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RADIOCARBON DATES FROM THE ICE-FREE CORRIDOR

Thomas G Arnold
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ABSTRACT. The Ice-Free Corridor has been hypothesized as the main migration route into the Americas since the 1930s.
Radiocarbon dates have been used by archaeology, geology, and palynology to date the corridor. A total of 564 14C dates rang-
ing between 20,000 and 8000 BP from the corridor area were gleaned from the published literature. After assessing these
dates for suitability, 255 were plotted over four time periods. The results indicate that the corridor was not feasible as an early
human migration route until after 11,000 BP, or after the appearance of Clovis south of the continental glaciers.

INTRODUCTION

The hypothesized Ice-Free Corridor has provided archaeology with a convenient explanation to
account for the initial colonization of the Americas south of the Late Wisconsin ice sheets.  Defined
as an unglaciated area along the eastern slopes of the Rocky Mountains between the westward
advancing Laurentide ice sheet and the eastward flowing Cordilleran and mountain glaciers
(Figure 1), it was first proposed by Johnson (1933:22) to account for the then recently discovered
Folsom points.  

Debate over whether it was a deglaciation or a glacial maximum corridor has continued over the
decades with an entire issue of Quaternary International (Volume 32; Mandryk and Rutter 1996)
dedicated to this discussion (the following list of publications provides an introduction to the litera-
ture on the Ice-Free Corridor and should not be considered exhaustive: Antevs 1934; Bryan 1969;
Reeves 1973; Fladmark 1979; Rutter 1980; Holloway et al. 1981; Hickman et al. 1983; Jackson
1983; White and Mathewes 1986; Schweger and Hickman 1989; Bobrowsky and Rutter 1992;
Mandyrk 1992; Meltzer 1993; Beaudoin et al. 1996; Burns 1996; Catto et al. 1996; Levson and Rut-
ter 1996; Mandryk 1996; Wilson 1996; Driver 1998; Schwegar 1989b). Mandryk (1992:20–53) pro-
vides a chronology of the debate. To summarize briefly, prior to the advent of radiocarbon dating,
the last glacial maximum was estimated to have occurred about 25,000 years ago (Johnson 1933:24;
Antevs 1935:304,306,307) with the formation of the corridor occurring sometime between 20,000
and 15,000 years ago. Despite the lack of archaeological evidence at this time for Clovis or Folsom
age sites in Alaska or northeast Asia, the corridor was seen as the route of entry for Palaeoindian cul-
tures south of the glacial ice. 14C dating revised these interpretations by showing that Clovis, Fol-
som, and the Late Wisconsin glaciation were more recent than previously assumed. According to
Mandryk (1992:31–2), because archaeology was unwilling to accept a Mid-Wisconsin human entry
into the New World, archaeologists redefined Johnson’s deglaciation corridor as a glacial maximum
corridor. Mandryk (1992:38) characterizes post-1960s corridor research as continuing to focus on
the physical existence and timing of the corridor, with less debate on its environment.

This paper re-evaluates the 14C dates from the corridor, what they suggest about the timing of its
appearance and the potential role of the corridor in the settlement of the Americas.

METHOD

The study area is shown in Figure 2 with its western limits defined by the Rocky Mountain Trench
extending north from the Canada/United States border along the Columbia, Fraser, and Kenchika
river valleys in British Columbia. This western limit is extended in the Yukon Territory along the
Liard, Frances, and Pelley river valleys and follows the Yukon River to the Alaska/Yukon border
where it proceeds north along the border to the Beaufort Sea. The northern limit is the northern coast
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Canada (and immediate offshore islands) east from the Alaska/Yukon border to its intersection with
the eastern limit in Queen Maude Gulf. The eastern limit begins with the political boundary between
the Canadian provinces of Manitoba and Saskatchewan and extends north from the 60th parallel to
Queen Maude Gulf. The southern limit of the study area runs along the Canada/United States border.
This study area covers the eastern slopes of the Rocky Mountains, the potential northern staging area
in the present-day Yukon and the southern outlet area in southern Alberta, Canada. 14C dates from
within this study area and bracketed between 20,000 and 8000 BP were collected from a variety of
published sources including journals, books, dissertations, theses, and databases. A total of 574 14C
dates from 343 separate sites were gleamed from the published literature. 

