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ABSTRACT 

This  r e p o r t  desc r ibes  and cha rac te r i zes  the var ious  types of 
glacial  f ea tu res  to be shown on the new Glacia l  Map of Canada and i l l u s t r a t e s  
some  of them by means  of s tereoscopic  photographs; a threefold c lass i f ica-  
tion of mora ine  i s  given in tabular f o r m  under f ea tu res  t r ansve r se  to  ice- 
flow, pa ra l l e l  to ice-flow and non-orientated.  



NOMENCLATURE O F  MORAINES AND ICE-FLOW FEATURES AS 
APPLIED TO THE GLACIAL MAP OF C A N A D A ~  

INTRODUCTION - 

While engaged in prepara t ion of the forthcoming Glacial  
(Ple is tocene)  Map of Canada,  the wr i t e r  found the prevail ing nomencla ture  
of dr i f t  f o r m s  to be somewhat chaotic.  Various investigators had used  e i ther  
different t e r m s  for  s imi l a r  dr i f t  f o r m s ,  or  the same  t e r m s  for different 
f ea tu res .  T e r m s  widely used in one p a r t  of the country were  applied in other 
p a r t s  to somewhat s imi l a r  fea tures  but which have an  ent i re ly  different 
genes i s .  F o r  instance a descr ip t ive  n a m e ,  such a s  'washboard m o r a i n e ' ,  
was  widely used both fo r  dr i f t  r idges of d ive r se  fo rm and for s imi l a r  f o r m s  
of d ive r se  o r ig ins ,  unti l  the original  meaning ,and usefulness of the t e r m  was 
los t .  A s  a r e su l t  it became n e c e s s a r y ,  in prepara t ion of the glacial  m a p  and 
legend,  to choose t e r m s  previously used only where  the original  meaning 
could be  s t r i c t ly  adhered t o ,  and otherwise to employ new descr ip t ive  t e r m s .  
Most difficulty was encountered with terminology of mora ines  and l ineated 
f ea tu res .  

The following account does  not propose  to  give a s tandard  
terminology fo r  g lac ia l  mapping,  for  this  m u s t  vary  according to the sca le  
of the work  and the a r e a  under study; n o r  i s  it intended to be a s tandard  or  
comprehensive  description of a l l  the f ea tu res  enumerated .  I t  i s ,  r a t h e r ,  
an a t tempt  to cha rac te r i ze  the types of glacial  fea ture  shown on the new 
Glacia l  Map of Canada,  s o  that the country-wide analys is  m a y  be bet ter  
apprecia ted .  

The m a t e r i a l s  deposited a s  a resul t  of g lac ia t ionare  collectively 
known a s  glacial  d r i f t .  The dr i f t  deposited d i rec t ly  f rom the ice ,  without the 
d i r ec t  aid of me l twa te r ,  i s  r e fe r red  to  a s  till.  I n f o r m e r  yea r s  this m a t e r i a l  
was often t e rmed  'boulder clay1 - a t e r m  that is now seldom employed. Ti l l  
i s  the m o s t  cha rac te r i s t i c  surf ic ia l  m a t e r i a l ,  or parent  soil- type,  in Canada.  
I t  consis ts  of a heterogeneous mix tu re  of ma te r i a l s  f rom clay-s ize  toboulder-  
s i ze .  The propor t ions  of the var ious  s i zes  in the mix tu re  vary  great ly  
according to the cha rac te r  of the local  bedroclc or unconsolidated m a t e r i a l  
over which the g lac ier  has  moved,  and with distance of t ranspor t .  T i l l  m a y  
be found intimately associa ted  with s t ra t i f ied  and substrat if ied m a t e r i a l s  
indicative of l imited mel twater  action.  

' T O  be published by the Geological Survey a s  one of a group of m a p s  of 
Canada a t  a sca le  of 1: 5 mill ion.  

Manuscr ip t  received: 10 October ,  1967.  
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Glaciated a r e a s  a r e  genera l ly  cha rac te r i zed  by a constructional  
dr i f t  man t l e .  Where it i s  thin and dominantly till it  m a y  be r e f e r r e d  to a s  a 
t i l l  shee t .  However ,  where  the dr i f t  i s  thick enough to display a n  uneven 
s u r f a c e ,  commonly with closed depress ions ,  lt shou ldmore  s t r ic t ly  speaking 
be t e rmed  mora ine .  Moraine may be deposited f rom active ice or f romdead-  
i ce  and it displays a var ie ty  of fo rms  that p e r m i t  variat ion in classif ication.  
The m o s t  widespread mora ina l  deposit  i s  t e rmed  ground mora ine ;  where  it 
occurs  over broad a r e a s  and displays very  low relief  it m a y  be r e f e r r e d  to 
a s  a t i l l  plain. F o r  purposes  of this account and the forthcoming Glacia l  Map 
of Canada,  mora ine  i s  subdivided according to the p resence  or  absence  of 
longitudinal and t r a n s v e r s e  l ineaments .  It should be unders tood,  however ,  
that  there  a r e  gradat ions  or  t rans i t ions  f r o m  any one type of mora ine  to 
another type. I t  i s  these  v e r y  t rans i t ions ,  in fac t ,  that have led to  the u s e  of 
different t e r m s  for  s i m i l a r  f ea tu res .  

