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abstract

This paper presents a comprehensive review of the late Pleistocene and early Holocene geoarchaeologi-
cal work pertaining to Glacial Lakes Susitna and Atna located in southcentral Alaska. It describes 
the radiocarbon chronology of the proglacial lakes and human occupation of the region as well as a 
relative chronology of undated strandlines. The data suggests that a landscape of increased dynamic 
glacial and large lacustrine systems in the Copper River and middle Susitna River basins persisted 
through the terminal Pleistocene and early Holocene period, forming prior to but existing after the 
initial dispersal of humans south of the Alaska Range. The presence of the glacial lakes may account 
for the lack of human occupation sites in the lower elevations of the upper Copper and Susitna drain-
ages. Additionally, the late persistence of the lakes may have acted as an ecological barrier to early 
human dispersal into more southern regions.

introduction

Researchers have long recognized the presence of lacus-
trine deposits in the Copper River Valley and have thus 
observed that the region was once the setting of a vast 
inland lake or sea (Moffit 1954; Schrader 1900). Initial 
conclusions were conservative, interpreting the deposits as 
more likely the result of smaller, localized prehistoric lakes 
(Mendenhall 1905; Moffit 1954; Schrader 1900; Schrader 
and Spencer 1901). Later, foundational studies conducted 
by Ferrians and Nichols in the 1960s established the con-
cept that a vast regional glacial lake had existed, which 
has spurred numerous follow-up studies (Ferrians 1963a, 
1963b; Ferrians and Nichols 1965; Nichols 1965). This pa-
per brings together advances in archaeological knowledge 
with a comprehensive literature review of regional geologic 
and ecological research to provide insight into the implica-
tions of the late persistence of the lake and early human 
interaction with it.

The surface levels of these glacially impounded lakes 
left a dynamic record throughout the later Pleistocene and 
early Holocene; however, reconstructing a working chro-
nology of the elevations and extents of the glacial lakes is 

difficult. Shorelines have not been consistently preserved 
throughout the Copper and Susitna River basins (Fig. 1), 
and lacustrine deposits have been overlain and reworked 
by erosion and glacial advances and retreats. Additionally, 
the possibility of isostatic depression from the lake and 
adjacent ice mass has suggested to some researchers that 
observed shorelines in one region might not be consistent 
with those observed in another (Ferrians 1984). Many of 
the identified glaciolacustrine deposits lack datable organ-
ic remains. Finally, many of the conclusions summarized 
here are increasingly out of date, as most of the radiocar-
bon ages used were derived prior to the availability of the 
accelerator mass spectrometry (AMS) measurements. To 
further complicate the matter, radiocarbon results have 
been reported inconsistently; therefore, both conventional 
and calibrated dates are reported, when available, and cali-
brated (Table 1) using Calib 7.1 online using the IntCal13 
curve (Reimer et al. 2013; Stuiver et al. 2018). All cali-
brated dates are reported with one standard deviation. All 
map figures were created by the author using ArcGIS v5-
6.1, unless otherwise noted.
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geological review

Evidence of at least four major glacial advances have 
been interpreted in the region. See Briner and Kaufman 
(2008) and Kaufman and Manley (2004) for a statewide 
literature review and synthesis of glacial history and Reger 
et al. (1990:4) for a region-specific discussion and synthe-
sis. Yehle and Nichols (1980) argue that a fifth advance 
left trace evidence as well—but see also Nichols (1965, 
1989). Periods of glacial advance blocked riverine drainage 
systems near the mouth of the Chitina River, the mid-
dle Susitna River Valley at Devils Canyon, in the upper 
Matanuska Valley at the Tahneta Pass, and in the Alaska 
Range at Mentasta Pass. These blockages resulted in the 
formation of long-lived massive glacial lakes, usually re-
ferred to as Glacial Lake Atna (Nichols 1965) and Glacial 
Lake Susitna (Williams 1989), depending on the relative 

locations of regional ice and water within the western 
Copper River and eastern Susitna River basins (Fig. 1).

The four or five glacial advances are relatively dated 
in much of the literature reviews listed below, but Briner 
and Kaufman (2008) provide a comprehensive list of 
chronological dates for moraine stabilization as well. The 
earliest pre-Illinoisan advance scraped a lava flow be-
tween the Dadina River and Kotsina River, which pro-
duced dated (K-Ar) plagioclase at 200,000 bp (Yehle and 
Nichols 1980), suggesting the advance occurred during 
Marine Isotope Stage (MIS) 7. This earliest recorded gla-
cial advance, also known as the Darling Creek glaciation 
(Péwé 1975), is poorly understood but may have resulted 
in the Copper River basin being completely filled with 
ice, based on a lack of associated lacustrine sediments 
(Nichols 1965, 1989). The following period of drift, 
known as the Delta glaciation (Péwé 1965), is related to 

Figure 1. (A) location of inset maps; (B) location of major landmark;s (C) pre–early Wisconsin relict channels of the 
Susitna River above the present canyon; (D) location of major landmarks.
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present lacustrine deposits and is interpreted to represent 
an advance and partial retreat of the ice. The resulting 
large meltwater lake that formed may be the source of the 
oldest demonstrated sediments associated with Lake Atna 
(Nichols 1965, 1989). However, this proglacial lake is also 
poorly understood.

The early Wisconsin (penultimate) glacial advance 
deposited till over earlier lacustrine silt and is thus inter-
preted to represent an ice advance into a lake-filled basin. 
Regionally, this period corresponds with the Donnelly 
glaciation (Péwé 1965) and Denali glaciation (Smith 
1981). The glaciers progressed north, filling the valley and 
forming an ice cap in the central areas. The subsequent 
retreat may have begun in the south of the basin, at the 
northern margins of the Chugach Mountains, regressing 
toward the central basin area (Nichols 1965, 1989). The 
resulting lake formed at the periphery of this ice cap. The 
early Wisconsin glaciation resulted in moraine stabiliza-
tion near or on the northern foothills of the Alaska Range 
at Healy, ranging between 60,000 and 55,000 ± 3700 ¹⁰be 
(Dortch 2006), and in the western foothills of the Alaska 
Range at the Swift River Valley after 58,000–52,500 
± 5600 ¹⁰be (Briner et al. 2005).

