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ABSTRACT

Eroadaway represents a Late Glacial campsite, circa 12,600 cal Bp, in the subalpine zone of the cen-

tral Alaska Range. Reassessment of radiocarbon dates indicates that the age of the site is nearly 2800

years older than originally reported and places the reassessed age of the Eroadaway occupation in

the Younger Dryas chronozone (12,900 to 11,700 cal Bp). Eroadaway is viewed as a short-duration

seasonal hunting camp where the maintenance and production of bifacial tools were the dominant

activities. The site’s distinctive thin bifacial projectile point technology is analyzed in terms of produc-

tion technique and subsistence strategy, and a projectile point hafting model based on the Eroadaway

points is proposed.

The Eroadaway site, discovered in 1985, is an impor-
tant Late Glacial site in the Nenana Valley of the central
Alaska Range of interior Alaska. Several Late Glacial
and early Holocene sites are situated in the Nenana
Valley and surrounding area, including the Carlo Creek
(Bowers 1980), Dry Creek (Powers et al. 2017), Moose
Creek (Pearson 1999), Walker Road (Goebel et al. 1996),
Teklanika (Coffman and Potter 2011), and Bull River
(Wygal 2010) sites. This region provided critical habitat
for important subsistence resources, including bison, cari-
bou, sheep, and elk (wapiti), for late Pleistocene and early
Holocene hunter-gatherers (Bowers 1980; Guthrie 2017).

Eroadaway affords a look at a site with a limited range of
behavior, whereas occupations at most other early sites in
the Nenana Valley likely were of longer duration with a
broader range of activities.

Eroadaway has been an enigma in early eastern
Beringian cultural chronology. It has been featured in
several researchers’ cultural-historical schemes for the
Late Glacial and early Holocene (16,000 to 9,000 cal Bp)
time periods in Alaska (e.g., Bever 2001a; Dixon 1999,
2013; Goebel and Buvit 2011; Graf and Bigelow 2011;
Heidenreich 2014; Potter 2011). However, within these
studies references to the Eroadaway site have been limited
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to brief descriptions of the site and its age and a prelimi-
nary artifact analysis from a paper presented at the Alaska
Anthropological Association conference 30 years ago
(Holmes 1988). Eroadaway was originally interpreted as
an early Holocene transition between Denali complex and
Northern Archaic tradition on the basis of biface technol-
ogy and a single radiocarbon date.

The recovery of artifacts at Eroadaway must be un-
derstood as a salvage of cultural material from a disturbed
context. Only a few hours over the course of a few days
in 1985 and again in 1987 were devoted to data recovery.
This work was incidental to travel via the Parks Highway
between Anchorage and Fairbanks for other commit
ments. The excavations took place August 20, 1987. The
artifacts were not three-point plotted but were screened
through one-eighth-inch mesh and recorded by subunits
within each excavation block. Bulk samples from cultural
features were collected for expediency and examined later.

More recently, we have reexamined the artifact assem-
blage and the age assessments of Feature 1 and 2 hearths.
The age of the hearths places the main component between
12,750 and 12,570 cal Br and within the Late Glacial pe-
riod (16,000 and 11,600 cal Bp), nearly 2,800 years older
than the original radiocarbon date reported. This age also
places it within the Younger Dryas chronozone (12,900 to
11,600 cal Br; Steffensen et al. 2008; Viau et al. 2008), one
of very few sites in interior Alaska that date to this period
(Graf and Bigelow 2011; Potter 2011; Wygal 2011).

Here, we present the results of this reanalysis and ar-
gue that the Eroadaway site represents a brief short-term
hunting camp where a limited array of activities occurred,
primarily late-stage biface reduction, projectile point man-
ufacture, and retooling efforts. Eroadaway documents an
almost complete bifacial reduction and projectile point
production sequence, from preform to finished point, with
mistakes along the way. Several other studies on projectile
point production sequences have been conducted in Alaska,
but they primarily concentrate on Late Glacial and early
Holocene sites in northern Alaska, such as the Sluiceway,
Mesa, and northern fluted point complexes (Bever 2001b;
Goebel et al. 2013; Rasic 2011). Research in early interior
Alaska projectile point reduction sequences is sparse, with
much of the research in this region concentrated on either
study of raw material availability and/or constraints and
stylistic traits (Graf and Goebel 2009; Potter 2005; Reuther
et al. 2011). These studies have mostly focused on sites that
have longer durations in occupation and a wider array of
behavior marked by multiple episodes of tool production,

maintenance, and discard (Heidenreich 2014). These stud-
ies on projectile point manufacture focus solely on either
the debitage of biface manufacture or the final expended
and discarded bifaces at the end of their complex use life.

We also discuss potential reasons why the people at
Eroadaway chose to make and use thinner points over
thicker, more robust projectile forms, in the context of
simple technological investment models (e.g., Bettinger
2009; Bettinger et al. 2016). This framework allows us to
explore costs and benefits between two technological sys-
tems and assess whether one technology benefits over an-
other; for Eroadaway, thin, delicate projectile points are
compared to thicker, more durable projectile points. This
study provides a window into Late Glacial lithic tech-
nological variability in projectile production in interior
Alaska. This variability is not solely marked by limita-
tions in cultural group stylistic values (Graf and Goebel
2009; Hoffecker 2011) but is also influenced by situation-
al factors such as seasonal hunting strategies, behavior of
subsistence resources, differential access to higher-qual-
ity raw materials, and group mobility (Odess and Rasic
2007; Potter 2007; Rasic 2011).

SITE SETTING AND ENVIRONMENT

The Eroadaway site is situated on a broad terrace of a
coarse gravel outwash plain in the Nenana Valley in the
southern foothills of the central Alaska Range (Fig. 1). The
terrace stands about 77 m above the Nenana River and
around 640 m above sea level. At least four younger ter-
races lie between the Eroadaway terrace and the Nenana
River. Several kettle lakes and ponds are scattered across
and below the Eroadaway terrace outwash plain.

This region of the Nenana Valley, near the Yanert Fork,
is favorable habitat for economically important game ani-
mals, such as Dall sheep, caribou, and moose, and was ex-
ploited in ethnographic times by both Tanana and Ahtna
groups (Kari and Fall 2003). Faunal evidence from the
archaeological record at Carlo Creek Component 1 and at
Dry Creek Component 2 shows that caribou, Dall sheep,
bison, wapiti, and ground squirrel were available during
the period 12,500-11,200 cal Bp (Bowers 1980; Powers
et al. 2017).

The geomorphic history of the central Alaska Range
landscape is primarily influenced by tectonics and glacial
activity (Thorson 1986; Wahrhaftig 1958). The bedrock
in the study area are east-west-trending Precambrian
to Tertiary groups consisting of schist, phyllite, gneiss,
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Figure 1. Location of the Eroadaway archaeological site in relation to other sites in the central Alaska Range.
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chert, argillite, hornfels, limestone, conglomerate, slate,
shale, and coal. Low-grade metamorphic rocks were
subsequently formed by the intrusion and alteration of
basic lava flows (Wahrhaftig 1958). The Paleocene-age
sedimentary Cantwell Formation, the major formation
underlying the study area, was deposited in a large conti-
nental basin and consists of metamorphosed conglomer-
ate, sandstone, siltstone, shale, coaly shale, coal, and argil-
lite (Wolfe and Wahrhaftig 1970). The upper portion of
this formation contains a number of volcanic flows and
tuffs (Wolfe and Wahrhaftig 1970).

