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Abstract: After a review of geometric design types found in Chaco Canyon kivas, a
rather remarkable coincidence between design and astronomy is discussed. Classical,
or sacred, geometry can construct the perfect hexagon fromthe radius of a circle. A six-
fold division is common among the smaller ,, clan” kivas. The 60-degree central angle
of the hexagon mirrors the 60-degree azimuth of the Winter and Summer Solstices in
Chaco Canyon. The ramifications of these two facts play themselves out in the dynamic
symmetry of the great kiva of Chetro Ketl.

1. INTRODUCTION

Walking among the ruins or gazing at photographs of the pueblos in Chaco Canyon,
New Mexico, you will notice the interplay of squares and circles. Squares, rectangles,
and asymmetric quadrilaterals play themselves out in the rooms and room blocks.
Circles are reserved for kivas, both great and clan kivas (Figure 1). It is a striking,
obvious and repetitive opposition practiced throughout the Anasazi Southwest from
about 600-1300 AD.

What was the nature of this represented opposition? Was it even regarded as an
opposition by the Anasazi? Could it represent a sequence like circle is first, square is
second, or vice-versa? If opposition was the meaning, did squares and circles represent
secular and sacred, respectively? Earth and Spirit? Were these held in a gnostic kind of
opposition whereby the two were regarded as irresolvable as oil and water? Or was it an
opposition that could be, indeed, needed to be resolved -- hence more of a Taoist (i.e.,
yin-yang) approach to existence?
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Figure 1: Chaco Canyon’s Pueblo Bonito and Pueblo del Arroyo

Among archaeologists, artists, and anyone who has ever thought about these buildings,
kivas have been routinely attributed sacred, ceremonia status, while the quad shapes
(roomblocks, material storage areas) signify economic and everyday living kinds of
activities. These strict attributions have been seriously questioned since , everyday”
activities may have transpired in some of the smaller ,clan” kivas (see Lekson Refs).

One thing we are all pretty sure of however: the great kivas were ceremonial, religious
structures (Figure 2 a-C).
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Figure 2: Chaco Canyon Kivas

Meaning is a tricky thing for archaeologists since we have no one to talk to, and the
native inheritors of the Anasazi territory may have their own ideas. There is no way to
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be sure. As an archaeologist, there was a heed to get closer than the cultural relativity of
symbolic representations. Instead of meaning, | chose to examine commonalities of
structures. What was the structural nature of the circle-square opposition?

2. BACKGROUND

Interest in the architectural nature of the Anasazi ruins of Chaco Canyon and other
Puebloan settlements has continued for decades, with most investigators limiting
themselves to discussions on materials used and the structures themselves (Doyel 1992;
Fowler and Stein 1992; Hudson 1972; Lekson 1984; McKennaand Truell 1986; Stein et
al 1996; Reid and Stein 1998; Stein et a 1996; Williamson 1983). With respect to
design, two leading scholars on Chacoan architecture, John Stein and Steve Lekson,
share a concern for recovering the general meaning of the built-form phenomena found
in the canyon. “What are the basic parts of the architectural composition and what are
the critical issues that organize them?’ (Stein and Lekson 1992, p. 91)

If we are ever to understand Chaco, we must first endeavor to
understand the set of “rules’ (syntax) that structure the basic
architectural vocabulary of the Anasazi-built environment. This is
design. A dictionary definition of design is ‘the arrangement of parts
of something according to a plan.” In contemporary architectural
design, building morphology (the design solution) is a mosaic of
issues synthesized into the whole (Ibid: 94).

They argue for architectural specialists charged with designing, supervising and
sponsoring the efforts. “‘Image’ is a critical function of ritual architecture, and is
attained through special techniques that collectively compose a ‘sacred technology’.”
(Ibid) What this “sacred technology” is, however, remains undefined. Lekson (1988,
1989) even questions the ceremonial role of the smaller clan kivas given the evidence in
some that they may have been used for dwellings. With respect to the great kivas,

however, thereis virtual unanimity regarding their probably sacred functions.

