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ABSTRACT. Glac io fhl\ 'ia l rid ges, se \-e ra l hundred kil o m e tres lo ng, a rc commo nl y 
refe rred to as int e rl o ba te mo ra ines beca use th ey a ppea r to hm"(' fo rm ed at th e 
cO lwergence o f t\\·o di s tin c t ice lo bes. Flo \\' Cilll\'e rge nce is indi ca te d by patte rn s o f" 
stri a ti o ns, s trea mlin ed fo rms a nd es ke rs, Th e so-call ed inte rl o batc m o ra in es a re a lso 
th o ug h t to ha \ 'e fo rm ed as \'nc h ro no usl y as t he ice m a rg i n re trea led . B\' con tras l. \\ 'e 
a rg ue th a t th e H a rri can a mora in e of no rth ern Qu e bec, Ca nad a, fo rm ed fo ll o \\'ing !l 0 \\ 

cO lwerge nce in a regio na l-sca le subg lac ia l o utburst fl ood , FI O\dines co nstructed fi 'o m 
strea mlined bed fo rms m a pped o n th e g lacia l m a p o f Ca nad a. reintC'r preLatio n of th ese 
strea mlined fo rms as produ cts o r m elt\\'a te r erosio n , a nd li eld reco rd s of" eros io na l 
m a rks (S-fc)rm s) in bedroc k a nd g lac io flu\ 'ia l d epos its to th e lee o f" bedroc k hi g hs 
su ppo rt thi s mod e l. The effec ts o f this fl o \\' cO ll\ 'erge nee o n th e ice-shee t to pog ra ph y 
a nd dra in age contro ll ed th e loca tio n o f th e b roa d conduit in \I'hi e h th e H a rri ea na 
m o ra in e was d e pos ited . C ontinued fl o \l' in thi s conduit a nd m e lting o f th e conduit 
\I'a lls ex p la in th e loca l pa tte rns o r stri ae, th e sup pl y o r d ebri s to th e conduit , a nd th e 
m orph o logica l a nd sedim enta ry cha ract C'ri sti cs of th e mo ra in e itscl f. Fro m these 
cha ra cteri sti cs, \\ 'e co nclud e th a t th e m o rain e \\·a.'; fo rm eci sy nchrono usly , This 
conclusio n if" co rrec t is instru c ti\ 'e reo'a rdil JO' th e d eo'lac ia l Il\'d rol oo' ica l oro-a niza ti o n " ~ ~ ~ . ;-, " 
of" a la rge secto r o r th e L a ure n tid e ice shee t. 

INTRODUCTION 

Th e te rm " interlo ba te m o ra ine" has bee n a pp li ed 10 

broad acc umul a ti o ns o f m a inly sa nd a nd g ra \'e l, a rra nged 

in a lmos t co n ti n uo us rid ges and i rreg u la r m o u nd s 

( Pu n ka ri , 1980 ) , Suc h e len t ted a nd linea r g lac io flu\ 'ia l 

sedim ents ha \'e bee n a ttributed to d epositio n in a n ice
contact enviro nm ent durin g d eg lae ia ti o n (e .g . \ 'cill e tte, 
1986) , They ha \'e bee n id e ntifi ed in Finl a nd , Ru ssia a nd 

C a nad a (e ,g , Punka ri , 1980, 1985; Dred ge a nd Co\l'a n , 

1989 ) , 

ice-flo\\' pa tterns d epends o n e \'icle nce f" o m fie lds or 
"glacia llin ea tio ns" a nd stri ae. An unde rl ying ass umptio n 
is tb a t a ll " g lacia l lin eati o ns" (drumlins, Ilutings, crag

a nd -ta il s, roc hes m outo nnces, a ft er Pres t a nd o th e rs 

( 1968 )) w e re fo rm ed direc tl y b y fl o win g ice , Thi s 

fund a m enta l ass umptio n is prese ntl y und er d e bate (sce 
Sh a ll', 1994b ) a nd sho uld be tes ted , 

