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ABSTR \ eT. G lac iers on soutlmeste rn B,·lo t I sla nd in th e C a nadian Arc ti c fl o l\" 
fro m an alpin e se tting in hi g h-grade cryst·a llin e Archea n terran e, o n to coas ta l 
101l·la nds und e rl a in by clastic sedimcnt,1\'" stra ta o f' Cretacco us to T ert iary age. \ \ ·c 
have used the contrastin g min e ral ogy of the substrate as a tool to study subglacial 
en trainm cnt a nd transpo rt of dcbri s in t,\·o large pi cd m on l g lac iers on Bvlot Isla nd. 
H igh c ld or ite / andmi ca-illi te /smcct ile ratios indicatc that most basa l debris is d e ri n'd 
from crysta llin e rocks und e rl ying thc upper reaches 0 [" th e g lac iers. Thc subglacia l 
accre ti o n of' Cre taceo us- T ertiary sed i mellts appears rcs t riCl ed to th e 10 11·e rm os t pa rr o f' 
th e basa l zo ne a nd is m ost no ti ceab le near th e g lac ie rs· term ini . Ice assoc ia ted lI·ith 
di sc re te silt y-sand y d e bri s laye rs is charaCle ri zcd b,' an iso topi c sig nature inciicatin' of 
ref'reezing 0(' mcltll·a tc r a t th e g lac ie r so le . T he com pos iti ona l. textural a nd iso topic 
c ha rac te ri s ti cs or basa l sed im e nt a nd ice lead us to conclud e th at subg lac ia l 
ent ra inm ent thro ug h basa l ice accrct ion occu rs in both th c upper a nd marginal 
parts of' th e g lac iers. 

INTRODUCTION 

\Ios t ex istin g mod cls fo r d e positi o n o f g lac ial diamicLO lI s 
emp hasize the physica l attributes ofsed im ents. ,,·hi ch arc 

largely gOlT rn ed by ,,·hen a nd \\·here th e sedimcnts "Tre 

re leased fro m ice. Y et th e compos iti o n o f' tills mal' also be 

controll ed b,' ph,·s ica l pa rtiti o ning accom pa n ying sed i
m e nt acqui , iti o n and transport ( Bou lton. 1970 ). H ere w c 

prese nt res ults rrom a fi e ld il1\ 'Cs ti gat io n o n so uth"Ts le rn 

E"lot Is la nd in th e Ca nad ian Arctic. in "h ie h " T a imed 

to e lu cidate processes o r basa l deb ri s entra inm e nt a nd 

transport b,· using a simp le compos it ional co nstraint to 

re late th e debris load or g lac iers ,,·ith specific bedrock 
so urces. T o thi s end. ,,·e exam in ed th e spa ti a l di s tr ibuti o n 
of m ine ra logica ll y di s tin ct sediments in th e basa l zone or 
two la rge g lac iers using X-ra y difrraction tec hniqu es . In 

additi on, the iso topic compositi o n of' d e bris-ri ch basa l ice 

was ana!yzed {o r indica ti ons o r entrainment processes 

itll' o h-ing freez ing o r " 'a ter at th e g lac ier so le. 

GEOLOGICAL AND GLACIOLOGICAL SETTING 

. ) . 
Bl' lo t I sland (11067 km - ) IS nes tl ed 0 11 th e no rtheas t 

co rn er of' BafTin Isla nd at the Clll ra nce to La ncas te r 
Sound ( Fig . l a ). Th e B,·am \ Ia nin \Io unta ins. " 'ith 

pea ks <\,'Craging 1400 m a.s. l.. ri se from the isla nd' s co re. 
T o th e so uth ,,·cs t, smooth . gc nth- rol ling hill s ex tcnd rrom 
the pi edmont to th c shores o r Ec li pse Sou nd a nd 1'\<\\'\. 

Boa rd In let. . \ 4900 km 2 ice fi e ld occupies th e mountains. 

[ceding sc,·e ra l hundred g laciers, so m e o["'hi ch s tretch up 

to 20 km a"'ay from thc ir ma in cirquc. 
Th e Byam \I an in \ Iou n rai ns arc und erl a in Iw high 

grade <'T~ ' s t a llin c rocks of .\ rc hean to Aph e ili an age. 
.\ ssoc iated lith o log ies are mi g matitcs o f g ran itic to 

g ran odiori ti c co m pos i ti o n, in tersperseci ,,·i th so m e su pra

crusta l metased imen tary a ncl m e tal·olean ic se C] uences 

.l achon a nd o th ers. 1975 ). :\ southeas t-tre ndin g fi\Ult 
zo ne marks the tra nsition bet"Ten th e ce n tra l hi g hl a nd s 
a nd coas ta l IO" 'lands, a nd id e ntifi es th e di sco rd an t 
contact of th e Precam bri a n up lands \\'ith th e Crewc
eous- T erti a n · sed im e n tary s tra La und erh- ing th e Bylo l 

