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ABSTRACT
This dissertation examines the issue of how migration and identity can be
illuminated through the study of material culture. Specifically, this research focuses on
the late Developmental to Coalition period transition (~AD 1050-1300) in the
Albuquerque area and examines variation in ceramic technological and decorative style.
This area was chosen because it is frequently portrayed as a “frontier” or boundary
between the Socorro District to the south and the Santa Fe District to the north. This
perception is largely driven by changes in ceramic technology during this time period,
which included a shift from a mineral-paint technology to carbon paint.
The research tests four models of social change: (1)technofunctional model: a
new technology was adopted by existing groups primarily for functional reasons;
(2)social alliance model: social identities or alliances shifted from the south to the north ;
(3)large-scale migration model: local people were displaced by northern migrants; and

vi

(4)small-scale migration model: small groups of northern migrants co-existed with local
groups.
Each model has different implications for change in ceramic technological and
decorative style. Low-visibility attributes of pottery can be used to identify migration of
people. While migrant potters may easily copy highly visible attributes of local pottery,
typically, the way that potters manufacture a pot—their “learned” tradition— is resistant
to change. Therefore, migrant pottery can be distinguished from local traditions through
intensive research. Attributes reflective of the entire production process, and including
chemical and mineralogical data to determine location of production, were collected and
analyzed in order to evaluate these models.
Results of analysis show differences between mineral-painted and carbon-painted
vessels for all stages of pottery production— this variation encompasses decorative and
technological traits as well as attributes reflective of the initial learning context. In
addition, although there are temporal changes in these characteristics, the changes crosscut temporal categories—i.e., they differ even when time is controlled. Therefore, I
argue that the results constitute clear evidence for production of mineral-painted and
carbon-painted ceramics by different potters with different learned practices. Because
there is no evidence for population replacement, the results are consistent with
implications for model #4, small-scale migration. In addition, chemical compositional
analysis show strong ties between the Albuquerque area and the Rio Puerco region to the
west during both the late Developmental and Coalition periods. The data suggest that
migrants (either individuals or small groups) arrived from the Rio Puerco region rather
than from the Santa Fe area to the north.
vii

Data are inconclusive as to whether or not Albuquerque constitutes a frontier
(defined by the movement of new groups into unoccupied areas) or a cultural boundary
area. Based on available data, I argue that Albuquerque had a lengthy in situ occupation
that was continuous, although populations were quite mobile. Frequent small-scale
migration was also probably likely for all time periods, particularly from the Rio Puerco
area. However, I agree with an argument made by Franklin and Murrell (2010) that the
ancient inhabitants of Albuquerque should not be characterized as simply passive
consumers of the products and cultural traditions of surrounding regions. Nevertheless,
being situated along a boundary, or a “cultural” frontier, it is likely that ceramic
production was characterized by more open social learning networks, which may be why
Albuquerque District ceramics do not fit well into established typologies. These data are
also consistent with theoretical expectations for boundaries, where identities are more
frequently renegotiated. This social flexibility may have been part of a long-term
adaptive framework for Albuquerque populations.
This research is broadly significant because it builds on existing models of the
relationship between material culture and identity to more fully consider the visibility of
an attribute in the context(s) of its production. Previous studies have focused largely on
attribute visibility in the consumption or use of a ceramic vessel, while visibility of
production processes has largely been overlooked. Ethno-archaeological work supports
the idea that production processes that are more public are more likely to change as a
result of changing interaction spheres or social identity; production contexts would have
provided important opportunities for the communication of social messages to the local
community, as well as reinforcing a feeling of social identity within and between potters
viii

themselves. The research has broader implications for anthropology because
understanding how individuals use material culture to create, reinforce, or change their
identity in relation to others is critical to understanding social behavior.
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CHAPTER 1 INTRODUCTION
This dissertation addresses several issues of theoretical and historical significance
in archaeology—migration, identity, and how these social phenomena can be illuminated
through material culture. Specifically, this research focuses on the late Developmental to
Coalition period transition in the Albuquerque area and examines variation in ceramic
technological and decorative style.
The Albuquerque District of the north-central Rio Grande region (Figure 1.1) was
selected because it has frequently been portrayed as a frontier or borderland between
northern and southern groups. The appearance of two different ceramic complexes from
AD 1050-1325 helps drive this perception:
(1) Socorro Black-on-white, a mineral-painted type frequently associated with brown
ware ceramics, defines the Socorro phase of the late Developmental period (AD
1050-1200). Researchers have argued that the initial arrival of the Socorro
ceramic complex in the Albuquerque area reflected either migration of groups
from the south or southwest (Lang 1982; Post 1994; Wendorf and Reed 1955) or
increased interaction with those groups (Anschuetz 1984, 1987; Marshall and
Marshall 1994).
(2) The advent of carbon-painted white ware vessels around AD 1200 heralded the
Coalition period (AD 1200-1325); at the outset of this period, Santa Fe Black-onwhite, a carbon-painted type common in the Santa Fe District to the north, began
to co-occur with mineral-painted ceramics in Albuquerque area assemblages.
This change accompanied an increase in Tijeras utility ware, a local utility type
1

Sampled sites in red

Figure 1.1 Project Area

produced in Tijeras Canyon and other areas along the eastern uplands (Hill and Larson
1995; Post 1994; Warren 1980a, 1980b). In addition, a blending of decorative styles
occurred, with “Socorro style” found on carbon-painted types and “Santa Fe” style
rendered on mineral-painted ceramics (Hammack 1966). By ~AD 1250, Wiyo Black-onwhite, another carbon-painted type, became common in the Albuquerque area. Carbon-

2

painted sherds dominated Coalition period assemblages by this time, although there is
some evidence for continued production or exchange of mineral-painted ceramics.
Researchers have attributed these changes in the Coalition period to increased
interaction with Santa Fe District populations (Lang 1982), shifting social alliances
(Anschuetz 1984, 1987), and migration of northern groups (Marshall and Marshall 1994).
However, these explanations were never explicitly tested. My research tests four models
of social change. Previous research provides the basis for models #1-3, while model #4
was developed for this project:
(1) the technofunctional model: increased social interaction facilitated the spread of a
new paint technology, and Albuquerque area populations adopted this technique
primarily for functional reasons (Lang 1982);
(2) the social alliance model: social identities or alliances shifted from the south to
the north (Anschuetz 1987);
(3) the large-scale migration model: northern migrants displaced the existing
population (Marshall and Marshall 1994);
(4) the small-scale migration model: small groups of northern migrants co-existed
with local groups.
Each model has different implications for change in ceramic technological and
decorative style. Data reflective of the entire production process, including chemical and
mineralogical composition to determine location of production, were collected and
analyzed in order to evaluate these models. Test implications for the small-scale
migration model provide the best fit with these data.
3

Research Domain
In the last decade, archaeologists have renewed their interest in the topics of
migration and identity (e.g., Anthony 1990; Clark 2001; Duff 2002; Jones 1997; Lucy
2005; Lyons 2003; Neuzil 2008; Nelson and Strawhacker 2011; Ortman 2012; Pauketat
2003; Zedeno 1994). Once cast to the theoretical basement as the outmoded baggage of
cultural historians, these topics have resurfaced, albeit in more theoretically sophisticated
and methodologically rigorous forms. The Native American Graves Protection and
Repatriation Act (NAGPRA), which often requires archaeologists to consider the
question of cultural affiliation, provided significant impetus for this resurgence. In
addition, recent archaeological work suggests that some attributes of technological style
of ceramics may be good indicators of group identity (e.g., Clark 2001; Lyons 2003;
Neuzil 2008). These data are particularly persuasive when used in conjunction with other
data sets such as architecture and settlement changes.
Researchers have frequently interpreted the technological attribute of paint type
(organic versus mineral) as evidence for migration— in neighboring regions, sites with
high frequencies of carbon-painted ceramics (in areas otherwise dominated by mineralpainted wares) provide evidence of intrusions of Mesa Verde area groups (e.g., Lekson et
al. 2002; Roney 1995, 1996; Sundt 1972). However, archaeological and ethnographic
examples of shifts in paint technology that did not result from significant population
movement do exist. Walt (1990) documents one such example from the Historic period;
due to political re-alignments resulting out of the Pueblo revolt and Spanish re-conquest,
the Keres speakers of Cochiti and Santo Domingo Pueblos abandoned their tradition of
producing mineral-painted pottery and began making carbon-painted ceramics
4

stylistically similar to their Tewa neighbors. The Mesa Verde region provides an
archaeological example; shifts in paint technology are interpreted as in situ developments
due to the absence of corroborating evidence for immigration.
These examples illustrate the importance of considering the entire social context,
including settlement patterns and architectural data, rather than relying solely on ceramic
type distributions to infer population movements. However, the Albuquerque area lacks
such synthetic data sets for the late Developmental and Coalition periods.
Prior to the 1990s, archaeologists generally believed that intensive occupation of
the Albuquerque District did not begin until the Coalition period (e.g., Anschuetz 1987;
Blevins and Joiner 1977). These researchers argued that there was a population increase
accompanied by intensification of habitation after AD 1200. This hypothetical change in
settlement patterns would support the proposition of immigration into the area at the
onset of the Coalition. However, more recent work suggests the presence of permanent
occupation prior to this time (Marshall and Marshall 1994; McKenna and Larson 2005;
Sullivan and Akins 1994). Nevertheless, a lack of broad-scale excavations and finegrained absolute dates precludes an accurate assessment of population size and intensity
of occupation.
Using architectural data to distinguish identity in the Albuquerque District is
problematic for several reasons. First, complete excavations of late Developmental and
Coalition sites are limited, and excavated sites within the metropolitan area often
experienced significant depositional disturbance in the form of frequent re-use and
remodeling of structures, as well as post-depositional disturbance including truncation of
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site surfaces. Second, excavations date from the 1950s to the present, and, therefore,
were characterized by very different recovery techniques, resulting in a lack of
comparable data. Third, Rio Grande populations as a whole shared broad similarity in
architectural traits (Lakatos 2006). This similarity, combined with the restrictions of the
data, limits the utility of architectural analysis for distinguishing migration.
Therefore, although settlement patterns and architectural data are considered
where possible, this study relies primarily on a multivariate approach to ceramic analysis
that includes compositional, technological and decorative attributes. A theoretical model
provides correlates between these attributes and interpretations of social behavior.

Organization of the Dissertation
Chapters 2 through 4 provide the foundation of the research. Chapter 2 includes a
detailed discussion of the cultural background. This section outlines what is known from
previous work, as well as synthesizing the history of research and current knowledge
about late Developmental and Coalition period ceramics. This chapter also provides
background on the geologic setting of the region, which is important for interpretation of
the results of chemical and petrographic analyses. This chapter has two primary goals:
first, it fills a significant void in the literature by providing a thorough synthesis of this
neglected and little-understood time period in the Albuquerque District; second, this
chapter lays the groundwork for meaningful interpretation of the research results.
The Theoretical Background (Chapter 3) contributes another essential element of
the foundation. This chapter synthesizes the history of research and theoretical
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background for several broad topics including migration, identity, and ceramic
technological and decorative style.
Chapter 4 builds the bridge from theory to method. In other words, how does
measuring formal variation in material culture lead to an understanding of the different
social processes that produce that variation? This chapter describes the models in more
detail and develops test implications for evaluation of the models.
Chapter 5 provides an overview of the methods including a discussion of
procedures of site selection and sampling. This chapter also provides some contextual
information for the sites included in this study.
Chapters 6 through 11 cover both the specific methods and results of analysis for
each major stage of ceramic production: resource selection (Chapter 6), resource
processing (Chapter 7); vessel forming (Chapter 8); finishing (Chapter 9); decoration
(Chapter 10); and firing (Chapter 11). Each chapter also discusses in more detail how
each attribute measured may correlate with contexts of social learning and identity.
Chapter 12, Results and Conclusions, bring the results of all of these analyses
together, considering possible inter-relationships between the variables, including
evidence for “technological packages”—or suites of inter-related attributes. This chapter
also considers the results in terms of test implications for the models. The data suggest
that individual migrants or small immigrant groups, possibly from the Rio Puerco region,
were the producers of carbon-painted ceramics manufactured in the Albuquerque area in
the 13th century. Chapter 12 also discusses the broader implications of the results in
terms of the topics outlined above, as well as directions for future research.
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CHAPTER 2 BACKGROUND
The study area comprises the Albuquerque District, which straddles the Rio
Grande Valley of north-central New Mexico (see Figure 1.1). The confluence of the
Jemez River and the Rio Grande forms its northern boundary (after Cordell 1979). This
project uses Lang’s (1982:155-156) southern boundary, which he does not explicitly
define, but which extends just south of Belen (see Albuquerque-Rio Puerco area in Sundt
1987:121). This southern boundary differs from Cordell’s (1979) delineation of the
Albuquerque District, which incorporates much of the Socorro District as defined by
Lang (1982).

Environmental Setting
The project centers on the Albuquerque metropolitan area and adjacent regions,
including Tijeras Canyon to the east and the lower Rio Puerco to the west (see Figure
1.1). Both of these tributaries feed into the Rio Grande, which flows north-south through
the Albuquerque Basin. Based on environmental and geological differences, as well as
geographic separation of sites, three sub-regions are defined for analytical purposes: (1)
eastern Albuquerque, (2) western Albuquerque, and (3) the lower Rio Puerco Valley.
The Rio Grande separates western Albuquerque from eastern Albuquerque, which also
encompasses the Tijeras Canyon area. Ceja Mesa divides the Rio Puerco Valley from the
Rio Grande Valley and the city of Albuquerque.
Mountain ranges rise steeply on the study area’s eastern edge. This sharp relief
provides considerable environmental variability, ranging from the Upper Sonoran,
through the Transition, Canadian, and Hudsonian life zones. Flora, fauna, and climate
vary by elevation, with a decrease in temperature and an increase in moisture as elevation
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rises. The Great Basin Conifer Woodland vegetation zone, dominated by one-seed
juniper in association with Colorado piñon, provided the habitat for most of the study
sites on the east side of the basin (Larson et al. 1998). Typical fauna include coyote,
mule deer, jack and cottontail rabbits, bobcats, small rodents, birds, snakes, lizards, and
turtles (Oakes 1979:8). Sites sit in proximity to diverse vegetation zones including
grasslands and scrublands at lower elevations and coniferous forests at higher elevations.
Bighorn sheep and elk roam these nearby higher elevations (Larson et al. 1998:21).
Most sites are also located near arroyos, which sometimes have cottonwoods and oak in
the wet bottoms (Oakes 1979:8).
Volcanic features, including a basalt cap rock that forms the West Mesa
escarpment, dominate Albuquerque’s west side, which exhibits less ecological diversity.
Grasslands constitute the primary biome, with mid and short grasses, shrubs, and annuals.
A few junipers dot the mesa (Knight 1994:111). Common fauna include antelope,
squirrel, coyote, skunk, rabbit, burrowing rodents, lizards, snakes, and predatory birds.
Project sites on Albuquerque’s west side are situated in the grasslands on the first terrace
above the Rio Grande floodplain below the escarpment. Cottonwood and other riparian
plants grow in the nearby river valley below, home to waterfowl, amphibians, beaver,
muskrat, and a variety of birds.
Like Albuquerque’s West Mesa, volcanic features also dominate the Rio Puerco
area, with “alternating uplands and drainage bottoms dotted with isolated volcanic plugs”
(Eckert 2008:17).

Desert grassland blankets the valley bottom, with shrubs and sparse

juniper woodlands on the valley slopes and a riparian environment along the river (Eckert
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2008:17). Important faunal resources include mule deer and antelope, rabbit, and
migratory birds (Eckert 2008:17).

Ceramic Resources: the Geologic Setting
An understanding of the geologic setting informs the interpretation of
petrographic and chemical compositional data. This section provides an overview,
including a discussion of possible spatial differences in raw materials available for
ceramic production.
The Albuquerque Basin encompasses the entire study area. The basin, the largest
(137 km x 40-60 km) of the three major basins that make up the Central Rio Grande Rift,
formed when two fault zones cut across New Mexico about 30 million years ago, causing
the earth’s crust to drop between them (Kelley 1977). The basin then filled with
sediments and volcanic ash. The ancestral Rio Grande and Rio Puerco deposited the
upper layer of these sediments hundreds of thousands of years ago. In the Albuquerque
area, this upper deposit is called Ceja Mesa on the west side of the Rio Grande (also
commonly referred to as the “West Mesa”) and East Mesa on the east side (sometimes
called the Sunport Surface). The Albuquerque Basin’s upper deposits make up the Santa
Fe Group, which occurs throughout the study area. The upper layer of this group has
numerous monikers [Kelley’s (1977) Ceja member, Machette's (1978) Sierra Ladrones
Formation, and Connell's Arroyo Ojito Formation (Connell et al. 1998)].
The La Bajada escarpment and White Rock Gorge bound the northern edge of the
Albuquerque Basin, while the Ladron and Los Pinos Uplifts mark the southern boundary
near the junction of the Rio Grande and Rio Salado. (The southern boundary of the basin
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extends beyond the project area.) The Sandia, Manzano, Manzanita, and Los Pinos
Mountains demarcate the well-defined eastern boundary. Delimited by the Colorado
Plateau and the southern end of the Nacimiento uplift, the western edge is less clearly
defined (Kelley 1977:35).
The mountains on the eastern side of the basin were uplifted during the late
Miocene ~5-6 mya, exposing a variety of Precambrian (4500 – 542 mya) and
Pennsylvanian formations (~299 - 318 mya), including the Sandia and Madera
Formations. Gneiss, schist, greenstone and quartzite, along with granitic rocks, comprise
the principal Precambrian rocks of the mountainous uplifts.

The Sandia Formation

consists primarily of coarse sandstone deposited in a marine environment. It also
includes shale, limestone and conglomerate. The Madera Formation, which is divided
into an upper and lower member (Connell 2008), overlays the Sandia Formation. The
upper member is generally synonymous with Kelley’s (1977) Wild Cow Formation and
consists of alternating sequences of sandstone, shale, and marine limestone. Currently,
the Kinney Brick Company operates a clay mine in this formation near the eastern
boundary of Kirtland Air Force Base (KAFB) (Williamson 1997). The lower member
generally equates to Los Moyos Limestone (Kelley 1977) and is composed of limestone
and shale.
Around 130,000 years ago, the instability of the Rio Grande Rift in the
Albuquerque area led to the formation of volcanic features that dominate the western side
of the basin. Earthquakes formed fissures, and a fissure eruption resulted in a sheet of
magma flowing over the Santa Fe Formation. This lava cooled and hardened into basalt.
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When erosion removed the softer sediments of the Santa Fe Formation, the basalt cap
rock collapsed over the side, creating the West Mesa escarpment.
Volcanism also dominates the Rio Puerco landscape. The two Rio Puerco sites
included in the study are located in the region of the Lucero Volcanic Fields, a region of
isolated, lava-capped mesas and buttes located in the transition zone between the
southeastern Colorado Plateau and the central Rio Grande Rift (Eidenbach 1982).
Basaltic volcanism in the Lucero area began 8.3 mya and continued into the Quaternary.
The Mogollon-Datil lava field lies immediately to the south. The headwaters of the Rio
Puerco originate in the Sierra Nacimiento, and the geology of the area includes
sedimentary strata, intruded and capped by younger volcanic rocks.
Regional Variability and Ceramic Resources
There are some geologic similarities throughout the Albuquerque Basin, with
many of the same formations exposed throughout (in particular, the Santa Fe Formation).
However, there appears to be some local differences in the origin of these deposits.
According to Connell and others (1998), the Santa Fe Group deposits on the western edge
of the basin originated from the eastern Colorado Plateau and Sierra Nacimiento, and the
eastern fluvial deposits derived from the ancestral Rio Grande.
Other geologic features differ more dramatically from east to west. The west side
has numerous volcanic features, while the Precambrian exposures of the mountainous
uplifts overshadow the eastern side. These exposures offer potential ceramic resources,
with Precambrian rocks (especially schist) occurring as natural inclusions or temper.
Potential clay sources have been deposited by marine sources in this area.
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Clay sources in the Rio Puerco area include sedimentary outcrops along the
western valley edge that could have provided white-firing clays. Volcanic features
distributed across the area provide a source for buff-, brown- and red-firing clays (Eckert
2008:17; Warren 1982).
Based on these geologic data, potential ceramic resources west of the Rio Grande
could include more volcanic rocks (as natural inclusions in the clay and as temper
sources). Originating from different sources, clays from the Santa Fe Formation may
also have different chemical signatures on the east versus the west side of the basin. In
addition, potters in the Rio Puerco Valley were more proximate to low-iron clays than
those in the Albuquerque area.

Cultural Setting
The Albuquerque District has evidence for a lengthy Native American
occupation, ranging from the Paleoindian era to the present. This chapter focuses on the
Puebloan habitation of the Albuquerque area during the Developmental and Coalition
periods (AD 1050-1325). This study follows Wendorf and Reed’s (1955:134) northern
Rio Grande chronology (Figure 2.1). This discussion incorporates the Pecos framework
when recounting work by previous researchers who used the Pecos chronology rather
than the northern Rio Grande chronology.

Overview
The middle Rio Grande Valley has a plethora of early Puebloan sites (predating
AD 900), which have been documented most thoroughly near the Albuquerque area,
especially in the area north of the city around the towns of Corrales and Bernalillo (Allen
13

Reinhart (1968)

Pecos Classification

Rio Grande Chronology
(Wendorf & Reed 1955)

Classic
Pueblo IV
AD 1300

Coalition
Pueblo III

AD 1100
Late Developmental
Pueblo II
AD 900
Pueblo I
Early Developmental

AD 700
Basketmaker III

AD 400

Alameda Phase
Basketmaker II
AD 1

Rio Rancho Phase

Some researchers extend early Developmental to AD 400
Figure 2.1 Chronological Frameworks for the Albuquerque District
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and McNutt 1955; Condie 1987; Frisbie 1967; Hammack et al. 1983; Oakes 1979;
Peckham 1957; Reinhart 1968; Schmader 1994; Schorsch 1962; Skinner 1965; Vivian
and Clendenen 1965; Vytlacil and Brody 1958). Researchers have used disparate
chronologies for these early Puebloan sites (see Figure 2.1). Reinhart (1968, 1969) refers
to Basketmaker II in the Albuquerque District as the Rio Rancho phase and the
Basketmaker III period as the Alameda phase, for which he proposes a date range of AD
1 – 500 (Cordell 1979:41). Cordell (1979) does not find evidence for a distinct Alameda
phase, replacing it with the term “Late Basketmaker-Pueblo I” due to the gradual nature
of the transition. The early Developmental period as defined by Wendorf and Reed
(1955) dates from AD 600 - 900 and overlaps with Cordell’s Basketmaker III/Pueblo I
transition period. Other researchers use a beginning date of AD 400 for this period to
coincide with Irwin-William’s ending date for the Late Archaic (e.g., Holmes et al.
1995).
Although the exact chronological framework may be disputed, researchers agreed
on the general trends that typified the period. The early Developmental period was
characterized by increased sedentism and reliance on agriculture, greater utilization of
ceramics, and more substantial pit houses.
The onset of the late Developmental period at AD 900 coincides with the
beginning of the Pueblo II period and is defined by the presence of Red Mesa Black-onwhite. The late Developmental spans from AD 900-1200. In the Albuquerque area, no
abrupt change distinguished it from earlier Puebloan occupations (Cordell 1979).
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This research focuses on the Socorro phase (AD 1050-1200) of the late
Developmental period (Marshall and Marshall 1994; Mera 1935). Ceramic assemblages
dominated by Socorro Black-on-white with associated brown ware define the Socorro
phase. Las Huertas Canyon, located near Placitas, delineates the northern boundary of
Socorro phase occupations within the Albuquerque District.
During the Coalition period (AD 1200-1325), inhabitants of the Albuquerque
District experienced several significant changes, including a possible population increase,
architectural changes, and shifts in settlement patterns. Carbon-painted ceramics, which
are the defining element of the period, significantly outnumber mineral-painted white
ware in Coalition ceramic assemblages.

Previous Research
Because the earliest ceramics included both Mogollon and Ancestral Pueblo
types, early researchers focused on identification of Anasazi versus Mogollon traits (see
Cordell 1979:42-43 for discussion). These early researchers were the first to characterize
Albuquerque as a frontier between two cultural zones. Most argued that early
Developmental sites displayed attributes more characteristic of an Anasazi occupation,
(i.e., presence of gray ware and absence of long lateral entry ways for pit houses) with
interaction with Mogollon populations indicated by frequent co-occurrence of brown
ware (Cordell 1979:42). A few sites serve as exceptions. LA4955 contained a utility
assemblage composed entirely of brown ware and a pit structure with a ramped entry way
(Cordell 1979:42; Wiseman 1976). Peckham (1957) recorded a single pit structure with a
ramped entry way at LA3290, which also had a high proportion of Mogollon ceramic
types.
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Schmader’s (1994) dissertation constitutes the definitive work on the early
Developmental period. His research centered on an analysis of site structure at 13 early
Developmental sites located on the west side of the Rio Grande just north of Corrales. In
his dissertation, Schmader summarizes the substantial earlier work on this time period.
Two early Developmental occupations, the Sedillo and Dennison sites, provide
evidence for the earliest occurrence of Socorro Black-on-white from an excavated
context. Several pit houses at these sites had trace amounts of Socorro Black-on-white,
indicating a slightly later occupation date for these structures (Skinner 1965, 1968;
Vivian and Clendenen 1965).
There have been fewer systematic excavations of sites dating to the late
Developmental and Coalition periods than for early Developmental period sites. Prior to
the 1980s, most data on this time period were confined to surface observations. A 1960s
excavation at the Tunnard site, which is located on the Sandia Reservation immediately
north of Albuquerque, provided the single exception (Hammack 1966). Hammack was
the first to describe a local variety of Santa Fe Black-on-white, characterizing white ware
from the Tunnard Site as a blend of Socorro and Santa Fe Black-on-white technologies
and decorative styles. However, excavation at the site was limited to the midden because
the habitation area had been destroyed. This site appeared to have been occupied
primarily during the late Coalition continuing into the early Classic.
Broader synthetic interpretations that covered this time period focused primarily
on ceramic distributions and sought to place Albuquerque within a larger regional context
(e.g., Anschuetz 1987; Lang 1982). Anschuetz’s (1984, 1987) dissertation research
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continues the theme of Albuquerque as a frontier. He explained regional ceramic stylistic
boundaries or “districts” in terms of a cultural ecological model, arguing that stylistic
districts reflected territorial boundaries used to maintain control of critical resources.
Anschuetz depicted Albuquerque as the northern periphery of the Socorro District until
the late AD 1200s. He contended that social alliances shifted north to the Santa Fe
District during the Coalition, while ties to southern groups waned over time. He argued
that Albuquerque was a major Anasazi center by the Classic period.
Beginning in the late 1970s, cultural resource management projects led to
excavations at several late Developmental and Coalition period sites in the Albuquerque
area. A number of excavations in the 1990s were particularly significant, greatly
increasing knowledge of Socorro phase occupations. Excavations at Socorro phase sites
included two sites on the western valley margins, the Coors Road Site (Sullivan and
Akins 1994) and the Meade Avenue Site (Marshall and Marshall 1994). On the east side,
two sites were completely excavated—the Airport Hamlet (Acklen 1995) and the Two
Dead Junipers site (McKenna and Larson 2005), and more limited test excavations were
conducted at two sites on KAFB, the Cobble Pueblo and the Pit House Site (Abbott et al.
1997). All of these sites were assigned to the Socorro phase based on the predominance
of Socorro Black-in-white. However, nearly all of these sites date to the late
Developmental/Coalition transition, with low frequencies of Santa Fe Black-on-white
also recovered.
Research at the Coors Road Site continued to focus on regional interaction with
southern populations. Investigators tested the hypothesis that the site was seasonally
occupied by groups from the Socorro District (Anschuetz and Vierra 1985). They
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ultimately rejected this hypothesis, concluding that the site occupation was more permanent.
However, based on ceramic data, Post (1994) argued that the site was initially settled by
groups from the south. He suggested that site occupants maintained ties to their homeland,
but that contact declined over time, replaced by increasing interaction with groups within the
Albuquerque area, in particular Tijeras Canyon.
Marshall and Marshall (1994:240-244) provided an excellent overview of
evidence for Socorro phase occupations in Albuquerque and surrounding areas. Their
research in southwestern Albuquerque again focused on the origins of Socorro Black-onwhite in the Albuquerque area, as well as regional interaction. Like Post, Marshall and
Marshall (1994) noted an increase in Tijeras Utility over time and suggested that Socorro
phase inhabitants participated more actively in regional interaction outside the Albuquerque
area in comparison to later Coalition period populations. According to Marshall and
Marshall (1994:243), Socorro phase groups had a propensity to live among their
neighbors; Socorro phase sites and unit intrusions are common in areas outside primary
production zones (also see Roney 1995).
Excavation of later Coalition period sites in the Albuquerque area included two
sites in Tijeras Canyon—Coconito Pueblo (Wiseman 1980) and Dinosaur Rock (Oakes
1979), and one site on the West Mesa, Bravo Pueblo (Marshall and Marshall 1994). In
addition, test excavations were conducted at the Adobe Pueblo, a later Coalition site on
KAFB (Abbott et al. 1997). Carbon-painted vessels are predominant in the ceramic
assemblages from these sites, which also contain lower frequencies of mineral-painted
sherds.
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Site Descriptions
Western Albuquerque Sites
The Coors Road Site (LA15260) consists of three pit houses, a surface structure of
unknown construction type, a possible ramada, other exterior features, and a midden.
Sullivan and Akin (1994:149) argued that none of the pit structures were occupied at the
same time, but that the entire span of occupation could have occurred within 50 years. The
Meade Avenue Site (LA57214) includes two pit houses, a midden, and an exterior hearth
(Marshall and Marshall 1994). Both this site and the Coors Road Site had significantly
disturbed surfaces, so presence or absence of surface structures is uncertain. Bravo Pueblo
(LA88334), the later Coalition site on Albuquerque’s west side, was only partly excavated
by Marshall and Marshall (1994). The excavated portion of the site had two jacal surface
structures and two pit houses that were used for habitation. A three-room adobe structure
probably served as a storage unit.
Eastern Albuquerque Sites
The Airport Hamlet (LA100419) consisted of two pit houses and a large cist pit
feature that had been modified into a habitation, as well as many extramural features.
Post holes at the site may have represented surface structures that were destroyed (Acklen
1995). Investigators interpreted the site as a seasonal farmstead that was re-occupied
repeatedly over a fairly short time period. The sparseness of the artifact assemblage from
the site supports this conclusion.
Two Dead Junipers (LA87432) is the largest of the excavated Socorro phase sites
in the Albuquerque area. The site is located near the southern boundary of KAFB. The
site had nine pit houses (which were not all contemporaneous), a kiva, surface storage
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rooms, two adobe room blocks (one linear, with four rooms and one L-shaped with six
rooms), three jacal surface structures, and other extramural features (McKenna and
Larson 2005). The extremely high proportion of bison bone reported from the site was
unique (ranging from a minimum of 20/50% up to 90%) (Akins 1987).
Test excavations were conducted at three other sites on KAFB [the Cobble
Pueblo (LA84429), the Pit House Site (LA53672), and the Adobe Pueblo (LA107488)]
(Abbott et al. 1997). In addition, a volunteer excavation at the Pit House Site salvaged a
single pit house that had about two-thirds of the structure remaining (Gallison et al.
2005). Testing at the Pit House Site yielded additional data on surface structures
including a rubble mound with cobbles set in adobe, along with an adobe wall (Abbott et
al. 1997). Testing at Cobble Pueblo revealed unshaped cobble/adobe surface structures.
Researchers also noted the presence of a depression on the site surface, possibly
indicating the presence of a pit structure (Abbott et al. 1997). The Adobe Pueblo
(LA107488), a later Coalition site, is a large site with at least six room-block features. The
scope of test excavations provided limited data, but structures appear to have been
constructed of adobe and jacal walls on cobble foundations (Abbott et al. 1997).
Two later Coalition period sites in Tijeras Canyon were completely excavated.
Dinosaur Rock (LA14857) consisted of five contiguous adobe rooms utilized for storage,
a three-room jacal surface habitation, and one surface milling room. On the basis of
absolute dates, Dinosaur Rock appears to have been occupied earlier than Coconito
Pueblo (see Table 5.2). Coconito Pueblo (LA10794) had 19 surface rooms, mainly of
adobe, along with a kiva and eight pit structures. The surface rooms were originally
constructed in a linear block, with additional rooms appended later. Many of the adobe
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rooms had evidence for habitation. Wiseman (1980) suggested that the site was initially a
permanent habitation site that subsequently served as a seasonally occupied farming satellite
for the larger sites of Tijeras Pueblo or San Antonio during the end of the Coalition period.
Lower Rio Puerco Sites
Two sites in the lower Rio Puerco Valley with substantial Socorro phase
components were excavated in the 1950s as part of a pipeline project (Fenenga 1956;
Fenenga and Cummings 1956). LA2567 contained three masonry roomblocks with
irregular cobbles set in adobe clay, a pit structure that may have been a kiva, and stratified
midden deposits. The site also had an earlier component and showed evidence of periodic
re-use. Cerros Mojinos (LA2569) is a larger site consisting of five architectural mounds of
adobe, masonry and jacal structures, as well as a plaza and a kiva that was re-utilized as a
habitation. Masonry architecture consisted of cobbles set in adobe. Some structure walls
were built of coursed adobe. Not all of the architectural mounds at this site were excavated.
Based on surface observations and excavations there appeared to be at least 20 rooms. Also
during the 1950s, Dr. Frank Hibben conducted excavations at the site (which he referred to
as the Huning Site). An examination of the collections from Hibben’s excavations revealed
a broader occupation span than indicated by the portion of the site excavated during the
pipeline project.

Overview of Architectural Patterns
Use of pit houses persisted longer in the Albuquerque District than other areas of
the Rio Grande, continuing through the 13th century. Pit houses from the early
Developmental through the Coalition generally exhibited an eastern orientation.
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Early Developmental sites consisted of small clusters of round pit houses, which
usually had four-post roof supports (Cordell 1979; Schmader 1994). Schmader noted that
most early Developmental sites had from four to six structures, with one site having an
estimated 12 pit houses. Schmader divided these structures into two functional types—
sleeping and cooking. He argued that they primarily represented cold season use.
Small clusters of pit houses also characterized late Developmental occupations.
However, pit house shape and floor features seemed to exhibit greater variation than
described for the earlier period. Late Developmental pit houses were generally round or
sub-rectangular. In addition, the majority of the excavated pit structures on
Albuquerque’s west side had possible evidence for surface adobe walls. Most excavated
late Developmental sites had two to three pit houses. Two Dead Junipers contained nine
pit houses, but these structures were not all occupied contemporaneously. Surface
structures (including rock masonry, puddled adobe masonry, adobe masonry with slab
footings, cobbles set in adobe, and jacal) appeared toward the end of the late
Developmental period, accompanied by an increase in site size (Anschuetz 1984:27).
Adobe structures seem to primarily have been utilized for storage at both late
Developmental and earlier Coalition period sites.
Coalition period pit houses demonstrated continuity in shape, orientation, and
features with late Developmental pit structures. During the later Coalition period, pit
houses appear to have been utilized contemporaneously with above-ground adobe
residential structures (e.g., Wiseman 1980), although above-ground residential structures
became more common. In the broader Rio Grande region, surface structures consisted of
linear or L-shaped room blocks of two to 200 rooms, with 13 to 30 rooms being most
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common (Stuart and Gauthier 1984). Surface structures dating to this period in
Albuquerque are smaller, ranging from 1-19 rooms.
The presence of several jacal-walled pit structures constitutes an anomalous
architectural pattern specific to the Albuquerque District. These structures were
dispersed throughout the entire region and were constructed during the early
Developmental, late Developmental, and Coalition periods. The earliest such pit
structure was recorded at the early Developmental Denison Site (Vivian and Clendenen
1965). Two sites dating to the late Developmental each had a single pit structure with
jacal walls: one at LA2567 in the Rio Puerco region (Fenenga 1956) and the second
structure at the Airport Hamlet (Acklen 1995). The Tijeras Canyon site of Coconito
Pueblo was the only later Coalition period site with this architectural feature, containing
six jacal-walled pit houses. Within the northern and central Rio Grande region, this
architectural elaboration in pit houses seems to be unique to the Albuquerque District
(Lakatos 2006).

Settlement Patterns
Archaeological survey provides some general settlement pattern data for the
Puebloan occupation of the Albuquerque area. For example, while groups certainly
utilized the West Mesa escarpment, archaeologists have not recorded any Puebloan
habitations there. Early Developmental habitation sites were predominately located on
the terraces of major rivers and along intermittent tributaries (Cordell 1979; Schmader
1994). Late Developmental sites cluster along arroyos (Larson et al. 1998; Marshall and
Marshall 1994). Coalition period sites generally sat along major drainages (Cordell
1979).
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Schmader (1994:495) argued that early Developmental groups moved around
frequently, re-occupying sites, not on a seasonal basis, but also not for lengthy periods of
time. Late Developmental and Coalition period sites demonstrate continuity of this
settlement pattern; they also exhibit extensive evidence for periods of abandonment and
re-utilization of structures. Re-occupation of the same areas over several centuries
appears to have been common (e.g., Marshall 1986; 1989)
Numerous small late Developmental sites located on both the southwestern and
southeastern sides of the Rio Grande appear to cluster in groups that may have
represented communities (Larson 2008; Larson et al. 1998; Marshall and Marshall 1994).
During the Coalition, these populations apparently aggregated into fewer and larger sites
(Larson et al. 1998; Marshall and Marshall 1994).
I examined this issue of community organization in the late Developmental and
Coalition periods in earlier research (Larson 2008). Settlement pattern data from KAFB
indicated clustering of late Developmental/Coalition period sites, primarily along Arroyo
del Coyote, a major drainage in the area. Seymour (n.d.) suggested that these site clusters
represented communities, and that this shift reflected a change in sociopolitical
organization in the area. Because spatial proximity alone does not constitute evidence of
community, I sought to examine this question through a preliminary refiring study. Data
on relative levels of interaction provide more direct evidence for the existence of
communities, and levels of ceramic exchange are one measure of interaction (Duff 1993,
2002). If site clusters represented communities, interaction between sites within a cluster
would have been greater than interaction between sites in different clusters. The refiring
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study incorporated utility and decorated wares and examined similarity in the distribution
of refired colors within and between these spatial clusters of sites.
The results demonstrated that sites within clusters generally shared more similar
proportions of refired color groups than between clusters. Also, similarity in refired color
proportions seemed to be most strongly determined by distance between both sites and
site clusters. Therefore these preliminary results support the hypothesis that spatial
distance and social distance were related and that site clusters may have constituted
communities. In contrast, Coalition period sites in different clusters showed similarity in
proportions of refired color groups, possibly indicating social integration within and
between these aggregated sites.

However, most of the samples were from surface

assemblages, and larger samples with greater chronological control to demonstrate site
contemporaneity would offer more conclusive proof.
Data from the KAFB and Tijeras Canyon areas yielded complementary trends in
settlement patterns. Survey data indicate that KAFB populations peaked during the late
Developmental/Coalition transition, followed by virtual abandonment for permanent
habitation sometimes in the latter half of the 13th century (Larson et al. 1998). In
contrast, survey data from Tijeras Canyon generated abundant evidence for Coalition
period occupations, which increased during the later Coalition (Anschuetz 1984). These
data may suggest that KAFB occupants moved to the Tijeras Canyon area. Similarity in
ceramic technologies between the two areas provides corroborating evidence.
potential causes behind these regional settlement shifts have not yet been explored.
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The

Relying heavily on Tijeras Canyon survey data, Anschuetz (1984, 1987) argued
that year-round habitation of the Albuquerque area did not occur until the Pueblo III/IV
transition (late Coalition/Classic). Data from more recent work described above provides
evidence for year-round habitation, countering this argument. Furthermore, Anschuetz
(1987) characterized the Tunnard Site as a non-structural artifact scatter, when it was
actually a midden with burials once associated with a habitation site that had been
destroyed. In addition, evidence for periodic site re-occupation has previously been
interpreted as proof of seasonal site utilization. However, in the light of other evidence
for more intensive site occupation, it seems more likely to have resulted from relatively
mobile local populations [similar to the settlement pattern described by Schmader (1994)
for the early Developmental occupation of Albuquerque].
In addition, it is difficult to determine if population sizes increased during the late
Coalition because no reliable data on prior population levels exist. Survey data from
KAFB may be instructive. These data indicate more numerous smaller late
Developmental/Coalition transitional sites and fewer larger, later Coalition period sites
(Larson et al. 1998). This settlement pattern seems to suggest aggregation of existing
populations rather than population increase. However, these data only reflect
developments in the first half of the Coalition and consist primarily of surface
observations.
Major issues with interpretations of population size include the paucity of
excavated sites, the lack of fine-grained chronological data, disturbance of the region due
to urban development, and differential visibility of sites. For example, are site clusters
contemporaneous or do they reflect frequent movement by a few groups? The larger
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sites with surface adobe habitations characteristic of the later Coalition are more visible;
most of the recently excavated late Developmental sites in disturbed urban areas were
initially recognized only by surface artifact scatters, with remains of more ephemeral
surface structures destroyed.
However, despite these issues, anecdotal evidence from KAFB does suggest
evidence for more intensive site utilization during the Coalition. Artifact densities (both
surface and subsurface) were much higher from the later Coalition periods sites than from
the late Developmental/Coalition transitional sites. These data could reflect either more
inhabitants and/or longer site occupations.
I want to clarify that I am not arguing against population growth or migration of
groups into the Albuquerque area. If population growth did occur, it may have been due
to migration from outside areas, internal population growth, or both. However, current
evidence does not indicate migration into an unoccupied territory at the end of the
Coalition.