MORAINE FORMED TRANSVERSE T O  ICE-FLOW DIRECTION 

(Moraine with T r a n s v e r s e  Lineaments)  

Some mora ine  occurs  a s  a r idge o r  s e r i e s  of r idges  that  l i e  a t  
r ight  ang les ,  or  l e s s  commonly a t  oblique ang les ,  to the direction of ice-  
movement  that formed them.  Such mora ine  m a y  display l ineaments ,  
including both r i d ~ e s  and depress ions ,  that may  be widely or c lose ly  spaced.  
The depress ions  m a y  be  s imple  troughs between r idges ,  or  may  display a 
beaded pat tern  due to  s ide  and bottom i r r egu la r i t i e s ;  the pat tern  i s  commonly 
accentuated by ponding of wa te r .  The r idges  a r e  extreme1.y va r i ed .  Some 
s e r v e  to delineate the end of a g lac ier  lobe ,  o thers  a na r row marg ina l  zone 
n e a r  such a t e rminus ,  whereas  s t i l l  o thers  formed well  back f rom the ice- 
f ront  and m a y  be associa ted  with mora ine  displaying longitudinal l ineaments .  
The specific cha rac te r  of the r idges and depress ions  and their  infer red  
posit ion re la t ive  to the ice-f ront ,  provide a means  of classifying these  
m o r a i n e s .  

Ground mora ine  - corrugated 

(Corrugated ground m o r a i n e ,  corrugat ion r idges)  

In the In ter ior  P l a i n s ,  low-re l ief  ground mora ine  commonly 
displays shor t  to elongate,  i r regular-branching t r a n s v e r s e  r idges that on the 
ground and on a i r  photos impar t  a corrugated or  washboard-like f o r m  and 
pa t t e rn  to broad a r e a s  (Fig .  1). The composite pat tern  of the r idges ,  
~ e n e r a l l y  accentuated by the p r e s e n c e  of innumerable ponds and s loughs ,  
f o r m s  a broad a rcua te  s y s t e m  that s e r v e s  to outline the position of f o r m e r  
g lac ier  lobes .  The t e r m  corrugated ground moraine  i s  proposed for  these  
a r e a s  of repeti t ive t r a n s v e r s e  r idges ;  the individual r idges m a y  be t e r m e d  
corrugat ion r idges .  The t e r m  washboard mora ine  has  been employed for  
such a r e a s  on the In ter ior  P l a i n s ,  but  a s  this t e r m  has  been used for  other 



f ea tu res ,  and was a l s o  e a r l i e r  applied to mora ina l  r idges of a different type 
and origin in the Chibougamau region of Quebec,  it shouldnotbe  soemployed.  

Corrugation r idges  in Alberta range f rom 1 to 10 feet in height and 
f r o m  a few hundred fee t  to about a mi l e  in length (Gravenor ,  Green ,  and 
Godfrey,  1960). Ridges up to 30 feet  high and one and a half mi l e s  in length 
a r e  repor ted  f rom Manitoba (Hals tead,  1959). Corrugation r idges  have an 
i r r e g u l a r ,  wavy, outline and occupy about half the spacing between riclge 
' c r e s t s '  o r  cent re- l ines ;  the spacing v a r i e s  f rom about 250 feet  to 900 feet .  

The ridges a r e  typically composed of t i l l ,  but sor ted  m a t e r i a l s  or  
bedrock s labs  m a y  be included locally.  The ridges probably owe thei r  
emplacement  to subglacial  pushing,  thrus t ing,  o r  squeezing in associa t ion 
with a f r ac tu re  sys t em o r  zone of weakness ,  in an  ice-marginal  zone,  and 
w e r e  p r e s e r v e d  because of subsequent stagnation of the local  ice .  In p laces  
the t r a n s v e r s e  r idges m e r g e  with longitudinal r idges a s  if both w e r e  formed 
by a common p r o c e s s  of e i ther  moulding during ice-flow, o r  squeezing into 
f r a c t u r e s  a s  the ice stagnated ( F i g .  2 ) .  Where the longitudinal e lements  a r e  
numerous  a re t icula te  pa t t e rn  of r idges ,  ponds and sloughs r e su l t s .  

End mora ine  

End mora ine  i s  a comprehensive  and useful t e r m  used to designate 
a t r a n s v e r s e  m o r a i n a l  r idge ,  o r  group of r idges ,  that de l imi ts  a f o r m e r  ice- 
f ronta l  posit ion ( F i g .  3 ) .  It includes the recess ional  and push mora ines  of 
some  au thor s .  I t  i s  typically a marked ly  elongate and relat ively n a r r o w  
f o r m  with a highly i r r egu la r  su r face .  The t e r m  applies to some  of the m o s t  
continuous mora ines  shown on the new Glacia l  Map of ~ a n a d a ,  and to some  
s m a l l ,  a lbei t  fa i r ly  continuous,  poorly developed r idges .  Some of the end 
m o r a i n e s  r i s e  500 o r  m o r e  feet  above the surrounding t e r r a i n  whereas  
o the r s  a r e  a s  low a s  10 feet .  Some l a r g e  end mora ines  include var ious  
glaciofluvial f ea tu res  such a s  e s k e r s ,  k a m e s ,  and outwash. The t e r m  
t e rmina l  mora ine  should be applied only to  that end mora ine  marking the 
max imum o r  n e a r  max imum position of the ice-front reached by a g lac ier  
advance.  The t e r m  recess iona l  mora ine  a s  used by some  authors  i s  a 
va r i e ty  of end mora ine ;  it appea r s  to imply construction of a t r ansve r se  
r idge during a hal t  in g lac ier  r e t r e a t .  The t e r m  push moraine  perhaps  
should be r e s t r i c t ed  to those c a s e s  where  there  i s  conclusive evidence of 
pushing,  ploughing o r  overriding action in the unconsolidated m a t e r i a l s  
forming the end m o r a i n e .  End mora ine  i s  h e r e  regarded a s  the m o s t  appro-  
p r i a t e  gene ra l  t e r m .  

