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Correspondence 

The Ed itor, 

J ournal of Glaciolog), 

SIR , 

SlIjJraglacial sediment a(Cumll la liolls alld large eJlg/({cial l('aler 
conduils al high elfl' alions ill J Urdalsjiikull. icelalld 

A number o t la rge ice-cored sed im ent acc um ulat io n s arc 

prese nt o n th e sUI-tace o f" K b tluj ok ull (a lso ca ll ed 

H olOabre kkuj o kull ) , a 9 km wide sou theasterl y o utl et 
g lac ie r o f \ I>-rri a lsj b kull , th e to urth larges t ice cap in 
I ce la nd (Figs I and 2 ) . 'The la rges t o f" the sed iment 

acc um ul a ti ons is a ri dge, mo re th a n I km long a nd som(' 

100 m wid e, w hi c h was loca ted 1.5 km II'o m th e g lac ie r 

te rmi n us in 1960 (KrCt ger, 1994) . In Aug ust 1 99 c~ , th e 
rid ge h a d a lm os t r eac hed th e te r m inu s (Fi g. I c ) . 

Acco rd ing to o ur o bsen·a ti ons. th e sup raglac ia l sed i­

m e nlS consisl of basica ll y non-stri a led ro u nd ed bo uld ers, 
g rave l a nd sa nd. Silt a nd clay [i'ac ti o ns a re m iss ing. Th e 

a p p roxima tely 2-3 m lhi ck sed iment co\"C r cont a ins Cl 

mix ture otroc k types . T he ro und ness of lh l' ma teri a l, alld 

th e a bsence of" fin e r tract ions, ma ke it similar to esker 

m a te ri a l. Fro m obsen'a li ons in le rm ina l ern'asses and 

stream s, KrCt ge r ( 1994) fou nd ev id e nce fo r de bri s-l oad ed 
lhrust- p la nes being respo nsib le [()r till deposits o n th e 

m a rg in or K b tlujok ull. H O\\'e\ 'C r , \I'h en expla in ing th e 
o ri g in 0[' the described ice-cored sed im e nt riclg l's higher 

up o n th e g lac ie r , KrCtge r ( 1994. p . 118) likewise s tates 

Sediment accumulations 

. " 1960 0 1980 @ 1994 - Investigated tunnel 1994 

Fig. 1. r o(a tioll majJ fo r Ihe l\ -6"lll1jokllll ollllel glacier, 
showillg jJosiliolls of slljJraglacia{ sedimeJ/t acculIlulalions 
ill dij/erenl )'ertrs, and large mglacial water cOllduits as 
obseJ"L'ed ill 199+. Black circlfs denole [o ndllit openings, 
while Ihe bla(k rectallgle slzo~cs Ih e locatioll of Ihe conduit 
section It'hich ll'as in l'esligated ill more delail (see Fig. 3) . 
The loraliolls of [Ollduils ([Il d sedimmlj are ajJjJro\il7l(lle. 
During lite stu~)', 011£), the norlheastern j){trl of Ih e ollllel 
glacier W(lS l'isiled. The lmge cOllduils shown ill Figure le 
([ re Iherefore 1101 the result of a (omjJlele ill l'et1 I01)'. /1 
Ih orough !lw/JjJillg of Ihe cOllduits would mosl j)l"obab(y 
increase their IIIl1Jlb er . 

Fig. 2. Ice-cored sediment (lCCllmlllatioll Oil Ihe It-o"fL1U'iikull glacier. The gLacier sill/ ace arolllld the sedimmls has an extensive 
cover qf dark lIol({{lZic ash. T he lighler- colollred sedimflll covered hill has a heighl of about 15- 20 IJ/ , fa nned b), reduced 
ablalioll ullder Ihe prolecli1'e sedimelll COl'e!" cOllljJared la SIlIIOlllldillg area.\. The sedimen t acc/lmulal ioll dejJieted is much 
smaller Ihall tlte lmgesl accumlllalioll all Ihe glacier . . \ 'ote Ihe si.(e of the boulder.) al the base 0/ the aCCll IllII!atiol1 . 
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th a t " th c rid ges a rc covc red b\' diamic t , li g ht g re\' ish­

brOlI"ll in colo ur. deri\ 'ed li'olll stee pl y dipping ing lac ia l 
thru st-pl a n es" , ,\n a lt e rn a ti n' expl a n a ti o n fa r th e 

fo rmati o n o f th ese sedim c nt acc umul a ti o ns is prese nted 

here, ill\ 'oking eng lac ia l flu \' ia l-sedime nt tra nspo rt a t 

hi g h e lenllio ns \I'ithin th e g lac ier, 
,\bla ti o n has ex posed large fossil eng lacial meltwa te r 

conduits, \\ ' ith circul a r c ross-sec ti ons, at th e sa me loca ti o n 
as th e scdim ent acc umul a ti o ns o n th e surrace o r 

