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P r e f a c e  

Large a reas  of t h e  Canadian Shield of nor thwestern  Quebec  and nor theas tern  Ontario,  commonly 
known a s  t h e  Clay Belt, a r e  covered by th ick  sequences  of lacus t r ine  c lays  which have had an  impac t  
on t h e  economic  development  of t h e  region. The extens ive  clay plains have  made  farming feas ib le  in 
th is  northern a r e a  and they  generally support  commerc i a l  s tands  of t r e e s  t o  benef i t  t h e  lumber  
industry. However, t h e  clay masks bedrock, making mining exploration and exploitation more  d i f f icul t  
and crea t ing  engineering problems for  road building and construction.  

During t h e  r e t r e a t  of t h e  Laurentide Ice Sheet ,  wa te r  produced by t h e  melting ice  was  commonly  
dammed a t  t h e  i ce  margin,  forming large glacial  lakes in which thick accumulat ions  of clay and o the r  
sediments  were  deposited. This report ,  which descr ibes  t h e  evolution of g lac ia l  lakes Barlow and 
Ojibway, provides a f ramework for  an  understanding of t h e  format ion of landforms and deposits  in t h e  
Clay Belt, a s  well a s  a description of t h e  postglacial  history of t h e  region. The information provided in 
th is  r epo r t  will be  useful a s  t h e  a r e a  undergoes fu r the r  economic  development.  

O t t awa ,  February 1979 

D.J. McLaren 
Direc tor  Genera l  
Geological  Survey of Canada  



This is a revised, somewhat  expanded version of llL'dvolution e t  
I'extension des  lacs  g lac ia i res  Barlow et .Oj ibway en  t e r r i t o i r e  
qu&b&cois", originally published in G6ographie physique et 
Quaternai re  (v. XXXI, no. 3-4) and reproduced here  with permission 
of t h e  journal. 
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NUMBERED LOCALITIES GSC 

1. Lake Duparquet 5. Lake Malartic 9. Angliers 13. La Cave 

2. Lake Dasserat 6. Larder River 10. Des Quinze River 14. Deux Rivieres 

3. Lake Opasatica 7. Kinojevis River 11. LakeTirniskaming 15. Aylen 

4. Lake Preissac 8. Decelles Rese~oi r  12. Temiscarning 16. Bissett 

Figure 1 .  Location map showing place names, the Hudson Bay-St. Lawrence River drainage 
divide, and the plane of  projection for  the shoreline distancediagram (see Fig. 2). 



THE EVOLUTION OF GLACIAL LAKES 
BARLOW AND OJIBWAY, QUEBEC AND ONTARIO 

Abstract 

A new interpretation of the last phases of the post-Algonquin glacial lake and of the main 
phases in the evolution of glacial lakes Barlow and Ojibway is presented, based on a synthesis of data 
collected from upper Ottawa River and James Bay drainage basins in Quebec. These water bodies, 
which existed between 1 1  500 and 7 900 years B.P., were the penultimate lake phases in a series of 
proglacial lakes that followed the retreating Laurentide ice margin from i ts  late Wisconsin maximum 
stand. 

Shorelines associated with these lacustrine phases show that the maximum elevation of the 
water planes are tilted up towards the north-northeast and that differential uplift  varies from 
0.5 to 1.2 m/km. Lake levels were controlled by a series of outlets situated at slope inflections along 
Ottawa, Des Quinze, and Kinojevis river systems. 

The plot of the deformed water-level planes compared to  the long profiles of the present river 
valleys indicates that at the time of deglaciation the Hudson Bay -S t .  Lawrence River drainage 
divide was displaced far to the south by isostatic delevelling. It was this temporary deformation of 
the earth's surface that retained Lake Barlow waters.. Differential isostatic uplift brought a slow 
shift of the drainage divide to i ts  present location and a consequent progressive shifting of  the outlets 
towards the north. The separation of lakes Barlow and Ojibway is arbitrarily set at the Angliers sill, 
on Des Quinze River, which represents the most important inflection of slope in the whole fluvial 
system. The emergence of this sill confined Lake Barlow to the Timiskaming basin and created Lake 
Ojibway, an independent lake that extended towards the north and northeast on the recently 
deglaciated terrain; later outlets of Lake Ojibway probably were situated a!ong the present height of 
land. When Hudson and New Quebec masses o f  ice separated at the latitude of Hudson Bay, Lake 
Ojibway drained rapidly northward. 

Une nouvelle interpre'tation de l'e'volution des dernikres phases du lac glaciuire post-Algonquin 
e t  des phases des lacs glaciaires h r l o w  e t  Ojibway, d partir d'une synthhse des donne'es recueillies 
dans le bassin de I'Outaouais supe'rieur et  sur le versant que%e'cois de la baie de James, est presentee. 
Ces nappes d'eau, qui existkrent entre environ 11 500 et 7 900 ans BP, furent les derniers d'une se'rie 
continue de lacs qui suivirent la marge glaciaire laurentidienne depuis le de'but de la dernihre 
de'glaciation. 

Les lignes de rivage associe'es h ces phases lacustres montrent que l'altitude maximale des plans 
d'eau se re1Bve vers le nord-nord-est et que Le relhvement diffe'rentiel varie entre 0.5 e t  1.2 m/km. 
Le niveau des eaux e'tait contr616 par des se'ries d'exutoires localise's aux ruptures de pente le long de 
l'axe fluvial constitue'par les valle'es de llOutaouais, de le rivikre Des Quinze et du Kinoje'vis. 

Le trace' des plans de de'formation des niveaux lacustres compare' au profil longitudinal actuel de 
ces valle'es montre, qu'au moment de la de'glaciation, la ligne de partage des eaux fut  de'place'e loin 
vers le sud. C'est ce gauchissement temporaire de la surface qui a permis la retention des eaux du 
Lac Barlow. Le relhvement isostatique differentiel a entrarne un lent retour de la ligne de partage 
des eaux jusqu' 6 sa position actuelle et par conse'quent, un de'placement progressif des exutoires vers 
le nord. La coupure entre les lacs Barlow et Ojibway est fixe'e arbitrairement au seuil drAngliers, sur 
la rivibre Des Quinze, qui represente La rupture de pente la plus importante de tout ['axe fluvial. Son 
e'mersion a confine' les eaux du lac Barlow au bassin du Te'miscamingue et a donne' naissance h un 
autre lac independant, le lac Ojibway, qui s'est agrandi vers Le nord et le nord-est sur le territoire 
nouvellement de'glacie'. Les derniers exutoires du lac Ojibway furent probablement situe's Le long de 
l'actuelle ligne de partage des eaux. Lorsque les glaciers dlHudson et du Nouveau-Que'bec se sont 
se'pare's, 6 la latitude de la mer dfHudson, le lac Ojibway s'est drain6 rapidement vers le nord. 

INTRODUCTION r e t r ea t ed  a s  f a r  a s  t h e  Sakami ice  f ron t  position and t h e  i ce  

During t h e  deglaciation of t h e  dra inage  basins of upper 
O t t a w a  River and Jarnes Bay (Fig. l ) ,  vas t  lacustrine a r eas  
were  produced a s  a result  of t h e  re tent ion  of wa te r  be tween 
t h e  ice  margin (receding northward) and the  Hudson 
Bay - St.  Lawrence River drainage divide (displaced f a r  
southward by t h e  temporary  warping of t he  land surface).  As 
t h e  Laurentide Ice Sheet  r e t r ea t ed ,  t h e  proglacial  lakes 
expanded considerably in t h e  newly deglac ia ted  ter ra in ,  while 
t h e  southern shoreline evolved under t h e  influence of 
d i f ferent ia l  i sos ta t ic  uplift, t h e  emergence  of a ser ies  of 
out le ts ,  and fluvial downcutting of t hese  outlets.  The 
lacustrine episode ended suddenly with t h e  northward 
drainage of wa te r  a t  a t i m e  when t h e  New Quebec  glacier had 

of t h e  Cochrane  l1 surge  s t i l l  was  a t  i t s  maximum e x t e n t  
(Hardy, 1976). 

