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Teotihuacan underwent an urban renewal during the Tlamimilolpa phase (AD 250–350) in which more than 2,000 apartment
compounds were constructed to accommodate its estimated 100,000 residents. Although the orderly layout and canonical
orientation of the city imply top-down planning, growing evidence suggests a bottom-up process of urban transformation.
This study combines architectural energetics with archaeometric analysis of nonlocal construction materials (lime plaster
and andesitic cut stone blocks) to examine the labor organization behind the construction of the apartment compounds.
The results of the energetic analysis suggest that residents relied on labor forces external to their compounds, whereas materi-
als analysis indicates that the procurement, transportation, and production of building material were centrally organized and
thus indicative of a state labor tax. Based on these results, I argue that compounds were assembled through corporate group
labor exchange or communal (neighborhood-level) labor cooperation/obligation, with differing degrees of support from the
state labor tax. Apartment compound construction was not uniform but rather a diverse process in which state labor mobil-
ization, communal labor obligations, and corporate labor exchange were articulated in various ways.

Keywords: urbanism, architecture, construction materials, labor organization, Central Mexico

Durante la fase Tlamimilolpa (250–350 dC), Teotihuacan experimentó una renovación urbana en la cual se construyeron alre-
dedor de 2.000 conjuntos departamentales, con la finalidad de albergar a un número aproximado de 100.000 residentes. Aun-
que la traza original y la orientación canónica de la ciudad suponen un diseño coordinado por las elites gubernamentales
(top-down), la creciente evidencia sugiere un proceso de transformación de abajo hacia arriba (bottom-up). El presente estu-
dio combina el análisis de inversión energética en arquitectura con análisis arqueométricos de materiales constructivos fo-
ráneos (estuco y bloques de andesita) para examinar la organización del trabajo en la construcción de los conjuntos
departamentales. El resultado del estudio energético sugiere que los residentes dependían de fuerzas de trabajo externas a
sus conjuntos; mientras que el análisis de los materiales revela que la adquisición, transporte y producción de materiales cons-
tructivos estaba centralizada. Esto indica, por lo tanto, la existencia de un impuesto estatal de trabajo. Sobre la base de estos
resultados, se propone que dichos conjuntos fueron construidos a través del intercambio de trabajo entre grupos corporativos
y/o la cooperación u obligación comunal (a nivel del barrio), con diferentes grados de apoyo por parte del impuesto estatal de
trabajo. La construcción de los conjuntos departamentales no fue uniforme, sino un proceso en el cual la movilización del
trabajo por parte del Estado, las obligaciones laborales comunales y el intercambio de trabajo colectivo estaban articulados
de diversas maneras.

Palabras Clave: urbanismo, arquitectura, materiales constructivos, organización de trabajo, Altiplano central de México

Teotihuacan, one of the largest urban
centers in prehispanic Mesoamerica
(Figure 1), is characterized by an orthog-

onal layout, canonical orientation (15.5 degrees
east of astronomical north), and more than
2,000 apartment compounds—walled enclosures
containing multiple courtyard or patio units
(Figure 2). These apartment compounds were

built during an urban renewal spanning the
third to fourth centuries AD after the consolida-
tion of the Teotihuacan state around AD 200
(Murakami 2015; cf. Cowgill 2000a; Millon
1981). The high degree of architectural uniform-
ity is unique in Mesoamerica and beyond, espe-
cially given that the population of Teotihuacan
was extremely diverse ethnically (e.g., Gómez
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Chávez 1998; Manzanilla 2017; Rattray 1987;
Spence 1992). Considering the conformity of
apartment compounds with the grid-like layout
and orientation of the city, Millon (1993:29) sug-
gested that the state sponsored the building of
apartment compounds by organizing the supply
of building materials, and he postulated a strong
and effective centralized authority behind the
urban renewal project (see also Cowgill 2000a).

This top-down view of the urban renewal of
Teotihuacan has been challenged by several
researchers (e.g., Blanton et al. 1996; Cowgill
2000b, 2015; Manzanilla 2001, 2004, 2006,
2009, 2017; Pasztory 1988). For example, Cow-
gill (2000b, 2008a), although accepting some
degree of state intervention, questions whether
the canonical orientation of the city was fully
conceived from the beginning. He speculates
that emulation by ordinary people, which he

calls a “bottom-up process,” can account for
the rapid spread of apartment compounds (Cow-
gill 2015:124–125). Moreover, Robertson’s
(2001) spatial analysis of pottery-type distribu-
tions indicates that neighborhoods were formed
through self-organization or bottom-up decision-
making processes, which Cowgill (2015:127)
sees as evidence of the limitations of top-down
control. Along similar lines, Manzanilla (2006,
2009) emphasizes the importance of neighbor-
hood centers for organizing various aspects of
urban life, downplaying the role of the state
government.

A top-down versus bottom-up opposition
nevertheless seems too reductive (e.g., Janusek
and Kolata 2004), and it is clear that neither
top-down nor bottom-up processes can alone
explain the formation of an orderly urban land-
scape at Teotihuacan. Reorganization of the

Figure 1. Map of Central Mexico showing the location of Teotihuacan, other important sites, and obsidian sources.
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urban landscape likely provided an arena in
which various social groups negotiated their
power and identity (Joyce 2009). I suggest that
not only newly produced architectural settings
but also construction activities themselves repre-
sented both the media and consequences of
social negotiation and simultaneously enhanced
power differentials and shared identities (Mura-
kami 2014). Recent explorations of collective
action and cooperation (e.g., Blanton and Far-
gher 2008; Carballo, ed 2013; DeMarrais and
Earle 2017) have broadened our perspectives
on how the decisions and actions of different
social segments were articulated with one
another, and we need to further develop sound
methodologies based on concrete archaeological
evidence.

