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ABSTRACT

Bayesian chronological modeling is used to investigate the chronology for a large-scale
human depopulation event during the Mississippi period (A.D. 1000-1700) known as the
Vacant Quarter phenomenon. The Middle Cumberland Region (MCR) of Tennessee is
within the Vacant Quarter area and six villages from the final phase of Mississippian
activity in the MCR have been subjected to radiocarbon dating. Complete radiocarbon
datasets from these sites are presented within an interpretative Bayesian statistical
framework. The results provide a unique history of each settlement and demonstrate that
Mississippian occupations at each site likely terminated in the mid-to-late fifteenth- and
possibly early sixteenth-centuries A.D., which is 50-100 years later than the most recent
estimate for the timing of the Vacant Quarter. Mississippian abandonment in the MCR
was relatively quick, likely occurring over less than a century. The exact reasons for
abandonment are not entirely clear but appear to be linked to climate change. A
radiocarbon simulation experiment indicates that future robust radiocarbon dating with
well selected samples could greatly improve the chronological precision for this late
Mississippian activity. More broadly, this demonstrates that model-building with
radiocarbon simulations can be used to address regional scale chronological issues within

the American Southeast and beyond.



SPANISH ABSTRACT

A través del modelado Bayesiano se explora la cronologia de un proceso de despoblacion
humana a gran escala que tuvo lugar durante el periodo Misisipi (A.D. 1000-1700) y que
se conoce como el fendmeno "Vacant Quarter". Seis poblados del final de la fase de
actividad misisipiana en la Regioén del Medio Cumberland (RMC) de Tennessee,
insertadas a su vez dentro del area "Vacant Quarter", han sido objeto del programa de
dataciones radiocarbdnicas. Se presentan series completas de dataciones radiocarbdnicas
de estos yacimientos interpretadas mediante el analisis cronologico Bayesiano. Los
resultados permiten trazar la propia historia de cada yacimiento y demuestran que las
ocupaciones misisipianas finalizarian con probabilidad entre mediados y finales del siglo
XV y posiblemente comienzos del siglo XVI d.C., lo que implica entre 50-100 afios mas
tarde que la estimacion cronoldgica mas reciente del "Vacant Quarter". El abandono de la
ocupacion misisipiana en el RMC fue relativamente rapido, teniendo lugar
probablemente durante menos de un siglo. Las causas del abandono no estan
completamente dilucidadas, pero parecen estar relacionadas con el cambio climético. Un
experimento de simulacion radiocarbonica indica que futuros programas de dataciones
sobre muestras bien seleccionadas podrian mejorar de manera considerable la precision
cronologica para el final de la actividad misisipiana. En términos generales, esto
demuestra el potencial de los modelos construidos mediante dataciones radiocarbonicas
simuladas a la hora de abordar cuestiones cronoldgicas de escala regional tanto para el

Sudeste americano, como para otras zonas.



It was not that long ago, at least by radiocarbon date reckoning, that the so-called Vacant
Quarter (Williams 1983, 1990) was viewed as somewhat of a demographic singularity
(Figure 1): How and why could such a large portion of the mid-continent of North
America be abandoned by sedentary, agricultural peoples comprising the Mississippian
chiefdoms of the fifteenth-century A.D.? By Stephen Williams’ (1990) estimation, most
of the traditional Mississippian-period core area was “burned out” well before the arrival
of Europeans on Native American soil. This kind of exodus is perhaps understandable in
places like the American Southwest where pronounced oscillations in the scarcity and
abundance of water fostered large-scale migrations (e.g., Hill et al. 2004; Lekson and
Cameron 1995). While the timing of the Vacant Quarter seems to coincide with a period
of pronounced droughts (Meeks and Anderson 2013), significant portions of the region
are dissected by sizable drainages that we know did not dry up even in times of drought,

not the least of which are the Mississippi and Ohio Rivers.

