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ABSTRACT
While surface collection constitutes an important component of field research at the site and regional
levels, the association between surface and sub-surface materials needs to be examined through
independent lines of evidence. This study employed manual bucket auger probing and soil
geochemistry at the Formative site of Tlalancaleca, Central Mexico (800 B.C.–A.D. 250), to evaluate
the results of surface collection and to understand the formation process of the anthropogenic
landscape. The combined results at one of the largest architectural complexes at Tlalancaleca
indicate that it was built during the Late Formative period (500–100 B.C.) and rebuilt during the
subsequent Terminal Formative period (100 B.C.–A.D. 250), which is corroborated by radiocarbon
dates. Moreover, the results suggest segregated uses of space such as cooking/storage, waste
disposal, and craft production areas within the complex. Overall results demonstrate the
effectiveness of this multi-method approach for reconstructing occupational history and activity areas.
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Introduction

Surface collection has played a pivotal role in reconstructing
diachronic and spatial patterning of archaeological remains at
both the site and the regional survey level (Blanton 1978;
Hirth 2000; Millon 1973; Sanders et al. 1979). Since the intro-
duction of the concept of site formation processes (Schiffer
1972, 1987), several archaeologists have examined how reliable
surface materials are for interpreting site chronology and func-
tion and have noted several important factors that affect the
representativeness of surfacematerials for sub-surface remains,
including surface visibility, land usage (e.g., plow zone), topo-
graphy, and climate among others (Ammerman 1985;
Downum and Brown 1998; Dunnell and Simek 1995; Hope-
Simpson 1983, 1984; Hutson et al. 2007; Johnson 2014; Leibner
2014; Lightfoot 1986; Nance and Ball 1986; Palumbo 2015; Rick
1976; Shott 1995;Woodand Johnson 1978). These studies point
to a large degree of variation, indicating that the degree of
association between surface and sub-surface materials should
be assessed case by case. Thus, the validity of surface collection
needs to be tested through independent lines of evidence. In this
study, we complement surface collection with auger probing
and soil geochemistry and examine the validity and the degree
of efficiency of this multi-method approach for reconstructing
occupational history and activity areas. While each method
has its advantages and disadvantages, the overall results demon-
strate the utility of this multi-method approach.

We have employed this multi-method approach at the site
of Tlalancaleca, Puebla, in Central Mexico, a predominantly
Formative period site (ca. 800 B.C.–A.D. 250) located at the
northeastern foot of the Volcano Iztaccihuatl (FIGURE 1)
(Murakami et al. 2017). Our ongoing research (Murakami
et al. 2017) demonstrates a broad picture of urban formation
and transformation from the Middle to the Terminal Forma-
tive periods (ca. 800 B.C.–A.D. 250). Some residential groups
were likely settled sometime during the middle Middle

Formative period or the Tlatempa phase (ca. 800–650 B.C.)
(FIGURE 2). Population aggregated within the minimum site
area of 80 ha during the following late Middle Formative
period or the Texoloc phase (ca. 650–500 B.C.). From the
Late Formative (ca. 500–100 B.C. or the Early Tezoquipan
phase) to the Terminal Formative period (ca. 100 B.C.–A.D.

250 or the Late Tezoquipan and Early Tenanyecac phases),
the site expanded to cover ca. 500 ha with a number of monu-
mental structures in eight major architectural complexes
(FIGURE 3). During the Terminal Formative, some reorganiz-
ation of neighborhoods may have occurred. Based on radio-
carbon dates and ceramic cross-dating with Teotihuacan,
we suggest that the site was abandoned around A.D. 250 or
later (Murakami et al. 2017).

Most areas of the site are currently under cultivation and
the surface visibility is usually excellent—ideal for surface col-
lection. Contemporary cultivated areas consist of agricultural
terraces that, along with a long occupational history (ca. 1000
years) and possible land modifications during the Formative
period and thereafter, pose a challenge for the interpretation
of surface collected materials. The validity of surface-collected
materials depends on our ability to discriminate the effect of
these numerous natural and human disturbances. In the fol-
lowing sections, we first review surface collection procedures
employed in Highland Mesoamerica, especially in Central
Mexico. Then, we present our procedure and its rationale.
Finally, we discuss the results and the applicability of the
multi-method approach to reconstructing occupational his-
tory and activity areas.

Surface Collection Procedures in Highland
Mesoamerica

Site-level surface collection has become standard procedure
for the study of urban centers in Highland Mesoamerica.
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Unlike in the lowlands, the Central and Southern (Oaxaca)
highlands ofMexico are characterized by dry climate with lim-
ited rainfall, resulting in surface visibility that is usually favor-
able for the identification of ancient features. While early
scholars tended to focus exclusively onmonumental precincts,
RenéMillon and his TeotihuacanMapping Project (TMP) laid
the groundwork for reconstructing developmental trajectories
of entire urban areas through surface reconnaissance (Millon
1973). The TMP employed full-coverage surface collection
with a systematic grid system (500 × 500 m). Within these
grid squares were collection tracts. Each collection tract was
called a “site,” and usually corresponded to an architectural
complex such as an apartment compound. Thus, the size of
collection tracts was not uniform but varied to a large extent.
George L. Cowgill (1974; Cowgill et al. 1984) combined some
of these collection tracts to make units of 250 × 250 m (one
quarter of a TMP grid square) and created computerized cer-
amic density maps by phases. These maps are extremely help-
ful for understanding the developmental trajectory of
Teotihuacan. Later scholars followed the TMP procedures

with some modifications at Tula (Stoutamire 1975), Monte
Alban (Blanton 1978), Xochicalco (Hirth 2000), and several
Aztec sites (Brumfiel 1987a, 1987b, 2005; Charlton et al.
2000; Evans 1988; Mason 1980) among others.

For example, Hirth (2000) combined full-coverage collec-
tion on various tracts with three other types of systematic and
variable collection units. Recently, Michael E. Smith (Smith
et al. 2013) employed systematic sampling with 5 × 5 m col-
lection tracts for every 100 × 100 m grid square at the Post-
classic site of Calixtlahuaca in the Toluca Valley. When an
effective sample size can be secured, researchers can save
time and still obtain a broad picture of the intrasite spatial
organization. As Hirth (2000) argues, the use of different col-
lection methods depends on the problem being investigated
and local situations.

Surface collection methods in Highland Mesoamerica vary
from the full-coverage collection of differentially sized collec-
tion tracts at Teotihuacan to systematic sampling at Calixtla-
huaca. As Hirth (2000: 57) argues, no matter how the
collection area is defined (i.e., by standardized or variable

Figure 1. Map showing major Formative sites in Central Mexico: A) map viewed from an oblique angle; B) reference map; C) plan view. Roman numerals represent
major Formative sites; purple squares represent obsidian sources; red and yellow triangles show volcanoes and major mountains.
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units), the total collections are comparable to each other in
terms of relative frequency and thus are amenable to statisti-
cal analysis. Previous research suggests that systematic
sampling is more effective and informative at short-lived
and/or less disturbed sites, such as Xochicalco and Calixtla-
huaca, than at sites with long occupational histories and com-
plex land modification like Teotihuacan. Our research at
Tlalancaleca demonstrates a longer occupational history
with more complex land alteration than at Teotihuacan,
suggesting the limited utility of systematic sampling.

Limitations of surface collection

The major problem with surface collection is that there are a
number of random effects (i.e., biases and errors) we cannot
control (Hope-Simpson 1983, 1984; Reid et al. 1975; Schiffer
1987). Due to formation processes, similar systemic contexts
(e.g., residences of similar socioeconomic status with similar
behaviors and history) may result in entirely different surface
assemblages. Artifact density is not always a reliable measure
for the density of sub-surface assemblages, even with standar-
dized collection tracts (Given 2004; Lewarch and O’Brien
1981; Redman 1987; Redman and Watson 1970). Moreover,
relative frequency may not be reliable when the density
(i.e., sample size) is low (Asch 1975).