In this article, I use architectural energetics
and archaeometric analysis of construction

materials to assess the labor organization under-
lying the citywide construction of apartment
compounds. I base my inferences on variations
in labor costs, building materials, and construc-
tion techniques. The results suggest that labor
was organized at multiple scales; state-mobilized
labor articulated with communally organized
labor in different ways, highlighting the nego-
tiated nature of urban construction among differ-
ent social segments, including ruling elites,
intermediate elites, and the non-elite population.

Architectural Energetics and Labor
Organization

Tripartite Model of Labor Organization

Energetic analysis, coupled with labor models
derived from ethnographic and historical exam-
ples, has provided the basis for inferring labor

Figure 2. Location of architectural complexes mentioned in the text (redrawn with modification after Millon 1973).
Caves and depressions identified by Barba Pingarrón (2005) are inserted in the map (shaded irregular shapes).
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organization (Abrams 1994; Kolb 1997). Udy’s
(1959; see Abrams 1994:97–101) five models
of labor organization can be categorized into
two general systems: familial recruitment (labor
exchange between approximate social equals
such as familial reciprocal/contractual and
community contractual systems) and custodial re-
cruitment (unbalanced labor exchange between
unequal social positions such as festive custodial
and corvée systems). Dietler and Herbich
(2001) similarly model collective labor, contrast-
ing between work exchange and work feast.
Work exchange entails an exchange of labor for
labor, whereas work feast involves an exchange
of labor for hospitality. They emphasize that
these models are not dichotomous categories but
instead represent a continuum that is defined by
several factors, including workgroup size and the
social distance of workers (242). Although there
is no one-to-one relationship between labor
expenditure and models of labor organization
(254), there is a general tendency for simpler sys-
tems (i.e., work exchange) to use low labor expen-
ditures, whereas higher labor expenditures require
more complex systems, such as work feast or cor-
vée (Abrams 1994:101–102). Dietler and Herbich
(2001) note that work feasts sometimes develop
into systems of labor exploitation (corvée systems),
resulting in institutionalized social inequality.

Carballo’s (2013) extensive review of ethno-
graphic and ethnohistoric accounts from High-
land Mexico reveals a broadly shared model of
community labor obligations similar to work
feast, commonly called tequitl in Nahuatl. He
argues that community-level labor obligations
were essential for the creation and development
of Formative and Classic period communities
but were later manipulated by elites into a labor
tax called coatequitl at urban centers. Along
with reciprocal labor exchange at the level of
households and corporate-kin groups, the tripar-
tite modeling of labor organization—reciprocal
labor exchange, community labor obligations/
cooperation, and the state labor tax—implicates
the scale of the workforce and social relations
involved in the work event: it is therefore a useful
interpretive framework for ancient labor organ-
ization at Teotihuacan.

Although there are no rigid (quantitative) cri-
teria to distinguish these three labor models, I

assume that state-mobilized labor is much greater
in scale and complexity andmore systematic than
community-level labor and reciprocal labor
exchange. Whereas the complexity and system-
atic nature of labor may be gleaned through the
analysis of construction materials, variation in
the scale of the workforce is often reflected in
house size variation.

House Size Variation and Labor Organization

Differential consumption of labor and resources,
or house size as its proxy, has been used as an
indicator of the socioeconomic status or wealth
of residents (e.g., Abrams 1994; Blanton 1994;
Carballo 2009; Carmean 1991; Hirth 1989,
1993; Kamp 1993; Lesure and Blake 2002;
Lyons 2007; Olson and Smith 2016). Based on
cross-cultural comparison of houses and house-
holds, Blanton (1994) notes that the size and vis-
ual impact of houses have the most critical
indexical qualities that express residents’ status.

In contrast, some variation in house size and
energy expenditure may simply reflect family
size or the length of use and construction as
opposed to the status of residents (Watson
1978; Wilk 1983; see also Abrams 1994:78).
That said, the number of family members may
be considered a correlate of the available labor
force in the household (see Wilk and Rathje
1982), meaning that the house size is still indica-
tive of the status of a household. Taking into
account family size, it is possible to measure
the relative amount of labor invested per resident
(e.g., Carmean 1991). By calculating and com-
paring these two measures for structures pertain-
ing to different segments of a society, it is
possible to examine the differential distribution
of power. I use the term “power” instead of
wealth to denote the existence of multiple
sources of social power (including economic or
wealth) that are drawn on for construction
activities (Mann 1986; see also Murakami
2016a). We should nevertheless be cautious in
extrapolating power relations from differential
labor expenditures; differential access to labor
may not coincide with other dimensions of
social inequality, as seen in societies where
architectural conspicuous consumption is con-
strained by egalitarian norms (Kamp 1993;
Lyons 2007).
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Although there are numerous studies based on
impressionistic and descriptive analyses, the use
of energetic analysis—the quantitative measure
of labor costs—for residential structures is very
limited in Mesoamerica (Abrams 1994; Arnold
and Ford 1980; Carmean 1991; see also
McCurdy and Abrams 2019). Abrams (1994)
systematically analyzed houses from a broad
range of socioeconomic statuses, including
royal residences, in the Copan Valley. He
found that labor costs of the urban and rural
non-elite residences fell along a continuum, lead-
ing him to argue that the population was orga-
nized into lineages of varying power and rank.
Based on this evidence, Abrams concluded that
various reciprocal and redistributive labor sys-
tems existed, increasing in overall complexity
and energy demands upward through the social
hierarchy. Carmean’s (1991) analysis based on
vaulted area and per capita labor costs also
revealed a continuum of labor costs for the resi-
dences surrounding the civic-ceremonial core at
Sayil. She speculated that the lower end of the
continuum may reflect residences built by dwell-
ers and that the higher-end residences were built
by contracted laborers.

