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A Unique Solar Marking Constru 

A unique archeoastronomical site in New Mex 
marks the solstices and equinox 

Anna Sofaer, Volker Zinser, Rolf M. Sinc 

Near the top of an isolated butte in 
Chaco Canyon, New Mexico, three large 
stone slabs collimate sunlight in vertical 
patterns of light on two spiral petro- 
glyphs carved on the cliff behind them. 
The light illuminates the spirals each day 
near noon in a changing pattern through- 
out the year and marks the solstices and 
equinoxes with particular images. At 
summer solstice a narrow vertical form 

respect it is clearly diffe 
from the many archeoasi 
throughout the ancient 
Worlds that tell the pass 
by marking the rising an 
of the sun and moon (1). 

The Anasazi Indians c 
Canyon from about A.I 
(Fig. 1) In this arid and u 
gion, these early inhab 

Summary. An assembly of stone slabs on an isolated butte in Ne 
mates sunlight onto spiral petroglyphs carved on a cliff face. The light 
spirals in a changing pattern throughout the year and marks the sols 
noxes with particular images. The assembly can also be used to obs 
nomena. It is unique in archeoastronomy in utilizing the changing heigl 
sun throughout the year rather than its rising and setting points. Th 
pears to be the result of deliberate work of the Anasazi Indians, the 
great pueblos in the area. 

of light moves downward near noon 
through the center of the larger spiral. At 
equinox and winter solstice correspond- 
ing forms of light mark the spirals. We 
found that the relationship between the 
shape and orientation of the slabs and 
the resultant light patterns on the cliff is a 
complex one and required a sophisti- 
cated appreciation of astronomy and ge- 
ometry for its realization. The site is 
unique in employing the varying height 
of the midday sun during the year to pro- 
vide readings of solar declination. In this 
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dence of a skilled and hi 
society. They construc 
pueblos and large ceren 
and developed extensiv 
roads, irrigation, comm 
trade (2). The Anasazi hac 
accurate calendar for a 
ceremonial purposes. To 
termined the recurrence 
and equinoxes (3). Thi, 
knowledge was commen 
design and alignment of I 
(4, 5). The precision c 
Pueblo calendar has been 
recent study of its synchr( 
monthly lunar cycles with 
lar cycle (6). 

Fajada Butte stands pro 
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south entrance of Chaco Canyon (Fig. 
2), rising 135 meters above the valley 
floor to an elevation of 2018 meters. The 
butte is difficult to climb, and there is 
neither water nor soil on it. Yet from bot- 
tom to top are many examples of Indian 

.ct rock art carved and painted on the cliffs 
(7), the ruins of a number of small Pueblo 
buildings, and countless pottery shards. 

il~CO This concentration of remains attests to 

es. its active use by the Indians. The butte is 
a natural site for astronomical observa- 
tions, with its clear views to distant hori- 

lair zons (4). 
The last 10 m to the summit of the 

butte on the southeast face is formed by 
a vertical cliff with a narrow ledge at its 

rent in concept foot. The assembly we will describe con- 
tronomical sites sists of an unusual arrangement of three 
New and Old stone slabs 2 to 3 m in height, standing 

;age of the year on edge on this ledge and leaning against 
d setting points the cliff. The slabs are slightly off the 

vertical (Fig. 3) and fan out radially (Fig. 
)ccupied Chaco 4). They are close together, separated by 
D. 400 to 1300 only 10 centimeters at their inner edges, 
nproductive re- but do not touch. The slabs keep the cliff 
)itants left evi- face behind them in shadow except near 

midday, when the sun shines between 
them to cast patterns of light (8). 

w Mexico colli- Two spiral petroglyphs are carved 
t illuminates the ("pecked") on the cliff immediately be- 
3tices and equi- hind the slabs (Fig. 5). The larger and 
erve lunar phe- more prominent spiral is located behind 
ht of the midday the opening of slabs one and two. It has 
e construct ap- 91/2 turns and is elliptical in shape (34 by 
builders of the 41 cm). The smaller spiral (9 by 13 cm) is 

above and to the left behind the opening 
_______ between slabs two and three. It has 21/2 