One way to ameliorate the random effects on surface
materials is to aggregate several collection tracts sacrificing
variations among individual collection tracts (Cowgill

1974). Such a procedure seems statistically sound, as sample
size increases for a newly created unit, reducing, to some
extent, sampling biases and errors derived from individual
tracts. Johnson (2014) similarly argues that surface collection
is more informative at a larger spatial scale. A problem of
aggregating methods, however, is that it remains unknown
what kinds of information are sacrificed in this procedure.
As an alternative to aggregating methods, Ian Robertson
(1999) developed an analytical procedure based on empirical
Bayesian statistics that provides a formal method that com-
putes statistical estimates for each sample (called a posterior
estimate) based on some prior knowledge (belief or evidence)
about population parameters. This is not mutually exclusive
with aggregating methods, however. It should be clear that
sample size is a major concern for surface collection (Asch
1975), and scholars have devised methods to mitigate the
effect of small sample size. There is no rule of thumb appli-
cable to all of the sites or contexts, and it is imperative to
design surface collection methods according to local situ-
ations, research questions, and feasibility.

Designing Surface Collection Methods at
Tlalancaleca

General procedures

Based on a digital elevation map (Murakami et al. 2017), we
have conducted a full-coverage ground survey and surface

Figure 2. Chronology of the Puebla-Tlaxcala region and Teotihuacan (based on García Cook and Merino Carrión [2005], Lesure [2014], and Lesure and colleagues
[2006]). Letters in blue represents events at Tlalancaleca, green at Teotihuacan, and red for volcanic eruptions.

636 T. MURAKAMI ET AL.



collection of an area of ca. 625 ha. We set up a grid system
consisting of 100 × 100 m squares (FIGURE 3), recorded all
the visible features on the surface, and placed them on the
digital map. For surface collection, each grid was sub-divided
into four units, each covering an area close to 50 × 50 m (0.25
ha). The shape of surface collection units depended on the
presence of pre-Hispanic or modern features and surface visi-
bility. As surface visibility affects the validity of surface col-
lected materials, we set up a five-scale visibility score and
each collection unit was placed in an area of a single visibility
score. For each unit, we recorded types of vegetation or crops,
the density of materials (five scales from very dense to very
dispersed [Murakami et al. 2017: fig. 5]), the distribution pat-
tern (homogeneous, localized, or variable), and the type and
degree of erosion. We collected all ceramic materials save
for body sherds smaller than 3 × 3 cm, lithic materials,
shell, bone, and wooden objects, along with a sample of archi-
tectural remains (e.g., daub, stone slabs, and lime plaster).

Rationale for full-coverage collection and collection units

The procedures described above basically follow those
employed at Teotihuacan by Millon (1973) and Hirth’s
total collection at Xochicalco (2000). We decided to conduct
full-coverage collection mainly because one of our primary
objectives was to identify possible residential areas and neigh-
borhoods and their boundaries in a contiguous space (Red-
man 1987; Wandsnider and Camilli 1992; Wilkinson 1989).
The introduction of tractor agriculture about 10 years ago
resulted in the leveling of most agricultural plots, reducing
the number of visible residential mounds originally reported
by García Cook (1981). As Redman (1987: 251) cautioned
over 30 years ago, probability sampling based on systematic
surface collection is not well-suited for identifying clustered
distributions of features and artifacts or for illuminating con-
tiguous spatial patterns (Leibner 2014). Therefore, it was
imperative to record artifact distribution in a contiguous
space.

Semi-standardized units of ca. 0.25 ha of various shapes
were selected taking into consideration sample size and prac-
ticality while sacrificing, to some degree, sample unit stan-
dardization. Several studies (Ammerman 1985; O’Brien and
Lewarch 1981; Steinberg 1996) indicate that while plowing
moves artifacts to the surface, the quantity of surface-col-
lected artifacts represents only a small portion of sub-surface
materials (Steinberg 1996). Therefore, it is unlikely that small
collection units produce a sample size amenable to statistical
analysis, a conclusion we prove to be true (our dense areas
produced only 100–200 rim sherds per unit of ca. 0.25 ha).
Another important issue is whether the artifact variation is
well represented. Although repeated plowing results in hom-
ogenizing surface artifact variation through horizontal move-
ment of artifacts (Odell and Cowan 1987; Roper 1976;
Steinberg 1996), small collection units (e.g., 2 × 2 m) may
skew the variation of artifact assemblage in the original con-
text (Hutson et al. 2007; Johnson 2014). In Mesoamerica, a
domestic assemblage is not always concentrated in the
house itself but is usually scattered in its adjacent areas
(Barba 2007; Barba Pingarrón and Ortiz 1992; Hutson et al.
2007; Manzanilla and Barba Pingarrón 1990; Plunket and
Uruñuela 1998). Therefore, a larger collection unit that
would cover an entire residential group would be a logical
option for the purpose of this project. Based on the spatial
organization of residences at contemporaneous sites, such
as Tetimpa (Plunket and Uruñuela 1998) and La Laguna
(Carballo 2009), we set up an area of 0.25 ha as a default
unit. It should be noted that since each agricultural plot has
its own history of cultivation (e.g., traditional plow, tractor),
we did not mix different terraces in a single collection unit.

Developing a Multi-Method Approach: Manual
Bucket Auger Probe and Soil Geochemistry

As complementary methods to surface collection, a manual
bucket auger (ca. 10 cm in diameter) probe was employed
and coupled with soil geochemistry. Auger probing is an

Figure 3. Site map showing the grid system for surface collection and the location of the Cerro Grande Complex.

JOURNAL OF FIELD ARCHAEOLOGY 637



expedient method (when compared to test excavations) to
examine stratigraphy and the depth of anthropogenic depos-
its (one can dig down to 10 m in a few hours) (Dahlin 1980;
Greenfield 2000; McManamon 1984; Stein 1986; Whalen
1990), making it well-suited for examining stratigraphy in a
large area and identifying locations suitable for test exca-
vations. Auger testing is not commonly used in Mesoamerica,
but it has been used at Tres Zapotes (Pool 2003), a Late to
Terminal Formative site, and at San Lorenzo (Cyphers and
Murtha 2014), an Early Formative site, both in the Gulf low-
lands. Cyphers examined the changing size and shape of pla-
zas through extensive auger probes, while Pool explored the
extent of the site and occupational history.

Intensive auger probes were conducted at the Cerro
Grande Complex (FIGURE 4) and in other monumental and
residential complexes at 20 m intervals. The depth of each
stratum, including superimposed floors, and specifically the
depth between the last occupation and sterile layer were care-
fully recorded, as well as the color and texture of each stratum
using a Munsell soil color chart. Additionally, information
regarding diagnostic artifacts (e.g., rim sherds) was collected.
Auger probes do have some limitations, however. For

instance, rocks and other hard surfaces pose significant
obstacles for the equipment. In addition, the bucket auger
must be pulled up every ca. 30 cm and in the process of rein-
serting the auger back into the orifice, artifacts contained in
loose upper layers may drop, making it essential to carefully
determine the context and origin of artifacts by observing
the location of artifacts within the bucket and comparing
the dirt attached to the artifacts with the dirt within the
bucket.