LOId a ncb. Th e la ttcr cons is t of' a seqLl e nce of poorh 

conso lid a ted sa nd sto ncs a nd mud sro ncs d eri,·ed from th e 

Preea mbri a n hi g hlands a nd deposit ed in th e f~\LI l t 

co nt l'O lI ec\ Ec lipse Trough basin \I iall a nd ot hers. 1980 . 
The stud y ,11 'Ca (73 :\ , 79 \ \ ' ) e nc loses se\"cTa l maj or 

g lac ie rs f1 o\\' ing to the so uth\\Tst OI 'c r th e B,·am .\I art in 

foo thill s and o n to th e Bylot Lo\\ la nds I fi g . lb. Th ese 

g lac ie rs inco rpo rate it mixture of' debris erodecl {'rom 
lith o log ic;1 ll y co ntrasted so urces. thu s pro,·iclin g Cl 

compositi o na l co nstra int that mal ' be Ll sed to tr;1cC the 
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Fig_ I. (aJ Location majJ, ~) 'Iot Island , east em Canadian 
Arctic. ( b) Enlargemel7t of t/i e stllC[J' area 011 sOllt /t westem 
R),lot {slal7d. s/t owillg tlte mc(]or glaciers .j7owillg o/'er the 
Arc/teall / jjJ/tebi({1I ({lid Cretaceous T ntial)' terralles. 

Sim/Jlified geolog)' aJier j ackson and others ( 1975) . 

pa n crn of entra inm ent , mi xing a nd tra nspo rt of th e basa l 
d ebri s load. 1n ad d itio n , th e hi g h (up to 60 m ), nea r
\Tni ca l ma rgins o f' th ese out le t g lac ie rs o fTe r exce llent 
cx posure of th e ir intern a l struc ture a nd 5tra tig ra plw. 

PRINCIPAL FEATURES OF GLACIERS 

Our d a ta \\-e rc compil ed from t\\'o maj or g lac iers nowing 
across th e c rys ta lline a nd sedimenta ry te rra nes: Aktineq 

a nd B- 7 Glaciers. In bo th g lacie rs, th e bulk of th e 

sedim cnt load is tra nspo rt ed in th c basa l zo ne as a layered 
sequence of ice a nd d ebri s 6- 8 m thi ck on average . This 
zone thi ckens nea r th e g lac ie rs' te rmini as a res ult of 
com prcss ive now, fo ld ing a nd th rustin g (Lorra i n a nd 
uth e rs, 198 1; Kl a55c n, 1993 ) . Supraglacia l d ebri s is in th c 

fo rm o f' coa rsc, a ng ul a r e rr'ati cs d e ri\ -ed up-g lac ie r from 

vall cy wa lls a nd nun a ta ks by m ass was ting _ Visual 
e\-idence sugges ts th a t some of th e basa l d ebri s may bc 
bro ught up a lo ng shear p la nes from the basa l to th e 
eng lac ia l a nd supraglacia l zo nes . 

D es pite th eir proximity a nd compa ra bl e bulk , th ere 

a re striking d if'f'erences between Aktin eq a nd B-7 G lacie rs. 

108 

Aktineq G lacier ca rrI es a signifi cantl y g rea te r load o f 
basa l sedim ent th a n Gl ac ie r B- 7. ~I[ e as urem e nts o f 
scdim ent \-o lum e concentra ti o ns in se\-e ra l basal laye rs 

o f' Aktineq Glac ie r ga ve a n ave rage 0[' 22% , whil e simil a r 

laye rs in Gl acie r B-7 yie ld ed a bo ut ha lf thi s \ a lue (R. 

DiLa bio a nd W. Shilts. unpubli sheci d ata ). Aktineq 
Gl ac ier a lso a ppea rs to contain a g reate r pro porti on of 
sa nd-size a nd coa rser d ebris (a\'erage 92% \\'Cig ht ) th a n 
d oes Gl ac ie r B- 7 (75% weight ) . 

The basa l zo ne of Aktineq G lac ier includes a lower, 

re la ti\'e ly thin ( 1- 2 m ) , mass i\ 'C to crudely stra tifi ed 
d ebri s-l ad en fac ies, which g rad es into a thi ckcT (up to 

6 m ) ba nd ed fac ie> w ith s ilt )' to sa nd y sedim e nt 
concentra ted in thin di sc re te laye rs. Th e ice mo rph ology 
was d esc ribed b y Lorra in a nd o th e rs ( 198 1) as consistin g 

m os th- of coa rse to mo noc rys ta lli ne bubble-free ice . On 

G lac ier B- 7, th e basa l zo ne di spl ays a n 8- 12 m hi g h 

sequence of coarse-gra ined bubble-free ice \\'ith dispe rsed 
agg rega tes of silty sedim ent. :\umero us thin ( 1- 3 cm ) 
dirt y-ice laye rs conta ining silt- to sa nd-sized d ebri s occ ur 
a t irreg ul a r inren 'a ls throug ho ut th is sequ ence _ Th e 

d ebris-lad en ice ex posed a t th e base of Aktin eq Gl ac ier 

may correspond to the straliJiedJacies d esc ribed by L awso n 
( 19 79 ). S imil a rl y. th e thi ck basa l ice sequence on Gl ac ier 
B- 7 prese nts lCatures simil a r to th ose o f' Lawson' s dis/Jersed 
facies . H o\\'C\'e r , this similitude d oes no t ex tend to a ll 
fea tures of Akrin eq a nd B-7 Gl ac ie rs_ Thus, on Gl ac ie r B-

7 th e strat ifi ed Cac ies was ra re ly observed , except close to 

th e te rminus wh ere it \\-as ex posed a t a signifi cant 
thi ckn ess . 