turns and a loop extends out of its upper 
ighly organized right side. The spirals can be seen in 
ted multistory their entirety only from the right of slab 
nonial centers, one. From this position, the larger spiral 
'e systems of appears circular, suggesting that this was 
unication, and the intended viewpoint (Fig. 6). The 
I established an length of time the sun shines between the 
gricultural and slabs onto the spirals varies from 18 min- 
do this they de- utes near noon at summer solstice (when 
of the solstices the sun is highest in the sky) to 3 hours or 
s astronomical more at winter solstice (when the sun is 
norated in the lowest). 
major buildings Not surprisingly, moonlight generally 
)f the historic creates the same patterns on the spirals 
1 described in a as the sun, on nights when the moon is 
onization of the between first and third quarter. The peri- 
i the annual so- odic changes in these patterns reflect the 

complexity of the moon's apparent mo- 
)minently in the tion (9), and certain combinations of pat- 
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Fig. 1. Map of Chaco Canyon National Monument showing the location of the Indian ruins (circles) and Fajada Butte, and (inset) the Four 
Corners area of the Southwest United States. 

terns are associated with specific lunar 
eclipses. 

The first observations at the site were 
made on 29 June 1977 by one of us 
(A.S.), who then initiated the present 
studies and was soon joined by the other 
two authors. In what follows, we will de- 
scribe in detail our record of the patterns 
of light on the spirals during an annual 
cycle of the sun. We will show how the 
combination of the patterns and the spi- 
rals can be used to determine accurately 
the time of recurrence of the solstices 
and equinoxes. We will describe how 
geologic, archeologic, and geometric 
studies of the site have led us to con- 
clude that the assembly was constructed 
by the ancient Pueblos. Finally, we will 
speculate on how the assembly could 
have been used to study some aspects of 
the complex cycles of the moon's mo- 
tion. [Preliminary reports on this work 
have been presented at two recent con- 
ferences (10)]. 

Observations 

We made records of the patterns of 
light on the spirals at monthly intervals 
from 21 June 1978 (summer solstice) to 
21 December 1978 (winter solstice) and 
at some intervening dates. Photographs 
were taken from several fixed camera lo- 
cations at 30-second intervals each day 
as long as light shone between the slabs 
onto the cliff. Additional photographs 
were made by moonlight on a few nights. 
We measured the details of the faces and 
edges of the rock slabs and determined 
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Fig. 2. Fajada Butte from the north. The site described in this article is just out of sight on the 
southeast summit. 

'+~~~~~`"-~ 

Fig. 3. View of the site from the south. The slabs are numbered as referred to in the text, and 
their original placement on the cliff as drawn by Blair (13) is indicated. 
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just what points were casting shadows. 
From an analysis of this information and 
theodolite recordings, we made geomet- 
ric reconstructions of the phenomena. 

Solar observations. Throughout the 
solar cycle two consistent characteristics 
of the movement of the light patterns 
make possible this solar calendar. 

1) Each day the light is a vertical form 
and moves primarily in a downward ver- 
tical motion, while the sun moves essen- 
tially horizontally. 

2) As the sun's midday passage lowers 
in altitude from summer solstice to win- 
ter solstice, that downward vertical 
movement gradually takes place farther 
to the right on the cliff face. 

Summer solstice (21 and 22 June). On 
this day sunlight first shines through the 
right opening (between slabs one and 
two) at 11:05:15 a.m. local apparent time 
(II). The light first appears as a spot on 
the top edge of the outside turn of the 
larger spiral (Fig. 7a). The spot quickly 

stretches into a thin vertical form, sharp- 
ly pointed at the tip (Fig. 7b). It length- 
ens downward and descends through the 
center of the spiral. At the time halfway 
between the first and the last appearance 
of light on the cliff face, the form is cen- 
tered both horizontally and vertically on 
the spiral (Fig. 7c). Thereafter, the pat- 
tern continues to move downward (Fig. 
7d), becomes shorter (Fig. 7e), and final- 
ly disappears near the bottom of the spi- 
ral 18 minutes after its initial appearance. 

0 5 10cm 
i.-/////7/ ~ - 1- 

Fig. 4 (left). (a) Close-up of the slabs from the southwest. (b) Top view 
of the slabs. Fig. 5 (right). (a) Close-up of spirals (artificially high- 
lighted). (b) Tracing of spirals. 
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On the days after summer solstice the 
light pattern follows the same sequence 
but is displaced increasingly to the right 
of the center of the spiral. Recalling that 
the phenomenon is symmetrical about 
summer solstice, the sequence of events 
from May through July is this: the form 
of light as it descends vertically each day 
passes at first to the right of center. On 
succeeding days, it moves slightly left 
until at solstice it reaches an extremum, 
passing through the center of the spiral. 
Thereafter it moves back to the right 
each day. On 21 July or 22 May, it passes 
3.2 cm to the right of center. A shift of 2 
millimeters to the right can be detected 
by comparing photographs taken on sol- 
stice day and 25 June, and thus the time 
of summer solstice is marked within 4 
days, when the sun's declination has 
shifted only 2 minutes and 3 seconds of 
arc. 