The earliest direct glaciolacustrine dates (¹⁴C) sug-
gest that the lake may have begun to form broadly by 
40,000 rcybp (Nichols 1989; Williams and Galloway 
1986) and perhaps as early as 60,000 rcybp [MIS 3] (re-
ported here as only uncalibrated, see Table 1) (Ferrians 
1963b, 1984, 1989). Radiocarbon dates of this age 
are difficult to verify and are used here with caution. 
However, if accurate, the dates may correlate with early 
Wisconsin sediments corresponding with the retreat of 
the penultimate period of glaciation.

A series of buried relict streambeds in the middle 
Susitna Valley exhibit an uncertain association with 
Glacial Lakes Atna and Susitna. These relict channels, 
found at an elevation of 720 to 680 m (described by R & M 
Consultants [1982] and Woodward-Clyde Consultants 
[1982]), suggest that prior to the early Wisconsin glacia-
tion, the Susitna River flowed north of its present location 
in the Talkeetna Mountains across the high plateau up-
stream of Devils Canyon in the vicinity of Kacaagh Creek 
(previously Deadman Creek). The Susitna spilled into the 
current canyon of Tsusena Creek, downcutting the lower 
Tsusena Valley before being diverted by a later glacial dam 
and carving its present valley. An additional buried relict 
channel was also briefly described to the south between 
the current river valley and Fog Lakes; however, its tem-

poral association with these relict channels is unknown 
(Fig. 1). The channels north of the Susitna Canyon are 
described as buried by at least three (then unnamed and 
undated) distinct glacially deposited sediment zones likely 
the result of local glacial advances, regionally described as 
the Denali glaciation (Smith 1981), the third glaciation 
(early phase) (Reger and Bundtzen 1990), and the Clear 
Valley glaciation (Thorson et al. 1981; Welsch et al. 1982). 
The existence of these channels illustrates the prelacus-
trine nature of the middle Susitna Valley.

The late Wisconsin glacial advance presents a compli-
cated picture of several regional progressions, stagnations, 
retreats, and readvances during this period (Briner and 
Kaufman 2008). Initially, a drift sheet of ice progressed 
north, up the Copper River basin to the Gulkana River 
(Fig. 2) (Nichols 1965, 1989). The advance is termed lo-
cally as the Denali II (Péwé 1965), Hatchet Lake (Smith 
1981), and Butte Lake (Welsch et al. 1982) glaciations. 
The period of glacial advance and retreat corresponds with 
several smaller periods of temperature differentials, asso-
ciated with rising and falling levels of precipitation and 
localized glacial advances and retreats. The northwestern 
part of the Copper River basin and the northeastern sec-
tion of the Susitna River drainage system retain the best-
preserved regional geologic signatures for the proglacial 
lakes. Lacustrine deposits associated with these early dates 
suggest that the lake rose at least to an elevation of 775 
m (Williams 1989), potentially filling the ice-free areas of 
both the Susitna and Copper River basins with one con-
joined lake. The lake has been referred to as Glacial Lake 
Susitna, as most of the ice-free inundation area was within 
its drainage basin (Williams 1989), and its primary outlet 
system would have been west and southwest of Fog Lakes 
in the Talkeetna Mountains (Fig. 1), likely near Chinook, 
Cache, and Devil Creeks. The advance is marked by both 
diamicton and lacustrine sediments. This period of drift 
may have been limited in its advance but was character-
ized by a significant glacial retreat (Nichols 1965, 1989).

Pollen analysis from sediment cores provides a snap-
shot of paleoenvironmental vegetation regimes. While in-
formative, these should not be interpreted as a complete 
sample. Ancient pollen samples taken from the lower 
Dadina River at an elevation of 550 to 600 m suggest 
that during the early period of lake formation, before 
glacial expansion, the landscape was similar to the bo-
real forest of today (Fig. 2). The region was characterized 
by Picea (spruce), Betula (birch), Alnus (alder), Ericaceae 
(heaths), and Cyperaceae (sedge), along with additional 
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herbs (Connor 1984). These samples returned report-
ed dates of >33,500 (I-12,321) and >40,000 rcybp (I-
12,320; I-12,322) (Table 1). A similar signal was reported 
near Tyone Creek (elevation ~710 m) dated at >35,000 
rcybp (Ager 1989; Williams and Galloway 1986) (Fig. 2). 
Ager (1989) suggests that despite the relative uncertainty 
of these old radiocarbon dates, these samples correlate 
with an early mid-Wisconsin warming period recognized 
across Beringia, which supported a regional vegetation 
regime similar to that of the 20th century. Peat samples 
from the Nelchina River (~600 m) suggest a treeless tun-
dra regime existed at 38,000 rcybp (Ager 1989; Williams 
and Galloway 1986), which followed the earlier (here un-
dated) boreal forest (Fig. 2).

During the greatest extent of ice, the majority of ice-
free areas were in the easternmost Susitna River basin, 
and thus the proglacial lake is referred to as Glacial Lake 
Susitna. Glacial Lake Susitna’s eastern boundary was 

the Nen’ Yese’ (previously Heartland Ridge) moraine 
(Fig. 2). To the west, the lake was dammed near Devils 
Canyon and south of Stephan Lake. Earlier, the ice ex-
tent may have extended as far east upstream as Watana 
Creek. It extended up the Maclaren River and south to 
the Old Man, Little Nelchina, Curtis Lake, and Tolson 
Creek moraines, and it may have extended north almost 
to Valdez Creek, although that signal may have been a 
smaller proglacial lake (Williams 1989) (Fig. 2). The lake 
swelled to its greatest elevation of 975 m during this pe-
riod (Williams 1989) (Fig. 3). At this time, possibly as-
sociated with the ice recession, the lake may have burst 
down the Matanuska Valley at Tahneta Pass, lowering 
the level to 914 m (Williams and Galloway 1986) (Fig. 
3). This event was also described in detail by Wiedmer et 
al. (2010). Wiedmer and associates discuss the geological 
evidence throughout the Matanuska Valley that supports 

