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Abstract

This article is dedicated to a special category of structures that may be called ‘astronomical instruments”,
constructed in the Inca Empire (ca. 14-16 c. AD). As mentioned in some sources, these were intended for
use by a small group of priests-astronomers. A good example is Intimachay in Machu Picchu, which was
recently re-designated as an astronomical observatory, far more complex and precise than was previously
believed. The discovery of Inkaraqay - El Mirador, a second structure, even more complicated than Inti-
machay and erected for the purpose of precise astronomical observation, confirms the importance of the
knowledge of the skies in the running of the Incan Empire.

Resumen

DE LOS INSTRUMENTOS ASTRONOMICOS DE LOS INCAS: EL OBSERVATORIO DE INKARA-
QAY - EL MIRADOR (PARQUE ARQUEOLOGICO NACIONAL DE MACHU PICCHU, PERU

Este articulo estd dedicado a una categoria especial de estructuras que podemos denominar como “ins-
trumentos astrondmicos”, construidos en tiempos del Imperio Inca (ca. siglos XIV - XVI d. de Cristo).
Conforme a algunas fuentes, tales estructuras fueron disefiadas para el uso de un grupo muy limitado de
personas, los sacerdotes-astrénomos. Un buen ejemplo es el Intimachay en Machu Picchu, recientemente
reinterpretado como un observatorio astrondmico, mucho mds complejo y preciso de lo que se creia ante-
riormente. El descubrimiento de Inkaraqay - El Mirador, una segunda estructura, incluso mds complica-
da que Intimachay y erigida con el fin de una observacion astronémica precisa, confirma la importancia
del conocimiento de los cielos en el funcionamiento del Imperio Inca.
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1. Astronomy and administration in the Inca Empire

The rapid expansion of the Inca Empire (ca. 1400-1572 AD), from a small
polity in the Cuzco region to an empire running the length of the Andes, created
tremendous pressure on Incan social and political institutions.

The empire’s growth required an increasingly complex, hierarchical struc-
ture and the organization of an extensive ruling elite.

The astronomical know-how was very important during the state expan-
sion, providing the Inca elites (and particularly the Inca Emperor) with an instru-
ment to assert their right to rule through the control of rituals and by their domi-
nant position within the state cosmology (Bauer and Dearborn 1995).

Astronomical knowledge is based primarily on practical observation of ce-
lestial phenomena, requiring some, however rudimentary, devices such as gnomon
or properly planned and oriented buildings. An example of such a relatively simple
solution in the area of today’s Mexico is the famous “El Caracol” at Chichen Itza

Figure 1. Satellite photo of the area of Machu Picchu, indicating the position of Inkaraqay - El
Mirador and the Mountain of Yanantin (photo: Google Earth).
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on the Yucatan peninsula, constructed in approx. 1000 AD (Aveni et al. 1975). No
comparable constructions were previously known from archaeological evidence in
the area of the former Inca state,” leading to speculations as to the extent of their
observation techniques.

It should also be noted that when discussing devices used for tracking the

movement of celestial bodies, two different categories of objects are considered:

- Those, due to religious and ceremonial reasons, aimed at an approxi-
mate orientation towards the rising or setting of the Sun (or other ce-
lestial body) at some important moment in its annual transition across
the horizon. What was of importance in these cases was not so much
precise astronomical observation but rather creating a visual effect for
the masses of faithful gathered in large plazas in the main ceremonial
centers (Aveni 1981; Zidtkowski 2015).

- Those, which may be called “astronomical instruments’, intended for use
by few priests-astronomers, as mentioned in some sources.

The latter category of objects was very scarce, but Intimachay (Ziétkowski

et al. 2013; Ziétkowski 2015) and now Inkaraqay — El Mirador (both in Machu Pic-
chu) appear to be an example.

