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Abstract
In a poorly understood yet recurring phenomenon, communities occupying diverse 
settings within a region may undertake large-scale migrations that cannot be eas-
ily attributed to single variables such as climate change. As a result, the study of 
these movements has increasingly focused on the distinct histories of localities to 
address how they may have articulated as large-scale abandonments. We adopt this 
micro-history perspective on the fourteenth to fifteenth century depopulation of a 
large portion of the North American Midwest and Southeast, popularly referred to 
as the Vacant Quarter. Our research on the Middle Cumberland drainage within the 
Vacant Quarter suggests that a significant exodus began slowly ca. 1300 CE; then, it 
accelerated extremely rapidly in the first half of the fifteenth century CE. This gen-
esis of this trajectory seems to be related to a pattern of severe droughts, but it was 
brought to a close by social and demographic challenges such as endemic conflict 
and adverse health conditions.
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Following the British defeat of General Erwin Rommel’s German forces at the battle 
of El Alamein in north Africa during WWII, Winston Churchill famously remarked: 
“Now this is not the end. It is not even the beginning of the end. But it is, perhaps, the 
end of the beginning.” In this rich chronological turn of phrase, Churchill underscored 
questions archaeologists want to answer about dramatic end-times (often characterized 
as collapse)—not only when they occurred, but why they occurred and what were cir-
cumstances like beforehand? Furthermore, how were those conditions experienced by 
people, and was it apparent to them that an irreversible and steep decline was in store? 
And how is it evident to archaeologists that the beginning of the end was nigh?

These issues are particularly salient for regional abandonments. There are many 
examples worldwide of large-scale depopulations, ranging from Copper Age western 
Iberia (Lillios, 1993) to Bronze Age Mesopotamia (Weiss et al., 1993) to the Euro-
pean Neolithic (Downey et al., 2016). These represent only a fraction of what seems 
to be a common phenomenon. Their recurrence seems to have a particular hold for 
archaeology. If regional abandonments were exceedingly rare, it would perhaps be eas-
ier to attribute them to somewhat obvious forcing variables—climatic shifts like the 
Little Ice Age or abrupt geophysical events such as volcanic eruptions. While social 
upheaval and regional abandonments do sometimes follow such external perturba-
tions, however, they just as often do not (Hegmon et al., 2018; Kintigh & Ingram, 
2018; Sandweiss & Maasch, 2022; Scheffer et al., 2021). In short, sizeable depopula-
tion episodes represent a highly intriguing quandary: Their frequency would seem to 
speak to some kind of underlying general principles, yet their apparent variable and 
unpredictable multi-causality is suggestive of a historically idiosyncratic character.

Much of the research on regional abandonments over the last three decades, par-
ticularly in the North American Southwest—title to the most dedicated and system-
atic study of these phenomena anywhere—has increasingly focused on the local and 
the contingent. General correspondences between massive droughts and significant 
regional depopulations have been well documented in the Southwest (Cordell, 2000; 
Lekson & Cameron, 1995; Schlanger & Wilshusen, 1993; Schwindt et al., 2016; 
Van West & Dean, 2000; Varien, 1999). But archaeologists in that region have also 
refined in detail the ways by which neighboring communities and sub-regions may 
have differentially experienced and mediated circumstances leading up to their 
departures—including variation in the actual act of leaving itself (e.g., Fish & Fish, 
1993, p. 99; Schlanger and Wilshusen, 1993, p. 85; Schwindt et al., 2016, p. 74).

Our ongoing research on a very large-scale depopulation of the American mid-
continent in the fourteenth and fifteenth centuries AD, popularly referred to as the 
Vacant Quarter (a term coined by Stephen Williams [1990]), emphasizes the trend 
toward local nuance. This vast area stretched from the Central Mississippi River 
Valley eastward to the Middle Cumberland drainage of central Tennessee and south-
ward to the Middle Tombigbee drainage in eastern Mississippi (Fig.  1). Like the 
Southwest, the abandonment was associated with a series of severe, multi-decadal 
droughts. Yet research on Vacant Quarter micro-histories is still in its infancy and 
we have a poor grasp of how an apparent large-scale process may have been com-
posed of intertwined paths. Our work in the Middle Cumberland drainage region 
(MCR) of Tennessee serves as an initial exploration in that direction. We are inter-
ested in two issues in particular. First, is it possible to demarcate the beginning of 
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the end and the relative tempo of that final abandonment? Second, what were con-
ditions like for communities on the cusp of departure? Our ability to satisfactorily 
address such questions across multiple areas of the Vacant Quarter eventually will 
provide the basis for addressing how local histories articulated across a large region 
could foster a depopulation of unprecedented magnitude in eastern North America.

Micro‑histories and Regional Abandonments

Some discussion of definitions is useful prior to entering the core of our study. 
Because depopulation occurs at various scales, our notion of regional for eastern 
North America refers to—at a minimum—a lengthy stretch of a drainage, on the 
order of 50 km or so. We rely on a drainage as one kind of a region because of 
the ubiquity of waterways in eastern North America and the propensity for human 
populations to map onto these settings. Alternatively, we would apply the same 

Fig. 1  Vacant Quarter and study areas
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approximate minimal metric to the diameter of a general polygon encompass-
ing multiple environmental zones (which describes the Vacant Quarter). This is a 
somewhat arbitrary definition that attempts to impart a sense of geography to the 
notion of large scale.

The term abandonment has come under critical scrutiny for various reasons. It 
can imply a certain sense of failure or relinquishment of the occupation of a region, 
when it is more properly viewed as a strategy of resilience (Nelson & Schachner, 
2002, pp. 168–169). Groups opt for new locations to maintain their social cohesion 
even if that comes at the cost of transformation. In fact, abandoned regions may be 
re-occupied at some point even if not within the lifetimes of the emigrants. Further-
more, abandoned may connote a complete evacuation. As is often the case, however, 
small numbers of people may remain in a region otherwise depopulated of its major 
settlements. Alternative terms that have been advanced, such as depopulation, do not 
seem to be immune to the same criticisms, though. So, we retain the use of the term 
abandonment here, with appropriate caveats concerning human intentionality and 
complete disappearance from the landscape.