Th e int cri o ba te-mo ra in e int e rpre ta li o n is b ased o n 
o bscr \'a ti o ns and infer e nces no t so mu c h rro m th e 
la ndf"o rm itse ll' as rro m its re la ti o nship to surro undin g 
la ndfo rms a nd its stra ti g ra phi c contex t, Fo r example , 

s tri ae, es ke rs a nd " g la c ia l lin ea ti o ns" cOIl\'C rge o n 

inte rl o ba le mo ra ines, a nd ha\'e bee n in ferred to record 

loba te ice fl ow (e.g , D yke a nd Pres t, 1987 ) , Further, 
inter lo ba te mo ra in es a re traditi o na ll y sugges tecl to ha \'C 
bee n fo rm ed tim e-tra nsg ress i\' eh ' as th e ice m a rg In 
re trea ted (e.g. V eill e ll e, 1986 ) , 

Ide ntili cat io n o f' inte rl o ba te mo ra in es res ls o n th e 

infere nce o r lo ba te ice fl o w. Traditi o na l reconslru cti o n o f 

H ere, \\T di sc uss th e geo mo rphol ogy a nd sedim ento l
og\' o r a n intc rl o ba te mo ra ine, th e H a rri ca na m o ra in e, 

Quebec, Ca nad a ( Fi g , I ) . in th e cont ex t o f surro undin g 

la ncl[o rms an d d eri\'ed e \'ent seque nces . " 'e p ro pose a n 

a ltcrn a ti\ 'C inte rpre tati o n of th e ge nes is of th e m o ra ine 
and assoc iated la ndfo rms a nd , by ex te nsio n , o r ice-shee t 
d \'na mi cs a nd Il\'dro logy durin g la te-\\' isco nsin a n d e
g lac ia ti o n o r th e La brad o r secto r o f" th e La urenlid e ice 

shee t. 

THE HARRICANA MORAINE 

Th e H arri can a m o ra in e is a rela ti\ 'C ly continuo us ridge o r 

stra tifi ed sa nd a nd g ra\'C1 whi ch m ay ex tend fi 'om a c ha in 

o f'i slands inJ a m es Bay, thro ug h a di ssec ted po rti o n of th e 
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Fig . I. (a) Loea /ion of the Harrican({ moraille alld ( b) 
cres/- Iong /HqJi!eJrom l ames Bay /0 " al d'O r ( modified 
Jrom Brenl7alld and Shaw (ill j}/'ess) ) . 

Abi ti bi upl a nds, as fa r sou th as La ke S imcoe (~ I 000 km ; 

V eill ette, 1986) (Fig . I). Existing interpre ta ti ons, based 
la rge ly o n regiona l con tex t, fa \·o u r ti me-tra nsgressi \ 'C 
g lacio Ou\'ia l rorm a ti o n o f the morain e in a n un zipperin g 
re-entra nt in th e ice shee t (Veill e tte, 1986) . Veill ette 
(1990) sugges ted tha t thi s un zippering may ha \'e been 
trigge red by subglacia l d eform a ti on and ice d o\\'ndraw in 

th e Grea t La kes region . H ere we present obse rva ti ons on 
the H a rri ea na mora ine in ord er to constra in (i) th e 
depos itiona l environment , (ii ) th e g laciological cond
itions, a nd (iii ) the melt wa ter regime. Our obse l'\'ations 
a re from 48-50° N in the Abi ti bi region or Quebec (Fig . I) . 

General depositional environment 

The mo rain e is a southwa rd- wid ening rid ge with a n 
upslo pe pa th to th e so uth (Fig . I ) . It mainl y consists or 
g ravel a nd sa nd macrororms (Brenn a nd a nd Sh a w, in 
press ). Pos t-depositio nal d eform a ti on of rid ge sedim en rs is 

primaril y limited to fa ults, cha racte ri sti c of remova l o f 

la te ra l ice support (i\l cDona ld a nd Shilts, 1975 ). T a kin g 
sedimenta ry a rchitec ture i11l0 account (Brenn a nd , 1994), 
pa leo now direc ti o n es tima tes f'rom g ra \'e l ra bri cs a nd 
cross-bedd ed a nd cross-l a min a ted sa nd a rc unidirec ti on
a ll y south wa rd (Fig. 2). Grea tes t \'ari a bilit y is r eco rd ed in 

lower-fl ow-regim e sand fac ies . T a ken toge th er th ese 

obser\'a ti ons fa \'o ur d eposition in a continuo us, sub
glac ia l conduit (Brennand a nd Sha w, in press ) as opposed 
to episodi c, segme11la l, ice-ma rg ina l d eposition. 

