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ABSTRACT. Suspended -sed ime11l concentrat ion (SSC) a nd discha rge tim e se ri es 
h<1\'e bee n obta ined for a proglac ia l stream dra ining from Scort Turn erbree n , a non­
tem pera te g lacier at 78 " ~ in th e S,'a lba rd a rchipelago , These time se ri es ex hibit 
scasonal trends in diurnal hys te resis bc t,, 'een SSC a nd di sc harge, which changes 
progressi\'e ly fro m c1ock\\'ise (SSC lead ) to antic lock\\'ise (SSC lag ), a nd in th e 
a\'a il a bilit\, of sediment for OLl\'ia l transport , \I'hich in creases during th e season . These 
resu lts contras t \I'ith th ose for streams dra ining tempera te g lac iers, in wh ich a seasonal 
trend in diurnal hys teres is is typi call v no t observcd, a nd sediment suppl y is usua ll y 
ex ha usted during th e melt seaso n, This contrast indica tes differences in th e processes of 
sed im ent acqu isition a nd in temporal pa tt erns of sedimenr tra nspo rt between 
tempe ra te a nd no n-tempera te g lac ie rs, wh ich reOect different dra in age-sys tem 
st ru c tures, T he prin ci pa I mechan ism of suspended-sedi men t acq ui si ti on b y mel twa te r 
is su iJaeria l sedim ent suppl y to ice-m a rg in a l cha nn els a t non-temperate g lac iers, 
whereas a t temperate g lac ie rs it is subg lac iill suppl y to basa l cha nn els. Th e hys teres is 
trend probably arises ri'om a d elaying effect, because of sedimem circulation in poo ls 
a nd slack wa te r adjo ining th e ice-m a rg in a l channels, which , 'a ri es w ith disc ha rge , 
Continu ing subae rial sediment suppl y from he<1\' il y debris-cO\'ered ice-co redmo ra ines 
during th e melt season precl udes sediment-supply ex ha usti on a t Arc ti c g lac ie rs but 
means that measurements of sediment Oux gi\ 'e a misleading indi ca tion o r the 
contempora ry rate or g lac ia l eros ion, 

INTRODUCTION 

Foll o\l'ing ent rainm ent , sus pended-sedim ent transport 
rCCJuires littl e ene rg), a nd is limited onl y by sed iment 
supph', \\ 'hi ch is im'a ri ab l)' exceeded b y strea m tra nsport 

capacity, Thus. the suspend ed load of a stream tends to 

reOec t catchm ent processes, rat her than channel hydrau­

li c conditi o ns. T he suspend ed-sediment characteris ti cs of 
proglac ia l streams shou ld th erefore be a bl e to impart 
informa ti on about g lac ie r drainage sys tems. 

R epp ( 1988 ) an d Boge n ( 199 1) ha\'(' di sc ussed 
suspended -sedim ent transport in rh e Ba ye h'a ca tchment. 

nonh\l'cst S\'albard. in \\'hi ch the dominant sou rce of 

sed im ent is the 11, 7 km~ Austre Broggerbree n g lac ie r, 
R epp ( 1988 ) report ed a nnua l suspended-sed iment flu xes or 
lip to 16 588l. a nd sugges ted that this indicated "a we ll 
de\ 'eloped a nd integrated ne twork or subglacia l strea ms 

a nd cha nnels", A disti ncti on was dra\\'n between the 

rclat i, 'C ly uniform seasonal suspend ed-sed iment tra nsport 

regime in the S,'a lha rd catc hm ent , a nd ea rl y-seaso n 
sed iment flu shes obse l'\ 'Cd in proglac ia l strea ms on ma in­
la nd :\'ol'\\'a)' (e.g, Li cs tol, 1967 ), Bogen ( 1991 ) reiterated 
this distinnion, th o ug h sugges tin g tha t a seasona l increase 

in suspend ed-sed i men t transport, a ttri bu led to "a sta ble 

subglac ia l channel sys tem that ex pa nds thro ughout the 
sUlllmer ' ·. was more typ ica l in th e S\'a lbard catc hment. 