End mora ines  a r e  not a s  evident on a i r  photos a s  might be 
expected.  Local  f ea tu res  on l a r g e  end mora ines  a r e  in p laces  common to 
adjoining a r e a s .  Smal l  end mora ines  in  p laces  r e semble  other f ea tu res  of 
e i ther  m o r a i n a l  o r  non-morainal  origin.  



I ce - th rus t  mora ine  

Mackay (1959) drew attention to the l a rge - sca le  i ce - th rus t  fea tures  
of the Yukon coas t .  Slices of s t ra t i f ied  sed imen t s ,  that  m u s t  have been 
f rozen when emplaced,  a r e  known to be a mi le  o r  m o r e  in length and up to 
200 fee t  thick,  and to occur  in belts  over ten mi le s  long and a mi le  o r  m o r e  
wide. Mackay cons ide r s  these due to the overriding action of g l ac ie r  ice  in 
an  a r e a  of p e r m a f r o s t .  The overr id ing glac ier  is believed to have provided 
I t . .  . the confining p r e s s u r e  to shea r  off thick s l ices  of f rozen sediments  along 
the basa l  port ion of the frozen groundt1 .  

The t e r m  i ce - th rus t  r idges  was  employed by Kupsch (1962) for 
f ea tu res  on the In ter ior  Pla ins  that appeared to " rep resen t  deformed bed- 
rock ,  with only occasional basa l  t i l l  but in p laces  coveredby ablation t i l l . .  .". 
The t e r m  ice- thrus t  mora ine  i s  now in u s e  on the In te r io r  P la ins  f o r  the 
c'omposite ice- thrus t  bedrock s t r u c t u r e s ,  with the i r  int imately associa ted  
dr i f t  deposits  ( F i g .  4 ) .  These  mora ina l  a r e a s  compr i se  a broad success ion 
of r idges with a super imposed weakly to strongly developed hummocky s u r -  
face of high local  rel ief  ( F i g .  5) .  They compr i se  b road ,  a rcua te  to gently 
curving o r  nea r ly  s t ra ight  composite s t r u c t u r e s  tens of m i l e s  in length and 
in p laces  s e v e r a l  m i l e s  wide. Repetitive ice- thrus t  r idges  cannot readi ly  be 
dist inguished f r o m  bedding within such units due to the prevalent d r i f t  cover  
and hence the s i z e  l imi t s  of individual ice- thrus t  units cannot be es t imated 
with any degree  of cer ta in ty .  A detailed description of the Lancer  ice- thrus t  
m o r a i n e ,  in wes t - cen t ra l  Saskatchewan i s  given by David (1964).  

Kupsch (1962) s t a t e s  that " .  . . in  western  Canada i ce - th rus t  r idges 
apparently developed pa ra l l e l  to the ice-front in the marginal  zone of a 
relat ively thin but actively flowing g lac ie r  where  the ice  moved up-slope 
par t icular ly  where  it pushed against  the valley walls11.  He believes that a 
thick l a y e r  of ground ice occur red  in p laces  and ' I . .  . tha t  s l ices  of f rozen  
ground which w e r e  p a r t  of the g lac ie r  were  deformed and dislocated but left  
m o r e  o r  l e s s  intact  during the f inal  melt ing of g lac ier  and ground ice".  
Mackay and Mathews (1964) have a l s o  concluded that development of pe rma-  
f ros t  favours  ice-thrusting beneath a g lac ier  though it m a y  not be e s sen t i a l ;  
the overlying glac ier  m a y  provide the s t r e s s  to promote thrusting of buried 
clayey sed imen t s ,  utilizing only the i r  no rmal  water  content. 

A variat ion of the i ce - th rus t  mora ine ,  that occur a s  dist inct  
elongate be l t s ,  a r e  the g r e a t  sheets  of nea r ly  flat-lying ice- thrus t  bedrock 
that a r e  known f rom na tu ra l  exposures ,  deep road-cu t s ,  and d r i l l  r eco rds  
to r e s t  on till.  Many of these  d is turbed rock m a s s e s ,  commonly with a 
hummock dr i f t  man t l e ,  appear  to be continuous o r  near ly  s o  over a r e a s  
measurab le  in m i l e s .  Very l a r g e  m a s s e s  of s t ra t i f ied  sed imen t s ,  that 
m u s t  have been f rozen when emplaced,  have a l s o  been repor ted  f rom the 
In te r io r  P la ins .  



The w r i t e r  applies the t e r m  ice- thrus t  mora ine  a s  a genetic t e r m  
to both the multiple r idged and flat-lying m a s s e s ,  with the i r  var iably  
hummocky su r faces  whether composed of bedrock o r  s t ra t i f ied  sediments  
that  w e r e  f rozen when emplaced.  On the  other hand he  r e s t r i c t s  use  of the 
t e r m  push m o r a i n e ,  which a l s o  has  been widely employed in Canada,  to 
s m a l l  end mora ines  that display some  evidence of ploughing, pushing or  
overr id ing of unconsolidated sediments  in a genera l ly  unfrozen s t a t e .  

Where  ice- thrus t  m o r a i n e s  a r e  lobate in plan they suggest  the 
posit ions of f o r m e r  ice-tongues o r  lobes ,  and thus m a y  provide information 
on the d i rec t ion of la te  ice movements  where  other data  a r e  lacking.  Some 
i ce - th rus tmora ines  consti tute a type of end m o r a i n e ,  some a fo rm of ground 
m o r a i n e .  