This repor t  r e l a t e s  t h e  last  phases of t h e  post-Algonquin 
glacial  lake  in Ontar io  and t h e  main phases in t he  evolution of 
glacial  lake  Barlow and Ojibway in Quebec  and provides an 
overall  in terpre ta t ion  of the i r  development.  This In terpre ta-  
t ion d i f fers  f rom those of ear l ie r  authors  (Colernan, 1909, 
1922; Wilson, 1918; Antevs, 1925; Pres t ,  1970) in t h a t  i t  
considers lacus t r ine  phases controlled by a ser ies  of out le ts ,  
whose successive emergence  was  t h e  resul t  of d i f ferent ia l  
i sos ta t ic  uplift. The  study is based on a synthesis of t h e  
avai lable  geological, morphological, and biological d a t a  a s  
well a s  r ecen t  unpublished information.  
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Previous Studies 

In studying t h e  distribution of varved c lays  and t h e  
a l t i tudes  of beaches  and lake out le ts ,  Coleman (1909) held 
t h a t  t h e  glaciolacustrine sediments  encountered  south of t h e  
Hudson Bay - St. Lawrence  River dra inage  divide had been 
deposited in a lake consti tuting a nor theas tward  extension of 
Lake Algonquin. While admit t ing  t h e  possibility of a local  
extension of t h e  lake  in to  t h e  dra inage  basin of J a m e s  Bay, 
Coleman (1909) thought  t h a t  t he  ice  f ron t  remained s table  for  
a long period while it was  d i rec t ly  north of t h e  drainage 
divide, t hus  preventing t h e  expansion of Lake Algonquin. 
According t o  Coleman, following t h e  deglaciation of Mat tawa 
and O t t a w a  valleys, Lake Algonquin drained eas tward .  The 
lowering of t h e  wa te r  t o  t h e  Nipissing level t hen  
supposedly produced another  lake  located  north of t h e  
Hudson Bay - St. Lawrence  River dra inage  divide; Coleman 
(1909, p. 284) proposed call ing th i s  proglacial lake "Ojibway", 
a f t e r  an  Indian t r i be  t h a t  once  had occupied t h e  a r ea .  He 
(1909, p. 293) also s i tua ted  t h e  ou t l e t  for this lake  a t  t h e  
heads  of Duparquet and Opasat r ia  lake basins a t  
approximate ly  285 m alt i tude.  According t o  our  es t imat ion,  
his f igure is probably a fe.w me t re s  higher than t h e  t r u e  
a l t i tude .  

In a la ter  study, \Vilson (1918) showed t h a t  t h e  
glaciolacustrine sediments  observed in t he  vicinity of Lake 
Timiskaming extended north beyond t h e  present  dra inage  
divide between t h e  basins of Hudson Bay and St. Lawrence  
River. He the re fo re  concluded tha t  they were  deposited in a 
single lake, which was  separa ted  f rom Lake Algonquin fo r  t h e  
g r e a t e r  pa r t  of i t s  exis tence ,  and named i t  "Lake Barlow". To 
explain i t s  format ion above t h e  present level of 
Lake Timiskaming (178 m), Wilson (1918) postulated t h e  
ex i s t ence  of an  ice  dam,  which blocked t h e  Timiskaming 
trench. Lake Barlow was  said t o  have expanded northward a s  
t h e  glacier r e t r ea t ed ,  and melting of t h e  ice  dam was  
believed t o  b e  responsible f o r  t h e  dra inage  of t h e  lake  excep t  
for  t h e  portion located north of t h e  present dra inage  divide. 

Antevs (1925) accep ted  some  of t h e  conclusions reached 
by Wilson but considered t h a t  t h e  ponded wa te r  was  
a t t r i bu t ab le  t o  a morainic dam,  which blocked the  
Timiskaming t rench,  and t h e  more  depressed na tu re  of t h e  
t e r r a in  in t h e  nor th  a s  opposed t o  t h e  south. According t o  
Antevs (1925, p. 75) Lake Barlow expanded t o  t he  north and 
combined wi th  Lake Ojibway t o  form a single body of wa te r  
called "Lake bar low-Ojibway l'. Boissonneau (1968, p. 105) 
agreed with t he  idea of a morainic dam,  but suggested t h a t  i t  
was  t h e  Lake McConnell Moraine, located 18 km nor th  of 
TCmiscaming, t h a t  a c t e d  a s  a barrier.  

The location and character is t ics  of t he  ou t l e t s  have 
received l i t t le  a t t en t ion  s ince  t h e  work of Coleman (1909, 
p. 292-3) and Antevs (1925, p. 74-7). Hughes (1965, p. 557), 
advanced t h a t  a southern  ou t l e t  of Lake Ojibway must have 
been blocked a t  one  point t o  account  for  t h e  sudden 
deepening of wa te r ,  corresponding t o  varve  year  1528. On 
t h e  o the r  hand, Pres t  (1970, p. 733) considered t h a t  t h e  low 

wa te r  phase t h a t  preceded t h e  deposition of varve  1528 could 
have  been caused by a t empora ry  flow westward  in to  t he  
basin of Lake Superior. Pres t  (1970, p. 733-4) a lso  discussed 
t h e  o the r  ou t l e t s  t h a t  could have controlled t h e  a l t i t ude  of 
t h e  wa te r  planes throughout t h e  glaciolacustrine episode. 
More recent ly ,  Harrison (1972) determined the location and 
the  a l t i t ude  of t h e  ou t l e t s  t h a t  controlled t h e  post-Algonquin 
lakes  in t h e  vicinity of Mat tawa and North Bay. 

The expansion and maximum levels of t he  lakes  have 
been studied by severa l  authors ,  part icularly Coleman (1909), 
Antevs (1925), Hume (19251, Hughes (19551, Lumbers (19631, 
Boissonneau (1 966, 1968), MacDonald (1 968), and Pres t  (1970) 
with respect  t o  locations in Ontario;  and Gill (1929), 
Cooke et a l  (19331, Norman (1938, 1939), Wilson (1938), 
Longley (1943), Shaw (19441, Ambrose (1941 ), Tremblay 
( l  950), Hughes (19551, Ignatius ( l  9581, Thomson (1 9601, Allard 
(1974), Tremblay (1974), Vincent (1975), and Hardy (1976) fo r  
locations in Quebec.  To these  may be  added unpublished 
observations,  re la ted  t o  strandlines,  by 3-C. Dionne, 
D.R. Grant ,  L. Hardy, V.K. Pres t ,  and J-S. Vincent. 

Norman (1939) and Shaw (1944) used De Gee r  moraines  
t o  de t e rmine  t h e  nor theas tward  extension of Lake  Barlow- 
Ojibway. Pres t  (1970) supplied a ser ies  of s chema t i c  maps 
showing the  variable l imits of t he  lake  during the  en t i r e  
g lac io lacus t r ine  episode. Finally, Hardy (1976) determined 
t h e  northward extension of t h e  lacus t r ine  a r e a  and t h e  
position of t h e  i ce  margins in Quebec  a t  t he  t ime  of dra inage  
of t h e  glacial  lake. Dadswell (1974) used t h e  distribution of 
t h e  crus taceans  Mysis re l ic ta ,  Pontoporeia affinis,  
Limnocalanus macrurus,  and Senecella calanoides,  and t h e  
fish Myoxocephalus quadricornis t o  def ine  t h e  southern  and 
southeas tern  l imi ts  of t h e  proglacial lake. 

The chronostratigraphy of t h e  lacustrine episode was  
determined by Antevs(1925,  1928) who measured 2027 
varves.  Some of t hese  varves  (1 163 t o  2027) were  rerneasured 
by Hughes (19651, who found an additional 60 varves t h a t  
were  deposited during t h e  Cochrane  readvance.  In his study 
Hughes distinguished t h r e e  deep  wa te r  and shallow wa te r  
phases, which he associated with possible out le t  changes or 
t empora ry  blockage of t h e  s a m e  out le t .  Vincent (1973, 1975) 
and Tremblay (1974) published radiocarbon d a t e s  fo r  t h e  
emergence  of t h e  southern portion of t he  inundated area .  
Hardy (1976) determined,  by counting varves,  t h e  duration of 
t h e  lacus t r ine  episode in t h e  lowland sec t ion  of J a m e s  Bay. 

Few authors  have ventured t o  specify t he  final  drainage 
location of t h e  lake. Antevs (1931) thought  t h a t  dra inage  had 
occurred  near  t h e  i ce  margin in t he  vicinity of t h e  mouths of 
Hayes  and Nelson Rivers in Manitoba; this hypothesis was 
re ta ined by Pres t  (1 970, p. 734). Lee  (1968) suggested t h a t  
t h e  mar ine  invasion began on t h e  e a s t  side of J a m e s  Bay and 
Hudson Bay, which implies t h a t  t he  lake  was  drained on the  
Quebec  side. Skinner (1973) thought t h a t  dra inage  could have 
occurred  towards  t h e  north along a line passing through 
Cape  H e n r ~ e t t a  Maria. Hardy (1976) showed, f rom the  
cha rac t e r i s t i c s  of t h e  dra inage  horizon, t h a t  t h e  w a t e r  must  
have  dra ined northward between t h e  margins of t h e  Hudson 
and New Quebec  glaciers.  

All t he se  authors,  excep t  f o r  Antevs, believed t h a t  Lake 
Ojibway drained around 7700 t o  7900 years  ago. This mini- 
mum a g e  is based on radiocarbon da t e s  on shells f rom t h e  
Tyrrell  Sea,  which immedia te ly  succeeded t h e  lacus t r ine  
episode. 

EXTENSION OF THE PROGLACIAL LAKES 

The a r e a  of expansion of t h e  proglacial lakes can be  
deduced f rom t h e  presence  of shorelines, glaciolacustrine 
sediments,  De Gee r  moraines, and by t h e  distribution of 
biological indicators in modern lakes. 