As these studies demonstrate, energetic analy-
sis of a wide variety of residential structures
serves to illuminate the nature and degree of
power differentials and to infer labor organiza-
tion. This study supplements architectural
energetics with an analysis of construction mate-
rials and techniques to corroborate the interpreta-
tion derived from architectural energetics
(Murakami 2010). In the following sections, I
summarize available data regarding the diversity
of apartment compounds, providing the context
within which the results of this study are in-
terpreted. Then I present the results of this
study and discuss their implications for labor
organization.

Diversity of Apartment Compounds at
Teotihuacan

Explorations of apartment compounds (Cabrera
Castro 2003; Cabrera Castro and Gómez Chávez
2008; Linné 1934, 1942; Manzanilla 1993,
2009, 2017; Rattray 1987; Sanders 1994; Spence
1992; Storey and Widmer 1989) have yielded

substantial data on the social life of residents,
particularly regarding social differentiation
(Millon 1976; Sempowski 1992). The apartment
compounds likely corresponded to some sort of
social units (Millon 1973, 1981) but reflect a
diversity of architecture, social status, and
function.

The size and internal division of space within
apartment compounds are highly variable—no
two compounds are alike (Figure 3)—although
the overall number of excavated compounds is
small. Excavated compound areas range from
as small as 550 m2 at Oztoyahualco 15B to as
large as 6,750 m2 at Techinantitla. The Teotihua-
can Mapping Project (TMP) data suggest that the
median compound size is around 1,830 m2

(equivalent to a square roughly 43 × 43 m; Cow-
gill 2008b:91). The diversity of layouts can be
characterized in terms of access and the intercon-
nectedness of courtyard units within apartment
compounds, and it is possible to define two
ends of a spectrum. On the one end are Zacuala
Palace (Séjourné 1959) and La Ventilla I (Cab-
rera Castro 2003; Cabrera Castro and Gómez
Chávez 2008), each of which has only one
entrance and all the courtyard units are connected
through the central courtyard. On the other end is
La Ventilla III (Gómez Chávez 2000), where
each residential unit has its own entrance and is
unconnected to the other units within the com-
pound (Figure 3). The other excavated apartment
compounds fall between these two extremes
(Hopkins 1987; Smith et al. 2020). The differ-
ences in spatial arrangement are likely related
to the social status of residents or functions of
each compound or both.

Millon (1976) proposes that the excavated
compounds reflected at least six identifiable
levels of social status based on architectural char-
acteristics such as room size and decoration:
Levels 1–2 = high status, Levels 3–5 = inter-
mediate status, and Level 6 = low status. He
(1981:214) also suggests that insubstantial
adobe structures existed to house individuals of
the lowest status (i.e., below the sixth level), a
speculation later confirmed in excavations con-
ducted by Robertson (2008). The intermediate
status identified by Millon (at least Levels 3–4)
corresponds to Manzanilla’s intermediate elites
(2006). Intermediate elite compounds contain
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larger central courtyards and temples, as well as
elaborate murals decorating the interiors of
rooms. The highly integrated spatial arrangement
is also associated with some of these intermedi-
ate elite compounds. Millon (1976, 1981) and
Manzanilla (2006, 2009) propose that higher-
ranked intermediate elite compounds were “bar-
rio centers.”

Smith and colleagues (2020) recently revis-
ited and refined the original housing typology
of the TMP, which comprised three major cat-
egories: high-, intermediate-, and low-status resi-
dences. According to this scheme, high-status
residences along with two additional types (tem-
ple housing and civic compounds) are restricted
to the central precinct (structures along the Street
of the Dead), whereas all apartment compounds
are included in the intermediate-status category.
Low-status residences refer to insubstantial
structures. These three categories are more

rigorous than Millon’s six categories, yet I sug-
gest that the intermediate-status residence is too
broad a category. Although Manzanilla’s “inter-
mediate elite” concept needs to be defined more
rigorously in the future study, I retain the term to
denote higher ends of the intermediate spectrum.

In contrast to architectural differences, con-
sumption of other kinds of resources does not
indicate clear-cut status distinctions between
apartment compounds (Manzanilla 2001:177,
2009:36–37; Sempowski 1992, 1994). On the
basis of these observations, several scholars
emphasize the continuity between socio-
economic levels and the heterogeneity within
compounds (Cowgill 1992:216; Gómez Chávez
2000:609; Manzanilla 2004, 2009:37; Millon
1976; Sempowski 1992, 1994).

Each apartment compound has both platforms
and room structures, indicating that all the
compounds served as both residential and ritual

Figure 3. Layout and access pattern of some apartment compounds. Shaded areas represent roofed spaces. Arrows indi-
cate entrances. (a–c) Redrawn with modification after Manzanilla 2004; (d) redrawn with modification after Gómez
Chávez 2000.
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loci. Based on extensive excavations within
the La Ventilla neighborhood, Gómez Chávez
(2000:593–613; Cabrera Castro and Gómez
Chávez 2008) proposes several different types
of compound, such as neighborhood temples
(La Ventilla I) and public compounds (La Ven-
tilla II), in addition to residential compounds
(see also Manzanilla 2009). Although these cat-
egories need to be more rigorously defined and
tested, the uses of apartment compounds were
likely more flexible and variable than previously
thought and might have differed across different
sectors of the city (Cowgill 1992).

Based on the TMP survey data, Millon (1973,
1981) suggested that some apartment com-
pounds are clustered in discrete neighborhoods.
Although their exact boundaries are often
unclear, such clustering of compounds is observ-
able (e.g., Altschul 1981; Cowgill 2008b; Rat-
tray 1987; Robertson 2001; Spence 1992).
These observations imply that the intermediate-
level spatial segments were likely important not
only for socially integrating groups of apartment
compounds but also for the internal administra-
tion of the city (Millon 1981:212; see also
Gómez Chávez 2000; Murakami 2014).