Select soil samples were taken for geochemical analysis to
determine anthropogenic strata and examine the nature of
activities (Barba 2007; Wells 2007). This complements the
auger probe and provides an independent line of evidence
for human activities. Specifically, we sampled the top and bot-
tom of each stratum under the topsoil and every 50 cm when
no noticeable soil change was detected. We also sampled soils
with artifact concentrations. Inductively-Coupled Plasma
Optical Emission Spectroscopy (ICP-OES) was used to
measure elements that have been found to have anthropo-
genic significance, including sodium (Na), magnesium
(Mg), aluminum (Al), phosphorus (P), potassium (K), cal-
cium (Ca), copper (Cu), zinc (Zn), iron (Fe), mercury (Hg),

Figure 4. Map of the Cerro Grande Complex. A) Three dimensional topographic map with UTM coordinates; and B) a map with imposed structures and survey grids.
Shaded ovals represent megalithic mounds/structures.
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manganese (Mn), lead (Pb), strontium (Sr), and barium (Ba).
A subset of the samples was further analyzed using Induc-
tively-Coupled Plasma Mass Spectrometry (ICP-MS) to
measure heavy elements, including nickel (Ni), vanadium
(V), chromium (Cr), cobalt (Co), yttrium (Y), and uranium
(U). Sample preparation for ICP-OES and ICP-MS was
done in the Laboratory for Anthropogenic Soils Research at
the University of South Florida using the Foss Method for
the sample preparation and a Perkin Elmer Optima 2000
DV ICP-OES and a Sciex ELAN DRC II ICP-MS (Lewis
et al. 1993; Wells 2007) (see Phillips [2014] for details). The
elements were extracted out of the soil matrix using a mild
acid solution, consisting of 0.60 molar hydrochloric acid
and 0.16 molar nitric acid. The extractant was then diluted
with Type II deionized water (fivefold) that was then analyzed
along with some standards, a reference sample, a quality con-
trol, and a blank to check the accuracy of measurement and to
calibrate the results.

Finally, we conducted test excavations (2 × 2 m) in select
locations to collect more detailed stratigraphic information
and artifacts for dating features. However, these excavations
are still ongoing and the results we present are only of select
test units. Our main concerns are efficiency in terms of time
and budget and the preservation of the site. Our procedure
has proved to be very effective in interpreting site history
and identifying activity areas, as we demonstrate below.

Reconstructing Occupational History at the Cerro
Grande Complex

As a case study, we present the results of the multi-method
approach at the Cerro Grande Complex, which is one of
the largest architectural complexes at Tlalancaleca (ca.
200 × 250 m) (FIGURE 4). The complex consists of a main

plaza (ca. 71.8 × 38.5 m) flanked by two pyramids, the
Cerro Grande Pyramid (CG1) to the east and the Looted Pyr-
amid (CG3) to the north, along with two large megalithic
structures (CG2 and CG5), two small megalithic mounds,
and the West Plaza Compound, which itself consists of two
platforms (CG4 and CG6) flanking a courtyard or plaza
(West Plaza).

The Cerro Grande Complex is located within an area
encompassing two (N1–2) by four (W1–2 and E1–2) grid
units, and 15 collection tracts were set up for surface collec-
tion (excluding megalithic structures) (FIGURE 5). A total of
138 probes were excavated at 20 m intervals within the com-
plex and its adjacent area. A subset of the soil samples was
subsequently analyzed through ICP-OES and ICP-MS. The
fieldwork portion was completed in two weeks, which is
equivalent to the time necessary for excavating two or three
test pits, depending on the depth.

Results of surface collection

Surface collection on 15 tracts (FIGURE 5A) produced a total of
1927 sherds (47,193 g) consisting of 731 rims (19,939 g) and
1196 body sherds (27,254 g). Of 731 rim sherds, 38 sherds
(5.2%) are from the Middle Formative, 367 sherds (50.2%)
from the Late Formative (LF), and 318 sherds (43.5%) from
the Terminal Formative (TF) (the remaining 8 sherds or
1.1% are unassigned) (TABLE 1, FIGURES 6–7). This suggests
that the primary occupation of this area was during the
Late to Terminal Formative periods. Data from the Looted
Pyramid revealed that the upper part of this pyramid was
cut in half (probably bulldozed) and most artifacts come
from this looted portion representing the structural fill. We
collected 57 rim sherds from the pyramid, and 40 of them
(70.2% of the rims) belong to the Terminal Formative (the

Figure 5. A) Collection tracts and the distribution of Terminal Formative (TF) sherds, showing B) the proportion of TF rim sherds among all rim sherds, C) the pro-
portion of cooking-storage vessels among TF sherds, and D) the proportion of plain wares among TF sherds (see Table 1 for details). Shaded ovals represent mega-
lithic mounds/structures.
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Table 1. Composition of surface collected rim sherds by time periods showing the proportion of cooking-storage (C-S) vessels and plain wares.

Late Formative Terminal Formative

Tracts Area (ha) n Per 0.1ha C-S% (n) Plain% (n) n Per 0.1ha C-S% (n) Plain% (n) Rim Total

N1W1-1 0.17 46 27.06 45.65 (21) 8.70 (4) 30 17.65 83.33 (25) 30.00 (9) 76
N1W1-2 0.32 43 13.44 62.79 (27) 11.63 (5) 61 19.06 54.10 (33) 28.33 (17) 104
N1W1-3 0.26 99 38.08 52.53 (52) 5.05 (5) 22 8.46 54.55 (12) 9.09 (2) 121
N1W1-CG4 0.12 4 3.33 50.00 (2) 0.00 (0) 7 5.83 57.14 (4) 14.00 (1) 11
N2W1-3 0.42 107 25.48 57.94 (62) 9.35 (10) 41 9.76 68.29 (28) 17.07 (7) 148
N1W2-3 0.28 3 1.07 0.00 (0) 0.00 (0) 11 3.93 45.45 (5) 0.00 (0) 14
N1W2-4 0.27 17 6.30 52.94 (9) 5.88 (1) 15 5.56 60.00 (9) 0.00 (0) 32
N2W2-3 0.22 22 10.00 68.18 (15) 4.55 (1) 19 8.64 68.42 (13) 10.53 (2) 41
N2W2-4 0.23 21 9.13 52.38 (11) 4.76 (1) 13 5.65 76.92 (10) 7.69 (1) 34
N1E1-1 0.34 5 1.47 20.00 (1) 0.00 (0) 8 2.35 25.00 (2) 12.50 (1) 13
N1E1-2 0.14 0 0 0
N1E1-CG3 0.09 17 18.89 52.94 (9) 29.41 (5) 40 44.44 60.00 (24) 40.00 (16) 57
N1E1-CG1 0.32 4 1.25 50.00 (2) 25.00 (1) 14 4.38 64.29 (9) 42.86 (6) 18
N2E1-1 0.47 9 1.91 22.22 (2) 0.00 (0) 17 3.62 88.24 (15) 11.76 (2) 26
N2E1-2 0.29 8 2.76 50.00 (4) 0.00 (0) 20 6.90 60.00 (12) 5.00 (1) 28

Total 3.94 405 10.28 53.58 (217) 8.15 (33) 318 8.07 63.21 (201) 20.44 (65) 723

Figure 6. Some diagnostic ceramic sherds for the Late and Terminal Formative periods (numbers represent specimen number): A) red and red-on-brown/natural
wares and B) black/brown wares. See Figure 7 for phase assignment and form of each specimen except for 54-1 and 1-116 (Late Formative tecomate) and 7-64, 126-4
126-8, and 130-1 (Terminal Formative bowls).
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remainder are Late Formative), suggesting that the last con-
struction activity took place during that period. Despite the
small sample size, similar patterns were observed at the
Cerro Grande Pyramid and Structure CG4. Coupled with
the high frequency of Late Formative sherds, it is likely that
the first major construction activity took place during the
Late Formative, with most structures being rebuilt during
the Terminal Formative.