Strandlines 

The various signs of shore  ac t iv i ty ,  such a s  accumula-  
t ions and reworking and washing of mater ia ls  through t h e  
ac t ion  of waves and d r i f t  ice,  a r e  considered evidence  of 
s t randl ine  exis tence .  The a l t i tudes  of s t randl ines  observed in 
t h e  study a r e a  a r e  given in Table 1. These values commonly  
represent  t h e  upper lacus t r ine  l imit  and thus  m a k e  i t  possible 
t o  de termine  t h e  to ta l  a r e a  of submerged terrain.  From the  
s a m e  figures,  t h e  amount  and direction of t i l t  of postglacial  
i s o s t a t ~ c  uplift also can be  ca lcula ted;  avai lable  d a t a  show 
t h a t  t h e  ave rage  d i rec t ion  of t i l t  is N20°E fo r  t h e  southern  
half of t h e  submerged a rea ,  and this progressively sh i f t s  t o  
t h e  nor theas t  in t h e  northern half. Observations on 
in termedia te  s t randl ines  a r e  too  f r agmen ta ry  t o  allow 
corre la t ion  of wa te r  planes and hence t o  de termine  the i r  t r u e  
deformat ion.  Since t h e  drainage of Lake Ojibway was  
synchronous fo r  t h e  e n t i r e  a r ea ,  however,  i t  should be  
possible t o  use t h e  lower l imi t  of shore  ac t iv i ty  t o  de t e rmine  
t h e  deformat ion of t h e  Lake Ojibway w a t e r  plane. 

The a l t i tudes  of t h e  upper s t randl ines  recognized a r e  
between 293 m in t h e  vicinity of Lake Timiskaming and a 
l i t t l e  more  than 457 m nea r  t h e  nor theas tern  end of t h e  a r e a  
submerged by Lake Ojibway. As shown in Table l ,  t h e  
maximum al t i tude  of t h e  w a t e r  planes var ies  considerably 
f rom one location t o  another ,  part icularly south of t he  
present  Hudson Bay-St. Lawrence drainage divide. These 
variations a r e  associated with t h e  deglaciation of ou t l e t s  
located  a t  d i f f e r en t  a l t i t udes  o r  with downcutting a s  a result  
of wa te r  overflow. North of t h e  dra inage  divide, t h e  
maximum lacus t r ine  levels follow a more  constant  north- 
nor theas ter ly  progression because  of t h e  northward migration 
of ou t l e t s  corresponding t o  bedrock sills. 

A comparison of t h e  maximum a l t i t udes  of s t randl ines  
on bo th  sides of t h e  Harricana In ter lobate  Moraine 
(Hardy, 19761, o r  of i t s  presumed southward extension, shows 
t h a t  for  a given la t i tude  t h e  maximum wa te r  plane was 
approximate ly  25 m higher on the  west  side than on t h e  ea s t  
side. This d i f ference  in a l t i t ude  is explained by t h e  f a c t  t h a t  
t h e  a r e a  west  of t h e  moraine  was  deglac ia ted  before  t h e  a r e a  
e a s t  of i t ,  t hus  permi t t ing  an  ear l ie r  lacus t r ine  submergence  
t o  t h e  west.  Because uplift  continued a s  t h e  a r e a  t o  t h e  e a s t  
of t h e  moraine was deglac ia ted ,  t h e  maximum lacustrine 
level is lower on t h e  e a s t  side for  a given la t i tude .  

Except  for  measurements  repor ted  by Tremblay (1950) 
and Ambrose (19411, a l l  a l t i t udes  shown in Table l a r e  
pe r f ec t ly  in keeping with t h e  lacus t r ine  phases given below. 
The view t h a t  t h e  highest  beaches  were  c r ea t ed  in smal l  
supraglacial  o r  annular lakes around nunataks,  a s  s t a t ed  by 
Laverdigre (1969, p. 235) and la ter  by Allard (1974, p. 278) 
and Tremblay (1974, p. 571, has not been retained. These 
au tho r s  s eem t o  have  ignored t h e  d i f ferent ia l  i sos ta t ic  
disequilibrium of t h e  ter ra in  a t  t h e  t i m e  of t h e  lacus t r ine  
inundation. 

Varved Sediments and De Ceer Moraines 

Strandlines in t h e  lowland sec t ion  of J a m e s  Bay could 
no t  be  observed in t h e  a r e a  of lacus t r ine  inundation, because  
t h a t  section remained well below t h e  maximum level of 
Lake Ojibway. The distribution of deep  wa te r  sediments ,  
however,  shows t h a t  Lake Ojibway extended north of 
La Grande River and eas tward  a s  f a r  a s  t h e  Sakami Moraine 
(Hardy, 1976). The g lac io lacus t r ine  sediments  consist  mainly 
of varved clayey si l ts;  nor th  of 52"N, the i r  distr ibution is 
sporadic and generally is l imited t o  depressions. 

Deposits  of varved s i l t s  a r e  except ional  e a s t  of t h e  
lowland above an a l t i t ude  of 325 m. In this a r e a  t he  e x t e n t  of 
Lake Ojibway a s  f a r  a s  t h e  Sakami Moraine is  conf i rmed by 
t h e  presence  of De Geer  moraines which normally a r e  
considered t o  b e  buil t  a t  t h e  margin of an  ice  shee t  r e t r ea t ing  
in a w a t e r  body. Based on variqus d a t a  (presence  of De Gee r  
moraines,  varved clays) provided by his own work and t h a t  
of Mawdsley (19361, Norman (1938), and Wilson (1938), Shaw 
(1944, p. 831, also surmised t h a t  t h e  ice in t h e  a r e a  in 
question r e t r ea t ed  in a glacial  lake. Since De Gee r  moraines 
a r e  found a t  a l t i tudes  t h a t  vary between 300 and 400 m, and 
s ince  mar ine  l imit  of t h e  Tyrrell  Sea  is s i tua ted  a t  290 m, i t  
is evident t h a t  t hese  landforms were  built in a glacial  lake 
ra ther  than a marine con tac t  a rea .  

Biological Indicators 

R e c e n t  work by Dadswell (1974) on t h e  distribution of 
c rus t aceans  such a s  Mysis r e l i c t a  and t h e  fish Myoxocephalus 
quardricornis in present lakes shows t h a t  t hese  species  
became  dispersed by migration in to  proglacial wa te r  bodies 
and t h a t  those lacus t r ine  a r e a s  correspond t o  t h e  present  a r e a  
of distr ibution fo r  t h e  species. This technique  also was  used 
t o  de t e rmine  t h e  e x t e n t  of pa r t  of Lake Algonquin 
(Martin and Chapman,  1965) and of t h e  lakes t h a t  were  
formed a t  t he  r e t r ea t ing  southeas tern  margin of t h e  
Scandinavian Ice Sheet  (Segers t rs le ,  1976). 

In t h e  region concerned, Dadswell (1974) surveyed just 
over  150 lakes for  t h e  presence  of indicator species. His 
f indings have  been incorporated into th is  repor t .  In general ,  
t h e  biological d a t a  a r e  perfec t ly  in keeping with t h e  o the r  
evidence  of t h e  ex t en t  of g lac io lacus t r ine  wa te r  bodies. In 
ce r t a in  a r eas  where  o ther  evidence  is lacking, however,  
Dadswell's findings a r e  t h e  principal indication of t h e  e x t e n t  
of t h e  proglacial  lakes. 

LAKE OUTLETS AND THE ASSOCIATED WATER PLANES 

Out l e t s  a r e  rarely prominent in t h e  landscape by the i r  
morphology because  they a r e  located  along valleys where  
present-day river sys tems may be  responsible fo r  morpho- 
logical changes  or ,  theore t ica l ly ,  fo r  incisions in 
unconsolidated mater ia ls .  The locat ions  of t h e  ou t l e t s  a r e  
deduced f rom morphological and topographic c lues  and also 
f rom such information a s  t h e  e x t e n t  of t h e  various lacus t r ine  
phases, land deformat ion a s  presented  by t h e  plot  of 
water level  planes, and t h e  successive positions of t h e  ice 
margin. It should be  pointed out  t h a t  t h e  natura l  long profiles 
of many river sys tems now have been concealed by numerous 
hydroelec t r ic  works. Figure 2 shows the  original long profiles 
of se lec ted  watercourses ,  along which discharge w a t e r s  f rom 
glac ia l  lakes were  routed,  based on hydrological surveys 
conducted  prior t o  t h e  hydroelec t r ic  developments.  

The in terpre ta t ion  is  obviously somewhat  a rb i t r a ry  with 
respect  t o  t he  specific position of t h e  ou t l e t s  and the i r  ac tual  
impor tance  in t he  history of t h e  proglacial  lakes. To s e e  th is  
in perspective,  however, w e  have  only t o  recal l  t h e  weakness 
of ear l ie r  in terpre ta t ions :  t h e  ponding of proglacial  lakes  
was  explained by t h e  presence  of an ice dam in the  
Timiskaming t rench (Wilson, 1918) o r  by t h e  presence  of 
morainic dams (Antevs,  1925; Boissonneau, 19681, of which no 
evidence  has been found in Quebec.  Hughes (1955, p. 154) 
suggested t h a t  control  of dra inage  by d i f ferent ia l  i sos ta t ic  
uplif t  could explain t h e  presence  of s t randl ines  100 m above 
t h e  present  Hudson Bay-St. Lawrence  River dra inage  divide 
and the i r  t e r r aced  profile up t o  422 m a l t i t ude  on Plamondon 



Table  1 
Measured a l t i t udes  of s t randl ines  of g l ac i a l  lakes  Barlow and Ojibway. 