Samples and Methods

Three sets of analyses were combined to assess
labor organization: a quantitative assessment of
labor investment (architectural energetics), a
technological analysis of lime plaster, and a dis-
tributional and sourcing analysis of cut stone
blocks. Architectural energetics estimates labor
investment in person-days, which is then used
to infer labor systems. I calculate two measures:
total labor costs (person-days) and per unit
(courtyard unit or apartment) labor investment
(see Murakami [2010, 2015] for analytical
methods).

I complement architectural energetics with an
analysis of construction materials to assess the
organization of their production and procure-
ment. I assessed the compositional variability
of lime plaster across apartment compounds
using petrographic and cathodoluminescence
analysis (seeMurakami [2010, 2016a] for details
of the analytical procedures). Lime plaster,
which was used for coating the surfaces of

buildings, is a nonlocal resource to the Teotihua-
can Valley that was imported from the Tula
region (Barba Pingarrón et al. 2009) and prob-
ably also from the Zumpango region (Murakami
2016a:65). I focus on the quality of the binder
(lime matrix) and the types of aggregates (tem-
pering materials). For cut stone blocks (square
or rectangular blocks), I focus on andesitic
rocks—the majority of which are nonlocal—not-
ing their frequency and the variation of rawmate-
rials to address the organization of their
procurement and distribution (Murakami et al.
2019). Cut stone blocks were used in wall facing,
stairways, and sculptures. Based on these two
sets of analysis, I specifically examine whether
the production and procurement of construction
materials were organized at the level of individ-
ual apartment compounds, neighborhoods, lar-
ger spatial divisions within the city, or the
entire city.

This study relied on a sample of six excavated
apartment compounds to calculate architectural
energetics (Table 1) and eight apartment com-
pounds to examine the variations of construction
materials. These compounds were selected based
on the availability of detailed published and
unpublished data and accessibility for sampling
of the construction material (in 2009). All the
compounds were built and rebuilt during the Tla-
mimilolpa to Metepec phases (ca. AD 250–650).
The sample crosscuts broadly defined strata of
social status: higher intermediate elites, other
intermediate elites, and lower/middle statuses.
Several compounds that belong to Smith and col-
leagues’ (2020) high-status residences (e.g., the
Quetzalpapalotl Palace Complex) and temple
housing (the North and South Palaces of the
Ciudadela) were included in the original study
(Murakami 2010), and the results are briefly
mentioned in this article (see Murakami [2015]
for details).

Labor Costs for Apartment Compound
Construction

Total Labor Costs

Labor costs for apartment compounds were cal-
culated based mainly on exposed structures, pre-
suming that the internal layout did not change
significantly through time. Superimposition of
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structures was not considered in the calculation,
and the results represent the estimated labor
costs for the first (earliest) construction level
only (50 cm of subfloor fill was included in the
calculation). The architectural data available for
compounds are highly variable, so the following
discussion should be considered with this caveat
in mind.

The results (Figure 4a; Table 1) show that
there is little variation in total labor costs
among different compounds. The total labor
costs for all compounds fall between 130,000
and 165,000 person-days. Surprisingly, the
lowest-status compound (La Ventilla III) was
ranked in the middle. This ranking is attributable
to the higher proportion of its roofed area: the
labor cost of roofing appears to have been expen-
sive relative to other architectural features. La
Ventilla I, for example, had one of the lowest
labor costs, despite having the largest central
courtyard and numerous temple structures,
because it had a lower proportion of roofed area.

Because compounds vary in total area, I also
calculated labor costs per 100 m2 for each com-
pound to see the effects of total area on total
labor costs. The results (Figure 4b; Table 1)
show that, as with total labor costs, compounds
with larger roofed areas (Tetitla and La
Ventilla II) rank higher. In this analysis, La Ven-
tilla III ranks lower because of its low-quality
construction materials; an estimated 40% of its
walls consisted of adobe brick (see Supplemental
Table 3).

In sum, the proportion of roofed area, the size
of the compound, and the quality of construction
materials account for the variations in total labor
costs across apartment compounds. Thus, there is
no apparent correlation between total labor cost

and the social status of the compound. It should
be noted that the labor costs of mural paintings
and roof adornments were not included in the
analysis, which would have increased the total
labor costs for intermediate elite compounds,
but not substantially.

Per Unit Labor Investment

I standardized the total labor costs by the number
of courtyard units for each apartment compound,
assuming that each unit was continuously occu-
pied by the same number of residents on average.
The results (Figure 4c) show that per unit labor
investments vary greatly from around 5,000
person-days to more than 30,000 person-days.
La Ventilla I stands as the most powerful com-
pound, followed by Zacuala Palace, both con-
taining a large main courtyard associated with a
large temple (higher-intermediate elites in this
article).

The per unit labor investment for Tetitla,
Yayahuala, and La Ventilla II appears to be less
than for buildings for higher-intermediate elites,
and these compounds may be characterized as
having a more or less comparable degree of
power, albeit with functional differences: Tetitla
seems to be a typical residential compound,
whereas Yayahuala has a large temple area that
may have served neighborhood residents.

There is a gap in the amount of per unit labor
investment between La Ventilla III and the rest of
the apartment compounds (Figure 4c), which
implies that the degree of power of the residents
at La Ventilla III was lower. Although data from
other middle- to lower-status apartment com-
pounds are not available, I suspect that La Ven-
tilla III represents the average of those
compounds based on the quality of construction

Table 1. Labor Costs for the Construction of Apartment Compounds.