Geometric motifs, designs, architectural styles are rife throughout the Native America,
and in the United States, the Southwest seems to have been absolutely obsessed by
them. Abstract geometric designs, generally a variation of one of the regular polygons,
are everywhere: scratched into cliffs, woven into textiles, painted on ceramics. Attempts
to understand the importance of geometry in the surviving cultures of Native Americans
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has been limited to a few works (Paternosto 1997; Pinxten 1983, 1987). None describe
the knowledge system used to produce the designs.

Was there a common geometry to all cultures? Or, was this a tradition of each culture,
unconnected to those across the river, across the country? How did these abstract forms
come to aftract so much attention? To deal with these questions effectively, an
objective, scientific model and method would be required. Both were found in the
spatial paradigm of ancient geometry (Kappraff 1991, Nicholsen et a), aso referred to
as classical (Smith 1951) and sacred geometry (Lawlor 1995). Design styles in a
workbook form is available in Seymour (1988).

3. ANCIENT GEOMETRY: A DESIGN STANDARD

Rik Pinxten (1983, 1987) provides the sole ethnographic work that examines this kind
of knowledge among a non-Pueblo culture, the Navajo. The Navajo have hexagonal and
octagonal homes called hogans. This kind of geometry could come in handy when
laying down the logs. Still, there is a tendency for the Navajo and other southwestern
tribes to not talk about it much. Therefore, adopting a methodological framework based
on the principles of ancient geometry for investigating Chaco kivas seemed like afairly
objective way to go (Hardaker 1998a, 1998b, 2001). Marshall (1987) applied similar
priniciples to the Hopewell and Adena moundbuilders in the eastern United States.
Closs' Native American Mathematics (1986) included interesting information, but did
not discuss ancient geometry as aworking system.

Ancient Geometry can be defined as a brand of geometry that begins from scratch.
These operations are united by a simple, largely self-evident syntax, or rules of
operation (Figure 3). Nicholsen, et al (1998) provides an excellent introduction and
discussion of the taxonomic limitations of this connect-the-dot framework, as do
Blackwell (1984) and El Said and Parman (1976) in their introductory chapters.
Seymour (1988) is an excellent primer for geometrical designs using ancient principles.

Two points (g, b) represent the beginning of Nature's geometry. The distance between
can be of any length. The two points means they can funtion as a line segment, and
determine the direction (orientation) of a line of indefinite length. Two points also
specify the radius of a circle. Each point can serve as a center of two circles sharing the
same radius.
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Given: Two Points a b
. .
RULE 1.
a) Any two points are a line segment.
b) The segment can extend indefinitely in either direction.

a b a b

b El.
h @
RULE 4

All subsequent points are generated by intersections of the
trajectories of elements (lines, arcs, circles) that are ultimately
derived from initial points a and b.

4

RULE 2
Any line segment is a radius.

RULE 3
Every arc is a potential circle.

Figure 3: Syntax for Ancient Geometry

Drawing both circles, they intersect at two points. These points derive from the
operation of the shared radius. Each new point becomes a potential center sharing the
same radius as the initial circles. Kept up, a six-petalled design occurs within the circles
traditionally known as the Flower of Life (Figure 3, Rule 3). It is a spatial matrix.
Everything available in ancient geometry is present in this pattern and its ramifications.

The six-fold division is an embedded relation between the radius and circumference of
every circle. It may figure into why every snowflake design derives from the hexagon.
If they had taught this to me in the 4th Grade, | may have gotten interested in math.

The limitations imposed on the individual’s choices and actions insure a hon-random
unfolding of shapes and increasing number of intersections. All intersections generated
by lines or arcs are ,legal” points insofar as they are naturally occurring, that is, a
conseguence of the initial operations. The fact that these shapes play out the way they
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do means that this is a natural system. We add nothing; we can only attempt to be
precise. Ancient geometry thus qualifies as a science of space. It was never invented;
rather, it constitutes a discovery, like gravity and fire. Your keys are the compass and
ruler, or on larger scales, stakes and stretched cords.