The gravel and cobble terrace where Eroadaway is situ-
ated originated from glaciofluvial outwash of glaciers in
the Alaska Range. The “Carlo re-advance” (Wahrhaftig
1958:53), the most recent glacial advance in the Nenana
Valley, was over by ~16,000 cal Bp (Dortch et al. 2010).
The Carlo re-advance end moraine lies immediately west
and north of the site. This region appears to have been
sufficiently clear of ice and multibraided outwash chan-
nels by 14,000 cal BP to permit a suitable environment for
humans and the terrestrial resources to thrive and move
north and south through the Alaska Range, by way of the
Nenana Valley, Broad Pass, and Susitna drainages (Wygal
and Goebel 2012).

The Eroadaway terrace has been dissected on several
sides by secondary drainages, and its top has broad and
gentle rolling topography. Eroadaway’s immediate set-
ting is rather indistinguishable from the rest of the ter-
race, although the site area does occupy a slightly raised
area that would likely have been important to provide a
dry campsite. The major soils are Typic Historthels and
Typic Haplogelods (Clark and Duffy 2006). The local
vegetation is characterized as black spruce/bog blueberry,
Labrador tea, scrub birch woodland.

A high-resolution pollen record from Windmill
Lake, located about 10 km north of Eroadaway, docu-
ments regional vegetation changes over the past 14,000
cal BP years (Bigelow 1997; Bigelow and Edwards 2001).
The Windmill Lake record provides a superb analogue
for the paleoenvironmental setting due to similar eleva-
tions and positions of the site and the lake, thus allow-
ing us to set the behavioral record of the Eroadaway site
within the context of the environment. The pollen record
is divided into four main vegetation zones (Bigelow and
Edwards 2001): (1) full and Late Glacial herb zone (zone
WL-1; >16,000-13,400 cal Br); (2) a Betula zone span-
ning the end of the Late Glacial to early Holocene (zone
WL-2; 13,400-9,400 cal Bp); (3) a Picea-Alnus zone

dating to the mid-Holocene (zone WL-3; 9,400-7,340
cal BP); and (4) a late Holocene zone that contains many
of the elements of the modern boreal forest (zone WL-4;
7,340 cal BP to present).

Of particular interest to the occupation at Eroadaway
is pollen zone WL-2, which is separated into two sub-
zones, WL-2a and WL-2b (Bigelow 1997). Zone WL-2a
documents the nearly ubiquitous birch (Betula sp.) rise
and reduced amounts of Salix, Artemisia, Cyperaceae, and
Poaceae, which occurs slightly later here (13,550-10,950
cal Bp) than in other pollen records from lower elevation
sites in central Alaska (Bigelow and Powers 2001). The
Betula pollen identified in zone WL-2a is assumed to be
shrub or dwarf birch (B. gladulosa or B. nana). Bigelow and
Edwards (2001) note a short period of increased Artemisia
and Poaceae, dating to 12,500-11,900 cal Bp, which may
represent a return to cooler, drier conditions coincident
with the Younger Dryas stadial.

These increases in xerophytic vegetation were subtle,
implying that the effect of Younger Dryas climate change
in the Alaska Range was relatively small. However, the
effects are highly variable across Alaska (Kokorowski et
al. 2008), and the impact on human occupations in in-
terior regions remains ambiguous. Eroadaway is one of
only a handful of sites that date within the Younger Dryas
chronozone where it has been suggested a depopulation
episode led to low visibility in the archaeological record
(Potter 2011; Wygal 2011).

HISTORY OF RESEARCH AT ERODAWAY

At the time of discovery, in June 1985, it seemed unlikely
that the site could contain contextual material or have
much potential to yield important information. The site
consisted of a few flakes and several biface fragments on
the surface in a severely disturbed context (Holmes 1988).
The site had been disturbed by the removal of the veg-
etation and upper surface of the soil during an aborted
road-building episode during construction of the Denali
Highway in the 1950s. Further damage resulted from the
road serving as a bypass route for heavy equipment dur-
ing construction of the Parks Highway in the early 1970s,
hence the name “Eroadaway.” Recent use of this area as a
camping ground was apparent (Fig. 2).

In 1987, Holmes returned to Eroadaway with a small
crew to salvage what remained of the site. The area was
much the same as in 1985 but with increased usage from
recent camping. More flakes and a couple of tiny burned
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Figure 2. Historical photographs show the disturbed surface at the time of discovery in 1985 and later in 1987. The site
looked very much the same in 2009, with exposed sediment and unsorted pebbles, cobbles, and boulders scattered about.
The modern campfire ring noted in 1985 remains in the same position. Note the complete lack of vegetation growing in
the area that was disturbed in the 1970s.
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bone fragments were exposed on the surface of the abort-
ed roadbed. Further investigation determined that, as
unlikely as it seemed, partially intact portions of the site
persisted (Holmes 1988). The surface scatter of artifacts
indicated that additional cultural material might be pres-
ent within a thin layer (10-15 cm thick) of undisturbed
aeolian silt (loess) that caps terrace deposits.

A metric grid baseline was established in the center
of the roadway, oriented north with excavation focused
over two spatially discrete artifact concentrations (Areas
1 and 2) associated with charcoal fragments and more
than 1,000 highly fragmented burned bone pieces (Fig.
3). Many of the bones were too fragmented to identify
the species, but most relate to medium to large mammals
based on wall thickness and tooth enamel fragments (cf.
ungulate); however, two bones were identified as either
small mammal or bird (Justin Hays, Northern Land Use

Research, pers. comm., 2010). It was apparent that some
exposed cultural material had been moved about, but ar-
tifact clusters were still distinguishable in both areas, and
the disturbance had not completely removed the underly-
ing silt matrix.

The investigation showed that artifact concentrations
were focused around two hearths, designated Features 1
and 2. The hearths were located 15 m apart on the west
side of the roadway. Sediment was collected with trowels
and shovels, then sieved through one-eighth-inch screen
mesh. In addition, bulk samples collected from both
hearths were processed in the laboratory to recover organic
material for radiocarbon dating. Almost 1,800 lithic arti-
facts that included 47 bifaces (including biface fragments)
and 22 modified flakes (scrapers or knives) were collected
in 1985 and 1987. The intact stratigraphy at the features
shows about 13 ¢cm of aeolian silt over outwash alluvium.
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Figure 3. Generalized stratigraphy for geotests in undisturbed areas west of the Eroadaway site. The map shows the site
grid, excavation units, location of Areas 1 and 2 concentrations, and where exposed artifacts were scattered across the

surface.
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The hearths appeared as oval-shaped dark stains, about
1 m in diameter, exposed at the erosional surface with evi-
dence of oxidation. There was no indication of paleosols
present within the excavation areas.