Ceramics of the Late Developmental and Coalition Periods
The following section provides a brief overview of the ceramic types common in
the Albuquerque District during the late Developmental and Coalition periods. This
overview includes both utility ware and decorated white ware.

Utility ware
While this study targets the decorated white ware of the late Developmental and
Coalition periods, I also describe the associated utility types for several reasons. First,
this summary provides a more accessible and centralized overview of the background
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material, which includes substantial gray literature in which type names have been used
differently. Secondly, the widespread occurrence of brown ware contributes to the
portrayal of Albuquerque as a boundary zone between Mogollon and Ancestral Pueblo
cultures. Lastly, previously documented patterns in utility ware referred to throughout
this document provide a broader context for interpretation. These patterns have both
chronological and social implications.
Given the difficulties of assigning utility ceramics to brown ware or gray ware
categories on the basis of color alone, attribute-based analyses may be preferable.
However, tying attribute-based analyses back to earlier typological work is imperative.
Brown ware
The following overview of brown ware owes a great debt to the synthesis
provided by McKenna (McKenna and Larson 2005). Mera (1935) first defined Pitoche
Rubbed-ribbed, and Los Lunas Smudged as a suite associated with Socorro Black-onwhite. Dittert (1959:413-415) divided Mera's Pitoche Rubbed-Ribbed into two types
based on his work on the Acoma Reservation to the west of the study area: (1) Pilares
Banded and (2) Pilares Fine-banded. This division incorporated the temporal pattern of
decreasing coil width (from 5-8 mm to 3-4 mm). Some researchers in the Albuquerque
area utilized Dittert’s Pilares nomenclature (Skinner 1965; Vivian and Clendenen 1965;
Warren in Anschuetz and Vierra 1985; Wiseman 1980). Others continued to use Mera’s
Pitoche Rubbed-ribbed (Hammack 1966; Marshall 1980; Marshall and Walt 1984; Post
1994). Warren (1982:156) coined the name "Pitoche Banded," retaining Mera's Pitoche
terminology, while using Dittert’s Pilares Fine-banded for vessels with narrower coils.
More recently, Marshall and Marshall (1994:183) introduced the term "Los Lunas Brown
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ware,” which includes Los Lunas Smudged and the Pitoche/Pilares types. McKenna
(McKenna and Larson 2005) used Pitoche Rubbed-ribbed for the earlier type and Pilares
Fine-Banded for the later. Other more recent work (Franklin and Murrell 2010; Larson et
al. 1998) used a non-typological attribute-based approach for categorizing utility ware.
In these attribute-based analyses, differences in surface manipulation such as ribbed,
indented corrugated, smudged, and obliterated corrugated were recorded along with
variation in temper. Common temper types recorded for brown ware includes sand and
intermediate igneous rock (Franklin and Murrell 2010). Figure 2.2 illustrates examples
of brown ware from Albuquerque area sites.

Figure 2.2 Brown Ware Sherds from Albuquerque Sites
(a, b, d, and e are from the Coors Road Site; c and f are from Two Dead
Junipers; d illustrates smudged interior)
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Tijeras Utility
Production of Tijeras Utility was common throughout the late Developmental and
appears to have increased during the Coalition Period (Hill and Larson 1994; Marshall
and Marshall 1994; Post 1994.) Tijeras Utility displays a wide variation in surface color
ranging from brown to gray to red or orange. Abundant coarse laminated micaceous
schist temper defines this type, which was first identified in the Tijeras Canyon area, the
location of the parent source material (Oakes 1979:98-103). However, secondary pieces
of micaceous schist are abundant on KAFB, and specimen have been noted from pit
house contexts at both the Airport Hamlet (LA100419) (Acklen 1995) and the Pit House
Site (LA53672) (Gallison et al. 2005), suggesting that its production may have extended
south of Tijeras Canyon to adjacent areas along the eastern uplands and mesa. Tijeras
Utility dominates all of the site assemblages at KAFB from both surface and subsurface
contexts (Larson et al. 1998). Figure 2.3 depicts a reconstructed Tijeras Utility jar from
the Two Dead Junipers Site.
Post (1994) did not use Tijeras Utility as a type name but identified Tijeras
Canyon as the probable source of the schist-tempered utility ware at the Coors Road Site
on the west side [in contrast to Warren’s suggestion that this ware originated from near
the Ladron Mountains near the Rio Salado area (Anschuetz and Vierra 1985)]. Based on
photos, schist-tempered sherds from the Tunnard Site also appears to be Tijeras Utility.
Large, abundant pieces of schist that are clearly visible on vessel surfaces are a hallmark
of the type, making identification based on a photo possible. Marshall and Marshall
(1994) recorded Tijeras Utility at both the Meade Avenue Site and Bravo Pueblo also on
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the west side. Tijeras Utility was the dominant utility ware in all of the later Coalition
period assemblages from excavated contexts throughout the Albuquerque area.

Figure 2.3 Tijeras Utility Jar from the Two Dead Junipers Site

Decorated Ceramics: Mineral-painted types
Tijeras Black-on-gray
McKenna first defined Tijeras Black-on-gray as a local variant of Socorro Blackon-white (McKenna and Larson 2005). Design elements that are similar to those found
on Socorro Black-on-white executed with a thin, washy reddish-brown mineral paint on a
Tijeras Utility paste characterize this type (Figure 2.4) (McKenna and Larson 2005).
Unpolished, hand-smoothed, and unslipped surfaces are typical. Like Tijeras Utility,
coarse micaceous schist temper often protrudes to the surface. Surface colors range from
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a dark gray-brown to a dirty buff. Tijeras Black-on-gray sherds from bowls, jars, and
pitchers have been recovered. Geometric designs featuring “barbs or irregular triangles,
and parallel lines arranged in robust chevrons, as lines associated with triangles or solid
elements and as parallel lines obliquely or vertically pendant from the rim” are common
(McKenna and Larson 2005).
Tijeras Black-on-gray appears to be confined to the east side of the Rio Grande in
the Albuquerque area, occurring at sites across KAFB, as well as the Airport Hamlet (Hill
and Larson 1995; Larson et al. 1998). Its earliest production date appears to be the late
Developmental (Larson 2008; McKenna and Larson 2005). Whether or not production
extended into the Coalition period is unclear from the available data. Its apparent
absence in the later Tijeras Canyon assemblages suggests that production ceased by at
least the mid-13th century.

Figure 2.4 Tijeras Black-on-gray from Two Dead Junipers Site
(reddish-yellow pieces had been previously refired and glued back on)
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Tijeras Black-on-gray sherds were not included in this study for several reasons.
First, its paste composition (with numerous large pieces of micaceous schist temper) is
not amenable to the type of bulk compositional analysis utilized here. Secondly, based
on visual observations alone, Tijeras Black-on-gray clearly represents a distinct
technology as defined by multiple attributes including paste recipes and surface finish.
Lastly, sampled assemblages yielded few examples and most were too small to
characterize meaningful decorative differences. Future work should examine the
chemical composition of Tijeras Black-on-gray using a non-bulk technique. Adding
supplementary samples noted from surface assemblages of KAFB sites would increase
the sample size.
Socorro Black-on-white
The hallmark type of the Socorro phase, Socorro Black-on-white, was first
defined by Mera (1935). It is characterized by a hard, fine-grained gray, white or bluish
gray paste and is decorated with mineral paint, which is often dark black, but ranges in
color from reddish-brown, to dark gray, to black. Previous research documented the
following temper types: very fine to fine sand, hornblende latite, rhyolitic tuff, basalt,
and/or crushed sherd (Hill 1990, 1991, 1994; Hill and Larson 1995; McKenna and Larson
2005; Post 1994; Warren 1982). Figure 2.5 shows examples of Socorro Black-on-white
sherds from a variety of sites in the sample.
According to Dittert (1959), Socorro Black-on-white may have originated in the
Acoma region between AD 870 and 950 (Dittert 1959). Lang (1982) argues that it was
derived from Red Mesa Black-on-white. It has been suggested that Socorro Black-on-
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Figure 2.5 Socorro Black-on-white Partial Vessels/Large Rims from Sample

white may have been manufactured as late as AD 1360. This late date is based on
absolute dates from Arroyo Hondo Pueblo (LA 12), a site near Santa Fe, where Socorro
Black-on white occurs as a trade ware in deposits that date between AD 1320 and 1360
(Lang 1993). Such a late date is extremely tenuous, however, because only two Socorro
Black-on-white sherds were recovered from the entire site, raising the possibility that
they were brought to the site as sherds long after their deposition elsewhere. Most
excavated sites with ceramic assemblages dominated by Socorro Black-on-white from the
Albuquerque area date to approximately the twelfth century. These assemblages also
contain trace amounts of Santa Fe Black-on-white (see Table 5.2), suggesting dates near
the end of the century.
The area of production of Socorro Black-on-white is not well-established. In fact,
during more recent work, this type was not commonly observed in the Socorro area for
which it was named (Marshall and Walt 1984). Previous researchers in the Albuquerque
area asserted that Socorro Black-on-white often reflected a “southern” source (Anschuetz
and Vierra 1985; Oakes 1979; Post 1994). Others argued that local production of
Socorro Black-on-white was common (e.g., Hill 1994; Hill and Larson 1995; Lang 1982).
Outside the Albuquerque area, Socorro Black-on-white has been reported on the Rio
Puerco and Rio Salado drainages, on the Rio Grande between Los Lunas and Belen, and
west to the Acoma province. It has also appeared as a trade good in Chacoan sites (Hill
1990; Warren 1979; Windes and McKenna 1989). The Rio Puerco and Rio Salado
drainages between Los Lunas and Belen, the Acoma Province, and the Albuquerque area
are all probable Socorro Black-on-white production areas (Lang 1982).
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In the Rio Puerco Valley, Socorro Black-on-white predominates on sites south of
Interstate 40, while ceramics to the north are primarily local variants of Cibola white
ware (Eckert 2008; Eidenbach 1982). Excavated Socorro phase sites in the lower Rio
Puerco region include LA2567 and Cerros Mojinos (also known as the Huning and Fence
sites) (Fenenga 1956; Fenenga and Cummings 1956). In addition, recent limited work on
the Isleta Reservation to the south documents the presence of Socorro phase pit house
sites located on the floodplain of the Rio Grande, although these materials have not been
absolutely dated (Hill and Larson 1995:107).
Socorro Black-on-white sherds have also been recovered in smaller quantities
from excavated later Coalition period sites with ceramic assemblages dominated by
carbon-painted vessels. These sites include the Dinosaur Rock site (Oakes 1979), and
Coconito Pueblo (Wiseman 1980), both located within Tijeras Canyon. A low frequency
of Socorro Black-on-white sherds was also recovered from Bravo Pueblo on the West
Mesa (Marshall and Marshall 1994), the Tunnard site near Sandia Pueblo (Hammack
1966); the Adobe Pueblo on KAFB; and the Bear Canyon Site (Schmader 1994).

Decorated Ceramics: Carbon-painted types
Santa Fe Black-on-white
Classic Santa Fe Black-on-white is decorated with blue-gray carbon paint over a
slate or blue-gray paste, with rough, often bumpy exteriors on bowls (Amsden 1931;
McKenna and Larson 2005). Based on variation in surface finish, Honea (1968:117)
defined three varieties of Santa Fe Black-on-white: whitewash slip (Pajarito variety),
white slip (Peralta variety), and blue-gray ware (Santa Fe variety). Habicht-Mauche
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(1993) could not substantiate these groups at Arroyo Hondo Pueblo (LA 12) in the Santa
Fe District to the north, concluding that surface finishes cross-cut paste and temper
differences. Habicht-Mauche defines two varieties (1) Santa Fe variety, which has a finegrained temper of quartz silt/sand and fine volcanic ash and (2) Pindi variety (replacing
Pindi Black-on-white), which is tempered with coarse pumice. The second variety has a
later production date of ~AD 1300-1350. Hammack (1966) described Santa Fe Blackon-white, Valley Variety for Santa Fe Black-on-white produced in the Albuquerque area.
Figure 2.6 provides examples of Santa Fe Black-on-white from the study area. The
vessels are from transitional and later Coalition period sites. The vessels from the Tijeras
Canyon area sites were classified as Santa Fe/Wiyo Black-on-white by researchers based
on the thicker walls and softer pastes. However, these vessels lack the distinctive olivecolored pastes typical of Wiyo Black-on-white.
A survey of the literature suggests that temper varies widely, including quartz
silt/sand (Habicht-Mauche 1993:19; Honea 1968:122; Stubbs and Stallings 1953:48), fine
volcanic ash (Habicht-Mauche 1993:19), pumice (Habicht-Mauche 1993:22), granite
(Warren 1979), sherd (Honea 1968:122; Stubbs and Stallings 1953:48; Warren 1979),
tuff (Honea 1968:122; Stubbs and Stallings 1953:48; Warren 1979), and sandstone
(Warren 1979).
There are little data on exchange of Santa Fe Black-on-white ceramics recovered
from the Albuquerque District. Oakes (1979) noted an absence of imported Santa Fe
Black-on-white in the Tijeras Canyon area. Based on petrographic data, Hill (1994)
concluded that Santa Fe Black-on-white sherds from the Rio Bravo Pueblo on
Albuquerque’s west side were locally produced. However, these studies were from later
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Figure 2.6 Santa Fe Black-on-white Partial Vessels/ Large Vessel Rim Sherds
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Figure 2.6 (cont.) Santa Fe Black-on-white Partial Vessels/ Large Vessel Rim Sherds

Coalition sites, with no data for the late Developmental/Coalition transition.
Microscopic analysis of aplastics in Socorro and Santa Fe Black-on-white from
transitional period sites have suggested general similarity in composition between the two
types (e.g., Franklin and Murrell 2010; Hill and Larson 1995).
Tree ring dates for Santa Fe Black-on-white suggest a broad date range, from AD
1175/1200 to after AD 1410 (Habicht-Mauche 1993:19). Habicht-Mauche defines a farreaching spatial distribution for Santa Fe Black-on-white—from the eastern foothills of
the Sangre de Cristo Mountains between Springer and the Pecos River to the lower
drainages of the Puerco west of San Ysidro and from Tijeras Canyon north to the Chama
River (Mera 1935; Stubbs and Stallings 1953). More recent work in the Albuquerque
area indicates an even broader distribution, including Albuquerque and extending south
to Los Lunas (Franklin and Murrell 2010; Marshall and Marshall 1994).
Wiyo Black-on-white
Wiyo Black-on-white is distinguished from Santa Fe Black-on-white by softer
pastes that exhibit more oxidized colors, as well as thicker vessel walls. The carbon paint
is often a dense black.

Ticked rims are common. Decorative designs are heavier, with

thicker brush strokes and greater use of solid elements (Habicht-Mauche 1993). The
production span for Wiyo Black-on-white extends from AD1250 –1425 (HabichtMauche 1993). Figure 2.7 depicts sherds catalogued as Wiyo Black-on-white by
Marshall and Marshall (1994). All were locally produced.
According to Habicht-Mauche (1993), Wiyo Black-on-white has primarily been
recovered from Tewa regions, with the Santa Fe River and its tributaries marking the
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Figure 2.7 Wiyo Black-on-white Partial Vessels/Large Rim Sherds

southern boundaries of its primary distribution. However, more recent work extends its
distribution much farther south. It has been recorded in southern Albuquerque (e.g.,
Franklin and Murrell 2010; Marshall and Marshall 1994) and as far south as Los Lunas
(Franklin and Murrell 2010). At the Rio Bravo Pueblo in southwestern Albuquerque,
Wiyo Black-on-white constituted a large proportion of the assemblage (~21%).
Unfortunately, the site did not yield accurate absolute dates. However, the presence of
St. John’s Polychrome and the lack of glaze ware at these sites indicate a date in the latter
half of the AD 1200s.
Habicht-Mauche (1993) recorded volcanic ash as the dominant temper in Wiyo
Black-on-white at Arroyo Hondo.

Franklin observed sherd/sand mixes similar to that

found in local Socorro and Santa Fe Black-on-white (Franklin and Murrell 2010). Hill
(1994) recorded rhyolitic tuff in petrographic samples of Wiyo Black-on-white sherds
from Bravo Pueblo. (However, Carpenter (2008) did not observe rhyolitic tuff in the
Wiyo Black-on-white samples from Bravo Pueblo that were analyzed for this study.)

Summary
In comparison to other areas of the Rio Grande and to other time periods within
the Albuquerque area, late Developmental and Coalition period occupations have been
subject to much less systematic research. There are two recurring debates that surface
throughout the literature: (1) What was the cultural identity/social affiliation (depending
on the era that the debate is taking place) of Albuquerque’s Puebloan inhabitants? (2)
When did permanent occupation begin?
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The issue of identity has been a focus of research since the earliest work in the
Albuquerque area, when archaeologists attempted to delineate major north/south cultural
boundaries. Reflecting theoretical changes within the discipline, later archaeological
investigations concentrated on topics such as population mobility and changes in regional
alliances between local archaeological “districts” (rather than the definition of “cultures”
or migration) (Anschuetz 1987; Lang 1982). During this era, although under a slightly
different guise, the emphasis on defining north-south boundaries continued. More recent
excavations resulting from contract archaeology projects have contributed substantially to
our understanding of the late Developmental and Coalition period occupation in the
Albuquerque area.
More recently, in the broader Rio Grande region, migration has become a
significant issue, with heated debate about the extent and significance of migration into
the region from the Mesa Verde area (Ortman 2012). How developments in the
Albuquerque District might fit into this larger picture had not been explored.
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CHAPTER 3 THEORETICAL BACKGROUND
This chapter provides the theoretical background for the topics of migration,
identity, and style. It covers the history and current theory of migration research and also
defines identity as it is used in this study. Although a complete review of the history of
archaeological approaches to style is beyond the scope of this document, the chapter
traces the historical threads of select themes that continue to explicitly (and implicitly)
impact current approaches to style and migration.

Migration and Population Movement
Migration was a staple of cultural historical accounts of the ancient Southwest
(e.g., Gladwin and Gladwin 1935; Haury 1958). Haury (1958:1) developed the earliest
explicit criteria for detecting migration in the archaeological record, which included: (1)
the sudden appearance of new traits that lacked local prototypes; (2) identification of the
source area for those traits; (3) contemporaneity of intrusive traits in the destination and
source areas; and (4) the products produced by immigrants, who borrowed elements from
the host group, but preserved some elements of their own tradition.
Critiques of cultural historical approaches targeted the over-simplified use of trait
lists as definitive evidence of migration, providing examples where movement of traits
did not correspond to the movement of people (e.g., Adams et al. 1978). However, the
death knell appeared to sound for migration studies with New Archaeology’s rejection of
the topic as non-explanatory (Lyons 2003).
Researchers often credit Anthony (1990) for the rehabilitation of migration
studies in archaeology. Anthony characterized migration as a predictable social process
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that is “constrained by such factors as social organization, exchange relationships, and
transportation technologies” thus, giving it explanatory value (Lyons 2003:7). Over the
last two decades, migration research has proliferated across the American Southwest
(e.g., Adams 1998; Anschuetz and Wilhusen 2011; Bernadini 1998, 2002, 2005;
Bernadini and Fowles 2011; Cameron 1995; Clark 2001; Clark and Laumbach 2011;
Ennes 1999; Herr 2001; Herr and Clark 1997; Lekson et al. 2002; Lyons 2003; Lowell
2007; Mills 1998, 2011; Neuzil 2008; Ortman and Cameron 2011; Spielmann 1998;
Slaughter and Roberts 1996; Stone and Lipe 2011; Woodson 1999).

Defining Migration
This dissertation adapts part of Clark’s (2001:2) definition of migration as “longterm residential relocation beyond community boundaries by one or more discrete social
units.” As noted by Clark and Laumbach (2011:299), the terms “long-term residential
relocation,” “community boundaries,” and “social groups” have an intentional degree of
ambiguity. However, this definition does not include short-term visits, localized or
seasonal movement, or movements by an individual rather than a group. Therefore, it has
several practical advantages, such as excluding the types of movement that are often not
detectable in the archaeological record and emphasizing spatial and temporal
discontinuity (Clark and Laumbach 2011:299).
This definition differs in several key aspects from a more recent one proffered by
Ortman and Cameron (2011), who caution archaeologists about taking greater care with
the terminology that they use to describe population movement. In defining migration,
Ortman and Cameron (2011:234) used the modern connotation of the word, which refers
to the movement of individuals across political boundaries or relocation by members of
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an ethnic group within a nation. According to Ortman and Cameron (2011:234), the
relevant components of this definition include:
(1) Migration involves the movement of individuals or small kin groups. (Therefore,
in contrast to Clark’s, their definition of migration would include the movement
of individuals. It would also exclude large-scale migration and population
replacement as postulated in model #3 of this study. Following Irving Rouse
(1986), Ortman and Cameron (2011:235) define the movement of entire social
groups across a geographic, political, or social boundary as population movement
rather than as migration.)
(2) Movement is from one established community to the next. (Therefore, their
definition does not include colonization of a frontier as a form of migration.)
(3) Immigrants take on an identity related to their place of origin in the destination
community, which may or may not be the same as their previous identities.
(4) At least for a time, immigrants keep in contact with their homeland through kin
ties, cultural and economic exchange, oral tradition, or codification of homeland
material practices.
Ortman and Cameron argued that it is most practical to define migration using its
everyday meaning because it decreases the likelihood of misunderstandings. However,
as noted above, their definition conflicts with several aspects of the models originally
developed for this project. Therefore, this study maintains Clark’s earlier definition.
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Modeling Migration
Migration models may cover many different facets of migration, including where,
why, how, when, and who. The following discussion will summarize previous
approaches to these topics, as well as the questions of if, and how, this research may
address them.
Where
In considering the issue of “where,” Anthony (1990) divided migration into two
types: short-distance and long-distance. Anthony did not specify a distance that
distinguishes short-distance from long-distance migration but listed Ammerman and
Cavalli-Sforza’s (1971) wave-of-advance model, which involved movement into
immediately adjacent areas, as an example of short-distance migration. Anthony
(1990:901) contended that short-distance migrations occurred more commonly than longdistance movements but that archaeologists have greater difficulty in detecting them in
the archaeological record.
Ortman and Cameron (2001:241) defined this type of short-distance movement as
territorial expansion rather than migration. They suggested that territorial expansion
might be more likely to create situations in which newcomers continue their existing
cultural practices, possibly introducing them to native populations. Following Ortman
and Cameron’s definition, movement of Santa Fe groups into the immediately adjacent
Albuquerque District would have been territorial expansion rather than migration, and,
therefore, newcomers would have been more likely to maintain their cultural and social
practices.
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Why
Researchers typically categorize explanations for why groups immigrated into
push versus pull models—did economic, social, or other problems push people out of an
area or did the perceived economic or social advantages of that area pull them (Anthony
1990; Clark 2001)? However, some authors criticize this dichotomy as downplaying the
agency of migrating individuals and groups (e.g., Neuzil 2008:7).
Ortman and Cameron (2011:240) argued that it is also important to distinguish
forced migrations from voluntary ones. In their terminology, voluntary migration may
include both push and pull models. However, they questioned the application of
voluntary “pull” models to preindustrial societies, arguing that in modern, highly
developed economies, immigrants can make a living without access to land for farming, a
situation that would have been quite different in the ancient Southwest. They suggested
that movement into peripheral or frontier areas would have been much safer (Ortman and
Cameron 2011:240).
According to Ortman and Cameron (2011:240) forced migration results from
conflict, persecution, or extreme environmental conditions such as drought or famine.
They noted that modern people forced into migration are referred to as refugees.
Refugees typically have a lower social status, and the authors wondered if the same social
phenomena may have existed in the ancient Southwest.
In addition, Ortman and Cameron (2011:241) elaborated on the social dimensions
of the causes of migration, suggesting that some groups move in order to maintain social
and cultural practices, while others move in order to achieve social or cultural change.
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They concluded that identifying the causes of movement is important because it will
affect the size and composition of the migrating group, the pace and duration of
movement, the way groups are incorporated into existing groups, and the migrants’ desire
to maintain or change existing practices (Ortman and Cameron 2011:241). All of these
factors significantly affect the relative visibility of migration in the archaeological record.
This project does not attempt to answer the question of why groups may have
migrated but begins with the simple question of whether or not any evidence exists for
migration into the Albuquerque District. If evidence for migration does exist, an avenue
for future research would be to examine the causes of the migration.
How
The question of how groups immigrated is affected by several factors including:
(1) the demographics of both the destination area (Neuzil 2008; Stone and Lipe
2011) and the source area (Mills 2011);
(2) the structure and mechanisms of information flow between the original
homeland and new destination (Anthony 1990; Neuzil 2008; Ortman and
Cameron 2011); and
(3) the specific migration tactics utilized (Anthony 1990; Neuzil 2008).
This research does not seek to explicitly address all of these aspects of how migration
may have occurred. However, data on ceramic technological and decorative style may
have implications for some of them.
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In the case of empty or sparsely occupied destination areas, researchers have
categorized this scenario as frontier colonization. However, Ortman and Cameron
(2011:236) cautioned researchers about the potential pitfalls of using a terminology that
reflects capitalist, nationalist, and colonial ideologies. For example, colonization often
implies dominance of the native populations by the colonizers, as well as a lack of impact
on the social and cultural practices of the native populations by the colonizers,
assumptions often proven incorrect.
In cases of previously occupied destination areas, structures of information
exchange between the populations of the source and destination areas were often, but not
always, kin-based (Anthony 1990). Various mechanisms for information exchange
between source and destination areas included trade, inter-marriage, shared use of
resource zones, and ritual links (Neuzil 2008; Ortman and Cameron 2011).
Existing data indicate that permanent occupation of the Albuquerque District
occurred prior to the Coalition period, but if occupation was relatively sparse, movement
into unoccupied areas may have occurred. Ceramic data could provide indirect evidence
for frontier colonization; pockets of sites with ceramic assemblages dominated by a “nonlocal” pottery tradition could indicate the movement of groups into an uninhabited area.
Compositional data could also provide data on exchange as a mechanism of information
flow. For example, trade ware from the Santa Fe District would implicate exchange as
one such mechanism, but would not rule out the possibility of other mechanisms or
provide evidence about the structure of information exchange.
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Anthony (1990) identified different possible strategies for long-distance
migration. They include: the leapfrog or chain model (scouts bypass large areas,
creating settlement “islands”) and the migration stream model (migrants travel along
well-established routes, resulting in relatively continuous artifact distributions along the
route). Neuzil (2008:7) noted that prehistoric migrations in the Southwest are best
characterized as a combination of both models. In addition, population streams can flow
in both directions as in the case of return or multi-directional migration (e.g., Bernardini
2005).

Like the question of why groups migrated, characterizing the specific migration

strategy extends beyond the scope of this research and is a potential topic for future work.
When
The question of the timing of migration includes two relatively self-explanatory
concepts: pace and duration (Ortman and Cameron 2011). Both the pace and the
duration of migration have important implications for detection of migration in the
archaeological record, as well as its social consequences. For example, when comparing
migrations of similar numbers of individuals, a short-term migration of a large group
would probably leave a more visible imprint on material culture than the migration of
small groups over a longer time period. This visibility difference would arise partially
out of dissimilarities in the social impacts on migrant and native populations in these two
alternate scenarios.
Two commonly cited examples illustrate these differences— the site unit
intrusions that represented enclaves of Kayenta migrants at the site of Point of Pines
along the Mogollon Rim of Arizona (Haury 1958) and the postulated migration of Mesa
Verde area groups into the northern Rio Grande region of New Mexico (Anschuetz and
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Wilshusen 2011; Lipe 1995). The Kayenta migration was highly visible and apparently
resulted from a single migration event of a relatively large group, where migrants
maintained many aspects of their traditional practices and identity. In addition, evidence
exists for hostility between the migrants and native populations (Haury 1958; Stone and
Lipe 2011).
In contrast to the clear evidence of movement of Kayenta groups, archaeologists
hotly debate the topic of migration of Mesa Verde groups into the northern Rio Grande
(Ortman 2012). Other than carbon-painted ceramics that appear similar to Mesa Verde
types, a lack of clear material evidence may indicate that migrants quickly became
integrated into local populations. Other lines of evidence include demographic data and
oral tradition (Lipe 1995; Ortiz 1969; Ortman 2000). Researchers have argued that these
differences in both the visibility and social consequences of migration arise partially out
of differences in pace and duration, as well as the size of the individual migrating groups
(Stone and Lipe 2011).
Who
The main variables used to describe “who” the migrants were include the size and
composition of the migrant group, as well as identification of the source area for the
migrants, which is related to their cultural identity. Anthony (1990:905) suggested that
the earliest migrants would often be young males sent out as scouts. According to Neuzil
(2008:5) migrant groups range in size from the individual, to the household and suprahousehold (such as lineages or clans), up to an entire community.

The four models

proposed in this study do not recognize the movement of an individual as migration nor
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do they attempt to distinguish between household and supra-household migration, but
they do differentiate between smaller groups and migration of an entire community.
When addressing the issue of migrant group composition, Ortman and Cameron
(2011:242) reasoned that households should not be considered the de facto migration unit
because Southwest Pueblo society is organized along cross-cutting social groups,
including clans, moieties, feast groups, and religious societies. However, they also
conceded that the household or lineage may have been more important prior to largescale Pueblo IV population aggregation, as suggested by the structure of unit pueblo
architecture.
As noted by Ortman and Cameron (2011), the size and composition of a migrant
group has important implications for continuity of social practices. In addition,
researchers should consider gender and age distributions when using material culture to
identify migration; gendered and age-based divisions of both economic and ritual
practices would have significantly influenced variation in material culture. Because
women were probably the primary pottery producers in the ancient Southwest (Crown
and Wills1995), this issue may be of even greater concern when using ceramics to
identify traces of migration in the record.
More recent studies expand the question of “who” to also consider the social and
demographic aspects of the indigenous populations in addition to the migrant groups
(Ortner and Cameron 2011; Stone and Lipe 2011). These factors would affect social
consequences of migration, as well as the visibility of migrants. Variables include the
size and density of the native population, as well as social structure and settlement
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patterns (dispersed versus aggregated). The ratio of the immigrant to local population
would also have had significant impacts. Mills (2011) added the size of the population
left behind as a noteworthy consideration. For example, complete abandonment of an
area versus out migration of several small groups has important implications for
understanding the causes of migration, as well as for the extent of its social impacts.

Social Consequences of Migration
Moving beyond work concerned primarily with the identification and
characterization of migration in the archaeological record, researchers have recently
pushed the social consequences of migration to the forefront (e.g., Clark and Laumbach
2011; Neuzil 2008; Stone and Lipe 2011). According to Clark and Laumbach
(2011:299), the new migrant of the last two decades is a “social mixer” in contrast to the
“population replacer” of the cultural historians. Questions posed by researchers include:
Did migrants integrate into native populations or did they maintain separate identities?
Did inequality develop, with native people possibly controlling access to better
resources? If social integration occurred, did this result in changes in identity for the
migrant population, the native group, or both?
As clearly illustrated by the contrast between the Kayenta and Mesa Verde
migration examples, the social impacts of migration can vary considerably. The
following factors affecting migration’s social consequences include (from Clark and
Laumbach 2011; Stone and Lipe 2011):





the size of the immigrant group;
the structure of the immigrant group;
the relative sizes of the immigrant and indigenous populations;
the social structure and settlement patterns of the indigenous population;
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the population density of the indigenous people;
the history of contact or social distance between the two groups;
the migrant group’s reason for moving;
the distance of the move;
the availability of land in the destination area; and
the flexibility of the indigenous group’s land tenure system.
This project may yield data about the social consequences of migration. For

example, if evidence for migration exists, did ceramic technologies and decorative styles
converge or diverge over time? Convergence would suggest increasing social
integration, while divergence would indicate social separation.

Identifying Migration in the Archaeological Record
Methods for identifying migration include oral tradition, demography, genetic and
osteological studies, and historical linguistic studies (Ortman and Cameron 2011).
However, most studies focus on variation in material culture. Many factors influence the
material visibility of migrants in the archaeological record. The following list, compiled
from Ortman and Cameron (2011) and Stone and Lipe (2011), summarizes the most
significant of these factors:











the distinctiveness of practices of migrants from the practices of host populations
prior to moving;
the ways in which the migrants become (or do not become) integrated into native
populations;
the nature and history of information flow and contact between groups (social
distance);
the size, composition (age, gender), and structure of the migrant group;
the pace and duration of migration;
the relative social statuses of migrants and natives;
the social structure and settlement patterns of the native populations;
why people migrated;
the physical distance between source and destination areas; and
the similarity and availability of raw materials in the source and destination
areas.
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Many of these factors were discussed above. Not a lot is known about these
topics for the Albuquerque District. With the exception of ceramic production, the
practices of the potential migrant populations of the Santa Fe District did not differ
greatly from those of Albuquerque District groups. Rio Grande populations as a whole
shared broad similarity in architectural traits (Lakatos 2006); previous researchers cite the
persistence of pit houses into the Coalition period as the single distinctive feature of
Albuquerque District sites (Cordell 1979). In addition, more recent work provides
evidence for jacal-walled pit structures that are unique to the Albuquerque District.
Relatively low-density, small, dispersed habitations characterized occupation throughout
the Rio Grande region during the late Developmental to Coalition Period transition.
Small communities such as these frequently have fluid social relations and engage in
alliance negotiation (Stone and Lipe 2011), which may decrease visibility of migrants.
We know little about regional information exchange for this time period, particularly
between the Santa Fe and Albuquerque Districts.

As previously discussed, previously

collected data suggest exchange, immigration or affiliation with southern groups during
the late Developmental period, possibly followed by a shift to either a northern affiliation
or immigration from the north beginning in the Coalition period.

Synthesizing Migration in the American Southwest
Given the ubiquity of current migration research in the Southwest, researchers
have recently attempted to conduct “controlled comparisons” of these case studies (Mills
2011; Ortman and Cameron 2011). Ortman and Cameron suggested a format for
comparison, which they organized along three themes—scale, connectivity, and
transformation (Table 3.1). Although organized differently, the above discussion touches
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on all of these themes.
Table 3.1 Dimensions of Population Movement
(after Ortman and Cameron 2011:246)
Dimensions
Scale
Size of migrating unit
Density of native population
Ratio of immigrant to native
population
Pace of movement
Distance moved
Impact of population levels of
source area
Connectivity
Reasons for movement
Relationship between immigrant
and native population
Degree of regional interaction
Basis for destination choice
Transformation
long-term impact on native
population
continuity in expression of identity
after migration
pervasiveness of regional conflict

Range of Continuous Attribute State
individual to entire society
empty to densely populated
low to high
single event to long-term migration
stream
close (1-2 days travel) to far (> week)
negligible to complete abandonment

environmental, economic, social,
ideological/ritual
conflict, coexistence, assimilation
minimal, economic, ritual, social
exchange partners, kinship,
ideology/ritual
negligible, some areas, pervasive
immediate discontinuation to extended
continuity in identity
low to high

Mills (2011:346-347) used these three dimensions to compare numerous specific
migration events in the ancient Southwest. In identifying broad migration trends for the
region, Mills (2011:356) concluded that a diasporic migration model (where diaspora is
defined as large-scale movement of groups into multiple, previously settled areas) may
have been the most common type of migration in the Southwest, particularly during the
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late 1200s and late 1300s to mid-1400s. Although some of these migrations consisted of
the movement of small social groups over long time periods, the cumulative result of all
of these movements was the transfer of large numbers of people into new areas, resulting
in abandonment of permanent settlement of large areas of the northern Southwest.
The above synthesis of large-scale migration patterns in the ancient Southwest
provides a broad regional social context for the inhabitants of the Albuquerque District.
The eventual replacement of mineral-paint technology by carbon-paint over a broad area
of the Southwest often cited as evidence for migration of Mesa Verde groups is
particularly relevant and will be returned to in the concluding chapter. In addition,
migration theory will guide interpretation of the data because all of these variables have
implications for changes in material culture resulting from migration.

Identity
Barth’s seminal work on ethnicity has heavily influenced archaeological analyses
of identity (Barth 1969). Perhaps Barth’s most significant contribution is his
characterization of ethnic and social identities as “somewhat fluid, situationally
contingent, and the perpetual subject and object of negotiation” (Jenkins 1996:23). As
noted by Barth and others, identity is both internal (within an individual) and external—
in other words, it is not enough to send a message about identity—that message has to be
understood by relevant others (Barth 1969; Jenkins 1996). Also, some audiences matter
more than others (Jenkins 1996:23); therefore, power relationships are inherent in identity
negotiation.
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These internal and external processes are reflexive (Jenkins 1996:20). As a
result, identities are to be “found and negotiated at their boundaries, where the internal
and external meet” (Jenkins 1996:23). Therefore, Barth’s work shifted the focus from
describing the cultural characteristics of ethnic groups to an examination of processes of
boundary maintenance and group recruitment (Jenkins 1996:93).
Due to the reflexive character of internal and external processes of identity
constitution, this model of identity incorporates both structure and agency. As noted by
Barth, individuals move in and out of ethnic groups, yet these group identities persist.
However, because identity is constituted through practice and must always be established
and re-established, ethnic identities may change over time. Despite the potential for
fluidity, however, Barth noted that persistence of individual ethnic identity is likely to be
the norm (Barth 1969:24). Jenkins (1996:21) made a similar point, noting that some
“primary identities” are less likely to change than others. These include selfhood,
humanness, gender, and in many instances, kinship and ethnicity.
All of these concepts have profound implications for negotiation and renegotiation of identities that may result from migration. For example, ethnicity in
general is portrayed as relatively stable over the lifetime of an individual, yet migration
provides the precise type of context where individual ethnic identities will likely be renegotiated and the identify of ethnic groups transformed.
The terms identity, social identity, ethnic identity, and ethnicity are often used
interchangeably by archaeologists (Neuzil 2008:9) and are not always clearly defined.
This research does not explicitly target ethnicity. However, because learning (including
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pottery manufacture) frequently takes place within ethnic groups, this project may have
implications for ethnicity (c.f. Herbich and Dietler 2008).
This project addresses a more generic form of collective or social identity. Some
authors distinguish between social identity and individual identity (e.g., Meskell 2002;
Neuzil 2008). However, as noted by Jenkins (1996), all identities are social; therefore, as
applied here, identity and social identity are synonymous concepts. Therefore, collective
or group identity is used here when referring to larger social groupings.
Jenkins used the term collectivities to refer to groups. He argued against major
qualitative differences between individual and collective identities, noting that both are
produced, reproduced, and changed through analogous social processes (Jenkins
1996:19). According to Jenkins (1996:4), these processes are the “systematic
establishment and signification between individuals, between collectivities, and between
individuals and collectivities, of relationships of similarity and difference.” Following
Barth (1969), he argued that it is the active processes used to emphasize difference
between groups that generate similarity within them (Jenkins 1996:93).
However, there are a few significant differences between individual and collective
identity; individual identities emphasize difference, while collective identities emphasize
similarity. In addition, collective identities are more robust and can take longer to
reformulate than individual identities, which have been described as more fragile,
contingent, and immediate (Jenkins 1996; Meskell 2002). However, individual identity is
more clearly bounded due to its embodied nature. Collectivities are abstractions, yet,
because they have social consequences, they are “socially real” (Jenkins 1996:83). These
individual and collective identities exist in a reflexive relationship.
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Archaeology provides a window into past identities because identities are
negotiated through practice—through what people do; “people collectively identify
themselves and others, and they conduct their everyday lives in terms of those identities,
which therefore have practical consequences” (Jenkins 1996:89). This project seeks to
examine collective identities, rather than individual identities.
Jenkins (1996:81) describes two types of social processes operating on collective
identity: (1) group identification, which is internal, and (2) social categorization, which
is external. Group identification involves associating oneself with something or someone
else, while social categorization includes classifying things or persons. Group
identification necessarily entails social categorization because all group formation
involves some form of categorization of the other individuals within a group. On the
other hand, social categorization can exist without group identification. For example,
archaeological analyses often employ social categories, which as analytical constructs
would not necessarily involve group identification (i.e., the individual members of those
social categories obviously have no knowledge of them).
Somewhat counter-intuitively (since group identification is internal), the focus of
this study is primarily on the processes of group identification. The archaeological record
generally does not provide access to prehistoric social categories, which would imply an
emic understanding of social identities. However, identity shapes practice; therefore it is
argued here that the practice of shared techniques of pottery production necessarily
reflects some form of shared group identity. In fact, learning and identity are inseparable
(Lave and Wenger 1991: 115). However, the existence of shared practice does not
directly reveal the composition of the group or the nature of its identity. Nevertheless,
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analyses of variation in technological and decorative style may yield greater insight on
the nature of the identity of prehistoric potting groups because different aspects of
learning are transmitted through different learning contexts. An explicit model that
addresses the relationship between technological and decorative style and learning
context is developed in the following chapter.

Style
The relative importance of structure versus agency also permeates archaeological
discussions of style— a fundamental theme that either implicitly or explicitly underlies
nearly all applications of style in archaeology is to what extent style results from
conscious decisions made by individuals who intentionally use style to pursue sociopolitical agendas or is a result of traditional enculturation—just doing things the way that
they have always been done? While many archaeologists may view this question as
purely a historical debate, a review of the current literature suggests it continues to
implicitly shape research in important ways. The following discussion traces this theme,
as well as other central concepts, throughout the history of archaeological approaches to
style.