The micro-history approach toward regional abandonments emphasizes the social 
and cultural intricacies of proximate causality, while not dispensing with issues of 
ultimate causality that may be more Malthusian in nature. It is well-documented, for 
example, that the desertion of large portions of the American Southwest over the last 
millennium—notably, the northern San Juan, Mimbres, and Hohokam regions—was 
preceded by excessive dry periods that likely undermined the subsistence economies 
of the agriculture-dependent towns (Cordell, 2000; Kintigh & Ingram, 2018; Lekson 
& Cameron, 1995; Schlanger & Wilshusen, 1993; Schwindt et al., 2016; Van West & 
Dean, 2000; Varien, 1999). Similar observations have been made for abandonments 
elsewhere worldwide (e.g., Jacobson et al., 2022; Lillios, 1993; Rosen, 2007). Yet the 
size and diversity of the affected regions present a paradox: How does one reconcile 
mono-causal, climatic arguments for the desertion of a large area that may be character-
ized by a wide spectrum of social and ecological environments (Lillios, 1993, p. 180)?

In an attempt to resolve issues of scale and causality, a number of Southwest-
ern archaeologists have made the argument that regional abandonments should be 
viewed as nested occurrences that are best apprehended through smaller scales 
of analysis defined by physiographic or social modalities such as river valleys or 
even individual communities (e.g., Cordell, 1998; Fish & Fish, 1993, p. 99; Sch-
langer and Wilshusen, 1993, p. 85; Schwindt et al., 2016, p. 74). Rosen (2007) 
has made a similar suggestion for the Near East. From this perspective, it is pos-
sible to address how variables such as demography, subsistence, conflict, dis-
ease, ecology, and social organization may have varying degrees of sensitivity to 
climate change or other major external stressors. In turn, such variables can be 
conceived of as a mix of proximate prompters that initiate local abandonments 
in ways phrased as rationalized actions. Advocacy for a spatial condensation 
in analytical scale has been accompanied by a call for a particular focus on the 
beginning of the end, where attention is directed toward the period immediately 
before departure and a search for waxing vulnerabilities and warning signs that 
conditions were amiss (Glowacki, 2010, 2020; Nelson & Schachner, 2002; Nel-
son et al., 2014; Spielmann et al., 2016) (although Scheffer et al., 2021 warn that 
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“internal” social signs may not always be evident). Such signs might include, but 
are not limited to, conflict (fortifications, bodily trauma), concerns with defense 
(population aggregation, strategic placement of communities), disease (crowd 
infections and nutritional distress), and adverse impacts to subsistence (narrow-
ing of diet breadth). As Glowacki (2020, p. 27) argues, “it is the intersectionality 
of the varied stressors and enablers at multiple scales and how they change over 
time that create the dynamics of leaving.”

While these evolving perspectives on abandonment are still working to close 
the scalar gap between micro-histories and their expression as regional aban-
donments, they have added considerable insight into the varying nature of well-
known depopulation episodes. Hill et al., (2004) note that the putative disap-
pearance of the Hohokam culture in southern Arizona ca. CE 1450 has all the 
appearance of a collapse or catastrophe. But their research in the lower San Pedro 
Valley illustrates a dynamically oscillating history marked by considerable immi-
gration, coalescence, and aggregation into larger (but fewer) settlements in the 
1200 s. This was followed by a complex process of gradual depopulation begin-
ning in the mid 1300 s that was complete by the mid 1400 s. Rather than a dra-
matic en masse emigration, the Hohokam disappearance—at least in this drain-
age—was manifested as a humble departure of a remnant population. To the 
northwest, it is possible that the modern Akimel O’odham in the Phoenix Basin 
represent an unbroken continuum of the Hohokam. Post-Classic settlements in 
that region, however, have traditionally been difficult to identify because of their 
more ephemeral nature, although there do seem to be strong continuities in mate-
rial culture. Thus, the idea of a Hohokam “collapse”—at least in this region—
may be overstated (Loendorf & Lewis, 2017; Ravesloot et al., 2009).

Adopting a similar granular approach to abandonment in the Mesa Verde 
region to the north, Glowacki (2010) believes that the process began with a grad-
ual movement of peoples from the western to eastern Mesa Verde sub-regions in 
the early 1200 s, with a massive exodus from the latter area occurring in the late 
1200s CE. Similar variable patterns have been documented for the well-known 
“collapse” of the Classic Maya in Mesoamerica. What was once thought to be 
a broad and encompassing depopulation and social decline occurring within a 
relatively brief period is now recognized as a variegated phenomenon at least 
300  years in the making. Depopulation hit the Lowland Maya area particularly 
hard, yet varied dramatically over the larger Maya region. In fact, a number of 
major centers continued to thrive until the European colonial era (Aimers, 2007; 
Turner & Sabloff, 2012).