Assessing these 14C dates follows Nelson (1998). These dates were assessed based on the 14C event
of the sample dated, the samples relationship to its stratigraphic provenance, and whether it con-
formed to a standard 14C date as defined by Stuiver and Polach (1977:356).  This process reduced the
original 574 dates to 255 dates from 164 locations. Figures 3A and 3B display the distributions of

Figure 1 Traditional view of the Ice-Free Corridor (after Reeves 1973)
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dated locations before and after assessment. The reasons for rejected dated samples being eliminated
from the study were:

1. The 14C event could not be identified or was known to provide unreliable dates (e.g., freshwater
shell, plants or lake sediment samples are known to be affected by hard water in the study area).

2. The dated sample is not closely related to its stratigraphic provenance. The sample was from
the surface, was redeposited, or the sample came from wide stratigraphic context.

3. Dated sample were not pretreated properly or did not correspond to other dates from the same
stratigraphic context.

Figure 4 notes physiographic features mentioned in the text and Figures 5–9 illustrate the distribu-
tion of these dated locations through time. Table 1 (see Appendix) lists the name, date, 1 standard
deviation, and reference for each site location.

Prelude to Late Wisconsin Maximum

Prior to the last glacial maximum the study area was devoid of ice as evident by dated plant and ani-
mal remains (Vincent 1989:112–3; Hughes et al. 1981:338; Burns1996:108; Burns and Young 1994:
394; Young et al. 1992:1576, 1994:685). As the Mid-Wisconsin drew to a close the Laurentide con-
tinental glacier advanced. In the north the glacier advanced west of the Mackenzie River and was

Figure 2 Location of study area

STUDY 
AREA MANITOBA

CANADA

UNITED STATES
OF AMERICA

Alaska

Mckenzie
River

Aberta

British
Columbia

Beuafort Sea

Queen
Maude Gulf

https://doi.org/10.1017/S0033822200031829 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200031829


440 T G Arnold

Figure 3 Radiocarbon dated site locations before (A) and after (B) assessment
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blocked by the Richardson and Mackenzie Mountains (see Figure 4 for place names) (Vincent 1989:
129–30; Hughes et al. 1981:329–65). In some instances ice lobes reached 40 km up some river val-
leys in the Mackenzie Mountains but it was only during the retreat of the Laurentide ice that some
mountain glaciers appear to have coalesced with continental ice (Vincent 1989:130). In the Laird
River valley, in southeast Yukon, a date of 23,900 ± 1140 BP (GSC-2811) from the upper zone of a
silt unit was overlain by till indicating that Cordilleran and mountain glaciers advanced through the
Laird Plain after this time (Klassen 1987:8; Klassen 1978:1884). No evidence for coalescence
between the Laurentide and Montane or Cordilleran glaciers exists on the eastern slopes of the
mountains.

Further south in the northern Rocky Mountains of northeastern British Columbia, the sedimentary
successions indicate that Late Wisconsin Laurentide ice reached no higher then 950 m asl in the
mountains or foothills in the Peace River district and that it occurred after 22,000 BP (Catto et al.
1996:24–6; Liverman et al. 1989:266–74). Montane glaciers did not reach the eastern slopes of the
Rocky Mountains until after the Laurentide began to recede. This was evident by the presence of 14C
dates west of the Finlay River of 18,750 ± 120 (TO-709) and 15,180 ± 100 (TO-708) (Catto et al.
1996:23–29; Bobrowsky and Rutter 1992:16–19).

