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Architectural Energetics in Archaeology

Archaeologists and the public at large have long been fascinated by
monumental architecture built by past societies. Whether considering the
earthworks in the Ohio Valley or the grandest pyramids in Egypt and
Mexico, people have been curious as to how pre-modern societies with
limited technology were capable of constructing monuments of such
outstanding scale and quality. Architectural energetics is a methodology
within archaeology that generates estimates of the amount of labor and
time allocated to construct these past monuments. This methodology allows
for detailed analyses of architecture and especially the analysis of the social
power underlying such projects.
Architectural Energetics in Archaeology assembles an international
array of scholars who have analyzed architecture from archaeological and
historic societies using architectural energetics. It is the first such volume of
its kind. In addition to applying architectural energetics to a global range
of architectural works, it outlines in detail the estimates of costs that can be
used in future architectural analyses.
This volume will serve archaeology and classics researchers, and lecturers
teaching undergraduate and graduate courses related to social power and
architecture. It also will interest architects examining past construction and
engineering projects.
Leah McCurdy is a Senior Lecturer in the Department of Art & Art History
at the University of Texas at Arlington (UTA) and a Research Associate with
the University of Texas at San Antonio (UTSA). Leah earned her PhD from
UTSA in 2016 with her dissertation focused on the application of energetics
and labor analysis to the ancient Maya site of Xunantunich, Belize. Leah has
been excavating at Xunantunich since 2008 to collect data relevant to her
research interests in ancient construction practices, cooperative labor, the
intersections of monumentality and community, as well as the meaning of
the ancient built environment.
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He refined and promoted the methodology of architectural energetics in
How the Maya Built Their World (1994). In addition to his archaeological research in Mesoamerica, he has conducted excavations in the Ohio
Valley for over three decades. He coedited (with AnnCorinne Freter) The
Emergence of the Moundbuilders: The Archaeology of Tribal Societies in
Southeastern Ohio (2005), which outlines the formation of sedentary tribal
communities. He also studies environmental change, economic institutions,
and social power through the lens of anthropological archaeology.
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8

The energetics of earthen
landscape modification
An assessment of an emerging
Mississippian polity
Cameron H. Lacquement

Introduction
Elite control over labor is an important factor in the sociopolitical
organization of emergent complex societies. Energetics studies of monumental architecture are of benefit to archaeological inquiry because they
can provide a method of examining how labor and material resources were
organized and controlled by ruling elites. Thus architectural energetics is a
tool that can be used in modeling social differentiation as it was reflected
in the amount of energy deployed in the building of various monumental forms. “Architecture, by virtue of its capacity to absorb relatively large
amounts of energy during production, can hypothetically reflect a significant range of organizational behaviors requisite for such construction, an
important index of cultural complexity” (Abrams 1989, 53).
Currently, there are contrasting sets of theory as to how surplus labor
and material resources were organized within emergent complex societies.
One framework suggests that monuments are indexes of elite power in societies possessing centralized hierarchical authority, and that elite power was
symbolically reinforced through “conspicuous consumption” of energy as
human labor (Trigger 1990). Under this “power perspective,” monuments
are viewed as testaments to the ability of a centralized authority in a socially
stratified situation, in which the political elites use their coercive power to
exert control over surplus food production, to organize material resources,
and to amass large quantities of labor for the construction of non-utilitarian projects (Price 1978; Renfrew 1983; Steponaitis 1978; Trigger 1990).
A contrasting perspective views the allocation of labor and resources for
monument building in emerging societies as “heterarchical.” That is, the
decision-making processes are not exclusively hierarchical or based on fixed
social rank (Blanton et al. 1996; Brown 2006; Kelly 2006). Heterarchical
arrangements are composed of social networks that are either unranked
or likely to be ranked in different ways, creating horizontal positions of
power (Crumley 1995). Archaeologists advocating heterarchy argue that to
portray monuments as symbols of elite power exercised over a subordinate
population is too limiting and ignores the roles of horizontal and communal
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relationships in constructing accurate narratives of prehistoric societies.
The heterarchical framework, although not entirely exclusive from a hierarchical one as they can both exist within society, is a reaction against the
“inclination to seek some hierarchical control behind every engineered construction, a coercive power behind every substantial pile of earth or stack
of stone, and an economic pull behind every accumulation of exotic goods”
(Brown 2006, 198).
These two competing interpretations of emergent complex societies are
embedded in current theories of Mississippian (c. 1050–1550 ce) sociopolitical organization (see Blitz and Livingood 2004; King 2006; Knight 1998;
Steponaitis 1978; Sullivan 2006; Welch and Butler 2006). Specifically in the
case of Mississippian mounds, mound size has been viewed as a direct reflection of the organizational capabilities of a powerful sociopolitical hierarchy. In contrast, others have argued that the labor involved in Mississippian
mound construction did not necessarily require powerful leadership structures, as it was not as burdensome on the general population as is commonly
believed. If the surplus was not organized by elites exercising their power
over their subordinates, it is reasonable to conclude that labor and material
resources for mound construction were organized at a kin-based level.
Both top-down political economy perspectives and the recruitment of
labor by segmentary kin groups have been previously suggested for the
Moundville chiefdom, a Mississippian polity in west-central Alabama.
Steponaitis (1978) argued for the existence of a strong hierarchical political
leadership at Moundville based on the size and location of outlying single
mound centers. The efficient spacing of these single mound centers accompanied by the increasing size of mounds as the distance between the secondary centers and the Moundville polity increased implied the allocation of
labor as possible tribute. Others have argued for a strong political hierarchy
at Moundville based on food tribute, prestige goods, and the distribution
of material resources (Scarry and Steponaitis 1997; Welch 1996). Based on
the elite control over tribute and material resources at Moundville, Welch
(1996) suggests that mounds may have belonged to high ranking members
of a paramount chief’s own kin group, as opposed to the possibility suggested by Knight (1998) that mounds belonged to ranked kin-based social
groups. Knight proposed that Moundville’s layout represents a diagrammatic ceremonial center, and that the plaza periphery mounds were devices
for stabilizing societal relationships between ranked kin groups. This would
imply that mound construction was organized and executed by segmentary
kin groups, not the overseeing elites.
In this chapter, the amount of human energy employed in earthen monumental construction at Moundville, Alabama is quantified in order to
address the organizational variability of the control of surplus labor and
material resources in an emerging complex society. To help reconstruct the
scale of sociopolitical differentiation invested in mound building, I create
an assessment that calculates the energy necessary to excavate, transport,
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and compact mound and plaza soils. Based on the energy expended for each
monumental form, I address the manner in which power over surplus labor
and material resources may have been controlled in a Mississippian polity.
Put simply, I attempt to answer the question of whether the Moundville
landscape could have been constructed using labor entirely recruited within
a segmentary system such as kin groups or in contrast whether the scale of
monument building required some form of political control whose power
transcended the level of segmentary kin groups.

