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ABSTRACT. Nearly all of what is now British Columbia and adjacent areas were 
covered by an ice sheet at the maximum of the Last Glaciation (MIS 2) about 
18,000 years ago. By 11,000 years ago, the Cordilleran Ice Sheet had disappea-
red, a victim of warming climate, eustatic sea-level rise along its western mar-
gin, and perhaps a reduction in precipitation. Deglaciation proceeded by frontal 
retreat at the periphery of the ice sheet and by downwasting, complex frontal 
retreat, and localized stagnation in its interior areas. The chronology of degla-
ciation is constrained, albeit with inherent dating errors, by AMS radiocarbon 
and 10Be surface exposure ages. High-elevation sites at the western margin of the 
British Columbia Interior Plateau, east of the Coast Mountains, became ice-free 
between about 15,000 and 12,000 years ago. Ice cover in the southern Coast 
Mountains was sufficiently extensive during the Younger Dryas Chronozone 
(12,900-11,700 years ago) that glaciers advanced into low-lying areas north and 
east of Vancouver. At the same time, however, a labyrinth of dead or dying tongues 
of glacier ice covered some interior valleys. By 11,000 years ago, ice cover in the 
Canadian Cordillera was no more extensive than it is today.

Deglaciación de la Cordillera Occidental de Canadá a finales del Pleistoceno

RESUMEN. Casi todo lo que hoy es Columbia Británica y áreas adyacentes 
estuvieron cubiertas por un manto de hielo durante el máximo de la Última 
Glaciación (MIS 2) hace unos 18.000 años. Hace unos 11.000 años el manto de 
hielo de la cordillera había desaparecido, víctima del calentamiento climático, el 
ascenso eustático del nivel del mar en su margen occidental, y quizás una reduc-
ción de la precipitación. La deglaciación se produjo por retroceso frontal en la 
periferia del manto de hielo y por desmantelamiento, retroceso frontal complejo, 
y estancamiento local en áreas del interior. La cronología de la deglaciación está 
bien definida, aunque con inherentes errores de datación, mediante radiocarbono 
por AMS y edades de exposición superficial mediante 10Be. Los lugares elevados 
en el margen occidental de la Llanura Interior de Columbia Británica, al este de 
las montañas de la Costa, quedó libre de hielo entre 15.000 y 12.000 años BP. 
La cubierta de hielo en el sur de las Montañas de la Costa fue suficientemente 
extensa durante el Younger Dryas (12.900-11.700 años BP), de manera que los 
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glaciares avanzaron hacia áreas bajas del norte y este de Vancouver. A la vez, 
sin embargo, un laberinto de lenguas glaciares muertas o moribundas cubrieron 
algunos valles del interior. Hace 11.000 años la masa de hielo en la Cordillera de 
Canadá no era más extensa de lo que es hoy.

Key words: Deglaciation, Cordilleran Ice Sheet, British Columbia, Yukon 
Territory, Geochronology.
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1. Introduction

British Columbia is located within the mid-latitudes of the Northern Hemisphere 
adjacent to the North Pacific Ocean, which is the main moisture source for present and 
past glaciers in northwest North America. This mountainous region is dominated by 
northwest-trending ranges, rolling plateaus, and, on the west, by coastal lowlands. The 
highest peaks in British Columbia are in the St. Elias Mountains (Mount Fairweather, 
4671 m a.s.l.), the southern Coast Mountains (Mount Waddington, 4016 m a.s.l.), and 
the southern Rocky Mountains (Mount Robson, 3954 m a.s.l.). The high mountains of 
British Columbia today support valley and cirque glaciers and some ice caps. Glaciers 
presently cover about 26,000 km2, or 3 percent, of British Columbia (Clague et al., 
2011), which is close to the minimum for the entire Quaternary Period.

A large ice sheet (the Cordilleran Ice Sheet) blanketed much of Northwest North 
America several times during the past 3 million years (Clague, 1989; Jackson and Clague, 
1991). At its maximum, the Cordilleran Ice Sheet and its satellite glaciers covered 
almost all of British Columbia, as well as southern Yukon Territory, southern Alaska, 
and northern Washington, Idaho, and Montana (Fig. 1). Glaciers in several bordering 
mountain ranges were semi-independent of the Cordilleran Ice Sheet, even at times of 
maximum ice cover.