Recent geological research south of the Athabasca River indicated that coalesced glaciers, at the
height of the Late Wisconsin, blocked southwestern and central Alberta. Subtill and paleontological
studies by Young et al. (1994:683–6, 1999:1567–81) indicated that only Late Wisconsin ice
advanced from the north and east and flowed south and west across Alberta up to 1400 m asl. Levson
and Rutter (1996:33–51), citing lithologic, stratigraphic, and morphologic evidence, concluded that

Figure 4 Geographical features of the study areas (after Driver 1998)
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the advancing Laurentide ice coalesced with combined valley and Cordilleran glaciers flowing east
out of the Athabasca, Brazeau, and North Saskatchewan river valleys and flowed to the southeast.
Since the natural flow out of these valleys was to the northeast, downhill, only the advancing Lau-
rentide ice sheet could have provided the diversion necessary to deflect the east flowing glaciers up-
slope (Levson and Rutter 1996:44–46, 48) to the south.

Period I: 20,000–17,001 BP

This time period is represented by only four dates from three sites ranging from 19,650 BP to
17,880 BP (Figure 5). The sites are at opposite ends of the study area and confirm that the height of
the glaciation occurred during this time period. The environment was either too severe or the land-
scape was covered by glaciers to permit plants or animals to survive. The three dates from the two
Bluefish Cave sites confirm that eastern Beringia remained unglaciated at the height of glaciation.
The lone date from the Rocky Mountain Trench in the south suggests that Cordilleran glaciers
reached their maximum extent sometime after 18,500 BP since the sample came from a sand and silt
unit that underlay two separate tills (Berry and Dimmie 1982:70). 

Period II: 17,000–14,001 BP

There is an increase in the number of sites during this post-glacial maximum period (Figure 6).
Their distribution suggests that deglaciation was occurring simultaneously at either end of the corri-
dor. In the south one dated sample, on badly weathered bone (AECV-681C), appears to be from

Figure 5 Period 1 site locations, 20,000–17,001 BP
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lacustrine sediments overlying bedrock and may represent the earliest glacial lake sediments in the
region (Evens 2000:940). Other bone sample dates that have been identified as mammoth (GCS-
1199) and the genus Equus (S-1305) came from possible lacustrine or riverine sands or gravels
(Lowdon et al 1975:16; Rutherford et al. 1979:54). The wood sample from the base of the Cart-
wright Lake core indicates that trees or shrubs were again present in the foothills of the Rocky
Mountains. In the north, dated samples indicated the environment supported mammoth (GSC-1893
and GSC-3053) and muskox (RIDDL-557). The latter sample was from a lower loess layer from
Bluefish Cave 3 (Cinq-Mars in Morlan 2001) and indicated a dry wind blown environment. Dated
wood samples from Old Crow River (GSC-730-2) and the Upper Porcupine River (GSC-2431) indi-
cate trees or shrubs were also present at this time.

Period III: 14,000–11,001 BP

Fifty-three dated site locations occurred in this time period (Figure 7). As with Period II, the dated
site locations occurred in two groups at opposite ends of the study area but the extent of the site dis-
tribution has increased. In the north three sub-groups or clusters were indicated along the coast, the
Mackenzie River and eastern Beringia (Yukon). The dated samples from the Coastal and Northeast-
ern cluster were all conducted on plant material (wood, grass, moss) except for two marine shell
dates from along the eastern coast. With the exception of the marine shells, which came from fine-

Figure 6 Period 2 site locations, 17,000–14,001 BP
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grained marine sediments, the remaining Coastal Cluster dates derive from a variety of geological
context including outwash plain, glaciofluvial gravels, and peat deposits. The Northeastern Cluster
sample material came mainly from deltaic deposits along the Mackenzie River associated with Gla-
cial Lake Mackenzie (Smith 1992; 1994; Lemmen et al. 1995). The lone exception, Andy Lake (TO-
2295) (Szeicz et al. 1995), came from a small lake in the Mackenzie Mountains to the west indicat-
ing this had become ice-free by this time. The Northwest Cluster sample material included a wider
range of material including faunal remains. The latter included horse, mammoth, caribou, moose,
mountain sheep, saiga antelope, owl, and bison, which suggested a rich diverse environment in this
area. Identified floral samples included willow and possible birch. 

