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ABSTRACT. A regio na l Iwdrogeologica l stud y conduc ted by th e Geolog ica l 
SunT), o f Canad a acq ui red 35 line-km of 12- fo ld se ismic renec tion profiles on o r 
adj ace nt lO th e O a k R idges mora ine, no rth of l' or onto, Onta ri o, Canad a . The three­
dim ensiona l geo m et ry prO\ 'id ed by th ese data a ids in unde rsta ndin g the e rosiona l a nd 
d epos itiona l processes that occ urred benea th the La urentide ice shee t during th e la te 
s tages of g lacia ti on. Th e se ismi c sections indica te la rge infilled cha nn els in th e sub­
surface II'hi ch a re inte rpreted as tunnel channe ls eroded by la rge, subg lacia l m e ltwa ter 
disc ha rges . Two se ismi c profil es frOI11 different a reas o f th e m orain e sh ow cha nn el­
cutting eve nts of diffe rent ages a nd diffe rent types of infi ll ing. 

INTRODUCTION 

1\1 uch of th e popula ti on of North Ameri ca a nd Europe 

lilTS on g lac ia l sediments. The thi ckn ess o f these d eposits 
can reach 100 m or m o re, a nd sO Ill.e are illlensi\"e ly used 
for such dilT rse ac ti\'ities as agg rega te ex traction , was te 
disposa l a nd th e pumping of drinking wate r. In o rd e r to 

properl y inte rpre t th e three-dimensio na l geo me try of 

g lacia l d eposits, an und ersta nding of g lac ia l processes is 
necessary. This paper presents illle rpre ta ti ons of g lac ia l 
paleo-ell\ 'iro nm ellts, o n the basis of th e spatial di stribu­
tion of g lacia l sediments o bse n 'ed in se ismi c profiles . Th e 

geoph ys ica l obse rn lti ons presented in thi s pape r we re 

collec ted b y th e G eo logica l Sun ey of Canada (GS C) 

(Pull a n a nd o th ers, 1994) , during a 3 year progra m to 
il1\'es ti ga te the h ydrogeology of th e O a k Rid ges mora ine 
(ORM ) (Fig . I ) . This la rge pro- a nd subglacial deposit is 
a major rec ha rge a rea, with a n aquiLer sys tem suppl ying 

150000 res idents who are d epend ent on g round-wa te r 

resources. Th e OR \I a lso prO\'id es aggregate m a te ri a ls 

a nd is a recreationa l a rea for three million res idents oL th e 
Greater T oro nto Area. Th e feature cO\'e rs an a rea o f 
1500 km 2 a nd is a pprox ima tely 160 km in length , with 

g lac ioge ni c sedim en ts in places exceeding 200 m in 

thi ckn ess . One obj ec tive o r th e projec t was to C\'a lua te 

the possibility th a t eros iona l and infill stru c tures obse n 'ed 

north of th e OR~I , illlerpre ted as tunn el cha nncls (e .g . 
Ea rn e tt , 1990; Bren nand a nd Sh aw. 1994) , co u ld be 
traced unde r th e mora ine. 

OR \ I (e .g . Graven o r. 19.57; K.a rrow. 1984 ) h a\"C 

co nc lud ed that the m ora ine is Cl L a te \\'i sco nsina n 

inte rlobate d ep os it fo rm ed betwee n ice situated O\'e r 

Regional geology 

Seve ra l inves tigations o f th e near-SUI-Lace na ture of the 
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Fig. / . LocaLioll 1/1a/J showing Lhe e\ Iml oJ the Oak Ridges 
moraillf, . Vew/l7arkel Till and Ihe Peterborollgh drumlin 
field near Lhe GreaLer Torollto P/wwillg Area alld Ihe Iwo 
seismic reflecLioll profiles, HeraLd Road and Scugog. The 
white corridor across tlte .\ 'fl('lIlarket Tifl sllljace indicates 
Ihe locatioll of tllllllel challl/els . 
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La ke Simcoe a nd La ke Onta rio _ Glac ia l a nd m elt\\-,ll e r 

processes contro ll ed th e strUC'lure o r th e ORfo.f. The 

m o ra ine compri ses sand , g raye l, silt a nd c la y d epos it ed in 
a subg lac ia l a nd p roglac ia l e ll\-iro nm e nt , inte rstra tifi ed 
\,-ith di a mictons res ulting rro m ice m asses to th e no rth 
a nd so uth_ A regio na l till shee t \,-hi ch run et io ns as a n 

aquitard_ th e N ew m a rk et Till , und erli es th e mo ra in e 

(S ha rpe a nd o th e rs, 1994) _ G lacia l sedi m en ts belO\, th e 

.\Ie \,-m a rk e t a re m a inl y li ne-g ra i ned , g lac io lac ustri ne 
sed im ent s_ Bedroc k cons ists o r Pa laeozoic sha les and 
ca rbo na tes _ 