1 SITES METHOD OF INTERPRETATION OF ALTITUDES 
(see Fig. 2,3) LOCATION REFERENCES MEASUREMENT PHENOMENA MEASURED' (m) 

Lake Oxbow, South Lorrain 
Township, Ontario 
47"10'N, 79'29'W 

Hughes, 1955, 
Plate 8 

photogrammetry 

photogrammetry 

photogrammetry 

upper l imit of wave wash 

Maidens, South Lorrain 
Township, Ontario 
47" I3'N, 79'27'W 

Hi l l  east of Baie 
I'Africain, Fabre 
Township, Quebec 
47" 14'N. 79'23'\11 

Hughes, 1955, 
Plate 8 

upper l imit of wave wash 

Hughes, 1955, 
Plate 8 

upper l imi t  of wave wash 

Prest and Vincent, 
1976, unpubl~shed 

aneroid barometer 

photogrammetry 

upper l imit of wave wash 

upper l imit of wave wash  mission Point, Lorrain 
Township, Ontario 
47"17'N, 79'28'W 

Hughes, 1955, 
Plate 8 

Thomson, 1960, 
p. 24-5 

Vincent, 1975, 
p. 119 

aneroid barometer 

aneroid barometer 

upper l imi t  of wave wash 

upper l imit of wave wash Hi l l  west of.Miron, 
Duhamel Township, Quebec 
47"17'N, 79'25'W 

beach Northwest of Haileybury, 
Bucke Township, Ontario 
47'27'N, 79'40'W 

Hume, l925 
p. 6-7 

aneroid barometer 

aneroid barometer H i l l  south-southeast of 
Guigues, Guigues Township, 
Quebec 
47"26'N, 79'25'W 

Vincent, 1975, 
p. 119 

upper l imi t  of wave wash 

two beaches2 \Vest of New Liskeard, 
Dymond Township, Ontario 
47'3I1N, 79'44'W 

Hume, 1925, 
P. 7 

aneroid barometer 

photogrammetry 

aneroid barometer 

aneroid barometer 

East of Lake Hudfin, 
Lundy Township, Ontario 
47'30'N, 79'54'W 

Hughes, 1955, 
Plate 8 

upper l imi t  of wave wash 

Northwest of Milberta, 
Kearns Township, Ontario 

V.K. Prest, pers. 
comm. in Hughes, 
1955, Plate 8 

V.K. Prest and 
J-S. Vincent, 1976, 
unpublished 

ten beaches2 nine between 
297 and 275, 
one at 259 

North entrance of La 
Vbrendrye Park, Vtllebon 
Township, Quebec 
47'53'N, 77'21'W 

Southeast of Lake Villebon, 
Villebon Township, Quebec 
47'54'N, 77'17'W 

Southeast of Kearns, 
McGarry Township, Ontario 
48'08'N, 79"33'W 

North slope of Swinging 
Hills, Dasserat Townsh~p, 
Ontario 
48'12'N, 79"24'W 

Aldermac, Beauchastel 
Township, Quebec 
48" 13'N, 79'14'W 

Amulet Mine, Dufresnay 
Township, Quebec 
48'19'N, 79"52'W 

East of Lake Savard, 
Clericy Township, Quebec 
4.S020'N, 78'52'W 

West of Nissing Hills, 
Chazel Township, Quebec 
48"55'N, 7S052'\V 

Northeast of Adair 
Township, Ontario 
49"0.S1N, 79'33'\V 

Plamondon Hill, CCloron 
Township, Quebec 
49"08'N, 78'33-W 

wave washed summlt of 
esker (near upper limit?)' 

V.K. Prest and 
J-S. Vincent, 1976, 
unpublished 

V.K. Prest and 
J-S. Vincent, 1976, 
unpublished 

Gill, 1929, 
p. 100 

aneroid barometer 

aneroid barometer 

aneroid barometer 

upper l imi t  of wave wash 

upper l imi t  of wave wash 

twelve beaches; beach at 
366 m interpreted as being 
at upper l lmlt 

twelve 
between 366 
and 305 

three beaches; beach at 
366 m interpreted as 
being at upper l imi t  

366, 358, 
and 354 

Cooke et  al., 
1933, p. 167 

theodolite 

Cooke et al., 
1933, p. 168 

theodolite 

topographic map 

beach interpreted as 
being at upper l imit 

Cooke et al., 
1933, p. 168 

Tremblay, 1974, 
p. 58 

aneroid barometer strandline on outwash2 

Lumbers, 1963, 
p. 30 

aneroid barometer six beaches2 six between 
379 and 369 

aneroid barometer upper l imit of wave wash 

G. Mizerovsky for 
J-S. Vincent, 1976 

Tremblay, 1974 
p. 57 

photogrammetry 

topograph~c map? 

upper l imi t  of wave wash 

shorelines on esker2 Esker south of Amos 
Airport, Figuery Township, 
Queber 



METHOD OF INTERPRETATION OF ALTITIJDES 1 ?lJ%ig. 2,3) LOCATION REFERENCES MEASUREMENT PHENOMENA MEASURED' (m) 

Esker west of Lake 
Charpentier, Courville 
Township, Quebec 
4g025'N, 77"27'W 

Tremblay, 1974, topographic map? 
p. 55 

shorelines on esker (near 
upper limit?)' 

On Harricana lnterlobate 
Moraine, northeast of 
Landrienne Township, 
Quebec 
48"3L1N, 77"49'W 

Tremblay, 1974, topographic map? 
p. 58 

shorelines on Harricana 
lnterlobate Moraine 
(near upper lirnlt?)' 

Allard, 1974, 
p. 277-8 

topographic map shorelines on Harricana 
lnterlobate Moraine 
(near upper llrnlt?)' 

V.K. Prest and aneroid barometer 
J-S. Vlncent, 1976, 
unpubl~shed 

upper limit of wave wash North of Senneterre, 
Montgay Township, Quebec 
48'26'N, 77' 13'W 

North of [vlegiscane, 
Dallard Township, Quebec 
48"23'N, 77'06'W 

V.K. Prest and aneroid barometer 
3-5. Vincent, 1976, 
unpublished 

upper l imit of wave wash 

East of Fish Lake, 
Tiblemont Township, 
Quebec 
48"ll 'N, 77"12'W 

V.K. Prest and aneroid barometer 
J-S. Vincent, 1976, 
unpublished 

upper l imi t  of wave wash 

South slope of Mont 
Laurier, Lozeau Township, 
Quebec 
49'48'N, 77O32'W 

Longley, -1943, 
p. 23 

Hardy, 1976, topographic map, 
p. 155 contour interval 

20 feet 

strandlines, 395 m inter- 
preted as upper l lmlt 

between 
353 and 395 

-427 Southwest of Lake 
Sbbastien, Brochant 
Township, Quebec 
49'36'N, 74"52'W 

Ignatius, 1958, topographic map? 
p. 30 

beach near upper l iml t 

Hills in the v ~ c ~ n i t y  of 
Lake Opernisca, Quebec 

Norman, 1938, 
p. 70 

Shaw, 1944, p. 43 

J-C. Dionne, 
pers. comm., 
1975 In Hardy, 
1976, p ,  157 

V.K. Prest and 
D.R. Grant, pers. 
comm., 1976 

V.K. Prest and 
D.R. Grant, pers. 
cornm., 1976 

L. Hardy, 1976, 
unpublished 

beaches interpreted ds 
being at upper llrnlt 

South-southeast of Lake 
Amisquioum~sca, Quebec 
50°19'N, 76"07'\V 

beach at upper llrnlt altimeter 

\Vest of Lake Duchat, 
Paularik Township, Quebec 
4S035'N, 78"57'W 

aneroid barometer upper l imit of wave wash 

Nissing Hills, Disson 
Township, Quebec 
48'501N, 78"51'W 

topographic map, 
contour interval 
10 feet 

topographic map, 
contour interval 
10 feet 

upper l imi t  of wave wash 

H i l l  west of Lake Father, 
Du Guesclin Township, 
Queber 
49'211N, 75"28'W 

upper l imit of wave wash 

East of Lake Tbsbcau, 
Quebec 
5I002'N, 75"45'W 

L. Hardy, 1976, 
unpublished 

topographic map, 
con tour interval 
10 feet 

topographic map, 
contour interval 
10 feet 

upper l imit of wave wash 
lower l imit of wave wash 

North of Lake Weakwaten, 
Quebec 
51 O IO'N, 7J046'W 

L. Hardy, 1976, 
unpublished 

upper l imit of wave wash 
lower l imit of wave wash 

REJECTED ALTITUDES~ 

36 Northwest of Senneville Tremblay, 1950, 
Township, Quebec p. 65. 
48"17'N, 77°45'\V 

upper l imit of wave wash 450 

37 Abijevis Hill, A~guebelle Ambrose, 1941, beaches 457 
Township, Quebec P. 4 

I In a few cases the synthesis of data led us to recons~der the Interpretation of certain authors. 

