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In 2015, discussions of the Tibes site between Antonio Curet and Shaun Sullivan focused on the role of stone
alignments in the main plazas at Tibes and at the complex Middle Caicos Lucayan site, MC-6. In the course of that
conversation focus developed on the role of the central stone in Plaza I at MC-6 as a site and astronomical observatory
datum (Sullivan 1981: 156). Picking up the theme, Curet mentioned that there was a similarly placed stone in the
Plaza Principal at Tibes. With curiosity thus piqued by the cross-site similarity, plans began to conduct a joint
mapping survey at Tibes of stone alignments. Joined in the effort by geoarchaeologist Cory Look, local and mainland
volunteers, in 2016 and 2017 more than 150 on-site azimuth observations of alignments of stone formations and
petroglyphs were made, many of them in and around the Plaza Principal. In the course of the survey, we came to
realize that consideration of the Plaza Principal would not be complete without evaluation of the character and
function of two large, matched carved and etched stones, now in the Tibes Aboriginal Cultural Center museum, which
were originally found in the Plaza Principal. Those stones were evaluated for their possible function in astronomical
observations. The azimuth observations were correlated with horizon elevation angles determined through
development by Look of a topographic viewscape. Celestial mapping software was employed to determine the azimuth
and above horizon elevation of key celestial bodies, calibrated to 1,100 CE, a mean date for site occupation in
association with plaza construction. Analysis of these data demonstrate that astronomy was among the specialized
knowledge sets of the people at Tibes in that era; specifically, monumental constructions at the Tibes site, the Plaza
Principal in particular, were designed and laid out in accord with the near horizon rising and setting positions of
specific celestial bodies at particular days and times in the yearly calendar. Related analysis and experimentation
with mentioned carved stones, show that the stones were matched celestial calendric devices, which were evidently
employed in concert with other monumental structural elements in and near the Plaza Principal.

En 2015, las discusiones sobre el sitio de Tibes entre Antonio Curet y Shaun Sullivan se centraron en el papel de los
alineamientos de piedra en las plazas principales de Tibes y en el complejo sitio de Caicos Medio Lucayan, MC-6.
En el curso de esa conversacion, el enfoque se desarrollo en el papel de la piedra central en la Plaza I en MC-6 como
sitio y dato de observatorio astronomico (Sullivan 1981: 156). Retomando el tema, Curet menciono que habia una
piedra colocada de manera similar en la Plaza Principal en Tibes. Con la curiosidad asi despertada por la similitud
entre sitios, los planes comenzaron a realizar un estudio de mapeo conjunto en Tibes de alineamientos de piedra.
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Junto con el esfuerzo del geoarqueoclogo Cory Look, voluntarios locales y continentales, en 2016 y 2017 se realizaron
mds de 150 observaciones de azimut en el sitio de alineamientos de formaciones de piedra y petroglifos, muchos de
ellos en y alrededor de la Plaza Principal. En el curso de la encuesta, nos dimos cuenta de que la consideracion de
la Plaza Principal no estaria completa sin la evaluacion del cardcter y la funcion de dos piedras talladas y grabadas
grandes, emparejadas, ahora en el museo del Centro Cultural Aborigen Tibes, que originalmente fueron Encontrado
en la plaza principal. Esas piedras fueron evaluadas por su posible funcion en observaciones astronomicas. Las
observaciones de azimut se correlacionaron con los dangulos de elevacion del horizonte determinados a través del
desarrollo de Look of a topographic viewscape. El software de cartografia celestial se empled para determinar el
azimut y la elevacion sobre el horizonte de los cuerpos celestes clave, calibrados a 1.100 CE, una fecha media para
la ocupacion del sitio en asociacion con la construccion de la plaza. El andlisis de estos datos demuestra que la
astronomia estaba entre los conjuntos de conocimientos especializados de las personas en Tibes en esa era;
especificamente, las construcciones monumentales en el sitio de Tibes, la Plaza Principal en particular, fueron
disefiadas y dispuestas de acuerdo con el horizonte cercano que se levanta y establece las posiciones de cuerpos
celestes especificos en dias y horas particulares en el calendario anual. El andlisis y la experimentacion relacionados
con las piedras talladas mencionadas, muestran que las piedras eran dispositivos de calendario celestes combinados,
que evidentemente se emplearon en concierto con otros elementos estructurales monumentales en y cerca de la Plaza
Principal.