K btluj o kull (Fig , Ic) , F o ur la rge tunn e ls a nd se\-e ral 

sma ll e r o nes \ITIT o \)se rved o n th e g lac ic r fro nt O\ 'U a 
dista ncc o f' a fe\l' kil o lll e te rs, The conduit s \I-e re loca ted 

100 m a nd m o re a \)o\'e th e progla cia l sa llclur. The la rges t 

conduit o bsc r\ 'Cd had a di a m e te r ofl 2 15 m ( Fig , 3), and 
was exposed a long a le ng th o f ·W m; hi g her up , the tunne l 

had co ll a psed du e to g lac ie r surface ablatio n, ,\ ss umin g 

th a t it \I 'a s al so initi a ll y c irc ular, th e cross -sec ti ona l sha pe 
01' th e conduit is un a fTcc ted b \' ice d e fo rma ti on, This 

, \ 'ii.l/lllld alld I 1(I ,l.)illfll.' (;orrl'.I'/)o lldl'll(1' 

indica tes tha t thi s pa rt of' th e co nduit sys tem does no t 

o ri g ina te fi 'o m th e basa l pa rts o f th e g lacier. Th e tunnel is 

loca ted in clea n ice a nd in icc cont a ining \'o lc; lni c as h , 
Th e inn er wa ll s o f' th e conduit \\T IT a m'n ed h >' a blatio n, 

as see n h\' th e oCC UlTenCl' of a blati o n ho l1o\\'s , Alth o ug h 

thi s a bl a ti o n h as increased th e tunnel di a mete r , th e 
conduit \I'as pro ba bh' o f' a g rcat size a lso wh e n it was 

lo rm ed a nd a('[ i\ 'C ly dra ined mel twa ter. 
There is a cl ose spa ti a l re la ti o nshi p bet\lTl' n th e la rge 

e ng lac ial w a ter co nduit s a nd th e la rge a m o unt s of' 
ro und ed sedim c nt s IClLInd O il th e g lac ier sur! :\ce, \\ 'e 

sugges t th a t th e seclinlt'n ts \\T IT trallS po rtcci b\' excep­
ti o n a l am ount s of' englac ia l \I'ater at hig h (' I(:'\'ati o ns 

\I'ithin th e g lac iC'l' in th l' eng la c ia l conduit sys te m , pa rt s o f' 
\\ 'hi eh a rc beill g ex posed tod ay, During such a proccss, 

transport ed m a tcria l III a \ bcco m e round ed a nd d e plct cd 

or fin es , Subscqu e llll y, scclim c llts \\ '(' re e jected o n to th e 
g lacier su rI ~I C (, o r liTre dcpos i tecl l'ng lar ia l h ' \\ 'i thi n th e 

F ig , 3, l / )-p.llllil'l' uiw' I!/Ihe /argl',11 mell u 'aler coudllil ob,ll'l'lwl on k li'llnjli'kul/. it ll1'l'ng a dialll!'11'I' 0/ 12 15111 ( .11'1' /ifF.IOII 

10 l ite le/ijin Hale) , T ite (ol/a/J.let! ,Ieelioll oIlhe 1IIIIIIel i ,1 ,1('1'11 al ,11)1111' di,I/([IIC1' , and ,IOllle oIlhl' ,ll'dill/eIl/,1 o/Ihl' IIII:!!,!',II iee­

cor!'d ridge in Ihe backgrollnd, .)'edillll'll/.I Ihal were /)/'obab~)' OIlCl' Iran,I/){)rlet! lcilitin IIii" englaeial drainagl' ,1) ', l/elll 111'1' 1107(' 

