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Abstract

Astronomical analysis of 10" to 12" century A.D. cultural evidence at Chaco Canyon
New Mexico began in the 1970s. Published work includes a variety of proposals
including horizon calendars, solar calendrical constructs in architecture, cardinal
North-South and/or East-West (NS/EW) alignments of architecture and roads,
building alignments to lunar standstills or June solstice sunrise, wall alignments to
equinox sunrise or sunset, and the positioning of structures at observation points for
horizon calendrical stations. Within the published archaeoastronomy work attention to
Pueblo ethnography, archaeological evidence including temporal data, statistical
significance, and the consideration of multiple hypotheses has varied widely. The
sample of Chacoan Great Houses assessed for astronomical associations was
unchanged from the mid 1990s to 2007.

There is active debate among archaeologists regarding the relative
importance of political, ritual, and economic factors in the Chacoan regional system.
Past archaeoastronomy work has had limited influence on such debate. Nonetheless,
there is general acceptance among archaeologists of the idea that visual astronomy
had a role in Chacoan culture, if for no other reason than to provide a calendrical

system.

This research expands on previous samples of Chacoan Great Houses to
include all those identified within “downtown Chaco,” as well as a small sample of
“halo” and “outlier” Great Houses. The field work, conducted under National Park
Service and Bureau of Land Management permits, included compass survey,
theodolite survey, and photography at a total of 28 sites. Survey results were
assessed in the context of positional astronomy, Pueblo ethnography, and the

archaeological record including published construction dates for the sites.

I found no convincing evidence for previously proposed architectural
alignments to lunar standstills, June solstice sunrises, or equinox events. | have
found that a majority of the studied Chacoan structures to conform to one or more of

four architectural traditions that have astronomical associations. These include front-
Xi



facing south-southeast (SSE) orientation, front facing east-southeast (ESE)
orientation, alignments to the cardinal directions of North-South and/or East-West
(NS/EW), and the construction of Great Houses at workable calendrical stations with
horizon foresights for solstice dates. Multiple Great Houses exhibit two of these
traditions in combination. A single case is identified that may incorporate three of the
traditions. The “halo” Great House at Bis sa’ani includes a cardinal North-South and
East-West (“NS/EW”) structure, a possible SSE-facing room block, and a June

solstice sunrise horizon foresight.

Building upon Hayes’ and Lekson’s assessments of orientations, temporal
analysis of these four traditions may improve our understanding of shifting patterns of
multi-cultural collaboration and dominance among ancestral Pueblo groups. A
majority of the Great Houses built before A.D. 1000 are front-facing to the SSE. The
SSE orientation tradition continued during the peak of Bonito Phase construction
activity (A.D. 1020-1100). Most of the putative lunar standstill and June solstice
sunrise alignments comprise a subset of this SSE facing group. During the same
period, the first cardinal NS and EW architectural alignments were also completed.
Four ESE facing Great Houses were constructed within and in proximity to Chaco
between A.D. 860 and A.D. 1090. This third orientation tradition may represent some
form of cultural affiliation with contemporary Rio Grande Valley people based upon
comparison to previous orientation studies conducted by Lakatos, or it may perhaps

represent an alternative cosmological intent.

The “new” Great Houses built during the Late Bonito phase at Chaco after
A.D. 1100 are all either involved in inter-site cardinal NS alignments, or positioned at
or in proximity to observing locations that can function as solstice calendrical stations.

Workable solstice horizon calendars are now confirmed at Casa Chiquita, Kin Kletso,

2538/2539. A potential calendrical station located in the vicinity of Pefiasco Blanco’s
McEImo ruin is yet to be confirmed. The Late Bonito “calendrical” Great Houses may
have been intended as pilgrimage destinations where people could witness a

dramatic solstice sunrise or sunset. During the same time period, SSE orientation
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was dominant in the Totah region to the north at sites including Aztec and Chimney
Rock.