Suffice it to say, the jury is still out on the causes of the large magnitude movement of
peoples. We think that this poses an even larger question than once was thought because
it now appears that there were other contemporary regional abandonments elsewhere in
eastern North America (Anderson 1994; Cable 2018; Johnson 1996; Williams 2001).
Apparently, an extensive atmosphere of destabilization permeated a much larger region

than just the Vacant Quarter in the fourteenth and fifteenth centuries A.D.

At this time, it is difficult to delineate the timing and tempo of the unfolding of the

Vacant Quarter with precision or certainty. We argue that a better handle on chronology



is an important first step toward addressing this phenomenon. A regional abandonment
taking place over the course of 25 years potentially has very different causes and
consequences than one taking place over a 200 year span. Although there now is a solid
corpus of Mississippian radiocarbon dates from throughout the region (Meeks and
Anderson 2013), they have not been collected with the express purpose of addressing
issues of abandonment. Instead, they represent a compilation derived from decades of

fieldwork across numerous archaeological sites.

By way of contrast, in the United Kingdom robust models for archaeological sites and
regions have provided chronologies that have completely transformed understandings of
archaeological histories (Bayliss 2009; 2015; Hamilton et al. 2015). Careful
implementation of scientific dating and chronological modeling have allowed for the
creation of site histories in Britain at generational scales. Corresponding syntheses of
detailed regional archaeological narratives have brought new understandings to past
phenomena. There has yet to be a project in North American archaeology on the same
scale as this British chronological work (Hamilton and Krus 2018; Thompson and Krus
2018), in part because this kind of enterprise represents a daunting logistical and fiscal
challenge. For example, the chronological modeling projects overseen by Alex Bayliss at
Historic England have involved the careful selection and submission of thousands of
samples for new radiocarbon dates (for example, see Bayliss et al. [2011], Denaire et al.

[2017], Richards et al. [2016], Tasi¢ et al. [2016], and Whittle et al. [2016]).



With this in mind, we turn our attention to the Middle Cumberland Region (MCR) of
Tennessee to demonstrate that the promise of this kind of effort merits the kind of
chronological investments made by our colleagues across the Atlantic. Although our
study sample includes radiocarbon dates from various unrelated projects, they can still
serve as a robust foundation for exploring the timing of the Vacant Quarter in a similar
manner to British archaeological projects driven by chronological modeling. In Stephen
Williams’ (1983, 1990) original formulation the MCR was considered part of the Vacant
Quarter, and a later synthesis by Michael Moore and Kevin Smith (2009) further
demonstrated that the area was depopulated sometime in the A.D. 1400s. However, a
major question underlying the Vacant Quarter phenomenon has been, and continues to
be, whether all the sub-regions experienced a population out-flow at approximately the
same time, or whether there was any kind of time-lag involved that created more of a

time-transgressive process?

By introducing Bayesian chronological modeling of the radiocarbon dates available from
the late Thruston Phase settlements, the final phase of Mississippi period activity in the
MCR (Beahm 2013:259-261; Moore and Smith 2009), we believe that we can begin to
cast some initial light on issues surrounding the relative synchronicity of depopulation at
multiple scales. The key questions that we address are: 1) Is it possible to evaluate
whether the timing of population loss varies within the MCR?; 2) Does abandonment in
this region vary significantly from other sub-regions in the Vacant Quarter?; 3) Is it

possible to use a high-resolution chronology in the MCR to better understand the regional



history at decadal-scales and to use these data to contextualize site-specific historically-

contingent reasons for social change?

THE VACANT QUARTER AND OTHER REGIONAL ABANDONMENTS

In his initial formulation of the Vacant Quarter hypothesis, Stephen Williams (1983,
1990) estimated that the abandonment occurred within the 100 year interval between
A.D. 1450 and 1550. His study was based on an insightful and panoramic melding of
diagnostic horizon markers and radiocarbon dates. Dan and Phyllis Morse (1983)
suggested the abandonment was perhaps 50 to 100 years earlier in the Central Mississippi
Valley, whereas Cobb and Brian Butler (2002) argued that in the Lower Ohio Valley the

last significant vestiges of population disappear around A.D. 1450.