In 1987, the bulk samples were sieved in the labo-
ratory to the 2 mm screen size. Charcoal samples from
within the features’ matrices were identified as frag-
ments of cf. Betula sp. (birch) and Betulaceae (birch or
alder [Alnus sp.]) shrubs, while other samples recovered
from the Area 1 surface contexts of the Feature 1 hearth
included Betula sp. and Salix sp. shrub fragments (Alix
2008) and a charred spruce needle (Holmes 1988). Three
grams of birch and willow charcoal fragments from one
of the Feature 1 bulk samples were combined to obtain a
liquid scintillation radiometric age. Additional charcoal
bits and tiny burned bone and teeth fragments were re-
covered from the other bulk samples from both hearth
areas but not in sufficient amounts for standard radiomet-
ric assay. These small charcoal fragments were saved for
the possibility of species identification and future dating
by accelerator mass spectrometry (AMS). The single stan-
dard radiometric date of 8640 + 170 rcysr (WSU-3683;
9,300-10,180 cal BP; median probability: 9690 cal Bp)
was obtained from the 3 g sample of mixed charcoal
from the Feature 1 hearth (Holmes 1988). It was on the
basis of this date, along with the presence of distinctive
bifacial technology and the absence of microblade tech-
nology, that the Eroadaway assemblage was originally

Table 1. Radiocarbon dates for the Eroadaway site.

interpreted as an early Holocene transition between the
Paleoarctic (Denali complex) and Northern Archaic tra-
ditions (Holmes 1988).

In 2008 and 2010, we were able to obtain AMS dates
on the curated charcoal samples directly associated with
the hearth matrices of both features (Table 1). A single
Betulaceae charcoal fragment from Feature 1 dated to
10,860 + 40 rcysr (Beta-245155; 12,690-12,800 cal Bp:
median probability: 12,740 cal Bp), while a small charred
piece of a birch shrub from Feature 2 dated to 10,570 +
50 rcyYBP (Beta-368365; 12,420-12,670 cal Br: median
probability: 12,550 cal 8p). The radiocarbon dates for the
hearths in Area 1 and 2 appear slightly dissimilar, and
their median probability ages are differentiated by 190
years. However, they differ by only 35 years between their
combined maximum and minimum ranges, and for rea-
sons discussed below we suggest that the two hearths were
likely occupied contemporaneously. The AMS dating of
these small charcoal fragments from Features 1 and 2 has
allowed us to estimate the “true” age for the Eroadaway
assemblage at 12,550 to 12,750 cal Bp (based on median
probabilities), nearly 2,800 years older than the 1988 date.

We also dated a charred piece of birch shrub from
the Area 1 east matrix that was a mixture of the upper
surface of the Feature 1 hearth and possibly disturbed
sediments of the road surface. This sample dated to 190
+ 40 rcyBP (Beta-240740; 0-300 cal Br: median prob-
ability: 180 cal Bp), essentially modern.

Laboratory Sample no. Uncalibrated Calibrated Age 2s Material d"C value Notes
identification RCYBP + Is  median probability
Rejected Ages
WSU-3683 8640 + 170 9310 (9690) 10,180 Charcoal (cf. Not reported ~30 mg of charcoal frag-
Betula sp. & cf. ments from Feature 1 bulk
Salix sp.) sample (1987)
Beta-240740 UAS87-097- 190 + 40 0 (180) 300 Charcoal (cf. -23.3% -1 mg of charcoal twig from
0046 Betula sp.) Area 1 east
Accepted Ages
Beta-245155 UA87-097- 10,890 + 40 12,700 (12,750) Charcoal —27.0% ~1 mg of charcoal twig
0080 12,820 (Betulaceae: Betula from Feature 1 hearth, N'W
sp. or Alnus sp.) expansion
Beta-368365 HEA- 10,570 + 50 12,420 (12,550) Charcoal (cf. -25.4% -1 mg of charcoal twig from
0239: 12,670 Betula sp.) Feature 2 hearth
FEAT 2
Pooled mean of accepted 10,760 + 30 12,570 (12,660)

12,750

ages for component

Conventional radiocarbon dates were calibrated and median probabilities calculated using Calib v7.1 software (Stuiver et al. 2018) and the

IntCall3 terrestrial calibration model (Reimer et al. 2013).
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The 9690 cal BP age from the 1980s was affected by
a number of potential problems with bulk samples: indi-
vidual charcoal fragments may be from plants that lived
for hundreds of years (old wood factor) or only a decade
or less; thus, charcoal from different time periods can be
mixed together. Also, bulk samples may contain larger
amounts of younger soil-derived contaminants (e.g., ful-
vic and humic acids and humins) that can be more dif-
ficult to remove during pretreatment, such as likely oc-
curred with bulk samples dated from Component 1 at the
nearby Carlo Creek site in the 1970s (Bowers and Reuther
2008). AMS dating of an individual piece of charcoal can
avoid the mixture of materials from different time peri-
ods and decrease the chance for younger soil-derived con-
taminants to skew a date from its true age. The original
bulk sample for Feature 1, taken in 1987, appears to have
contained a mixture of modern charcoal from the dis-
turbed upper sediments of the hearth and ~12,600-year-
old charcoal from the actual hearth matrix, and possibly
younger soil-derived contaminants. A single fragment of
modern charcoal could have skewed the outcome (Taylor
and Bar-Yosef 2016); only 4 mg (13%) of the original
30 mg sample would have been enough to skew toward
2,800 years younger than its true age (Fig. 4).

GEOTESTING

In 2009, 2011, and 2012, we revisited Eroadaway as part
of the Eroadaway-Carlo Creek Geoarchaeological Project
to reevaluate the potential for intact cultural deposits and

to gather information on the sediments and soils across
the terrace. Seven tests (five 50 cm? and two 100 x 50 cm)
were excavated across the terrace. Four tests were placed
along the western edge of the abandoned road right-of-
way and immediately adjacent to the known distribution
of cultural materials and features in Areas 1 and 2 (Figs.
3 and 5). Berms of sediments were formed during high-
way construction and pushed up along the eastern and
western sides of the road, marking the visible extent of
highway construction.

% modern contamination
15,000
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(=
£ 10,000 10,860+40 4 |10%
2 L 86402170
5 T (13%)
= 5000+
(=8
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& & &
‘JQ ,@Q @Q
True RCYBP

Figure 4. Effect of modern carbon contamination on ra-
diocarbon determinations. A mixture of 13% modern
carbon changes the true age by more than 2,000 years.

Test pit (09-1) is located in the undisturbed area close to the
western edge of the disturbed road clearing. The undisturbed
silt here is about 25cm thick overlying glacial till,

East wall profile of excavation Area 1 showing 13-15 cm thick
intact silt over glacial till. About 10-15cm of the upper silt matrix
had been scraped away. The adjacent surface had been scraped
down exposing the till.

Figure 5. Geotest pit 09-1 compared to Area 1 east wall excavation profile.
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To the west, outside the disturbed areas, more than
70 cm of unconsolidated sand and silt deposits cap glacio-
fluvial outwash. More than 40 cm of alluvial sands and
gravels overlie outwash gravels and cobbles and show a
general sequence of upward fining in particle sizes that
indicates a transition from higher-velocity riverbed sedi-
ments to lower-velocity flood deposition. Aeolian fine sand
and silt (loess) covers the alluvium. A buried soil 8 cm
thick (very dark brown loam, Ab2 horizon) is present in
the lower acolian deposits near the contact with alluvium
(Fig. 3). A period of landform stability and soil develop-
ment appears to have occurred shortly after the transition
from alluvial to aeolian deposition. A second buried soil
5 cm thick (very dark gray silt loam, Abl horizon) was
separated from the lower Ab2 horizon by at least 5 cm of
loess that shows little alteration from pedogenesis or turba-
tion. A surficial soil 19 cm thick (very dark brown loam,
OA horizon) is segregated from the Abl horizon by 5 cm
of unaltered loess (Fig. 3). We have yet to reliably date the
buried soils; therefore, the relationship of these buried soils
to the main occupation context remains unclear.

