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ABSTRACT 

A compilation of morainic features, eskers, glacial striations, and 
radiocarbon dates relating to final deglaciation is pres ented for the 
Appalachian Mountains and St. Lawrence Lowlands ar e as of southern Quebec. 
The data have been obtained lar gely by Geological Survey of Canadamapping 
since 1950. An active ice-front r e tr e ated northward and northwestward down 
the topographic gradient in the Appalachian region and d e posite d a series of 
discontinuous moraines, large ly composed of ice-contact stratified drift, in 
the glacial lakes at the ice-front. The Highland Front moraine system was 
deposited along the northwest flank of the Appalachians about 12, 500 B. P. 
Deglaciation may have b e gun n e ar the Quebec-Main e border as early as 
14, 900 B. P. and, except for an area near Thetford Mine s where acti ve out­
flow persisted for a time, the Appalachian region was ic e fr e e by 12, OOO B. P. 
whe n the Champlain Sea flooded the St. Lawrenc e Lowlands. Retreat north­
westward across the lowlands continued, and the St. Narcisse Moraine was 
deposite d between ll, 100 and 11,600 B. P. as the i ce front stood in the sea. 
The Champlain Sea episode ended gradually in the l owlands about 9, 500 B. P. 
by which time the level of the fr e shening water body had fallen below 300 feet a. s. 1. 

RESUME 

La presente etude constitue un e compilation du mode l e morarn1qu e , des 
eske rs, des stries glaciair e s et d e s date s etablie s au radio-carbone, relatifs 
a la derniere deglaciation surve nue dans l es regions d e s Appalaches et d e s 
basses-terres du Saint-Laurent, dans le sud du Quebe c. Les donnees ont e te 
recueillies en majorite au cours des travaux de cartographie realises par l a 
Commission geologique du Canada d e puis 1950. Un front de glace actif a 
regr e sse vers le nord et v e rs l e nord-oue st, l e long du gradie nt topographi­
qu e , dans l a region des Appalache s e t a depose un e serie d e moraines discon­
tinues, composees en grande partie d e materiaux d e contact stratifies, dans 
les lacs glaciaires a .l' e ndroit du front. L e system e d e moraine s du front 
Highland s' e st depose l e l ong du ve rsant nord-oue st d e s Appalaches il y a 
env iron 12, 500 ans B . P. 11 r e ste possible qu e la d e glac iation ait comme nc e 
pre s d e la frontiere entr e l e Que b e c e t l e Maine il y a 14, 900 ans B. P. e t, 
sauf une region proche d e The tford Min e s, ou la c oule e activ e a p e rsist e un 
certain temps, la region d e s Appalache s etait libr e d e glace lorsque l amer 
d e Champ lain a inonde l e s bass e s-te rr e s du Saint-Laure nt, il y a e n v iron 
12, OOO ans B. P. La regr e ssion s' e st poursuivi e sur l e s bass e s-te rres v e rs 
l e nord-ouest et la moraine d e Saint-Nar c iss e s' e st d e p o s ee e ntre 11, 100 e t 
11, 600 ans B. P., l orsque l e fr ont d e glace a atte int l a m e r. L'episode d e l a 
m e r Champlain s'est t e rmine progr e ssi ve m e nt dans l e s bass e s-te rr e s il y a 
e n v iron 9, 500 ans B. P. ; a cette e poqu e , ce tt e m e r s e transformait e n un e 
ete ndu e d' e au douce dont l e ni ve au s'etait a baiss e a moins d e 300 pie ds au­
dessus du niveau d e l am e r. 



DEGLACIA TION OF SOUTHERN QUEBEC 

INTRODUCTION 

The accompanying map is a compilation of data relating to Late-Wisconsin 
glacial flow and ice-marginal positions in southern Quebec. The general 
configurations of ice margins and locations of moraines were anticipated in 
some degree by earlier writers (cf. Chalmers, 1898; Goldthwait, ea. 1933; 
Antevs, 1925; MacLean, 1944). Parts of the data on which this report is 
based have been published by the authors individually (Gadd, 1959, l 960a, 
1960b, 1960c, 1964a, 1964b; Gadd and Karrow, 1960; McDonald, 1966, 1967, 
1968, 1969; Shilts, 1970, 1971) and the map also draws on data published by 
other authors (see references). An inset on Map 16-1971 shows the areas 
where the surficial geology has been mapped in detail. This includes the 
Chaudiere and the middle St. Francis river valleys, and the large parts of 
the St. Lawrence Lowlands. Interpretation of glacial phenomena outside 
principal areas of study are based on airphoto interpretation, and on 
both airborne and ground reconnaissance. Correlations across the 
Chaudiere-St. Francis interfluve are tentative; they must await solution of 
an interesting regional problem discovered by Lamarche (1971 ). 

GLACIAL FEATURES 

Two basic factors had considerable influence on the sediment and land­
form record of de glaciation: (1) the ice-margin retreated down the present 
topographic slope in most parts of the map-area from the height of land at 
the International Boundary to the St. Lawrence Lowlands; and (2) the ice 
sheet was not stagnant, and ice continued to flow towards the glacier terminus 
during the retr e at of that terminus. Consequently, features relating to ice­
margin retreat in southern Quebec are in sharp contrast to those of neigh­
bouring areas of New England, where regions of kettled, ice-contact strati­
fied drift have led to current hypotheses of the stagnation of ice masses 
(Borns, 1970; Stewart and MacClintock, 1969, p. 44-45), and where the ice 
margin retreated up-slope from the sea coast to the height of land. 

Striations 

Glacial striations and streamline features, known from the work of the 
authors and other published sources, are shown on the map. In cases where 
former workers did not discuss the basis for assigning flow directions, 
arrows have been omitted from the figure. In some reports authors assigned 
arrows on the basis of criteria that are no longer considered valid; in others, 
editorial errors have been made. 1 

1 Although some symbols are shown indicating northward flow in the 
Beauceville map-area (Gadd, l 964b), these were unintentional and represent 
an editorial oversight on the part of the author. 

