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The Radiocarbon Record of the Western Stemmed Tradition on the Southern
Columbia Plateau of Western North America
Thomas J. Brown, Daniel M. Gilmour, Paul S. Solimano, and Kenneth M. Ames†

The late Pleistocene–early Holocene archaeological record of the interior Paciﬁc Northwest is dominated by what has been
regionally referred to as the Western Stemmed Tradition (WST). While various efforts have attempted to clarify the chronology
of this tradition, these have largely focused on data from the Great Basin and have been disproportionately preoccupied with
establishing the beginning of the tradition due to its temporal overlap with Clovis materials. Speciﬁcally focusing on the
Columbia Plateau, we apply a series of Bayesian chronological models to create concise estimates of the most likely beginning,
end, and span of the WST. We then further explore its chronology by modeling its temporal span under various parameters and
criteria so as to better identify places in the chronology that need further work and those that are robust regardless of data
iteration. Our analysis revealed four major ﬁndings: (1) WST conservatively dates between 13,000 and 11,000 cal BP, likely
extending to ∼13,500 cal BP; (2) the most problematic period for WST is its termination; (3) the WST is incredibly long-lived
compared to roughly contemporary Paleoindian traditions; and (4) the WST was seemingly unaffected by the onset of the
Younger Dryas.
Keywords: Western Stemmed Tradition, Windust, Columbia Plateau, Southern Plateau, Radiocarbon, Bayesian, Chronology,
Northwest, Early Holocene/Late Pleistocene
El registro arqueológico del Pleistoceno Tardío/Holoceno Temprano del sector interior del Noroeste Pacíﬁco (Paciﬁc Northwest) está dominado por lo que ha sido regionalmente denominado como la Tradición Pedunculada Occidental (Western
Stemmed Tradition, WST). Se ha trabajado mucho buscando clariﬁcar la cronología de esta tradición, pero enfocando el análisis en la Gran Cuenca y ocupándose desigualmente de los comienzos de la misma, debido a su superposición temporal con
materiales Clovis. Enfocándonos especíﬁcamente en la Meseta Columbia aplicamos una serie de modelos cronológicos
Bayesianos para crear estimaciones concisas del más probable comienzo, ﬁnal y vigencia de la WST. Posteriormente exploramos su cronología modelando su tiempo de vigencia bajo varios parámetros y criterios, a ﬁn de identiﬁcar mejor los sectores
de la cronología que necesitan más trabajo y aquellos que son robustos independientemente de la iteración de datos. Nuestro
análisis reveló cuatro hallazgos principales: (i) la WST se puede datar en forma conservadora dentro del lapso 13,00-11,000
cal AP, probablemente extendiéndose a ∼13,500 cal AP (ii) el período más problemático para la WST es su ﬁnalización (iii) la
WST es increíblemente duradera en comparación con las tradiciones Paleoindias aproximadamente contemporáneas y (iv) la
WST aparentemente no fue afectada por el inicio de del Younger Dryas.
Palabras clave: Tradición Pedunculada Occidental, modelos cronológicos Bayesianos, interior del Noroeste Pacíﬁco,
Pleistoceno Tardío/Holoceno Temprano, Radiocarbono
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he Late Pleistocene/Early Holocene
archaeological record of the arid interior
Columbia Plateau of the Paciﬁc Northwest (Figure 1) is dominated by Paleoarchaic
(Davis et al. 2012) Western Stemmed Tradition
(WST) materials, locally called Windust (Leonhardy and Rice 1970). There are no stratiﬁed
ﬂuted-point sites in the region, and ﬂuted points
are almost invariably found on the surface.
Clovis materials are rare south of the Snake
River, and except for the famous Wenatchee
cache (Gramly 1993), even rarer north of the
Snake River. In contrast, Windust sites are relatively common and occur in well-stratiﬁed
deposits. Throughout the region, scholars once
derived Windust from Clovis (e.g., Aikens
et al. 2011; Willig and Aikens 1988), since Clovis was thought to predate Windust, but establishing a simple relationship between Clovis
and WST/Windust has become increasingly
untenable (Davis et al. 2012). Recent radiocarbon assays on WST materials from Paisley
Caves in Central Oregon suggest Clovis and
WST were contemporary (Jenkins et al. 2012),
and some go further, hypothesizing the continent
was initially settled by stemmed-point-using
peoples migrating down the Paciﬁc coast (e.g.,
Dixon 2013; Erlandson and Braje 2011; Fladmark 1979). These controversies focus on the
earliest timing of ﬂuted and WST points in Western North America generally (e.g., Beck and
Jones 2010; Goebel and Keene 2014), with little
attention paid to the overall duration and ending
of the WST on the Columbia Plateau.
In this article, we contribute to the broader
discussion of WST chronology by examining
the timing of Windust on the Columbia Plateau.
We ﬁrst construct a database of radiocarbon dates
from Windust sites. We apply Bayesian
modeling to the dataset to create a concise estimate of the most likely beginning, end, and
span (i.e., duration) of Windust. Next, we explore
Windust chronology by modeling its temporal
span using various parameters and criteria to better identify places in its chronology that need further work and those that are robust regardless of
data iteration. We then use this local chronology
to discuss relationships between Windust and the
Younger Dryas stadial, contemporaneous
Paleoindian groups (e.g., Clovis and Folsom),
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and subsequent cultural manifestations on the
Plateau. Last, we hope to demonstrate what
insights these methods can provide about the
timing of Windust as well as what is unresolvable
with the available data.
Study Area
Our study area is a tactical unit based on hydrology and similarities in archaeological research. It
is largely the Columbia Plateau in Oregon and
Washington and the Snake River Plain in Idaho
(Figure 1). The Columbia Plateau encompasses
the arid interior of the Paciﬁc Northwest. It
stretches roughly from the Cascade Range crest
in the west to the Rocky Mountains in the east
and from the Okanagan Mountains in the north,
along the USA-Canadian border, south to the
Great Basin in southern Oregon. Prime geographic features in the region are massive Miocene basalt ﬂows deeply incised by the
Columbia River; its largest tributary, the Snake
River; and lesser tributaries. We also include
the Snake River Plain of southern Idaho, which
is geomorphologically and ecologically an eastward extension of the plateau, although it is
often culturally considered part of the Great
Basin.
Western Stemmed Tradition and Windust
The WST is recognized as the oldest nonﬂuted
lithic technology in the far West (Jenkins et al.
2012). It takes its name from the contracting
and straight stemmed points that are its diagnostic artifacts (Figure 2). Two to three primary
WST point types are recognized on the Columbia
Plateau (Figure 2), but regional archaeologists
often refer to the stemmed or shouldered point
tradition there simply as “Windust” after the
type site in eastern Washington State (e.g., Leonhardy and Rice 1970). Spatially, the WST is
common throughout the Columbia Plateau and
the western margins of the Rocky Mountains in
Idaho, as well as the neighboring Great Basin
(see Beck and Jones 2010, 2012; Smith and
Barker 2017). It also occurs as far north as interior southern British Columbia (e.g., Copp
2008:251–253; McLaren 2017; Rousseau
2008), on the Paciﬁc coast in the Salish Sea
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Figure 1. Map showing the study area and sites discussed in text.

region (e.g., Kopperl et al. 2015; McLaren
2017), and in California (Erlandson et al.
2011). For the sake of clarity, we use “WST”
in reference to the stemmed tradition as a
whole and “Windust” when referencing its manifestation within our designated study area.
WST points are formally varied beyond their
diagnostic stems and can also be identiﬁed by
their distinctive reduction sequences (Beck and
Jones 2012:31). The WST lithic toolkit is likewise varied, aimed at working a diverse array
of local raw materials often emphasizing ﬁne
grained volcanics and crypto-crystalline silicates
(Beck and Jones 2012:31). WST manufacture
also employed several core forms but emphasized the production of macroﬂakes (Beck and
Jones 2012:28–32; Davis et al. 2012:47–51)
and macroblades (Davis et al. 2017). Other general characteristics indicative of the WST include
settlement patterns that suggest high mobility
with some evidence for functional differentiation
among localities (Ames 1988; Chatters et al.