Total Area
(m2)

Main Courtyard
(m2)

Number of
Units

Total Labor
Cost (p-d)

Per Unit Labor
Cost (p-d)

Labor Cost per
100 m2 (p-d)

La Ventilla I (LVI) 4,514 450 4 131,594.7 32,898.7 2,915.26
Zacuala Palace (Zac) 4,260 268 6 145,618.7 24,269.8 3,418.68
Yayahuala (Yay) 3,600 181 7 136,242.2 19,463.2 3,784.51
La Ventilla II (LVII) 4,160 114 9 158,873.4 17,652.6 3,819.07
Tetitla (Tet) 4,096 120 8 163,918.8 20,489.9 4,001.92
La Ventilla III (LVIII) 4,875 35 28 157,660.4 5,630.7 3,234.06

Note: p-d represents person-days
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materials. At Oztoyahualco 15B, lime plaster
was used more abundantly than at La Ventilla
III (see Manzanilla 1993), and thus its per unit
labor investment was probably higher. At Tla-
jinga 33, the use of lime plaster and clay amal-
gam seemed more restricted (at least during the
Early Tlamimilolpa to Early Xolalpan phases;
Widmer 1987; see also Carballo et al. 2019),
and per unit labor investment was likely much
lower than at La Ventilla III. Based on these
observations, I suggest that there was a gap in
the degree of power between intermediate elites
and middle- to lower-status people. The per
unit labor investment for La Ventilla III (5,631
person-days) is almost three standard deviations
below the mean of intermediate elite compounds
(mean = 22,955, sd = 6,062, n = 5), whereas the
difference between high-status residences within
the central precinct and intermediate elite com-
pounds is more continuous (Figure 4d). Never-
theless, it is equally possible that this gap is a
product of sampling bias.

Implications for the Organization of Urban
Construction

Surprisingly, the scale of the labor force
expended for a single apartment compound
(130,000–165,000 person-days) approximates

the total labor expenditure for royal construction
during the reign of the first ruler at Copan
(175,000 person-days; Carrelli 2004; Murakami
2019). Thus, the total labor costs alone may be
within the range of the work feast or corvée sys-
tem. Taking La Ventilla III as a representative
sample of average residential compounds, the
per unit labor investment (around 5,000 person-
days) indicates that each household at La Ventilla
III mobilized the labor force of several tens of
people, with an assumption that each courtyard
unit was inhabited by one household. If we
assume a 60-day period per year for construction
(Abrams 1994), it would require 80 people to
build a courtyard unit on average (assuming
that assembly took place within a year; 40 people
would be needed for construction taking two
years). For a compound as a whole, it would
require more than 2,000 people if it was built
in a year and more than 1,000 people if it was
built in two years (28 estimated courtyard units
based on 19 units reported from the excavated
area; one-third remains unexcavated; see Cabrera
Castro and Gómez Chávez 2008:69). These fig-
ures represent the highest possible range of the
workforce. Alternatively, if we assume that the
compound was built only by the residents
(28 courtyard units), it would take more than 90

Figure 4. Comparison of labor costs among apartment compounds (a–c; see Table 1 for the abbreviations of apartment
compounds); (d) comparisons of apartment compounds with residential compounds within the central precinct (WPC
=West Plaza Complex; QPC =Quetzalpapalotl Palace Complex; CDN =North Palace of the Ciudadela; and CDS =
South Palace of the Ciudadela [1 = the Early Tlamimilolpa phase; 2 = the Early Xolalpan phase]).
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years with one laborer from each household (i.e.,
28 workers) or 45 years with two laborers (i.e.,
56 workers). It seems clear that both the highest
and lowest ends of the spectrum for the workforce
are unrealistic, and the actual size of the labor force
was probably somewhere in between. The bottom
line is that the construction of apartment com-
pounds was beyond the capacity of the residents,
who had to rely on an external labor force.

Although these quantitative analyses of labor
expenditure serve to establish possible ranges,
these ranges are too broad to specify labor organ-
ization largely because of an inability to deter-
mine the number of laborers or the duration of
construction activities (e.g., Sidrys 1978; see
Murakami 2015). To complement quantitative
data on labor expenditure, I now turn to the anal-
ysis of construction materials and discuss the
organization of the procurement, transportation,
and production of these materials.

Variations of Construction Materials and
Techniques

Production Organization of Lime Plaster

Technological analysis of lime plaster composi-
tion revealed a highly standardized nature of
production for the Tlamimilolpa and Early
Xolalpan phases (Murakami 2010, 2016a).

Lime plaster during the Tlamimilolpa phase is
almost devoid of aggregate materials (90%–

99% lime matrix with incompletely uncalcined
lime; Murakami 2016a:Figure 5); volcanic ash
was introduced as aggregate materials along
with better calcined lime during the Early Xolal-
pan phase (Murakami 2016a:Figure 6). Interest-
ingly, there are no notable differences in the
quality and recipe of lime plaster between the
central precinct and surrounding apartment com-
pounds (Figure 5). Although virtually all the
walls and floors of intermediate elite apartment
compounds were plastered, the use of lime plas-
ter was restricted at some courtyard units at La
Ventilla III. Despite this restriction, the composi-
tion of lime plaster is the same as that for other
apartment compounds and the central precinct.