Polygon construction is a key function of this system. Briefly, the perfect triangle,
square and pentagon are the primary constructions (Figure 4). From these basic forms
arise their truncated derivatives. From the triangle (3) arises the hexagon (6) which
gives hirth to the dodecagon (12), onto 24-gon, 48-gon, and so on. The square (4) gives
rise to the octagon (8) and then the 16-gon. The pentagon (5) provides the points for the
decagon (10), the 20-gon, and so on.

a. The Hexagon, Triangle and Dodecagon

1. The perfect hexagon. 2. Truncation:
From Triangle
to Dodecagon

12

b. Quartering A Circle: Sguare & Octagon

NFANPANZL <

uartered Circle  Inner Square  Outer Sguare Octagon

c. Pentagon and Decagon

£ b

i

Diagonals bisect the Two circles with
radius of Circle a. 1/2 the initial radius.

Truncation: the Decagon.

Figure 4: The Perfect Polygons
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4. KIVA GEOMETRY

The first clue that a form of classical geometry was at work came from the smaller
“clan” kivas (Figure 2d-f). Clan kivas are often accompanied by divisions (pilasters)
around their circumferences. Pilasters are divisions that function as beam supports, and
later fashioned into columns. Equidistant pilasters served as beam supports for the
internal cribbed (hogan-like) structure. Later, they changed into vertica columns. In
Chaco Canyon, the divisions are precisely spaced, and serve as handy devices to
relocate a kiva's center — a feature amost never represented in kiva floor features.
Circular divisions of 6, 8, and 10 mirror the hexagon, octagon and decagon. No other
division types occur in Chaco Canyon, i.e., 7,9, 11, 13.

A thousand years earlier in West Mexico (Weigand 1995, 1996), ancther civilization
built circular temple structures with four, six, eight, ten, possibly twelve divisions
around a central temple, measuring over 100 meters in diameter (Figure 5). Again the
absence of the odd numbered divisions (beyond the pentagon) seemed to suggest this
constructive tradition was also present. Further, the template given for one of the
temples reflects the square-circle opposition, with aternating circles and squares. This
is an aternation factored on the proportional constant of (2 (Lawlor 1995, pp. 23-31).
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Figure5: Circular Temple Architecture, West Mexico
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a) Guachimonton precinct, Teuchitlan, Jalisco (Weigand 1996: Figure 4). Platform
arrangements echo those of kiva pilasters on a much larger scale. The large northern
complex may have had twelve platforms prior to erosion.

b) 4-8-16: Weigand's model for circular temple complexes in West Mexico (1996:
Figure 7). A quartered circle provides points for outer square, and a radius is extended
to its corner to make the outer circle. Intersecting squares provide the points for the
eight additional sections.

The suite of floor features in great kivas also seemed to reflect an internal opposition of
square and circle. The vaults and the postholes seemed to denote square relationships.
Using the traditional device of placing the subject to be studied within a square (as in
Brunes 1967), the floor circle's outer square was superimposed on great kivas. The
ramifications of this construct are varied, yet each seems to mark out the organizational
features: the perimeter of the entire suite of features, and the designation of post holes
(Figures 6, 7). The perimeter of the floor features appears to be based on the inner
square of the floor circle. The post holes are marked out by the next lower scale of the
circle-square relation. Similar patterns are also apparent in kivas with 8 pilasters and in
decorative designs throughout the American Southwest.
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Figure 6: Alternating Squares And Circles
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Designs "a" and
"g" sUperimposed.

Figure7: Variations of Square-Circle ((2) Patterns Played out on Chetro Ketl's Floor.

5. THE HEXAGON, THE SOLSTICE AND THE KIVA

Up until this point, all great kivas have been represented along their binary axes. In
most cases, their binary axes were aligned with the cardinal axes, conforming to north-
south and east-west directions (Figure 8). The great kiva of Chetro Ketl was the
exception to this rule. Why was it not like the others?