The last Cordilleran Ice Sheet attained its maximum size in British Columbia, where 
it was up to 1900 km long, 900 km wide, and up to 3000 m thick (Wilson et al., 1958). 
At the Last Glacial Maximum, this ice sheet probably had the shape of an elongate dish, 
with gentle slopes in the interior region and steeper slopes at the periphery. It may have 
resembled the present-day Greenland Ice Sheet at that time. More commonly, the interior 
of the ice sheet had an irregular undulating surface, with several ice divides that shifted 
through time. These ice divides were subordinate to the main divide along the axis of the 
Coast Mountains. Although there may have been localized areas of cold ice at the base of 
the Cordilleran Ice Sheet, especially at high elevations where the ice was relatively thin, 
the ice sheet was dominantly warm-based (Lian and Hicock, 2000).
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Outlet glaciers of the ice sheet streamed down fjords and valleys in the coastal 
mountains of British Columbia and covered large areas of the Pacific continental shelf 
(Clague et al., 1982; Barrie and Conway, 1999), parts of which were subaerially exposed 
due to eustatically lowered sea levels of the Last Glaciation. Some lobes at the western 
margin of the ice sheet extended to the shelf edge, where they calved into deep water. 
Glaciers issuing from the southern Coast Mountains and the mountains on Vancouver 
Island coalesced over the northern Salish Sea (Strait of Georgia) to produce a great outlet 
glacier that flowed south along Puget Sound in Washington State (Waitt and Thorson, 
1983). Glaciers streaming down valleys farther east likewise terminated as large lobes in 
eastern Washington, Idaho, and Montana (Waitt and Thorson, 1983).

Figure 1. The fully developed Cordilleran Ice Sheet and its satellite glaciers at the maximum 
of the last glaciation, about 18,000 years ago (modified from Clague, 1989). Also shown 

are places referred to in the text; CR – Cascade Range, CV – Coquitlam Valley, DE – Dixon 
Entrance, HS – Hecate Strait; MAPP – Mount Assiniboine Provincial Park, WLNP – 

Waterton Lakes National Park.
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To the east, glaciers flowed from the British Columbia interior and the Rocky 
Mountains, and locally coalesced with the Laurentide Ice Sheet over the Rocky Mountain 
Foothills (Clague, 1989; Dyke, 2004; Bednarski and Smith, 2007; Atkinson et al., 2016; 
Huntley et al., 2017). These ice masses, however, joined only briefly at the maximum 
of the last glaciation 18,000 years ago (Jackson et al., 1999). At other times, an ice-free 
zone existed between Cordilleran glaciers and the Laurentide ice sheet to the east.

2. Pattern of deglaciation

Deglaciation of British Columbia, which began shortly after 18,000 years ago and 
was complete 6000 years later (Clague, 1981), was characterized by frontal retreat along 
the outer margins of the ice sheet and by downwasting, frontal retreat, and local stagnation 
in the interior of British Columbia (Fulton, 1967, 1991). The western part of the ice sheet, 
grounded on the British Columbia continental shelf, became unstable first and retreated 
back to fjord heads and valleys (Luternauer et al., 1989; Barrie and Conway, 1999). Frontal 
retreat also occurred elsewhere along the outer margins of the ice sheet, for example in 
northern Washington, Idaho, and western Montana (Thorson, 1980; Booth, 1987; Smith, 
2004) and southern Yukon Territory (Jackson et al., 1991; Bond et al., 2014).

A somewhat different pattern of deglaciation has been documented for some areas 
of low and moderate relief nearer the center of the ice sheet, notably southern British 
Columbia. Deglaciation in these areas occurred by downwasting, retreat, and stagnation, 
and proceeded through four stages, conceptualized by Fulton (1967, 1969, 1991) as follows: 
(1) active ice phase–regional flow continued but diminished as ice thinned; (2) transitional 
upland phase–the highest uplands became ice free but regional flow continued in valleys; 
(3) stagnant ice phase–ice was confined to valleys but was still thick enough to flow; and 
(4) dead ice phase–ice tongues in valleys thinned to the point that they no longer flowed 
(Fig. 2). Geomorphic evidence for this pattern of deglaciation is compelling: sequences 
of successively lower and younger glacial lake shorelines and sediments in some valleys; 
flights of ice-marginal channels extending over vertical ranges of hundreds of meters; 
cirques that were free of ice before adjacent valleys (Fig. 3); and ice-stagnation features at 
a range of elevations and in a variety of geomorphological positions (Fig. 4).

However, even in interior regions dominated by ‘top-down’ wasting, the ice sheet 
retreated back toward high montane source areas, mainly the Coast Mountains (Clague, 
1987; Huntley and Broster, 1997; Perkins et al., 2013; Perkins and Brennand, 2015; 
Brennand and Perkins, 2017). For example, the active front of the ice sheet in southern 
British Columbia retreated to the north-northwest (Fig. 5; Fulton, 1967); and in east-
central British Columbia, it retreated west and west-southwest back towards the Coast 
Mountains (Fig. 6; Margold et al., 2013).

As ice thinned over the British Columbia interior, a dynamic subglacial hydrologic 
system developed and matured (Burke et al., 2012a). Channelized subglacial flow 
discharged toward ice margins and into rapidly evolving ice-marginal and proglacial lakes. 
Other evidence for this subglacial hydrologic system includes single and anabranching 
eskers, and channels carved into bedrock on the Interior Plateau (Burke et al., 2012b).