Original manuscript submitted April 1, 197 1 
Final version approved for publication November 16, 1971. 
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Where it was possibl e to det ermine ice-flow direction, the symbol 
carries a directional arrow. The common criterion is the miniature crag­
and-tail featur e; crystals of pyrite and other minerals in slate and schist 
were relatively resistant to glacial abrasion and protected an e longate tail 
or ridge of host rock on their l ee sides. Tails also have be e n observed down­
glacier from quartz veins, resistant clasts in agglomerate and coarse­
grained sedimentary rocks, and relativ e ly resistant grains in igneous rocks. 
Lengths of such tails vary directly with the diameter and hardness of the 
clast or crystal. Where two directions of ic e flow are preserved, it is 
common to find short, triangular tails on the lee sides of resistantmaterial, 
with the two sides of the triangle parallel to the two principal flow directions. 
Most striations recorded are interpreted as having been inscribed during the 
last glaciation. 

Striated quartz veins in some places protect a tail of host rock on th e 
downstream side but, more commonly, where differential erosion has 
removed the striated surface of the host-rock, the striated surface of quartz 
veins is the only source of ice-flow information (fine striations on the highly 
polished surfaces of the veins are seen readily in reflected light or where 
the surface is rubbed with a soft lead pencil). 

Detailed mapping (McDonald, 1966, 1967, 1969; McDonald and Shilts, 
1971; Shilts, 1970, 1971) has shown that till fabrics, till provenance, paleo­
currents, and distribution of proglacial sediments with respect to ice fronts 
in the middle St. Francis and upper Chaudiere valleys all confirm a regional 
ice-flow direction from northwest to southeast. Striations observed in 
several parts of the area record flow at significant angles to the regional flow 
trend and appear to be associated with two phenomena: (1) late movements 
of the retreating l obate glacier margin that were controlled to some extent 
by northeast trending valleys while the ic e margin was calving into proglacial 
lakes; and (2) late-glacial rejuvenation of an area of ice dispersal located on 
the interfluve between the Chaudiere and St. Fr ancis rivers (see discussion 
under Deglaciation). 

Delineation of Ice-front Positions 

The present drainage of southern Quebec is generally north or north­
westward to the St. Lawrence River. Retreat of the main ice front north­
westward was, therefore, down the regional slope. Consequently, as l ong 
as the ice front stood against Appalachian slopes south of the St. Lawrence 
Lowlands, meltwater was ponded at or near the ice front in lakes that spilled 
southward or eastward into the St. John, Kennebec, Connecticut, and Hudson 
River drainage basins. Below about 1, 500 feet, sediments that accumulated 
near ice fronts comprise more glaciofluvial and glaciolacustrine deposits 
than till; above 1, 500 feet, the reverse is true. All accumulations that owe 
their linear continuity, their locally abnormal thickness, and their topo­
graphic expression to formation at an ice front are included in the genetic 
landform term "moraine". Whether sediment in the moraine is stratified 
or not is largely a function of the availability of water to sort the sediment 
and of basins in which to deposit it. Below 1, 500 feet, the ice front stood 
in glacial lakes a long much of its length. It is thought that this greatly 
influenced the sorting and deposition of material at the ice front and led to 
the predominance below 1, 500 feet, and in valleys, of stratified sediment in 
the moraines. 
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Ice-front positions shown on the map are based on locations of moraines 
and ic e -marginal drainag e channels. Those features ar e linked into syste ms 
on the basis of altitude, dir ec tion of glacier flow, and occurrence of glacio­
lacustrine features relative to p o ssible lake outlets. A significant problem 
in correlation of ice-marginal fe atur es in southern Que b ec , b e side s the fact 
that large areas are as yet unmapp-= d, is that lobes of the i ce margin, ext e nde d 
up valleys, produced loop moraine s there over a p e riod of time, but produc e d 
no cle arly correlative separat e f e atur e s around highland barrie rs and prom­
ontories; thus, s everal valley moraines might corr e late with only one in the 
vie inity of high ground. 

Only locally is there strati g raphic evide nc e compatible with minor 
r eadvanc e of the glacier margin during d eglac iation. With particular r efe r­
e nce to the Drummondville and St. Narcisse moraines, Gadd d e nies any 
intent on his part to show thes e f eature s as o the r than recessional moraines. 
There are no stratigraphic data that prove any significant readvance associ­
ated with these features. This do e s not, of course, pre clude the presenta­
tion of such proof at some time in the futur e. 

DEGLACIATION 

For the sake of convenience, inte rpre tation of the deglaciation of south­
ern Quebec is divided into two parts: (1) d e glaciation of the Appalachian 
r e gion; and (2) deglaciation of the St. Lawrence Lowlands. 

Deglaciation of the Appalachian Re gion Between the International Boundary 
and the Highland Front Moraine 

Northwestward retreat of an active ice front 

From Sherbrooke eastward to M egantic, in a 20-mile -wide belt adjacent 
to the International Boundary, r egional ice flow was consiste ntly toward the 
south and southeast. Ic e -flow direction is based on abundant c rag-and-tail 
fe atur e s, till fabrics , and on mineral, trace-element, and rock-dispe rsal 
data (McDonald and Shilts, 1971; Shilts, 1970, 1971 ). Glacial r e treat from 
the International Boundary northward through the Lake M eg antic bas in in the 
upp er Chaudie r e valley, and n o rthwe stward fromNewHamphir e toShe rbrooke 
and the n down the middle St. Francis valley to Drummondville was character­
ize d by backwasting of an active ice margin. S eve ral end moraine s were 
constructed during this phas e of deglaciation. 