Figure 2. Location of geographic features.
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this idea (disputed by Reger et al. 2011); however, their 
time frame for the event (~15,500–26,000 rcybp) may be 
based upon a misinterpretation of a limited data review 
of the published radiocarbon and relative geologic dates. 
Reger et al. (2011) explain that the evidence supports 
outflow at an earlier period; thus, it is more likely that 
the lake reached its highest level prior to 32,000 rcybp 
during the final millennia of MIS 3. The 914 m lake el-
evation may have persisted for a longer undetermined pe-
riod as ice sheets retreated from the upper Copper River 
valley. Undated lacustrine deposits have been recorded in 
the broad valley surrounding Batzuletnas, near Slana in 
the Copper River headwaters region, at 915 m and are 
assumed here to be related (Richter et al. 2006) (Fig. 3). 
It is unlikely that this highest lake (975 m) extended into 

the west much past the Tysus moraines on the Oshetna 
River. However, the lower level (914 to 915 m) may have 
left sediments farther west (possibly as far as the Watana 
River). Most of the current visible landscape features as-
sociated with the Tyone Spillway decanting event were 
likely created during this time, as they are found between 
the basal elevation of ~750 m and above 900 m on the 
large, prominent unnamed bluff located between Tyone 
Creek and Tyone River, and west of Susitna Lake, and on 
bluffs immediately to the east of Moore Lake on Tyone 
Creek (Connor 1984).

Following the second-oldest glacial drift event, the re-
gion entered an interstadial warming period, marked by 
lowered lake levels in the northeast and northwest portions 
of the basin around 31,000 rcybp, persisting to 22,000 

Figure 3. (A) Glacial Lake Susitna, elev. 975 m, ~32,000 rcybp?; (B) Glacial Lakes Susitna and Atna, 914/915 
m, ~30,000 rcybp?; (C) Glacial Lake Susitna, elev. 705 m, and Glacial Lake Atna, elev. 700 m, ~29,000 rcybp?; 
(D)  Glacial Lakes Susitna and Atna, elev. 777 m, ~20,000 to 18,000 rcybp(?). Ice extents in (A) and (B) derived from 
Williams and Galloway (1986). Ice extents in (D) derived from Dyke et al. (2003).
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rcybp (~35,000–26,000 cal bp) (Table 1) (Thorson et al. 
1981). The lake eventually drained to the point where 
it split into the eastern Glacial Lake Atna and western 
Glacial Lake Susitna at 690 masl sometime after 32,000 
± 2730 rcybp (33,533–39,247 cal bp) (Table 1), a basal 
date on the Tysus moraines that lie above lacustrine sedi-
ments near the present-day Tyone River (Williams 1989) 
(Fig. 2). In the Susitna basin, the remains of a mammoth 
found at an elevation of 705 m (dating to 29,450 rcybp 
(32,879–34,165 cal bp) (Table 1) suggest that the lake lev-
els had either stabilized or drained below this elevation 
by this point (Thorson et al. 1981) (Fig. 3). Lake Atna left 
behind sediment strands at 701 m (32,000 rcybp), then 
drained to at least 655 m (31,300–28,300 rcybp) (Ager 
1989; Ferrians 1989; Nichols 1989) (Fig. 3; Table 1).

Pollen samples recovered from the Sanford River area 
(700 to 750 m) suggest “[t]he assemblages are dominated 
by pollen of Cyperaceae, Gramineae, Caryophyllaceae, 
Artemisia, Phlox, and other herbs . . . indicating that low-
land areas of the Copper River Basin . . . were vegetated 
by a treeless alpine tundra between about 28 and 31 ka” 
(Ager 1989:90). A similar pollen signal from this time was 
described from the Tyone Bluffs area (Thorson et al. 1981) 
and also above 700 m (Fig. 2).

The most recent glacial advance began in the region 
roughly 21,730 rcybp (25,625–26,414 cal bp) (Table 1) 
(Williams 1989), or broadly between 24,000 and 11,500 
rcybp (MIS 2). Glacial Lake Susitna’s levels again began 
to increase, merging with and overtaking Lake Atna (and 
is referred to by both names [Williams 1989], although 
Glacial Lake Atna is currently preferred), rising to be-
tween 792 and 777 m, marked by an outwash kame ter-
race which formed at the western edge of Lake Louise 
(Williams 1989) (Fig. 3). The outlet of Lake Atna/Susitna 
was again likely in the Talkeetna Mountains to the west 
and southwest of Fog Lakes during this final phase (Fig. 
2). The lake levels then began to subside during the subse-
quent interstadial as the ice retreated; lowered lake eleva-
tions are marked by late Pleistocene riverine delta features 
at 747 m, 774 m, and 762 m between Lake Louise and Old 
Man Lake (Table 1; Fig. 4). The 747 m lake level appears 
to have been the longest stable elevation draining through 
the Tyone River into Glacial Lake Susitna (17,600 ± 400 
rcybp; 20,782–21,800 cal bp). Lake Atna then seems to 
have reversed its recession and swelled to 762 m (13,280 ± 
400 rcybp; 15,308–16,518 cal bp) (Williams 1989).

During the later Pleistocene, the lakes left their remains 
as they repeatedly burst through ice dams at Mentasta 

Pass, forming delta outwash beds stretching downstream 
from the pass into the upper Tanana River (Foster 1970; 
Richter 1976; Sicard et al. 2017). These features have been 
dated to the Delta and Donnelly glaciations (Illinoisan 
and Wisconsin glaciations) (Matmon et al. 2010) and are 
the result of numerous large-magnitude outburst floods 
that flowed north into the upper Tanana River basin 
(Reger and Hubbard 2009; Sturm et al. 1987; Sturm and 
Benson 1989; Tweed and Russell 1999). In the Tok River 
Valley, Sicard et al. (2017) dated the late Pleistocene glaci-
olacustrine and glaciofluvial deposits and attributed these 
to the outburst floods. Both of the earlier dates provided 
by Williams (1989) (17,600 and 13,280 rcybp; ~21,276 
and 15,931 cal bp) may contain the best analogues for the 
two outbursts at Mentasta Pass. Reger et al. (2008) have 
additionally proposed that another large proglacial lake, 
blocked by intermittent ice at the mouth of the Robertson 
River, inundated the upper Tanana River Valley and burst 
repeatedly, resulting in flood-related features for nearly 100 
miles down the middle Tanana Valley; but no connection 
has been demonstrated between the Tok River outbursts 
and these features. The last waters of Glacial Lake Atna 
drained south into the Pacific through the lowest elevation 
point at the confluence of the Copper and Chitina Rivers 
(Ferrians et al. 1982).