Archaeo-astronomy, the study of ancient astronomical practices, has been a popular
topic among astronomers, architects, artists and archaeologists alike (Carlson and Judge
1983). Chaco Canyon was one of the primary regions where this multi-disciplined
pursuit has found success over the past decades. (Williamson 1983, Soffaer 1996). | was
not unfamiliar with it, but design geometry was unrelated to astronomy, or so | thought.
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Great Kiva A Great Kiva B Great Kiva
Pueblo Bonita Pueblo Bonita Rinconada
N

Great Kiva
Chetro Ketl

Figure 8: Great Kiva Cardina Orientations

Chaco Canyon’s solsticial suns rise and set along the horizon like they do along any
horizon. In the northern hemisphere, the summer solstice rises and sets north of the east-
west ling, and in the winter it sets south of this line. Depending how far north of the
equator you are standing, there is an constant angle along this horizon that specifies the
azimuth of the rising and setting suns at your location. At Chaco Canyon the azimuth is
60.4 degrees, virtually the central angle of the hexagon. Along an east-west line, the
suns rise and set 30.2 degrees north or south of that line. The setting sun takes up about
one-half degree on the horizon, making the azimuth a physical reflection of the central
angle of the hexagon (Figure 9).
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Figure 9: The Hexagon and the Chacoan Solstice

a) Planview. Oriented along a north-south axis, the hexagon's two remaining axes line
up with horizon points marking the risings and settings of summer and winter solstices.
Thisistrue for any point on the ground in the Canyon.

b) Ground View. The 60.4° Azimuth at Pueblo Bonito/Chaco Canyon and the 0.5°
diameter of the sun on the horizon makes the hexagon an effective tool for solsticial
investigations in the canyon.

While there is a very good chance the Anasazi had no concept of degrees: 1) they did
know the cardina directions, and; 2) they probably knew the hexagon given the
common 6-fold division of clan kivas found throughout the Anasazi ream and in
countless designs decorating basketry, textiles and ceramics.

Did the Anasazi make the connection with the solstices and the hexagon's central
angle?
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It is doubtful we will ever know since the Anasazi architects have all passed on. Still,
since the azimuth remains the same as when the structures were built, the hexagon
template is a practical and objective scientific tool for assessing solsticial relationships
in the Anasazi realm. To examine solsticial relationships among the Chaco Anasazi
buildings (kivas, pueblos), al one hasto do is orient the kiva along the north-south axis,
and then superimpose a hexagon along the same north-south axis. The hexagon’s
crossing axes specifies the Summer Solstice setting/rising points on the horizon and the
Winter Solstice setting/rise on the horizon.

Figure 10 shows this model applied to the entire planview, or ,footprint” of Pueblo del
Arroyo. Its binary perspective is shown in Figure 1. Here, the orientation has shifted to
align the footprint to its cardinal axis. What was once a binary axes falls along the same
axis specifying the Summer Solstice setting and the Winter Solstice rise.

SS set N SS rise
WS set 3 WS rise
N

summer

Summer ]
Solstice Solstice
Set Rise

Winter
Winter ;
Solstice DFlf.t'ce
Set ise

Figure 10: Pueblo del Arroyo and the Hexagon. The hexagon model is superimposed on “footprint” of Pueblo
del Arroyo. The footprint is oriented along cardinal lines and then superimposed by a hexagon oriented north.
A binary axis of the footprint aligns with the axis linking the Summer Solstice Set and Winter Solstice Rise
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With the exception of Chetro Ketl, the other great kivas in the Canyon were oriented
along their cardinal axes. Williamson (1983, pp. 100-103) did locate niches (or ports)
built into the walls of Rinconada’s great kiva that corresponded with the rising Summer
Solstice. These additional architectural features had no effect on the great kiva's overall
cardinal orientation.

Orienting Chetro Ketl on a north-south axis, a hexagon was superimposed with its
diameters drawn to approximate the solsticial azimuths (Figure 11). One of its binary
axes aligns with the Summer Solstice rise and Winter Solstice set axis of the hexagon
model. In Chaco Canyon, this was the only great kiva so aligned. Another great kiva so
aligned was found about a hundred miles north of the canyon at a place called Aztec
Ruins National Monument in Aztec, NM. The Aztec Ruins are the remains of a large
Anasazi settlement with a great kiva. Using the original foundations, it was
reconstructed into a walk-through example of what a great kiva might look like when it
was first built. The Aztec Ruins great kiva was aligned in exactly the same way as the
Chetro Ketl kiva. Their bilateral symmetry shares an orientation with the Summer
Solstice rise and Winter Solstice set axis.