The Frontier Moraine in the uppe r Chaudiere vall e y (Shilts, 1970) is 
the oldest known moraine in Que b ec. It occurs between 1,500 and I,800 feet 
altitude on the north and northwe st facing flanks of the height of land that 
forms the Inte rnational Boundary betwe e n Quebec and Maine -Ne w Hampshir e . 
It consists of a series of discontinuous gravel and till ridges up to 100 f ee t 
in height. The ridges are associated with well-deve loped meltwater channels, 
either parallel to or leading away from the former ice front. The Frontier 
Moraine represents the first end moraine to be formed west and north of the 
Maine-New Hampshire highlands. 

Lake-bottom organic sediment from Unknown Pond, Maine, a few hun­
dred yards east of the International Boundary and east of the Frontier Moraine, 
gave a radiocarbon date of 14, 900 ± 220 years (GSC-1339; see Table 1), and 
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a compatible dat e of 12, 700 ± 280 y ears (GSC -1404) on o r gani c matter 10 cm 
abo ve the base of the core . Thus, south-trending drainage systems in Maine 
were free o f i ce as ear l y as 12, 700 years B . P. and possibly as e arly as 
14,900 y e ars B.P. The o lde r date should b e interpreted w ith cau tionbecause 
it is almost 2, 000 year s o lde r than any oth er dat e in the r eg i on and ther e for e 

may b e anomalous. 
T h e Woburn M ora ine marks the n ext younger recognizab l e i ce -front 

position in the upp e r Chaudiere vall ey . It is composed mos tly of ice - contact 
stratified drift a nd m e r ges w ith the Fronti e r system in the hi ghlands east 
and west of th e Lake M egantic-Spide r Lake (Lac - aux -Araignees ) bas in. At 
the t ime of formation of th e Woburn Moraine, a small lake , draining throu gh 
a co l with a pr e sent a ltitude of a.b ou t 1, 400 f eet a . s.1., was ponded in Mud 
B r ook valle y. The a ltit ude of this outlet r e quir es fr ee drainag e be l ow 1, 4 00 
f ee t thr ough th e Maine hi ghlands to the sea w hil e ice was r e treating from the 
Chaudier e basin. As th e i ce front r etr e ate d nor th and northwe st, t h e l ake 
expand e d and fill ed the C h a udie r e valley and its easte rn t ribut a ries until the 
ice front h ad retreate d at l e ast as far north as St. Gedeon . 

The Ditchfield M oraine is the most strong l y d eve l op ed complex of .ice­
front f e atur e s in the C h aud ie r e Va lley. It consis ts of moraini c ridges of t ill 
and g rave l, an ic e - contact delta, and hummocky ou twash d eposi ts connec t ed 
by de e p me ltw ate r channels cut in rock. It is traceable along a north east­
tr e nding line fr om Mount Megantic to the h eadwaters of t h e N e bne llis River 
where it appa r e ntly m e rge s w ith t h e Woburn-Fronti e r system. 

During the f ormation of the Ditchfield Morain e , i ce thinned ove r M ounts 
Ste . C ec ile a nd St. S ebastien to the point that southeastward flow of i ce into 
both the L ake M eganti c basin and th e Chaudie r e Va lley w as impe d e d. A 
broad l o b e de ve l op e d, fl owing southwe st up the Chaudie re Valley , an d its east 
side coincided with the portion o f t h e Ditchfie ld M oraine e ast of Lake 
M eganti c . Its we ste rn margin foll owe d an arc from the mouth of V ictor i a 
River t o the south end o f M ount Ste . Cec il e . 

Lat e retreat p osit i on s of th e i ce front are not we ll marke d in the 
C h a udie r e Valley. A belt o f till a nd ice - con tact stratifie d drift f e atures 
w hic h pass through t h e town of Lac-Megantic h as b een name d the M egantic 
Moraine Complex and best s e r ves to illustrate the r e l ations hip of the 
Chaudie r e Valley lobe t o ice lyin g t o the we st (Fig . 1). Retr e at of the l obe 
was appar e ntly rapid; moraines a r e.poorly d eve l op ed and d e posits o f the 
above-mentione d 1, 400-foo t l ake are rare. Neith er t h e full ext en t of the 
1, 400-foot l ake nor the confi gur at ion of th e i ce fr ont at the time of lake 
l owering h ave b een e stablishe d. D e l taic d e posits at 1, 425 feet a. s. l. in the 
vic inity of Portage Lake suggest that the lake ext e nde d north at l east to 
46 ° 00' l at itude a l o n g th e east side of t h e C h audiere Valley l o b e . 

In and n e ar the middl e St. Francis Rive r valley , and s imultaneous l y 
with r e tr eat in the upper C haudiere Valley, r etreat of ice northwe s twardfrom 
the Inte r nat i o n a l Boundary toward She rbrooke was accompanied b y t h e for­
mation o f many small moraines of t ill and / or grave l , and by the incision of 
meltwater c h anne ls a l ong t h e i ce fr ont (McDonal d, 1969). Large vo lume s of 
sandy "ablation" till, i ce-contact grave l, and hummocky t e rrain in a 5-mile ­
w ide patc h s outheast of Bu r y, has b een inte rpre t ed as the product of m e lting 
of a small ic e mass strande d on the down -i ce side of the small inte rfluve 
s eparatin g the St. Francis a nd N orth rivers. 

As the r e treating g la cie rs thinned, l ob e s were divert e d around e ach 
e nd of the Stok e Mountains. The l obes coal e s ced south o f the mountain, and 
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0 

0 

46°00' 

Lake Out let , Altitude => 1400' 

Pr og la cia l Lake ... ·-····-· -· .IJ 
I nf e rr e d i ce Fr on t - .} 
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Associa t e d Morain e s 

2000 foot Contour, Stippled ,4;· 
on high S1 de.·-·---~- 4::·,.-

5 10 Miles 

10 15 20Km. 

