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Abstract
The Mortar Room (Sala de los Morteros) is one of the buildings at Machu Picchu that has had an astronomical-calendar function attributed to it. The most elaborate hypothesis for this is that of Eulogio
Cabada Hildebrandt, who established it based on a series of photos and measurements taken in 2006–
2007. However, a precise reconstruction of the whole complex of buildings, based on 3D measurements
and digital modeling as well as several other series of photos, shows that, in Inca times, the Sala de los
Morteros could not have fulfilled the postulated astronomical function.One of the main challenges was
the presence of roofs over this and neighbouring buildings, which made direct illumination of one of the
‘mortars’ impossible, and the possibility of illuminating the other, limited. For similar reasons, the use of
the ‘mortars’ as mirrors for reflective astronomical observations or for zenithal observations of celestial
bodies, has also been excluded.
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Resumen
LA SALA DE LOS MORTEROS EN MACHU PICCHU: ¿OTRO INSTRUMENTO PRECISO
ASTRONÓMICO DE LOS INCAS?
La Sala de los Morteros es uno de los edificios de Machu Picchu al que se le ha atribuido una función
astronómica-calendarica. La hipótesis más elaborada al respecto es la de Eulogio Cabada Hildebrandt,
quien la ha formulado a partir de una serie de fotos y mediciones realizadas en 2006-2007. Sin embargo,
una reconstrucción precisa de todo el complejo de edificios, basada en mediciones en 3D y modelado digital, así como en varias otras series de fotos, muestra que, en tiempos de los Incas, la Sala de los Morteros
no pudo cumplir la función astronómica postulada. Una de las principales limitaciones al respecto fue la
presencia de techos sobre éste y los edificios vecinos, lo que imposibilitó la iluminación directa de uno de
los “morteros” y limitó la posibilidad de iluminar el otro. Por razones similares, también se ha excluido el
uso de los “morteros” como espejos para las observaciones astronómicas reflexivas o para las observaciones cenitales de los cuerpos celestes.
Palabras clave: Astronomía inca, Machu Picchu, escaneo láser 3D, Sala de los Morteros
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1. Introduction

Figure 1. The central part of Llaqta Machupicchu (elaborated by A. Kubicka).
1 – the Sala de los Morteros; 2 – Intimachay; 3 – the Temple of Condor; 4 - Torreón; 5 – Intiwatana.
Red hatching indicates the area covered by 3D laser scanning.

It has been long supposed that some of the late prehispanic period architecture within the Llaqta Machupicchu (Inca archaeological site in Urubamba valley
of Peru, popularly known as Machu Picchu, see Fig. 1) and its satellite settlements
have a possible astronomical-calendrical function. In our previous research, we presented a number of case studies (for the study of Intimachay see Ziółkowski et al.
2013, the Mirador de Inkaraqay - Astete et al. 2017, Coricancha - Ziółkowski and
Kościuk 2018, and for the Torreón - Ziółkowski and Kościuk 2020) where through
comprehensive analysis we evaluate in particular the possible astronomical significance of the orientation of some of these structures.
This broader project is now complemented by this study which discusses
the structure known as Sala de los Morteros,1 which is a stonemasonry single-room
building that contains two distinct stone bowl-like concavities embedded in the
floorassumed . It must be explained that this paperit is designed and focused toward
a very specific purpose, a critical overview of the idea that Sala de los Morteros had
an astronomical function. Such astronomical and calendric interpretation was ex-
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emplified in Eulogio Cabada Hildebrant’s (2008) book. On the basis of the authors’
previous experience and data presented here, this article suggests that this is not the
case, as a number of strong arguments imply that there is no relation between the
features of this building and its possible astronomical function.
The authors assumed that even an abbreviated, but dedicated review of archaeoastronomical problems of this architectural compound would be important
due to recent debates.
It must be explained that because our papers (the present one as well as the
previous) are dedicated to the problem of possibilities of observational practicea astronomical, the authors will largely refrain from introducing archaeoastronomical
theory and definitions. Before debating the Sala de los Morteros’ possible astronomical function, several key research problems must be noted:
- Do the shape and position of the two circular bowls that have given their name to
the building have any astronomical significance at all?
- If the answer to the above question is yes, can it be said that the Sala de los Morteros was an actual observatory, with similar functions to those of Intimachay (cf.
Ziółkowski et al. 2013) and Inkaraqay (cf. Astete et al. 2017); or did it serve only
to achieve some form of visual effect during ceremonies that may have been performed there?
- Again, if there is some astronomical significance to the orientation of the mortars
in question, is this purely accidental, having no actual relation to any astronomical
phenomena?

