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Anthropology, University of Wyoming, Laramie, WY, USA

ABSTRACT
Folsom is an early Paleoindian archaeological tradition found in the North American West. Here we
report new AMS radiocarbon dates for the Barger Gulch and Lindenmeier sites in Colorado along
with unsuccessful dating attempts for Blackwater Draw, the Mitchell Locality, Shifting Sands, and
Lipscomb on the Southern Plains. We applied Bayesian modeling using IntCal20 to our updated set
of Folsom dates and estimate that the Folsom tradition lasted for a period spanning between 355–
510 years at the 68 per cent credible interval or 325–650 years at the 95 per cent credible interval,
starting sometime between 12,845–12,770 calendar years ago (cal yr BP) and ending sometime
between 12,400–12,255 cal yr BP. Additionally, we model the spans of the start and end
boundaries and find that both the adoption and abandonment of Folsom technology occurred
over relatively short periods, less than 100 years and likely less than 50 years.

KEYWORDS
Folsom; radiocarbon dating;
Bayesian; Barger Gulch;
Lindenmeier

1. Introduction

Folsom sites are found throughout the Great Plains and
parts of the adjacent Rocky Mountains and Southwest
regions of North America. The Folsom archaeological
complex or tradition is well-known because it played a
central role in resolving the debate concerning the anti-
quity of people in the Americas through the documen-
ted association of Folsom artifacts with extinct bison
(Meltzer 2006, 2015; Wormington 1957). Researchers
have inferred from Folsom stone-tool assemblages that
Folsom hunter-gatherers were highly mobile and
specialized in hunting ancient bison, though there was
likely some geographic variability in these adaptive
strategies (Amick 1994, 1996; Andrews, LaBelle, and
Seebach 2008; Buchanan et al. 2018, 2019; Carlson
et al. 2016; Hofman 1992, 2002; Jennings 2012, 2016;
Jennings, Pevny, and Dickens 2010; Kelly and Todd
1988). Although the Folsom tradition is well-known,
the age range is still uncertain due to small sample
sizes and the vagaries of dating (Haynes 1964, 1969,
1984, 1993; Haynes et al. 1992; Hofman 1995; Holliday
2000; Holliday and Johnson 1986; Surovell et al. 2016;

Taylor, Haynes, and Stuiver 1996). The most recent
analysis by Surovell et al. (2016) reassessed the age
range of Folsom using stringent acceptance criteria for
radiocarbon samples. Their results indicated Folsom
lasted about 440 years from 12,610–12,170 calendar
years before present (cal yr BP), a period that begins
after the extinction of the megafauna and the start of
the Younger Dryas Chronozone. Importantly, Surovell
et al. (2016) cautioned that because their results were
based on a small sample of dates the Folsom age range
is likely to expand on both the younger and older
ends of the reported range with additional sampling.

The motivation for the present study is two-fold.
First, Surovell et al. (2016) called to increase the sample
of high-quality radiocarbon ages for Folsom by acquir-
ing new samples with good cultural association from
known Folsom occupations. Surovell et al.’s (2016)
study shows that advances in the pretreatment and sub-
sequent minimization of contamination in bone
samples opens up the possibility of providing new
dates from the abundant bone recovered from known
Folsom bison kill and butchering locales. With this in
mind our project secured bone samples from Folsom
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sites in the Rocky Mountains and Great Plains regions
for dating. We report our dating attempts here. Second,
the availability of the new IntCal20 calibration curve
that uses improved methods and extends tree ring cali-
bration to 13,910 cal yr BP impacts the calibration of
Folsom-aged dates (Reimer et al. 2020; Reinig et al.
2020). Using this new calibration curve we analyzed
the set of reliable ages for the Folsom period, including
our newly obtained dates, using Bayesian modeling to
estimate the age range of the Folsom period. Bayesian
modeling explicitly considers the error involved in dat-
ing, not only in each dated sample, but also the error
involved in estimating the starting and ending dates of
the Folsom age range given the sample size. This is a
particularly important source of statistical error in
studies such as these where the sample size of high-qual-
ity radiocarbon dates that meet Surovell et al.’s (2016)
criteria is small. As such, the best estimates for the
start and end of the Folsom period are not simply the
oldest and youngest dated samples but are the entire dis-
tributions of error around these events. We report our
new Folsom dates and the Bayesian modeling of the Fol-
som age range below.