En 2015, les discussions entre Antonio Curet et Shaun Sullivan sur le site de Tibes portaient sur le réle des alignements
de pierres dans les places principales de Tibes et sur le site complexe MC-6 de Middle Caicos Lucayan. Au cours de
cette conversation, l'accent a été mis sur le réle de la pierre centrale de la Plaza I a la MC-6 en tant que site et datum
d'observatoire astronomique (Sullivan 1981: 156). En reprenant le theme, Curet a mentionné qu'il y avait une pierre
placée de la méme maniere sur la Plaza Principal a Tibes. Avec la curiosité ainsi suscitée par la similarité entre les
sites, des plans ont commencé pour mener une enquéte cartographique commune a Tibes des alignements de pierres.
Les géoarchéologues Cory Look et des volontaires locaux et continentaux ont pris part a cette initiative. En 2016 et
2017, plus de 150 observations sur site en azimut d'alignements de formations rocheuses et de pétroglyphes ont été
effectués, dont bon nombre a l'intérieur et autour de la Plaza Principal. Au cours de l’enquéte, nous nous sommes
rendus compte que ['examen de la Plaza Principal ne serait pas complet sans une évaluation du caractere et de la
fonction de deux grandes pierres appareillées, sculptées et gravées, qui se trouvent maintenant dans le musée du
Centre culturel autochtone de Tibes. trouvé dans la Plaza Principal. Ces pierres ont été évaluées pour leur fonction
possible dans les observations astronomiques. Les observations en azimut ont été corrélées aux angles d'élévation de
I'horizon déterminés par le développement par Look d'un paysage topographique. Un logiciel de cartographie céleste
a éte utilisé pour déterminer l'azimut et I'élévation au-dessus de I'horizon de corps célestes clés, étalonnés a 1 100
EC, date moyenne pour l'occupation du site en association avec la construction d'une place. L'analyse de ces données
montre que l'astronomie faisait partie des connaissances spécialisées des habitants de Tibes a cette époque. Plus
précisément, les constructions monumentales du site de Tibes, et plus particulierement de la Plaza Principal, ont été
congues et aménagées conformément au lever et a la position proches de I’horizon et a la position de corps célestes
spécifiques a des jours et a des moments particuliers du calendrier annuel. Des analyses et des expérimentations
associées avec les pierres taillées mentionnées montrent que ces pierres étaient des appareils de calendrier céleste
appariés, qui ont évidemment été utilisés de concert avec d’autres éléments structurels monumentaux dans et a
proximité de la Plaza Principal.

The Tibes Ceremonial Center is situated in an ecotone along the edge of the piedmont, on
the verge of the coastal plain, in a zone of dry tropical forest north of the present-day city of
Ponce, Puerto Rico (Figure 1)

The site occupies about 30,000 square meters spread across flat to slightly sloping
floodplain and hill base talus along the eastern bank of the Rio Portuguese. The site is
surrounded by hills, except for a segment of the view to horizon to the southeast, where nearly
level terrain extends to the ocean, which lies some 10 kilometers distant. Tibes occupation spans
from 400-1300 CE., with principal plaza construction in place at or after 1100 CE (Curet 2010:
279.) For the purposes of the astronomical alignments contained in this report we have
calibrated the alignments to the year of 1100 CE. Variation of alignments within a century of
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that date would alter the on-site observation results by less than a degree; so, 1100 CE is a
functional date focus (Figure 2)

Prominent among the site features are monumental constructions incorporating rock
formations and rock lined plazas and courts (Bateys). Our 2016 data collection concerned
stone/sun/star and planetary alignments of the Plaza Principal (6), Plaza de la Estrella (7), Batey
de una Hilera (single stone row) (5) and Batey del Murciélago (8). The Plaza de la Estrella and
Batey del Murciélago will be the focus of separate, follow on, consideration. (Figure 3 below).
The Batey de Una Hilera warrants special mention, because it is not a plaza or court in the
common form; since it has only a single row of stones, running roughly north south parallel to
and to the east of the Plaza Principal (Figure 3)