Strandlines associated with lnterrned~ate lacustrlne levels 

The altitudes reported by Trernblay (site 36) and Ambrose (site 37) were rejected berause they seemed much too high. In the 
first case, Tremblay used the presence of "bare rock" to define the limit, whirh seems indeterminate; in the second case, 
Ambrose indicated that the altitude was only very approximate. 

* Wilson (1938, p. 56, 57) drew the well defined trimline around Plamondon Hi l l  on an airphotograph and indicated that its 
altitude, measured by aneroid barometer, was 457 m. I f  Wilson's trimline is transferred on the recent 150 000 scale map sheet 
of the area (NTS 32 E/2), i t  is obvious that the trimline falls well below the l500 foot contour line (457 m) and is situated close 
to the 1400 foot contour line (427 m). Photogrammetric measurements made on more recent aerial photographs 
(NAPL A22558-48, 49) using the same trimline confirmed this and indicated that the altitude of the trimline is situated at 
about 422 m. 
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Hill ( s e e  s i t e  20, Table  I). In Hughes '  r e c o n s t r u c t i o n ,  t h e  si l l  
cont ro l l ing  d r a i n a g e  of L a k e  Barlow-Ojibway is  s i t u a t e d  a t  
Tdrniscaming.  His hypothes i s  d o e s  n o t  t a k e  i n t o  a c c o u n t  t h e  
s t r a n d l i n e s  t h a t  r i s e  to 3 0 0 m  on  e a c h  s ide  of 
L a k e  Timiskaming  o r  t h e  dispersal  of biological  i n d i c a t o r s  in 
lakes  p e r c h e d  a t  318  m a l t i t u d e  w e s t  of L a k e  Timiskaming.  
T h e s e  values,  f o r  a w a t e r  p lane  cont ro l led  by a n  o u t l e t  a t  
Tkmiscaming ,  would imply a d i f f e r e n t i a l  up l i f t  of 3.6 m l k m .  
Although d i f f e r e n t i a l  up l i f t  is  undoubted ly  t h e  main  explana-  
t i o n  f o r  t h e  ponding, t h e  loca t ion  of t h e  f i r s t  d a m  (accord ing  
t o  o u r  analysis)  t h a t  r e t a i n e d  L a k e  Barlow w a t e r s  h a s  to b e  
s h i f t e d  southward  f r o m  t h e  Tkmiscaming  si l l  a s  f a r  a s  Aylen 
(42 k m  e a s t  of M a t t a w a ) .  

The  Aylen o u t l e t  is m a d e  up of a m o r a i n i c  a c c u m u l a t i o n  
a round which  t h e  w a t e r s  original ly d e t o u r e d  on  t h e  south ,  
c a r v i n g  a c h a n n e l  in t h e  loose  m a t e r i a l  b e t w e e n  Deux- 
Riv igres  and  Bisse t t  (J.E. Harrison,  pers .  comm. ,  1976). T h e  
c h a n n e l  d e e p e n e d  unti l  bedrock  wa3 r e a c h e d  a t  225 m a l t i t u d e  
(Fig. 2). S t randl ines  a s s o c i a t e d  wi th  th i s  o u t l e t  a r e  found 
main ly  n e a r  t h e  n o r t h e r n  end  of L a k e  Timiskaming  and 
c o r r e s p o n d  t o  a w a t e r  p lane  incl ined l m / k m  to t h e  south-  
southwes t .  Downcut t ing  in t h e  m o r a i n i c  m a t e r i a l  c a u s e d  a 
sh i f t ing  of  t h e  o u t l e t  a n d  a lower ing  of  t h e  l a k e  leve l  by 
a b o u t  7 5  m. Following downcut t ing ,  t h e  o u t l e t  p robably  
m i g r a t e d  rapidly u p s t r e a m  t o  t h e  s i t e  of rock si l ls ,  t h e  
a l t i t u d e  of which r i se  t o  160 m in t h e  vicini ty of La C a v e .  

With d i f f e r e n t i a l  up l i f t ,  t h e  o u t l e t  s h i f t e d  u p s t r e a m  a n d  
s e t t l e d  at t h e  po in t  of g r e a t e s t  s l o p e  in f lec t ion ,  i m m e d i a t e l y  
s o u t h  of Tkrniscaming.  In v iew of t h e  low g r a d i e n t  of 
O t t a w a  R i v e r  u p s t r e a m  f r o m  Tdmiscaming  t o  t h e  h e a d  of 
L a k e  Timiskaming  (Fig. 2), t h i s  o u t l e t  m u s t  h a v e  been  t h e  
s o u t h e r n  l imi t  of L a k e  Barlow for  t h e  r e m a i n d e r  of t h e  lake ' s  
e x i s t e n c e .  Assoc ia ted  s t r a n d l i n e s  a r e  found  as f a r  n o r t h  a s  
t h e  p r e s e n t  Hudson Bay-St. L a w r e n c e  d r a i n a g e  divide,  a n d  
t h e i r  a l t i t u d e  i m p l i e s  a m e a n  d i f f e r e n t i a l  up l i f t  of 1.2 m / k m .  

T h e  rocky  si l l  a t  Angliers  on D e s  Q u i n z e  R i v e r ,  20 k m  
e a s t  of t h e  n o r t h e r n  end of L a k e  Timiskaming ,  c o n s t i t u t e s  t h e  
f i r s t  m a j o r  s lope  in f lec t ion  a f t e r  Tkrniscaming.  I t s  e m e r -  
g e n c e  resu l ted  in t h e  f o r m a t i o n  of L a k e  Ojibway.  T h e  
Angl ie rs  o u t l e t  is  l o c a t e d  at a n  a l t i t u d e  of 260 m, at t h e  head 
o f  a s e r i e s  of r a p i d s  which d r o p s  a t o t a l  of 81 m. 

As a r e s u l t  of d i f f e r e n t i a l  i s o s t a t i c  up l i f t ,  i t  is  p robable  
t h a t  t h e  e n t i r e  KinojCvis River  s y s t e m  progressively e m e r g e d  
f r o m  south  t o  n o r t h  and s e r v e d  a s  a n  o u t l e t  fo r  t h e  w a t e r s  of 
L a k e  Ojibway.  T h e  southern  end  of t h e  ~ i n o j d v i s  s y s t e m  i s  a t  
a n  a l t i t u d e  of 267 m a n d  at i t s  n o r t h e r n  end  t h e  m a x i m u m  
a l t i t u d e  at L a k e  P r e i s s a c  is  2 9 5  m. Middle and  u p p e r  
Kinojdvis  Valley is  c h a r a c t e r i z e d  by wide  a r e a s ,  w h e r e  
a c c u m u l a t i o n s  of c l a y  w i t h  30 m-deep  incisions a r e  loca l ized ,  
a n d  by c o n s t r i c t i o n s  c a u s e d  by t h e  p r e s e n c e  of rock hills. T h e  
KinojCvis o u t l e t  s e e m s  t o  h a v e  cont inued  o v e r  t h e  he ight  of 
land b e t w e e n  L a k e  P r e i s s a c  and  L a k e  Malar t ic ,  judging f r o m  
t h e  c h a n n e l s  c u t  in t h e  c lay .  In f a c t ,  d e e p  c h a n n e l s  c u t  in  
upper  H a r r i c a n a  Valley, n o r t h  of L a k e  Malar t ic ,  i n d i c a t e  t h a t  
t h e  d r a i n a g e  d iv ide  m i g r a t e d  f a r t h e r  n o r t h  t h a n  i t s  p r e s e n t  
posi t ion.  

The c lay  plain in t h e  a r e a  of t h e  d r a i n a g e  divide is c u t  
by n u m e r o u s  c h a n n e l s  (e.g., L a r d e r  River ,  l a k e  and  r i v e r  
s y s t e m  s o u t h  of L a k e  Opasa t ica) ,  t h e  d imens ions  of which c a n  
only  b e  expla ined  by t e m p o r a r y  a c t i o n  of  t h e  over f low w a t e r  
i m m e d i a t e l y  prior  t o  t h e  f ina l  e m e r g e n c e .  T h e s e  c h a n n e l s  
showing e v i d e n c e  of f luv ia l  d i s c h a r g e  have  been  observed  on 
a e r i a l  photographs ;  t h e y  a r e  espec ia l ly  c o m m o n  on  t h e  
d r a i n a g e  divide in t h e  reg ion  south  of L a k e  Pre i ssac .  
Coleman ' s  (1909, p. 293) o u t l e t ,  l o c a t e d  at t h e  d r a i n a g e  d iv ide  
b e t w e e n  L a k e  D a s s e r a t  ( f o r m e r l y  ca l led  L a k e  Mat tawagogig)  
a n d  L a k e  O p a s a t i c a ,  shows  t h e  s a m e  c h a r a c t e r i s t i c s .  T h e  
a l t i t u d e  of t h e  t e r r a i n  a long  t h e  l ine of e q u a l  up l i f t  passing 
through t h i s  s i t e  and t h e  Kinojkvis o u t l e t  shows t h a t  upper  

~ i n o j d v i s  Valley w a s  s t i l l  under  w a t e r  when t h e  o u t l e t  
d i scussed  by C o l e m a n  e m e r g e d  a n d  t h a t  i t  would h a v e  s e r v e d  
as t h e  only possible log ica l  r o u t e  f o r  over f low w a t e r .  I t  i s  
p r o b a b l e  t h a t  Coleman ' s  o u t l e t ,  l ike s e v e r a l  o t h e r  o u t l e t s  of 
e q u i v a l e n t  a l t i t u d e ,  w a s  used only during t h e  t i m e  
i m m e d i a t e l y  preceding  t h e  e m e r g e n c e  of t h e  d r a i n a g e  divide.  
The  upper  Kinojdvis is  t h e  l o w e s t  and also t h e  l a r g e s t  of t h e  
o u t l e t s  observed .  I t  is  necessar i ly  t h e  o n e  which  w a s  used f o r  
t h e  e v a c u a t i o n  of o v e r f l o w  w a t e r s  f o r  a long period preceding  
f ina l  d r a i n a g e  of L a k e  Ojibway.  