The Susitna River Valley appears to have also been in-
undated during the early Holocene, to the point that the 
outlet of Glacial Lake Susitna could have drained either 
through Devils Canyon on the Susitna River or across 
the Prairie Creek Spillway southwest of the present-day 
Stephan Lake (Fig. 2). Geologic surveys undertaken by 
Twelker et al. (2015) describes lacustrine sediments and 
associated delta features in the Stephan Lake region (~670 
masl) (Fig. 2). The high lacustrine sediments surround-
ing Stephan Lake are dated to the early Holocene, sug-
gesting an impounded proglacial lake existed throughout 
the middle Susitna Valley and was possibly preceded by 
a decanting event from Lake Atna at the Tyone Spillway 
(Connor 1984; Twelker et al. 2015). However, data re-
covered from lake cores at Sally Lake near Watana Creek 
(elevation ~620 m) (Bigelow et al. 2015) did not recover 
evidence of an early Holocene lake.

Sirkin and Tuthill (1987:383) argue that the degla-
ciation of the lower Copper River through the Chugach 
Mountains began around 14,000 rcybp (~16,000–17,000 
cal bp) and ended with the collapse of Glacial Lake Atna 
around 9000 rcybp (~10,000 cal bp) (Fig. 2). Williams 
(1986) supports their dates and suggests that the lake 
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Table 1. List of lacustrine sediment radiocarbon source information.

Updated 
elevations (m) 
derived from 
5 m DEM1

rcybp 1σ Calibrated age2 Lab ID Type Primary citation Secondary citation

681 7450 ±400 7832–8659 W-1163 Conventional Ives et al. 1964:61 Williams & Galloway 1986

706 8450 ±200 9130–9629 L-368 Conventional Olson & Broecker 1959 Williams & Galloway 1986

866 8480 ±135 9288–9563 I-11,397 Conventional Williams & Galloway 1986

721 9000 ±400 9551–10,576 W-568 Conventional Rubin & Alexander 1960 Williams & Galloway 1986

671 9100 ±25 10,277–10,208 CAMS 
151130 AMS Muhs et al. 2013 Pigati et al. 2013

860 9400 n/a n/a ? Conventional Woodward-Clyde 
Consultants 1982 Reger et al. 1990

530 9400 ±300 10,274–10,905 W-714 Conventional Ferrians 1989

752 n/a n/a 10,740 ± n/a ? AMS Shimer 2009

851 9950 n/a n/a W-5656 Conventional Williams & Galloway 1986

732 10,250 ±250 11,603–12,415 W-767 Conventional Rubin & Alexander 
1960:168 Williams & Galloway 1986

851 10,260 n/a n/a W-5657 Conventional Williams & Galloway 1986

738 11,390 ±300 12,968–13,551 W-848 Conventional Rubin & Alexander 
1960:172 Williams & Galloway 1986

794 13,280 ±400 15,308–16,518 W-583 Conventional Rubin & Alexander 
1960:168 Williams & Galloway 1986

747 17,600 ±400 20,782–21,800 W-1184 Conventional Williams 1989

716 21,730 ±390 25,625–26,414 DIC-1861 Conventional Thorson et al. 1981 Williams & Galloway 1986

716 29,450 ±610 32,879–34,165 Beta-1862 Conventional Thorson et al. 1981 Williams & Galloway 1986

716 31,070 ±860 34,202–35,836 DIC-1862 Conventional Thorson et al. 1981 Williams & Galloway 1986

647 31,300 ±1000 34,250–36,233 W-843 Conventional Rubin & Alexander 
1960:171–172 Williams & Galloway 1986

690 32,000 ±2735 33,533–39,247 Beta-1820 Conventional Thorson et al. 1981:409 Williams & Galloway 1986

575 33,500 n/a n/a I-12,321 Conventional Connor 1984

708 >37,000 n/a n/a GX-8058 Conventional Thorson et al. 1981:409 Williams & Galloway 1986

540 >37,000 n/a n/a I-276 Conventional Trautman 1963:62 Williams & Galloway 1986

587 >38,000 n/a n/a W-295 Conventional Rubin & Suess 
1956:125–126 Williams & Galloway 1986

482 38,000 n/a n/a W-531 Conventional Ferrians 1963b Williams & Galloway 1986

600 38,000 n/a n/a Conventional Ager 1989 Williams & Galloway 1986

635 38,000 n/a n/a bW-1337 Conventional Levin et al. 1965:391 Williams & Galloway 1986

575 40,000 n/a n/a I-12,320 Conventional Connor 1984

482 58,600 ±1100 n/a GrN-4798 Conventional Ferrians 1963b Williams & Galloway 1986

1. Elevations in the text are reported as originally given. Elevations have been recalculated in this table using a 5 m DEM and their approximate 
reported locations. Original elevations were derived from USGS topographic maps and were assumed to have a 30 m standard deviation.