Gurne ll a nd othe rs ( 1994) examin ed differences 

between prog lac ia l suspend ed -sed iment transport from 
a n Arc ti c a nd an A lpin e g lac ier, through cha nges in th e 
param ete rs of lin ea r reg ress ion models es timated fo r 
success i\ 'e pe ri ods during me lt seasons, Th ey fo und th at 

th e steepes t. stro nges t relationsh ips be tween suspend ed­

sediment concentra tion (SSC) a nd di scharge occurred 

early in th e season in th e Alpine ca tchment (H aut Glacie r 
d ' Aro ll a. Swi tze rl a nd ). afte r \\'h ich g i\'en di scha rges 
yie ld ed 10 \l'er \'alues of SSC, indicat ing rela ti\'e exhaus­
tion of the sed im ent suppl y, H oweve r, co rresponding 
relat io nships for th e Arc ti c ca tchment (Austre Brogge r­

breen, "albard ) steepened during the season, suggest ing 
increasing a, 'a il ab ili ty of sedim ent fo r OU\'ia l tra nspo rt, 
Furth ermore, short or neglig ible lagsflead s between SSC 
a nd d isc harge time ser ies in th e Alpin e ca tc hm ent 
contras ted \I' ith a seasona l d ec rease in th e lead of S C 

O\'e r disc harge, from 6 h to I h , in th e Arctic ca tchm ent, It 

was sugges ted th a t this clecrease refl ec tecl a n up-glac ier 

mig ra ti on of th e domin an t sediment sources wi th the 
ex panding a rea of meltwater generat ion , a nd proba bl y 
a lso th e dTects o f "va ri a bl e g round thaw processes" in 
pe rm a fros t (Curne ll a nd o th e rs, 1994). 

Th e purposes of thi s pa per are to di scuss seasona l 

, 'ar ial ion in suspended-sediment transport a t a non­
temperate (" co ld -based" ) g lacier in th e Arctic, to ma ke 
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inferences a bo ut its d ra inage-sys tem structure a nd to 
co ntras t th ese ,\·ith res ulls rro m tempera te g lac ie rs. A 
di stin c ti o n is mad e be twee n g la ciers whi ch a re who ll y, or 
nea rl y wh o ll y, below th e press ure-me lting tempe ra turc 

(" no n-tempe ra te'" e .g . Austrc Brogge rbree n ), a nd those 

whi c h a r c ,,·holl y, o r nearl y ,,·ho ll y, a t th e press ure­

m elting tempcra ture C'tempera te", e .g . Haut G lac ier 
d ' Arolla ) . It mi g ht intuiti,·e ly be ex pec ted that contras t­
ing pa tte rns o f sediment a cqui siti o n a nd tra nspo rt sho uld 

a ri se be tween g lacie rs at w hi ch th e main m eltwa ter 

nmrpaths a re eith er subg lac ia l (in th e temperat e case ) o r 

subae ri a l (a possibility in th e non-tem pera te case ) ; thi s 

id ea is addressed in thi s pa per. 

DAT A COLLECTION 

The d a ta prese nted in this pa per were o b tained fro m th e 

p roglac ia l stream o r Sco tt Turnerbree n, a 3 .3 km 2 g lac ier 
occ up ving a 12.8 km 2 ca tc hm ent or centra l S,·a lba rd 
(78 C 06' N. 15 0 57' E ). Th e m ax imum thi c kn ess o r th e 

g lacier is 75 m , a nd tempera ture meas urements in bore­

ho les indica te that th e ice is below th e press ure-m elting 

tempera ture throu g ho u t (H od g kin s. 1994) . 1\1 eltwa te r 

dra inage fi'om th e g lac ier is do min a ted by two ice­
ma rg ina l cha nnels, whi c h large ly (J o,,· sub-ae ri a ll y and 
hence at a tm os ph eri c pressure; th ese coa lesce a bo ut 1.50 m 
in fro nt or th e g lac ier LO fo rm th e m a in proglac ia l s trea m. 