Figu r e 1. Ice- front config urat ion during formation of Megantic Moraine 
Complex, showing relationship of 1400 - foot and higher-level lakes 
to Chaudiere V a lley lobe. 
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Fi g ur e 2. Exte nt o f She rbr ook e phase of G lac ia l L a k e M e mphr emag o g aft e r 
format ion of Che rry Rive r M o r a ine , show in g isoba s e s (feet a .s.l.) 
on the fo rm e r wa t e r pl a n e . 
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the promin e nt Stok e M ou n tain Inter l obate M o r a ine was built in the r ece ss 
wh e r e the t wo l o b e s cam e into con tact . The m o ra in e i s compos e d of ic e ­
con tact g r ave l and s a nd and is con tinuous for 12 mile s fr om Martinv ille n o rth 
to th e Sto k e M ount a in s. Wate r fl owe d s outh alo n g the ax is o f the moraine du e 
t o th e pr e s e n ce of i ce on b oth side s. The r e tr e atin g l o b e s finally separate d 
a t the n o r t h e nd of the m o rain e ; on e l ob e r e tr e ate d n o rthwe stw ard, the othe r 
n o rthe astw ard. Durin g this ge n eral ret r e at, glac ial lake s a t the ice fr ont. 
first d ra ine d southw ard into th e Connec ti c ut Rive r valle y, late r southwestward 
t oward t h e Lake C hampl a in b as in , an d dropp e d t o l ower and l owe r l eve ls a s 
n ew ou t let s we r e uncovere d. 

The l a st we ll-d e fined mora ine t o b e built s outh of the n o rthwe st flank of 
the Appa l achia n Highlands was th e C h e rr y R iver M o r a ine (Mc D onald, 1968 ). 
It h as been t raced fr om the we st side of the Sutton M ountains n e ar Lake 
B r ompton, s outhw ard a round a maj o r l o b e occupy ing the Magog and St. Francis 
Va lley s, thr ou gh She rbr ook e and to the we ste rn flank o f the Stok e Mountains. 
Thr ou gh out this distance , t h e mo r a ine is compo s e d m o stly of large, discontin­
u ous ac cumulations of i ce - contac t stra tifie d drift. Strati graphic e vide nce 
indic ate s e ithe r that the i ce r e adv ance d at l e ast thr ee mile s t o the moraine, o r 
t h a t th ere w as a flu ctu a ting ice fr ont fo r at l east three m ile s b ehind the 
m o raine . The l ake that ex i s t e d a t the i ce fr ont in the St. Franc is Rive r 
valley during fo rm ation of the Ch e rr y Rive r M o raine has b een n a m e d the 
Sherbr ooke p has e of G la c i a l L ake M e mphr em agog (Fi g . Z; M c D onald, 1968). 
It dr a ined we stw ard into t h e Missisquo i Rive r system and the nc e t o the Lake 
C h amplain basin. The wat e r plane d e fine d b y n ear - sho r e fe ature s has been 
tilt ed to the n o rthwe st at 3. 8 f eet p e r m ile . This lake draine d whe n i ce 
r et r e ated no rthwe stward fr om t h e be dr ock ridge between W indsor and 
R i c hmond. 

Late - g l acial are a o f i ce dispe r s al n e ar The tfo rd Mine s 

E v idence fr om n o rth - t r ending c rag-and-ta il featur e s (Lamarche , 1971), 
man y o f whic h are m inute , clearly indic ate s th a t, du r ing the gen e ral thinning 
of t h e ice sheet ove r the s outh ern Que b ec Appa l achians, a mass of i ce 
p er siste d in a l a r ge area in t h e v i c in it y of T h e t fo rd Mine s. This r emnant ice 
m ass app a r e ntly ac t e d a s a di spe rs a l cen t r e fr om whic h ice fl ow e d radially 
ou twa r d (Fi g . 3). T h e n orthward comp on e nt of this fl ow is r ecorde d n o rth o f 
a line app roximate ly b etween St- Ge r a rd (s outheast of L ac Aylme r) and St ­
M artin -de - Beau ce . S ou t h of thi s line , ice -flow phe n om e n a r ecord only s outh­
ward and s outhe astwa r d i ce fl ow a nd i t is diffi cult t o d e t e rmine whe t"i-).e r 
p ar t i c ular s t riations r e s u lte d fr om the main r eg ional fl ow o r from late r out ­
fl ow fr om the loc al c e ntre . The autho rs, in conjun cti on w ith Lamarche , have 
ext e nded the obs e r vations o f n o rth-tre ndin g s t riations e as t•vard as far as 
Be auceville . It appe ars like l y that the w h o l e s e t o f striations ori e nte d n o rth ­
s outh in this ar e a on the map is a ss o ciate d w i th this n o rthw ard fl ow. N o rth ­
tr e nding s t r i ati ons exist on t h e b ottoms o f g r oove s th a t tr e nd e ast-southe ast; 
thus the lo c al northw ard-flow eve nt p o stdate d r egiona l s ou t h eastward flow . 

Althou gh little is known a b o u t this ic e dis p e r sa.l ar e a, spe culations can 
b e m a d e ab out its f o rmation a nd r egi onal influe n ce : 
(1) It i s t e mpting t o r e late its l oc a t i on on th e Chaudiere -St. Francis inte rfluve 
to a subs t antial v olume of i ce hav ing b een " strande d " in the l ee of the high 
Appala chian bedrock ridge n o rthwe st o f The tford Mine s, as the main ic e shee t 
thinne d o v e r the ridge during d eglac iation; 
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TAB LE I: RADIOCARBO N DATES 

Group I : Lake - and bog-bottom dates south o f the St. Lawrence and above or nea·r ma rine li mit 

~- Date Al titude 
( yearsB . P • ) (T.1feet) 

GSC-1339 1 4. 900±220 1604 

GSC - 1404 12. 700±280 1604 

*GSC -1344 13 ,000±290 414 

GSC-312 12 ,640±190 1325 

* GSC-419 12. 570±220 850 

GSC-1248 11 • 200±200 1978 

GSC-1294 11 ,2D0±160 2124 

GSC-420 11 ,020±330 1360 

GSC-1289 11 ,000±240 1875 

GSC-1353 10 , 700±310 1333 

GSC-248 9,13D±150 1545 

GSC-627 9,130±150 650 

* Dates o ut si de t he map area 

Moss and ca l ca r eous 
gyt tj a at base o f 
o rganic core 

Non - ea 1 ca reous gyt tja 
10 cm above GSC- 1339 

Non-ea lcareous gyttja 
at base of organi c 
co r e 

Unknown Pond 

UnknoW"I Pond 

Mt. St. Brun o 

Non - calcareous gy t t j a Pe tit l ac Te rri e n 
at base of organ i c co re (S t . Naza ire -de ­