Th e ma rk ed contras t be t ween th e basa l d cbri s load of 
Aktineq a nd B- 7 Gl ac iers is m os t li kely rela ted to th eir 

res pec ti\ 'C dra inage pa ttern s. Aktineq Glac ie r Oows O\'C r a 

di sta nce of nea rl y 35 km and is fed by O\'e r 15 tributa ri es, 

wh ereas Gl acie r B-7 stre tches over 20 km a nd is fcd 
thro ugh on I\' six ma jor tributa ri es. It [o II O\\-s th a t mu ch of 
th e d ebris tra nspo rted in th e basa l zo ne o f Aktineq a nd B-
7 Glaciers must ha \ 'c been acquired ove r th e a lpine 

uplands. Bou lton ( 19 78 ) sugges ted th a t zones o f com

prcssive ice Oow, as fo und at th e conOuence of tributa ri es 
o r o n th e lee sidc o r a bedrock spur, may be fa \'o ra ble sites 
fo r th e upwa rd entra inment o f d ebri s into o\'e rn owing ice . 

SAMPLING AND ANALYTICAL STRATEGY 

In a pt'C \'io us stud y or Bylo t Isla nd g lac ie rs, DiLa bio a nd 
Shi Its ( 19 79 ) obse rved th a t th e textura l a nd mi ne ra log ieal 
imm a turit y or sa nd-sized d e bri s d e ri ved fr o m th e 
Cre taceo us- T e rti a r y substra te did n o t a ll ow cl ea r 

dif'f'erenti a ti on from th a t d e ri\'ed from Archean crys ta l

line roc ks. \\'e chose instead to a nalyze spa ti a l va ri a ti ons 

in th e c lay min era logy of th e sedim ent. T o this effec t. 
sa mpl es of basa l d eb ris were co ll ec ted o n severa l \'e rti ca l 
pro fil es a long th e eas te rn ma rg in of Gl acie r B- 7, a nd on 
two tra nsec ts a long th e ma rg ins or Aktin eq a nd B-7 

Glac iers (Fig . 1 b ) . Sa mpling sitcs were chose n to prO\' ide 

max imum spati a l cO\ 'e rage o f th e basa l zo ne bo th up

g lac ier a nd d own-glacie r of th e contac t be twee n th e 
c rys ta lli ne a nd sedim e nta ry te rra nes . Th e sedim cnt 
sa mpled a long \ 'C rtica l profil es o n Glac ie r B- 7 was 
assoc ia ted \\-ith th e di sc rete dirty-i ce laye rs ex posed 

throughout th e basal zo ne_ Th ere is no d irec t co rrela ti on 
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bet\\'ee n la\'ers fro m pro fil e to pro fil e, as m os t a rc la te ra ll y 
di scontinu o us, Th e d ebri s sa mpled a lo ng th e m a rgina l 
tra nsec t, \\'as co ll ec ted in th e lo \\'e rm os t ex post'd pa rt o f 

th e basa l zo ne. as c lose to th e g lac ie r bed as poss ible , Du e 

to th e a bund a nce o f slum ped m ate ri a l. th e recogni tio n of 

basal ice fac ies w as a mbi g uo us in m os t cases , 

Th e sa mples w ere w e t-sie\ 'Cd a nd th e c lay « 2 f..l m ) 

fra c tio n \\ 'as iso la ted bv d eeantati o n a nd centrifuga ti o n , 
fo llo\\' i ng th e m e th od o logy o f Ber ry ( 1987 ) , \\' eig h t 

percentages fo r th e silt and clay frac ti o n \\ 'e IT d ete rmin ed 

w i th a precisio n o f ± 0,0 1% , V o lume tri c pa ni cle-size 

a na lyses \\'e re a lso perform ed o n se lected sa mples, using a 
Brinkm a n lase r a na lyzer in th e G eo logica l Surn'y o f 
Canad a la borato ri es , Th e tec hniqu es lo r X-r<l \' diffrac 
ti o n (XRD) a na lys is \\'e re a d a pted fi 'o m C a rro ll ( 1970 ) , 