2012; Connolly and Jenkins 1999; Davis
2001a). Reuse of localities over long periods
(e.g., Marmes Rockshelter and Cooper’s Ferry)
is known, and sites are commonly found near
extant and now-extinct wetlands, streams, or
lakes in relatively low-energy mesic environments (Ames 1988, 2000). More recent work
also shows that Windust people made use of
montane habitats on the plateau, though these
were often found along stream and wetland
environments (Chatters et al. 2012). Early Windust subsistence focused on broad-spectrum hunting whereas the later phase involved increased
use of artiodactyls (Lyman 2013).
Chronological Debate about Windust
The conventional view has been that Clovis predates the WST. Bryan’s (1988) challenge to this
assessment in the Great Basin was not universally accepted, but the idea that ﬂuted and
stemmed points were coeval is discussed widely
in recent literature (e.g., Beck and Jones 2010;
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Figure 2. Typical forms of Western Stemmed Tradition
styles found on the Columbia Plateau. Windust Variant
A and B redrawn from Ames (2000); Lind Coulee and
Haskett points were adapted by lead author from Irwin
and Moody (1978) and Sargeant (1973), respectively.

Davis et al. 2012; Goebel and Keene 2014; Jenkins et al. 2012). Until recently, archaeologists
on the plateau accepted that Clovis was older
and treated late Pleistocene radiometric dates
on Windust materials with skepticism, sometimes with good reason (e.g., Leonhardy
1970:70). However, recent reports of reliable
late Pleistocene dates with WST associations
(Davis et al. 2014; Jenkins et al. 2012) have
spurred renewed interest in the temporal relationship between Clovis and the WST across the
West. On the plateau, much of the seminal ﬁeldwork and radiocarbon analyses on Windust are
now decades old, and more recent work, while
well done, often results in wildly differing ages
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and time spans. Therefore, a reexamination
using new techniques is necessary to determine
the temporal structure of Windust on the plateau.
There are two general issues with the temporal
status of Windust on the plateau. First, the temporal span of WST is highly variable depending
on the researcher, with some estimates for the
beginning and ending differing by more than
1000 years (see Chatters et al. 2012; Kopperl
et al. 2015; Lohse and Schou 2008; Reid et al.
2015). Chatters and colleagues (2012) compiled
the published earliest and youngest dates from 23
sites in eastern Washington, eastern Oregon, and
Idaho to establish a maximal calibrated time
range for WST in the Paciﬁc Northwest of
13,500 to 9000 cal BP with the bulk of dates falling between 13,000 and 9500 cal BP. Reid and
colleagues (2015) synthesized uncalibrated
dates from 13 WST sites in interior Washington
and Idaho. They reviewed the context of dates
and applied two criteria for accepting or rejecting
them: dates had to be reliably associated with
WST points and had to have at least two dates
that overlapped at one sigma (Reid et al.
2015:73). These criteria reduced their sample
to six sites and 21 dates (Reid et al. 2015:
Table 4). Based on those dates, they estimated
an uncalibrated time range for WST of 10,300
to 9,800 BP (∼12,150–11,200 cal BP). Work
by Goebel and Keene (2014) further complicated
matters by introducing entirely different standards for the acceptance or rejection of dates
based on extremely restrictive criteria, which
they admitted effectively eliminated the WST
dataset, forcing them to arbitrarily decide which
of their sets of criteria to use on a site-by-site
basis. Additionally, as with most other analyses
of WST chronology, almost no attention was
given to rigorously determining the ending or
possible duration of WST.
These studies illustrate how different methods
yield different age span estimates for Windust
from the same set of dates. Variability in estimates
is not intrinsically an analytic problem, but the
ways in which authors reach estimates is not
always clear, nor are they usually discussed with
reference to other estimates. Researchers also do
not consistently calibrate assays; to compare
Reid and colleagues with Chatters and colleagues,
one must calibrate Reid and colleagues’ date
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sample. Moreover, there is little consistency
among studies that rely on different deﬁnitions
on what constitutes valid data. Additionally,
many analyses focus on single dates or sites rather
than on the full distribution of radiocarbon dates.
Another signiﬁcant issue is that Windust
chronologies often rely on Plains and Great
Basin projectile point sequences (see Beck and
Jones 2010; Bryan and Tuohy 1999; Fiedel and
Morrow 2012). While this is a well-established
archaeological method, it can be problematic
since the projectile point chronologies may not
be the same from region to region, and the practice assumes taxonomic consistency across
regions. As a result, archaeologists are hampered
in addressing questions about the relationship
among the WST, other cultural phases, and
environmental events. As mentioned above,
this problem has also been exacerbated because
of WST’s potential contemporaneity with Clovis, which has led researchers to focus on the
genesis of WST and give less attention to understanding its termination or relationship to later
cultural phenomena or climatic events.
Modeling
Our approach to these issues is to move away
from focusing on individual sites or dates and
instead look at Windust as a whole using Bayesian modeling. Rather than attempting to apply a
strict program of chronometric hygiene to estimate the start and end dates of Windust, we
develop various iterations of Windust radiocarbon dates to estimate the most likely beginning,
end, and span of Windust and to investigate the
effects of sample selection on the chronological
results. This approach allows us to determine
which portions of the chronology are most
robust. Our goal is not to deﬁne the temporal
span of the WST as a single value but to demonstrate what can be said about it under different
parameters for the inclusion or exclusion of various dates.
Presenting results from different data iterations allows us to systematically understand the
effects that certain dates, sites, assumptions,
and so on have on the modeled results. Our
hope is to move past arguing about speciﬁc measurements or sites and to demonstrate where
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WST patterns are robust in the face of any data
iteration and where patterns are signiﬁcantly driven by few sites or dates. We believe this to be a
more productive technique for two main reasons:
(1) it allows easy comparison of estimates that
were calculated using the same methodology
and therefore avoids discordances caused by
comparing methodologically incomparable estimates, and (2) the 14C record for Windust is
highly problematic, as many of the sites were
excavated decades ago and, in many cases
(e.g., Marmes), are no longer accessible or have
been destroyed. Thus, by modeling the results
in toto and under different parameters, we can
assess the relative strength of data from these
sites through their internal consistency rather
than simply dismissing them a priori because
they were excavated prior to modern criteria for
ideal 14C chronologies (i.e., Goebel and Keene
2014).
Why Model?
The long history of using Bayesian models in
archaeology has repeatedly shown that the
method can dramatically increase the precision
and accuracy of calibrated radiocarbon ranges
(e.g., Bayliss et al. 2007; Burley et al. 2015;
Ramsey 2001, 2009). While these models are
usually applied to single site analysis, authors
(Edinborough 2009; Riede and Edinborough
2012; Ziedler et al. 1998) have also shown their
use in understanding the time spans of archaeological culture phases. These models help us
conduct robust and empirically explicit analyses
for understanding the beginning, end, and span
of cultural phases. While simply looking at the
calibrated ages of individual dates to estimate
the span of archaeological cultures is not necessarily incorrect, doing so tends to signiﬁcantly
overestimate the actual time span, as there is no
way to tell which portions of the calibrated range
are more or less likely to represent the archaeological phase in question.
This more qualitative assessment method can
also lead to very inconsistent estimations among
researchers (Bayliss et al. 2007; Ramsey 2001,
2009). Meanwhile, Bayesian models constrain
the calibrated distribution of dates to meet the
archaeologist’s assumptions based on prior
data. It is important to note that archaeologists
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are already making assumptions for the WST
(i.e., applying Plains typologies to the Columbia
Plateau or Great Basin and rejecting dates
because they don’t ﬁt with assumptions about
phase ages), just not as explicitly as is done
here. The basic assumption made for our
analyses is that the WST forms a coherent and
spatially contiguous tradition (Beck and Jones
2010; Davis et al. 2012). As mentioned above,
coherence within the WST is not based on
gross morphological similarity between point
styles (there is lots of variability) but on their
shared production sequences, as well as overall
similarity in tool kits and settlement and subsistence strategies (Beck and Jones 2010, 2012;
Davis et al. 2012). This is not meant to imply
that every variant of WST point has the same
chronology or that there were no changes
throughout the span of WST but that variant
point styles and changes within settlement or
subsistence practices, or both, were part of a
related broader tradition.
Lastly, Bayesian models are valuable because
as new data become available, they are easily
added, and modeled results can systematically
be updated through a statistically sound, coherent, and—perhaps most importantly—replicable
framework. The last point should not be underestimated, as this framework allows us to pinpoint
and productively discuss errors or omissions that
lead to different analytic results.
How the Model Works
We use a standard phase model using OxCal v4.2
(see Figure 3 for details on model construction),
which applies a uniform prior distribution to the
data and makes the assumption that the phase has
deﬁnite beginning and end dates, that dates are
equally likely to be found anywhere in the
phase, and that we have an accurate sample of
the phase’s temporal distribution (see Bronk
Ramsey [2001, 2009] for more detailed descriptions). Various authors have suggested that the
uniform prior may be inappropriate for cultural
phase modeling, and they instead suggest the
use of trapezoidal or sigma (roughly normal distribution) priors (Lee and Bronk Ramsey 2012;
Manning et al. 2014). However, we argue that
the use of a uniform prior is more appropriate
for WST because it is the least intrusive (thus
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Figure 3. CQL code used to construct OxCal model used
in analysis. Copying this code and inserting dates for each
of the models will allow the reader to reproduce analysis.