T,,-o m ec ha nisms fo r th e eros io n of a ne t\,-o rk o f south­

southwes t trending ya ll eys no rth o r th e OR;,l ha\-e bee n 

p ro posed: 

1 1 ) ]\I e lt wa ter eros io n Ill ay ha \T p rod uced tunnel c ha n­
nels ,,-hi c h d cep ly erod ed \\-isco nsina n a nd o ld e r 
sedim ents (e _g _ Sha w, 1983 ; Sh a rpe, 1987; S ha ,,- a nd 

Sh a rpe, 1987; Ba rn e tt , 1990; Bre nn a nd, 199+; Bre n­

na nd a nd Sh a \,-, 1994 )_ E pisodi c m clt\,-a ter di sc ha rge 

C\"e nt s ma y h a ' T occ urred se \T ra l tim es durin g 
d eglac ia ti o n _ 

(2 ) Glac ia l eros io n assoc ia ted ,,- ith ice-strea ming ,,-ithin 

th e L a urentid e ice shee t as pro posed by Boul to n 

( 1987 ), hO" 'C\Tr, has bee n proposed b\" Boyce a nd 

E yles ( 199 1) for the sa m e fea tures _ In thi s mod el. ice 

o , -e rridin g th e ORi\1 was co nsid e red to h an' 
prefe rentia ll y a nd prog ress i'T I~ - er od ed ch a nn e ls 
bet"Te n d ru ml i n rid ges fo Il O\,-i ng th eir fo rm a ti o n b , ­
defo rm a ti o n p rocesses_ 

Seis xnic r eflection xnethod 

Sh a ll o ,,- la nd-based, multifo ld se ismi c refl ec ti o n tec h­
niques (St ee ples a nd ]\fill er , 199 1) ha ' T bee n success full y 
a ppli ed to g lac ia l bas in a na lys is in Eu ro pe (Pug in a nd 

R osse tti , 1992 ) _ A simplifi ed seismi c p ro filin g tec hniqu e 

has also bee n success lull y a ppli ed o n sm a ll g lac ia l bas in 

a na lYsis in Ca nad a (Sh a rpe a nd o th e rs, 1992 ) _ Th cse 
s tudi es sho"Td th a t seismi c refl ec ti o n m e th od s co uld be 
used to d elinea te th e sub-s urfa ce stru c turc o f" g lac iatccl 
te rra in_ Th e prese nt stud y is th e first in ,,-hi c h suc h seismi c 

sun-eys ha\-e bee n conduc ted o n thi s sca le; to d a te, 35 

lin e-km of se ismi c p ro fil es haye bee n acquired o n o r 

adj ace nt to th e OR~l. 
The 5ha ll o ,," se ism ic d a ta " -e IT coll ec ted with a 24-­

cha nnel , in sta nt a neo us fl oa tin g-po in t eng inee ring se ism o­

g ra ph , 50 H z , -e rti ca l geo pho nes as rece i,-e rs, a nd a 12-

ga uge, in-hole sho tg un source _ The sho t intelya l a nd 

geo pho ne spac ing \ras 5 m , ,,-ith a 5 m off-cnd o fTse t 

be twee n so urce a nd nea res t rece i,-e r. Th e no min a l 
commo n mid-po int (C:' IP ) stac k was 12-f"0 Id , m eaning 
th a t 12 traces ,,-ith a commo n mid- po int betwee n so urce 
a nd rece i'T r pos iti o ns, but diffe rent source rece i, -cr 

se p a ra ti o ns, ,,-ere processed a nd s tac ked (summ ed 

toge th e r ) to prO\- id e a sing le trace o n th e p rocessed 

sec ti o n_ The ho ri zo nra l spac ing be twcen traces o n th e 
fin a l scct io n is 2_5m_ 

Th e d a ta processing was perf() rm ed o n a n [B]\I­

compa tibl e mi crocomputer. Th e usua l o pera ti o ns fo r 

C ;,fP process ing includ e rcf'rac ti o n s ta ti cs a n a lys is, 

auto m a ti c ga in cO l1lro l, ba nd-pass filte ring , d eco m -o l­

u tion , su rg ica I 111 ut e, no rm a I 111 0n ' -o u t cO ITec ti o n , s tac k 