C lay sa m ples were drop-mo unted o n g lass slid es a nd 

sca nn ed a t room conditi o ns pri o r to a nd a ft e r sa tura ti o n 

with e th~ · l e n e g lycol \ 'a po ur. o n a Phillips ~o re lco 

diffraeto m e te r using m o noc hro m a ti c C u K G ra di at io n , 
Th e re m a rk a b le co n sis te n cy o r XRD p a tt e rn s 

o bta in ed rrom o \'C r 160 sa mpl es o f basa l sed im ent a ll o ws 

fo r a brea kd o wn o f th e c lay min era logy into principa l 

compo nents, id e ntifi ed b y th e ir c ha rac teri s ti c crys ta l

la ttice spacings : chl o rite ( 14A re nee ti o n ) , c hl o rite a nd /o r 

kao linitc (7 A), mi cas a nd /o r illite ( 10 A). a nd sm ccrit e 
a nd /or mi xed -I a ~ ' e r ex pa nsible cl a \ 's ( 17 AI, I n o rd er to 

qua nti fy th e sp a ti a l \ 'ari a ti o ns o f th ese co nstituents, \\ 'C 

computed inte nsity ra ti os fa r th e m aj o r XRD peaks o f' 

each sam p le , Fo r exa mple , a cha nge in th e a bunda nce o f 

sm ec tit es relati\ 'C to th a t of mi cas is ex pressed b y a c ha nge 

in th e inte nsity ra ti o o f th e 17 to 10 A refl ectio ns, This 
a pproa c h is se nsiti \ 'e to ins trumenta l \ 'a ri a bilit y and 
invo k es a d egree o f subj ec ti \ 'e ness in es tim a ting peak 

inre nsiti es (Griffin , 197 1) , Y e t dupli ca te a n a lyses sho\\'ed 

a prec isio n of ± 15% on computed ra tios, \\ 'hi ch \\ 'as 

judged a d equ a te fo r o ur goa ls, 

TEXTURE AND MINERALOGY OF BASAL 
SEDIMENTS 

The clay frac ti o n o f basa l d ebri s from Aktin eq a nd B-7 
Glac ie rs co nsis ts o f a m ix ture o r \\-e ll-c rys ta lli zed micas 
(bi o tit e. muscov it e ) a nd e hl o rite, with lesse r a m o unts o r 
illite, sm eClite (m o ntmori ll o nite ) a nd Olh e r s\\'e lling cl ays , 

Chlo rites a nd micas are commo n primary c lay-sized 

compo ne nts in till s d erived from crys ta lline basem ent 

roc ks, a nd a re th o ug ht to o ri g in a te ri 'o m th e Archea n 
Aph e b ian uplands o r BylcH Isla nd, DiLa bio a nd Shi lts 
( 1979 ) sugges ted th e ex pa nsibl e clays \\-e re m os t like ly 

d er i\ -ed f'ro m th e e ros io n o f fin e-g ra in ed cl as ti c sedim en

ta r\, roc ks of th e C re taceo us- T erti a n · terra n e , 

T o \ 'e rify this conte nti o n , \\'e compa r ed th e '\'RD 

sig n a tures of g lac ia l c lay sa mples with th ose o bta in ed 
('rom Jll cc ha n ica ll y pukeri zed bedroc k spec im ens co l
lected in th e stud y a rea , Our res ults indi ca te th a t typica l 
clay-sized min era ls assoc ia ted with th e Arc hean mi g m a

tites inc lud e bi o tite, musco\' ite a nd mino r kao linite , \\'hil e 

sm ec tit e, illite , \ 'Crmi c ulite a nd kao linite d o min a te th e 

c lay suite o f Cre taceo us- T erti a n ' sa ndsto nes a nd silt

ston es , l\finor a m o unts ofsm ec tite a nd o th e r mi xed -la ye r 
c la \' s we re al so id entifi ed in so m e c rys ta lline rocks: th ey 

mav re present second a n ' produ c ts o f h ydro th e rm a l 

;:dallolcicz alld others: B(l.\al debris entrailll1lfllt and lra lls/JOrt 

a lt e ra ti o n a lo ng fractures a nd j o ints in th e base m e nt 
rocks t \ 'elde, 1985 

Fig ure 2a shows \ 'ari a ri o ns in th e re la ti n' a bund a nce 

of ide ntifi ed c lay spec ies in basa l cl e bri s a lo ng th e eas te rn 

m a rg im of .\ ktin eq a nd B-1 G laciers. p lo tted aga inst 

c ross-sectio ns of th e su bstra te (Fig , 2c ) , On .-\ kti neq 

Cl ac ier a m a rk ed inc rease in th e ra tio of swc lling c lays 
( 17,\ ) to o th er compo nen ts is o bsen 'Cd immedi a tely 
d o\\'n-g lac ier fi 'o m th e fa ulted geo logica l contac t. This is 

inte rpre ted as re nec tin g rh e subg lac ia l entra inm e nt or 

sm ec t i te -ri c h m a te rial d e ri\'(~ d fro m th e und e rh' in g 

mudsto nes of' th e K a ng uk Fo rm a ti o n I Kk J ' furth er 
d O\ \'n-g lac ie r th e 17 : 1+ a nd 17 : 7 A rati os d ecrease 
g radu a lly , a lth o ug h th e tre nd is subtle, ,\ g ra du a l 
d o \\'n-g lac icr inc rcase in th e p ro po rti o n o f' ba sa l c ia\, 

sized d e bri s is a lso no ti cea bl e a lo ng th a t pa rt oeth e g lac ier 

no \\'-pa th si re tc h in g 0 \ '(' 1' rh e K a ng u k m ud s to nes Fig , 

2 b i, This pa tt e rn terminares a bruptl y I\' ith th e flOl\ ' of ice 

0 \ '(' 1' th e coa rse r-g ra in ed sa ndston es o f th e upper K a ng uk 
Fo rmation (I,-k ~ ) , 