Figure 2. Aerial photo of the site - the red arrow indicating the position of Inkaragay - EI Mirador
(left - photo: Bartlomiej Cmielewski) and Yanantin summit as seen a from the Machu Picchu site
(right — photo: Jacek Kosciuk).
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2. Description of Inkaraqay - El Mirador

Inkaraqay - El Mirador is a small structure situated on the northern slopes
of Huayna Picchu (Fig. 1, 2). Architectural remains, which are still preserved on the
site, consist of three parallel walls placed perpendicularly to the steep slope of the
hill. The lower wall serves as a retaining wall stabilizing footings of the building situ-
ated above. At the same time, it creates a narrow (ca. 1.75 m) platform facilitating
access in front of the building. The middle wall is ca. 1.25 m wide and its fagade is
preserved to a height of ca. 3.5 m. The carefully executed stone masonry is of a pseu-
do-coursed kind with slightly sunken joints. This type of stonework is characteristic
for buildings of the highest importance and prestige (Fig. 9).

Although the detailed examination is still in progress, preliminary conclu-
sions concerning the order in which particular walls were erected, can be already
offered. They are based mostly on observations of vertical joints between the walls,
clearly indicating construction sequence (Fig 5).

The 1st step (Fig. 7 - in red) was to build a foundation platform on the steep
slope of the natural bedrock (Fig. 6). Parallely, further to the south, a retaining wall
was erected on the top of carefully leveled bedrock. Probably its function was to
stabilize the slope of the hill. During the 2nd building phase (Fig. 7 - in green), the
main wall with niches together with its lateral extension to the north was erected.
Probably at the same time another retaining wall has been added to the south. The
3rd step (Fig. 7 - in yellow) was to add facing to the foundation platform erected dur-

Figure 3. 3D Photogrammetrical model of the site as seen from the North (photos and
photogrammetry by Ciechostaw Patrzatek and Jacek Kosciuk).
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Figure 4. 3D Photogrammetrical model of the site — vertical view (photos and photogrammetry by
Ciechostaw Patrzatek and Jacek Kosciuk).

Figure 5. The plan of Inkaraqay-El Mirador and the main links between different building phases
(photos and drawing by Jacek Kosciuk).
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Figure 6. Photogrammetrical 3D model of
the small test trench built at the foot of the
main wall (photos by Jose Bastante Abuhebda,
photogrammetry by Jacek Kosciuk).

ing the 1st phase. At roughly the same
time, the back wall of the whole build-
ing has been added, as well as a further,
northern continuation of the retaining
wall. The limits of northern and south-
ern extents of the retaining wall are still
to be traced. During the last, 4th phase
(Fig. 7 - in blue) a small retaining wall
was added in order to provide a secure
access to the platform in front of the
main wall.

On the back of this latter wall,
two sets of niches are extant. Three of
them, roughly 1.6 m high, start directly
above the floor of the building. They are
approximately 70 cm in width. The mid-
dle niche and the most northern one are
equipped with two observation open-
ings (Fig. 8,9).

It should be emphasized that

the openings have been made in a very careful and structurally well thought out
manned (Fig. 10,11). Analysis of the construction process allows for the hypothesis
that the said wall was planned according to the appropriate placement and orienta-
tion of these apertures. The manner of making the observation openings is of par-

Figure 7. The main chronological phases of construction (drawing by Jacek Ko$ciuk).
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Figure 8. The back face of the main wall with 3 niches (drawing and photos by Jacek Kosciuk).

Figure 9. The Inkaraqay - El Mirador fagade. Arrows indicate the outlets of observation openings
(photos: Mariusz Ziétkowski, stitching panorama and description: Jacek Ko$ciuk).

ticular importance. It can be traced especially well in the case of the northern niche
(Fig. 12, A-D). First, in the space designated for the opening, a stone block with
a slightly sloping north face was embedded (Fig. 12 A). The orientation of thus pre-
pared face indicated approximately the point of sunrise over the Yanantin summit
during the June solstice. The next step was a correction of the north face of the block
so that its plane crossed the horizon line at desired position (Fig. 12 B). In the next
step, probably following the June solstice observation, a shallow canal was carved
in the already prepared northern face of the block, indicating precisely the point of
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Figure 10. The northern observation opening: the outlet on the fagade (left - photo: Mariusz
Ziotkowski) and the interior (right — photo: Jacek Ko$ciuk).

Figure 11. The southern observation opening: the outlet on the facade (left — photo: Mariusz
Ziotkowski) and the interior (right — photo: Jacek Ko$ciuk).

sunrise over the summit (Fig. 12 C). The final step was the addition of another block
with an already carved, much deeper groove (Fig. 12 D). The southern observation
opening was made the same way. It seems, however, that in this case, the zenith
angle was more important to the builders than the azimuth angle; the entire proc-
ess was started not with the orientation of the lateral azimuth of the vertical face of
the first block but on the contrary, from the zenith orientation of the top horizontal
plane of the block in which the observation channel was then made (Fig. 12, A-D).