Figure 7 Period 3 site locations, 14,000–11,001 BP
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In the south, the large cluster south of the North Saskatchewan River has grown and sites were
present throughout Alberta and Saskatchewan. Dated faunal remains included mammoth, bison, and
horse while willow was the only identified floral remain dated. To the northwest of this cluster was
the small (3 dated site locations) Peace River Cluster. These two southern clusters appear separated
by an area containing no dated site locations. This suggests a second area able to support plants and
animals was developing independently of the older and more southern North Saskatchewan Cluster.

Figure 8 Period 4 northern group site locations, 11,000–8000 BP

Figure 9 Period 4 southern group site locations, 11,000–8000 BP
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Period 4: 11,000–8000 BP

One hundred and eighty-seven dated samples from 165 separate site locations were included in this
period (Figures 8 and 9). These included 51 archaeological dates (from 16 sites), 115 geological
dates (from 102 sites), and 18 palynological dates (from 11 sites). It was during this period that the
distribution of dated sites came closest to encompassing the entire length of the ice-free corridor,
from the northern coast and Beringian Refugia to the Canada/United States border. Several gaps
appeared in this distribution that may reflect a sporadic or patchy colonization process of recently
deglaciated landscape. These gaps exist between the Peace Cluster and the Athabasca Cluster and
between the Athabasca Cluster and the Northeastern Cluster. The area in between these clusters may
not necessarily have been devoid of all plants and animals but were substantially more barren to the
point that the preservation of datable material was more unlikely.

DISCUSSION

I have interpreted these distributions as representing evidence of areas able to support plant and ani-
mal life while those areas devoid of dated samples could not.  Such an interpretation has been pro-
posed by other researchers (e.g. Burns 1996:107–12; Wilson 1996:97–105). An alternative interpre-
tation could involve a lack of research in areas devoid of dated samples, a lack of exposure of
appropriate sediment layers, or a lack of preservation.

Figure 3A should dispel the notion that a lack of research has greatly influenced the distributions. It
shows that dated samples have been recovered from throughout the study area. In addition, date lists
(e.g. Clague 1980; Jackson and Pawson 1984; Bobrowsky and Rutter 1992:16–17; Lemmen et al.
1995; Liverman et al. 1989; Burns and Young 1994; Burns 1996; Young et al. 1999; Young et al.
1994) that include dates both younger and older than the dates included in this study provide addi-
tional evidence that a lack of research is not an acceptable explanation. Similarly, the presence of
dated samples from geological contexts older than 20,000 BP indicates that a lack of exposure of
appropriate geological sections cannot explain the distribution. Finally, I would argue that the lack of
preservation supports the interpretation presented above because the areas lacking dated samples
were barren only in the sense that they could not support sufficient plant or animal populations to
leave evidence in the geological record, not that they were necessarily devoid of all life (Wilson 1996:
97–105). 

Palynology provides support for such an interpretation. In palynology, pollen grains are counted
within a specified volume of sediment. For these counts to be statistically meaningful, a minimum
number of grains must be counted per volume analyzed (Berglund and Ralska-Jasiewiczowa 1986:
462). This means that layers of sediment that do not reach these minimum counts can be considered
barren. I would argue, by rough analogy, that the same is true for geological layers in areas that have
not as yet provided dated samples.

I would further argue that if the environment were not productive enough to leave evidence in the
geological record than it could not support human populations. Although future research may add
new dated sample locations, the most parsimonious explanation of the present evidence indicates
that the corridor could not have been used as an early human migration route until after 11,000 BP.
This is too late to account for Clovis, which first appears about 11,500 BP (Taylor et al. 1996). Thus,
alternative migration routes or time periods must be considered to explain the appearance of Clovis
and Folsom at the end of the Pleistocene.
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