The standardized composition of lime plaster
suggests that lime plaster production was cen-
trally organized by a group of artisans, who
may have been closely related to ruling elites
(Murakami 2016a). Although there is a possibil-
ity that different groups of artisans just happened
to share certain technology, I point out two kinds
of evidence that would support my interpre-
tation. First, lime plaster technology was very
likely restricted to elite buildings before the Tla-
mimilolpa phase, which suggests a close relation
between elites and artisans. There is a continuity

Figure 5. Composition of lime plaster (plain polarized micrographs) for the Tlamimilolpa and Early Xolalpan
phases. (Color online)
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in technological practice from the Miccaotli to
the Tlamimilolpa phase within the central pre-
cinct, which suggests that the same group of arti-
sans continuously administered the production of
lime plaster within the city (Murakami
2016a:71–72). Second, the quality and recipe
of lime plaster changed probably at a citywide
scale during the Early Xolalpan phase. Lime
plaster is a plastic material, and such standardiza-
tion would not be possible without central con-
trol or administration of the procurement or
production process. Moreover, volcanic ash that
was used as aggregate was likely imported
from Veracruz (Barca et al. 2013; Pecci et al.
2018), and the intervention or administration by
a central group would have facilitated the acqui-
sition of raw material from a distant region (Mur-
akami 2016a:72). In summary, my analysis
suggests that lime plaster production may have
been organized by a central group of artisans
(e.g., guild-like organization; see Murakami
2016a), which was probably associated with
the state government.

Procurement and Distribution of Andesitic Cut
Stone Blocks

The frequency of andesitic cut stone blocks
turned out to be very low at apartment com-
pounds, especially during the Tlamimilolpa and
Early Xolalpan phases (Murakami 2010;
Murakami et al. 2019). Given that structures of
different phases are variously exposed at differ-
ent compounds and within a single compound
(at the moment of sampling), it is difficult to esti-
mate the frequency and total volume of andesitic
cut stone blocks. For the Tlamimilolpa and Early
Xolalpan phases, andesitic cut stone blocks were
observed only at three compounds among my
sample: La Ventilla II, Tetitla, and La Ventilla
III (at other compounds cut stone blocks were
recorded for later phases; see Table 2). Among
these three compounds, La Ventilla III, which
was the lowest-status compound, has the largest
estimated volume of andesitic cut stone blocks.
Nevertheless, factoring in the number of court-
yard units, there is no substantial difference in

Figure 6. Results of principal component analysis comparing geochemical composition of andesitic cut stone blocks
from the central precinct and apartment compounds during the Tlamimilolpa and Early Xolalpan phases. Data are
from Murakami and colleagues (2019). (Color online)
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the volume per unit. Most andesitic cut stone
blocks are nonlocal (see the later discussion)
and thus have high transportation costs. There-
fore, the distribution of andesitic cut stone blocks
does not clearly reflect social status and the per
unit labor investment.

A provenance study based on XRF and pet-
rography (Murakami et al. 2019) was conducted
to distinguish local (within a 10 km radius) from
nonlocal rocks. The proportion of nonlocal rocks
varies from 30% at Yayahuala to 84% at Tetitla,
including all phases. Among the three com-
pounds where andesitic cut stone blocks were
recorded for the Tlamimilolpa and Early Xolal-
pan phases, the proportion of nonlocal rocks is
higher than 70%, including at La Ventilla III
(Table 2). A comparison between the three com-
pounds and the central precinct shows that the
geochemical composition of these rocks overlaps
completely (Figure 6). This indicates that most
andesitic cut stone blocks throughout the city
were procured in the same local and nonlocal
source areas. Our provenance study indicates
that a limited group of sources (mostly the
Pachuca/Tepeapulco area and the Texcoco
region) were heavily exploited.

Given the large size of blocks used at the
Feathered Serpent Pyramid and the Sun Pyramid,
coupled with the skill required to quarry large
blocks, I argue that procurement was systemati-
cally and centrally organized by a group or groups
of masons (or guild-like institutions) that were
probably closely related to the state government
(Murakami et al. 2019). If we assume that the
cut stone blocks that were destined for the central

precinct were procured through labor mobiliza-
tion by ruling elites as part of a labor tax, then
it is possible that some of the rocks procured
by the state were distributed widely for the con-
struction of apartment compounds. It is very
unlikely that the residents of low-status com-
pounds like La Ventilla III obtained nonlocal
cut stone blocks on their own, given that some
residents were unable to procure enough locally
available rocks for walls and clay amalgam for
floors. This observation suggests that labor for
the procurement and transportation of nonlocal
cut stone blocks was mobilized by the state,
probably from local communities adjacent to
source areas, and not from urban residents—
although we cannot discard the possibility that
nonstate actors used the same nonlocal quarries.
It should be noted that the procurement of some
of the locally available rocks was probably orga-
nized at the community level labor obligations
and by independent work groups, given that the
sizes of rocks from local quarries are consider-
ably smaller than those from nonlocal sources,
suggesting less systematically organized pro-
curement (Murakami et al. 2019).

Labor Mobilization and Cooperation

The results of architectural energetics suggest
that the construction of apartment compounds
was beyond the capacity of their residents, who
had to rely on an external labor force. The analy-
sis of lime plaster and andesitic cut stone blocks
suggests that the procurement, transportation,
and production (for lime plaster) were

Table 2. Summary Data of Andesitic Cut Stone Blocks from Apartment Compounds.