Pllgill alld ollien : Tllllllel r!/{/lIl1el" ill gla(ial "erlillll'lIl" 

a nd sta ti cs o n a l1 a t d a tum pl a ne _ Bcca usc th e nea r 

surface o r th e OR.'.l co nsis ts o f dry, loose, un co nso lid a ted 

sedim ents, ,,"hi ch tend to \-a ry la te ra ll,' in , -c loc it y, 
pa rti c ular a tt e nti o n ,,-as pa id to th e s tati cs a na h-sis_ 
lnn o'-,lt i'T a IT;)'-S ofs ta ti c co rrect io ns ha'T result ed in a n 
impro ' T m ent in th e sig na l-t o-no ise ra ti o o n th e fin a l 

secti o n Iw a fac tor of up to 10 (unpubli slw d info rm a ti o n 

fro m _\ _ Pug in a nd S_ E_ Pull a n )_ " -ith a n a ' Trage 

frequ e ncy of" 150- 250 H z, th e , -e rti ca l reso luti o n o n th e 
[inal processed se ismi c sec ti o ns is es tim a tecl to be 1_ 5 3 m 
(o ne-quarter o r th e ,,"a ' T lcngt h J_ 

Th e a n a lys is a nd int e rpre ta ti o n o f th e pro fil es 

presented in thi s pa pe r a re based , in part , o n th e 

a mplitud es o f re fl ec ti o n sig na ls, ,,-hi c h pro \-id e a m eas ure 
o f th e co n tras t in d e nsit , - a nd se ismi c ' T loc it,- (aco usti c 
illlpecla nce ) a t the re fl ect ing ho ri zo n_ I t is recogni zed th a t 
th e tru e amplitud es han' bee n tJ<lrtl y los t thro ug h th e 
a ppli ca ti o n of a n a ut om a ti c ga in contro l (AGe_ a sca ling 

procedure th a t o pe ra tes a lo ng the leng th o f eac h trace to 

en ha nce " Ta k signa ls a nd su ppress la rge o nes ) _ H O" T, -e r, 
this e m' c t has bee n minimizecl Iw o nlY ap ph-ing an AC C 
,,"ith a wind o ,," leng th o f 200 illS, so it efTec ti H' h- ac ts as a 
trace no rm a li za ti o n process _ A p roced ure o f this type is 

necessa ry to o nse t th e redu c ti o n in sig na l s tre ng th as a 

fun c ti o n o f dis ta nce tra,-e ll ed_ Th e a mplitude info rm a ti o n 

rem a ining in th e d a ta is su fTl cie nt to a ll o" q ua lit a ti,"e. but 

no t trul " qU <l ntit a ti\ -e, es timates o f aco usti c imped a nce a t 
sub-surface inte rl ~l ces_ 

Fo r th e interpre ta ti o n, th e ' T lnc it y d ete rminati o n is 
based o n reh-ac ti o n a nd sta c ked , 'e loc iti es o bt a in ed during 

tli e processing _ While la tera l , -a riati o ns in ' T loc it y arc 

o bsc lyecl , th ey d o no t ca use sig ni fica nt di sto rti o ns o f' th e 
sub-surface stru c tures o r th e tim e sect io n , a nd th e tim e 
sec ti o ns o nl y a rc sho ,,-n here ,,-ith an a pproxim a te d epth 
cO Il\T rsio n no ted o n th e ri ghth a ncl siel e o r th e fi g ures _ 
i\li g ra ti o n o f' th e da ta di d no t sig nifi cantl y a ffect th c fin a l 

sec ti o ns, a nd unmi g rated sec ti o ns a re printed here _ 

SEISMIC PROFILE ANALYSIS 

H erald Road s eis xnic profile 

This se ismi c refl ec ti o n pro fil e \ Figs 1 a nd 2 ) crosses a 
to pog ra p hi c , -a ll ey, o nc o f a ne two rk or la rge ( I 3 km 
,,-ide ) no rth -no rt heas t- trc nd i ng si n uo us , -a Il eys o bse r\Td 
no rth of th e OR \ l. Th ese , -a ll eys a rc crod ed into a 
regio na l till shee t, th e :\ emlla rk e t Till , exposed a t th e 

surface in adj ace n t drumlini zed upl a nds (S ha rpe a nd 

o th ers_ 199+ _ Th ese d a ta \,-cre aeq ui red to dclin ea te th e 

s ub-s urf~1Ce s tru c ture of o nc o f th ese , -all eys _ Th e pro file 
sho,,-s a trou g h-lik e stru c ture ,,-ith se , -era l se ismi c f ~1(- i es 

di s tin g ui shed o n th e bas is or a m p litud e a nd inn er 
relleni,-it ," _ Fro m th e to p o f the sect io n _ fi, -e se IsmI c 

fac ies a rc recogni zed a nd inte rpre ted as fo ll o ws: 

( I Th c uppe rm os t (~t c i cs has ' T ry 10"" refl ect i,- it;: _ a nd 

co n ta ins som e refl ectio ns ,,"hi c h a rc continu o us across 
the pro file _ Th e a ' T rage se ism ic ' T loc it y in this unit is 
1500 m s I_ C ontinuo us re fl ec ti o ns a rc int e rpre ted as 

sa nd a nd fin e-g ra ined layers d epos it ed as und erfl O\\"s 

in a g lac io lac Ll strin e e ll\-ironme nl. 