86 

I n si tu clas t cha rac teristi cs a rc ind ica tors of tra nsport

a ti o na l processes, distance a nd \'igo ur (Sneed a nd Folk. 
1958 ) . R es istant g ra nitoid clas ts a rc mos t commo n in II 
or th e 12 mos t north erl y pits, whereas less res ista nt 
meta basal t clasts are more rreq uen l in six o f' th e sC'\ 'Cn 
mos t southerl y pits ( Fig . 3) . There is no such reg iona l 
trend in bedrock geology (Fig. 3) or in th e compos it io n o f 
surface samples o f i\l a th eso n Till ; \ l cClenagha n ( 1990 ) 
ro und th a t th e co mpos iti on o r surf'ace sa mples 0 1' 
?-.'f a rh eson Till reOec led cha nges in the com pos i li o n or 
loca l bedroc k. Diffe rent tra nspo rta ti ona l vigo ur a nd 

differenti a l comminutio n bes t ex pl a in this regio na l c last 

pa rtiti oning . Vigorous transport in a relati\'e ly na rrow 
conduit to th e no rth res ult ed in lower d epos itio n ra tes, 
rapid comminuti on a nd th e d omin a nce or r es ista nl 
g ra ni to id clasts. Less \'i go rous tra nspo rt in a wid er 
conduit to th e so uth resulted in hig her d epositi on ra tes, 
less prono un ced diffe renti a l comminution a nd a lith olo

g ical compos itio n mo re closel y renec tin g th e com pos ition 
of th e source rock or sedim ent (M a th eson TiIP ). 

In situ e lasts in th e mo ra.ine are genera ll y sub-ro und ed 
to ro und ed (cr. PO\\'e rs, 1953 ), sugges ting flu\ 'ia l tra nspo rt 
(Sn eed and Folk , 1958 ; Fig . 4 ). A regio na l trend in clas t 

r o undn ess em e rges . N o rth of pit Q17 , c las ts a r e 

pred omin a ntl y well round ed , whereas south o[ pit Ql 2 
mos t el as ts a re sub-round ed ( Fig. 4·) . As with th e reg io na l 
trend in c las t lith ology, a soulh wa rd d ec rease in e las t 
ro undn ess is mos t simpl y a ttributed to a d ecrease in 
tra nsporta ti ona l \'igour and /o r di stance southwa rd in a 
continuo us conduit. I t is proba ble that clas ts \\'n e 

con ti n uo usl y tra nspo rted to rh e cond u it from la tera l 
sources; th e conce pt of a sing le point source d oes nOl 
a ppl y. 

Th ese regiona l trends in clast cha rac te ri sti cs I'urth er 
support a n inrerpreta ti on of th e H a rr ica na moraine as a n 

enorm ous es ker d eposited synchronously in a subg lacia l 
co nduit. 

Glaciological conditions 

From bas ic geo morphi c a nd sedimenta ry o bse n 'a ti ons a 
southwa rd -wid ening co nduit and so uthwa rd-d ec lining 

now po\·\'C r a rc inferred . Such conduit cha rac te ri sti cs 
fa vo ur a south wa rd - thinning ice shee t. T o th e north , th e 
ma intena nce or fl ow of' hi g h power in a rcla ti \'ely na r ro\\' 
condu it necess ita ted rel a ti ve ly thi ck ice to ensure th a t 
conduit cl osure ra te kept pace with melt ra te. T o th e 

so uth , redu ced melting ra te in a wid er conduit with lower 
OO\\' power ba la nced th e reduced closure ra te benea th a 
re la ti ve ly thin ice shee t. 

Meltwater regime 

The mo ra in e is composed o[ rid ge-sca le gnl \'el mac ro

forms which in clude fa cies o f nu via ll y ro unded bo uld ers 
up wa rds of' I m in di a meter (Brenn a nd and Sh aw, in 
press ). Such bedrorms sugges t a hig h-energy meltwater 
reg im e. In additi on , ma n y macro ro rms exhibi t \'enica ll y 
stac ked , grave l- sand co uple ts (Brenna nd a nd Sh a\\' , in 

press ). Gra\ 'el- sand co uplets a r c bes t ex pl a ined by noods, 

likely controll ed by seasona ll y produced supraglacia l 
m e ltwa ter co nn ec tin g w ith th e subg lac ia l dra in age 
sys tem, on seasona l or episodi c tim e-sca les (Brenn a nd , 
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Fig" 2" Pale0J7ow direclioll eslimales from (a) gravel fab rics alld (b) cross-bedded ({nd cross-Ia millaled sand (lIlodified 
./rom Brennand ({Ild Shall' (ill press)). Fabrics are displa),ed as equal-area, /oll'er-liemis/Jhere /)/01"1" 