The  h ighes t  s t r a n d l i n e s  a s s o c i a t e d  w i t h  t h e  Angl ie rs  and 
~ i n o j d v i s  s y s t e m  o u t l e t s  a r e  t a n g e n t  t o  l ines whose  m e a n  
inc l ina t ion  a long  a n  a x i s  lying N20°E v a r i e s  f r o m  
0.5 t o  0.9 m/km.  

A shore l ine  d i s t a n c e  d i a g r a m  (Fig. 2) shows  t h e  
d i s t r ibu t ion  of a l l  known m e a s u r e d  s t r a n d l i n e s  and of t h e  
l a k e s  s a m p l e d  by Dadswel l  (1 974) for  biological  ind ica tor  
s p e c i e s  in c o n n e c t i o n  wi th  t h e  o u t l e t s  t h a t  cont ro l led  t h e  
var ious  w a t e r  planes.  The  o b s e r v a t i o n  s i t e s  w e r e  p r o j e c t e d  
o n  a n  a x i s  running N20°E a n d  passing through t h e  o u t l e t s  
concerned .  T h e  s l igh t  d i s t o r t i o n s  in t h e  g e n e r a l  up l i f t  p lane  
f o r  L a k e  Barlow a n d  L a k e  Ojibway produced  a c e r t a i n  
s c a t t e r i n g  of po in ts ,  s i n c e  t h e  po in ts  comrnonly w e r e  
p r o j e c t e d  o v e r  d i s t a n c e s  e x c e e d i n g  200 k m .  The s t r a i g h t  
l ines joining t h e  po in ts  of m a x i m u m  s t r a n d l i n e  a l t i t u d e  
i n d i c a t e  t h a t  f o r  a given l a k e  p h a s e  t h e  upper  l i m i t  of t h e  
w a t e r  body i n c r e a s e s  in a l m o s t  l i n e a r  fash ion  t o  t h e  nor th-  
n o r t h e a s t  a t  a r a t e  vary ing  f r o m  0.5 t o  1.2 m/km. These  
v a l u e s  a r e  e q u i v a l e n t  t o  t h e  d a t a  o b t a i n e d  f o r  o t h e r  progla-  
c i a l  l akes  a s s o c i a t e d  w i t h  t h e  L a u r e n t i d e  Ice  S h e e t  ( s e e  
Andrews  and  B a r n e t t ,  1972, t h e i r  T a b l e  I) ,  and t h e  connec-  
t i o n s  proposed b e t w e e n  t h e  s t r a n d l i n e s  and t h e i r  o u t l e t s  
a p p e a r  c red ib le .  

T h e  i n t e r s e c t i o n  of t h e  long prof i le  of t h e  f luv ia l  a x e s  
a n d  of t h e  s t r a i g h t  l ines,  which  r e p r e s e n t  m e a n  d i f f e r e n t i a l  
up l i f t ,  m e a n s  t h a t  c e r t a i n  o u t l e t s  unques t ionably  w e r e  used 
(Fig.  2). Taking i n t o  a c c o u n t  t h e  a c t u a l  d e f o r m a t i o n  of t h e  
w a t e r  p lanes  o v e r  t i m e ,  p resumably  r e p r e s e n t e d  by a s e r i e s  of 
e x p o n e n t i a l  c u r v e s  u n d e r  t h e  s t r a i g h t  l ines  shown in F i g u r e  2, 
a n d  c o n n e c t i n g  t h e m  at t h e  ends ,  i t  is  obvious t h a t  t h e  a b o v e  
m e n t i o n e d  o u t l e t s  w e r e  used. 

RECONSTRUCTION O F  LACUSTRINE PHASES 

L a k e s  Barlow a n d  Ojibway w e r e  t h e  p e n u l t i m a t e  l a k e  
p h a s e s  in a s e r i e s  of g l a c i a l  l a k e s  t h a t  fo l lowed t h e  r e t r e a t i n g  
L a u r e n t i d e  i c e  m a r g i n  dur ing  t h e  l a s t  deg lac ia t ion .  The i r  
evolu t ion  i s  c lose ly  linked w i t h  t h e  r a t e  of r e t r e a t  a n d  t h e  
prof i le  of t h e  i c e  f r o n t  and  w i t h  t h e  e m e r g e n c e  of t h e  o u t l e t s  
def ined  in t h e  prev ious  sec t ion .  

The r e c o n s t r u c t i o n  of t h e  l a c u s t r i n e  p h a s e s  is 
i l l u s t r a t e d  in  F i g u r e s  3A-I, which  s c h e m a t i c a l l y  d e p i c t  t h e  
s u c c e s s i v e  posi t ions of t h e  i c e  f r o n t ,  t h e  l o c a t i o n s  of t h e  
o u t l e t s ,  and  t h e  e x t e n t  and  m a x i m u m  a l t i t u d e  of t h e  w a t e r  
planes. Although i n t e r m e d i a t e  s t r a n d l i n e  leve ls  h a v e  n o t  
been  c o r r e l a t e d ,  w e  h a v e  t r i e d  t o  e n s u r e  t h a t  t h e  l ines  of 
e q u a l  a l t i t u d e  on a given w a t e r  p lane  r e p r e s e n t  a n  
e x p o n e n t i a l  d e f o r m a t i o n .  B e c a u s e  of t h e  a b s e n c e  of d a t a ,  t h e  
isol ines shown in F igures  3A-I a r e  probably  s o m e w h a t  
d i f f e r e n t  f r o m  t r u e  a l t i t u d e s ,  e x c e p t  at t h e  l o c a t i o n  of  t h e  
o u t l e t  and  n e a r  t h e  i c e  f r o n t .  

T h e  f o r m a t i o n  of L a k e  Barlow w a s  p r e c e d e d  by t w o  
post-Algonquin l a c u s t r i n e  phases  t h a t  r e a c h e d  beyond 
O t t a w a  River  i n t o  Ontar io .  Post-Algonquin L a k e  
Sheguiandah,  c o n t r o l l e d  b y  Mink L a k e  o u t l e t  at a n  
a l t i t u d e  of  3 2 8  m,  e x t e n d e d  n o r t h  of Nor th  Bay 
i n t o  a d e e p  r e - e n t r a n t  of t h e  i c e  s h e e t  (Fig. 3A) (Harrison,  
1972). Over f low w a t e r  w a s  r o u t e d  down P e t a w a w a  a n d  
O t t a w a  valleys and f inal ly e m p t i e d  i n t o  Champla in  Sea.  



Figure 3 

Schematic reconstruction of  lake phases showing the successive positions o f  the ice front and 
the extent  of the glacial lakes. Also shown are isolines giving the maximum altitude o f  water 
planes, locations of the observed shoreline features and outlets,  and locations o f  modern lakes 
sampled by Dadswell ( 1 9 7 4 )  for biological indicator species. 
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Figure 3A. Post-Algonquin lake - Sheguiandah phase. 

Legend for Figures 3 A  t o  I. 
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The d e v e l o p m e n t  of a r e - e n t r a n t  in t h e  southern  marg in  of 
t h e  i c e  s h e e t  is a t t r i b u t e d  t o  t h e  f a c t  t h a t  s o u t h e a s t  of 
M a t t a w a  t h e  ice  r e t r e a t e d  f r o m  t h e  Algonquin Highlands,  
whi le  in t h e  w e s t  i t s  r e t r e a t  w a s  a c c e l e r a t e d  by ca lv ing  i n t o  
t h e  w a t e r s  of Algonquin and  post-Algonquin lakes. This  
c o n c a v i t y  r e m a i n e d  and  e v e n  d e e p e n e d  to t h e  n o r t h  a s  t h e  
Labrador  s e c t i o n  of t h e  L a u r e n t i d e  Ice S h e e t  p rogress ive ly  
s e p a r a t e d  i n t o  t w o  d i s t i n c t  e n t i t i e s ,  namely ,  Hudson g l a c i e r  
and  New Q u e b e c  g l a c i e r  (Hardy ,  1976). 