(2 ) Th e seco nd fac ies is c h a r ac te ri zed b , " a hi g h 
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Pugill alld ollters: Tunnel channels ill glacial sediments 

imped a nce contras t with th e uppermos t unit; it is 
prese nt onl y at th e eastern a nd western sid es of the 
profil e a nd oyer a downward -curved reOection event 
at th e coo rdina te (time 50 ms, distance 300 m ). At the 

eastern sid e of th e profil e, this unit reaches th e surface 

and is o bserved in o utcrop as a compact ston y 
di a mic ton. I t is cha rac terized by a high compres­
siona l wave (P-wave ) ve locity o f' 2600 m s I. These 
obscn'ations lead to the in terpretation of thi s unit as 
Newmarket Till. 

(3) The top of the cen tra l part of th e trou gh infill is no t as 
reOective as th e top of facies 2. The interva l ve locity 
calc ul a ti on for this unit yields a n es tima ted P-wave 
"eloci ty of 1950 m s 1 ( ± 50 m Si ) . The he terogene i ty 
of this facies is indicated b y th e presence of num erous 

downwa rd dom e-sha ped refl ec ti o ns. This unit is 

interpre ted as stra tifi ed sand and g ravel, on the basis 
of its reOect ion cha rac teristics a nd seismic , ·elocity. 
Dome-shaped reOect io ns with in thi s facies sugges t th e 
presence of esker d eposi ts. 

(4 ) At eith er end of th e profi le, a poo rl y d efin ed fa cies is 

observed below fac ies 2 (N ewm arket Til l) . Little 
se ismic energy appears to have penetra ted th e New­
ma rk et Till. Some diffractions a re evident in thi s 
und erl ying unit , a nd it is unconform ab le with facies 3 
(cha nn el fill including the es ker d eposits ) . This unit is 

in terpreted as a pre-Late Wisconsina n d eposit. 
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Interpretation 

1. Cl Lacustrine sediments 
2. _ Newmarket till 

(5) The top of the lowermost seismic facies stro ng ly 
reOec ts acoustic energy below the esker and cha nnel 
infill d eposits (facies 3) . This sugges ts that the 
Newmarket Till (facies 2) is a bsent in the centra l 

part of th e troug h. Because of th e hig h impedan ce a t 

the su rface offacies 5 and th e lack of refl ections below 
thi s interface, thi s reOec tion is interpre ted to be th e 
bedrock surface or lh e top ora lower till. This estim ate 
of bedrock dep th agrees with regional-scale estimates 
from contoured water-well data. 

The sha rp geometry of the cha nnel a nd its associa tion 
with glacioOu via l sed iments imply that the cha nnel was 
form ed by erosion of the Newmarket Ti 11 a nd lower d ri ft by 
meltwater. The cha nnel was th en pa rtia lly infill ed with 
coarse-gra ined sediments, including some esker deposits. 

The later deposits indica te su bglacia l depositi on , a nd 

hence the channel form ed subglaci a ll y. La ter or perh aps 
in tra nsition, the cha nnel partiall y fill ed with fin er-grained 
glaciolacustrine d eposits, likely during ice re trea t. 

Th e possible presence of Newmarket Till ove rl ying 
ch a nn el deposits on th e eas t sid e of the seismic profi le 

( Fi g. 2) is attributed to ti ll slumping o r mo v in g 
downslope by a c reep mechanism in to th e partia l I y fi li ed 
chann el between th ese two stages of d eposition. Down­
slope cree p of till (e.g. Alley, 1991 ) wou ld imply that it 
was not we ll consolid a ted during d eposition or during th e 

cha nn el-forming di scha rge event. H owever, Newmarket 
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3. D Sand and gravel infill of tunnel channels and eskers 

178 

4 . D Sediments of proglacial origin 

5. D Bedrock 

Fig . 2. Herald Road seismic refLectio ll profile and inlerjJrelalion . This section shows a tunnel channel SITuclllre wilh 
compleLe Newmarket Till erosion. 
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Till is o bsern'd in outcrop to be highl y co nso lid a ted and 
is charac te ri zed by a \"(~ r\ ' h ig h se ismi c H ' loc it\'. Difle ring 

se ismi c H' loc it\ , a nd hencc co nso lida tion \I'ithin :\ e\l'­

mark e t Till ma ~ ' a llo \\' o nc to di sting ui sh prim a ry 

.'i U bg lac ia l d eposi ti on from la Ler rcsed im en tati on. 