The first areas to become ice-free were those along the western periphery of the 
ice sheet (Clague, 1989). Deglaciation of the continental shelf was rapid, triggered in 
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part by eustatic sea-level rise and in part by the collapse of the proglacial forebulge 
centered beneath Haida Gwaii, Dixon Entrance, Queen Charlotte Sound, and western 
Vancouver Island (Clague, 1983; Barrie and Conway, 2002; Hetherington et al., 2004). 
Warming of North Pacific Ocean waters, into which the western margin of the ice sheet 
calved, rapidly cleared ice from the continental shelf. Rapid easterly retreat of the ice 
sheet toward the mainland coast drew down the ice surface in the Coast Mountains, 
bringing it increasingly under influence of the warmer climate of that time.

The Puget lobe retreated northward in contact with a series of glacial lakes situated 
on glacio-isostatically depressed crust beneath the southern Salish Sea (Thorson, 1989). 
Coincidentally, the Juan de Fuca lobe, which occupied Juan de Fuca Strait between 
Olympic Peninsula and southern Vancouver Island, rapidly retreated eastward towards 
the Salish Sea. No longer buttressed by the Juan de Fuca lobe, the Puget lobe rapidly 
calved northward, and its most northerly glacial lake drained into Juan de Fuca Strait. 
Soon thereafter, a large calving embayment opened in the northern Salish Sea, driving 
glaciers back to the heads of fjords in the southern Coast Mountains (Armstrong, 1981; 
Huntley et al., 2001).

Figure 2. Conceptual model of deglaciation in areas of low to moderate relief in the British 
Columbia interior (after Fulton, 1967). a) Active ice phase, b) transitional upland phase, c) 

stagnant ice phase, d) dead ice phase.
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Other marginal areas of the ice sheet were also deglaciated early. The Okanagan and 
Purcell Trench lobes, which terminated on the Columbia Plateau in northwest Washington 
State, began to retreat soon after the Last Glacial Maximum. On the east, outlet glaciers 
flowing eastward down large valleys that extend across the Rocky Mountains, as well as 
independent glaciers sourced in the higher parts of that range, retreated back towards the 
Rocky Mountain front. The outlet glacier in Peace River valley receded in contact with 
glacial Lake Peace, which was impounded to the east by the Laurentide Ice Sheet (Mathews, 
1978, 1980; Catto et al., 1996; Hickin et al., 2015). Similarly, to the north, lobes of the 
Cordilleran Ice Sheet lying on the southern Yukon Plateau retreated towards mountain 
ranges to the east, south, and west, locally in contact with glacial lakes trapped in valleys.

With continued thinning, the Cordilleran Ice Sheet disintegrated into a labyrinth 
of tongues of dead or dying ice and active glaciers flowing mainly from the Coast 
Mountains. Active ice probably persisted longest in high mountain valleys, but these 
remnant glaciers may have coexisted with large masses of dead ice in some areas of 
the British Columbia interior.

Figure 3. a) Google Earth image of a cirque in the southern Cascade Mountains, southeast 
of Hope, British Columbia, that became ice-free before the adjacent valley floor. A moraine 

constructed at the margin of the ice tongue that filled the valley crosses the mouth of the cirque 
(arrow). b) Image showing the location of the cirque (red dot). See Figure 1 for location in 

British Columbia.
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Figure 4. Ice-stagnation landforms in the Yukon River valley near Whitehorse, Yukon  
(Google Earth image).

Figure 5. Sequential pattern of ice retreat in south-central British Columbia (adapted from 
Fulton, 1969). The ice sheet downwasted and retreated to the north-northwest. Tongues of 
stagnant and dead ice separated from the active ice front and became stranded in interior 
valleys. These ice tongues dammed glacial lakes. The sequence of events depicted in the 
four panels probably span about 500 years or less. Blue arrows are generalized ice-flow 
directions. Black arrows show meltwater and lake overflow directions. See Figure 1 for 

location in British Columbia.
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Disintegration of the Cordilleran Ice Sheet was interrupted repeatedly by glacier 
readvances (Alley and Chatwin, 1979; Clague, 1984, 1989; Clague et al., 1997; Friele 
and Clague, 2002a, 2002b; Kovanen, 2002; Lakeman et al., 2008). Most re-advances 
affected relatively small areas and may not have been synchronous from one region 
to another. Minor resurgences in the central Fraser Lowland east of Vancouver are 
particularly well documented (Armstrong, 1981; Clague et al., 1997; Kovanen, 2002). 
At least one of these advances happened during or before the Older Dryas interval; 
another may have happened during an intra-Allerød cold interval; and a third likely dates 
to the Younger Dryas interval. Two of these events are also recorded in Chilliwack 
River valley, where a lobe of the Cordilleran Ice Sheet in nearby Fraser Lowland 
advanced at least twice over forest in the lower reach of the valley and impounded a lake 
upstream (Saunders et al., 1987). Similarly, Friele and Clague (2002a, 2002b) provided 
stratigraphic and geomorphic evidence for an advance of a lobe of the Cordilleran Ice 
sheet in the Cheakamus River valley north of Vancouver during the Younger Dryas 
chronozone. The glacier advanced over terrain that had earlier become vegetated and 

Figure 6. Sequential pattern of ice retreat envisioned for part of central British Columbia 
(Margold et al. 2013, their Fig. 13). In this region, the ice sheet downwasted and retreated to the 
west. Early lakes impounded against the retreating ice front in west-draining valleys of the Rocky 
Mountains were succeeded by a series of rapidly evolving lakes over the central Interior Plateau. 