A Brief History of Theories of Style
Culture historians did not formulate explicit theories or definitions of style but
instead generally assumed that spatial distributions of stylistic differences in artifacts
(often decorated ceramics) mapped neatly onto archaeological “cultures.” Social
interaction theorists were the first New Archaeologists to use style to address issues of
social process (e.g., Deetz 1965; Hill 1970; Longacre 1970; Whallon 1968). These early
attempts did not give explicit definitions for style but generally treated decoration on
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ceramics as coterminous with style, and technological variation as deriving from
functional considerations. They did provide explicit theory that emphasized the role of
social interaction in determining stylistic patterning; as stated by Whallon (1968:223),
“the nature and diffusion of stylistic ideas and practices, both within and between
communities, will be determined by the nature of interaction among artisans.” These
early studies attempted to use similarity in design elements on sherds to study social
organization through identification of kin-based groups.
The work of these seminal “ceramic sociologists” was subject to a barrage of
criticism on numerous fronts, including their lack of consideration of formation
processes, and their direct use of ethnographic analogy, as well as their over-simplified
approach to both learning contexts (mother-to-daughter) and residence patterns
(matrilineal) (Plog 1978). However, the criticism that made the most lasting impression
targeted the methodological concern of which attributes were appropriate for analysis
(e.g., Carr 1995; Friedrich 1970; Jernigan 1986; Kintigh 1985; Plog 1980). Most of this
critical literature focused on ceramics and continued to concentrate exclusively on
ceramic decoration.
Friedrich’s (1970) seminal ethno-archaeological work with Tarascan potters
provided much of the fodder for this methodological critique, as well as the basis for
many of the revised methodologies. Friedrich’s findings demonstrated that the design
elements and motifs recorded on sherds by the early ceramic sociologists could be readily
copied and, therefore, did not provide a good measure of direct interaction between
potters. However, Friedrich did not reject the theoretical proposition that the nature of
interaction between potters determined stylistic similarity; she simply concluded that
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structural components of design constituted the appropriate loci for measuring direct
interaction. Therefore, she suggested a hierarchical approach to design analysis. This
recommendation has significantly influenced research on ceramic style (e.g., Carr 1995;
Kintigh 1985; Plog 1980; c.f., Jernigan 1986). Friedrich’s emphasis on the structural
aspects of design continues in current approaches (e.g., Lyons 2003; van Keuren 2001),
including this study.
Other authors also generally accepted the theoretical proposition that stylistic
similarity provides a measure of potter interaction and enculturation, but criticized New
Archaeology’s dichotomization of technology and style, arguing that technology
provided a deep “reservoir” of style that had largely been untapped (Lechtman 1977;
Sackett 1990). In coining the term technological style, Lechtman (1977) maintained that
“the choices and strategies of artisans during the production process constituted a
culturally embedded set of techniques and practices” (Habicht-Mauche 2006). Eschewing
the word style, Sackett proposed the term isochrestic variation, which he defined as a
choice between “functionally equivalent alternatives” (Sackett 1990:33). According to
Sackett (1990:33), artisans’ choices were “largely dictated by the technological traditions
within which they have been enculturated as members of social groups that delineate
their ethnicity.”
In 1977, Wobst attributed a social “function” to style, punching yet another hole
in the processual tripartite approach to technology, function, and style (where technology
included raw materials and production steps, function was an object’s utilitarian or
instrumental purpose, and style was whatever was left after technology and function were
considered) (Stark 1998:4). Wobst (1977:321) defined style as “that part of the formal
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variability in material culture that can be related to the participation of artifacts in the
processes of information exchange.” Wobst characterized style as a relatively expensive
form of communication that is, therefore, usually a permanent or intrinsic part of material
objects. Following this line of reasoning, in order to minimize expense and maximize
efficiency, style will be used primarily to convey relatively invariant information to
people who might not otherwise know the information. Thus, style used in information
exchange would be expected to be highly visible, relatively uniform, and found on
artifacts with long use-lives.
One major critique of Wobst’s work was the circularity of his argument (he
defined style as everything that functions to communicate information, and, therefore,
treated all variation in style as communication). Despite this issue and other criticisms,
Wobst’s work has had both short-term and long-term impacts; style as information
exchange dominated North American processual archaeology for more than a decade
after its publication (e.g., Braun and Plog 1982; Conkey 1978; Hegmon 1992; Hodder
1979; Plog 1980). Longer-lasting effects include his concept of a visibility hierarchy,
which states that style used to communicate information to a broader and more socially
distant audience would be highly visible. This idea plays an explicit and implicit role in
many current studies of southwestern ceramics (e.g., Clark 2001; Clark and Laumbach
2011; Dyer 2010; Eckert 2008; Neuzil 2008; van Hoose 2000).
However, probably his most significant contribution was his depiction of style as
“active” – portrayed in the literature as the nemesis to “passive” social interaction
theories, which were largely dismissed as normative. The infamous debate between
Sackett and Wiessner over the passive versus active nature of style attacked this issue
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head-on. Wiessner (1985) hotly disputed Sackett’s view of isochrestic variation as a
phenomenon largely resulting out of enculturation. Wiessner (1983:256) defined style as
“formal variation in material culture that transmits information about personal and social
identity.”
Wiessner identified two types of style: emblematic and assertive. Emblematic
style (also sometimes called iconographic style) resembles style as defined in the
information exchange model, in that it “has a distinct referent and transmits a clear
message to a defined target population,” which usually includes a social group and its
norms, values, goals, or property (Wiessner 1983:257). Assertive style carries
information supporting individual identity (Wiessner 1983:253). Both emblematic and
assertive style as defined by Wiessner served “active” social functions, which formed the
nexus of her debate with Sackett (Sackett 1985; Wiessner 1985).
As in Wobst’s information exchange model, his postmodern critics also
characterized style as active. However, their perspective differed in their view of
individuals as consciously and intentionally manipulating style as part of an active social
strategy (Conkey 1990; Hodder 1990). Also, unlike active processual approaches, rather
than developing universal theories about style, many postmodernists emphasized the
contextual nature of style, arguing that it cannot be understood apart from its meaning;
therefore it can only be understood using a direct historical approach (Hodder 1990).
Postmodernists were among the first to emphasize style as process rather than just as
product (c.f. Lechtman 1977). Hodder (1990:45) defined style as a “way of doing.”
They also distinguished between the production and consumption contexts, noting that
the style of the producer differed from the style perceived by the consumer.
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This emphasis on process can also be seen in the French technique of artifact
analysis, referred to as “techniques et culture,” which emphasizes the manufacturing
sequence, the “chaîne de opératoire” (Lemonnier 1986). Drawing on the work of LeroiGourhan, who believed that we could understand social structures and belief systems
through the study of technology, Lemonnier contends that all aspects of technology
embody cultural meaning. The major goal of the French school has been to understand
and describe the entire operational sequence. Despite its emphasis on production
processes, the anthropology of techniques was not born out of postmodern critiques and
is relatively under-theorized (Habicht-Mauche 2006; Stark 2006).
Many current attempts to interpret variation in material culture combine the
French emphasis on the manufacturing sequence with practice theory (e.g., Dietler and
Herbich 1998). [In fact, Dietler and Herbich (1998:245) claim that the tenets of practice
theory require the adoption of the French approach.] Practice theory incorporates the
agency of the individual social actor, but tempers that agency with structures that may be
deeply embedded. Practice theorists draw on Bordieu’s (1977) concept of habitus, which
focuses on the day-to-day routines of individuals. These daily routines are informed and
shaped by enculturation, and operate “neither consciously nor unconsciously, neither
deliberately nor automatically” (Jenkins 1996:22). However, rather than creating “social
automatons” (Neuzil 2008:2), because these structures are reconstituted through the daily
practice of social actors, change is almost inevitable.
Both Lemonnier (1992) and Dietler and Herbich (1998) (also see Conkey 1990)
criticize the widespread treatment of style as communication, which, as clearly illustrated
in the above discussion, pervades both processual and post-processual theorists’
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treatment of style as “texts that can be read.” Instead, Dietler and Herbich (1998:244)
argue that material culture participates in processes of signification. Objects may
provoke emotional and intellectual responses and be invested with significance of various
kinds by users and makers.

However, style is not a form of communication like

language because it is more ambiguous and more flexible. It is constituted by the artisan,
and is re-constituted by consumers in multiple ways, sometimes in multiple contexts.

Style and the Social Contexts of Learning
In order to avoid the pitfalls of early migration studies, current researchers have
taken a theoretically explicit and more nuanced approach to style. Because potters may
manipulate some aspects of style, the movement of an attribute from one area to another
does not always correlate with the movement of people. In addition, potters may alter
aspects of their style after moving into a new community as part of the renegotiation of
their original identity, a process that may mask evidence for population movement.
Therefore, in order to study migration, researchers attempt to isolate attributes resulting
from a potter’s initial learning context or “enculturative background,” rather than those
attributes that may be manipulated by potters as part of socio-political strategies.
As discussed previously, the early ceramic sociologists implicitly addressed the
issue of learning and ceramic production—they assumed that the structure of learning
was from mother to daughter and that learning was passive—in other words, daughters
would faithfully replicate the designs of their mothers. Following widespread criticism
of this early work, research that addressed the issue of learning and craft production was
largely abandoned until the last decade. Nevertheless, there were some exceptions;
Schiffer and Skibo (1987) describe different modes of learning, which included: (1) self69

teaching by trial and error; (2) observation/imitation (thought to be most common in
middle-range societies); (3) verbal instruction and explanation; and (4) hands-on
demonstration. [More recent work has demonstrated the complexity of learning
processes, with modes sometimes co-occurring and operating at different stages of
learning (e.g., Bowser and Patton 2008; Crown 2002, 2007a; Gosselain 2008).] Working
in the Maya region, Hayden and Cannon (1984) focused on the organization of learning
interaction rather than residence patterns. They defined six learning modes: familycentered, corporate, kin-extensive, minimally structured, formal schooling, and
specialization, outlining expectations for patterns in stylistic variation for each mode.
Other researchers touched on learning as one component of broader models that sought to
explain stylistic variation (e.g., Carr 1995; Roe 1995). In a more direct analysis of
learning, DeBoer (1990) explicitly examined drawings of children of various ages as part
of a larger study of the development of Shipibo-Conibo decorative style. His conclusions
presaged later work regarding the universality of developmental stages of drawing (e.g.,
Crown 1999, 2001).
Darwinian evolutionary approaches constitute another exception, with a fairly
extensive literature involving learning, which is referred to as “transmission.” This body
of literature will not be covered in detail, but a few generalizations can be made. Rather
than exploring the social dynamics of learning, these theoreticians focused on how
different factors may affect pools of available variation. Some of these factors include
mode of transmission (horizontal peer-to-peer learning, vertical kin-based learning, or
oblique non-kin-based intergenerational learning); the size and density of the groups of
producers as well as the overall population; levels of interaction between groups; and the
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ratio of consumers to producers (e.g., Neiman 1995; Roux 2008; Shennan 2001). Other
work focused specifically on how variation may be either increased or minimized, such
as through different mechanisms of transmission. These mechanisms include both guided
and biased variation (Boyd and Richerson1985). Guided variation is defined as
experimentation with existing variation to achieve a goal, so it is essentially a form of
innovation, while biased variation involves copying. Types of biased variation include
conformist transmission (individuals copy the modal or most common form); prestige
transmission (individuals copy a prestigious or successful individual); and indirectly
biased transmission (stylistic traits are inherited as part of packages from social models
rather than piecemeal) (Eerkens and Lipo 2008). Eerkens and Lipo also explore how
copying errors that result from limits on human perception could affect transmission
There are clear theoretical differences between these studies, which focus on
interpretation of broad stylistic patterns in terms of evolutionary models, and other
current theoretical approaches that emphasize social strategies of individual actors.
Nevertheless, there are useful ideas that can be applied regardless of theoretical
orientation. Some examples include the effects of: (1) human perception on learning
(which can also be expanded to include consumer perception); (2) the number and
density of producers, as well as the overall population size and density; and (3) the
consumer-to-producer ratio. Acceptance of stylistic traits as part of larger social
packages is a particularly interesting idea that has not been explored frequently.
Beginning in the late 1990s, researchers began to more specifically address the
processes involved in learning (e.g., Crown 1999). A volume on learning edited by Minar
and Crown (2001) constitutes the seminal work on this topic. It covers background on
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the history of learning theory (Minar and Crown 2001), ethnoarchaeological research that
examined learning processes among living craftspeople (Wallaert-Pêtre 2001), and
identification of methods for identifying learners in the archaeological record, as well as
traits that may shed light on the structure of prehistoric learning frameworks (Crown
2001; Kamp 2001; Minar 2001; Sassaman and Rudolphi 2001).
Crown has produced a large body of work that specifically examines learning and
ceramic production in regions across the American Southwest (Crown 1999, 2001, 2002,
2007a, 2007b). Her earlier articles focused on the use of measures of motor coordination
and cognitive maturity to determine the learning age for pottery production, as well as to
characterize the structure of learning among children (Crown 1999, 2001, 2002). Crown
drew on studies in psychology and education that demonstrate that drawing ability is
related to motor coordination, cognitive maturity, and amount of previous experience.
She utilized cross-cultural studies that documented patterns in the ages at which children
are able to accurately draw certain forms in order to ascertain the age at which children
began to paint pottery. Crown (1999) also pointed out that age-based differences are
influenced by cultural factors; children that grow up in settings with more visual stimuli,
where artistic achievement leads to higher status, or where adults draw often progress
more quickly.
Based on a study of whole vessels in museum collections from the Mimbres,
Salado, and Hohokam regions, Crown (1999) concluded that most children probably
began painting their first pots around the ages of 9 to 12, although designs by younger
painters were also noted. Her research identified regional differences in the ages when
children began to decorate pots, as well as variation in the structure of learning groups.
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Results from additional work (Crown 2001) on Mimbres and Hohokam vessels also
demonstrated regional variability in learning environments, with differences suggesting
the presence of both open and closed learning frameworks, following the work of
Wallaert (Wallaert 2008; Wallaert-Pêtre 2001).
During ethnoarchaeological research in Cameroon, Wallaert used methods from
cognitive and experimental psychology to identify patterns in learning. She identified
two basic types of learning: open and closed. Closed learning frameworks emphasize
correct replication of learned style through task segmentation, closed access to
knowledge, strict control of behavior, and rejection of anyone or anything departing from
social norms (Wallaert-Pêtre 2001:489). Open frameworks allow interaction and
integration of techniques and styles from other groups, as well as more experimentation
and questioning during the learning process.
In another study, Crown (2002) documented evidence for learning modes that
differ from those described in the ethnographic record for the Southwest. Ethnographic
and historic data on Pueblo potters characterize learning as occurring through
observation-imitation. However, in an examination of whole vessels from across the
American Southwest, Crown found evidence for examples of a more hands-on approach
to teaching in the archaeological record. For example, data indicated that adult potters
sometimes formed vessels, which were then decorated by children and vice-versa. Other
types of collaboration included decoration of parts of vessels by an adult and the
decoration of other parts (often characterized by a simpler design, such as a bowl exterior
or jar neck) by a child. She also noted evidence of scaffolding (direct adult guidance),
such as completion of a small portion of a design by a child, with the rest of the design
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painted by an adult. These data also demonstrated variation in the frequency of
scaffolding, with regional differences and differences between ceramic types noted.
Crown’s later work (2007a, 2007b) was less focused on children but utilized
similar methods to identify the products of learners or less experienced potters. In an
article on the role of individuals, Crown (2007a) again found evidence for “multiple
hands” involved in the production of single vessels based on skill differential. She also
noted an overall increase in design complexity and skill levels over time. She argued that
increased skill resulted from greater intensity of pottery production, which led to
increased practice by potters.
In a study of Cibola white ware, Crown (2007b) documented evidence for
scaffolding and noted a similar temporal trend in the data, with designs becoming more
complex over time. She argued that this change would have had implications for
learning. Following Roe (1995), she suggested that because the length of learning is
longer for complex designs, learning may have begun at an earlier age and there may
have been an increased need for adult involvement in the learning process.
Drawing on Crown’s research, Bagwell (2002) identified pots produced by
children at Pecos Pueblo in the northern Rio Grande area. However, she focused on
forming rather than decoration, utilizing work in child development and art education that
focused on clay. Her research measured skill, vessel size, and use wear to determine
products made by children, as well as to distinguish miniatures and poorly made forms
produced by adults for ritual purposes from vessels made by children.
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Working in the Sinagua Region of northern Arizona, Kamp (2001) also
attempted to identify ceramics manufactured by children. Based on experimental and
other data, she first demonstrated a correlation between fingerprint ridge breadth and age.
Along with other quantitative and qualitative data, she used measurements of fingerprint
ridge breadth found on undecorated ceramics to determine the age of the producers of
quadruped figurines and miniature, small, and full-sized ceramic vessels. Fingerprint
data on the figurines suggested that they were primarily made by children. Like other
researchers (e.g., Bowser and Patton 2008; Crown 2007b), Kamp found a correlation with
vessel size and age of production; she concluded that many miniature and possibly some
small vessels were manufactured by children and that larger vessels appear to have been
primarily made by adults and a few older children. She also found a correlation between
skill and age (also see Crown 1999, 2001).
Recent ethnographic research highlights the ongoing nature of learning. These
studies serve as reminders that learning continues to occur after childhood, such as in the
case of re-socialization after marriage (Herbich and Deitler 2008). Changes in women’s
networks over the course of their lifetimes can also lead to changes in the mentors that
influence a potter’s style (e.g., Bowser and Patton 2008).
One major change in learning theory that Minar and Crown (2001) discussed in
their introductory article was a shift from the locus of learning as primarily occurring
only in the minds of individual learners to an emphasis on learning as social practice that
occurs in groups. Other researchers have also highlighted the practice and “embodiment”
of learning processes. Van Keuren (2001) relied on cross-cultural experimental
psychology studies of graphic behavior, which demonstrate that cognitive schema and
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graphic behavior are encoded through learning at a young age and that the underlying
processes become part of “motor programs” (van Keuren 2001:103-107). Ingold (2001)
emphasized the interactive relationship between the practitioner and the raw material,
which requires constant adaptation by the craftsperson. According to Ingold, the
continuity of tradition in skilled practice is “less about the transmission of rules than the
coordination and perception of action” (Ingold 2001:20). Budden and Sofaer (2009)
emphasized the “performative” aspects of embodied practice as part of the formation of
social identities of craftspeople.
Learning and Communities of Practice
Practice theory has become prominent in North American archaeology. Many
researchers currently working in the American Southwest have applied practice theory to
explain variation in ceramic technological style through their usage of the concept of
“communities of practice.” The terminology was introduced into the archaeological
literature by Minar and Crown (2001) and was drawn from situated learning theory
developed by Lave and Wenger (1991), who applied practice theory to the study of the
processes of social learning.
In operationalizing this concept, archaeologists have used different definitions for
communities of practice. Stark (2006:25) defined them as “communities that share a set
of manufacturing techniques that are guided by local tradition and that reflect a shared
habitus.” According to van Keuren (2006:92, following Wenger 1998), “communities
of practice designate a group, or groups of individuals, who are literally defined by a
‘sustained pursuit of a shared enterprise’ (Wenger 1998:15).” Neuzil (2008:3) defined
communities of practice as “learning groups through which cultural knowledge, in this
76

case, that pertaining to the production and use of material culture, is transmitted.”
According to Eckert (2008:2), communities of practice are “the social networks in which
potters learn the practice of pottery manufacture.”

These examples do not constitute a

complete list but do illustrate the diverse ways in which the concept has been used; nor is
this an attempt to arrive at a single, “correct” definition. However, these different
definitions have important implications for operationalizing this concept in the
interpretation of style; these implications will be explored here.
The term was initially introduced in the archaeological literature by Minar and
Crown in the following way:
Approached as socially, historically situated (Lave and Wenger 1991),
learning involves novices becoming members of a community of practice
through legitimate peripheral participation, mastering knowledge and
skills through engagement in practice moving from the periphery of
involvement to full mastery (Minar and Crown 2001:372-373).
This excerpt, which focuses on legitimate peripheral participation—the process of
moving from novice to master— appears to have had a significant impact on those
applications of the concept that seem to focus primarily on the initial learning context or
“enculturative” background (e.g., Eckert 2008; Neuzil 2008). Providing additional
support for this interpretation, Lave and Wenger (1991:98) noted that it is possible to
delineate the community that is the site of the learning process by “analyzing the
reproduction cycle of the communities,” where the reproduction cycle includes the
process of moving from novice to master.
However, a more complete reading of Lave and Wenger (1991) reveals the
constitutive nature of learning that extends beyond the novice. According to Hanks
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(1991:15-16), situated learning theory proposes that learning takes place, not in an
individual mind, but through participation, where it is distributed among co-participants:
learning is not a one-person act; while the apprentice may be the one
transformed most dramatically by increased participation in a productive
process, it is the wider process that is the crucial locus and precondition
for this transformation. How do the masters of apprentices themselves
change through acting as colearners, and therefore, how does the skill
being mastered change in the process? The larger community of
practitioners reproduces itself through the formation of apprentices, yet it
would presumably be transformed as well.
As indicated in the above passage, situated learning theory provides a role for
both structure and agency; learning frameworks are structured, and “expert performance
is systematic,” but “preexisting structures only vaguely determine thought, learning, or
action in an underspecified, highly schematic way” (Hanks 1991:17). According to
Hanks (1991:20), Lave and Wenger’s framework leads to a greater role for “negotiation,
strategy, and unpredictable aspects of action.” In fact, the ability to improvise
distinguishes a master practitioner (Hanks 1991:16).
Therefore, practice-based learning contains the seeds of its own transformation;
nothing inherent in situated learning theory allows us to fix a specific “practice” at any
given moment or stage of reproduction of that practice (i.e., an individual’s initial context
of enculturation).

In addition, as made clear by Lave and Wenger, the members of a

practicing community are not permanent nor are the relationships between its
participants. For example, replacement of old masters by new masters who were at one
point novices is inevitable in the reproduction of communities of practice and is a source
of structural conflict and transformation. As noted by other researchers, the life history
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and life stage of individual practitioners may affect their level of influence on the practice
of others (e.g., Bowser and Patton 2008), which may be a source of change.
Practice is also situational. Practitioners must respond to changes in situation,
such as a shortage of resources due to environmental, economic or social causes, as well
as changes in product demand or how a product is being used. In the case of this study,
practitioners may have had to modify practice due to a change in available resources as
they migrated from one area to another.
However, practice is portable (Hanks 1991:20). As noted by numerous authors
(e.g., Eckert 2008; Habicht-Mauche 2006), Lave and Wenger do not define communities
of practice through the “physicality” of their existence in a single location, nor does the
term community imply co-presence, but rather “participation in an activity system about
which participants share understandings concerning what they are doing and what that
means in their lives and for their communities” (Lave and Wenger 1991:98). This
description appears to follow more closely Stark’s (2006) and van Keuren’s (2006)
application of the concept. When examining migration and ceramic production,
differences in the availability of resources may affect the portability of practice, as well
as be a source of transformation.
As made clear by Lave and Wenger (1991:116), enculturation or learning is not a
one-time process. The practice itself is in motion. Situated learning theory illustrates the
constitutive nature of learning— aspects of an individual’s learned practices can and do
change over time. As stated by Lave and Wenger (1991:98), “We do not imply some
primordial culture-sharing entity. We assume that members have different interests,

79

make diverse contributions to activity, and hold varied viewpoints. In our view,
participation at multiple levels is entailed in membership in a community of practice.”
Communities of Practice and Migration Studies
When looking for evidence of population movement, it is incumbent upon
archaeologists to identify aspects of style that may resist change during migration, a
social scenario where identities may be expected to be renegotiated. However, as is
clear in the above discussion, practice theory as operationalized in the concept of
communities of practice does not provide us with a tidy solution to the conundrum of
how to interpret variation in technological and decorative style in terms of population
movement. In other words, shared practice does not equate simply to initial learned
practice. This discussion is intended to caution against an over-simplified application of
the concept of communities of practice in archaeological contexts, not to deny the utility
of the concept of communities of practice for archaeological research— shared practice
implies shared participation in an activity system, as well as shared identity at some level.
Practices are accessible to archaeologists, while ideas are generally not. Therefore, the
concept gives us a window into prehistoric identity in some form. Also, because it draws
on practice theory, the concept provides an understanding of learning frameworks that
allows for both structure and agency.
Nevertheless, despite the complexity, both ethnographic data and research on
learning and cognition do indicate that some aspects of initial learning may be more
deeply fixed (e.g., Gosselain 1998; Minar and Crown 2001; van Keuren 2001; WallaertPêtre 2001). The next chapter provides a more specific model for the relationship
between different learning contexts and different components of the production of style.
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CHAPTER 4 TESTING THE MODELS
Table 4.1 lists many key concepts important in the history of archaeological
approaches to style, as discussed in the previous chapter. These concepts are frequently
dichotomized, and there is a marked tendency, especially in studies that use style to
examine migration, to treat them all as corollary with each other (e.g., Clark 2001; Clark
and Laumbach 2011; Neuzil 2008:2). Some examples in the recent literature provide
examples of this dichotomization. According to Clark and Laumbach (2011:299),
“Archaeological correlates of ‘style without a message’ include attributes with low
physical and contextual visibility, such as technological styles.” Neuzil states (2008:2),
“Techniques and raw materials used to manufacture an object of material culture that are
not readily visible in the final product can be used as passive indicators of enculturative
background specific to a social group because they are not intended to signal messages to
others, including messages pertaining to social identity.” “Passive” aspects are usually
identified as resulting from learning or tradition and are often equated with technological
style, while “active” aspects are often interpreted as signals of social identity, which are
thought to primarily reside in decoration. While not necessarily always incorrect, the
dichotomization of these aspects of style leads to over-simplified approaches to style.
The following discussion examines the more complex relationships between these
variables.
Table 4.1 Dichotomized Variables of Style
"Passive" Aspects of Style
unconscious
unintentional
technological style
low visibility (final product)
traditional

"Active" Aspects of Style
conscious
intentional
decorative style
high visibility (final product)
non-traditional
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The terms “active” and “passive” pepper the literature on style even today (Dietler
and Herbich 1998; e.g., Neuzil 2008). Yet, as pointed out by Carr (1995:184) over a
decade ago, authors rarely define these terms, and they employ them in different ways.
For example, some researchers use passive to emphasize an absence of intent by the
artisan to use style to achieve a “social function”; others utilize it to indicate a lack of
consciousness in the artisan’s actions; some use passive to indicate maintenance of a
traditional style; others seem to suggest that it means all of these (i.e., that is, passive
style represents the unconscious maintenance of traditional style by an artisan with no
intent to communicate social information).
These three dichotomies—active/passive, conscious/unconscious, and
intentional/unintentional—actually represent three distinct aspects of style although they
are often used interchangeably (Carr 1995; Roe 1995). However, these three variables
can co-vary in different ways and differ in various contexts. For example, an artisan may
consciously (or unconsciously) make something in the traditional way in which they were
taught without any intentions of achieving a social goal. However, outside its production
context, others may interpret this traditional style as a referent to the ancestors, and,
therefore it can take on an “active” social function (Roe 1995). Alternatively, artisans
may consciously maintain their traditional style in order to actively signal resistance (e.g.,
DeBoer 1990; Mitchell 1992). Clearly, maintenance of traditional style is not always
unconscious or passive.
This study adopts Braun’s (1995:127) usage of passive and active—an active
view of style emphasizes its social effect (or “social function” following Dietler and
Herbich 1998), while a passive view does not. These definitions only serve the purpose
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of clarifying their specific usage in this document, not creating a polarized view of style
as primarily one or the other. For example, different aspects of style on a single object
may have passive and active components, which may even vary contextually within a
single stylistic attribute. The same can be said about consciousness and intent, which are
multilayered and can vary throughout the production and consumptions context(s). For
example, research on learning indicates that consciousness of some aspects of production
may change throughout various stages of the learning process, with consciousness
decreasing as an artisan becomes more practiced (Minar and Crown 2001).
As noted by Carr (1995:184), vague use of many of these terms was the cause of
much of the misunderstanding and debate in the archaeological literature on style.
Despite the fact that archaeologists have largely moved beyond these polarized debates, a
more explicit treatment of these terms is warranted because these oppositions, while
implicit, are still inherent in research and lead to over-simplified treatments of style. For
example, the dichotomized approach to technological versus decorative style has led to
the exclusion of attributes of decorative style in most studies that examine learning
processes (c.f., Lyons 2003; van Keuren 2001). There is also a tendency to mistakenly
treat all technological style as both passive and unconscious (c.f., Stone 2003), when
some aspects of technological style may be subject to social signification, although the
audience may be at a more local scale. Alternatively, it cannot be assumed a priori that
all decorative style is actively involved in social signaling; there are aspects of decorative
style that may reflect enculturative processes (e.g., Lyons 2003; van Keuren 2001).
Visibility is another concept that is often over-simplified. Carr’s work provides
a notable exception (1995:185). Many researchers (e.g., Clark 2001; Clark and
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Laumbach 2011; Lyons 2003; Neuzil 2008; van Hoose 2000) argue that attribute
visibility provides a measure of the learning context, with similarity in low visibility
attributes resulting from close interaction between potters. However, measuring final
product attribute visibility may be a suitable approach for some types of attributes, but is
over-simplified for many aspects of both technological and decorative style. For
example, for decorative style, there is a more complicated relationship between attribute
visibility and learning context. Friedrich (1970) states it best in her early seminal work
on stylistic variability and potter interaction—attributes that are less “easily decoded”
provide the best measure of direct learning. For example, structural attributes may lead
to highly visible differences in decorative design, yet do not disseminate as readily as
other highly visible attributes such as design elements or motifs because structure is
process-oriented. Highly visible aspects of structure may be emulated by intentional
copying of a final product, but subtle differences in the process of execution can
distinguish emulation from enculturation (van Keuren 2001).
Paint recipes provide another example of the complex relationship between
attribute visibility and production context; differences in paint recipes may or may not
lead to highly visible differences in the final product— yet because of the technical
knowledge required to produce a successful product (e.g., De Atley 1986; Herhann 1995;
Schiffer and Skibo 1987; Zedeño 1994), they are most likely transferred through direct
learning (or a conscious program of experimentation, failure, and refinement until a
suitable “copy” is achieved). Therefore, considering “ease of transfer” is important in
evaluating learning context.
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A problem with most studies is that they only emphasize the visibility of
attributes of the final product, which is primarily important in the context of use.
Visibility of a production process leading to variability in the final product—the
“performative” aspects of the production of style—are rarely considered (c.f., Carr 1995).
It is important to remember that there is not a consistent correlation between the
visibility of an attribute in a final product and the visibility of the production of that
attribute. This point is particularly relevant for this project because paint type (organic
versus mineral) can be difficult to distinguish even upon close examination of the final
product. However, differences in the paint production process (i.e., raw material
procurement and processing) would have been visible within a local potting community.
As documented by Walt (1990), the adoption of Tewa “style” and technology by
some Keres groups during the historic Pueblo period provides a good case study to
evaluate these issues. This example illustrates a technological and decorative change
similar to the one that occurred in the Albuquerque District during the late
Developmental/Coalition transition, with a shift in paint technology from mineral to
carbon, accompanied by stylistic changes. Walt attributes the change to shifts in political
alliances resulting from the Pueblo Revolt and the Spanish Re-conquest. Given the time
period in which Walt was working and the nature of his results, it is not surprising that he
explained them largely in terms of Wobst’s (1977) theory of style as information
exchange. However, Walt noted that, even upon close inspection, it is difficult to
distinguish the mineral and organic paints on some vessels. Therefore, this example
appears to contradict his theoretical expectations— it is a low-visibility technological
trait that signifies socio-political identity.
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However, this example is understandable if visibility in the context of production
is considered. The different processes of paint production (organic versus mineral)
would have been noticeable within the community, and the production of carbon-painted
wares could have signified that “I/we belong to that group”—at several different social
scales including self, the work group, family, and village.

Theoretical Perspective
This study shares Herbich and Dietler’s (2008:223) view that similarity in
material style results both from “culturally shared concepts and values” as well as “the
social practices and processes through which these are embodied, transmitted and
transformed.” Therefore, style is defined here simply as the variability resulting from
different ways of doing things (Hegmon 1995, 1998). Style encompasses both
technology and decoration—the entire production process. From a theoretical
perspective, the emphasis is on process—the production of style (Conkey 1990; Dietler
and Herbich 1998; Dobres and Hoffman 1994; Hodder 1990; Lemmonier 1986, 1992;
Stark 1998)—rather than only on the finished product
With an emphasis on process, the contextual and performative aspects of style
come sharply into focus. Style has different contexts, beginning with a distinction
between the context(s) of production and the context(s) of consumption or use (Dietler
and Herbich 1998). There is variability in context even within these basic subdivisions.
For example, different stages of production (e.g., raw material procurement and
processing, forming, finishing, and firing) are carried out in different contexts, sometimes
with different social actors and different audiences. In addition, some production

86

contexts are more public than others, and this variability may have important social
implications for stylistic changes (Gosselain 1998).
Consumption contexts have similar variability in scale and prominence. Both
production and consumption contexts have different audiences, ranging from self, family,
work group, village, and beyond. In addition the signification of style by consumers may
vary by individual in different contexts and also may differ from the signification of the
producer (Dietler and Herbich 1998).

Variation in Production Contexts
Prior to the last two decades, the archaeological literature on style concentrated
largely on formal variation in the finished products rather than the social practices and
processes involved in production (c.f., Friedrich 1970). In contrast, as discussed above,
the focus of much of the current literature on style is the social context of learning and
how it creates variation in the finished product (e.g., Bowser and Patton 2008; Crown
1999, 2001, 2002, 2007a, 2007b; Minar and Crown 2001; Gosselain 2008; Stark et al.
2008; Wallaert 2008; Wallaert-Pêtre 2001). In addition, the more widespread
incorporation of aspects of the Francophone tradition, “techniques et culture,” which
emphasizes the manufacturing sequence, the “chaîne de opératoire,” has led to an
increased focus on production processes.
However, it is difficult to make universal correlations between stylistic variation
and the social processes that create it. Increasing ethnographic data illustrate the
complexity of this relationship, which is highly variable, multi-dimensional, historically
situated, and contextual. Nevertheless, ethnographic data, learning theory, and research
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on cognition do reveal some basic generalizations about this relationship (Crown 2001;
Friedrich 1970; Gosselain 1998; Minar and Crown 2001; van Keuren 2001).
Different aspects of style are transferred through different types of learning
contexts. Van Hoose (2000) coined two terms useful for describing two different types
of learning processes that are key to this study: final product learning, which involves
stylistic variability that could result from copying a product without direct reference to
the production process; and process-oriented learning, which includes variability in
attributes that require direct knowledge of the actions involved in product production.
These two different types of learning processes have important implications for migration
studies; because ceramics can move independently of the migration of people, attributes
that can be readily copied may spread without the movement of people. However,
differences resulting from process-oriented learning necessarily involve interaction, and,
therefore the movement of people.
As discussed previously, in attempting to identify migration, it is also important to
distinguish between initial learning and learning that occurs after the initial training
process, as potters continue to interact with and learn from other potters. I utilize the
term “work group” to describe the latter learning context. A work group would have
provided opportunity for interaction and learning, but it can not necessarily be assumed
that it led to practice that was either partially or entirely shared (e.g., DeBoer 1990).
Different aspects of style are transferred through these different types of learning
contexts, with interaction levels varying along a continuum: (1) interaction is most
intense in a learning context where a novice is being trained in pottery production; (2)
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there may be less direct learning by potters within a work group who have already
mastered the art of pottery manufacture [exceptions would include cases of complete resocialization of potters (e.g., Herbich and Dietler 2008)]; (3) a potter may simply copy
from the final product crafted by another individual with no direct interaction. Processoriented learning subsumes both the initial learning and work group contexts, while finalproduct learning refers only to copying from a finished product. All of these learning
contexts are treated separately here because they have different implications for stylistic
variation.
Initial Learning Context: Ethnographic research indicates that variation resulting
from embedded practice [often referred to as “habitus (Bordieu 1977; socially acquired
dispositions (Dietler and Herbich 1998), chaînes de opératoire (Dobres and Hoffman
1994; Lemmonier 1986), or “motor habits” (Gosselain 1998)] may be more resistant to
change (Gosselain 1998). Based on situated learning theory, it is expected that practice
would be most significantly determined in the initial learning context, since opportunity
for learning and change is present whenever one party to an activity is more skilled or
expert (in some relevant way) than another (Hanks 1991:19). However, as discussed
above, exactly which aspects of practice are least resistant to change cannot be derived
directly from situated learning theory. In addition, similarity in technological style
cannot be simply equated with a shared initial learning context.
Minar and Crown (2001) summarized research from other disciplines that are
relevant to understanding practice-based learning, including neurophysiological and
neurological theory, as well as research on cognition. Neurophysiological theorists argue
that during the early stages of motor learning, the learner must pay conscious attention to
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each part of a task. However, with increased practice, these parts become “chunked
together,” allowing the brain to process the task more efficiently (Minar and Crown
2001:373). Eventually, all portions of the task become merged into a single motion,
which does not require conscious control. However, change in practice requires the
practitioner to revert to conscious processing. Therefore, changes in these aspects of
production require conscious thought and are often avoided (Minar and Crown
2001:373). Neurological theory provides additional supporting evidence for the
embodiment of practice; according to Caine and Caine (1994), learning changes the
internal wiring of the learner (Minar and Crown 2001:373).
These same types of principles can be applied to decorative analyses. Crosscultural experimental psychology studies of graphic behavior demonstrate that cognitive
schema and graphic behavior are encoded through learning and socialization often at a
young age (van Keuren 2001:106). In addition, although artisans may frequently modify
media content, the underlying processes or structures are part of “motor programs” (van
Keuren 2001:103-107). It is important to note that these neurophysiological,
neurological, and cross-cultural experimental psychological studies are not seen as
incompatible with practice theory as applied in situated learning theory (Minar and
Crown 2001).
Work Group Context: Research also indicates that many other aspects of learned
technical and decorative design can and do change (e.g., Bowser 2000; Bowser and
Patton 2008; Gosselain 2008), sometimes as a result of re-socialization due to changes in
socio-political spheres or marriage, such as when potters move to new communities.
These changes often reflect shifts in political or social identity. Alternatively, potters
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may signify resistance by maintaining their traditional style (DeBoer 1990); also, if there
is little social pressure to change, they may maintain traditional practices due to the
effects of routinization.
Ethnographic research suggests that changes in the manufacturing process, which
occur after post-initial training in work group contexts, include those that “do not rely on
motor habits, that are performed in the open, and that may involve collaboration between
potters” (Gosselain 1998:102). In addition, higher visibility of a final product attribute
increases the likelihood that it will change in this situation (Gosselain 1998).
Emulation or Copying: The more portable aspects of style— those that can be
readily copied— disseminate more easily without direct interaction (Friedrich 1970).
Design elements/motifs provide a common example of this type of stylistic variation.
Due to the ease of transfer, variation in this aspect of style can be an ambiguous
reflection of social processes, although subtle differences in execution can identify a lack
of shared “design grammars”—shared knowledge of practice governing the proper
execution of a style (Friedrich 1970; Hardin 1977; van Esterik 1981; van Keuren 1999).

Evaluating Production Context on the Basis of Final Product Attributes
My research considers multiple factors in evaluating final product attributes,
including visibility or “decodability” in both the contexts of production and consumption,
as well as the ease of transmission of the production process (Table 4.2). Four models
that may explain the introduction of carbon-painted black-on-white pottery in the
Albuquerque area during the late Developmental to Coalition periods will be tested. Test
implications for each model are based on the theoretical tenets discussed above.
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Table 4.2 Product Attributes and the Production Context Continuum
Attribute

Final
product
learning

Processoriented
learning

Visibility in Final
Product/Ease of Transfer

Production
Context
could reflect either processDesign
high visibility, easily
oriented learning or final product
elements/motifs
transferable
learning
high visibility, transferable
often reflects process-oriented
Design structure
through intentional copying
learning; but can also reflect
or process-oriented learning
intentional copying of product
Compositional data low visibility, not transferable reflects process-oriented learning
(clay/temper/paint) through final product learning (and/or availability of resources)
Other Technological
low visibility, not transferable
Data (firing,
reflects process-oriented learning
through final product learning
forming)

Models and Test Implications
Technofunctional model ( #1): Lang (1982) suggests that technological
knowledge (organic paint) was transferred to Albuquerque populations through
interaction with people to the north and this new technology was adopted due to a desire
to use more readily available materials than the traditional minerals.
Test implications model #1: There would be no change in other attributes
resulting from process-oriented learning or motor learning. These attributes include other
low visibility technological attributes as well as decorative structure. In addition, there
may be evidence for increased exchange with northern groups, resulting from increased
interaction.
Social alliance model (#2): Anschuetz (1984, 1987) contends that the change
reflected increased interaction between people in the Albuquerque District and Santa Fe
District groups due to a shift in social alliances from the south to the north, although he
does not specify the reasons or social mechanisms behind the shift.
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Test implications for model #2: There would be no change in motor learning or
other low visibility technological attributes, but there would be a shift in high visibility
design that may have signified a change in social identity. As with the previous model,
there may be evidence for more frequent exchange with northern groups as interaction
increased.
Unfortunately, neither Lang nor Anschuetz explicitly identified the type of
interactions that occurred. For example, interaction could include intermarriage,
migration of a few individuals or small groups, interaction at integrative ceremonial or
socio-political functions, exchange relationships, or some combination of all of these
events. As discussed above, different contexts of interaction have different implications
for both ceramic technological and decorative style. Therefore, it is necessary to clarify
and build on the existing models.
Large-scale migration model (#3): Marshall and Marshall (1994:241) stated that
“with the advance of the Santa Fe phase, Socorro phase populations withdrew to their
homelands in the Rio Puerco and Rio San Jose,” apparently suggesting that early carbonpainted vessels were produced in Albuquerque by migrants from the north, who displaced
local populations. They suggest that the continued presence of mineral-painted ceramics
during the Coalition period represented trade with the Socorro District.
Test implications model #3: Mineral- and carbon-painted sherds should exhibit
differences in attributes resulting from motor learning and social process learning,
including both technological and decorative structure. Coalition period mineral-painted
vessels would all have been imported from the Socorro District.
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Small-scale migration model (#4): Based on the ethnographic literature, migration
usually occurs at the level of complete, small-scale social units (Clark 2001; Lyons
2003), particularly the household (Duff 2002) and less frequently at larger scales such as
a clan (Bernadini 2002). Therefore, an additional model is needed. Because
displacement of existing groups is rare in the ethnographic record, in this model, migrants
co-existed with local people.
Test implications for model #4: mineral- and carbon-painted ceramics would
initially exhibit differences in both low visibility technological attributes and decorative
structure. However, if social integration occurred, these differences may have declined
over time. In contrast to model #3, local production of mineral-painted vessels would
continue during the Coalition period.
In summary, models 1 and 2 may have involved the movement of some
individuals. In contrast, models 3 and 4 postulate the movement of entire social groups.
Table 4.3 summarizes the expectations for differences between mineral-painted and
carbon-painted ceramics for the four models, as well as some of the issues in
interpretation. If attributes reflecting the initial training context, such as motor learning
and other low visibility technical attributes, indicate that the same people made both
mineral- and carbon-painted vessels, then this would support both the social alliance and
techno-functional models. If the techno-functional model is correct, then only the more
portable aspects of style might change; there would not be a shift in either the decorative
structure or other low visibility technical attributes. If the social alliance model is
correct, data may be similar to that observed by Walt (1990) for the historic period, with
a shift in the design and paint technology communicating a change in social
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Table 4.3 Differences between Mineral and Carbon-painted Ceramics by Model

1.)