has the least effect on the data), the distribution
of dates within the phase cannot be assumed as
normally distributed, and WST should not be
expected to “seriate” (thus approximate normally
distributed data) cleanly, as the phase is characterized by many subtypes that may vary by
region and possibly function (Ames 1988;
Lohse and Moser 2014; Reid et al. 2015).
Because of the error associated with them, radiometric date estimates do not represent a point in
time but ranges of possible ages that have different probabilities of being accurate, leading to
noise, or “scatter.” Therefore, within any date
or, as in our case, group of dates relating to an
archaeological phase, it is likely that some
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proportion of the possible calibrated 14C ages
will lie outside the true timing of the phase.
This noise is responsible for imprecision and
inaccurate estimations of phase lengths (Bronk
Ramsey 2001; Manning et al. 2014), and these
inaccuracies can be severe.
The Bayesian model presented here counteracts this noise by considering the full suite of
dates within the designated phase using a Markov Chain Monte Carlo (MCMC) algorithm
that reconciles distributions of calibrated dates
within the model by repeatedly resampling the
data until it arrives at the highest probable calibrated range for each date that is both consistent
with the other dates and with the structure of the
model. This model also provides a 95% conﬁdence estimate for the beginning and end
(boundary start and boundary end commands),
as well as the temporal span (span command)
of the phase. In effect, this means that the few
dates with high errors will give very large ranges
for the estimated beginning and end of a phase,
whereas more dates with less error will provide
tighter and more precise estimations for the
beginning and ending of a phase. This is because
larger sample sizes increase the certainty that the
spread of ages captured within the model are an
accurate representation of the span.
To further assess the validity of our assumption
that Windust does, in fact, constitute a coherent
phase, OxCal also calculates how well the data
conform to the model parameters through an
agreement index, which gives a measure of ﬁt
between the data and model assumptions. Values
below 60 are considered poor ﬁts (grounds for
rejecting the model as a whole), and values over
100 are considered good ﬁts. Agreement indexes
are also calculated for individual dates using the
same scale. This allows us to identify possible outliers or other inconsistent data points. Importantly,
because data within the WST models include
charcoal dates that have not been identiﬁed to species, old wood effects cannot be ruled out. Thus,
all calculations for the duration of WST should
be considered maximum estimates.
Summed Probability Distributions as Illustrative
Tools
While OxCal phase modeling was used to determine the estimated beginning, end, and span of
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WST (see below), we also used the summed
probability distributions (SPD, created using
the SUM function in OxCal) from each of the
modeled estimates as illustrative tools to show
general patterns of radiocarbon dates through
the Windust phase. In these graphs, higher
peaks indicate that a higher density of calibrated
probability distributions fall within that period
and are thus generally indicative of relative
changes in sample size through time. While
SPDs are routinely used as the foundation from
which various authors have inferred demography
(e.g., Shennan et al. 2013; Timpson et al. 2014),
it is important to clarify that the SPDs here are
not used to infer anything about demography,
nor have they been modiﬁed or manipulated.
Moreover, the SPDs were not used to estimate
the beginning, end, or span of Windust. They
are simply used as illustrative ﬁgures to graphically summarize patterns in the data.
Data Collection, Model Iterations,
and Hygiene
Our ﬁrst step in modeling the WST on the Columbia Plateau was to create a database of
radiocarbon-dated Windust sites and components (Table 1). The database, including pertinent information on the assays and their
contexts, was compiled by examining the original reports; later summaries and compilations
were not relied on. No dates were excluded
from the database, regardless of our interpretation of their data quality.
Data collection resulted in a database of components from 16 archaeological sites that are
radiometrically dated and contain WST projectile points (Table 1). Most of these sites are in
eastern Washington and western Idaho (Figure 1).
A total of 65 radiocarbon assays are available for
the WST components from these 16 sites
(Table 1). These assays were processed on a variety of substrates (bone, charcoal, ivory, soil
humus, and shell) and returned conventional
radiocarbon ages ranging from as late as approximately 6,500 BP to more than 14,000 BP. While
most of these components have been dated
numerous times, ﬁve have only one radiocarbon
measurement available. Those sites were studied
decades ago.

Site

Model No.
Inclusion
(2 = CE)

Error

Why Accepted or Rejected for CE

Cooper’s Ferry: 10-IH-73

Beta-114952

8430

70

charcoal

9539–9292

1

Granite Point: 45-GR-41
Hatwai: 10-NP-143

WSU-870
Tx-3160

14,100
10,110

1160
720

shell
charcoal

20,324–13,940
13,478–9787

1
1

Hatwai: 10-NP-143

Tx-3158

9850

870

charcoal

13,727–9256

1

Hetrick: 10-WN-469

Beta-78722

9730

60

Bone collagen

11,252–10,801

1

Hetrick: 10-WN-469

UCIAMS-87907

9830

30

bone collagen

11,266–11,200

1

Hetrick: 10-WN-469

UCIAMS-87908

9835

30

bone collagen

11,270–11,199

1

Hetrick: 10-WN-469

Beta-78880

9850

110

bone collagen

11,760–10,827

1

Jackknife Cave: 10-BT-46

UCLA-704

8130

105

charcoal

9405–8720

1

insecure association between dates and
WST materials
shell date, possibly disturbed context
insecure association and from mixed
contexts
insecure association and from mixed
contexts
UCIAMS-87908 redated this with more
precision
possible presence of mixing between WST
and later point styles
possible presence of mixing between WST
and later point styles
UCIAMS-87907 redated this with more
precision
mixed WST with Elko series points