A reco rd o f" sse was obta ined by di scre te sa mpling in 

a sta bl e reach or th e m a in prog lac ia l strea m 250 m 
d o wnstrea m o r th e con(Ju ence . J\leasurem ents spa n 26 d 
rro m 20 Jul y to 15 Aug ust 1992 . As th e mea n diurna l 
m aximum a ir tempe ra ture in th e ca tchme nt typicall y 

exceed s oce o nl y inJun e,Jul y a nd Aug ust , thi s pe r iod is 

co nsidered to be representa ti\·e o r th e m a in pa rt oC th e 

sho rt m e lt seaso n . Ea rl y-seaso n susp ended-sedim ent 
flu shes hm·e no t bee n o bse J"\ "Cd a t thi s g lacier ( H od g­
kin s, 1994) . \ Vare r sa mples were obta in ed aULOm a ti call y 
,,·ith a n Epic Produc ts 10 11 sa mp le r. As th e strea m ,,·as 

hi g hl y turbule nt , po int sa mpling sho uld ha \·e yield ed 

representa ti ve es tima tes o f sse (Gurn ell a nd o th e rs, 

1992 b) . The sa mpling interya l \·'Hi ed be twee n I a nd 3 h 
acco rdin g to th e rreque ncy w ith ,,·hi c h sa mples co uld be 
processed. Sa mpl es were filt ered in a Perspex prcss ure­
filtr a ti o n a ppa ra tu s, thro ug h pre-we ig hed \\' h a tman 

g rad e 40 pa pers, with a n initi a l pene tra ti o n po re size o f 

8 f.1m (a ltho ug h th e efrective po re size is reduced durin g 

fi ltra tion (Gurn ell , 198 7)) , a nd re turn ed to th e UK f"o r 
drying a nd 1'C" T ig hing in o rd er to d etermin e SSC. 

The acc uracy o r th e SSC d etermin a ri ons is affec ted by 
fo ur factors: ( I ) V a ri a ti o n in th e wa ter sa mp le \·o lum e: th e 
e rro r in wa ter \·olum es co ll ec ted by th e spec ifi ed sampler is 

± 0 .5 ml , a nd lI·ith th e \·o lume o f sa mp les co llec ted being 

500 ml , th e co rres po ndin g error in sse is ± 0. 05% (a t a ll 
co ncentra ti ons) . (2) Prec isio n or th e a na lytical ba la nce 
used to we ig h th e pa pe rs, w hi c h \l'as ±O. I mg; since each 
pa per is we ig hed twice , this is do ubl ed . a nd corres po nds to 

a n e rro r of ±0.01 5% of"th e mean SSc. (3) Error res u lting 

rrom th e a bso rpti o n o f" moisture by th e chose n filter pa per, 

whi ch is hygrosco pic. From d a ta in Gurnell a nd o th ers 

( 1992 b ) , th e error from thi s source ca n be s ta ted as 
± 0 .1 6% o r th e mea n SSC . (4 ) Erro r du e to sub-8 /Lm 
pa rtieles pass ing thro ug h th e ras t-filtra ti on pa per. Th e 
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exact m agnitud e o f this erro r d epends upo n th e g ra in-size 
distributio n of th e sedim ent , but rrom d a ta in C urn ell a nd 
others ( 1992 b ) it is likely th a t th ere is a pproxima tely a 1% 
und eres timati on a t th e m ea n SSC. This is th erefore th e 

most sig nifi ca nt source or erro r . 

Stage vras reco rd ed ho url y, in th e same reac h as sse, 
,,·ith a Sa ndhurst T echn ology LH-I77 press ure transdu ce r 
a nd Gra nt I nstrume nts SQ32 d a ta logge r. The res ulting 
tim e se ri es was ca libra ted by means o r li nea r regress io n 

with di sc re te discha rge meas ureme nts obtained by th e 

rela ti\·e d il uti o n techniqu e (W a ter R esea rch Assoc ia ti o n , 

19 70 ) . Th e substa nce diluted \\"{lS 5g Rh od a mine B 

nu o rescent d ye in 11 o f stream wa ter . The d ye was 
d etected by co n tinuo us-fl o,,· nu o ro me try with a Turner 
D esig ns .\lod el Io n uorom eter. The acc uracy o f" th e stage 
disc ha rge rela ti o nship , es tim a ted fro m th e sta nd a rd erro r 

o f" th e es timate, is ± 13% . Th e di sc ha rge reco rd ends 2 d 

la ter th a n th e sse reco rd (28 d lo ng ) . 