2.)

95
3.)

4.)

Model
shift in
technology
due to
informal
interaction
shift in social
identity
without
migration of
social units
large-scale
migration/
population
replacement
small-scale
migration of
social units

Low visibility
attributes (both
production &
consumption contexts)

Source material
(clay/temper)

mineral-painted and
carbon-painted
different

no change in low
visibility attributes;
mineral-painted and
carbon-painted the same

use of same material
sources for mineralpainted and carbonpainted**

evidence for local
production of
mineral-painted

may or may not be
differences between
mineral-painted &
carbon-painted

mineral-painted and
carbon-painted the
same

no change in low
visibility attributes;
mineral-painted and
carbon-painted the same

use of same material
sources for mineralpainted and carbonpainted**

evidence for local
production of
mineral-painted

may or may not be
differences between
mineral-painted &
carbon-painted

mineral-painted and
carbon-painted
different

mineral-painted and
carbon-painted different

use of different
material sources for
mineral-painted and
carbon-painted***

only non-local
production of
mineral-painted

initially different; may
change; depends on
level of interaction
between groups*

use of different
material sources for
mineral- and carbonpainted***

Portable stylistic
attributes (e.g., design
elements/motifs)

Other High
Visibility
Decorative Style

may or may not be
differences between
mineral-painted &
carbon-painted

may or may not be
differences between
mineral-painted &
carbon-painted

initially different;
may change
depending on level
of interaction
between groups*

*if groups became integrated over time, there could be increasing homogeneity in these attributes
**a shift in clay and temper sources could result from change to organic paint;
***however, similarity between types could result from a lack of diversity in available clay and temper sources

local production
of Coalition
period Mineralpainted

evidence for local
production of
mineral-painted

identity. Increased evidence for exchange with northern groups may be expected with
both of these models.
In the cases of both small and large-scale migration models, differences in
attributes resulting from all types of social-process learning would be expected, because
in both scenarios, carbon-painted ceramics were produced by immigrants. However, for
the large-scale migration model, Coalition period mineral-painted black-on-white should
reflect exchange from the south or west. In the case of small-scale migration, mineralpainted vessels would still have been locally produced during the Coalition period. In the
latter case, if immigrant groups became integrated into existing communities, then
differences between ceramic types would have eventually disappeared. Therefore, this
project also has the potential to yield information about processes of social integration
and reorganization after migration.
Data on raw material use are more ambiguous to interpret because factors
affecting resource selection are complex and may include technical constraints, as well as
both geographic and social factors. However, Stark and others (2000) have demonstrated
the potential for using compositional data, including both mineralogical and chemical
techniques, to identify small-scale social boundaries.
The first factor to consider is variability in available resources. If there is a lack
of diversity in available clay and temper sources in the Albuquerque area, then similarity
in compositional data between the two types would not be socially meaningful.
However, the geological literature, along with limited data from previous studies,
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indicates that variability exists (Larson et al. 1998; McKenna and Larson 2005).
Therefore, similarity in material between types may reflect production of carbon-painted
vessels by local groups rather than migrants.
Differences in clay sources for mineral- and carbon-painted vessels could result
from production of carbon-painted ceramics by immigrant groups. However, such
differences could also be due to the shift to organic paint, which has different binding
properties than mineral paint, possibly requiring use of different clay or slip; in turn,
changes in clay can necessitate change in temper. Therefore, given the ambiguities
associated with interpretation of material sources, it is important that these data be
considered in conjunction with the other data sets.
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CHAPTER 5 METHODOLOGICAL OVERVIEW
This chapter contains a summary of analyzed attributes, a discussion of the
selection criteria for sites, and an overview of sampling methodology, including withinsite sampling strategies. More detailed descriptions of the data collection methods for
each attribute, as well as their implications for understanding differences in social
learning contexts, can be found in subsequent chapters, which focus on specific stages of
the production process.

Site Selection
One problem with previous interpretations of ceramic data from the Albuquerque
area is that they are tautological— the presence of carbon-painted ceramics defines the
Coalition period so, by definition, if a site has carbon-painted ceramics, it is assigned to
the Coalition period; on the other hand, the presence of carbon-painted ceramics is also
considered evidence of northern “influence.” Using this logic, it is not possible to
identify a Coalition period site without evidence of northern influence or affiliation.
(Current chronologies are not necessarily wrong; however, the structure of the argument
limits interpretation of social processes.)
In addition, the length of temporal overlap between the two ceramic traditions in
the area is unclear. Two major obstacles hinder our understanding of the exact temporal
relationship between them: (1) mixing of assemblages, resulting from short-term
reoccupation of sites (Marshall and Marshall 1994; McKenna and Larson 2005; Post
1994); and (2) few absolute dates and those we have lack precision, making it difficult to
distinguish between closely spaced but discrete temporal occupations.
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Resolving this issue is outside the scope of this project. To mitigate the problem,
assemblages with absolute dates were selected whenever possible (Table 5.1). In
addition, site assemblages with evidence for discrete occupations were stratified for
sampling in order to further examine the issue of chronological change. Well-dated
intrusive types also guide interpretation of site chronologies; White Mountain Red Ware
types, which are readily distinguishable and more likely to have been consistently
identified by different analysts, are the focus. Because previous researchers have
suggested that the frequency of Tijeras Utility increased over time (Post 1994), the ratio
of brown ware to Tijeras Utility provides another line of chronological evidence.
However, not surprisingly Tijeras Utility exhibits a strong regional pattern; it occurred in
higher proportions throughout all temporal periods in eastern Albuquerque sites, the
likely location of manufacture for this type (Table 5.2).
Rio Puerco sites were included in the study because they fall within the
Albuquerque District and because the Rio Puerco region has been cited as a potential
source area for Socorro phase inhabitants of the Albuquerque area (Marshall and
Marshall 1994). However, these sites are not strictly comparable because they lack
carbon-painted types (although otherwise they appear contemporaneous with
Albuquerque area assemblages). In addition, neither of these sites has absolute dates.

Changes to Proposed Research Plan
Two sites that had initially been included in the study were excluded— the
Tunnard site (LA6868) was not sampled, and the Meade Avenue site (LA57214) was not
fully sampled (only two sherds from the Meade Avenue site were included). The Meade
Avenue site, a late Developmental site located in southwestern Albuquerque, was located
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Table 5.1 Summary of Chronometric Data
Subregion
East Abq

LA #
53672

Site Name
Pit house Site

East Abq

84429

Cobble Pueblo

East Abq/

87432

Two Dead
Junipers

East Abq

100

West Abq
East Abq/
East Abq

East Abq

West Abq
Rio Puerco*
Rio Puerco*

100419

15260
107488
10794

14857

88334
2567
2569

Airport Hamlet

Coors Road Site
Adobe Pueblo
Coconito Pueblo

Dinosaur Rock

Bravo Pueblo

Absolute Dates
AD 1000-1180
AD 1010-1190
AD 1025-1195
AD 1180-1220
AD 1170-1190
AD 1110-1150
AD 1160-1200
AD 1175-1285
AD 970-1260
AD 1035-1245
dates rejected
AD 1280-1310
AD 1307vv
AD 1285vv
AD 1294vv
AD 1304vv
AD 1199-1250+v
AD 1111-1217 vv
AD 1200-1259 vv
dates too early
---

References
Gallison et al. 2005
Abbott et al. 1997

McKenna and Larson
2005
Acklen 1995
Hill and Larson 1995
Post 1994
Sullivan and Akins 1994
Abbott et al. 1997

Wiseman 1980
Oakes 1979
Marshall and Marshall
1994

Fenenga 1956
Cerros
Fenenga and Cummings
Mojinos/Huning
1956
* not included in chronological scheme because there is an absence of carbon-painted ceramics in the area

Table 5.2 Summary of Ceramic Data
Subregion
East Abq/ KAFB

Tijeras BrownLA #
utility
ware Ratio mineral carbon Ratio
53672 1232
81
15.21
230
2
115

East Abq/ KAFB

84429

593

33

17.97

86

5

17.2

East Abq/ KAFB

87432

3572

352

10.15

947

147

6.44

100419
15260

376
441

382
1248

.98
0.35

199
699

11
23

18.09
30.39

East Abq/ KAFB 107488

487

25

19.48

nd

nd

nd

East Abq
West Abq
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East Abq/
Tijeras

10794

22474

1061

21.18

302

4743

0.06

East Abq/
Tijeras
West Abq

14857

1816

1388

1.31

107

211

0.96

88334

766

46

16.65

26

388

0.07

White Mtn. Red ware
Indet. WMR (n = 7)
Puerco B/R (n = 1)
Indet. WMR (n = 5)
Puerco B/R(n = 1)
Wingate Poly(n = 19)
Indet. WMR (n = 1)
Wingate B/R (n = 4)
Puerco (n = 8)
Wingate B/R (n = 15)
St. John’s Poly (n = 1)
St. John’s Poly (n = 4)
Indet. WMR (n = 5)
Puerco B/R(n = 14)
Wingate B/R(n = 25)
St. Johns Poly/B/R(n = 865)
Springerville Poly(n = 12)
Indet. WMR(n = 27)
St. Johns Poly/B/R(n = 40)

Wingate B/R(n = 1)
St. John’s Poly(n = 1)
Rio Puerco*
2567
n/a
893
n/a
321
n/a
n/a
Wingate B/R(nd)
Rio Puerco*
2569
n/a
769
n/a
409
n/a
n/a
Wingate B/R(nd)**
** Wingate B/R through Pinedale Poly represented. Assemblage drawn from area with Wingate B/R

on private land, and only two sherds of Socorro Black-on-white from this site were
curated. These two sherds were included in this study to supplement western regional
mineral-paint samples within the Albuquerque area. The Tunnard site, a Coalition
period site located on the Sandia Pueblo Reservation north of the city, was excluded from
the analysis because the only ceramics available from the site were from the midden; the
site habitation area appears to have been destroyed by flooding and cultivation.
Collections curated at the Maxwell Museum under the moniker of the Tunnard Site may
have come from a nearby habitation site that was not related to the collections from the
Tunnard midden deposits, which are housed at the Museum of New Mexico (Hammack
1966).
A more significant change to the proposed methods resulted from a shift from the
typological approach outlined in the original research proposal to a non-typological
strategy. A lack of consistency in how typologies had been both defined and
implemented in the Albuquerque area led to problems in sample selection. For example,
some researchers (including myself (Hill and Larson 1995; Marshall and Marshall 1994;
McKenna and Larson 2005; Post 1994) had followed Lang (1982) in recognizing a
locally-made variety of Socorro Black-on-white. Other researchers (Oakes 1979;
Wiseman 1980) used a more restrictive definition; believing that all Socorro Black-onwhite in the Albuquerque area was non-local, they identified sherds with some Socorro
attributes on a local paste as “local mineral.” Obviously, excluding locally-made
ceramics would defeat the purpose of the research, so it was clear “local” sherds needed
to be included.
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Equally problematic, however, was variation along a continuum of attributes
between “typical” Socorro and “local mineral.” The lack of discrete attribute-groups was
noted by previous researchers including Wiseman (1980:109), who described typical
Socorro as being characterized by a fine-grained, white-to-gray paste, but noting
ceramics with coarse, white pastes with Socorro-like designs. Oakes (1979:118) also
discussed overlapping attributes for mineral-painted black-on-white sherds, which she
described as characteristic of Kwahe’e, Socorro, Casa Colorado, and Chupadero Blackon-white, as well as other unnamed black-on-white types from areas west of the Rio
Puerco.
Similar difficulties were encountered with the carbon-painted ceramics, with
some researchers distinguishing between Santa Fe and Wiyo Black-on-white (e.g.,
Marshall and Marshall 1994), and others lumping them into a single category due to
relatively continuous variation between the types (Oakes 1979:116; Wiseman 1980:105).
In describing the ceramics from Coconito Pueblo, Wiseman (1980:95) even went so far
as to state that the “majority of the ceramics, utility and painted alike, do not fit any
established pottery type descriptions.”
Therefore, for strictly methodological reasons, a typological approach was
abandoned, and sherds were categorized only as either mineral-painted or carbon-painted.
Although the adoption of a non-typological approach was at first purely a matter of
practicality, as research progressed, the broader ramifications of this shift became
evident. It became clear during analysis that many of the sherds in the sample would not
have been included in the study using a typological approach—those sherds that did not
fit neatly into typological boxes would have been excluded. While some may represent
103

the products of children, others may represent poorly executed copies or the types of
mistakes potters make when they do not truly understand the design grammars or
production processes. Therefore, these odd sherds may be the most integral part of the
record when studying issues involving learning, interaction, and copying. In addition, as
will be discussed in greater detail in the concluding chapter, the lack of clear-cut
typological differences may be the result of more open learning frameworks among
Albuquerque area potters.
I want to clarify that I am not arguing against the broader utility of ceramic
typology. In fact, this research will ultimately lend some clarity to our understanding of
late Developmental and Coalition period ceramic types in the Albuquerque District. The
ceramic types identified by previous analysts were recorded for each sample where those
data were available. Attribute data collected as part of this study can then be used to shed
light on typology as defined and implemented by various researchers, as well as to better
understand variation within types.

Sample Selection
Two types of samples were collected—one random and one judgmental. The
purpose of the random sample was to collect systematic data on technological attributes
for statistical analyses. The judgmental sample was drawn in order to examine stylistic
data, particularly information on design structure.
Five hundred and seventy-six sherds from a total of 11 sites (excluding the Meade
Avenue site, which had only two sherds) were analyzed; 372 were in the random sample,
and 221 were in the judgmental sample (Table 5.3). [Because some sherds fall into both
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Table 5.3 Sample Distribution by Site
Period

occupation

Random
mineral carbon

Judgmental
mineral carbon

Site
Total

Site Name

Site#

Transition

Airport
Hamlet

100419

16

9

4

1

30

Transition

Cobble
Pueblo

84429

19

5

1

0

25

Transition

Pit house
site

53672

21

1

9

0

29

Transition

Two Dead
Junipers

87432

7

17

48

4

70

Late

Adobe
Pueblo

107488

12

17

0

5

33

Late

Coconito
Pueblo

10794

25

25

15

67

127

14857

25

23

4

7

58

7

19

0

31

Late
Transition

Dinosaur
Rock
Coors
Road site

Transition

Coors
Road site
Coors
Road site
Coors
Road site

Transition

Meade
Ave. site

Transition
Transition

15260

unspec

15260

1

15

1

0

0

13

15260

2

15

1

0

0

15

15260

3

15

1

2

0

17

57214

0

2

0

0

2

88334

0

12

32

19

61

20

0

0

29

Transition

Bravo
Pueblo
Cerros
Mojinos/
Huning

Transition

Rio Puerco

2567

unspec

0

0

3

3

Transition

Rio Puerco

2567

1

14

0

2

16

Transition
Total:

Rio Puerco

2567

2

15
233

0
139

2
110

17
576

Late

2569

105

9

111

sample categories (i.e., randomly drawn sherds that meet the size criteria for the
judgmental sample), the total of the random plus the judgmental samples may exceed the
total for a site.]

Random Sample
Only sherds greater than or equal to 3 cm2 were included in the random sample in
order to allow for refiring, petrographic and chemical analyses. The random sample (n =
372) consists of around 15-25 sherds from each sampling unit. A sampling unit
comprised all mineral-painted or all carbon-painted sherds from either an entire site or a
discrete occupational sequence. The relatively small sample sizes from individual sites
are not a concern because site differences are not the target of this research. However, if
data indicate possible differences between sites, then future work could expand site
samples to explore any patterning. It was necessary to draw larger samples from some
sites in order to increase the sample from a region or temporal period. For cases where
fewer than 15 mineral-painted or carbon-painted sherds were available from a sampling
unit, all sherds were included.
In order to draw a true random sample, sherds of sufficient size (>3 cm2) within
each bag were sorted into carbon versus mineral paint, and counts of paint type per bag
were compiled. These counts were used to create a total count for carbon- and mineralpainted sherds from each sampling unit. A list of 15-25 random numbers falling within
the range of the total count was generated for each of these units.
A hypothetical example is provided to further clarify the sampling technique. In
the example, the number 15 is one of the random numbers drawn for mineral-painted
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sherds from Site A. Based on the individual bag counts, it can be determined that
mineral-painted sherds #10- #31 fell within bag#2 from Site A; all of the possible
mineral-painted samples from bag #2 would be dumped out and arranged in random
order, and the 5th sherd would be selected as random #15. If it was determined that the
sherd was part of a vessel that was already represented in the sample, the next sherd in
the bag would be chosen. In a few instances, on further analysis, it was determined that
more than one sherd from a single vessel had inadvertently been included in the random
sample. These sherds were then lumped into one sample number. In a few cases, refiring
revealed that a paint type had been incorrectly identified. These samples were reassigned
to the correct paint category, but left in the sample.
For sites with very few carbon-painted sherds (all of the transitional sites) or
mineral-painted sherds (later Coalition period sites with small assemblages), all sherds of
adequate size representing these categories were included in the random sample. Despite
this approach, these analytical categories (transitional carbon-painted sherds and later
mineral-painted ceramics) are generally under-represented in the sample; however, for
the most part, they represent all available specimens. (The one exception is Coconito
Pueblo, which has a comparatively large assemblage—additional later mineral-painted
sherds are available from this site, but I did not want the data from this site to swamp the
results.)
Excavators had divided the assemblages from four sites (LA2567, the Coors Road
Site, Two Dead Junipers, and Bravo Pueblo) into discrete occupations. In order to help
better address the issue of short-term chronological change, where possible, these site
assemblages were stratified by occupation for the random sample. Only those
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components that fell within the late Developmental and Coalition periods were sampled.
Upon implementation, only two assemblages (LA2567 and the Coors Road site) could be
stratified. Assemblages from the two other sites (Two Dead Junipers, and Bravo Pueblo)
were not stratified for sampling because the counts from the individual sampling units
were too small.
Although these stratified random sample sizes are small, any observed patterning
would suggest directions for future research into the issue of short-term chronological
change. To further address the issue of chronological change, attributes that exhibit
temporal change cross-cutting all compositional and technological groups are interpreted
as primarily reflecting chronological changes that occur broadly across the entire
Albuquerque District. However, temporal change still may reflect shifts in learned
behavior, whether in the initial learning or work group context. Nevertheless, if these
temporal changes cross-cut communities of practices— i.e., they are changes that are
shared by different groups, then they are interpreted as akin to a broad stylistic trend.
These trends may include both technological and decorative attributes, but often affect
production practices that may be more readily adopted.

Judgmental Sample
The judgmental sample (n = 221) includes all bowl rims greater than 8 cm2. The
size criterion for the judgmental sample was generated through a pilot analysis of large
partial vessel fragments from the Two Dead Junipers site. The pilot study demonstrated
that it is possible to record structural attributes of decorative style on large bowl rims (see
Chapter 9 for more detailed discussion of how these attributes were selected).
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In addition, the judgmental sample was expanded to include examples of temper
categories and style groups that had been identified by previous researchers. Examples of
temper categories were submitted for petrographic analysis in order to tie results of
previous work in with this study. Style groups were included in the analysis to determine
if these styles reflected different production locales or were correlated with distinct
ceramic manufacturing traditions.

Sample Context
Sampled sites are divided into three regions for analysis: the Rio Puerco and two
sub-areas within the greater metropolitan Albuquerque area—west of the Rio Grande,
and east of the Rio Grande (see Figure1.1). As discussed in the geologic setting in
Chapter 2, there is variability in available clay and temper between the east and west
sides of the Rio Grande, and in the Rio Puerco region.
There are also some notable differences between the site assemblages. For
example, nearly all KAFB collections [with the exception of Two Dead Junipers] were
recovered through testing, which yielded small assemblages. In addition, the Airport
Hamlet was the only seasonally occupied site and also has a relatively small assemblage.
Another major difference between the sites is the date the field work was completed. The
Rio Puerco sites were excavated in the 1950s, while the excavations in western
Albuquerque and the testing at KAFB occurred in the 1990s. Sherds recovered from the
earlier excavations at the Rio Puerco sites and also from Two Dead Junipers have less
detailed provenience information. In addition, other site data, including architectural
information, generally become more detailed over time, with later excavation reports
providing more detail as excavation and reporting techniques improved. The tested sites
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have very little information on site architecture due to limitations in the area of
excavation.
Rio Puerco Sites
The two Rio Puerco sites, LA2567 and Cerros Mojinos (also referred to as the
Huning Site and the Fence Site), are located near the lower Rio Puerco, relatively close to
the well-known Classic period site of Pottery Mound. Pueblo II/III habitations are
abundant in the Rio Puerco, particularly along the western valley edge along the alluvial
fans at the base of Lucero Mesa (Eckert 2008; Eidenbach 1982; Fenenga and Cummings
1956).
These Rio Puerco sites are more distant from the other sites in this study, and their
ceramic assemblages, in particular the utility wares, are more distinct. Based on ceramic
chronology, LA2567 appears to have been occupied earlier than Cerros Mojinos,
although the temporal span of their occupations may have overlapped.

The occupation

at LA2567 began earlier, but habitation continued into the late Developmental period
(Fenenga 1956). Only the late Developmental components from this site were sampled.
The habitation of Cerros Mojinos appears to have begun in the late Developmental and
continued through the Coalition. The site underwent excavation during two separate
projects, both occurring in the 1950s— work by Dr. Frank Hibben and mitigation during
the El Paso Natural Gas Pipeline project (Wendorf et al. 1956) . The portion of the site
excavated as part of the pipeline project appears to have been a pure Socorro phase
component (Fenenga and Cummings 1956). In contrast, examination of the Hibben
collections (which were the collections utilized for this study) yielded evidence for a
multi-component site with spatially discrete occupations. These components were
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identified through analysis of White Mountain Red Ware during sorting for sampling.
White Mountain Red Ware types ranged from Wingate Black-on-red to St. John’s
Polychrome to Pinedale Polychrome, which were associated with different site areas.
Tijeras Utility sherds were also noted during the rough sort of the Hibben collections.
Tijeras Utility was not recovered from the earlier Rio Puerco site, LA2567. This pattern
appears to mirror a pattern noted in the Albuquerque area, with increasing exchange of
this eastern Albuquerque ceramic type.
The general lack of carbon-painted ceramics in this region (and hence at Cerros
Mojinos) precludes direct comparison with the later Albuquerque area assemblages;
therefore, the sample was drawn from that portion of the site that appeared
contemporaneous with the transitional assemblages in the Albuquerque area (i.e.,
assemblages with Wingate Black-on-Red and lacking St. John’s Polychrome and other
later White Mountain Red Ware types). An avenue for future research would be to
examine temporal change between these different components at Cerros Mojinos and
between LA2567 and Cerros Mojinos.
Western Albuquerque
Three sites from the west side of the city of Albuquerque were targeted for
sampling: the Coors Road Site, the Meade Avenue Site, and Rio Bravo Pueblo.
However, as mentioned previously, only two mineral-painted sherds were available from
the Meade Avenue Site. All three of these sites are located in southwestern Albuquerque,
relatively close to each other and in similar environmental settings.

Marshall and

Marshall (1994:4) describe numerous small clusters of Socorro phase hamlets on the
alluvial slopes below the Ceja escarpment in southwestern Albuquerque.
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The assemblage from the Coors Road Site was divided into three occupational
sequences based on stratigraphy. Radiocarbon dates from these sequences were rejected
as too early based on the ceramic assemblage. Santa Fe Black-on-white sherds were
recovered from all sequences. Post (1994) argued that increasing proportion of Tijeras
Utility in these occupations, accompanied by a decline in ceramics imported from the
south, reflected a shift towards local interaction within the Albuquerque area.
Eastern Albuquerque
Assemblages from excavated contexts from the east side of the Rio Grande are
more numerous than the other areas (n = 7). Sampled sites from the east side of the Rio
Grande can be divided into three sub-groups: sites in the Tijeras Canyon area, sites
located on KAFB, and a single site, the Airport Hamlet (see Figure 1.1):


KAFB sites: (1) the Pit House Site, (2) the Cobble Pueblo, (3) Two Dead
Junipers, and (4) the Adobe Pueblo;



Tijeras Canyon sites: (5) Coconito Pueblo and (6) Dinosaur Rock;



the Airport Hamlet (7).
The Airport Hamlet is distinctive from the other eastern sites for several reasons.

It is located in a different environmental zone; the site probably served as a seasonal
occupation site that was re-occupied multiple times; and as will be discussed in more
detail in Chapter 6, the ceramic assemblage appears to differ somewhat from the other
sites located east of the river.
Three of the KAFB sites, the Pit House Site, the Cobble Pueblo, and the Adobe
Pueblo, are located in an area of intermittent drainages, characterized by dense clusters of
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late Developmental/Coalition period sites (Larson 2008; Larson et al. 1998).
Assemblages from these three sites were recovered through testing and are relatively
small. One other KAFB site, the Two Dead Junipers Site, is more distant, located 5-6 km
to the south, in an area that was less densely occupied. In addition, the site was
completely excavated, and Peter McKenna did a refitting study on the ceramic
assemblage, making it possible to characterize differences in vessels rather than sherds
(McKenna and Larson 2005).
The two Tijeras Canyon sites, Coconito Pueblo and Dinosaur Rock, are both later
Coalition period sites. As discussed in Chapter 2, the Tijeras Canyon and KAFB areas
appear to have complementary settlement histories; permanent occupation at KAFB
appears to have ceased sometime in the latter half of the 1200s (Larson et al. 1998), while
occupation in the Tijeras Canyon area appears to have increased at that time (Anschuetz
1984, 1987). These data suggest that KAFB populations may have moved to the Tijeras
Canyon area.
The Coconito assemblage was much larger than the other sites. Due to the large
size of the assemblage (>33,000 sherds), only the structural proveniences, which were
documented in the report, were sampled. Coconito Pueblo had several partial vessels and
lots of large rim sherds, yielding a large judgmental sample from this site.

Because the

sherds from Two Dead Junipers, an earlier transitional site, had been refit into vessels, all
of these vessels were also included in the judgmental sample in the hopes of being able to
examine structural differences in decoration over time between the two assemblages.
However, it should be noted that most of the Two Dead Juniper vessels were not
reconstructible; i.e., there were many sherds that clearly were from a single vessel, but in
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general these pieces did not refit. Therefore, in general, they did not yield as much data
about design structure as other partial vessels included in the judgmental sample.

Summary of Attributes
Table 5.4 provides a summary of analyzed attributes as well as their possible
attribute-states for each stage in the production process, including resource selection and
processing, forming, finishing, and firing. Raw material selection encompasses clay,
temper, and paint. Clay selection was examined through a refiring study of all specimens
and Instrumental Neutron Activation Analysis (INAA) of a subsample of sherds.
Aplastic inclusions were evaluated with microscopic analysis of all samples and
petrographic analysis of a subsample. Petrographic data also provides insight into
differences in resource processing, such as intensity of temper processing as determined
by temper size and shape. Visual determination of paint type was confirmed through the
refiring study.
Forming differences were evaluated by measuring wall thickness and
characterizing rim forms. Variation in surface finish includes differences in intensity of
polishing, presence or absence of slip, and painted decoration. Differences in painted
decoration primarily focused on attributes resulting from process-oriented learning,
including low visibility and structural attributes. However, some more visible attributes
that may have been more readily transferable such as rim treatment, type of decorative
element, and presence/absence of line breaks were also recorded.
Attributes relevant to firing include hardness, estimated firing temperature, and
core patterns. Hardness may also be affected by differences in resource selection. Firing
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Table 5.4 Summary of Analyzed Attributes *
Attribute
Refire color
Paint type
Paint category

Attribute State(s)
Munsell color

mineral (Fe/Mn)/mix/organic random & judgmental
sub-glaze/matte

Aplastics (microscopic)
Wall thickness
Rim form

Sample
random & judgmental

random & judgmental
random & judgmental

--

random & judgmental
rim sherds (random &
judgmental)
Exterior finish
slip/wash/polish/other
random & judgmental
Interior finish
slip/wash/polish/other
random & judgmental
Rim treatment
solid
rim sherds (random &
line/ticked/unpainted/other judgmental)
Line Break
yes/no
judgmental only
Horiz. framing lines: upper
yes/no/indet.
judgmental only
number
-judgmental only
width
-judgmental only
placement of design in
-rim sherds (random &
relationship to rim
judgmental)
Horiz. framing lines: lower
yes/no/indet.
judgmental only
number
-judgmental only
width
-judgmental only
distance from design
-judgmental only
Vertical framing lines:
yes/no/indet.
judgmental only
number
-judgmental only
width
-judgmental only
Symmetry of elements:
yes/no
judgmental only
presence of counterchange
Presence of Hachure
yes/no
random & judgmental
Type of Hachure
parallel lines/cross hatch random & judgmental
Hachure width
-random & judgmental
Hachure framing line width
-random & judgmental
Space width
-random & judgmental
Hardness
Moh's scale
random & judgmental
Core pattern
random & judgmental
Refire temperature
-random & judgmental
Rim diameter
-rim sherds (random &
judgmental)
Max size:length
-rim sherds (random &
judgmental)
Max size:width
-rim sherds (random &
judgmental)
* highlighted attributes collected through refiring
-- blank attribute states are all continuous numeric variables
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Production Process
raw material
selection/processing
raw material
selection/processing
raw material
selection/processing
raw material
selection/processing
forming
forming
finish
finish
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
finish:decoration
firing
firing
firing
control for vessel size
control for sherd size
control for sherd size

temperature was estimated through a refiring study. Core patterns provide data on
differences resulting from firing atmosphere.
The relationship of each attribute to social learning contexts as well as other
factors is described in more detail in the corresponding chapter on the specific production
stage. These relationships are also summarized in Table 12.1 in the concluding chapter.

Quantitative Methods
Statistical analyses were kept as simple as possible. T-tests were used to test for
significant differences for metric variables, and chi-square tests were used for categorical
data. [The results were compared to results of Analysis of Variance (ANOVA), which
were all consistent with t-test results]. In addition, because t-tests assume a normal
distribution, the Anderson-Darling test for normality was run for all distributions.

For

distributions that were not normally distributed, a non-parametric test, the Kruskal-Wallis
test, was run. These results were also consistent with the t-test results.
Kintigh’s Tools for Quantitative Analysis (TFQA) software was used for chisquare tests. To address problems with tables with cells with low expected counts, TFQA
provides estimated probability values using a Monte Carlo simulation technique. Except
for analysis of decorative style and wall and rim form, which utilized all rim sherds
including both the random and judgmental samples, statistical tests only included data
from the random sample. Multivariate techniques were used for compositional analyses,
including k-means cluster analysis of aplastic inclusions to identify temper groups and
principal components analysis for identifying INAA compositional groups.
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The following six chapters (6 – 11) describe the detailed methods and results of
analysis of all of the attributes enumerated in Table 5.4. These attributes measure
variation in resource selection and processing, forming, finishing, and firing.

117

CHAPTER 6 RESOURCE SELECTION: DISTINGUISHING
PRODUCTION LOCATIONS
Data on resource selection and processing address numerous issues central to this
research. These topics include identification of: (1) differences in production location,
which may have implications for local and regional exchange, and (2) differences that
may result from variation in learned traditions of pottery manufacture. Relevant data
attributes reflect the practices of clay and temper selection, as well as clay and temper
processing. Therefore, a comprehensive program of compositional analyses including
refiring, petrography, and chemical analysis (INAA) was completed. This chapter
outlines the methods utilized and also addresses the first issue—identification of
production locations. The following chapter (Chapter 7) examines compositional
differences that may result from differences in learned traditions.

Methods for Compositional Analyses
The first step in compositional analysis was the refiring study. The refiring study
had two goals: (1) to characterize firing technology and (2) to generate preliminary clay
composition groups for sampling for the chemical analysis. This chapter covers only the
second goal; Chapter 11 discusses variation in firing technology.
A chip was removed from all samples (judgmental and random) with a diamond
saw. Sherds from the random sample were refired in 50ºC intervals between 500-850ºC
in order to estimate original refiring temperature as discussed in more detail in Chapter
11. After the estimated original refiring temperature was reached, these random samples
were then refired to the higher temperature of 900ºC along with the sherds in the
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judgmental sample. Refiring at this higher temperature evens out all color differences
due to firing temperature and firing atmosphere, and subsequent differences are due to
variation in materials only. Final Munsell colors were recorded, and samples were
initially assigned to preliminary refired color groups following McKenna and Larson
(2006). These preliminary refired color groups have been modified based on the INAA
results and are lumped into four general categories for all subsequent analyses—
buff/white (#1), pink (#2), reddish-yellow/red (#5), and brown (#8) (Table 6.1).
Table 6.1 Munsell Colors by Refired Color Groups
Lumped
Color
Group#
1
2

McKenna
Color
Group#
1&9
2

5

3
4
5

8

6
8

Munsell Colors (modified based on INAA)
10YR7/2, 10YR8/0, 10YR8/1, 10YR8/2
10YR7/3, 10YR7/4, 10YR8/3, 10YR8/4, 2.5YR7/2,
7.5YR7/4, 7.5YR8/2, 7.5YR8/3, 7.5YR8/4
5YR7/4, 7.5YR7/3, 7.5YR7/6
7.5YR5/6, 7.5YR6/6
5YR5/4, 5YR5/6, 5YR5/8, 5YR6/4, 5YR6/6, 5YR6/8,
5YR7/6, 5YR7/8
2.5YR5/6, 2.5YR5/8, 2.5YR6/6, 2.5YR6/8
10YR6/4, 7.5YR6/2, 7.5YR6/4

Prior to completing the analysis of all the samples, a pilot study, comprising 134
sherds randomly drawn from six sites (Cerros Mojinos, the Pit House Site, Cobble
Pueblo, Two Dead Junipers, the Airport Hamlet, and the Adobe Pueblo), was completed.
These sites were chosen because they were curated at the Maxwell Museum, and it was
quicker to obtain access and permission to conduct non-destructive analysis. These sites
include both transitional and later assemblages and represent both the Rio Puerco and
Albuquerque areas; therefore, presumably this subsample would capture much of the
variation represented in the complete sample. These 134 sherds were refired and general
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aplastic categories were determined using a binocular microscope. These data were used
to generate preliminary compositional groups, consisting of a cross-section of aplastic
and refired color groups. A small sub-sample of 36 sherds, representing examples from
each refired color/aplastic group, was submitted for petrographic analysis (Carpenter
2008).
K-means cluster analysis of the petrographic data from the pilot study was used to
delineate temper groups based on relative abundance of sherd, quartz, and volcanics. Kmeans is a non-hierarchical method of cluster analysis used to create groups of items that
are more similar to each other than to items in other groups. The k-means program in
Kintigh’s TFQA was used for the analysis because it allows for a comparison of the
actual data with randomized data (Kintigh and Ammerman 1982; Kintigh 2009). This
comparison is particularly useful for cluster analysis because cluster analysis will always
produce a result, regardless if there are meaningful differences in the data or not.
Therefore, data that differ from the randomized data (as shown in Figure 6.1) exhibit
meaningful variation. The degree of clustering is measured by the sum of the squared
distances from each unit to its cluster centroid (SSE in the plot). If there is a high degree
of clustering, the distance from a given unit to its centroid will be small. Steep declines
in SSE can be used to select the best cluster solution(s).
Based on Figure 6.1, the four cluster solution was selected as the best solution.
The clusters were: (1) a mix of sherd, quartz, and volcanics, (2) high volcanics, (3)
abundant quartz, and (4) predominantly sherd (Table 6.2, Figure 6.2). These groups
generally corresponded well to the groups identified using the microscope, although some
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Figure 6.2 Results of Pilot Study: Temper Constituents by Refired Color Group
Table 6.2 Summary of K-means Cluster Analysis of Petrographic Pilot Study
Temper Category
volcanic
quartz
sherd

Temper
Cluster 1
avg.
27.42
17.53
55.05

Temper
Cluster 2
avg.
55.98
35.98
8.05

Temper
Cluster 3
avg.
1.05
54.91
44.04

Temper
Cluster 4
avg.
2.92
13.71
83.37

refinements were made based on these results. In addition, the white and buff refired
color groups were collapsed into a single group for future compositional sampling due to
the lack of difference in temper composition between the two, as well as the low
frequency of white-refired sherds.
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An additional change to the temper categories made during analysis of the Tijeras
Canyon samples was the addition of a new temper group. This fifth group is comprised
of sherd temper along with fine fragments of angular quartz, quartz-muscovite and
schist/phyllite, suggesting local manufacture in the Albuquerque area east of the Rio
Grande.
The goal of the subsequent microscopic analysis was to assign samples to one of
these five aplastic groups.

However, ensuing microscopic analysis suggested a blurring

of boundaries between the aplastic groups, with variation appearing to occur along a
continuum between them, leading to difficulty in definitively placing many of the
samples confidently within a discrete aplastic group. There also appeared to be
significant variability in the size and quantity of aplastics; sub-groups were created to
determine if this variability correlated with differences in location of production.
The strategy of the second petrographic sample (n = 90) was designed to capture
the full range of this variability. The sample was distributed across the aplastic/refired
color “groups,” which were also stratified by paint type, region, and time.

In addition to

capturing the range of compositional variation, the goal was to select ~15-25 samples per
sampling group (Table 6.3). However, because some temper groups were relatively
small (e.g., quartz and volcanic aplastic groups), some site assemblages lacked
variability, and some paint/temporal groups were not well-represented (i.e., transitional
carbon-painted and later mineral-painted), there is considerable range in the number of
samples per group.
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Table 6.3 Petrographic Sample Distribution
Paint
mineral
mineral
mineral
mineral
mineral

Period
Transition
Transition
Transition
Transition
Transition

Region
East
East
East
East
West

Site#
53672
84429
87432
100419
15260
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mineral Transition

West

57214

mineral Late
mineral Late
mineral Late

East
East
East

107488
14857
10794

mineral Late

West

88334

carbon
carbon
carbon
carbon

Transition
Transition
Transition
Transition

East
East
East
East

53672
84429
87432
100419

carbon

Transition

West

15260

carbon
carbon
carbon

Late
Late
Late

East
East
East

107488
14857
10794

carbon

Late

West

88334

mineral Transition
mineral Transition
Total:

Rio Puerco
Rio Puerco

2569
2567

Refire Colors
1 2 5 8
1 2
1
2 2 1
5 3
1 5
4 6 5 1

Sample Group
Subtotal

23

1

1

18

1
1

4
4
2

1
2
3

18

1

1

Transitional mineral-painted (Abq
41 area)

2

20 Later mineral-painted (Abq area)

1
1
2
1

6

Transitional carbon-painted

1

3

4

1
3
3

1
7 1
8 1

1

1 11
2
2

Total

5
4

3
1 1

16 50 55 5

10

(Abq area)

25
12

37 Later carbon-painted (Abq area)

18

Transitional mineral-painted
18 (Rio Puerco area)

INAA was used for the chemical characterization of pastes. Samples were sent to
the Archaeometry Laboratory at the Research Reactor, University of Missouri, Columbia
(MURR). INAA is a highly sensitive technique capable of simultaneously detecting
concentrations for many elements (32 for this study), including major, minor, and trace
elements in parts per billion (ppb). A silicon-carbide drill burr was used to eliminate
surface contamination, and the samples were then crushed to a powder. The powdered
samples were bombarded with neutrons, causing some of the atomic nuclei to become
unstable radioactive isotopes, which decay with unique half-lives. Different isotopes
emit distinct gamma rays that can be measured to determine the original number of atoms
present—the concentration of the element (Glascock 1992). [A more detailed discussion
of INAA can be found in Glascock (1992).]
The INAA sampling methodology encompassed sherds from both the random
sample and the judgmental sample. A stratified random sample of 210 sherds from the
random sample was distributed across refired color/aplastic groups, with a goal of at least
20-30 samples per sampling group wherever possible (Table 6.4). Again, as with the
petrographic sample, some groups had low sample frequencies, and all of the sherds
representing those groups were included. In order to have the potential to address the
question of whether there may have been differences in decorative style between different
production locations, a stratified random sample of the judgmental sample was also
drawn (n = 150). As with the random sample, the sample was distributed across
aplastic/refired color groups (Table 6.5).