Research setting: Moundville, Alabama
Moundville is a large Mississippian mound complex located on the Black
Warrior River in west-central Alabama. The landscape is composed of at
least 32 earthen mounds stretching over 75 hectares (185 acres) on a high
level terrace overlooking the Black Warrior River. The majority of mounds
are arranged in a quadrilateral fashion around the oddly orientated Mound
A and a large central plaza, with the Black Warrior River marking the
northern boundary of the site (see Figure 8.1). All of the mounds on the
periphery of the plaza are aligned with the cardinal directions, with the

Figure 8.1 Moundville sketch map showing 28 mounds, current ravines, and four
lakes (west of Mounds H, K, O, and north of Mound R)

164

Review Copy – Not for Redistribution - 07/03/2019
Cameron Lacquement - The University of Alabama
Cameron H. Lacquement

longer sides of these mounds facing the plaza. The mounds range from less
than a meter in height to more than 17 m, the average mound height being
roughly 5 m.
The spatial arrangement of the mounds at Moundville is more orderly
and methodical than the layout at many other Mississippian mound centers.
A bilateral symmetry is believed to exist between the east and west halves
of the site, creating an imperfect mirror image (Knight 1998; Peebles 1971,
1974, 1983). The bisecting north-south line runs through Mound B, and
a portion of Mound V on the northern end continues southward through
Mound A and runs between Mounds J and K at the southern margin of the
plaza. The 15 largest mounds arranged around the plaza alternate between
large earthworks without burials and small mounds containing burials. In
addition, certain mounds appear to have a parallel counterpart in size and
use across the plaza in relation to the bilateral symmetry of the site.
Accompanying the east-west symmetry, there is a north to south trend
in the elaborateness of burials and the size of mounds. The most elaborate
burials and grave goods occur at the northern end of the site and generally
decrease in elaborateness as one moves south (Knight 1998; Peebles 1974).
The size of the plaza periphery mounds without burials also decreases in a
southward direction on either side of Mound B. The plaza periphery mounds
without burials are larger monuments than the smaller plaza periphery
mounds containing burials.
The layout of Moundville is believed to represent a sociogram, a physical
design that inscribes the ranking of corporate segments within the community permanently upon the landscape (Knight 1998). It is hypothesized
that the diagrammatic nature of the landscape was intentionally created to
emphasize fixed social distinctions between kin groups, which determined
the size and placement of mounds around the plaza. The larger mounds are
believed to represent the higher ranking groups while the smaller mounds
are believed to represent the segments of lesser rank. In addition, each large
plaza periphery mound without burials has at least one corresponding
smaller mound with burials, which supports the idea that pairs of mounds
were associated with specific kin segments.
The Moundville polity is believed to encompass a 5 km wide portion
of Black Warrior River valley, extending northward from the Moundville
site approximately 25 km and approximately 15–35 km southward from
the Moundville site (Bozeman 1981; Peebles 1987; Steponaitis 1983;
Welch 1990). The occupation of the polity is divided into four phases:
Moundville I (1120–1260 ce), Moundville II (1260–1400 ce), Moundville
III (1400–1520 ce), and Moundville IV (1520–1650 ce). The paramount
center was first inhabited during the onset of the Moundville I phase
(1120–1260 ce). The Late Moundville I and Early Moundville II subphases represent the climax of physical modification to the site. The
majority of the mounds and plaza alterations were constructed in a relatively short time, probably over little more than a century (1250–1350 ce),
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Figure 8.2 Moundville timeline