Kelly Forks: 10-CW-34
Lind Coulee: 45-GR-97

Beta-288085
WSU-1422

10,680
8600

charcoal
soil humus

12,715–12,564
9733–9475

1
1

insecure association with WST materials
insecure association with WST materials

Lind Coulee: 45-GR-97

WSU-1709

8720

299

bone

10,560–9032

1

insecure association with WST materials

Lind Coulee: 45-GR-97
Marmes Rockshelter: 45-FR-50

Daugherty 2
WSU-120

9400
7550

940
300

bone
shell

13,314–8543
9134–7761

1
1

insecure association with WST materials
shell date

Marmes Rockshelter: 45-FR-50

Beta-168491

9610

40

shell

11,161–10,775

1

shell date

Marmes Rockshelter: 45-FR-50

Y-2481

9970

110

shell

11,945–11,203

1

shell date

Marmes Rockshelter: 45-FR-50

WSU-366

10,475

270

shell

12,836–11,346

1

shell date

Marmes Rockshelter: 45-FR-50
Marmes Rockshelter: 45-FR-50

WSU-211
WSU-363

10,750
10,810

300
300

shell
shell

13,273–11,765
13,324–11,827

1
1

shell date
shell date

Citation
Davis and Schweger
2004:697
Leonhardy 1971:69
Ames et al. 1981:64
Ames et al. 1981:64
Rudolph 1995:5–28
Manning 2011:25
Manning 2011:25
Rudolph 1995:5–28
Swanson and Sneed
1971: 47
Longstaff 2013:339
Sheppard and Chatters
1976:143
Irwin and Moody
1978:225
Daugherty 1956:256
Hicks 2004:Appendix
Q
Hicks 2004:Appendix
Q
Fryxell and Keel
1969:55
Fryxell and Keel
1969:55
Chatters 1968:480
Sheppard et al.
1987:122
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Lab No.

50
65

Material

2-Sigma
Calibrated
Range

478

Table 1. Database of Radiocarbon-Dated Sites and Components.

10,270

120

Marmes Rockshelter: 45-FR-50

Beta-310319

10,830

60

Redﬁsh Overhang: 10-CR-201
Redﬁsh Overhang: 10-CR-201

WSU-1397
WSU-1396

8060
10,100

285
300

Veratic Rockshelter: 10-CL-3

UCAIMS-148190 8515

12,530–11,411

1

insecure association with WST materials

12,819–12,660

1

insecure association with WST materials

9600–8337
12,659–10,795

1
1

charcoal

9538–9484

1

wood (root?)

12,920–11,827

1

mixed WST with Northern Side-Notched
date is from unit that has mixed WST and
later point types
upper limiting date for general WST strata
that is mixed with other point types
from disturbed unit

Wildcat Canyon: 35-GM-9

GAK-1322

10,600

Wilson Butte Cave: 10-JE-6

T0-2581

6570

70

charcoal

7581–7328

1

Wilson Butte Cave: 10-JE-6

TO-2583

10,130

90

charcoal

12,080–11,341

1

Wilson Butte Cave: 10-JE-6

TO-3330

10,700

100

ivory

12,758–12,420

1

Bison Rockshelter: 10-CL-10

WSU-760

10,340

830

bone

14,220–9701

1, 2

Hatwai: 10-NP-143

Tx-3159

10,820

140

charcoal

13,051–12,436

1, 2

Marmes Rockshelter: 45-FR-50

W-2212

9840

300

charcoal

12,395–10,505

1, 2

Marmes Rockshelter: 45-FR-50

W-2218

10,130

300

charcoal

12,689–10,825

1, 2

Redﬁsh Overhang: 10-CR-201

WSU-1395

9860

300

charcoal

12,402–10,519

1, 2

Buhl: 10-TF-1019

Beta-43055

10,675

95

bone collagen

12,738–12,421

1, 2, 3

Wilson Butte Cave: 10-JE-6

TO-1465

10,230

90

charcoal

12,392–11,504

1, 2, 3

Lind Coulee: 45-GR-97

CAMS-95524

9810

40

bone

11,269–11,178

1, 2, 3, 4

Lind Coulee: 45-GR-97

CAMS-94856

10,060

45

bone

11,815–11,340

1,2,3,4

Lind Coulee: 45-GR-97

CAMS-94857

10,250

40

bone

12,145–11,815

1, 2, 3, 4

Sentinel Gap: 45-KT-1362

Beta-133664

10,010

60

charcoal

11,753–11,269

1, 2, 3, 4

25
200

charred
material
charred
material
charcoal
charcoal

insecure association, date from disturbed
and/or mixed excavation units
insecure association between dates and
WST materials
insecure association, date from disturbed
and/or mixed excavation units
secure stratigraphic association with WST
points
secure stratigraphic association with WST
points
secure stratigraphic association with WST
points
secure stratigraphic association with WST
points
date from hearth directly associated with
numerous WST points
dated burial with point directly on top of
person buried
secure stratigraphic association with WST
points
secure stratigraphic association with WST
points
secure stratigraphic association with WST
points
secure stratigraphic association with WST
points
date taken from feature directly associated
with WST materials

Huckleberry and
Fadem 2007:24
Lyman 2013:231
Sargeant 1973:55
Sargeant 1973:53
Keene 2018:3
Dumon and Minor
1983:154
Gruhn 2006:124
Gruhn 2006:124
Gruhn 2006:124
Swanson 1972:51
Ames et al. 1981:64
Hicks 2004:
Appendix Q
Hicks 2004:
Appendix Q
Sargeant 1973:53
Green et al. 1998:448
Gruhn 2006:124
Craven 2003:32
Craven 2003:32
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Beta-192237
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Marmes Rockshelter: 45-FR-50

Craven 2003:32
Galm and Gough
2000:31
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Site

Lab No.

Age

Error

Material

480

Table 1. Continued.
2-Sigma
Calibrated
Range

Model No.
Inclusion
(2 = CE)

Why Accepted or Rejected for CE

10,130

60

charcoal

12,027–11,405

1, 2, 3, 4

Sentinel Gap: 45-KT-1362

Beta-133663

10,160

60

charcoal

12,087–11,411

1, 2, 3, 4

Sentinel Gap: 45-KT-1362

Beta-124167

10,180

40

charcoal

12,055–11,706

1, 2, 3, 4

Wewukiyepuh: 10-NP-336

Beta-124446

10,270

50

charcoal

12,377–11,811

1, 2, 3, 4

Wewukiyepuh: 10-NP-336
Sentinel Gap: 45-KT-1362

Beta-124447
Beta-133650

10,390
10,680

40
190

charcoal
charcoal

12,419–12,062
12,999–12,053

1, 2, 3, 4
1, 2, 4

Cooper’s Ferry: 10-IH-73

Beta-114949

11,370

40

charcoal

13,300–13,115

1, 5

Cooper’s Ferry: 10-IH-73

T0-7349

11,410

130

charcoal

13,533–13,040

1, 5

Cooper’s Ferry: 10-IH-73

Beta-114948

7300

70

charcoal

8305–7971

N/A

date taken from feature directly associated
with WST materials
date taken from feature directly associated
with WST materials
date taken from feature directly associated
with WST materials
date is taken directly from hearth feature
associated with WST points
date is directly associated with WST points
date taken from feature directly associated
with WST materials
directly associated with WST materials
but not widely accepted by many
researchers
directly associated with WST materials
but not widely accepted by many
researchers
rejected by excavator as intrusive

Cooper’s Ferry: 10-IH-73

Beta-114951

8410

70

charcoal

9536–9270

N/A

rejected by excavator as intrusive

Cooper’s Ferry: 10-IH-73

T0-7346

8710

120

charcoal

10,156–9524

N/A

rejected by excavator as intrusive

Cooper’s Ferry: 10-IH-73

T0-7357

10,050

80

bone

11,957–11,269

N/A

Cooper’s Ferry: 10-IH-73

Beta-109971

12,020

170

bone

14,477–13,461

N/A

Kelly Forks: 10-CW-34

Beta-313692

9490

charcoal

11,070–10,592

N/A

rejected by excavator as possibly
contaminated and has no association
with WST materials
rejected by excavator as possibly
contaminated
no diagnostic WST materials associated,
insecure association between date and
cultural activity