Nor th  of  D e c e l l e s  r e s e r v o i r  ( O t t a w a  River) ,  t h e  dividing 
l ine  b e t w e e n  t h e  t w o  g l a c i e r s  w a s  marked  by t h e  H a r r i c a n a  
I n t e r l o b a t e  Mora ine  (Fig. 3E). South  of t h e  reservoi r ,  t h i s  
dividing line has  n o t  been  d e t e r m i n e d ,  a l though i t  m u s t  l i e  

g e n e r a l l y  a long  a n  a x i s  running n o r t h e a s t  f r o m  Nor th  Bay t o  
D e c e l l e s  reservoi r .  An e x a m i n a t i o n  of t h e  g l a c i a l  f l o w  
i n d i c a t o r s  a n d  i c e  c o n t a c t  d e p o s i t s  in t h i s  a r e a  could  m a k e  i t  
possible t o  d e t e r m i n e  t h e  l ine m o r e  a c c u r a t e l y .  

T h e  r e t r e a t  of t h e  i c e  f r o n t  as f a r  a s  t h e  hills t h a t  
border  O t t a w a  River ,  sou th  of M a t t a w a ,  enabled  t h e  over f low 
w a t e r s  t o  spill e a s t w a r d ,  b e t w e e n  t h e  i c e  s h e e t  and t h e  s ide  
of O t t a w a  Valley. During t h i s  l a c u s t r i n e  phase  (known as t h e  
K o r a h  phase)  t h e  leve l  of t h e  post-Algonquin l a k e  w a s  
cont ro l led  by t h e  posi t ion of t h e  i c e  on  t h e  n o r t h  s i d e  of t h e  
hills (Fig. 3B). As t h e  g l a c i e r  r e t r e a t e d  downslope,  l a k e  level  
d ropped  progressively t o  t h e  level  of t h e  Aylen o u t l e t  
(Har r i son ,  1972). The  posi t ion of t h e  ice f r o n t  t o  t h e  

Figure 3B. Post-Algonquin lake - Korah phase. 



n o r t h w e s t  enabled  t h e  l a c u s t r i n e  w a t e r  t o  e x t e n d  a s  f a r  a s  
t h e  basin of L a k e  Timiskaming  a n d  a l lowed biological  
ind ica tor  s p e c i e s  t o  p e n e t r a t e  by t h i s  r o u t e  i n t o  Tirniskaming 
basin (Dadswell ,  1974, p. 54). T h e  d is t r ibu t ion  (or absence)  of 
i n d i c a t o r  s p e c i e s  in m o d e r n  l a k e s  whose  a l t i t u d e s  l i e  b e t w e e n  
t h e  leve ls  of  t h e  w a t e r  p lanes  cont ro l led  by t h e  Mink L a k e  
and  Aylen o u t l e t s  c o n f i r m s  t h a t  t h e s e  organisms  w e r e  
d i spersed  during a phase  when t h e  w a t e r  level  w a s  dropping.  
F igure  2 c l e a r l y  i n d i c a t e s  t h a t  if t h i s  w e r e  n o t  t h e  case, l a k e s  
conta in ing  i n d i c a t o r  s p e c i e s  would b e  found  at m u c h  higher 
a l t i t u d e s  t o  t h e  n o r t h  and  wes t .  

The  c o m p l e t e  deglac ia t ion  of O t t a w a  Valley in  t h e  
v ic in i ty  of  M a t t a w a  c a u s e d  t h e  w a t e r  body to d r o p  to t h e  
leve l  of t h e  Aylen o u t l e t ,  which cont ro l led  t h e  f i r s t  p h a s e  of 
L a k e  Barlow (Fig. 3C). During t h e  Aylen phase,  t h e  w a t e r  
p lane  e x t e n d e d  i n t o  t h e  basin of L a k e  Nipissing. 

T h e  Aylen o u t l e t  w a s  used a t  l e a s t  unti l  t h e  i c e  r e a c h e d  
t h e  n o r t h e r n  p a r t  of L a k e  Tirniskaming. H e r e  t h e  upper  l i m i t  
of t h e  s t r a n d l i n e s  v a r i e s  b e t w e e n  293 and  312  m a l t i t u d e ,  f o r  
a m e a n  upl i f t  of I m / k m  t o  t h e  nor th-nor theas t .  

Figure 3C.  Lake Barlow - Aylen phase. 



Downcutting in t he  morainic mater ia l ,  which blocked 
Ot t awa  Valley between ~ e u x - R i v i k r e s  and Bissett, caused the  
ou t l e t  t o  drop by approximate ly  75 m t o  an a l t i tude  of 160 m. 
As a result ,  O t t awa  basin and Lake Nipissing basin were  
separa ted;  this te rminated  t h e  Aylen phase (Fig. 3D). 

With d i f ferent ia l  i sos ta t ic  uplift, t h e  Lake Barlow 
ou t l e t  migrated ups t ream t o  t h e  head of a ser ies  of rapids a t  
178 m a l t i tude  at TCmiscaming (Fig. 3E, 3F). The 
Tkmiscaming phase was  marked by a period of transgression,  
during which Lake Barlow grew with t h e  r e t r e a t  of t h e  i ce  
f ront ,  and a period of regression, which began with t h e  
emergence  of t h e  Angliers out le t .  The northward progression 
of Lake Barlow was  controlled by t h e  margin of t h e  glacier,  

whose contour was marked by a f ronta l  moraine 
(P re s t  e t  al., 1968) which is formally named he re  Roulier 
Moraine (Fig. 3E) a f t e r  t h e  name of t h e  neares t  locali ty.  At 
t h e  s a m e  la t i tude ,  t h e  separa t ion  of t he  Hudson and 
New Quebec  glaciers began t o  t a k e  shape; t h e  p lace  of th is  
separa t ion  is marked by t h e  Harr icana  ln ter lobate  Moraine 
(Hardy, 1976). 

Determining t h e  position of t h e  i ce  f ront  o r  t h e  
maximum northward e x t e n t  of Lake Barlow prior t o  t h e  
emergence  of t h e  Angliers ou t l e t  poses a problem. The 
youngest strandlines t h a t  could be  associated with t he  
Tkmiscaming out le t ,  based on a rea l i s t ic  deformation plane, 
a r e  near  t he  present Hudson Bay-St. Lawrence River drainage 

Figure 3D.  Lake Barlow - transition f rom the Aylen phase t o  the Tkmiscaming phase. 



divide, a t  a l t i tudes  varying between 349 and 371 m (locali t ies 
13  t o  15, Table I ;  Fig. 2, 3F). Far the r  north,  most  s t randl ines  
a r e  associated with w a t e r  planes controlled by t h e  Angliers or 
~ i n o j g v i s  ou t l e t s  (Fig. 2). It is probable t he re fo re  t h a t  t he  
present  drainage divide represents  t h e  approximate  l imit  of 
e x t e n t  of Lake Barlow. West of t h e  Harr icana  Moraine, t he  
lake  extended f a r the r  nor th  because of t h e  position of t h e  ice  
f ron t  (Fig. 3F, 3G). 

Towards t h e  end of t h e  transgression period of t h e  
TCmiscarning phase, in ter f luves  had emerged near  t h e  
dra inage  divide, but a uniform wa te r  plane projec ted  north- 
ward through t h e  valleys. The emergence  of the  Angliers sill 
c u t  t h e  wa te r  body in two (Fig. 3G). Lake Barlow, which had 
become  a s epa ra t e  ent i ty ,  was  confined t o  t h e  Timiskaming 
basin, t h e  northern portion of which was  st i l l  depressed more  
than t h e  Tgmiscarning sill. The subsequent evolution of t he  
lake  was  controlled by decreas ing d i f ferent ia l  uplift. 

The Angliers ou t l e t  controlled t h e  f i rs t  phase of 
Lake Ojibway. The l imits of t h e  lake  the re fo re  w e r e  south of 
those  proposed by Colernan (1909)  in his definit ion of 
Lake Ojibway. Valley profiles and the  direction and values of 
d i f ferent ia l  uplif t ,  however, show t h a t  t h e  l ake  init ial ly could 
no t  have been contro l led  by a single sill located  a t  t h e  
present  dra inage  divide, but  by a ser ies  of sills in 
KinojCvis Valley, f rom Angliers t o  t h e  drainage divide, t h a t  
a c t e d  successively a s  outlets.  

The Angliers phase, l ike t h e  KinojPvis phase  t h a t  
followed i t ,  was  marked by a rapid transgression of 
Lake Ojibway t o  t he  north and nor theas t  on newly deglaciated 
ter ra in  and by a slow nor ther ly  shift ing of outlets.  This 
northward succession of ou t l e t s  was  due  t o  t h e  progressive 
i sos ta t ic  emergence  of d i f ferent  sills in Kinojgvis Valley 
(Fig. 3H,  31). 

Figure 3E. Lake Barlow - Terniscaming phase. 



Because of t h e  continuous shift ing of sill positions, i t  is 
improbable t h a t  t he re  were  rapid changes in t h e  depth  of 
wa te r ;  wa te r  depth  presumably was  controlled by i sos ta t ic  
uplif t  and, t o  a lesser ex t en t ,  by ou t l e t  downcutting.  The 
ea r ly  Kinojkvis phase a s  i l lustrated in Figures 2 and 3H i s  an  
a rb i t r a ry  level t h a t  was  chosen t o  i l lus t ra te  t h e  t rend of 
shore l ines  and t h e  development  of t h e  lake  basin and does  not  
mark  a position of stabil i ty.  The positioning and t iming of 
t h e  two  d i f f e r en t  Cochrane  advances  (I and 11) shown in 
Figures 3H  and 31 a r e  based on deta i led  work by Hardy 
(1976, 1977) in t he  lowlands eas t  of J a m e s  Bay. 