The patt e rn of tex t u ra l a nd mi neralogica I \,<lri a t io ns 

in d e bri s a lo ng th e m a rg in ofCl ac ier B- 7 is m o re o bsc ure , 

A d O\\'ll -g lac icr, stepI\'ise increase in th e pro po rti o n of 

fin es o f' th e basa l d ebri s load is C\' id ent (Fig , 2 b ) , As \\ 'e ll , 

a m od e ra te increase in th e ra ti os o f' s\\TlIin g c lal's to m icas 
a nd c hl o ri te ca n be o bsen'ed 0 \ '(' 1' th e fi lLl lted zo ne, But 
m o re rem a rk a ble is th e hi g h co ncentra ti o n o f 17 r\ clays 

relati\ ,(, to c hl o rite up-g lac ie r o f' th e co n tac t. whi c h 

suggests th e prese nce of' a so urce or $\\'e lling c lays OI'er 

th e crys ta llin e substra te , On nea rb\' .-\ktin cq, Sermilik 

a nd B-28 G lac iers, hi g h le \ e ls of' sm ec tit e a nd kao linit e 
\\'lTe a lso f() unci in so m e supraglacia l d e bri s sa m p les 
d eri l'Cd fro m so urce o utcro ps \\-e ll into th e Arc hea n 

upl a nd s, Such a no m a li es canno t be accounted [o r so le", 

b y th e mino r prese nce 0 (' a lte ra ti o n m inera ls in th e 

crys ta llin e substra te , \\'e pro pose ins tead th a t th e \ ' re fl ect 

rh e subg lac ia l recyc lin g of a nc ie nt drift d e posited fill' 
inl a nd durin g epi sod es o r reg io nal g laciation, 

Th e Qu a te rn a ry geo logica l reco rd o f' By lo t Island 

re \ '('a ls se \T ra l peri od s of glac ia ti o n b ~ ' reg io na l ice sheets 

th a t ad\ 'a nced o nto th e isla nd , as \\ 'e ll as b y ex pa ndin g 

loca l ice ca ps (Klasse n, 1985 ) , I n th e stud y a rea, exo ti c 

dri ft is m os t'" assoc ia ted I\'ith th e .\I iddlc \\ ' isco nsin a n 
Erli/J,le regio na l g lac ia ti o n . a nd co nsis ts o r a di scontinu o us 
cO\'C r o f sanel y el iam icto n contailling \ 'a ri a ble a m o unts 

( I % to > 80 % we ig ht ) o f'm a terial d eri\ 'C'd fi 'o m P a leozo ic 

a nd Pro terozo ic ca rbon a te roc ks o n no rtheas tern Ba f'fin 

I sla nd (Klassc n, 1993 : i\lcCu a ig, 1 99 "~ ) , Thus, it is 
co nce il'a bl e th a t th e slll eClite-ri c h d ebri s ca r ried in ice 
fl o \\' in g o ut o r th e Archea n upl a nds \\'as d cr i\'ed fro m a 

\-e nee r o r exo ti c dri ft d epos ited in la nd durin g prC\' io us 

reg io na l g lac ia l epi sod es , This circ umstan ce d e m o nstra tes 

hOI\' a l1\' infe re nce o f' basa l d ebri s pro \ 'C na nc(' based o n a 

co m posi ti o na l co nstra i n t m ust be rega rded w i rh ca uti o n, 
In thi s case, th e prcscn ce o f expa nsible c lays in th e ba sa l 
ckbri s load of' g lac ie rs cann o t be linked un equi\'oca ll y 
\\' ith a C re taceo us- T e ni a n ' bedroc k so urce, 

Fig ure 3 sho \\'s spa ti a l compos iti o na l \ 'a ri a ti o ns in 

d ebri s a lo ng th e m a rg in o r Glac ier B-1, as o bse n ed in 

Sf\'en \'C nica l pro fil es \ 'S 1- 7 . Th e pro files a rc te llla

ti\ 'eh- co rre la ted using th e \\ 'e ll-defin ed contaCl bc twee n 
th e basa l a nd e ng lacial zo nes a s a refe re nce ho ri zo n, The 

prese nce o f m o ra ines did not a l\()\\' basal d ebri s to be 
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Fig . 2. LOllgillldillallrallJecls alollg lhe ea siI'm margills oJ .H lillcq alld E-7 Glaciers, Sllowillg (a) cOlI/jJosilional ( XRD 