and declined continuously until the site was abandoned. Only Mounds
P, B, and E, the largest residential mounds located on the north side of
the arrangement, were still in use by the beginning of the Moundville III
phase (1400–1520 ce). The occupation of these three mounds lasted until
approximately 1550 ce, although there were no earthen constructions or
modifications made at the site after 1450 ce (see Figure 8.2). The simultaneous construction of the major mounds early in the site’s history also
indicates a deliberate community plan, not a landscape of mounds added
gradually over time (Knight 1998). The peak resident population probably was relatively small, with around 1,000 people (Steponaitis 1998),
many of whom might have vacated the ceremonial center prior to the time
of peak mound construction (Wilson 2008).

Energetics assessment
The labor expended in building Moundville’s monumental landscape is
conceived for this study as having three components: energy of excavation, energy of transportation, and energy of compaction (see Figure 8.3).
The unit of measure for human energy expenditure for this assessment will
be expressed in kilojoules (kJ) as opposed to person-hours (Abrams and
McCurdy, Chapter 1). One clear benefit of changing the unit of measure
from person-hours to kilojoules is to enable archaeologists to adopt methods and data from other disciplines such as physics, engineering, physiology,
human biology, kinesiology, ergonomics, and military and sports medicine.
These disciplines have studied modern-day energy expenditures extensively
for some of the assessment of work projects in some ways comparable to
prehistoric projects, such as energy needed to transport a weight over a
given distance, to excavate soil or rock using various instruments, or even to
create an engraved design upon a large piece of stone (e.g. Abe et al. 2008;
ECAFE 1957; Frisancho 1993; James and Schofield 1990; Knapik et al.
2004; Malville et al. 2001). Results of these cognate studies are expressed
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Figure 8.3 The three energy components as visualized for this study

in kilojoules (kJ), kilocalories (kcal), maximum oxygen consumption (VO2
max), or other comparable units such as metabolic equivalent (MET), physical activity ratio (PAR), or integrated energy indices (IEI). Using density
or weight of building materials instead of volume enables the archaeologist
to calculate an energetics assessment in widely comparable units ultimately
allowing for a consolidation of the two types of studies in which human
physiological data may be directly applied to archaeological problems.
To create an energetics assessment of the Moundville landscape, three factors had to be considered. First, the volume of all culturally positioned soils
are accurately accounted for including the soil needed to create the mounds
as well as any soil that may have been used to level or flatten the plaza
(see Table 8.1). The volume of the 32 Moundville mounds was last calculated in 1936 by geologist Walter B. Jones, using an unknown method of
estimation – presumably a geometric equation. Using both early and more
recent topographic and photogrammetric data, the volume of each mound
was recalculated using computer software (Lacquement 2010). Additionally,
evidence suggests that large amounts of soil extending outward from the
plaza side of the mounds was laid down in order to level the outer edges of
the plaza (Knight 2010; Knight and Steponaitis 1998; Lacquement 2009).
This plaza-leveling construction would have required similar organization
and energy to accomplish and thus is included in the energetics assessment.
Auger testing and excavations are employed in this study to test for plaza
leveling and to determine the depth and horizontal extent of these soils. The
volume of the plaza fill is added to the newly calculated total volume of the
mounds to provide a more accurate volumetric estimate of the culturally
placed soil at the site.
Second, the distance from mound and plaza fills to their probable extraction locations is estimated based on a comparison of soil samples taken from
around the site (see Table 8.1). Unlike other large Mississippian landscapes,
Moundville does not possess numerous large borrow pits. There are four
artificial water-filled formations presently at the site referred to as “lakes,”
but there has been some debate as to whether these are legitimate borrow
pits or instead were created for ambience to attract park goers while dealing
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Table 8.1 
Volume estimates and probable distance from soil
extraction source to center of the earthwork for plaza
periphery mounds and plaza fill
Mound/plaza