2. 1 σ, Calib 7.10, using IntCal13 (Reimer et al. 2013; Stuiver et al. 2018).
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 levels must have dropped below 600 m, allowing the can-
yon of the Nelchina River to be cut around ~13,000 rcybp 
(~15,700 cal bp) (Fig. 2). Ferrians (1989) places a date of 
9400 rcybp (~10,680 cal bp) for dune deposits forming 
above lacustrine deposits in this area but supported an ear-
lier date of ~14,000 rcybp (~16,500 cal bp) for the lake col-
lapse. This early date is occasionally cited as evidence of the 
final termination of Glacial Lake Atna but may be a misin-
terpretation of Sirkin and Tuthill’s summary. The majority 
of primary work (cited here) supports evidence that the 
lake lasted as late as ~9400 rcybp (10,274–10,905 cal bp) 
(also supported by geologic reconnaissance work near pro-
posed hydroelectric dam sites on the middle Susitna River 
[Woodward-Clyde Consultants 1982]). Since several late 
Pleistocene and early Holocene stabilization and collapse 

events are now recognized, it is possible that both inter-
pretations are based upon limited conclusions of vary-
ing data sets. Recent support for the later early Holocene 
collapse is recorded in sediments from Canyon Lake, lo-
cated along the upper Gulkana River at an elevation of 
752 m (Figs. 2 and 4). A lake core here suggests Glacial 
Lake Atna receded from this elevation only after 10,740 
cal bp (Shimer 2009). Following this, the lake may have 
receded slowly over several centuries, draining in a final 
outburst down the Copper River (Ferrians et al. 1982:187) 
between 10,250 rcybp (11,603–12,415 cal bp) (Rubin and 
Alexander 1960) or as late as 7450 ± 400 rcybp (7832–
8659 cal bp) (Ives et al. 1964:61) (Table 1). Undated sedi-
ments east of the Copper and Chitina Rivers’ confluence 
indicate Lake Atna stabilized at ~460  m (Richter et al. 

Figure 4. (A) Glacial Lakes Susitna and Atna, elev. 774 m, ~18,000 rcybp?; (B) Glacial Lakes Susitna and Atna, 
747 m, ~17,000 rcybp?; (C) Glacial Lakes Susitna and Atna, elev. 762 m, ~13,200 rcybp?; (D) Glacial Lakes Susitna 
and Atna, elev. 752 m, 10,740 cal bp. Ice extents for (A), (B), and (C) derived from Dyke et al. (2003). Ice extents not 
depicted in (D), as Dyke et al.’s 2003 work does not correlate well with the glacial and lake features for this time.
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2006), suggesting a briefly stabilized lake at this final level 
sometime during the early Holocene. Investigations of 
sediment accumulation near Chitina, where the final ice 
dam would have blocked Glacial Lake Atna from drain-
ing to the Pacific Ocean, at an elevation of 671 m, suggest 
a chronology of various terrestrial plants and land snails 
(Succineidae) has been present on the landscape above this 
elevation since 9100 ± 25 (~10,242 cal bp) (Muhs et al. 
2013; Pigati et al. 2013).

To summarize the current understanding of the gla-
cial lake collapse events, the Tahneta Pass and Tyone 
Spillways decanting events (elev. 910 m and 750 m, re-
spectively) likely occurred first, ~32,000 rcybp (~36,000 
cal bp) (Williams 1989) but remain individually undated. 
The two Mentasta Pass floods (elev. 706 m) are dated to 
the late Pleistocene, with current best candidates for dates 
being 17,600 and 13,280 rcybp (mean calibrated ages 
~21,276 and 15,931 cal bp) (Sicard et al. 2017; Williams 
and Galloway 1986). Glacial Lake Susitna’s possible fi-
nal decanting event (elevation <700 m) dates to the early 
Holocene (Twelker et al. 2015). Glacial Lake Atna’s signal 
is similar, dropping below 752 m at 10,740 cal bp (Shimer 
2009), perhaps draining through the Tyone River to the 
lower Glacial Lake Susitna prior to this date, then lower-

ing to and stabilizing near 500 m in the Copper River 
Valley (and possibly later at 366 m) (Nichols and Yehle 
1969). Lake Atna finally drained into Pacific during the 
early Holocene, likely prior to 10,250 cal bp (Ives et al. 
1964:61; Muhs et al. 2013; Richter et al. 2006; Rubin 
and Alexander 1960). These early Holocene dates appear 
to correlate with the establishment of floral species in the 
Copper River lowlands just after (Ager 1989; Muhs et al. 
2013) (see Table 1 for list of these dates). It is the author’s 
opinion that the terminal Pleistocene/early Holocene ra-
diocarbon dates recovered from lower elevations (rather 
than the higher-elevation samples in Table 1) are more 
likely to reflect the actual lake levels of Glacial Lakes 
Atna/Susitna (Fig. 5).

archaeological review

The early human occupation of the Tanana Valley oc-
curred prior to, and in tandem with, the Younger Dryas 
chronozone (ca. 12,900–11,700 cal bp) (e.g., Potter et al. 
2013). The majority of evidence suggests that humans first 
inhabited the interior of eastern Beringia prior to dispers-
ing from there to the coasts (Potter et al. 2017; Wygal 
and Goebel 2012; Wygal and Krasinski this volume). The 

Figure 5. Generalized uncalibrated dates (rcy) and lake elevations (masl) of Glacial Lake Atna/Susitna and mean 
interpolation line informed by Table 1 (dates are not calibrated, and elevations have been updated). Relatively dated 
strandlines not depicted.
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Copper and Susitna River Valleys provide two of several 
potential routes from which the First Americans could ac-
cess the hypothetical coastal route and are therefore an 
important study region for understanding these potential 
access corridors.

The earliest vegetation signals from south of the 
Alaska Range begin during the final warming period after 
14,000 rcybp (~16,000–17,000 cal bp). They suggest that 
“during the waning of late Wisconsin glaciers [the land-
scape was characterized by] herb shrub tundra dominated 
by Cyperaceae and dwarf Betula” (Ager 1989:90). This 
signal was described in the lower Copper River Valley 
in lacustrine sediments at 760 m (13,280 ± 400 rcybp, 
15,308–16,518 cal bp) (Williams and Galloway 1986) 
and bog sediments in the Tiekel River at 500 m (13,900 
± 400 rcybp, I-3796, 16,289–17,397 cal bp) (Sirkin and 
Tuthill 1987) (Table 1). The early low-elevation date at 
the Tiekel bog likely describes deglaciation of the lower 
Copper River Valley but doesn’t rule out Glacial Lake 
Atna persisting later and being blocked by ice dams far-
ther north near Chitina. The early landscape was domi-
nated by dwarf birch and shrub tundra through the ter-
minal Pleistocene and the spread of Populus and Alnus 
during the early Holocene. Shimer (2009) interprets the 
pollen signals as indicative of a colder arid environment 
that was more influenced by the regional presence of the 
proglacial lake rather than the global mechanisms of the 
Younger Dryas.

