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First Scienre Meetingof the ESF Network SEDIFLLTX - Sduddrknikur, Iwland, June 18h - June 21"', 2004

Preface

The Fint Science Meeting of the European Science Foundation (ESF) Network SEDIFLUX
(Sedimentary Source-to-Sink-Fluxes in Cold Environments) takes place fromJune 186 -June 27"1,2frM, at

the Natural Research C,entre of North-westem Icelaod in Sau66rkr6kur, Iceland.

We are pleased to welcome more than 40 workshop participants from 12 different countries. The

39 workshop contributions (23 talks and 16 poster presentations) cover a wide spectrum, including
different topics oa Sedimentary Source-to-Sink-Fluxes ifl C.old Environments, Process Monitoring and

Modelting Analysis of Sediment SinkslStoraggs, Source-to-Sink-Correlations, Sediment Budget Studies,

Landscape Ecology, and detailed information on SBDIFLLIX and other related multi-disciplinary and

multi-national research networks and programmes.

This volume contains the fiaal Science Meeting progralnme and schedule, all accepted (yes-/no-
decision) extended abstracts of workshop contributions, a short description of the two field excursions and

a list with fhe names and addcsses of all registered Science Meeting participants who receive support by
ESF tunding (SEDIFLUX members).

The organizers of the first SEDIFLUX Science Meeting warmly welcome all workshop
paricipants.

W'e would like to wish you all a very nice and interesting stay in Sauddrkr6kur I

Yours sincere$,

Achim A. Beylich (Jppsala),
Ca-ardinanr of SEDIFLLTX and Science MeeringOganzryr

Forsteinn Samundsson (Sau66rkr6kur),
Dirvaorof tlte NanralResearch Cen*v of Nuth-uesteftt laland, Saudthkxikar

and Sciente Muting OrgamTer

Armelle Decaulne (Oermont-Ferrand),
S ci e n ce fuI e eting co -OrganiTer

Olga Sandberg (Goteborg),
S ci e n ce Me eting co -Oryaniqer
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Fir.rt Srience Xleeting o;l'the EStr Network SEDIFLL|X - Saaddrknjkar, In/and, Jane 1 8't' - June 21', 2001

Science Meeting Programme & Schedule
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Deparnrre from Reykjavft at 8:30.

First meeting point (pick up) is the bus station atLzekjzrtotg, which is down town Reykjar,ft, at 7:45. Second
meeting point is the Hotel Fosshotel Lnd at Rau6arirstigur 18, at 8:10, and the last meeting point is the City Youth
Hostel at Sundlaugavegut 34, zt 8:30.

o Expected arrival in Saud6tkt6kur

During the trrp to Sau66rk6kurwe take the main road, road 1, along the westem side of Iceland. On the v/aywe
stop at several locations and look at the local geology and landscape. Lunch packages will be distributed during the
tflp. It is estimated that we arrive in Sau66rkr6kw at 18:00. The bus stops at the Hotel Fosshotel Aning,
Saudirkr5kur.

Cocktail reception

At 19:00 we are invited to a cocktail reception, sponsored by the Skagalordur District Heating and Waterworks
Company. The location is only a 5 minutes walk from the Hotel.

Dinner

Dinner is at 21:00 at the 6lafshris restauraflt in the centre of the town of Saud6rkr6kur. About 15 mifl rvaik from the
cocktail reception.

FirstscienceMeetingof theESFNetworkSEDIFLUX-Saudirknlkur, Inland,Janel8'h -Jane21il,2004

June 18tn, 2oo4
Bus excursion from Reykjavlk to Sau65rkr6kur (NW Iceland)

o Departure ftom Reykjar&

June 19tn, 2oo4
Natural Research Centre of North-Western Iceland, Sau65rkr6kur

Introduction

08.00 - 08.20
Achim A. Be,viich pppsala) & SEDIFLUX Coord. Comm.: The ESF Network SEDItrLUX: "Sedimentarv Source-
to-Sink-Fluxes in Cold Environments" - an introduction.

08.20 - 08.30
Weicome by Dr. Forsteinn Srmundsson, Director of the Naturai Research Centre of North-western Iceland,
Sau66rkr6kur.

Paper presentations

Invited Ke5mote Lectures

08.30 - 09.10
Olav Slaymaker ffancouver): Towards the identification of scaling relations in drainage basin sediment budgets.

09.10 - 09.50
Norikazu Matsuoka (Isukuba): Towards construction of a global netwotk of monitoring periglacial processes.

t
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First Science Meetingof the ESF Network SEDIFLUX - Saad,irknikar, Iuland, June 181 - Jane 21't, 2001

Paper session 1

9.50 - 10.10

Samuel Etienne (C1ermont-Ferrand) & N{arie-Francoise Andr6 (Clermont-Ferrand): Variability of weatherirg
processes hierarchy through weathering balances of several north-Atlantic periglacial environments (Iceland,
Labrador, Lapland, Spitsbergen).

i0.10 - 10.30

Oliver Sass (Augsburg): Quantification of alpine rockwall retreat bv aid of georadar and geoelectric measurements.

10.30 - 10.50
Christof Kneisel fiViirzburg): Assessment of subsurface lithology in periglacial environments using geophysical
techniques.

Coffee break
10.50 - 11.10

Paper session 2

11.i0 - 11.30
Forsteinn Samundsson (Sau66rkr6kur), Ha11d6r G. P6tursson (Akureyri) & Hoskuldur B. J6nsson (Akureyd):
Monitoring of a large landsl-ide in the Almenningat 

^rez, 
N-Iceland.

11.30,11.50

Jan Boeihouwers (tJppsala): Environmental controls on soLifluctiofl processes tr the Abisko region, northem
Sweden: a progress report.

11.50 - 12.10
OIga Sandberg (Goteborg) & Achim A. Beylich (tJppsala): Analysing denudative slope processes by combining
process measurements with mapping and dating techniques and a GIS based integration of biologrcal and
geomorphologrcal data - first results fromLatnjavagge, Swedish Lapiaod.

Paper session S

12.10 - 12.30

Armelle Decaulae (Clermont-Ferrand) & Forsteinn Srmundsson (Saud6rkr6kur): Present-day geomolphic effi.ciencv
of slope processes in the Icelandic Westflords. Some considerations on snow avalanches and debris-flow impact.

12.30 - 72.50

Denis X.{ercier ("aris), Samuel Etienne (Clermont-trerrand) & Dominique Sellier Q.Jantes): Recent paraglacial slope
deformation in Kongsfjorden area, West Spitsbergen (Svalbard).

12.50 - 13.10

Charles Le Coeur (Paris): Pattial reactivation of an alpine rock glacier: response to Litde Ice Age climatic change?

Lunch

13.20 - 74.20 atthe 6hfshris restaurant.

Poster session 1

14.30 - 15.15

Ivar BerthLng flrondheim), Bernd Etzelmiiller (Oslo), Christine Kielland Larsen (Oslo) & Knut Nordah-l (Lysaker):
Sediment fluxes from creep processes atJomfrunut, southern Norway.

Armelle Decaulne (Clermont-Ferrand) & Forsteinn Samundsson (Saud6rkr6kur): TheJune 1Orh -12fi, 1999 snowmelt
triggered debris flows irr the Gleidarhjalli area, north-western lceland.

N{anfied Friihauf (Ha11e/Saale): Periglacial deposits in the Harz-mountains of Germany - orign, structure and
geoecological relevance for land use.

Jan-Christoph Otto (Bonn): Quantification and visualsation of sediment bodies in a high alpine geosystem.

Halld6r G. P6tursson (Akureyri) & Forsteinn Samundsson (Sau6irkr6kur): The 1995 Solvadalur debris slide in
Central North lceland.
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Fir.rl 5'ienceNleetingof'rlLeESFNehyorkSEDIFL(.IX -lanlirkrikur, Icelaad,.lune 18" -Jrrne 2/',2001

Tomasz Sapota (l.lppsala), -L1a -\ldahan (Uppsala) & Goran Possnert Qppsala): Sediment flux and lithofacies in Lake
Baikal (Sibena, Russia): a spatial and temporal perspectir-e .

Paul Sumner (Pretoria) & \\,'erner Nel fl,initra, Urntata): F,nr-ironmental contro]s and rates of rock weathering on
sub Antarctic }larion Island.

Working Group Meetings r
15.30 - 19.15
Def,nition of lTorking Groups.

Dinner
19.30 - 22.00 ztthe 6hfshris restauaant.

after 23.00: Dance for those who are interested and still have the energy

June 2O'n, 2OO4

Natural Research Centre of North-Western Iceland, Saud5rkr6kur

Paper presentations

Invited Ke5,,note Lecture
09.00 - 09.,t0
Phihp ,\. \\'ookev (StirLing): Expericnces u,ith ITEX (the lntcrnationai Tr-rndra Ilxperiment): could SEDItrLUX
benefit from lessons learned?

Paper session 4
09..t0 10.01)

Bernd Etzelmiiller (Oslo), B. \\rangensteen (Oslo), H. Farbrot (Oslo), -\. Gudmundsson (R.er-kjavik), Ole Flumlum
(Oslo), T. Eiken (Osio) & ,\ndreas Iiirib (Ziirich): Sr.rrfacc displacement, r.olume changes and Holocene sediment
flux ratcs for activc rock glaciers and mor-ing dcbris bodies on Icelald - examplcs from the 'I'rollaskagr Peninsula,
northern Iceland, and the Serrdisflorc)ur area, eastern Iceland.

10.00 - 10.20

Jukka Iiui,rhko (TurkQ, lndrervJ. Russell (Nervcastle), Nigle trIountne,v (Iiecle), Petted -\lho (Turku) &Jonathan I-.
Carrir-ick (I{cc1e): Flur.io acolian interactions withil the Northern \-olcar:ric Zone Qi\-Z) scdimenrarr- s\:stem, ){E
Iceland.

10.20 10..t0

-\ndreu'J. Russell Qiev,-castle), ,fukka Iiivhko (Trirku), Iiiona S. 'l'u,eed (Staffordshire), Petteri AIho (Iurkr"r),
Jonathan L. Carrir.ick (Keele), Philip II. i\Iarren (\\itrvatersrand), NigelJ. Cassidr'(Iicclc), E. Lucv Rushmer (Keele),
Nigcl ir. Ilountner- (I{eele) & Jamre Pringle (lieele): Jokulhlaups impacts rvitl.rin the -lokulsrl i Fjollum sr-stem, ).iE
Icelancl: implications for sediment transfcr.

Coffee break
10..t0 - 1 1.00

Paper session s
11.00 11.20

Yr.acheslav \-. (lordecr- (Iloscor.r,): Riverile sediment flux to thc.\rctic: an oven-icn,

11.20 11.40

Jtirunn Hart)ard6ttir (Revkjar.ik) & Arni Snorr'.rson (Rer.kjar.iQ: Recent cler.elopments in the sediment rnonitoring
netu-ork of Icelandic lr.ers.

11..t0 12.00

-[eff \\'arburton (Dudram), \Iartin Evans (]Ianchestcr) & Richard Johnson (?enrith): Signihcance of mineral /
otganic componeflts in the secliment flux from uplancl czrtchmcnts.
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Fint Scienn Jleeting o;f t/te ESI| l{etwork .IEDIFI-L|X - Safidrkrdkur. In/and, .lane 1 8'i - .lune 2/'t, 2001

Paper session 6

12.00 - 12.20

I{ar1-Heinz Schmidt (I{alle/Saa1e) & Dar-id Nlorche (Hal1e/Saale): Sediment budgets of trvo sma1l carchments in rhe
Balrriarr .\lps. Gerrnanr'.

12.20 - 12.10

-\chim -\. Ber'lich pppsala), Ulf llolar-r (Gotcbotg), Olga Sandberg (Goteborg), Karin Lindblad (Goteborg) &
Heikki Seppi (Helsinki): Integratirg sediment budget studies and ccologr- at the landscape level - results from
ongoing monitoring programmes in l-atnjavagge, florthcrflmost Srvcdish Lapland.

12.,10 - 13.00
U1f trIolau (Goteborg): The issue of scales i. landscape ccologv ir-r time a,d space.

13.00 li.20
\rolker Rachold (?otsdam): Permafrost Coasts of the -\rctic.

Lunch

13.30 - 1.1.30 at the Olafsh[rs restaurant.

Poster session 2

14.10 15.40

Achirn l. Revlich (Uppsala), Olga Sandberg (Goteborg), U1f ]Iolau (Gotcborg), Iiann Lindblad (Goteborg) & Susan
\\'achc (Ila11e/Saale): Secliment sources and spatio temporal variabilitr- of flur-ial sediment transfers in arctrc-oceanic
J.atnjavagge, Su,edish Lapland.

Robert C). Biork (Goteborg), Leif Iilemedtsson (()irteborg), LIlf }Iolau (Coteborg) & --\nna Stensrrom (Goteborg):
The effect of long-term temperature enhancement ofl potential dcnitrificatlon across differcnt subarctic alpine plant
communities.

Jonathan L. Carrivick (I(eele), .\tdres, J. Russell (-\rcrvcastle) & Fiona S. Trveed (Staffordshire): Glacier Outburst
trloods (jokulhlaups) frorn I(verkf;yo11, Iceland: flood routes-a)'s, flou. charactcristics and scdimentaq- irnpacts.

-lonathan 1.. Carrivick (Iiecle): Palaeoht'draulics of a glzrcier outburst flood (iokulhlaup) from I{verkfloll, Iceland.

\-alentil Golosov (Iloscou), \-ladimir Beh-aev (lloscorv) & -\Iaxirn Xlarkelov Qloscou): Application of raclionuclide
techniclues for er.aluation of sedirnent redistribr-rtion.

.l5runn Hardard6ttir (Revkjavrk). irni Snorrason (R-elkjar.ik), Snorri Z6phriniassol (X-e,vkiavik) & Sr-anur Pdlsson

fitevkjar-r1i): Sedimcnt discharge in jokulhlaups in the Skaft6 rir-er, South Iceland.

r\ndrerv ,[. Russell (]dervcastle), ]Iattheu,, -1. Roberts (R-e,vkjarik), Helen Far (Staffordshire), Fiona S. Tweed
(Staffordshire) & l']hilip lI. \Izrrren (\\invatersrand):.)okulhlaups xs egeflts of glacial sedimcnt rransfer.

Fiona S. Trr,'eed (Staffordshire), '\Iattheu.J. Roberts (R-eykjar.ik) & '\ndreu,-J. Russell (\lervcastle): Hydrologrc
monitoring of supercooled discharge from Icelandic glaciers: ht.drocivnamic and sedimentan, signifrcance.

-f 
eff \\'arburton (Durham) & .\lan Dr-kes (Huddersficlcl): Rapid mass wastinE! of peat hillslopes under an cxtreme

rainfall evcnt - a sediment budget appraisal.

Working Group Meetings e

15.50 18..t5

Organisation of \\rorking Groups.

Dinner
19.00 21.00 at the 6lafshirs resrauranr.

Evening discussion

21.00 - at the bar
If the weather is nice: watching the midnight sun, down at the beach !
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Firclsclence),[utirtgoJ'tlte E|'trlielanrk.lEDIPLL]X-Sailirknikur, Ice/aad,Jtrttt 18" -.lrrne2l".2()01

June 2L"', 2OO4

Bus excursion from Sau66rkr6kur to Reykjavik

Departute ftom Sau66tkr6kur at 8:00 from the Hotel Fosshotel Aoing.

Orr the way to Reykjavik we take the highland road, I(jolur, between the Langjokull and Hofsjokull glaciers, if the
condition of the road is in order. On the way we stop at several interesting localities.

It is estimated that we arive in Reykjar.'ik around 20.00, possibly later.

Lunch and dinner packages will be distributed during the trip.

Arrival in Reykfavik and end of first SEDIFLUX Science Meeting

Science Meeting Organisers

Achim A. Beylich, Department of'I:afilt 5'ciencet. Georcnlrum, t.tpp.ra/a LIniL'er.riry', 5'a,eden; Achim.Beylich(a)geo.uu.se

Forsteinn Semundsson, Nalara/ Re.rearclt Cenlre of'Nortlt-uettern [u/and, -laudarkrokar, I*land; nnr.@)nrrv.is

Armelle Decaulne, Labaralory ol'Plt1liu/ Ceagraplry, f-initen'i4, 0.1'C/eru0ttt-1t'errand, Pruucc; arnld@r'ahoo.fr

Olga Sandberg, Botanim/ Intintn ttnd Eart/t Sciences Centre. Unircr.'it1 ol'Gitebory, .f ueden; olga@)gfs.gu.se
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First Scienu l[eeting ol the E|'F Netnnrk.|LDI]'LLX - Sandirkrrikur, lce /and, .lrrtt 18" - June 2 I , :00,1
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First ScienceMeetingo;f theESFi'lawarkSEDIFL'|-IX -Saaddrkrdkur, Iceland,Jane 18'h -Jane 21',2004

Science Meeting Presentations

Accepted Extended Abstracts
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Firct Science Meeting of the ESF Network SEDIFL\IX - Saaldrkrdkur, Iceland, Jane 7 8h - Jane 2/u, 2004
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Firct Science Meetingof the ESF I'Jetwork SEDIFLUX - Saaddrknjkur, Inland, Jane 18'h - Jane 21't, 2001

Invited Keynote Lectures
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Firct Sciena Meeting of the ESF Network SEDIFLUX - Sauldrknikur, Iceland, June 18'h - June 2lil, 2004

Towards the identification of scaling
relations in drainage basin sediment
budgets

Olov Sloymoker

Department of Geography,The Uniuersity of British Columbia,Vancouuer, Canqda

The issue of traasferting knowledge between
systems of different magnitude is the issue of scaling.
Three distinct conceptual approaches are evident in the
geomorphic Iitetature: (1) a fractal approach which
explores power laws over a laflge of scales $-odriguez-
Iturbe & Rinaldo, 7997) ar,d starts from an assumption
of self-sirnilarity in the landscap"; Q) ^ 

theory hierarchy
apptoach @enda, 1999) whereby different theodes ate
invoked at diffetent spatial scales, provide diffetent
kinds of understanding and communication between
scales is achieved by "coarse grahiflg"; and (3) a

panarchy approach (Holli.g 2001) which assumes that
there ate understandable mechanisms for
communicating information upwards irl scale by "small,
rapid ptocesses" and that these Iinking processes,
interacting with boundary conditions set by "large, slow
processes", account for emergent properties of the
system. A fourth approach can be classified as an
empirical hybrid of two or more of the foregoing
approaches (e.g. Church et al., 1999). Thete are no "a
priori" ways of choosing between these approaches in
dealing wrth dtainage basin sediment budgets until
more reseatch on liaking processes and emergent
properties of basin sediment systems has been done.

Dtainage basin sediment budgets are made up
of sediment inputs, storage and outputs and have been
commonly reported in the literature without explicit
discussion of tlle role of spatial scale. Even llorton
(1945) extrapolated results from laboratory and plot
scales to the erosional development of large drainage
basins without paFng explicit attentioa to the problem
of scale linkage (Chodey, 1995). Slaymaket (1972) made
a hetoic attempt to analyse scale effects on sediment
budgets in mid-!7ales via instrumented plots, stream
reaches and 10 small watersheds. The hierarchical
sampling design which he adopted was statistically
sound, but his assumption that the sediment
transportiog ptocesses on slopes and in channels could
be scaled up to the scale of the region (1,500 sq.kms)
was a serious flaw.
c Frzctahry. Powet laws, which are the signature of

ftactals, have beea observed over a wide raoge of

scales in dver basin morphology ({linkenbetg,
1992). Nevertheless, Church & Mark (1980)
showed that allometry is more common than
isometry in geomorphic systems (i.e. that scale

distortions are common). One way of reconciling
these apparently contradictory observations is

through the concept of multifractality. To the
extent that &ainage basins display ftactal
behaviout, sediment inputs should be linked across

spatial scales (Hovius et a1., 1997) but evidence for
multiftactality is more co1ffnoo. Multifractality is
explained in terms of distinct process domains (e.g.

Montgomery & Dietdch, 1,992) and increasingly
clear evidence of the domains of slope processes,
slope-channel coupling processes and fluvial
processes obeying distinct ftactal telations has been
forthcoming (e.g. Dadson, 2002; W}lrtte, 2002).

Theory hierarchy. According to Benda (1999), site
scale theories involve Newtonian mechanics of
landslides and of sediment traflsporq small
watershed level theodes deal with the behaviour of
population distributions of watershed processes
and large watershed level theories concem the
evolution of channel networks and hillslopes. Each
level of the hierarchy may produce different kinds
of knowledge which ate mutually exclusive but not
conftadictory. He has reasoned that appropriate
data ot sediment sources, channel forrns, sediment
storage forms and sediment output distributions
are still unavailable and has therefore tumed to
computer simulated data. Benda & Dunne (1997t;
1997b) and Benda & Mller (2001) have teported
simulations of stochastic inputs of landscape
parameters, climate, soii infiltration fields and
sediment supply over a raflge of temporal and
spatial scales. Some of their findings ate illustrated.

Panarchy. Altematively, Holling (2001) proposes a

panarchy model to describe the behaviour of
ecological systems of differing spatial and temporal
scales. His model assumes that ecological systems

communicate information upward by small rapid
processes and the larger, slow processes set the

O
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Firrt Science Meaing oJtbe ESF I'{etwork SEDIFLUX - Sauldrknikur, Iceland, June / 8/h - June 21", 2004

a

uppet boundary conditions. The most impressive
attempt to deal with the scale problem in a

panarchic sense withia the geomorphic Iiteratute is
that by Crmneraat Q002), in which he compares
the firnctioning of geomorphological systems ifl a

water deficit tegion (southeast Spain) and in a

water sutplus region (-uxembouq). He succeeds
in defining thtee scale levels: the plot scale with
individual plants and microtopographical
depressions, functio-ning at eveflt and seasonal
temporal scales; a hillslope scale covering human
time scales; oad a catchmeflt scale, covedng
Iandscape development time scales. This was not
new. But what was flew was the successfi;l

identification of linkiag mechanisms between
scales and these ate processes that operate at and
between the different scales, leading to emergent
properties at higher scale levels. The evolution of
the system is recognized as highly dependeot on
feed-back dominated processes at the fine and
intermediate scales.

Hybrid apptoaches. Slaymaker (1987), Chwch &
Slaymaker (1989), Church et al. (1999) and Schiefer
et al. (2001) have analysed the dependence of
sediment ouq)ut on spatial scale for a reg'ion as

large as Cmada. Theirs ate pragmatic analyses of
suspended sediment observations, based on the
'Water Suwey of Czl.u'da archive and field
measurement programmes. They have established
regional scaling relations for the vaiaion of
suspended sediment load with &ainage basin area

and have adjusted the data to common areal bases

to pofiray tegional vadations. For most tegions the
specific sediment yield increases dowristrerm,
indicating regional degradation of river valleys.
After smoothing results by krighg, error estimates
for locally ptedicted values of sediment yield are

calculated. The final product is a series of maps
showing regional variations of sediment yield based
on 1, 100 and 10,000 square kilometre standard
areas. These Catadiar examples deal wi& sediment
ouq)ut only, but may suggest a way fot.utatd for
dealing with the other components of the sediment
budget.

In considedng the design of the expedments
and field measuremeot progt,unmes in the SEDIFLUX
network, the question of scale and scaling relations
deserves high priority.

20
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Towards construction of a global
network of monitoring periglacial
processes

First Scienn Meeting of the ESF Nenaork SEDIFLUX - Sauldrknikur, Ialand, June 18n - lune 2/o, 2004

Norikozu Motsuoko

Institute of Geosciences, Uniuersity of Tsukuba, Ibaraki, Japan

The last five years of the Intemational
Permafrost Association (IPA) working group (.\)7G) on
'?etiglacial Processes and Environments" has focused
on compiling a handbook on field techniques on
petiglacial processes. In 2004 the !7G is teorganized as

the new \}7G '?eriglacial Processes and Climate". One
of the objectives of the new !7G is to construct a
global moaitoring netwotk with updated field
techniques.

