  
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