Obse}'\'ati ons such as cha nnel fl oo rs rising dO\\'Ilfl ow 
a nd inse t es ke rs indica te that tunne l chann e ls fo rm ed 
subg lac ia ll y during d eglac iati o n of th e Laul'entide ice 
shee t (Brenn a ncl a nd Sharpe, 1993 ) a nd in this a rea 

(B re nn a nd , 1 99 "~: Brenna nd a nd Sh a \\', 1994 ). The size 

a nd number of cha nn els obsc l'\ 'ed no rth of th e OR \[ a nd 

th e ir s tC'e p \\'a lls impl y chann e l fo rm a tion by ca tas trophi c 
/l ow (Ba rn e tt, 1990 ) rather th a n by stead y-sla le [l 0 \\ ' or 
seq ue nti a l d C\'C lo pm e nt 
Boul to n a nd Hin cl m a rsh 

nets m a y e\'o ,,"e as :\ ye 

as e l1\ ' isa gC'd e lsew h e re b~ ' 

1987 . Such subg lae ia l cha n­

cha nnel s cut in th e substra te 

during th e eros ion of sub-i ce un co nso lida ted sediments 

a nd bed roc k (N ye, 19 76). \\'h cn subglac ia l \\ '<1Ie r erodes 
up il1lo th e ice a nd lo rms a n ice tunnel. it m ay th en be 
filled \\'ith g lac io flu \'ial o r o th er sediment (R o thli sberge r , 
1972 ) th a t produccd a n es ke r as (l 0 \\ ' re rurn ed to lo\\'(' r­

stage season a l contro l. [n o th er seismi c pro fil es (CSC 

o pen fil e in prepara ti on ) obta in ed during thi s stud y, deep 

cha nn els ha \T bee n obse n 'ed belo\\' th e OR\1. In pl aces 
cha nne l bo ttoms may co n ta in a g ra \T I d e pos it o r g ran' l 
lag. Th e sub-surface cha nnel fea ture obse l'\ 'Cd in th e 
H era ld R oad se ismi c prolile is mo re th a n I km across . Th e 

sca le and ch a rac ter o r th e o bse n Td ch a nnel , and 

a rg um ents by R othlisbe rge r ( 1972 ) conce rning subgla­

c ia l cha nnel fo rm a ti o n, sugges t \ 'ery la rge m elt\l'a ter 
di sc ha rges as opposed to fo rm a ti on by Ice e ros io n . 

o 100 500 

F'lIgill alld a//zers: T IIIIIlel c/zannelJ ill glacial sedilllell/s 

Scugog s eis mic profile 

This profile ( Figs I a nd 3 ) sho\\ '5 a ll cast- wes t sec ti o n 

ac ross pa rt of the Pe te rbo ro ug h drumlin field just so uth of 

Lake Scugog. Th e m a in fea ture or this profil e is th e la rge 

d om e-like stru c ture in th e wes t-centra l pa rt o f th e lin e . 
This fe a ture a nd th e und erl ying stra ti g ra ph y on eith e r 
sid e a re b lanke ted by a se ismi c faeies th a t \ 'aries be twee n 
10 and IS m in thi ckn ess. \Iu ch of the d ee per pa rt of thi s 

sec ti on is cha rac te ri zed by difTraction h ype rbo las induced 

by di scontinuo us la ye rs o r po int sources, ra th er th a n by 
a n y continuo us refl ec ti o ns. Th e d ifTra cti ons may be 
rela ted to na rrow ch a nn e ls o r bo uld e r lags in diami c­
to ns. Th e d om e-like stru c ture a ppea rs to be underlain by 
a n erosiona l fea lUre cha rac teri zed by \ 'C ry steep sid es . 

This is interpre ted as a n infill ed cha nn el a pp roxima lely 

600 m across a nd +0 m d ee p. 

Th e s trati g ra phi c s uccess ion is similar to th a t 
d esc ribed fo r th e Hera ld R oad pro [il e (Fig . 2 ) , except 
th a t in this case th e i'\e \\'m a rke t Till is interpre ted to 
pos tdate th e infill ed cha nn el d epos its. H ence, we 5hO\\' 

two ages o f cha nn els. Also , th e re flec ti o n interpre ted to be 

Crom th e bedrock surface is clea rl y \ 'isibl e a long th e ent ire 
leng th o f th e SC ll gog pro fi le, even throug h 80 m of drift. 
inc luding so m e 10- 15 m o r :'\emll a rk e t Till. Bedrock in 
thi s a rea is limestone/d o lo mit e, prO\'idill g a n in te rface 

\I'ith a much hi g her acousti c impedance th a n th e sh a le a t 

lh e Hera ld R oad site. 