Current best estimate (m3)

Distance (m)

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
V

30,150
49,530
5,080
3,880
10,820
2,790
6,730
675
2,690
2,570
1,855
4,420
590
3,295
1,220
15,880
3,210
21,820
515
705
22,460

160
110
25
45
50
50
115
190
250
145
60
25
125
300
230
150
50
70
180
240
95

2,545
5,480
6,540
580

75
110
250
135

Plaza F
Plaza G
Plaza N and O
Plaza J

with drainage issues during park restoration projects in the late 1930s. The
largest genuine borrow pit has a volume that only accounts for about 7%
of the recalculated volume estimate for the site. Soil for most mounds and
plaza modifications therefore probably came from the closest ravine on the
north side of the site. These large, deep ravines are not typical of similar
geological terrace formations along the Black River Valley. It is possible
that they were originally much smaller and were artificially increased in size
due to the borrowing of soil for landscape alteration. On the other hand,
it is possible that there were several small borrow pits that were refilled by
plowing and sedimentation from erosion.
Third, in order to calculate the energy needed for mound construction,
the mass and density of each earthwork are estimated in addition to its volume. Geotechnical engineering methods, such as the sand-cone test (ASTM
D1556 2015) and the Proctor compaction test (ASTM D698-12e2 2012),
are applied to the landscape in order to calculate the density, mass, and
compaction of the earthworks. The density of four plaza units possessing
evidence of artificial plaza surface was measured, as well as the density from
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the outermost construction stages of two mounds, Mounds R and V. The
density calculated from the sand-cone test, and the newly estimated volume
of the mounds and plaza fill allowed the mass of each earthwork to be calculated, using the formula: volume × density = mass.

Energy of excavation
Based on previous experimental studies in soil excavation (Erasmus 1965;
Hammerstedt 2005), the total volume of the soil of each mound is divided
by the amount of time for a given unit of measure. This measurement, in the
form of a volume of excavated soil per hour (v/hr), is converted to energy
expended per given mass (kJ/kg). The average energy expenditure for one
hour of excavating ranges between 1,200 and 2,000 kJ (Ainsworth et al.
1993; James and Schofield 1990). Using Hammerstedt’s (2005) value of
0.29 m3 of excavated soil per hour multiplied by the estimated average natural density of soils at Moundville, 1,442 kg/m3 (90 lb/ft3), the mass of soil
excavated per hour is 418 kg (921.5 lb). If it takes the average human a
minimum of 1,200 kJ of energy to excavate soil for one hour, then that
amount of energy is expended in excavating 418 kg of soil or 2.87 kJ
per kg. The mass of a mound multiplied by the energy to excavate a given
mass (1,200 kJ per 418 kg), results in an estimate of the energy of excavation for that mound, as measured in kJ. Using Mound R as an example, the
mass of the earthwork (40 million kg) is multiplied by 2.87 kJ per kg which
equates to the energy of excavation at 115.7 million kJ.

Energy of transportation
In order to calculate transportation energy, two additional measurements
are needed: the mass of an average load and the distance between the
mound and the excavation source. Some archaeologists (Ford and Webb
1959; Fowke 1902; Porter 1974; Shetrone 2004) have reported on the possible sizes of basket loads in the archaeological record. Estimates ranged
from 7.3 to 22.7 kg (16–50 lb). For this study, 11 kg (26 lb) per basket load
is used as the average load transported.
With the distances from the center of earthworks to the nearest borrow areas estimated (Lacquement 2009), the distance for each earthwork is
multiplied by the energy to carry an 11 kg load over that distance, and then
walk back the same distance unburdened. The average energy expended to
carry an 11–16 kg load at an unspecified walking speed is 1,675 kJ per hour
(James and Schofield 1990, 135). Assuming that the laborers are walking
at a speed comparable to Erasmus’ (1965) workers, that is, slightly less
than 4.8 km/h (3 mph), a transport distance of 4,828 m (three miles) would
take approximately 1,675 kJ of energy (or 0.35 kJ/m) for the transportation of one basket load. The average energy of walking at 4–5 km/h (2.5–
3.1 mph) without carrying anything over the same distance is estimated
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to be approximately 1,072 kJ (or 0.22 kJ/m) (James and Schofield 1990,
135). For this assessment, the distance from the center of an earthwork to
the nearest borrow area is multiplied by these values. The products of these
two calculations (energy of a single trip with a load and energy of a single
trip without) are added together to produce the energy needed for a single
round trip during the construction of an earthwork. Then, the mass of each
earthwork is divided by the estimated average load carried, 11 kg, which
results in the number of round trips. The energy for a single round trip is
multiplied by the number of trips. For example, the center of Mound R is
approximately 70 m from the nearest soil source. This distance is multiplied
by 0.35 kJ/m (energy required to carry load from the source to the mound)
and 0.22 kJ/m (energy needed to walk from the mound back to the soil
source). Then the products of each (25 kJ and 15 kJ) are added together
for the total transportation energy needed to make one round trip, 40 kJ.
The mass of Mound R, 40.3 million kg, is divided by 11 kg, the estimated
average basket load weight, to determine the number of times the trip was
made. In this case, 3.66 million round trips would be needed. The energy
per trip (40 kJ) is multiplied by the number of round trips, resulting in the
total transportation energy, 146 million kJ.
It should be noted that the energy expended in carrying a load can be
greatly affected by the manner in which the load is carried. There are numerous methods for carrying a load, including using a head basket, head strap
(tumpline), chest strap, satchel, bag, or shoulder yoke. Prehistoric mound
builders may have even transported soil using a bucket brigade method, in
which the basket load is passed from one stationary person to another. The
method of transportation consistent with ethnohistorical accounts of Native
southeast historic tribes involves baskets carried on the back employing
either tumplines (head straps) or chest strap supports (see Bushnell 1909;
Hudson 1976; Hvidt 1980). For this reason, in this study energy calculations are based on the transporter carrying a load on their back.