See Figure 1 for location in British Columbia.
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reached as far south as the present head of Howe Sound. An implication of this study, as 
well as those of Clague et al. (1997) and Kovanen (2002) in Fraser Lowland, is that the 
southern Coast Mountains had a large cover of ice, with some glaciers reaching to sea 
level as late as 13,000 years ago (see below).

3. Chronology of deglaciation

The Cordilleran Ice Sheet disappeared over a period of about 6000 years at the end 
of the Pleistocene Epoch. Given the rapidity of its demise, together with inherent errors 
in radiocarbon and surface exposure ages pertinent to deglaciation, the exact ages of 
events remain uncertain. Nevertheless, the radiometric ages, viewed as a whole, have 
enabled researchers to constrain the chronology of deglaciation (Table 1).

Until about a decade ago, this chronology was based entirely on radiocarbon ages, 
initially radiometric 14C ages and later accelerator mass spectrometry 14C ages (Table 1; 
Clague, 1981). Unfortunately, but unavoidably, nearly all deglacial radiocarbon ages 
are only ‘one-sided’ limiting ages for the time of local deglaciation. Remains of plants 
that became established after specific localities became ice-free yield minimum ages 
for the time of local deglaciation, and detrital wood and other plant remains recovered 
from till yield maximum ages that are not necessarily close to the time of deglaciation. 
Nevertheless, some localities have provided radiocarbon ages that are thought to closely 
approximate the time of deglaciation, and these are summarized below. The best of these 
sites are in coastal British Columbia and Washington State; in contrast, there are few 
localities in much of the interior region of the former ice sheet that have yielded plant 
and animal fossils that closely delimit the time of deglaciation.

3.1. Early retreat

Several localities near the periphery of the former Cordilleran ice sheet have 
provided information on the time of initial deglaciation. The Puget lobe of the Cordilleran 
Ice Sheet reached its maximum extent near present-day Olympia, Washington, about 
16,000-16,500 years ago, and began to retreat soon thereafter (Porter and Swanson, 
1998; Troost, 2017). Ice-proximal lacustrine and deltaic sediments in valleys at 
the west front of the North Cascade Range have yielded abundant plant fossils that 
closely date the maximum extent of the Puget lobe and its initial retreat. Similarly, 
lobes terminating on the northern Columbia Plateau east of the Cascade Range were 
retreating northward when Glacier Peak last erupted, approximately 13,400-13,700 
years ago (Porter, 1978). Hofmann and Hendrix (2010) recovered a pine needle from 
varved sediments in Flathead Lake in northern Montana, well inside the maximum 
limit of the Purcell Trench lobe; it yielded a calibrated radiocarbon age of about 14,200 
years BP. At the west margin of the ice sheet, the Cape Ball site on Haida Gwaii 
(former Queen Charlotte Islands) yielded remains of plants that became established 
immediately after the site was deglaciated 19,000 years ago (Warner et al., 1982). This 
record is consistent with a peak of ice-rafted debris in a deep-sea core from the eastern 
North Pacific that places maximum ice cover on the north coast of British Columbia 
just before 19,000 years ago (Blaise et al. 1990; Clague et al., 2004). Port Eliza cave 
on the northwest coast of Vancouver Island was first blocked by glacier ice about 



Clague

458 Cuadernos de Investigación Geográfica 43 (2), 2017, pp. 449-466

Ta
bl

e 
1.

 S
el

ec
te

d 
ra

di
oc

ar
bo

n 
an

d 
su

rf
ac

e 
ex

po
su

re
 a

ge
s 

pe
rt

ai
ni

ng
 to

 th
e 

de
gl

ac
ia

tio
n 

of
 B

ri
tis

h 
C

ol
um

bi
a.

Ra
dio

ca
rb

on
  

ag
e

Ca
lib

ra
ted

  
ag

e r
an

ge
La

bo
ra

tor
y n

o.
Lo

ca
tio

n
El

ev
ati

on
  

(m
 a.

s.l
.)