Fig. 7. The outclme of process nonitoing.

data, including atmospheric information (from neatby
station), topographic information (from DEM, contout
map) and geological information (from geological rnap,
drilling/excavation, geophysical sounding). Techniques
have recendy significantly ptogressed for monitoring
thermal regimes of the active layer and permafrost and
for geophysical sounding of subsurface permafrost.
llowever, most of the techniques for monitoring
geomorphic processes ate still immature. In particular,
there is a lack of seflsors for recording vadous kinds of
debris movement, which constitute the core para.rnetefs

Simple

sysfem

Such a network will permit us to assess spatial and
temporal vanabitty of periglacial processes witli
climate. On a local scale, the state-of-art technology will
encoumge, not only understanding of individual
processes opetatiag at monitoring sites, but also
evaluating sediment budget (in a specific landform ot a

drainage basin), modelling landform evolution and
predicting natualhazatds €ig. 1).

Automated monitoring systems allow
acquisition of year-round data at locations accessible
only in sununer Qike many pedglacial sites), whereas
manual methods compensate patameters unfavourable
for automation (e.g. movement of bouldets, watet
chemistry) and allow widespread obsewations.
Monitoriag also benefits from collection of other basic

system

Complex

/l
I
I
t
It

Pure science

in sediment budget models.

The monitored pararneters vary site-to-site
with the purpose, spatial scale, topogtaphy, geology,
environmental factors and ptevailing processes €ig. Z).

Thus, distinction is proposed between "process" and

"environmental" parameters and between "common"
and "site-speci{tc" parameters. The process parameters
(a possible sensor is shown in the square bmcket)
involve, fot example irr a bedrock-coarse debds system,
bedrock ftacturing [crack extensometer], rockfalls

[acoustic or vibration seasor?] and rock glacier creep

[inclinometer]: they are mostly site-specific. For a

&ainage basin dominated by fine debris, monitoring
may cover frost heave [dilatometer], solifluction [strain
probe], debris flow [wire sensor], river-bank erosion

[dilatometer], fluvial/glaciofluvial transportation

Monitoring

individual processes

rockfall, solif uclion, debris f ow,

Modelling

landform evolution
Evaluation of

sediment budget

Hazard

assessrnent
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[electric conductivity .sellsor for solution, turbidity
sensor fot suspension, pressu(e sensor for bedload?]
and eolian erosion/ftansportation [dilatometer]. The
colnmofl envfuonmental pararneters may involve ait and
gtound temperatures, solar radiation, precipitation
and/or snow depth and gtound moisture, whereas

other environmental parameters, such as wind direction
and speed, stream discharge and groundwatet level, are

site-specific.

In addition to the length of monitodng, the
choice of parameters is critical in modelling landform
evolution. The rock glacier development is, like other
debris transport systems, constraioed by the continuity
(sediment budget) and a flow law. A small rock glacier
in the Swiss Alps has undergone automatic or manual
measuremeflts of debris ptoduction, transport and
gound temperature. The tock glacier showed rapid
movement with a large intet-annual fluctuation that

Rock glacier

\ Lobesv
Hummocks

Fig. 2. A nlfiitling gtstem in a peiglacial basin. Aatonatic
obrcntatiorc inaolaejoint opening (A), mck temperatun (B),_f*tt
l:eaae (C), snow deptb (D), peruafrost creep (E), solifluction (F),
soil moisttre (G), nil ten?eratare (17) and divharg4 tilrbidiryr

and electric condzctiuiry @. Manual obseraatiow inuolae rockfall

fi and uface rzoterzent (K).

The monitoring system should be designed to
ptovide long-tetm data that can distinguish intet-aanual
variability of movement from long-tetm trends. As a

small-scale geomoiphic system, stone-banked lobes in
the Japanese and Swiss Alps have undergone ten years
of monitodng of frost heave, solifluction, snow depth,
soil temperature and moisture. The data show that,
although similar processes recur annually, the length of
the snow-covet period affects significantly inter-annual
variation in soil movement.

Rockuall

mainly reflects winter snow regimes. The advance of the
rock glacier is too rapid to balance with the debris
supply from the backwall. A numetical simulation
suggests deceleration of movement af,rd subsequent
permafrost degadation in a few decades.

As a fust step to the global monitodng
netwotk, the flew !7G encourages (1) furthet
improvement of technology, (2) standardizaion of
selrsors atd/or methods and (3) construction of a

model experimental site. For this purpose, we have to
defne the coflunon parameters and promote low-cos!
high-resolution methods. A favourable model site
expedences a variety of ptocesses in a homogeneous
geology as well as allows frequent visits thtoughout the
yeat.

Stream

J
] " Debris slope

J

D

(-,
C

Data logger

Unfrozen ground
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Experiences with ITEX (the
International Tundra Experiment):
could SEDIFLUX benefit from lessons
learned?

Philip A. Wookey

School of Biological and Enuironmental Sciences, Uniuersitg of StirLing, Stirling FK9 4LA, Scotland UK

This ptesentation will set forth some pemonal
views on ITE& and how experience gained in ITEX
might be of benefit in the development of SEDIFLUX
The author was the tlird Chair of ITEX (from April
7996 to October 2003), following-on from Patrick
Webber @Ii"higro State Universiry) and Ulf Molau
(IJnivetsity o f Gothenburg).

The Intemational Tundra EXperiment (iTE8
unites an international network of research scientists
thtough the implementation of expedments focusing
on the impact of climate change ofl selected
circumpolar, cold-adapted plant species, in tundra and
alpine vegetation. Currently, research teams from 11

countdes - including all tlle Arctic nations - carry out
similar, multi-year environmental manipulation
expedments (at more than two dozen sites in total) that
allow them to compare inter-annual, afld treatfieflt-
related, variations in plant performance (..g.
phenological development, gto.wth, gas exchaoge,
cover/community change), and othet ecosystem
processes (e.g. decomposition and nutdent cyclirrg).
Collectively, the ITEX network is able to pool its data
sets to examine vegetation response at varying levels,
fot example genetic (ftom ecotype to functional type),
spatially (ftom habitats, through landscapes, to
ecosystems, and regions), and temporally (the longest
ITEX data sets available now cover over 10 years). The
truly intemational nature of ITEX has provided 'value-
added' (the progtamme is greater than the sum of its
parts), and this has been sttengthened by the use of
'meta-statistical' analyses of the results ftom many sites

combined in otder to make broadly-applicable
statemeots on ecosystem resporses to change, rather
than iust site-specific. The network thus enables
fundamental ecological theory to be tested robustly at
multiple sites.

ITEX has been in operation since its design
and launch in December L990 at a meeting held at the
Mchigan State University !7.I( Kellogg Biological

Station (see VTebber & \Talker 1991, Arctic aud APine
Resarch 23:724). Currently there ate 90 ITEX arrd

ITEX-related publications on the database (www.itex-
science.net), including one special issue of the joumal
Global Change Biokgt, and a rtetz-ztralysis of ITEX eady
results (years 1-4) published tn Ecokgical Monographs. The
database, however, undoubtedly underestimates the
total ITEX science ouq)ut, and the ouq)ut in terms of
PhD theses is also impressive.

So, how has ITEX progressed thus far, adrd

have lessons been leamed that could be usefirl for
SEDIFLUX? Arguabln ITEXs greatest assets have
included (i) a core group of dedicated and enthusiastic

scientists with the flecessary vision to ddve the process
forwards (please note that, as 3'd ITEX Chair, the
author of this abstract inhetited a firlly-frrnctional
prografirme, and therefore takes no credit for launching
ITEX!), and (ri) a focused research programme that is
flexible enough to be applicable in contrasting geogra-
phical/socio-economic settings, yet cleady-enough
defined to allow for quantitative and objective inter-site
comparisons. As stated on the ITEX home-page

(About Us': http://www.itex-science.net/about.cfm)
"Participation in ITEX na1 be at seaeral leaelt of anplexiry
and npl:istication depending on interetts and aaaikble fundiug
sr/p?lfi. Each ITEX site operates some form of warning
expeirzenf' . Another key 'ingedient' of ITEX has been,
and remains, the existence of a Manual which sets forth,
in considerable detail, inforrnation on suitable
erperimental approaches, species-specific metrics that
are appropdate fot long-tetm measwement and inter-
site and species compadsons, and information on the
monitoring of abiotic environment (iacluding active-
layer depths, ur and soil tempetatutes). ITEX has long
since been associated with the International Permafrost
Association (IPA: http:/ /www.geo.uio. rc / TP A /), ar,d
contributed to the Circumpolar Active Layer
Monitoring (CALivD Progtamme Network.
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ITEX has also always been a meeting-place,
and support netwod<, fot doctoral researchers, and they
have brought with them an enoflnous resource in terms
of enthusiasm, open-mindedness and dtive. The role of
younger tesearchers in the success of ITEX canflot be
overestimated, and more experienced researchers within
ITEX have also benefited greatly from tlle exchange of
views, ideas, and experience among these gtoups.
Senior scientists ate often heavily committed in terms
of teaching aod administtative duties, so that the
development of a vibrant and supportive network of
younger scientists (doctoral and post-doc) is a key in
the maintenance and successfii development of a viable
medium- to long-term programme.

So the maio lessons, in my view, that might be
transferable to SEDIFLUX are as follows:

r The programme needs to be focused yet flexible.
Having a core programme that is realistic (arrd
meaningfirl) for all paticipaots to undertake, yet
which can be complemented by supplemefltary
measurements and site-specific studies, is likely to
stand the test of time. The core programme
should allow for rigorous inter-site analyses and
synthesis, while site-specific studies might provide
the basis for novel PhD theses, for example;

' SEDIFLUX could probably benefit from a Chair
and a Steering Group, who provide leadership, but
are not autocratic. The Steering Group might have
national representatives, and an importaflt element
of their job should be to establish good networks
nationally, and maintain up-to-date information oo
fu"dirg agencies, user-groups etc. They can also
advise national participants, and provide a link
back to the leadership;

SEDIELUX might consider developing a l\danual
of protocols and analytical procedutes that is
accessible to all, and which allows for updating. In
ITEX the Manual has. been pivotal to the
successfi:l implementation of experiments and
monitodng at contrasting locations, both in the
Arctic aod in the alpine;

Keep SEDIELUX 'well-connected' with
complementary programmes internationally: this is
important both for the visibility of the programme,
and in terms of influence;

Keep SEDIFLUX young at heart, and prepared
both to support, and to leam from, youflger
researchers;

Meet regulady. ITtrX has a history of meetings of
(approximately) anflual frequency (with minot
deviations): The most receflt ITEX meeting
(the12e) was held at Cheta Hot Springs Resort,
Fairbanks, Alaska, between 26-29 September 2003.
These meetings have usually been very inforrnal
yet cleady structued, and hopefirlly with a good
balance between plenary presentations (often from
PhD students) and debates/workinggroups. A key
ingredient has been the notion that science should
be fun, and enthusiasm is contagious. !7e work at
locations very fat away from one another, but
ITEX has had the feel of a fanlly, thanks, in latge
part, to the meetings, and to the atnosphete that
they qeate.

#l!:r
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ThE ESF NCIWOTK SEDIFLUX:
"sedimentary Source-to-Sink-Fluxes in
Cold Environments"- an introduction

Achim A. Beyllchr, Somuel Etienne2, Bernd Etzelmuller3, Vyocheslov V.

Gordeeva, Jukko Koyhkos, Volker Rocholdo, Andrew J. Russellz, Korl-Heinz

Schmidte, Forsteinn Scemundssone, Fiono S. Tweedto & Jeff Worburtontt

lDepartment of Earth Sciences, Geocentrum, uppsala Uniuersity, Uppsala, Sueden
2laboratory of Physical Geography, Uniuersity of Clermont-Ferrand, Clermont-Ferrand, France
s D epqrtment of Geosciences,Uniuersity of O slo,Blindern, Norw ay
+P.P. Shirshou Institute of Oceanology , Russian Academy of Sciences, Moscour, Russic
sDepartment of Geography, Uniuersity of Turku, Titrku, Finlqnd
6Alfred Wegener Institute for Polar and Marine Research, Potsdam, Germany
zSchool of Geography, Politics and Sociology, [Jniuersity of Neracastle upon Tyne UK
slnstitute of Geography, Martin-Luther-Uniuersity Halle-Wittenberg, Halle/Saale, Germany
eNantral Research Centre of North-western lceland, Saudarkrokur, Iceland
,o Phy sical Geography, Staffordshire Uniuersity, UK
llDepartment of Geography, Uniuersity of Durham, Durham, UK

Climate change will cause major changes in the
Earth sutface systems and the most dramatic changes

are expected to occur in the cold climate environments
of the Earth. Cold climate landscapes are some of the
last wildemess ateas containing specialized and diverse
plants and animals as well as latge stotes of soil carboo.
Geomorphological processes, opetating at the Earth's
surface, tansfering sediments and changing landforms
are dependent on climate, vegetation cover and human
impacts and will be significandy affected by climate
change. In this cootext it is a major challenge to
develop a better understanding of the complex
ecosystems and the mechanisms and climatic controls

of sedimentary transfet processes in cold envirooments.
More reliable modelling of sediment ttansfer processes

operating undet present-day climatic settings is needed

to determine the consequences of predicted climate
change. It is necessary to collect and to compare data

and knowledge from a wide range of different high
latitude and high altitude environments and to develop
mote standardized methods and approaches fot future
tesearch on sediment fluxes and telationships between
climate and sedimentary transfer processes. In Europe
the vdde range of high latitude and high altitude
environments provides gteat potential to investigate
climate-process relationships and to model the effects
of climate change by using space fot time substitution.
The highly relevant questions to be addressed need a
multidisciplinary approach afld the joining of forces and

expertise from different scientific fields. Especially a

closet coopetation between geoscientists and

biologists/ecologists is urgendy needed and links

between running global change progtammes (ITEX
etc.) aod the ESF Network inuoduced here will be of
majot importance. The ESF Network "Sedimentary
Source-to-Sink-Fluxes in Cold Environments"
(SEDIFLUX, 2004 - 2006), $/i1l bring together leading

scientists, key tesearchers, young scientists and reseatch

teams from different fields. The large numbet of
projects rrl by the ESF Netwotk participants
demonstrates the high level of research activity of
scientists wotking on sediment fluxes in different cold
environments. The Network will form a framework fot
an integtated and multidisciplinary investigation of the

research topic and will be a catalyst for sttengthening
and extending contacts and exchange. The Cootdination
Committee of SEDIELUX consists of scientists ftom
eight countries:

Achim A. Beylich, Co-ordinator of SEDIFLUIL
Uppsala, Sweden

Samuel Etienne, Clermont-Ferand, France

Bemd EzelmiiLller, Oslo, Norway
Vyacheslav V. Gordeev, Moscow, Russia

JuL*a Kiiyhko, Turku, Fioland
Volker Rachold, Potsdam, Germany
AndrewJ. Russell, Newcastle, UK
Kad-Heioz Schmidq Halle/S., Germany
Dorsteinn Samundsson, Sau66rlr6kur, Iceland
Fiona S. Tweed, Staffordshite, UK
Jeff lfarbuton, Durham, UK

The ESF Neturork will be organized in
different working gtoups. The following working
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groups are planned for a first phase (1". and 2"d

workshop) of SEDIELUX: Weathering, Erosion,
Chemical denudation, Mass transfers, Fluvial transfers
and jokulhlaups, Sinks, Data management, Sediment
Budgets, Source-to-siok-fluxes/correlations. An
integration of these working groups (formation of new
and iotegrating wotking Soup, within the second
phase (3"d and 4e workshop) of SEDIFLUX is planned.

Net'urotk activities include four Workshops in
Sau6irkr6kur, Iceland 0*. 18th 21",, 2004),
Clermont-Ferrand, France $anuary 20t& - 22"4,2005),
l,ondon, UK (autumo of 2005) and Kevo, Finlafld
(autumn of 2006), Coordination Committee meetings
attached to the workshops, a SEDIELUX session at the
Second Genetal Assembly of the EGU, ApdI 2005,
Vienna, Austda, journal publications (special issues),

publication of absttact volumes, publication of science
meetings reports, pteparation and publication of a

SEDIFLUX handbook, and tle diffusion and
dissemination of Network activities and outputs by
using electronic media (webpages, newsletters, forum)
and public media (press, T!.

A strong monitoring and operational data
collection and more standardized methods will ptovide
a baseline for the development of teliable models and
fot futute research in the changing cold environments.
Significant links witlr other established netwotks,
ptogrzunmes and organisations will be developed.Ap"rt
ftom further collabotations and collaborative reseatch
activities, project and progtamme applications at the
Euopean level udll be discussed and initiated.

qlt -
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Integrating sediment budget studies
and ecology at the landscape level -
results from ongoing monitoring
programmes in Latnjava gge,
northernmost Swedish Lapland

Achim A. Beylicht, UIf Molou2, Olgo Sondberg2,3, Korin Lindblodz & Heikki
Seppo+

lDepartment of Earth Sciences, Geocentntm, Uppsala Uniuersity, Uppsala, Suteden
2 Botanieal Institute, Gdteborg Uniuersity, Giteborg, Sueden
sEarth Sciences Centre, Gttteborg Uniuersity, Gdteborg, Sweden
tDepartment of Geology, Uniuersity of Hekinki, Helsinki, Finland

The integration of sediment budget studies
and ecology rrrith att integrated study of
geomorphological and ecological pattems and processes
at the landscape level has been tealized by combining
data sets genetated from different ongoing process
geomorphological and ecological monitoring
progtrmmes and studies in the Latnjavagge drainage
basin (9 km'z; 950 - LM} m a.s.l.; 68o20'N, 18'30'E) in
northemmost Swedish Lapland (see also Beyhch et al.;

Sandberg & Beylich, this volume). The different
monitodng progtmunes afld studies have been
operated from the Lztnjila,ote Field Station (I-FS) since
1998/7999. LFS, situated in the Latnjavagge drainage
basin at 981 m a.s.l., is headed by Ulf Molau
(Gdteborg), belongs to the Abisko Scientific Reseatch

Station (ANS) and is owned by The Royal Swedish
Academy of Sciences (KVA). Latrrlavagge is 

^representative catchment fot the higher mountain arca,

in the Abisko region in northernmost Swedish Lapland.
This periglacial drainage basin represents major
environmental featutes of this arctic-oceanic
mountainous area.

The analysis of sediment fluxes, denudation
rates and sediment budgets in fluvial drainage basins,
forming cleady defined landscape units, are major
elements for the interpretation of landscape evolution.
The comparison of denudation tates and sediment
budgets in repteseotative dtainage basins in pteseot
periglacial errvironments with given moqphoclimatic,
ecological topographic and lithological/geological
features can give iosight into the intemal differentiation
of the present-day periglacial environments. Data from
monitodng prograrnmes in diffetent envitonments

ptovide the possibility to use the Ergodic ptinciple of
space for time substitution.

To cast further light upon present-day
denudation rates afld relationships between chemical
and mecharrical denudation in periglacial environments,
a sediment budget study was initiated in Latnjavagge in
1999. Denudative slope processes, mechanical fluvial
denudation and chemical denudation have been

analysed. The mean annual chemical denudation rate in
the entire catchment is 5.4 t krff2yrl. Mechanical fluvial
denudatioo is slightly lowet tlari chemical denudation
and appears to be the second most importaat
geomorphological process tlpe regatding annual mass

ttansfers [t m yrl]. Most fluvial sediment transport in
creeks occurs within a few days during snowmelt
generated runoff peaks. The calculated mean
mechanical fluvial denudation rate at the inlet of lake

Lar;;,-;laia;we (0.73 km), situated n Laajavagge close to
the catchment oudet, is 2.3 t krn-2 yr1. At the outlet of
the entire Latni,-lavagge drainage basin, situated below
lake Latnjajaure, the mean annual mechanical fluvial
denudation rate is 0.8 t krn-2yr1. Analysis of the volume
of the delta of lake Latnjajawe and additional corings of
lake sediments document little Holocene sediment

accumulation in the Latnjajaute delta and in the five
lakes in Lxrlrlavagge

The relatively most impotta:rt denudative slope

processes, regarding annual mass transfers, are rock-
and boulder falls. Nevertheless, the thicknesses of
material accumulated below rockwalls, tockledges etc.

within the slope systems reach only at some localities
more thao a few metres.
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Today, both chemical and mechanical
denudation in tlle valley are of low intensity. Because of
the low intensities of denudative processes, both today
and during the Holocene, Postglacial modification of
the glacial relief is altogether negligible. At the
landscape level, there has been ao adjustment of tle
Pleistoceoe $acial landforms to the denudative
processes which have been operating duting the
Holocene. Today, there is no equilibrium between
landforms and denudative processes operating in the
ptesent-day arctic-oceanic morphoclimate.

The low present-day inteosities of denudative
processes, with a low frequency of debris flows and
slides and very Iitde wash denudation at the slope
systems, are to a large extent due to the very stable
vegetation cover and the closed rhizosphere vzhich have
developed below 1300 m a.s.l. in the entite catchment
arca. Local disturbances of the vegetation cover and
rhizosphere caused by ditect human impacts like
extensive reindeer g ztng, hiking tourism and field
reseatch at LFS are of minor importance and do not
significantly affect the present-day denudative process
rates and the present-day sediment budget of the
&ainage basin.
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Environmental controls on solifluction
processes in the Abisko region,
northern Sweden: a progress report
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Jon Boelhouwers

Department of Earth Sciences, Uppsala Uniuersity, Sueden

Considerable effort has beea made in
obtaining movemeflt tates of solifluction in Swedish
mountains. However, a critical shortcoming is its
inability to establish relationships lxrith climate
(Adattlrews and Bertisford, 1993). As solifluction and
frost heave are considered important ptocesses of mass
transfer and soil distutbaace in Swedish mountains, its
telationship with climatic patametets should be known
to understaad curent and potential impacts under
various climate change scenarios.

This project aims to arive at a spatial
modeling of solifluction aod frost heave processes in
the Abisko region. The study will be completed along
the east-west moisture gradient of the mountains
between Riksgtinsen afld Abisko. Altitudinal gradieats
will establish a r rage of temperature and snow
environments. Thus, ergodic pdnciples are used to
monitor process activity under a tarLge of
environmental conditions.

A fust activity has focused on identi$dng the
range of forms present at ten sites in the study area,

their molphometry and associatioo with, mostly non-
climatic, environmental parametets. Solifluction lobe
morphometrical parameters included arc te d l"tgth,
tread width, tread angle, riser angle. Site characteristics
included are slope angle, aspec! vegetation tg>e,

altitude, soil textute and simulated radiation arrd

temperature values (X4eteonotm, 1 999).

Results ftom linear regtession tests suggest

poor corelations between solifluction moqphometry
and the environmeotal parameters. Best results indicate
negative correlations between lobe size parametets and
altitude, tempelature and radiation between
73-28o/o of the observed variability.

Several factors may have lead to the low
correlation values. First, the population of solifluction
forms sampled is unlikely to be uniform. Variatioas in
morphology suggest diffetent movement mecha"nisms

along the west-east and altitudinal gradients. Second,
none of the climatic parameters have been adequately
analyzed to date. Solifluction is ultimately a moisture
driven process and should be a key focus. Thfud, the
number of observation sites needs to be increased
substantially to allow better statistical resolution.