The geo m e tn' o r th e sedim ents o f th e Scugog profi le 
(Fig . 3 sugges ts th a t a cha nne l \I'as fo rm ed prio r to th e 
d epositio n o r th e N e\l'm a rk e t Till a nd to th e fo rmation of 
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~ Interpretation 

1. [:=J Lacustri ne sediments 

2. _ Newmarket till 

3. 0 Sand and gravel infill of tunnel channels and eskers 

4. 0 Sediments of proglacial origin 

5. [:=J Bedrock 

H diffraction hyperbola zone 

Fig . 3. Scugag .lei.llIlir reJlec/ioll fJrojile alld illler/Helalioll . ,-1 1lIIlllel challllel i.1 buried belml' Ihe . \ 'ewlIlarkel T ill . 
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Pugill alld olhers : Tllllll e! dlalllle/s ill g/acia/ sedimellls 

th e c ha nne l in te rpre ted a t th e H era ld R oad site. ~Iultipl e 

ages of ch an nels hmT bee n o bse n ed in o th e r se ismi c 

pro fil es obta ined in thi s s tudy (GSc' open fil e re port in 
prepara tion ) . Th e s tee p slopes of" the Scugog c han nel sid es 
impl y th at it was erod ed a nd infill ed in a short peri od of 
tim e (no e \'id ence of la teral cree p o r slum ping ) . \Iode rn 

\'all eys m ay h,I\ 'e stee p slopes, bu t the Scugog pro fil e is 

adj acent to no n-flu\'ial surface channe ls fillin g L a ke 

Scugog. 
In contras t to th e H era ld R oad site. the cha nn e l 

eros io n did no t ex te nd to o r in to th e bedroc k surface, a nd 
the infill m a teri a l built up to a nd abO\ 'e the le \'C1 o f the 

surro undin g sedim ent s. Thi s s tructure requ ires ice 

suppo rt during depos ition, and is th e clea res t ind ica ti o n 

or a subg lacia l el1\·ironm ent of formatio n. The se ismi c 
profil e a lso sugges ts th a t th e d epos iti o n of th e Newmarke t 
Till did no t im'o h-e e rosio n o f th e und erl>'ing sedimellts, 

as had bee n sugges ted b\' Boyce and E yles ( 199 1) as a 

mec h an ism fo r th e form a ti o n o f' th e P e te rb o rou g h 

drumlin fi eld s. 

A similar fill s tru c ture \\'as obsen'ed in o utc ro p a fe\\' 
kilometres cas t of thi s pro fil e, w he re a diamic ton cO\'e rs Cl 

d o m e-shaped es ker d epos it within a drumlin , \\ 'ith no 
e\·idence of eros io n at th e interface be twee n th e di a mi cLO Il 

a nd th e und erlyin g coa rse sedim e nt beca use th ey a rc 

in te rb edd ed (S h a rpe, 1987 ) . Th e confo rmity o f th e 

diami cton with th e esker .sedim ent shows a non-erOSI\ 'e 
re lat ionship \\'ith th e und erl y ing sedim ents. 

DISCUSSION AND CONCLUSIONS 

R ecent lite ra ture has sugges ted th a t subg lac ia l erosion of" 
g lacia l sedim ents a nd bedrock was at leas t pa rtl\' due to 
periodic hig h-energy melt\Vater di sc ha rges (e.g. Shall' , 
1983; S haw a nd S ha rpe. 1987; Barnet t, 1990 ) . The 

se ismi c d a ta sh ow n h e re delin ea te th e sub- sur face 

stru c ture o f la rge eros ional c ha nn e ls in g lacia l d eposits. 

T hese obser\'a t ions a re co nsiste n t \\' i th th e in te rpre ta tions 
of o th er fi e ld e\·icif'n ce in th e southe rn part of th e fi:Jrll1 e r 
L aurentide ice shee t (e .g. Sh aw a nd S harpe , 1987; 
Ba rn e tt, 1990; Bre nn a nd and S ha \\', 1994) and in th e 

north (Brennand a nd Sharpe, 1993 ) . From th e o bse rved 

dis tributio n a nd geo m e try of tunn el c ha nnel s, th ese 

a uth o rs sugges t that !load C\'ents likely occ urrcd du rin g 
full ice cO\·er. Channel-c utting e \'e m s appear to ha\'e 
occ urred bo th prior l O and afte r th e depos iti o n o f a thi c k 
regional till (N ewmark et Till ) . 