40

Galm and Gough
2000:31
Galm and Gough
2000:31
Galm and Gough
2000:31
Schuknecht 2000:125
Schuknecht 2000:125
Galm and Gough
2000:31
Davis and Schweger
2004:697
Davis and Schweger
2004:697
Davis and Schweger
2004:697
Davis and Schweger
2004:697
Davis and Schweger
2004:697
Davis and Schweger
2004:697
Davis and Schweger
2004:697
Longstaff 2013:339
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Sentinel Gap: 45-KT-1362

Citation

8518
12,830
8525

460
1050
100

bone
bone
shell

10,756–8411
18,382–12,913
9764–9284

N/A
N/A
N/A

no diagnostic WST materials associated
no diagnostic WST materials associated
shell date, not associated with WST
materials

Marmes Rockshelter: 45-FR-50

Beta-156699

9710

40

bone or shell

11,228–10,880

N/A

300

shell

12,388–10,440

N/A

9870

50

bone

11,399–11,197

N/A

shell date, not associated with WST
materials
shell date, not associated with WST
materials
no diagnostic WST materials associated

Marmes Rockshelter: 45-FR-50

W-2209

9820

Marmes Rockshelter: 45-FR-50

Beta-120802

Marmes Rockshelter: 45-FR-50

Beta-156697

10,570

70

12,710–12,242

N/A

no diagnostic WST materials associated

Marmes Rockshelter: 45-FR-50

Beta-301318

9380

70

11,059–10,303

N/A

no diagnostic WST materials associated

Marmes Rockshelter: 45-FR-50

Beta-296119

9900

50

11,600–11,208

N/A

no diagnostic WST materials associated

Marmes Rockshelter: 45-FR-50
Wilson Butte Cave: 10-JE-6
Wilson Butte Cave: 10-JE-6

Beta-156698
TO-1172
TO-1466

11,230
9000
8130

50
70
90

composite
charcoal
charred
material
charred
material
bone
charcoal
charcoal

13,202–13,007
10,269–9905
9401–8764

N/A
N/A
N/A

Paisley Caves: 35-LK-3400

UCIAMS 80378

11,070

25

Artemesia twig 13,041–12,820

6

no diagnostic WST materials associated
not associated with any WST materials
stratigraphically inverted with TO-2583
and not associated with any WST
materials
associated with WST points

Paisley Caves: 35-LK-3400

UCIAMS 80381

11,500

25

Ericacaea twig 13,421–13,276

6

associated with WST points

Paisley Caves: 35-LK-3400

UCIAMS 90581

11,340

30

human
coprolite

13,273–13,100

6

associated with WST points

Paisley Caves: 35-LK-3400

UCIAMS-98932

10,855

30

unidentiﬁed
macrofauna

12,780–12,691

6

associated with WST points

Paisley Caves: 35-LK-3400

UCIAMS-79676

10,200

35

Artemesia twig 12,061–11,759

6

associated with WST points

Daugherty 1956:256
Irwin and Moody 1978
Sheppard et al. 1987;
Hicks 2004:
Appendix Q
Hicks 2004:
Appendix Q
Fryxell and Keel
1969:59
Hicks 2004:
Appendix Q
Hicks 2004:
Appendix Q
Lyman 2013:231
Hicks 2004:
Appendix Q
Lyman 2013:231
Gruhn 2006:124
Gruhn 2006: 124

Jenkins et al. 2012:36
(supplemental
material)
Jenkins et al. 2012:36
(supplemental
material)
Jenkins et al. 2012:42
(supplemental
material)
Jenkins et al. 2012:36
(supplemental
material)
Jenkins et al. 2012:37
(supplemental
material)
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Daugherty 1
WSU-1707
WSU-3038
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Lind Coulee: 45-GR-97
Lind Coulee: 45-GR-97
Marmes Rockshelter: 45-FR-50

Note: All dates within the Windust database and brief reasoning for their exclusion or inclusion into the CE. The model number inclusion column shows which dates were included in each
model. Calibrated ages for shell dates have not been corrected for potential reservoir effects. All calibrations were done using OxCal v4.2 using the IntCal 13 calibration curve.
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Next, our goal was to establish a baseline
model for Windust that we could use as a framework for exploring how the inclusion or exclusion of various dates under different parameters
affected the modeled estimate for the phase.
Our goal for this model was to create a highly
conservative estimate of Windust, based on our
most stringent standards of data quality, that
effectively reﬂected orthodox opinions of
researchers working in the region. We dub this
model the Conservative Estimate (CE), which
was built using data we determined came from
secure cultural contexts that were in direct association with diagnostic points and the dates generated were from either bone or charcoal samples.
We also excluded any dates (regardless of the
quality of association with Windust materials)
that have been widely debated or have not been
readily accepted by multiple authors in recent
broader reviews of WST materials. Most notably,
this means that the early dates from Cooper’s
Ferry were not included in the CE but were
included in a different model discussed below.
Dates from freshwater shell were not included
in the CE because Delta_R corrections for carbon
reservoir issues have not been resolved for the
entire geographic study area or time depth
explored in this article (Osterkamp et al. 2014).
Radiocarbon estimates from Windust components that were mixed with other later point
types (i.e., Cascade points or side-notched
points) were also excluded.
This last point bears some explanation, as
there is debate as to whether the subsequent Cascade phase in the Northwest represents an in situ
evolution from Windust (e.g., Leonhardy and
Rice 1970) or a technological replacement by a
new group of people (e.g., Chatters et al.
2012). Our exclusion of mixed assemblages in
the CE should not be taken to reﬂect a belief
that there is a signiﬁcant period between the
end of Windust and the beginning of Cascade
or that Cascade could not have derived from
Windust. Our logic was to avoid complicating
the timing of Windust by adding dates from possibly disturbed contexts with later point styles.
The timing of Cascade and its evolutionary relationship with Windust are poorly known, and
technological and stylistic deﬁnitions of what
constitutes a Cascade point are inconsistently
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applied. Thus, analyzing the transition between
Cascade and Windust and sorting out whether
assemblages with both point styles represent
transition or mixed assemblages are topics for a
separate (but very important) research project.
We determined that including mixed assemblages would add more noise than clarity for
our analysis.
While we attempted to apply a rigorous
hygiene procedure to the dataset, we admit
some subjectivity in applying standards to decide
which dates to include in the CE. Hygiene is a
process to quantiﬁably accept and reject radiocarbon measurements based on our conﬁdence that
the date is reliable and represents the phenomena
of interest. Ideally, this allows for more objectivity in evaluating radiocarbon samples and
increases the level of conﬁdence in any assay
(e.g., Graf 2009; Pettitt et al. 2003).
However, given the overall quality and sample size of the dataset, our systematic attempts
of hygiene resulted in meaninglessly small sample sizes of sites or dates, or both. This is likely
why various attempts at hygiene (e.g., Chatters
et al. 2012; Goebel and Keene 2014; Reid et al.
2015) have resulted in wildly disparate conclusions from basically the same set of data
(Figure 4). Table 1 gives a brief description of
our logic for including or excluding dates from
the CE, and it is likely that many researchers in
the region will disagree with the inclusion or
exclusion of any date or site. However, as we
show below, except for the earliest dates, removing subsets of the data does little to change the
modeled estimates. Thus, regardless of debates
over our decisions on which dates to include,
we believe that the CE offers an informative
and most reasonably restrictive, orthodox estimate for the timing of Windust.
We emphasize that the CE is by no means the
best or our preferred model for the timing of
Windust. Our goal was simply to avoid reproducing other work and sidestep the limitations of a
hygiene method by constructing a baseline
model of the chronology of Windust, which
reﬂected the orthodoxy of researchers in the
region. From this, we then created iterations of
the CE using different parameters to examine
how the timing and duration of Windust varies
with different data. This approach provides an
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Figure 4. Comparison of approximate age estimates for WST, including results from models 2 and 5 from this article;
Clovis, Folsom, and the Cascade phase from previous studies. All ages are in cal BP. * Indicates our calibration of an
estimate originally given in uncalibrated years. ** Indicates what we think is the most accurate reﬂection of the author’s
original proposed range for Windust into cal BP format.