Star Stones

Also notable from the site, is a pair of regionally unique artifacts. Found in the 1980s
within the Plaza Principal are a matched set of ground stone sculptures, with a shared center line
and hole, surrounded by etched radial arcs and points. We have termed these the Star Stones.
As part of our analysis we have examined the Star Stones in the context of their role in
astronomical observations conducted from within the Plaza Principal. (Figure 4 and Figure 5)

Stars move laterally, changing azimuth relative to an observer, as they rise and set. So,
the horizon height and distance from the observation point were calculated to enable
determination of the horizon elevation angle, which is essential for determining the azimuth to
observed celestial bodies positioned above and near the horizon. Geoarchaeologist Cory Look
generated the viewshed below from the perspectives of both the Plaza Principal and the Plaza de
la Estrella. To this end, Esri geospatial software and USGS topographic maps were employed,
and the results were cross-checked with Google Earth. The viewshed documents horizon
elevation angles for surrounding hills ranging from as high as 10°, to the northeast, to less than 1
° to the southeast, which is across the coastal plain to the ocean (Figure 6)

More than 150 azimuth readings were taken from the Central Stone of the Plaza
Principal, and from the center point of the Plaza de la Estrella. The site azimuths were then
correlated with the horizon elevation on that bearing, and with the azimuths of celestial bodies as
they rose and set near the horizon. (Figure 7, Table 1)

Stellarium Software

Stellarium Software (Figure 8) was employed to correlate site survey observations with
celestial body azimuths and above horizon elevations. The Stellarium system was keyed to a
reference date of 1100 CE, at specific dates and times (Month/ Day /Hr/Min/Sec), and to the
Tibes geographic position.

These results were cross-checked with Naval Observatory, Rise/Set/Transit Times for
Major Solar System Bodies and Bright Stars (http://aa.usno.navy.mil/data/docs/mrst.php).

Correlations were determined relative to the sun, moon, brightest five planets and stars of
highest magnitudes.
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Twilight is Critical to Visual Astronomy
Stars and Planets Fade Away

Stars and planets are easily observed relative to the horizon in twilight when the
brightest celestial objects stand out and the horizon is visible against the faintly glowing sky.
Star and planet elevation angles above the visible horizon, from a fixed observation point during
twilight, are day and time specific, rising 4 minutes earlier each day. A celestial body moves 1°
of arc in 4 minutes; 180 degrees (horizon to horizon) in 12 hours. For a fixed observation
point, the specific elevation above the horizon of a known star during twilight is repeated on the
same calendar day, and at the same time of day, each year. Twilight has three distinct phases
(Figure 9).

- Astronomical Twilight (AT): Sun 18-12° below horizon, faintest objects fade from view.

- Nautical Twilight (NT): Sun at 12-6° below horizon. Brightest planets and stars stand
out against pale sky and clear horizon

- Civil Twilight (CT): Sun at 6-0° below horizon. Remaining bright stars fade from view;
Venus is the last star to disappear.

Alignments, Azimuths and Elevations

For the purposes of our analysis, azimuth bearings are reported to the nearest degree. All
celestial body azimuths reported here occur during their rise above or their descent toward the
horizon, when they were within 5° of the horizon.

As noted, bright stars and planets stand out against the sky during twilight, when dimmer
bodies are extinguished by the brightened atmosphere, which is illuminated by the sun, then just
below the rim of the earth.

Tibes astronomers certainly did not use our western base-six system of 360 degrees.
They could have developed a hand-held measuring device, or they could have used the natural
angle measuring device of hand and fingers held at arm’s length. Using such a method, 1° is
about the width of one’s little finger, and 5° is the approximate width of three fingers. See
Figure 9.