ARTIFACT ASSEMBLAGE

More than 1760 artifacts were recovered from the 1985
surface collection and the 1987 Areas 1 and 2 excava-
tions at Eroadaway. The surface collections were recov-
ered in discrete clusters within the vicinity of two hearths
(Features 1 and 2) that define the excavation areas. A 2
x 2 m unit (expanded S and W) was excavated around
the hearth in Area 1, and another 2 x 2 m unit was exca-
vated around the second hearth in Area 2 (Fig. 3). While
we recognize that the disturbance at the surface may have
created a mixture of occupations or palimpsest, the raw
materials and their use are similar across the surface col-
lections and those represented from the excavations. As
will be discussed later, there is reason to interpret the site
as a single short-term event.

The total assemblage consists of six types of raw ma-
terials: argillite, basalt, chalcedony, chert, rhyolite, and
slate. Chert represents 54.46% of all lithics at the site, fol-
lowed by basalt at 41.54%. Argillite, chalcedony, rhyolite,
and slate comprise the remaining 4%. Chert and basalt
colorations range across several hues of gray, from very
dark gray, dark gray, dark greenish-gray, greenish-gray,
to light gray. Rhyolite coloration varies from dark gray,
gray, to greenish-gray and brown, pale brown, to reddish

brown. In our analyses below, we have chosen not to sepa-
rate these further into categories based on perceived dif-
ferences in coloration, because most of the color variation
within these classes is slight and we cannot assume that
color is an indicator of differences in source materials.

A total of 21 waste flakes show evidence of exposure
to heat; however, 18 of those (85.71%) were found on the
surface and could have been exposed to modern campfires
and natural burns.

Based on the debitage variables listed below, basalt
and chert are considered local because of their abundance
and the presence of cortex (2.6% basalt debitage and 2.8%
chert debitage). Argillite and rhyolite appear to be local as
well, although they may represent a different procurement
strategy than basalt and chert. The single piece of slate is
insufhicient to correctly determine its locality. Chalcedony
is rare and considered nonlocal. “Local” is defined as being
within a day’s walk, or about 20 km, following Surovell
(2009:78).

BIFACES

In total, there are 41 bifaces and biface fragments in the
Eroadaway collection, after all the refits are taken into ac-
count: 18 from Area 1, three from Area 2, and 17 from the
1985 surface collections, along with three refits between
fragments from Area 1, Area 2, and the surface (Tables
2 and 3). In this context, there are a total of 10 biface
fragments that refit across the sites: one refit between Area
1 and surface artifacts, two refits between artifacts from
Area 2 and the surface, and one refit within both Areas
1 and 2. Basalt (43.9%) and chert (41.46%) comprise the
largest percentage of biface raw materials, while chalced-
ony (7.32%), rhyolite (2.44%), and slate (4.88%) make up
the rest. Eight complete bifaces comprise 19.51% of the
total biface assemblage.

Many researchers (e.g., Callahan 1979; Whittaker
1994) have discussed the process of biface manufacture
from start to finish based on experimental knapping.
This can be highly advantageous for recognizing dif-
ferent stages of biface manufacture at an archaeological
site and making inferences about how people organized
their technology depending on situational factors (Nelson
1991). The Eroadaway bifaces (Figs. 6-9) show a range of
mid- to late- stages in the reduction thinning and shaping
sequence (cf. Andrefsky 2005) and have been grouped into
three stages.
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Table 3. Biface artifacts tabulated by attributes, raw material, and area.

Area 1 and Area 2 and
Areal  Area2  Surface surface surface Total  Total %
Condition
Base fragment 4 0 1 0 0 5 12.20
Tip fragment 6 1 2 0 0 9 21.95
Medial fragment 4 1 2 0 0 7 17.07
Tip and medial fragments 0 0 1 0 0 1 2.44
Base and medial fragment 1 0 4 0 0 5 12.20
Complete 0 0 2 0 0 2 4.88
Complete refits 1 1 0 1 2 5 12.20
Other fragment 2 0 5 0 0 7 17.07
Total 18 3 17 1 2 41 100
Material type
Chert 7 2 8 0 0 17 41.46
Basalt 10 1 5 1 1 18 43.90
Rhyolite 0 0 1 0 0 2.44
Chalcedony 0 1 0 1 3 7.32
Slate 0 0 2 0 0 2 4.88
Total 18 3 17 1 2 41 100
Breakage
Transverse bending fractures 14 3 11 1 1 30 75
Perverse fractures 0 0 1 0 0 2.5
Impact fracture (burination & fluting) 0 0 2 0 1 3 7.5
Outrepassé 1 0 0 0 0 25
Other 1 0 4 0 0 5 12.5
Total 16 3 18 1 2 40 100

Stage 1 bifaces are the largest and thickest of all
Eroadaway bifaces (Fig. 6). These bifaces may be con-
sidered early stages of manufacture and may also have
served as bifacial cores. Stage 1 bifaces are represented
by just four fragmented pieces, less than 10% of the total
biface population, and are only found in the collections
of Areas 1 and 2. These bifaces show that large flakes
were removed across each face, and two large outrepassé
flakes (Andrefsky 2005) are also represented in the col-
lection. Stage 2 bifaces are larger and thicker than Stage 3
specimens and are in an intermediate stage of production
(Fig. 7). Stage 3 bifaces are those in a late or final stage
of implement formation and often show evidence of use
(Fig. 8). These bifaces are generally shorter and thinner
than the other Eroadaway bifaces.

A total of 17 complete, base, and medial biface frag-
ments (41.5%) of the population and all Stages 2 and 3
show a similar morphology, with the dominant shape
being lanceolate (7 = 11; 64.71%). Other shapes include

triangular (7 = 2, 11.76%), asymmetrical (z = 2, 11.76%),
1, 5.88%), and square
(n = 1, 5.88%). The majority of these bifaces have con-
cave bases (n = 8, 47.06%), with the remainder having
convex bases (z = 4, 23.53%) and straight bases (n = 5,
29.41%). The Stage 3 late-stage or finished bifaces tend to
have shallow concave or straight bases.

There are 11 utilized bifaces (26.83%), presumed
damaged and/or repaired after use in hunting and dis-
carded at camp (Rots et al. 2006), and 30 bifaces (73.17%)
with no evidence of utilization. This suggests that bifaces

lanceolate to asymmetrical (7 =

were being manufactured at the site and many were bro-
ken during manufacture and discarded immediately. The
bifaces exhibit characteristics of soft hammer and/or pres-
sure flaking in the final stages of production. Notably, the
bifaces at Eroadaway are very thin, and 30 have transverse
fractures across the medial section of the blade, indicative
of breakage during manufacture as a result of the fragili-
ty of their thinness (Crabtree 1972; Whittaker 1994). Ten
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Figure 6. Eroadaway bifaces in early production stage. A—C, F, and G are preform bifaces with transverse breaks;

B exhibits end shock or perverse fracture; D is overshot; and E has pronounced lip in biface thinning.

basalt bifaces retain recognizable ventral surfaces, sug-
gesting bifacial reduction began on flake preforms rather
than bifacial prepared preforms. This is further supported
by the debitage analysis that follows. Only three bifaces
display burination or fluting impact fractures, indicative
of their likely use as projectiles and subsequent discard
after the fact (Whittaker 1994).