Location

Recorded
Blocks
(n)

Mean
Size
(m3)

Range
(m3)

Estimated
Total

Volume
(m3)

Estimated Temporal Distribution (m3) Provenance

Tlamimilopa Xolalpan
Metepec Local Nonlocal

Early Late Early Late (%) (%)

La Ventilla I 52 0.045 0.012–0.228 11.25 0.000 – 0.000 – 11.250 23.9 76.1
La Ventilla II 22 0.015 0.004–0.056 0.36 0.000 – 0.166 – 0.198? 27.3 72.7
Atetelco 175 0.016 0.005–0.047 4.93 – – 0.000 – 4.932 34.8 65.2
Tetitla 19 0.006 0.002–0.011 0.11 – 0.000 0.111 – ? 15.8 84.2
Zacuala Palace 39 0.007 0.002–0.017 0.99 – – – 0.986 – 18.8 81.3
Yayahuala 34 0.022 0.002–0.231 0.73 – – – – 0.730 61.9 30.1
Tepantitla 12 0.037 0.006–0.066 2.78 – – ? – 2.784 50.0 50.0
La Ventilla III 16 0.012 0.005–0.035 0.34 – 0.023 0.272 – 0.044 20.0 80.0
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coordinated centrally by a group of artisans or the
state government or both. This raises the possi-
bility that the supply of other construction mate-
rials was also coordinated by a central agency.
This is highly possible in view of the uniformity
of construction materials throughout the city,
particularly tezontle (scoriaceous basalt), tepe-
tate (volcanic tuff), and basaltic breccia (for
clay amalgam). Luis Barba Pingarrón (2005;
Barba Pingarrón and Córdova Frunz 2010)
demonstrates that the caves and depressions
within the city resulted from quarrying tezontle
and tepetate (Figure 2), which is indicative of
systematic operations. At many apartment com-
pounds, some of the andesitic cut stone blocks
were mixed with cut stone blocks of tezontle
for steps that delimited courtyards. The occur-
rence of andesitic cut stone blocks in these
steps seems random, and it is possible that cut
stone blocks of various source areas were pooled
together and distributed to a wide variety of
buildings, including apartment compounds. I
therefore suggest that the supply of most con-
struction materials was coordinated by a central
agency, most likely the state government,
which partially supports Millon’s (1981) original
observation. In other words, the supply of raw
materials entailed collective work at urban,
regional, and macroregional scales. My energetic
analysis demonstrates that the procurement and
transportation of construction materials account
for more than 80% of the total labor costs (see
Supplemental Tables 1–6). If the labor for
these stages was provided through the state
labor mobilization, the net costs for an apartment
compound construction (i.e., costs for assembly)
would be much lower than estimated. Let me
illustrate this point using La Ventilla III as an
example.

The labor costs without the procurement and
transportation of raw materials (except for
earth) for La Ventilla III are about 39,060
person-days, which is approximately 25% of
the original costs, and the per unit labor costs
are about 1,400 person-days. If we assume a
60-day period per year for construction (Abrams
1994), it requires only 23 people to build a court-
yard unit on average (assuming that assembly
took place within a year). Although the figure
of 1,400 person-days for a courtyard unit is

beyond the range of labor forces for work
exchange in ethnographically known societies
(Abrams 1994:97–99, Table 12), it seems to be
within the capacity of a household living in a cor-
porate group in urban context, and particularly so
for La Ventilla III because it requires recruiting
one person from each of 28 households. This
interpretation would nevertheless make sense
only if the compound was built incrementally
through the sequential aggregation of individual
courtyard units, rather than all at once, because of
scheduling conflicts (although some units were
likely built simultaneously).1 Millon (1981)
sees evidence that the architectural layout was
planned in advance of construction, which is
probably true for those compounds with highly
integrated spatial arrangements. Yet, as Angulo
(1987) suggested for Tetitla, some courtyard
units were likely built and rebuilt independently
from other units (probably under some zoning
regulations), and we can observe differential
investment of labor and resources within a single
apartment compound, especially at La Ventilla
III (Gómez Chávez 2000). I suggest that most
residential apartment compounds of middle- to
low-status people were assembled through
corporate-kin group labor exchange, along with
various degrees of support for the acquisition
of construction materials by community-level
labor cooperation and state labor mobilization.

Labor expenditure for intermediate elite apart-
ment compounds was probably beyond the ca-
pacity of small-scale labor exchange but could
have been afforded within each neighborhood.
The adjusted labor costs (procurement and trans-
portation costs subtracted) for La Ventilla I are
28,300 person-days (ca. 22% of the original
costs), and the per unit costs are about 7,080
person-days. Based on a 60-day period per year
for construction, it would require about 470
laborers to build the whole compound. Assum-
ing a neighborhood consisting of 30 apartment
compounds (Cowgill 2007:279), each housing
five households on average, La Ventilla I could
have been built in two to three years by recruiting
one or two persons from each household. These
observations illustrate that the assembly of inter-
mediate elite apartment compounds was possible
with the labor force available at the neighbor-
hood level, somewhat akin to community labor
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obligations, given that the acquisition of various
construction materials was enabled by a state
labor tax.

Pasztory (1988:61) was correct that labor
expenditure on some of the apartment com-
pounds was higher than on palatial compounds
within the central precinct. My analysis shows
that the per unit labor costs for La Ventilla I are
slightly higher than those for the North and
South Palaces at the Ciudadela (Figure 4d; Mur-
akami 2010, 2019), although this does not mean
that the power of the residents at La Ventilla I
surpassed that of the ruling elites at the Ciuda-
dela. Of course, the North and South Palaces
were most likely built as part of the whole
complex of the Ciudadela, and thus isolating
them for comparison is misleading. But, more
importantly, this study strongly suggests that
the procurement and transportation of some con-
struction materials were coordinated by a central
agency, instead of each compound organizing all
the construction processes. I argue that such
large-scale coordination of labor that involved
several nonlocal areas was greatly facilitated by
the state government.

Yet, this does not imply that the construction
of apartment compounds was the sole result of
the decisions and actions of ruling elites.
Although the canonical orientation, orderly lay-
out, and probably the reorganization of basal
units of urban populace reflect strategies of ruling
elites, thewide distribution of costly construction
materials such as lime plaster was derived from
the demand by urban residents (Murakami
2016a, 2016b). Despite the fragmentary nature
of the data, a close examination of the initial pro-
cess of urban renewal suggests that typical apart-
ment compounds with lime plaster were adopted
first by elite groups during the Early Tlamimi-
lolpa phase (Murakami 2016b:169–170): this
may have provided a model of ideal housing,
which was adopted by most urban residents in
subsequent phases (Cowgill 2015:124–125). As
mentioned earlier, the size and internal layout
of apartment compounds vary greatly, and
there are some minor variations in construction
materials and techniques (e.g., adobe versus
masonry walls). These observations indicate vary-
ing capacities and decisions of urban residents.
Therefore, urban renewal would simultaneously

represent top-down and bottom-up decision-
making processes (Cowgill 2003).