The earliest dates of human occupation in the Tanana 
River Valley (Holmes 2001; Potter et al. 2013; Wygal 
et al. 2018) currently cluster ~2000 years after the earliest 
published potential date for the draining of Glacial Lake 
Atna (Sirkin and Tuthill 1987) or ~3000 years before 
the latest potential dates of the disappearance of the lake 
(Shimer 2009). If the lake existed in tandem with human 
populations, it would have played a significant role, act-
ing as a barrier to human dispersal into the lower Copper 
River drainage and from there to the Pacific coast. If so, it 
should be a major variable considered when exploring how 
the First Americans interacted with their unique eastern 
Beringian landscape. Human populations are documented 
along Shaw Creek upstream from its confluence with the 
middle Tanana River. The earliest sites in eastern Beringia 
include Swan Point (~14,200 cal bp) (Holmes 2001, 2011), 
the Holzman site (~13,700 cal bp) (Wygal et al. 2018), and 
the Little John site in the upper Tanana Valley (between 
14,050 and 13,720 cal bp) (Easton et al. 2011). At least 
some of these First Americans carried with them a lith-

ic toolkit similar to the Diuktai culture in northeastern 
Siberia, which appears to have been quickly adapted to the 
regional shifting ecology of eastern Beringia (e.g., Lanoë 
and Holmes 2016).

As human populations expanded and technology dif-
ferentiated across eastern Beringia prior to the terminal 
Pleistocene, the initial populations made use of the north-
ern flanks of the Alaska Range (Coffman 2011; Goebel 
1999, 2011; Goebel et al. 1999; Hall 2015; Powers and 
Hoffecker 1989) and the Tanana lowlands (Hoffecker 
2001; Potter 2008a, 2011). Their presence on the south-
ern foothills of the Alaska Range, however, is not docu-
mented until after the Nenana, Delta, and Swift River 
Valleys had deglaciated and vegetated (12,400 and 
11,300 cal bp) (Briner and Kaufman 2008; Matmon et 
al. 2010; Potter 2008b; Ritter 1982; Wygal 2010; Wygal 
and Goebel 2012).

The archaeological record currently establishes a hu-
man presence in the central Tanana Valley prior to their 
presence south of the Alaska Range. The Tanana assem-
blages suggest early groups had an intimate knowledge of 
the landscape, demonstrated by the long-distance travel of, 
or trade in, obsidian (initially inferred from an unknown 
source likely located in the Yukon-Tanana Uplands [Group 
H]) and later during the terminal Pleistocene from the 
Wiki Peak quarry in the northern Wrangell Mountains 
(Hamilton and Goebel 1999; Holmes 2001; Speakman 
et al. 2007) and the Batza Tena source in the central 
Koyukuk River Valley (Potter et al. 2017). The particular 
discovery and use of obsidian during the late Pleistocene 
is evident by remains of Wiki Peak obsidian, which ap-
pears in Broken Mammoth CZ4 (13,400 cal bp) (Reuther 
et al. 2011), Mead CZ4 (13,110–12,790 cal bp) and CZ3b 
(12,120–11,850 cal bp) (Potter et al. 2013), Walker Road 
component 1 dated 13,080–13,190  cal bp (Goebel et al. 
2008), and Moose Creek component 1 dated 13,060–
13,180 cal bp (Reuther et al. 2011). The source for Wiki 
Peak, located deep within the southeastern portion of the 
Nutzotin Mountains, is evidence that the First Americans 
were probing the very edges of their ecosystems into the 
boundaries of the Copper River basin; it further suggests 
that mountain ice sheets and glaciers should be consid-
ered not as natural barriers but rather as unique ecological 
challenges to mobility that humans faced and overcame as 
soon as they had familiarized themselves with the Alaska 
interior.

The oldest human signal found thus far south of the 
Alaska Range occurred at Bull River II (Wygal 2009) 
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 during the Younger Dryas. During the following warm-
ing period of the Holocene Thermal Maximum (HTM), 
global temperature averages for both summer and winter 
spiked several degrees above those of today. Though mut-
ed in Alaska (Kaufman et al. 2004), this signal correlates 
with a drop in effective moisture and a rise of poplar and 
spruce parklands (Bigelow and Powers 2001). Initial degla-
ciation of the principal Alaska Range valleys seems to have 
occurred between 12,000 and 11,300 cal bp, suggested by 
a complex series of dated moraine-related features (Briner 
and Kaufman 2008; Matmon et al. 2010; Schweger 1981). 
The warming period was conducive to plant dispersal 
from the northern Tanana River Valley, especially after 
10,000 cal bp (Ager 1989; Williams and Galloway 1986). 
A spruce-dominated vegetation regime seems to have been 
established in the region between 10,000 and 8000 cal bp 
(Ager 1989; Shimer 2009).

Humans likely followed available taxa as they dis-
persed south through the Alaska Range into the head-
waters of the Nenana, Susitna, Delta, and Swift Rivers. 
Direct archaeological evidence of human presence within 
the access corridors only exists in the Nenana Valley; it is 
lacking in the Delta, Tok, and Swift River Valleys (Table 
2; Fig. 6). The river valley corridors would have been char-
acterized by young landforms, temporary lakes associated 
with glacial features (Reger at al. 1990; Schweger 1981), 
and stagnant surface and subsurface ice (Dixon et al. 
1985:I:8–55; Reger et al. 1990). Thus far, none of the early 
archaeological assemblages suggest the presence of any 
long-term seasonal camps (such as have been described in 
the Tanana Valley for this period). The sites are current-
ly interpreted as the remains of short-term, task-specific 
camps (Betts 1987; Blong 2016; Wendt 2013; West et al. 
1996a, 1996b, 1996c; Wygal 2011). The signal suggests 
the initial human use of the landscape was logistically mo-
bile (Potter 2008a), perhaps indicating that people entered 
only seasonally and retreated north to residential camps 
in the Tanana Valley, incorporating the Nenana, Delta, 
Susitna, and Copper River headwater regions as part of a 
planned annual strategy. Others have argued that the lack 
of long-term residence sites in the southern foothills of the 
Alaska Range suggests that people were using a highly 
mobile residential strategy, with groups moving about the 
landscape using a noncentralized land-use system, follow-
ing available resources (Blong 2016; Wygal 2009). The 
dispersal of ungulates into the region is inferred through 
available paleontological evidence of wapiti or caribou in 
the upper Susitna (Blong 2016:99) and vegetation and 

associated Denali complex toolkits in the Tangle Lakes 
region (Jangala and Keating 2004; Skarland and Keim 
1958; Skoog 1968).