Objectives for further study are to describe

and explain the spatial vadation of solifluction forms in
relation to movemeflt mechanisms arld envkonmental
parameters, establish movement rates and associated
micro-envitonmental controls along environmental
gadients, to investigate methods of upscaling site-
specific measurements to catchment scale md,
ultimately, to model changes in solifluction activity
under different climate change scenarios.
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Present-day geomorphic efficiency of
slope processes in the Icelandic
Westfjords, Some considerations on
snow avalanches and debris-flow
impact

Armelle Decoulnel & Forsteinn Scemundsson2

r CNRS UMR 6o4z G6olab, Clermont-Fetand, France
2 Natural Research Centre of North-utestern Iceland, Scruddrkr6kur,Iceland

The North-westem part of Iceland (64-660 N,
23-24" W is a favourable atea for slope processes
studies. The geology consists of Mocene basaltic lava
flows, iotercalated with sedimentary rock layets, that
were shaped ia U-shaped valleys and fjords during
Pleistocene glaciations. The lava series now display flat
summits from 400 to 900 m a.s.l.. Slope profiles are
slightly concave, chatactedsed by steep upper part with
rockwall, moderate to steep mid parts and low slope
angles io lower parts; slope variation in height is about
600-700m. Icelandic climate is subpolar-oceanic,
characterised by a very changeable weather and
precipitation/temperature fluctuations that ftequently
exceed the avetage. Since glacier disappearance, ca.

12,000 years ago, slope processes, i.e. landslides, snow
avalanches, debtis flows, rockfall and rockslides, built
large evidences that suggest intense slope activity.
Despite these huge and widespread slope talus and talus
cones that attest indisputable slope instability during the
Flolocene, present-day slope ptocesses are difficult to
quantifr, and their geomolphic efficiency is greatly
variable from one process to another. !7e will focus
here on snow-avalanche and debris-flow impact.

Geomorphic efficiency of snow avalanches

W{hethet or flot the avalanche makes contact
with the gtound surface is the most significant point
when dealing with sflow avalaache geomorphic
efficiency. Thus, typical landforrn-s are created from
both erosive and accumulative processes. Consequendy,
diffetent qpes of avalanches have different impacts,
and the time/petiod of occuuence is highly important.

Tybes of snow alalancbet

Different types of snow avalanches have been
recognised in Iceland, from the snow-avalanche Annals.

Suw avalauhu duing heaEt tnowstorm ottginate orr
leewatd slopes aad involve the snow of the confi:red ot

unconfined slope. The sflour cover is thick and protect
the ground surface, thus geomorphic impact is limited
on slope. Exception has been observed in the site of
Botrr i Dfrafjcirdur when a h*grrg comice fe[
destabilising the whole snow cover on the slope huge
boulders were ttansported and deposited several
tens/hundreds meters downslope and up on the
opposite slope, marking the slope with numetous
ploughing marks.

Snow aaalancbu duing late ninter / ear! Eing ate spring-
thaw avalanches released from the top of the small
chutes in the uppet tockwall (Kfukjub6lshlid slope),

vrhen waterlogged hanging snow cotnices collapse. As
the snow moved down, it balled up and integated
unconsolidated material when crossiog snow free,/thin
snou/ cover areas and clean up frost-shattering debris
from the track.

Slutlt avalancbes soruce-areas (Bfldudalur case study) are

lar:ge tockwall indentations suitable to snow
accumulation and saturation of the snowpack. The
build-up of meltwater is favoured by sudden and
sustained thaw due to air temperatue rises ard/or
abundant runfa,lL Frost-shattering products attumulate
at the bottom of the bowl, and stones and rocks are
incotporated into ttre flowing mass.

S now -aa a /an clt e landform s

Due to the different kind of snow avalanches,

different snow-avalanche landforms are cteated.

Scattered ror*r (Bolungarvft-Ernir, S66al& areas) at the
base of the slope originate in the sweeping up of frost-
shattering in the upper part of the slope by the
avalanche. They are deposited at tlle foot slope, formiog
a diffuse accumulation. No sorting is obvious, and their
size is usually latge. Lichen cover is dissimilat on the
sutface of two boulders next to each othet, and ftesh
deposits are ilunerous.
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Perched boilderc (Flateyri, Patreks{or6ur, Kirkjub6lshli6)
ate seldom in aorth-westem Iceland. Their size is very
variable, no preferential orientation is distinguished, and
balanced boulders ate taevet covered with vegetation:
the hypothesis is that balanced boulders are swept away
by later snow avalanches and replaced by fresher
boulders.

I-.ate winter/ ear! spriag now-atalanche depo$ts and aoalanche

boulder tonguet (I{rkjub6lshli6, Kubbi-Engidalut) seem

connected. Ftesh gtound avalanche deposits show that
particle size materal concenffates at the bottom of
snowballs, aad rock matenal is scattered over the snow
surface. Rock material is not dominant, but particle size

matedal colour the deposits. Its location undedines its
supetimposition with avalanche boulder tongues,
suggesting that dity spring soow avalanches supply
matedal to this specific consttuction, Such
accumulation are frequent and both roadbank and fan
t,'pes are present. Relative dating by vegetation covet
rates and lichenometry distinguish three generations of
avalanche boulder tongues, pointing out the jerky

debris supply.

Sluth emsional and dEositional fealares were observed in
one site, Slush flows are known for their rematkable
capacity to transport a high debris load: small stream
channels o1l mountain slopes ^te incised while
deposited fragments in precarious position lay on both
sides of the chaoael, and typical slushflow whaleback
accumulatioo is developed in the main axis of the fan at
the moutl of the gully. By &e mean of lichenometry
and vegetation cover fate, several slush events are

distinguished.

Geomorphic significance of debtis flows

Debds flows ate initiated on the upper part of
slopes, within the maiot gullies or couloirs that incised
the tockwall. In specific sites (Isafordut and Sudureyd),
debris flows oigrnate at the edge of intermediate
benches covered with thick debds mantle (up to 35 m),
and are canalised to the talus slope by chutes in the
rockwall. Release scars are preseflt when debris flows
originate with rotational slides at the edge of debris
covered bench, but non-existent when originating in
rockwall gullies. All slopes ate concemed, whatever is
its odentation. Debris flows are triggered by snowmelt
(rapid snouzmelli 27 o/o; snowmelt associated with rain:
2l o/o) or rainfall (ongJasting rainfall 27 oh; inr.er,se

tainfall: 13 oh; tntertse aad long-lasting rainfall 9 %o;

unknown run:5 o/o).

Debris flows ate widespread all over the
Icelandic lTestfjords and also verT common in other
tegions. Unlike to snow avalanches, debds flows create
very typical forms. Three sections zre usually
recognised in the field:

- The upper dissection section, where a deep channel
(up to 5 m) cut the upper talus; almost non-existent
lev6es are seea in this pat.

- The median accumulative and erosive sectioa, where
large lev6es (individual debris-flowlev6es attain up to 15

m wide) botder a deep channel (up to 2 m in depth).
- The accumulative lower section, where the debds flow
is up to 70 m across, is characterised by small erosional
activity, as suggested by the uadamaged vegetation
surfaces in the narrow chanael.

Debris-flow deposits are located by field
investigations and on aerial photogtaphs. In all cases,

the source is the same, but its way down can vary within
a close space. Each debds flow follows the track
dissected by previous ones in the upper patr, at the
mouth of the guly. A{iviflg in the median part,
diversion of the flow call occur: when the channel is
obstructed by deposits ftom the last pulse of ptevious
debds flows, the mass of debtis can flow over one or
another lev6e, creating new channel and lev6es. Thus,
the debris-flow impact area is spread within a more or
less wide area from the source to the bottom of the
slope. Vegetation cover helps to identift active tacks.

Differences in morphology, vegetation cover
and lichenometry cover indicate that several generatioas
of debris-flow deposits are present within the area. It is
difEcult to distinguish deposits from closely spaced
debris-flow events, however. Because of longJasting
lev6es and lobes created by debris-flow process,
conversely to snow-avalanche deposits, lichenometry
was used to complete the historical d^ta, zr.d assess a

better frequency occuffence.

Moreover, well-gmssed lev6es and very fresh
flows have been observed on the same slope, within a

small space, indicating that local threshold in the source
atea is greatly diffetent from one to another.

The life expectancy of debris-flow forms
suggested above, especially the lateral lev6es, seems

long. In fact, numetous are totally covered with
vegetation. Obviously, their molphology do not have

been perturbed by other processes, i.e. snow avalanches.
Nevertheless, most of the debris-flow profle axe s are
snow-avalanche prone areas too. Because of their
unequal geomo{phic signifi.cance, it is more problematic
to find evidences of snow-avalanche activity than
debris-flow activity on the field: debds flows ruflfliflg on
supposed avalanche boulder tongues change their
surface characteristics, but relevant evidences of the
conveffie have not been observed.

Finally, the debris-flow - snow-avalanche

relationship in rather in favour of debris flows in North-
western Iceland, as snow cover usually act aE a
ptotective shield duting the saow-avalanche activity
period: the present-day geomoqphic efficiency of snow
avalanches is moderate, while the debris-flow one is
stroflg.
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Variability of weathering processes
hierarchy through weathering balances
of several north-Atlantic periglacial
environments (Iceland, Labrad or,
Lapland, Spitsbergen)

Somuel Etienne & Morie-FronEoise Andre

Uniuersitd Blaise Pascal Clermont-Ferrqnd z, CNRS UMR 6o4z G6olab, 4 rue Ledru, 63o57 Clermont-Ferrand
cedaq France

High latitadu weatlsering landaape has been for a
abile the kq for establisbing enpiica@ a bierarchl between

weatheing pmcesrcs. According to lithologt faciuu and uarying

topogr@hical sitnationq we dirass the question of the wiabiliryt
of weatbeing Pruc€$er hierarchiu in tlte obsented landscape.

I-acal clinatic condition.r and stnrctual interferences are a/so

conidered.

Weathering compdses processes of tock
degradation opetating at the surface of the Earth. Zonal
hietatchies of weathering processes have been built in
accotdance to superfi.cial deposits observed in the
lafldscape. For instance Quaternary deposits ifl
European sedimenary basins exhibit alzrge amount of
aflgular clasts and a small amount of clays, a fzcie
similar to the present deposits of high latitudes. It is
then assumed that the morphogenic system of
Pleistocene Europe is quite similat to the present
periglacial weathering system of the high
latitudes/altitudes. This approach has been challenged
recently ffhorn, 1988, Hall, 1995). Nesbitt & lTilson
(1992), rediscovedng de Martonae (191,3), suggest a

new approach of the weathering system considering
that the weathedng spectrum of superficial deposits
represeo.t more a balance between processes of debtis
production and ptocesses of debris evacuation than a

signature of dominant processes in a climatic zone.

Conside.i'g sevetal pedglacial environments
in high latitudes of the northem hemisphere, it is clear
that structual properties of rock outcrops influence
gready the weathering signature: frost sensitive rocks
ptoduce qpical "periglacial" lafldscapes (rhyolite in
centtal-Iceland, quartzite and slates in Labtadot,

Iimestone in !7est Spitsbergen), but massive rocks can
be reftactive to frost-driven ptocesses, leaving the place
to alternative processes: biological weathe"i.g
dominates on the young basaltic plains of south Iceland

@tienne, 2002) ot on graoitic roches moutonn6es of
Swedish Lapland (Andr6, 2002). The presence of salts,

typically in coastal areas, cafl also fiuzy the zoral
impulse: weathering of basaltic lava flows of the
Reykjanes peninsula (Iceland) and granito-gneissic
outcrops of Saglek end Nachvak (Labtador) is undet the
control of the salts which act mechanically and
chemically, leading to the well-known honeycomb
weathering.

These symptomatic landscapes must not hide
the fact that local morphogenic agents can modi$,
strongly the weathedng landscape: the hierarchy
established on a valley floor might not be tansposable
to the adjaceot plateaus. On the contrary, vadability of
the weathedng landscapes might not necessadly express
a shift of the hierarchy: on the plateaus bf South
Iceland, katabatic winds inhibit biogenic rind
ptoduction at the tock surface (effects ofcortasion) but
the process is still active in protected areas. In the same

way, ternporary sedimentary covers can alter the
weathering la:rdscape development.

These different examples show the caution we
must bear when considering hierarchy of weathering
processes in a zotal perspective. Periglacial ptocesses

dominate when they encounter favorable structural
conditions (porous or densely joined tocks). Inversely,
they can be totally inefficient and need preiiminary
prepatation of the material in massive rocks. Local
conditions (salt weathering, cztzbaic winds,
j<ikulhlaups) can also totally ovetwhelm zonal ptocesses.
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Surface displacemeht, volume changes
and Holocene sediment flux rates for
active rock glaciers and moving debris
bodies on Iceland - examples from the
Trtillaskagi Peninsula, northern Iceland,
and the Seydisfjtirdur area, eastern
Iceland.

Bernd Etzelmullerl, B. Wongensteenl, H. Forbrotl, A. Gudmundsson2, Ole
Humlumt, T. Eikent & Andreos Koobs

1 Department of Geosciences,Uniuersity of OsIo, P.O.Box to47 Blindern,N-o3t6 Oslo,Norway.
2 Jardfredistofan Geological Seruices, Reykj auik, Iceland.
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In this study we have applied dgt"l
photogrammetry to measure hor:zontal and vertical
velociti.es, volumes and Holocene sediment flux in
some selected active rock glaciers and creeping debris
bodies on notthem and eastern Iceland. The study areas

were the Trollaskagi peninsula, located between
Skaga$6rdur and Eya!6rdur on Northem Iceland
between 65"20' - 66o10'N and 18" - 19o30'W, and the
Sey6islor6ur ateait eastem Iceland. This study is part
of a btoader ptoject, aiming at mapping and modelling
the permafrost distribution on Iceland.

In the central Trollaskagi peninsula we
measured on active talus and glaciet-derived rock
glaciets at an altitude of 900-1200 m a.s.l. Geophysical
and temperature measrrements indicated the area being
above the lower limit of mountain permafrost of the
area. The displacement fields are measured based on
ctoss-correlation matching of othophotos ftom
1960,1985 and 1994 derived from digtd
photogtammetry. Volume changes are calculated based
o1r the differences between DTMs automatically
constructed by the use of .iigital photogrammetry. At
the road along the coast to Siglu!6rdut at the northem
tip of the Ttollaskagi peninsula, a moving debris body is
Iocated. The moving debris body is situated benween 0
and 300 m a.s.l. Geodetic displacement measuremeflts
undertaken stnce 7977 by the Icelandic road authorities
along the toad that crosses the moving debris body,
have revealed displacements of up to 1 m/yr. The

movemeflts show rather a discrete than continuous
pattem with zones where the velocity along the road
changes dramatically over small areas. This pattem is
also confitmed by the ctoss-cortelation matching of
four sets of orthophotos from L955,7977,1985 arrd
1994. Ifl the same way as for the fust location, vohrme
changes ate also calculated from DTMs of the
respective years. At the south-eastem mountain side of
Seydis{]or6ut tlick debris covets the mountain wall up
to an altitude of ca. 900-1000 m a.s.l. Thete is measured
creep movement down slope, which, together with
heavy precipitation, periodically triggers debris flows,
threating infrastructure and the rillrg". Also here, the
salne approach with multi-tempotal ait-photos from
1955, L964 zrd 7994 was used to delineate matedal
movements in the area, togethet with GPS-measuted
points from 2003.

Based ofl these measurements, overall
sediment fluxes due to permafrost and slope creep and
material productioa tates wete calculated for tlese
settings. Especially in the permaftost setting
exttapolation of the fluxes back in time allows for crude
time estjmations for landform development. For alatge
glaciet-derived rock glacier, ?verage velocities of up to
50 cm/yr are measured, which extrapolated would give
development ages ofabout 3000 yt.
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Riverine sediment flux to the Arctic:
an overview

Vyocheslov V. Gordeev

P.P. Shirshou Institute of Oceanology Russian, Academy of Sciences, Moscout, Russra

Fhrxes of water and suspended sediments
from arctic rivers to the ocean provide an integrative
signal of processes occuring in their watersheds. Shifts
in these fluxes ovet time give clues about natwal and
antlropogenic changes in the Arctic.

Accurate estimates of the riverine sediment
fluxes in the Arctic are firndamental to undetstanding
land-ocean linkages, contaminant and nutdent
traosporq and coastal processes, and arc very important
for detecting future natual and anthtopogenic changes
(llolmes eta1.,2002).

The erosion, traasport aod discharge of
dranage basin sediment ate frmctions of many factors,
including climate, basin geology, the size of the drainage
arca, prec:tpitation, discharge (volume and velocity), and
human impact (GESAMP, 1993).

In the former Soviet Union sampling
progtams for suspeoded sediments were started
between 7935 and 7966 for different rivers in
frameworks of the State Hydrometeorological Survey.
Two main approaches were used for calculations of
sediment discharge - the fust approach was a dfuect
calculation of discharge from the coflceritration data
and the coresponding water discharge measurements
and the secood one was indirect, using sediment rating
curves.

There are many publications with the
assessments of sediment fluxes in the Russian Arctic -
from Shamov (19a9) and Lopatin (1952) to Magdtsky
(2001) and Gordeev aad Rachold (2003).
Discharges of watet and sediments by the Mackenzie
dvet have been monitored by Environment Cmada
siace the eady 1970's. Annual sediment discharge was
estimated either directly ot with sediment rating curves.

Comptehensive ctitical review of the exis.'.g
data on sediment flirxes of the Arctic dvers was
published by Holmes et 

^L Q002). The authots have
established contemporary sediment flux estimates for
Yenisey, Ob, Lena, Kolyma, Pechora, North Dvina,
Mackenzie and Yukon. Gordeev and Rachold (2003)
have used these estimates as a baseline for sediment aad
tetdgenous TOC flux assessments to the Atctic Ocean
(IrbL).

The rivers of the East Sibeda in compadson
with the dvets of the westem part of the Russian Atctic
( the boundary between two latge regions crosses the
Laptev Sea basin and coincides with a boundary
between the Eutasian afld North American tectonic
plates) are chxactetzed by highs turbidity ( and lower
run-off, watef minerqllza11stl, organic matter and
nutrients).The East Sibedan rivers ( Yaaa, Nazeya,
[1riigirk2, Kolyma) ate eveo more similat to the North
Amedcan Arctic dvers than the dvers located westwatd
of the Lena rivet (Gordeev,2000).

If to compare the total Arctic sediment flux
with the global dverine discharge, we see that the Arctic
flux gives orrly t.2oh of the global dischatge (the Arctic
watershed area is about 13oh of. global arca).

J. Sy*t.ky (2003) presented a new model for
predicting the sediment flux of the arctic and sub-arctic
rivets. This model explains why the Arctic rivers carry
so litde sediment when compated at the global scale.
The sediment load of pan-arctic dvers is controlled by
the sutface temperature of the daiaage basia,
modifying the effects of basin area thus the volume of
water discharge, and basin relief. Syvitsky concludes that
for every 2oC warming there will be a 30oh inctease in
the riveriae sediment flux and for every 20oh of 'tnctease

in watet discharge there will be a 70oh increase in
sediment load.
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Table. Auerage maltiannaal iver water and suspended matter discharges to the Arctic Ocean

Sea Area
103 krn2

Water discharge,
krn3 /v

Total suspended matter

s./n3 106 t/y ilkm2'y

White and Barents 1386 463 39 11.9 t2.9
Kara 6589 1480 27 30.9 4.7
Laptev 3591 738 39 28.6 7.9

East Siberian 1327 Z)J 110 25.1 18.9

Chukchi (without Alaska)
94 20.4 34 0.7 7.4

Total Eurasian Arctic
12987 2932 36 102.2 7.9

Total Canadian Arctic 2513 3lot 125.1 49.8

Total Arctic 15500 3299 227.3 14.7

Global 99900 35000 528 18500 185
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Recent developments in the sediment
monitoring network of Icelandic rivers

J6runn Hor6ord5ttir & Arni Snorroson

Hydrological Seruice, Orkustofuun, Grensdsuegur 9, IS-toS, Reylgjautk, Iceland

Since the first suspended sediment samples
were taken from Icelandic rivers in the 1880s by the
Norwegian professor Amund Helland, major advances
have been made in the field of fluviosediment
monitodng. Sediment moaitoring has been camied out
at Orkustofnun (fJational Energy Authoriry) since
1949, although duting the fust decade and a half the
samples wete collected in water botdes without the use
of a suspended sedimeat sampler. The employment of
such samplets started in eady 1960s when grun size
analysis of the samples was also initiated; before that
the suspended sediment samples wete only ana\yzed for
total suspended and dissolved sedimeot concentration.

At the end of 2003, over 12000 sediment
samples had been sampled ard anilyzed for grain size

afld total suspended and dissolved sediment
concentration at the Hydrological Service 

^tOtkustofnun. These samples have been taken at about
350 locations in Iceland, although the number of
samples from each locality vades significantly. Today,
between 400 and 600 samples are taken at 30-40 sites
each year.

During the decades, the sediment monitoring
network has, however, been gready affected by many
conflicting issues, including economical causes, such as

changes in the intemal infrastructure of the institute,
budget changes and available sampling logistics, but
foremost by the general interest in results from fluvial
sediment analysis, which most often is associated with
hydropower development and nahrral phenomena, such
as glacier suglflg, j<ikulhlaups, and other flood-related
eveots.

Thorough knowledge of the total sediment
tansport in vital for all hydropower evaluations,
whether it concems theit envfuonmental impact studies,
evaluatjons of their efficiency and/ox design. Hence, in
relation to enhanced interest in hy&opower
development in recent years, major sediment sampling
campaigns have been initiated in several rivers in East,
South, and North Iceland during the last five years. In
these specific campaigns, more complete sediment
analysis has beea carried out than in most other rivers,
with &equent sampling and supplementary sampling
methods. These methods include e.g. detailed

suspended sediment sampling at vadous depths in
several profiles across the river chaanel to evaluate the
dispersion of suspended sediment withirr the
watercolumn. Such analyses have been performed in the
rivers Jokulsi a Dal, Jokulsi 6 Ficillum, Skaft6, and
Fi6rs6 with interesting tesults, which show well the
distribution of sediment tlroughout the water and how
suspended sediment of diverse gran size behaves
differently within the watercolum:r (e.g. Gunnarsson et

^1., 
2001; Har6atd6ttir and Gunnarsson, 2002;

Hatdard6ttir and Fodiksd6tttt 2002a, 2003).

The greatest expansion of the sediment
monitoring program at the Hydrological Service has,

however, been in the field of bedload monitoring.
Bedload sampling was inititally caried out at 14

locations n L982 to 1984, but the sampling was
sporadic and only few samples wete taken ateachplace
(Svanur Pilsson, 2000). Based on this initial sampling
and a successfi:l bedload study in the river Kfik 1n

North Iceland by Forkelsd6ttir (1999), the first
exteflsive bedload sampling ptogtam started in river

Jokuls6 6 Dal n 2000 and has been evolving ever since.
From 2000 to 2003, over 1600 bedload samples have
been taken with a Helley-Smith sediment sampler at 11

sites, including several locations on the dvers mentioned
above, and in dvers H6lmsi, Jokuls6 i Flj6tsdal, and
Kreppa. The results of the bedload studies supplement
the studies of suspended sediment in these dvers so that
the total sediment transport can be evaluated.

With the extensive campaigns in effect today
and the additional suspended samples from other
locations, a substantial part of the country is monitoted
for suspended sediment discharge. Large regions are,

howevet, not studied, mainly due to small numbet of
hamessable rivers. Expansion of the sediment
monitoring program to these regions, which at present
mainly include !7est and North Iceland, is one of the
tasks in future development of the sediment monitoring
network. Similadn expansion of the bedload sampling
network to cover both as many q,?es of rivers and the
regional differences within the country will hopefirlly
play an importaat role in future development of the
network. Ffowever, due to complicated processes, such
as glaciet surges, jcikulhlaups, and othet flood
phenomena, that affect sediment dischatge in Icelafldic
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dvers on the time scale ftom days to years, the value of
long-time monitodng of rivers carurot be
uaderestimated.

In additioo to give an introduction of how the
sedimeot monitoring network at the Hydrological
Service has developed through the years, we will show
some results of the diffetent suspended and bedload
studies that have been carried out over the last decade.
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Northern Volcanic Zone (NVZ)
sedimentary system, NE Iceland

Jukko Koyhkot, Andrew J. Russellz, Nigel P. Mountney3, Petteri Alhot &
Jonolhon L. Corrivicks

1 Department of Geog r aphy, Uniu er sitg of Tltrku, FIN - z o o t 4, Finlqnd
2 Schoolof GeogrqphA, Politics and Sociology, DayshBuilding,UniuersitA of NeutcastleuponTyne,NEt 7RU,
UK.
s School of Eqrth Sciences and Geography, Keele University, Staffordshire, STS SBG, UK.