2. Materials and methods

2.1. Samples

Over the last 70 years archaeologists generated dozens
of radiocarbon dates attributed to the Folsom tradition.
Unfortunately, the majority of these dates are now con-
sidered imprecise or erroneous as they have been sub-
ject to significant or unknown contamination, are not
clearly associated with past human activity, or were mis-
takenly affiliated with human activity that did not occur

during the Folsom period (e.g., Holliday and Johnson
1986). Following ‘chronological hygiene’ procedures
established by several researchers (in particular, see Pet-
titt et al. 2003) and now applied routinely in different
spatiotemporal settings (e.g., Fitzpatrick 2006; Nolan
2012; Taché and Hart 2013), Surovell and colleagues
honed the Folsom radiocarbon record in 2016. Specifi-
cally, Surovell et al. (2016; also see Carlson et al. 2016)
argued that bone is now the preferred material to
sample for dating Folsom sites because it can be attrib-
uted, usually directly (i.e., bones within kill or butcher-
ing features, bones with cutmarks or intentionally
burned), to past human activities and is spared from
the old-wood problem. They argued that although
using bone samples for dating was once considered det-
rimental due to the inability to remove contamination,
newly improved XAD resin chromatographic and
ultrafiltration methods (Brown et al. 1988; Stafford
et al. 1988, 1991) perform significantly better in remov-
ing potential contaminants. Surovell et al. (2016) also
considered charcoal, seeds, or other organic samples
recovered from within well-defined hearth features as
potentially reliable samples to date. They cautioned
that these samples must be identified to species to
limit the old-wood problem and treated to reduce
potential contamination.

Applying these chronological-hygiene criteria to the
Folsom radiocarbon record, Surovell et al. (2016,
Table 1) identified 37 reliable dates from 12 components
at 10 sites. Most of the reliable dates were measured on
bone collagen, three were on highly-burned or calcined
bone, and five were on charcoal from well-defined and
documented hearth features. This set of reliable Folsom
dates included three new dates from Hanson and one
new date from Hell Gap, two sites located in Wyoming.

Table 1 New successful and unsuccessful radiocarbon assays for Folsom samples.
Site State Sample Material 14C yr BP

Lindenmeier** CO Aeon-2559 Bison scapula 10,335 ± 35*
Shifting Sands TX AA-111651 Bone 610 ± 22
Shifting Sands TX AA-111652 Bone No collagen
Shifting Sands TX AA-113161 Bison petrosal bone 359 ± 28
Shifting Sands TX AA-113162 Bison petrosal bone 111 ± 24
Shifting Sands TX AA-113163 Bison petrosal bone No collagen
Blackwater Draw NM AA-111653 Bone No collagen
Blackwater Draw NM AA-111654 Bone No collagen
Blackwater Draw NM AA-111655 Bone No collagen
Mitchell Locality NM AA-113160 Bison petrosal bone 861 ± 55
Barger Gulch Loc. B1≠ CO AA-109925 Calcined bone 10,874 ± 61*
Barger Gulch Loc. B1† CO AA-109926 Calcined bone 10,922 ± 61*
Barger Gulch Loc. B2‡ CO AA-112887 Calcined bone 10,718 ± 41*
Lipscomb TX AA-111495 Bone No collagen

*Dates are considered high-quality and reliable.
**δ13C value =−14.22
≠East Block hearth at Barger Gulch Locality B. δ13C value =−22.2.
†Main Block hearth at Barger Gulch Locality B. δ13C value =−21.6.
‡South Block hearth at Barger Gulch Locality B. δ13C value =−23.3.
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Surovell and colleagues (2016) were able to obtain cal-
cined bone and collagen from Hanson and Hell Gap,
respectively, from extant bone collections associated
with these sites.