Early Beringian and terminal Pleistocene assemblag-
es suggest that people utilized a wide variety of available 
food sources in the Tanana Valley (Holmes 2001; Lanoë 
and Holmes 2016; Potter 2008a; Potter et al. 2013; Yesner 
2001). As humans dispersed from the Tanana Valley south 
into the Copper and Susitna River basins, they would have 
brought this background knowledge with them, adapting 
a familiar strategy of landscape use as needed, just as they 
appear to have done with their western Beringian toolkit 
as they dispersed into the east. Today, no late Pleistocene 
or early Holocene sites associated with lowland river or 
lake environments have yet been described within either 
the middle Susitna River or the Copper River basins (po-
tentially the result of exploratory bias, e.g., Potter 2008a), 
despite the work of several large-scale archaeological ex-
ploration efforts in the Susitna drainage (e.g., Dixon et al. 
1985; Neely et al. 2016) (Figs. 6 and 7; Table 2). The ear-
liest human signals in the lower Copper River currently 
date to the middle Holocene (Potter 2008b). The lack of 
sites any earlier than this suggests that perhaps they never 
existed; or if they did, our data reflects an exploratory or 
taphonomic bias.

The oldest site south of the Alaska Range described 
so far is Bull River II, located near the headwaters of the 
Bull River (southwest of where the Nenana River enters 
the Alaska Range) and dated to 12,090–12,240 cal bp 
(Wygal 2009, 2010) (Fig. 7; Table 2). A somewhat older 
component has been described at the Eroadaway site to the 
north in the Nenana River Valley at 12,420–12,820 cal bp 
(Holmes et al. 2018).

Elsewhere, human movement into the middle Susitna 
Valley was likely hampered by stagnant ice fields, active 
highland glaciers, and small high-valley proglacial lakes 
that persisted in the Clearwater and Talkeetna Mountains 
between 9300 and 7500 cal bp (Reger et al. 1990:6; 
currently unnamed but termed in this present paper as 
Greater Stickwan Lake for clarity) (Fig. 6). Human oc-
cupation is marked along the lower Susitna River, at the 
Susitna River Overlook and Trapper Creek sites, outside 
of the Talkeetna Mountains (Wygal and Goebel 2012). 
Current examples of ice-dammed proglacial lakes survive 
in the Copper River basin, along the western and eastern 
edges of Tazlina Glacier, i.e., Iceberg Lake and an associ-
ated larger unnamed lake.
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The sites in the Tangle Lakes area are ascribed to the 
Denali complex, an early technological phenomenon as-
sociated with the northern Paleoarctic tradition/eastern 
Beringian tradition (Holmes 2001; West 1996), derived 
from the earlier Siberian Diuktai culture (Potter et al. 
2013), which became (or was) the dominant technologi-
cal form used during the early Holocene in the Alaska 
interior. The Tangle Lakes sites are associated with a 
number of technologically similar undated surficial scat-
ters (West 1998). These sites are strongly associated with 
the shores of greater Tangle Lake, which were 16 to 30 m 
higher than today, at an elevation of 884 m. The lake ini-
tially formed as a proglacial lake along the northeastern 

margins of Maclaren Glacier (Campbell and Begét 1989). 
Lake Atna’s northern shores lay between Upper Tangle 
Lake and Canyon Lake, possibly stabilizing between 752 
and 732 m. Dated noncultural wood fragments appear 
at South Tangle Lake as early as 11,281–12,159 cal bp 
(10,150 ± 280 rcybp, West et al. 1996a). Greater Tangle 
Lake persisted in a stable state, blocked by moraines to the 
southeast and north, for roughly 2500 years, and numer-
ous beaver-gnawed pieces of wood surviving from this pe-
riod attest to its ecological health. The close association of 
the Denali complex sites and the lakeshores suggests that 
nonwinter seasonal lake resources may have been the pri-
mary reason for human occupation in the area. This paleo 

Table 2. List of culturally associated radiocarbon source information.

Site

Updated 
elevation (m) 
derived from 

5 m DEM

rcybp 1σ
Calibrated 

age¹
Lab ID Type Primary citation Secondary citation

Eroadaway 631 10,890 ±40 12,718–
12,780

Beta-
245155 AMS Holmes et al. 

2018

Bull River II² 1015 10,350 ±50 12,090–
12,240

Beta 
234749 AMS Wygal 2009 Wygal 2010

Phipps² 895 10,150 ±280 11,281–
12,159 Uga-572 AMS West et al. 1996a Schweger 1981; West 

1975, 1998

Whitmore 
Ridge² 905 9890 ±70 11,221–

11,366

Beta-
62222; 
CAMS-

6406

AMS West et al. 1996c

Carlo Creek 
Component I² 600 9872 ±65 11,210–

11,341 AA-75049 AMS Bowers 1980 Bowers & Reuther 
2008

Susitna Dune I 790 9620 ±50 10,862–
10,959

Beta-
284748 AMS Blong 2016

Susitna River III 858 9320 ±60 10,477–
10,590 OS-101613 AMS Blong 2016

Susitna River 
Overlook 123 9140 ±90 10,223–

10,418
Beta-

208284 AMS Wygal and 
Goebel 2012

Sparks Point² 873 9110 ±80 10,200–
10,302

Beta-
64577; 