Ribbed mora ine  

Ribbed mora ine  i s  a descr ip t ive  t e r m  used to r e fe r  to mora ine  
a r e a s  where  relat ively l a r g e  sca le  t r a n s v e r s e  l ineaments  give a ' r ibbed'  
pa t t e rn  to the land su r face  ( F i g s ,  6 and 7 ) .  Ribbed mora ine  differs f r o m  
corrugated ground mora ine  in s i z e ,  f o r m  and origin ( c f .  F i g s .  1 ,  2 ) .  
Hughes (1964) used this t e r m  in nor th -cen t ra l  Quebec to emphasize  the 
collective r a the r  than individual cha rac te r  of the r idges .  He noted that ,  
"Elongate f ields of ribbed mora ine  occupy shallow depress ions  in the dr i f t  
plains o r  the bottoms of valleys that cut through the hilly uplands' '  and that 
individual r idges  consis t  of " .  . .bouldery t i l l  up to a mi le  o r  m o r e  in length,  
30 to 90 feet  high,  with c r e s t s  300 to 1 ,000 feet a p a r t .  Typically the 
depress ions  between the r idges a r e  occupied by elongate or  multif ingered 
lakes  which s e r v e  to accentuate the pa t t e rn  of the r idges".  The r idges  
typically a r e  s teep-s ided and in some  a r e a s  have lengths of two o r  th ree  
m i l e s .  They a r e  gently a rcua te  to undulating in ground plan,  a r e  in p laces  
connected by i r r e g u l a r  c r o s s - r i b s ,  and a t  the i r  ends m e r g e  into ill-defined 
r idges  that  m e e t  them a t  var ious  angles .  In some  a r e a s  poorly developed 
ribbed m o r a i n e  i s  d iscernible  on relat ively high ground adjacent to low 
a r e a s  where  i t  i s  be t ter  developed. A variat ion of the well-developed ribbed 
pat tern  i s  an  i r r egu la r  wavy t r a n s v e r s e  ridging. This type of ridging i s  
par t icular ly  common on the island of Newfoundland. There  a r e  transit ions 
between the i r r egu la r  wavy and the d i sc re t e  ribbed mora ine .  

Ribbed mora ine  m a y  show a c lose  association with longitudinal 
ice-flow fea tu res .  The ' r i b s '  commonly occur  on the flanks of drumlinoid 
ridges and e s k e r s  o r  on low ground between them,  but,  again ,  poorly 
developed ribbing m a y  occur with these  s a m e  fea tures  on higher t e r r a i n .  It 
thus appea r s  that these t r ansve r se  and longitudinal l ineaments  have a 
common origin,  possibly reflecting a balance between dr i f t  load and ra t e  of 
flow. F u r t h e r m o r e ,  ribbed mora ine  m a y  have a fluted o r  drumlinized su r -  
face that appea r s  to be intimately re la ted  to the ribbing p r o c e s s  r a the r  than 
to a l a t e r ,  overriding p r o c e s s  (F ig .  7) . 



Ribbed mora ine  i s  common in Shield a r e a s  and on the island of 
Newfoundland. In the Shield the r ibbed mora ine  i s  commonly ornamented by 
a s t rong glacial  fluting. In Newfoundland there  m a y  be a younger g lac ia l  
fluting over l a r g e  a r e a s  of ribbed m o r a i n e ,  but r a r e l y  the intimate a s soc ia -  
tion of r ibs  and fu r rows .  On AvalonPeninsula the ribbing r a r e l y  shows any 
glacial  fluting, and the individual r i b  r idges  have rough, i r r egu la r  outl ines.  
The different f o r m s  of ribbing m a y  ref lec t  different or ig ins ,  but for  the 
p resen t  i t  appea r s  bes t  to r e f e r  to a l l  such f ea tu res  by the descr ip t ive  t e r m s  
r i b  r idges and ribbed mora ine .  

De G e e r  moraine  

De G e e r  mora ine  i s  the t e r m  applied to a success ion of d i s c r e t e ,  
n a r r o w  r idges  ranging f rom shor t  and s t ra ight  to long and undulating, which 
a r e  found in a r e a s  of f o r m e r  lake or  s e a  cover .  This usage is  in keeping 
with that employed in Europe where  they a r e  a l s o  r e f e r r e d  to a s  'winter 
m o r a i n e f .  Moraine r idges  of this  type were  f i r s t  descr ibed in Canada a s  
'washboard moraine  (Mawdsley,  1936) and 'annual mora ine '  (Norman ,  1938) 
f rom the Chibougamau a r e a  of cen t ra l  Quebec. As these  t e r m s  have since 
been applied to a var ie ty  of mora ina l  r idges of differing types and o r ig ins ,  
they a r e  no longer useful .  

De G e e r  r idges  a r e  genera l ly  spaced f rom a few hundred to  a 
thousand fee t  or  m o r e  a p a r t ,  and commonly display a r a the r  uniform spacing 
over broad a r e a s  ( F i g .  8 ) .  The r idges  a r e  a s  much a s  40 feet highand r a r e l y  
h igher .  The i r  basa l  width i s  commonly only two to three  t imes  thei r  height; 
the i r  s teep s ides  a r e  due to a protective mantle of subangular and subround 
boulders .  The ridges a r e  genera l ly  composed of a stony,  sandy to si l ty t i l l ,  
but some  may  be gravel ly .  Some contain l a r g e  patches or  l enses  of contorted 
clay and s i l t .  On some  bedrock outcrops the De C e e r  r idges occur a s  low 
bel ts  of bouldery m a t e r i a l s  with v i r tual ly  n o  r e l i e f .  Branching of the r idges 
into two or  m o r e  e lements  i s  uncommon. The ridges may c r o s s  over  hill 
and dale  but they a r e  bes t  developed in,  and commonly r e s t r i c t ed  t o ,  low 
a r e a s .  