Buck l and) 

Non - calcareous p l ant Mt. St . Hil a i re 
detritus i n silt at base 
o f organic core 

Non-ca l careous gytt j a Boundary Pond 
at base of o r gan ic core 

Non - ca l ca reou s gytt j a at Lac Duf resne 
base of organic core 

Non - ca l careous gyttja Barnston Lake 
at base of organi c core 

Non-calcareous gyttja Trout Lake 
at base of organ i c core 

Non-ea l careous gytt j a l ac - a ux -Ara i gnees 
a t base of o rga ni c core 

Non - ca lcareous gy ttja St. Benjamin bog 
from base of o r ganic 
co r e 

Non-calcareou s gyttja 
from base of o r ganic 
co re 

Va lcour t bog 

Co ll ec tor and/or Reference 

Sh i 1 t s & Mott 
(unpu b .) 

Shi I ts & Mott 
(unpub.) 

LaSa ll e & Mott 
(unpub.) 

Gadd, 19 64a 

LaSa l le, 1966 

Shi 1 t s & Mott 
(unpu b.) 

Shi 1 ts & Mott 
(unpub. ) 

McDona 1 d , 1968 

Shi 1 ts & Mott 
(unpub .) 

Sh il ts & Mott 
(unpub .) 

Dyck ~ ;!.!_., 1965 

Lowden ~ ~·, 19 67 

Group 11: Oates o n shel l s fr om ma rine sed i ment i n lowe r St. Lawrence Ri ve r, east of Quebec Ci ty 

Lab No . Date Al titude Mater i a l Locat i on Coll e ctor and/or Reference 
( yearsB . P.) (in f ee t) 

*csc-102 12, 72D±170 550 ~arctica Troi s Pi s tole s, p . Q. lee, 1963 

* Dates outs ide the map 
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Group 111: Dates on Champlain Sea mar in e shel l s in mar ine sediment 

Lab No. Date Al t itude 
(yearB.P.) Tiri""Teetl 

GSC-936 
(50% leach) 12. 000±230 400 

GSC-505 
(10% l each) 11,880±180 400 

GSC-475 
(10% leach) 11 , 530 ±160 

GSC-475-Z 475 

(50% I each) 11, 500± 160 

GSC- 187 
( 10% leach) 11 ,4 10±150 400 

*GSC - 84Z 11, 600±150 557 

*GSC-1013 l 1 ,800±Zl0 340 

GSC- 1444 10, 100±150 450 

GSC -1 45 1 10,000±150 210 

GSC-1508 9. 960±150 210 

Dates outs ide the map a r ea. 

Mater i al 

Mixed species 

Mixes spec ies 

Mixed species 

Mixed species 

Mixed spec i es 

Mixed species 

Hiatella arctica 
Macoma ba I th i ea 

Hemithyris psittacea? 

L, Avenir, P.Q. 

L, Aven i r, P.Q. 

Ste. Christine, P.Q. 

Ki ngsey Fal l s, P.Q . 

Meach Lake , P.Q. 

Ma itl and, Ont. 

Charette, P .Q. 

St. Ni cho l as, P.Q. 

St. Ni cholas , P.Q. 

Coll ector and/or Reference 

Mc Dona Id, 1968 

HcDona Id, 1 968 

McDona ld, 1968 

Gadd, 1964a 

Buckley, 1968 

Henderson, 1969 

Gadd (unpub.) 

Gadd (unpub .) 

Gadd (unpub.) 

Group IV: Dates on mar ine she ll s from ice -con tact deposits in St. Narcisse Moraine and presumed equivalents 

Lab No. Date Al titude Mineral 
(yearsB . P. ) TTnTeet) 

GSC-1235 11 ,600±160 582 She 11 s from glacio -
marine sed i ment 

GSC-1232 11,1 00± 160 350 Marine she 11 fragments 
from ti 11 

GSC-1526 11 ,500±630 300 Foraminifera from till 
in core of St. Narc i sse 
Moraine 

Graue V: Dates on boS! bottoms be l ow Chame: lain Sea 

~· Date Altitude Mineral 
(yearsB.P.) (in feet} 

L-441 c 9 ,500 ±300 300 Non -ea 1 ea reou s ~yttja 
from base o f organi c 
core 

Gro-1922 8,480±80 425 Bog-bottom organic 
sediment 

Collec tor and/o r Refe rence 

Notre-Dame-des 
Lau rent i des 

Beau port, P .Q . 

Ba rrage St . Narcisse, 
P.Q . 

I imi t i n St. Lawrence 

LaSalle (unpub.) 

LaSa lle (unpub.) 

Gadd (unpub.) 