Visual alignment of two (or more) objects from a fixed point is simply the adjustment of
the observer’s position relative to one of the objects, so that the straight line of light brings the
observed objects into alignment. (Figure 10)

Central Stones: MC-6 and Tibes —Plaza Datum

Very similar in position to the Central Stone location in Plaza I at the Lucayan site MC-6

(Sullivan 1981: 156), the Tibes Central Stone is located very near (within 10 cm. at Tibes) the

center of the plaza relative to the north and south court flanking stones, and east of center (ca.
3.8m east at Tibes), relative to east and west court flanking stones. (Figure 11)
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Plaza Principal

The Plaza dimensions vary slightly, but at the center points the plaza measures close to
40 meters north-south, and approximately 37 meters east west. For a detailed description of the
Plaza Principal, and consideration of the orientation of the plaza-flanking causeways and stone
lines with reference to cardinal directions and associated constellations, see Rodriguez Alvarez,
2010: 195-199). For present purposes, we note that single stone lines flank the plaza north and
south, and broad paved causeways line the plaza east and west. Several petroglyphs are found on
the eastern and western inner edge and flat surfaces of the causeways, most of which are in the
eastern causeway. When viewed from the center of the plaza, the petroglyphs therefore are
distributed principally on the side toward the horizon where the sun and stars rise. The
northwest, southeast and southwest corners of the plaza have broad openings--gateways. The
northeast corner is closed. Angular extensions of the causeways, which point away from the
Plaza center, extend to the southwest, northwest and southeast. We assess that site reconstruction
distortions of the Plaza formations, from the original, are limited, since basal traces of the
formations were well preserved and served as a reconstruction guide. (Figure 12)

Observation of Alignments, Azimuths and Astronomical Correlations

The north and south limits of the single stone line in the Batey de Una Hilera are
positioned at the north end to record the sun’s Zenith Passage (when the sun is vertical at noon,
and a vertical pole casts no shadow); and this point marked sun-venus conjunction (merged
position, with venus masked by sun’s brilliance). The sun-venus conjunction occurs in an 8 year
cycle.

Petroglyphs on the east causeway mark azimuths to sunrise at the Autumnal Equinox and
Venus at Heliacal rising (Venus appears just before dawn in the east) (Figure 13)

Sunrise at Winter Solstice, and the rise of planets along the ecliptic, along the eastern
edge of the SE gateway, and rise above the gateway in a cascade (Figure 14).

Venus Heliacal Rising

The heliacal rising of Venus is recorded at 88°, south end of Batey de Una Hilera. The
heliacal rising of a celestial body occurs when it first becomes visible above the eastern horizon
for a brief moment just before sunrise, after a period of time when it had not been visible (Figure
14). Heliacal Setting—the setting of a celestial body at the same time or just after the set of the
sun. The sun and planets rise in a cascade along the plane of the ecliptic rising through and above
the Plaza Principal southeast gateway (Figure 15).

Plaza Principal, East Wall Solar Alignments & Petroglyphs
Eastern wall of Plaza Principal with petroglyphs, facing east, Batey de Una Hilera in
background. (Figure 16). Sun rising position at: Summer Solstice (69°); Zenith Passage and Sun-

Venus. Convergence™* (72°); Equinox (88°); Venus Heliacal Rising* (96°); Winter Solstice
(115°). The Sun-Venus conjunction is on a 8 year repeat cycles. Zenith Passage and the
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Equinox are marked by the north & south limits of Batey de Una Hilera to the east of the Plaza.
Sunrise at Winter Solstice occurs along eastern edge and above the southeastern plaza gateway.
Eastern wall petroglyphs mark Equinox and Venus Heliacal rising.

Plaza Principal—Western Observations

Western Plaza Principal stone formations (Figure 17 and Figure 18) above record sunset
at the Equinoxes and at the Summer Solstice. SW Gateway records Beta Crucis (Sothern Cross)
Heliacal Setting position at Summer Solstice (visible near horizon just after sunset). NW
extension of Western Causeway records setting cascade of the moon and planets along the
ecliptic at the Summer Solstice. Thus SE and NW Causeway extensions record the rising and
setting positions of the celestial bodies within the ecliptic (plane of the sun and planets). The SW
gateway brackets the setting of the Southern Cross (Beta Crucis) at the Summer Solstice, a
correlation also noted by Rodriguez Alvarez (2013: 9).