Our intent in this study is to follow the protocols
established by Surovell et al. (2016) and sample
known Folsom kill and butchering locales for bone to
date. We obtained bone samples from six Folsom
sites, including Lindenmeier (Wilmsen and Roberts
1978), Barger Gulch (Surovell and Waguespack 2007;
Surovell et al. 2005), Blackwater Draw Locality No. 1
(i.e., the Clovis site) (Boldurian 1991; Hester 1972),
the Mitchell Locality adjacent to Blackwater Draw (Bol-
durian 1990), Shifting Sands (Hofman, Amick, and Rose
1990), and Lipscomb (Hofman 1995) (Figure 1). At Bar-
ger Gulch there is a possibility that separate hearths at
the site represent multiple occupations or components
(separate Folsom occupations at the same site). Previous
excavations at all six sites recovered evidence of Folsom
points in association with bison bone. Prior attempts to
radiocarbon date material were made at all these sites
except Shifting Sands (Surovell et al. 2016; Taylor,
Haynes, and Stuiver 1996). The Lindenmeier (Color-
ado) and Barger Gulch (Colorado) sites are located on
the Central Plains and Rocky Mountains, and Shifting
Sands (Texas), Lipscomb (Texas), Blackwater Draw
Locality No. 1 (New Mexico), and Mitchell Locality
(New Mexico) are located on the Southern Plains.

2.2. Sample processing

Most of the samples (13 of 14) for radiocarbon age esti-
mation were processed and analyzed at the University of
Arizona’s Accelerator Mass Spectrometry Lab. The
exception was one sample from Lindenmeier that was
processed by Aeon Laboratory in Tucson, Arizona
(the procedures for the Aeon lab sample processing
and analysis are provided in the Supplemental
Materials). At the Accelerator Mass Spectrometry Lab,
calcined bone samples were prepared following pre-
viously established protocols (Lanting, Aerts-Bijma,
and van der Plicht 2001; Olsen et al. 2008). Briefly,
approximately 500 mg of bone was soaked in 2%
sodium hypochlorite solution for 48 h at room tempera-
ture to remove organic material. The sample was then
rinsed three times with deionized water and then placed
in 1M acetic acid for 24 h at room temperature. It was
rinsed extensively with deionized water and dried in a
vacuum oven at 60°C. After converting the sample to
powder, it was then hydrolyzed in 85% phosphoric
acid in an evacuated tube, at 50°C for 18 h. The liberated
CO2 was cryogenically purified from the other hydroly-
sis products, and then converted to graphite. An aliquot

of CO2 was used to determine the carbon δ13C ratio
using an off-line IRMS. These values were used for iso-
tope fractionation correction. Radiocarbon measure-
ments were carried out on a National Electrostatics
Corporation 3.0 MeV AMS instrument using the
methods described in Jull, Burr, and Hodgins (2013).

For unburned bone samples, bones were drilled to
extract collagen. First, the bone surface was milled
away, and the bone crushed and sieved to 0.5–1.0 mm
particle size. The resulting material was then washed
by ultrasonication for 1 h in deionized water at room
temperature. The collagen extraction treatment was an
acid/base/acid extraction using a custom continuous
flow system. Collagen ghosts were gelatinized at 65°C
for 24 h, and then filtered through a 0.45 micron filter.
This material was freeze dried and yield calculated. It
was re-suspended in water and then this solution was
passed through pre-washed 30,000 molecular weight
cut-off ultrafiltration membrane. Lastly, the retained
fraction was washed in water and freeze dried.

2.3. Bayesian modeling

Complexities in the calibration curve are especially pro-
nounced for the late Pleistocene in general, and the
Younger Dryas chronozone in particular (Taylor et al.
1996a, 1996b; Surovell et al. 2016). Use of the Bayesian
method (Bronk Ramsey 2009) can help compensate for
the increase in uncertainty of calibrated radiocarbon
dates due to erratic departures (wiggles) in the cali-
bration curve (Kutschera et al. 2007) and to guard
against overestimations of calibrated ranges and esti-
mated boundaries.