In a related effect at summer solstice, 
sunlight reaches the cliff face through the 
left opening (between slabs two and 
three) for only 2 minutes to cast a small 
spot of light, which is not noticeable to 
the casual observer. Only a few days ear- 
lier or later, this spot becomes a clearly 
visible form and its time is longer by 1 
minute or more. The length of time that 
sunlight reaches the cliff face through the 
left opening decreases steadily as sum- 
mer solstice is approached, from more 
than 2 hours in winter to 2 minutes on 21 
June (Fig. 8). If we extrapolate linearly 
to the maximum declination of the sun in 

Fig. 6. Light patterns on the spirals from the 
viewing point to the right of slab one on a typi- 
cal day (28 October 1978, 10:35 a.m.). 

Fig. 7. Light pattern moving downward across the larger spiral near summer solstice (23 June 
1978): (a) 11:07:00 a.m., (b) 11:10:45 a.m., (c) 11:13:00 a.m., (d) 11:16:45 a.m., and (e) 11:20:45 
a.m. 

A.D. 1000 [23?34.1' (9)], we find that this 
length of time would then have been only 
1 minute. This minimum is not in itself 
surprising, since the length of time must 
vary symmetrically about solstice. But 
having the minimum time so close to ze- 
ro is curious and suggests that 1000 years 
ago it was perhaps even less. We have 
located those parts of the edges of the 
slabs that determine how long light 
shines through the left opening at sol- 
stice. A change in the position and height 
of the top surface of slab two by only 1 to 
2 mm would be enough to reduce the 
time by 1 minute. Since this change is a 
reasonable estimate of the effects of 
weathering and settling over a millen- 
nium (12), it is likely that the time during 
which light entered this opening was 
close to zero (or reached zero) at sum- 
mer solstice and thus provided a second 
precise marking of summer solstice. 

Autumn equinox (21 and 22 Septem- 
ber). After summer solstice, both the 
shape of the light patterns and the paths 
they follow change each day. The time 
that sunlight shines through the left 

opening increases, and the pattern of 

light grows gradually from a spot to a 
slender inverted triangle. This form 
starts each day closer to the smaller spi- 
ral and eventually moves down across it, 
first passing to the left of the center. 
Each day the downward path moves a 
little to the right, until at equinox the 

light form passes through the center of 
this spiral (Fig. 9b), just as the other light 
form passed through the center of the 
larger spiral 3 months earlier at summer 
solstice (Fig. 9a). After equinox, the path 
continues to move to the right. A week 
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before or after equinox, the form passes 
clearly to the left or right of the center of 
the small spiral. 

The pattern formed by sunlight shining 
through the right opening changes gradu- 
ally from the downward-moving thin ver- 
tical form observed at summer solstice 
(Fig. 7 and Fig. 9a) to a band of light 
stretching across the larger spiral (Fig. 
9b). At equinox this band, as it first 
spans the spiral, is positioned approxi- 
mately 7 cm to the right of center, be- 
tween the fourth and fifth turns-that is, 
in the midspace of the nine turns. The 
daily track of its motion is displaced 
gradually to the right on successive days. 

Winter solstice (21 and 22 December). 
Between autumn equinox and winter sol- 
stice, the pattern produced by sunlight 
through the left opening still starts each 
day as a narrow pointed shape and de- 
scends downward. During the next hour 
or two it becomes a vertical band and 
moves slowly rightward across a portion 
of the larger spiral. The track of this light 
form's motion shifts-like the light 
formed by the right opening-gradually 
rightward day by day. 

At winter solstice markings occur on 
both petroglyphs. The first involves the 
left pattern only. Shortly after its first ap- 
pearance on 21 December, while still a 
slender pointed shape, it descends 
through the bottom of the loop extending 
to the right from the smaller spiral (in a 
position 7 cm to the right of the equinox 
light form) (Fig. 5b). Then later on the 
same day both bands of light move so as 
to "frame" the larger spiral (Fig. 9c). 
This occurs when the left band reaches 
the left side of the spiral and is in the out- 
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er left groove just as the right band cross- 
es the spiral and is in the outer right 
groove. This framing of the spiral occurs 
only within 1 week of solstice. 