Lo
ca

lit
y1

Da
ted

  
ma

ter
ial

Re
fer

en
ce

La
tit

ud
e

Lo
ng

itu
de

CO
AS

T
95

10
 ± 

16
0

10
,64

0-
11

,19
0

GS
C-

93
9

51
°2

1.0
’

12
4°

56
.5’

86
3

Ti
ed

em
an

n G
lac

ier
 (M

)
Pe

at
Lo

wd
on

 et
 al

., 1
97

1
10

,37
0 ±

 25
12

,14
0-

12
,45

0
CA

M
S-

54
61

3
49

°5
8.9

’
12

3°
00

.6’
16

36
He

lm
 G

lac
ier

 (M
)

W
oo

d
Un

pu
bli

sh
ed

10
,60

0 ±
 11

0
12

,49
0-

12
,75

0
GS

C-
62

40
49

°4
1.7

’
12

3°
08

.4’
87

0
Sq

ua
mi

sh
 (M

)
W

oo
d

Fr
iel

e a
nd

 C
lag

ue
, 2

00
2a

10
,79

0 ±
 11

0
12

,10
0-

12
,58

0
GS

C-
52

3
54

°2
5’

12
8°

31
’

92
Te

rra
ce

M
ari

ne
 sh

ell
Lo

wd
on

 et
 al

., 1
96

7
10

,94
0 ±

 70
12

,77
0-

13
,05

0
CA

M
S-

95
97

0
49

°4
3.9

’
12

3°
05

.3’
87

Sq
ua

mi
sh

W
oo

d
Fr

iel
e a

nd
 C

lag
ue

, 2
00

2a
11

,90
0 ±

 12
0

13
,62

0-
14

,02
0

GS
C-

33
06

49
°0

4.5
’

12
1°

41
.5’

25
9

Ch
ill

iw
ac

k V
all

ey
W

oo
d

Bl
ak

e, 
19

83
12

,20
0 ±

 16
0

13
,85

0-
14

,50
0

GS
C-

24
49

°4
1’

12
5°

02
’

53
Pu

ntl
ed

ge
 R

ive
r

W
oo

d
Dy

ke
 an

d F
yle

s, 
19

62
12

,21
0 ±

 33
0

13
,40

0-
14

,09
0

GS
C-

16
51

52
°0

9’
12

8°
06

’
11

Sh
ea

rw
ate

r
M

ari
ne

 sh
ell

Lo
wd

on
 an

d B
lak

e, 
19

73
12

,36
0 ±

 14
0

13
,65

0-
14

,07
0

GS
C-

38
49

°4
1’

12
5°

02
’

53
Pu

ntl
ed

ge
 R

ive
r

M
ari

ne
 sh

ell
Dy

ck
 an

d F
yle

s, 
19

62
12

,40
0 ±

 20
0

14
,17

0-
15

,06
0

GS
C-

1
ca

. 4
9°

17
’

12
4°

16
’

Pa
rk

sv
ill

e
W

oo
d

Dy
ck

 an
d F

yle
s, 

19
62

12
,42

0 ±
 15

0
13

,78
0-

14
,16

0
GS

C-
80

49
°0

9.0
’

12
3°

58
.2’

10
8

Na
na

im
o

M
ari

ne
 sh

ell
Dy

ck
 an

d F
yle

s, 
19

63
12

,50
0 ±

 45
0

13
,54

0-
14

,97
0

I(G
SC

)-9
49

°3
8.7

’
12

5°
00

.3’
Co

ur
ten

ay
M

ari
ne

 sh
ell

W
alt

on
 et

 al
., 1

96
1

12
,70

0 ±
 12

0
14

,11
0-

14
,41

0
GS

C-
22

90
54

°1
7.0

’
13

0°
21

.3’
11

Pr
inc

e R
up

ert
M

ari
ne

 sh
ell

Lo
wd

on
 an

d B
lak

e, 
19

79
12

,70
0 ±

 17
0

14
,06

0-
14

,82
0

GS
C-

41
8

48
°3

9.5
’

12
3°

26
.0’

20
Pa

tri
cia

 B
ay

M
ari

ne
 sh

ell
Dy

ke
 et

 al
., 1

96
6

12
,74

0 ±
 17

0
14

,11
0-

14
,90

0
GS

C-
38

9
49

°1
2.3

’
12

4°
00

.0’
70

W
ell

ing
ton

M
ari

ne
 sh

ell
Dy

ke
 et

 al
., 1

96
6

12
,90

0 ±
 17

0
14

,31
0-

15
,17

0
GS

C-
21

93
49

°1
4.0

’
12

2°
29

.6’
15

4
W

eb
ste

rs 
Co

rn
er

M
ari

ne
 sh

ell
Lo

wd
on

 et
 al

., 1
97

7
13

,10
0 ±

 13
0

15
,48

0-
16

,04
0

GS
C-

22
23

48
°4

3’
12

3°
11

39
6

Ha
rri

s C
ree

k
Pl

an
t d

etr
itu

s
Al

ley
 an

d C
ha

tw
in,

 19
79

13
,27

0 ±
 60

15
,22

0-
15

,67
0

CA
M

S-
33

49
2

48
°3

8.0
’

12
3°

20
.0’

-1
02

Sa
an

ich
 In

let
M

ari
ne

 sh
ell

Bl
ais

-S
tev

en
s a

nd
 C

lag
ue

, 2
00

1
16

,00
0 ±

 57
0

18
,79

0-
20

,08
0

GS
C-

33
40

53
°4

1.7
’

13
1°

52
.6’

1
Ca

pe
 B

all
Pl

an
t d

etr
itu

s
W

arn
er 

et 
al.