Plaza Principal Observations and Interim Conclusions

The Plaza Principal, in association with Batey de Una Hilera, was designed and
constructed to incorporate alignments with celestial bodies, principally the sun, with particular
attention to the azimuths of solstices and equinoxes and zenith passage.

The celestial observations underlying the Plaza Principal organization were taken from a
fixed point at or near the Central Stone.

The astronomical alignments are consistent with the observations made between 1000
and 1200 CE, with a date near 1100 being probable.

Incorporation of alignments with the north and south ends of the stone line composing the
Batey de una Hilera, to the East of the Plaza Principal, strongly suggests observation of Venus
when it converged with the radiant disk of the sun around the time of the sun’s Zenith Passage
and at the time of Venus Heliacal Rising at Vernal Equinox.

Observed from the Central Stone, the stone lines defining the Batey de Una Hilera and
Plaza Pavement line constitute an arc of azimuths that encompass the rising and setting position
of the sun and planets as they rise and set along the plane of the ecliptic during the autumnal and

vernal equinoxes.

Winter solstice: sun and planets rise in a cascade along edge causeway extension at south
end of eastern causeway above SE gateway.

Summer solstice: sun and plants set in cascade along the causeway extension at north end
of west wall.
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Star Stone—Hypothesis

With a base line of Plaza Principal observations in hand for comparison, attention was
turned to the Star Stones. The stones were hypothesized to have been used for astronomical
observation. As part of the initial analysis, the stones were considered separately, and point to
point lines were drawn radially from the calculated center of the shared hole to Star Stone
surface markings (Figure 19 B), with alternative consideration given to possible central line
(stone juncture) orientation to: true north; solstitial and equinoxal sun rising and setting
positions; and the east- west extremes of Polaris rotation ca. 1100 ce., which was 05°57’ east
and 354°03° west. These initial observations produced no coherent results.

The stones were then considered jointly (Figure 19 A), with the cut central line edge to
edge; flat (on the ground or on a raised platform); with the etched side up (surface may originally
have been painted); the center line oriented toward true north. (Polaris, the North Star, is at true
north in early Astronomical Twilight before dawn during the Winter and Summer Solstices.)

The Star Stone also works at night (without a shadow) with the edge of the Central Pole
obscuring a star at a defined azimuth alignment, at a specific time and calendar day, and recorded
in an etching on the surface of the Star Stones. Right hand (eastern) edge of central pole
evidently used for sighting at night. Observer would have eye near the level of the star stone
(indicating the stones were on an elevated on a platform), adjusts position until right edge of pole
just begins to obscure the view of the target star, and then marks the position on the star stone
surface (can be done with a straight edged object.

Star Stone Experiment

- Digital Image of Joined Star Stones Placed on Flat Surface

- Vertical Pole, conforming to the size of the Central Hole, was inserted vertically

- Encircling Azimuths and Cardinal Directions Emplaced as Reference Points

- Base Rotated to Adjust Sunlight Angle to Key Astronomical and Plaza Azimuths

- Shadow of the Pole on the Face of the Stones Recorded via Photographs

- Correlations Noted re Stone Markings, Plaza Azimuth Readings, and Celestial Body
Positions and Events

(Figures 20-25)

As will be demonstrated, the Star Stone night readings utilized northern circumpolar
stars, which rotate around the celestial north poles (Polaris) without setting.

Key stars in the system included Alkaid and Alioh in the Ursa Major (Big Dipper);
Kochab and Polaris in Ursa Minor (Little Dipper). See Figure 27.

Polaris has a small orbit, and is a circumpolar star. Today its orbit is .8° (just under 1°);
at 1100 CE, when the star stone was in use, the orbit of Polaris was 5°57’ (very nearly 6°).
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Cassiopeia, a circumpolar constellation, rotates across from the Big Dipper around the
celestial north pole and Polaris. The Star Stone markings indicate that within Cassiopeia, the star
Shedir was key to celestial observations. Note: Shedir and Alioh, both employed for Star Stone
observations, are nearly equidistant and in line with the celestial north pole (Figure 28).