All dates in our sample were calibrated and modeled
using the IntCal20 calibration curve (Reimer et al. 2020)
and OxCal v. 4.4 (Bronk Ramsey 2009). Dates were first
organized into individual phases that correspond with
individual sites. Each of these individual phases was
assigned start and end boundaries. Each of these indi-
vidual site-phases was then incorporated into a larger,
single phase representative of the Folsom tradition as
an event with a start and an end. Trapezium boundaries
were used to model the start and end boundaries of the
overall Folsom Tradition phase to account for the tem-
poral nature of cultural transitions (Lee and Bronk
Ramsey 2012). In contrast to the use of simple bound-
aries, which forces all dates to be distributed in an
even block over the span of the phase, trapezium bound-
aries recognize that the earliest and latest dates for a
phase are likely to be less abundant as they come into
existence and then fade away. This does not impose a
temporality onto the phase (e.g., rapid or gradual); tra-
pezium boundaries merely define the shape of the

PALEOAMERICA 3



distribution of likelihoods (dates) within a phase. The
trapezium boundary command also returns a span for
each boundary that provides an estimate for these tem-
poralities (e.g., how rapid or how gradual). A span com-
mand was included in the overall model to produce an
estimate of the span for the Folsom tradition while an
order command was included to estimate the order
that each individual site was first occupied. The output
from the order command provides a probability for
each set of pairwise dates and boundaries. Using this

command, we can provide an overall estimated order
in which each site was first occupied and investigate
any geographic trends in our radiocarbon data. All
modeled dates and ranges are presented in italics and
rounded to the nearest five years. Ranges are presented
at both the 68% and 95% credible ranges (more precisely
these are 68.3% and 95.4%). The actual ages for individ-
ual dates or boundaries have an equal chance of falling
anywhere within these estimated ranges. All model code
is included in the Supplemental Materials.

Figure 1 Location of Folsom sites discussed in text. The Blackwater Draw location encompasses the Mitchell Locality.
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3. Results

Our efforts to date bone from extant Folsom collections
were partially successful. We were able to obtain reliable
radiocarbon ages from two of the six Folsom sites we
attempted to date (Table 1). We obtained four new
reliable ages, three from calcined bone fragments from
three different hearths at Barger Gulch Locality B and
one from a bone sample from Lindenmeier. Detailed
descriptions of the context of the successfully dated
samples from Barger Gulch and Lindenmeier are pre-
sented in the Supplementary Materials. Insufficient col-
lagen extraction hampered our ability to reliably date
samples from the Blackwater Draw, Mitchell Locality,
Shifting Sands, and Lipscomb sites. Together with the
33 reliable radiocarbon ages identified by Surovell et al.
(2016)1, there are currently 37 reliable radiocarbon ages
associated with Folsom in the western United States.

3.1. Bayesian estimation of the Folsom calibrated
age range

The new high-quality radiocarbon dates presented here
add a site and component to the previous set of reliably
dated sites and components reported by Surovell et al.
(2016), bringing the total to 11 sites and 14 components.
Modeled age ranges for the 37 Folsom samples are pre-
sented in Table 2. The resulting model has an Amodel

value of 116.4 and an Aoverall value of 115.6, well above
the accepted threshold of 60, indicating good agreement
amongmodel parameters and available radiocarbondates.

The start of the Folsom tradition is estimated to have
occurred sometime in the range of 12,845–12,770 cal yr
BP (68% credible interval) (or 12,910–12,750 cal yr BP
at the 95% credible interval), while the end of the
Folsom tradition is estimated within the range of
12,400–12,255 cal yr BP (68% credible interval) (or
12,430–12,125 cal yr BP at the 95% credible interval)
(Figure 2). The modeled span for the start boundary is
0–25 years (68%) or 0–85 years (95%). The modeled
span for the Folsom tradition end boundary is 0–30
years (68%) or 0–100 years (95%). The modeled overall
span for the Folsom tradition is estimated to have lasted
between 355–510 years at the 68% credible interval or
325–650 years at the 95% credible interval (Figure 3).
We used the order command in OxCal to return prob-
abilities for each of the modeled start boundaries for
each individual site (Figure 2; Table S2).