As Scott Meeks and David Anderson (2013) have pointed out, this kind of variation has
given the appearance—questionable in their opinion—that the Vacant Quarter was a
clinal phenomenon with some sub-regions depopulated well before others. After
compiling a sample of 557 radiocarbon dates from five sub-regions throughout the
Vacant Quarter, including the Middle Cumberland drainage, they argued that widespread,
synchronic abandonment seems to have occurred by about A.D. 1420. They reached their
conclusion by observing that the summed calibrated probability distributions of the
radiocarbon dates for each of the sub-regions displayed a similar notable decline at the

beginning of the fifteenth-century—a point which we will revisit.



Widespread as it was, it now appears that the Vacant Quarter may not have been an
isolated occurrence in the late prehistoric Southeast. David Anderson (1994) describes
depopulation of a large portion of the Savannah River drainage in the 1400s; John Cable
(2018) makes a similar argument for a large swath of the South Carolina coast and
interior; Jay Johnson (1996) has posited that an abandonment of the Upper Tombigbee
drainage may somehow be related to the Vacant Quarter phenomenon; and Stephen
Williams (2001) was to later argue that the Yazoo Basin in the Lower Mississippi Valley
also witnessed a massive population decline in the fifteenth-century. It should be noted
that no one working on the Vacant Quarter or related abandonments has suggested that a
complete evacuation of people occurred. It is possible that hamlets and encampments

persisted up until the arrival of Europeans.

Scott Meeks and David Anderson (2013) have documented that the Vacant Quarter
phenomenon generally correlates with a series of severe droughts beginning in the late
A.D. 1200s, as inferred through tree-ring proxies for precipitation. This presumes quite
reasonably that there would be a time-lag between the onset of the first droughts and the
eventual departure of populations under duress. John Cable (2018) makes a similar
argument for ultimate climatological causation in his study of late Mississippian
abandonment of the Carolina coastal region. Both studies are based on recent
climatological reconstructions demonstrating significant and large-scale droughts over a
significant portion of the Midwest and Southeast during the fifteenth and sixteenth
centuries A.D. (Cook et al. 2007; Cook et al. 2014). Based on the same climatological

data, Benson et al. (2009) suggest that an earlier series of droughts spanning A.D. 1100-



1245 may also have played a role in the decline of Cahokia. Likewise, North Atlantic
climatic fluctuations during the Mississippi period may have helped precipitate cultural
and sociopolitical changes; for example, cooler temperatures during the onset of the Little
Ice Age (about A.D. 1400) may have negatively impacted maize agricultural yields and
increased the scarcity of food (Benson et al. 2007; 2009; Bird et al. 2017; Milner 1999;

Milner et al. 2013).

Even if one does not subscribe to environmental or climatological determinism, it is
difficult to accept that so many coeval regional depopulations were instigated throughout
the Southeast solely by social factors. Nevertheless, it is important to consider climate
within the context of cultural and social agency, particularly with regard to the various
ways in which communities may respond to stress. For example, Meeks and Anderson
(2013) posit that, over the course of time, significant declines in maize yields among
Mississippian polities had political as well as demographic consequences—as the
surpluses that underlay chiefdom political economies evaporated so did the power of
those chiefs. The resulting broad scale social re-organization was accompanied by
conflict and unrest that eventually led to wholesale population movements. Meghan
Buchanan (2015) also sees warfare as playing a role in the large-scale exodus manifested
by the Vacant Quarter, advancing a model whereby regional conflict was tightly

integrated with a cultural landscape of spirits and otherworldly practices.

Although it is now widely accepted that the Mississippian Southeast was always in a state

of flux, the Late Mississippi period during these centuries seems to have witnessed



population movements on an unprecedented scale. Climate change clearly seems to have
been one factor, if not the only one. We suggest that building detailed chronological
models of sub-regions is a necessary step towards addressing the complex processes
underlying large-scale population movements, as well as the consequences of those

migrations.