inclusive view of the data similar to those taken
by Whittle and Bayliss (2007) and Riede and
Edinborough (2012). Our logic here was that by
being inclusive rather than exclusive in the selection of dates, one might avoid potential bias in
selection criteria. Moreover, this inclusivity

sidesteps the various debates regarding the inclusion or exclusion of certain dates within the WST
(see Goebel and Keene 2014). We believe the
various iterations of the model, compared to the
CE, provide important insights into the start, duration, and end of WST instead of attempting to
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Table 2. Results of Six Models to Test Windust Date Spans.
Agreement
Index
(A model) Start Estimate

Model Iteration
All dates associated with WST
materials1* (N = 47)
Conservative Estimate2
(N = 17)
CE excluding dates with
100+ error3 (N = 11)
CE with only dates run after
19904 (N = 10)
CE including Cooper’s Ferry5
(N = 19)
CE including Paisley Caves6
(N = 21)

Start
Median

End Estimate

End
Median

Span

Span
Median

9022

3883–4937

4343

**51.6

13,700–13,142

13,341

9376–8584

107.5

13,085–12,475

12,753

11,285–10,829

11,150

1293–2114

1625

85.7

13,018–12,152

12,618

11,303–10,775

11,147

941–2065

1491

80.6

12,865–12,081

12,374

11,302–10,794

11,152

868–1902

1253

108.3

13,615–13,129

13,307

11,285–10,785

11,141

1922–2668

2193

107.1

13,660–13,276

13,399

11,290–10,840

11,152

2053–2689

2270

Note: Agreement indexes, 95% range, and median estimates for the beginning, end, and span of each model. All ages are in
calibrated years BP (cal BP) and are shown as 95% ranges.
*Model number for each iteration.
**Failed to meet the minimum agreement index score of 60, which indicates data does not ﬁt the model assumptions.

settle the issue with a best estimate, especially
given the small sample size of the dataset.
Results
In all, we created six models for Windust. All
except model 1 used the CE as a baseline from
which to add or exclude data. Data included in
each model can be found in Table 1. Models 3–6
consisted of data iterations based on the core CE
model where we included or excluded subsets of
the data to explore their effects on the chronology
of Windust. Results for each model are discussed
below (see Table 2 and Figure 5). As in Table 2,
all modeled age ranges discussed below are
shown as 95% probability ranges.
Model 1. Everything Associated with WST
Materials
Model 1 used no hygiene standards and included
all dates in the database that were associated with
any Windust materials. Expectedly, results of
this model gave Windust its longest span. The
estimated start in the model is between 13,700
and 13,142 cal BP with a modeled end date
between 9376 and 8584 cal BP In this iteration,
the temporal span of Windust encompasses an
incredibly long period of 3883 to 4937 calendar
years. However, because this estimate includes
unvetted and uncritically accepted dates, it

should be understood as a frame of reference,
not a reliable estimate of Windust. It should
also be noted that this is the only model with
an agreement index below the 60 threshold, indicating a poor ﬁt between data and model assumptions (i.e., Windust forms a coherent tradition for
which we have a reasonable sample; see Table 2).