The c hannel infill d eposits shown in th e Scugog 

profil e (the ea rli e r e\'ent) comple tely fill ed th e eroded 
channel a nd actua ll y built up to hi g h e r Ic\'el s . 
pres um a bly unde r ice suppon. Th e stee p sides o f th e 
c h a nn e l indi c ate that e ros io n a nd infillin g were 

completed in a relativel y short period o f tim e. 111 
co n tras t, th e H era ld R oad profil e shows a consid era bl y 
broader ch a nne l (> 1500 m ) that was on ly partlv infill ed 
s ubg lac ia ll y , and funh e r infilling b y ice-m a rg in a l 
sedim ents. Structures sugges tin g th e ex is tence o f es ker 
deposits a rc recogni zed in th e d ee pe r parts o f rh e H e ra ld 

R oad c ha nne l. Th e uppe r part or th e c ha nn el \I ' as fill ed 

with liner-g ra in ed lac ustrine sedim ents a t a late r stage , 

pe rh aps as ice re trea ted. 
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Seismi c refl ection profiling o\"Cr th e O a k Ri dges 

m o ra in e is prO\'iding informat ion on th e geo m et ry or 

tunnel c ha nn e ls and their infill s. In sig ht s into th e 

paleogl ac ia l e nvironme nt are ga ined by stu dyi ng th ese 
sub-surfa ce d a ta. These a id ill recogni z ing and und er­
standing th e nature of th e g lacial d eposits a nd their 

processes o f d eposition , and a llow for better and more 

info rmed deci sio ns o r recomme nd a tions o n th e utili za ti o n 

of" th e r eso urces found in th ese d eposits. 

REFERENCES 

.\lI ey. R. B. 1991. Dclorming-bed or igin fo r so utltern I. aurelllicie till 
, lt ee ts' ]. (;Iaeiol .. 37 ( 12.1 1. 67 76. 

Ba rn ell. P . .J. 1990. TUIlnel \'alle\'" l'\'idencc of' ca tas trophic I"(·iease or 
'i uhglacia l m ei (\\atcf. c(' lllra l -~O ll l h c rll Ont ari o. Callada. (,' ('01 . ,) 'of. 

. 1111 . . lb., le. Pmgralll.,. 22 1 ~ ) . :1. 
Bo ul lOn. G. S. 19B7 .. \ theory or druml in /(mnation b\ ,u bglaria l 

sediment dclormatioll. I II ~lcnzics . .J. and .J. Rosc. edl. j) rullllill 

' ~J'II/(io .l illll/ . Ro tterdam. ,\ .. \ . Balkcll1a Publi,ltc rs, 25 80. 

Bou lton. G. S. a nd R . C .. -\ . Hind mars lt . 1987. Sed im cllt del()J'tll 'lI ion 
beneath 1!," lac irr",: rheology and g('o l ()~ i ca l (,Ol1seqlll· nce~. }. (,'('ojJ/~n. 

Re.I .. 92 1139 , 9059 9082. 
BO\(T. J. 1. "11(1 N. Eylcs . 1991. Drumlins cal'\Td I" dl'Ii.JI"nlill g til l 

't reams /)e lo\\ th e I.aurc n ticle ice , hel'l. Gl'IJlog)'. 19 8 . 787 790. 
Brcnna nd. T .\ . 1991. i\1 <lcro lo rlll s. large bccif(lrIm a ncl rh ) thlllic 

scd imenta ry sequences in su bg-Iac ial eskers. south-ccntra l Ontario: 

im pli cations 101' ('s kt' r gT nc,is a nd meIt\\·atc r reg im e. Sedilllflll. (;eol .. 
91 I + ). ') 55. 

Brcnnanrl . T .. \. "nd D. R. Sharpc'. 1993. icc-shee t ch 'nallli cs "ncl 
sub,glaci;iI meil\\;lICr rc'!4'itll{' inltTl'ccI fi-om lorm and :-'l'di lllcnl()lo~' Y uf 
glacioll u\ 'ia l sys t (,Ill~: ' -iCloria Island. District of Franklin . .'\T()rt h \\(,~l 

T erritor ies . Call . .J. I~'orlh Sei .. 301.') ), 928 9H. 
Brcnn Cl nd. T .. -\. and .J. Sh,,\\. 199+. Tunnel channels a nd <ls>ociatcd 

landlorms. south -cen tra l Ontario: the ir implica tioll s f(lr ilT-.,hce t 

hydro logy. COli. ]. Earlh Sri., 31 3 ,. 303- 522. 