Icelaod is one of the few regions in the wotld,
where the mid-oceaoic plate bouodary has reached the
sea level. The Nothern Volcanic Zone (i.JVZ) to the
north of Vatnajokull ice cap forms a distinctive
landscape with lava flow fields and volcanoes of
Quatemary age. Vast deposits of gavel, aeoliaa sand
and loess blanket the practically unvegetated landscape

ffh6rarinsson 1961). At the margins of this degraded

region, advancing fronts of wind-blown sediment
destroy the suttounding vegetation covet, threatening
pasturelands and human settlements (Aroalds 2000;
Kiiyhkci et al. 2002). The key questions with regatd to
sedimentary processes and the overall land degradation
in the ^re include the problem of sediment
provenance, chatactedsation of the magnitude and
mode of traflsport processes, tlle potential tdggering
mechanisms arrd the age of erosion, and the ptospective
measures for stopping the degradation. !7e review
current understanding of the qpes of land cover
occupying the tegion, the spatial extent, processes and

the provenance of various sedimentary deposits, and
discuss implications fot future studies.

Spatial character of the sediment coaer Sttbglacial
eruptions in Vatnajokull have accounted for several
jokulhlaups (p;lainl outburst floods) in the region.
These events and aeoliari processes have had a

considerable impact on the landscape evolution of
6d66rhra.- sub-tegion of the NVZ. Based on Landsat
TM satellite data and 6eld studies of ar arca, three land
cover categodes dominate in the region (ICiyhk<i et al.

2001; Alho 2003): (a) barren sediment cover Q9.0m;
(b) lava cover Q4.8o/o); and (c) vegetated arcas Q\.lo/o).
Satellite image intetpretation revealed sevetal majot
aeolian sedimentary bodies, such as elongated SS!7-
NNE otiented aeolian sand stretches in the western
half of &e study atea 6Ayhk" et al. 2001).

S edinentary processes: T}lre sedimentary processes
in the region ate a complex mixture of fluvial afld
aeoliar. activity. On a long time scale, a continuous flow
of sediment moves from the Vatnaiokull margln
towards the north by two main processes: 1) a gradual
process, where meltwaters gradually build up the
proglacial alluvium, ftom whete the dominantly south-
westedy winds tansport the sand-size fraction across

the lava fields towards the north, and 2) catasttophic
processes in conjunction with glacial burst floods,
whete inftequent jokulhlaups bring about large amounts
of sediment and drop the load where the competence
suddenly decreases @yhko et al. 2001).This
combination results in a punctuated process that
opetates on various time scales and is hence difficult to
model. In the Askja region near the margin of
Vatnajokull, active aeolian safldsheets cover an arct of
270 kll;,2 (A{ountney & Russell in press). The sandsheet

can be divided into a deflationary upwind patt, 
^naccumulating central part and a downwind part that is

curently subject to aeolian bypass with only localised
accumulation occurring in topographic hollows between
basaltic lava fields. The distribution of landforms across

the sandsheet teflects a tegional aeo]ian sediment
budget that is controlled by dynamic intetactions
between glacial, ice-margin fluvial, aeolian and
volcarriclastic processes under the influence of a

distjnctive climatic regime. The distinctive idkulhlaup-
telated sediment cover (870) along the Jdkuls6 6 Fjollum
course (A1ho 2003), the hydraulic models and the
sedimentary evidence (Alho et al. submitted)
demonsffate the magnitude of the past catastrophic
j<ikulhlaup events.

S ediruent pmuenaruce: Geochemical fingelprinting
with XRF and textural analyses on surface sediments
teveal some spatial trends in the sedimentary properties.
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Due to mixing dudag the ttansportation process and
simultaneous chemical weathering (palagonisation), the
signals are some'uzhat divetse. Thetefore, we have so fat
not been able to untavel tle question of sediment
provenance in different parts of the region. Rather than
actual provenance, the geochemical signals seem to
represent local conditions, the length of the period of
subaerial exposrue and the mixing of sediments during
the transport process.

Inplications for future rcnarcb: Reseatch in NVZ
seeks to establish a semi-quantitative model for fluvio-
aeolian sedimentary processes, including the gradual
glaciofluvial input of sediment on a seasonal time scale,

the catastrophic events telated to iokulhlaups, and the
subsequent aeolian processes, which take place across
the area. Corelation and combination of different time
scales, spatial extents and processes will aid our
understanding of the total sedimentary system in the
NVZ. This, again, will have important applications in
land management and testoration in lceland (Amalds
1e87).
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Geophysical methods are particulatly suitable
for geomorphological investigations since the
knowledge of structure, layering and composition of the
subsutface at different scales are key parameters for
geomorphological problems. In ,lpirr" subarctic
environments the permafrost distdbution can be a

further important parameter influencing the periglacial
motphodynamics. Various geophysical techriques have
been used to study permafrost arid characterise areas of
petmanently frozen grouod for many years. Since
geoelectrical methods are most suitable for investigating
the subsurface with distinct contrasts in conductivity
and tesistivity, respectively, DC resistivity soundings
constitute one of the traditional geophysicai methods
which have been applied in permafrost research to
conErm znd chatacteise mountaio permafrost.

In general, a single geophysical method can
lead to ambiguous results concemiag the detection and
characterisation of the subsurface lithology; hence, the
combination of at least tu/o methods is
tecommendable. Among the diffetent geophysical
techniques which are standardly applied, resistivity
surveys constitute the most multifunctional method for
research in glacial and periglacial environments since a
comprehensive characterisation of the subsurface
lithology can be obtained and additionally also a

differentiation of ice types (between sedimentary ice
and congelation ice) is enabled. In spite of some
Iimitations of data interpretation two-dimensional
tesistivity tomography is considered as the most
multifrrnctional method and could be first choice for
geomorphologists working in mountain environments if
only one single method can be applied.

' During recent years advances have been
achieved in using the traditional methods but with more
powerfirl, state of the art instruments and modern data
processing algorithms (two-dimensional surveys and
data processing). The focus of this contribution lies on
two-dimensional electrical resistivity tomography
(electricai resistivity i-rgog) being one of those
modern geophysical survey methods which have been
used fot various environmental studies for some years.
The increase of application of modem geophysical
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methods also in geomoryholog is due to the fact drat
geophvsical methods are comparatrvely fast and non-
destmctive compared to conventional drilling and
infonnation of the r-",irolc sufirey area can be obtained
rather than onlv results from the drilting sites.

Furthermore, the more effectir.e data acqursition
enabled nerv fieids of application.

The basic pnnciple for the successful
application of geoelectrical metlods in
geomorphologl./quaterr].an' geologl, is based on the
varyhg electrical conductir'-iq. of rninerals, solid
bedrock, sediments, air and urater and consequentll,
their var-ring electrical resistir.iq-. The resistir,.itl, of rock
for example depends on water saturation, chemicai
properties of pore \ru-ater, strucfure of pore volume and
temperature. The large range of resistivifr'' values for
mosr marenals is due to r-rning \\'arer content.

The measured apparcnt resistirides may be
used to build up a vertical contoured section show-ing

the lateral and r.ertical variation of resistiviw over the
section. The conventional method of plotting the results
for the hterpretation is the so called pseudosecuon,
which gives an approxirnate image of the subsurface
resistir.iq, distribution. The shape of the contours
depend on the array geometry and the subsurface
resistiviq,. The arrays most comlnonly used for 2-D
resistir'-it1,- sunreYs are the so called Wenner, Wenner-
Schlumberger and Dipole-Dipole configurations.
I(nowing the resistivities of different material q..pes, it is
possible to cofl\-ert the resistir-iq'unage rnto an image of
the subsurface consisting of different materials.
llowever, as a consequence of ovedapping resistivity
values of different materials the information might be
non-unique.

The inversion sofrvuzre tries to reduce the
difference between the calculated and measured
apparent resistivity values by adjusting the resistir"ity of
the model blocks. A measure of this difference is g,iren
b,v the root-mean-square error Elu{S) Hou'ever, the
best model from a geomorphological or geological
perspective rnight not be the one with the lorrest
possible RX{S. Thus, it is essential to perform the
ilterpretation u.ith consideration of the local
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geomorphological setting. This enables untealistic
images of the subsurface sffucture to be excluded. A
further advantage of the 2-D inversion software is the
possibility to incorporate topography ia the inversion,
which is afl important faclor for srrveys on
geomo qphological features in mountain te rrain.

The assessment of sediment thickness might
be difficult depending on the subsurface resistivity
distribution; in some cases only a semi-quantitative
interpretation can be derived. Sevetal examples of 2D
tesistivity i-rgr.g on geomo{phological features with
and without permafrost are shown of which some
examples appear to be easily interpretable and some are

more difficult surveys. On the latter, more challenging
resistivity surveys the lirnits of intelpretation of
resistivity i*ugrrg surveys are discussed.

The significance of modem geophysical
methods such as two-dimeosional resistivity

tomography for geomolphoiogical studies is beyond
coritroversy, if the Iirnits of data interpretation are

considered. At present 2-D surveys are the best
compromise for efficiently obtaining survey results,
although 3-D resistivity surveys zre aTteady possible.
The resulting pseudosections yield - depending on the
array geometry and chosen spacing - to detailed images

of the subsurface. Choice of the appropdate electrode
conf,gurafion for a field survey has to be determined
from case to case. Special characteristics ofthe different
altay georneties should be considered, above all the
investigation depth and the sensitivity of the aray to
vertical and horizontal changes in the subsurface
resistivity distribution. In difficult cases and to avoid
ambiguous tesults two-dimensional electrical resistivity
surveys should be used in conjunction with other
geophysical techniques such as refraction seismics or
ground penetrating radar surveys as they provide
complementary information about the subsurface.
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X,Ioderate clirnatic changes io aipirre
environments can induce modification in altirudilal
lirnits. But activation thresholds are not the same for
various periglacaial processes. Therefore man),

periglacial fearure offer different rcspoflses to clirnatic
imput r.ariations.

Alpine rock glaciers .r,ere deveioped during the
deglaciation stages of \X/urm period or durirg the Late-
glacial sequence. It results from both abundant debris
accumulation and interstital ice feedilg.
Therefore bloc tongue mo\,-meflt can be activated either
by an important block input from the headu.all, or frora
modification i-n intersticial ice budget.

The Chanrouge rock glacier is located in the
\ranoise (northern Franch AIps) betu'een 2700 and
2400 m, in a gentle sloping val1e1, on the northern slope
of the calcareous Aiguille des Corneillers (3055 rn).

The lorver part is dil,ided irto trr'o 1obes, that
do not shorv anv signs of actual surface movement. The
development of this double ieafure can be related to
different rock failure providhg large bloc supply
probab1l, associated to headu,-all permafrost
destabilisation. The secondary lobe is diverted into a 30
m deep meltwater channel cut into ceilular dolomite;

this implies that the block tongue was emplaced later
than the retreat of a local glacier lobe in the higher
vallev.

T1-re upper part of the rock tongue offers
evidence of present dav permafrost acti\,-ity above 2550
m (that corresponds to the lirnit established by W.
Haeberli in the northern Alps). Surface ridge movement
features are obvious.

A small divergent lobe is seen at 2500 m; it
progrades perpendicularh, to the main rock tongue. It
seems to result from local reactivation, but rock
movemert should hat e been empeded and dit erted b1,

the mairr rock accumulation. This partial mobilisation
can respond to an increase of snow feedrng or to a

change of irrtersticial ice plastrcitl'. In this case, climatic
imput variation \\,as able to change slightly the
altitudiflal lidt of hternal permafrost movment, but
was flot sufficient to set rnoverneflt to the vu'hole

fcaturc.
It could be to related to the l-ittle Ice Age, but

the lack of organic deposit canflot supfort ant' dating.
Indirect datrng from iristoric pollution trace deposrts is

in progress.
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Since the end of the Little Ice Age, some parts
of West Spitsbergen are exper:tencing a transitron frotr
a landscape domi:rated bv glacial and pcriglacial
processes to one in which paraglacial response is

predomirrant (I{ercier, 2001, 2002 ;Laffly and N.fercier,
2002), l-r1'e other glacier marg,ins all over the rvorld
(Ballantyne, 2002). 't*he paragiacial concept was hrst
introduced by Ryder (1,977a, b) and formalised bv
Church and Ryder (1972) as "nongiacial processes that

^te directlv conditioned by glaciation" and they
identifred a "panglaclal period" as the time interval
over rvhich paraglacial processes operate. Recently,
Ba11anq,-ne (2002) proposed a new and largest dehnition
of paraglacial coflcept "nonglacial earth-surface
processes, sediment accurnulation, landforms,
landsystems and landscapes that ate directll-
conditioned by glaciation and deglaciation". Effectir.elv,
i11 the Kongsf;orden atea (79'N, 12"8), glaciers
retreated from tl-reir Little Ice Age maxima, and
deformations affected both rock slopes and sedimclt-
mantled slopes.

1 - Studv area

Field rnvestigations were carried out in the
Kongsflorden are , ofi. the Brogger Peninsula and
surrounding, NW Spitsbergen, Svalbard. The srud1, 21s2

is mountailous and supports a number of va1lev

glaciers. trIass balance investigations on the local
glaciers indicate a negative net balance since the end of
the Little Ice Age (I-efauconnier et al., 1999). Smd)
glaciers (around 8 krrl2 in area) have been retreatirg
drroughout the 20th cenlufl,-, more thafl a kilometre
from their Litde Ice age maxima rn length and rnore
than one hundred meters in high. Our approach
combines geomorphologrcal field obsen-ations u,'ith
data obtained from aerial photographr,.

2 - Panglacial adjustment of tock slopes

Rock mass respoflse to stress redistribuuon is
strongl)r conditioned bv lithologv and structure, in

particular by joint densiq', orientation and inclination of
discontinuities (Ba1lantyne, 2002). h the Kongsflorden
area, ,netamorphic rocks presented progressive rock-
mass deformation with modified proflles, gravitational
creep. The rates of rockwall retreat due to stress release
in areas of recent deglaciation averaged 0.72 m.ky-L,
compared with only 0.008-0.22 m.kv-1 resulting from
freeze-tharv effects on rockrvalls not affected by recent
glacier advances (Andr6, 1997).

3 - Pataglacial modilication of sediment-mantled
slopes

On the lateral moraire, iike oo the
Colletthogda slope, Kongsbreen glacier has retreated
more than 1 200 nreters befrveen 1970 and 1990 and
900 meters berrveen i990 and 1996. The active (maior?)
processes reu,'orking sedirrrents are debris flows. On the
site, 224 gullies rvere obsen'ed (gullv density is 20 per
100 m). Process occurs each "summer" and is not
dependent ofl extrcme et ents but on the spatial
distribution of ice inside the sediment,mantled. Rapid
melting ice-core produced both slumpirg and
translational sliding. Transfers of saturated sediments
generate small alluvial fans. Iraraglacial dr-namic
modified slope profrles (reduction in gradient from a

mean angle of 37" to a mean angle of 15"). Rapidly, fulI
sequeflce of paraglacial slope modification (g.tly
incision-stabi,lisation) may occur u,ithh trvo decades on
this site.

Conclusion

Some parts of West Spitsbergen, especialll, slopes in the
I{ongsfiorden area, experience ver\r rapidly paraglacial
acljustment of rock slopes and re$rorking of sedirnent-
mantled slopes. Final1v, ir time scale, paraglacial
dynamic on slopes presented the main input of
sediment fluxcs in the system after deglaciation.
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The coastal zone is the interface through
which land-ocean exchanges in the Arctic are mediated.
Arctic coasts are highlv variable, can be stable or
extremelv dynamic, and their dvnarnics are a function
of enr'ironmental forcing (wind, \r-aves, sea-lel,el
changes, sea-ice etc.) on the one hald and coastal
morphologv and geologv on the other hand (liigure 1).

Coastal processes in the Arctic are strongly
controlled by Arctic-specific phenomena. During the
u,ilter season, comprising 7-8 months, a thick and
extensive sea-ice cover protects the coastlile from
hydrodynarnic forcing. During the open water seasoo,
mainly after break-up in spring, the sea-ice is an
important transport ageflt for sedirnents ongmatrng
from coastal erosion.

\rast areas of the Arctic mailland are
characterized by the occuffence of frozen gtound
(permafrost). In the coastal reg,ion the pcrmrfrost
deposits, u,-hich can be frozen dou,n to a depths of
1000 m, are in direct contact u,ith relativelv rvarm and
saline sea-u,ater. In the geological past, during periods
of lorver sea-level, the shalios,'Arctic shelf seas (main11,

the Siberian shelf seas) have been dry and permafrost
cou-ld be fonned, which today, after flooding of the
sheh'es, stil1 exists as submarine permafrost. The coastal
region is the transition zone betu,een onshore and
offshore (submarine) pertnafrost and the degradation of
permafrost, r,",hich can be connected u,.ith the release of
permafrost bond greenhouse gases, i.s concentrated m
this zone.

During the short, ice-free period the
unlithified ice-rich, permafrost-dornhated coastlires are
rapidly eroded (at rates of several meters per 1,ear).
Figure 2 shorvs an examples from the Siberian Laptev
Sea. Coastal retreet results in land and habitat loss and,
thus, affects biological and human s,ystems. Therefore,
il some reg'ions geotechnical meesures for coastal

Protection have to be taken. Thc rnaferial relersed

through coastal erosion (sediment and organic carbon)
is transported to the Arctic Ocean via curreflts and sea-

ice and its contribution plays an irnportant role in the
material budget of the Arctic Ocean - ir some shelf seas

coastal erosion t-luxes exceed the river input.

Arctic Coastal Dvnarnics (ACD) is a mu1ti,
disciplinary, multi-national project of the International
.\rctic Science Committee (IASC) and the International
Permafrost Association (TPA). The ovetall obiective is
to improve our understanding of circum-Arctic coastal
dvnamics as a function of enironmentai forcirig.
coastal geolog1, and permafrost and morphodynamic
behavior. In particular, ACD aims to:
- establish the rates and mapprtudes of erosion and
accumulation of Arctic coasts and to estimate the
amount of sediments and organic carbon derived from
coastal erosion;
-der.eiop a network of iong-term monitoring sites

including 1ocal community-based obsen ational sites;

- refue and appl-v an Arctic coestal classihcation
(mcludcs ground-ice, permafrost, geolog,, etc.) in digital
form (GIS format) and produce a series of thematic and
derived maps (e.g. coastal classification, ground-ice,
sensitivity etc.);
- compile, arralyze and apply existing irformation on
relevant enr,ironmental forcing parameters (e.g. u'ind
speed, sealevel, fetch, sea ice etc.);
- identifi' and undertake focused research on critical
processes;
- develop empirical models to assess the sensitivity of
Arctic coasts to environmental variability and human
inpacts.

Further informatiot can be found at the ACD irternet
page:

ht t rr: //tll.asi-nr,ts.lam.de/sls' oor/ pco/acd.hrml.
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Figure 7. Arnic coanal dlnamics a: a;funclian aJ enuironmentalforctng and coastal morpho/ogt and geo/0g,. Arctic phenomena, i.e. sea-

ice and permaJrort, are a;f qerifc impofiance (tee text).

Ftgare 2. Caasta/ vction af the i:/and Lluanakh in rhe .lE l--epteu Sea (SibeianAmic).'the coasta/ chf, wlticb is ca. 7 5 m high and
compaxd of;l'raryn, in-ic/t depo:itt (to-ca//ed Iu Contphx), i:4id/1 eroded. The coaial retreat rater dre seaeral meleruperlear and
nai prabab[, the *land wi/l be iltlP/eled deira)'ed within tlte next 50-yean.

environmenlol lorcing *sqslffl prficecses ond re$psnses

seo-level :cdirncnj lronsoort bv

t chqnqes woves seo-ice seo-ice ond currents
.1 ". -.-- .-f -..,

E
I :::: :

-4,i

ryind, ilorm
{directbn ond trequency}

-*-r****t, erosl*n
{ccreii*n
@

{rnshore

*ri$htr6 pornrnlrori

1t)



Fint Science Meeting a;f the ESF lletwor,Q SEDIFLUX - Saaddrknikur, Ice/and, June 1 8'h - Jane 27il, 2004

'School of Geography, Politics and Sociology, Daysh Building , Uniuersity of Neucastle upon Tyne,
2Department of Geography , UniuersitA of Turku, FIN-zoot4, Finland
3Department of Geography, Staffordshire Uniuersity, Stoke-on-Trent, Staffordshire, ST4 2DE, UK
+School of Earth Sciences and Geography, Keele Uniuersity, Staffordshire, ST5 5BG, UK
sSchool of Geosciences, 

'tJniuersity of the Witwatersrand, Priuate Bag S, WTS zo5o, South Africa

Jtikulhlaups impacts within the Jtikuls5
5 Fjttllum system, NE lceland:
implications for sediment transfer

Andrew J. Russellr, Jukko Koyhk[2, Fiono S. Tweeds, Petteri Alhoz, Jonothon L

Corrivick+, Philip M. Morrens, Nigel J. Cossidyn, E. Lucy Rushmera, Nigel P.

Mountney4 & Jomie Pringlea

NEt 7R[J, UK

The combination of glacral and voicanic
activiq' in Iceland produces some of the world's largest
glacial and fluvial sediment flu,res. Relatively frequent

lokulhlaups are believed to be the dominant sediment
traflsport agent in southern Iceland, accounting for
most of the sediment stored within the vast nndar of
southern Iceland. By contrast, much less is known
about processes and rates of sediment traosfer from the
northern margin of Vatnajokull to the Denmark Strait.
We revieu,- curreflt understaflding of the source,
magmtude, frequency and irnpact, of jokulhlaups h the

Jokulsi 6 Fjollum river, northeast Iceland. Secondly, we
discuss irnplications of current knorvledgc of jokulhlaup
impacts for an understeflding of sediment flux within
theJokulsi 6 trjollum river system.

Jokulhlaup rat/rrc: B jornsson (2002) and
Bjornsson & Einarsson (1990) suggested that volcanic
activity ir the Birdarbunga subglacial caldera may be
the source of the flows that created the Jokuls6 i
Fjollum canyons. T6masson (1,973) suggested
Kverkfjoli, Grimsvotn or Birdarbunga calderas or even
from an ice-dammed lake to the south of I{verkfioil as

a possible source. Ttlmasson (2002) md Wattt (2002)
horvever favoured Birdarbunga as a source of
volcanically triggered jokuihlaups. Bjornsson (2002),
Krir,hko et al. (2002), Carrivick et a1. (h press,
submitted), and Nlarren et al. (Subnritted) identifi,
Ifterkfioll as an additional jokulhlaup source.

L[asniade er ;l'reqaenqt'f5trasson (191 3, 2002)
and l(/aitt (2002) reconstructed peak palaeo-jokr.rlhlaup
discharges in theJokuls6 d Fiollum of 0.2-1.0 x 106 m3s-
1. Kivhko et al. (2002) and Alho (2003) used satellite
remote sensirg to map large-scale petterfls of
iokulhiaup erosion and deposition rr"ithin the Jokulsi ii
Fjol1um. Alho et al. (subrnitted) used step backw-ater
modellilg techniques to recoflstruct a peak discharge of
1.0 x 106 m3s-1 from the upper reaches of the Jokulsi 6

Fjollum. Russell et a1. (2000) and Carrivick et al. Q002,
ir press, subrnitted) suggest that at least two jokulhlaups

with peak discharges of -105 m3s 1 drained the flanl<s of
Kverkfjoll during the Holocene. Some of the
jokulhlaups with peak discharges of 10'1 m3s-1 noted ir
the 15tr', 17d' and 18d' centuries (Ih6rarirsson, 1950;
isaksson, 1985) may be the equivalent of at least 6

jokulhlaups of possible historical age which drained
from the snout of Kverkjokull @{arren et aI.,

submitted).