Model 2. Conservative Estimate (CE)
As described above, radiometric measurements
modeled in the CE are more stringently vetted,
consisting of assays on bone or charcoal; the
dated sample material was, in our view, securely
associated with Windust points in an undisturbed
context. As mentioned, since the goal of this
model was to act as a conservative baseline reﬂecting orthodox opinions of previous research in the
region, we also excluded some data that we felt
otherwise met the contextual criteria described
earlier (e.g., Cooper’s Ferry). This hygiene program resulted in the exclusion of all the oldest
and youngest radiocarbon dates known for Windust. This sample produces a much more truncated
span than Model 1. The CE indicates the phase
lasted 1293–2114 calendar years. In the CE, the
modeled start date is between 13,085 and 12,475
cal BP, while the end date occurred between
11,285 and 10,829 cal BP.
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Figure 5. Summed probability distributions (SPD) from each model iteration shown in relation to timing of other
Paleoindian traditions and the timing of the Younger Dryas (highlighted in gray), as shown in the GISP2 Greenland
ice core. Image for GISP2 from CalPal (Weninger 2017) climate composer. + sign indicates the median estimate of a
single date. Modeled estimates are shown in dark gray and unmodeled in light gray.
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Model 3. CE Only Dates with Less Than a
100-Year Error
Because including measurements with high
errors can smear estimated phase beginnings
and endings and because their inclusion in estimates of WST has been critiqued (Goebel and
Keene 2014), this model shows the effect on the
CE after removing high-error dates. When the
CE only contains assays with errors less than
100 years, changes in the modeled age of the
CE are negligible (Table 2; Figure 5). Conﬁdence
intervals of the start and end of Windust are
largely unchanged. The span of the period
(941–2065 calendar years) is also similar to the
estimate in the CE (1293–2114 calendar years).
Model 4. CE with Dates Processed after 1990
This model was run to see whether more recent
assays (i.e., with more advanced equipment and
procedures) inﬂuence Windust chronology.
Furthermore, this model may allow us to see how
research from different periods inﬂuences the
Windust dataset (i.e., archaeologists decades ago
may have studied site types that had a different character than those identiﬁed and excavated today).
There is more variability when the CE is
reconsidered using only radiometric measurements processed since 1990 (Figure 5; Table 2).
Modeled beginning is between 12,865 and
12,081 cal BP, whereas the end is estimated at
11,302 to 10,794 cal BP. While the estimated
range of the end date changes little, the start
date may have occurred later. As a result, the
more recently processed radiocarbon assays
hint that the Windust period might have been
shorter than indicated by the other models.
This iteration has a modeled span of 868 to
1902 calendar years. However, it is also important to note that this model is almost half the sample size (Table 2) as the CE, which creates much
more uncertainty in the estimates. Thus, despite
their dissimilarities, we regard this estimate as
demonstrating the robustness of the CE, given
that even small subsets of modeled data reproduce similar results.
Model 5. CE with Early Dates from Cooper’s
Ferry (Authors’ Preferred Estimate)
This model was run because data from Cooper’s
Ferry represents the primary schism between our
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thinking here and other published works on WST
materials. Although Davis and colleagues
(2014:603–604) admit that the association
between the early dates and WST materials
found within Pit Feature 2 has not been conclusively resolved, we believe that arguments presented in Davis and Schweger (2004) and
Davis and colleagues (2014) have reasonably
demonstrated that these early dates are likely
associated with the proximally located WST
points. In fact, we believe this association to be
much stronger than many other younger dates
that have been accepted by researchers in the
region. Despite this, many recent syntheses for
WST in the far West (e.g., Chatters 2012; Goebel
and Keene 2014; Reid et al. 2015) have rejected
these early dates. While we excluded Cooper’s
Ferry data from the CE to meet its goal of a conservative estimate reﬂecting both data quality and
orthodoxy, we include Cooper’s Ferry data in
this model to reﬂect what we and others
(e.g., Beck and Jones 2010, 2012; Davis et al.
2014) believe is a reasonably secure association
between 14C dates and WST materials. Including
dates from Cooper’s Ferry has a straightforward
effect: the estimated start (13,615–13,129 cal
BP) and span (Table 2) of Windust increases
by roughly 600 calendar years, making Windust
at least 2000 calendar years long.
Model 6. CE with Dates from the Paisley Caves
Site
In this model, we ran the basic set of dates from the
CE combined with some of the earliest dates from
the Paisley Caves site located in southern Oregon
bordering the fuzzy boundaries between the Columbia Plateau and Northern Great Basin (Figure 1).
Although outside the study area, we decided to
include this model because the site represents one
of the earliest—if not the earliest—well-dated
sites containing WST materials that has been
widely accepted as pre-Clovis in age (Jenkins
et al. 2012, 2013). Thus, we felt it necessary to
include the data from this site to contextualize
our results for Windust on the plateau within the
wider WST. We did not include many of the oldest
dates from this site, focusing only on data that was
proximally located to diagnostic WST points (see
Jenkins et al. 2012:Table 1). Overall, results of
this model (Table 2) give very similar estimates
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to Model 5 (e.g., start estimate 13,660–13,276 cal
BP). We are not using data from Paisley Caves to
inform on the timing of Windust on the plateau,
which is why we did not carefully analyze the
site as a whole or attempt a formal model of all
the dates from the site. We wished to use selected
data from Paisley Caves to help contextualize the
consistency between the earliest dated Windust
sites and those within the Great Basin.
Discussion
Beginning and Ending of Windust
The central tendency of Windust data is robust;
regardless of how data was analyzed, the pattern
that Windust spanned between 13,000 and
11,000 remained relatively stable. When considering the various permutations of the CE,
though, we found some variability among the
models for the beginning dates of Windust,
depending on the particular combination of
dates included in the model (Table 2). Regarding
the beginning of the phase, the most dramatic and
potentially most important effect was produced
by excluding or including early dates from Paisley Caves and Cooper’s Ferry. Models excluding
these two sites estimated WST began around
13,000 to 12,500 cal BP. However, models
including Paisley Caves and Cooper’s Ferry
gave an estimate of ∼13,600 to 13,100 cal BP.
The controversy at the start of the distribution
was whether to accept the Paisley Caves and
Cooper’s Ferry dates and was, of course, central
to the question as to whether Windust, hence
WST, is older than, contemporary with, or
younger than Clovis. There was a ∼700-year difference in the beginning of Windust in models
with and without dates from Cooper’s Ferry
and Paisley Caves, a span encompassing Waters
and Stafford’s (2007) entire maximal estimate
for the age of Clovis (Figure 4).
An interesting effect of including the Paisley
Caves dates (associated securely with WST
points) is that they demonstrated that the earliest
Cooper’s Ferry dates are not anomalously early,
as they appeared to be when ﬁrst reported
(Davis 2001b; Davis and Schweger 2004). In
fact, the Paisley Caves and early Cooper’s
Ferry assays are essentially contemporary.
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These dates are also slightly earlier but well in
line with the earliest dates from Marmes Rockshelter (which also were eliminated from the
CE). This shows that the inclusion of Paisley
Caves not only removed the anomalous qualities
of other early WST dates but also demonstrated a
remarkable continuity in the age ranges of early
WST components. Unfortunately, these early
components are rare, and those at Cooper’s
Ferry and Marmes either have not been established as reliably associated with WST materials
(Marmes) or are readily accepted by researchers
in the region (Cooper’s Ferry). However, this
analysis showed that these early dates should
not be dismissed out of hand, as they were in
the past, because they are consistent with other
early dates for WST.
Regarding the Paisley Caves and Cooper’s
Ferry dates, it is well beyond the scope of this article to evaluate the data and arguments concerning
those disputed ages. Our view is that these sites
are well excavated, and the dates are good;
indeed, we regard the issue settled for the Paisley
Caves dates. Ongoing work at Cooper’s Ferry
also continues to uncover Windust components
in good contexts. Thus, we believe it likely that
model 5 will become the preferred model (as it
is for us) for Windust. However, our purpose
here was to present robust estimates for the age
span of Windust using different permutations of
the available radiocarbon data. The weight of
the models, taken in toto, has Windust starting
at least by ∼13,000 cal BP and likely earlier,
establishing WST as roughly coterminous with
at least the middle of the Clovis phase. However,
establishing the age of Clovis is as fraught as
establishing the age of Windust because of issues
related to sample size, sample selection, radiocarbon hygiene, and the vagaries of radiocarbon dating and probability. This is illustrated by the
differing methods and estimates of Prasciunas
and Surovell (2015) and Waters and Stafford
(2007). We suggest a Bayesian analysis of Clovis
dates along the lines of the methods we employed
might aid in increasing the precision of Clovis age
estimates. In the absence of that, the weight of the
available data, in our view, indicates the two traditions were likely contemporary.
Unlike the beginning of the WST phase, which
is more or less a debate involving one or two sites,
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the ambiguity at the young end of the distribution
is more difﬁcult to address. As mentioned above,
the traditionally accepted ending of WST is
∼10,000 to 9000 cal BP (Figure 4). However,
the majority of our models are remarkably consistent in suggesting an end date closer to 11,000 cal
BP (Table 2), and only one is consistent with a
9000 cal BP end date (Model 1). Dates falling
after 11,000 cal BP are much less common, and
many are from mixed components, used older pretreatment methods, and were rejected by the original excavator or because they had suspect
associations with WST materials. Thus, it could
be argued that the 9000 cal BP end date suggested
by the more inclusive model is simply an artifact
of using bad samples. However, the number of
sites with dates falling within this period suggests
we should not simply dismiss these later components. More on this is discussed below.
The analysis presented here demonstrates that
the central tendency of Windust data is very
robust; regardless of how data is parsed, the pattern that WST on the plateau spanned between