The author considers  the c r o s s  valley moraine  of Baffin Island 
(Andrews and Smithson,  1966) to be a variety of De Geer  moraine  a s  both 
were  fo rmed  in a r e a s  of fo rmer  lake  o r  s e a  cover ( F i g .  9 ) .  The c r o s s  
valley r idges ,  probably due to confinement by the valley wal ls ,  a r e  m o r e  
i r r e g u l a r  in ground plan and a r e  m o r e  closely spaced than normal  De C e e r  
r idges formed in open wa te r s .  The Baffin Island c r o s s  valley r idges  range 
in height f r o m  1 to 10 feet except in the cen t ra l ,  deeper  pa r t s  of s o m e  
valleys where they m a y  range up to  65 fee t .  A detailed account of th.2 c r o s s  
valley r idges ,  their  distr ibution and probable mode of origin i s  given by the 
above au thor s .  



In a few a r e a s ,  such a s  southeas t  of Mis tass in i  Lake,  Quebec,  
the re  i s  a t rans i t ion  f rom De Geer  r idges  into a fo rm of corrugat ion o r  sma l l  
r ib  r idges ,  fo rmed  above lake  l eve l ,  but such occur rences  a r e  relat ively 
uncommon. 

Interlobate and kame mora ine  

Interlobate mora ine  depending on i t s  posit ion relat ive to the ice 
lobes  responsible  fo r  i t s  emplacement ,  m a y  display a g r o s s  or  m a j o r  l inea-  
tion t r a n s v e r s e  to  the genera l  t rend of one of the responsible  g l a c i e r s ,  or 
display minor  l ineaments  t r a n s v e r s e  to the loca l  ice-f ronta l  movements  of 
both g l a c i e r s .  Interlobate mora ine  m a y  p a s s  into end mora ine  p e r  s e  and is  
in  fac t  a type of end mora ine  throughout. The t e r m  kame  mora ine  i s  used to 
signify an  ice-marginal  complex including many  k a m e s ,  and a predominance 
of glaciofluvial deposits  a s  compared to  t i l l .  The t e r m  i s  applicable to some  
end m o r a i n e s  a n d  many  interlobate m o r a i n e s .  The eas t -west  trending Oak 
Ridges mora ine  of southern Ontario was  formed between a g lac ier  flowing 
toward the south-southwest and one flowing westward through the Lake 
Ontario bas in ;  i t  has  been t e r m e d  both a n  interlobate mora ine  and a kame  
mora ine .  Such m o r a i n e s  cover  l a r g e  a r e a s  and probably due to infilling of 
depress ions  by glaciofluvial deposits  m a y  not look like mora ine  on a i r  photos.  

L i n e a r .  ice-block r idge  

The t e r m  ice-block ridge i s  considered applicable to ce r t a in  s m a l l ,  
elongate dr i f t  r idges formed t r a n s v e r s e  to the ice-flow t rend where  stagnant 
ice-conditions probably prevai led  during ridge format ion.  The t e r m  was  
actually used by Deane (1950) for  t i l l  r idges  formed pa ra l l e l  to the ice-flow 
t r end  and to i r r e g u l a r  r idges forming a re t icula te  pa t t e rn ,  but s i m i l a r  r idges 
and r idge  sys t ems  a r e  a l so  known with a t r a n s v e r s e  orientation.  Deane 
considered the r idges  a s  formed e i ther  by the squeezing of t i l l  (mainly  sandy 
but in p laces  s i l ty  to clayey) f rom beneath the ice o r  by the slumping of 
debr i s  f r o m  the ice  su r face ,  into a c revasse - sys tem.  The t r a n s v e r s e  r idges 
a r e  genera l ly  l e s s  than 1 ,000 feet  long and 25  feet  high, and commonly only 
a few hundred feet  long and about 10 fee t  high; they have a semi-oval  prof i le .  
S ta lker  (1960) descr ibed i ce -p ressed  f ea tu res  in Alber ta  and suggested that 
ce r t a in  m i n o r  t i l l  r idges  t r ansve r se  to ice-flow, m a y  well  have formed by 
the squeezing of basa l  t i l l  into a f r a c t u r e  sys t em.  Some s imi la r  t r a n s v e r s e  
r idges  and ridge sys t ems  in e a s t e r n  Ontar io  a r e  composed entirely of clay 
that  m a y  have been squeezed f rom below stagnant ice  o r  slumped f r o m  i ts  
su r face .  T r a n s v e r s e  r idges ,  of s i m i l a r  fo rm but composed of wel l -sor ted  
g rave l ,  sand and s i l t  a r e  m o r e  proper ly  t e rmed  crevasse-f i l l ings .  The t e r m  
ice-block ridge with a pref ix  a s  to the type of m a t e r i a l ,  appea r s  useful  for 
r idges fo rmed  under stagnant ice-conditions where  the p rec i se  p r o c e s s  of 
format ion i s  in doubt. 



MORAINE FORMED PARALLEL T O  ICE-  FLOW DIRECTION 

(Moraine  with Lonaitvdinal Lineaments)  

Actively flowing ice c6knmonly develops l ineations pa ra l l e l  to the 
direction of movement ;  both the t i l l  deposited by such i c e ,  and the older dr i f t  
over which the ice flowed, may exhibit l ineaments that r eco rd  this d i rec t ion 
of movement.  Such aligned fea tures  a r e  known collectively a s  ice-flow 
features  and include d ruml ins ,  drumlinoid r idges ,  glacial  fluting, and c rag -  
and-tail h i l l s .  Such oriented mora ine  i s  the ground mora ine  p e r  s e  of some  
authors .  