4. Discussion

Folsom is a well-known Paleoindian archaeological tra-
dition that ranged across most of the Great Plains, and

parts of the Southwest and Rocky Mountains regions of
western North America during the late Pleistocene.
Over the past 70 years great efforts have been expended
in trying to obtain absolute age estimates for Folsom
occupations (Haynes 1964, 1969, 1984, 1993; Haynes
et al. 1992; Hofman 1995; Holliday 2000; Holliday and
Johnson 1986; Surovell et al. 2016; Taylor, Haynes,
and Stuiver 1996). Here, we have added to the small
set of reliable dates for the Folsom tradition by obtain-
ing four new radiocarbon ages for two Folsom sites.
Notably, our new dates include the oldest potential cali-
brated age determination for a Folsom site, 13,055–
12,740 cal yr BP (95% credible interval) (AA-109926),
obtained on calcined bone from a feature at the Barger
Gulch site in Colorado, and the youngest calibrated age
estimate, 12,465–11,945 cal yr BP (Aeon-2559), from
the well-known Lindenmeier site in Colorado. Thus,
as predicted by Surovell and colleagues (2016; also see
Prasciunas and Surovell 2015), increasing the sample
of dates for Folsom, even by four dates in this case,
has expanded the known age range for Folsom. This
also reaffirms that our sample of dates for this period
remains small and new dates will continue to be
informative.

Given that the new dates from Barger Gulch are
among the oldest produced for the Folsom tradition
and because the new dates on calcined bone are older
than previous dates from the site obtained on charcoal,
we discuss the site and dates in more detail. Barger
Gulch is shallowly buried, and excavations spanning
10 years produced only Folsom diagnostic material
(Mayer et al. 2005; Surovell and Waguespack 2007; Sur-
ovell et al. 2001, 2005; Waguespack and Surovell 2014).
Stratigraphic and archaeological evidence from the site
has indicated that only Folsom archaeology is present
at the site and the three excavated blocks represent
single occupations (see site description in the Sup-
plementary Materials; Surovell 2009; Surovell et al.
2005; Waguespack and Surovell 2014). Initial efforts to
date the site by Surovell and colleagues (Surovell et al.
2003, 2005) used dispersed flecks of charcoal, but
those were complicated by the presence of abundant
charcoal produced by natural fires post-dating the Fol-
som occupation. Two charcoal samples (10,770 ± 70
14C yr BP, Beta-173385 and 10,470 ± 40 14C yr BP,
Beta-173381) recovered from the vicinity of a hearth
feature in the Main Block were argued to best date the
Folsom occupation (Surovell and Waguespack 2007).
However, in the absence of clear anthropogenic concen-
trations of charcoal, it was not clear if those samples
were truly derived from human action or natural fire.
For this reason, we selected samples of calcined bone
for dating reported in this study.
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Several studies indicate that the carbonate fraction of
calcined bone is a fairly reliable material for radiocarbon
dating (Chatters et al. 2017; Lanting et al. 2001; Snoeck,
Brock, and Schulting 2014; Zazzo and Saliège 2011;
Zazzo et al. 2012, 2013), but it can almost always be
assumed to have been produced by human action when
present in archaeological sites because it is rarely a result
of natural fires (Buenger 2003; Traylor et al. 1990). This
is in part because bones buried only a few centimeters

beneath the ground surface cannot reach sufficient temp-
eratures to calcine when exposed to surface fires (Bennett
1999; Buenger 2003; Lentz, Gaunt, andWillmer 1996; Sti-
ner et al. 1995; Traylor et al. 1990). Therefore, unlike char-
coal where there is no good way to separate cultural from
natural specimens, in the case of calcined bone recovered
from hearth features, there is no doubt that it was pro-
duced by human agency and that it should generally
yield accurate ages. There are reasons, however, why

Figure 2 Modeled start and end boundaries for the Folsom tradition (top and bottom posterior probability estimates) and modeled
start boundaries for each of the individual sites included in this study. Site are ordered from earliest to latest (from bottom to top)
using the order command in OxCal. Order probabilities are presented in Table 2. Some sites only had a single available date (labels
beginning with R_Date). Bars underneath posterior probability estimates represent 68% and 95% credible intervals.