13,000 and 11,000 remains stable.
Temporal Gap in Windust
One of the most surprising results of our analysis
was the problematic ending of Windust when the
majority of the modeled results were compared to
traditional estimates. As described above, all but
one of the modeled estimates (model 1) suggest
an end date almost 2000 years prior to previous estimates. The ending date of 11,000 cal BP results
from the exclusion of mixed assemblages and
dates from shell. Model 1, which includes shell
and mixed assemblages, has a median terminal
date of 9022 cal BP. This is consistent with current
assumptions of the end of the Windust period
(Figure 4). Few, if any, archaeologists working in
the Northwest debate this time frame for the end
of Windust. However, the SPD for model 1 illustrates some interpretive problems in trying to establish the end of Windust. For example, this model is
the only one where we relaxed our hygiene standards, demonstrating that there are no securely
dated components of “pure” Windust following
∼11,000 cal BP. It is also the only model that
scored an agreement index of less than 60.
However, even if one were to accept the
results of model 1 uncritically, there is another
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larger issue: there is a substantial gap in medians
(almost 1000 years) between the bulk of the
Windust dates and the later dates that are pushing
the ending of WST into ∼9000 cal BP (Figure 4).
That is, there are no dates that connect between
∼11,000 and 10,000 cal BP. Therefore, we
must not only establish the validity of the
10,000–9000 cal BP components but also work
to explain why there are no intervening components within the study area. One explanation
may be that archaeologists in the region have
focused on dating basal and terminal occupations, creating an artiﬁcial gap in the middle.
Our results indicate that these later assemblages
need to be reevaluated.
Marmes Rockshelter is a case in point. Taylor
and Beck (2016) suggest that the basal three
strata (I, II, and III) at the Marmes Rockshelter
on the Palouse River in the eastern plateau may
have been transitional from Windust to the subsequent Cascade phase since all three contain the
diagnostic point types of both phases: stemmed
and shouldered Windust and laurel-leaf shaped
Cascade points. Cascade points gradually replace
Windust, suggesting the strata were not signiﬁcantly mixed (see also Ames 2000). The 18
radiocarbon dates on those strata (Hicks 2004:
Table 15.1) are also generally in good order.
Unfortunately, 12 are on shell and thus were
excluded from our data. Although a thorough
examination of the poorly known Cascade
phase chronology may shed light on this issue
or resolve the gap altogether, such an analysis
is likely some time away from being completed.
The authors here agree that Windust likely
dates into the 10,000 to 9000 cal BP range, but
this analysis demonstrates that the ending of
Windust is poorly documented and requires
much more data and research before any clear
statements about its termination can be made.
What we can safely say, based on our work, is
that the most robust aspects of Windust
chronology presently predates 11,000 cal BP
and that future analysis should focus on the
late-appearing mixed assemblages.
Span of Windust
One of the notable features of Windust highlighted by our models is its duration, particularly
in contrast with the coeval Paleoindian traditions
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of Clovis and Folsom (Figures 4 and 5). Our conservative estimate (∼1300–2100 years) is much
longer than Leonhardy and Rice’s (1970) original estimate of circa 10,000–9000 cal BP,
although they allowed that it might extend as
early as 12,000 to 11,000 cal BP. This is also
longer than the relatively brief spans assigned
to Paleoindian complexes in other parts of
North America. For example, Waters and Stafford (2007) estimate Clovis lasted between 200
and 450 calendar years, while Prasciunas and
Surovell (2015) estimate the Clovis duration to
be perhaps 850 to 1100 calendar years. Surovell
and colleagues (2016) suggest Folsom existed
only about 400 years, between ∼12,600 and
12,170 cal BP (Figure 4). Thus, most of our models suggest Windust lasted two to four times
longer than Clovis. In fact, even the shortest
modeled span of Windust (model 2) is equivalent
to or exceeds the longest estimates of Clovis and
is twice that of Folsom.
However, Windust’s duration may not be
comparable to those Paleoindian expressions.
Some researchers argue the apparent length of
Windust as a cultural-historical construct reﬂects
a classiﬁcatory problem with Windust; ergo, the
phase masks stylistic variation that would have
led to the creation of several phases elsewhere
(Reid et al. 2015). In a review of that variation,
Lohse and Moser (2014) posit that WST points
on the Columbia Plateau have three distinct types:
Windust, Lind Coulee, and Haskett (Figure 2).
They suggest a sequence in which Windust is
oldest, followed by Lind Coulee, then Haskett.
However, the available dataset is simply too
small to analyze and compare chronologies
among point styles. Moreover, we doubt that
existing typologies are robust enough to support
meaningful delineation of point styles. Use of
methods like those recently described in Davis
and colleagues (2017), who used 3-D scanning
data to evaluate morphometric similarity and
differences between WST points, would
undoubtedly provide greater typological clarity.
However, the most critical issue (as shown in
this article) is the lack of quality dates associated
for Windust as a whole on the plateau, much less
point styles. Windust and WST assemblages also
vary technologically across time and space, but
this variation seems to reﬂect WST people
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keying into local raw materials (e.g., Nyers
2013; Taylor and Beck 2016) rather than differences in cultural tradition. Thus, given current
data, Windust seems to reﬂect a durable cultural-historical entity. This durability and even
resilience are particularly interesting given
Windust’s contemporaneity with the Younger
Dryas Stadial (Figure 5).
Windust and the Younger Dryas
Figure 5 displays the SPDs of models 2 and 6 to
show the temporal relationship of Windust with
the Younger Dryas (YD) and of the various
temporal estimates for contemporaneous Clovis
and Folsom Paleoindian culture groups. Our
maximal estimate for Windust shows it starting
well before the YD and extending well after its
end; our CE estimate has Windust and the YD
beginning at about the same time but with
Windust extending well past the YD’s end.
Interestingly, the onset and termination of the
YD seems to have little effect on Windust. In
fact, depending on which model iteration is
used, the density of Windust dates actually
increases or, at worst, remains stable through
this climatic shift. This ﬁnding is especially signiﬁcant when put into context with other Paleoindian studies that cite the YD as a critical
factor in the demise of other contemporary cultural phases (e.g., Clovis) and in the death of
megafauna across North America (see review
by Meltzer and Holliday 2010 and citations
therein).
For the time being, we can offer no robust
explanation as to why Windust seems to ﬂourish
on the plateau while groups in other regions of
North America were reportedly negatively
impacted during this cold regime, long assumed
to be as intense as it was widespread. One
explanation may be that the study region was
simply not as affected as other areas. For
example, Meltzer and Holliday (2010) have
argued that the YD minimally affected the
nearby Rocky Mountain and Great Basin areas.
It is also possible that mobility and settlement
patterns (see Ames 1988; Chatters 2012) characteristic of Windust were more adaptive during
this climate shift, focusing on wetlands and
broad-spectrum economies. However, addressing these questions further was beyond the
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scope of this study and would require synthesis
of more localized environmental data from the
plateau, which is not available.
Conclusions
Overall, the results of this analysis indicate that
the WST on the Columbia Plateau began circa
13,000–12,700 cal BP and possibly as early as
∼13,500 cal BP. Our models consistently date
the end of Windust to 11,000 cal BP. The different permutations of the data indicate a stable central tendency of the phase to exist between
approximately 13,000 and 11,000 cal BP. This
indicates that Windust is contemporary with Clovis. Our results also demonstrate that Windust
was an extraordinarily resilient and long-lived
technological tradition, likely lasting at least
2,000 years. The tradition’s resilience is further
attested by Windust enduring throughout the
Younger Dryas Stadial.
Beyond establishing absolute dates for
Windust, this analysis shows that the basic pattern of the tradition remains stable no matter
the approach taken to exclude or include
dates. This indicates that, despite problems
with any date or site, using a large enough
sample can give us conﬁdence in the broad
temporal patterns of Windust. The period
between ∼13,000 and 11,000 cal BP is unarguably stable. This does not mean that our estimates for Windust cannot be more precise,
but we can be conﬁdent within the parameters
presented here. With this in mind, the data collection, hygiene, and analyses for this project
highlight a number of problems in studying
the timing of WST on the plateau.
First, many radiocarbon measurements were
rejected, as they had unsecure contextual data
or assays were conducted on shell. Second, the
number of sites in the sample is very small.
The CE has 11 sites, and the entire database
only has 16 (Table 1). Third, large sigmas are
associated with many of the dates, principally
because many dates were assayed more than 40
years ago. Of the 17 dates included in the CE,
the average error is ∼172, with a range from 40
to 870. These errors obviously put limits on the
possible precision of any estimates. Many questions (e.g., whether the Windust phase extend
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until 9000 cal BP) are currently unresolvable
without new, more precise dates on short-lived
materials. Without such, it is not possible to
reﬁne the start and end dates of Windust. This
is particularly relevant for the beginning of
Windust, as the 95% modeled range of the start
estimates are actually as large as, if not larger
than, the entire Clovis window.
This study productively moves beyond
debates about individual dates or sites by demonstrating the value of Bayesian models using
entire suites of radiocarbon dates for a phase
rather than relying on just the oldest and youngest or on narrowly deﬁned subsamples selected
on variable and silently subjective judgments.
In doing so, we have not only established the
robustness of Windust’s central temporal tendency but also highlighted a number of previously unrecognized issues in its chronology.
Most notable of these is the ambiguous ending
of Windust. Our analysis clearly shows that
this transition may be more spatially or temporally complex than previously hypothesized, and
more attention needs to be paid to dating components from the critical period between circa
11,000 and 9000 cal BP. Finally, more dates
with strong contextual associations are needed
to determine the beginning of Windust.
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