Drumlins  a r e  moderate ly  elongate to marked ly  elongate mounds 
and r idges  of dr i f t  ranging f rom about 20 to over 100 fee t ,  and commonly 
between 50 and 8 0  fee t  in height.  Typically they have a s teep s toss  end and 
taper off in both prof i le  and plan toward the l ee  end,  but var ia t ions  in both 
plan and profi le a r e  common,  and they m a y  g rade  into drumlinoid r idges  ( s e e  
Fig .  10).  T h e r e  a r e  drumlins  of both constructionalanddestructionalorig~ 
the f o r m e r  believed to be ice-moulded f o r m s  - genera l ly  composed of till - 
and the l a t t e r  ice-scoured remnants  of pre-exist ing dr i f t  a r e a s  that m a y  be 
e i ther  mora in ic  or  non-morainic .  Rock drumlins  have a bedrock c o r e  which 
presumably  induced lodgement of the t i l l .  Drumlins  m a y  occur  singly but 
m o r e  often they occur  in groups ,  that have been r e f e r r e d  to a s  d ruml in  
fields.  Drumlins  a r e  important  d i rec t ional  ice-flow fea tu res .  In p laces  they 
have been fo rmed  by one glac ier  movement  and par t ia l ly  or  ent i re ly  r e fo rmed  
by a l a t e r  g l ac ie r .  

Drumlinoid r idges  a r e  n a r r o w ,  elongate r idges  f rom about 10 feet  
to a s  much  a s  100 feet  high,  with tapered ends though the s tos s  end m a y  be 
m o r e  blunt than the l ee  end ( F i g .  11).  Most r idges a r e  composed of t i l l  and 
range f r o m  thousands of yards  to a few mi le s  in length.  They a r e  r a r e l y  
sol i tary  f ea tu res  but generally occur  in groups that cover  l a r g e  a r e a s .  With 
d e c r e a s e  in the height of the r idges  above the adjacent ground mora ine  a r e a s ,  
such r idge  fields p a s s  into glacial  fluting. 

Glacial  fluting ( F i g s .  12 and 13) i s  a na r row and shallow furrowing 
in d r i f t ,  with o r  without adjacent r idging,  into markedly  elongate f o r m s  f rom 
about a m i l e  to some  tens  of m i l e s  in length. Where  there  a r e  r idges ,  a s  i s  
usually the c a s e ,  the r idge tops a r e  m o r e  or  l e s s  a t  the same  level  a s  the 
surrounding ground mora ine  or  t i l l  plain r a the r  than noticeably above i t .  I t  
i s  this  f ea tu re ,  together with the c lose  spacing of r idges and furrows where 
developed on t i l l ,  that  s e r v e s  to dist inguish fluted ground moraine  f r o m  
drumlinized ground mora ine  for the individual r idges within some fluted 
a r e a s  a r e ,  in e s s e n c e ,  low drumlinoid r idges .  The loca l  rel ief  in fluted 
ground mora ine  i s  in the o r d e r  of 5 to 30 feet .  Glacial  fluting is  developed 
in a g r e a t  var ie ty  of m a t e r i a l s  but i s  m o s t  common in t i l l .  



There  appea r s  to the w r i t e r  to be an order ly  gradation o r  
p rogress ion  f rom drumlins  through drumlinoid ridges into glacial  fluting 
that  i s  suggestive of an  origin dependent on the r a t e  of ice-flow and i t s  con- 
sequent capacity to  deposit  and mould ,  o r  to scour  and t r anspor t ,  i t s  basa l  
load.  

Cragand- t a i l  h i l l s  a r e  common in a r e a s  of relat ively thin dr i f t  
with projecting bedrock knobs. They fo rm where dr i f t  (genera l ly  t i l l)  lodged 
to the l e e  of a rock  knob or  c r a g ,  and they taper  off in the direction ofglac ier  
flow. They m a y  be considered a s  a specia l  type of drumlin .  Theyvary  f rom 
a few hundred fee t  to s e v e r a l  m i l e s  in length and f rom about 10 feet  t o  100 
fee t  in height.  

Marginal  and media l  mora ine  

The t e r m s  marg ina l  and med ia l  mora ine  a r e  gene ral ly applied to 
present-day g lac ie r s  and glac ier  m a r g i n s  but in some  mountainous a r e a s  a r e  
recognizable long a f t e r  depa r tu re  of the responsible valley g lac ie r s .  

Interlobate and kame mora ine  

Some interlobate and kame mora ines  occupy posit ions m o r e  o r  
l e s s  pa ra l l e l  to the genera l  flow t r end  of the g lac ie r s  though s t r ic t ly  speaking 
they a r e  formed a t  high angles to the loca l  ice-flow t r ends .  

Linear  ice-block ridge 

Sta lker  (1960) considered that  many  elongate s t ra ight  to serpent ine  
o r  e ske r - l ike  r idges  in Alber ta ,  composed in p a r t  o r  f in  totof of b a s a l  t i l l  
and lying pa ra l l e l  to the direction of ice-flow were  ice-pres  sed  f ea tu res .  
These  t i l l  and t i l l -cored r idges  range f rom about 5 to 75 feet  in height and 
f r o m  50 to 300 fee t  in width a t  the base .  He a l so  suggested that ce r t a in  
drumlinoid r idges  on the P r a i r i e s  m a y  have had a n  i ce -p ressed  or ig in .  