ji!ll lld a,1 (Il l e.l/rer- ,I /ia/Jed a((,llmu/ll l io l/ 0 11 Ihe cO llduil j7oo r , , \/ (/I ~)' oIlhe bUl/lder" !ll.Iidl' /hl' cOl/dllil IIr!' IlIrge. i l/dimli l/,!!, 

lital 1111: ]' /l'l'Il' 1101 Irall,I/)orll'd Ihere I~) ' ,11I(faa lIIelllclller a/il'!' 1111' ((i/I([/),II' 0/ lit!' 1111/111'1 , 
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} ollma/ DJ C/aciolog)' 

conduits. o r bo th. 1\11 eske r-shapecl st'dim ent acc umula ­

ti o n ,an be set' 1l o n the fl oo r o r th e la rgest inn's ti ga ted 
conduit (Fig . 3 ) . This is a firm indi ca ti o n that sedim c nts 

liT re tra nspo rted w ithin thi s sys tem wh cn it \\ 'as ac ti\ 'C , A 
simila r sedinlt' nt acc u m ulati on was a lso fo ulld on th e noo r 
o f a sm a lle r conduit d iam e ter 3 -~ Ill ). 

KrLi ge r's ( 199+) co nclusio n th a t th e sedim ent s a rc o r 

subg lac ia l orig in is probabl\' co rrec t. HUllt'\T r , it is 
unlikel y that th ey h alT been tra nspo rted up to th e g lac ier 

surface by thrustin g o ri rr', o r th a t th ey o ri gina te fro m tlw 
b ed und ern eath th e g lacier fro nt. It seems more likel \' 

th a t th e mate ri a l o ri g in a tes fi'o m th e bed up-g lac ie r , a nd 
th a t it has bee n tra nspo rt ed d OIl'n-g lac ier by eng lac ia l 

m e ltwater. 

Onc a rgum ent !Clr th e id ea of' up-thrusting is th a t th e 
sediment rid ges run pa ra ll el to th e glac ier m a rg in 

(KrLi ge r 1994. p.1 68 ), Thi s a rg um ent rete rs to th e 
la rges t sediment a cc um ul a ti on . loca ted close to th e frolll 

in 199+, HO\\'e \Tr. th e re a rc o th e r poss ible ways or 

o bta ining thi s rid ge oriellla ti on, A combined sed im ent 

d e pos itio ll b \' senTa l pa ra ll el \\'a ler conduits cl ose lo ea ch 
ot her a nd at the sa m e ice d epth , such as three o r th e fo ur 

la rges t obse )'\Td ones , Fig. l e ) . co ul d a lso produ ce a 

d e posit esse nti a ll y parall el to th e m a rg in . Th e compres­
si\ 'e ice fl o\\' in th e a bl a tio n a rea is a process whi c h a lso 

ac ts in fa \'our o f o ri e llt a ti ons pa ra llel to th e front. Due to 
cO lllpress i\'(' fl o \\'. a supraglac ia l sedim ent acc umul a ti o n 

th a l has bee n transported b y th e ice mer th e g lac ier 

to ng ue lI' ill. to so m e ex tent , be compressed in th e ice [l Oll' 

direct ion , Furth erm ore. ice-co red hills lI'ith tht' sa m e t ~' I)(:' 

o f' sedim (' nt CO\T r but with a nea rl y c ircul a r sha pe a re, 

acco rdi ng to o ur o bse l'\ '<l ti ons, prese nt hi gher up o n th e 
g lac ier. ,\ circula r acc umula ti on is mo re di rTi c ult to 

ex pl a in by up-thrustin g fj'om th e bed th a n a rid ge-sh a p ed 
acc umula ti on, 

.\ nOl her o llse l'l'a ti on tha t a l'gues aga inst the id ea of 

thrustin g is that th e sedim ent acc umul a ti o n s w e re 

o r ig ina lly loca ted hi gh up on th e g lac ier front, wh ere 
th e ice depth is f~\irl y la rge , 'rh e sediments ha lT been 

tra nspo rt ed by ice mo\'em en t since a t leas t 1960 (KrLige r. 
1994) , I\ cc umula ti o ns found in 1994 a bou l 1 km from lh e 
te rm inus must ha\T bee n situ a ted a t leas t I .S km fLlrth er 
u p-g lac ier in 1960. judging fro m th e o bse l'\Td m O\T m ent 