SEASONAL EVOLUTION OF SUSPENDED­
SEDIMENT TRANSPORT 

The sse and di sc harge tim e se n es o bta in ed f"ro m th e 

p roglac ia l s trea m o f" Sco tt Turne rbree n a re ShOll"ll in 
Fig ure I . Diurn a l cyc les occ ur thro ug h o ut bo th series. 
a nd th e re is a nea r-ex po ne nti a l d ec li ne in di sc ha rge (i'o m 

a round 29 Jul y, as th e e nd o r th e m e lt seaso n is 

a pproac hed. In o rd er to a llow ex am ina ti o n o f" th e 

seaso n a l eyo luti o n o f" sedim e nt tra nspo rt in d e ta il , th e 
monito red season is di\·id ed a rbitra r il y into ro ur succcs­
si,·e illle n ·a ls o r 7 d (Fig . I ). a nd mea n diurna l pa tterns o f" 
disc ha rge a nd SSC a re d ete rmined ro r eac h inte n ·a l. 

Th e a rbitra ry di visio n o f th e tim e se ri es a\·o id s 

bring ing a ny prio r qu alita ti\·e interpre ta tio n to th e d a ta . 

R a infa ll has a neglig ibl e efrec t o n th e hydrogra phs: a n 
e\·enl )' d is tributed to ta l o r o n ly I I mm fell durin g th e 
m eas urement period . Th e mean diurn a l va ri a ti o ns o f" 
di sc ha rge a nd SSC. a nd th e corres ponding mean diurn a l 

hys teresis loops. for each o f" th e fo ur int e n ·a ls, a re shm l"ll in 

Fig ure 2 . I t is immedi a tely clea r th a t bo th th e b ·el a nd 
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Fig. I . Disch(II~r;e alld sll.ljJellded-sediment concell tratioll 
( SSC) time series obtained from the jJ/oglacial stream of 
Sco ll T Ulllerbreen , Sva/brm/, du ring the 1992 melt seaSOIl, 
showillg the divisioll oJ the mOllitored seas 011 illto jour 
sllccessive 7 d intervals. 
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th e ra nge o f SSC arc m ore co nsta nt thro ug h th e seaso n 

th a n th ose o f'd isc ha rge, indi ca tin g th a t th e m agnitude of 

d isc ha rge is o nh' a pa rti a l co nt ro l o n SSC. 

Diurnal discharge-SSC hysteresis 

The re is a tre nd I"m m cloc k\l' ise to a n ti c loc kl\' isc cl i II rn a l 

di sc ha rge-SSC h ys teresis durin g th e seaso n ( Fig . 2 ) . 

I'h sleresis impli es a bi \'a ri a le re lat io nsh ip in \\' hi e h \ 'a lll es 
or th e d epend e nt \'a ri a blc fo r a g i\-e n \ 'a lu e of th e 
ind epe nd ent \'a ri a ble dinl' r accordin g to w he th er th e 

ind epend ent \ 'ari a bl e is in c rea sin g o r d ecreasin g . Cloc k­

\I' ise 11I's te resis impli es th a t SS C: is hi g he r o n th e rising 

limb 01" th e diurn a l 11I 'd rog ra ph tha n a t equi l"<l ient 

d isc ha rgTs o n th e f ~lIling limb. a nd th erefo re th a t th e 
d iurn a l SSC pea k lea d s th e diurn a l di sc ha rge pea k. 
. \ nti c loc k\l·ise h ys teres is impli es th e I"(' \·e rs('. Inten 'al I 

ex hibits th e m os t complex h ys teres is. beginning \I'ith a 

c loc kwi se loo p up to a bo ut 0800 h , then f~lilin g to displ ay 

a clea r trend until a bo ut 1+00 h \I 'hen a n a n ticlock\l' ise 

loo p is fo rm ed . Bo th inte n 'als TI a nd III sho ll' , esse nti a1h', 
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Fig. 2 . .IJeall riillmal l'ariatioll ~f disch(lIge alld SSC: 
(Iejihalld CO III III 11 ). alld cones/londillg /~)'steresiJ (right­
halld columll ) . Ior each of the lour illtermls illdicated ill 
Figure J. ,\'ote that both discharge alld SSC Itm'e Ji If(I 
sm{es ill lhe diagrams ill the (eftltalld co{umll. but that tlte 
dischwge s{'{/Ie NII'll'S ill tho.le ill t/ie right/Wild COIUIIlII . 
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first a c loc k\l' ise loo p a nd th e n a n a nti c loc kw ise loo p 