1994) " 
Th is new interpre ta tion o f" th e H a rr ican a mo ralll e as 

a n e no rm o us es ker d eposited synchro no usly by po werful , 

pulsed m e l t,r a te r nO\","S in a co n tin uo us, su bg lac ia l 

conduit benea th a south wa rd-thinning ice shee t differs 
m a rk edl y fr o m th e exi s t i ng ti m e-tra nsg ress i , "e, ice
marg in a l int e rpre ta tion (c f" V e il le tte, 1986 ) " I f thi s 
a ltern a ti\"e int erpreta ti o n is to have any cred ence it 

must be ra ti o na lized ,,"ith e, "e nt sequ ences d e ri,"ed [I·om 

its regio na l co n tex l. 

REGIONAL CONTEXT 

S ynchrono us d epositi o n o r th e H a rri ca na m o ra ine in a 

continuo us conduit poses diffi c u lt ques tio ns rega rding th e 

c ha rac te ri sti cs o r th e L a urentide ice shee t a round th e tim e 
th e m o ra in e fo rm ed " Th e circumstan ces b y whi c h such a 
lo ng dra inage pa th cam e into ex is ten ce a rc pa rti c ul a rly 
intrig uing. As well , a ny ex pl a na ti o n o f th e e, "o lutio n o f 

th e H a rri cana m o ra ine must acco rd with th e e\"idence o f 

"glac ia l lin ea tio ns" m a pped by Pres t and o th ers ( 1968 ) 

a nd stri ae m a pped Iw V eill e tte ( 1986 ), th a t reco rd floll" 
cvents be fo re and d uring th e fo rm a ti o n o f" th e mo ra in e" 
Thus, und e rs ta nding th e e, "o luti o n o f th e m o ra in e 
requires th a t , "a ri o us signatures o f ice-shee t be ha , "iour 

be placed in seq uence and th a t transi [ions fro m o ne stage 

to the nex t fo llo\\" logical ly" 
Stri ae in thi s regio n g ive a remarka bly co nsis tent 

account o f now seque nces (V e il le Lle, 1986 )" Thc re a re t,,·o 

distin ct yo un ge r se ts: a n ea rli er se t indi ca ting a regio na l 

south,,"es terl y nOl'" (Fig " 5a ), a nd a la ter se t th a t indi ca tes 
fl o ll' co m "e rge nee o n th e H a rri cana m o ra in e (Fig " 5c ) " 
Th ere is a lso a se t o f la rge-sca le ··g lac ia l lineati o ns", 
ma in ly drumlins, flutin gs a nd c rag-and-ta il hills, indica t

ing regio na l nO" " to th e south"Ts t, but inc luding b roa d

sca le diverge nce a nd co nve rgence, pri o r to th e fo rma ti o n 

o f'th e H a rri ca na m o ra in e a nd assoc ia ted es ke rs (Pres l a nd 

o th e rs, 1968; Fi g " 6 ) " L a ndfo rm s o f' th e Coc hra ne 
ad,"an ces a nd th e Sa ka mi mo ra ine lI"ith its assoc iated 
es kers a nd D e G ee r m o ra in es " T rc crea ted a Cte r th e 

H a rri can a co m plex a nd a re su perim posed o n rea tures 

produ ced by th e regio na l so uthwes t nO,,". This se pa ra ti o n 

in tim e o f la nd-fo rma ti o n stages a nd fl ow e, 'e nlS a1l0 ,,"s a 
ge neral reco nstru ctio n o f ice-shee t evo lutio n (Fig " 5 ) th a t 
se ts th e sce ne fo r m o re spec ifi c inte rpre ta ti o n o f la ncl
fo rming processes. 

REGIONAL·SCALE OUTBURST FLOODS 

Fl olI"lines reco nstru ctecl fro m "glac iallin ea ti o ns" m a pped 
by Pres t a nd o th ers ( 1968 ) , excluding la nd fo rms clea rl y 

rcla ted to such yo unge r e \T nts as th e C ochra ne surges, 
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Fig. 3_ [11 sill/ c/ast /ithofogr recorded ill /lit er/Josl/res 
within the Harricana moraille ( 1IlOdified from Brenllalld 
alld Sltaw ( ill /Jress)) _ Bedrock ge% gl' modified from 
,1/ ERQ- OG'S ( 1983) . 