To answer these questions we used detailed data on both the building itself and its immediate surroundings. This input data, as with the Torreón study
(Ziółkowski and Kościuk, 2020), originated from a collaborative project with the
Machu Picchu National Archaeological Park to 3D laser scan various buildings
within the Park.2
The project began in 2012 by setting up a complex geodetic network of 59
measurement stations in Machu Picchu. A Leica TCRP1203 total station was used
to measure all the angles and distances between these stations, with the resulting tachymetric data adjusted using the least-squares method. To locate and orientate this
network geographically, static GPS measurements were taken for a set of eight stations that spanned the entire network. Using the least-squares method, these measurements were then aligned with four of the Park’s official geodetic network reference points. This formed a rigid survey network that could then be transformed
from the local coordinates system into global geodetic UTM18S coordinates. The
maximum errors resulting from this process were in the range of 20 mm or less.3
Although the project is still ongoing, the data obtained from the 3D laser
scanning form the basis of the analyses presented in this study. All plans and sections were derived directly from a 3D point cloud, while the computer simulations
showing the effects of the sun’s rays were made on 3D mesh models also based
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on the scanning results.In 2012, the authors began 3D laser scanning the central
part4 of Machu Picchu,5 ending in the 2016–2018 period with more than 350 scan
stations completed, covering all the essential areas and buildings. This was a noteworthy achievement given that the entire project runs on a pro bono basis, with the
annual scan sessions limited to only two weeks. Several different instruments were
used to carry out the process:
- The Machu Picchu Park Directorate’s Leica ScanStation 2 scanner was used during the initial 2012 season.
- A Leica ScanStation C10 scanner, courtesy of Leica Geosystems Poland, was in
use during the 2014–20156 period.
Finally, for the 2016–2018 period, the authors used their own Leica P40 instrument.

In order to provided referencing for the survey network, HDS (High-Definition Surveying) targets were placed directly on network points whenever possible.
There were, however, areas where no such points were visible. In this case, cloudto-cloud registering was used with the least-squares method to minimise possible
errors, resulting in error rates no greater than 10 mm across the whole site. With the
few errors that turned out to be bigger, weighting was used.
Since the general orientation of the whole project was based on global
geodetic WGS-84 coordinates, it was necessary to introduce a true north adjustment, that is, a grid convergence correction, for the archaeoastronomical analysis.
A -0.56° adjustment was required for Machu Picchu, which lies within the UTM
18S Zone, with a central meridian of 69°W. This calculation was performed using
Walls Project Editor v2. The authors used direct observations of the sun to orient
particular buildings more precisely, and to link them to the horizon’s orientation. In
most cases, these measurements proved to have a good degree of compatibility with
the official plan of Machu Picchu provided by the Park Directorate. The differences
that were encountered can be explained mainly by the unavoidable simplification of
the general plan of Machu Picchu, which did not take into consideration all the local
irregularities such as sloping and often curved walls.
There is one further crucial factor that needs to be addressed in relation to
the archaeoastronomical analysis of Machu Picchu in general; that is, the chronology of the construction of the structures. Until recently, the construction of the entire Machu Picchu site was usually placed in the second half of the fifteenth century,
beginning around 1450–1460 AD (Burger and Salazar, 2004, p. 27). However, recent
studies based on radiocarbon data have indicated that construction began a few
decades earlier, possibly in the early fifteenth century (Ziółkowski et al., 2020). Since
this shift of a few decades in the chronology has a marginal impact on the analysis
of the sun’s positions – though, a slightly more significant impact on stellar observations – and as most of the astronomical hypotheses formulated about Machu Picchu
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look to either 1450 or 1500 AD as their reference points, the authors decided to use
the ‘traditional’ dates as their reference in their comparative analysis.