PALEOAMERICA 7



radiocarbon dates on calcined bones might be too old or
too young.The carbon remaining in apatite after recrystal-
lization during the calcination process is largely derived
from the bone itself and from the combustion fuel. If the
fuel is significantly older than the bone, a mild old-wood
effect can result (Annaert et al. 2020; Olsen et al. 2013;
Zazzo et al. 2012). We discount this possibility based on
the evidence that the two dates from the Main and East
Blocks are statistically contemporaneous (t = 0.3, df = 1,
P = 0.584), making it implausible that contamination
affected them identically. A more parsimonious expla-
nation is that they are accurately dating the same occu-
pation. In addition, based on experimental burning of
bone, Snoeck, Brock, and Schulting (2014, 600) found
that samples with lower (more negative) δ13C values are
those most likely to have more carbon derived from com-
bustion sources than from the bone itself. The oldest cal-
cined bone dates fromBargerGulch have the highest δ13C
values, and therefore oldwood is not likely tobe a problem
(see Table 1). Finally, if natural fires post-dating the occu-
pation had affected these dates, the error would be in the
opposite direction (i.e., they would be too young). We
suggest that this evidence resolves any outstanding issue
with the dating of the Barger Gulch site and it currently
stands as the oldest dated Folsom site.

With the new set of radiocarbon dates from 14 com-
ponents, our analyses indicated that the Folsom tradition
lasted for a period of ca. 355–510 years, starting some-
time between 12,845 and 12,770 cal yr BP and ending
sometime between 12,400 and 12,255 cal yr BP. The var-
iance in the estimate of the age range of the Folsom tra-
dition is a combination of the error associated with
individual dates, and the small sample size, both of
which are modeled explicitly in the Bayesian framework.
This age range appears to be coincident with the onset of

the Younger Dryas Chronozone at 12,850 cal yr BP
(Steffensen et al. 2008). Our estimate for the initial
appearance of Folsom also overlaps with conventional
estimates of the end of the Clovis period (Waters,
Stafford, and Carlson 2020). We expect some temporal
overlap if the transition from Clovis to Folsom was a cul-
tural evolutionary process, that is a diffusion process of
cultural traits that are innovated and subsequently spread
through a population. This expectation contrasts with the
replacement hypothesis that posits Clovis populations
were replaced by Folsom (perhaps through some cata-
strophic event). Our findings indicate the former is
more likely.

Given the small sample of reliable Folsom dates,
understanding whether the Folsom culture spread by
cultural or demographic diffusion (cf. Collard et al.
2010) is difficult to discern at this time. The resolution
and representativeness of the models presented here
undoubtedly will increase or be altered as new radiocar-
bon determinations are acquired and added to the
model framework. Future work should leverage a robust
program of simulations to determine from where and
how many new dates should be acquired and how
these new dates might affect modeled outputs and esti-
mations. Such simulations, structured using the model
framework presented here, could be used as support
for future funding and analyses aimed at increasing
the resolution and representativeness of the current
model. In this regard, expanding efforts may require
resolving the relationship of Midland to Folsom,
which some researchers suggest are the same tradition
(Amick 1995; Jennings 2012, 2016). Reliably dating
Midland sites, such as the recent dating of a Midland
site in Texas (Winkler-1) to 12,106–11,310 cal yr BP
(Blaine, Skinner, and Hall 2017), might prove useful
for modeling diffusion. With advances in methods to
isolate uncontaminated bone collagen for dating,
further dating efforts should concentrate on obtaining
bone samples from well-documented Folsom contexts.

Note

1. We report 33 reliable Folsom dates from the Surovell
et al. (2016) study. This number excludes two dates
(UCIAMS-122571 and SI-3733) reported from the
Agate Basin site that Surovell et al. (2016) suggest
may have been contaminated and the two charcoal
dates (Beta-173385 and Beta-173381) from Barger
Gulch that have been replaced by the calcined dates
reported in this study.
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Figure 3 Modeled span (in years) for the Folsom tradition based
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