49' 

48' 

show a co herent regiona l patte rn (F ig . 6) . The fea tures 

ma pped as li nea lio ns in thi s a rea a re m a inl y dr um lins, 
Outin gs a nd crag-a nd - ta il h ill s, a lthoug h so m e roc hcs 
mo u lO lln ees may be includ ed _ A str iking fea ture o f the 

fl owlin e pa ttern is th e cOlwerge ll ce in the a rea w here the 

H a rr ica na m ora ine was su bsequen tl y fo rm ed . 

b) 

Striae, Lower Matheson Till 

c) '-.(9Iaeial,lineations· / 

S-fO~ , /~ 
~ / y 
~ 

d) 

"Glacial lineations", striae. 
Upper Matheson Till 

Trigger? 

Subglacial deformation? 
Meltwater event? 

~ ~ MoraIne "[ Hameana 

" ~ ~ -E-
~ ! f eskers 

J' 

Harricana Moraine, 
eskers, local striae 

Fig. 5. Regiollal a mi sequel/ce derived from /(lIldform and 
stmtigmjlhic cO llte.\[ (if " eiffel/e , 1986) . See text J ar 

e\jJlallatioll _ 

H o\\' m ig h t such fl ow co nve rge ll ce a nd the loca tio n o r 480N 

88 

/ 

100 
/ 

o 
2625 24 -:- --- -

North F 23212019 .-- ::--::';:: -
1817 16 1211 A 8 

Pit Number (Q) 3 1 

South 

Fig. 4. DOWI!j701l' /rends ill ill situ clast roundness (([ 
Powers. 1953) ( modified from BWlI1a lld alld Shall' ( in 
/Jress)) . 

Glaciofluvial complex 
Cochrane limit 
Flowline from "glacial lineations" 

- - -~ - Extrapolated I interpolated flowline 

Fig_ 6_ T he /Jositioll of the j-[arricalla 1II0raine l1'ith resjJect 
10 regiollal jlow/ill es recollslrucled Jrom "glacial lille
aliolls" 011 Ihe g/aria/ ilia/! oJ Canada ( Fresl find olhers, 
1968) ( modified from Bren llalld alld Shaw ( in jJress)) _ 
. \ -o te that the j70wlill es are Wlltl11 1/ 0US eilher side oJ the 

Sakami moraine. The solid line ill set 511 011'5 the loratioll oJ 
Figure 8: the dashed fill e ill set ShOlC'S /Jart qf the oll tfill e qj 
Ihe )idl sale/lile S(fll e . 
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th e H a rri c<1 na m OI'a in c be re l a t ('cr~ On e h y po th es is fo r th e 
fo rmatio n o f drumlins a nd flutin gs is t!l a t th ey \I'e re 

fo rm ed by regio na l-sca le m e ltln He r o utburst fl ood s (sce 

S ha ll', 199+b ) , By p roceedin g o n th e assl/lI/jJlioll th a t th e 

o utburst-fl ood Iw po th esis is co rrect , II'e m ay d ete rmin e 

th e sig nifi ca nce or th e rel a ti o nship be t"Te n th e fl o ,,' 
pa tt e rn a nd th e loca ti o n o f th e Harri can a m ora ine . 

A zone o f eO Il\T rge nce in a w a ter-shcc t 11 0 11' fo llo"'ing 

regio na l so uthwes te rl y ice fl o ll' (Fig . 5a ) wo uld ha lT been 

a zon e o f rcl a ti w ly hig h disc ha rge per unit Il'idth (fi g, 

7a ), Hig her ra tes o r m elting in this zo ne re la til 'e to 

a dj ace nt a reas wo uld ha\' e induced Co n\T rge nt ice fl o ll' 
fro m th e sides a nd from a bOlT to repl ace m e ltin g ice , 
Dra ,,'d o ll'nll'ould ha lT res ulted a nd a n ice-surlace tro ug h 

II'o uld halT fo rm ed al o ng thi s zo ne (Fig , 7b ) , I ce fl o ,,' 

toll'a rd s this tro ug h produ ced regio na lly cO Il\T rge nt stri ae 

( Figs 5c a nd 7b ) . Th e trou g h II'o uld halT a lso runn ell ed 

suprag lac ia l dra in age, and, fo ll o ll'ing th e sho rt-li\ -ed 

shee t-fl ood stage, m e ltwa te r m a king its " 'ay to th e bed 
" 'o uld halT m a inta ined a la rge subg lac ia l conduit in 

" 'hi c h th e H a rri ca na moraine lI'as late r d epos it ed ( Fig. 