The southernmost niche has no other opening.’ Two smaller niches (ca.
30 by 50 cm) are placed between the bigger ones at a height of ca. 1.05 m above the
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Figure 12. The reconstruction of the sequence of the northern opening construction (left) taking into
account the method of determining the very precise horizontal orientation and the reconstruction of
the sequence of the southern opening construction (right) where less precise vertical orientation was
required (reconstruction by Jacek Kosciuk). Compare with the precise description of the process in
the text.

floor.* There was also a third niche of this kind. Its southern edge is still preserved
north of the northernmost big niche (Fig. 8).

Two openings facilitating access to the building are preserved on the south-
ern and northern ends of the front wall. The southern one, with still preserved
threshold and step, is ca. 80 cm wide. It has door recesses facing outside, typical for
Inca architecture. This doorway was accessible directly from the narrow platform
located in front of the building. Due to the incomplete state of preservation, the
form and function of the second opening are under discussion.

Behind the wall with the niches, there is a narrow (roughly 1.5 m) corridor.
Its back wall is built directly against the slope of the hill. Stone masonry is executed
from rectangular stones placed in a horizontal pattern. We believe that this wall
must once have been plastered, as it was common practice in the Inca architecture,
especially in the case of building with prestigious, ceremonial functions. It could be
of particular importance in facilitating observations of sun rays passing through the
opening in the northern niche, which will be discussed further (Fig. 3, 4, 15).

3. The study

In August 2012, the personnel of the Archaeological Park of Machu Picchu
carried out archaeological research at Inkaraqay. At the same time, a preliminary
topographical plan of the structure was made. Between 2013 and 2017, the Peruvi-
an-Polish research team performed the following important work (Fig. 13):

- 3D laser scanning of the entire site using Leica P40 scanner.’
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Figure 13. Inkaraqay - El Mirador site at the beginning of fieldwork in 2013 (left photo: Mariusz
Zi6lkowski) and the archaeo-astronomical survey (right photo: Adine Gavazzi).

- Photogrammetrical documentation consisting of nearly 4000 high-reso-
lution images - 18 mln pixels each.

- Detailed scanning of both observational niches with handheld Artec Eva
scanner.

- Drawing a detailed topographical plan and architectural cross-sections,
based on the scan results and photogrammetry.

- Archaeological and architectural analysis, based on the above-mentioned
documentation and a survey test-pit at the base of the main wall (Fig. 6),
as well as on the interpretation of the results of the preliminary survey
realized in 2012.

- Precise object orientation was then conducted, applying the method of
10 direct observations of the solar disc, using a theodolite equipped with
filters. The accuracy of orientation calculated this way is ca +/- 2 MOA.

This last study allowed to determine that the orientation of the axis of the

northernmost opening is aimed at ca. 21° over the horizon at ca. 58° azimuth. Cor-
responding readings for the middle niche (or southern) opening are ca. 19.5° and
60°. When looking through them perfectly coaxially, both cover ca. 2.5° of the hori-
zon vertically and horizontally. However, by changing the eye position, the observer
can expand the horizontal field of view from 54.5° to 59.5° in case of the northern
opening and from 57.75° to 62.25° for the southern one (in the middle niche).
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In both cases, the horizon line (and the related visible part of the sky) is
determined by the summit and slopes of the Yanantin mountain (Fig. 2 right, 13).

- A three-dimensional model of the structure was made on the basis of
photogrammetry (Fig. 3,4), used for a computer analysis of its possible astronomi-
cal functions. Stellarium 0.12.4 and Cartes du Ciel (Sky Charts) 3.8 software were
used for the simulation.

4. The function of the observation openings

As mentioned, both openings were very precisely made and oriented;
the architectural analysis shows that they could not have performed any function
other than observational. Observation in situ carried out on June 20-21, 2014,
showed that, in accordance with the results of model analysis, Sunrise is visible

Figure 14. Reconstruction of the conditions for observing the sky through both openings showing
view fields alongside their main axes. The lower scales (in grey) show the maximum range of
visibility from each opening when changing the position of the observer’s eye.