125

Table 6.4 INAA Random Sample Distribution
Paint
mineral
mineral
mineral
mineral
mineral
mineral

Period
Transition
Transition
Transition
Transition
Transition
Transition

Refire Color
unass. 1 2
5 8
1 3
4 1
2 6
1
4
3
1 1 8
7 4
8
1
1
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Region
East
East
East
East
West
West

Site#
53672
84429
87432
100419
15260
57214

mineral Late
mineral Late
mineral Late

East
East
East

10794
14857
107488

5
1

5
8
5

mineral Late

West

88334

2

3

carbon
carbon
carbon
carbon

Transition
Transition
Transition
Transition

East
East
East
East

53672
84429
87432
100419

carbon

Transition West

carbon
carbon
carbon

Late
Late
Late

carbon

Late

1

1
1

2

6
6
1
1
3
12
8

East
East
East

10794
14857
107488

2
3

2 1
7 2
9

West

88334

4

mineral Transition Rio Puerco

2569

2 11

3

Total:

56

5

43 Later mineral-painted (Abq area)

30

Transitional carbon-painted

7

17
4

21

Transitional mineral-painted
(Abq area)

1

6

6

35

1

1

2567

Total

38

15260

mineral Transition Rio Puerco

Sample Group
Subtotal

37

26
17

43 Later carbon-painted (Abq area)
Transitional mineral-painted

1

2 29 70 102 7

(Abq area)

31
210

31

(Rio Puerco area)

Table 6.5 INAA Judgmental Sample Distribution
Region
East
East
East
East
West
West

Site#
53672
84429
87432
100419
15260
57214

mineral Late
mineral Late
mineral Late

East
East
East

10794
14857
107488

mineral Late

West

88334

carbon
carbon
carbon
carbon

Transition
Transition
Transition
Transition

East
East
East
East

53672
84429
87432
100419

carbon

Transition West

carbon
carbon
carbon

Late
Late
Late

East
East
East

10794
14857
107488

carbon

Late

West

88334

Paint
mineral
mineral
mineral
mineral
mineral
mineral

Period
Transition
Transition
Transition
Transition
Transition
Transition
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mineral Transition Rio Puerco
mineral Transition Rio Puerco
Total:

Refire Color
1
2
5
8
1
6
1
5
2 17
4
4
8
8
1
4
1

Total

36
21

57 Transitional mineral-painted (Abq area)

7
3
15
0

1

0
6

28
6
4

2

1
1

8

50

86

1 Transitional carbon-painted (Abq area)

1

45

16
3
6

15 Later mineral-painted (Abq area)

1

15260

2567
2569

Sample Group
Subtotal

3

16

61 Later carbon-painted (Abq area)

13

Transitional mineral-painted
13 (Rio Puerco area)
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Identifying Locations of Production and Exchange
The results of these compositional analyses were used to identify differences in
location of production. Controlling for location of production is essential for meaningful
interpretation of variation in other technological and decorative attributes, as well as in
evaluating the social dimensions of resource selection. Also, because some of the models
developed to explain changes in ceramic traditions in the Albuquerque District involve
shifts in regional interaction, identification of regional exchange has important
implications for this research. Evidence for pottery production locales can be
characterized as direct or indirect. Direct evidence may include production facilities such
as firing pits, as well as tools and raw materials for pottery manufacture. In addition, it
may be possible to tie raw material sources such as tempers or clays to a specific source
on the landscape. However, this is not often possible, and the criterion of abundance, an
indirect method of determining location of production must be utilized.

According to

the criterion of abundance the sherds from a site or region that share the most abundant
temper source or clay composition are most likely to have been locally produced. This
study relies primarily on indirect evidence for identifying production locations, although
a brief discussion of direct evidence for pottery production is provided.

Direct Evidence for Pottery Production
The most direct evidence for local pottery production recorded at the sampled
sites is primarily for utility ware ceramics. Conclusive proof consists of raw clay
samples and unfired plain ware vessels recovered from the Coors Road Site, a western
Albuquerque site dating to the transition. Investigators noted that the raw clay appeared
consistent with the pastes of the plain ware vessels. At two eastern Albuquerque sites
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(the Pit House Site and the Airport Hamlet), pieces of micaceous schist were recovered
from the floors of two pit structures. Micaceous schist comprised the temper in Tijeras
utility and in Tijeras Black-on-gray ceramics. However, pieces of this schist are common
on the landscape along Tijeras Arroyo, including the KAFB area, so this evidence is
much more tenuous.
The other sites had more ambiguous evidence for ceramic production, including
worked sherds, polishing stones, and ground stone. In addition, the aplastic inclusions in
many of the Tijeras Canyon white ware sherds appear to be consistent with local
production, and a majority of the carbon-painted sherds from Bravo Pueblo (all identified
as Wiyo Black-on-white) had extremely consistent clay and temper attributes, as well as
similar refired colors and chemical composition, also suggesting manufacture in a single
location.

Clay Selection: Refiring and INAA Data
Table 6.6 summarizes the refired color data by site for the random sample. A
preliminary interpretation of these refired colors (Larson 2011) was based on previous
work that incorporated geological information, as well as refiring data that included
locally manufactured utility ware (Larson 2008; Larson et al. 1998; Warren 1980a,
1980b). Based on these data, buff/white refired samples were interpreted as probably
non-local, while reddish-yellow/red refired sherds were thought to have been primarily
locally produced, and the location of production for the pink refired ceramics was
unclear. The few brown refired sherds were interpreted as possibly manufactured within
the KAFB area (Larson et al. 1998). A refined interpretation of these refired color groups
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Table 6.6 Refired Color Categories by Site (Random Sample)

Period
Region
Transition East

Late

East

Transition West
Late

West
Rio
Transition Puerco

Total:

Site Name
Airport Hamlet
Cobble Pueblo
Pit house site
Two Dead
Junipers
Adobe Pueblo
Coconito Pueblo
Dinosaur Rock
Coors Road site
Meade Ave. Site
Bravo Pueblo
Cerros Mojinos
Rio Puerco
(LA2567)

pink
13
10
9

reddishyellow/
red
9
9
8

2

4
10
18
15
17
1
10

18
18
26
24
23
1
32

4

13

3

7
46

13
133

7
178

buff/
white
2
4
4

1
3
6
13

brown

unas.
1

Total
25
24
22

1

1

2
3
1

1

24
29
50
48
55
2
44

1
1

1

20
2
11

4

29
372

is made based on analysis of the INAA data. These new results are generally consistent
with the previous interpretation, although some refinement is possible.
Refiring Results
As is clear in Figures 6.3 and 6.4, the proportion of refired color categories for
mineral-painted and carbon-painted ceramics is generally complementary; the majority of
mineral-painted ceramics refired to a buff/white or pink color, while carbon-painted
vessels nearly all refired to a reddish-yellow/red color. This difference by paint type
creates a strong chronological pattern because of the increased manufacture of carbonpainted ceramics accompanied by a decline in mineral-paint technology (Figure 6.5).
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Figure 6.3 Proportion of Refired Color Categories by Site (Mineral-painted Only)
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Figure 6.4 Proportion of Refired Color Categories by Site (Carbon-painted Only)
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Figure 6.5 Proportion of Refired Color Categories by Site (all sherds)

Based on these results, one site, the Airport Hamlet, merits further discussion. As
can be seen in Figure 6.4, it is the only site where all of the mineral-painted white ware
vessels in the random sample appear to have been non-local. The Airport Hamlet is also
the only site that was seasonally occupied. Excavators interpreted the site as a seasonal
farmstead that was re-occupied many times (on the basis of low artifact density and
extensive evidence for structure remodeling). The site location also differs from the other
eastern Albuquerque sites. It sits on the western edge of the East Mesa overlooking the
Rio Grande floodplain, much closer to the river and lacking access to the environmental
diversity enjoyed by the inhabitants of the other eastern sites. The density of habitation
sites in this area is much lower than noted at KAFB, which is adjacent to and
encompasses the western foothill margins. These data suggest the Airport Hamlet as a
possible candidate for a site that was seasonally occupied by southern groups.
However, other ceramic data from the site indicate a more complex picture. In
contrast to the mineral-painted pottery, the very few carbon-painted sherds in the random
sample from the site ( n = 9) all appeared to be of local manufacture. In addition, the
judgmental sample contained a single piece of mineral-painted white ware that refired
reddish-yellow/red, suggestive of local production. Moreover, a piece of micaceous
schist—the type of temper found in Tijeras utility vessels—was recovered from a pit
house floor. The site also contained numerous Tijeras utility sherds. Nevertheless, it is
notable that the ratio of Tijeras utility to brown ware ceramics was significantly lower
than noted for the other eastern sites (about 1:1 versus a range of 10-18:1 for the other
sites). However, if the site was occupied by seasonal migrants, these data indicate that
they certainly had ties with indigenous groups.
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INAA Results
INAA results allow for a more nuanced interpretation of these refired color data.
MURR staff identified three INAA compositional groups (Ferguson 2012). Table 6.7
provides a summary of the distribution of these compositional groups. These three
Table 6.7 Summary of INAA Group Data (Random Sample Only)
Refire
Region
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco
Rio Puerco
Total:

Color
unas
unas

1
1
1
2
2
2
2
5
5
5
5
8
8
8
1
1
2
2
2
5
5
5
1
2
5
8

INAA Groups
Period
Transition
Transition
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Late
Transition
Transition
Late
Transition
Transition
Late
Transition
Transition
Transition
Transition

Paint
mineral
carbon
mineral
carbon
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
carbon
mineral
mineral
mineral
carbon
mineral
mineral
carbon
carbon
mineral
mineral
mineral
mineral

1

2

unas
1

1
2

1

1
1

6
1

1
17
2
12
4
1

1
2

4

1

2

2
6

1
6
23
11
15
1
1
3

1
2
1
1

3
2
5
1
3
8
6
17

17
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3

5
14
1
74

1

3

1
1
4

98
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groups were initially identified through principal components analysis. The validity of
group membership was then determined through calculation of Mahalanobis Distance
(MD), which can be used to describe the distance between individual samples and groups
on multiple dimensions (Bishop and Neff 1989). MD is the multivariate equivalent of
“expressing distance from a univariate mean in standard deviation units” (Ferguson
2012). Hotelling’s T2, which is the multivariate extension of the univariate Student’s t
statistic, is used to determine the probability of membership in each possible group for
each sample (Glascock 1992). For more detail on these analytical methods, the reader is
referred to Duff (2002), who provides an excellent summary for the non-expert.
Figure 6.6 plots INAA compositional groups by scores for Principal Components
1 and 2. These groups form relatively discrete cluster, although the boundary between
groups 2 and 3 is somewhat blurred. The greater similarity in composition could result
from two different factors. First, they likely both represent production within the
Albuquerque Basin, which shares geologic formations (in particular the Santa Fe
Formation.) Second, microscopic analysis indicates that grog added to clays included
ceramic from a variety of production locations (mixed low-iron and high-iron vessels,
which is visible on refiring.). Non-bulk compositional analysis targeting clay
composition only could distinguish between these two possibilities. These results
(coupled with the refiring data as discussed below) suggest that they reflect distinct clay
sources.
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Figure 6.6 INAA Compositional Groups by Principal Components with 90% Confidence Intervals

The component loadings for individual elements can be seen in Figure 6.7. This
plot indicates that INAA compositional group 1 has comparatively higher concentrations
of Al, Hf, Sb, Ta, Th, Ti, and Zr, while INAA group 2 has more Ce, Dy, Eu, La, Lu, Nd,
Sm, Tb, and Yb. INAA group 3 is characterized by higher proportions of Ca, Cr, Co, Fe,
Mn, Rb, and Zn. Nickel (Ni) was excluded from the analysis because it was frequently
below detection limits.
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Figure 6.7 Loading Plot for Elements

Figure 6.8 shows the distribution of refired color groups and INAA compositional
groups by two of these element concentrations— tantalum and iron. With a few
exceptions, there is a good correlation between refired color groups and INAA

138

60000

50000
3
33 33
33
*3
33
33 3 3
3
3
3
3
3
3
3
3
3
33333* 3
3
3
3
*33
3
333*3 3
333
*
3
*33**3
3
333
3
3
3
3
3
3
3
3
*
3
3
33*3333
3333
33
33*3
*3333 33
3 33333
33
33333
3333 3 *
3*33*3
*333
3
33
3 3333
3 3 3
3 333 3 3
3
3 3

Fe

40000

139

30000

2
2
2
2 * 2*
22*
* 2 2*2 * * * 2
222*2
22 *
2 *
* 2 ** 22 **
2
*** 2**2* ***22 2* 2 *
*2 2 2 * 2 2 22* 2* 2
2 2*
22*222222* 2*222*2 22
** 2
2222 2*22 * 2
2
2** 2
22 * 2*
2 22

20000

# INAA comp. group
buff/white refire group
pink refire group
red refire group
brown refire group
* thick slip

2

1
1
* 1 11 **
11 1
1
*1
1

11

*

1
1

1

1

1

10000
0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Ta
Figure 6.8. INAA Compositional Groups and Refired Color (Ta x Fe)

4.5

Figure 6.8 INAA Compositional Groups and Refired Color (Ta x Fe)
compositional groups. (The numbers in the graphs represent the INAA compositional
groups, and the colors represent the refired color groups. Asterisks represent samples
with thick slips that were probably not entirely removed through surface grinding. In
samples with noticeable differences in slip composition, they appear to significantly
affect the results.) Two of the compositional groups (#1 and #3) have an almost 100%
correspondence to the refired groups. Not surprisingly, the high-iron INAA group 3
contains nearly all of the reddish-yellow/red refired sherds (refired group 5). The lowiron/high tantalum group 1 is composed almost entirely of buff/white sherds (refired
group 1). In contrast, although INAA group 2 includes nearly all of the pink refired
samples it also encompasses all of the refired color groups.
As mentioned previously, the Munsell colors in the preliminary refired groups
were cross-checked against the INAA data, and a few adjustments were made. This reanalysis also revealed an interesting pattern for the reddish-yellow/red refired samples in
INAA group 2. Two-thirds of these samples have thick white slips, and several others
have very large abundant white sherd temper, altogether accounting for ~90% of the
reddish-yellow/red refired sherds in INAA group 2. These data suggest that the chemical
composition of these sherds reflects a mixed chemical signature. It is interesting that
compositionally they appear to be somewhat in between INAA groups 2 and 3. This
pattern may indicate trade in slip clays, with iron-rich clays from the Albuquerque area
possibly covered with lighter slip clay from the Rio Puerco. Alternatively, it could reflect
use of iron-rich clays from the Rio Puerco area, which were covered with lighter slip
clays. Further compositional analysis that isolates the slips from the pastes for these
sherds could be done to test these different hypotheses. A test that demonstrated a
140

difference with Albuquerque ceramics would be meaningful. However, demonstration of
similarity would be ambiguous because both areas fall within the Albuquerque Basin and
share some geologic formations. This geologic similarity is also probably responsible for
the greater correspondence in chemical composition between INAA groups 2 and 3.
An additional problem is that one Munsell color (10YR8/2) in the buff/white
refired color category fell into two INAA groups. The refired colors for all of the
samples with this Munsell color were rechecked, but the overlap in color was confirmed
for most cases. Therefore, unfortunately there is not an exact correlation between refired
color and chemical compositional group for the buff/white refired sherds meaning that
there are multiple sources for low-iron clays.
Although there is not a perfect correlation between refired color and INAA group,
it is still useful to examine variation by refired color because there is a strong association
between them. In addition, this problem only impacts the white/buff refired color group,
which only affects the analysis of regional variation. Because the focus of this research is
on the locally produced ceramics from the Albuquerque area, this is not a critical issue.
Regional Variation
Figure 6.9 illustrates the regional distribution of the INAA compositional groups.
Based on these distributional data and using the criterion of abundance, it appears that
INAA group 2 (which is primarily comprised of pink refired samples and a large number
of buff/white sherds) is from the Rio Puerco region. A less likely scenario is that it could
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Figure 6.9 Regional Distribution of INAA Compositional Groups

reflect down-the-line-exchange from another location, with frequencies falling off as
distance from the source increases. However, because Rio Puerco populations had access
to relatively low-iron clays, this seems unlikely. INAA group 1, a low-iron group that is
almost entirely made up of buff/white refired sherds, appears to represent non-local
ceramics produced in an unknown location. INAA compositional group 3 includes
nearly all of the reddish-yellow/red refired samples and almost certainly reflects
production within Albuquerque and immediately adjacent areas. These results are
consistent with what is known about available clays in the Albuquerque area. Warren
(1980:154) argues that there are no low-iron clays in the area. Habicht-Mauche located
some low-iron clays near Tijeras Pueblo, but noted that these clays were not very
workable (Habicht-Mauche 2011). In addition, these formations are restricted to the
upper reaches of the Tijeras Canyon. Interestingly, the few brown refired ceramics fell in
all of the INAA compositional groups, suggesting that KAFB sites were not the sole
source for these samples. In addition, there were 21 samples that were not assigned to
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any of the compositional groups. Whether these reflect trade wares or use of other local
sources is not known.
Unfortunately, distinct chemical compositional groups are lacking within the
reddish-yellow/red refired sherds, making it impossible to systematically identify discrete
production locations within the Albuquerque area. This lack of discrete local
compositional groups probably resulted from the use of secondary clays, rather than
specialized production from a single source. Because secondary clays are mixed
deposits, often reflecting multiple geological sources, they often do not have distinct
chemical signatures. However, groups of sherds with similar paste characteristics
recovered at individual sites or within sub-regions suggest multiple production locations
within the Albuquerque region. For example, a group of Wiyo Black-on-white samples
from Bravo Pueblo that had extremely homogenous pastes (very fine-grained red refired
pastes with sparse, very fine-grained temper) that seemed to represent a single location of
production did cluster tightly together in the INAA data but did not form a group that was
distinct from the other reddish-yellow/red sherds.
Because primary and secondary clays have different properties, the hypothesis
that Albuquerque populations predominantly utilized secondary clays can be examined.
Primary clays are generally coarser and have more inclusions from the parent material.
Secondary clays have high organic content and a higher proportion of clay-sized
particles. The following analyses of petrographic and other data support the hypothesis
that residents of the Albuquerque area used secondary clays. In fact, there appear to be
regional differences in the types of clays utilized— with Albuquerque area ceramics
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being produced from secondary clays and Rio Puerco and other non-local sherds more
frequently being manufactured from primary clays.
For example, refiring data indicate that many of the iron-rich samples were highly
organic. During refiring several experienced “black coring,” a bloating and darkening of
the clay body that sometimes occurs during firing of highly carbonaceous clays to high
temperatures. This effect occurs because some carbon remained in the clay body even at
extremely high temperatures; fusion of clay particles closed exterior pores, and carbon
dioxide gases produced by the carbon became trapped.
Petrographic data also provide complementary evidence for regional difference in
clay types. Figure 6.10 illustrates the distribution of clay-, silt-, and sand-sized particles
by refired color. (The sand-sized grains do not include sherd temper because sherd is not
a natural inclusion in the clay.) These data are generally consistent with expectations
(Table 6.8); reddish-yellow/red refired sherds (#5) have a higher proportion of clay-sized
particles and a lower frequency of sand-sized inclusions, which meets expectations for
secondary clays. The buff/white (#1) and pink (#2) refired groups have a lower
frequency of clay-sized grains and a higher frequency of sand-sized grains, which is
consistent with the use of primary clays.
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Histogram of sand, clay, and silt by refired color
Normal

sand_nosherd

clay

0.060

0.009

Density

0.045
0.030

0.006

0.015

0.003

0.000

-7.5

0.0

7.5

15.0 22.5

30.0 37.5 45.0

0.000

30

60

90

120

150

180

210

240

sand_nosherd
Mean StDev N
11.63 6.386 16
15.74 10.96 50
8.018 6.862 55
clay
Mean StDev N
109.4 33.58 16
128.7 35.36 49
140.1 36.14 55

Silt
0.04
0.03

Silt
Mean StDev N
19.56 11.91 16
15.67 11.68 49
12.73 8.512 55

0.02
0.01
0.00

color
category
1
2
5

0.012

-10

0

10

20

30

40

50

Figure 6.10 Distribution of Sand-, Silt-, and Clay-sized Particles by Refired
Color

Table 6.8 Statistical Results for Sand-, Silt-, and Clay-sized Particles
Test
T-Value
P-Value DF
Sand-sized particles (Color cat. 1 vs. 5)
-1.96
0.062 25
Sand-sized particles (Color cat. 2 vs. 5)
-4.28
0.000 80
Clay-sized particles (Color cat. 1 vs. 5)
3.16
0.004 25
Clay-sized particles (Color cat. 2 vs. 5)*
1.62
0.107 101
Silt-sized particles (Color cat. 1 vs. 5)
-2.14
0.046 19
Silt-sized particles (Color cat. 2 vs. 5)*
-1.45
0.150 86
*Data follow expected trend but is not significant at 90% confidence

Variation in Clay Selection by Paint Type and Time
Table 6.9 summarizes refired color data for the random sample. When examining
differences by paint type and time, the strongest determining factor for refired color is
paint type, with the mineral-painted ceramic category having a much higher frequency of
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buff/white and pink refired samples (Figure 6.11. There is almost no temporal variation
in refired color within the paint categories. The refired color data can be compared with
the data from the random sample on distribution of INAA compositional groups (Figure
6.12). The patterning is very similar, which is not surprising given the relatively close fit
between refired color groups and INAA compositional groups.
Table 6.9 Summary of Refired Color Data
Region
East

Period
Transition

Paint
mineral

East
East
East
West
West
West
West
Rio Puerco
Total:

Transition
Late
Late
Transition
Transition
Late
Late
Transition

carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral

buff/
white

unas
1

9

1
1

1
10
13

1
2
11
46

4

pink
35

reddishyellow/ red
17

1
30
13
16
2
9
1
26
133

27
19
49
17
7
1
31
10
178

brown
1
2
2
3
1

2
11

These results have important implications for the models. They do not suggest a
shift in the direction of regional alliances; there is not a significant decline in the
proportion of buff/white and pink mineral-painted ceramics. However, there is a decline
in the overall proportion of imported white ware (due to the increase in locally produced
carbon-painted vessels).

These conclusions are similar to those reached by Post (1994),

who inferred that interaction within the Albuquerque area increased over time, while
exchange with the areas to the south/west declined. He based this argument on the
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increasing quantities of Tijeras utility ware traded from eastern Albuquerque to the Coors
Road site on Albuquerque’s west side, as well as other ceramic data.

Temper Selection: Aplastic Composition
Data on aplastic composition from the second petrographic study proved to be
more difficult to interpret than the results from the petrographic pilot study. In general,
there was a lower frequency of aplastics found in many of the sherds from this second
batch of samples, in particular for later carbon-painted ceramics. This pattern resulted in
very low counts of sand-sized aplastic grains from some of the samples, often making
meaningful quantitative analysis of the aplastics unreliable. (For example, if only three
sand-sized grains were counted in a petrographic transect of a sample, and two were
quartz, this result would place the sample in the high quartz temper group. However,
microscopic analysis of the sample may clearly reveal a preponderance of sherd temper.)

Regional Variation in Aplastic Composition
Figure 6.13 is a ternary plot of the refired color/aplastic groups by volcanics,
quartz, and sherd. Only samples with more than 15 sand-sized grains identified during
petrographic analysis are included. Despite the sampling issues, this graph illustrates
several important points. First, except for the volcanics group, there is a blurring of the
boundaries between the other aplastic groups, supporting the results of the microscopic
observations. More significantly, except for the quartz-schist group produced in the
Tijeras area (which are all in the reddish-yellow/red refired group), there is not a one-toone correlation between refired color groups and aplastic composition. In other words,
groupings based on refired colors (assumed to correspond to different clays) did not
correlate directly with temper groups. These results suggest that aplastic composition of
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1.0

Volcanics

Albuquerque District ceramics is often not useful for pinpointing production location.
These data agree with Carpenter’s (2008) conclusion from the petrographic pilot study
that most aplastics were consistent with a general production location within the
Albuquerque Basin:
The opinion formed during this study is that most, if not all, of these
ceramics were prepared in the same geographic area. Fill deposits within
the Albuquerque Basin include quartz-rich Precambrian metamorphic
rocks and granite, porphyritic volcanic rocks of felsic and intermediate
composition, chert, and sandstones. The types of lithic fragments present
in this ceramic assemblage are similar to these fill deposits, suggesting an
Albuquerque Basin origin [Cole et al., 2007].
Variation in Aplastic Composition by Paint Type and Time
There is no evidence for temporal changes in aplastic composition. However, as
illustrated in Figure 6.14, there does appear to be variation in aplastic composition
between mineral-painted and carbon-painted ceramics. Carbon-painted samples are
dominated by sherd temper, while mineral-painted sherds have more variability in
aplastic composition. However, this pattern could result from factors other than temper
selection. If most of the rock (non-sherd) inclusions are derived from the parent clay,
these data could be due to greater diversity in production locations, as well as the use of
primary clay sources, which often contain more inclusions from the parent rock.
The INAA and petrographic data appear to confirm this hypothesis. Mineralpainted sherds make up most of the samples in both INAA groups 1 and 2, and they are
also well-represented in INAA 3. These INAA data indicate a wider range of production
locations represented by mineral-painted sherds. In addition, INAA groups 1 and 2
appear to be dominated by sherds manufactured from primary clays. In contrast, nearly
all of the carbon-painted ceramics fall within INAA group 3, which appears to be mainly
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composed of vessels manufactured from secondary clays, which would have fewer
natural inclusions.

Summary of Results
In summary, refiring and INAA data were useful for identifying general
differences in regional production locales—distinguishing Rio Puerco and other nonlocal sherds from Albuquerque area samples. These data appear to confirm the
commonly-held belief that the Albuquerque area is dominated by iron-rich clays. Three
refired color groups were identified: buff/white, pink, and reddish-yellow/red. Two of
these refired color groups correspond closely with INAA compositional groups; reddishyellow/red refired samples primarily fell within INAA group 3, while pink refired sherds
were correlated with INAA group 1. Buff/white refired vessels were split between two
compositional groups---INAA groups 1 and 2.
Based on the criterion of abundance, reddish-yellow/red refired sherds appear to
have been produced locally within the Albuquerque area, while pink refired sherds were
produced in the Rio Puerco area. Buff/white refired samples appear to reflect multiple
production locations—in the Rio Puerco region and an additional non-local area of
unspecified provenience.
In general, beyond regional patterning, the distribution of these refired color
groups vary most strongly by paint type and time; carbon-painted vessels, which become
more frequent over time, were produced in the Albuquerque area. Mineral-painted
ceramics were most commonly produced in the Rio Puerco region, but samples produced
in the Albuquerque area were also identified.
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Petrographic data indicate that most vessels were tempered with grog. Other
aplastic inclusions are generally consistent with production within the Albuquerque
Basin, which encompasses the Rio Puerco and Albuquerque regions. Overall,
compositional variability in aplastics cross-cuts refired color groups.
Unfortunately, compositional analysis did not identify discrete production
locations within the Albuquerque area that would allow for precise control for
comparisons between ceramics manufactured on Albuquerque’s east and west sides. This
difficulty resulted from several factors. First, petrographic and other data indicate that
potters used secondary clays, leading to the lack of discrete chemical signatures for the
local clay sources. Therefore, the majority of the reddish-yellow/red samples can only
be interpreted as primarily reflecting Albuquerque area production.
Secondly, petrographic data also did not successfully distinguish samples
produced along Albuquerque’s eastern and western margins despite the magnitude of the
geologic differences between the areas (see Chapter 2). This is because most of the
samples were primarily tempered with grog. Other aplastic inclusions noted in the pastes
may reflect natural inclusions in the clay. Although these inclusions could vary between
the east and west sides of the river (Derrick and Connell 2001), this difference would
only be reflected in quantitative rather than differences in the presence or absence of
inclusions.
The petrographic pilot study was successful in distinguishing some quantitative
differences primarily in the amount of quartz and volcanic inclusions. However, despite
employing the same methodology, the complete petrographic analysis was less
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successful. Data appear to reflect variation along a continuum between most of these
temper groups. The petrographic data provide an accurate representation of the entire
paste composition (i.e., the relative percentage of sand-sized, silt-sized, and clay-sized
particles, as well as the number of voids). However, the number of aplastics (sand-sized
particles) encountered during transects of some of the thin-sections was not sufficient for
quantitative analysis (~30% of the sample). This problem was due to the fact that later
samples, especially those from carbon-painted sherds, generally had significantly fewer
aplastic inclusions, making quantitative analysis of aplastic composition difficult and
often unreliable. Petrographic analysis more specifically geared toward quantitative
analysis of aplastics will be attempted in the future to see if ceramics produced in western
Albuquerque can be distinguished from those produced in eastern Albuquerque.
These results of the refiring study and INAA are used to inform the interpretation
of variation in all of the other attributes, including forming, finishing, and firing.
Differences between regions and refired colors, as well as by time and paint type are
examined. Patterning in data for both refired color groups and region was generally due
to divergent production locations. Regional variation in other attributes is analyzed after
excluding all non-local sherds (buff/white and pink refired groups) from the Albuquerque
area site assemblages. Due to overlap in the buff/white refired color group for INAA
groups 1 and 2, the same approach cannot be taken for the Rio Puerco assemblages. The
pink refired color group appears to reflect production in the Rio Puerco area, but the
buff/white refired group probably represents manufacture in both the Rio Puerco and
other areas. Therefore, in order to determine if differences in Rio Puerco assemblages are
primarily due to the inclusion of imported buff/white sherds, the regional data are
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compared to the results of analysis by refired color groups. If the differences only exist
for the buff/white refired sherds and not the pink refired group, it is assumed that
variation in the Rio Puerco assemblages are primarily driven by the imported buff/white
refired sherds that represent INAA compositional group 1.
When evaluating differences between mineral- and carbon-painted sherds, only
sherds most likely to have been produced in the Albuquerque area are examined—that is,
reddish-yellow/red refired sherds recovered from Albuquerque area assemblages.
Because there is a strong temporal component to differences in paint types (i.e., use of
carbon paint increases over time), variation by paint type and temporal category is
examined in tandem for all analyses.
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CHAPTER 7 RESOURCE PROCESSING: IDENTIFYING
POTTERY TRADITIONS
Traditionally, petrographic analyses have focused primarily on the use of
compositional data to pinpoint locations of ceramic production on the landscape.
However, non-compositional petrographic data provide a rich source of information on
techniques of pottery manufacture, including temper processing. Differences in
techniques and intensity of temper processing are exceptionally good attributes for
evaluating differences resulting from initial learning frameworks because they are low in
visibility during the production process, as well as in the finished product. In addition,
differences in processing techniques may reflect motor routines, which are frequently
acquired during the initial learning context.

Variation in Non-compositional Temper Attributes
Variation that may result from differences in learned practices include the amount
of temper added to the clay, as well as the intensity of temper processing, as measured
through variation in temper size and shape. The following analyses examine only
variation in the sherd temper recorded through petrographic analysis because it is clear
that the sherd was added as temper and petrographic data allow for quantitative analysis.
(The petrographic analyst did not distinguish between natural inclusions and added
temper for mineral aplastics.) Unfortunately, once all of the non-local sherds were
removed from quantitative analysis, sample sizes were too low to examine differences in
Albuquerque area assemblages by time and paint type.
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Quantity of Temper
The proportion of temper added to the clay may be a learned practice, but it may
also be the result of technological constraints; dissimilar types of clays may require
different proportions of temper to improve workability. If that is the case for this sample,
temper may be expected to vary by clay type. Figure 7.1 illustrates the percent of sherd
temper by INAA compositional group. Percent sherd is measured as the amount of sherd
compared to the total of clay, silt, and other sand-sized particles (which were counted
along a transect of the entire length of the thin section with a minimum of 100 points per
sample.) This graph shows no significant variation by compositional group. Therefore,
proportion of sherd temper most likely reflects differences in learned practices.
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Figure 7.1 Percentage of Sherd Temper by INAA Compositional Group
Regional Variation in Temper Quantity
Analysis of frequency of sherd temper by region and by refired color indicates no
regional variation or variation by refired color in the quantity of sherd temper (Figures
7.2 and 7.3). However, these results are inconsistent with previous research, which
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Figure 7.3 Proportion of Sherd Temper by Refired Color
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StDev N
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0.06083 46
0.06115 50

indicated that when temporal differences are controlled, there is regional variation
(Larson 2012). When only transitional, mineral-painted samples are examined, Rio
Puerco vessels have more abundant sherd temper than ceramics manufactured in the
Albuquerque area (Figure 7.4). When all samples are included, these regional differences
in the transitional mineral-painted assemblages are masked by the abundance of sherd
temper in later carbon-painted ceramics manufactured in the Albuquerque area.
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Figure 7.4 Proportion of Sherd Temper for Transitional, Mineral-painted Samples
Temper Processing: Grain Attributes
Both the grain size and angularity of sherd temper can be evaluated to determine
if there were differences in temper processing. Previous work that examined rock temper
suggests that a decline in grain angularity may be correlated with the degree of temper
processing, with rock temper becoming more rounded with increased grinding (Schleher
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2010). However, differences in aplastic shape may also result from variation in naturally
occurring inclusions in clay sources, such as rounded sand grains. However, because only
sherd temper is included in this analysis, natural inclusions are not a factor. The effect of
increased processing on sherd temper has not been systematically evaluated, but as will
be demonstrated here, in contrast to the pattern noted for rock temper, sherd temper
appears to become more angular with increased processing.
Grain size has a more straightforward relationship with the intensity of temper
processing; higher frequencies of more fine-grained inclusions result from more intense
processing. In the case of naturally occurring inclusions, variation could result from
differences in production techniques, such as clay sorting, and may also result from
compositional differences in the source material. Because only sherd temper is evaluated
here, variation caused by differences in available clays will not be a factor.
Grain Size Data:
Grain size was categorized as very fine, fine, medium, coarse, and very coarse.
Sand-sized grains were measured as very coarse (VC = > 1.0 mm), coarse (C = .5-1.0
mm), medium (M = .25-.5 mm), fine (F = .125-.25 mm), and very fine (VF = .06-.125
mm) using a micrometer fitted to the eyepiece of the petrographic microscope (Carpenter
2008). Given the low frequency of very coarse and very fine grains that were recorded,
these categories were lumped with coarse and fine, respectively, for this analysis.
Because significant variation was only noted in the percentages of very fine/fine and very
coarse/coarse grains, variation in these data were complementary (in other words,
samples with a higher frequency of coarse to very coarse particles have a proportionately
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low frequency of fine to very fine grains and vice-versa); therefore, figures only illustrate
variation of fine- to very fine- sized particles.
Regional Variation in Grain Size
Grain size varies by region, with Rio Puerco sites having the coarsest aplastic
inclusions on average, and western Albuquerque sites having the finest aplastic
inclusions, with sites east of the Rio Grande intermediate between the two (Figure 7.5).
The data on grain size by refired color group are consistent with the regional pattern
(Figure 7.6), with the buff/white refired group (#1) having the most very coarse/coarse
aplastic inclusions and fewest very fine/fine inclusions, followed by the pink refired
group (#2) , and then reddish-yellow/red refired group (#5). Based on these data, the
possible inclusion of imported buff/white sherds in the Rio Puerco sample could be
accentuating the regional differences, although they are not the sole cause of the regional
patterning.
Grain Shape
The Pettijohn categories of roundness of grains of low and high sphericity were
used to describe grain shape (Powers 1953). Sand-sized grains were categorized as subangular, sub-rounded, and well-rounded during petrographic analysis. Well-rounded
grains were scarce; therefore, like the grain size data, variation in sub-angular and subrounded grains was complementary. Figures show only the variation in sub-angular
grains.
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Figure 7.5 Grain Size by Region
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Figure 7.6 Grain Size by Refired Color
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Regional Variation in Grain Shape
Like the data on grain size, grain shape also varies by region (Figure 7.7). Rio
Puerco samples have more sub-rounded sherd temper particles and less sub-angular sherd
temper, while samples from western Albuquerque have more sub-angular sherd temper,
and sherds from eastern Albuquerque assemblages are in between. The only statistically
significant difference by region is between the Rio Puerco and western Albuquerque
assemblages. However, this statistical difference disappears when Wiyo Black-on-white
samples are removed from the analysis.
The results by refired color are generally consistent with the regional data (Figure
7.8). Buff/white and pink refired color groups (#1 and #2) are similar to each other and
have fewer sub-angular inclusions than reddish-yellow/red sherds (#5). These
differences are all statistically significant, and differences in the reddish-yellow/red
sherds remains significant even when Wiyo Black-on-white samples are removed. Given
the larger sample size, the results of the analysis by refired color are probably correct.

Summary of Variation in Resource Processing
In summary, there is regional and temporal variation in the amount of sherd
temper added to the clay, as well as in the intensity of sherd processing. Regional
variation is only noted in transitional mineral-painted assemblages, with Rio Puerco and
other non-local samples having a higher frequency of temper than Albuquerque area
sherds.

In addition, Rio Puerco area vessels have more very coarse to coarse sherd

temper, which is more frequently sub-rounded. Albuquerque area samples have more
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Figure 7.7 Grain Shape by Region
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Figure 7.8 Grain Shape by Refired Color

164

t = 3.77
df = 96
p = .000

very fine to fine sherd temper, which is sub-angular in shape. These data suggest more
intensive temper processing in the Albuquerque area. These results appear to contradict
the hypothesis put forth by previous researchers that Socorro Black-on-white was
produced by migrants from the south/southwest. Instead, the data (along with other lines
of evidence) suggest local production of mineral-painted pottery by indigenous potters
from a distinct potting tradition. These results will be discussed in more detail in Chapter
12.
These results are generally consistent with the hypothesis that sherd temper
becomes more angular as temper grains become smaller through increased processing.
Therefore, the relationship between sherd size and angularity appears to be the opposite
of that relationship in rock temper. Given the demonstrated utility of this type of
analysis, the sample size will be expanded in the future to allow for quantitative
comparisons between mineral- and carbon-painted samples for both transitional and later
assemblages.
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CHAPTER 8 VESSEL FORMING
Ethnoarchaeological research suggests that forming may be the stage of pottery
production most resistant to change and, therefore, the best reflection of the initial
learning context (Gosselain 1998; Wallaert- Pêtre 2001). This pattern may be due to the
fact that, like temper processing, differences in forming techniques may be strongly
determined by motor routines. Variability in the visibility of a forming technique during
the production process depends on the specifics of the technique. For example, use of the
paddle-and-anvil technique versus manufacture using a coil-and-scrape technology would
be a high visibility difference during production. (All of the vessels in this sample were
manufactured using the coil-and-scrape method.) However, more subtle differences in
forming techniques, such as use of different coil sizes would be low in visibility in the
production process. Similarly, the visibility of the final product attribute resulting out of
differences in forming techniques would also vary depending on the specific attribute.
For example, a sharply everted rim and incurved vessel wall are more visible than
differences in vessel wall thickness. Two attributes were recorded to evaluate differences
in forming technique: vessel thickness and rim form.
Variation in vessel thickness results from differences in the sizes of coils used and
the amount of thinning or scraping of a vessel. Vessel thickness may also be related to
vessel size, the intended use of the vessel, and the green (unfired) strength of the clay
(Rice 1978: 227). Rim form (tapered, rounded, squared, faceted, etc.) reflects
differences in the forming process and, therefore, primarily result from learned motor
routines.
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Vessel Thickness
Only data from the random sample are included in the analysis of vessel
thickness. For body sherds, a single measurement was taken in the middle of the sherd,
avoiding surface pits and imperfections. For rim sherds, a single measurement was taken
approximately 2 cm below the rim, again avoiding surface pits and imperfections. Table
8.1 summarizes the average wall thickness for the random sample by refired color,
region, time period, and paint category.

Wall Thickness and Vessel Size
Vessel thickness is often correlated with vessel size, with larger vessels being
thicker on average to help prevent slumping of the vessel walls during forming (Rice
1978:227). However, a scatterplot of vessel thickness by rim diameter suggests that
thickness is not purely a product of vessel size for these assemblages (Figure 8.1).
Vessel bases are also generally thicker than vessel walls, but because the design field on
the types of ceramics included in this study are largely restricted to vessel walls, vessel
bases are extremely rare in the sample (because sherds with no paint were obviously
excluded from analysis).
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Table 8.1 Summary of Average Thickness
Region
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco
Rio Puerco

Refire color
1
1
1
2
2
2
2
5
5
5
5
8
8
8
8
unas
unas
unas
1
1
2
2
2
2
5
5
5
5
8
unas
1
2
5
8

Period

Paint

Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Transition
Transition
Transition
Transition

mineral
carbon
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
mineral
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
mineral
mineral
mineral
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Avg (mm)
4.49
6.34
4.58
4.69
5.07
4.96
5.52
4.69
4.74
5.18
5.39
4.5
5.4
4.76
4.87
4.82
4.32
5.39
4.22
5
4.54
4.45
4.65
5.1
4.66
5.31
5.71
5.68
4.76
5.17
4.72
4.73
5.01
5.13

Ct
9
1
10
36
3
30
13
18
28
18
49
1
2
2
3
1
1
1
13
2
16
2
9
1
17
7
1
31
1
1
11
26
10
2
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Figure 8.1 Scatterplot of Vessel Thickness by Rim Diameter

Vessel Form/ Function and Thickness
In addition to thickness, other use-related technological characteristics of vessels
include stress-resistance, thermal behavior, and porosity. Both stress-resistance and
thermal behavior are interrelated with thickness (Rice 1978:227). For example, thick
vessel walls may increase strength and durability, holding up better to the impacts of
stirring or mixing. [However, resistance to mechanical stress (durability) is also affected
by hardness in addition to thickness (see Chapter 11).] Thicker walls may also present
some disadvantages. For example, thicker vessels are heavier, decreasing portability.
Thick walls are also a disadvantage in cooking. They take longer to heat up and may be
less resistant to thermal shock. To offset the need for thicker walls without reducing
vessel strength and durability, potters can alter the paste composition by adding varying
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amounts of temper in a range of shapes and sizes. Alternatively, a clay source may be
chosen for its natural particle-size distribution that would produce this same effect (Rice
1978:228). Vessel thickness is sometimes correlated with skill level, with the production
of thinner, durable vessels requiring more skill (Rice 1978:228).
The types of vessels that are the focus of this analysis are not believed to have
been used for cooking (and a lack of sooting indicative of cooking supports this
supposition); therefore, thermal behavior is not a consideration. Most are bowls (n = 258,
70% of the random sample) that were probably primarily used as serving vessels. The
sample also includes mineral-painted jars (n = 89, 24% of random sample), which are
often large in size, along with a lower number of smaller, carbon-painted jars (n = 23, 6%
of random sample). Data on percentage of bowls and jars by refired color indicate that
jars more frequently refired to buff/white and pink colors, suggesting more intensive
production of jars outside the Albuquerque area (Table 8.2, Figure 8.2). In addition, jars
are also thinner on average than bowls, and this variation is driven by the lower average
thickness of the jars in the buff/white and pink refired groups (Figure 8.3).
Table 8.2 Percentage of Bowls vs. Jars by Refired Color
color category
buff/white
pink
reddish-yellow/red
Total

bowl
27
80
141
248

jar
19
53
36
108

170

total
46
133
177
356

% bowl
58.70%
60.15%
79.66%

% jar
41.30%
39.85%
20.34%
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= 16.68
df = 2
est. prob.= 0

Figure 8.2 Percentage of Bowls vs. Jars by Refired Color
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Figure 8.4 illustrates the percentage of bowls and jars that were manufactured
locally (i.e., sherds that refired reddish-yellow/red recovered from the Albuquerque area)
compared to non-local samples (i.e., buff/white and pink refired sherds recovered from
Albuquerque area sites). These data indicate that jars are more likely to be exchanged
than bowls; therefore, increased portability of jars may be one factor affecting variation
in wall thickness by vessel form. Sherds from relatively large jars that were imported
into the Albuquerque area were noted frequently during the analysis. Figure 8.5
illustrates examples of several of these, along with an example that appears to represent a
copy of these vessels using local materials.