7c ), LOll' press ure in the H a rri eana conduit accounts for 

local ice indra w and m eltwa ter f1 011' a t th e bed which , in 

turn , explain local , la te-s tage stri a ti o ns cO lwerge nt o n th e 
m o rain e a nd th e eO Il\T rgc nce o f c, ke rs on th e m o ra in e 
( Figs 5 d a nd le ) . Thi s ex pl a na ti o n, b ased o n a n 

ass umpti o n o f m e ltwater fl ood s, has the ach 'antages o r 

simpli city a nd unit ), . It is tes ted here b y m o re d e ta iled 

s tud y o f a se lec ted a rea , 

~ \ I 
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B rel1l7({lId alld othfrJ : ,l/e/III 'ater erosioll alld dejJositioll jJattems 

THE PONTAX AREA 

The Pontax a rea li es c lose to th e Sa ka mi m o ra ine a nd 

includ es ex te nsiw a reas ors trea mlined bedro rms (Fig . 8l
A full sa te llite scene o r th e a rea including th e Sakami 
m o ra in e sho ll's no c h a nge in s trea ml i ned b ed fo rm 
a li g nm e nt , pallerIl o r f() rm at this m o rain e (no te th e 
full sccn e ca nn o t be re produ ced here lI' ith suffi c ie nt 

resolutio n to sho ll' th e bcdlo rms) . Eskers a nd D c G ce I' 

m oraines a rc fo und in a bundance to th e no rtheast of th e 

Sa ka mi m o ra ine but a re less commo n to th e so uthllTs t 
( Pres t and o th ers, 1968 ) , E\'id entl y th e mo ra in e, es kers 
a nd D e G ce I' m o ra ines a rc superimposed o n linca ti o ns 
crea ted lI'hen th e ice shee t ex te nd ed ,,'e ll be \'o nd th e 

pos iti o n o r th e Sakami m o ra in e, F IOIdines indica ted b y 

th e strea mlined fo rms a tt es t , a t leas t in th e a rea o f th e 

satellit e sce ne, to th e acc uracy o r th e regio n a l f101din e 

pa tte rn I\'e m a pped from Pres t a nd o th ers ( 1968 ) ( Fig . 6) . 

Fi e ld o bse n 'a ti o n a nd a ir- p ho to a n a lys is indica te th a t 
thc streamlined bedfo rms a rc in bedroc k a nd surfi c ia l 

d eposits a nd commo nly ha lT bedroc k ex posed a t th eir 

s toss ends, H a irpin sco urs l\Tapped a ro und th e stoss ends 

o r m a n \' streamlin ed lo rms po int to th eir lo rmatio n by 
I1l c lt,,'a te r eros io n (Sh a l\', 199+a ) . Th e I1l c ltll'a te r inter
pre tati o n is I'urth er sup ported b y lI' id es pread S-ro rms 
produced b y so uthIlTste rl y-lI ol\' ing m e ltll'ate r I Fig , 9 . 

A la rge sand-a nd-g ra \ 'e l d e po, it fo rm s a rid ge 

ext ending southwes t from a bedroc k hi g h al th e Po ntax 

communica ti o n tOII'e r ( Fig. 10), Th e rid ge pa ra llels 

/ 
/ 

/ 

/ tP 
/ 

Fig . 7. ProjJosed seqlli'llCf oJ ('l' fllts leadillg to the form atioll of the J-Jarricalla moraille ( lIIodiji('(ljimll B re/lllalld alld Slime 
( ill jJrl'ss )) . ( a) B road-sheet .f/Ol(' stage: ( b ) ear(l' COlldllit stage: ({) j-jarricalla (ondllit stage, ( a ) alld ( b) ll'eu' 
jJrobab~)' Jhort-lilwl stage.1 ( a matter 'if ll 'fe/d ) , ll 'hfll'(/\ ( ( ) jJrobab~)' rejJrewl!s (ollditiollS Ol'er a 10llg j)eriod oJ tillle , 

jJossib~)' .Iel'em/ thousalld )'ears, 
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Fig. 8. Landsal I/,emalie lIlajJJJer image. band 4. showing 
Ponlal'sile (301 km 1I0rlh 01/ JI[alagami Radinon road) 
/oraled wilhin a jie/d oJ streamlined Jorllls orienled 
ajJjJrolilllale[JI norlheasl soulhwesl . See Figure 6 Jor 

locallOIl . 