All of the preceding studies note that climatic variables seem to play some 
triggering role in the processes leading to regional abandonment. At the same 
time, they emphasize that the application of a micro-history lens to episodes of 
depopulation reveals extremely complex human interventions and interactions 
that may vary widely between adjoining sub-regions, and even within the same 
locality. Moreover, the tempo of abandonment within any one area may change 
over time, also as a result of multi-causal factors. It is with these conclusions 
in mind that we have initiated our own long-term research on micro-histories of 
abandonment in the Vacant Quarter.
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The Vacant Quarter and the MCR

Stephen Williams (1983, 1990) defined the Vacant Quarter through a remarkable bit 
of archaeological sleuthing that relied on a combination of artifact horizon markers, 
ceramic seriations, and very coarse radiocarbon dates. He estimated that a significant 
portion of the North American Midwest and South was largely vacated by sedentary 
groups in the interval of ca. CE 1450–1550 (Fig. 1). Although there originally were 
some skeptics (notably Lewis, 1986, 1990), subsequent studies have supported Wil-
liams’s hypothesis (Benson et al., 2009; Cobb & Butler, 2002; Krus & Cobb, 2018; 
Meeks & Anderson, 2013). The notion that climate change was somehow implicated 
in this exodus has been supported by data from the Palmer Drought Severity Index 
(PDSI),1 which suggests that a series of severe multi-decadal droughts struck the 
Southeast beginning sometime in the thirteenth century CE (E. R. Cook et al., 2007; 
B. I. Cook et al., 2014, p. 388). The eastward shift of these droughts through the 
1200 s and 1400 s (Cook et al., 2007, p. 112) also corresponds to the archaeological 
record of depopulation. Whereas Cahokia and the American Bottom region in the 
central Mississippi River valley were largely vacated by around CE 1300 (Benson 
et al., 2009), the MCR to the east was abandoned over a century later (Krus & Cobb, 
2018). In the interests of balance, though, it should be pointed out that the interval 
of CE 1000–1100, a time when Mississippian cultures seemed to be expanding in 
the Southeast, also appeared to be characterized by severe droughts in many locali-
ties (Cook et al., 2014, p. 388). This simply reinforces the fuzzy correspondence 
between inclement climate and population relocations (Kintigh & Ingram, 2018).

The sheer size and diversity of the Vacant Quarter abandonment presents a major 
challenge in explaining its causes, consequences and variability. It contains some 
of the largest drainages in eastern North America, including portions of the Mis-
sissippi, Ohio, Tennessee, and Cumberland Rivers. Prior to the 1400s, these areas 
contained large Mississippian period (ca. CE 1000-1600) settlement systems, char-
acterized by sizable towns, common traditions of iconography, major investments in 
mounds and other earthworks, complex political systems equated with chiefdoms, 
and a strong reliance on maize agriculture (Blitz, 2010; Cobb, 2003). Moreover, 
Mississippian communities successfully radiated into a variety of interior settings 
within the Vacant Quarter, ranging from prairie to rugged uplands (e.g., Boudreaux 
et al., 2020; Butler & Cobb, 2004; Pauketat, 2003). Added to the diversity in set-
tlement settings, there was considerable variation between polities in terms of size, 
demography, political complexity, dependence on maize, and basic elements of 
material culture. In itself, these kinds of distinctions would seem to argue for the 
likelihood of differential responses to external stressors of any kind. As Steponaitis 
(1991) has observed, Mississippian regions across the Southeast could experience 

1 The PDSI relies on temperature and precipitation values derived from tree-ring reconstructions to esti-
mate variation in soil moisture (https:// clima tedat aguide. ucar. edu/ clima te- data/ palmer- droug ht- sever ity- 
index- pdsi). Various aspects of this scale have come under critique (e.g., Alley, 1984; Blain and Xavier, 
2019). Nevertheless, it is effectively the best general guide available to archaeologists for paleoclimate 
assessments o3ver the last millennium in the American Southeast.

https://climatedataguide.ucar.edu/climate-data/palmer-drought-severity-index-pdsi
https://climatedataguide.ucar.edu/climate-data/palmer-drought-severity-index-pdsi
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dramatically divergent political trajectories even within similar environmental set-
tings. Complex and contingent mixes of chiefly strategies of mobilizing labor, long-
distance exchange, and unpredictable relations with neighboring polities played an 
important part in shaping distinctive Mississippian communities and polities. What 
could account for such a broad range of societies occupying so many kinds of ecoz-
ones to depart such a vast area?

Further complicating the origins of the Vacant Quarter, we now know it was not 
an isolated instance of abandonment. Since the publication of Williams’s origi-
nal thesis, broadly contemporary abandonments elsewhere in the Southeast have 
been documented. These include the Yazoo Basin in Mississippi (Williams, 2001), 
much of the Savannah River drainage between South Carolina and Georgia (Ander-
son, 1994; Ritchison & Anderson, 2022), and a significant portion of the Carolina 
coast (Cable, 2020). Hypotheses to account for these depopulations vary. Ritchison 
and Anderson (2022) believe climate change was a strong impetus for the exodus 
from the middle Savannah drainage. For the Carolina coastal region, Cable (2020, 
p. 205–208) has advanced the novel idea that deadly hemorrhagic fever epidemics 
may have been promoted by dry/wet cycles when rodent populations (the primary 
vector) boomed during periods of abundant precipitation following severe droughts.

The picture that has now emerged is one where the lower Midwest and Southeast 
experienced temporally overlapping regional abandonments of varying size; these 
ecologically heterogeneous regions seem to have been largely, if not completely, 
depopulated; and the populated areas in-between sustained thriving Mississippian 
cultures in settings very similar to the ones that were abandoned. Although one can-
not discount the likely importance of severe and protracted droughts in triggering 
these abandonments, it is difficult to account for this mosaic in climatic and environ-
mental terms alone.

The MCR is in the easternmost portion of the Vacant Quarter (Fig.  1). It was 
home to a large number of Mississippian sites distributed across an area encom-
passing about 50 km north–south and 70 km east–west. These ranged from one- to 
two-structure hamlets to large, multi-mound centers. Because so many of these sites 
were severely damaged or destroyed by the growth of the city of Nashville, it is dif-
ficult to ascertain the scale and density of settlement. Perhaps the best proxy of the 
impressive demography of the Mississippian presence is the huge volume of stone 
box graves that once populated the region, a burial tradition characterized by the 
interment of individuals within a crypt composed of stone (usually sandstone) slabs. 
Nineteenth-century accounts describe thousands of these mortuary features scat-
tered across the landscape, suggesting a high population density for at least a portion 
of the Mississippian period (Jolley, 1983).