100%
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50%
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40%
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jar

𝜒2 = 11.92
df = 1
est. prob. = .001

Figure 8.4 Percentage of Trade Ware by Vessel Form
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Figure 8.5 Examples of Sherds from Large Jars

The average vessel thickness for “local” buff/white and pink refired sherds (those
recovered from the Rio Puerco area) were compared to average vessel thickness of nonlocal buff/white and pink refired samples (those recovered from the Albuquerque area).
The average vessel thickness between these two groups was identical (4.72 mm),
suggesting that forming techniques were not different for exported vessels versus those
that were used locally. In addition, coefficients of variation for thickness and other
metric variables (hardness and firing temperature) were not generally lower for imported
vessels versus the local vessels (Table 8.3). In fact, the coefficient of variation for
thickness for the local vessels was lower than the imports. These data suggest that
exchanged vessels were not manufactured by specialists specifically for exchange.
[(Interestingly, the coefficients of variation for thickness and, especially, firing
temperature were low in the sample—in some cases, less than10%, which is the threshold
often used as an indicator of specialized production (Crown 1995).]
The most relevant result for this study is that jars and bowls have similar average
wall thicknesses for the reddish-yellow/red refired color group, suggesting that
differences in vessel function are not the key factor in variation in wall thickness of
vessels manufactured in the Albuquerque area, which are the primary focus of this
analysis (see Figure 8.3). Therefore, any differences in wall thickness between mineraland carbon-painted ceramics manufactured in the Albuquerque area would be a result of
differences in routinized practice rather than primarily being due to differences in vessel
function.
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Table 8.3 Coefficient of Variation for Thickness
Imports to Abq. (Buff/white and pink refired sherds in Abq. Assemblages)
Average
Refire color
thickness (mm)
Count
Std Dev
CV
buff/white
4.50
35
.65
.14
pink
4.84
107
.81
.17
Imports to Albuquerque, transition, mineral-painted only
Average
Refire color
thickness (mm)
Count
Std Dev
CV
buff/white
4.33
22
.59
.14
pink
4.63
51
.75
.16
Local Rio Puerco (Buff/white and pink refired sherds in Rio Puerco assemblages)
Average
Refire color
thickness (mm)
Count
Std Dev
CV
buff/white
4.72
11
.34
.07
pink
4.73
26
.52
.11
All
Average
Refire color
thickness (mm)
Count
Std Dev
CV
buff/white
4.55
46
.59
.13
pink
4.82
133
.76
.16
reddish-yellow/red
5.16
177
.79
.15

Differences in Clay Sources and Thickness
Because the samples in the buff/white refired color group are thinner on average
than the pink and reddish-yellow/red refired sherds, it is possible that the green strength
of the clay of these vessels is higher. However, these samples are also harder, possibly
offsetting the need for thicker walls to increase durability (see Chapter 11). In addition,
there is a difference in wall thickness between bowls and jars within both the buff/white
and pink refired color groups, indicating that differences in vessel function are a factor in
wall thickness for these groups. In contrast, the reddish-yellow/red refired samples have
similar average wall thickness for bowls and jars. The higher average thickness for all
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reddish-yellow/red vessels, regardless of form, may or may not be a result of lower green
strength of the clays used as compared to the Rio Puerco area. In addition, according to
Habicht-Mauche (1993:25), vessel wall thickness may increase because of decreased
plasticity and workability of finer-textured clays. This also may be an important factor in
the regional differences in thickness. However, because there does not appear to have
been differences in clay type utilized for local manufacture of mineral-painted versus
carbon-painted vessels, these factors are not critical to this study.

Regional Variation in Vessel Thickness
As discussed in Chapter 6, based on the results of compositional studies, for this
analysis and for all other analyses of regional variation, buff/white and pink refired
sherds are excluded from the Albuquerque assemblages, while reddish-yellow/red refired
sherds are omitted from the Rio Puerco assemblages on the assumption that these were
intrusive to each area. This analysis demonstrates that vessel thickness varies
significantly by region (Figure 8.6).

Rio Puerco sherds are the thinnest, followed by the

eastern Albuquerque samples. The lower average thickness of Rio Puerco vessels is not
purely the product of more thin jars; Rio Puerco bowls are thinner on average than all
Albuquerque area vessels. Greater average wall thickness for the western Albuquerque
area samples is driven by the Wiyo Black-on-white sherds from the later assemblage of
Rio Bravo Pueblo (Figure 8.7). (Anderson-Darling test of thickness measurements
indicate that they are not normally distributed; however significant differences were
confirmed through non-parametric Kruskal-Wallis tests.)
As previously discussed in Chapter 6, this group of sherds represents a very
homogenous group, suggesting production within a single location. These Wiyo Black176
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Figure 8.6 Average Vessel Thickness by Region
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on-white vessels were quite thick: (an average of 5.8 mm in comparison to an average of
5.36 for the rest of the later carbon-painted vessels in the Albuquerque area).
Variation in thickness by refired color is consistent with the analysis of the
regional data (Figure 8.8). The buff/white refired group (#1) is thinnest, followed by the
pink refired group (#2), while the reddish-yellow/red (#5) refired color group is thickest.
As discussed previously, this difference in thickness may be related to vessel portability
since buff/white and pink refired vessels more frequently occur as trade ware.
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Figure 8.8 Average Wall Thickness by Refired Color
Variation in Vessel Thickness by Time and Paint Type
Breaking down the sample by paint type and time for only the reddish-yellow/red
sherds yields somewhat more complex results (Figure 8.9). Average wall thickness for
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the earlier transitional assemblages did not vary by paint type. However, there was a
significant difference in thickness by paint type in the later assemblages; the later carbonpainted sherds were thicker on average than later mineral-painted ceramics. However,
this difference disappears when the thicker Wiyo Black-on-white vessels are removed
from the sample. Therefore, it appears that the difference in vessel thickness in
Albuquerque area assemblages is primarily due to temporal change, with vessels
becoming thicker over time. Localized differences in practice also seem to be a minor
factor.

Histogram of thickness (mm)
Normal

0.7

typecategory
Period
carbon
Late
carbon Transition
mineral
Late
mineral Transition

0.6

Density

0.5

Mean
5.481
4.904
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0.4
0.3
0.2
0.1
0.0

3.6

4.2

4.8
5.4
thickness

6.0

6.6

7.2

StDev
0.7891
0.6672
0.7417
0.5957

N
83
37
22
49

Late mineral/Late carbon
t = 1.70
df = 34
p = .099
Transition mineral/
Late mineral
t = -2.32
df = 33
p = .027
Late carbon/
transition carbon
t = 4.13
df = 81
p = .000

Figure 8.9 Average Thickness by Paint Category and Time

179

Because Albuquerque area sites increase in size during the Coalition period, it is
possible that vessel size may have increased in response to larger groups of people within
sites. To further ensure that there was not a correlation between thickness and vessel
size, temporal differences were examined for only Albuquerque assemblages to eliminate
possible regional differences. Although there was a slight increase in rim diameter over
time, there was not a statistically significant difference between them [average rim
diameter for the transitional assemblage is 28.03 cm; average rim diameter for the later
assemblages is 28.98 cm (without Wiyo sherds) and 29.22 cm (with Wiyo samples)].
These differences in thickness noted between Wiyo Black-on-white sherds and other
ceramic types may result from firing differences, as will be discussed further in Chapter
11.

Rim Form
Rim form was evaluated for all the judgmental rim sherds as well as all rims in
the random sample. Possible rim forms were tapered, rounded, squared, and faceted
(Table 8.4). There were some issues with analysis of rim form; therefore, all results
should be viewed with caution. Many rims were heavily worn, some so much that it was
impossible to assign them to a category (indicated as “no data” in table). Also, as noted
on partial vessels, rim form often even varied somewhat on a single vessel; for example,
varying from rounded to slightly more tapered. Finally, rims did not fit neatly into
categories- often ranging between rounded to square or rounded to slightly tapered.
These rims were placed into the category that was deemed to be the best fit.
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When examining regional variation, rim form only varied by refired color, with
pink refired rim sherds having more than expected square rims and fewer than expected
tapered rims (Figure 8.10). There was no significant variation by paint type or time.
Table 8.4 Summary of Rim Form Data
Region
East
East
West
West
Rio
Puerco
East
East
East
West
Rio
Puerco
East
East
East
East
West
West
West
Rio
Puerco
East
East
East
West
Rio
Puerco
Total:

Refire
Color
1
1
1
1

Period
Transition
Late
Transition
Late

Paint
mineral
mineral
mineral
mineral

1
2
2
2
2

Transition
Transition
Late
Late
Transition

mineral
mineral
mineral
carbon
mineral

2
5
5
5
5
5
5
5

Transition
Transition
Transition
Late
Late
Transition
Transition
Late

mineral
mineral
carbon
mineral
carbon
mineral
carbon
carbon

5
8
8
8
8

Transition
Transition
Transition
Late
Transition

mineral
mineral
carbon
carbon
mineral

no
data

faceted

1

rounded
3
5
4
1
1
13
6
6
7

1
1
2

2

4

2
1

7
11
10
11
40
11
1
16

square

tapered Total
3
5
2
7
1
2
2
1

3
20
7
12
10

1
3
11
2

2
4
3
4
12
3

5

8

13
17
14
18
69
17
1
29

4
5
1
4

4

4
1
1
1
1

1
1
1
1

8 Transition mineral
11

3
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Figure 8.10 Rim Form by Refired Color

Summary of Variation in Vessel Forming
Variation in vessel forming practices seems to have had techno-functional roots.
For example, the pattern of thinner walls for vessels that were frequently manufactured
outside Albuquerque and then imported into the Albuquerque area may be related to
increased portability. However, the fact that the buff/white and pink refired vessels
imported into the Albuquerque area were not thinner on average than the buff/white and
pink refired sherds recovered from sites outside the Albuquerque area suggests that this
reflects a broader difference in regional forming practices, not specialized manufacture of
thinner vessels specifically for exchange.
Variation in vessel thickness is also temporal, with vessel walls becoming thicker
over time. This increase does not seem to be directly correlated with an increase in
vessel size. Thicker walls may be more durable, so this change may be related to
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function. It seems to be correlated with firing differences, which will be discussed in
Chapter 11.
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CHAPTER 9 VESSEL FINISHING
Vessel finishing includes slipping, polishing and decoration. For Albuquerque
District black-on-white ceramics, decoration generally consists of only painted designs.
Exceptions include two bowl sherds in the judgmental sample with basket-impressed
exteriors, and two bowl exteriors with unobliterated coils. Because of the length and
complexity of the topic, decoration is covered in the following chapter. This chapter
discusses the behavioral inferences for both slipping techniques and intensity of surface
polish, including visibility of the production processes and final product visibility, as well
as implications for determining learning context. Regional variation and differences over
time and by paint type are then interpreted in the light of these inferences.
The application of slip clays to vessel surfaces may serve several different
functions. The most common use of slips is to change the surface color of the vessel.
With the possible exception of the few samples that had thick, lighter-colored slips over
darker clay bodies as discussed previously in Chapter 6, slips on black-on-white vessels
from the Albuquerque District did not serve this purpose; most slips were relatively
similar in color to the clay body. In fact, many slips only became evident after refiring,
recognizable through subtle differences in refired color.
A slip may be applied in order to provide a smooth surface for a painted design
(Rice 1978:150). An alternate purpose that is not discussed as frequently is the use of
slip clays with specific properties to improve the adhesion of carbon paint to a vessel wall
(Shepard 1995). Both of these purposes may be applicable to Albuquerque area blackon-white ceramics. The more common occurrence of slips on decorated surfaces (36%,
as compared to 10% undecorated exteriors) is consistent with both of these functions.
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The relationship between carbon paint and presence or absence of a slip is more complex
and will be discussed in more detail below.
Some slips are highly visible, but that is not generally the case with the slips on
black-on-white sherds from the Albuquerque District. In addition, successful application
of a slip is a difficult process that can be problematic both during application, as well as
during vessel drying and firing (Rice 1978:15), so it is likely that it is a learned practice,
rather than an attribute that is easily copied. However, variation in slipping strategies is
not necessarily a function of motor habits, and the process would be visible within the
production context, so slipping practices could change as a result of interaction and social
pressure within a work group after initial learning. In addition, slipping practices could
also be affected by differential access to resources (e.g., if access to low-iron clays was
more limited, applying lighter slip clay over a darker body clay may have been a
desirable strategy if good slip clays could be obtained).
Therefore, for the ceramic types in question, differences in slipping strategies
reflect a low visibility attribute that is difficult to copy from a final product.
Consequently, slipping techniques should be a good indicator of either initial learned
practices or intense interaction within a work group, as well as differential access to
resources.
The level of polish of a vessel surface is generally more visible than a slip on
Albuquerque District black-on-white ceramic types. However, visibility differences in
polish vary along a continuum and distinguishing from the opposite ends of the
continuum is easier than discerning those in the middle (e.g., the contrast between high
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polish and no/low polish is more visible than the difference between low to medium and
medium to high polish). Differences resulting from polishing are visible only in close
contexts.
In general, differences in the intensity of polishing can be measured through
variation in luster on a vessel surface. However, the composition of the slip or clay body
may also affect luster because some materials have a higher natural luster (Rice 1978:15).
The addition of a slip may increase luster because of the smaller particle size of slip clay
(Shepard 1995:66). However, data exhibit no significant relationship between luster and
slip (Figure 9.1).

100%
90%
80%
70%

very high luster

60%

high luster

50%

med luster

40%

low luster

30%

no luster

20%

indeterminate

10%
0%
thick slip

thin slip

unslipped

Figure 9.1 Luster Level by Slip Type
Luster can also be influenced by firing temperature; higher firing temperatures
may cause greater shrinkage, which can destroy luster (Shepard 1995). However, my
data generally exhibit an inverse relationship between firing temperature and luster
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(Figure 9.2), although buff/white and pink refired sherds with high polish do exhibit a
slightly lower firing temperature.

740
720
700
red
680

pink

660

buff
all

640
620
unpolished

low polish

med polish

high polish

very high
polish

Figure 9.2 Average Estimated Firing Temperature by Luster Category
Degradation of a vessel surface from use or post-depositional processes may
decrease luster. Caliche deposits resulting from post-depositional processes sometimes
made luster difficult or impossible to evaluate during analysis.

Polishing is one of the

most time-consuming steps in pottery production and would reflect learning. However,
the effects of polishing intensity would be visible and could have been copied, and,
therefore is an ambivalent measure of learning context.
For the analyses of both slip and luster, a distinction was made between decorated
surfaces (jar exteriors and bowl interiors) and undecorated surfaces (jar interiors and
bowl exteriors). All decorated surfaces were analyzed together, while undecorated
surfaces of bowls and jars were analyzed separately due to the differences in their
accessibility for surface manipulation, as well as differences in their visibility. Chi
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square tests were run for each surface type where appropriate. Only sherds from the
random sample were included in both the analyses of slip and luster.

Slipping Strategies: Methods of Analysis and Results
Several categories of slip were identified, including wash, thin slip, and thick slip.
Alternatively, a vessel could be unslipped. In this analysis, unslipped vessels were not
distinguished from vessels that had a floated surface or a self-slip. This is because a
floated surface cannot always be reliably distinguished from a self-slip. However, floated
surfaces are the product of intensive polishing, which is a very different manufacturing
practice than application of slip clay. During analysis, a strong association between
luster and the presence of self-slips/floated surfaces was noted, suggesting that these
surfaces often represent the results of polishing rather than differences in slipping
strategies. Therefore, they are included with unslipped vessels for the purposes of this
analysis, and these luster differences are discussed in the section below.
A wash was identified when the applied slip did not completely cover the
vessel—in other words, if the clay body was still visible in areas. Thin slips were
identified by a refired color on the vessel surface that was different than the refired color
of the vessel paste; these thin slips did not extend into the cross-section of the vessel wall.
In contrast, thick slips were distinctly visible as different colors in the refired crosssection of the vessel. Table 9.1 provides a summary of slip data for decorated surfaces
for the random sample; Table 9.2 summarizes the slip data for undecorated bowl
exteriors, while slip data for jar interiors can be found in Table 9.3.
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Table 9.1 Summary of Slip Data for Decorated Surfaces
Region
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
West
West
West
West
Rio
Puerco
Rio
Puerco
Rio
Puerco
Rio
Puerco

Refire
Color

1
1
2
2
2
2
5
5
5
5
8
1

Transition mineral

8

3

2

Transition mineral

12

13

5

Transition mineral

5

4

8

Transition mineral

1

1

1
1
1
2
2
2
2
5
5
5
5
8
8
8
8

Paint unslipped wash
mineral
1
mineral
1
mineral
7
1
carbon
1
mineral
6
mineral
25
carbon
mineral
18
1
carbon
9
mineral
11
3
carbon
19
1
mineral
8
3
carbon
30
1
mineral
1
carbon
1
mineral
1
carbon
2
carbon
1
mineral
13
mineral
2
mineral
11
carbon
2
mineral
9
carbon
1
mineral
8
2
carbon
7
mineral
carbon
17
2
mineral
1

thin thick
slip slip indet. total
1
1
1
9
1
4
10
10
35
1
1
1
9
29
1
3
13
3
17
6
1
27
3
5
19
13
4
1
49
1
1
2
1
2
1
3
1
13
2
5
16
2
1
10
1
1
6
17
7
1
1
6
6
31
1

Period
Transition
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
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1

11
1

26
10
2

Table 9.2 Summary of Slip Data for Undecorated Bowl Surfaces
Region
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
West
West
West
Rio
Puerco
Rio
Puerco
Rio
Puerco
Rio
Puerco

Refire
Color

1
1
1
2
2
2
2
5
5
5
5
8
8
8
1
1
2
2
2
2
5
5
5
8

Period
Transition
Transition
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Late
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition

Paint unslipped wash
mineral
1
carbon
1
mineral
1
mineral
3
carbon
1
mineral
8
mineral
25
carbon
1
mineral
19
carbon
11
mineral
13
1
carbon
21
mineral
12
carbon
40
carbon
1
mineral
2
carbon
2
carbon
1
mineral
7
mineral
1
mineral
8
carbon
1
mineral
1
carbon
1
mineral
7
1
carbon
5
carbon
17
mineral
1

1 Transition mineral

7

2 Transition mineral

4

5 Transition mineral

4

8 Transition mineral
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thin thick
slip slip indet. total
1
1
1
3
1
8
1
26
1
19
1
12
14
2
1
24
1
13
2
2
44
1
2
2
1
7
1
2
10
1
1
1
7
15
1
6
1
4
22
1
7
6

10

1

5

1

1

Table 9.3 Summary of Jars with Thick Slips on Interior Surfaces
Region
East
East
East
East
East
East
West
West
Rio Puerco
Rio Puerco
Rio Puerco

Refire
Color
1
2
2
5
5
5
2
5
1
2
5

Period
Late
Transition
Late
Transition
Late
Late
Transition
Transition
Transition
Transition
Transition

Paint
mineral
mineral
mineral
mineral
mineral
carbon
mineral
mineral
mineral
mineral
mineral

thick
slip
1
2
2
1
1
1
1
1
1
2
1

Regional Variation in Slipping Practices
All regions have a similar frequency of unslipped, decorated surfaces (Figure 9.3).
However, there are regional differences in the frequency of washes and thin slips versus
thick slips; Rio Puerco sherds are more likely to have thick slips and less likely to have
thin slips or washes, while samples from eastern Albuquerque have fewer than expected
thick slips.

100%
90%
80%
70%
60%

% thick slip

50%

% thin slip

40%

% wash

30%

% unslipped

20%
10%
0%
East

Rio Puerco

West

Figure 9.3 Slip Types by Region
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These results can be compared to the analysis of slipping strategies by refired
color to evaluate consistency of the results. The patterns by refired color are generally
consistent with regional data. Buff/white refired sherds have fewer than expected thin
slips (Figure 9.4). Not surprisingly, given the regional variation noted for the Rio Puerco
area, pink refired sherds have a high proportion of thick slips, and fewer than expected
thin slips and washes. Consistent with the regional data, reddish-yellow/red refired
samples are more likely to have thin slips and washes and less likely to have thick slips.

100%
90%
80%
70%
60%
50%

%thick slip

40%

%thin slip

30%

%wash

20%

%unslipped

10%
0%

= 43.97
df = 6
est. prob. = 0

Figure 9.4 Slip Type by Refired Color
The results of analysis of slipping strategies for undecorated surfaces by region
and refired color are similar to the results for decorated surfaces (Figures 9.5 and 9.6).
However, as previously noted, overall there are fewer undecorated surfaces with slips and
washes than noted for decorated surfaces. Exterior bowl surfaces have very few washes
(n = 4) and thin slips (n = 6) and there are also fewer thick slips (n = 16) than on
decorated surfaces. Another difference between decorated surfaces and undecorated
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bowl exteriors was a higher than expected frequency of thick slips on bowl exteriors from
western Albuquerque assemblages. If slips were traded into the Albuquerque area from
the Rio Puerco area, this pattern could be the result of closer proximity. Statistical
analyses indicate more than expected thick slips for Rio Puerco and western Albuquerque
samples, as well as pink refired sherds, and fewer than expected thick slips for eastern
Albuquerque and reddish-yellow/red refired sherds.
There are no jars with washes or thin slips on the interior surfaces and almost no
jars with thick slips on the interior (Table 9.3; n = 14). The presence of a thick slip on the
interior of a jar could result from dipping the jar into the slip or pouring the slip into the
jar (instead of wiping the slip onto the surface, a technique that could be used for jar
exteriors and bowl interiors and exteriors) (Rice 1978:150). With such a low frequency,
variation in thick slips on jar interiors is difficult to evaluate; however, the distribution of
these very few jars does not appear to exhibit noticeable patterning by region or refired
color.
In summary, regional variation noted in slipping strategies seem to be at least
partially the result of differential access to resources. Good slip clays would have been
more accessible in the Rio Puerco region where they may have been used to cover
slightly darker (pink) pastes. In addition, the lighter clays of the buff/white refired color
group would not have needed the addition of slip clay to produce a light surface.
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Figure 9.5 Slip Types on Exterior Bowl Surfaces by Region
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Figure 9.6 Slip Types on Exterior Bowl Surfaces by Refired Color

Variation in Slipping Strategies by Time and Paint Type
Slipping strategies exhibit significant variation by both time and paint type for
locally manufactured vessels (Figure 9.7). Overall, the use of slips and washes on
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decorated surfaces appears to increase over time. In addition, slip type varies by paint
type; transitional mineral-painted sherds have fewer than expected thin slips and more
than expected washes; transitional carbon-painted samples are more frequently unslipped
and have fewer than expected thick slips; later mineral-painted sherds have fewer than
expected unslipped surfaces and more than expected thick slips; later carbon-painted
ceramics have more than expected thin slips and fewer than expected washes.

100%
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%thick slip
%thin slip
%wash
%unslipped
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Late

Late

= 53.53
df = 9
est. prob. = 0

Figure 9.7. Slip Types by Paint Type and Time
Undecorated bowl exteriors have similar general patterns, although washes were
limited to transitional mineral-painted samples (Figure 9.8). The only statistically
significant differences for slips on bowl exteriors were more than expected washes on
transitional mineral-painted samples and less than expected thick slips on transitional
carbon-painted sherds.
In summary, the use of slips and washes appears to increase over time. There are
also differences by paint type; carbon-painted vessels have fewer washes and thick slips
and more thin slips as compared to mineral-painted ceramics.
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Figure 9.8 Slip Types on Undecorated Bowl Exteriors by Paint Type and Time
Luster: Analysis Methods and Results
The following categories of luster were defined and recorded for each surface: no
luster, low luster (less than half of the surface has luster), medium luster (more than half
of the surface is lustrous, but there are areas with no luster), high luster (entire surface is
lustrous), and very high luster (the entire surface is extremely lustrous). Very high luster
was added as a category during analysis because a small number of sherds had extremely
shiny surfaces, which were visibly quite distinct. Luster was measured under natural
light, recorded at the same location at the same time of day for consistency. The
following tables summarize the luster data for decorated surfaces (Table 9.4),
undecorated bowl exteriors (Table 9.5) and jar interiors (Table 9.6).
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Table 9.4 Summary of Luster Data for Decorated Surfaces

Region
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
West
West
West
West
Rio
Puerco
Rio
Puerco
Rio
Puerco
Rio
Puerco

Refire
Color Period
Transition
Transition
Late
1
Transition
1
Transition
1
Late
2
Transition
2
Transition
2
Late
2
Late
5
Transition
5
Transition
5
Late
5
Late
8
Transition
8
Transition
8
Late
8
Late
Transition
1
Transition
1
Late
2
Transition
2
Transition
2
Late
2
Late
5
Transition
5
Transition
5
Late
5
Late
8
Transition

no
low
med
high
Paint
luster luster luster luster
mineral
1
carbon
1
mineral
1
mineral
1
3
5
carbon
1
mineral
5
4
1
mineral
2
12
21
carbon
2
mineral
1
13
13
carbon
3
4
mineral
6
3
9
carbon
1
1
11
11
mineral
1
7
10
carbon
2
16
25
mineral
1
carbon
1
1
mineral
2
carbon
3
carbon
1
mineral
1
8
4
mineral
1
1
mineral
3
4
9
carbon
2
mineral
1
2
7
carbon
1
mineral
4
6
7
carbon
2
4
mineral
1
carbon
3
10
18
mineral
1

very
high
luster

indet.

1
2
6
2
5

2
1
1

1

1

Transition mineral

1

3

6

1

2

Transition mineral

1

13

11

1

5

Transition mineral

6

3

1

8

Transition mineral

2
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Table 9.5 Summary of Luster Data for Undecorated Bowl Exteriors

East

Refire
Color
1

Transition

mineral

East

1

Transition

carbon

1

East

1

Late

mineral

4

2

2

East

2

Transition

mineral

5

10

5

East

2

Late

mineral

6

4

1

East

2

Late

carbon

8

1

1

East

5

Transition

mineral

4

2

East

5

Transition

carbon

8

3

1

2

East

5

Late

mineral

3

3

1

1

East

5

Late

carbon

13

14

East

8

Late

carbon

1

1

West

1

Transition

mineral

2

1

West

1

Late

mineral

West

2

Transition

mineral

West

2

Transition

carbon

1

West
West
West

2
2
5

Late
Late
Transition

mineral
carbon
mineral

1
1
5

West
West
Rio Puerco

5
5
1

Transition
Late
Transition

carbon
carbon
mineral

1
14
3

6
2

Rio Puerco

2

Transition

mineral

5

4

Rio Puerco

5

Transition

mineral

4

Rio Puerco

8

Transition

mineral

1

Region

Period

Paint
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no/low
luster
1

med
luster

high
luster

indet.

1

1

1
1

1
2

5

1

4
1

Table 9.6 Summary of Luster Data for Jar Interiors
Region
East
East
East
East
East
East
West
West
West
Rio Puerco

Refire
Color
1
1
2
2
2
5
1
2
2
2

Period
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Transition
Transition

Paint
mineral
mineral
mineral
carbon
mineral
mineral
mineral
mineral
carbon
mineral

no/low
luster

1

med
luster

1

3
1
2
1
1

Regional Variation in Surface Luster
There are not statistically significant differences in luster by region (Figure 9.9).
However, there are significant differences by refired color, with pink refired samples
having less than expected surfaces with no or low luster (Figure 9.10). The results of
analysis by refired color are somewhat consistent with the regional data, although it is
apparent that all of the very high luster buff/white and pink refired sherds were imported
into the Albuquerque region (since they are absent in the regional data, which excludes
pink and buff/white samples recovered from Albuquerque area sites). All of these
extremely lustrous imports are carbon-painted samples recovered from later assemblages
in the Tijeras Canyon region. Overall, patterning in luster data by refired color suggest
that pink refired ceramics produced in the Rio Puerco are more lustrous than both the
buff/white refired sherds and the reddish-yellow/red refired samples.
As with the luster data for decorated surfaces, apparently all undecorated bowl
exteriors of buff/white and pink-refired ceramics with high luster surfaces were imported
into the Albuquerque region. Undecorated bowl exteriors had little significant regional
variation in surface luster (Figure 9.11); however, luster on undecorated bowl exteriors
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Figure 9.9 Surface Luster of Decorated Surfaces by Region
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Figure 9.10 Luster of Decorated Surfaces by Refired Color
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Figure 9.11 Luster of Undecorated Bowl Exteriors by Region

varied by refired color group (Figure 9.12). Reddish-yellow/red refired sherds had more
than expected surfaces with no luster and less than expected surfaces with high luster.
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Figure 9.12 Luster of Undecorated Bowl Exteriors by Refired Color
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Pink refired sherds had more than expected high luster exterior bowl surfaces.

In

general, the results of analysis of luster of undecorated bowl surfaces are similar to
decorated surfaces, with ceramics manufactured in the Rio Puerco region being more
lustrous than vessels manufactured in the Albuquerque area.
Not surprisingly, very few jar sherds in the entire random sample have any
evidence for interior polishing (see Table 9.6); no analysis was done on luster of jar
interiors.
Variation in Luster by Time and Paint Type
There is significant variation in luster by time and by paint type (Figure 9.13).
There is an increase in luster over time (regardless of paint type). In addition, carbonpainted sherds have the most lustrous surfaces (regardless of time period). Chi square
analysis indicates that there are more than expected no luster/low luster on decorated
surfaces of transitional mineral-painted sherds. There are fewer than expected no
luster/low luster decorated surfaces and more than expected high luster decorated
surfaces of later carbon-painted sherds. One possible factor could be the increased postdepositional wear on the earlier sherds (which were discarded ~ 50+ years before the later
sherds). However, this is not an extremely long period, and, therefore it does not seem to
be likely to be the sole cause for the difference.
Overall, bowl exteriors are less lustrous than decorated surfaces. As with the
decorated surfaces, there appears to be an increase in luster over time for bowl exteriors
(Figure 9.14).

202

100%
90%
80%
70%
60%

very high luster

50%

high luster

40%

med luster

30%

no luster/low luster

20%
10%
0%
mineral

carbon

mineral

carbon

Transition

Transition

Late

Late

= 30.83
df = 9
est. prob. = 0

Figure 9.13 Luster of Decorated Surfaces by Time and Paint Type
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Figure 9.14 Luster of Undecorated Bowl Exteriors by Time and Paint Type
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Because variation in slipping could be part of a technological “package” related to
the use of carbon paint technology, it is difficult to interpret variation purely in terms of
social identity and learning. In other words, although these techniques still result from
learned practices, as part of a technological package they would carry less weight in
interpretation than if they were independent attributes. The following section attempts to
address the degree to which the presence of a slip was primarily a byproduct of carbon
paint technology.

Techno-functional Aspects of Slipping
The sample contained numerous examples of what I will refer to as “ghosted”
paints—carbon paints that do not entirely burn out even after refiring to 900 ºC. These
paint remnants were generally much lighter (i.e., “ghosts” of the former darker paint).
Two samples had a reddish ghost image, suggesting that they were actually a mineralcarbon mix, with an iron-based mineral as one component of the paint. The remainder of
these ghosted paints ranged from a very light gray to almost black in color. A
manganese-based mineral paint mixed with carbon paint (or in a carbon binder) could
produce a ghost image that was gray or black. However, Hawley (1929) suggested that
carbon paint may resist oxidization due to a thin coat of alkali glass that protects the
paint. (Hawley had trouble burning some carbon paints out even with a blowtorch.)
Shepard (1995:35) disagreed with Hawley’s conclusion, arguing instead that carbon paint
could penetrate into highly absorptive clay particles, which, upon drying, would be drawn
tightly together, protecting the paint.
In order to determine if the ghosted paints resulted from manganese-carbon paint
mixes or the penetration of carbon paint into the clay body, preliminary analysis of a few
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samples with ghosted paints was completed using a portable x-ray fluorescence (PXRF)
machine available at the Anthropology Department at the University of New Mexico. Xray fluorescence is a technique of compositional analysis in which x-rays of a known
energy are directed towards a sample, causing the atoms within the material to emit xrays at energies characteristic of its elemental composition. Recent advances in x-ray tube
and detector technology have allowed for the development of small portable devices.
A few samples with some of the darkest “ghosts” were selected to ensure that if
manganese was present it would be within the range of detectability. The analysis was
purely exploratory and non-quantitative; the chemical spectrum of the painted surface
was simply visually compared to the spectrum of the unpainted surface. If manganese
was present in much higher quantities in the paint than the vessel surface, this pattern
would suggest that the paint was a manganese-carbon mix. An absence of manganese in
the painted surface or the presence of manganese in similar quantity to that noted for the
unpainted surface would suggest penetration of carbon paint into the clay body. (Because
manganese was present in the clay body as documented by INAA, and because PXRF is a
surface-to near surface technique, similar quantities of manganese in very low
frequencies for both the painted and unpainted surface would not be unexpected.)
One sample showed no manganese for either surface; one sample exhibited very
slight peaks for both the painted and unpainted surface, with the painted surface having a
slightly higher peak. These peaks were quite small and probably reflected presence of
manganese in the clay body. However, due to the ambiguity of these results, a White
Mountain red ware sherd with known high frequency of manganese in the paint was then
analyzed. This sherd showed a very high peak of manganese, much more in line with
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expectations of a manganese-based paint, suggesting that manganese was detected
relatively accurately by the machine. Based on these results, I tentatively conclude that
the ghosted paints are carbon paints embedded in the clay body. However, future work,
including a larger sample and quantitative analysis that utilizes a reference sample of
known chemical composition, should be done to provide more conclusive proof.
Data on ghosted paints could provide insight into the question of whether or not
thin slips improved the adherence of carbon paints. In order to evaluate the effectiveness
of the application of slips to improve paint adherence, luster and slip data from sherds
with ghosted paints can be compared to these data for the samples with organic paints
that burned off completely during refiring (Table 9.7). This comparison indicates that the
frequency of slips associated with ghosted paints was not significantly different than for
carbon paints that burned off (Figure 9.15). These results suggest that thin slips were
probably applied to help prepare the surface for decoration.
Table 9.7 Frequency of Ghosted Paints for Slipped vs. Unslipped Vessels
ghosted
Slipped paint
slipped
unslipped

other organic
paint
32
43
53
81
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Figure 9.15 Slipped Samples with Ghosted Organic and Other Organic Paint

Summary of Vessel Finishing
Slip type varies most significantly by region and over time, but also by paint type.
Sherds recovered from the Rio Puerco region and those that refired pink are more likely
to have thick slips, while ceramics manufactured in the Albuquerque area have a greater
proportion of washes (mineral-painted ceramics) and thin slips (all later ceramics, but
especially carbon-painted vessels). Therefore, differential access to resources appears to
have played a large part in slipping practices. The Rio Puerco area undoubtedly had
better access to light firing slip clays given its location near Plateau geological
formations. For many of the Rio Puerco vessels, the application of a light-colored thick
slip over darker pastes (pink refired group) probably served to modify the surface color.
One possible interpretation for the reddish-yellow/red samples with thick lighter slips is
that slip clays were traded into the Albuquerque area and used to cover the iron-rich clay
bodies. Due to the low-iron content of the clay used in manufacture of the buff/white
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refired vessels from the Rio Puerco and adjacent areas, these ceramics would not have
required the application of a slip to modify color.
According to Shepard (1985:72), the application of some types of slips may help
carbon paints adhere to the vessel surface during firing; however, given the abundance of
thin slips on later mineral-painted ceramics, along with the apparent lack of effectiveness
in helping the paint adhere to the vessel wall, the primary purpose of the application of a
thin slip for Albuquerque District white ware seems to have been to create a smoother
surface for decoration. Slips may also increase luster achieved through polishing
(Shepard 1985:66). However, there is not a significant relationship between slip and
luster.
Like the data on slipping strategies, data on luster vary significantly by region,
time, and paint type. Pink refired ceramics and samples recovered from Rio Puerco sites
are more lustrous than vessels manufactured in the Albuquerque area. There is also an
increase in luster over time, a pattern that cross-cuts paint type. However, carbon-painted
sherds are more lustrous than mineral-painted sherds, regardless of time period. The data
on slipping and luster for exterior bowl surfaces generally mirror the decorated vessel
surfaces. An exception is evidence for more intensive polishing on carbon-painted
interiors as compared to their exteriors.
In summary, differences in vessel finishing techniques seem to have resulted at
least partially from techno-functional concerns (although that does not mean that these
different techniques were not learned), as well as differential access to resources.
Variation in slip type appears to be greatly affected by access to resources, but also

208

exhibits strong temporal change. Intensity of polish is correlated strongly with
differences in paint technology, but increased over time, regardless of paint type. It is
interesting that all of these attributes exhibit temporal change within locally produced
Albuquerque area assemblages. This pattern suggests interaction of potters within the
region. An attribute such as intensity of polishing is relatively visible and could have
been copied (although it is a difficult and labor intensive process). However, similar
temporal changes in other attributes like wall thickness and the presence of thin slips
(which are not highly visible in the final product) suggest that more intense interaction
may have occurred among potters in the Albuquerque area.
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CHAPTER 10 DECORATION
Decoration, as discussed in this chapter, is confined exclusively to painted design.
This discussion breaks down design attributes into three categories: structural elements,
design metrics, and design content. As discussed in Chapter 4, design structure is more
likely to reflect the initial learning context and relatively intense interaction between
potters than other aspects of decoration due to the fact that it is process-oriented
(Friedrich 1970). In other words, although differences in design structure may be highly
visible in the final product, these differences can be difficult to “decode” without direct
observation of the process of decoration. Differences in design metrics, such as line
widths and spaces between lines, are generally less visible (depending on the magnitude),
are also process-oriented, and may reflect learned motor routines. In contrast, media
content may readily change because design elements/motifs may be easily copied without
reference to the process of decoration, are often highly visible, and may be relatively
easily incorporated into existing structures (Friedrich 1970; van Keuren 2001).
All rim sherds (from both the random and judgmental samples) were included in
the following analyses of structure. Analysis of line element metrics was confined to the
random sample; design elements were included from all sherds where elements were
complete enough for classification.

Design Structure
Symmetry is particularly useful for recording design structure (Washburn 1977),
but with the exception of a few attributes (such as the presence of counterchange), it is
difficult to record on sherds. Walt’s study of historic Pueblo pottery provides an alternate
approach that can be operationalized on large rim sherds. Walt (1990) suggests that the
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structure of the decorative band (presence and type of paneled bands), presence of line
breaks, and rim treatment all show socially meaningful variability. In addition, the
presence of both hachure and counterchange (which is defined as the symmetrical
opposition of solid motifs/elements against hatched motifs/elements) appears to vary in
frequency between types.
To evaluate the relevance of these attributes for this project, a pilot study of the
whole vessel collections at the Maxwell Museum and the Museum of New Mexico was
conducted prior to the complete analysis. There is significant variability in many of
these attributes (Table 10.1). Because of the very small sample size, these results should
be viewed with caution. However, they represent all of the whole vessels available at
these institutions and are based on a larger study within a historically relevant context;
therefore they provide a useful starting point for analysis of sherds.
Table 10.1 Analysis of Decorative Attributes on Whole Vessels
Attribute

Santa Fe
B/W

vertical paneling
horizontal framing
rim painted
presence of line break
symmetry:
counterchange in
elements or motifs
Significant at 90% confidence,

7
7
1
0

Socorro
B/W

x2

1
4
5
4

4.72*
0.59
5.42*
8.5*

Result
Significant difference
Significant difference
Significant difference

0
7
12.9* Significant difference
2
x = 2.75; df = 1; *some expected values < 5

Among these variables, the presence and type of vertical paneling and horizontal
framing, as well as the presence of counterchange all represent structural variation.
Additional structural attributes that have been added to the analysis include placement of

211

the design in relationship to the rim and the number and width of both horizontal and
vertical framing lines (see Table 5.1). Other researchers have argued that lack of variation
in framing line thickness, along with placement in relationship to the rim, are indicative
of mechanical standardization (Motsinger 1992; Schleher 2010), which is akin to the
concept of routinized motor habits.