The last  600 years  of t he  lacus t r ine  episode a r e  well 
documented in varved sequences  on the  shore  of 
Lake Matagami.  The continuity of t h e  varves indica tes  t h a t  
t h e r e  was  no in t e rmed ia t e  dra inage  of t h e  lake.  In t h e  
southeas tern  portion of J a m e s  Bay lowlands, progressive 
var ia t ions  in varve  thicknesses,  a s  well  a s  t h e  ab rup t  

in terca la t ion  of thick varves in t h e  sequences,  a r e  
accompanied by variations in grain s i ze  and carbonate  
con ten t  which definitely can be  re la ted  t o  t h e  various 
Cochrane  readvances  (Hardy, 1976, p. 166-180). 
Hughes (1965, p. 557-3581 in terpre ted  t h e  s a m e  t y p e  of 
information a s  indicating a rapid f luc tuat ion  of lake  level. 
The geornorphological and sedimentological  d a t a  col lec ted  on 
t h e  Quebec  s lope  of J a m e s  Bay allow a new in terpre ta t ion  of 
Hughes' (1955) conclusions t h a t  t h e  Barlow-Ojibway lacus t r ine  
episode was  marked by rapid f luc tuat ions  of wa te r  levels, 
based on observations of varve  sequences  (particularly t h e  
increase  in varve  thickness in varve  year 1528) in t h e  
Cochrane  a r e a  of Ontario.  It is suggested t h a t  t h e  sedimen- 
tological  cha rac t e r  of t h e  varves,  in terpre ted  by Hughes 
(1955) as being t h e  resul t  of changes  in w a t e r  depth ,  instead 
could be  due  t o  rapid movement  of t h e  i c e  f ron t  caused by an 
ice  readvance  similar t o  t h e  Cochrane.  

Figure 3 F .  Lake Barlow - Tkrniscaming phase. 

14 



: Lake 
MaCamlC 1 

___ZC 
S PHASE 

Lake l 

Figure 3C.  Lake Ojibway - Angliers phase (Lake Barlow - late Tbrniscaming phase). 
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L a k e  Ojibway g r e w  t o  t h e  n o r t h e a s t  and dra ined  south  
v ia  t h e  ~ i n o j i v i s  o u t l e t  unti l  t h e  Hudson and New Q u e b e c  
g l a c i e r s  s e p a r a t e d  c o m p l e t e l y  a t  t h e  l a t i t u d e  of Hudson Bay, 
t h u s  p e r m i t t i n g  a rapid d i scharge  of t h e  w a t e r  t o  t h e  n o r t h  
(Fig. 31). D r a i n a g e  took  p l a c e  a p p r o x i m a t e l y  7900 y e a r s  ago,  
at a t i m e  when t h e  New Q u e b e c  g l a c i e r  had  r e t r e a t e d  t o  t h e  
Sakami  posi t ion a n d  C o c h r a n e  l1 i c e  had m a i n t a i n e d  i t s  
m a x i m u m  s t a n d  s o u t h  of J a m e s  Bay (Hardy ,  1977). 

The  d is t r ibu t ion  of t h e  c r u s t a c e a n  Mysis relicta 
i n d i c a t e s  t h a t  a p roglac ia l  l a k e  surv ived  in t h e  basin of 
L a k e  Mistassini  a f t e r  t h e  draining of L a k e  Ojibway.  The 
a l t i t u d e  of t h e  w a t e r  p lane  in t h i s  post-Ojibway l a k e  varied 
f r o m  a p p r o x i m a t e l y  395  m in t h e  south  t o  410 m in t h e  north.  
The  l a k e  dra ined  t o w a r d  Tyrre l l  Sea ,  f i r s t  v ia  
Broadback River  and  t h e n  v ia  R u p e r t  and  E a s t m a l n  r i v e r s  a s  
n e w  o u t l e t s  b e c a m e  unglac ia ted .  

CONCLUSION 

The  various d a t a  r e l a t i n g  t o  t h e  post-Algonquin l a k e s  
t h a t  submerged  t h e  a r e a  w e s t  of O t t a w a  River  n o r t h  of 
M a t t a w a  and  those  p a r t s  o f  l akes  Barlow a n d  Ojibway lying in 
Q u e b e c  g i v e  r i se  t o  a new i n t e r p r e t a t i o n  of t h e  l a c u s t r i n e  
phases. This  i n t e r p r e t a t i o n  i s  based  on  t h e  f a c t  t h a t  
d e f o r m a t i o n  of t h e  t e r r a i n  at t h e  t i m e  of  d e g l a c i a t i o n  had 
produced  a s o u t h w a r d  s h i f t  of t h e  Hudson Bay - St. L a w r e n c e  
R i v e r  d r a i n a g e  d iv ide  and  t h a t  pos tg lac ia l  i s o s t a t i c  r e c o v e r y  
produced  a s low r e t u r n  of t h e  divide n o r t h w a r d  to i t s  p r e s e n t  
posi t ion.  

T h e  e x t e n t  of t h e  proglac ia l  w a t e r  bodies  a n d  t h e  
d e f o r m a t i o n  of t h e  t e r r a i n ,  super imposed  on  t h e  p r e s e n t  long 
prof i le  of t h e  val leys t h a t  logical ly se rved  a s  a passage  f o r  
o v e r f l o w  w a t e r ,  show t h a t  L a k e  Barlow f i r s t  w a s  r e t a i n e d  by 
t h e  Aylen o u t l e t ,  w h e r e  t h e  th reshold  w a s  f o r m e d  by a 
m o r a i n i c  accumula t ion .  T h e  n o r t h w a r d  migra t ion  of t h e  
d r a i n a g e  divide t o o k  p l a c e  in s t a g e s  cor responding  to t h e  
e m e r g e n c e  of t h e  main  sills. Thus, a f t e r  d o w n c u t t i n g  of t h e  
Aylen o u t l e t ,  t h e  southern  l imi t  of L a k e  Barlow m i g r a t e d  
n o r t h  a s  f a r  a s  Tkmiscaming .  T h e  n o r t h e r n  l imi t  of t h e  l a k e  
probably  e x t e n d e d  beyond t h e  p r e s e n t  d r a i n a g e  divide,  but  t h e  
e m e r g e n c e  of  t h e  Angliers  sill c r e a t e d  a second l a k e  and 
s e p a r a t e d  lake  Barlow f r o m  t h e  main  g lac io lacus t r ine  basin. 
S ince  L a k e  Barlow surv ived  f o r  a long period of t i m e  in t h e  
Timiskaming  t r e n c h ,  t h e  independent  w a t e r  body r e t a i n e d  
b e t w e e n  t h e  Angl ie rs  s i l l  a n d  t h e  i c e  marg in  h e r e  h a s  b e e n  
c a l l e d  L a k e  Ojibway.  

During t h e  Angliers  and  ~ i n o j 6 v i s  lacus t r ine  phases,  t h e  
n o r t h w a r d  migra t ion  of t h e  d r a i n a g e  d iv ide  took  p l a c e  very  
gradua l ly ,  given t h e  much m o r e  regular  p rof i le  of t h e  r iver  
sys tems .  The  expansion of L a k e  Ojibway t o  t h e  n o r t h  and 
n o r t h e a s t  cont inued  unti l  t h e  s e p a r a t i o n  of t h e  Hudson and 
New Q u e b e c  g l a c i e r s  p e r m i t t e d  d r a i n a g e  of t h e  l a k e  i n t o  
Hudson Bay t o  t h e  north.  

This  i n t e r p r e t a t i o n  d o e s  n o t  t a k e  i n t o  a c c o u n t  t h e  
hypothes i s  of mora in ic  o r  i c e  d a m s  in t h e  Timiskaming  t r e n c h  
and  shows t h a t  d i f f e r e n t i a l  i s o s t a t i c  up l i f t  by i tself  is 
s u f f i c i e n t  t o  expla in  t h e  e x i s t e n c e  of l akes  Barlow and 
Ojibway.  Addit ional  d a t a  on i n t e r m e d i a t e  s t r a n d l i n e  leve ls  
should m a k e  i t  possible t o  c o r r e l a t e  t h e  w a t e r  levels ,  
d e t e r m i n e  t h e  t i m e  of e m e r g e n c e  of t h e  o u t l e t s ,  and d e f i n e  
t h e i r  r e l a t i v e  i m p o r t a n c e  in t h e  h i s tory  of t h e  proglac ia l  
lakes. It is  improbable ,  however ,  t h a t  in t h e  a r e a  inundated  
by L a k e  Barlow, s u c h  c o r r e l a t i o n s  c a n  b e  p e r f o r m e d  g iven  t h e  
nar rowness  of t h e  depress ion  a n d  t h e  poor d e v e l o p m e n t  of 
s t randl ines .  
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