during th e diurn a l cyc le. th e direc ti o n c ha nge occ urrin g 

bet\l'een 1000 a nd 1200 h in eac h case. a lth o ug h bo th 
di sp lay so m (' complex in l'(J luti o ns. Inte l'l'a l 1\ ' ex hibits 
th e m os t simp le h ys teres is, \I ' ith a ge nera ll y <1 llli c lock\l' ise 
sin g le loo p O \ ' l'!' th e diurn a l cyc le. It th e rcio re a ppea rs 

th a t a progress i\'e shift in th e OI 'erall rel a til ,(, timin g o l'th e 

diurn a l di sc ha rge a nd SS C peaks occ urs durin g th e course 

of th e seaso n. such th a t SSC lead s di sc ha rge a t th e sta rt 

hut lags it a t th e cnd. 

SediInent availability 

R egress io n m od els be t\l 'ee n SSC a nd di sc ha rge \lT re 

es tim ated for eac h o f th e fo ur int er\'a ls id cntifi cd a bo\T. in 
o rd er lO d e tc rmin e \I' he th e r th ere lI'e re a n y ch a nges in the 
pa ra m e te rs t ha t III ig h t i nd ica te seaso na ll ), C'\'o h-i ng 

sedime nt-tra nspo rt m ec ha ni sms. The fo rm o f' th e m odel s 

\I 'as d elibe ra te ly ke pt simple. to a id int e rpretati o n. \\ ' ith 

log-Io SSC: as the d e pc nd en t \'a ri a bl e a nd loglll Q \I·here 

Q is di sc ha rge as th e ind e pe nd e nt \'a ri a ble . leas t-squa res 
lin ea r reg ress io n m od e ls, co rres ponc\ing to th e re la ti o n­
ship SSC = aQ iJ wC're es tim a ted fo r eac h tim e inren ·a l. 

The commo n loga rithmi c tra nsfo rm a ti o n of' cac h \'a ri a ble 

\I 'as identifi ed . fi 'om a se ri es o f po \I ' e r tra nsfo rm a ti o ns b y a 
Box- Cox procedure (H a \l'o rth a nd \ ' in ce n t, 1982 ), as 

th a t I'ie lding th e m os t l1l o no to ni ca ll y lin ea r bi\ 'a ri a te 
sca tter \I 'hi c h bes t sa ti sfi ed th e regress io n ass umptio ns 
( Fe rg uso n , 1977 ). 

Th e reg ress io n m od els fo r th e illle l'l'a ls precedin g + 

.\ug ust difle r s tro ng l ~' fi 'om th ose fo ll o \l' ing th a t d a te 

(T a bl e I ) . \J odcls fo r int e l'\ 'a ls T a nd L1 ha lT \T ry 10 \1' 

coclli cie nt s o r d e terminatio n ( th a t ro r int e l'\'a l I is no t 

sig nifi ca nt a t th e 5% ICI'(' I ). \\ 'he reas m od els fo r int el'l'al s 
L [I and J \ ' ha\ 'e coc ffi c ie nts of d e tcrmin a ti o n \\ 'hi ch arc 

a n o rd e r 01" m agnitud e g rea ter. Th e three sta ti s ti ca lh­

sig nifi ca nt m od els sho \l' reg ress io n slo pes w hi ch increase 

thro ugh th e seaso n , m ea ning that SSC: increases b\· a 

su('cess i\·e h · g rea ter in crc m e nt. fo r a g i\ '(' n incrcm cnt in 

di sc ha rg c, as th e seaso n progresses . This indica tes th al th e 
axa il a bilit y o r sec\imc nr fo r nuyi a l tran spo rt increases 
thro ug h th e seaso n , a nd that re la ti\ ,(, ex ha us ti o n o f' 

sedim ent supp li cs d ocs no t occ ur. H O\l'(' \ '(' r , the to ta l 

qua ntit\, o r sediment t ranspo rted fi 'o m th e cat c hm ent in 

suspensio n OI'e r this peri od d eereases . as a res ult o r th e 

d ec lin e in di sc ha rge I Fig . I ) . \Iea n d a ih- tora l suspe nd ed­
sedim ent tra nspo rt in th e J(Jur intc l'l'al s is 168 tcl I in 1, 