Jrikt/hlaap inpact and sediment flax':
Geomorphological evidence of jokulhlaups comprises
large tracts of scoured 'scabland' topography, bedrock
gorges, streamlired erosionai hi11s, boulder fields, large
bars & bedforms. Large-scale jokulhlaup hvdraulics and
patterfls of erosion and deposition within the Jokulsi 6

Fjollum are strongly controlled by bedrock topography
(A1ho el al submrtted). The upper middle reaches of the

Jokulsi 6 Fjollum contain a number of major basins

which acted as sediment traps, pror-iding a tecord of
multiple high magnitude jokuihlaups. Conversely,
reduced aeriai extert of backrvater pondirg during
smaller jokulhlaups resulted in reduced storage potential
and the ability to traflsport sedirnent more efficiendy
through the svstem.

The magnirude and frequencv reg,ime of
jokulhlaups in the Jokulsi i Fjollum exerts a major
control on the availabiJiq' of sediment for transport ir
terms of the time required for 're-stocking'. Complexiw
of jokulhlaup chaonel topographl, ircreases the
potential for iorver magn-rhrde jokulhlaLrps to rervork
deposits associated with larger floods. Active rifbng
processes and ilundation of jokulhlaup channels and
deposits by subaerial lar.'a flows alters betrr,'een- and
possibl,v u.,ithirl-event flood charnel morphology- as well
as increasilg the long teflrr preservation potential of
jokulhlaup deposits. Jtrkulhlaups also pror''ide a major
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source of sediment to the aeolian system (Iiiyhko et al.,
2002). Major fluvio-aeolian interactions have aheady
been identified in the Jokuls6 6 Fj6llum (lCiyhko et a1.,

2002; Mounkrey & Russell, in press).

Oulkok Jor futare research: On-going research in
the Jokulsi 6 Fjollum seeks to establish a Holocene
jokulhlaup chronology, allowing reconstruction of
jokulhlaup magn:itude and frequency regime.
Cortelation of proximal and distal jokulhlaup evidence
will aid our r:nderstanding of jokulhlaup sediment flux
in the Jokuls6 6 Fjollum. In order to assess the impact
of jokulhlaups as agents of sediment transfer we also
require information about the role of non-jokulhlaup
flows such as diumal, seasonal and surge-related flows.
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Analysing denudative slope processes
by combining process measurements
with mapping and dating techniques
and a GIS based integration of
biological and geomorphological data E

first results from Latnjava gge, Swedish
Lapland
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This investigation is part of a monitoring
programrne which was initiated in the year 1999 in the
Lanjavagge drunage basin (9 km2; 950 - 1440 m a.s.l.;

68o20'N, 18"30'E) in arctic-oceanic northemmost
Swedish Lapland. The major monitoring programme in
Latl;ljavzge aims at the quantillcation of the present-
day sediment budget in this periglacial fluvial system.
The inteosity and spatio-temporal variability of the
relevant denudative slope processes have been analysed
by combining direct process measurements with
mapping and dating techniques. Direct process
measurements include the analysis of rockfall and
boulder fall activity, the connected retreat of rockwalls
and rock ledges and the analysis of creep and
solifluction rates. Instrumentations and measurements
have been conducted at several slope test sites within
Laajavagge showiag differences in aspect, steepfless,
snow cover duration, ground frost, soil moisrure,
granulometric features of the regolith/debris, and
vegetation cover. Mapping has included detailed
geomolphological and vegetational mapping of the
west- and east facing slope systems in Latnjavagge.
Geomorpholo$cal data is analysed in combination with
biological data using GIS as a tool. By integrating plant
ecology with ptocess geomolphology the interactions
between vegetation cover and slope processes have
been investigated. Aerial photographs and fie1d

investigations have been used to find ptocess traces.

Recurrence intervals of rapid process events have been
estimated by mapping the spatial frequency of process
taces and by dating these fotmer process events using
Jichenometry and dating of pioneer plants colonising

the bare ground after debris flows and slides. The
denudative importance of discontinucus process events
Iike ground avalanches, bebris flows and boulder falls
has been estimated by mapping aad quantifiring the
volumes and masses of material accumulated during
these process events. Rockfall and boulder fall activity
have been monitored since 1999 at several selected
slope test sites using nets fot collecting rockfall debris,
painted rock wall are s, counting morphometdc
analysis and lichenometric dating of boulders and a

detailed photo documentation. Creep movements and
solifluction have been measrred by using painted stone
lines (creep at talus cones), steei rod lines, and plastic
tracers for depth-integrated measurements of moving
rates (solifluction lobes and sheets). Altogether, the
intensity of present-day slope processes in this arctic-
oceanic periglacial environment is low. The low
intensity of denudative slope processes, especially the
low frequency of debris flows and slides, is to z large
extent due to the very stable vegetation cover and the
closed rhizosphere which are developed below 1300 m
a.s.l. in the entire La'tnjavagge catchment area. During
former debris flow and slide events only smaller
amounts of material v/ere ftaosported over only shorter
distances. Avalanche activity is restricted to the steep

east facing valley slope west of lake Latnlajawe.
Solifluction and creep is characterised by only shallow
and very slow movemeflts of mateial. The most
important slope processes regarding annual mass

transfers [t m yrr] are rockfalls and boulder falls.
Because of the altogether low process intensities in this
perigiacial environment longer monitoring periods (ca.
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10 yt) are flecessary to achieve reliable quantification of
the process rates, mass transfets and the present-day
sediment budget.

The combination of direct process
measurements with mapping and dating techniques and

the GIS based integration of biological and

geomorpholog1cal data 
^ppe 

t to be usefi;l fot the
aflalysis of slope process intensities in this kird of
envitonment.
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Quantification of alpine rockwall retreat
by aid of georadar and geoelectric
measurements

First Scierce Meeting of ilte ESF l{etwork SEDIFLLIX - Saudi.rknikur, Iu/and, Jane / 8h - June 27r, 2004

OIiver Soss

Phy sical Geography, Uniuersity of Aug sburg, Aug sburg, Germany

In seueral stadl areas in the Norlhern A/ps, tolal
thickness and ilnrclare of apine ta/us accuma/aliou were

inautigated b1 means of aaious gnphl:ica/ techniqaet, mainlt
georadar (CPR) and 2D-geoe/ectics (ERT). The resalb S,oinr to

rales oJ backweatheing of the dolastone rockwalh af 200 to 400
nnf 10ta. It t uery /ikelt that a core af late-g/acial or euen

LCAI moraine mateia/ contibatet ta t/te tat,t/ ld///s thicknesses.

CPR tarned out to be a powefa/ lool ;far lhe detemination o;f

debis uolames. Sapponing geoe/ectic and seismic inrctligalions

are aduisable ta aalidate lhe resalb and to faci/itate the

interpretation.

Introduction

The quantihcation of stored material in
sedirrrent silks is afl important contribution to
understandhg regional sediment balances.
Furthermore, the quantity of loose debris in alpine
catchment areas represents a fundamental factor for
risk assessment.

In many alpirle cirques, rvhere fluvial erosion is
negligrble, talus accurnulations are archives for the
quantity and temporal distribution of debris production.
llowe',,er, the time span to w-hich the total zmouflt of
weathered material is related, has to be carefu1ly
examined.

The aim of the study is to check the
application and the limitations of geophysical methods,
as te1l as to provide an estimation of rockwall retreat
rates b,v measurirrg the total r,olume of debris
accumulated on the slopes.

Study areas and methods

The areas of investigatiofl are spread over
different geological units and altitucles of t1re Northern
Alps. The prelirninary results presented here rvere
obtained in the Tegeiberg area irr the northernmost
range of the Alps (,17"3,1'N, 10'.17'E) and in the Parzirn
area in the Lechtaler A$s (,17'15'N, 10'36'E). The

predominant rock qpe in both areas is Hauptdolomit, a

mosdy well-bedded, intensely fractured dolostone that
frequently stands out for extensive talus accumulations
undemeath the brittle rockwalis. The rock outcrops in
the Tegelberg ^re are located irr a small cirque at an
elevation of 1600 - 1800 m a.s.l., while the Parzinn area

ranges from 1900 - 2600 m, with rockwalls of up to 400
m height.

In both 
^te 

s, 
^ 

total of 12 GPR and 6 ERT
measurements were cartied out. Additional GP\ ERT
and seismic measuremeflts will be catied out in spdng
and summet 2004. In the Tegelberg atea, drilling5 216

planned fotMay 2004.

General results and ef{iciancy of the methods

The propagation velocities of the radar waves
u'ere determined from \\'ARR (w-ide angle reflection
and refraction) measurements. The velocities range
from 0.10 to 0.125 rn/ns in most of the debris bodies
(I'able 1). Specifrc velocittr determhations irl morarne
and in bedrock are still to be carried out.

The electrical resistir.iq' is highest in
unconsolidated, loose debris (Iabie 2). In consolidated
debris and/or debris u"ith a higher portion of fine
material, the resistil,ity is much lou,er. llovu'ever, there is
a broad overlapping betu,een the possible values of
debris and bedrock. This means that a distinction is

difficult without the application of further techniques.
The morair-re material in the Parzhn area stands out for
much lorver resistil'iq, (1'ab1e 2).

Table 7 : Propagatian uelocities af CPR waues

l-ocation n'ratcrial r.elocit) (m/ns)
gr^"1 1rrt g.r*l 0.09
(tcst) loose heap ofdebris 0.16 - 0.18

1'cgclbcrg debris, grass-covered 0.105
Pxzinn Loose debris 0.10 - 0.11

Dammkar Loosc clcbris 0.10

Zrgspitze Loose clebris 0.125
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N'Iaterial resistiviw (Qm) areas of medium resistivities (5000 - 10000 f)m) are
D.1",.(..-re]atedtobedrockortodn'',conso1idateddebris.
Debris (consoLidated)
Debris (fine or r.eg.covered)

Debris (fluvialiy reassorted)
Nlorainc (vcget. covercd, E gesen)

Bedrock (Jolosrone)

In all of the areas (a totai of approx. 25 GPR
prof,.les), the radar reflection patterns of talus material
were characterized by distinct, surface-parallel lines

(Fig. 1 and 3). Part of these lines are connected with
intensive, repeated wave arrivals and are not subject to
geologrcal structures. llowever, many of the reflectors
are lirnited to certairr areas of the cones and hit other
li-nes discordantl,v. Therefore, tlese fearures probably
witness internal structures (interbedding of finer and

coarser layers).

The debris rock interface is characterized bv
an fading of the debris reflections rather than by a

shgle distrnct reflector. 'l'his is probabl-v due to the
rather lorv dielectrical contrasts betu,een dn, rock and
dry debns. These results u,ere obtained il all areas of
investigation and are dehnitely not related to a lack of
transmitted energy. Partlv, the unsharp boundan- the
renders it difficult to cleariy define the bedrock surface.
In or slightly belou, the depth of the supposed bedtock
surface, hyperbolic reflection patterfls (usually
connected with single reflectors like large boulders)
were frequend,v obsen ed. These patterns are due to
outcropping edges of Hauptdolomit layers buried bv
debris.

Structure and thickness ofthe debris bodies

The boundary betrveen debris ald morarne
material is usually characterized bv a considerable
contrast of the electrical aod dielectrical properties. In
the radargram of Fig. 1, the interface is clearly
recognizable as a diagonal bunch of lines.
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Fig. 2: EKT rcttion "Dreme/ 1", Pafirn area. Tlte prof le wat

tituated para/le/ to tlte radargram (Fig. 1)

At the Tegelberg site, a talr-rs thickness of 13 to
16 m was established, u,-hich equals to a rockwall retreat
rate of 600 mlrr/10'a. 'l-aking oniy the uppermost
(probably Holocete) laycr of the talus into
consideration, the rveathering rate decreases to 200

mmf L03a, u,hich is in the order of magnitude of recent
rockfall measurelneflts (S.i.ss, subrnitted).

In the Parzim area, talus thicknesses of up to
4.[ m were measured. Hou,ever, the profiie "Dtemel 4"

€ig. 3) and other prohles g,ive er-idence for a core of
mora.ine material under the debris. I'he loose talus
material with the characteristic, striped radar facies can
be clearlv distinguished from a deeper zone with more
irregular reflection patterns. The spatial coflflection to
the rloraine ridge at the surface leads to the assumption

that the debr-is cone is underlah b,v late-glacial moraine
sediments. The bedrock surface foliows rvay deeper.
Further reflectors u.ithia the moraile material possiblv
indicate at least two phases of moraine deposition.

2: late-g/acial moraine maleia/;
3?: porib!, late-glacia/ or LCI,I basa/ moraine.

The quantihcation of the upper layer of the

talus agair leads to a backs.,eathering rate of 200 to 400

mm/10'a. Sirrrilar resuits nere obtained bl, HopRltaNN
& ScHRorr (,2002).

Preliminary conclusions

B,v aid of GPR, a r.en, llgh penetration depth
of more than 40 m u,as achier.ed. The cross-check rvith
geoelectric measuremeflts renders it possible to calculate

0

"^Fi.q. 
): Radargramm oJa paft oJthe talut cone "Dreme/4", Par-

'" {nt. Sro,tingpoinl 10m) 611 F*esen ruoraine ridge (hoiqontal),

^^s/art 
of rhe /oose deltis ar 2Am profle ditance (inc/ined 30-35').

'u L /oox debfu (I-Io/o,une);

Fig. 1: Part of the radaryan "Dreme/ 1" (25 MH), Parynn
area. The prof/e :tretched Jrom the Fgevn maraine idge (eIt)

apslope on an exlensiue lalw cane (ight.). Nae lhat ;fron a

pra/ile di:tance of 60 n, the .wrface rites wilt an angle of )0" to

)50.

Fig. 2 shorvs the sharp resistiritl, contrast at
the glacial deposits / debris irlterface (u'hite dashed
Iine). The veq' loose surface laver of the talus contrasts
to the better consolidated or furer debris be1ow.

Hor.vever, irr greater depths it is unclear rvl'rether the

30

lml
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reflectivities and thus contribute to a more
sophisticared da t r interpretation.

The assumed core of moraine materiai under
the talus slopes is concurrent to the caiculation
methods of Nl,ttsctl et a1. (1999), according to u,hich
the late-glacial cirque glaciers of the northern Alps must
have been mosthr "sedimentary based". Using seismic
refraction, however, it is not always possible to
differentiate bedrock from glacial depo sits (HOFFN{,A.NN

& ScHROTT, 2002). Thus, GPR might turo out to be a

powerful tool for the investigation of talus
accumulations.
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Monitoring of a large landslide in the
Almenningar area, N-Iceland

Forsteinn Semundssonl, Holld6r G. P6tursson2 & Hoskuldur B. J6nssonz

1 Nqtural Research Centre of Northwestern lceland, Sauddrkr6kur, Iceland
' Icelandic Institute of Natural History, Akureyri, Iceland

The presented project is part of an ongomg
study of a large landslide in the Almenningar arca, N-
Iceland. Inside the landslide area, large bodies of
landslide material shorv signs of constant movemeflt,
which rnight have been active for a long tj-rne. The aim
of the current investigation is to find the origir and
control factors of the landslide activiry in the
Almenningar area, but the main focus is {inding the
reason for the constant movement in parts of the
landslide materiai.

The Almenningar area is located rn the
outermost part ofl the eastern side of the Skagaflordur
f1ord. The investigated area is about 5 6 km long, from
the farrn llraun in the south and north to the
Skridnar,fli cove. The area is characterised bv a north-
south oriented coastline u,ith up to 80 m high sea cliffs.
Above the coastli:re trvo glacially eroded, east-west
oriented vallevs occur, separated by up to 500-600 m
high mountaias. The mountain sidcs are cor-ered by
thick landslide material, often reaching dou,n to thc
present shoreline. At least six largc landsljdes have been
obsen'ed in the area. The largest of those are located in
the southernmost and northernmost parts. The main
and only whole year road to the torvn of Sglulordur
leads through the iandslide area.

Since 1977 the Icelandic road authoritv has

carded out measurements of the mor.ing bodies of
debris in the ALmenning t 

^tea. 
Sjlce the road rvas

constfllcted in the are2, more than 40 years aEIo,

extensive damages have occurred on the road, often
causurg hazardous condiuons.

The bedrock irr the area is from the Tertiery
period, about 10-15 million years old. It is matrlv build
up of jointed basaltic lava flou.s, usually separated u,ith
relative thh sedirnentary horizons. The lava pile in the
area is generally dipping about 7-10" torvards the u,est
and southvest, but loca1 dip can be up to 22o jr.r the
same direction.

Io the -vear 2003 extensive geomorphologic
mapping w-as carried out in the area. At least six iarge
lands[des rvere observed. Three of those ]ands[des did
not show any indicatiots of mor.ement, but the other
three shou,'ed that a constant movemeflt has occurred,
probabl,v or,,er long periods of time.

'Ihe main research focus has been on the
northernmost landslide, the Tjarnardalir landslide. In
the last few years ser..ere damage has occurred on the
part of the road located there, often causing hazardous
conditions. The Tjarnardalir landslide is originated from
the u,'estern side of the N{dnarf1al1 Nlountain. The scar of
the landsiide is about 800 m long from nordr to south
and about 850 m long from east to rvest. The mean
u.idth of the slide is around 1400 m and mean length
about 1550 m. The total volume oi the slide is estirnated
at least 110,000,000 rnl. The front of the lands[de
reaches the present coast, forming up to 60 m high
coastal cliffs that shou, cleirr ildications of extensive
coastal erosion. The frontal part oi the lands[de can be
dir."ided into tu,o areas. The southem one, reachirg from
the K5ngsnef cJiff, south to the Kvigildi N{ountain, is

characterized b,v a 450-500 m 
"r,ide 

and 250-300 m long
slide scar. 'I"he road is situated irside the scar, about
100 250 m from the coasdine, rvhich forms about 20-30
m high sea cliffs. In this area measurements show
rvestward movement with mean rate up to 60 cm/year.
The northem side, fron the K6ngsnef cliff north to the
Skridnar,ft cove, is characterized by up to 60 m high
steep coastal cliff. In this part the road is situated 20-50
m from the cliff cdge, at about 80 m ircight. A steep 30-
40 t"r ligh slope is locatcd abor.e the road. The costal
erosion in this part of the landsLide is extensive, and the
slope belorv- the road shou,s clear sigrs of siide
movemeflt. Several large U-shaped faiLures have formed
irr the road itself. \.Ieasurements in this area show
rrestrvard movement u,ith mean rate up to 26 cnf yeat.
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Further studies in this area will maialy be
focused on the stratigtaphical record. It is important to
kaow uzhich tlpes of sedimeats undedie the landslide
material and find out if some sliding planes occur that
can explain the movement. It is also important to
understand the triggering factors for these movemeflts.
It is known that the main sliding movemeflt occurs

from April to June, i.e. during the snow-melt period and
from August to October, i.e. during the autumn rain
period. It is also known that extensive costal erosion
occurs, but its role for the sJiding movement is not 6ily
undetstood.
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Sediment budgets of two small
catchments in the Bavarian Alps,
Germany

Korl-Heinz Schmidi & Dovid A/orche

Institute of Geography, Martin-Luther-Uniuersitg Halle-Wixenberg , Halle/Saale, Germany

These investigations were cxried out in two
small catchments (R.ei1tal, Lahnenwiesgaben) irr the
German Alps near Garmisch-Partenkirchen, Bavaia.
Both catchments have drzinage areas of abo,'tt 17

square kilometres, which facilitates quantitative
comparisons between the basins relating to runoff and
sediment production. The studies ate part of an on-
going comprehensive research project on sediment
cascades in Alpine geosystems. Our tesearch focuses on
fluvial sediment (transport, mobility, and fi:nctional
connections). Recordiag stations are installed at each of
the catchment outlets. They log water level, electrical
conductivity, and turbidity. The stations are equipped
with automatic water samplers for regular and event
related sampling. Parametets atalyzed in the samples

are suspended sediment concentration and grain size as

well as the concentration and ion composition of the
dissolved load. At selected discharge stages bedload was
collected with a Helley-Smith sampler.

The Reintal is draiaed by the Partnach river,
its catchment is lithologically domiaated by massive
limestones fiVettersteinkalk), which are subject to
karstificatioo processes (underground drainage, caves,

karst hollows). The Lahnenwiesgraben is undedain by
mixed lithologies including limestones but also easily
erodible rocks (mudstones, moraine deposits with high
quantities of fine-gtained material). The Partnach River
has a discontinuous profile, interrupted by rockfall
induced sediment storage basias (small lakes, aliuvial
plains). These intervening sediment sinks result in a

teduction in the output of solid load and sediment
throughput in the upper and central part of the system.
Thus the system is disconnected and uncoupled.
Discontinuities in the Lahnenwiegraben are only caused
by man-made river training with bed load tetaining
check dams, which are fi1led by fluvial sediments. Thus
the Lahnenwiesgraben has the character of a coupled
system.

Runoff is highly variable in the
Lahnenuriesgtaben reacting directly and sensitively to
ranfa\, input. The flood hydrographs show short lag

times and steep rising and falling limbs (Fig. 1). The
Partnach is a buffered sr.stern (buffering caused by karst
hydrologv and the storage svstems). Runoff peaks are

less steep with a broadet base (Fig. 1). Only one flood
hydrograph in August 2002 had an extremely steep
rising limb resulting from a storm event, which covered
the area direcdy upstream of the gaging station. The
different runoff characteristics of the catchments have
impottant consequences for sediment transport
dvnamics. They make the two catchments interesting
narural experimental sites for comparhg sediment
traflsport attributes irr cor.rpled and uocoupled systems
as well as in buffered and non buffered fluvial systems.

The regular way to calculate annual load and
the load of individual flow classes is by using the flow
duration curwe and the rating cun es for the indir.idual
sediment components. This rvas, hotvever, not possible
for all compoflents on the same 1evel of re)iability,
ufuch has to be considered in the eyaluation of the
results.

There was no highl,v sigtrificant correlation
betw,een concentration of total dissolved sohds (TDS)
and discharge in bodr catchments because of the small
variation of the dependent variable (IDS). Data for
dissolr,ed load rvere derived from the close relationship
between elecrical conductir.itv and TDS, which was
found on a contiluous monitori::rg basis at the
measuring stations. In small mountainous catchments
the correlation betu,een suspended sediment
concentration (SSC) and discharge is generally rather
poor. In the Reirrtai, hou,'ever, the calculation of SSC

was possible u,rth a po\rnomial rathg curve. In the
Lahnenwiesgraben the caiculation of SSC had to be
made with event specihc rating cr.rwes, separated for the
lLmbs of the hydrograph, or with interpolation for
sampling irrtervals. It $,as interesting to note that there
is a close correlatlon (r=0,8606, n= 50) betu,een the
peak discharges of individual events and the total
suspended sedirnent load dunng the event.
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Lahnenwiesgraben with throughput of solid load, SSL
and bedload output are much more impottant with
more than 70oh of total load 1n 2007 and more than
90o/, 1n 2002.

Effective discharge is defined as the flow or
flow class which perfotms most work in terms of
sediment traflsport. Effective discharge may be
calculated sepatately for the different types of sediment
ffansport (dissolved load, suspended load, bedload) and
also, h an integrated approach, for the total load. Both
approaches will be discussed in the presentation. In the
Partnach effective dicharge is found irr low flow classes
(ess than 5 m3 sl), in the Lahnenwiesgraben at
discharges of mote than 15 m3 s-1.

Figure 1. Hldrographs af the apine iuerc L.eltnenwiesgraben

and Partnach in the 2002 obesenution period (/og interual 1 5
minutes).