C/(~l' mineral ralios) ({!ld ( b) IClIlIral (~l'eighl % C/(I),) Nllialiom il1 basal debris, pIal/cd agaillst ( c) cross-secliol/al 
lopographic /JrI!Jlles o/Ihe IlIlder[J ,illg subslrale. l cejloU' isJrom leJi 10 righl . T he .\"RD ralios are ill ler/Heled asJollows: 
/7.I = .Ill/eel ile: /4 j = clilorile : IO .I = mic([s + illile: 7 .·f = cldorile alld/or kaolillile. Silll/JIi/ied geolog)' cifter JIl iall alld 
ollier.1 ( /.980) . The dolled Lint dCl/oles l"eJaulled (olIlar! bellJ!. 'eell . frcheall .-f/)/ltbiall miglllaliles ( Alllg ) and Crelaceous 
lIludslolles ( k k I ) and sallds/olles ( k k2) ' Loealion d Ihe Iral/j eclJ is ShOl.l'lI ill F(r; . lb. 

sampled on th e 10IVe rm os t pa rt orp ro fi les \ 'S2, \ 'S3, VSS 
a nd \ ·S7. 

Th e a bund a nce o f' s\lT lli ng clays rel a ti\"C to th a t o r 
chlo rit e sho lVs no c lea r pa ttcrn o r \',u ia tio n in th e basal 

zo ne o f' Glac ier B-7. H ence, th cre d oes nOt a ppea r to be 

a ny sys tema ti c d own-g lac ier enri chm ent by sl1l ect ites 
fi'o m th e C retaceous suiJstra tc . This may impl y eith e r th a t 
such <I n enri chm ent d oes occ ur but is no t acc ura te '" 
refl ec ted in th e 17 : 1·1· r\ ra ti o. o r (more li ke ly) th a t mo;t 
sedim en ts in th e basa l zo ne or G lac ier E-7 a re no t 

elltra ined loca ll y und er the pi edm ont lo be, but a rc 

d eri\Td instead rrom th e up pe r reac hes o r th e g lac ie r bed. 
Th e on ly sit es \I'he re com pos itiona l e\' idence supports 

the bas a l accre ti o n o f d ebri s [i 'o m th e C retaceo us 
T erti a ry stra ta a rc fo und nea r th e front a l m a rgins o f' 

Aktin eq a nd E- 7 G lacie rs. F o r insta nce , a ma rk ed 

enri chm ent o r s\\'clling clays rcl a ti\ 'e to micas has bee n 

obsen 'cd a long a basa l ice profil e nea r th e te rminus o f' 
Aktill eq G lac ie r (DiLa hio a nd Shilts, 1979 , fi g . 4, pro file 
2) . S ites w here sLl ch a n enr ichm ellt occ Llrs co in c id e with 
th ose \I' he re thi c k de bri s-l ad en basa l ice layers a rc 
cx poscd. Th ese la ve rs di sp lay [Ca tures such as ra lts o r 

[i'ozen, und eform ed sedimen ts inco rpora ted \I'ithin a 

dirty-i ce ma tri x (DiLa bi o a ncl Shi lrs, 1979 ) . 

\1 0 

Such rea lureS a ppea r consistent ,\·ith th e acc reti on o r 
subg lac ia l d (' bri s by ne t fi -eeze-o n . H o\Ve \Tr. to ope ra t(' 
rhi s process requires a suppl y of' meltwa ter a t tile' glac ier 
so le, a nd th e coexi sten ce of a n inn er warm -based a nd a n 

o ut er co ld- based zo ne at th e ice ma rgin (W eertm a n , 

196 1). W e ha \'e obse r\ "Cd mudd y water spurting out of 
co nduits a long the ma rg ins o f' bo th Aktineq a nd E- 7 
G lac iers. Th(' a bu nd a nce o r suspend ed fi nes suggests th a t 
thi s wa ter fl owed nea r th e ice/ bedroc k interraee, where 
m os t fin es a re produ ced b y p h ys ica l comm inu t io n 

(H a ld o rsen , 198 1). Th e wa te r m ay o ri g ina te fro m 

inte rn a l melt ing o r be supp li ed to the g lac ier bed from 
surrace melt thro ugh m o ulins a nd cre\·asses . Lo rra in a nd 
o th ers ( 198 1) ha\ 'e sh o \l'n from iso top ic ev id ence th a t 
bo th sources proba b ly contribute to th e fo rma ti o n o r 
basa l ice on Aktineq G lac ier. Furtherm o re, rhe prese nce 

of'mcltwa ter-d e r i\'ed basa l ice ma v be sugges ti ve of th e 

ex istence o f' unfrozen reg io ns a t th e bed (Kl asse n, 1993 ). 
Th is d oes n o r exc lud e th e poss ibilit y o f' sedim ent 
en t ra inm cnt th ro ug h o th cr processes . such as rege la ti on 
in und erl ying d ebris (h "(' rso n , 1993 ) . Obsen 'a ti ons in a n 
a ba ncl oned cha nn el und ern ea th nearby G lac ier B-28 a lso 

showed th at sa nd y d ebris is being incorpora ted in to 

o\'e r\ ying ice by freezing o n to th e cha nnel roo r. 
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I f ne t frceze-on does occ ur benea th g lac ie rs o f Bvlot 