The delicateness of the Eroadaway bifaces can be
seen in width-to-thickness (W/T) ratios and the thick-
ness-to-length (T/L) ratios (Callahan 1979; Cheshier
and Kelly 2006) as compared to biface projectiles from
other sites. Complete Eroadaway bifaces have overall
W/T ratios between 3.92 and 7.9, with a mean of 5.19,
while Eroadaway projectile point bases have higher W/T
ratios, between 9.19 and 4.63, with a mean of 7.02. For
complete Eroadaway points, T/W ratios are between
0.06 and 0.15, with a mean of 0.09, and fall within the
longest and thinnest point categories established by
Cheshier and Kelly (20006).

Non-Eroadaway projectile point W/T ratios were
compiled from published reports (Baker 2009a; Pearson
1999; Powers et al. 2017; Rasic 2000); data shared by
John Cook, Ted Goebel, Michael Bever, and Stephan
Heidenreich; and measurements taken on collections at
the University of Alaska Museum of the North. The robust
forms, like Sluiceway and Mesa, are at the large end of the
scale, with W/T ratios of 2 to 3, and Paleoindian Clovis/
Folsom and Agate Basin fall between W/T ratio 3 and 4.
The Nenana and Chindadn forms, along with northern
fluted forms, are mostly between W/T ratios of 5 and 6 at
the far end of the curve. The assemblages that most closely
resemble Eroadaway are Moose Creek Component I (W/T
ratio 6.7), Dry Creek Component I (W/T ratio 6.0), Swan
Point CZ3 (W/T ratio 5.7), Jay Creek Ridge (5.8), and
northern fluted points (W/T ratio 5.7).

Macroscopic evidence of slight hafting wear (polish,
scarring, striations, grinding; Rots et al. 2006) was found
only on the few bifaces that were discarded after use, as
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Figure 7. Eroadaway bifaces in secondary production stage. A—D have transverse fractures; E-H are midsections with

transverse fractures; I-K are tip sections with transverse fracture.

opposed to those broken directly during their manufac-
ture at the site. No evidence of resin or any glue-like mate-
rial was noted on the hafted tools. Although the utilized
chalcedony bifaces discarded at Eroadaway may have been
fabricated at a different location (indicated by the absence
of chalcedony debitage), it is likely the same individuals
were responsible for biface manufacture at the Eroadaway
campsite as well. The tip fragments found suggest that
these unusable pieces of stone were transported to the site.
It is a possibility that, in a short-term seasonal hunting
camp with evidence of medium to large mammal bone
in the hearth, some tips of projectile points were traveling
back to the site inside prey meat (Keeley 1982:803). Or the
tips may have broken during the manufacturing process
at the camp but resulted in finished bifaces in perhaps a
shorter form than originally planned.

FLAKE TOOLS

There are a total of 22 flake tools, consisting of modified
flakes and scrapers, in the Eroadaway assemblage. Four of
the flake tools were recovered from Area 1, four from Area
2, and 14 from the surface in 1985. In the collection, there

are 16 modified flakes; of these, eight (50%) have been
finely flaked across one or more of the margins, and eight
(50%) show evidence of irregular chipping and minor ser-
ration without purposeful retouch. There are a total of six
scrapers; three scrapers are made on flakes, three are made
on unifaces, and one is a large planar scraper.

The six scrapers are made on basalt and chert materi-
als. The planar scraper is basalt, the unifacial scrapers are
one each of chert and basalt, and the remaining three are
chert. By macroscopic observation, the average length of
the utilized edge on scrapers is 52.3 mm, with the small-
est edge measuring 31.7 mm and the longest measuring
104.6 mm. The average edge angle measures 33.5 degrees,
with the most obtuse angle measuring 56 degrees and the
most acute measuring 5.5 degrees.

The modified flakes consist of six basalt, eight chert,
one argillite, and one chalcedony. The average length of
the utilized edge on modified flakes is 24 mm, with the
smallest edge measuring 11.3 mm and the longest measur-
ing 52.9 mm. The average edge angle measures 35.2 de-
grees, with the most obtuse measuring 60 degrees and the
most acute edge measuring 22 degrees. The low diversity
of flake tools, especially considering the ratio of bifaces to
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Figure 8. Eroadaway bifaces in late-stage production and biface fragments following use. A—E late-stage bifaces with

tip loss and transverse fracture; F-G exhibit use (impact damage) and resharpening; H has a transverse fracture that

may have resulted from use or a knapping error.

flake tools (43:22), speaks to the specialized function of
the site for biface manufacture.

DEBITAGE

An examination of debitage at an archaeological site
can provide unique insight into hunter-gatherer behav-
ior and the way in which their technological system was
organized. We approach this study following Morrow
(1997) in regard to utilizing multiple types of analyses to
examine debitage assemblages (e.g., Bradbury 1998; Root
1997). Because of the presence of bifaces in various stages

of production, we approached the debitage with analysis
techniques that examine reduction stages.

We observed the completeness and platform charac-
teristics of flakes, presence of cortex and scar counts on
dorsal surfaces, and size designations in regard to reduc-
tion stages (Andrefsky 2005; Little 2013; Prentiss 1998,
2001; Sullivan 1987; Sullivan and Rozen 1985). To further
analyze the debitage assemblage, a technological analysis
was employed to group debitage into categories based on
attributes (e.g., bifacial thinning flake; Andrefsky 2005)
to reflect the type of technological outcome achieved
throughout the reduction process.
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Figure 9. Eroadaway biface artifacts in various stages of production, use, and discard (compare with Figures 6-8):
D is early stage; A and E are secondary stage; B, C, I-K late stage; F-H completed forms discarded after use damage.
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Table 4. Lithic debitage tabulated by raw material, classification, and area clusters.