The astronomical evidence presented supports the idea that people with at
least three distinct cosmological intents collaborated at Chaco; it also supports Van
Dyke’s hypothesis that Late Bonito phase construction at Chaco represented an
attempt by a weakened ritual elite to reinvigorate their legitimacy and power. The
consistency of cosmological and solstitial references among Late Bonito Phase Great
Houses at Chaco indicates that the Late Bonito Chacoan elite’s power may have
rested in part on esoteric astronomical knowledge, and an elevated cultural status for

solar events.
Under the terms of a U.S. National Park Service field research permit some location-

specific site data has been deliberately redacted from this document, as required by

the U.S. Archaeological Resources Protection Act of 1979.
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1 INTRODUCTION

Beginning in the 1970s, evidence has emerged that the 10" to 12" century A.D.
builders of large-scale masonry buildings at Chaco Canyon New Mexico (Figure 1),
or “Chacoans,” were keen observers of the sky who expressed cosmological
references in their architecture. The evidence includes well-documented intra- and
inter-building alignments to the cardinal directions (North-South or “NS” and East-
West or “EW”), as well as identification of calendrical stations that may have been
used by sun watchers (see e.g. Hayes, 1981; Lipe, 2006; Malville, 2008; Reyman,
1976; Sofaer et al., 1989; Williamson, 1977, 1984; Williamson et al., 1975; Zeilik,
1986a). (Note: Historically, the ancestral Pueblo people who built these structures
have been referred to as “Anasazi” by most archaeologists. Because that Navajo (or
“‘Diné”) term is viewed as pejorative by many modern Pueblo people, the term
“Chacoans” will be applied in this work in reference to the 9" — early 12" Century A.D.

people of Chaco.)

Visual astronomy provides a physical model that supports development of
cultural cosmologies that may underpin symbolic associations in ritual and religious
contexts (see e.g., VanPool et al., 2006: 4-7). The first well-defined model for
cosmological linkage to design at varying scales at Chaco was proposed by Fritz
(1978, 1987). He proposed that “symbolic resonance” is reflected in repetition of
cosmologically linked features on multiple scales. These are based on the importance
of the NS/EW cardinal directions and on reflective symmetry across NS lines on
multiple scales in Chacoan architecture. For example, at the site level the accurate
NS axes in the building designs of Pueblo Bonito and Casa Rinconada, and at the
inter-site level in the NS inter-building alignment line between Tsin Kletsin and Pueblo
Alto. Similarly, Fowler and Stein’s (1992) discussion of Great Houses as a “sacred
technology” in the context of the outlier at Manuelito Canyon is underpinned by their
interpretation that Chacoan architecture operates on varied scales of design in a

“nested pattern” to manifest symbolic cosmological meaning.
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Figure 1. Geographic context
(Adapted from Kantner, 2006a) This map provides insight into the extent of the
Chacoan regional system. All fieldwork surveys conducted during this study were in

the immediate vicinity of Chaco Canyon, marked by the green ellipse in the figure.

Sofaer (1997) extended Fritz's concepts to propose that a systematic multi-
generational inter-site cosmologic plan is evident at Chaco, principally based on
solstitial and lunar standstill alignments within and between structures. Most of her
proposals remain highly controversial among archaeoastronomers. Also controversial
is the expansion of Fritzs model to encompass sites across the southwest and
northern Mexico under the “Chaco Meridian” model proposed by Lekson (1999).



Hayes (1981) first identified a recurring bimodal pattern of cardinal NS and
Southeast orientations among Chacoan architecture. Lipe (2006: 264-265) discusses
north-south and northwest-southeast axes of symmetry operating on habitation, multi-
room block, and village scales between A.D. 700 and 1300; another example of multi-
scale design linkage with cosmology and directions. He suggested that these
references likely represent common symbolic intent, and noted that they were

distinctive in comparison to ancestral Pueblo patterns in other areas and later times.

It is especially notable that extraordinary archaeoastronomy claims such as
Sofaer's (1997) lunar standstill hypothesis were created with limited reference to
generally accepted timelines for construction at Chaco, without ethnographic support,
and without reference to basic statistical testing. Similarly, published studies of
calendrical stations vary in their standards of evidence, and in the quality of published

interpretation.

1.1 Outline of the Thesis Topic

This thesis, entitled “The Astronomical Context of the Archaeology and Architecture of
the Chacoan Culture” is intended to provide an interdisciplinary analysis of the
astronomy of the people who built large scale masonry architecture at Chaco Canyon

New Mexico from the 10" to 12" centuries A.D.

“Astronomical Context” refers to indicators in the material cultural evidence of
visual astronomy tools and techniques relating to calendrical practices, the
cosmological belief system of the builders, and astronomical techniques applicable to

construction survey and navigation.

“Archaeology” refers specifically to the study of material culture at Chaco
Canyon, as well as analysis and interpretation intended to provide cultural insight for

the Chacoans.



“Architecture” refers generally to the remains of buildings at Chaco, and
especially the massed masonry structures known as “Great Houses” that have been
variously interpreted as uniquely large communal residences, “palaces” for political

leaders, storage structures, or monumental architecture more generally.