Energy of compaction
Little emphasis has been paid to the amount of energy needed to compact
earthen monuments (for examples see Lacquement 2009; Xie et al. 2015;
Xie, Chapter 1). Although this measurement is rarely included in energetic
assessments of earthen mounds, it was probably a fairly labor consuming
activity and crucial for the structural integrity of the earthwork. Density of
mound soil would have decreased during the extraction process, making
it structurally unsound for earthen construction without compaction. Yet,
like transportation, there are a number of different ways compaction can be
accomplished by native inhabitants.
The amount of compaction energy is measured by first recording the density of an earthwork using the sand-cone test to calculate the density of the
soil in an existing structure. The soil removed in the test, which is replaced

170

Review Copy – Not for Redistribution - 07/03/2019
Cameron Lacquement - The University of Alabama
Cameron H. Lacquement

with standardized sand in the field, is compacted in the laboratory using
a standardized device to compact the soil until the density of the Proctor
compaction test produces a sample the same density as found in the field.
The result expresses how much energy is needed for a sample of soil from
an earthwork to be compacted to match the density measured in situ with
the sand-cone test. It should be noted that compaction energy in this form
does not represent human energy but instead raw kinetic energy of compaction. To achieve a specific compaction level, a person has to drop a weight,
such as a log pestle, rock, or their body (jumping, marching, or stomping)
from a certain height. The more highly compacted the earthwork, the more
human energy that must have been invested. Clearly, additional research is
needed to strengthen the relationship between the mound compaction and
the amount of human energy expended. In the meantime, for this research,
in order to calculate the amount of human energy expended in soil compaction, the mass of the earthwork will be multiplied by the energy expended
in marching on level ground, essentially using a constant value for what was
certainly a variable (James and Schofield 1990, 134). It will be assumed that
the method of compaction employed by the prehistoric inhabitants of the site
was walking over the soil repeatedly with a stomping motion. The amount
of energy expended in marching, 1,440 kJ per hour, is multiplied by the
mass of each earthwork and divided by 1,000 kg (2,005 lb) (or 1.44 kJ/kg),
as it will be assumed that one person could compact 1,000 kg of soil per
hour. There is no research to support this assertion, but it seems reasonable
to assume that one laborer could compact almost twice as much soil as one
laborer could excavate in the same amount of time. In the case of Mound R,
the mass, 40.3 million kg, is multiplied by 1.44 kJ/kg to estimate the amount
of human compaction energy to be 58 million kJ.

Results
Using these measures, the earthen landscape at Moundville (32 mounds and
4 plaza additions) is estimated to have required approximately 3.8 billion kJ
(2.83 trillion ft/lb) of human energy to construct. This estimate includes the
amount of energy to excavate, transport, and compact mound and plaza
soils over the lifetime of the site. In terms of the energy invested per task, it
appears that transportation energy was slightly more labor intensive than
the energy needed to excavate or to compact. The energy of transportation
(2.2 billion kJ) accounts for almost 58% of the total energy expenditure.
The energy of excavation (1 billion kJ) totals 28% while the energy of compaction (530 million kJ) totals 14%. Depending upon the distance to the
extraction source, transportation energy did not always exceed the energy
of excavation. In the majority of cases, the energy to excavate exceeds
the energy to transport mound soils, except when the transport distance
is greater than 50 m. The energy of excavation of a mound is reasonably
consistent with its mass, whereas the energy to transport can be altered
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significantly depending upon the distance to the nearest source. In other
words, substantial amounts of transportation energy could be conserved by
careful planning and positioning of the borrow pit.