The relation between discharge and Helley-
Srnith bedload sampling is highly signrficant (>99'k) for
the Lahnenwiesgraben. But the rating culare is
problematical, as manual measuremeflts are not
possibie at discharges above 9 m3 s-1. There was no
highly significant (only 907o) relationship between
discharge and bedload transport in the Partnach. In the
disconnected system of the Partnach dissoived load
output is dominant. Solid load output accounted for
less than 70o/o of total sediment export tn 2001, but for
more than 25'k 1n 2002, when peak discharges \r'ere
higher. In the connected system of the

-Lahnenwesgraben 
'--- Painach

peak discharge LahnenwiesgGben
25,10 msls: 21.06.2402

peak discharge Partnach
11,40 m3/s; 12.082002

P:
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Significance of mineral / organic
components in the sediment flux from
upland catchments
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Jeff Worburtonr, Mortin Evons2 & Richord Johnsons

1 Earth Surface Systems Group, Department of Geography, uniuersity of Durham, Durham, uK
' Upland Enuironments Research (fnit, School of Geography, Uniuersity of Manchester, Manchester, IJK
s UniuersitA of Central Lancashire, Cumbrio Campus, Penrith, tlK

Uplaad and mouatain environments irr the
UK can be broadiy divided between areas of steep
relief, dominated by minetal sediment systems, and
more subdued moodand areas which have an extensive
cover of blanket peat. Generally speaking sediment flux
from such eflviroflmeflts is low by European standards
pdmarily because of low relative relief and temperate
maritime periglacial climate. Ilowever, iow sediment
yields do not meafl there are no problems with
sediment flux. Many areas are actively etoding and local
exffeme eveflts can have major impacts. The aim of this
paper is to present results from several upland sediment
budgets studies carried out in both mineral-dominated
and organic- dominated upland catchments in the UI(
in order to illustrate five main points:
1) Basic geological, topographic, hydrological and

vegetation controls govem landscape development
at the regional scale and the same factors which
contdbute to the gross geomorphology also govem
sediment flux.

2) The range and intensity of geomorphic processes
operating in mineral and organic-dominated
catchments is significantly different.

3) The physical ptopeties of peat ('organic sediment)
have importaot implications for sediment flllx and
transpott dynamics.

4) The efficiency of slope -channel coupling differs
between catchments whete mineral soils dominate
and catchments where peat soils dominate.

5) When comparing sediment budgets from mineral-
dominated and organic- dominated upland
catchments volumeftic sediment budgets (m3) have
advantages over mass (t) budgets.

In order to Hghlight drese points rwo main
sediment budgets studies are considered from two small
headwater catchments in Northern England. These are
Rough Sike irr the North Pennjaes (54" 40'N, 02" 23'W,
540 m.a.s.i., 83 ha) and Iron Crag in the Northern Lake
District (54" ,11'N, 03" 05'\\', 500 m.a.s.l., 2.5 ha).
Rough Sike is a blanket peat catchrnent in the North
Pennines with a sedirnent ,vie1d of 44 t km2 a'1. Results
demonstrate that fluvial suspended sediment flu-x is
controlled to a iarge degree bv channel processes. Gully
erosion rates are high but coupling between the slopes
and channels is poor and therefore the role of hillslope
sediment supplv to catchment output is reduced.
Consequentil, cofltemporafy sediment export from the
catchment is controlled primaril,v by in channel
processes. The Iron Crag catchment is a small torreflt
system with an annual sediment yieid of approximately
191,6 t km2 a-1. I'he majonfi, of eroded sediment is
supplied to an alluvial fan at the base of the system,
which acted primarilr, as a sedirnent sink. Channel (70

7o) and bank (25 ?'o) sources domraate sediment supply,
and surface processes and rockfail on the hillslopes (5
Yo) pror,ide onlv a miror contr-ibution. Temporal
variations in 1,ield display seasonal trends and fesponses
to indir.idual stofln events. Freeze-thaw cycie frequency
and rairfall characteristics are shown to be important
factors controlling sedirnent deliverv.

The mplications of dris paper are much wider than
the UI{ context illustrated here because in many upland
and mountain catclrments u,-here there is a dominance
of mineral or organic compoflent in the material flrui
sirnilar considerations need to be heeded rvhen
comparilg sediment budget results.
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Sediment fluxes from creep processes
at Jomfrunut, southern Norway

lvor Berthlingr, Bernd Etzelmuller2, Christine Kiellond Lorsen3 & Knut Nordohl+

lDepartment of Geography,.Lrf ru/, Draguoll, N - 74gt Trondheim, Norway
2Departmmt of Geosciences, Diuisionfor Physical Geography, Uniuersity of Oslo, PO Box to47 Blindern, N-o3t6
OSLO,Nonuay
sNorwegiqn Water Resources and Energy Directorate, PO Box 5o9t Mojorstua, N-o3ot OSLO, Norutay
4STATKRAFT GRANER AS, PO BOX +oo LYSAKER, N-1327 LYSAKER, NORWAY

Based on velocity measurements of surface
and subsurface creep, sediment flux due to solifluction
and ploughing boulder activity were estimated in a mid-
alpine site in southem Norway (Finse, UTM185198).
The results of the study indicate a geomorphic work

performed by soJifluction of approximately 9 l\rSkm 2a 1.

The results obtained by this study imply that sediment
flux rates by solifluction under favourable conditions
may be comparable to or exceed those of rapid mass

movement obtained in more alpine environments.

I
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Sediment sources and spatio-temporal
variability of fluvial sediment transfers
in arctic-oceanic Latnjava gge, Swedish
Lapland

Achim A. Beylichr, Olgo Sondberg2,3, Ult Molouz, Korin Lindblodz & Suson
Woche+

lDepartnent of Earth Sciences, Geocentrum, Uppsala uniuersitg, [Jppsala, Sweden
2 Botanical Institute, Gdteborg Uniuersity, Gdteborg, Stueden
sEarth Sciences Centre, Gdteborg Uniuersity, Gdteborg, Sueden
4lnstitute of Geography, Martin-Luther-Uniuersity Halle-Wittenberg, Halle/Saale, Germany

This study is part of a monitodng programme
which was initiated in the arctic-oceaflic Latnlavagge
drainage basin (ca 9 km'z; 950 - 1440 m a.s.l.; 68o20'N,
18'30'E) irr nottletnmost Swedish Lapland in the year
1999. Over a period of four years the relevant
denudative processes have been monitored and
quantified.

The mean amual mechanical fluvial
denudation t^te measwed ^t the inlet of lake
Latnjajawe (situated within Latnjavagge close to the
catchment outlet) is 2.3 tkn-z yr1 flable 1). More than
90oh of the total annual sediment load is transported in
a few days during snowmelt generated runoff peaks
(Iable 2). The major reason for this behaviour is
resfticted sediment availability. High-magnitude runoff
eveflts are necessary to break up channel pavements
which is exposing fines. Essential is that snowmelt
generated runoff peaks are much mote efficient than
ra:rrfall generated runoff peaks fiable 2). The snowmelt
generated runoff peaks are especially efficient in the
eatly season when gtound frost is still present in larger
ateas of the Latnjavagge valley, preventing infiltation
of snowmelt and rain water. The concenftated surface
flow in cteeks causes the mobilisation of debds creek
pavements and the connected exposition of fines.
Compared to this situation, saturation ovedand flow
induced by heavy runfalT later in the surnmer season
(aftet melting of ground frost) does flot cause

significant mechanical fluvial denudation which is
mainly due to the very stable vegetation cover and the
closed rhizosphere which are developed below 1300 m
a.s.l. in the entire Latr4avagge catchment area. Also

pipiag which occurs frequendy at the slope systems and
with high intensity during heary rainfalls in the later
surrunef season does flot cause significantly higher
suspended sediment concentrations in the sutface watet.
Mobilized channel pavements exposing f,nes dudng
snowmelt genetated runoff peaks ^re the most
important sediment source for the fluvial system in
Latnjavagge. Other relevant sediment sources are ice
patches and ice fields and material which is mobilized
by slush flows. Local disturbances of the vegetation
covet and rhizosphere caused by ditect human impacts
like extensive teindeer g^z1nlg, some hiking toudsm and
field research at the L*n1a1atrc Field Station, situated in
Latn)avagge, are of rninor importance. The stable slope
systems are chzractenzed by a low frequency of debds
flows and slides.

Altogether, the intensity of fluvial sediment
transfers - also compared with other arctic periglacial
environments - is very low in Latnjavagge. The
steepness ofchannels, the pattern ofice patches and ice
fields within the catchment 

^re , and the location of
areas showing a significant slushflow activity are the
main controlling factors for the spatial variabiJity of
mechanical fluvial denudation within the drainage basin.
The lakes within Latnjavagge, especially lake Latnjajaure
(0.73 km), are significant sediment ttaps. Mechanical
fluvial denudation is slighdy lower than chemical
denudation and is - regardirg annual mass transfers [t
m yr1] - the second most relevant denudational process
in *ris arctic-oceanic periglacial environment.
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Tabh 7 . Ralet of mechanica/;fluuia/ denudation in l dnlauage, arctic-oceatit Swedish I_,ap/and.

Field
season

Catchment Ptecipitation
Im-]

Discharge

lmml
Yield of

suspended
solids [kglkrr'?]

26.05.2000

31.08.2000

l-,rttiauage

Oatlet l-.zke
Inlet l ^ake

Sabcatchm. A
Sabcatcltm. B
Subrutchn. C
Snbcdtchm. D

226 754

t)+
190

r'aa

735
629

747

291

211
2587

131
360
1027

5i 57
29.05.2001

18.08.2001

l ntrjauage

Oatht l,tke
Inlet I "tke

Subcatcbm. A
Subcatchm. B
Subcatchn.C

Submtchm. D

264 748

/)+
757

675
() /+
aol

1259

252
225 r-

206
516

1136
3909

28.05.2002

31.08.2002

L.atnjauagge

Oat/et l-nke
Inlet Ltke

158 648

650

654

(), +

202
2046

Annual
denudation

tates

lkg/Lrnltl

I-atnjauage

Outlet l-ttke
Inht l ztke

Sabcatchm. A
Sabcatchn. B
.f ubcatchm. C
Subcalchm. D

133 tot

221
, fo/

1fo

462
1217

1361

Tabh 2. Snowme/t generaled and rairfal/ generated runof peakt and sediment trangort duingrunof peakt in latnjauagge,
arclic-oceanic S wedish l.atland.

Field
season

Runoff
peak no.

Reason
for

runoff
peak

Total
yield

during
peak

tts/t-r1

oh of total
denudation

annual
mean (2294
lrCfirr?r)
/ dudng

this
campaign

Total
runoff
during
peak
[*-]

oh of
mean
annual
tunoff

(733
mm)

C max
during
peak

l^s/11

C mean
dudng
peak
[-gll]

oh oftotal
denudation

annual
mean (2294
kS/ton'"4
/ during

this
campaign

2000 1

2

',

Snorv
melt
Snow
melt
Rain

1864

114

173

81/72

18/16

163

211

55

22

29

9

43.40

6.75

2.20

71.44

1,.95

1.71

704 / 92
2001 1 Snow

melt
2064 90 / 91, 388 -).) 16.20 ).-t z

e0/e7
2002 1.

2

Snow
melt
Rain

1 820

19

7e/8e

)/?

Ji+

)1

46

1

18.23

1.80

5.45

/.58
87/el
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The effect of long-term temperature
enhancement on potential
denitrification across different
subarctic-alpine plant communities

Robert G. Bjorkt, Leif Klemedtssont, Ulf lr4olout & Anno Stenstromz

'Botanical Institute, G1teborg Uniuersity, Box 46t, SE-4o5 3o G)teborg, Sweden
2Liinsstyrelsen i Ytistra Gtitaland, SE-4o3 4o G1teborg, Sweden

Inftoduction

Climate change is expected to alter the
nitrogen availabiJity and soil carbon dynamics and, as a
consequence, affect plant commurrity composition and
ptoduction and thereby ecosystem gas fluxes rates. The
Intemational Tundra Experiment (ITED was
established at Latnjajaure Field Station (LFS), fu1

northem Swedish Laplzrad, 1fl 1993 arld gives 
^ 

gre t
oppottunity to investigate the loog-term effect of
climatic warming on the soil ecosystem. The Open Top
Chambers (OTC$ used within ITEX are located in five
different plant communities, which covers both heaths
and meadows and the gradient from dry to moist plant
communities, and increases the soil surface temperature
by approximately 1.5"C (Adarion et al. 1997).

In this recently started study we are adopting
the results from the ITEX study zrd try to relate them
to the soil processes and properties such as potential
nitrification and denitrificatioq soil otganic matter, C:N
tatio and ecosystem respiration. Thus, we make an

effort to amalgarrrate plant community changes with
changes in the subarctic-alpine soil ecosystem. Here we
preseflt the results ofl potefltial denitrification and some
general soil vatiabies; in June 2004 we also have the
intention to preseflt studies on potential nitrification
and C:N ratio.

Methodology

The Open Top Chambets (OTC$ used in this
study are located in four different plaflt communities
(dry heath, dry meadow, mesic meadow and moist
meadow). The plant communifies wete "point-fiamed"
in august 1994. Soil sampling took place in August
2003. To analyse the potential denitdfrcation we used
an anaerobic incubation technique, based on acetylene

inhibition technique (I{lemedtsson a a/. 1,977), resultirrg
in NzO as the only end product, rvhich is then analysed

by gas chromatography. We also analvsed soil water
cofltent, soil organic matter and pH.

The multrvariate statistic analvsis of the plant
communities was made with CANOCO 4.5. The result
of the Detrended Correspondence Analysis (DCA),
Iength of gradient (of the first axis) = 4.469, shows that
there is a unimodal response and we used the
multivariate method Correspondence Analysis (CA) for
our data flongman et a/. 1995). The soil properties were
analysed statisticall,v in a nested ANOVA using
StatView 5.0.1 and Super-ANOVA 1.17.
Transformation of the data was necessary for potentiai
denitriflcation and soil organic matter that were log-
transformed.

Results & discussion

The eigenvalues of the fust t$/o CA axes are

0.747 and 0.454, respectively, and are explaining 49.8 %
of the variance, of which 37.0 % is explained of the fust
axis. The ordination diagram of the CA (Fig. 1) shows
that the plant communities are differentiated from each

other in four distinct plant communities.

The piant communities are also showing
significant differences in potential denitdfication
(P=0.009) as well as in soil water content (?=0.001), soil
organic rrLatter e<0.001) and pHrcr @<0.001). The
highest values of potefltial denitrification and soil
organic matter are found in the dry meadow while the
dry heath, not surprisingly, has tlre lowest values. The
dry meadow, which has the highest denitdfication
activity, is dominated and distinguished by Dryas
octopetala that has a large root biomass that could
influence the activrty of the denitrifting bacteria.
Symbiotic dinitrogen-fixing bacteria have been found in
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D. octopetala (Adattias Zielke pers. comm.) that also may
contribute to the higher denitrification activity in the
dry meadow. The major difference in the dominating
plant species abundance between the plant
communities seems to have a regulatory effect on the
soil ecosystem.

q

Dry heath Ory m€dow Meslc mead@ Wel me6dou

Plant community

Figare 2. The potentia/ denitiJVcation (ngN,O-N/g SOM), log-

tran5fanned, ryli b1 p/ant communiry ard tenperature lreatntent.

ns (= non-stgnifcant) are refering to lhe lemperature treatment.
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Figure 1. Correspondence Anafiis (CA) perforrzed on plant
abundances in the canoplt. Tbe eigenualuu of tbe first two CA
axer are 0.747 and 0.454, resputiuelt.

There seems to be a slight iacrease, illusttated
rn Fig. 2, in potential denitrification due to the
temperature enhancement, although, there is flo
sigrrificant effect. The non-significant effect was most
Iikely due to the large spatial variability in denitrification
potefltial within the plant communities. It was however
not possible to conduct a more intense sampling
ptocedure of the soil within the OTCs without
destoying them for further use. There is also non-
significaot effect on the other soil properties except in
the dry meadow where the soil water coritellt decteased
in the OTC (? = 0.037).

The results indicate'that the plant composition
has a larger influence then the 1.5"C soil sutface
tempefatffe enhancement on the activity of the
denittifying bacteda.
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Glacier Outburst Floods (jttkulhlaups)
from Kverkfjtill, Iceland: flood
routeways, flow characteristics and
sedimentary impacts
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,Schoolof Earth Sciences andGeography, Keele Uniuersity, Staffordshire, ST5 5BG, tIK
2School of Geography, Potitics & Sociology, uniuersity of Neucastle, Daysh Building , Newcastle upon Tgne, NEt
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Jokulhlaups are known to have drained along
the Jokuls6 6 Fjollum during the Holocene (e.g.

Th6rarinsson, 1950; Samundsson, 1973; T5masson,
7973; Waitt, 2002) but little is known about their
numbet, age, soruce and flow characteristics. This study
documents detailed geomolphological afld
sedirrientological evidence for iokulhlaups that have
dtained through the proglacial atea of Kverkfjallarani,
part of the fissure swarm associated vdth the Kvetkloll
Volcanic System. Jokulhlaups have routed through
Kverkflallatani ftom the glaciated Kverkloll volcano
and thence into the Jokulsi 6 Fjollum. Jokulhlaups
inundated the Kverkfjallarani valleys to an extent and
depth whete each valley became a channel (Carivick et
a1.,2004).

Erosional evidence of jokulhlaups within
Kverkfjallararri includes gorges, cataracts, spillways,
subaedal lava steps and valley-wide scoured sutfaces.
Depositional evidence includes wash limits, boulder
barc, catatact-fiIl deposits, teffaces, slackwatet deposits
and outwash fans (Carrivick et al., 2004). Some of these
landforms have been documented previously in
association with jrikulhlaups. However, subaerial lava
sutfaces that have been scoured of the upper clinker,
gorges wit1lin pillow-hyaloclastite ridges, gorges
between pillow-hyaloclastite ridges and subaerial lava
flows, subaetial lava lobe steps, cataract-hollow boulder
mounds and boulder flrn-ups ate previously
undocumented landfotms. These landforms fiLa.y

therefore be diagnostic of jokulhlaups within an active
volcanic dfting landscape. The spatial distribution and
characteristics of these landforms and sediments
suggests that there have been at least thtee jokuJhlaups
thtough Kvetkf]allarani and that they originated ftom
eithet of the calderas of the Kverkfoll volcano.

The routing and hydraulics of the Kverkfallatani
jokulhlaups were very stongly influenced by
topographic and geological ptopetties of the routeways.
Together with other inter-event processes, these factors
also controlled the quantity and nature of sediment
supply to a jokulhlaup. Sediment supply from glacial
motaine, weathered pillow-Iava slope material and pre-
existing valley-fill sediments was iaitially abuadant but
quickly became exhausted. Present day valley-fill and
slackwater sediments consequently reflect initially
hyperconcentrated flows that became more fluidal.
Increasing discharge and decreasing sediment
availability resulted in a decline of sediment load and
thus progressively increased flow energies to a threshold
above which bedrock erosion ensued. Basalt lava
became stripped, scoured and plucked. Plucking was
particulady effective due to the charactetistic vertical
cooling joints of subaedal basalt lava and created a

feedback loop as flow energies were exacerbated over a

plucked step. Thus c^taracts and gorges were formed
particulady at the margins of subaerial lava lobes, in
areas of flow constriction and/or immediately upslope
of z zor.e of increased chanael gtadient. Some plucked
boulders became deposited in imbricated clusters.

Jokul}rlaups through Kverklallarani clearly had
a very short flow duration, because sedimentary cover
over the bedrock is discontinuous, sediments contain
typically structffeless units, boulder clusters have no
dominant obstacle clast and gorges are generally box-
shaped. Imbricated boulder clusters and sedimentary
units show that jokulhlaups were probably fluidal,
turbulent and supercdtical over large areas of the
anastomosing channel bed. The assembiage of erosional
and depositional evidence suggests that a Kvetk!allarant
jokulhlaups had highly variable hydraulic ptoperties,
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both spatially and temporally. Hydraulic variability was
caused by topogaphic expansion and contraction of
channels, a steep gradient and geological ptoperties
including subglacial and subaerial lava and tectonic
faults that flrn across and along valleys.

This reseatch contiaues, with the aim of
quantifring spatial and temporal variations in flow
charactedstics. Flow reconstructions ate achieved
withia a high-tesolution 2D model and is validated
against the above field data (Carrivick, this volume).
Increased undetstanding of the relationship between
flood charactedstics and impacts gained from this
research can be used for hazard identification and

mitigation on flanls of othet glaciated volcanoes and
v/ithin similar volcanic, glacid, and semi-arid
envkonments.
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Holocene jrikulhlaups from Kverkfoll volcano
probably had a peak discharge -7-2 x 105 m3s-2

(Carrivick et a1.,2004a) and inundated an anastomosing
complex of valleys (Yaitt, 2002; Carrivick et a1., 2004b).
Flowever, hydtaulic characteristics of those jokulhlaups
have only tentatively been suggested (Cardvick et al.,
20044 2004b). Thir study therefore aims to quanti$r
spatial and temporal variations in the hydraulics of
jokulhlaups ftom Kverkfi oll.

Palaeohydraulic reconstructions were
achieved, mainly by using a high-resolution 2D model
named SOBEK which routes a user-specified
hy&ograph ovet a DEM. A DEM with 10m-hodzontal
and sub-mette vertical tesolution was dedved from
digital stereo aedal photographs and ground conrrol
points, which were obtained by DGPS suwey. The
SOBEK model was best fitted to field evidence of
inundation and flow depth, by varying fluid density,
surface roughness, hydrograph shape and pea.k
discharge. Additionally, independent reconstructj.ons of
the Kverkfallarani jokulhlaup \x/ere made by the
palaeocompetence and slope-area methods. The
palaeocompetence method empirically relates the size
of fluvially-transported bouldets to flow velocity, shear
sftess and steam power. The slope-area method
computes flow velocity through a cross-section, using
knowledge of cross-sectional geometry, channel
gradient, channel roughness and flow stage.

The best-fit SOBEK model had a linear-rise to
peak hydtograph with a peak (unit) discharge of
200,000 rn3s-1, a fluid density of 1500kgm-3 and the
channels had a Manning s toughness of 0.05. This
jokulhlaup routed through Kverkfjallarani in 3.5 hours
with a mean flow ftont velocity of 1.6ms-1, although at
higher stage local velocities teached up to 15ms-1.
Higher stage flow depths typically ranged fuom 2-4m
with maximum depths of 6-7rn. Shear stresses
calculated by SOBEK were highly varied ranging from
100 - 7500Nm-2. Sirnilarly, unit stream pov/ers ranged
from -2000 to >50,000 nflm-2with arl avetage value of
8500 V7m-2.

Palaeocompetence calculatiolls suggest that flow depths
were typically 1.7m and that flow velocities were 2.4 -
9.4ms-1. Shear stresses implied by palaeocompetence
calculations were 35 - 1076 Nm-2 and stream powers
were 16 - 8097 Wm-2. Slope-area calculations suggest
that jokulhlaup flow veiocities ranged from 6-20 msl
and decreased with distarice downstream. Cross-
sectional discharges along Htaundalur tanged from
30,000 to 115,000 m3s-1 and attenuated rapidly
downstream. Slope-area calculatioas of shear stress and
stream pov/er were rathet more uniforrn, averaglng

-1500 Nm-2 and 25,000 Wm-2 respectively.
Additionalln slope-atea reconstructions indicate that
jokulhlaups along Hraundalur were largely supercdtical
and that the channel roughness ranged between 0.03
and 0.06.

The lower palaeocompetence tesults indicate
that jokuitrlaups thtough Kverk{]allarani $/ere coarse
sediment supply-lirnited. Inconsistently high slope-area
values of hydraulics in tributary valley gorges indicate
that these gorges were probably not bank-firll. In
general, Kvetkfallarani jcikulhlaup hydraulics reflect the
strong modification of flow by topographic and
geological controls. Steep valley gtadieats produced fast
and shallow flows, whilst rapidly expanding afld
contracting chaanels created hydraulically-ponded
zones, localised deeper and acceletated flows and
consequently hydraulic j*pr.