NON- ORIENTED MORAINE 

Non-oriented mora ine  r e f e r s  to a r e a s  of glacial  dr i f t  with a con- 
s t ruct ional  su r face  express ion that  i s  la rgely  devoid of l i nea r  e lements  and 
typically has  a hummocky, and in p laces  a pitted su r face .  Such m o r a i n e ,  
commonly descr ibed a s  hummocky m o r a i n e ,  m a y  fo rm a s  a r e su l t  of both 
g lac ier  stagnation and g lac ie r  ablation,  by which means  dr i f t  m a t e r i a l s  con- 
tained on and in the ice a r e  let-down on the underlying bedrock or  d r i f t  
su r face ;  it m a y  a l s o  fo rm a s  a r e su l t  of broad-scale  basa l  deposit ion.  

Two m a i n  types of non-oriented mora ine  m a y  be distinguished on 
a i r  photographs.  The f i r s t  type has  low loca l  yelief  with undulating hummocky 



su r face .  The second type has  high local  rel ief  and displays su r faces  that 
range f r o m  i r regular-mounded with many  p i t s ,  to equidimensional mounded 
with few pi ts .  The f i r s t  type of non-oriented mora ine  i s  genera l ly  r e f e r r e d  
to a s  ground mora ine .  The second type has  been named disintegration,  
dead- ice ,  o r  stagnation mora ine .  

Low re l i e f ,  hummocky, ground mora ine  

This i s  believed to or ig inate ,  in l a rge  p a r t ,  d i rec t ly  f rom basal  
ice that became inactive during glac ier  r ecess ion .  I tprobably  a l so  originates 
through ablation and by disintegration of g lac ier  i ce .  That hummocky ground 
mora ine  m a y  be deposited f r o m  basa l  i ce  i s  suggested by the frequent grada-  
tion into mora ine  displaying longitudinal l ineaments ,  to which some  au thor s  
r e s t r i c t  u s e  of the t e r m  ground mora ine .  Where such a gradation i s  not 
evident on a i r  photos,  it i s  not poss ib le  to make any genetic separa t ion of 
the hummocky a r e a s  into disintegration m o r a i n e ,  ablation mora ine ,  o r  basa l  
ground mora ine ;  such identification r equ i re s  detailed field s tudies .  The 
w r i t e r  believes that  the g r e a t e r  p a r t  of the low re l ief ,  hummocky ground 
mora ine  of E a s t e r n a n d  Northern  Canada resul ted  f rom basa l  r a the r  than 
f r o m  su r face  deposit ion.  In the In te r io r  P l a i n s ,  however ,  the ablation 
p r o c e s s  was  responsible for  much  of the low relief  hummocky mora ine .  
Genera l ly  the loca l  rel ief  ranges  f r o m  about 5 feet  to 30 f ee t .  

Low-relief  hummocky mora ine  in the In ter ior  Pla ins  a l s o  includes 
some  elevated a r e a s  known a s  p r a i r i e  mounds (Gravenor ,  1955), e a r t h  
mounds (Henderson,  1952, 1959), and plains plateaux (Sta lker ,  1960). These  
mound fea tu res  m a y  have a cen t ra l  depress ion with an  attendant outlet  o r  
b reak  in the r i m .  The mounds genera l ly  consist  of till; in p laces  the cent ra l  
depress ions  have a thin mant le  of s i l t ,  but  m o r e  commonly si l t  mant les  the 
t i l l  in the intermound a r e a s .  The mounds average  about 300 feet  in d i amete r  
and a r e  about 10 to 15 fee t  high. Briefly the origin of the mounds i s  con- 
s ide red  to be ( 1 )  ice-depositional with sliding of debr i s  and melt ing of bur ied  
i ce ;  ( 2 )  a s  a per ig lac ia l  phenomena; and (3)  due to squeezing of t i l l  into holes 
a t  the in tersect ion of c r e v a s s e - s y s t e m s  in the i ce .  Many of the mounds a r e  
c l ea r ly  pos t - ice  and m u s t  be  r ega rded  a s  the resul t  of f ros t -ac t ion.  It i s  
l ikely that s i m i l a r  appearing mounds ,  both with and without r i m  r idges  a r e  
fo rmed  by m o r e  than one p r o c e s s .  

High re l i e f ,  hummocky mora ine  

Ice-disintegration f ea tu res  in gene ra l  a r e  d iscussed by Gravenor  
and Kupsch (1959). The i r  descr ip t ions  apply to what i s  h e r e  r e f e r r e d  to a s  
the high re l ief ,  i r r egu la r ly  mounded and deeply pitted type of non-oriented 
hummocky mora ine  which i s  believed to f o r m  a s  a resul t  of g lac ier  disinte-  
gra t ion o r  stagnation (F ig .  14). The loca l  rel ief  i s  commonly 20 to 60 fee t  
and in ex t reme-cases  up to 200 fee t .  Such m o r a i n e ,  however ,  i s  not every-  
where  marked ly  hummocky and pit ted.  As above mentioned,  it m a y  have 
few pi ts  and a n  equidimensional-mounded su r face ,  and with decreas ing local  



r e l i e f ,  become inseparable ,  on a i r  photos ,  f rom the non-oriented,  basally 
deposited ground mora ine .  