Following a fairly abrupt appearance of large mound centers in the eleventh and 
twelfth centuries CE, the population likely peaked in what Moore and Smith (2012, 
p.208)  define as Regional Period III, a proliferation of chiefdoms occurring from 
about CE 1200  to 1325. They describe the subsequent Regional Period IV (CE 
1325–1425) as a period of decentralization and demographic fragmentation, where 
earthwork construction came to a halt and populations aggregated into autonomous, 
fortified towns containing sizable cemeteries (Moore & Smith, 2012 , p. 208–210). 
Based on a limited number of radiocarbon dates, Moore and Smith (2012 , p. 201) 
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presciently hypothesized that abandonment of the region likely occurred in the inter-
val of CE 1425 to 1475 (Regional Period V). This estimate conformed well with our 
later Bayesian modeling of 74 legacy radiocarbon dates from six late towns, indi-
cating  that the final depopulation of the MCR occurred in the late 1400s  to early 
1500s CE (Krus & Cobb, 2018).

Towns dating to Regional Periods IV and V display considerable evidence of 
social unrest. They were invariably surrounded by stout wooden palisades punctu-
ated by bastions. Ongoing concern with maintaining these fortifications is demon-
strated by episodes of rebuilding original lines or else expanding or contracting new 
defensive perimeters (Barker & Kline, 2013, pp. 79–90; Moore, 2005, pp. 47–48; 
Moore et al., 2001, pp. 49–53). Bioarchaeological data parallel the architectural evi-
dence for endemic warfare, expressed regionwide in skeletal signatures of scalping, 
blunt-force trauma (e.g., depression fractures), and sharp-force trauma (e.g., pro-
jectile wounds) (Cobb et al., 2015; Worne et al., 2012). The incidence of trauma 
increased through time, but that includes evidence for inter-personal as well as inter-
group conflict (Worne, 2017). It seems that intra-community friction was one of the 
major costs of living in nucleated towns. Taken together, these various lines of evi-
dence suggest that the MCR appeared to be undergoing considerable social tumult 
prior to its depopulation.

Modeling the Decline and Fall

Our more refined analysis of the decades preceding abandonment of the MCR is 
predicated on two elaborations of standard approaches to Bayesian modeling of 
chronometric data. First, the simulation experiment in our original study (Krus & 
Cobb, 2018) indicated that we would need to add scores of additional samples to 
achieve a satisfactorily tight chronological confidence interval surrounding final 
abandonment (in the range of 50  years), with posterior probabilities in the 68% 
(Table 1). Our current study thus incorporates larger sample sizes as a result of the 

Table 1  Number of radiocarbon dates per site

* Additional dates needed to supplement original sample to estimate abandonment within 50-year span at 
68.2% probability

Site name Existing dates Original sample Dates needed* New 
dates 
obtained

Averbuch 17 17 20
Brentwood Library 46 8 25 29
East Nashville Mounds 13 13 10
Gordontown 18 2 10 16
Kellytown 13 N/A 13
Rutherford-Kizer 15 15 15
Sellars 37 10 40 27
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simulation study.2 Unfortunately, we were unable to fully achieve our numerical 
benchmarks due to shortfalls in adequate botanical remains, but our revised Bayes-
ian models did provide significantly more precision to our abandonment estimates. 
Second, we have conducted a sensitivity analysis based on trapezium bounda-
ries (discussed in detail below) that allows us to estimate when a steep population 
decline likely occurred.3

The calibrated date ranges for modeling were calculated using the terrestrial 
calibration curve of Reimer et al., (2020) and OxCal v4.4 (Bronk Ramsey, 1998, 
2009a). These models follow the structure of the OxCal models presented in Krus 
and Cobb (2018) and each uses a single set of Boundaries to structure the radiocar-
bon measurements as being from a discrete period of activity. Sequences were cre-
ated in these phases to reflect the stratigraphic ordering of the radiocarbon samples 
(as described in Krus & Cobb, 2018). Additionally, we have further applied chrono-
logical hygiene considerations to this dataset through the combination of Charcoal 
Outlier Modeling (Bronk Ramsey, 2009b; Dee & Bronk Ramsey, 2014; Krus et al., 
2019),4 the exclusion of other samples likely suffering from appreciable offsets, 
and the modeling of certain contexts as Termini Post Quos based on archaeological 
taphonomic considerations. The underlying uniform prior distribution of the model 
follows the OxCal defaults and assumes that any event in the model is equally likely 
to have occurred in any individual year covered by the data (Bronk Ramsey, 1998, 
p. 470). The  Amodel agreement indices calculated by OxCal are used to evaluate the 
fit between the OxCal model and data, with values ≥ 60 indicating good agreement 
(Bronk Ramsey, 2009a). The posterior density estimates from OxCal are presented 
as probability ranges with end points rounded to the nearest five years. Importantly, 
the posterior density estimates produced by modeling are not absolute and they 
will change with the incorporation of future data and/or if modeled from a different 
perspective.

The  Amodel agreement values are greater than 60 for all of our models, suggesting 
good overall agreement between the radiocarbon dates and the assumptions of the 
models. It should be noted, though, that OxCal’s Charcoal Outlier algorithm iteratively 
downweighs the impact of wayward results until the model runs freely and consistently, 
irrespective of the overlap integral between the posterior results and standardized likeli-
hoods (i.e., the agreement) (Bronk Ramsey, 2009b; Dee & Bronk Ramsey, 2014; Krus 