The yellow path represents Sun positions during June Solstice Sunrise observed (and photographed)
on 21.06.2014. JSSR in 1470 AD, the approximate date of the construction of the building, is marked
as the red path. The reconstructed positions of the Pleiades in 1470 AD, as seen through the southern
opening, are represented in blue (reconstruction by Mariusz Ziétkowski and Jacek Ko$ciuk using
Cartes du Ciel 3.08 and Stellarium 0.16.0 software).
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through the north opening directly above the Yanantin summit during the June
solstice (Fig. 14). The accuracy of the model analysis was thus confirmed, which
allowed it to be used to reconstruct the sky at the end of the fifteenth century, the
approximate period of the erection of the structure (for the purposes of analysis
the year 1470 AD was arbitrarily chosen)®. Part of the findings obtained in this
manner is shown on Figure 14. The main results of this analysis, for reason of
precision, are discussed in points:

1) It was already mentioned, that the most spectacular phenomenon is ob-
serving the Sunrise right over the Yanantin summit during the June solstice. This
phenomenon is visible through both openings but centered in the northern one
(Fig. 14 left). It should be noted, however, that observation with the naked eye is
possible only in the initial phase of the phenomenon; once the entire solar disk is
above the horizon, its glow is too blinding. One can hypothesize that in this par-
ticular case, this opening was used not for horizontal but gnomonic observation,
following a ray of sunlight falling on the back wall of the structure (Fig. 15). We can

Figure 15. Vertical cross-section of the northern opening, indicating how the sunrays fall on the
back wall of the chamber at June Solstice Sunrise (left - drawing by Jacek Ko$ciuk). Photographs
showing the movement of sunlight on the back wall of the chamber on June 21%, 2014 (right —
photos: Jacek Koéciuk). Originally, the wall was most likely covered with plaster, which greatly
facilitated gnomonic observation.
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assume, that if there was plaster on it (which, as mentioned earlier, was the norm in
the Inca buildings of this class). This observation could be further aided by specific
signs made in it. The existence of similar systems of gnomonic observation is men-
tioned in some historical sources, which we will discuss later on.

2) The path of the Pleiades during their heliacal rising could also observed
trough both openings, but mainly through the southern one. This phenomenon was
particularly spectacular, as at the end of 15 c. AD, the Pleiades seemed to be “climb-
ing” in their transition along the southern slope of the Yanantin mountain (Fig. 14
right, 16).

It should be noted at this point, that observation of the heliacal rising of the
Pleiades was of great significance to the pre-Hispanic Andean community, includ-
ing the Incas. The appearance of this group of stars was used to predict the harvest
in the growing season approaching; this practice has been described in a number of

Figure 16. Vertical cross-section of the southern opening with the hypothetical reconstruction of
a priest-observer position (drawing by Jacek Kosciuk).
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historical sources: “They say of the Goats [the Pleiades], when they approach large:
“This year we will have an abundant crop. And when they come quite small, it is said:
“There will be a great misery.” (Taylor 1999, Chap. 29: 378-379 [1608] - English
translation by the Authors).”

3) Could these openings have been used for the observation of other ce-
lestial bodies? Here we rely on guesswork, because while we have confirmation in
numerous historical sources of the meaning of the Sun and the Pleiades in the Inca
cosmovision and information practice, so far relatively little is known about the
Inca “sky map” and the importance of individual stars. Although the rising of sev-
eral bright stars, for example, Arcturus (a Boo) or Hamal (a Ari) was seen through
the openings, we cannot be sure whether their observation was of interest to the
Inca priest-astronomers. It may be worth noting, that the farthest north range of
sight from the northern opening (approximately Az = 54°30’) corresponds almost
exactly with the position of Venus rising in the maximum northern declination,
against a very distinctive rock formation (compare Fig. 14 left). Venus, as we well
know from historical sources, was the object of special devotion in the Inca Em-
pire, as a manifestation of the Lord of Thunder, the Holy twin of the Incan emperor
(Szeminski and Ziotkowski 2015: 166-170).