T able I . Parallleters ]rom linear regrwion models lcitll 
log III SSC: as the dejJmdent mriable and [og/O Q tlte 
il/de/Jel/dflltl'{/riable. Ita/ici.I('(Il'{/llles are I/ot sigl/iji'wl/t at 
the 5% 11'1'ei . R l n t/i e CI!I:Jjicil'lIt a)' determil/atioll alld n 
is {he ll/lll/ber q/ SSC: meaSllrfllJellts 

IlIterm{ ( 1992) In tercejJt SlojJe R2 n 

I (2 1 27 J ul>') 0 .1 0 1 0.35 / 0.080 +7 
II 28 Jul y 3 Au g . ) 0 .075 0 .282 0.096 53 
II [ +- 10 Aug . ) 0 .72 1 2 .1 29 0 .523 63 

lY 11 - 17 .\ ug . ) +.995 10 .38 0 .+78 37 

1+9 https://doi.org/10.3189/1996AoG22-1-147-151 Published online by Cambridge University Press

https://doi.org/10.3189/1996AoG22-1-147-151


Hodgkins: Seasonal trend in susjJended-sediment transjJort 

2 l 5 td- 1 in 11 , 64td I in III a nd27td I in IV, 

IMPLICA TIONS FOR THE STRUCTURE OF THE 
SCOTT TURNERBREEN DRAINAGE SYSTEM 

Th e seasona l trend in diurnal di scharge SSC h yste resis 
id entifi ed in thi s pa per resembles th a t rep orted by 
G urnell a nd others ( 1994) , In genera l, c lockwise diurnal 
hyste resis (SSC lead ) may a rise from th e nushing out of 

sediment at th e m a rgins a nd beds of subg lacia l cha nn els 
during rising discha rges, a nd subsequent exha usti on of 
the suppl y (Collins, 1979; Humphrey a nd o th ers, 1986 ), 
Similar behaviour is a lso ty pi ca l of sub-aeri a l, open­
cha nnel Oow (such as in th e ice-ma rginal cha nnels a t 
Scott Turnerbreen ), where it mig ht arise by cyc li c 

d epositio n a nd erosion in ponds in a large cond ui t 

(Humphrey and others, 1986 ), Founta in ( 1992) suggests 
two mecha nisms wh ich may account for a nticloc kwise 
diurnal hys teresis (SSC lag ), First, a monoclina l wave, 
such as th e ri sin g limb of a diurn a l h vdrograph , 
p ropaga tes downstrea m at a \'e loci t y g rea ter th a n th e 

now veloc it y of the water. Sin ce sediment is tran spo rted at 
the now ve locity, ra th er than a t th e wave velocity, SSC 
wo uld lag d ischarge, Howeve r, as this result is based on 
the hydra uli cs of pipe flow, it would not necessa ril y 
account for th e obse rved seasona l vari a bility in an open 

cha nn el. Secondly, poo ls located along th e course of a 

cha nnel d o not imped e fl ow increases, but d o a llo\\' 
sedim ent to circula te, ca using its passage to be d elayed 
(here ca ll ed a "circul a tion- d elay effect" ) , 