After winter solstice, the daily change 
of the patterns of light on the spirals re- 
peats itself in reverse order. By spring 
equinox (21 March) the patterns and 
their motion are the same as at autumn 
equinox, and by summer solstice the so- 
lar cycle is completed. 

An overview of the light patterns 
through the solar cycle reveals relation- 
ships between the markings of each sea- 
son (Fig. 9, a, b, and c). The markings of 
the winter and summer solstices each in- 
volve a significant change in the light 
forms that mark the other quarters. For 
example, at summer solstice the observ- 
er's attention is focused without dis- 
traction on the dramatic occurrence of 
the bisecting light on the larger spiral be- 
cause no light is formed by the left open- 
ing. This phenomenon is especially strik- 
ing since light shaped by the left opening 
develops soon after summer solstice into 
a distinct vertical form, which eventually 
bisects the smaller spiral at equinox. In 
another example of the seasonal inter- 
relationships of the light forms, the light 
shaped by the right opening, which acts 
significantly at summer solstice, is joined 
by the light shaped by the left opening, 
which acts significantly at equinox, to 
become the bracketing partners that 
frame the larger spiral, which is "emp- 
ty" of light at winter solstice. 

Lunar observations. The patterns 
formed at night by moonlight shining be- 
tween the slabs are just as clear and as 
noticeable as those formed by the sun, 
and we easily recorded them on several 
nights near full moons (Fig. 10). It is not 

19 OCTOBER 1979 

necessary to make a detailed record of 
these patterns for most positions of the 
moon, since at a particular point in the 
sky it will form the same light patterns on 
the spirals as the sun would at the same 
point. When the moon's declination is 
between + 23.5? and -23.5? (the solar ex- 
tremes) we can thus predict the patterns 
formed by its light by knowing those 
formed by the sun at the same declina- 
tion. But the moon's declination can 
vary outside the solar limits, up to 
? 28.5? over part of an 18.6-year cycle, 
and whenever it lies beyond the ex- 
tremes of the sun's declination we have 
no corresponding solar data. Since this 
periodic extreme in the moon's declina- 
tion will not be reached again until 1987, 
we cannot yet make direct observations 
of the patterns formed by the moon at 
such declinations. As discussed later in 
this article, extrapolations from the solar 
data suggest that a significant marking of 
the maximum lunar declination may oc- 
cur. 

3 r 

Fig. 8. Variation with 
date of the length of 
time that sunlight 
shines on the cliff face 
between (0) slabs one 
and two and (*) slabs 
two and three. 

(, 

0 
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The Stone Slabs 

The three slabs stand on the sloping 
ledge at the foot of the cliff, each con- 
tacting the cliff over only a small area 
(Fig. la). On the left of slab three is a 
supporting buttress of smaller rocks 
(Fig. 4a) and under the right edge of slab 
one is a small supporting rock. All the 
slabs and rocks of the assembly consist 
of the same soft sandstone as the cliff it- 
self. The slabs are roughly rectangular (2 
to 3 m high, 0.7 to 1 m wide, and 20 to 50 
cm thick) and weigh about 2000 kilo- 
grams each. The outer surfaces and tops 
are rounded and weathered, the inner 
surfaces smooth and gently curved with 
sharp edges (Fig. 1 lb). By comparing the 
matching details on the facing surfaces of 
the slabs, it has been determined (13) 
that these slabs once fitted together to 
form one block. The place where this 
block was joined to the cliff face was 
found by noting the strata and bedding 
planes and the curvature of the cliff face 
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(13). By such comparison, the original 
location of each slab was found to within 
1 cm, well to the left of the present loca- 
tions (Fig. 3). The long dimensions of the 
slabs were then horizontal, and slab one 
was on top. 