o thers in its \·icinity. R ound ed boulders were d epos ited 
close to th e bedrock high (Fig. Il a ), a nd as the ele\'at ion 
of th e ridge fa ll s towa rds th e southwes t th e boulders gi\ 'e 
\\'ay to cob bles . \\'hi ch in turn gilT way to pebbl y sa nd 
a nd th en sa nd (Fi g. 11 b). Ori entation of the ridge pa ra ll el 
to th e drumlins and sediment-lining towa rds the so uth
\I'es t suggest th at th e ridge is a prim ary fo rm d epos ited to 
the Ice o f' Lt bedrock obstac le (Fig. 10). An a ltern a ti \'e 
interpreta ti on is th a t the Ponrax si te is a littoral d eposit 
(persona l communi ca ti on from A. S. D yke, 1995 ) . We 
ca nnot ra ti onali ze th e sedim enta ry a rra nge ment a t th e 
site with a li ttora l depos it. 

Aggrega te ex traction at the Pontax site has exposed 
bedrock. Tn places at Pontnx, this bed roc k forms roc hes 
moutonn ces \I'ith st ri ated a nd plu cked surfaces a nd is 

90 

:.... . - ~ 

~ !,.- .... 

Fig. 9. "fellwater ero.lion marks in bedrork (S-Jo rms: 

lIlusselbrllche alld O/Jell sp ill d/es ) with slI/JerilllpOsed striae, 
,,-,43 km east-southeast of "Iatagami (32F(", E 348300, 
,\ . 5-19-1400). ,liettH 'aler/lol(' lowa rds tift, ",2J5° 

Fig. 10. Schematic jJLan view of Pal/ lax site i//uslrating 

lalldJorm- sedil71enl relationships. 

ove rl a in by di a mi cton (Fig. li e). Elsewhere, bedrock 
with S-forms a nd stri ae, both indi ca ting southwes terl y 
now, is O\'erla in by sand and g ra \'e l (Fig. Il c). \tVith the 
excep ti on of light sc ra tches on steep lee-sid e slopes of 
roc hes mouton nees a nd S-fo rms, multip le stri ae direc ti ons 
were not observed a t thi s site. 

\ Ve interpret th ese obse rvations a t th e Pontax site as 
foll ows. An initi a l episod e of g lacia l p lucking a nd 
a bl-asio n produced roches moutonn ces. Till was th en 
d eposited on the a brad ed and plucked bedrock. La ter, 
meltwate r flowing towards th e so uthwes t erod ed S- forms 
in bedrock a nd proba bly also stripped till from much of 
th e a rea. R eg ion a l, so uthwcs t-ori ented streamlin ed 
form s a nd S-forms were probabl y a lso form ed by this 
meltwa ter e\·ent. Ice aga in ca me into contac t with the 
bedrock, and stri a ti ons were superimposed on the S
form s at th e Pontax site. This a brading event may have 
bee n sho rt-lived . M el twate r su bseq uen tly d e posi ted 
bould ers g rading down now to sand in a now expa nsion 
to the Ice of the Pontax bedrock high. This meltwater 
event was powerful enough to ca rry metre-sized bo uld ers 
direc tly over the Pontax bedrock hi gh to their lee-sid e 
d epos iti ona l site. Such transport wou ld onl y have been 
poss ible if th e ice shee t was sepa ra ted from its bed both 
upstream a nd d ownstream from th e bedroc k high . 
Conseque ntl y, thi s hig h must have been immersed in a 
broad now . In this interpretation , now expansion , where 
th e gap width between the g lacier a nd the bed inc reased 
to th e lec o rthe obstac le, caused d eposition of the Ice-side 
ridge . 