Horizontal and Vertical Framing Lines
Following Stubbs and Stallings (1953), a framing line is defined here as a
structural line that is not separate from other design elements and motifs (Figure 10.1).
Framing lines can include upper and lower horizontal lines as well as vertical lines.
Many vessels in the sample (55%) had a single upper framing line. It was also common
for vessels to have a single upper line that was incorporated into the design, which
appeared visually similar to the single upper framing line. However, using Stubbs and
Stallings’ definition of a framing line, only lines that were not incorporated into the
design were recorded as framing lines. In addition, while not visibly that different, these
two types of lines are structurally distinct.
A relatively low number of rim sherds exhibit multiple framing lines (Table 10.2).
These multiple lines were much thinner on average than the single upper framing lines
(average of 3.6 compared to 6.4 mm). This magnitude of difference would have been
readily visible and could be copied, although it would have necessitated a change in the
process of design layout. These rim sherds with multiple framing lines were all carbonpainted samples from later assemblages. This pattern suggests both a temporal and social
component—all of these vessels were later in time, but because no later mineral-painted
rim sherds have multiple lines, it is not a purely temporal pattern.
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Figure 10.1 Examples of Framing Lines

Table 10.2 Summary of Upper Framing Line Data
Number of Upper Framing Lines
Region
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco
Rio Puerco
Total:

Refire
Color
1
1
2
2
2
5
5
5
5
8
8
8
1
1
2
2
5
5
5
8
1
2
5
8

Period

Paint

Transition
Late
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Late
Transition
Late
Transition
Transition
Late
Transition
Transition
Transition
Transition
Transition

mineral
mineral
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
carbon
mineral
mineral
mineral
carbon
mineral
carbon
carbon
mineral
mineral
mineral
mineral
mineral

0

1

3
10
2
2
11
4
6
32

1
3
1
11
1
11

2

3
2
10
5
3
6
7
8
24
1
1

3

2

4

5

1

1

2

1

1

6

6

2

2

7

7

6
1
7
5
15
1
1
8
1

2
4
2
1
107 116

Like the upper framing lines, most of the infrequent lower framing lines that were
observed (n = 35) were thick, single lines. Several of the vessels discussed above that
had four or five thin upper framing lines also had multiple, thin lower framing lines
(Table 10.3). Lower framing lines were observable primarily on partial vessels, but also
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on a few sherd fragments from near the vessel base. Absence of lower framing lines was
only recorded when there was enough of the vessel to definitively determine that there
was no lower framing line, so the number of observations is relatively low (n = 56). The
frequency of lower framing lines on sherds where that attribute was observable is 62%,
which is relatively comparable in frequency to single upper framing lines. Given the
small number of rim sherds large enough to observe the entire decorative panel, it is
difficult to identify patterning in the distribution of lower framing lines—the only
analytical category that had more than a few samples with observed lower framing lines
was later carbon-painted vessels from eastern Albuquerque. This result is due to the
large number of partial vessels and large judgmental rim sherds recovered from Coconito
Pueblo.
Table 10.3 Summary of Lower Framing Line Data
Region
East
East
East
East
East
East
East
East
West
West
West
West
West
Rio Puerco

Refire Color
1
2
2
2
5
5
5
5
1
2
5
5
5
2

Period
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Transition
Transition
Late
Transition

Paint
mineral
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
mineral
mineral
carbon
carbon
mineral
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Number of Lower Framing Lines
0
1
2
4
2
1
1
2
2
4
1
2
4
6
15
1
2
3
2
2
1
3
1
1

Only one vessel exhibited evidence for vertical paneled bands delineated by
vertical framing lines (see Figure 10.1a). In some cases, design elements seemed to
create the effect of vertically paneled bands (see Figure 10.1b). (Like upper and lower
framing lines, however, only lines not incorporated into the design body are technically
defined as framing lines.) Obviously, larger rim sherds are needed to observe evidence
for vertical paneling, so the absence of evidence for vertical paneling is not completely
conclusive. However, given the number of partial vessels and very large rim sherds, it
seems likely that this absence of vertically paneled bands reflects a genuine pattern. Due
to the low frequency of multiple framing lines, the difficulty in observing lower framing
lines, and the paucity of vertical framing lines, the rest of the analyses focus only on rim
sherds with a single upper framing line.
Regional Variation in Single Upper Framing Lines
Variation in the presence of single upper framing lines by region was not
significant (Figure 10.2). In contrast, the distribution of single upper framing lines by
refired color was statistically different (Figure 10.3). Buff/white refired samples have
more than expected single upper framing lines, and reddish-yellow/red refired sherds
have fewer than expected single upper framing lines.
Data on average width of the upper framing line produced similar results. There
is not a statistically significant difference in the regional data (Figure 10.4), but there is
significant variation in upper framing line width by refired color (Figure 10.5).
Buff/white refired sherds have thicker upper framing lines.
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As with the data on single upper framing lines, the results by refired color are
somewhat inconsistent with regional data. It is likely that the differences result from the
exclusion of the imported buff/white sherds from the Albuquerque area assemblages in
the regional data. The low frequency of large rim sherds for the Rio Puerco assemblages
and the buff/white refired group may also be an issue.
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Figure 10.2 Proportion of Single Upper Framing Lines by Region
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Figure 10.3 Proportion of Single Upper Framing Lines by Refired Color
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Figure 10.4 Average Width of Upper Framing Lines by Region
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Figure 10.5 Average Width of Upper Framing Lines by Refired Color
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When only mineral-painted rim sherds from the transitional assemblages are
examined, the results are more consistent (Larson 2012). Sample sizes are low, but Rio
Puerco and pink refired sherds both have significantly thinner upper framing lines (Figure
10.6). This pattern is obscured in the analysis of the entire dataset due to narrower
average width of upper framing lines in carbon-painted vessels as discussed in the next
section.
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Figure 10.6 Upper Framing Line Width by Refired Color Transitional, MineralPainted Samples

Variation in Upper Framing Lines by Time and Paint Type
There are no significant differences in the presence of single upper framing lines by paint
type or over time (Figure 10.7) for the locally manufactured Albuquerque area
assemblages. However, the average width of the single upper framing lines does vary by
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paint type for both transitional and later assemblages. Transitional mineral-painted rim
sherds have the thickest upper framing line, while late carbon-painted vessels have the
thinnest (Figure 10.8). However, the small sample for the later mineral-painted and
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Figure 10.7 Presence of Single Upper Framing Lines by Paint Type and Time
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Figure 10.8 Average Upper Framing Line Width by Paint Type and Time
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transitional carbon-painted categories may be an issue.

Placement of Design in Relationship to the Rim
Data on distance of decoration from the rim exhibit one significant pattern—
painted designs (which may include either the upper framing line or design
elements/motifs) are generally either directly pendant to the rim, sometimes even
extending up on to the rim, or placed a relatively small distance below the rim (Figure
10.9, Table 10.4). Based on these results, this analysis compares variation in frequency
of rim sherds with pendant designs to variation in the frequency of rim sherds where the
painted decoration was not pendant to the rim.
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Figure 10.9 Distance of Design to Rim
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For most of the samples with designs that were not pendant, the distance to the
rim was quite small (a median value of 3.46 mm). This aspect of design structure could
be easily copied, but this difference is not very visible—in fact, I did not notice the
patterning until I was measuring it. The relative visibility of this aspect of design is
related to what Carr (1995:186) refers to as learned cognitive patterns of perception,
which is part of his “relative perceived physical visibility”. If a potter was not familiar
with the rules of design, they may not have perceived that this was a significant
difference, so it could be the result of a copying error.
Table 10.4 Summary Data for Pendant Designs
Region
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco

Refire
Color
1
1
2
2
2
5
5
5
5
8
1
1
2
5
5
5
8
1
2
5

Period
Transition
Late
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Transition
Transition
Late
Transition
Transition
Transition
Transition
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Paint
mineral
mineral
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
mineral
mineral
mineral
mineral
carbon
carbon
mineral
mineral
mineral
mineral

Pendant
Designs
3
5
18
4
3
10
10
9
19
1
7
1
9
15
1
9
1
1
7
2

Regional Variation in Design Placement
Samples from Albuquerque’s west side assemblages have the highest frequency
of pendant designs (Figure 10.10). Interestingly, unlike most other attributes, western
Albuquerque assemblages are more similar to Rio Puerco area assemblages than to
eastern Albuquerque vessels. Regional variation in design placement is not statistically
significant, but there is significant variation by refired color (Figure 10.11), with
buff/white refired samples having more than expected pendant designs.
There are also fewer than expected pendant designs for the reddish-yellow/red
refired group. Because ceramics produced in western Albuquerque do not include the
buff/white refired group, differences in refired color are not driving the regional
differences between the western and eastern Albuquerque area assemblages.
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Figure 10.10 Percent Pendant Designs by Region
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Figure 10.11 Percent Pendant Designs by Refired Color
Variation in Design Placement by Time and Paint Type
There is variation in the proportion of pendant design by paint type for the locally
manufactured Albuquerque area samples, with mineral-painted sherds having more than
expected pendant designs regardless of time period (Figure 10.12). For carbon-painted

%pendant
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%

mineral Transition
mineral Late
carbon Transition
carbon Late

Transition

Late

Transition

Late

mineral

mineral

carbon

carbon

𝜒2 = 25.47
df = 2
est. prob. = .06

Figure 10.12 Percent Pendant Designs by Paint Type and Time
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samples, there is also a decline in pendant designs over time; there are fewer than
expected pendant designs for the later carbon-painted sherds.

Counterchange
The presence or absence of counterchange in design elements/motifs is a high
visibility attribute. Counterchange (i.e., presence of symmetrically opposing elements of
design, with a hatched element opposed to a solid element) would be easier to adopt in
some design structures than others. If design structures did not already include opposing
elements, then incorporating counterchange into design structure would be much more
difficult.
Operationalizing the analysis of counterchange proved to be problematic. Given
the unexpected high variability in rim sherd size between sites, it seemed probable that
these differences would affect the identification of counterchange. This is because more
elements/motifs are visible on the larger sherds, so the likelihood that counterchange
between elements/motifs would be observed increases as the sherd size increases. A ttest comparing estimated sherd size (calculated as maximum length by maximum width)
between sherds with counterchange and sherds without counterchange was conducted.
The result demonstrated significant variation between the two, with sherds with
counterchange being 99 cm2 on average, compared to an average of 38 cm2 for sherds
without counterchange. These results support the hypothesis that my ability to record
counterchange is correlated with sherd size. Experimentation with eliminating this bias
in sherd size resulted in a sample that was too small for analysis, so variation in
counterchange is not included in the results.
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Motor habits: Metrics of Design Elements/Motifs
Subtle differences in design metrics, such as width of hachure framing lines,
width of spaces between hachures, and hachure widths, were also analyzed. Differences
in these metric attributes are believed to result from habitual motor routines that were
most likely learned. Some researchers have treated these types of attributes as analogous
to signatures of individual potters (e.g., Hill 1977), governed primarily by the motor
control and habits of individuals. However, ethnographic work by Hardin (1977)
suggests that these types of attributes (such as the level of “coveredness” of a vessel and
the fineness of lines) are determined by cultural aesthetics—shared ideas about the proper
way to decorate a vessel. The fact that metrics of line work serve as good chronological
markers elsewhere in the Southwest (e.g., LeBlanc 1975) buttresses Hardin’s
interpretation, suggesting that rather than being primarily the product of innate individual
motor control, they are the product of shared rules governing design, which are learned.
Once learned, however, they would likely become part of a routinized motor habit. Line
metrics may also partly have been the product of brush choice as well as brush
preparation (which could also become part of a motor routine). However, width of
spaces between lines would have been less governed by variation in painting utensils.
Nevertheless, this example illustrates the complexity of interpretation of these
metric attributes. They may be the result of learned motor routines, but obviously these
programs may change in response to changes in external factors such as shifting cultural
aesthetics or even economic factors such as increasing specialization of production;
specialized production could result in fewer lines being executed in order to increase the
efficiency of the decoration process (Hagstrum 1985). Therefore, when evaluating these
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metric attributes, temporal change will be considered, and the results will also be
interpreted in the light of the results of analyses of the other attributes.
The visibility of line widths (hachure framing lines and hachure lines) and widths
of spaces between hachure lines would also vary depending on the magnitude of the
difference. In the case of noticeable differences, it would be relatively easy to copy.
Less visible differences are more likely to have resulted from learned motor programs.
Voss and Young (1995) noted that attributes that exhibit continuous variation are also
less readily perceived than discrete differences between attributes.
To capture the variation in each sample, three measurements were taken for each
metric category. The maximum, the minimum, and the “mode” or typical width for
space, hachure framing width, and hachure width were measured to the tenth of a
millimeter. Analyses comparing only the mode data versus all of the data yielded similar
results. The following analyses include all line measurements.

Regional Variation in Metrics
Average space between hachure lines was the only metric attribute that exhibited
significant regional variation; Rio Puerco sherds had narrower spaces (Figure 10.13).
The refired color data was consistent with this result, with the buff/white and pink refired
samples having narrower spaces than the reddish-yellow/red refired vessels (Figure
10.14).
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Figure 10.13 Average Width of Space in Hatched Design by Region
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Figure 10.14 Average Width of Space in Hatched Design by Refired Color
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Variation in Metrics by Time and Paint Type
There is also a significant difference in width of spaces between locally
manufactured mineral-painted and carbon-painted samples from Albuquerque
assemblages (Figure 10.15). T-tests demonstrated significant differences by paint type
for both transitional and later assemblages. In addition, there is a significant difference in
carbon-painted sherds by time period, with later carbon-painted vessels having wider
spaces than transitional carbon-painted samples. The wider spaces may be a byproduct of
structural differences in design; later carbon-painted vessels often have large hatched
elements filling broad areas of design (in contrast to the use of hachure to fill smaller
design elements or motifs that are opposed to solid elements).
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Figure 10.15 Average Width of Space in Hatched Design by Paint Type and Time
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Design Content: Symbols of Identity?
Eckert (2008:3) distinguishes between communities of identity and communities
of practice, arguing that communities of identity are social networks based on perception,
which may or may not correspond to learning networks. These identities can be nested
and vary in different social contexts, as well as over the lifetime of an individual. As
stated in Chapter 3, identities are “somewhat fluid, situationally contingent, and the
perpetual subject and object of negotiation” (Jenkins 1996:23). In contrast, learned
practices may be expected to be more stable over the lifetime of an individual.
Design content, such as the use of specific design elements/motifs, may reflect
identity signification because it is visible and easy to decode. On the other hand, because
design content can be readily copied it can be socially ambiguous; similarity in design
elements/motifs may reflect general interaction/exposure (i.e., borrowing design
elements/motifs from exchanged vessels) or more purposeful identity signification.
Walt (1990) noted cultural variation in both rim treatments and presence of line
breaks on Rio Grande Pueblo pottery. These attributes are fairly visible and easy to
“decode” (as compared to structural attributes). Therefore, they may have functioned to
signal identity. They also could have been easily copied. Other similar types of attributes
include the presence of hachure, as well as the specific design elements/motifs utilized,
all of which may be ambiguous measures of learning context and identity.

Rim treatment
Table 10.5 summarizes the data on rim treatment. Because rims were often
heavily worn it was sometimes difficult to determine if rims had been painted. In many
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Table 10.5 Summary of Rim Treatment Data
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5
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1

1

1
4
1

1
1
1
5

1
7

9
3

cases, only traces of paint remained, making it difficult to tell if they reflected a solid line
or other types of painted design, such as the extension of design elements onto the rim.
The pilot study of whole vessels indicated that rim treatment varied by paint type, with
Socorro Black-on-white vessels having more than expected rims painted with a solid line,
and Santa Fe Black-on-white vessels having more unpainted or ticked rims. Given the
low frequency of ticked rims (which are associated with northern, carbon-painted
traditions), they are excluded from statistical analyses. All other types of rim paint are
lumped under the single “painted” category.
Regional Variation in Rim Treatment
Rim treatment varies by region and by refired color. Eastern Albuquerque
assemblages have fewer than expected painted rims and more than expected unpainted
rims. In contrast, rim sherds from the west side of Albuquerque and from the Rio Puerco
area have fewer than expected unpainted rims and more than expected painted rims
(Figure 10.16). Patterning in rim treatment by refired color is consistent with these
results. Buff/white and pink refired rim sherds have fewer than expected unpainted rims
and more than expected painted rims. In contrast, reddish-yellow/red refired sherds have
more than expected unpainted and less than expected painted rims (Figure 10.17).
Because ceramics produced in western Albuquerque area do not include the buff/white
and pink refired groups, variation by refired color is not driving this regional difference.
These results are similar to the results of the analysis of placement of design in
relationship to the rim, with western Albuquerque ceramics differing from eastern
Albuquerque samples.
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Rim Treatment by Paint Type and Time for Albuquerque Ceramics
Variation in rim treatment by paint type and time is more complex and appears to
have both a temporal and social component. Transitional mineral-painted sherds have
more than expected painted rims and fewer than expected unpainted rims, while later,
carbon-painted ceramics have more than expected unpainted rims and less than expected
painted rims (Figure 10.18).
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Figure 10.16 Rim Treatment by Region
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Figure 10.17 Rim Treatment by Refired Color
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In order to control for time, rim treatment by paint type was compared within time
periods. These results indicate that transitional mineral-painted samples differ from
transitional carbon-painted samples, which have more than expected unpainted rims.
There is not a significant difference between later carbon-painted and later mineralpainted vessels.
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70%
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40%

painted

30%
20%
10%
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mineral

carbon

mineral

Transition

carbon

2 = 28.8
df = 3
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Late

Figure 10.18 Rim Treatment by Paint Type and Time

Also, there is a temporal difference in mineral-painted sherds when compared by
time within paint type; later mineral-painted ceramics have more than expected unpainted
rims and less than expected painted rims; transitional mineral-painted vessels have fewer
than expected unpainted rims.

Line Breaks
In the pilot study of whole vessels, line breaks (small gaps intentionally left in
solid lines) were associated with Socorro Black-on-white and were only observed in the
solid line painted on rims. In the analysis of Albuquerque District sherd-based
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assemblages, only six line breaks were recorded, all of which were noted on rims. As
discussed previously, due to the heavy rim wear, evaluating patterning in the presence of
line breaks was problematic. However, five out of the six line breaks were recorded on
transitional mineral-painted rims, with one line break noted on a later carbon-painted
sample. Although it may result from sampling error, because there was a much higher
frequency of partial vessels and very large rim sherds for later carbon-painted vessels,
this difference may be meaningful (Table 10.6).
Table 10.6 Summary of Line Break Data
Region

Site

East

Cobble Pueblo

East

Refire
Color

Samples w/
Line Breaks

Period

Paint

1

Transition

mineral

1

Two Dead Junipers

2

Transition

mineral

1

East

Two Dead Junipers

5

Transition

mineral

2

East
Rio Puerco

Coconito Pueblo
2567

5
2

Late
Transition

carbon
mineral

1
1

Hachure
As with the data on counterchange, a t-test was conducted to check for significant
differences in estimated sherd size for sherds with hachure and sherds without hachure.
The larger the sherd size, the more design elements/motifs can be observed, and,
therefore an increased presence of hachure may be associated with larger sherds.
Because the t-test did not reveal a significant difference, presence of hachure was
analyzed to determine if there was regional variation or differences by paint type and
time. Table 10.7 summarizes the data on presence of hachure.
There is significant regional variation in the presence of hachure, with Rio Puerco
sherds having more than expected hachure and samples from eastern Albuquerque
exhibiting less than expected hachure (Figure 10.19). The increased hachure for the Rio
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Table 10.7 Summary of Hachure Data
Region
East
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East
East
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East
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West
West
West
West
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco
Rio Puerco

Refire Color
unas
unas
unas

1
1
1
2
2
2
2
5
5
5
5
8
8
8
8
unas

1
1
2
2
2
2
5
5
5
5
8
1
2
5
8

Period
Transition
Transition
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Transition
Transition
Transition

Paint
mineral
carbon
mineral
mineral
carbon
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
carbon
mineral
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
mineral
mineral
mineral
mineral

Presence
1

4
2
28
1
16
6
13
7
9
27
2
1
2
4
8
1
3
1
12
1
18
2
9
18
4
1

Absence
1

1
1
9
1
8
43
2
19
17
21
21
23
83
2
1
3
1
13
2
16
1

6
13
6
1
30
5
19
8
1

Puerco assemblages appears to be driven by differences in the pink refired sherds, which
have more than expected samples with hachure (Figure 10.20). When examining only
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the reddish-yellow/red refired sherds, there is also significant variability by paint type
and time. Transitional mineral-painted sherds have more than expected hatched designs
(Figure 10.21).
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Figure 10.19 Presence of Hachure by Region
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Figure 10.20 Presence of Hachure by Refired Color
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Figure 10.21 Presence of Hachure by Paint Type and Time
Design Elements/Motifs
Table 10.8 summarizes the design element/motif data. Only those elements with
more than 15 occurrences are included in the table. Other infrequent design
elements/motifs include iconic elements (including primarily sun figures and a few
human figures; n = 11), curvilinear elements (probably parts of scrolls; n = 5), and
stepped boxes (n = 1). There was no significant variation by region or by refired color,
so it appears that style groups are not associated with distinct regional potting traditions
(Figures 10.22 and 10.23). Given the large number of pots being exchanged and the ease
of transfer of this component of design, this result is not surprising.
Chi square tests indicate some significant patterning by paint type and time
(Figure 10.24); there were more than expected terraces on later carbon-painted vessels
and more than expected hourglasses and fewer than expected terraces on transitional
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carbon-painted sherds. The social significance of the patterning is unclear. Figure 10.25
provides examples of common design elements.
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Table 10.8 Summary of Design Element Data
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Figure 10.22 Design Elements by Region
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Figure 10.23 Design Elements by Refired Color
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Figure 10.24 Design Elements by Paint Type and Time

Summary of Regional Variation in Decoration
Rio Puerco vessels differ from eastern Albuquerque assemblages in every
decorative attribute, including decorative structure, content, and metrics. However, Rio
Puerco rim sherds shared some similarities with western Albuquerque assemblages.
Western Albuquerque assemblages exhibit greater similarity to ceramics from the Rio
Puerco region than to eastern Albuquerque ceramics in the following attributes: (1)
placement of the decoration in relationship to the rim, (2) rim treatment, and (3) the
presence of hachure. Western Albuquerque ceramics more frequently have designs that
are pendant to the rim; these rims are painted with a solid black line; and design elements
are often filled with hachure. The intermediate nature of some of the attributes in the
western Albuquerque assemblages as compared to the Rio Puerco and eastern
Albuquerque assemblages may reflect lack of control over differences in location of
production within the Albuquerque area.
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Figure 10.25 Examples of Common Design Elements
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Figure 10.25 (cont.) Examples of Common Design Elements

The relationships to possible learning contexts vary for these three attributes. The
placement of decoration in relationship to the rim is a low visibility structural difference
that is more likely to be related to differences in initial learning contexts. In contrast, the
similarities in rim treatment and the presence of a particular type of decorative element
(hachure) could have resulted from final-product learning rather than process-oriented
learning. Both of these attributes are fairly visible (depending on the specific context)
and easily decoded and, therefore, could have been easily copied. However, as discussed
below, differences in their spatial distributions suggest that they should be interpreted
differently.
Hatched design elements would be visible in most contexts, although visibility
would have depended somewhat on vessel form— obviously designs on jars are visible
from a greater distance than designs on bowls (because the viewer has to be looking
down into a bowl to see the design.) Using hachure as filler for design elements could
also be readily copied. Therefore, more frequent hachure is interpreted as probably
reflecting increased exposure to ceramics from the south/west (which have a high
incidence of hatched elements). Based on the lack of similarity in other attributes more
reflective of process-oriented learning, this pattern is probably due to more exposure,
reflecting closer proximity, rather than intense interaction between potters in a social
learning or work group context. Whether or not there was any social significance to the
similarity is unclear.
Differences in rim treatment would have been most visible in close contexts
where vessels were being used, particularly where vessels were being looked at from
above. It is also significant that differences in the rim treatment of a bowl would have
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been visible even when it held something. As with other differences in decorative
content, because it could have been easily copied, variation in rim treatment could have
resulted from final-product learning rather than direct interaction between potters.
However, Walt (1990) found differences in rim treatment to be culturally meaningful in
historic Pueblo pottery. In addition, circumscribed regional distributions of rim treatment
in the prehistoric record suggest that these differences were socially meaningful. These
bounded distributions contrast with the wide distribution of other readily copied
decorative attributes such as design elements/motifs, which also often vary temporally
across broad areas of the Southwest. In other words, in contrast to the presence of
hachure or other design elements, even though these rim treatments could have been
readily copied, it does not appear that they generally were. Therefore, I argue that rim
treatments represent social signification of identity, and that western Albuquerque
populations identified themselves with groups from the south or west. In addition, this
pattern appeared to shift over time, as demonstrated by a steep decline in painted rims for
all later carbon-painted ceramics (including Wiyo Black-on-white).
The correlation between learning context and the distance of the design from the
rim is more complex; it is generally low in visibility (a distance of ~3 mm typically
separates the non-pendant designs from the rim; see Figure 10.8). This small difference
would only be visible in a close context. This type of visibility difference is best
understood using Carr’s (1995:186) category of relative perceived physical visibility,
which includes physical attributes that affect visibility but also considers learned patterns
of cognitive perception. This attribute may be easily decoded, but only by a
knowledgeable audience—in other words, only a potter who understood the significance
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of this small difference would notice it and attempt to replicate it. Therefore, differences
in design placement in relationship to the rim appears to reflect a difference in learned
practices between potters on Albuquerque’s east and west sides—a topic that will be
touched on more thoroughly in the concluding chapter.

Summary of Variation in Decoration by Paint Type and Time
Most decorative attributes exhibited some temporal change. However, the
following structural and metric attributes are primarily low visibility and more likely to
reflect differences in learned practices; there was an overall increase in the width of
hachure space over time, and transitional carbon-painted samples had significantly wider
spaces than transitional mineral-painted sherds. This difference could also be the result
of structural differences in hatched elements; carbon-painted pots more frequently have
large hatched elements that cover a significant area of the vessel, while smaller hatched
elements are more common on mineral-painted ceramics. Carbon-painted ceramics
demonstrated an increase in the presence of multiple upper framing lines over time.
Mineral-painted sherds exhibited some differences from carbon-painted samples that
were consistent for all time periods including thicker upper framing lines and more
designs pendant from the rim. Overall, all of these differences suggest different social
learning contexts for the producers of mineral-painted and carbon-painted ceramics from
both transitional and later assemblages.
There are also more visible differences in decorative content both by paint type
and over time. Unpainted rims became more common over time, while carbon-painted
ceramics have significantly more unpainted rims than mineral-painted sherds during the
transition only. Hatched elements decline over time but only on mineral-painted samples.
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Later carbon-painted sherds have more frequent terrace design elements; hourglass
elements, which are common on transitional mineral-painted samples, declined over time.
As discussed above, differences in rim treatment are interpreted as markers of social
identity, while the significance of the variation in design elements is unknown.
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CHAPTER 11 VESSEL FIRING
To evaluate variation in firing technology, hardness was measured, core patterns
were categorized, and refiring tests conducted. Only the random sample was included in
the analyses of all of these attributes.

Hardness
Hardness was measured using Moh’s hardness picks under a binocular
microscope to ensure the accuracy of the test as recommended by Shepard (1995).
Hardness is affected by both clay composition and firing temperature (Rice 1978).
Therefore, the hardness data will be compared with the data on estimated firing
temperature; higher temperatures should produce harder vessels. If there is inconsistency
between the two attributes, differences in hardness may be the result of differences in
paste composition rather than firing techniques.
The relationship between hardness and vessel strength and durability was
discussed in Chapter 8 as part of the discussion of wall thickness; in general, the harder
the vessel, the more durable it is. Differences in hardness may therefore be correlated to
functional differences. There are some differences in vessel function related to
differences in regional location of production—as discussed previously in Chapter 8, jars
are more likely to have been imported into the Albuquerque area than bowls. However,
there are no statistically significant differences in hardness between bowls and jars when
refired color was controlled (Figure 11.1). These data indicate that hardness differences
were not a product of vessel function.
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Histogram of hardness (Moh's Scale)
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Figure 11.1 Hardness by Refired Color and Ceramic Form
However, differences in hardness by refired color could be related to vessel
exchange. Because buff/white and pink refired vessels were more likely to have been
trade wares (see Figures 8.2 and 8.4), these vessels may have been more durable in order
to better withstand transport. However, a comparison of hardness differences between
the buff/white and pink refired sherds recovered from the Rio Puerco area (4.66 average
hardness) and those that were imported into the Albuquerque area (4.5 average hardness)
revealed no statistically significant differences. Table 11.1 provides a summary of the
hardness data.

249

Table 11.1 Summary of Average Hardness Data

Region
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco
Rio Puerco

Refire
Color
unas.
unas
unas
1
1
1
2
2
2
2
5
5
5
5
8
8
8
8
unas
1
1
2
2
2
2
5
5
5
5
8
1
2
5
8

Period
Transition
Transition
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Transition
Transition
Transition

Paint
mineral
carbon
mineral
mineral
carbon
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
carbon
mineral
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
mineral
mineral
mineral
mineral
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Avg.
hardness
(Moh's
Scale)
3.50
2.50
5.50
4.50
3.50
4.70
4.26
2.83
4.17
4.19
2.94
3.05
3.92
3.37
3.50
2.50
4.50
5.17
3.50
5.42
4.00
4.94
3.50
5.06
3.50
3.50
3.07
3.50
2.60
4.50
4.59
4.69
4.00
5.50

Count
1
1
1
9
1
10
37
3
30
13
18
28
19
49
1
2
2
3
1
13
2
16
2
9
1
17
7
1
31
1
11
26
10
2

Regional Variation in Hardness
Hardness exhibits significant regional variation (Figure 11.2). Rio Puerco
samples are harder on average then Albuquerque sherds. The regional difference
between western and eastern Albuquerque assemblages disappears when Wiyo Black-onwhite sherds [which have a lower average hardness (2.76)] are removed from the sample.

Histogram of hardness (Moh's Scale)
Normal

0.8

Region
East
Rio Puerco
West

0.7

Density

0.6

Mean
3.320
4.662
2.946

0.5

StDev
N
1.091 111
1.573 37
0.5366 56

0.4
0.3
0.2
0.1
0.0

0.0

1.5

3.0

4.5
hardness

6.0

7.5

East/West
t = 2.97
df=164
p = .003
East/Rio Puerco
t = -4.82
df=48
p = .000
West/Rio
Puerco
t = -6.39
df = 41
p = .003

Figure 11.2 Hardness by Region
The distribution of hardness by refired color generally supports the results of the
regional analysis, with reddish-yellow/red (#5) refired sherds being significantly softer
than buff/white (#1) and pink (#2) refired sherds (Figure 11.3).

Variation in Hardness by Time and Paint Type
Variation in hardness by time and paint type indicates that mineral-painted
ceramics were harder than carbon-painted sherds. Mineral-painted vessels also became
harder over time; late mineral period samples are the hardest (Figure 11.4).
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Histogram of hardness (Moh's Scale)
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Figure 11.3 Hardness by Refired Color
Histogram of hardness (Moh's Scale)
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Figure 11.4 Hardness by Time and Paint Type
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Firing Temperature
In order to determine original firing temperature, a chip was removed from each
sherd with a diamond saw and refired. Munsell color, Moh’s hardness, weight, and
thickness were recorded at each 50ºC interval between 500-900ºC. I estimated that
original firing temperature was passed when there was a change in at least two of these
variables.
This technique has been criticized on two major points. First, measuring change
is subjective, and second, there is considerable variation in temperature in open pit firings
(Gosselain 1992). However, because the data were collected by a single individual,
subjectivity is not an issue. The data will also be compared to the hardness data to
evaluate consistency. Table 11.2 summarizes the data on estimated firing temperature.

Regional Variation in Estimated Firing Temperature
There is significant variation in estimated firing temperature by region and by
refired color (Figures 11.5 and 11.6). Rio Puerco area sherds have the highest average
firing temperature, followed by eastern Albuquerque samples. Sherds from western
Albuquerque have the lowest average temperature. This lower average temperature was
not primarily driven by the Wiyo Black-on-white ceramics from Rio Bravo Pueblo,
which were generally fired to low temperatures (633 ºC); average firing temperatures
were still significantly different even after removing them from the sample.
The patterning in estimated refiring temperature by refired color is consistent with
the regional patterning; sherds in the reddish-yellow/red refired color group (#5) have
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Table 11.2 Summary of Data on Estimated Firing Temperature

Region
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco
Rio Puerco

Refire
Color
1
1
1
2
2
2
2
5
5
5
5
8
8
8
8
1
1
2
2
2
2
5
5
5
5
8
1
2
5
8

Period
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Transition
Transition
Transition
Transition

254

Paint
mineral
carbon
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
carbon
mineral
mineral
mineral
carbon
mineral
carbon
mineral
carbon
mineral
carbon
mineral
mineral
mineral
mineral
mineral

Avg.
Firing
Temp.
750.00
800.00
740.00
720.16
700.00
741.67
715.38
632.14
676.14
721.05
669.39
700.00
650.00
825.00
733.33
600.00
692.31
700.00
695.31
600.00
722.22
700.00
647.06
614.29
750.00
608.06
800.00
706.82
713.46
695.00
737.50

Count
7
1
10
31
1
30
13
14
22
19
49
1
2
2
3
1
13
2
16
2
9
1
17
7
1
31
1
11
26
10
2

Histogram of refire temperature (degrees Celsius)
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Figure 11.5 Estimated Firing Temperature by Region

Histogram of refire temperature (degrees Celsius)
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Figure 11.6 Estimated Firing Temperature by Refired Color
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a lower average temperature than the buff/white (#1) and pink refired color groups (#2).
These data are consistent with the regional data on hardness, which indicate a
lower average hardness of reddish-yellow/red samples from the Albuquerque area.
Therefore, differences in hardness appear to be at least partially due to differences in
firing techniques rather than purely deriving from the use of different types of clays.

Variation in Estimated Refiring Temperature by Time and Paint Type
Later mineral-painted ceramics have a significantly higher average temperature
than the estimated average for later carbon-painted sherds and all the transition period
ceramics (Figure 11.7). In general, these results are consistent with the hardness data,

Est. firing temperature (degrees Celsius)
Normal
0.009

Period ty pecategory
Late
carbon
Late
mineral
Transition
carbon
Transition
mineral

0.008
0.007

Mean StDev N
648.8 59.97 83
731.8 54.65 22
658.6 48.61 32
661.7 65.41 45

Density

0.006
0.005
0.004
0.003
0.002
0.001
0.000

540

600
660
720
780
refire temperature

840

Transition mineral/
Late mineral
t = -4.61
df = 49
p = .00

Figure 11.7 Estimated Firing Temperature by Paint Type and Time
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which indicate that later mineral-painted ceramics were harder on average than the rest of
the samples. The lack of consistency between hardness and firing temperature for
transitional mineral-painted samples probably indicates that the hardness of these sherds
is not a product of firing and probably results from differences in materials utilized.

Core Patterns
Differences in firing atmosphere were measured using patterns in core color
(Pierce 1999; Rye 1981; Schleher 2010). An evaluation of core patterns can help
determine the level of oxidization in the original firing atmosphere, which yields
information on firing practices. Dark margins on the cross-section of a sherd often are
the result of a reduced atmosphere (lack of oxygen). Light margins indicate some
oxidation; thicker light margins would indicate greater oxidization.
Almost 30 different core patterns were identified. These core patterns are lumped
into three more general categories for analysis: (1) least oxidized-100%
reduced/incomplete oxidation; (2) more oxidized- less than 50% oxidized; and (3) most
oxidized- more than 50% oxidized. For the analysis, all vessels with thick slips were
excluded because the “sandwich” effect of darker cores and lighter exterior surfaces was
generally due to the slips rather than the firing atmosphere. The general expectation for
both the mineral- and carbon-painted ceramics is that the firing atmosphere would
generally be neutral to reducing. Too much oxygen would burn off the carbon paint and
turn the iron in the black mineral paint to red instead of black. In fact, areas of reddishbrown paint are often observed on mineral-painted samples, indicating a lack of control
over the firing atmosphere. The core pattern data support the expectation of a neutral
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atmosphere, with relatively few samples falling into category 3 (more than 50% oxidized)
(Table 11.3).
Table 11.3 Summary of Core Pattern Data
Region
East
East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
Rio Puerco
Rio Puerco
Rio Puerco

Refire
Color
1
1
2
2
2
2
5
5
5
5
8
8
8
1
1
2
2
2
5
5
5
1
2
5

Period
Transition
Late
Transition
Transition
Late
Late
Transition
Transition
Late
Late
Transition
Late
Late
Transition
Late
Transition
Late
Late
Transition
Transition
Late
Transition
Transition
Transition

Least
More
Most
Paint oxidized oxidized oxidized
mineral
3
1
mineral
2
mineral
1
11
3
carbon
1
mineral
5
5
carbon
4
4
1
mineral
7
6
1
carbon
20
2
mineral
11
1
carbon
24
21
1
carbon
1
mineral
1
carbon
2
mineral
1
3
1
mineral
2
mineral
2
4
mineral
7
1
carbon
1
mineral
3
2
carbon
1
4
carbon
4
16
mineral
3
3
mineral
1
6
1
mineral
6
4
1

total
4
2
15
1
10
9
14
22
12
47
1
1
2
5
2
6
8
1
5
5
20
6
8
11

Regional Variation in Core Patterns
When sherds with thick slips and non-local sherds are removed from the sample,
sample sizes by region are quite small, with only 15 sherds from the Rio Puerco region.
Therefore, more emphasis is placed on the results of the analysis by refired color. The
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regional data indicate that sherds from eastern Albuquerque are the least oxidized, while
Rio Puerco and western Albuquerque samples have similar distributions of core patterns
(Figure 11.8). Core patterns by refired color are generally consistent with these regional
results; the reddish-yellow/red sherds are the least oxidized and the white/buff and pink
refired groups are the most oxidized (Figure 11.9). However, only the reddish-yellow/red
and pink refired groups show statistically significant differences. Because the reddishyellow/red clays are higher in iron, it may have been more critical to limit oxygen in the
firing atmosphere in order to prevent the vessel surfaces from oxidizing and taking on a
yellowish tint.

Variation in Estimated Firing Temperature by Time and Paint Type
Core patterns on locally manufactured samples from the Albuquerque area exhibit
some temporal variation, as well as variation by paint type. Transitional mineral-painted
sherds exhibit the most oxidization (Figure 11.10); in contrast, later mineral-painted
sherds are the least oxidized. Overall, carbon-painted ceramics are less oxidized than
mineral-painted vessels. Unlike the mineral-painted sherds, carbon-painted samples do
not exhibit dramatic temporal change and predominantly fall within the more oxidized
category
Statistically significant patterns include fewer than expected least-oxidized sherds
and more than expected most-oxidized samples for the transitional mineral-painted
group, as well as more than expected least-oxidized samples and fewer than expected
more-oxidized sherds in the transitional carbon-painted category. The behavioral
implications for these specific patterns are not clear-cut. The overall lower level of
oxidization for the carbon-painted samples may be caused by the need to minimize the
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danger of paint burning off during firing. The lack of oxidization, the higher estimated
firing temperatures, and increased hardness for the later mineral-painted sherds may be
indicative of pit firing.
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Figure 11.8 Core Patterns by Region
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Figure 11.9 Core Patterns by Refired Color
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2 = 19.49
df = 4
est. prob. = .001
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Figure 11.10 Core Patterns by Paint Type and Time

Summary of Data on Vessel Firing
In summary, patterned variation in firing by region and refired color was
extremely consistent across all three attributes, with Rio Puerco assemblages differing
from Albuquerque area ceramics in hardness, estimated firing temperature, and core
patterns. Rio Puerco sherds were harder and fired at higher temperatures in more
oxidized firing atmospheres.
Significant variation in firing techniques between the eastern and western
Albuquerque areas stems from differences in Wiyo Black-on-white samples, which were
present in much higher proportions at the later Coalition period site of Bravo Pueblo on
the west side. Wiyo Black-on-white sherds were softer and fired to lower temperatures
than the other carbon-painted ceramics. The yellowish paste colors exhibited by Wiyo
Black-on-white appear to be due to differences in firing technology rather than use of a
different clay source—analyses of refired color and chemical compositional data do not
indicate use of more iron-rich clays. Instead, core pattern data indicate that this color was
achieved through greater oxidization of vessel surfaces during firing.
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There are also differences between carbon-painted and mineral-painted ceramics,
but only in the later assemblages. Later mineral-painted sherds are harder and fired at
higher temperatures. They also exhibit the least oxidized cores. All of these attributes
are suggestive of different firing techniques for these later mineral-painted vessels.
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CHAPTER 12 RESULTS: INTERACTION, MIGRATION, AND
IDENTITY
This chapter synthesizes the results of analyses of attributes that reflect all stages
of pottery manufacture, including resource selection and processing, as well as vessel
forming, finishing, and firing. These results are interpreted in terms of the theoretical
perspective set forth in Chapter 4. Table 12.1 provides a summary of the material
presented in the preceding chapters regarding the relationship between variation in
technological and decorative style and different types of learning contexts, as well as
other social and environmental factors. Also as noted in these chapters, many of the
technological variables appear to be interrelated (e.g., thickness, hardness, and firing
temperature); therefore, it is critical to evaluate them as part of technological “packages,”
rather than as purely independent attributes. Evidence for both local and regional
interaction and exchange is also reviewed because these data have ramifications for the
four models that seek to explain the shift from a mineral-paint to carbon-paint technology
in the Albuquerque area during the late Developmental/Coalition transition. All of these
results are compared to the test implications for the proposed models to determine which
model provides the best fit with the data.
This chapter will also evaluate evidence for the social consequences of migration,
and situate Albuquerque in a broader regional context during a period that is
characterized by significant change, including regional population movement and
changing social organization and settlement patterns. This chapter concludes with an
examination of how this project has enhanced our understanding of Albuquerque’s
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Table 12.1 Ceramic Variation and Learning Contexts
Attribute
Amount of temper
Temper size
(sherd)
Temper angularity
(sherd)
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Wall thickness

Slipping

Luster (polishing)

Interpretation

Other Factors
Probable Learning Context
control for differences in clay
low visibility in production context and final
properties and vessel function
initial learning context
product; reflects motor routines
size decreases with intensity of processing;
low visibility in production and final
product; reflects motor routines
becomes more angular with increased
processing; low visibility in production and
final product; reflects motor routines
reflects initial coil size and amount of
thinning; low visibility in production
context and in final product; reflects motor
routines
high visibility in production context; not
readily transferable through copying;
visibility in final product is variable
(medium visibility for this project); may
increase luster and smoothness of surface
for decoration
moderate visibility in production context;
could be transferred through copying;
moderate visibility in final product;
improves surface for decoration

control for differences in clay
properties and vessel function

initial learning context

control for differences in clay
properties and vessel function

initial learning context

control for differences in
vessel function, vessel size,
and in clay properties

resource availability an
important factor
firing temperature; affected
by differences in raw
materials (clay or slip); may
be affected by vessel use and
post-depositional processes

initial learning context

initial learning context or
interaction within a work group

ambiguous learning context

Table 12.1 (cont.) Ceramic Variation and Learning Contexts
Interpretation
Other Factors
Attribute
Pendant design
Presence of upper
framer
Width of Upper
Framing Line
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Width of hachure
space
Presence of
hachure

low visibility in learning context; easy to copy
but not readily decoded; low visibility in final
product; reflect motor routines
moderate visibility in learning context;
possible to copy but not readily decoded; may
reflect motor routines
low visibility in learning context; low
visibility in final product (depending on
magnitude of difference); reflects motor
routines
low visibility in learning context; low
visibility in final product (depending on
magnitude of difference); reflects motor
routines
high visibility in learning context; high
visibility in final product

---

Probable Learning
Context
initial learning context
initial learning context or
interaction within a work
group

--

initial learning context

--

initial learning context

--

ambiguous learning
context

Hardness

low visibility in final product

control for differences in
raw materials and vessel
function; affected by firing
temperature

Firing temperature

low visibility in final product

control for differences in
vessel function

Core pattern

low visibility in final product

--

initial learning context or
interaction within a work
group
initial learning context or
interaction within a work
group
initial learning context or
interaction within a work
group

prehistory and discusses implications for broader anthropological issues and directions
for future research.