Isla nd , it is mos t li kely res tri c ted to th eir ma rg ina l zo ne 
(\ Vee rtm a n, 196 1). On e or more o th cr mecha ni sms must 
th en acco unt fo r th e entra inment of th e d isc rc te basal 
dirly-i cc layc rs fo und in the up -glac ic r regions of Akt ineq 
and B-7 Glac iers. Thc tcx ture of th c sedim cnt ca rried in 

th ese layers is typica lly fin e, a veraging nea rl y 25 % weight 

of silt- a nd clay-size particl es : we see this as suggestive of a 

subglac ia l o ri g in. Ind eed , th e mod e of thc pa rticlc-size 
di stribution of d ebri s in th e 2- 300 lun ra ngc was found to 
be nea rl y id el1li cal to th a t produ ced b y a rtifi cia l a bras ion 
of local bedroc k samples . 

ISOTOPIC CHARACTERIZATION OF BASAL ICE 

T o furth er oLlr itwes tiga ti ons, we ha\'e a pp li ed th e co
isotopic meth od of J o uzel a nd SO Ll chez ( 1982) to it1\'es t
iga te ice sa mples from the di sc rete sedim ent-bea rin g 

laye rs of Gl ac ier B-1. This meth od is based o n th e premise 

th a t basa l ice formed by rcfreez ing of meltwa ter in a 
closed sys tem is cha rac tc ri zed by a 8D : 8 180 g radi ent 
sig nifi ca l1ll y lower than th a t of th e loca l meteo ric wa ter 
line (!' l\ \ 'L ; ~ 8 ) as a rcs Ll I t of th e d ifferen t iso topic
equilibrium fr ac ti ona ti on coe fTi c ients o f' hydrogen a nd 

oxygen during freezing of ,·va ter. Lorra in a nd others 
(198 1) prcviously es ta blished tha t mo noc rys wllin e icc 
associa ted with sa nd y laye rs a t rh e base o f Aktineq 
Gl acier di splayed such a n isotopi c sig na ture. Hcre we 

ha lT a d opted th e sa me a pproach to cxa mine the discre te 

silly- sa nd y layc rs in Glacier B-7. 
Tce within th e laye rs is typ ica ll y coa rse-g ra in ed to 

mo nocrys ta llin c, \\"ith e lo nga ted sinu ous inclusio ns of 
silty-to-sa nd y sedim ents. This as pect is com para ble to 

th a t commo nl y assoc ia ted \\'ith rege la ti on ice (Hub ba rd 

a nd Sh arp, 1989). The ice \I'as sa m plcd a t a d ep th of 15-
20 cm from the surface to aI'o id isotopi c con ta min a ti on by 
surface run off. Samplcs lI'e rc a ll o \\'ed to melt a nd \\T re 
tra nsferred into a irtig ht po lye th ylenc \'ia b th a t remain ed 
froze n until a nal ysis. Th e h ydroge n- d cuterium compos i
ti on was d e termin ed by extrac ti o n of H 2 gas \'ia z in c 
redu c ti o n at 43 0c C , a nd th e oxyge n-i so tope ra ti o 

obta in cd by CO 2 wate r equilibra ti on a t 25 C using a 
f'rac ti o na ti o n facto r o f 1.04 12. :' l cas uremc nts \\T re 
pe rfo rm cd o n mu lti p le co ll cc tor \ 'G-S1RA mass spec tro
me ters. Res ults a re ex presscd in 8 units norma li zed to 
SJ\ IO \\' . The rou tine a na lytica l prec isio n 120' 1 is of 
± 1. 3%0 far 8D , a nd ±0.1 0%0 [or 8 180. 

The 8D a nd 8 1H O valu cs o f 15 basa l ice sa mples 
se lecred fro m th e \'c rti ca l profil cs cxamined on G lac ier 
B- 7 a re plo tted in Fig ure 4. The sca tter of' d a ta mal' be in 
pa rt rcla ted to intern a l iso topi c \·a riabilit \· \\ 'ithin the 
sampled layc rs (Hubba rd a nd Sha rp. 1993 ). A lcas t
squa res cubi c splin c \I' as fitt ed to thc d a ta (Burn a nd 
M axwe ll , 1992) a nd ga \ c a slope of 4 .4 for th e 8D- 8 IHO 
linea r rela ti o nship . \\' e compa red thi s res ult with a 
g radi en t of 7.8 fo r th e loca l \ 1\\·L. as calc ul a ted fl 'om 
[irn a nd g lac ier ice sa mpled in th e acc umula ti on zo ne o f' 
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Fig . ..f. . (j IllO (j D relaliollsltil)s ill ./im/glacier ice ( alJeIl 
circle;) alld ill debris-rich basal ia (jitll circles) .from 
("{acier B-1. T he illlerseclioll q/ lite 1l.l.'O cubie-regressioll 
sjJ/ines giL'es Ihe inilia/ Ollerage (OIl1/JosiliOIl ( 1518 0: I5 D) i 
oJ 1"1' me/twater Jrom which the basal ice reJro;;.e . 