In conclusion to this abbreviated presentation of Inkaraqay — El Mirador,
allow us to quote one of the historical evidences concerning the Inca devices for
gnomonic observation that were to have existed near Cuzco:

“And so that the time of planting and harvesting would be known precisely
and never lost he [Pachacuti Inca Yupanqui] ordered there be placed on a high hill to
the east of Cuzco four posts, separated from one another by about two varas [ca. 1.7
m - the Authors] and through their tops [were] some holes, through which the Sun
entered like a clock or astrolabe. And considering where the sunlight fell through those
holes at the time of fallowing and planting, he made marks on the ground |...]. And as
he had adjusted these posts precisely, he put for permanence in their place some stone
columns with the [same] measurements and holes as the posts, and all around he
ordered the ground paved, and on the stones made certain leveled lines conforming to
the movements of the sun which entered the holes [...]. And he delegated people to take
charge of these clocks [...]” (Sarmiento de Gamboa 1906, Chap. 30 [1572] - English
translation according to Bauer and Dearborn 1995: 37).

So far, the possibility of the existence of such a device was questioned by
the scientific community, which viewed the quoted description with scepticism, as
a product of its author, Pedro Sarmiento Gamboa’s, imagination. According to the
critics, the chronicler used his knowledge of astronomy (he was the king’s cosmog-
rapher and navigator) for embellishing accounts of Inca astronomical knowledge
(Bauer and Dearborn 1995: 36-37). But now, in the light of the Inkaraqgay - El Mira-
dor findings, this description becomes plausible. It is worth noting, that the dimen-
sions of the structure, and especially the distance between the observation openings
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(“two varas” = ca. 1.70 m) mentioned by Sarmiento de Gamboa, correspond almost
exactly with what we found in Inkaraqay - El Mirador (1.75 m). This may be the re-
sult of pure coincidence. But there is another possibility, that the Incan astronomers
have developed a certain model of an observation instrument, reconstructed in dif-
ferent places of the Empire, with modifications adapted to local conditions.
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Notes

The advances of the studies on Inkaraqay have been presented by the Authors on different occa-
sions since 2014, among others, at the 54th Annual Meeting of the Institute of Andean Studies
at Berkeley, California, January 10 - 11, 2014. A short communication about this discovery was
published in November 2017 in a bilingual, Spanish-English version (Astete, Ziétkowski, Kosciuk,
2017). The present, much more complete study, has been presented at the INSAP-X/Oxford-XI/
SEAC-25th Conference « The-Road-to-the-Stars » that took place in Santiago de Compostela,
Spain, between September 18 and 22, 2017.

The famous observatory of Chankillo (Peru) is much earlier (ca. 300 BC) and there are no proofs
that the Incas had inherited this tradition (Ruggles and Ghezzi 2007).

The side walls, as well as the back wall of this niche are badly damaged, but our careful examination
of original stones scattered around excluded the possibility that any opening similar to those which
are in the other niches ever existed, so the designation for this niche cannot be clearly explained.
Dimensions of all the niches only roughly correspond with Kendall typology of trapezoidal niches
(Kendall 1985: 31-35).

> 'The final 3D scanning of the general layout of the building was done by Jacek Kosciuk and
Ciechostaw Patrzalek from Laboratory of 3D Scanning and Modeling with Leica P40 scanner.
The same team executed the photogrammetrical project. Scanning of building details (both ob-
servational niches and openings) was done by Jacek Kosciuk and Marta Pakowska from the same
laboratory.

There are no radiocarbon dates available from this site, nor diagnostic archaeological materials.
The approximate chronology was determined on the base of stylistic analysis of the architecture.
7 'This refers to the brightness of this group of stars for the observer. Incidentally, recent studies
have shown that this seemingly purely “magical” method of divining has a pretty solid basis and is
highly effective. It turned out that the visibility of the Pleiades during their heliacal rising (begin-
ning of June) is determined by the amount of water vapour in the upper atmosphere: poor visibil-
ity is due to high saturation, which in turn is usually a harbinger of climate change defined as the
phenomenon of El Nifio (ENSO), which in mountain areas causes drought, while on the Pacific
coast disastrous rainfall. The correlation between these phenomena (the terms of the visibility of
the Pleiades and ENSO) lays between 0.75 to 0.95, which means that the traditional forecasting
methods were highly effective (Orlove et al. 2000).
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