Argillite Basalt Chalcedony Chert Rhyolite Slate

Count 7= % 7= % 7= % n= % n= % 7= % Total | Total %
Area 1 15 1.36 572 52.00 1 0.09 502 45.64 9 0.82 1 0.09 1100 65.79
Area 2 4 1.53 151 57.85 0 0.00 102 39.08 4 1.53 0 0.00 261 15.61
Surface 16 5.14 193 62.06 0 0.00 95 30.55 7 2.25 0 0.00 311 18.60
Total 35 2.09 916 54.78 1 0.06 699 41.81 20 1.20 1 0.06 1672 100
Weight (g) g % g % g % g % g % g % | Total |Total %
Areal 3.25 0.89 |206.18 56.40 |[16.50 4.51 |127.73 3494 | 11.06 3.03 | 0.82 0.22 | 365.54 39.33
Area 2 1.19 0.82 | 105.39 7249 | 0.00 0.00 | 37.26 25.63 1.55 1.07 | 0.00 0.00 | 145.38 15.64
Surface 66.59 1591 |222.39 53.13 | 0.00 0.00 | 71.63 17.11 5795 13.85| 0.00 0.00 | 418.56 45.03
Total 71.03 7.64 | 53396 5745 |16.50 1.78 |236.62 25.46 | 70.56 759 | 0.82 0.09 | 929.48 100
MSRT* n= % n= % n= % n= % n= % n= % Total | Total %
Broken 10  28.57 214 23.36 0 0 163 23.32 3 15 0 0 390 23.33
Complete 14 40.00 176 19.21 1 100 194 27.75 8 40 0 0 393 23.50
Fragment 10 2857 435 47.49 0 0 318 45.49 4 20 0 0 767 45.87
Shatter 1 2.86 74 8.08 0 0 12 1.72 5 25 0 0 92 5.50
Split 0 0.00 17 1.86 0 0 12 1.72 0 0 1 100 30 1.79
Total 35 2.09 916 54.78 1 0.06 699 41.81 20 1.20 1 0.06 1672 100
Platform
type n= % n= % n= % n= % n= % n=_ % Total | Total %
Complex 0 0 25 6.16 1 100 30 8.15 1 9.09 0 0 57 7.04
Complex,
lipped 2 8.33 59 14.53 0 0 63 17.12 2 18.18 0 0 126 15.56
Simple,
lipped 10 41.67 120 29.56 0 0 104 28.26 7 63.64 0 0 241 29.75
Simple 11 45.83 164 40.39 0 0 146 39.67 0 0.00 0 0 321 39.63
Other 1 4.17 33 8.13 0 0 24 6.52 1 9.09 0 0 59 7.28
Other,
lipped 0 0 5 1.23 0 0 1 0.27 0 0.00 0 0 6 0.74
Total 24 2.96 406 50.12 1 0.12 368 45.43 11 1.36 0 0 810 100
Cortical
coverage n= % n= % n= % n= % n= % n= % Total | Total %
Present 2 19 2.07 1 100 9 1.29 1 5 0 0 32 1.91
Absent 33 897 97.93 0 0 690 98.71 19 95 1 100 1640 98.09
Total 35 2.09 916 54.78 1 0.06 699 41.81 20 1.20 1 0.06 5.71 100
Dorsal
counts n= % n= % n= % n= % n= % n= % 94.29 | Total %
0 0 0 5 0.55 0 0 1 0.14 0 0 0 0 6 0.36
1 7 20 273 29.80 0 0 169 24.18 3 15 0 0 452 27.03
2 13 37.14 350 38.21 0 0 282 40.34 7 35 0 0 652 39.00
3 8 2286 152 16.59 0 0 166 23.75 3 15 0 0 329 19.68
4 4 11.43 39 4.26 1 100 40 5.72 1 5 0 0 85 5.08
>4 2 5.71 24 2.62 0 0 29 4.15 1 5 0 0 56 3.35
N/A 1 2.86 73 7.97 0 0 12 1.72 5 25 1 100 92 5.50
Total 35 2.09 916 54.78 1 0.06 699 41.81 20 1.20 1 0.06 1672 100

Size class n= % n= % n= % n= % n= % n= % Total | Total %
Small 16 45.71 771 84.17 0 0 632 90.41 14 70 0 0 1433 85.71
Medium 19 54.29 144 15.72 1 100 67 9.59 5 25 1 100 237 14.17
Large 0 0 0 0 0 0 0 0 1 5 0 0 1 0.06
Very large 0 0 1 0 0 0 0 0 0 0 0 0 1 0.06
Total 35 2.09 916 54.78 1 0.06 699 41.81 20 1.20 1 0.06 1672 100
*Modified Sullivan and Rozen typology; Prentis 1998, 2001.
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At Eroadaway, the debitage assemblage consists of
1672 flakes: 1100 from Area 1, 261 from Area 2, and 311
located on the surface (Table 4). Basalt and chert are the
highest percentage of materials occurring by counts and
weights across all of the areas. Argillite chalcedony, rhyo-
lite, and slate occur in much lower percentages. Thus, we
focus mainly on basalt and chert for our discussion. We
have combined each of the areas’ debitage assemblages
for our analysis because they show similarities in material
composition and flake characteristics.

Complete flakes comprise just 23% of the entire deb-
itage assemblage, with basalt and chert displaying 19%
and 27% completeness, respectively. Broken, split, and
fragmented flakes comprise 71% of the entire assemblage,
with 73% of basalt and 70% of chert flakes being broken,
split, and fragmented.

Complex platforms comprise 23% of the platform
types, with 21% of basalt and 25% of chert flake platforms
being complex types. The assemblage also shows a high
percentage (45%) of lipped platforms on complete or
proximal-medial flakes. Basalt and chert flakes show be-
tween 44% and 45% percent of lipped platforms.

Size class designations are based on Prentiss (2001):
small (0.64 to 4 cm?), medium (4 to 16 cm?), large (16 to 64
cm?), and extra-large (> 64 cm?). Nearly all of Eroadaway
debitage (99%) falls into the medium and small size cat-
egories, with the vast majority (85%) being smaller flakes.
Both chert and basalt flakes follow this trend in size.

Dorsal scar count has been shown to reflect the stage
of reduction, with fewer dorsal scars occurring in the ear-
liest stages and more in the later stages (e.g., MacDonald
1995; Magne 1989; Shott 1994). Flakes with dorsal scar
counts of three or greater represent 28% of the entire
debitage assemblage. Chert flakes (33%) display a slightly
higher amount than basalt flakes (23%) with dorsal scar
counts of three or greater. Also, less than 2% of the dorsal
surfaces on the debitage assemblage have cortical surfaces.

The characteristics of this debitage assemblage in-
dicate that soft-hammer reduction and tool production
were occurring at the Eroadaway site, results congruent
with the high percentage of bifaces in the tool assem-
blage. The debitage assemblage has a high number of
broken flakes and flake fragments, an indication of tool
production, rather than core production, occurring at the
site (Prentiss 2001). The relatively high number of lipped
platforms likely represents the use of soft-hammer reduc-
tion techniques.

The high percentages of medium- and smaller-sized
flakes, flakes with dorsal scar counts of three or greater,
and lack of cortical demonstrate that late-stage reduction
of materials took place at Eroadaway. The slightly higher
percentage of chert flakes with more dorsal scar counts, as
compared to basalt, may indicate chert was being brought
to the site and/or reduced differently. It may be that chert
was being carried to the site as prepared bifacial cores
while basalt was transported as flake blanks.

If we define bifacial thinning flakes by the presence
of complex and lipped platforms (Andrefsky 2005), then
we can say that, at a minimum, 23% of the assemblage
relates to biface thinning. But if we include the majority of
the flakes that have three or greater dorsal scars as bifacial
thinning flakes, then 28% of the debitage can be consid-
ered to relate to biface thinning. Given that 99% of the
assemblage is small to medium flakes, sizes that usually
reflect the later stages of medium core and biface reduc-
tion (Prentiss 2001), the percentage of bifacial thinning
flakes is likely underestimated in the Eroadaway assem-
blage. Overall, the uniform debitage assemblage indicates
biface manufacture at the site, a conclusion supported by
the presence of many bifaces broken during manufacture.