Low l ands 

~ Co l lector and/or Refe r ence 

St. Germain bog Terasmae (1960) 

St. Ade 1 phe Gadd (l 960a) 
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showing area in which miniature crag-and-tail features indicate 
northward flow of ice. Also shown are position of Highland Front 
morainic system, and areas shown in Figures 1 and 2. 
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(2) Flow northward may have been in response to one, or more, of the f o l­
l owing factors: (i) the stranding process envisaged above would have isolated 
a mass of ice s eve ral hundred f eet thick, thick enough to flow radially out­
ward for a sho rt time under its own weight; {ii) northward fl ow may have 
resulted in part from drawdown into progl acial lak es or marine water ; o r 
(iii) the stranded mass of i ce may have be en nourished by prec ipitation 
derived from Glacial Lake M emphremagog (s ee above) or from the extensive 
l ate-glac ial water bodie s in the St. Lawren ce L owlands; 
(3) A rigorous climate associated w ith the lar ge ic e mass might have delayed 
the introduction of plant life to th e region and there by might explain the many 
r e l ative l y young radioc arbon dates (9, OOO to 11, 200 years B.P.; Table l; map) 
on bo g -bottom and lake -bottom plant r emains. Rigo rous climate might also 
explain occasional occurrences of fossil i ce - wedge c asts n e ar She rbrooke and 
Thetford Mines (Dionne, 1969); 
(4) I t is possible that the i ce that retreated northeastward from the east flank 
of the Stoke Mountain Interlobate M o raine was flowing under the influe nce of 
this dispersal centre . Afte r retreat fr om this moraine, a glacial l obe flowe d 
s outhwestward down the St. Francis River valley eas t of the Stoke Mountains 
and t e rminate d at a moraine across the valley at East Angus. The m o raine 
at East Angus is composed of till in which most of the clasts are angular and 
sheared masses o f " varved" silt and clay. This is interpreted as evidence of 
readvance of the ic e over lake sediments. This moraine, tentatively corre ­
lated with the Cherry River M oraine (Mc Donald, 1968 ), may also be an indi­
cat i on of readvanc e nourished from the local dispersal area; 
(5) The northward-flow event prov ides a regional fram ework compatible w ith 
observations by Cooke (1937) that certain asbestos -be aring b oulders had 
apparently b een g laci a ll y displaced 5 miles northward near Thetford Mines. 
It could also account for n o rth-northeastward displacement of granodioritic 
boulde rs some 12 miles from the Wins l ow stock near the south end of Lake 
St. Francis (Shilts, 1970; McDonald and Shilts, 1971); and 
(6 ) With north - trending striations traced east as far as Beauceville, it is 
like ly that this l ate - glac ial dispersal area covered the central part of the 
Chaudiere River valley. This may account for the lack of well developed 
morainic and g lac iolacus trine features in this part of the valley. 

It w ill be necessary to invest i gate the interfacia l relationships between 
the retreating main continent a l g lac ier and i ce o f the l ocal dispersal a Tea, 
a nd the influence of north -flowing ice on the Highland Fr ont Moraine. A 
conside r able body of data i s a ls o required on the areal ext ent of the north ­
trend ing s triation s , on the occu rr ence o f northward dispersal of materials 
from th e ir sources, an d on the distribution o f and paleocurrents in late­
glacia l stratified sed iment bodies . Limits on the a re a l extent o f this dispersal 
c entre on Fi g ur e 3 are based on the present avai l ab ility of these types of data. 

Deglaciation of the St. Lawrence Lowlands 

Wh e n the margin of the main ice she e t had retreate d to the sharply 
defined front of the Appalachian highlands in the area o f Richmond-Asbe stos­
V ictoriaville - St. Sylvestre, general southe ast e rly flow maintained the i ce 
in contact with the hills wh ile the glaci e r surfac e was l owered by melting 
seve ral hundre d f ee t of thickne ss (a similar situation existed during forma 
tion of the Frontie r Moraine against the Boundary Mountains). In the 
Chaudier e Valle y, m eanwhile, a de e p l obe retreated from Vallee - Jonction to 
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St, Ans e lme . Eastward fr om the r e and parallel to Appalachian b e droc k 
struc ture , s eve ral ice-mar ginal p ositions ar e marke d by large accumulations 
of i ce -c ontact g rave l and sand in th e vicinity of St. Philemon, St. Nazaire ­
d e - Buckland, and t h e p o sition be t wee n St, Ans e lme and St. Raphae l that 
appe ars t o b e corre lative w ith the St. Ant onin Moraine (Lee, 1962) of the 
Riv ier e -du-Loup r egion (no rthe ast o f the map-are a c ove r e d by this repo rt). 
The c omplex of m o raine fea ture s pr o duce d during this phas e has b e en name d 
the Highland Front moraine syste m (Gadd, 1964a). S outhwe stward fr om the 
St, Fran c is Rive r the Highlan d Fron t m o raine syste m is c ompos e d of l ar ge , 
although s e parate , a ccumulations of i ce - contac t g rave l and sand. A low mass 
of hummocky ic e - contac t g rave l in t h e v i c inity of Dunham, about 8 mile s 
north of the V e rmont b o rde r, is the m o st s outherly part of th e m o raine r ec ­
ognize d in Qu e be c . A large a ccumulatio n o f grave l s outh o f Fr e lighsbur g 
(one mile n o rth of Ve rmont), may b e part of the Hi ghland Front syste m but 
more d e taile d local work would b e n ece ssary to substantiate this. In the N e w 
York State p o rtion of the Lake Champlain basin, D enny (196 6 ) has d e s c ribe d a 
"mountain - fr ont m o raini c s y ste m" that h e co rrelate d t e ntative ly with the 
Highland Fron t syste m. 

Alon g the entir e l e n g th o f the Highland Fr ont m o raine , only two expor 
sur e s of till o ver stratifie d s e dime nts have b een s een that ar e compatible 
w ith, but that d o n o t r e quire , r e adv ance o f a b out 3 mile s t o the l oc ation of 
the moraine . Els ewh e r e the moraine appe ars to b e simply a halt in the 
ge n e ral r e c e ssion . 