A closer look at the differential occurrence of the Late and
Terminal Formative sherds may reveal varying construction
activities at the Cerro Grande Complex. Collection tracts
around Structure CG6 at the West Plaza Compound have a
substantially higher density of the Late Formative sherds
(the ratio of Terminal to Late Formative sherds varies from
0.22 to 0.65) whereas the Looted Pyramid and the Cerro
Grande Pyramid have substantially higher amounts of the
Terminal Formative sherds (the ratio is 2.35 and 3.50,
respectively) (FIGURE 5B) implying that both pyramids were
rebuilt more actively during the Terminal Formative. The
rebuilding of Structure CG6 was probably limited, and its
original fill, which contained a relatively high amount of
Late Formative sherds, shows evidence of disturbance result-
ing in a higher ratio of Late Formative sherds on surface.

Results of auger probe, soil geochemistry, and test
excavations

The results of auger probes further support our interpretation
of surface collection data. While the evidence for occupational

levels is ephemeral beyond soil changes in general, we ident-
ified a clear occupational level at the West Plaza Compound
(FIGURE 8). It is likely that the surface of the last occupational
level was eroded and/or destroyed. A possible floor (denomi-
nated Level 2) was identified in multiple probes that was likely
burned before the rebuilding of the whole compound. Level 2
follows to some extent the current topography, indicating that
there were smaller substructures. A charcoal sample was col-
lected from the top of a substructure under Structure CG6
(CG6-Sub) (FIGURE 8) and produced a date of 400–200 CAL

B.C. (95.4%) (2267 ± 30 B.P.) (Murakami et al. 2017), which
is compatible with the Late Formative period. Possible sub-
structures were probably burned down and used as the fill
for new buildings during the Terminal Formative.

Below Level 2 we did not retrieve any remnants of features
except for an adobe fragment at AP206 (ca. 50 cm below
Level 2), and no clear soil changes were detected. Ceramic
sherds were regularly collected from 1 to 2 m below Level
2, some of which are associated with high P concentrations
indicating that the deposits of 1 to 2 m in depth below
Level 2 are likely anthropogenic—probably the fill for the
Level 2 compound and/or some remnants of human activities
of an unknown nature dating to the Late Formative or earlier.
At some probes, we collected ceramic fragments from very
deep layers (e.g., over 4.5 m below Level 2 or 6 m below the
modern surface at AP19), but these layers usually show a
less intense anthropogenic signature, suggesting that those
sherds were dropped during the probe and/or were brought
there through natural disturbance.

Figure 7. Profile drawings of some diagnostic ceramic sherds for the Late and Terminal Formative periods. Note that this classification is tentative as the transition
from the Early to Late Tezoquipan phase is poorly understood (Lesure 2014).
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In the Main Plaza, the depth of auger probes rarely
exceeded 1.2 m due to some hard obstacles. Test excavations
revealed a plaza floor made of clay amalgam at about this
depth, indicating that our probes could not easily penetrate
the floor. Test excavations revealed the eastern and western
limits of the plaza and its northwestern corner, delimited
by steps or platforms (FIGURE 9). A comparison of stratigra-
phy between the West Plaza Compound and the Main Plaza

(FIGURE 10) reveals that the last construction phase of the
West Plaza Compound is contemporaneous with the plaza
floor and steps, while Level 2 of the West Plaza Compound
corresponds to a phase prior to the construction of the
steps. Three charcoal samples were collected from the floor
matrix of the Main Plaza and dated to ca. A.D. 250. This
date corresponds to the end of the Terminal Formative—con-
sistent with our ceramic data from the surface. A piece of a

Figure 8. Schematic profile of stratigraphy (N-S) at the West Plaza Compound. Horizontal dimension is compressed. Distance between different probes is 20 m.

Figure 9. Northwest corner of the Main Plaza at the Cerro Grande Complex.

642 T. MURAKAMI ET AL.



possible Florero (flower vase or flaring jar), a typical ware of
the Miccaotli phase (ca. A.D. 150–250) at Teotihuacan
(Rattray 2001), was also collected from the surface (FIGURES

6–7, specimen 1–25).

Reconstructing Activity Areas at the Cerro Grande
Complex

The Cerro Grande Complex is monumental and civic-cere-
monial activities were certainly carried out within the com-
plex, particularly at the Main Plaza. However, since auger
probes could not dig through the plaza floor, soil geochemis-
try is of little use here. Furthermore, test excavations revealed
over 1 m of soil deposits above the floor, indicating that arti-
facts on the surface are part of the erosion from adjacent
buildings. For these reasons, we focused on the West Plaza
Compound and the northern areas of the complex.

Results of surface collection

We can assume that the surface assemblage represents a mix
of disturbed primary deposits and fill, not easily distinguished
from each other. However, most artifacts from the Looted
Pyramid came from the disturbed portion of the fill, probably
brought from some mixed midden deposits elsewhere. There-
fore, we will use artifact assemblage from this pyramid as a
baseline for identifying artifacts from the fill. Broad categories
were used for artifact classification (e.g., cooking-storage
vessels) in order to secure sufficient sample size for statistical
analysis.

CERAMICS

Based on our interpretation that the final construction
activity took place during the Terminal Formative, we

focused on ceramics (rim sherds) of this period, excluding
those of the Middle and Late Formative, likely prevenient
from more disturbed contexts. First, we discuss activities
related to food preparation and storage. Ollas (jars) and
basins were used as evidence for food preparation and/or sto-
rage. The proportion of ollas-basins among all Terminal For-
mative rim sherds varies from 25% at the Main Plaza (N1E1-
1) to 88% to the north of the Looted Pyramid (N2E1-1) with
the mean of 61.8% (SD = 15.8%) (TABLE 1). The proportion of
cooking-storage vessels for the Looted Pyramid is 60%, which
is close to the mean, and the Cerro Grande Pyramid and
Structure CG6 show similar values. Thus, we can assume
that mixed midden deposits in general contain about 60%
cooking-storage vessels and that values significantly higher
than the mean suggest the possibility of cooking and/or sto-
rage activities. There are three collection tracts where the
value is one standard deviation higher than the mean
(N2E1-1, N1W1-1, and N2W2-4) (FIGURE 5C).

Plain wares (non-decorated vessels) are often interpreted
as evidence for domestic assemblage and/or low socioeco-
nomic status (Feinman et al. 1981; Smith 1987). The pro-
portion of plain wares among all Terminal Formative rim
sherds varies from 0% to 43% (FIGURE 5D). The Cerro Grande
Pyramid (43%) and the Looted Pyramid (40%) show a signifi-
cantly higher number of plain wares than other collection
tracts, suggesting that most plain ware sherds are from the
fill of buildings composed of regular mixed domestic assem-
blage from somewhere else. While the proportion of plain
wares is similar (only 2% difference) between Structure
CG6 and its north (N1W1-1), the proportion of cooking-sto-
rage vessels is substantially different (ca. 30% higher at
N1W1-1). This discrepancy suggests that the different pro-
portions of cooking-storage vessels are not random, rather
they are affected by the primary refuse in this area and further

Figure 10. Schematic profile of stratigraphy (E-W) at the West Plaza Compound, the Main Plaza, and the North Plaza. Horizontal dimension is compressed. Distance
between different probes is 20 m.
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supports our interpretation that cooking-storage activities
were conducted in the area north of Structure CG6. Although
sample size is small, two other tracts with higher proportion
of cooking-storage vessels (N2E1-1 and N2W2-4) show very
low proportions of plain ware, perhaps an indication that
most cooking-storage vessels are from primary refuse. Con-
sidering the close proximity to the civic-ceremonial core, it
is possible that food for feasting events was prepared in
these locations for some communal events. Alternatively, it
is equally possible that one or more of these locations were
residences for elite groups, especially Structure CG6 whose
low platform compared to Structure CG4 would have served
more effectively as a residence than a temple structure.