the g lac ie r (Fig. 4 ) . Both th e 4 .4· a nd 7.8 fi g ures compa re 
lI"e ll with th ose ob ta ined by Souchez and o th e rs (1988 ) 

from th e sa me site, a nd with those from o th er sub-pola r 

g laciers (e.g . Sugden a nd o th ers, 1987; C ord on and 

o th ers, 1988; Kni g ht , 1989 ). 
The slope of" 4.+ fo r th e (jI SO (j D rela ti o nshi p o f basal 

ice from G lac ie r B- 7 is sugges ti\T o f a mel tin g- rclioeez i ng 
o ri g in a t the g lac ie r sole. The inte rsec ti on (8 IS0 ; 8D )i o r 

th e :-'I\\·L a nd basa l ice line a ll owed LI S to ca lculate th e 

l/z eoretical Jree:::.illg slo/Je , i.e . th e slope oC th e I5D- I5 IH
O 

rela ti onship for ice formed by the refreez ing of a finite 
wa ter \'o lum e of initi al compos iti on (8 IHO ; 8D )i (Souchez 
a nd J o uze l, 1984). R es ult s of our ca lcul a ti o ns show th a t 
th e slope of th e basa l ice line (4.4) difTers somew hat from 

the theo reti ca l freez ing slo pe oC 5.8, but is still sig nific a nt 

at a 90 % b 'el of confide nce. 
Th ese res ults, a long with th e fine tex ture of th e 

tra nsported sedim ent. lead us to sugges t th at th e d isc re te, 
d eb ris-bearing laye rs fo und in basal ice o n G lac ier 8-7 
o ri gina ted thro ug h a p rocess il1\'oh 'ing subg lac ia l acc re

ta ti on oCde bri s by melting- reCreezing in th e upper regio ns 

of th e g lac ier bed. This wou ld suppo rt th e vie\\' of 

Souchez a nd o th e rs (1988) th a t pressure-melting a nd 
regclat ion undernea th Bylot Isla nd g lac iers may occ ur in 
zones of hi g h basa l stress , sLl ch as a lo ng steep \'a ll ey heads. 
Ye t, th e d iscontinuo us aspect of the dirty basa l ice laye rs 

a lso im p li es th at the acc re ti on process o pera tes no t 

cO lllinua ll y but epi sodi ca ll y. 

11 2 

SUMMARY AND CONCLUSIONS 

Th e contra ·ting bu lk \"o lum e a nd tex ture of the basa l 

debri s load of Aktin eq a nd B-7 G lac iers a re most likely 

rela ted to th e ex tent of th eir res pec tive d rain age sys tem s. 
This impli es th a t subg lac ia l entra inm ent of d ebri s in 
zo nes of connu ent ice now O\"er th e a lpine upl ands may 
acco unt for mu c h o f th e ro ta l basa l load. Our 

minera logical d a ta revea l no sys tem a tic d own-g lac ie r 

patte rn o f mixing be t\\"een basa l d ebris d erived Crom 

bedroc k so urces in the Arc hea n upl a nd s a n d th e 
C re taceo us- T erti a ry lowla nds. E\ 'id ence fo r acc retio n of 
sm eClite- rich m a teri a l is res tri c ted to a margina l zo ne 
nea r the g lac ie rs' termini , II'here it may proceed thro ug h 

ne t freeze-on of unconso lidated d ebri s at the sole. Other 

p rocesses, such a s th e o\'e rridin g of a ba ndo ned subg lac ia l 
cha nn el beds, a rc like ly to be il1\ 'oh 'ed as we ll. 

T he tex tura l a nd isoto pic cha rac te ri sti cs of th e di sc rete 
d irty -i ce laye rs in th e basa l zo ne of 8 -7 G lacier arc 

com pa tible lV ith a n acc re tion process ill\'oh 'ing basa l 

melting- refreez ing at th e bed. Ass uming that thi s also 

a pp lies to Ak tin eq G lac ier , we infe r th a t d ebri s entra in
me n t und er th e upper reac hes of th e g laciers occ urs in 
part by regela ti on in zones of intense basal stress such as 
a lo ng steep bed grad ients. D efo rm a ti on of th e newly 
acc reted basal ice a ro und bedrock o bstacles may a llow for 

such layers to be prese rved we ll a bove th e g lacie r so le. 

The superimpos ition of contras ting basa l ice fac ies a t the 
ice margin is a lso consistent with th e comb ination of 
rege iat ion and ma rg inal c1 ebri s acc re ti o n processes , as 
ad\'oca ted b y Knig ht ( 1994). These conclusions Ill av 

a pp ly to o th er sub-pola r g lac iers, but th e effi ciency of a ny 

g iYen entra inment mec ha ni sm is like ly to differ as a 

fun c tion o f" th eir spec ifi c p hysica l se tting a nd th erm a l 
reg! me. 
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