Circumpolar stars change their bearing seasonally, when viewed at the same time of day
(or night), for example, in morning twilight before sunrise. The rotational position of the stars,
observed from a fixed observation point, at a consistent time of day, can therefore have a
calendric function (Figure 29 through Figure 35).

Conclusions
Tibes Astronomy and Astronomers

Based upon observations made from, or near the central stone in the Plaza Principal,
astronomical alignments with monumental stone constructions at Tibes were used to organize
physical space, to develop and monitor a calendar, and to track and predict key celestial events.

The Star Stones were used for astronomical observations employing a central vertical
pole. The star stones are likely to have been emplaced and utilized near the Plaza Principal
central stone. In daylight, alignments were with the edges of the sun-pole shadow. At night,
alignment was with the right hand, eastern edge of the pole, when it just first obscured the view
(blocked the light) of a selected star. The stars selected were northern circumpolar stars. Their
recorded positions provided day and time specific cross-correlations with the solstices and
equinoxes. The star stone celestial observations complemented, and probably guided the
construction of astronomically aligned monumental stone constructions of the Plaza Principal.

The central pole was effectively a gnomon. There is no consensus regarding the use of a
gnomon prehistorically in the Americas. The evidence strongly supports the use of a gnomon at
Tibes ca. 1100 CE. The subject of aboriginal use of gnomons in the Americas warrants
additional ethnographic and archaeological analysis.

Our research affirms that astronomy was among the specialized knowledge sets of the
people at Tibes. The astronomical alignments at the site clearly guided the design, and they are
likely to have validated the special significance of public and ceremonial space at the site. The
calendar derived from the celestial observations may have served to schedule economic and
ceremonial activities. The recorded positions, movement and relationships of celestial bodies
were a natural matrix for the structure of myths, which, in association with ceremonial activities,
may have contributed to social cohesion, as well as validated the roles of the elite. At Tibes,
caciques and shamans were the probable reservoir of the highest astronomical knowledge; that is,
they were the Astronomers, as well as the schedulers and leaders of associated ceremonial
activities. They are the prime candidates to have been the makers, keepers and interpreters of the
Star Stones.
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Figure 3. Aerial View of Northern Plaza & Batey Constructions at Tibes
(Photo courtesy of Centro Cultural Indigena de Tibes, Ponce)
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Figure 4. Star Stone
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Tibes Survey Crews, July 2016 & 17

Figure 5. Tibes survey crew
Top-left to right: Emilio Bonet, Cory Look, Shaun Sullivan, Carlos Santos, Antonio Curet
Bottom- left to right: Sarah Sullivan, Emanuel Rose, Luis Martinez
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Figure 10 (http://www.fortworthastro.com/)

Figure 11. Top left: MC-6, Middle Caicos, Plaza I Central Stone Site Astronomical Datum (Sand-filled, sun-
protected, depression). Top right: Tibes, Plaza Principal Central Stone Azimuth -Alignment Observation Point (May
have been proximal with Star Stones)
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Figure 13. Eastern observations made from central stone Plaza Principal
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Venus at heliacal rising just before sunrise

Figure 14. Venus Heliacal Rising

(http://www.skytelescope.com/observing/a-real-scorcher-sirius-at-heliacal-rising/)

Figure 15. (http://astrobob.areavoices.com/files/2012/12/Triple-planets-ecliptic-400x318.jpg)
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Figure 17. Plaza Principal—Western Observations

293° Sunset Summer Solstice and

Setting cascade of planets along
ecliptic

268 -278° South and North Ends

of Plaza Pavement (Figure 16)

span Sunset at Equinoxes and the
setting cascade of planets along the
ecliptic at the Equinoxes.

274° Petroglyph in the Center of the
Plaza Pavement, azimuth of sunset
at Equinox. See Figure 17.