Th e construc ted sequ ence of e\'ents at Pontax fits 
nea tl y with th e co nclusions dra wn from a more ge neral 
regiona l \·iew . Tt po ints to the overw helming im portance 
of meltwater in the late stages of th e event sequence at 
Ponrax a nd to th e expl a nato ry power of the meltwater 
outb urst-nood hypo th es is when a pplied a t the loca l 
scale . 
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c 

FI~['" 11 , Ob,\l'/'1'(/lioIlSji-OIll Ihe POIIIIII ,I Irealllfilll'djiJl"III , Slo,I,l -side bedrock UIIIITo/) It 'ilh fl'l' -,lidr /)1"0 I illlllf gfaciofllli'iaf cobble,l 

alld bOllfders (a) jH/SSf,1 dis/a/[I' illlo jiebbfes amf salld (b) , Oil Ihe ,Iou/hms/flallk of Ihe POIII(II sill' , bulh ,I([IU(I' diamicloll 

jm,lelTed ill Ihe lee I!/ ([ roche 111011/011/1' ( c) , alld gla(io/llll'i([1 s([lId jin,ll'ITerl ill Ihl' lee of S':/;ml/.l ( rI ) ([re O/l.Ifl'l'frl, 

IMPLICA TIONS 

Linking th c H a rri ca na mora ln c a nd reg' io nal o lltb urst 

n ood CI'(' nt s indi ca tcs th e po te n t ia l impo rt a n cc or 

catas trophi c nTnts d urin g d cg lac ia ti o n or th e La urcn
tid e ice shee r. \\"e suggcs t that a se t ors treamlin ed fo rlll s 
in th e stud y a rea res ult ed f'ro m a n ex tre m e-m agnitud e 
CIT n t \\" he n th e ice shee t \\"as close to it s m ax imum cx te nt. 

The loca ti o n o r th c H a rri ea na mo ra in e lI"as inh erited 
fi'o m thi , (,ITn L. Oth e r. hi gh-m ag nitude o ut b urst l1 00cb 
a rc tho ug h t to ha lT bee n rel eased a bo ut this tim e (Sh a ll", 

1 99 "~ b , Th e dkns or th ese fl ood s must halT ex te nd ed 

/)cl'()Jld th ose co nsidered here o n th e subg lacia ll a ndscape, 
Storage a nd release o r eno rmo us I"o lum es o f m eltll"atc r 
mu st halT a fkCled ice-s hee t fc) rm a nd n Ol\ ' , Eros io n a nd 
de pos itio n by th ese fl oocb m u,t halT ha d d ramat ic 
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co nsequen ces for ex trag lac ia l ri" e r va ll eys and ocean 

Ooors. O cea n chemi s try, turbidity a nd tempe rature 

wou ld h a " e bee n direc tly afTected. Indirect e fTec ts on 

ocea n circ ul a tion and hea t e xc h a nge with the atmosphere 

'\'Quid ultimate ly have a ffec ted c lim a te . 

ADDENDUM 

'I'V e h ave written a s tory abo ut th e Harrica n a morain e a s 

a n es ke r, based on o ur o bser vat ions and those of oth e rs . 

In o ur account of events, th ese observa ti ons fit toge ther 

wi thou t con tradiction. \N e b e li e " e tha t our observations 

arc at odds with th e co n ventiona l exp lanat io n th a t the 

es ke r " 'as formed segm e nt by segment O\'er time. A 

reviewe r asks what it wou ld ta ke for u s to accept the 

conve ntion a l v iew. There a rc two w ays to answe r thi s 

ques tion. Firs t , if th e co nve ntional sto r y ca n incorporate 

th e ne\\' sedimentolog ica l obsen'at ions, w e would accept 

that both s tories are valid (note that n e ith e r need be 

tru e ) , and w e would sea rch for furth e r inform atio n to 

h e lp u s c hoose betwee n th e m. Secondl y, and more 

d ec is ively, if the proponents of the tim e-transgressive 

s to r y demonstrate tha t th e es ke r is mad e up of segm e nts 

with sedim e lllary tre nd s terminating at ice- marg inal 

fan s and th a t recessiona l morain es are associated with 

th ese fan s w e wou ld accept their view. As things s tand , 

wc are le ft wondering about the regional tre nd s in es ker 

m OI-ph o logy a nd sed i m e n tology and the a ppa re n t 

absence of punctua ting margina l fan s a nd recess ional 

morai nes a long the length of th e es ker. \ ,Ve do n o t see 

h ow th ese observations can b e woven into the conven

t iona l s tory . 
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