A numbe r of moraine s and i ce -mar g inal p o sitions, particularly t h o s e 
fo rme d b y maj o r l o b e s in are as of l ow topo graphic gradie nt such as in the 
Lake Champlain basin, may corr e late w ith th e High l and Front syste m b ecaus e 
of t h e time -span n ece ssary to r e duce the bulk o f the i ce shee t by s om e 600 to 
800 fee t o f thi c kne ss alon g the c ri t i c al zon e b e t wee n L a k e Champlain and 
Que bec C ity. During this tim e , i ce -marginal drainage g r e w from mino r 
l oc al draina ge s of i s o late d b a sins into an integrate d drainage syste m con­
n ectin g the Lake Champla in basin t o the Gulf of St, Lawre n ce and r e l e asin g 
n o r t h w ard wat e rs th a t we r e p ond e d in m ajo r valleys, su c h as the St. Fran c is 
and Chaudiere , and that h a d pr ev i ously draine d eastw ard and southw ard as 
outline d a b ove , 

The Highland Front m o raine s y ste m, the r e f o r e , is c o nside r e d t c. r e pre ­
s e nt an impo rtant phas e in the histo ry o f i ce margin r ece ssion in Que b ec , 
The w astin g o f ic e in the St. Law r enc e L owlands aft e r constructio n o f the 
m o raine was the k e y contro l fa c t o r in the n o rthw ard expansion of glacial 
lake s in the Lake Champlain basin and als o during the inland migration o f 
salt w ate r o f the Champlain S e a . In this pape r, the Champlain S e a is 
considere d a late - g lac ial body of brackish to salt wate r that existe d in the St, 
Law r e n ce Valle y upstre am fr om Que bec City (Gadd, 1964a). L ee (1963) has 
shown that the sea w as in the v icinity o f Tr o is Pistoles, Qu e b e c, at l e ast 
12, 720±170 y e ars B . P. (GSC-102); the she lls date d we r e fr om marine clay 
(550 f ee t a. s. l.) lying on the distal side o f the St. Antonin Moraine , which w e 
c orre late w.ith the Highland Front moraine system. L ee has inte rpre t e d 
this as a maximum date for formation of the St. Antonin Moraine b e caus e the 
clay unde rli e s marine d e ltaic sand d e rive d fr om outwash in pre-St, Antonin 
time , This inte rpre tati on is suppo rte d by the age of lake - bottom gyttja 
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12, 640±190, GSC-312; map) from Petit Lac Terrien, in the vicinity of St . 
Nazaire-de-Buckland, south of parts of the moraine system. A minimum 
date for retreat of the ic e from the Highland Front position is provided from 
the oldest known date on shells from the Champlain S e a (12, 000±230, 
GSC-936, L'Avenir, Que. ). A bog-bottom sample above the Champlain Sea 
marine limit on Mont St. Hilaire, about 30 miles northwe st of the Highland 
Front moraine system, has been dated at 12 , 570 ± 220 B. P. (GSC-419; 
LaSalle, 1966; Terasmae and LaSalle, 1968). The Mont St. Hilaire and Lac 
Terrien date s may indicate that by about 12, 500 years B. P. the Appalachian 
region of southern Qu e bec was ice free and Highland Front moraine system 
had formed. 1 

During retreat of the ice mar g in to the v i c inity of Drummondville , ice 
continued to block incursion of the s ea into the lowlands, thereby maintaining 
freshwater conditions in the St. Lawre nce Lowlands. Evidence for this lie s 
in non-fossiliferous rhythmite s occurring at the base of Champlain Se a fossil­
ifer ous s edime ntary s e quences th at post - date the Drummondville Moraine . 
In addition, there are no marine or glacio-marine features in the core of the 
Drummondville Moraine. The moraine has bee n shown on the map with a 
eras s hatch pattern to indicate the b e lt or zone within which discontinuous 
isolate d masses and ridges of morainic material may be found. Thes e have 
be en so modified by post-depositional action of waves and currents that they 
commonly appear at the surface as masses of marine beach material. How­
ever, the glacial and glaciofluv"ial nature of exposed core mate rials in this 
belt allows its identification as a moraine . Dispe rsal of materials by post­
glacial processes l e aves doubt in some cases as to the exact location of the 
remnant of the original material and therefore causes the feature to be given 
a map distribution that far exceeds its significance as a glacial feature. 
None th e less, its relationship to probable glacial-lake s e diments that predat2 
marine sediments suggests northward expansion of glacial lakes of the Lake 
Champlain basin into a broad area along the south side of the St. Lawrence 
Lowlands, prior to invasion of the l owl ands by the sea. The only age 
infer e nce for the Drummondville Moraine is that it pr e -dates the Charnplain 
Sea and would there fore be slightly older than 12, OOO years B. P. 

The youngest major moraine shown on the map is the St. Narciss e 
Moraine (Osborne, 1950; Karrow, 1959). S everal writers have traced the 
moraine east and west of the area shown on the map, and it has been variously 
interpreted as to age. Lack of evidence of till overlying marine or other 
non-glacial deposits at places north of the moraine its e lf suggests that ice 
may not hav e readvance d to .the position of the moraine, but rather that the 
moraine r epresents a halt in the recession. Minor fluctuation of the ice mar­
gin may have taken place during the building of the moraine. The core of the 
St. Narcisse Moraine in its type s ec tion contains clayey, till-like material 
that contains abundant foraminifera, a few she lls of Portlandia sp., and 
minute shell fragments that may be Mytilus ~ About 3. 7 grams of 
foraminifera collected from this material gave a radiocarbon age of 11, 500± 6 30 
years B. P. (GSC-1526, Table 1 ). This indicates that the moraine was 

1A bog-bottom date of 13,000 * 290 (GSC-1344; Table I; P. LaSalle, per. 
comm., 1971) from Mont St. Bruno, near Mont St. Hilaire, suggests that the 
Highland Front moraine system was formed slightly earlier than 12,500 B.P. 
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built under glacio-marine conditions and is, therefore, at least in part 
contemporaneous with the Champlain Sea at a time when relative sea level 
was higher then 475 feet a. s.1. Two marine shell dates, from presumed 
extensions of the St. Narcisse Moraine near Quebec City (P. LaSalle, oral 
comm. 1971; Table I) have given radiocarbonagesofll,100 andll,600years 
B. P. (GSC-1232, GSC-1235). Whe r e best known, the moraine lies below 
supposed maximum leve ls of the Champlain Sea and is modified by wave action. 
Reworked materials of d e pths of as much as 15 feet, and spit-like extensions 
of 30 to 50 feet in thickne ss, contain typical shore- facies shells of the 
Champlain Sea (including Balanus crenatus, Hiatella arctica, Macoma 
balthica, Mya truncata, Mya arenaria, Mytilus edulis, etc.). Such material 
resting on the crest of the moraine near the village of Charette, e levation ea. 
450 ft. a. s. l., has a radiocarbon age of 10, 100±150 years B. P. (GSC-1444) 
thus providing a minimum age for the moraine as well as a suggested date for 
the position of sea leve l at approximately 450 feet a. s. l. in that area; uplift 
was rapid following retreat of ice from St. Narcisse Moraine, 