Several pieces of evidence rule against 
the slabs' having fallen into their present 
positions naturally. First, the slabs 
would have had to move 2 m and more 
horizontally while the center of gravity 
of the three together fell only about 80 
cm vertically. In particular, the center of 
slab three by itself is now only 30 cm 
lower than when it was attached to the 
cliff. Second, there are no impact marks, 
either on the cliff face or on the inner 
edges of the slabs, to suggest a collision. 
Third, the cliff face above the original lo- 
cation of the slabs shows that another 
rock mass had broken away from there. 
This higher rock could not have broken 
off before the slabs did. Had it broken off 
with (or after) the slabs, it would have 
prevented them from falling naturally to 
their present location. There is no evi- 
dence today of this rock mass. Indeed 
the absence of rubble near the slabs is 
unusual on the butte, where fallen rock is 
found below other such cliffs. Fourth, 
the slabs are set firmly in place on a 
rocky ledge and are partially supported 
by buttressing stones. We conclude that 
moving and setting the slabs in their 
present position involved deliberate hu- 
man intervention. 

Geometry of the Assembly 

The daily patterns of light that high- 
light special features of the spirals at the 
quarters of the solar year are formed by 
several components of the assembly act- 
ing as a whole. The placement, size, and 
shape of the slabs, the orientation of the 
cliff face, and the positions and sizes of 
the spirals are all critical. Our calcu- 
lations and drawings have determined 
the role and importance of these inter- 
locking factors and show that a change in 
any one would change or eliminate the 
images marking the quarters. No one 
component dominates in such a way that 
the others could be left to chance. 

Consider first the downward motion of 
the light forms each day and the right- 
ward placement of the light as time pro- 
gresses from summer solstice. These 
characteristics of the light patterns' 
movement are essential to the solar cal- 
endar because they provide discernibly 
different markings on a small area of the 
cliff through the solar cycle. The precise 
positioning of curved surfaces on the 
slabs in relation to the cliff face and the 
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Fig. 9. Light pattern 
on the spirals at the 
quarter-year points: 
(a) near summer sol- 
stice (26 June 1978, 
11:13:15 a.m.), (b) au- 
tumn equinox (21 
September 1978, 
10:50 a.m.); the inset 
shows the bisection of 
the smaller spiral by 
the left light forma- 
tion; and (c) near win- 
ter solstice (22 De- 
cember 1978, 10:19 
a.m.). 

sun makes possible the daily vertical 
movement of light and the seasonal shift 
in the discretely shaped light forms. The 
horizontal motion of the sun as it shines 
against these curved surfaces is trans- 
formed into downward vertical move- 
ment of the light patterns. 

For example, at summer solstice, dur- 
ing the 18 minutes when light shines 
through the right gap, the sun has moved 
4.5? westward almost horizontally across 
the sky. We would at first glance expect 
the projected pattern of sunlight to move 
horizontally across the spiral, shifting to 
the right on the cliff face. The observed 
vertical motion is thus in itself surpris- 
ing. A simple way to picture how this 
downward motion is effected is as fol- 
lows: Imagine a long narrow cylinder so 
oriented that the sun as it moves across 
the sky can shine through it only briefly 
onto the cliff to form a spot of light. Im- 
mediately below, picture a second cylin- 
der so aligned that sunlight passes 
through it just as it stops shining through 
the first one, and now casts a second 
spot of light immediately below the first. 
Then continue in a like manner with fur- 
ther cylinders. The result will be that a 
succession of spots will appear on the 
cliff, moving downward as the sun 
moves horizontally. If the cylinders are 
now joined to form a continuous curved 
slit, the spot of light on the cliff will move 
smoothly downward. More generally, a 
form of light, rather than simply a spot, 

A: .: ,: ========================= ': : 

can be made to move vertically in a simi- 
lar manner. 

Close inspection of the slabs shows 
that the front left edge of slab one and 
the right rear edge of slab two form just 
such a curving slit (Fig. 12). As the sun 
moves across the sky, different portions 
of the slabs' curved edges come into play 
to collimate the sunlight. There is a fur- 
ther requirement that these edges be 
shaped so as to produce the parallel 
sides and constant width of the down- 
ward-moving light form (Fig. 7). Further, 
the slabs and their curves must be lo- 
cated so that the pattern bisects the spi- 
ral only at solstice. As the sun lowers af- 
ter 21 June, the curved surfaces cause 
the entering light to move rightward on 
the spiral. A simple vertical opening 
would not provide the visibly rightward 
displacement of light in the 4 days fol- 
lowing summer solstice, when the sun 
has lowered only 2 minutes and 3 sec- 
onds of arc. Similar curved surfaces of 
the left front edge of slab two and the 
right rear edge of slab three produce the 
downward motion of the other light pat- 
tern at equinox and the rightward shift of 
this light pattern as time progresses to- 
ward winter solstice. In addition to these 
requirements on the edges of slab two, 
this slab must be of such a size and so 
inclined as to shadow the left opening 
and form the pronounced minimum at 
summer solstice. 