CHIPPED STONE ARTIFACTS

Chipped stone artifacts were first divided into obsidian and
non-obsidian (mostly chert) categories. A total of 972 obsi-
dian artifacts was collected and classified into tools (blades,
bifaces, etc.), whole flakes, debitage, and core/core fragments.
The density of obsidian artifacts is relatively high at the West
Plaza (71.5 per 0.1 ha) followed by N1W1-1 (48.2 per 0.1 ha)
(FIGURE 11, TABLE 2). It is important to note that while the
West Plaza (N1W1-3), Structure CG6 (N1W1-2), and
N1W1-1 are part of the same parcel (i.e., cultivated in the
same way), Structure CG6 shows a substantially lower density

of obsidian (19.7 per 0.1 ha). Since the density of rim sherds is
similar across these three tracts, the differential density of
obsidian artifacts likely reflects to some extent the varying
distribution of the refuse in the subsurface layers.

Among different types of obsidian artifacts, the proportion
of those related to production (e.g., core/core fragments, deb-
itage, etc.) is relatively homogeneous across different collec-
tion tracts (14.3 to 29.3%; mean = 22.3%; SD = 7.3%). Given
that the proportion at the Looted Pyramid and the Cerro
Grande Pyramid is around 27%, it is likely that there was
no specific locus for specialized production of obsidian arti-
facts within the Cerro Grande Complex. Despite the high
density of obsidian artifacts in the West Plaza, it was probably
not an area of an obsidian production; instead, it was a locus
of frequent use and discard of obsidian artifacts. Without
detailed use-wear analysis, it is difficult to determine the func-
tion of obsidian tools, but generally speaking, we can suggest
two major uses: food preparation and craft production. As we
discussed above, an area north of Structure CG6 contained a
high number of cooking-storage vessels, and a relatively high
density of obsidian artifacts in the same tract may be consist-
ent with our interpretation. However, the highest density of
obsidian in the West Plaza remains to be explained. For
now, we suggest the possibility that this plaza was a locus
of craft production and most obsidian tools (e.g., prismatic

Figure 11. Spatial distribution of surface artifact density including obsidian, chert, ground stone, and daub (see Table 2 for details). Shaded ovals represent mega-
lithic mounds/structures.
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blades and retouched flakes) were used for this purpose and
discarded in adjacent area.

Chert artifacts are rare (n = 20) and were found only at the
West Plaza Compound with a concentration in the West
Plaza itself (n = 7) and Structure CG6 (n = 5) (FIGURE 11,
TABLE 2). These artifacts were classified into core/core frag-
ments, flakes (unused), shatter, and tools (retouched flake,
uniface, and biface). Although it is difficult to make a
sound interpretation based on a low sample size, we point
out that clearly identifiable tools were found only at two
tracts, the West Plaza and N2W2-4. Among these, the West
Plaza collection contains two end scrapers and one retouched
flake along with a core, a flake, and a possible blade tip
(N2W2-4 has only one scraper). It is possible that these
tools were used and/or discarded in the plaza or nearby area.

GROUND STONE ARTIFACTS

Ground stone artifacts are much rarer than ceramics and
chipped stone artifacts. We collected a total of 33 ground
stone artifacts. The majority are fragments of metates and
manos, which were more abundant to the north and west
of the West Plaza Compound (FIGURE 11, TABLE 2). These
areas were cultivated much more often than the rest, and
ground stone fragments are obstacles for plows and tend to
be removed from the field, usually being moved to the
embankment. Thus, the surface distribution of ground
stone artifacts is more affected by activities associated with
modern farming than more commonly found artifacts. How-
ever, if we assume that some of those artifacts came from dis-
turbed trash middens, then it is likely that some food
preparation took place in nearby locations. Other than
metates and manos, we collected six grinders and one axe
at the West Plaza Compound. These artifacts may be related
to other activities than food preparation, such as craft pro-
duction and construction.

CONSTRUCTION MATERIALS

A total of 57 fragments of daub, a mud coating on wooden
frameworks for room walls, were collected. Daub usually dis-
integrates after abandonment, but when burned, it becomes
more durable and remains in archaeological context. Most
burnt daub fragments were collected from the Cerro Grande
Pyramid, the Looted Pyramid, and Structure CG6 (FIGURE 11,
TABLE 2). This suggests that there were perishable structures
on top of these platforms that burned down (intentionally or

naturally). Beyond these structures, several daub fragments
were found to the north (n = 9) and south (n = 8) of Structure
CG6. It is possible that there were some buildings and/or they
were washed down from Structure CG6. There are also some
daub fragments near the northern edge of the Cerro Grande
Complex. Although there are no platforms or elevated areas
visible on surface, there might have been some insubstantial
structures.

OVERALL PATTERNS

In order to explore overall patterns based on the combined
distribution of different artifact types, we conducted Pearson
correlation analysis, principal component analysis (PCA),
and hierarchical cluster analysis (Bradbury et al. 2008; Carr
1984; Cowgill 1968; Hodson 1970; Vierra and Carlson
1981). For ceramics, we included the density of all rim sherds
per 0.1 ha, the proportion of cooking-storage vessels, and the
proportion of plain wares for both the Late and Terminal For-
mative periods (Middle Formative sherds were added to the
Late Formative collection). As shown in Figure 12, these
three variables are not significantly correlated for both
periods (except for between rim sherds per 0.1 ha and plain
wares for the Terminal Formative), so the problem of
multi-collinearity (i.e., confounding variables) is minimal.
For obsidian, the density per 0.1 ha and the proportion of
tools were included and show a weak negative correlation
(not significant). We combined density and proportion to
explore how these variables help in identifying overall pat-
terns. For the rest of artifact types (chert, daub, and ground
stone), their density per 0.1ha was included.

The results of the Pearson correlation (FIGURE 12) show
some interesting patterns. First, the density of daub is corre-
lated significantly with the density of plain wares for both
Late and Terminal Formative (r = .783, p < .001 for the Term-
inal Formative). As discussed above, the occurrence of daub is
clearly associated with pyramids and platforms, and these
structures contain more plain wares, probably from the fill.
Therefore, this correlation is a logical consequence.

Second, the density of Late Formative rim sherds is highly
correlated with the density of obsidian (r = .879, p < .001) and
to a lesser extent with the density of chert (r = .665, p < .01).
This implies that the density of chipped stone artifacts is
associated with a relatively high degree of post-depositional
disturbances. However, it is equally possible that this corre-
lation is a result of different building histories. As discussed

Table 2. Distribution of surface collected artifacts.

Tracts Area (ha)

Obsidian Chert Ground stone Daub

n Per 0.1ha Tool% (n) Flake% (n) Deb% (n) n g g per 0.1ha n Per 0.1ha n Per 0.1ha