CAMS-
8299

AMS West et al. 1996b

Jay Creek 
Ridge³ 844 7240 ±110 7966–8170 Beta-7306 Conventional Dixon et al. 1985 Dixon 1993; Mason et 

al. 2001; Mulliken 2016

Trapper Creek 125 7068 ±49 7852–7907 AA67361 AMS Wygal and 
Goebel 2012

Butte Lake 
Northeast 1027 5030 ±200 5582–5998 Beta-10751 AMS Betts 1987 Wendt 2013

1. 1 σ, Calib 7.10, using IntCal13 (Reimer et al. 2013; Stuvier et al. 2018).
2. Represents closest single date to calculated median from multiple samples published.
3. A recent date suggests the Jay Creek occupation is earlier, 11,200–10,800 cal bp (Mulliken 2016:36)
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lake catastrophically burst sometime after ~8544–8785 
cal bp (7860 ± 110 rcybp) (Campbell and Begét 1989; see 
Kokelj et al. 2015 for a modern analogue), providing an 
important example for other similar proglacial lakes that 
persisted and rapidly drained in the Talkeetna Mountains 
(Reger et al. 1990). The draining event occurs in tandem 
with the apparent disappearance of regional archaeologi-
cal sites; no settlements appear around the new lakeshores 
or anywhere in the southern Alaska Range foothills until 
the later northern Archaic tradition appears throughout 
the region at about 6500 cal bp (Bowers 1989; Potter 
2008b; West 1996).

discussion

If we assume that our current archaeological data set re-
flects an accurate sample of the past, it would appear that 
humans actively avoided utilizing the lowland landscape 
of the Copper River until the late Holocene, preferring the 
uplands throughout the early and middle Holocene. The 
avoidance suggests that either an ecological barrier (such 
as the proglacial lakes or something else) or a cultural 
barrier prevented humans from farther movement south 
(assuming that data visibility is not the result of research 
bias). A cultural barrier would be difficult to test. People 
in the southern Alaska foothills would have been faced 
with the draw of ecologically rich riverine basins either to 

Figure 6. A palimpsest of early Holocene human occupation sites (13,000–10,000 cal bp) and dynamic landscape of 
proglacial lakes. Glacial Lake Susitna’s shore is set at 617 m (Twelker et al. 2015), and Glacial Lake Atna’s shore is set 
at 752 m (Shimer 2009). Ice fields not depicted (see maps in Csejtey et al. 1978; Reger et al. 1990; Twelker et al. 2015; 
and Williams and Galloway 1986 for detailed information about the local Quaternary landscape). Sites are listed by 
number in the numeric order given in Table 2.
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the north (the Tanana) or the south (the Copper). If these 
early groups were living on an annual cycle south of the 
Alaska Range and couldn’t move north, and were addi-
tionally prohibited from southern movement, then they 
would be faced with developing a successful landscape 
strategy that facilitated living full-time in the southern 
Alaska Range/Susitna Valley uplands. This strategy isn’t 
unknown to the region; later features interpreted as house 
pits (traditionally used as winter-season residences) are 
preserved at XMH-035 in the Tangle Lakes area (Potter 
2008a), at TLM-302 in the middle Susitna Valley (Hays 
et al. 2014), and at Butte Lake in the upper Nenana basin 
(Betts 1987; Wendt 2013). However, these sites all date to 
the last few millennia of the Holocene (see also the story of 
the Mountain People in Shem Pete’s Alaska [Kari and Fall 
2016]), suggesting this strategy was not practiced prior to 
the northern Archaic tradition of the middle Holocene. 
Permanent upland subsistence use is a risky strategy and 
does not facilitate large populations, as ecological resourc-
es tend to be much more variable than in the lowlands. 
In the ethnographic record, full-time, year-round upland 
use tended to be a less common land-use strategy. It was 
resorted to by Athabascan and Inuit groups during periods 

of population pressure, a perception that upland resources 
had increased relative to the lowlands, or the lack of avail-
able food in the lowlands (Burch 1998; John 1996; Matesi 
2016; Raboff 2001; Smith 2012). Here, it is concluded that 
the early Holocene inhabitants of the region were likely in-
timately associated with the older Tanana Valley cultures 
and that their lack of archaeological visibility in the lower 
elevations of the Susitna and Copper River areas is due to 
the presence of the large glacial lakes there.

conclusion

If an ecological barrier blocked human dispersal south 
of the southern foothills of the Alaska Range, the only 
such barrier yet demonstrated is the one formed by the 
glacially dammed lakes of the Susitna and Copper River 
Valleys and the lingering ice caps and stagnant glaciers 
in the Talkeetna and Clearwater Mountains (Reger et al. 
1990). This conclusion is supported by the numerous 
later, early Holocene radiocarbon dates supporting the 
glacial lake’s persistence. Other potential ecological bar-
riers could have existed, such as the availability of im-
portant annual resource variety for exploitation. Hunting 

Figure 7. Generalized calibrated dates (cal bp) of sites and lake elevations (m) of Glacial Lake Atna/Susitna informed 
by Tables 1 and 2 (elevations have been updated, derived from 5 m DEM). Triangles refer to cultural sites in the upper 
Susitna basin, Tangle Lakes area, and Copper River basin. Squares refer to regional sites outside these basins. White 
dots refer to lacustrine sediment dates. Sites listed by number in numeric order as given in Table 2. Jay Creek Ridge 
(11) is depicted twice: its original date and the more recent date reported in Mulliken (2016).
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 strategies were also dependent on which animals were dis-
persing and successfully settling into the new landscape 
on a long-term predictable basis and on when the first 
anadromous fish began to populate the valley (current-
ly unknown). Long-distance migrating animals would 
likely have been first to disperse into the region, but this 
represents a nonlinear function and is difficult to model. 
However, the documented late presence of the enormous 
glacial lakes, coupled with the fact that no late Pleistocene 
or early Holocene sites have been found below the surface 
elevations of the lakes within their basins (Fig. 7) and 
the subsequent known floral dispersal and unknown fau-
nal dispersal period, provides the best evidence yet for an 
ecological barrier to human expansion farther south into 
the Copper River lowlands. From the limited evidence 
summarized here, it would appear that humans interact-
ed for several millennia with the lake boundaries, which 
acted as a geographic barrier to the southern movement 
of fauna and humans into the middle Susitna and Copper 
River Valleys.
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