2 The structures and coding of the Bayesian chronological models created in OxCal, as well as the 
archaeological contexts of each radiocarbon sample, are fully presented in the supplemental materials 
(S1 Oxcal Script; S2 RC dates).
3 OxCal’s algorithms for the trapezium prior are detailed in Karlsberg (2006), Lee and Ramsey (2012), 
and Bronk Ramsey and Lee (2013), with examples of this modeling technique implemented in Lee and 
Ramsey (2012), Denaire et al., (2017), Fitzpatrick et al., (2017), and Willis et al., (2016).
4 Charcoal outlier modeling in OxCal was used in all the chronological models to account for unknown 
inherent age offset in wood charcoal samples (Bronk Ramsey, 2009b). This approach assumes an expo-
nential distribution, with an exponential constant τ of 1 taken over the range − 10 to 0, of the charcoal 
dates (following Bronk Ramsey, 2009b, and OxCal 4.4’s default settings for Charcoal Outlier modeling). 
The shifts are then scaled by a common factor that can lie anywhere between 1 and 1000 years. Non-
charcoal radiocarbon measurements were given a prior probability of 5% of being statistical outliers, 
using the General Outlier Model.
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et al., 2019). Additionally, convergence values are greater than 95% for all of the mod-
els presented in this paper (Bayliss et al., 2011, p. 35; Bronk Ramsey, 1995, p. 429).

Revised Bayesian Models for Individual Site Abandonments

From 2021 to 2022, we retrieved 85 new radiocarbon measurements from four sites 
occupied during Regional Period IV and V, including one site, Kellytown, not in our 
original sample. As is typical of the era, all of the sites are palisaded villages. Most of 
these new radiocarbon measurements derive from short-lived plant samples found in 
domestic contexts. Added to our earlier suite of legacy dates, there are currently 159 
radiocarbon measurements from seven late Mississippian sites.

Our revised models suggest that each of the seven sites experienced abandonments 
throughout the CE 1400s to early 1500s. Matrices comparing the posterior probabili-
ties were created to best determine the order of site abandonments (Table 2; Fig. 2). 
The first is represented by the Sellars site, with an abandonment estimate of cal CE 
1405–1425 at 68% probability. At the same level of probability, in statistical chrono-
logical order of abandonment are Rutherford-Kizer, cal CE 1345–1445; Brentwood 
Library, cal CE 1420–1445; Gordontown, cal CE 1435–1455; and Averbuch, cal CE 
1445–1475. Technically, East Nashville Mounds was the last occupied site in our sam-
ple (cal CE 1455–1535). There were, however, no additional late Mississippian con-
texts from which to draw botanical specimens for revising the dates for this site. Hence 
the probability spread for abandonment is slightly larger than for Kellytown (cal CE 
1440–1510). Overall, abandonment seems to have been widely occurring in the MCR 
in the 1400s as a staggered process—yet still within a relatively short time frame.

Sensitivity Analysis

As a sensitivity analysis, we also created a regional model for late Mississip-
pian activity in the MCR that incorporates trapezium boundaries. The priors used 
in this model assume “a gradual increase (introductory period); then, a period of 

Table 2  Posterior probabilities for the estimated end dates of site occupations

All dates have end points rounded to the nearest five years

Event dated 95.4% probability 68.2% probability

Primary model: end of Sellars cal CE 1400–1435 cal CE 1405–1425
Primary model: end of Rutherford-Kizer cal CE 1330–1465 cal CE 1345–1445
Primary model: end of Brentwood Library cal CE 1415–1460 cal CE 1420–1445
Primary model: end of Gordontown cal CE 1430–1465 cal CE 1435–1455
Primary model: end of Averbuch cal CE 1435–1505 cal CE 1445–1475
Primary model: end of Kellytown cal CE 1430–1565 cal CE 1440–1510
Primary model: end of East Nashville Mounds cal CE 1430–1615 cal CE 1455–1535
Trapezium model: start of the End for MCR cal CE 1390–1445 cal CE 1405–1435
Trapezium model: end of the End for MCR cal CE 1450–1480 cal CE 1455–1475
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constant rate of activity (blooming period); and finally, a gradual decrease (period of 
decline)” (Lee and Ramsey, 2012, p. 107). Interpreting trapezium boundaries in this 
manner is appropriate if there was an extended abandonment to a region as opposed 
to an event-like episode, as is suggested by the aggregation of our individual site 
models (Table 3).

Importantly, the trapezium boundaries provide estimates for both a beginning 
and ending to the decline of activity in a model. Like the most widely used form of 
prior for Bayesian chronological modeling (the Uniform prior), the trapezium model 
still assumes that any event in the model is equally likely to have occurred in any 
individual year covered by the data. The difference is that the trapezium boundaries 
estimate four key parameters to characterize the start and end of this activity: (1) 
the start of the start, (2) the end of the start, (3) the start of the end, and (4) the end 
of the end. The posterior probabilities for the regional model of abandonment with 
trapezium boundaries suggest that an upsurge in abandonment of the MCR occurred 
during CE 1405 to 1435 at 68% probability and that the region was ultimately aban-
doned in the interval of CE 1455–1475 at 68% probability (Fig. 3; Table 2). This 
regional model estimates that the escalated final phase of Mississippian abandon-
ment occurred over 25–65 years at 68% probability. The increased sample size of 
measurements is a significant improvement over the trapezium boundaries derived 
from our earlier corpus of legacy dates (which estimated the start of the end at cal 
CE 1390–1495 and end of the end at cal 1470–1515, at 68% probability), and sup-
ports the hypothesis that the final abandonment by multiple towns occurred within a 
fairly compressed period within the fifteenth century CE.

Our proposed chronology for abandonment is further corroborated by the lack of 
any pre-colonial-era Indigenous sites in the MCR that post-date the early 1500s CE. It 

Fig. 2  Posterior probabilities
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is important to acknowledge, however, that our models are based on a sample of seven 
towns that was dictated by available radiometric samples; it is not known how many 
contemporary terminal Mississippian towns existed in the MCR. Thus, the scale of the 
final abandonment is unclear. Still, each of the towns in our sample was large enough to 
accommodate hundreds of individuals. Keeping in mind the likelihood that there may 
have been other settlements, it seems that thousands of persons were still inhabiting the 
region in the fifteenth century—even if that estimate is on the order of lower thousands. 
Apparently, a substantial number of people departed within relatively short order.