2. The Cuarto de los Morteros and the Sala de los Morteros
Besides the Torreón, the Intiwatana, and the so-called Temple of the Condor,
the Sala de los Morteros (Fig. 2, Fig. 3) is one of the buildings at Machu Picchu’s that
enjoys much attention, not only from tourists visiting the site, but also from number
of researcher.

Figure 2. Panoramic view of the Sala de los Morteros (photo by J. Kościuk).

The Sala de los Morteros is located in the eastern part of the Llaqta, within
a bigger complex (the so-called Industrial District or the Cuarto de los Morteros)
consisting of ten edifices, which are delimited by an enclosure (Fig. 3). This area
can only be accessed from two directions: from the south through a double-jamb
door, and from the north by steps descending from a small courtyard located further to the north. Another doorway, also with double-jambs, divides the Cuarto
de los Morteros into two parts: the northern, and the southern where the Sala de
los Morteros is located. This whole sector is one of the largest in the Llaqta, but it
should be noted that the quality of its stonework is inferior to that of, for example,
the Torreón. This seems to reflect a somewhat lower position in the hierarchy of
importance of this complex than the sectors located further to the south-west
(Fig. 1).
According to our opinion, the Cuarto de los Morteros was a planned and wellthought-out complex. The erection process was principally planned as a single main
building phase, although it was not completed all at once. This has been confirmed
by the authors during analysis of the external elevations (Fig. 4) and wall corners to
the east of the Sala de los Morteros (Fig. 3).7
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Figure 3. Top view of the Cuarto de los Morteros in the eastern part of Machu Picchu
(elaborated by J. Kościuk).
Dark grey – roofed buildings; light grey – enclosure walls; blue lines – traces of gutters to drain water
from the roofs; the L-shaped marks east of the Sala de los Morteros represent walls erected during the
same construction phase; an asterisk (*) marks buildings where traces of red plaster were found inside.

The Sala de los Morteros takes its name from the two rock blocks embedded in its floor. Both of these have round depressions in them resembling mortars
used to grind the various materials that are used in, for example, the production of
textiles, ceramics, or metallurgy. However, another interpretation is that these ‘mortars’ were filled with water, and functioned as mirrors that reflected heavenly bodies. The most detailed and documented version of this last hypothesis was published
by Eulogio Cabada Hildebrandt (2008). Before we examine his results, let us resolve
two important questions that are pertinent to any archaeological study.
The first question is whether both the ‘mortars’ are still in their original positions. On Hiram Bingham’s photos (Fig. 5, Fig. 5) one can see some digging activity around the stones, but Cabada Hildebrandt (p. 42–46) argues strongly that both
‘mortars’ were not moved by the Bingham expedition. Other excavations at this site
were carried out in 1933-1934 (Fig. 7). Also in this case, the explorers did not report
moving or picking up either of the stones
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Figure. 4 The western exterior facade of the Cuarto de los Morteros.
Source: GoogleEarth (accessed: 5.01.2021)

Figure 5. The Sala de los Morteros in 1912.
Source: Cabada 2008, photo 23, p. 34.

Figure 6. The Sala de los
Morteros in 1912 Source:
Cabada 2008, photo 24,
p. 35..