CHRONOLOGY OF GALCIAL RECESSION IN SOUTHERN QUEBEC 

Figure 4 depicts schematically the spatial and temporal relationships 
of the events discussed in this pape r. One problem that ts evident from study 
of Table 1 and Figure 4 is that the "Group I" lake- and bog-bottom dates, that 
should give an indicatio n of the minimum date of de glaciation, lag 1, OOO to 
2, OOO years behind dates of de glac iation deduced from other evidence, For 
exampl e, the Champlain Sea is thought to have been present in the St. 
Lawrence Lowlands as early as 12, OOO years B. P. However, dates from the 
bottoms of organic accumulations in lakes and bogs l ocated d eep in the 
Appalachian Highlands (at l ocalities where deglaciation clearly preceded the 
Champlain Sea epis ode) commonl y range from 9, OOO to 11, 200 years B. P. 
(see Table 1, GSC-1248, 1294, -420, -12 89, -1353, - 248, and -627). These 
dates appear to be anomalously young and suggest that deposition of organic 
material was delayed at most sites , possibly by a seve rely cold climate 
related to the l oca l glacier dispersal are a discussed above, Most cored 
lakes and b og s are in bedrock basins which should have held water as soon as 
they were ice free. Some cores do, h oweve r, yie ld " old" date s. The oldest 
date obtained on post-glacial mate rial in Quebec is 14, 900±220 years B. P. 
(GSC-1339) and, although the sample was thoroughly leached before dating, 
it may reflect contamination by calcareous material that was deposited with 
the gyttja and mosses that were dated. A date of 12, 700±280 years (GSC-1404) 
obtained on non-calcareous gyttja 10 cm above GSC-1339 tends to support 
the apparent antiquity of the latter date. 

The above discussion assume s thatmarine shell dates are comparabl e to 
dates on terrestrial plant material. Dates on shells from high-le ve l beaches 
and s ediments throughout the Champlain Sea basin are internally cons istent (see 
Table I) but may possibly be reflecting some constant contamination inherent in 
carbonates formed in a marine environment. Although such contamination has 
been suggested by many workers, marine shell and terrestrial plant material 
from the same sand lamination in the District ofKeewatin have given ages of 
4, 900±140 and 4, 950±140 B. P., respectively (GSC-1121, GSC-1150; 
B. C. McDonald andR. G. Skinner, oral comm.). Seaweed in a bed b e tween shell 
layers near Ottawa, Ontario, has a date of 10, 800±150 years B. P. (GSC-570) that 
is compatible with those of the shells above and below (10, 620±200, GSC-587, 
and 10, 880±160, GSC-588, respective ly; Mott, 1968). 
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From the data pr e s e nted in t h e preceding s ec tions, and from radiocar ­
bon dates liste d in Table 1, tempo ral r e lationships o f events that took place 
during d eglaciation may be summarize d as fo llows: 

1) D e glaciation of the area b e t wee n the Frontie r Morain e and the St, 
Nar c iss e Moraine may h ave take n as l ong as 3, 500 y e ars between 
ab out 15,000 cl4 y e ars B.P. and 11,500 c 14 years B.P. T his tim e 
span is sugge ste d by limiting date s a) 14, 900±220 (GSC-1339) for mate ­
rial from the bas e of a core fr om Unknown P ond, Maine (the pond is 
on the distal side of the Frontie r Moraine ) and b) dat e s of 11, 600 t o 
11, 100 B. P, (Table I) fr om shell fragm e nts and foraminif e ra found in 
till and glaciomarine sediments associate d w ith the St. Narcisse 
Moraine. 

2) From the time of formation of the Frontier Moraine, the D e ad-Kennebec 
Ri ve r systems , that cut thr ou gh the highlands of c e ntral Maine, must 
ha ve b een ic e fr ee b e l ow 1, 4 00 f ee t; the major gl acial lake impounde d 
in Qu e b e c was in contact with the g lacie r at ic e - front positions younge r 
than the Frontie r and draine d e astward through central Maine via the 
1, 400-foot co l e ast of W oburn, The conc e pt that c e ntral Maine should 
ha ve b een i ce fr ee as earl y as about 15, OOO years ago is in confl ict 
w ith conc epts of d eglaciation proposed by Borns (1967 ; pers. comm. , 
1970) who contends that ic e wa s a c tively building moraine s along the 
e ast coast of Maine 1, 500 to 2, OOO years after this date . 

3) Durin g deglac iati on, a large mass o f i ce that persiste d in the vicinity 
of The tford Mine s was a g lacie r dispersal area and supported radial 
outward flo w f o r p e rhaps as l ong as 2, OOO years. 

4) The Highland Front moraine syste m was form e d about 12, 500 B. P. , or 
sli ghtly earlie r. 

5 ) T h e Champ lain S ea e pisode had b egun by 12, 000 y ears B. P. (GSC- 936 ) 
su gge sting that the gl acier had r e tr e ate d from the Drummondvill e 
M o raine positi on shortly befor e that time , fr ee in g the narrows at 
Que bec City and allowing salt water to flo od the region b e twee n the i ce 
fr ont and the Appalachian Highlands. 

6 ) Ice stood at the St. Narcisse M oraine about 11, 500 years B. P. 

7) By 9, 500±30 0 yea rs B . P. (L - 44IC) the l eve l of the Champlain S e a had 
fall en b e l ow 300 fee t a. s. 1. 
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