, 1
98

2
IN

TE
RI

OR
98

30
 ± 

13
0

11
,18

0-
11

,65
0

GS
C-

58
91

54
°0

8’
12

4°
35

’
81

5
Fr

as
er 

La
ke

Pe
at

Pl
ou

ffe
, 2

00
0

10
,00

0 ±
 90

11
,33

0-
11

,77
0

GS
C-

29
64

54
°0

8.5
’

12
1°

31
.5’

12
15

W
ell

s (
M

)
W

oo
d

Lo
wd

on
 an

d B
lak

e, 
19

80
10

,00
0 ±

 15
0

11
,31

0-
11

,86
0

GS
C-

85
5

49
°1

4.7
’

11
7°

58
.8’

13
27

Sh
ee

p L
ak

e
Pe

at
Lo

wd
on

 an
d B

lak
e, 

19
70

10
,10

0 ±
 90

11
,47

0-
12

,03
0

GS
C-

20
36

-2
55

°4
7’

12
5°

05
’

94
6

Om
ine

ca
 va

lle
y (

M
)

Pe
at

Bl
ak

e, 
19

86
10

,10
0 ±

 15
0

11
,41

0-
12

,07
0

GS
C-

10
12

49
°5

2.2
’

11
8°

05
.2’

44
4

Fa
uq

uie
r

W
oo

d
Lo

wd
on

 an
d B

lak
e, 

19
76

10
,27

0 ±
 19

0
11

,69
0-

12
,48

0
GS

C-
71

9
49

°5
7.0

’
11

6°
51

.2’
79

3?
Le

via
tha

n L
ak

e
Pe

at
Lo

wd
on

 an
d B

lak
e, 

19
75

11
,28

5 ±
 10

00
10

,76
0-

16
,54

0
GX

-2
61

2
50

°3
0.1

’
12

1°
44

.8’
M

cG
ill

ivr
ay

 C
ree

k
Bo

ne
Ry

de
r, 1

97
8

13
,97

0 ±
 17

02
16

,48
0-

17
,53

0
TO

-2
74

2
56

°1
0’

12
0°

44
’

ca
. 5

75
Fo

rt 
St

. J
oh

n
W

oo
d

Ca
tto

 et
 al

., 1
99

6
14

,02
0 ±

 76
03

57
°2

3.2
’

12
3°

17
.6’

18
70

No
rth

ern
 R

oc
kie

s (
M

)
36

Cl
 su

rfa
ce

 ex
po

su
re

Be
dn

ars
ki 

an
d S

mi
th,

 20
07

GL
AC

IE
R 

PR
ES

EN
T A

T S
IT

E 
LA

TE
R 

TH
AN

 D
AT

E
10

,37
0 ±

 25
12

,14
0-

12
,45

0
CA

M
S-

54
61

3
49

°5
8.9

’
12

3°
00

.6’
16

36
He

lm
 G

lac
ier

 (M
)

W
oo

d
Un

pu
bli

sh
ed

10
,50

0 ±
 10

0
12

,21
0-

12
,68

0
GS

C-
62

36
49

°5
1.2

’
12

3°
06

.7’
10

20
Sq

ua
mi

sh
 (M

)
W

oo
d

Fr
iel

e a
nd

 C
lag

ue
, 2

00
2b

10
,20

0 ±
 90

11
,78

0-
12

,16
0

GS
C-

40
41

49
°0

4.9
’

12
1°

50
.6’

31
0

Ch
ill

iw
ac

k V
all

ey
W

oo
d

Sa
un

de
rs 

et 
al.

, 1
98

7
11

,30
0 ±

 80
13

,09
0-

13
,37

0
TO

-4
05

6
49

°0
1.3

’
12

2°
25

.5’
86

Al
de

rgr
ov

e
Co

nif
er 

ne
ed

les
Cl

ag
ue

 et
 al

., 1
99

7
11

,30
0 ±

 10
0

13
,13

0-
13

,32
0

GS
C-

25
23

49
°0

2.0
’

12
2°

01
.5’

12
4

Cu
ltu

s L
ak

e
W

oo
d

Lo
wd

on
 an

d B
lak

e, 
19

78
1  

M
 –

 M
on

ta
ne

 e
nv

iro
nm

en
t. 

2 M
in

im
um

 a
ge

 f
or

 re
tre

at
 o

f L
au

re
nt

id
e 

ic
e 

sh
ee

t a
t n

ea
r 

its
 m

ax
im

um
 l

im
it.