Discussion and Conclusion

The tripartite model of labor organization
implies that the same urban residents and hinter-
land populations, probably excluding the upper
to middle classes, participated in all three labor
systems—corporate labor exchange, communal
labor cooperation/obligation, and corvée labor—
at certain timings of the work event. This raises
a question whether the labor force available
within the city or within the Teotihuacan Valley
was capable of accomplishing the urban renewal
project, given the immensity of the total labor
expenditure for building more than 2,000 apart-
ment compounds. Moreover, it is very likely
that corvée labor was also allocated to other
tasks, such as monumental building and warfare.
To answer this question, it is necessary to make a
reasonable estimate of the total labor costs for the
entire urban renewal project and the annual labor
expenditure.

Based on the median size of apartment com-
pounds of 1,830 m2 (Cowgill 2008b:91) and
the average labor costs derived from this study
(3,528.9 person-days per 100 m2), the average
total labor costs for one typical apartment com-
pound will be about 64,599 person-days. Multi-
plying this figure by 2,000, the total labor costs
for all the apartment compounds will be 129 mil-
lion person-days (see Murakami [2010, 2019]
for the possible upper range). Assuming that
the majority of compounds (probably up to
80%) were built during the Late Tlamimilolpa
phase (ca. AD 300–350; see Millon 1981:206)
and based on a 60-day period per year for con-
struction, we can estimate that approximately
34,000 people participated in the urban renewal
project annually. This figure represents 34% of
the urban population (100,000 people) and
23% of the estimated population within the Teo-
tihuacan Valley (150,000 people; see Murakami
2015:275). The number of peoplewill decrease if
we assume 100 work-days per year or if less than
80% of the apartment compounds were founded
during the Late Tlamimilolpa phase and the dur-
ation of this phase was longer than 50 years
(Table 3). Moreover, probably around 15%–
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20% of the total labor was exacted from commu-
nities outside the Teotihuacan Valley for the pro-
curement/production of lime and wood (see
Supplemental Tables 1–6). This thought experi-
ment illustrates that probably less than 20% of
the population within the Teotihuacan Valley
participated in the urban renewal project as kin
groups, community/neighborhood members, or
conscripted laborers.

If about 75% of the total labor (100% minus
25% at La Ventilla III) was provided through
the state labor tax, the number of conscripted
laborers would be around 26,000 people per
year. Coincidentally, this figure approximates
my estimate of the annual labor force for the con-
struction of the Sun Pyramid (35,000 and 21,000
people for 60 and 100 work-days per year,
respectively; Murakami 2015:276). This sug-
gests that the state government could have con-
scripted around 20,000–30,000 people for
corvée labor when necessary. Elsewhere, I have
suggested three moments of grand-scale monu-
mental construction: around AD 200, AD 250,
and AD 350 (Murakami 2015). The possible
peak of the urban renewal project falls between
the second and the third proposed date, and
therefore, there was probably no scheduling con-
flict in organizing laborers. The fact that nearly
identical construction materials and techniques
were employed for both the central precinct and
many apartment compounds may imply that the
same labor organization for the procurement,
production, and transportation of construction
materials was responsible for monument build-
ing and urban renewal.

This study demonstrates that collective work
at multiple geographic scales was coordinated
to carry out the urban renewal project. I suggest

that the state government played a major role
for organizing such a grand-scale work event.
The use of state-mobilized labor not only for
the central precinct but also for a broad range
of urban buildings implies the formation of a
well-integrated urban community, which made
Teotihuacan a distinct city among Early Classic
societies in Mesoamerica. I have argued elsewhere
that urban renewal was a catalyst for the develop-
ment of bureaucracy, which mediated and imple-
mented the demands of ruling elites, intermediate
elites, and other social groups through the exercise
of infrastructural power (Murakami 2016b). Yet,
the process of apartment compound construction
is by no means uniform but rather is more diverse
than previously thought: this diversity is seen, for
example, in the incrementally built compounds
and well-planned compounds, which are predi-
cated on varying articulations of state labor mobil-
ization, communal labor cooperation/obligation,
and corporate labor exchange.
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Supplemental Table 1. Labor Costs per Task for La
Ventilla I.

Supplemental Table 2. Labor Costs per Task for La
Ventilla II.

Supplemental Table 3: Labor Costs per Task for La
Ventilla III.

Supplemental Table 4. Labor Costs per Task for Zacuala
Palace.

Table 3. Simulation of the Number of Laborers Necessary for
Building Apartment Compounds per Year during the Late

Tlamimilolpa Phase.

Phase length

Proportion of Apartment Compounds Built
during the Late Tlamimilolpa Phase

60% 70% 80% 90%

50 years 25,800 30,100 34,400 38,700
60 years 21,500 25,083 28,667 32,250
70 years 18,429 21,500 24,571 27,643
80 years 16,125 18,813 21,500 24,188
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Supplemental Table 5. Labor Costs per Task for Yayahuala.
Supplemental Table 6. Labor Costs per Task for Tetitla.

Note
1 If the whole compound of La Ventilla III was built at

once, it would require about 650 people if it was built in a
year, about 325 people if it was built in two years, and 130
people in five years. These figures may suggest community-
level labor cooperation.
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