THE MIDDLE CUMBERLAND REGION

A primary reason that we focus on the Middle Cumberland is that our recent assessment
of the occupation span of one site in that region, Averbuch, did not quite square with
Meeks and Anderson’s (2013) chronology of abandonment. Whereas they have
hypothesized that it occurred in the MCR around A.D. 1420, our Bayesian models of
radiocarbon dates from Averbuch provided a site-closure estimate of about 25 to 50 years
later (Cobb et al. 2015). Aside from statistical variation and overlap, numerous causes
could account for this discrepancy. It is conceivable that the residents of Averbuch
managed to persist for a few more decades after everyone else had departed. However, it
is also possible that abandonments of the MCR deviated from the current expectations for
the Vacant Quarter on a larger scale. This is an issue that can be addressed with more

site-specific Bayesian chronological models for other MCR settlements.

Meeks and Anderson (2013) to their credit relied on a very large sample of 557 dates

across 113 sites, which included 111 dates from 29 MCR sites. They developed sum

probability distributions (using Calib 5.1) for each of five sub-regions in the Vacant
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Quarter to arrive at their early fifteenth-century estimate of abandonment. Their data
revealed that there is a trickle of radiocarbon dates in each region that post-dates the mid-
A.D. 1400s. At the same time, the summed probabilities displayed what they viewed as a
“precipitous decline” (Meeks and Anderson 2013:75) in the probability distributions in
the 1380-1420 interval, providing a basis for their A.D. 1420 widespread abandonment

hypothesis.

Although we believe that they have correctly identified a larger abandonment event or
process, interpreting patterns of calibrated radiocarbon probabilities based on visual
evidence alone is an imprecise practice that can be refined with a strong degree of
statistical rigor with the use of Bayesian modeling. For example, our study of the
Averbuch site based on 18 radiocarbon dates provided a summed probability distribution
that showed a steep decline in the fifteenth-century A.D. (Cobb et al. 2015). Based on
these data, Bayesian modeling allow us to go one step further and to set probability
estimates for the terminus of the site occupation at cal A.D. 1430-1500 at 95 percent
probability, and cal A.D. 1440-1475 at 68 percent probability (Cobb et al. 2015: Figure

3).

To be fair, Meeks and Anderson’s reliance on the probability distribution of radiocarbon
dates is a common practice for approximating the establishment, occupation, and
abandonment of sites and regions; in fact, Cobb and Butler (2002) used the same method
for estimating the Ohio River Valley depopulation within the larger Vacant Quarter.

However, the use of summed probabilities to interpret regional archaeological

11



phenomena can be greatly skewed by calibration curve wiggles, non-proportional
sampling, residual samples from post-depositional taphonomic processes, and from
uncorrected radiocarbon offsets such as from the old-wood effect or from uncorrected
fractionation (Contreras and Meadows 2014; Williams 2012). One of the advantages of
Bayesian chronological models for human activity is that it can accommodate these
biases within the chronological estimates of events with a given level of statistical

probability (Bayliss 2009, 2015).

This is not to say that summed probability distributions have been rendered obsolete by
Bayesian approaches. A number of studies have shown that summed probability
distributions provide a very important initial perspective on general trends within the
overall occupation of a site or region. Deviations or patterns of interest in these trends can
subsequently be bracketed and explored with a high degree of resolution through

Bayesian modeling (e.g., Inomata et al. 2014; Marsh 2015).

Given this background, we expanded our sample of sites in the MCR to evaluate whether
Averbuch was either a late outlier in the Vacant Quarter, or else represented one example
of a larger pattern of abandonment in the drainage that could be assigned to the mid to
late A.D. 1400s. Rather than including all MCR radiocarbon dates in our analysis, we
focused on sites with late Thruston Phase (A.D. 1350-1450) components, the final phase
of Mississippian activity in the MCR (Beahm 2013:259-261; Moore and Smith 2009).
There are six Mississippian sites in the MCR that have yielded both late Thruston Phase