N1W1-1 0.17 82 48.2 40.2 (33) 35.4 (29) 24.4 (20) 1 3 1.8 2 1.2 9 5.3
N1W1-2 0.32 63 19.7 54.0 (34) 31.8 (20) 14.3 (9) 5 74 23.1 2 0.6 12 3.8
N1W1-3 0.26 186 71.5 46.8 (87) 32.3 (60) 21.0 (39) 8 161 61.9 3 1.2 8 3.1
N1W1-CG4 0.12 5 4.2 100.0 (5) 0.00 (0) 0.00 (0) 2 17 14.2 0 0.0 0 0.0
N2W1-3 0.42 166 39.5 54.8 (91) 27.1 (45) 18.1 (30) 3 40 9.5 3 0.7 2 0.5
N1W2-3 0.28 27 9.6 37.0 (10) 44.4 (12) 18.5 (5) 0 0 0.0 7 2.5 0 0.0
N1W2-4 0.27 72 26.7 31.9 (23) 38.9 (28) 29.2 (21) 0 0 0.0 5 1.9 0 0.0
N2W2-3 0.22 85 38.6 38.8 (33) 40.0 (34) 21.2 (18) 0 0 0.0 7 3.2 0 0.0
N2W2-4 0.23 101 43.9 48.5 (49) 25.7 (26) 25.7 (26) 1 26 11.3 2 0.9 2 0.9
N1E1-1 0.34 26 7.6 46.2 (12) 30.8 (8) 23.1 (6) 0 0 0.0 0 0.0 0 0.0
N1E1-2 0.14 10 7.1 70.0 (7) 10.0 (1) 20.0 (2) 0 0 0.0 0 0.0 0 0.0
N1E1-CG3 0.09 26 28.9 53.8 (14) 19.2 (5) 26.9 (7) 0 0 0.0 0 0.0 10 11.1
N1E1-CG1 0.32 15 4.7 46.7 (7) 26.7 (4) 26.7 (4) 0 0 0.0 0 0.0 12 3.8
N2E1-1 0.47 82 17.4 41.5 (34) 29.3 (24) 29.3 (24) 0 0 0.0 1 0.2 0 0.0
N2E1-2 0.29 26 9.0 65.4 (17) 11.5 (3) 23.1 (6) 0 0 0.0 1 0.3 2 0.7

Total 3.94 972 24.7 46.9 (456) 30.8 (299) 22.3 (217) 20 321 8.1 33 0.8 57 1.4
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above, rebuilding activities at theWest Plaza Compound were
probably limited during the Terminal Formative, and
chipped stone artifacts are more densely distributed at this
compound. It follows that the correlation between Late For-
mative sherds and chipped stone artifacts might be indicative
of spatial segregation in the use of chipped stone artifacts
between the eastern and western halves of the Cerro Grande
Complex.

Lastly, we note a moderate negative correlation between
the proportion of obsidian tools and the density of ground
stone artifacts (r = -.530, p < .05). Although sample size is
too small to make a solid argument, we suggest the possibility
that some obsidian tools and ground stone artifacts under-
went different depositional histories, indicating a degree of
segregation between crafting and cooking activities (obsidian
tools were certainly used for food preparation, though).

Based on the initial observation of correlations among
different artifact types we conducted PCA to visualize the
association between variables (Neff 1994; Vierra and Carlson
1981) and to explore possible spatial segregation in terms of
post-depositional histories and possible ancient activities.
Since PCA is based on correlation among variables, the
results are consistent with our observations of correlations
(TABLE 3). Four components were extracted that cumulatively
explain 84.56% of the total variance, and each one is associ-
ated with a set of variables (TABLE 3). Here we want to note
that the proportion of cooking-storage vessels is not corre-
lated with other variables, and the PC 4 is associated only
with this variable. Using the four extracted components, we
created scatterplots showing the relationship among collec-
tion tracts (FIGURE 13). Since it is difficult to group collection
tracts using all four components, we conducted k-means

cluster analysis (Bradbury et al. 2008; Kintigh and Ammer-
man 1982; Robertson 2001) on component coefficients and
the collection tracts were grouped into five clusters (this
grouping is statistically significant).

Among these clusters, Clusters 1 and 2 are characterized
by the low density of artifacts in general largely due to their
low surface visibility. Cluster 3 is comprised of two pyramids
(the Cerro Grande Pyramid and the Looted Pyramid) and
Structure CG6 (N1W1-2). It is likely that assemblages from
the fill (high density of plain wares) and daub characterize
these tracts. Cluster 4 contains most collection tracts in the
western half of the Cerro Grande Complex along with its
northern area. These tracts are characterized by relatively
high numbers of cooking-storage vessels and ground stone
artifacts, which suggest cooking and/or storage activities.
Cluster 5 contains only the West Plaza (N1W1-3) and is
characterized by a larger amount of obsidian and chert arti-
facts. These clusters were further examined through hierarch-
ical cluster analysis on the original dataset using Ward’s
method (Ridings and Sampson 1990; Whallon 1984). Squared
Euclidean distance was used to measure the distance among
collection tracts (thus, different from correlation). The results
replicated the same clustering (FIGURE 14), thus corroborat-
ing the validity of the exploratory PCA analysis.

Results of soil geochemistry

The assessment of occupational history has indicated that
there are at least two major occupational levels. While these
levels were relatively clearly identified at theWest Plaza Com-
pound, it was not possible to obtain soil samples from the
Main Plaza and only three samples that were close to the
floor level were included in the analysis. In the remaining
area, we used samples from approximately 1 m below the
modern surface as a proxy for the last occupational level.
For the second level, we included only the West Plaza Com-
pound. Among multiple elements (TABLE 4), we focus on
phosphorus (P), potassium (K), and metallic elements such
as lead (Pb), copper (Cu), iron (Fe), and mercury (Hg). P is
closely associated with organic matter while K serves as a
good indicator for wood ash (Bethell and Máté 1989; Holliday
and Gartner 2007; Parnell et al. 2002; Wells et al. 2000). Met-
allic elements seem to be associated with craft production
areas, pigments, and stone grinding (Parnell et al. 2002;
Wells et al. 2000). Log-transformed data were further ana-
lyzed through Pearson correlation and PCA for each level
in order to identify different activity areas based on

Table 3. Component matrix from PCA. Numbers in italics show high correlation
with respective component.

Component
1 2 3 4

% of variance 36.49% 23.80% 14.21% 10.07%

Daub/0.1ha .916 −.211 −.124 −.222
TF Rim/0.1ha .844 −.175 −.124 −.163
LF Plain% .840 −.338 −.229 −.058
TF Plain% .798 −.456 −.058 .042
LF C-S Rim% .559 .260 .220 .494
Obsidian/0.1ha .434 .873 −.029 −.002
LF Rim/0.1ha .642 .674 .167 −.137
Chert/0.1ha .242 .628 .603 −.259
G Stone/0.1ha −.281 .605 −.527 −.054
Obsidian tools% .029 −.352 .818 .268
TF C-S Rim% .265 .227 −.298 .788

Figure 12: Pearson correlation matrix of artifact distributions.
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covariation of elements. However, due to several measure-
ments under the detection limits for Level 1 (TABLE 4), all
the elements but Hg turned out to be correlated with one
another and we could not discriminate different activity
areas. Therefore, the results of correlation and PCA are pre-
sented only for Level 2 (see below).

TERMINAL FORMATIVE PERIOD

For the last occupational level (Level 1), there are two major
concentrations of P: near the north-central edge of the com-
plex (in N2E1) and west of Structure CG6 (N1W1-1/2) and to
a lesser extent in the West Plaza (N1W1-3) (FIGURE 15).
Thus, these three areas are likely associated with the accumu-
lation of organic matter. The results of surface collection
suggest that the former two areas, especially N1W1-1 and
N2E1-1, contain a higher proportion of cooking-storage
vessels, and these results are consistent with the results of geo-
chemical analysis. The presence of moderate amount of P in
the West Plaza implies feasting and/or some kinds of ritual
activities with organic matter.

Between the former two areas (N1W1-1 and N2E1-1),
there is some difference in the concentration of K (FIGURE

15) associated with wood ash (perhaps hearths, burnt con-
struction materials, etc.). In N2E1-1, K is almost depleted
indicating that organic matter in this area is not associated
with cooking (firing). However, high concentrations of Ca

and Sr have been identified in this area and may be related
to wood ash (Gauss et al. 2013; Wilson et al. 2005, 2008).
There are several confounding factors for these elements,
such as lime and waste disposal, and it is difficult at this
point to discriminate all these factors. We suggest that the
area of N2E1-1 was probably refuse area and/or storage
area not directly associated with cooking. Considering its per-
ipheral location within the complex, the refuse area might be
a more likely interpretation. In contrast, there are moderate
concentrations of K north and west of Structure CG6 in
N1W1-1/2. While some of these K concentrations are due
to burnt buildings, combined concentrations of P and K
(and moderate concentrations of Sr and Ca) suggest that
cooking took place in nearby locations. A substantially high
concentration of K in the Main Plaza is probably due to
burnt materials of adjacent buildings that were accumulated
on the floor.