DISCUSSION

The Eroadaway artifact assemblage consists of a narrow
range of tools in two tight clusters on a rather feature-
less landform. Rasic (2011) considers sites that have “one
or a few small artifact clusters” less likely to be mixed.
While the radiocarbon dates for the hearths in Area 1 and
2 appear dissimilar (Table 1), when calibrated they only
differ by 35 years. Betula nana sp. can have a lifespan of
100-300 years (Greve Alsos et al. 2002; Jénsson 2004),
but other Betulaceae species (e.g., alder and scrub birch)
are shorter lived (Safford et al. 1990). Some of the dispar-
ity in the radiocarbon ages is likely attributable to differ-
ences, i.e., “the old wood effect,” in the life histories of
woody species being used for fuel (Schiffer 1986), as noted
in other Late Glacial sites in Alaska (Kunz et al. 2003).
The presence of birch (Betula sp.) as fuel in hearths 1 and
2 agrees with the pollen record at Windmill Lake for the
Younger Dryas period. This shrub species remains promi-
nent throughout the region, from its regional expansion
around 14,000 cal 8P and into the early Holocene, until
its decline around 9,000 cal BP as the spruce forests (Picea
sp.) expanded (Bigelow and Edwards 2001; Bigelow and
Powers 2001).
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The site functioned as a task-specific biface produc-
tion and projectile point maintenance camp with little
time for accumulation of waste, e.g., game processing (cf.
Lanoé et al. 2017). The meager amount of bone mate-
rial associated with the hearths indicates short-term use
to cook small mammals, birds, and minor amounts of
medium to large mammals. In contrast, other sites in
the region are described as temporary hunting lookout
locales with low tool frequency (Bowers 1980; Pearson
1999; Wygal 2010), or camps that were used with more
periodicity or for a longer duration and have a mixture of
activities and tool types (Powers et al. 2017).

Eroadaway provides an exceptional data set that in-
cludes thin, delicate points manufactured from a limited
set of raw materials: basalt, chert, and chalcedony.

Raw material for tool production was likely obtained
nearby in streams because the terrace gravel would have
been covered with a thin layer of silt and unavailable. Also,
tool blanks would have been roughed out away from the
site, as indicated by the lack of primary cortex reduction
flakes in the artifact assemblage. It is apparent from the
assemblage that these thin points often broke during man-
ufacture; however, it is reasonable to assume that finished
points were carried away. Also, impact fractures on two
of the bifaces (Fig. 8: F, G) indicate that used projectiles
were discarded during this activity. This was a place where
the whole systemic process of projectile manufacture and
replacement was done.

Why would people 12,600 years ago manufacture
long, delicate points rather than thicker, more durable
points? A central theme for researchers studying lithic
data (Andrefsky 2006; Kelly 1988; Nelson 1991) has
been how hunter-gatherers organize their technology on
the landscape (Torrence 1983, 2001), and artifact de-
sign has been explored using informal treatments (e.g.,
Bleed 1986; Doelman and Cochrane 2012; Hayden et
al. 1996) and formal mathematical models (Beck and
Jones 2015; Bright et al. 2002; Surovell 2009; Ugan et
al. 2003). Variables central to simple technological invest-
ment models (Bettinger 2009; Bettinger et al. 2016) are
procurement time, manufacture time, and return rates.
Procurement time is the total amount of time expended to
procure resources needed to manufacture a certain tech-
nology. Manufacture time represents the amount of time
required to produce the technology. Return rates reflect
the rate at which a resource is acquired using the technol-
ogy (Bettinger 2009). Although we cannot assign actual
numbers to such a model, these concepts can be used as

heuristic tools to guide research and explore data. Thus,
we can consider goals, decision variables, trade-offs (cost-
benefit analysis), and constraints that allow for a clearer
comparison of two technologies (Bird and O’Connell
2006). Here, we consider potential reasons why people
at Eroadaway chose to make and use thinner points over
thicker, more robust projectile forms. We compare pro-
curement time, manufacture time, and return rates of
thin points found at the Eroadaway site with a variety of
points found elsewhere. In this case, we make the argu-
ment that the haft element would have been the key fac-
tor influencing the manufacture of thin projectile points
to buffer against the risk of haft breakage and allow for
a more lethal killing implement than a thicker counter-
part. We do not explore all aspects of the model but apply
its basic principles to examine the projectile point assem-
blage of the site.

Because most of the materials used to manufacture
Eroadaway projectile points appear to consist of local
raw materials, and although we haven’t determined their
specific geographic origin, we assume that procurement
time is relatively short because of the availability of ma-
terials nearby the site (within 20 km). The time required
to make projectiles has been of particular interest in the
archaeological literature with replication studies by expert
flintknappers (cf. Flenniken 1984; Johnson et al. 1978).
The general consensus among flintknappers is that the
manufacture of projectile points is not an overly time-
consuming process, usually taking between 10 and 30
minutes (Keeley 1982; Rots 2008). The manufacture of a
thin, delicate point may take a little longer due to the care
in trimming the point and the susceptibility to breakage
that occurs with thin points. As long as good raw mate-
rial is available, biface projectiles can be produced without
excessive time investment.

On the other hand, the hafting element (foreshaft) of
a projectile can be thought of as costlier to manufacture
than lithic projectile points. Hunter-gatherers would have
spent more time investing in the haft element as opposed
to the projectile point (Oswalt 1973). This is evidenced
extensively in the ethnographic record worldwide, by hafts
being passed down generationally, with continued use even
exceeding five generations in some contexts (Gould 1980;
Keeley 1982; Lee 1979; Rots and Williamson 2004).

A question, then, is: What are the differences in the
manufacture of hafting mechanisms used for thin points
versus thick points? Based on experimental evidence,

Cheshier and Kelly (20006) tested the effect of thickness
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to length in regard to durability for projectile technology
and found that points with a high T/L ratio (> 0.121) were
more durable than those with lower ratios (< 0.121). As
noted above, the T/L ratios for Eroadaway complete points
fall below this lower ratio threshold. Odell and Cowan
(1986), upon testing projectile point durability, concluded
that long and narrow points were less durable than short
and wide points, showing that the greater amount of mass
associated with a projectile point makes it more resistant
to breakage. It has been suggested that “long, thin points
might be made more durable by lengthening the haft ele-
ment, binding more of the point and providing it with
more support” (Cheshier and Kelly 2006:362). Literature
regarding hafting is minimal in regard to stone tools; this
is because organic haft elements would have been highly
curated and are rarely preserved in the archaeological re-
cord. However, Keeley (1982) provides an in-depth over-
view of hafting strategies for wedge, wrapped, and mastic
methods that were probably used in combination with
one another.