ceramic traits and sufficient numbers of radiocarbon samples with which to build an
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initial model of regional abandonment (Figure 2): Averbuch (40DV60), a palisaded
village on a small drainage north of the Cumberland River (Cobb et al. 2015; Klippel et
al. 1984); Brentwood Library (40WM210), a palisaded village on the Little Harpeth
River (Moore 2005); East Nashville Mounds (40DV4), a large multi-mound site on the
Cumberland River (Walling et al. 2000); Gordontown (40DV6), palisaded multi-mound
town located on a tributary of Mill Creek (Moore and Breitburg 1998; Moore et al. 2006);
Rutherford-Kizer (40SU15), a large and fortified multi-mound site on a tributary creek
south of the Cumberland River (Moore and Smith 2001); and Sellars (40WI1), another

site on a tributary creek south of the Cumberland River (Butler 1981).

Importantly, there are radiocarbon measurements from archaeological samples from each
of these sites (Supplemental Materials Appendix A). This paper applies a Bayesian
methodology (Bronk Ramsey 2009a) to date the timing of activity at each of the
individual late Thruston Phase sites. Using a Bayesian framework, the chronology of this
activity can be estimated not only by radiocarbon dating, but also by using the relative

dating information provided by stratigraphy and feature groupings.

METHODOLOGY

The dataset used in this study includes all the available radiocarbon dates from late
Thruston Phase (A.D. 1350-1450) sites in the MCR. This dataset consists of 65
radiocarbon dates, 13 from new measurements and 52 from the published literature. The

new samples were obtained from curated archival materials held by the Tennessee

13



Division of Archaeology (Supplemental Materials Appendix A). Samples were selected
for new dating only if their context was securely associated with curatorial and
excavation records. Of the 65 radiocarbon measurements, 58 were made on wood

charcoal, four on nutshell, two on maize, and one on a sample of residue or soot.

The radiocarbon measurements are presented in Appendix A, where they are quoted in
accordance with the Trondheim Convention (Stuiver and Kra 1986) as conventional
radiocarbon ages (Stuiver and Polach 1977). Contextual and descriptive details for these
samples are also provided in Appendix A. Calibrated date ranges were calculated using
IntCal13 (Reimer et al. 2013) and OxCal v4.3. They are cited in the text as 95 percent
confidence intervals, with the end points rounded outwards to 10 years. The technique
used for Bayesian chronological modeling is a form of Markov Chain Monte Carlo
sampling (Bronk Ramsey 2009a) and has been applied using the program OxCal v4.3
(http://c14.arch.ox.ac.uk/). The fit between the OxCal model and data is gauged with the
Anmodel agreement index, and values higher than 60 indicate good agreement between the
model parameters and the dates (Bronk Ramsey 2009a). Resulting posterior density
estimates from OxCal are calendar years and presented in italics as probability ranges
with end points rounded to the nearest five years. The algorithms used in the models can
be derived from the model descriptions and OxCal code. Note that the posterior density
estimates produced by modeling are not absolute. They are interpretative estimates,
which can and will change as new data become available and as other researchers choose

to model the existing data from different perspectives.
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RESULTS

Chronological models were constructed and run in OxCal, one for each late Thruston
Phase site. The structure of each model is presented in the model descriptions
(Supplemental Materials Appendix B) and the model code (Supplemental Materials
Appendix E). The taphonomic relationships each radiocarbon sample possess with its

corresponding archaeological context is described in Appendices A—B.

The Bayesian chronological models use charcoal outlier modeling as a strategy for
accounting for the unknown inherent age offset in wood charcoal and soot samples
(Bronk Ramsey 2009b). These models assume an exponential distribution, with an
exponential constant 7 of 1 taken over the range -10 to 0, of the charcoal dates (following
Bronk Ramsey 2009b). The shifts are then scaled by a common scaling factor that can lie

anywhere between 10° and 10° years.