Concentrations of Pb in the West Plaza Compound,
especially in the West Plaza (FIGURE 15), indicate crafting
activities. In this plaza, Pb is associated with moderate con-
centrations of other metallic elements (Fe, Mn, and Zn),
and may corroborate the results of surface collection; there
are higher amounts of obsidian artifacts and chert tools as
well as an axe. However, the raw values of Pb are quite low
(sub-ppm) in the plaza and our interpretation is not conclus-
ive at this point.

Figure 13. Results of principal component analysis. Component coefficients of variables are plotted above (A–B) and those of collection tracts (cases) are plotted
below (C–D) with k-means cluster membership.
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Interestingly, the distribution of several elements (Hg, Ca,
Sr, Cu, Fe, and Ba) is very similar between the northern area of
the complex and the Main Plaza (see the distribution of Ca in
Figure 15). Concentrations of these elements may be related to
mineral pigments (Hg for red, Fe for red and black, Cu for
green/blue, and Ca/Sr for white) and their concentrations in
the Main Plaza are probably due to eroded construction
materials from nearby pyramids. We have collected many
clay amalgam fragments with pigments (red, white, and
black) from test excavations. While we do not have clear sur-
face evidence for buildings in the northern area, it is possible
that there was a building or buildings with similar construc-
tion materials. Alternatively, it is equally possible that remains
of construction materials were discarded in the northern area.
This is more consistent with our interpretation discussed
above based on the combined accumulation of P, Ca, Sr,
and possibly Ba (Gauss et al. 2013; Wilson et al. 2005, 2008).

LATE FORMATIVE PERIOD

Several different iterations of PCA were run to explore the
best discrimination of activity areas. Here we present a
model with Varimax (orthogonal) rotation excluding Na, V,
Y, and U. These elements were not included due to their
low and/or inconsistent associations with other elements
throughout the analysis (see Figure 16 for correlation).
Three principal components (PCs) were extracted, which
cumulatively account for 89.9% of the total variance (TABLE
5). These PCs successfully discriminate different types of
activities. PC1 is associated with most elements except for
Cu, K, and Mg. Association of P, Ca, and Sr along with
some metallic elements suggests food consumption and
food preparation that involves the use of grinding stones
(metates and manos). PC2 is closely correlated with metallic
elements indicating crafting activities that involve stone
working (not metallurgy), stone tools, and mineral pigments

Figure 14. Results of hierarchical cluster analysis with Ward’s Method and squared Euclidian distance. A) Cluster membership is mapped using different colors and B)
the dendrogram showing the distance among collection tracts. Shaded ovals in the top map represent megalithic mounds/structures.
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(Hg, Fe, and Cu). PC3 is represented by the close association
between K and Mg and denotes the presence of wood ash,
probably hearths and/or burnt construction materials. All
PC scores were mapped to examine the spatial distribution
of different activities (FIGURE 17). We will use the distribution
of P (in ppm) as a reference.

There are concentrations of P at the possible northern
edge of the West Plaza Compound, to the north of Structure
CG6-Sub, and on Structure CG6-Sub (FIGURE 17). Among
these, the former two are closely associated with high levels
of PC3, and the combined concentrations of P, K, and Mg
reveal the presence of hearths in the surrounding area
where food was prepared. Moderate–high levels of PC1 to
the north of Structure CG6-Sub also support this interpret-
ation. Some portions of K and Mg concentrations (PC3)
around the structure are probably derived from burnt con-
struction materials as the building was likely burned down
when the compound was rebuilt during the Terminal
Formative.

High levels of PC1 are concentrated in a broad area north
of Structure CG6-Sub and to the north of the compound
(FIGURE 17). It is likely that food was prepared, stored, con-
sumed, and/or discarded in these areas. While similar
elemental distributions can be observed between the area
north of Structure CG6-Sub and the northern edge of the
compound, the latter is unusual in that it contains higher con-
centrations of Pb, Fe, and Mg (and Ca, Sr, Ba, and Zn to a les-
ser extent) relative to the north of Structure CG6-Sub.
Considering its marginal location, we suggest a possibility
that the northern edge of the compound was a waste disposal
area where a suite of different materials were discarded.

High scores of PC2, characterized by the co-occurrence of
metallic elements, are concentrated in the West Plaza (FIGURE

17) indicating crafting activities as in the last occupational
level. While we cannot discard the possibility that these met-
allic elements came from eroded construction materials as in
the Main Plaza, we think it unlikely. Clay amalgam fragments
were not collected from both surface and auger probes and

Table 4. Summary statistics of geochemical data.

Level 1 Level 2

n Mean SD CV (%) Min Max n Mean SD CV (%) Min Max

Na 70 36.947 39.534 107.0 0.025 229.678 25 25.286 28.945 114.5 7.950 95.427
Mg 70 81.953 72.801 88.8 0.004 246.874 25 86.237 116.562 135.2 21.297 419.821
Al 70 138.876 106.443 76.6 −0.006 416.107 25 157.633 186.705 118.4 34.126 622.825
P 70 19.348 23.057 119.2 0.000 86.064 25 118.429 179.764 151.8 5.659 641.679
K 48 69.289 158.668 229.0 0.044 817.055 20 34.261 20.251 59.1 10.793 68.543
Ca 70 436.473 389.131 89.2 −0.143 1647.710 25 692.060 880.502 127.2 138.526 2888.980
Cu 70 1.326 1.206 90.9 0.000 4.185 25 1.358 1.273 93.7 0.619 4.032
Zn 70 0.889 0.761 85.6 −0.002 3.891 25 1.822 1.645 90.3 0.367 5.878
Fe 70 32.372 26.717 82.5 −0.055 136.375 25 52.976 42.526 80.3 7.621 161.088
Hg 70 0.144 0.167 115.6 −0.002 0.800 25 0.062 0.128 204.4 0.001 0.484
Mn 70 1.174 0.907 77.2 −0.003 3.761 25 2.687 3.083 114.8 0.245 12.333
Pb 70 −0.031 0.097 −317.8 −0.290 0.125 25 0.009 0.158 1739.3 −0.406 0.123
Sr 70 3.515 3.120 88.7 −0.001 12.920 25 6.287 7.169 114.0 1.267 24.492
Ba 70 16.597 14.528 87.5 −0.010 54.431 25 19.659 13.940 70.9 8.275 54.693
Ni 23 0.138 0.084 60.9 0.001 0.341 20 0.165 0.067 40.5 0.063 0.275
Ti 23 1.728 1.200 69.5 0.002 4.659 20 2.420 1.352 55.9 0.521 4.752
V 23 0.400 0.154 38.6 0.008 0.580 20 0.455 0.082 18.1 0.331 0.614
Cr 23 0.040 0.026 65.4 0.000 0.116 20 0.060 0.033 55.2 0.021 0.116
Co 23 0.013 0.009 67.0 0.000 0.032 20 0.016 0.009 57.0 0.004 0.034
Y 23 0.406 0.176 43.5 0.000 0.859 20 0.444 0.107 24.2 0.241 0.630
U 23 0.017 0.009 55.1 0.000 0.039 20 0.020 0.009 44.0 0.005 0.034

Note: SD = standard deviation; CV = coefficient of variation

Figure 15. Spatial distribution of A) phosphorus (P), B) potassium (K), C) calcium (Ca), and D) lead (Pb) for the last occupational level at the Cerro Grande Complex.
Each grid measures 100 x 100 m.
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the fact that we could dig through possible floors indicates
that floors were not made of clay amalgam. All of this strongly
suggests that platforms and floors were made of earthen
materials. Structure CG6-Sub may have had stone facing
but probably with clay coating. Therefore, we argue that
high concentrations of metallic elements are associated with
crafting activities, such as stone carving and other craft pro-
duction that involves the use of stone tools and mineral pig-
ments. The presence of surface collected stone grinders, a
stone axe, and a number of obsidian and chert tools in the
West Plaza is consistent with our interpretation of geochem-
ical data. Furthermore, moderate levels of P and PC1 suggest
that organic matter was consumed in the plaza, and feasting
and/or ritual activities probably took place.