Another feature of the light patterns 
SCIENCE, VOL. 206 
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deserves special notice. The distance 
from the slabs to the cliff is such that if a 
pattern of light cast by a small opening 
between the slabs falls high on the cliff in 
the winter when the sun is low in the sky, 
we would expect it to fall on the ground 
between the slabs and the cliff in the 
summer. We find, however, that 
throughout the year, the patterns of sun- 
light are projected onto only that part of 
the cliff face around the spirals. This 
"display area" is just that viewed com- 
fortably from the right of slab one (Fig. 
6), which makes it easy to compare pat- 
terns at different times of day and of the 
year. By doing this, the assembly acts 
like modern instruments that confine the 
images of interest to a projection screen. 

An illustration of how the construct 
provides information about the solar cy- 
cle on a small exhibit space is the con- 
trasting imagery of markings on the 
larger spiral between the solstices. At 
winter solstice, when the light forms 
shaped by both openings bracket the 
larger spiral, they are equally distant 
from the center, which was bisected by 
the light from the right opening 6 months 
earlier. That this relationship of both 
light forms to the center of the spiral oc- 
curs only at winter solstice is an in- 
dication of the intricately controlled rela- 
tionship of the slabs. 

An important question is whether the 
slabs or the cliff face show evidence of 
deliberate shaping. Three areas have 
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been noted by specialists as possibly 
showing signs of modification. Parts of 
the top edges of slabs one and two have a 
surface texture different from that of the 
rest of the slabs and could have been 
shaped by pecking (14, 15). We find that 
these surfaces are the portions of the 
slabs that determine the right sides of the 
downward-moving light forms between 
summer solstice and equinox, and one of 
these surfaces is a critical factor causing 
the pronounced minimum at summer sol- 
stice. Another surface that may have 
been worked is that on which the spirals 

Fig. 10. Patterns cast 
by moonlight (24 June 
1978, 2:45 a.m.). 

are pecked. This portion of the cliff face 
is different from the adjoining areas in 
shape and surface texture and may have 
been dished out and smoothed (16). 

Cultural Background 

Several factors show that the Anasazi 
inhabitants of Chaco developed the con- 
struct between A.D. 900 and 1300 (the 
approximate date of Pueblo abandon- 
ment of the canyon) and indicate that the 
specific time was between A.D. 950 and 
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Fig. 11. (a) Inside view of slabs looking upward 
(concave) edges of the slabs. 

1150, the period of greatest population 
and development in the canyon (17). The 
sun-watching practices of the primarily 
agrarian settlements of Pueblo culture 
have been extensively documented in 
ethnographic reports as the means of set- 

ting planting and ceremonial calendars. 
These practices were frequently per- 
formed at shrines located on the top or 
near the top of mountains and buttes 
within the vicinity of Pueblo settlements 
(18, 19). 

Certain rock art sites of the ancient 
Pueblos are reported to mark solar posi- 
tions by the placement of designs to re- 
ceive shadow and light formation at the 
rising and setting of the sun at solstice or 
equinox, and one such site includes a 

spiral design (20). Two petroglyph sites 
on Fajada Butte are marked with shadow 
and light changes at the time of solar 
noon at summer solstice, and one of 
these includes a spiral design (21). The 
spiral is frequently found in association 
with ancient Pueblo petroglyphs of sun 

imagery (22, 23). It is identified with the 
Anasazi rock art style prior to A.D. 1300 
(23). Examples of architecture of the 
same period have openings that channel 
light so that it shines on key features of 
the structures such as doorways, niches, 
and corners at the solstices and equi- 
noxes (4, 24, 25). 

Indications that the Fajada Butte solar 
marking construct was developed within 
the period A.D. 950 to 1150 are the plan- 
ning skills and solar interests exhibited 
by the Chaco occupants at that time. 
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to show area of contact with the cliff. (b) Inside 

During this phase of extensive trade and 
ceremonial activity in the canyon, com- 

plex systems of roads, communications, 
irrigation, and ceremonial architecture 
were developed. The largest structure of 
the entire Anasazi culture, Pueblo Bo- 
nito ("beautiful village"), a five-story, 
800-unit building, was built with its pri- 
mary elements of design precisely 
aligned to the rising and setting of the 
equinox sun and the daily noon position 
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Fig. 12. Formation of the descending light pat- 
tern at summer solstice by slabs one and two. 

of the sun (7). Pottery shards of the Boni- 
tians are prevalent on and below the 
Butte-and several have been found 
within the immediate vicinity of the 
slabs. The occupants of Chaco at this 
time of thriving development clearly had 
the planning ability and organizational 
skill to move the assembly of slabs and 
set them in their present solar marking 
alignments. 