Hypothetical scenarios of the working population
The amount of energy invested in monumental constructions at the site
(3.8 billion kJ) does not take into account either the number of people participating or the length of time spent on the construction. Those inhabitants at
Moundville participating in mound and plaza constructions, herein referred
to as laborers, could have consisted of small kin-organized work groups or
larger publicly sanctioned construction teams drawn from the entire polity.
To examine the number of laborers for a given construction project and
explore the organization of labor, the measure is converted into person-days
by dividing the total energy of construction by hypothetical estimates of the
population and the amount of energy each laborer expended per day. The
number of laborers cannot be determined archaeologically, but hypothetical scenarios can be developed that are suggestive of the work that could
be accomplished by varying numbers of participants. The result is a rough
calculation of the amount of time it would have taken some given number
of laborers to complete construction at the site. If the resulting time estimate
is within the range of the known construction history of the site, it may be
considered a reasonable scenario.
Although Moundville was occupied to various extents from 1050 to 1650
ce, it is believed that the majority of mound construction took place over
a 200 year period, from roughly 1250 ce to around 1450 ce (Knight and
Steponaitis 1998) (see Figure 8.2). There was no meaningful construction
after 1450 ce. Moreover, Knight (2010) claims that the vast majority of
mound building took place over only 100 years, c. 1250–1350 ce. Also, population estimates for creating reasonable scenarios are based on the amount
of labor contributed per person during a full year. Mound construction
however was probably not a yearly activity. On the contrary, based on the
stratigraphic evidence of mound construction it appears that large construction stages were added to earthworks at rather lengthy intervals (Anderson
1994). The time span of a site is important to know for creating realistic
scenarios of the number of laborers participating in mound construction.
In considering the number of possible laborers, one must also examine
population estimates for the site. Steponaitis (1998) has argued that roughly
around 1,000–1,700 people lived at the center during the peak occupation in
the Moundville I phase (1120–1260 ce), while Peebles (1987) estimates that
10,000 more lived in the hinterlands. Muller (1997) estimates that roughly
1/5 of any given Mississippian population worked on mound construction,
basically one person per household of five. Muller (1997) does not specify
the source of the 1/5 ratio; presumably it is meant to represent one worker
per household. Scarry (1998) uses the range of Moundville house floor sizes
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(Peebles 1978) and Naroll’s (1962) formula for calculating household size
creating an estimate of 1.3–3.4 people per house. As this is low compared
to ethnohistorical sources (Hann 1988, 166; Swanton 1911, 43), Scarry
(1998; also see Steponaitis 1998) assumes 5–8 people per household in the
Black Warrior River valley. Other ratios that have been used include 1:2
by Bernardini (2004) who assumes that half of the population was capable
of participating in mound construction. R.L. Kelly’s (1995) ethnographic
study of hunting-gathering bands assumes a ratio of 1:3. However, for the
sake of the example at hand, three approximations for the population from
which the laborers were drawn (1,250, 5,000, and 10,000) are divided by
five, yielding 250, 1,000, and 2,000 laborers. Based on current estimates,
the first figure might include the Moundville I phase population resident at
the site while the last two would certainly involve large contributions from
some or all of the hinterland populations as well.
The total amount of energy implicated in earthwork construction
(3.8 billion kJ) can be divided by the product of: 1) 12,500 kJ per day, the
minimum amount of energy of a human engaged in heavy labor (Kroemer
and Grandjean 1997, 251–252) multiplied by; 2) the estimated number of
workers – 250, 1,000, or 2,000; and 3) the estimated number of days per
year for those laborers participating in mound building. For example, the
energy of construction of the site (3.8 billion kJ) divided by the product of
12,500 kJ per person-day and 250 laborers (drawn from a population of
1,250) working an average of ten days per year is 122 years. Given that the
Moundville landscape was constructed during a time span of 100 to 200
years, this estimate of people and time seems to be a reasonable scenario.
The reader should note that simply dividing the total construction energy by
the product of energy per day and estimated number of laborers will yield
the total number of workdays, whereas the number of workdays per year
must also be assumed. In reference to the example above, the concept of
workdays per year is factored in to give the reader a more tangible idea of
the amount of labor that would have been required over the 100–200 year
duration of construction. Construction stages for an average mound were
highly episodic, not annual (Anderson 1994), and there could have been
several years in which there was no construction. However, these energetic
estimates provide a range of probable scenarios for constructing the landscape based on estimates of the size of labor pool and days of labor, which
can be corroborated by ethnographic comparison.
Using estimates of energetic expenditure, Moundville would have been
constructed in approximately 300–1200 total working days assuming the
average year required three to ten days of labor and the labor pool ranged
between 250 and 1,000 people. The number of laborers would probably
have peaked around 1,000. Steponaitis (1998) estimates the peak population at Moundville to have occurred during Moundville I (1120–1260 ce)
and Knight (2010) estimates that mound construction around the plaza
began no earlier than 1250 ce and slowed down by 1350 ce, which leaves
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very little overlap between a peak residential population and mound construction (also see Wilson 2008). One may reasonably conclude that laborers for mound constructions came from the hinterlands and not merely from
Moundville’s residential population.
When energy for earthen monumental construction is calculated in terms
of the three components of construction energy, it appears that earthen constructions were slightly more labor intensive than some current scenarios
suggest. For example, Muller (1997, 274) states that 250 laborers (a fifth
of a population of 1,250) working four days a year could have created
Moundville in 160 years (640 total workdays) assuming that a single person
could excavate and transport 1.25 m3 of soil in one day. Assuming a density
of 1,442 kg/m3, the mass of 1.25 m3 is 1,803 kg (3,975 lb) of soil that would
need to be moved by a single worker per day. Using the estimates calculated
for this study, 250 laborers at Moundville working more than 1,120 total
workdays, or seven days a year, could have created the site in approximately
160 years. The difference between my estimates and Muller’s equates to
almost twice as much labor, yet both work projections conclude that only
a fairly few number of workdays were required to construct the landscape
and are not excessive or ethnographically unrealistic based on expectations
of an emerging complex society.