of th e la rges t rid ge , Sedim ent acc umulations the re fo re 

mu st ha\ 'e been present a t leas t 2.S km from th e te rminus 
in 1960 ( Fig . l c ) .. \ cco rding to radio-ec ho so undings 
(unpublished info rm a ti on from H. Bjo rnsso n, F. P{tisso n 

and i\ l. T, Gudmundsso n, 1993 ) , th e bed lopogra phy is 
sm oo th a nd ho ri zo nta l for se\T ra l kilom eters und e r th e 

g lac ie r. g i\' ing a n increasing icc thi ckn ess in th e up-glac ier 
direc ti on. Th erefo re. th e hi ghe r sediments are loca ted on 

th e g lac ier, th e m o re diffi cult it becom es to ex pl a in th eir 

prese nce on th e SU rfilCC by up-thrusting from th e bed. At 

2,5 km from th e terminus, th e ice thi ckn ess is a t leas t 
a bo ut I SO Ill . Here, it is unlik ely th a t m a tcri a l wo uld be 

up-thrusted from th e bed , espec ia ll y co nsid ering th a t th e 
ice is entirely tempera te (pe rso n a l com m unica ti o n from 

H, Bjo rn sso n) a nd th a t th e hed is fl a t , Fin a ll y. th e a bse nce 

0 [' stri ae on th e sedim elll ci as t matcri a l (KrLige r , 1994. 
p, 11 8. a nd a uth o rs' o bse r'l' <1 ti o ns) indi ca tes th a t the las t 

t ra nspo rt a lion p rocess befo re th e su pra- a nd /o r eng lacia l 
d e posilion \Vas flu via l, no t basa l tra nsport fo llowed by 
sh ea ring. 
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\\' e think th a t the foss il la rge-scale e ng lac ia l drain age 
s\'s tem prm 'ides tlt e m ost pl ausib le exp lana ti on for the 

lra nsp o n a ti on of th e sedim ent s fO Llnd o n the ice-co red 
hills and rid ges on Ko tlujo kull , Our obse rva ti ons indica te 

th a t sedim ents ma\' b e trans po rt ed in lI'a ter-fill ed 

co nd uits a t hi gh ele\'a ti o ns lI' ithin tlt e g lac ier. muc h in 

th e sa m (' wa \' as di sc ussed Iw Kirkbri de a nd S peddin g (in 
press ) from studi es in :\l e\\' Zea la nd a nd Ice land, .\ 

p ro blem \I'ith thi s ex pl a n a ti on is to fi nd th e process b y 
lI'hi ch sediment is entra ined into th e eng lac ia l syslC' m. \\ 'e 

d o no t h a lT a sa ti sf'ac to r y ex pl a na ti o n fo r this, but still 

think th a t the assoc ia ti o n bet ll'een th e cond uits and th e 

es ke r-like m a tcri a l, a nd th e obse rl 'a tio ll s or sedim ent 
in sid e th e co nduits, a rc s trong (, \ 'id e ll ce fo r fhl\ ' ia l 

tra nsp o rta ti on, 

:'\ o rm a I melt \I'a tcr prod uClion fro m sum mer surface 
melt ca nno t acco unt fo r th e la rge a m o unt s o f wa te r 

need ed fo r th e fo rma ti o n o f' co nd ui ts th e size or th ose see n 
in fi g ure 3 , ,\ Illuch la rger melrll'a tcr produ cing e\T nt 

musl h a lT occ ur red. Th e aCl i\'e \'o lea no K a tl a is loca ted 

beneath th e centra l parts of M yrd a lsjo kull (Fig, I b) , a 
cO lll. bi n a ti o n fa mous fOl- prod ucing ca tas t ro phi c fl oods. 0 1' 

jokulhl a ups, during \'olcani c eruptions, \ \ 'e sugges t th a t 

th e o !Jse l'\ 'ed eng lac ia l dra inage sys telll fo rm ed a t a tim e 
orinCl'e<tsed geo th erm a l ac ti\ 'it y. This could ha\'e res ul ted 

in a j d kulhl a up-like e\ 'ent . II-ith mu c h 111 0 re lll el[\I'ate r 

prese nt th a n usua l. S uc h a n C\'elll co ul d t'xp la in th e la rge 
size 0 [' th e conduits a nd th e tra nsp o rta ti on of la rge 

a m o unts o f coa rse sedim e n ts. 
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