Bilateral Axes

GREAT KIWA
CHETRHETL

WEE

GREAT EIV#
AITEC RUNS 4 M
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EER Eummer Eblaice Bunrss YWER: Winler Eoigica Bunnise
B85 Bammer Solsioe Sinesi WES Widnier Solshce Snsst

Figure 11: Solsticia Orientations for Chetro Ketl and Aztec Ruins NM (b) are shown with respect to their
bilateral and cardinal orientations. A superimposed hexagon coincides with their north-south axes. The vault
axis, abinary axis, coincides with the Winter Solstice Sunset- Summer Solstice Sunrise axis.
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6. QUESTIONS

My interest in geometry has been wholly focused on structural designs using ancient
geometry principles. Symmetry, in and of itself, is still quite unfamiliar, other than its
natural expressions embedded throughout the constructions. Something was observed
during the course of the solstice investigations that cannot yet be accounted for, a
phenomena that would appear to be related to the study of symmetry and motion.
Structural investigations are spatial investigations. Time and motion never entered into
the phenomena | was looking at until the solstice aspect was examined. The axes of the
binary and solsticial models shift in relation to the kiva' s postholes (Figure 12).

X GREAT KIVA x M
ggg CHETROKETL i

Blnary S ym et ry Solsticlal Symmetry

" il

AN | LoP)
¥

Figure 12: Binary and Solsticial Patterns of Symmetry
Thereis no solsticial shift in the other great kivas aligned with the cardinal axes.

Is this ,shift” accidental or unintentional? Was this shift unrecognized by the priest-
architects? If intentional, what could it represent? Is it a dynamic symmetry related to
the cycles of the sun? Is there a motion element involved in this transformation? Is it
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related to time and dimension? Is it a symmetry that turns up elsewhere in the Anasazi
culture area? None of these questions have yet been answered since symmetry has not
been a primary focus. It is hoped that its presentation here will bring some needed
insight to the phenomena.

Given the sophisticated nature of Anasazi science, astronomy and engineering, is it
proper to conclude they would not have noticed this shift in symmetry? Or can it be
written off as an example of archaeological Rorschach?

7. DISCUSSION

Ancient geometry was presented as an objective tool to expose or highlight architectural
features built during prehistoric times. With no history or precedent to guide these
studies, a simple though strictly scientific framework was applied to elucidate possible
design traditions that may have been used in Chaco Canyon. It is not known whether the
tradition was public knowledge or secreted within building guilds, though the latter is
probable. Personal experience in complete rejections by many Native Americans when
asked to discuss the matter seems to support the idea that such topics remain a delicate
subject.

Ancient geometry was reflected in the pilaster divisions of clan kivas. The floor features
and outer ring distances of great kivas were aso reflected in more advance design
trajectories. The geometry has provided a number of options for how the elements of the
suite of floor features may have been constructed. Further investigations may elucidate
which options were indeed used. Regardless of the form of geometry actually applied by
the Anasazi, ancient geometry would appear to be a good tool for opening up the
internal organization with the silent kivas in what was once the sacred heart of Anasazi
culture.

The unexpected revelation that Chaco Canyon had a solsticial azimuth that closely
matched the central angle of the hexagon is till being dealt with. There are many
aspects to this combination of astronomy and perfect geometry. On the other hand, since
the Anasazi are no longer around to talk to, there may be a tendency of adding my own
interpretations to something that could not be further from the truth, i.e., adding from
speculation rather than gathering from the evidence. The pursuit is still new and perhaps
as the geometry is applied by others to the same ruins or to the hundred of other
examples throughout the New World (e.g., Paternosto 1996), another dimension of the
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Native American ancestors will become clearer. The interaction between the binary
symmetry pattern and the solsticial symmetry pattern may represent such a dimensional

aspect.
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