Discussion

In their multi-variate approach toward unraveling dramatic episodes of social re-organ-
ization (including abandonment), Hegmon et  al. (2018) found that the strongest clus-
ter of interacting causal variables included institutional breakdown, depopulation, and 
declines in community security (especially as expressed in conflict)—although they are 
careful to point out that this is an empirical generalization and not a universal. Broadly 
speaking, these variables seem to have been in play in the MCR. As we have discussed, 
conflict and depopulation (i.e., abandonment) are well documented, and institutional 
breakdown potentially is reflected in the shift from mound-center based polities to 
autonomous towns in the thirteenth to fourteenth centuries CE. Nevertheless, it is impor-
tant to emphasize that, while such factors may have been linked to the emigration from 
regions, they may not necessarily have been responsible for initiating the arc of abandon-
ments. In other words, the process or processes—such as climate change—that may have 
prompted a trajectory of depopulation may not be the same ones that brought it to a close 
(Dugmore et al., 2007, p. 13; Glowacki, 2010, p. 220). In this light, based on the archae-
ological data now available from other Mississippian localities and our trapezium model, 
we propose that there was a two-phase abandonment of the MCR: first, a gradual exo-
dus spurred by adverse climatic conditions that began in the late 1200s and lasted about 
150 years; second, a depopulation tipping point in the early 1400s that was complete in 
50 years or less. The final abandonment seemingly was precipitated by a convergence of 
particularly harsh climatic, social, and demographic conditions.

Fig. 3  Trapezium model
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The Beginnings of the Exodus

There is now compelling circumstantial evidence that the MCR abandonment began 
in the late 1200s CE. Strontium isotope data from individuals interred at early (ca. 
1020–1280  CE) Fort Ancient sites in the middle Ohio Valley are suggestive of a 
MCR origin in the latter part of that sub-period (Cook & Price, 2015). It is notewor-
thy that there is also evidence for the migration of populations from other Vacant 
Quarter sub-regions (the American Bottom and the lower Ohio Valley) to Fort 
Ancient sites; the moister environment of the central Ohio Valley in the thirteenth to 
fifteenth centuries CE seemingly was a draw for widespread Mississippian commu-
nities facing environmental and social stressors (Comstock & Cook, 2018). Further-
more, there is archaeological evidence (in the form of artifact types) of populations 
arriving in southeastern Tennessee from the MCR in the fourteenth century, if not 
earlier (Sullivan et al., 2022).

Based on precipitation data derived from the Palmer Drought Severity Index 
(PDSI), these migrations correspond to two challenging centuries for maize agri-
culture. In their evaluation of the Vacant Quarter hypothesis, Meeks and Anderson 
(2013) identified four megadrought periods based on PDSI values that occurred 
between CE 1250 and 1500 in the Southeast (along with multiple shorter duration 
events). For the MCR specifically, Palmer Modified Drought Index (PMDI) data 
from the Living Blended Drought Atlas (LBDA) indicate that the entire Mississip-
pian period was characterized by considerable oscillations in precipitation (Fig. 4).5

The PMDI, an update of the PDSI, is based on recalibration of 1845 annual tree-
ring chronologies used to reconstruct summer environmental moisture values on a 
0.5-degree national grid (Cook et al., 2010). Both of these drought indices measure 
annual environmental moisture on a relative scale from 4 to − 4, with negative val-
ues indicating progressively warmer, dryer conditions. Annual PMDI/PDSI values 
from − 0.50 to − 1.99 indicate incipient to mild drought, while values below − 2.00 
reflect moderate to extreme drought conditions. The LBDA and supporting Palmer 
indices are based on continental-scale data, but nevertheless present one of the best 

Fig. 4  PMDI averages, where each year represents an average of the PMDI values for the previous five 
years

5 The annual PMDI values used to classify harvest years are found in the supplemental materials (S3 
PDMI values). They were modeled using a polygon of the Middle Cumberland Region (Eckhardt & 
Deter-Wolf, 2020) and the SKOPE application (Bocinsky et al., 2022) to query the Living Blended 
Drought Atlas version 2 (Gille et al., 2017).
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available options for connecting projected paleoenvironmental data to regional and 
site-specific culture change in the Midcontinent and Eastern Woodlands during the 
past 2000 years (e.g., Burnette et al., 2022; Benson et al., 2009; Bird et al., 2017; 
Brannan, 2020; A. Comstock & R. Cook, 2018; R. A. Cook & A. R. Comstock, 2020, 
Emerson et al., 2020; Mehta and Rodning, 2020). The development of tools such as 
the SKOPE (Synthesizing Knowledge of Past Environments) web application (Bocin-
sky et al., 2022) further provides the ability to query the LBDA for modeled paleoen-
vironmental reconstructions within specific, geospatially defined regions.

Projected annual moisture data for the MCR during the period from CE 1350 to 
about CE 1475 witnessed several moderate to extreme summer droughts, which may 
account in part for the conditions leading to final abandonment. Notably, the span 
from about CE 1210 to 1325 is marked by comparatively moist conditions, and this 
represents the era of the growth of chiefdoms (Moore & Smith, 2012, p. 208). To 
muddy matters, however, this is the same period when MCR groups began appear-
ing in other Mississippian regions. Those migrations may have begun closer to CE 
1300 based on current evidence, however, which coincides with a protracted phase 
of incipient to mild droughts beginning in the late 1200 s (see Fig. 4). Complicating 
the picture even more, the century preceding CE 1210 was marked by a number of 
severe droughts, yet there is no clear evidence of ensuing abandonments. We are 
thus faced with the well-known conundrum in paleoclimate and abandonment stud-
ies, where severe droughts seem to correspond just as frequently with stability as 
they do with collapse or relocation.