 3 N
o 

st
ra

tig
ra

ph
ic

 r
el

at
io

n 
w

ith
 g

la
ci

al
 s

ed
im

en
ts

, 
bu

t a
ge

 h
as

 b
ee

n 
in

te
rp

re
te

d 
to

 p
os

td
at

e 
m

ax
im

um
 L

au
re

nt
id

e 
gl

ac
ia

tio
n.

 P
os

tg
la

ci
al

 r
at

e 
of

 s
ur

fa
ce

 e
ro

si
on

 a
ss

um
ed

 t
o 

be
 z

er
o.

   



Deglaciation of the Cordillera of Western Canada at the end of the Pleistocene

Cuadernos de Investigación Geográfica 43 (2), 2017, pp. 449-466 459

19,000 years ago (Ward et al., 2003; Al-Suwaidi et al., 2006). Ice reached the edge 
of the British Columbia continental shelf 17,000 years ago and began to retreat about 
16,200 years ago, based on a rapid reduction in ice-rafted debris in deep-sea cores to 
the west (Cosma et al., 2008).

The chronology of retreat of the east margin of the Cordilleran Ice Sheet remains 
poorly constrained. The paucity of radiocarbon ages in that region and the complex 
interplay between semi-independent alpine Rocky Mountain glaciers and lobes of 
interior Cordilleran ice that reached to or beyond the Rocky Mountain front make it 
difficult to reliably date glacier retreat. Relevant radiocarbon ages are also scarce in the 
northern sector of the ice sheet in Yukon Territory.

With the advent and development of surface exposure dating techniques in the 
1990s, it became possible to date erratics and glacially polished bedrock surfaces, and 
thus obtain estimates of the time elapsed since deglaciation. However, application of 
these techniques requires some assumptions and corrections, which inevitably lead to 
uncertainties in the derived ages (Gosse and Phillips, 2001). Errors are similar to, or 
larger than, those associated with calibrated radiocarbon ages. Nevertheless, several 
studies have reported 10Be surface exposure ages of erratics, boulders on moraines, and 
bedrock in British Columbia and Yukon. These studies have helped constrain times at 
which high-elevation upland surfaces in the Cordillera became ice-free. Two recent 
examples are summarized below.

Margold et al. (2014) presented 10Be exposure ages from two high-elevation sites in 
southern and central British Columbia. They sampled granodiorite erratics at elevations 
of about 2100-2200 m a.s.l. in the Marble Range (Figure 7) and 1600-1800 m a.s.l. in the 
Telkwa Range, both at the western margin of the British Columbia Interior Plateau. The 
locations of the erratics and their relations to meltwater channels ensured that the resulting 
10Be ages date ice sheet deglaciation and not the retreat of local montane glaciers. The 
two areas emerged above the surface of the Cordilleran Ice Sheet as its divide migrated 
westward from the Interior Plateau to the axis of the Coast Mountains. Two of the four 
samples from the summit area of the Marble Range yielded apparent exposure ages of 
14.0 ± 0.7 and 15.2 ± 0.8 ka (Figure 7). These ages are 800-2000 years younger than 
the well established age of ca. 16,000 years for the initiation of retreat of the Puget lobe 
in Washington State; they are another 700 years younger if a snow-shielding correction 
to their uncertainty-weighted mean age is applied. The other two samples yielded much 
older apparent exposure ages, which Margold et al. (2014) attributed to the presence of 
inherited isotopes. Four samples collected from the summit area of the Telkwa Range in 
the Hazelton Mountains yielded exposure ages of 10.1 ± 0.6, 10.2 ± 0.7, 10.4 ± 0.5, and 
11.5 ± 1.1 ka. Significant present-day snow cover at the sample sites in the Telkwa Range 
introduces a large uncertainty in these exposure ages. A snow-shielding correction based 
on present-day snow cover data increases the uncertainty-weighted mean exposure age of 
the erratics to 12.4 ± 0.7 ka, consistent with deglacial radiocarbon ages from areas near sea 
level to the west. Taken together, the exposure ages from the two high-elevation sites show 
a thinning of the southern portion of the Cordilleran Ice Sheet shortly after the Late Glacial 
Maximum and, perhaps, persistence of a remnant mountain ice cap in the central Coast 
Mountains until near the end of the Pleistocene.
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3.2. The final demise of the ice sheet

The time of deglaciation of most plateaus and valleys of the southern and central 
interior of the Canadian Cordillera is broadly constrained to the period 13,000-11,500 years 
ago. Most radiocarbon ages from this region do not closely delimit the time of deglaciation 
(Fulton, 1971; Clague, 1981), but several are telling. Wood recovered from a placer mine 
east of Quesnel in central British Columbia, for example, yielded a radiocarbon age of 
10,000 ± 90 14C yr BP, indicating that this area was ice-free sometime between 11,300 and 
11,800 years ago. Basal peat recovered from a bog directly outside the outermost lateral 
moraine of Tiedemann Glacier, one of the largest glaciers in the southern Coast Mountains, 
returned an age of 9510 ± 150 14C yr BP (Fulton, 1971; Lowdon, et al. 1971), showing 
that glaciers in the highest part of this mountain range were no more extensive than today 
before 10,400 years ago, and possibly before 11,400 years ago. Viewed in total, these 
ages indicate that the Cordilleran Ice Sheet has disappeared, and ice cover was not more 
extensive than today, before 11,000 years ago. It follows that the present drainage network 
in British Columbia was established by the beginning of the Holocene.