Cr<l\TnO r, C. P. 1957. Suriicial gco log)' or the LincJs,l\ Pc terborou,gh 
' 11'('a , ' ·ictori a. Peterborough. Durh a m a nd \:on hLllllb (' r1 ~ llld 

COll tlli cs. ()Iltario. (,'eo l. .)'U}'l ' . Can. ,\Ielll. 288. 
Karro\\', p, F. 1984-. Quaternary slra tigTapll y ~ lnd hi s l o r ~. Great I,ak('s 

Sl. Lawrence reg io n . (,'1'01. SlIrl' . Call. Pa/J. B+-IO. 138 1:\3. 

:\ye.j. F. 1976. \\' ater 00\\' inglacil'l's:jtikulhlaups. tun nel s and \Tins . .J. 
Glacial., 17(76). 181 207. 

Pug in, A . and S. Rosse tt i. 1992 .. \ cquisition o r land based hi\4'h 
resu lLllioll ~l' i s l11i(' profil e:, ill glacial bas ins: t\\'o ca~l' stuclie .., in thl' 
.\lpinc /()rrland o l· S\\·it znlancl. lo'duga!' Gcol. 1{,'lr .. 85 t2 ). +9 1 .102. 

Pullan. S. E. ([lid 6o,hn.1. 199-k Shallo\\ gcoph y~il's in a h~ clrogTolog'ical 
in\'es tig<l ti on of' th e Oak Ridge, ~I orainc . Ontario. I II Bell. R. S. a nd 

C. ~l. Lapper, etl.l . Proceedillg.l. S. I(;CtP .\II'dillg . 27 31 .\Iardl 1!J9-1. 

8 0s101l .. \/anlldlii.lell,1 I. Engelwood , CO. EECS, 1+3 16 1. 

R tithlisbcrgcl'. H . 1972. \\ 'ater preS>li tT in intra- a nd sub\4'Iacial 
cha nnels. ]. Clariol .. 11 52 ). 177- 203. 

Sharpc. I) . R . 1987. The Sl ratili cd n' ''"IT o f' drum lin, li 'o lll \ ' ictoria 
Island and ..,oLllh<:rn Ontario. Canada. I II ':\i l'nzic:-. . .1 . and.1 . R o"C'. 
I'I/;. D mllllill ,~)'III"o.)IIIIII. Rottcrdam .. \ .. \ . Balkcllla Pub li .,llCrs. 18') 
2 1-1. 

' ha rpe, D. R ., S. E. Pull an and T. A . \\·a rman. 1992.,-\ basin ana l ys i ~ or 

tlte \\'abigoon area of Lake Aga >siz. a Quaternary cia\' basin in 
north\\,es tern Ontar io . C';o,~r. PIli'.\. Qpl/ .. 46 3). 295 309. 

Sharpe. D. R. alld 7olhn.\. 199 1. 191h Joilll . 111111101 .1/!'dill/!,. G. ICj. I/ . IC'. 
(.'('()Io.!!,irol . b ,HJrlalioll qf Callada alld .\/inera/ogico/ . I\.\oci(llioll rlj Callada. 
16 18 .l/ c!)' 199-1. " ·alalon . Olllario. (;oiricbuo/.-, Fidrl Tri/) . 17: Qpall'lIIal), 
gl'ulugl' alld I!ydrowolog)' 11/ Ifte Oak Ridge, lIIoraille {lINI. \\·ate rl oo. 

U ni\'Crsi ty o f \\'atcrloo. 

Shall'. J. 1983. Drumlin l(lrIn a tion t'elated to ill\Tr tccl mel t- \\,ater 

1'I'0sional m a rks. ]. GI{I(lni .. 291103 1. +6 1 +79. 
Sha \\. J. a nd D. R . Sharpe. 19B7. Drumlin /(mnat iu n b, sull l(lac ia l 

mrlt\\atcr eros ion. Call.]' Earlh So' .. 24 ( 11 ).23 16 2322. 
Stccples. D. \\". a nd R . I) . :\I ill er. 199 1. Scismic rellect io n lllct hods 

appli ed to l'ngin eeri ng. cn\'ironl11cntal and g- rolllld\\;Jtt'r problc1l1s. III 
\Yard. S. H .. ed. (;eolec/tlii((lllllld ell1'irolllllflllal gl'o/}itr.1in. " 01. I. T ulsa . 

O K. Socic t\· o f' Explora ti on Ceop lws icists. I 30. ( Invest iga ti o ns in 

Geoph ysics j. ) 

https://doi.org/10.3189/1996AoG22-1-176-180 Published online by Cambridge University Press

https://doi.org/10.3189/1996AoG22-1-176-180

	Vol 22 Year 1996 page 176-180 - Observations of tunnel channels in glacial sediments with shallow land-based seismic reflection - A. Pugin, S.E. Pullan and D.R. Sharpe