The ex planation of the cha nging lead / lag of SSC a t 
Scott Turnerbreen fa \'oured here is th erefo re th a t, while 

sediment mobili sa tion cont inu es to occ ur a t ri sin g 

di scharge, ope ration of a circulat ion- d elay effec t in the 
ice- margina l a nd proglacia l cha nnels varies wi th dis­
cha rge , At high discha rges , when th ese cha nnels a re 
rel a ti ve ly fu ll, th e bulk of th e water is tra nsmi tted ra pidl y 
through th e chann el, a nd onl y a sma ll proportio n is 

d elayed in poo ls a long the now path , or in slac k water 

adj oining it. At low di scharges, when th e channe ls are 
rela tive ly empty, water circul at ing in such pools or slac k 
wa ter constitutes a g rea te r proportion of th e to ta l Oow, so 
th e d elay is more important. Poo ls a nd slac k water 
effec ti vely fill a t rising discharge and subsequentl y empt y 
as discharge fa lls, leading to temporary sto rage of 
suspend ed sediment on th e rising limb of a d iurna l 
hydrograp h, a n eDec t more sig nifi ca nt a t low di sc ha rges, 
H ence th ere would be an increasing trend tOlI'<Hds 
a nti c lockwise diurna l h ys teresis la re in th e season w'hen 
di scha rge diminish es, which is what was obse rved, 

The analysis presented here sustains previous e\'id ence 

from Svalbard conce rnin g the seasonal ava ila bility of 

sediment for flu via l transport (R epp, 1988; Bogen, 199 1; 
C urnell a nd others, 1994), H owever, beca use Scott Turn ­
erbreen is non-tempera te throughout, the sugges ti ons of 
R e pp ( 1988 ) a nd Bogen ( 199 1) th a t thi s seaso na l 
suspended -sediment transport pa ttern indi ca tes the ex is­
tence of a "well -de\'e loped" or "expa nding" subg lacial 

dra inage sys tem arc not supported, Supraglac ia l, proglacia l 
a nd ice-ma rgina l processes prov id e more pla usible secli­
menr-supp ly mecha niSIl1 S a t non-temperate glaciers, Hocl ­
son's (1994) obsen'at ions tha t suspended-sed iment c1e1i\'e ry 

150 

to mel twa ter a t Ausrre Brogge rbreen res u Ited [i-om slope 
fai lure o n ice-cored mora ines support the idea th a t surfi cia l 
a nd ll1 a rgin a l processes domina te sed im ent suppl y, 

CONTRASTS WITH TEMPERATE GLACIERS 

Th e seasona l t rend from clockwise to a nliclock,,"ise 
diurna l hyste res is id entifi ed at A ustre Broggerbreen a nd 
Scott Turnerbreen contras ts with results from temperate 

g lacie rs, a t whi ch di sc harge a nd SSC vary a lm ost 

synchronously for mu ch of th e melt season (Gurnell a nd 
o th ers, 1992a, 1994) , This ill1plies th a t, a lth o ug h th e 
domina nt so urces of sediment pro ba bl v ll1i g ra te up­
g lac ie r re la ti ve to the area of meltwa ter produc ti on at a 
temperate g lacie r, as sedim ent cxhaustion occurs in stab le 

down-glac ie r cha nnels (Gurnell a nd o thers, 1992a ), thi s 

h yste res is-ge nera tin g process is less pron ounced th an 
th ose ope ra ting a t non-tem perate glaciers , Permafros t 
processes may be a n influence on sed iment a\'a il a bilil Y, 
a nd hence o n h yste res is, a t non-temperate glac ie rs in th e 
Arc ti c, producing a more pronounced up-glac ie r migra­

tion of d omin a nt sediment so urces (Gurne ll a nd o th ers, 
1994), The im pact of a circulation- de lay effect ma y a lso 
be grea ter in cha nn els ,,'hi ch arc no t responsi\"e to 
meltwa ter flux , such as th e ice-m argina l cha nn els a t 
Scotl Tu rn er b ree n, T he \'01 u me o f these su baeria l 
c ha nnel s does no t crfecti\'e ly c ha nge as discharge 

d iminishes la te in th e melt season , because th e deforma­
ti on rate 0 (' th e non-tempera te ice a t th e thin glac ier 
ma rgins is extremely low, Opportuniti es for cireul a ti o n­
delays in re-ex posed pools adj oining th e chan nel ma rgins 
th erefo re increase, However, sin ce cha nnels benear h a 

temperate g lac ie r decl in e when di scha rge dimini shes , as 

closu re by ice d eforma ti on exceeds enlarge ment due to 
energy ex penditure, o pportuni ties for circu la ti on- dcla\ 's 
would no t increase a t 10 '" d isc ha rges, 