Regional Variation in Ceramic Production
Regional differences in production practices constitute the largest source of
variation in the dataset. These results highlight the importance of considering production
location when examining variation in ceramic attribute data.

This chapter begins with

an overview of this regional patterning because it has implications for interpreting other
patterns of variation.
As demonstrated in Chapter 6, there are strong correlations between INAA
compositional groups and refired color and region (Figures 12.1 and 12.2). Using the
criterion of abundance, pink refired sherds, which are predominant in INAA
compositional group 2, appear to have been manufactured in the Rio Puerco region;
reddish-yellow/red refired sherds, which primarily fell within INAA compositional group
3, were produced in the Albuquerque area. INAA compositional group 1 is comprised
entirely of buff/white refired sherds; the location of production for this compositional
group is unknown but may have been the Acoma or Rio Salado areas. The buff/white
sherds represented in compositional group 2 were manufactured in the Rio Puerco region.
These data indicate that buff/white sherds were not manufactured in the Albuquerque
area and reflect more than one production location. Nevertheless, given the relatively
high correlation between refired color groups and INAA compositional groups, variation
in refired color provides a reasonable proxy for differences in regional production
locations. Table 12.2 summarizes significant variation in attributes both by region and by
refired color.
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Attribute
Aplastic Size
Aplastic
Angularity
Wall thickness
Slipping
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Luster
(polishing)
Pendant
Design
Rim
Presence of
Upper Framer
Width of
Upper Framer
Space width
Presence of
Hachure
Hardness
Firing Temp.
Core Pattern

Table 12.2 Summary of Results by Refired Color and Region
Refired Color Category
Region
Buff/white
Pink Reddish-yellow/red
East Abq.
West Abq.
coarser
intermed
finer
finer
+ sub-rounded
+sub-angular
+sub-angular
thinnest
-thin slip

intermed
+thick
slip
-wash
-thin slip

thickest
+wash
+thin slip

thicker
- thick slip( dec.
surfaces)
-thick slip
+thick slip (bowl
ext.)

--

-no luster

+no luster (bowl ext.)

--

+ pendant

--

--

+painted
+ framer

--

thicker
-narrower
--

+hachure
harder
higher

--

+more
oxidized

Rio Puerco
coarser
+sub-rounded
thinner
+thick slip
-wash
-thin slip

--

--

-pendant

+pendant

+pendant

+unpainted

+unpainted

+painted

+painted

-framer

--

--

--

-wider

--

--

-narrower

--

-hachure

--

+hachure
harder
highest

wider

softer
lower

softer
intermed.

lowest

+least oxidized

+least oxidized

+more oxidized

+more
oxidized

100%
90%
80%
70%
60%
reddish-yellow/red
50%

pink

40%

buff/white

30%
20%
10%
0%
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2

3

Figure 12.1 Refired Color Categories by INAA Compositional Groups
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Figure 12.2 INAA Compositional Groups by Region
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The regional data set includes only those samples that could have been
manufactured in the same area from which they were recovered (i.e., reddish-yellow/red
refired samples from Albuquerque and buff/white and pink refired sherds from the Rio
Puerco area). In contrast, the dataset for refired color includes all samples regardless of
recovery provenience. Because there is not a perfect correlation between refired color
groups and INAA compositional groups, both datasets were analyzed and the results
compared. Most results are fairly consistent between the two datasets. Where they
differ, given the larger sample size, the refired color data are more robust.

Regional Variation within Albuquerque Assemblages: Exchange/Interaction
Unfortunately, discrete production locations within the Albuquerque area could
not be consistently identified. Consequently this research must rely only on provenience
for regional comparisons within the Albuquerque area. Despite this issue, regional
differences between eastern and western Albuquerque assemblages can be fruitfully
examined; microscopic observation of pastes and aplastics revealed similarities between
groups of sherds at individual sites, suggesting that many (but certainly not all) of the
ceramics recovered from sites appear to reflect local production. However, given the
lack of control over specific production locations in these Albuquerque assemblages and
the high probability of some vessel exchange between the sites, variation between the
areas may be expected to be less pronounced.
Based on the refired color data, the percentage of white ware vessels imported
into the Albuquerque area was very high—almost 50% (Table 12.3). Variation by paint
type is striking, with much higher frequencies of imported mineral-painted vessels than
carbon-painted ceramics. Almost 90% of the carbon-painted sherds throughout both the
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transitional and later Coalition refired to a reddish-yellow/red color, indicating local
manufacture. In contrast, only 28-32% of mineral-painted samples were locally
manufactured during these time periods.
Table 12.3 Refired Color by Paint Type and Time for Albuquerque Assemblages
buff/
white pink

reddishyellow
/red
Total

%pink

%reddishyellow
/red

107 20.56% 47.66%

31.78%

%buff/
white

Period

Paint

Transition

mineral

22

51

34

Transition

carbon

1

3

34

38

7.89%

89.47%

Late

mineral

12

39

20

71 16.90% 54.93%

28.17%

Late
Total

carbon
35

14
107

80
168

94 0.00% 14.89%
310 11.29% 34.52%

85.11%
54.19%

2.63%

Although the overall proportion of imported white ware pottery (as a percentage
of the entire white ware assemblage) did decline over time (from ~ 53% to ~40%), the
percentage of imported mineral-painted vessels did not drop (~30%). Also, based on
INAA data, the source area for these imports did not change significantly over time.
These data indicate that regional exchange with the south/west continued during the
course of the Coalition, and there does not seem to be a major realignment of social
alliances. This result is contrary to the predictions of the social alliance model
(Anschuetz 1984, 1987), which postulates a shift of alliances from the southern Socorro
District to the northern Santa Fe District. In addition, the continued presence of locally
produced mineral-painted pottery in later assemblages does not match expectations for
the model of large-scale migration and replacement. According to this model, all
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mineral-painted pottery dating to the later Coalition would have been imported into the
area. However, the overall decline in imported white ware does seem to portray a
population that was becoming increasingly focused inward within the Albuquerque area,
as has been suggested by Post (1994) and others. This conclusion is buttressed by an
increase in both the frequency as well as the distance of exchange of Tijeras Utility, a
ceramic type manufactured in eastern Albuquerque.
This trend is particularly interesting in the light of other regional patterning on the
Isleta Reservation to the south of Albuquerque. McKenna (Hill and Larson 1995:107)
noted a decline in Tijeras Utility over time on contemporaneous sites on the Isleta
Reservation. It is possible that this development signaled the beginning of the split of the
southern Tiwa pueblos of Isleta and Sandia.
Another extremely interesting result is the evidence for importation of carbonpainted ceramics from the south/west into the Albuquerque area (as indicated by carbonpainted ceramics that refired buff/white and pink as well as carbon-painted samples
represented in non-local INAA compositional groups 1 and 2). These data suggest that
carbon-paint technology was not derived from the northern Santa Fe District as suggested
by Anschuetz (1987), but was more likely to have been originally brought to the
Albuquerque area via the Rio Puerco region. Given the high level of interaction
(demonstrated by the large proportion of imported mineral-painted ceramics from this
region), this result is hardly surprising.
Roney (1995, 1996) described numerous middle Rio Puerco communities with
assemblages dominated by carbon-painted white ware, including Santa Fe, McElmo, and
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Mesa Verde Black-on-white. Several sites date to the early AD 1200s and also have
evidence of high frequencies of Socorro Black-on-white, including one community with a
possible Socorro site-unit intrusion (Roney 1995). Researchers have also documented the
presence of sites dominated by carbon-painted ceramics on the Rio Salado and in the Rio
Alamosa areas to the south. These southern sites date from the late 1200s into the 1300s
(Lekson et al. 2002). Archaeologists generally regard all of these sites as definitive
evidence of migration from the Mesa Verde area (Bice and Sundt 1972; Davis and
Winkler 1959; Lekson et al. 2002; Peckham 1987; Roney 1996). However, the southern
sites were occupied after the introduction of carbon-painted technology in Albuquerque.
Therefore, they could not have been the source of the introduction of carbon paint
technology to Albuquerque potters. However, these southern sites could have been a
source of some of the rare buff/white carbon-painted imports in the later Coalition.
A partial vessel recovered from Bravo Pueblo, a later Coalition period site located
on Albuquerque’s western margin, provides additional tantalizing evidence for possible
interaction with Mesa Verde migrant populations living in the Rio Puerco region. Figure
12.3 shows a few sherds from this vessel. This bowl was classified as Mesa Verde
Black-on-white (Marshall and Marshall 1994), and INAA data place it within
compositional group 2, suggesting a production location within the Rio Puerco region for
this vessel. In addition, there is only one carbon-painted sample represented in INAA
compositional group 1, indicating a source outside the Albuquerque Basin, possibly the
Rio Salado or Acoma areas. All of these data point to the Rio Puerco region as the
probable source area for the introduction of carbon-paint technology, as well as for most
of the imported vessels.
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Figure 12.3 Mesa Verde Black-on-white Bowl Fragments from Bravo Pueblo

It is probable that existing populations in the lower Rio Puerco Valley had contact
with the northern migrants in the middle Rio Puerco Valley (as demonstrated by the
presence of Socorro Black-on-white at many of those sites and possible evidence for a
Socorro site-unit intrusion at one of them). In addition, Albuquerque area populations
interacted with these lower Rio Puerco groups throughout the late Developmental
through the Coalition as indicated by high levels of exchange. Therefore, it seems likely
that carbon-painted vessels and carbon-painted technology arrived in the Albuquerque
area via existing social networks, rather than a shift in regional ties.
Focusing only on variation between regions within the Albuquerque area,
comparisons of most technological attributes show similarity between assemblages from
Albuquerque’s west and east sides (see Table 12.2). There is one exception to that
pattern; forming and firing attributes for Wiyo Black-on-white differed from the other
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carbon-painted ceramics. Wiyo Black-on-white was present in much higher proportions
at the later Coalition period site of Bravo Pueblo on the west side than at any other site
(~21% of the white ware sherds). The production of Wiyo Black-on-white began later
than Santa Fe Black-on-white, which was the earliest carbon-painted type found in
Albuquerque. However, based on the late absolute dates from the Coalition period
Tijeras Canyon sites (especially Coconito Pueblo), the difference in the proportion of
Wiyo Black-on-white to other carbon-painted sherds at Bravo Pueblo does not appear to
reflect a temporal difference in site occupations.
Wiyo Black-on-white sherds were thicker, softer, more oxidized, and fired to
lower temperatures than the other carbon-painted ceramics. These attributes may be
inter-related; firing to lower temperatures generally produces softer pastes; in order to
offset the weakness of these softer pastes, vessel walls may have been made thicker to
increase their strength. The most diagnostic attribute of Wiyo Black-on-white is paste
color, which is more yellow or olive (and less gray). Refiring data suggest that this effect
was achieved through a difference in firing technology rather than use of a different clay
source—analyses of refired color and chemical compositional data do not indicate use of
clays with higher iron content. Rather, core pattern data indicate that this color was
achieved through greater oxidization of vessel surfaces during firing. Due to the lack of
more fine-grained control over production location, it is not clear if these differences in
firing technology reflect specialized production of Wiyo Black-on-white by west side
residents.
The Tijeras Canyon assemblages from the later Coalition period sites of Dinosaur
Rock and Coconito Pueblo also suggest a distinct local tradition of pottery manufacture.
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Due to the fact that most of the carbon-painted sherds from these sites exhibited attributes
of both carbon-painted types, researchers categorized them as “Santa Fe/Wiyo Black-onwhite.” Like Wiyo Black-on-white, these ceramics were characterized by thick, soft
pastes, but they were generally gray in color. They also often had aplastic inclusions
consistent with local production, containing very fine-grained angular quartz and
schist/phyllite fragments. However, unlike Tijeras wares, which were tempered with
extremely large particles of quartzitic micaceous schist, these vessels were primarily
sherd-tempered, and it is unclear if the other inclusions were derived from the clay or
were added. If potters were grinding up Tijeras Utility sherds to use as temper, it is also
possible that these inclusions were introduced along with the grog.
These two types, Wiyo Black-on-white and Santa Fe/Wiyo Black-on-white, seem
to reflect two distinct later Coalition potting groups on Albuquerque’s west and east
sides. As discussed in the following section, there are also other dissimilarities between
eastern and western Albuquerque pottery noted in attributes that may reflect differences
in identity signification, as well as intensity of regional interaction with areas to the
south/west of Albuquerque.

Regional Identity within the Albuquerque Area
With the exception of Wiyo Black-on-white, eastern and western assemblages
shared similar technological attributes. However, assemblages from western
Albuquerque exhibit greater similarity to ceramics from the Rio Puerco region than to
eastern Albuquerque ceramics in the following decorative attributes: (1) placement of the
decoration in relationship to the rim, (2) rim treatment, and (3) the presence of hachure
(see Tables 12.2 and 12.3). Western Albuquerque vessels more frequently have designs
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that are pendant to the rim; these rims are painted with a solid black line; and design
elements are often filled with hachure.
As discussed in Chapter 10, the correlations to social learning contexts vary for
these three attributes. Using hachure as filler for design elements could be readily copied
and is interpreted as probably reflecting more frequent interaction with the south/west
(although not in a learning context). In contrast, differences in rim treatment most likely
indicated signification of social identity; despite the fact that variation in rim treatment
was fairly visible and could have been readily decoded and thus easily copied, rim
treatments exhibit bounded distributions. Evidence for differences in rim treatment
between pueblos during the historic period provides support for this interpretation (Walt
1990).
The placement of decoration in relationship to the rim is a low visibility structural
difference that is more likely related to differences in learning contexts. I argue that the
non-pendant designs on many bowls in eastern Albuquerque assemblages reflect a lack of
shared learning context between eastern and western potters. I hypothesize that many of
these eastern Albuquerque potters were not taught how to produce black-on-white
pottery, but were learning via experimentation and copying from final products. I base
this argument on several other additional lines of evidence:
(1) Tijeras Black-on-gray has only been recovered from transitional assemblages
on Albuquerque’s east side (the Airport Hamlet, the Cobble Pueblo, the Pit
House Site, and Two Dead Junipers, as well as surface contexts at other
KAFB sites). Tijeras Black-on-gray is essentially defined as Tijeras Utility
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with mineral-painted designs with decorative elements similar to Socorro
Black-on-white (McKenna and Larson 2005). This decoration is often poorly
executed. This type appears to reflect an incipient local tradition of black-onwhite ceramics specific to eastern Albuquerque.
(2) An anomalous “Socorro-like” partial jar was recovered from a structure floor
at the Pit House Site at KAFB. The jar is tempered with micaceous schist
similar to Tijeras Black-on-gray; however it has a white wash on the exterior,
which is more finely finished. In addition, the decoration incorporates design
elements/motifs common on Socorro Black-on-white, but the structure lacks
coherence—it almost seems as if some of the designs were randomly placed
(Figure 12.4). This vessel seems to be intermediate between Tijeras Blackon-gray and locally produced Socorro Black-on-white and may reflect a stage
in the development of a local tradition. More extensive excavations at KAFB
sites as well as more detailed analysis of existing ceramic assemblages could
reveal additional examples.
(3) The last piece of evidence is the relative inferiority of vessels from eastern
Albuquerque assemblages, including more samples with poor paint quality,
lack of control over firing atmosphere, and sloppy design execution.
I am currently conducting additional research on the transitional samples to record
attributes that may provide evidence for novice potters (Crown 1999, 2001). If my
hypothesis is correct, attributes reflective of inexperienced potters should be found in
higher proportion in eastern Albuquerque assemblages.
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Figure 12.4 Anomalous Black-on-white Jar Fragments from the Pit House Site
Regional Differences between Transitional Rio Puerco and Albuquerque
Assemblages
Previous researchers have hypothesized migrations from both the south and the
north into the Albuquerque area. The earliest postulated migrations for the late
Developmental were thought to date to AD 1050 with the arrival of a southern ceramic
complex, including Socorro Black-on-white and associated brown ware types (Wendorf
and Reed 1955). Other researchers suggested that this shift resulted from increased
interaction with southern groups (Anschuetz 1984, 1987). Although not the focus of
research, data collected as part of this project can help resolve this debate. In addition,
these social developments during the late Developmental period appear to have set the
stage for subsequent regional interaction during the later Coalition period.
Along with the Rio Salado area, the Rio Puerco region has specifically been
suggested as a homeland for Socorro phase populations and a possible source for late
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Developmental populations migrating into the Albuquerque area (Marshall and Marshall
1994). In order to test this hypothesis, I specifically sought to address the question of
similarity of pottery production practices between the Albuquerque and Rio Puerco
regions (Larson 2012).

Table 12.4 encapsulates the results of this previous work.

Because the Rio Puerco assemblages lacked carbon-painted ceramics,
comparisons were focused primarily on mineral-painted samples from only the
transitional sites in the Albuquerque area, which are contemporaneous. Wingate Blackon-red was the primary trade ware at these sites and all available absolute dates for these
sites cluster in the 12th century (see Table 5.2).
As is clear in Table 12.4, data from all stages of pottery production exhibit
regional differences; nearly every attribute differs significantly between the Rio Puerco
and Albuquerque areas. These data provide definitive evidence for distinct traditions of
pottery manufacture for the two regions, suggesting that Rio Puerco migrants were not
the producers of locally-made, late Developmental, mineral-painted pottery at
Albuquerque area sites. Nonetheless, given the level of pottery apparently imported from
the Rio Puerco region (see Figure 6.3), it is certainly possible that some individuals
moved between the two areas.
As discussed in Chapter 6, the Airport Hamlet does provide possible evidence of
seasonal utilization of the Albuquerque area by Rio Puerco groups; nearly all of the white
ware from the site was non-local and the site has a much higher proportion of brown ware
sherds. To further evaluate this possibility, compositional and technological analyses of
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Table 12.4 Significant Differences Between Transitional Assemblages from Albuquerque and Lower Rio Puerco Areas
Attributes Examined
Resource Processing
Proportion of sherd temper
Temper size
Temper angularity
Forming
Wall thickness
Finishing
Slipping
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Polishing
Decoration
Placement of design in relationship to rim

Sig.
yes
yes
yes

Rio Puerco sherds more abundant sherd temper
Rio Puerco sherds coarser sherd temper
Rio Puerco sherds temper more rounded

yes*

buff/white refired sherds thinner

yes

Rio Puerco more thick slips

yes

Rio Puerco fewer sherds with low luster

yes**

western Albuquerque designs pendant from rim

Rim treatment

yes

Rio Puerco more rims painted with a solid line

Width of the upper framing line

yes

Rio Puerco sherds thinner upper framing line

Width of hachure spaces

yes

Rio Puerco sherds thinner hachure spaces

Width of hatched lines
Width of hachure framing lines
Type of hachure (parallel, oblique)
Firing
Hardness

-yes
yes***

Rio Puerco sherds thinner hachure framing lines
eastern Albuquerque sherds less parallel hachure

yes

Rio Puerco sherds harder

Estimated firing temperature

yes

Rio Puerco sherds higher firing temperature

Firing atmosphere (core oxidation)

yes

Albuquerque sherds less oxidized

*only buff/white refired sherds different
** western Albuquerque different from other regions; Rio Puerco and eastern Albuquerque the same
***eastern Albuquerque different from western Albuquerque and Rio Puerco

the brown ware should be completed to determine if the brown ware vessels were also
non-local.

Variation by Paint Type and Over Time in Albuquerque Area Assemblages
Table 12.5 summarizes the results for the reddish-yellow/red refired ceramics that
were manufactured in the Albuquerque area. These results demonstrate significant
variation both temporally and by paint type. The high level of temporal change is not
unexpected given the theoretical implications of situated learning theory (Lave and
Wenger 1991), where practice contains the seeds of its own change. As previously
discussed, some attributes are interrelated. For example, there are clear functional
correlations between thickness, hardness, and estimated firing temperature.
However, what is most significant about these results is that there are differences
between mineral-painted and carbon-painted vessels for all stages of pottery
production— this variation encompasses decorative and technological attributes and
attributes reflective of the initial learning context. In addition, although there are
temporal changes in these attributes, the changes cross-cut temporal categories—i.e., they
differ even when time is controlled. Therefore, I would argue that the results constitute
clear evidence for production of mineral-painted and carbon-painted ceramics by
different potters with different learned practices.

Testing the Models: Variation between Mineral- and Carbon-painted Vessels
Table 12.6 summarizes the results for the test implications of the four models.
Model 1, the techno-functional model, is rejected because there are differences in nonfunctional attributes of mineral- and carbon-painted ceramics, including both low
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Table 12.5 Results of Analysis by Time and Paint Type for Ceramics Manufactured in the Albuquerque Area
Prod. Stage Attribute
Forming
Finishing

Vessel thickness
Slip Type of slip on decorated surface
Type of slip on undec. bowl ext.
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Polish Level of luster on decorated surface
Level of luster on undec. bowl ext.
Decoration
structure Multiple upper framing lines
Pendant design
metrics Width of upper framing line
Width of hachure spaces
content Rim treatment
Line breaks
Presence of hachure
Elements/motifs
Firing

Time

Paint
Type

yes

yes*^

yes

yes

yes
yes
yes

yes**
yes
no

yes
no
no
yes
yes
yes?
yes

yes*
yes
yes
yes**
yes**
yes?
yes**

Hardness (firing and resource selection)
Firing temperature (firing)

yes
yes
no

Core pattern

yes

*different only in late
^different in Wiyo B/W only

** different only in transition

mineral-painted vessels thinner; increases over time
mineral-painted sherds more washes & thick slips; carbonpainted vessels more thin slips; slips increase over time
during transition only— mineral-painted ceramics more washes,
carbon-painted sherds fewer thick slips
increases over time; carbon-painted more very high luster
increases over time

later carbon-painted vessels have multiple framing lines
mineral-painted ceramics more pendant designs
carbon-painted vessels thinner; decreases over time
mineral-painted ceramics thinner; increases over time
carbon-painted rims unpainted; decrease in painted rims
mineral-painted vessels more line breaks
mineral-painted sherds more hachure; decrease over time
transitional mineral-painted ceramics more hourglass elements;
yes
later carbon-painted vessels more terrace elements
mineral-painted harder; mineral-painted only increase over time
yes
later mineral-painted vessels fired to a higher temperature
yes*
overall carbon-painted sherds less oxidized; decrease in
yes
oxidization of mineral-painted ceramics over time
? Results questionable due to sample size

Table 12.6 Results of Analysis by Model Test Implications

1.)

2.)
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3.)

4.)

Model
shift in
technology due
to informal
interaction
shift in social
identity
without
migration of
social units
large-scale
migration/
population
replacement
small-scale
migration of
social units

Low visibility
attributes (both
production &
consumption contexts)

Source material
(clay/temper)

mineral-painted and
carbon-painted
different

no change in low
visibility attributes;
mineral-painted and
carbon-painted the same

use of same material
sources for mineralpainted and carbonpainted**

evidence for local
production of
mineral-painted

may or may not be
differences between
mineral-painted &
carbon-painted

mineral-painted and
carbon-painted the
same

no change in low
visibility attributes;
mineral-painted and
carbon-painted the same

use of same material
sources for mineralpainted and carbonpainted**

evidence for local
production of
mineral-painted

may or may not be
differences between
mineral-painted &
carbon-painted

mineral-painted and
carbon-painted
different

mineral-painted and
carbon-painted different

use of different
material sources for
mineral-painted and
carbon-painted***

only non-local
production of
mineral-painted

initially different; may
change; depends on level
of interaction between
groups*

use of different
material sources for
mineral- and carbonpainted***

Portable stylistic
attributes (e.g., design
elements/motifs)

Other High
Visibility
Decorative Style

may or may not be
differences between
mineral-painted &
carbon-painted

may or may not be
differences between
mineral-painted &
carbon-painted

initially different;
may change
depending on level
of interaction
between groups*

*if groups became integrated over time, there could be increasing homogeneity in these attributes
**a shift in clay and temper sources could result from change to organic paint;
***however, similarity between types could result from a lack of diversity in available clay and temper sources
highlighted text indicate expectations met

local production
of Coalition
period Mineralpainted

evidence for local
production of
mineral-painted

visibility and high visibility decorative style. Model 2, the social alliance model, is not a
good fit with the data because there appears to have been overall continuity of external
social ties. Also, based on differences in attributes reflective of social learning contexts,
different people were producing the mineral- and carbon-painted pots. Because
production of local mineral-painted ceramics continued throughout the Coalition, model
4, the large-scale migration model is also rejected. Therefore, model 3, the small-scale
migration model provides the best fit with the data. The only test implication that was
not met for this model was differential resource use between mineral- and carbon-painted
ceramics. However, compositional analysis suggests a lack of distinguishable diversity
in available clay sources. In addition, migrants probably used the same temper (sherd) as
indigenous groups prior to migration.
Nonetheless, the lack of more detailed information regarding production
locations, accompanied by a lack of contextual control due to extensive site re-use and
remodeling makes it difficult to characterize the scale of migration. For example, the
earliest carbon-painted pottery found at late Developmental sites represents a minor
fraction of the vessels from these sites (see Table 5.3). Could there have been a small
enclave of migrants who produced these vessels that were then traded around the
Albuquerque area? Alternatively, were these vessels produced by a few women who
married into sites across the Albuquerque area? Or did individual families migrate into
sites across the area capitalizing on existing social ties (as indicated by high level of
imports), and maintain their pottery traditions?
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Depending on how migration is defined, all of the above scenarios can be
interpreted as migration. If Ortman and Cameron’s definition (which includes movement
of individuals) is adopted, the results appear to provide definitive evidence of migration
(Ortman and Cameron 2011, also see Neuzil 2008). However, if Clark’s (2001)
definition, which only considers movement of social groups, is maintained, then certainty
of migration is less clear. Nevertheless, semantics aside, the results provide fairly
definitive evidence that carbon-painted pottery was produced by different potters using
technology that was learned and not copied, and, therefore reflects movement of potters
into the area. Because refiring data and chemical compositional analysis suggest that
these migrants came from the south or west, rather than the Santa Fe District to the north,
the appearance of carbon-paint technology does not appear to result from realignment of
social ties from the south to the north, but rather a continuation of existing ties with the
Rio Puerco region. The middle Rio Puerco Valley appears to have been home to
communities of Mesa Verde migrants who were interacting with local Rio Puerco
populations (Roney 1995). Based on the level of vessels apparently imported from the
Rio Puerco Valley, it seems likely that carbon paint technology was derived through
migrants via existing regional social networks.

Social Consequences of Migration
One outgrowth of the renewed interest in migration is an attempt to understand
the social processes that occur after new groups migrate into an area (e.g., Neuzil 2008;
Stone and Lipe 2011). Neuzil (2008) argues convincingly that understanding social
aspects of prehistoric migration has important implications for this very relevant
contemporary issue. Some of the questions that have been raised regarding prehistoric
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migrations include: Did the migrants integrate or resist integration into existing groups?
Were the newcomers accepted by existing people, or were there hostilities between them?
How were the social identities of both the migrants and existing populations renegotiated?
The summary of results presented in Table 12.5 suggests decreasing social
differentiation between indigenous and migrant potters—there are slightly fewer
differences in later assemblages than earlier transitional assemblages. In addition, it is
clear that carbon paint became the dominant technology over time, suggesting that most
native potters adopted carbon paint technology. These data portray a picture of
integration of migrant and indigenous groups.
It is possible that later mineral-painted vessels were a product of social resistance,
in which some groups of potters clung to traditional identities. However, more highly
visible attributes that may have signaled identity, such as rim treatment, did become more
similar over time. Therefore, it seems more likely continuity of production of mineralpainted pottery reflected technological conservatism among some potters. The
technological attributes that differed between later mineral- and carbon-painted ceramics
are primarily related to firing (e.g., hardness, firing temperature, and core pattern), as
well as intensity of polish on decorated surfaces, and the presence of thick slips. In
addition, structural differences in design, including wider upper framing lines and
continuation of pendant design, are suggestive of differences in learned practice between
the two potting traditions.
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This type of pattern may reflect age-based differential adoption of change (Graves
1985). Nonetheless, this result highlights an important point regarding the interpretation
of chronological trends—to the extent that chronological differences are not purely the
product of depositional and post-depositional processes, the bell-shaped curves of
chronological seriation represent significant social behavior that should not be
overlooked.
Like many other areas of the Rio Grande, there is no evidence for site-unit
intrusions of northern migrants. Although limited in nature, architectural and other data
suggest that migrants were seamlessly absorbed into local populations. This may be due
to the duration and pace of migration, as well as the small size of the migrating groups.
As suggested by Ortman and Cameron (2011), a low frequency of small groups of
migrants over a long period of time would be less visible than migration of a large group
over a shorter period of time.
In any case, regardless of how migration occurred, the question remains why
carbon-paint technology eventually prevailed in the area, while production of mineralpainted pottery declined and eventually ceased. Ceramic technology is the one arena (or
one fairly visible aspect of material culture) where practices of migrants were
recognizable and even became dominant. As demonstrated here, the fact that the changes
are not only technological argues against a purely techno-functional cause behind the
shift. Given the immigration of a relatively small population of potters who utilized a
carbon-paint technology, it seems more likely that the pattern would have been the
reverse. Albuquerque’s position in an area of cultural diversity may be a factor in this
change.
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Albuquerque the Frontier? Placing Albuquerque within a Regional Context
Frontiers constitute “the edges of contact and change between cultures” (Rice
1998). “Removed from the strictures of central places,” frontiers allow for” the creation
and recreation of social identity” (Herr 2001:12; Laumbach n.d.). As discussed in
Chapter 3, this type of social context is where otherwise invariant social identities (such
as ethnicity) may be expected to be renegotiated and redefined.
According to Ortman and Cameron (2011), a frontier is defined by the movement
of new groups into unoccupied areas. Using this definition, data are insufficient to
determine if Albuquerque was a frontier during the late Developmental and Coalition
periods. I would argue that there is evidence for continuous occupation throughout this
time period (also see Franklin and Murrell 2010). Cordell (1979) notes evidence for
continuous occupation from the Archaic through the early Developmental, giving even
deeper roots to occupation. However, it remains unclear if there could have been pockets
of unoccupied space that would have allowed for some colonization by outside groups.
Regardless, it does seem indisputable that the Albuquerque District constituted a
cultural borderland. The area is situated along a cultural boundary that has been endowed
with great import by archaeologists; Interstate 40, which dissects the Albuquerque
metropolitan area, has been described as the boundary for Anasazi and Mogollon groups
(Eidenbach 1982). Early Developmental sites in the area appear to show stronger affinity
to northern groups, but a few sites yielded evidence for Mogollon occupations, and
ceramics from nearly all of them demonstrate interaction with southern groups. Ceramics
from late Developmental occupations appear to exhibit the reverse patterning, with much
stronger ties to the south and west. Previous interpretations suggested that this pattern
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was reversed again during the Coalition period with the adoption of carbon-painted
technology associated with northern groups. However, this study contradicts that
interpretation with evidence for continuity of social ties. Pit house architecture through
all these periods remains relatively consistent and can be best characterized as generally
reflecting Rio Grande architectural patterns (Lakatos 2006). However, the presence of
occasional jacal-walled pit structures throughout the Albuquerque District from the early
Developmental through Coalition periods appears to be unique to the area. In addition,
the area is characterized by very late use of pit houses—into the late 13th century, as well
as settlement mobility, and site re-occupation.
Based on available data, I would argue that Albuquerque had a lengthy in situ
occupation that was continuous, although populations were quite mobile. Frequent
small-scale migration was also probably likely, particularly from the Rio Puerco area.
However, I would agree with an argument made by Franklin and Murrell (2010) that the
ancient inhabitants of Albuquerque should not be characterized as simply passive
consumers of the products and cultural traditions of surrounding regions. Nevertheless,
being situated along a boundary, or a “cultural” frontier, it is likely that ceramic
production was characterized by more open social learning networks (Crown 2001,
2007b; Wallaert 2008; Wallaert-Pêtre 2001). This was also the conclusion reached by
Habicht-Mauche (2011) based on analysis of later white ware ceramics from Tijeras
Pueblo. The results of this study correspond with her conclusions and may be why
Albuquerque District ceramics do not fit well into established typologies. These data are
also consistent with theoretical expectations for boundaries, where identities are more
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frequently renegotiated. This social flexibility may have been part of a long-term
adaptive framework for Albuquerque populations.

Significance: Implications of the Research
This research has important implications for local and regional archaeology, as
well as for themes of wide-ranging methodological and theoretical significance in
archaeology and anthropology. There had been little synthetic work on late
Developmental and Coalition occupations in the Albuquerque District; nearly all of the
archaeological investigations of sites dating to this important time period were completed
as the result of compliance with historic preservation laws. Therefore, due to the
practical and legal limitations of this type of work, analysis had previously been generally
confined to individual projects (c.f., Akins 1987; Anschuetz 1987).
In addition, previous ceramic analyses utilized diverse typologies and employed
different criteria for identifying types, making comparison of existing data sets difficult.
Several researchers noted difficulty in assigning white ware ceramics of the late
Developmental and Coalition periods to discrete types, noting overlap between type
attributes, as well as variation along a continuum between types (Oakes 1979; Wiseman
1980). This research, along with other more recent work (Habicht-Mauche 2011),
confirms these issues.

Directions for Future Research
This project just scratches the surface of what could be learned about the late
Developmental and Coalition occupation of Albuquerque. Current research designed to
identify novice potters may yield information on variation in social learning contexts
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within the region. The next steps will be to increase the sample size and expand the
geographic scope of the samples wherever possible. This is particularly needed for the
petrographic data, which in addition to requiring a larger sample size, would benefit from
modified methodology more specifically geared toward examining possible quantitative
differences in aplastic inclusions. These differences may possibly be tied to spatial
differences noted in the geology of the Albuquerque Basin (Derrick and Connell 2001).
Another critical piece of the puzzle that is still missing is detailed compositional
and technological analysis of the utility ware. Because utility ceramics were most likely
manufactured by most communities and because they were not traded as widely (Duff
2002), determining location of production for utility vessels provides important data on
several issues. For example, if white ware and utility ware were manufactured from the
same clay this would provide an additional line of evidence for local production of white
ware. In addition, exchange of utility ware generally reflects close social and kin ties
(Duff 2002) and thus, may provide data on different interaction networks than indicated
by the exchange of decorated white ware. Given the differences in temper between most
of the utility ware and the decorated white ware, chemical analyses should utilize a nonbulk technique that targets clay composition. This research should include a sub-sample
of the white ware analyzed for this project in order to tie the results back into this
research.
Another important avenue for future research includes a comparative analysis of
INAA data from this project with INAA data from both recently completed and ongoing
compositional analyses, including Tijeras Canyon in the Albuquerque area, as well the
Rio Salado and Cañada del Alamosa areas to south and the Santa Fe area to the north.
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Broader Contributions
Moving beyond Albuquerque and the American Southwest, this research is
broadly significant because it builds on existing models of the relationship between
material culture and identity to more fully consider the visibility of an attribute in the
context(s) of its production. Previous studies have focused largely on attribute visibility
in the consumption or use of a ceramic vessel, while visibility of production processes
has largely been overlooked. Ethnoarchaeological work supports the idea that production
processes that are more public are more likely to change as a result of changing social
identity (Gosselain 1998). Production contexts would have provided important
opportunities for expressing social identity to the local community, as well as reinforcing
a feeling of social affinity within and between potters themselves. The research has
broader implications for anthropology because understanding how individuals use
material culture to create, reinforce, or change their identity in relation to others is critical
to understanding social behavior.
In addition, this project underscores methodological issues that have significant
implications for using ceramics to study social learning and identity. First, it
demonstrates the importance of studying the “chaîne de opératoire” —the entire
manufacturing sequence—in order to better understand and consider interrelationships
between technological variables. Second, this research exposes the drawbacks of a
typological approach; when studying issues of social learning, copying, and interaction,
ceramics that do not fit neatly into typological boxes may be the most important piece of
the puzzle. Third, this study demonstrates the promise of non-compositional
petrographic data (e.g., data on grain size and shape) for examining temper processing;
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the results of this study suggest that this methodology warrants additional exploration.
All of these methodological issues have implications beyond regional archaeology.
This research also provides an effective counterpoint to oversimplified
approaches to interpreting variation in ceramics. For example, studies should look
beyond simple measures of visibility that only focus on the size of the final product
attribute. In addition, the dichotomization of technological versus decorative style as
reflections of passive versus active social behaviors is clearly overgeneralized. Table
12.7 summarizes the wide variety of factors that should be considered in evaluating
variation in ceramic technological and decorative style in terms of social learning
contexts.
The most immediately tangible contribution of this project is building a data base
that will provide a greatly improved foundation for future investigation of the
organization and location of ceramic production in the Albuquerque District. Previous
compositional research for this time period had been largely limited to microscopic
analyses and some refiring studies (e.g., Franklin and Murrell 2010; Larson 2008; Larson
et al. 1998; McKenna and Larson 2005). Only a handful of petrographic samples had
been previously analyzed for all ceramic types of the late Developmental and Coalition
periods (Hill 1994); no chemical analyses had been undertaken. This paucity of data on
both the location and organization of production has limited meaningful interpretation of
this time period in Albuquerque. In addition, at a more basic level, the discussion has
been hindered by a lack of explicit theory driving data collection and interpretation. This
project fills these voids in both data and theory and provides a more informed foundation
for future research.
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Table 12.7 Factors in Social Learning and Ceramic Variation
(1) Patterns resulting from motor routines are less likely to change without
social pressure or resource changes/restrictions than other practices
(Gosselain 1998; Minar and Crown 2001).
(2) The greater the difference in knowledge or skill (in whatever way is
relevant), the greater the chance that learning would have occurred (Lave
and Wenger 1991). This means that the initial learning context will
generally shape practice more than subsequent learning. Re-socialization
is an exception to this rule.
(3) In terms of evaluating social learning, the visibility of a process in the
production context is as important as the visibility of final product
attributes. Both aspects of attribute visibility should be considered. In
addition, visibility is a complex attribute that should incorporate numerous
physical aspects, as well as learned cognitive perception (see Carr
1995:186).
(4) The transmission process must be considered. In other words, how easily
can something be learned or copied? Is it important to witness the process
(process-oriented learning) or can an attribute be copied from a final
product (final-product-learning) without error (van Hoose 2000)?
(5) Practices that are completed in a group context are more likely to change
after initial learning (Gosselain 1998). Is the stage of production being
examined more likely to be completed in a group context (e.g., firing,
resource procurement, and possibly resource processing) versus
production steps that are more likely to be completed by an individual
(e.g., forming and finishing, including slipping, polishing, decoration)?
Although it is possible that different stages are done by different
individuals, it is less likely that completion of individual tasks was
segmented (although see Crown 2007a).
(6) To what extent could an attribute have been affected by resource
availability or limitations (access to fuel, clay, paint, temper etc.)?
(7) Are there possible inter-relationships between variables? The focus here
was primarily on technological relationships, but this could extend to
decorative attributes (e.g., the relationship between structure and the use
of design elements/motifs).
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Just as Albuquerque has often been considered to be on the cultural margins, the
Developmental and Coalition period occupations have generally been relegated to
marginality in research. Therefore, the most important contribution of this research
would be to stimulate more work on this interesting and important period of
Albuquerque’s past.
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