Indications of specific activity of the 
ancient Pueblos at the site suggest the 
need for future archeological study. It is 
possible that there was a single structure 
located about 50 feet to the west of the 
slabs and a basal retaining wall built to 
prevent erosion a few feet down the 
slope from the slabs (17). Further study 
might indicate with more certainty the 
specific group of the Anasazi culture 
who built the solar marking construct 
and provide further information about 
their use of the site. 

Possible Significance of the Lunar 

Markings 

The assembly may have been used for 
lunar observations. Such use would be 
consistent with the Pueblo culture's em- 
phasis on the moon, which is seen in a 
dual role with the sun, and association of 
danger with the occurrence of lunar 
eclipses (26). The Indians of the South- 
west knew of the 18.6-year cyclic ex- 
tremes in lunar declination and incorpo- 
rated that knowledge in a major archeo- 
logical site (27). 

We extrapolated some features of the 
record of solar observations to estimate 
what lunar light patterns would occur on 
the large spiral at the extreme maximum 
declination of the moon. We found that 
the length of time that light from the sun 
(and equally well from the moon) shines 
through the right opening is a linear func- 
tion of declination near 23.5? (Fig. 13) 
and extrapolates to zero close to +28.5?. 
It is thus likely that as the moon reaches 
its maximum declination, the length of 
time that moonlight shines on the cliff 
would be close to zero or would reach 
zero. Interestingly, such a marking of the 
lunar extreme would be similar to the in- 
dication of the sun's extreme declination 
at summer solstice by the pronounced 
minimum of the light form shaped by the 
left opening. 

In observing the lunar markings on the 
spirals over the 18.6-year cycle, one 
would be particularly interested in those 
times when the declination of the full 
moon is equal and opposite to that of the 
sun. This occurs once every 9 to 10 
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years, within 2 weeks of the solstice. The 
moon would then cast on the spirals at 
night the light patterns characteristic of 
the solstice, opposite the patterns that 
would be marked within 2 weeks by the 
sun during the day. Correspondingly, a 
full moon would cast the equinox pattern 
within 2 weeks of vernal or autumnal 
equinox every 9 to 10 years, but out of 
phase with solstitial eclipses. These 

striking alternations of patterns would 
indicate the alignment of sun, earth, and 
moon that makes possible a midwinter or 
midsummer solstitial or an equinoctial 
eclipse. We should, in this connection, 
mention the interesting parallel between 
the number of turns in the larger spiral 
(ten on the left and nine on the right) and 
the alternation of 10 and 9 years in these 
eclipse cycles, as well as in the moon's 
transition from minimum to maximum 
declination. We speculate that the spiral 
may record this knowledge. Of addition- 
al interest is the correspondence be- 
tween the total number of spiral rings 
and the 19-year cycle of occurrence of 
the full moon on the same solar date. 

Conclusion 

The Fajada Butte construct is unique 
in archeoastronomy as the only device 
known to use the passage of the midday 
sun to create a solar calendar. Precisely 
planned relationships of curved rock sur- 
faces make possible the transformation 
of the horizontal movement of the sun in- 
to vertical movement of light forms that 
provide accurate measurements of solar 
positions. Thus, with no reliance on fore- 
sights or horizon markers, the construct 
is a self-contained instrument that re- 
cords the sun's changing declination. It 
shows the times of solstice and equinox 
in vividly symbolic imagery of light and 
shadow and provides solar (and lunar) 
information at other times in the year. 
While the construct achieves its results 
with an accuracy comparable to that of 
the large monuments and structures of 

1I 

+30? +20? +10? 0? -10? 

Declination 

Fig. 13. Variation with declinatio 
length of time sunlight shines on the 
between (0) slabs one and two and 
two and three. 

other ancient cultures, it does s 
subtle integration with nature thW 
ical of the North American Inc 
ture. 

Finally, we wish to note that 
sandstone material of the con, 

fragile and can easily be damal 
hope that efforts will be made 
serve this unusual feature of the 
American heritage. 
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