Individual mound stages
The Moundville landscape, like other Mississippian landscapes, was not
created continuously over time. Instead, individual mounds were built
in discrete stages, with long intervals in between (Knight 2010; also see
Anderson 1994). Some of these mound stages were very large and would
have required sizeable work crews. Some were relatively small. The manner in which results are presented, in days of labor per year, probably do
not reflect a realistic timing in which these landscapes were constructed. It
is these mound stages that are the true “packages” or units of mound construction and much more attention should be devoted to the labor needed
for each of these smaller quantities.
To get a better idea of the organization of labor required for individual
mound stages, reasonable hypothetical scenarios were created for three
mound stages at Moundville: 1) Stage III of Mound A, 2) Stage II of Mound
F, and 3) Stage I of Mound R. These three stages represent the largest construction stage in each of these three mounds. Using volumes for these
stages estimated from mound excavation records and coring results (Gage
2000; Gage and Jones 2001; Knight 2010), the total amount of construction
energy is calculated in the same manner as described for entire earthworks.
Stage III of Mound A is approximately 10,850 m3, the largest of the
three mound stages examined for this study. The volume of this stage was
loosely calculated using the ratio of the height of the building episode to the
height of the entire mound assuming symmetry. Knight (2010) reported this
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building stage to be roughly 2.38 m thick. As Mound A is currently 6.7 m
high, the height of the stage was divided by the height of the mound and then
multiplied by the total mound volume. The volume of Stage II of Mound F
was calculated from a profile drawing (Knight 2010) in a similar manner as
Stage III of Mound A; a ratio of the height of the stage to the height of the
mound. The volume of Stage I of Mound R was previously calculated by
Gage (2000). However, his final volume estimate for the mound, calculated
using multiple geometry solids (see Lacquement 2010), was slightly larger
than the estimate obtained using the gridding method. Thus, to estimate a
more precise volume of the mound stage, the gridding method volume estimate (21,820 m3) was divided by Gage’s (2000) estimate of 30,700 m3. This
ratio, 0.71, was multiplied by Gage’s estimate of Stage I, 9,900 m3, resulting
in a new estimate of the volume of Stage I proportional to the overall volume obtained using the gridding method, 7,030 m3.
With the volume, mass, and various energies of construction of these
three construction stages calculated (see Table 8.2), the total energy of
construction for each stage can be divided by estimates of the number of
laborers multiplied by the estimated number of kJ expended per day. The
result would be the total number of workdays invested in each construction
stage. If it is true that the construction stages of the smaller plaza periphery
mounds were built using kin-based labor, then they should have required
smaller and perhaps more diverse groups of people (consisting of various
family members as opposed to specialized work crews) than the larger central mounds, A, B, and V. Fifty, 250, and 1,000 laborers were drawn from
total populations of 250, 1,000, and 5,000, respectively. A single kin group
might have mustered 50 laborers and perhaps even 250 (if they were 1,250
strong), but 1,000 (drawn from a population of 5,000) is unrealistic for
one kin group alone and would suggest a more centrally motivated political
structure.
For Mound A, 50 laborers could have constructed stage III in 475 days,
whereas 250 laborers could have constructed the stage in 95 days (see
Table 8.3). Both of these scenarios seem unrealistic, considering that
the stage was probably constructed as one continuous building episode.
This amount of time is also much longer than the typical estimates for
the amount of time invested in monumental construction, except by statelevel organizations (Bernardini 2004; Erasmus 1965). The most reasonable scenario for this stage is approximately 1,000 laborers working for
24 days. As for Mound F, 50 laborers could have constructed Stage II in
approximately 20 days, whereas 250 laborers could have constructed it in
four days, and 1,000 laborers could have completed it in little more than
one day. Using the same three figures for number of laborers as the other
two construction stages, it would have taken 50 laborers 169 days to complete the first stage of Mound R. On the other hand, it would have taken
250 laborers 34 days or 1,000 laborers eight days to complete Stage I.
250 laborers working 34 days is a comparable time frame to those that are