When comparing the width-to-thickness ratios of the
Eroadaway site points to a variety of Late Glacial points
found elsewhere in Alaska, and in the continental United
States, the Eroadaway points are on the far end of the
thinner point spectrum. In this context, we posit a hypo-
thetical projectile system for Eroadaway points that em-
ploys the basic physical characteristics inherent in antler
(Fig. 10). Antler, especially caribou and to a lesser extent
wapiti, is strong and elastic and can be worked with stone
tools, especially after softening by immersion in water
or urine (Grennow 2017; Guthrie 1983; Hough 1898;
Osipowicz 2007). The fracture toughness of rehydrated
antler is twice that of bone, one of the toughest biological
materials known (Chen et al. 2009; Launey et al. 2010).
In our model, antler foreshafts are designed to protect thin
bifacial points by securing them midway on the biface,
as suggested for hafting Folsom points (Ahler and Geib
2002); to detach from the shaft upon impact with prey
and help preserve the shaft; and, if a biface point breaks,
to be rearmed and reused. Also, Eroadaway bifaces have
sharp edges that could interfere with binding to a fore-
shaft. This method ensures that the sharp edges on the
biface are exposed to benefit in penetration of prey. This
is in contrast to traits common to Paleoindian points that
exhibit short hafting lengths and lateral edge and basal
grinding, such as found on Agate Basin and Mesa points
(Kunz and Reanier 1995; Kunz et al. 2003) and a feature

on Denali lanceolate points (Coffman and Potter 2011;
Potter et al. 2014). However, the material properties of
antler would allow biface hafting without wrapping by
sealing or friction gripping the biface in place after dry-
ing. Baker’s experiments (2009b:13) showed “an antler
foreshaft would shrink tight around a point if it was in-
serted into the foreshaft when it was wet and then allowed
to dry. No additional masking or lashing was necessary to
tightly secure the point.”

The goal of using a projectile is to achieve penetra-
tion and efficiently dispatch a food resource. This requires
a technology that can be maintained and will provide a
high rate of return. A projectile must penetrate the tough
hide of large animals to facilitate bleeding and organ
piercing and would need to penetrate a depth of 20 cm
to achieve fatal wounds in large ungulates (Friis-Hansen
1990; Guthrie 1983). While thinner points may obtain
deeper penetration and be better for actual killing, they
lack the overall durability that thicker points provide. It is
well known that stone points, by nature brittle, are highly
susceptible to breakage (Ellis 1997). Multiple studies show
that projectile points of all sizes, when propelled, have a
very short use life—no more than two or three throws
or hits (Cheshier and Kelly 2006; Odell and Cowan
1986; Titmus and Woods 1986). Hypothetically, the thin
points would have been more lethal but may have broken
in more contexts, while the thicker points would not have
achieved the deep penetration but may have lasted for
subsequent uses. On the other hand, Englebrecht (2015)
examined projectile points where low thickness-to-length
ratios make the points less durable and concluded that
thinner points would fragment easily and cause a larger
wound cavity.

In the Eroadaway case, we assert that the osseous fore-
shaft haft element would have been the key factor influ-
encing the manufacture of thin projectile points to buffer
against the risk of haft breakage and allow for a more effi-
cient killing implement than a thicker counterpart. When
a projectile is launched, it needs to have a durable haft
that holds up to the compressive forces that a projectile
goes through upon impact (Hughes 1998). We know hafts
were designed for repeated use and required more time
to craft than the knapping of lithic projectiles. Therefore,
instead of making lithic projectiles durable, and possibly
compromising the haft, they could have been made thin
to break and relieve pressure to the haft element. In their
experiments, Cheshier and Kelly (2006:362) point out

62 THE EROADAWAY SITE: LITHIC TECHNOLOGICAL VARIABILITY AT A LATE GLACIAL SUBALPINE CAMP



Hypothetical Eroadaway
Projectile Point System
Lithic
biface

wet and the slot closes
together as it dries, thus
clamping the lithic biface
firmly in place. Also glue
would provide stability and
eliminate any loose fits.
Re-wetting would alfow
for removal of damaged

@ Antler is flexible when

A lithic bifoces and reuse B
of the foreshaft.
Antler
foreshaft
. Sinew wrap is
N required to
- reinforce the
et wood shaft at
the foreshaft
“Wood” sockel, ThE:
dart shaft foreshaft with
. biface is able
fo detach from A"\f‘\,
the shaft upon
impact with a prey animal
5o the dart shaft can be retrieved,

Eroadaway projectile points
as they may have looked
hafted in this system

™ ™

0 5¢cm

Figure 10. Hypothetical Eroadaway projectile point system: a composite weapon composed of wood shaft, antler fore-

shaft, and lithic point.

that “projectile point durability might have been an un-
desirable characteristic...a point intended to break might
absorb the impact’s force and hence protect the more
time-consuming haft elements from shock and breakage.”
The Eroadaway data reflect this: thinner points, broken
near the tip, would have been used to achieve penetration
and bleeding and take stress off the haft element, which
requires a greater time investment to replace or repair.
Despite the fact that these points may have tended to
break at a greater rate during manufacture than thicker
points, this appears to have been the preferred technology
implemented by the Eroadaway hunters.

Whether breakage of thin bifaces versus more durable
thick bifaces is an advantage or not is debatable and requires
more experimental study (sensu Fauvelle et al. 2012). As
noted above, even though the thicker, more durable points
may allow for a few more uses, the risk associated with the
breakage of the haft and the time spent in its manufacture
would make thin projectiles the more efficient of the two
when taking the haft element into account.

The biface projectile forms are about the only po-
tentially diagnostic tool we have to compare with other
known archaeological entities for this time period; that is,
if thinner lanceolate forms can be construed as diagnostic
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of particular cultural groups. The absence of microblade
technology is significant and can be interpreted as either
not part of the material culture or as being related to spe-
cific hunting or seasonal activities that did not require
microblades. While similarities can be found in early
Nenana and Tanana valleys assemblages (e.g., Dry Creek,
Moose Creek, Broken Mammoth, and Swan Point) to the
north of Eroadaway, the differences suggest that we may
need to look elsewhere as well. Further investigation is
warranted at sites similar in age, such as those south of
Cantwell tested by Wygal (2010). It is possible that the
Eroadaway hunters may have made a hunting expedition
into the Alaska Range from the south, e.g., from the Broad
Pass and upper Susitna River basin.

CONCLUSION

A small hunting group camped in the narrow valley near
the Nenana River in the central Alaska Range during the
Late Glacial. The revised dates for Eroadaway place the
occupation during the early part of the Younger Dryas
chronozone (12,900 to 11,700 cal Br) and possibly the
coldest period during this chronozone (Steffensen et al.
2008; Viau et al. 2008). Vegetation changes in this re-
gion occurred at the end of the Younger Dryas (12,250
to 11,750 cal Bp; Bigelow and Powers 2001) rather than
during the cold snap at the beginning, when the site was
occupied.

The behaviors expressed in the Eroadaway archaeo-
logical data are interpreted as a short-term campsite with
an emphasis on bifacial tool production and retooling of
projectile points to the near exclusion of other tools. The
dominance of small flakes indicates that tool production
and bifacial reduction was a major activity: specifically,
to produce biface projectile points and to repair and dis-
card broken pieces, a conclusion supported by the volume
of broken bifaces recovered. In most cases, the finished
form was a thin lanceolate biface with a straight or shallow
concave base with very light smoothing on the basal edges
or none at all. There was a high frequency of manufactur-
ing failures associated with this activity.

Technological investment of manufacturing thin
points compared to thick points indicates that thinner
projectile points, as seen at Eroadaway, would have been
highly effective in penetration to induce bleeding of ani-
mals and advantageous for preserving the haft element of
the weapon system, as suggested by our “projectile point

system” model. Not only is the haft element costlier to
produce but a thinner point system might require more
preparation (e.g., longer soaking and drying) as well in
producing the haft system to support it. There may be
more investment in the haft but less investment in pro-
ducing thin bifacial projectiles over making thicker forms.
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