In summary, we suggest that food was prepared around
Structure CG6-Sub and was consumed in adjacent areas, on
Structure CG6-Sub itself, and in the plaza, probably depend-
ing on the nature of events and activities. In the plaza, some

crafts that involve stone working and mineral pigments were
produced such as ritual attire and items. It is likely that both
organic and inorganic refuse from these activities was
dumped near the northern edge of the compound. All these
activities probably took place in a similar fashion after the
rebuilding of the whole compound during the Terminal For-
mative period.

Summary and Discussion

Surface collection data place the major occupation of the
Cerro Grande Complex during the Late and Terminal Forma-
tive periods. This is further corroborated by stratigraphic evi-
dence from auger probing and radiocarbon dates. Although
auger probes were not very useful at the Main Plaza due to
hard obstacles, they successfully identified different occu-
pational levels at several other locations, especially at the
West Plaza Compound. According to ceramic analysis
along with a radiocarbon date, the first complex (Level 2)
was built during the Late Formative period, probably during
the 4th century B.C. Stratigraphic observations suggest that
there is an earlier pyramid inside the Cerro Grande Pyramid
that corresponds to Level 2. Sometime during the Terminal
Formative (ca. 100 B.C.–A.D. 250), the West Plaza Compound
and the Main Plaza, probably the whole complex, were
rebuilt. It is possible that the Cerro Grande Pyramid and
the Looted Pyramid were rebuilt again during the Terminal
Formative as seen in a higher density of Terminal Formative
sherds relative to the West Plaza Compound.

Analysis of surface collected materials along with soil geo-
chemistry has revealed differential use of space at the Cerro
Grande Complex. Although its exact nature requires clarifica-
tion, we propose possible waste disposal areas near the north-
ern edge of the complex and cooking and crafting areas at the
West Plaza Compound. Food processing probably took place
around Structure CG6 for subsequent consumption within
the structure as well as in the West Plaza. We also suggest
that the West Plaza was used for crafting activities.

Figure 16. Pearson correlation matrix of geochemical data from Level 2.

Table 5. Component matrix from PCA (with Varimax rotation) on geochemical
data from Level 2. Numbers in italics show high correlation with respective
component.

% of variance Component
1 2 3

47.64% 23.26% 19.01%

Ca 0.898 0.353 0.149
Sr 0.868 0.419 0.080
Zn 0.822 0.424 0.305
Al 0.822 0.300 0.351
Mn 0.816 0.365 0.372
P 0.809 0.327 0.427
Co 0.774 0.223 0.471
Ti 0.768 0.422 0.394
Fe 0.737 0.434 0.433
Ni 0.734 0.503 0.297
Cr 0.693 0.349 0.582
Cu 0.304 0.905 0.126
Ba 0.517 0.747 0.234
Pb 0.519 0.630 0.482
Hg 0.611 0.623 0.024
K 0.196 -0.024 0.934
Mg 0.275 0.433 0.707
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Considering its proximity to the Main Plaza and the Cerro
Grande Pyramid, those craft items and food prepared at the
West Plaza Compound were probably used for ritual and
other kinds of large-scale events in the Main Plaza. Further-
more, we have noted some continuities in the use of space
at the West Plaza Compound from the Late Formative. All
this suggests that the West Plaza Compound was established
from the beginning as a facility for food preparation and craft
production, which was probably associated with public events
conducted in the Main Plaza and the Cerro Grande Pyramid.

We emphasize that these hypotheses are not conclusive
and need further testing. Auger probes at 20 m intervals pro-
vide a broad picture of human activities that took place in
different areas of the complex, but activities in functional

spaces are usually segregated at much finer scales (e.g., differ-
ent rooms) as shown by geochemical analysis of excavated
structures (Barba 2007; Carballo et al. 2014; Parnell et al.
2002). Parnell and colleagues (2002: 397–398) mention that
soil geochemistry serves as both prospection to orient sub-
sequent work (thus, prior to excavations) and post-excavation
interpretation. Our work presented here is a mix of both in
that it generated testable hypotheses that will orient our
future excavations and at the same time some aspects of
our interpretations were corroborated by multiple lines of
evidence. While we think that the multi-method approach
serves as an efficient way to solve some of the archaeological
questions, test excavations at strategic spots greatly improve
our ability to interpret the data generated through other

Figure 17. Spatial distribution of A) phosphorus (P) and B–D) the scores of three principal components (PC1–3) for the second occupational level at the West Plaza
Compound.
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methods. Each method generates unique information and a
combination of multiple lines of evidence help us to make
more solid interpretation.

Conclusions

The multi-method approach we have developed at Tlalanca-
leca proved to be effective for reconstructing occupational
history and activity areas and for generating testable hypoth-
eses with minimum effort in terms of time and budget. While
the utility of each of these methods and others (e.g., GPR, soil
resistivity, etc.) varies site by site and region by region, we
believe that this study demonstrated the importance of care-
fully selecting appropriate techniques, which largely depend
on research questions and local situations. Our major goals
in this study were to obtain general ideas on occupational his-
tory and activity areas in a large contiguous area (ca. 5 ha),
and this led us to employ full-coverage surface collection,
which was a key to secure enough sample size for subsequent
analysis. Furthermore, due to time and budgetary constraints
along with our goal to cover a large area, the resolution was
set relatively low for auger probes (i.e., 20 m intervals), but
it is always possible to improve the resolution depending on
available resources.

We have employed the same multi-method approach at
other civic-ceremonial complexes and residential areas at Tla-
lancaleca. The combination of auger probes and soil geo-
chemistry has been extremely useful for evaluating the
results of surface collection and for understanding the for-
mation process of anthropogenic landscape. We plan to inte-
grate a more diverse array of analytical techniques (e.g.,
analysis of plant remains) in the future research in collabor-
ation with other scholars.

Implications for sociopolitical processes at Tlalancaleca

At the outset of this paper, we proposed that Tlalancaleca
experienced a large-scale urban transformation during the
Late Formative period (Murakami et al. 2017), and the
Cerro Grande Complex was likely established during this
transformation. Unlike at other Formative centers in Central
Mexico, a multi-centric spatial organization characterizes
Tlalancaleca, with multiple civic-ceremonial precincts of
varying sizes. While other civic-ceremonial precincts contain
large plazas that may have contained most urban residents,
the Cerro Grande Complex’s Main Plaza is relatively small
(ca. 2700 m2) implying that activities carried out in the
plaza were restricted to smaller audiences (Murakami
2014). Cerro Grande Complex, thus, provided physical and
institutional contexts for exclusionary behaviors (Blanton
et al. 1996; Small 2009)—a sign of increasing social distance
between specific groups (elites and/or priests) and the rest
of the populace during the Late and Terminal Formative.
Simultaneous operation of varying socially integrative mech-
anisms speaks to the complexity of social interaction at Tla-
lancaleca, and we plan to disentangle this complexity
through fine-grained research on activity areas building on
the results of multi-method approach discussed in this paper.
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