Glacier ice loss during the Bølling-Allerød interval exposed many high-elevation 
cirques in the British Columbia before adjacent valley floors. Lakeman et al. (2008) 
presented evidence that the Cordilleran Ice Sheet in north-central British Columbia thinned 
and in some areas transformed into a labyrinth of dead or dying ice tongues in valleys. 

Figure 7. 10Be surface exposure ages (ka) from high elevations in the Marble Range, British 
Columbia. See Figure 1 for location in British Columbia.



Deglaciation of the Cordillera of Western Canada at the end of the Pleistocene

Cuadernos de Investigación Geográfica 43 (2), 2017, pp. 449-466 461

During the Younger Dryas, however, alpine glaciers advanced downvalley and built 
moraines or coalesced with dead ice masses at lower elevations. Their hypothesis accords 
with a conceptual model of ice sheet decay in which some high-elevation uplands and 
cirques became ice-free before valley bottoms (Fulton, 1991; Margold et al., 2014).

Menounos et al. (2017) reported 75 10Be surface exposure ages on bedrock and 
boulders associated with lateral and end moraines at 26 locations in high mountains of 
British Columbia and Yukon Territory. At some sites, they also obtained radiocarbon ages 
from lakes impounded by the moraines or from till. The 10Be dataset includes samples 
from eight valley and eight cirque moraines. Three older moraines have a combined 
median age 13.9 ± 1.1 ka, whereas a younger group of 12 moraines has a median age of 
11.4 ± 1.6 ka. Combined, the median age for all 15 moraines is 11.7 ± 2.5 ka. Menounos 
et al. (2017) linked the advances that built the two sets of high-elevation valley and 
cirque moraines to the Bølling-Allerød and Younger Dryas cold periods. 

The work of Menounos et al. (2017) is supported by a body of other research on 
moraines just outside Little Ice Age moraines in British Columbia and Alberta. Basal 
sediments in a lake 0.5 km downstream of one such moraine in the southern Coast 
Mountains yielded a radiocarbon age of 9680 ± 40 14C yr BP (11,200-10,800 years ago), 
which is a minimum for the age of the advance that constructed the moraine (Minkus, 2006). 
Similarly, glaciers either formed anew or advanced from cirques in the southern Rocky 
Mountains during the Crowfoot Advance near the end of the Pleistocene (Luckman and 
Osborn, 1979; Osborn and Gerloff, 1997). Reasoner et al. (1994) correlated construction 
of the type Crowfoot moraine to deposition of sediment in adjacent Crowfoot Lake, which 
they dated to 13,000-11,500 years ago. The moraine thus was built during the Younger 
Dryas. Correlative moraines located short distances beyond, or partly covered by, Little Ice 
Age moraines are found in the national parks in the southern Rocky Mountains of Alberta 
(Luckman and Osborn, 1979), Waterton Lakes National Park (Osborn, 1985), upper Elk 
Valley in the British Columbia Rocky Mountains (Ferguson, 1978), Mount Assiniboine 
Provincial Park (Menounos et al., 2009), and the Purcell and Selkirk mountains (Figure 
1; Menounos et al., 2009). An advance of cirque and valley glaciers during the Younger 
Dryas is consistent with paleoecological data (Mathewes et al., 1993; Taylor et al., 2014) 
that indicate a return to cold conditions along British Columbia’s west coast at that time.

4. Conclusion

The last Cordilleran Ice Sheet achieved its maximum extent about 18,000 
years ago, when it covered an area of over 1.5 million km2, including nearly all of 
present-day British Columbia, southern Yukon Territory, and parts of Alberta, 
Alaska, Washington, Idaho, and Montana. About 6000 years later, the ice sheet had 
disappeared and ice cover in northwest North America was no more extensive than 
it is today. Deglaciation was triggered by rapid climate warming, eustatic sea-level 
rise along the western margin of the ice sheet, and perhaps reduced precipitation due 
to changes in atmospheric circulation with attendant moisture starvation over the 
eastern surface of the ice sheet. Deglaciation proceeded by rapid frontal retreat across 
the British Columbia continental shelf, somewhat slower retreat at the northern and 
southern limits of the ice sheet, and by complex frontal retreat accompanied by top-
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down wasting and localized stagnation in the British Columbia interior. In some areas, 
lobes of the decaying ice sheet advanced one or more times during the Late Glacial 
period. Deglaciation was accompanied the formation, rapid evolution, and draining of 
glacial lakes. All glacial lakes had drained, and the present-day drainage system was 
in place, by the start of the Holocene.
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