The models show good overall agreement between the radiocarbon dates and the
assumptions of the models (Supplemental Materials Appendix B). Detailed results for
these models are summarized in Table 1 and Figures 3—7. A model for Gordontown is not
provided because only two radiocarbon dates are available from this site, which is not a
robust enough sample to construct meaningful chronological model for the site
occupation. As a result, Appendix B presents a review of the radiocarbon data from
Gordontown and describes what can be inferred about the site chronology from the two

existing dates.
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Alternative versions of each model were created as a sensitivity analysis by slightly
modifying the primary models. Specifically, charcoal outlier modeling was not used in
the alternative versions of each model. The alternative models show good overall
agreement between the radiocarbon dates and the assumptions of the models
(Supplemental Materials Appendix C). Overall, the posterior probabilities for the
alternative models are mostly identical to the primary models, although a few are slightly
older than the primary model counterparts, which was expected because the alternative
models do not use charcoal outlier modeling and are thus much more sensitive to
radiocarbon measurements from old wood. The results from the primary models are
preferred because they account for the unknown inherent age offset in wood charcoal and

a potential soot sample with charcoal outlier modeling (Bronk Ramsey 2009b).

We also took the additional step of running a simulation experiment in OxCal to
determine the minimum number of additional radiocarbon dates that might be needed to
achieve Bayesian chronological modeling results of much higher precision in the primary
models for the start and end of activity at each site. This simulation experiment is
described fully in the Supplemental Materials (Appendix D and Appendix E) and the
results are summarized in Table 3 and Figure 7. We believe that this approach is an
important means of estimating the number of radiocarbon samples required to address

specific chronological questions posed by research designs.

DISCUSSION
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The Bayesian modeling provides posterior probabilities for the start and end of activity at
each late Thruston Phase site (Figures 3—4, Table 1). When compared to the previous
calendar year estimates for the chronology of these sites, the chronologies created with
Bayesian modeling are more variable, demonstrating the unique history of each
settlement (Table 1). Further, the chronologies created with Bayesian modeling are more
useful than the previous chronological estimates (Table 1) because they provide an
explicit chronological framework for the timing of human activity that is independent

from relative artifact chronologies.

Appendix B describes the full details of the posterior probabilities; they estimate that
activity at the sites lasted from around A.D. 1300-1550. The final activity at each
settlement is estimated to have occurred around the originally defined time frame for the
Vacant Quarter of A.D. 14501550 (Williams 1983, 1990), but activity at all of the sites
likely lasted into the second-half of the fifteenth-century—which is later than Meeks and
Anderson’s (2013) hypothesized Vacant Quarter abandonment of A.D. 1420. Further, at
68 percent probability activity at East Nashville Mounds and Brentwood Library is

estimated to have lasted potentially until A.D. 1525 (Figure 4, Table 1).

A matrix comparing the posterior probabilities for the end of activity at late Thruston
Phase sites in the MCR was created to best determine the order of site abandonment
(Table 2). At 68 percent probability, the earliest terminus at a site for human activity is at

Rutherford-Kizer at cal A.D. 1400—1465 and the latest at Brentwood Library at cal 4.D.
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1460—1525 (Tables 1-2). The estimated span of time between these two posterior
probabilities is 15—115 years at 68 percent probability (Figure 5), which provides an
estimate for the rate of Mississippian abandonment in the MCR and demonstrates that

regional abandonment likely unfolded in less than a century.

The estimate for the end of activity at Brentwood Library (cal A.D. 1460—-1525, 68
percent probability, Table 1) provides the best current estimate for the final abandonment
of the MCR. If the Meeks and Anderson (2013) model for other portions of the Vacant
Quarter is accurate, then the MCR was depopulated about 50—100 years later than the
other sub-regions. Nevertheless, if we treated the reservoir of dates examined by Meeks
and Anderson (2013) to similar Bayesian analyses, then it is possible that a different
perspective would emerge. It is conceivable, for example, that the Vacant Quarter
represented a geographic time-transgressive phenomenon, with the MCR being vacated
later than other sub-regions. Alternatively, each sub-region in the Vacant Quarter may
have experienced very distinct histories. This possibility is reflected in the MCR where it
appears that the abandonment of the last communities may have been a staggered
process, itself a complex product of local social, ecological, and environmental variables.
Our ability to hone in on these kinds of patterns with more precision is an important step
toward addressing both the causes and consequences of the larger Vacant Quarter

abandonment as well as sub-regional variations in depopulation.