20,100,000
1,900,000
13,000,000

10,850

1,005

7,030

Mound A
Stage III
Mound F
Stage II
Mound R
Stage I

Mass (kg)

Volume (m3)

Mound stage

37,300,000

5,500,000

57,700,000

Energy of
excavation (kJ)

Table 8.2 Energy of construction for three mound stages at Moundville

47,300,000

4,800,000

168,100,000

Energy of
transportation (kJ)

18,700,000

2,700,000

28,900,000

Energy of
compaction (kJ)

103,300,000

13,000,000

254,700,000

Total energy of
construction (kJ)
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Table 8.3 Number of possible construction days based on the estimated number
of laborers
Number of days projected
Number of laborers

Mound A

Mound F

Mound R

50
250
1,000

475
95
24

20
4
>1

169
34
  8

reasonable for the other two mound stages just discussed. It is possible that
250 laborers could have been drawn from a single kin group, however,
1,250 people might be pushing the upper limit for one kin group based on
population estimates.

Discussion
Energetics assessments provide a range of possible scenarios, the most
accurate of which can be confirmed based on the expectations for labor
and workdays in an emerging complex society. Granted, several different
scenarios can be created using a single amount of energy. The Moundville
landscape could have been constructed by 50 laborers working an average
50 days per year or 500 laborers working an average of five days per year
to complete construction in the designated time frame of approximately
100 years. Ethnographic information for emergent complex societies estimates that communal labor projects typically required between 25–50
person-days per year (Bernardini 2004, 344–345; Erasmus 1965, 280).
However, the actual number of days per year could be highly variable
depending on the political motivations fueling construction (see Kolb 1991).
Based on ethnographic comparisons for the amount of time invested in
construction for emerging complex society, the results indicate that smaller
mound stages, like the second stage of Mound F, could have easily been
constructed by a number of laborers amassed from a single very small kin
group. Mound R, which is the largest plaza periphery mound other than
those of the central axis of the site, could have also been created with labor
amassed from an average-to-large sized kin group. The results suggest that
all mounds on the plaza periphery other than the mounds on the central axis
could have been constructed by kin-based segments. However, Stage III of
Mound A would have required at least 1,000 laborers in order to complete
the project in the designated amount of time, which probably exceeded the
number of laborers that could have been allocated from an average sized
kin group. Therefore, labor must have been organized above the kin-based
level. Based on labor estimates for Mound A, it is reasonable to assume that
the larger Mound B, and slightly smaller Mound V could not have been
constructed using kin-based labor alone.
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In conclusion, the mounds on the plaza periphery at Moundville were
constructed using kin-based labor whereas the mounds on the central axis
of the site were constructed using work crews with laborers drawn from
the overall population. This division indicates that while a power perspective was present during the construction of the site there was still a strong
kin-based, heterarchical mentality in the organization of labor and material
resources. Having both of these elements present at a single time in history,
most mounds being constructed in a 100-year time span, supports the idea
that there might have been some heterarchical competition between the central authority and the kin-based segments. In discussions of complex societies, one important assumption is that when power in a central authority
increases, the bonds of kinship weaken (see Gailey 1985; Iannone 2002).
Individuals or groups of increased authority redirect the control of economic
and material resources away from kin groups towards a governing entity by
emphasizing an ideology that is based on social status. Kin-based organizations are always present in society, but control of their members would
likely diminish as a centralized political structure intensifies. This pattern of
decline in kin-based leadership does not appear to be present at Moundville.
The elite attempted to control labor and produce large earthen monuments
as testaments to their power, yet appear to have still allowed competitive
mound building to occur, which based on labor estimates would suggest
they were constructed by small to average-size kin groups. Mound building
by segmentary kin groups would have detracted from elite constructions
indicating that, while a power perspective was at play, there was still a
strong emphasis on kin-based segments.
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