High relief  disintegration mora ine  i s  not everywhere  hummocky 
but may  include numerous  b road ,  e levated ,  flat-topped a r e a s  known a s  
mora ine  plateaux (Sta lker ,  1960). These  m a y  be composed ent i re ly  of t i l l  
o r  be mant led  with s t ra t i f ied  s i l t  and c l ay ,  in p laces  many tens of fee t  thick. 
Moraine  plateaux may  display r i m  r idges  that r i s e  a few feet  to about 20  feet  
(where  t h e r e  a r e  no lake  sediments)  above the cen t ra l  p a r t s  of the elevated 
a r e a s  ( F i g .  15). These  ridges a r e  i r r e g u l a r  in plan. They m a y  have formed 
by the squeezing of sa tura ted  clayey t i l l ,  f rom beneath stagnant i ce ,  into 
spaces  between ice-blocks and into c r a c k s  or  c r e v a s s e s  in the i ce ,  a s  well  
a s  by the sliding of dr i f t  f rom the su r face  of ice blocks.  The impor tance  of 
the 'squeezing' p r o c e s s  in the development of r i m  r idges ,  and cer ta in  
d i rec t ional  f ea tu res ,  i s  d iscussed and i l lus t ra ted  by Sta lker  (1960). P i t ted  
outwash,  pitted lake deposits  and some  collapsed alluvium is  a l so  a n  in tegra l  
p a r t  of disintegration mora ine .  

In view of the lack of accord  regarding the origin of many su r face  
f ea tu res  on the Lnterior P la ins ,  including the occurrence  of hummocky 
su r faces  of var ious  mora in ic  and non-morainic  or ig ins ,  and other inherent  
difficulties in producing a sma l l - sca le  and much  genera l ized glac ia l  m a p  of 
Canada,  a study of a i r  photos and a i r  photo mosa ics  of a l a r g e  p a r t  of the 
P la ins  was  m a d e .  This  led to the separa t ion of hummocky-surfaced a r e a s ,  
r ega rd les s  of the i r  rel ief  or  possible or ig in  and m a t e r i a l ,  f rom a r e a s  of 
l ineated mora ine .  The p r imar i ly  hummocky a r e a s  w e r e  therefore  t e r m e d  
hummocky t e r r a i n ;  in the m a i n ,  however ,  these a r e a s  a r e  largely  a r e a s  of 
hummocky disintegration mora ine .  

The prevalence  of disintegration mora ine  on the In ter ior  P la in  i s  
due to the manner  of g lac ier  r e t r e a t  occasioned by both regional and local  
topography, and to the thickness and clayey nature  of the t i l l s .  The clayey 
t i l ls  w e r e  der ived in l a r g e  p a r t  f r o m  sof t ,  a rg i l laceous  rocks  some  of which 
contained much montmoril lonite.  The clayey t i l l s  a r e  especially suscept ib le  
to slumping, sl iding,  and to being squeezed.  In the Shield region,  where  the 
t i l l s  a r e  commonly sandy o r  gravelly types ,  hummocky t e r r a i n  i s  l e s s  
common and has  been outlined only in a few a r e a s  of relat ively high relief  
hummocky f o r m s .  Other hummocky a r e a s  a r e  included with the ground 
mora ine .  

Interlobate and kame  mora ine  

Because of position relevant to f o r m e r  ice-lobes o r  to the 
m a t e r i a l s  composing them,  some  unoriented mora ina l  a r e a s  may  be 
included in these  ca tegor i e s .  



GLACIATED BEDROCK 

Ice-flow fea tu res  i m p r e s s e d  on bedrock a r e  included on the new 
Glacial  Map of Canada only where  other ice-flow fea tu res  a r e  s c a r c e  o r  
lacking,  o r  to indicate a n  fo lde r '  g l ac ie r  t rend.  In some  a r e a s  s t r ia t ions  
and grooves  a r e  the only direction indicators p r e s e n t ,  but they m a y  ref lec t  
a local  g l ac ie r  flow induced by topography ra the r  than the regional d i rec t ion 
of flow. The s t r ia t ions  themselves seldom indicate the actual  ' sense '  of the 
g lac ie r  movement .  Associa ted  f ea tu res  such a s  c rescen t i c  gouges,  chat ter -  
m a r k s ,  percuss ion m a r k s ,  tapering s t r i a e  e t c .  may  be used to de te rmine  the 
sense  of the g lac ier  flow but in genera l  such determinations a r e  unre l iable .  
The meaning of these  f ea tu res  m u s t  be considered in relat ion to the type of 
rock being scoured ,  the angle of the scoured  face relat ive to poss ib le  flow 
di rec t ion,  and other f ac to r s .  The m o s t  rel iable c r i t e r ion  fo r  indicating 
sense  of ice-flow i s  the minia ture  c rag -and ta i l  fea ture .  This  occur s  where  
ha rd  bodies such a s  pebbles ,  phenocr ys t s ,  porphyroblas ts ,  or concretions 
occur in a sof ter  m a t r i x  that has  been scoured by a g l ac ie r .  The h a r d e r  
m a t e r i a l s  r e s i s t  abras ion and hence s tand out slightly above the gene ra l  rock 
su r face  and protec t  a tapering tai l  of the sof ter  rock on thei r  l ee  s ide .  Not 
a l l  s t r i a e  symbols  shown on the glacial  m a p  have been determined with the 
s a m e  accuracy  and hence r ep resen t  a combination of known and inferred  ice- 
flow di rec t ions .  

Strong ice-movement  may  a l s o  mould o r  scour  bedrock into l a rge  
f o r m s  indicative of ice-flow di rec t ion.  Where there  has  been strong scouring 
of one side of a rock lcnob and some  plucking on the other the resul t ing  
r8ches  moutonges provides c l e a r  evidence of the direction of f o r m e r  ice-  
flow. They a r e  in p laces  d iscernible  on a i r  photos. They have been used 
to substantiate the direction of ice-flow indicated by s t r i a e  t r ends ,  and in 
p laces  to provide an  ice-flow symbol where  other evidence was lacking.  
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