Meeks and Anderson (2013, p. 66) have developed a scale that correlates PDSI/
PMDI values with the likelihood of failed maize harvests, providing a somewhat 
more tangible (if hypothetical) portrayal of the impacts of climate on agricultural 
productivity. In  their scheme, an incipient to mild drought  (− 0.50 to − 1.99) is 
equated with a minimal harvest and a moderate to extreme drought  (− 2.00 and 
lower) represents failed harvests. Applying these criteria to the projected regional 
drought data shows that both the early (1000–1249 CE) and late (1250–1499 CE) 
Mississippian subperiods in the MCR were characterized by frequent series of min-
imal and failed harvest years (Fig.  5). This similarity is reflected by the average 
cumulative minimal and failed harvest years  for the early (24.4 years per 50-year 
interval) and late (24.2 years per 50-year interval) Mississippian sub-periods 
(Table 4). Yet  the late Mississippian period also has a markedly higher average of 
likely failed harvests per 50-year span (7.2 years) compared to  the first half (4.8 
years). The key unanswered question is whether the uptick in failed harvests was 
sufficient to spur the final exodus?

Social responses to resource scarcity would have contributed to a matrix of 
adverse health consequences. After 1000 CE in the North American midconti-
nent, the nucleation of populations into compact, defendable towns due to conflict 
potentially had far-reaching unintended outcomes due to increased pressure on local 
resources (Milner & Boldsen, 2023). For example, in their work on the late Mis-
sissippian period in the Illinois Valley, VanDerwarker and Wilson (2016) found a 
correspondence between endemic conflict and reduced dietary breadth that they 
attributed to the reluctance of populations to wander far from the safety of their for-
tified settlements. Bioarchaeological data from the MCR confirms that populations 
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suffered from nutritional stress (e.g., porotic lesions and linear enamel hypoplasia) 
and infectious “crowd” diseases (e.g., tuberculosis and treponemal infections) in the 
latter part of the Mississippian sequence, suggesting health compromises that may 

Fig. 5  Failed harvests

Table 4  Minimal and total 
failed harvest years

Average minimal and failed harvests, 1000–1249: 24.4; average min-
imal and failed harvests, 1250–1499: 24.2; average failed harvests, 
1000–1249: 4.8; average failed harvests, 1250–1499: 7.2

Span yrs CE Total yrs mini-
mal harvests

Total yrs 
failed harvests

Total minimal 
and failed 
harvests

1000–1049 24 1 25
1050–1099 9 2 11
1100–1149 22 8 30
1150–1199 17 11 28
1200–1249 25 3 28
1250–1299 14 4 18
1300–1349 22 7 29
1350–1399 16 10 26
1400–1449 18 5 23
1450–1499 15 10 25
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have dampened reproductive fitness and lowered life expectancies (Berryman, 1981; 
Cobb et al., 2021; Eisenberg, 1991). It is hard to escape the conclusion that MCR 
populations in the fifteenth century CE suffered the consequences of a sheltered 
existence with reduced access to resources.

Because the unpredictable rainfall spanned as much as two centuries in the MCR, 
the recurrent droughts and their potential impacts should not be perceived as a sim-
ple cycle of crisis and recovery—their demographic effects can be multigenerational 
and cumulative. Even an apparently minor drought may generate a demographic 
crisis if it follows on the heels of multiple preceding events. These effects may be 
expressed through reduced life expectancies. For example, pregnant women experi-
encing drought-induced stress represent three generations: themselves, a fetus, and 
the reproductive cells forming within the fetus. As a result, megadroughts can have 
extensive ripple effects lasting at least to the third generation following the event 
itself. Studies of European populations using two centuries of church records sug-
gest that the life expectancies of drought children and grandchildren are significantly 
impacted, along with many of the non-specific indicators of stress noted in MCR 
populations (Kaati et al., 2007; ole-MoiYoi, 2013). Furthermore, a growing num-
ber of population biologists have proposed that severe droughts may have an epige-
netic effect on the human genome beyond three generations, a result of significant 
environmental changes and related human behaviors (De Rooij et al., 2022; Francis, 
2012; Jablonka & Lamb, 2014).

Finally, push factors other than resource scarcity and conflict may have come into 
play, although they remain speculative at this point. For instance, even if there were 
still sufficient maize for basic nutrition, declining surpluses may have undercut the 
largesse to subordinates crucial for maintaining chiefly power (Meeks & Anderson, 
2013). Moreover, uncertain harvests may have cast doubt on the abilities of leaders 
to maintain harmony with the cosmos, thereby threatening their ideological author-
ity (Burnette et al., 2022, pp. 332–333; Comstock et al., 2022, p. 14). Community 
fractures emanating from widespread dissatisfaction in turn may have prompted fis-
sioning and population outflows at multiple scales. Similar to arguments made by 
Hill et al., (2004) for the Hohokam abandonment of the San Pedro Valley in Ari-
zona, social factors combined with gradual changes in fertility and mortality may 
have prompted a steady decline in the MCR populations that has a relatively low 
archaeological signature.

The Tipping Point

Our notion that the final abandonment was relatively sudden and widespread is sup-
ported in part by the fact that the last MCR towns were apparently bustling com-
munities not making obvious preparations for departure in the fifteenth century. 
They may have been in demographic decline, but they outwardly continued long-
established patterns of behavior. This includes the attentiveness to fortifications. Our 
earlier Bayesian modeling of carbonized post fragments from palisades at four of 
our sites shows that they were maintained for several generations and well into the 
1400s (Krus & Cobb, 2018, p. 314). At the least, the towns were populous enough 
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to undertake significant communal projects even under the threat of attack. Moreo-
ver, these communities typically contain sizable cemeteries with hundreds of intern-
ments, further evidence of substantial populations. The mortuary assemblages con-
tain zoomorphic and anthropomorphic pottery, shell gorgets, and other well-made 
objects that embody the robust continuity of crafting traditions (Barker & Kline, 
2013; Klippel et al., 1984; Moore, 2005; Moore et al., 2001). Some of these artifacts 
are made from non-local raw materials, such as marine shell and copper, indicating 
that some long-distance trade persisted. The picture that emerges from the fifteenth-
century MCR is one of communities sustaining, to all intents and purposes, a “typi-
cal” Mississippian lifestyle under trying conditions.