The seasona l pattern of sed iment ava il a bility id entifi ed 
a t Austre Broggerbreen a nd SCOll Turn erb reen a lso 
contras ts with tha t of tempera te glac iers, \I'here re lati\'C 

sedim ent-suppl y ex haus ti on is typica ll y obse n 'ed (Gu rn ell , 
1987; G urnell a nd o thers, 1992a, 1994), This eDect is 
conseq uent upon the seasona l rati ona li sa tion or the basa l 
drain age sys tem , in respo nse to th e increas ing ll1eltwater 
nu x, a nd the subseq uent stabili sa tion ofa sma ll number or 
rela ti vely la rge, effic ient cha nnels, offe ring access to fi xed 

sediment suppli es whic h a re ra pidl y dep le ted , The lac k ofa 
compa ra b le eflec t a t a non-tempera te glacie r imp li es eithcr 
th at, supposing subg lacia l cha nnels do ex ist, an unl imited 
a ll1 0 unt of sedill1ent is a \'a il a ble to them, or that they do 
not beco ll1 e sta bili sed in a gi\'en locat ion durin g the season , 
M ore rea listica ll y, it impli es th a t sed ill1 ent is d eri\'ed froll1 

different loca ti ons a ltoge ther, The courses of the ice­

ll1 a rg in a l channe ls a t Scott Turnerbreen a re through 
heavil y d ebris-cove red , ice-co red mora in es , During th e 
ll1 elt season, water-sa turated sedill1ent is d eli \'Crecl to th e 
iee-ll1argina l cha nnel ba nks by ll1 ass-wast ing, Some of rhe 
sedill1ent enters th e stream now directl y, H owever, 1l1 0st is 

probab ly mobili sed during ri sing d isc ha rge, as th e 
increased wa ter volume enl a rges the cha nnels' wetted 
perill1e ters, a nd ba nk sed ill1en t becoll1 es entra ined by 
flowing water. H ence, a patte rn of ll1elt-dri ven diurn a l 
\'ariat ion is inh erent in the process of sed ill1 ent acqu isition, 
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Furthermore, the continuous suppl y of sediment from an 
ab und ant source by subaeria l processes preclud es the 
opera tion of an exha ustion effect, although th e locations 
o[ the channe ls a re stable. 

GLACIAL EROSION RATES 

A corollary of the sediment supply process outlined above 
is that caution is required in estimating the g lacia l erosion 
rate [or a glacier such as Sco tt Turnerbreen from 
suspended-sediment flu x data. The suspended load of 
the proglaeial stream is not indicative of active glacial 
erosion , since th e glacier is currently frozen to its bed , but 
is derived from sediment stored following glacia l erosion 
in an earlier time period, which has provided a plentiful 
subaerial sediment suppl y as a res ult of sustained recent 
glacier retreat and thinning. This is a process similar to 

" paraglacial " denudation, which is said to result from the 
instabilit y of glacial sediment in proglacial or postglacial 
flu vial environments, leading to heightened sediment 
transport, such that sediment yield bears littl e relation to 

the concurren t prod uction of eroded material (Ch urch 
and R yder, 1972 ). 

CONCLUSIONS 

The suspended -sediment transport regim e at Scott 
Turnerbreenis characterised by a seasonal trend from 
clockwise to an ticlockwise di urnal hys teresis, and by an 
increasing availability of sediment for flu via l transport. 
These characteri stics appear to be typi cal for non­
tem pera te glaciers, bu t con trast wi th seasonal sus­

pended-sediment transport regimes identified a t temper­
ate glaciers. This contrast arises from differing drainage­
sys tem structures, predominantly subglacia l at temperate 
g laciers but mainly ice-marginal at non-temperate 
glaciers. The hysteresis trend probably arises from a 
delaying eflec t, due to sed iment circulati on in pools and 
slack water adjoining ice-marginal channels, which varies 
with di scharge. Sediment ava il ability is determined by 
effect ively unlimited subaerial suppl y to ice-m argin a l 
chann els from ice-cored moraines . The suspended load of 
the proglacial stream of a non-temperate glacier does not 
therefore necessarily ref1 ect the contemporary glacial 
erosion rate, since mu ch of the sediment has been 
supplied subaerially, rather than subglaciall y. 
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