A hyperconcentrated flow routed along a

telatively narrow and steep chaanel (gadient typically
0.02-0.04) allowed a Kverkfjallarani j<ikulhlaup to
geflerate bed sheat stresses and stream powers
comparable to tlose of the Missoula, Bonneville and
Altai floods, which are the largest known terestdal
outburst floods. This is despite the fact that flow depths
and discharges in Kverkfjallaraai were orders of
magnitude less than those of the Mssoula, Bonaeville
and Altai floods. This explains the ability of the
Kverkfjallarani jokulhlaups to achieve geomolphic work
of a similar nature to that of the other larger outburst
floods.
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Palaeohydraulic reconstflrctions from a 2D
hydtodynamic model allow spatial and temporal
variations in flow hydraulics to be related to flood
geomoqpholo gy afld sedimentology. These relationships
provide quantitative estimates of erosiooal and
depositional thresholds and hence of landscape
evolution due to j6kulhlaups. Knowledge of jrikulhlaup
hydraulics and flow behaviour has additional
implications fot hazard analysis and mitigation. These
palaeohydraulic reconstructions will therefore be of
interest for applications vithin sirnilar glacial, volcanic
and semi-atid landscapes and upon the flanks of other
glaciated volcanoes for example.
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The aim of this ptesentation is to emphasise
the tole of rapid snowmelt as a relevant debtis-flow
triggering factor, and to analyse the geomolphic impact
of the June 1999 event through landform creation,
sedimentological analysis and suspended sediments
quantification.

Regional envitonment

Located in north-westem Iceland, on the westeffi
shore of the Skutuls{lor6ur lord (66"03' N and 23"10'
!?), Gleidarhjalli is a 1500 m long and 400-500 m wide
bench in the eastern side of the Eyrarfjall mountain,
700 m in elevation, at 450-500 m a.s.l.

The Glei6arhjalli surface is covered with extensive
boulder fields, whete tocks up to 30-40 metdc tons
dominate, inhedted from glacial periods. High latitude
vegetation gorxths on finer sediments. Upstream the
bench, a 150-200 m high cliff wall with a talus apton
forms the highest part of the Eparflall mountain.
Downstream, slopes are steep, with aa avet ge gradient
fuom 25" to 35o, and are covered by talus in the lower
parts; the upper parts are terminating into cliffs which
are cut into numerous gullies.

The bedrock is of Mocene age (14-1,6 m.y.), and
mosdy made up of sub-aerial erupted basaltic lava
flows, usually separated by lithified sedimentary
hodzons. The lava beds dip towards the soutfr-east.

The climate is subpolar oceanic, and very
changeable weathet with frequent tempetatute and
precipitation excess characterise the area.

Debris-flow forms ate widespread on the slope
below Glei6arhjalli, where a total of 26 individual
charnels is counted, all of them acting as temporary
brooks, draining the atez.

D ebris-fl ow triggering factots

The debds-flow triggeting factors are triple: debtis
availabitry, steep slopes afld speci-fi.c weather conditions
that lead to the debds-flow release.
r Debds availzbtltty consists in a huge stock of

cohesionless mateial, up to 20-35 m thick at the
edge; this debds mantle is easily subjected to
jntemal stress, mainly caused by high runoff on the
impermeable basaltic bedrock.

' Steep slopes, downslope G1ei6athj,lli bench, are

prone to encourage the mass movements.
. In late May 7999, a sflowstorm occurred and the

air temperatutes at sea level were low: 60 mm of
snow fell and the tempetatures remained lower
than + 8oC at sea-level. The consequence was an

heavy and wet snow accumulation irr the
mountains. In eatlyJune 1999, only small amounts
of precipitation were recorded and the 

^utemperature increased slowly until June 7s, when
the wind picks up and shifts to south-east. Ftom

June 8m, the air temperature suddenly rose to +
17.5"C, in strong southedy wind, starting an
.intensive snowmelt period in the mountains. From

J*. 10m to June 72,fi, debris flows release

constantly.

The fitst two conditions are always gathered
together in the Glei6athialli area, but the weather
conditions in late sprirrg 1999 wete more seldom and

were of outstanding importance in the event tdggering.

Debris-flow telease

The general process of the debris-flow release

could be schematised as follows in the specific setting
of a steep mountainside btoken by a latge bench
covered with thick debris: the rapid thaw of the snow
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cover in the mountairrs tesults in the seepage of melt
water into the debris mantle that covers Glei6arhjalli,
and consequently leads to runoff on the impermeable
basalt. At the edge of the bench, the subsurface runoff
teappears and genetates rotational slides, as the front is
undermined from its foundations. The mass of debris
changes into debris flows while running down.

The debris-flow progress can be divided in three
phases than ate easily uritnessed from downslope:
t Dudng the first phase, the observer notices an

increasing tu$idity in melt water streams, due to
coliapsed sediments from the front of Glei6arhTallt
bench, and consequently to ao increasing load of
sediment in stream flows.

r During the second phase, rolling stones and
rockfall occur, because of major undermining and
minor slides in the ftont of Glei6arhjalli debds
mantle: the latger bouldets toll down while finer
sediments are dischatged via the brook.

' Finally, during the third phase, mixture of debris
and water, i.e. debris flows, run down in a thunder
noise, following preexisting gullies and brooks.

Each phase could last for sevetal houts before the
telease of the flrst pulse, as the ptocess needs time to
engage, but the three phases followed in less than
twenty minutes between two successive pulses in the
same debds-fl ow channel.

Geomorphic impact

From Glei6amjrn:, si" debris flows were tdggered
on June 10&-12th, 1999, some of them involving up to
10 pulses. All debris flows wete investigated at the time
of the event. Although greatly variable in sbe,
topographic changes were obvious during the event,
tfuough erosional and depositional landfotms. Thus,
gpical landforms were created, from up to
downstream:
r the geomolphic efficiency of debris flows is very

high in the upper part, despite its short length (50-
70 m). The channel depth reach 5 m in larger
debds flows, but the minimal depth is in order of
1 m for smaller debris flows. Subtracting the depth
measured before the eveot from tlle one measured
just after, the dissection caused by the June 1999
event may rcach 2 m. The channel bottom is lined
with numerous large boulders and smaller material
abandoned by the last pulse.

r The erosive and accumulative median part, which
is the most important due to its length (250-370
m), is large from 5 to 15 m. The asymmetric cross-
section is a charactedstic of this part, because of
t}te overflovring of the mass of debds to oae side
of the channel or another, while running
downslope. The dissection is far lower than in the
previous part, and do not exceed 2 rn rn the case
of larger debris flows, the June 1999 event being
responsible of only 0.2 to 0.7 m.

r The accumulative lower part is the widet one (up
to 70 m) for most of the debris flows, except for
the smaller ones, where it can be summed up in
two thin and elongated deposits. Uneven and
asymmetd.c lev6es border the narrow channel that
only sJightly dissect the slope surface.

The deposit volume estimated from the six debris
flows ranged from 70 to 3000 m3 (debds flow no.1:
3000 m3; debds flow no.2:70 m3; debds flowno.3: 120
m3; debris flow no. 4: 1000 m3; debris flow no. 5: 800
m3; debris flow no. 6: 800 m3). With a catchment area of
4.5 k:ilf , and almost 6000 m3 of matenal, the average
denudation was calculated to be 1.3 mm.

Sedimentological aaalysis of the debds-flow
matetial was done with samples taken in the main axis
of four debris-flow channels, in otder to characterise
the f,net mateial. The asymmetry irrdex Skewness is in
all cases positive, undedining that coarse sediments
dominate within the deposits. Sorting is charactedsed
thtough Krumbeifl index, which is supedor to 1 arld
Trask index, which is superior to 2. the tesults highlight
the bad sorting of the deposited matedal, that was
akeady suggested by the elongated shape of the
sedimentological curves. Moreover, fine material (<
0.063 mm) represents from 10 to 25 oh of the deposits,
pointing out that the structure of the debris flows is
iupported with fine sediments that allow the motion of
the flour.

Ftnally, samplings of suspended sediment in debris-
flow channel no. 4 during the year 1999 undedines the
high load of sediment in water running dudng the
highest debris-flow activity pedod:
r orr June 7d, when the thaw is told to be normal

only 0.1 g,/1 of suspended sediment is collected;
r on June 10d, at 16:00, just after the fust rockfall

from the edge of Glei6arhjalli, the load of running
water is multiplied by 10 as almost 1 g/l is
measured in the turbid water;

r ofl June 11m, at 10:00, 46.1, g/1 is sampled, just
half at hour after the first pulse;

. oo Jurre 11th, at 16:30, the sample made just few
minutes after the debris flow indicates that the
ioad of suspended sediment in the channel reach
2a93 g/1.

Overall, theJune 10th-12tn, 1999 debds-flow event
were exftemely efficient frorn a geomolphological point
of view, transferring about 6000 m3 of sediment,
creating new landforms through erosive and
accumulative processes and deepening or widening the
previous ones. The specificity of this event remains in
its triggering factot, which was mainly rapid sflowme1t.
This snowmelt debris-flow release were often
diminished in literature, but represent almost 50 % of
triggeriag factors in the !7estfotds of Icelaod.
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Detetmination of sediment redistribution rate
and its tempotal and spatial variations is the key
question for undetstanding landscape development
within undisturbed and intensively disturbed areas.

Dynamic of relief within temperate environments is
contolled by slope and fluvial processes, which are
seriously intensified in cases of disturbance of
vegetation cover. Monitoring of different processes
activity is the best way fot understafldirg their
dynamics. However the essential lirnitations of
monitoring approach are expensiveness and necessity
for long obseryation periods. Quantitative assessment
can be made only in cases of sediment dating or
evaluation of redistribution of diffetent matkers.
Natuul and artificial tadionuclides are ofle of the best
markers, which can be used for evaluation of
denudation and sedimentation rates.

Isotope 137Cs (bomb-derived and Chernobyl-
dedved) is the most wide-used marker, which has been
applied for assessment soil/sediment loss/gain in
different environment. Special Handbook summarising
experience of different scientific teams was published
wi& support of IAEA in 2002. The 137Cs allows to date
sediment and measure sedimentation rates for 50

@omb-detived) and 18 (Chemobyl-derived) year
periods. Simultaneously it can be applied to evaluate
sediment redistribution for these time intervals. Vast
ateas of the European North were contaminated by
both bomb-derived and Chemobyl derived 137Cs.

TLe 210Pbq is a natutal isotope, which has also
been widely used to study sediment redistribution in
different environments. It falls from the atmosphere
mostly with precipitation and allows sediment dating
for pedod of 100-720 years. As well as 137Cs, it can be
applied for evaluation of sediment redistribution.
Combined use of both isotopes is a good tool for
improved quantification of sediment redistribution
dynamics.

Out approach to quantification of sediment
redistribution is based on combined use of traditional
geomorphological methods and radionuclide technique.
The morphological elements within the studied basin
ate classified into three groups in terms of their role in
sediment transpoft. There are essentially stable ateas,
eroding areas and depositional ateas. Eroding and
depositional areas may be firther classified into
geomorphic units with relatively uniform rates of
erosion or deposition. The tadionuclide sampling
stategy is based ofl a geomo{phologic structute of the
study area and aimed to charactetise each morphological
unit. Area of each unit is measured simultaneously.
Results of laboratory analysis of radionuclide
concentrations in the samples taken from differeat
geomorphic units are tecalculated using calibration
models into erosion or deposition rates. It is usually
possible to determine erosion rates for two time
intervals and depositional rates for at least three time
intervals. As a result, quantitative relationship between
eroded material and deposited sediment within studied
basin can be established for a feuz time spans. Strggested

apptoach can be used for telatively small catchments
because of limitation in sample transportation and
analysis.

Evaluation of long-term rates and pattems of
ovetbank sediment deposition on the floodplains and
assessmeflt of sedimentatiofl rates in lakes are the other
tasks, which carr be solved using radionirclide
techniques. It is especially important to be detetmined
for dvers draining periglacial areas, because floodplains
and lakes are the main sediment sinks in such
environments. This information can be furthet used for
calibration of sediment budget models.

Uncertainties ar.d advantages of radionuclide
technique application are discussed. Several examples of
successfi.rl application of 137Cs and 210Pbq at diffetent
sites within Russia are presented.
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Skaft6 river in South lceland is one of many
Icelandic rivers subjected to frequent jokulhlaups
(glacial outburst floods). The flood water originates
from undemeath the Skafti cauldrons in Vatnajokull
glaciet, where a geothermal area melts the glacier ice
and the water is stored until it is teleased ill jokulhlaups
(Biomsson 1977). Since 1955, at least 40 jokulhlaups of
different size have been detected in river Skaft6 with
usually larger floods originating from the eastem
cauldton. The average time period between jokulhlaups
from each cauldton has been just over two years;
however, the periodicity and the size of the jokulhlaups
appears to have changed in recent years. This patteffr
changed following glacial surges in the outlet glaciers in
westent Vatnajokull in the eady 1990s, but the most
tecent jokulhlaups have become mote ftequent and
smaller, especially those ftom the eastem cauldron
(Z6ph6nassor 2002).

Water stage has been monitored at several
locations in Skafti during the last decades so the
hydrograph during jokulhlaups is well known.
Flowever, although suspended sediment samples have
been taken from one or more locations along the river
during most of the iokulhlaups, too few samples were
taken during most events to calculate suspended
sediment discharge. The jokulhlaups in L991., 1994,
1995, 2002 (two events), ard 2003 (two events) are

exceptions, but during these events the Hydrological
Service took 269 suspended sediment samples from
altogether flve localities in Skaft6, as well as a few
samples ftom Flverfisflj6t and Djripi rivers which were
also affected by the latgest jokulhlaups. In addition, Old
(2000) monitored extensively two jokulhlaups in Skaft6
1n 1997.

In this paper results from sediment studies
during the seven iokulhlaups will be introduced
although special concentration will be on results from
the 2002 events.when extensive number of suspended
(142) ail bedload samples (315) was taken.

Great changes wete seell in sediment load and
grain size dudng the course of the two jokulhlaups in
July and Septembet 2002. Maximum discharge in these
jokulhlaups, which originated from the western Quly)
and eastern (September) cauldrons, was around 700

m3/s, whereas the total volume of the floodwater was

about 160 Gl in both events. In the July jokulhlaup, the
first sedimeflt samples were taken about half a day after
the flood initiated and the last samples wete taken nine
days later when the event had finished. Sampling statted
a bit later in the September jokulhlaup but the samples
were well distributed throughout the event. In both
jokulhlaups samples were taken from the upper
(Sveinstindur) and lower (Asa-Eldvatn and
I(rkjubriarklaustur) reaches of the river.

In July, suspended sediment load increased
substantially with discharge, although it started to
decrease before the highest discharge values were
reached; understandable as the highest discharge peak
was amplified by precipitation. Sediment load increased
aga:n to about 7000 kg/s little less than four days after
the flood started, and about 18 hours after earthquake
tremors were reported at the Skaft6 cauldrons. The time
lag between the tremors and the peak in sediment load
fits well with the travel time of water from the
cauldrons to the main sampling site of Sveirrstindut.
Hence, it is plausible that mechanism causing the
tremor is responsible for rr,obllizad'on of sediment of
different origin or sorting, which is reflected by a

change tn gran size distribution. During the start of the
second peak in suspended load, garn size disttibution
of the sediment changed substantially with a tapid
inctease of the fine silt fraction (0.002-0.02 mm) and a

corresponding peak in conductivity. The dischatge or
sediment data do, however, not determine the cause of
tfle tremors, i.e. whether they are of volcanic origrn or
pressure boiling ofgroundwater as has been debated.

Sirnilar change was seen irr suspended
sediment in the September jokulhlaup n 2002 although
the timing of grain size changes was slightly different
within the course of the jokulhlaup and did not
corelate as well with peak sediment load. Difference
was also seen in conductivity, which was substantially
lower in September (320 pS/cm) than in July (500
pS/cm).

The data shows that although the total volume
and the hydrogaphs of the two jokulhlaups are similar,
the relationship between sediment load, conductivity,
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and grain size distribution differs between the two
events.

Bedload tralrsport was measured at
Sveinstindur during both 2OO2 johihlaups and at Asa-
Eldvatn in September. Based on the data gathered with
these measuremeflts and analogous measutement made
during the summer of 2002, a prelianinary bedload
rating curve was created. The bedload constituent of
the total sedirnent discharge was, however, small
accordi-rrg to these data; less thall 5o/o.

The envitonmental impact of glacier surges

and these frequent jokulhlaups in the Skaft6 dver basin
has been dramatic everywhere along the river channel
from the glacier to the coast. Sediment is being
deposited and remobilized for a long time following the
jokulhlaups, causing great modiflcations of the channel.
Ilence, thorough understanding of the total sedimeflt

budget is crucial for all environmental studies in the
basin, and in particular if plans to hamess the river for
hydroelectric purposes will take place.
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Quantification and visualisation of
sediment bodies in a high alpine
geosystem
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Sediment storage is a major component of
sediment flux systems. In high alpine enviroflments
sediment is mainly stored in sediment bodies created by
gravitative, periglacial and glacial processes. Processes

and storage bodies are often coupled in cascading

systems. Information on volume and thickness of
sediment storage elements in alpine regions is often
based on estimations only. Few localised studies

quantified sediment volumes using geophysical
methods.

I present here the conception of a study on
location, characteristics and volume of sediment bodies

in the Turtmann valley, Switzedand. The Tuttmann
valley is a meso scale catchment (app. 125 krrf) located
in the valaisianne Alps. This glacierized valley contains
15 hanging valleys of various sizes located at altitudes
between 2300 ar,d 2600 m. Maximum altitudes in the
Turtmann valley reach 4153 m at the Bishom peak.

Sediment storage tipes in the Turtmann valley include a

great number of periglacial landforms; especially rock
glaciers are very frequent.
In a first approach sediment bodies will be mapped and

classified using geomorphological mapping,
interptetation of high-resolution HRSC - ait photos
and geomorphometrical analysis of high-tesolution

DEM data. Classification is based on surface structure,
sediment type, location, and geometry. Based on this
classiflcation the sediment bodies will be related to their
formative processes. Minimum values for sediment
thickness and volume will be assessed ftom DEM
analysis. In the field geophysical surveys, refraction
seismics as well as 2-D DC tesistivity tomography, will
be applied to different storage types in several parts of
the Turtmann valley to gain information about sediment
thickness. The geophysical data will then be used to
calculate volumes and to coristruct 3*dimensional
sediment bodies. By analysing (1) the sediment storage

q6,e, Q) the location, (3) the geomorphometrical
characteristics of the soruce ^re of sediment
production, ar,d (4) the calculated volumes of the test

sites, a general model will be developed to calculate

volumes of all sediment bodies in the valley.

'-['his stuclr' focuses at the understanding of the

role of sediment storagc u high alpine geosrstems with
strong irnpact of periglacial processes. To r.isualise the

stor2rqe bodres in the sediment flux svstem of the
'I'urtmann valler- I iltend to create a 3-dimensional map,

combining infolnation of the geomorphological
rnapping u,ith volumes of the 3 dimensional sediment
bodies.
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scar and down in the dver course. Most sigru$ring were
huge casts of greasy and slippery greea clay. The origrn
of the green clay is in a volcanoclastic sedimentary
ltoizort in bedrock. The high clay content is due to
geothermal alteration of ar acid tephra layer which is a
parl of the sedimentary horizon.

The triggering factor for the debris slide was
tapid snowmelt. The melt water coming from the top
of the mountain percolated into the old rockslide which
became saturated with water. The old rockslide
absorbed huge volumes of water before it started to
slide on the slippery green clay and in parts becoming
liquefied. In the mountain side above it was clear that
water had trickled out of the f,ssutes connected to the

old rockslide scar in the bedrock. trrlelt water had
penetrated the porous bedrock of the mountain top and
groundwater had flowed out of the mountain side along
the sediment hoizor, that odgina\ initiated the old
rocksl-ide.

1'he green clal appezrrs to be essentiai in
idtiating both the debris slide of 1995 and the old
rocksl-ide. Origrnalh' it is an acid tephra horizon rvhich
has beer-r geothetmallv alteted into material r,en. rich in
clar- mrncrals. This tvpe of bcdrock horizon is relativelv
colnlrron in the Tertian. lava piie of Iceland, and the
same t\.pe of green c1a1' rich rnaterial has been obscn-cd
b1- the prescnt authors in matr. rockslides in Northern
Icehn.l.
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J6kulhlaups as agents of glacial
sediment transfer
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Glaciets and ice sheets erode, entrain, and
deposit massive quantities of debris. Meltwater fluxes
exert a fundamental control on ice dynamics and
sediment transport budgets. Glacier outburst floods
(okulhlaup$ are high meltwater fluxes, constituting
high frequency, high magnitude events within m.any
glacial systems. Using field evidence from
Skeidaritjokull Iceland, we examine the primary
controls on sub-, en-, and proglacial sediment traflsfer
by jokulhlaups.

Jokulhlaups produce signiflcant glaciological
and sedimentological impacts because they carr
simultaneously erode, deposit, and re-work sediment.

Jokulhlaups that impose flood waves at the glacier bed
can induce increased glacier sliding on a localised scale.

Jokulhlaups can re,work and entrain huge voiumes of
sediment in sub- and englacial zones, tlereby extending
the recognisable impact of jokulhlaups from the
proglacial to intraglacial environment. Most jokulhlaups
transport sediment to proglacial sandar, and often
ditectly to oceans. Proglacial iokulhlaup deposits form
distinctive sedimentary assemblages, coupled with suites
of high-energy erosional landforms.

Skei6arirjokull and Skeidar6rsandur, Iceland
ate the wodd's largest glacier and outwash plain subject
to ftequent and regular jokulhlaups, collectively
providing an analogue for Quaternary ice sheet margins
subject to high magnitude jokulhlaups. Comparatively
[ttle is howevet known about sub- or englacial
jokulhlaup sediment transfet regimes. In this
presentation, we (i) present evidence for jokulhtaup
sediment entrainment withifl sub- and englacial
locations, and jokulhlaup etosional and depositional
impacts u/itlirr subglacial sedirnents; (ri) identifii
glaciofluvial sedimentary characteristics diagnostic of
fluvial accretion from hydraulically supercooled
floodwater; and (*) discuss the controls and
characteristics of jokulhlaup erosion, transport, and
deposition.

During the 1996 jokulhlaup, sediment dch
floodwater issued from supraglacial fracture outlets. The
iaitial sediment-laden appeatance of supraglacial
discharge is thought to have originated from fine-
gained diamict, purged from the glacier bed at the front
of a subglacial flood wave (R"oberts et a/.,2001,2002).
At Skeidardrjokull, intra-clasts contained withifl
yokulhlaup fracture-fills and proximal proglacial ourwash
suggest wide spread mechanical erosion of subglacial
sediment (R-ussell and Knudsen, 1999; Robefis et al.,
2001; $7aller et a/.,2007). Englacial jokulhlaup deposits
emplaced during the November 1996 jokulhlaup
contaia many rip-up clasts comprising sheared glacial
diamicton and stratified glaciofluvial sedirnent (R-oberts
et a/., 2001;'Wa11er et a/., 2001). Intra-clasts within
englacial and ice proximal proglacial jokul}rlaup deposits
are diagnostic of subglacial mechanical excavarion
(R.ussell and Knudsen, 1999; RusselT et a/.,2001; Robers
et a/.,2001). Russell and Knudsen (1999) suggested that
the rip-up clasts were the product of mechanical
excavation of the glacier bed by jokulhlaup waters.
Ftozet rip-up clasts composed of basal ice and
diamicton indicate direct mechanical erosion of the
glacier bed (\Taller et a/.,2007).