Yet the archaeological record also contains warning signs of an acceleration of 
problems during the late fourteenth to fifteenth centuries. At two of the towns (Aver-
buch and Gordontown), wooden palisades were built through community cemeter-
ies, suggestive of hurried constructions under the threat of pending violence (Cobb 
et al., 2015, p. 54). As noted, there is evidence of growing inter-group and intra-
group conflict through time (Worne, 2017). A recent paleodemographic study also 
indicates a reduction in survivorship from the early to late Mississippian period in 
the MCR, marked by an upsurge in mortality among males (Fojas, 2022).

Shorter-term climate trends may have contributed to the unrest. The decade of 
1449 to 1458 was particularly challenging, when every year is defined as experienc-
ing abnormally dry conditions to severe drought (see Fig. 4). The four consecutive 
years from 1454 to 1457 all represent a high likelihood of failed harvests. Over the 
course of ten successive dry growing seasons, the stage would have been set for 
communities to make decisive plans to depart the region. Overall, it is possible that 
shorter runs of challenging years comprising acute periods of stress may be more 
likely to trigger dramatic community-wide decisions to relocate rather than punctu-
ated chronic conditions of multidecadal drought over the span of decades or longer. 
It is noteworthy that the severe 1449–1458 interval coincides with the onset of our 
final abandonment estimate of cal CE 1455–1475 (68% probability). These data 
suggest that the final exodus in the second phase was precipitous and represented 
a threshold effect. Even though severe droughts occurred earlier in the Mississip-
pian period, particularly critical transitions may be more likely to be associated with 
major climate events if they are preceded by stretches of societal discontent (Schef-
fer et al., 2021)—as seems to have been the case in the fifteenth-century MCR.

Conclusion

From a methodological perspective, the simulation experiment from our earlier 
study (Krus & Cobb, 2018) was critical for guiding the radiocarbon sampling pro-
cess, although our number of samples was still limited by the availability of organic 
remains. As a result, several of our new results contain posterior probabilities with 
50-year (and smaller) confidence intervals at the 68% and 95% probability ranges 
(Table  2). This improvement has allowed us to estimate that the end of activity 
based on our regional model is cal CE 1450–1480 at 95% probability. Furthermore, 
the introduction of trapezium boundaries into our model has allowed us to elucidate 
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what seems to be a crescendo of depopulation beginning in the early 1400s that had 
come to a close within the 1450–1480 interval.

The genesis of the MCR abandonment seemingly can be attributed in large part 
to repeated and severe droughts beginning in the late 1200s CE. But the subsequent 
two centuries of continued emigration likely involved a welter of factors, not the 
least of which was region-wide conflict. The abandonment began with a protracted 
exodus to regions like the middle Ohio Valley and eastern Tennessee before acceler-
ating greatly in the fifteenth century. It is possible that earlier populations of emigres 
in those areas may have made the communities more receptive to accepting a final 
pulse of immigrants from the Middle Cumberland Region.

Our long-term research objective involves a comparative study of sub-regions 
within the Vacant Quarter to address variation in the proximate factors that prompted 
and shaped abandonments, and how they may have been linked as a broad-scale phe-
nomenon. A preliminary analysis of sites in the upper Tombigbee drainage in eastern 
Mississippi (see Fig. 1), which seems to be the southernmost extension of the Vacant 
Quarter (Johnson, 1996, p. 247), is suggestive of a distinctively different pattern than 
seen in the MCR (Krus et al., 2022). There, the final departure seems to have been 
decades later and the evidence for inter-group conflict is slight. Moreover, the Tombig-
bee peoples apparently migrated a much shorter distance (on the order of 20–30 km), 
and this involved a settlement transition from a floodplain environ to a very different 
ecological setting represented by an upland prairie (Johnson, 1996; Rafferty, 1994).

Abandonment studies now emphasize that history matters. Addressing the micro-
histories of specific locales is critical for bridging  from local to regional to pan-
regional abandonments. This point of departure provides a finer-grained perspective 
on so-called path dependencies defined by social and environmental opportunities and 
constraints leading to abandonment which may diverge widely even in adjoining local-
ities (Dugmore et al., 2007, p. 27–28; Glowacki, 2020, p. 27; Nelson et al., 2014, p. 
177). As Turner and Sabloff (2012, p.13,912) observe, to explain this variation a “[b]
alance between the extremes of generalization and context is required.” The complex-
ity inherent in these processes suggests that our explanations may need to rely on a 
sophisticated melding of social theory with computational modeling to move beyond 
“coincidences of social and climatic change” (Guedes et al., 2016, p. 14,489).

Ongoing and widespread interest in the putative collapse of societies and related 
warning signs was highlighted in a relatively recent New York Times Magazine article 
“How Do You Know When Society is About to Fall Apart?” (Ehrenreich, 2020). In 
his interviews with some of the key archaeologists pursuing this line of research, such 
as Joseph Tainter (1988) and Patricia McAnany (McAnany et al., 2010), Ehrenreich 
expressed the anxiety many feel about global environmental, climatic, and social interac-
tions today and explores what lessons archaeology can provide for the present about the 
likelihood and nature of collapse. As they and other scholars emphasize, not all outcomes 
of severe challenges are dismal and archaeology can potentially contribute to sustain-
ability science that leads to choices that ameliorate adverse impacts (e.g., Butzer, 2012; 
Hegmon et al., 2018). Large-scale abandonments and migration are clearly part of this 
conversation, and it is evident that the public believes archaeology potentially provides 
important insights into the causes and consequences of these processes. The ball is in our 
court to provide the longitudinal and comparative research to meet this expectation.
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