Even if late fifteenth-century Thruston Phase instability was precipitated by droughts,

other factors beyond climate clearly were at work. This is indicated by the estimates from
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the Bayesian chronological models for palisade construction and maintenance at the late
Thruston Phase sites in the MCR, all of which seem to have been surrounded with
fortifications (Figures 6—7, Table 1). These models provide the first definitive and precise
estimates for Mississippian palisade construction and maintenance in the MCR and
estimate that this activity continued at each late Thruston Phase site into the fifteenth-
century. At 68 percent probability, the final palisade maintenance activity took place at
Brentwood Library at cal A.D. 1450—1500 (Figure 6). Bastions are present on the
fortifications at each late Thruston Phase site in the MCR, except for Averbuch,
suggesting considerable effort went into building the palisades at these sites so that they
could inflict flanking fire on attackers (Keeley et al. 2007:67; Milner 1999, 2000, 2007,
Milner et al. 2013). An attack from contemporaneous populations seems to have been a

pervasive threat in the MCR in the fifteenth-century.

The chronological models indicate that the late Thruston Phase palisades were potentially
maintained for multiple generations, possibly well over a century. Specifically, at 68
percent probability the palisade at Sellars is estimated to have been maintained for /—/60
years, the palisade at Rutherford-Kizer is estimated to have been maintained for 7//0-210
years, the palisade at Brentwood Library is estimated to have been maintained for 40—145
years, and the palisade at Averbuch is estimated to have been maintained for 40—105
years (Figure 7). Long-term Mississippian palisade use involved repairs and expansions,
sometimes of massive character (Krus 2016), indicating that coordinated Mississippian
workforces were present at the late Thruston Phase settlements in the fifteenth century to

maintain these sizeable structures.
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Our next step is to design a project that aims to create high-resolution site-based
chronologies for all known Mississippian settlements in the MCR, in part to better
understand the exact timing and tempo of multi-scalar social changes that comprised the
Vacant Quarter. Additionally, it may be possible to further refine the posterior
probabilities estimated in this study to provide regional histories of a much higher
precision, which was the goal of the simulation experiment (Supplemental Materials
Appendix D). Table 3 and Figure 8 show the minimum number of simulated radiocarbon
dates required to meet the simulation model parameters with posterior 68 and 95 percent
probability confidence intervals spanning 50 years (or less) for the start and end of
activity at each late Thruston Phase settlement. These simulations demonstrate that a
minimum of 10—40 simulated radiocarbon dates are needed to achieve 68 percent
probability confidence intervals spanning 50 years for the start and end of activity at a
given late Thruston Phase settlement, and that a minimum of 35—150 simulated
radiocarbon dates are needed to achieve 95 percent probability confidence intervals

spanning 50 years.

The simulation experiment results demonstrate that dramatically more samples are
needed to achieve 50 year confidence intervals for boundaries when the “true” start date
defined by the experiment was within the A.D. 1300s, because of a calibration curve
wiggle covering cal A.D. 1290-1410 (described in detail in Krus et al. 2015). Regardless,
achieving 50 year confidence intervals for starting and ending boundaries for each site at

68 percent probability is possible with a more robust dating program for each site (Table
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3 and Figure 8). We advocate a stepped approach to future radiocarbon submissions,
where 5-15 new dates from secure contexts are submitted for each site, with the
simulation experiments re-run with the new results to determine how many additional
dates are needed to achieve noticeably more precise probabilities for each site (following

Bayliss and Bronk Ramsey [2004] and Hamilton and Krus [2018]).