The initially high sediment concentration of
1996 flood water (Snorrasot et a/.,2002), coupled with
the occurrence of copious numbers of inraclasts within
rising-stage proglacial outwash, suggests that most
excavation took place during the rising flow stage.
Skeidardrjokull is known to have advanced to its present
position during the last millennium, providing ample
opportunity for over-riding of forner proglacial
sediments. After the 1996 jokulhlaup, a slightly srnuous,
0.5 krr wide trench extended 10 km up-glacier obliquely
from the head of the Gigjukvisl ice-walled carlyorL.
Smith al a/. (2000) and Magilligat et a/. (2002) estirnate
that 50-96 X 106 m3 volume of sediment was deposited
in the immediate proglacial arca. Atminimum, this is an
equivalent volume to ten 10 km long, 50 m wide and 10
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m deep subglacial channels. Major subglacial excavation
of unconsolidated sediment is highly likely to have
created or enhanced at least one major subglacial
jokulhlaup channel ot tunnel valley.

Scouring of unconsolidated sediment from
beneath Skeidarirlokull during the 1996 jokulhlaup is
an outstanding example of the sediment scaveng'ing-
potential of subglacial floodwater (R-ussell afld
Knudsen, 1999, 2002). The 1996 iokulhlaup impacted
most parts of the glacial & proglacial system, with super
cooled jokulhlaup discharge being able to entrain large
volumes of sediment to the glacier. It is clear lhat
jokulhlaups have a tremendous ability to erode and
transport large volumes of sediment from the glacial
system to the proglacial and offshore sedimentary
systems. In terms of geomotphological wotk, reflected
by volumes of sediment transported, jokulhlaups are
highly significant evellts which are responsible for the
bulk of sediment within the vast sandar of Iceland.
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Sediment flux and lithofacies in Lake
Baikal (Siberia, Russia): a spatial and
temporal perspective
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Spatial and temporal variability in erosion and
sedimentation tates of cold regfons is highly sensitive to
climatic modulation. Building up of snow/ice cover,
development of permafrost and recession of discharge
are factors that reduce etosion rate. These factors may
also affect sediment flux that, in some occasions, has
been observed to increase instead. These apparently
contrastiflg situations may depend on several other
factors such as time span, topographic and tectonic
conditions. !7e present in this report a study of
temporal variabiJity in sediment flux of two sites in
Lake Baikal over a time period of several million years.
The location, tectonic setting, extreme thickness of the
sedimentary column, unique bio diversity and
paleoclimate sensitivity made the lake an attractive
target for a wide spectfum of investigations. The lake
has three asymmetrical basins which are separated by
fault-conffolled blocks of the Buguldeika-Selenga
Saddle and the Academician Ridge €iS. t)

The matedal used irr this snrdy includes
samples collected from two boreholes (core BDP 98,
600 m deep and BDP-96, 200 m deep) at the
Academician Ridge (53"4' N and 108"2' E at 

^ 
water

depth of about 333 m and 327 m, respectively) and one
at the Buguldeika-Selenga Saddle (BDP-93, 52o3' N
106o1' E 

^t ^ 
water depth of 354 rn). Turbidites, large

river deltas and isolated ridge and banks are the most
common sediment facies in the lake. Sedimentation rate
in these systems vades from a few centimeters per kyr
to more than 30 cm kyr-I. During the last 3 Myr the
Buguldeika-Selenga Saddle and the Academician Ridge
were dominated by hemipelagic sedimentation with a

variable fluvial influence. Textural, mineralogical and
geochemical parameters wete used in the evaluation of
sediment flux to the lake. Several analytical techniques
were involved including laser based gtain size analyzer,
X-ray diffractometry, light and electron scanning
microscopy, ICP-AES and ICP I{S and acceletator

mass spectrometry (AMS). In order to avoid large
internal variability in the studied rnatenal, we have
sampled mainly silt-dominated sediment layers. A
r\thmic structure made of diatomaceous ooze
altemating witl fine-gained siliclastic rnatend. is
observed in the upper 100 m of all the thtee cores. This
featue reflects low bio-productivity ard high
ter:rigenous supply dudng cold climate (glacial) and vice
versa during watm climate (interglacial) periods.
Sediment accumulation rate and flux vary between the
two studied sites, being about 3-5 times faster at the
southem one (Buguldeika-Selenga Saddle), which is
more influenced by fluvial input compared to the
Academician Ridge (Fig. 2).

The glacial-interglacial sedimentation pattern
continues to a depth of about 110 m blf (meters below
lake floor) (abofi 2.6 My4 t" the cores from the
Academician Ridge. Below this depth, stable
hemipelagic sedimentation can be traced to about 280 m
blf. In the deep part of the BDP-98 core two other
sedimentary facres, chancterized by sedimentation rates
faster than above, begin to dominate. Thus, the deltaic
facies in the bottom of the cote is preceded by
ftansitional environment. The detrital mineral flux to
the lake includes mainly plagioclase feldspar, quatz,K-
feldspar, micas and chlorites. Diagenetic minerals ate
represented by calcium and iron carbonates as well as

iron oxides, sulfides and phosphates. Particulady
interesting are layets enriched in diagenetic vivianite

€.:[PO+]z x 8HzO), siderite @eCO:) and nests of
framboidal pyrite €.Sr). Apart from the detdtal
compoflents there are also variable amounts of biogenic
particles such as diatom fnrstules and sponge spicules.
These associations together .iliith appear^flce of
turbidites indicate intelplay of climate, tectonics and
diagenetic factors that affect sediment fluxes in the lake.
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Environmental controls and rates of
rock weathering on sub-Antarctic
Marion Island
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Llarion Island lies at 46o5 in the sor_rthern
Indian Ocean, 20 north of the .\ntarctic Polar Front,
and measures approximatelr- 18km in diameter. T'he
island is located in tire belt of \\,.estedies, has a hlper-
maritime periglacial climare and rises to 1231m in the
interior mountains. Ilean annual air temperature at sea

level is 6oC and precipitation in the order of 2000mm
pa falling on approximatelr. 25 dar,s for month. Tv'o
rock h,pes are found. Pleistocene grer- lar-as form the
base of the island. -\ngular lava blocks and clasrs
derived from outcrops and from fault scarps are
u,idespead on the gre). 1ar-a exposures. Block
morphologr. follow-s cooling ioint structures rvhile
fracturing and crack propagation appears to follow the
basalt bonded discontinuities. The gre1. lavas are
ovedain b1. more recent, post Last (]lacial

@redominantlr. Holocenc) vesicular black 1ar.as and
associated scoria cones. Clavs are virtuallr'absent on the
island and chemical u,'eathering appears lLrlited
although u,eathering rinds tr-picallv less than 2 mm
thick arc for.rnd on some gre\-lava surfaces.

Due to the high frost o'cle frequencies zrnd
high moisture conditions. ;r perceptiorr exrsrs of the
sub .\ntarctic islands being an idcal environment tbr
active frost w-eatherilg. To dare, ureathering rates and
detailed flieasurements of the enr.'ironmental controls of
weathering processes are absent for the islands, and
vefl- fet, data exist for the r\ntarctic region as a u,.hole.
Rock moisrure and temperature conditions and
u,-eathering rates were monitored on the island as part
of a South --\frican National -\ntarctic Programme
project spanning the period 199? to preseflt. These data
include annual and short-duration monitoring of rock
temperatures, detailed short-duration rock moisture
flr-rctuations, and a three lcar monitoring period of
trass loss from individual black and grer' lar-a clasts
located at different altitudes.

Gret- lava temperatures monitored at sea ler.el
shou, feu, q'cles crossing be1ou, the freezing poilt.
Ilean annual rock surface temperarure is ".7oC, with a

maximum recorded range of -0.8o in winter to 24.0"C tn
sulnmer. At 1000m a.s.l. rock surface temperatures
range between -8.8oC and 30.0oC with a mean
temperature of 1.8oC. Rock temperatures regulady
exceeded air maximum temperatures, and the maximum
air temperature recorded was 15.8oC with a mean
annual of 0.8oC. In a one year period, rock temperatures
expetienced 200 cycles around OoC and aft 222. A Total
of 85 cycles were measured across -3oC, somewhat
fewer than the 1,36 air rycles, while 35 rock cycles
exceeded l0hours or longer over the year.

Grey and black lava clast moisture content
shows a high degree of variability on a diurnal basis and
up to seven moisture cycles were measured within a
24how period at sea level. On the annual cycle moisture
contents are found to be higher in winter arrd lower in
sruftner. Directional aspect of rock surfaces is fouad to
be a significaot conftol on the number of wetting and
drying cycles where wind beadng rains (frontal activiry)
and desiccation by wind increase the amplitude and
number of cycles. A high potential thus exists,
particulady at altitude in the interior, for mechanical
weathering processes to be operative.

Rock weathering rates, as determined by
annual mass loss from small clasts (<4009), was
measured over a three year period at four sites on the
island on an altitudinal transect from the coast towards
the interior. Mass loss from grey lava clasts is found to
be 0.02oh near sea level, incteasing to 0.10% pet ye r at
730m a.s.l. Black lava clasts yielded mean losses of up to
0.72oh at sites, although no altitudinal tend in mass loss
is evident. In the sea spr^y zote, grey and black lava
clasts monitored ovet one year had mean losses of
0.30oh atd 0.41oh rcspectively. lTeathering rates are
marginally inflated by the annual weighing procedure,
determined to contribute approximately 0.01%o to tJle
measured grey lava clast mass losses, and 0.07ok to the
black lavas. Since none of the clasts showed visual signs
of fracturing or flaking, mass loss appears at most to be
on a granular scale and material removal is probably
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assisted by rainwash. Extrapolated values suggest black
lava clasts can weathet completely within 200 years and
grey lma clasts within approximate\ 1000 years at high
altitudes. These data have implications for the lifespan
of periglacial landforms constituting small clasts,

particulady those formed in the eady llolocene. The
chemical weathering component remains unknown.

Temperatures at altitude suggest a favourable
environment for the freeze-thaw weathering process

throughout the year, and in notably in winter when
moistue conteflts temain high and temperatures are

slightly depressed. lfowever, the dynamic rock moisture
and temperature environment are particulady
favourable fot mechanical weathering processes in
general and tlre relative contdbution of any freeze-thaw
mechanism 2 er se to rnechanical weathering still tequires
assessment. Further, under these conditions and

particulatly where high ranfzll causes rapid temoval of
weatheted product the ovetall contibution of chemical
weathering could be underestimated.
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Hydrologic monitoring of supercooled
discharge from lcelandic glaciers:
hydrodynamic and sedimentary
significance

Fiono S. Tweedt, Motthew J. Robertsz & Andrew J. Russells

lDepartment of Geography, Staffordshire [Iniuersity, College Road, Stoke-on-Trent, Staffordshire, ST4 zDE' UK

"Rdsearch Seciion, Fnyiici ouportment, Icelandic Meteorological Office, Bistadauegur 9, t5o Reylgjauik, Iceland
s School of Geography, Politics and Sociology, [Iniuersity of Newcastle upon Tyne, UK

Debris enttainment and transport at the base

of glaciets and ice sheets is important, as this is the
zone where most sediment coflcefltrates, forming a

layer of debris-rich ice. This sediment-rich layer of ice

strongly influences rates of glacier movement, erosion,
sediment traospolt and deposition. Knowledge of
glacial sedimelrt efltrainmeflt processes is crucial for
undetstanding glacier movement, sediment flux and the
sedimentary record. Previous work has shown that if
meltwatet is displaced rapidly from beneath a glaciet
then hydraulic supetcooling witl result, allowing
dynamic fueezitg of meltwater in zones of lowet ice

pressure. The efficiency of this process allows the

parial fueezirls of sediment-laden meltwater to create

sedimentary inclusions within glacier ice. Supetcooling
has been tecognised as an active englacial sediment
entrainment mechaoism at glaciers in Alaska, and more
recently at sevetal temperate Icelandic glaciers.

!7e ptesent short-period temperature
measurements and field evidence of glaciohydtaulic
supercooling from Icelandic glaciers Skeidatiriokull,
Skaftafellsjokull and Svinafellsiokull. Fieldwork was

carried out inJuly 2000,July 2001,\[arch atdJl:Jy 2002
and Xtlarch and July 2003. Two RBR TR-1050
temperature probes were used to record \ilater

temperatures in turbid artesian veflts suspected of
discharging supetcooled meltwater. Field evidence of
supercooling was recorded and vent locations were
constrained using GPS techniques. The structure and

sediment characteristics of fuzzll, anchor and basal ice

were documented.

Turbid artesian vents were identified at a

number of locations around the margins of
Skaftafellsjokull and Skei6at6rioku1l. Meltwater
temperatures were consistently below atmospheric
Freezrng point at many sites although not all monitored
vents exhibited supercooled meltwater temperatures
each time they were measured. Meltwatet temperature

measurements also confitm supetcooling in Skei6ar6

during a small outburst flood from Grimsvotn
subglacial lake.

Field evidence of supercooling is prolific at all

three glaciers. Progressive acctetion of supercooled
meltwater creates sediment-laden ice exposures adiacent

to active artestat vents and frazll tce aggregates

containing copious sand and silt particles were

repeatedly observed in meltwatet outlets into which
artesian vents discharged. At Skaftafellsjokull, veflt-
related upwellings sometimes occur several tens of
metres upglacier from the snout. Field evidence of
supercooling was also identified ^t 

nearby

Svinafellsjokull during flood conditions.

Debris-rich basal ice exposures close to
subglacial artesian veflts are metres thick, and exhibit
litde evidence of tectonic thickening. Instead, the

sections contain bedforms, coarse patticle clusters and

channel fills, reptesenting gain-by-grain deposition

from tubulent, high-energy flows. Observations also

confirm that in titu rr,elirrg of basal ice creates thick
sedimentary sequences, as sediment stflrctures present

in the basal ice can be ffaced into ice-matginal ridges.

Although this evidence seems persuasive, the link
between supercooling, freeze-ort of debris-laden
meltwater and the development of thick sequences of
basal ice remains a hypothesis to be rigorously tested.

Results obtained from this research demonsffate that
supetcooling occurs over ^ raflge of hydrological

conditions and that the process does not opetate

continuously at all instrumented sites. It is clear that
supercooling occurs during notmal cycles of melfwater

flow and during both comparatively small and high-
magnitude iokulhiaups. Understandlrg controls on the

effrcacy and pervasiveness of hydrauJic supercooling is

important for ascetaining glacier sediment fluxes and

fot decoding the sedimentary record of modem and

ancient glaciers and ice sheets. Debris entrained by
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supercooling could account for large volumes of
sediment deposited at former terestdal glacier margins
and the deposition of ice-rafted debris (IRD) in marine
settings. For example, it has been speculated that rapid
discharge of supercooled meltwater from the base of
over-deepened ice sheet basins constitutes a plausible
mechanism for entraining extensive amourits of
sediment to the Laurentide Ice Sheet.

Further research is required i) to establish
controls ofl temporal variations ifl supercooled
meltwater signatures, especially in circumstances where
measuted meltwater temperatures ate above

atmosphedc freezing point, despite the prevalence of
frazl and anchor ice and ii) to identify diagnostic
sedimentary sequences that result from in situ rneliout of
debris released from debris-rich ice exposures fotmed
by the effects of supercooled discharge.

ir
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Rapid mass wasting of peat hillslopes
under an extreme rainfall event - a
sediment budget appraisal

Jeff Worburtonr & Alon Dyke5z

1 
larth surface systems Group, Department of Geography, [Iniuersity of Durham, Durham, (JK

2 Department of Enuironmenta.l and Geographical Sciences, The Llniueriity of Hudd.ersfield" Huddersfield, UK

Rapid mass wasting of hillslopes in upland and
mountain peadands is most drallrrattc when large mass
movements in the form of flow failures (bogflows) or
shallow ttanslational landslides (peat slides) involving
loss of the entire blanket peat cover are triggered.
Although peat mass movemeflts are relatively commofl
geomorphological events in UK and kish uplands the
causes and movemeflt mechanisms ate poorly
understood. Most peat failures are triggered by high
magnitude ratn{ail. events, and impacts include damage
to stream ecosystems, loss of high quality, protected
blanket bog, and loss of property and infrastructure.
Peat slope failutes are becomiag increasingly recognised
as potentially damaging events in parts of the UK as
well as lreland, paticularly as coosequeflces of extreme
weather events that are predicted to become more
coflrmon as climate change progresses.

On 19 September 2003, an intense tunfall,
event lasting less than three hours caused around 35
landslides within an area of 3 km2 on Dooncarton
Mountain (260 m.a.s.l.), Co. Mayo, Ireland (54"16'N,
09" 50,W). Most of the landslides were peat slides, and
these were unusual in that many failues slid along a

surface within the peat, evident from the shiny, black
and discontinuous thin vefleer of peat left on the failute
scats. Even some of the steeper slopes that failed (e.g.
30I 40) involved peat up to 0.5 m deep. Impacts on
the local community included imrndation of farmland,

Ioss of livestock and farm machinery, darnage to bridges
and devastation of the Pollathomas graveyard. One
house was destroyed and up to 50 families were affected
by the landslides. The damage to properry,
infrastructure and livestock (mainly sheep) was initially
estimated at c.10 million Euros.

The overall aim of this research is to determine
the hydrogeomorphic conditions which produced these
failures and assess the geomorphological impact in
terms of local sediment budgets. Field measurements
v/ere undertaken to quantitatively assess the
geomotphological impacts of the event in terms of
sediment production and deJivery; and the degree to
which the hillslope failures are coupled with stream
channels. This poster provides preliminary sediment
budgets for the major slides within the study area. Slides
vary in size from several hectares down to several 100
m2. Runout distances at some sites stopped at the toe of
slopes but in others the majority of failed peat u/as
removed by stream traflsport. Slope angles at the point
of failute ranged from 72 to 46". Estimates of rrrateiral
loss and storage are provided for each of the maior slide
sites. Geomorphologically the events are of enormous
significance because they represent the largest cluster of
failures yet recorded (globaly) in both spatial and
temporal terms (occuring v/ithin two hours of one
another, and over att ate of only 3 k*3.

I
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Field Excursions
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The bedrock, landscape and climatic
characteristics in Iceland

Bedtock
Iceland is a voicanic island located on the

North Atlantic spreading ridge, which separates the
North American and the Eurasian continental plates.
The bedrock or the lava pile is composed of basaltic
volcanic rocks and relatively thin sedimentary hortons.
The lava pile of Iceland has been divided into three
statigraphical units, based on age and appearance; the
Tertiary series, the eatly Quatemary sedes and the late

Quatemary sedes, and the lava fields of the volcanic
zofles.

The oldest bedrock (3-16 m.yr), the Tertiary
seties, occur in the eastern, central northem and westem
part of the island. It is mostly composed of jointed
basaltic lava flows, erupted subaerially, individual flows
varying in thickness frorn 2-30 m and usually separated
by lithified sedimentary hodzons vzryrng in thickness
from few centimeters up to tens of meters. Acid rocks
and intrusiofls are found locally in buried ceflttal
volcanoes, which also have been centers of tectonic
activity. The Tertiary lava pile is intersected by basaltic
dykes, most of which confined to dyke-swarms and old
fault zones. The lava beds of the Tertiary series dip
generally towards the center of island, towards the active
volcanic zoteir^ the center of Iceland.

The Eady Quatemary series form 
^ zorle

intermediate between the Tertiary basaitic areas and the
active volcanic zofie. In this zone, more variatioll occurs
in the general bedrock composition. The main reasofl
for this is the periodically coverage with glaciers during
that time interval (3-0.7 m.yr). Tlne lzva pile from this
time consists predominandy of sub-glacial volcanic
material erupted during glacial periods, made of pillow
lavas, various types of breccias and hyaloclastites. This
matedal is commonly interstratified with extensive sub-
aeial lava flows erupted during interglacial periods.
Sedimeot hodzons from this time ate also much ticker
than in the Tetiary, due to much more erosion and
landscape formation connected with the glacial activity.

The youngest bedrock, the Late Quaternary
series (> 0.7 m.yr), consists of hyaloclastic volcanic
tidges and table mountains erupted subglacially in glacial
periods and interstadial glacially sculptured lava flows. It
also consists of the postglacial lava frelds of the active
volcanic zone.

The landscape
The bedtock oflceland has been sculptured by

glactaT, fluvial and marine etosion. The landscape
charactedstics are variable around the island and reflect
the age of the bedrock and its composition.

The main topographical features in the Tertiary
areas in the northwestem, central northem and eastem
pafis of the island arc glacizlly eroded, U-shaped {jords
and valleys cut into the extensive highlands plateaux.
The flord and valley sides are often steep, with an
average height of up to 600-800 m. The upper parts of
the slopes are often nearly vertical cliffs whereas the
lower parts ate covered with various glaciogenic
sediments and talus rnzteiaT.

In Southern Iceland large glaciers and
extensive sandur plains characterize the landscape in
association with extensive mountains formed during the

Quateraary pedod. Due to both glacial and marine
etosion steep slopes and high cliffs up to 500 m have
been cut into the mountains massive.
Hyaloclastics ridges and Table Mountains with steep
slopes and extensive lava fields charactenze the
landscapes in the volcanic active zones in the cenffal
part of Iceland.

Climatic and soil charactedstics in Iceland

Climate
Accordiag to the Koppen-Geiger system

Iceland is located at the iunction between the tempetate
and the arcdc climatic regions. The climate is
categor:tzed as cool temperate and maritime, with cool
summers and mild winters. The weather in Iceland is
constantly changing with high variation in precipitation
and temperature. This is mainly due to the fact that
Iceland is located near the main low-pressure pathway
over the North Atlantic Ocean, The Icelandic Low The
mean annual temperarure is higher in the southetn part
of the island thaa in the northem part, due to highet
winter temperatures in the south. The mean annual
precipitation is highest in the southem and southeastern
parts of the island. This is mainly due to the fact that the
ptevailing winds producing ptecipitation are southedy
and southeastedy lose their moisture over the southern
highlands.

Soil
The slopes irl the Tertiary basaltic areas in

Iceland are usually covered by glacial till fur the lower
parts. The upper parts of these slopes are usually steep,
terminating into cliffs. The areas are with till cover are
often also coveted by talus, colluviums and humus
material wrth high permability. Due to the high
permeability these soils are strongly influenced by frost
action. The valley bottoms are usually dominated by
fluvial and glaciofluviai deposits.
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Friday 18th of June
Departure from Re1-kiavik at 8:30
During the trip to Saud6rkr6kur we u,'ill take the main road, road no. 1, along the u,'estern side of Iceland.
Lunch packages u,ill be distributed during the trip.
Estimated arrival in Saudirkr6kur at 18:00.

The Kollafitir6ur fiord - Mt. Esja
Slope ptocesses, talus, landslides/rockslides

Borgarfi titdur - Andarkill
Sea-level changes, high strandlines from Bolling sub-stage, ddaciation history, slope processes, glacial
geomorphology, composition of the Terttary bedtock

Hredavatn - The Gribt6k ctatet
Holoceae volcanic activity, volcanic zones and the continental drift, Teriary bedrock

The Vatnsdalsh6lat tockslide, in the Yatnsdalur valley
Flolocene rockslide and debris flow activity

The Skagafi6tdut valley
The Glaumber rnuseum. Anold turf farmhouse from the 18m afld 19th century Iceland. The oldest part of
the farmhouse was built in the mid 1700's and the youngest paft between 1816 arrd 1.879.

1. Stop

2. Stop

3. Stop

4. Stop

5. Stop

6. Stop

Monday 21't of June
Departure from Saudirkr6kur at B:00.
On the w'av to Re1-kjar"ik u.e u.i1l take the highland road, Iijolur, betw-een the Langjokull and Hofsiokull glaciers.
Lunch and ditner packages rvill be distributed during the tnp.
Estirnated arrival irr Rer,kiavik around 20:00, possibir. later.

1. Stop
The Bldnduvirkjun powet plant, in the Bltindudalut valley

2. Stop
Hvetavellir geothetmal areain the Kidlur area

3. Stop
The Kellingafi till Mountains
Quatemary / Holocene landscape development

4. Stop
Hvitiwatn - Kidlut
Quatemary / Holocene landscape development

5. Stop
The Gullfoss watedall and the Geysit geothermal area

6. Stop
The Fingvellir national park

The Skagafidt6ur valley
Tephra chronology - Holocene landscape development
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