“Chacoan Culture” refers to the system of knowledge, beliefs, and customs of
the people who built at Chaco in the 9" to 12" centuries A.D., generally accepted to

have been ancestors of some modern Pueblo people.

Fresh field surveys of Great House orientations and potential calendrical
station horizons, as well as systematic analysis of astronomical features among
structures may enhance our understanding of cultural variation during the Chacoan
period. There is significant opportunity to improve the available base of
archaeoastronomy data for Chaco, and enhance understanding of the role that

astronomy played in Chacoan culture.

1.2 Justification and Relevance

While individual published archaeoastronomy findings are debatable, based on
overwhelming physical evidence and ethnographic data it has been well
demonstrated that the Chacoans did embed cosmological references in their
architecture. Notwithstanding, the published work is inconsistent and incomplete.
Standards of past archaeoastronomy fieldwork varied widely, and for a significant
percentage of published work original source data is not available in archives.
Further, the degree to which past archaeoastronomy work was reasonably integrated
with Chacoan archaeology and Pueblo ethnography also varies. Since the “heyday”
of archaeoastronomy at Chaco during the 1970s and 1980s, significant strides have
been made in Chacoan archaeology, especially in dating structures and developing
an integrated view of the vast archaeological record (see e.g., CRA, 2011; Kantner,
2006a; Kantner and Kintigh, 2006; Lekson, 2006, 2007, 2009; Mathien, 2005; Neitzel,
2003; Van Dyke, 2007a; Windes et al., 1996). An integrated analysis of astronomical



evidence conducted with reference to current archaeology offers the potential to

improve our understanding of prehistoric cultural developments at Chaco.

1.3 Research Methodology

This is an interdisciplinary study, and as such it is depends upon multidisciplinary
literature review. Literature review was conducted pertinent to the archaeology of
Chaco Canyon, and the ethnographic record relating to the astronomical and
cosmological beliefs and practices of the Pueblo people who are the most likely

descendants of the Chacoans, as well as for the published archaeoastronomy.

Field surveys were conducted at the principal Great Houses at Chaco
Canyon, as well as at selected small house, shrine, “halo,” and “outlier” Great House
sites under the terms of National Park Service and Bureau of Land Management
research permits. Preliminary field surveys were conducted using compass and
clinometer. Theodolite surveys were applied to obtain data that could constrain
building orientations, test possible astronomical alignments with architecture, and
identify workable horizon calendar foresights. Survey results were analyzed in the
context of positional visual astronomy using the United States Naval Observatory’s

MICA ephemerides.

Upon confirmation of repetitive patterns of building orientation at Chaco, and
in light of a limited number of ethnographic reports that link ceremonial “staffs” or
“sticks” with Pueblo migration traditions, dimensional analysis was conducted of
“ceremonial sticks” to test their potential application as survey instruments. These
were recovered from Pueblo Bonito, and are curated at the Smithsonian Institution

and the American Museum of Natural History.



1.4 Thesis Structure

The following chapters provide an overview of the rich archaeological record left by
the people who constructed large scale architecture at Chaco, and explore the ways

in which visual astronomy may have played a role in their culture.

Chapter 2: The People of Chaco presents an overview of the discovery and
study of the archaeological evidence at Chaco, and defines some additional key

terms.

Chapter 3: Archaeological Overview provides a review of the published

archaeology, with a focus on temporal patterns in the material cultural evidence.

Chapter 4: The Ethnographic Record — Pueblo Astronomy discusses
documented astronomically-related beliefs and practices among historic-period
Pueblo People. In addition, the chapter includes a brief discussion of the limitations of
the reporting, and introduces the approach used to apply astronomical ethnographic

reports to the analysis of Chacoan cultural remains.

Chapter 5: Chaco Archaeoastronomy Prior to 2007 reviews the record of
published studies conducted at Chaco in the past. This is intended as a near-

complete review, and includes comparison and critique of the literature.

Chapter 6: Methods provides a detailed discussion of the field methods, data
reduction techniques, and interpretive approach applied in this study. This chapter
includes discussion of compass and clinometer surveys, field survey using the
theodolite, data reduction techniques for surveys, the approach used to obtain
confirmation photographs of solar events, and a discussion on how ethnographic data

was applied to support interpretation.

Chapter 7: Presentation of Data includes site-by-site data collected. The

central findings presented are previously unknown workable calendrical stations, and
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their consistent association with monumental architecture built during the Late Bonito
phase from A.D. 1100-1140. In addition, the chapter discusses the methods applied

to obtain dimensional data for “ceremonial sticks” recovered from Pueblo B