CONCLUSION

In its initial inception, the geographic and temporal parameters of the Vacant Quarter
were defined from a medley of radiocarbon dates with wide standard deviations (by
modern standards), and from coarse phases tied to diagnostic artifacts. Further
refinements to estimates of the regional abandonment have been based largely on
summed probability distributions, that in turn have benefitted from the chronological
refinements of accelerator mass spectrometry dating. However, even these assessments
still have a sizable subjective component in their interpretation. Further, there is still a
tendency for regional chronological analyses to rely on traditional periodizations that
may bias data sample selection and reify existing interpretations. While Bayesian
analyses support the findings from elsewhere in the mid-continent that the Vacant
Quarter was largely a fifteenth-century A.D. phenomenon, they also emphasize that what
may appear as a synchronous event at one scale may in fact have been comprised of
numerous asynchronous mini-abandonments at the community level. The challenge
remains as to how to explain the linkages of the different scales of abandonment. Our

radiocarbon simulations indicate that future robust dating with well selected samples
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from the late Thruston MCR settlements could greatly improve the precision of the

existing models.

If the Vacant Quarter depopulation occurred within the space of a century, in some
respects this may be considered a temporal event that linked many Mississippian sub-
regions. Our Bayesian modeling of site chronologies suggest that this event still may
have had a time-transgressive character, even if fairly rapid, since the MCR abandonment
estimates follow those of other regions by several decades. However, until Bayesian
chronological models are applied to other sub-regions in the Vacant Quarter, direct
comparisons are somewhat problematic. Nevertheless, we believe our results do provide
some important lessons for researchers elsewhere who are attempting to construct
detailed archaeological chronologies. Once the general boundaries of an archaeological
target have been delineated, it is possible with Bayesian modeling to make an assessment
of the number of dates required to estimate the temporal parameters with a given level of
desired statistical confidence. In turn, these kinds of assessments should provide a much
higher degree of resolution as to whether we are dealing with events, short-term
processes, or generational kinds of changes—in other words, the type of information

about the tempo of change necessary for developing models of explanation and causality.

Left unstated in the question of abandonment is the question of where did all the people
go? All of the researchers pursuing this line of inquiry agree with Stephen Williams that
these phenomena do not represent endemic demographic collapses; instead, communities

on a very large scale seem to have decamped for what they perceived as greener pastures.
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Although we do not follow up on this specific issue here, there are intriguing data on
sudden population arrivals as well as disappearances in the Southeast. Amanda Regnier
(2014) has recently demonstrated that a large portion of the Alabama River drainage
witnessed a major influx of peoples around A.D. 1450 after a long interval of near
vacancy. Although it is not clear where the immigrants came from, the timing of their
arrival with regional abandonments in surrounding regions is certainly suspicious. In
eastern Tennessee, the argument has also been made that the late Mississippian Dallas
and/or Mouse Creek phases may have incorporated pulses of population from the Middle
Cumberland region, although the skeletal data (cf. Berryman 1980; Kelso 2013) used to
support these arguments still seems to be somewhat equivocal. These kinds of findings
emphasize that parallel research on population arrivals as well as population departures is

clearly necessary to provide a balanced perspective on regional abandonments.
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Figure Captions

Figure 1: General boundaries of the Vacant Quarter (based on Williams 1990).

Figure 2: Late Thruston phase sites used for modeling abandonment in the Middle

Cumberland Region.

Figure 3: Posterior probability densities for the start of activity at late Thruston Phase

sites in the MCR.

Figure 4: Posterior probability densities for the end of activity at late Thruston Phase

sites in the MCR.

Figure 5: Posterior probabilities for estimated span of time between the end of activity at

Brentwood Library and the end of activity at Rutherford-Kizer in the primary models.

Figure 6: Posterior probability densities for the timing of palisade construction at late

Thruston Phase sites in the MCR.

Figure 7: Posterior probability densities for the estimated settlement spans and spans of

the palisades at late Thruston Phase sites in the MCR.
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Figure 8: The solid posterior probabilities are derived from simulation models with the

minimum number of simulated radiocarbon dates required to meet the simulation model
parameters with posterior 95 percent probability confidence intervals spanning 50 years
(or less) for the start and end of activity. The posterior probabilities shown in outline are
derived from the primary Bayesian models and estimate the start and end of activity at

the late Thruston Phase sites in the MCR.
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Figure 2
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Figure 3
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