208° Summer Solstice

Through a stone in the center of
SW Gateway; Heliacal Setting

of Beta Crucis In Southern Cross,
setting cascade of the Milky Way
through SW Gateway
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below western horizon between the limits of the Plaza during Spring and Fall Equinoxes.
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Figure 20. Star Stone Experiment
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Figure 21. Star Stone Etching Reference System
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Figure 22. Day View Summer Solstice Rising sun above horizon at 69°Shadow spans from south end of Arc-1 to
juncture of etched lines A-D (a-d).
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Figure 23. Rising sun above horizon at 96° South side of shadow near juncture of etched lines A-B (a-b)

Figure 24. Day View Winter Solstice, ca 21 December Rising sun above horizon angle at 115° Shadow spans from
north end of Arc-1, and etched angle B, to intersection of B & C (point b-c)
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Figure 25. Day View Solar Equinox, ca. Sept. 21 and March 21 Setting Sun above horizon at 274°Shadow Traces
Etched Line E (eel-E)
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Observer Sight Line

Figure 26. Night View, Star Stones, Obscured Star—Polaris
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https://misfitsandheroes.wordpress.com/tag/big-dipper/
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Figure 28.
https://tsel.mm.bing.net/th?id=0IP.Vwh20oyRHWEPT3JDi5E4hrQHaFj&pid=15.1&P=0&w=216&h=16
3

412



The Big Dipper

Figure 29. Ursa Major seasonal rotation position in morning twilight
(https://www.pinterest.com/pin/337558934549744433)

413



g

|

Autumr\mal Equinox

Figure 30. Circumpolar Star Seasonal Position Change Polaris. 1100 CE, 6° from Celestial North Pole

Night View—Obscured Circumpolar Star—Polaris
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Figure 31. Polaris 0° Polaris 354°
Astronomical Twilight Astronomical Twilight
Winter Solstice Autumnal Equinox

Night View—Obscured Circumpolar Star
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Figure 32 Kochab at 348° Alioh at 333°
Astronomical Twilight Nautical Twilight
Summer Solstice Autumnal Equinox

Night View, Obscured Circumpolar Star-- Alkaid

415



Figure 33. Alkaid 328°, Nautical Twilight —at Point H Vernal Equinox

Night View, Shedir, Cassiopeia
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Figure 34. 41° Autumnal Equinox
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Northern Circumpolar Star Night Observation

. , oxX
Shedir, Alioh, Polaris Kochab Alkaid, Polaris

.Figure 35. Calendar
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Tables

Datum elevation Observer Standard True
217 ft — 66.15 m . Observer north
elevation elevation
Central Stone 1.85 m 68 m marker,
north
above datum
wall
= 00
Description Azimuth Horizon Horizon Hor | Nearest Nearest
o
Bearing ° Distance | Elevation - Degree .5 Degree®
o
NE corner court 27 46 25 860 m 151 9.96 10 10.00
(28)
Stone outside 30 0 20 837 m 146 9.89 10 10.00
NE corner (1)
Stone outside 29 17 30 824 m 147 10.12 10.00 10.00
NE corner (2)
Petroglyph 1 E 33 14 39 805 m 144 10.14 10.00 10.00
wall (33)
Petroglyph 2 E 54 43 47 784 100 7.27 7.00 7.50
wall
(Near pale stone 7000 854 55 3.68 4.00 4.00
E wall
Petroglyph 3 E 93 51 52 467 18 2.21 2.00 2.00
wall (94)
S end of E wall 112 41 02 161 0 0.11 0.00 0.00
Stone outside 123 14 08 4461 19 0.24 0.00 0.00
SE corn
(1/2)(60)
Middle of S wall 165 41 49 514 33 3.67 4.00 35
W end of S wall | 201 57 09 1608 72 2.56 3.00 3.00
(202)
E end of S wall 128 07 12 2126 1 0.03 0.00 0.00
(1 of 2) (60) (128)
Stone outside 208 01 03 734 49 3.82 4.00 4
SW corner (208)

Table 1. Sample Plaza Principal Azimuth & Stone Feature Alignments
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