Figure 7. Excavations around the ‘mortars’, led by Luis E. Valcárcel V..in 1933-1934.
Source: (courtesy of Dirección Desconcentrada de Cultura, Cusco).
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2.1. The problem of roofs on buildings in the Cuarto de los Morteros
The present appearance of the Llaqta Machupicchu lacks, in almost all the
buildings, an important component: the roofs. This architectural element is essential in evaluating the conditions for possible astronomical observations during the
functioning of the site in the fifteenth and early sixteenth centuries, especially in
respect to the Cuarto de los Morteros.
In only two of the buildings in
the Cuarto de los Morteros (numbers 6
and 9/10 in Fig. 3), is there direct indications (still preserved triangular gablewalls) that they were roofed. There are,
however, several indirect signs that all
the other buildings were also thatched.
In four cases (buildings 1, 2, 4, and 8),
red plaster traces were found inside the
buildings (Fig. 8).8
Figure 8. Traces of red plaster in the niche of
the building 6 (photo by J. Kościuk). .
Additionally, alongside the outer
facades of buildings 4 and 5, there are rows of stones suggesting a type of gutter into which
water flowed from the roof (the blue lines on Fig.3). If they are original, they may indicate
that these buildings were also covered. One such gutter leads to an original culvert in the
complex‘s perimeter wall (between buildings 5 and 6), which indicates that at least this
one belongs to the original Inca phase of creation. Characteristically, the gutters also run
along the shorter walls of some of the buildings. The absence of triangular gable walls, and
the building‘s more square proportions, may indicate hipped roofs. The last argument for
the existence of roofs is the lack of rainwater drainage from inside the buildings. If they
were not covered, the rainwater that collected inside would need culverts to drain it to the
outside, as is the case with the open courtyard north of building 2 (Fig. 3).
The Sala de los Morteros, which is the main subject of this study, measures
8.15 (8.17 for the opposing side) by 13.05 (13.85) meters, and its present state of
preservation is the same as Bingham had found it (Fig. 5, Fig. 6). Three entrances
lead from the west into a spacious interior decorated with 18 niches. There are also
three windows, one each pointing to the north, east, and south. The lower sections
of the surrounding walls (up to the full height of the niches) show much better quality stonework than the upper-most rows of stones. One may even have the impression that the building was finished – if at all – in a hurry.9 It seems that it was once
roofed, or at least such was the builders‘ original intention (Fig. 9b). At this point,
the authors disagree with J. McKim Malville, who states:
The building was apparently not roofed, suggesting the importance of rituals involving
the light of the sun and/or moon throughout the day and, for that matter, throughout
the year. (Malville, 2015, p. 888–889)
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Figure 9. A tentative reconstruction of roofs on the Sala de los Morteros and Building 6
(drawing by J. Kościuk)
a - the present condition of the building; b - roof reconstruction proposal

The remaining question concerns the accuracy of the building plan and its
orientation towards true north. However, this problem deserves a more detailed
study and will be approached separately in the next subchapter.

2.2. The plan of the Sala de los Morteros and its orientation towards true
north
The Sala de los Morteros plan and orientation analysis are based on the data
set described at the beginning of this study. Additionally, a set of photos of the Sala
de los Morteros, shot with GPS-equipped digital cameras, were used to verify orientation. The exact GPS time stamp was read from the EXIF header of each photo,
and the angles of incidence of sunlight were calculated in Stellarium for that exact moment. These values were then used to illuminate a 3D model of the Sala de
los Morteros resulting from laser scanning, and oriented according to ‘our’ north.
Comparing these images with the original photos showed virtually no differences
(Fig.10). Considering that Inca astronomers made their studies only with the help
of visual observations, it can, therefore, be concluded that the lack of visual differences between the photo and the computer simulation might be the proof that the
3D model had the correct orientation within an acceptable error margin.
We also noticed some minor differences between the results of the 3D laser
scan and the plan published by Cabada Hildebrandt. The reasons for these differences
lie in the different levels of accuracy in mapping the details of the walls, and the different heights at which the horizontal section was made. The differences in the latter
have a particular impact, which is apparent when considering the inclination of all the
walls of any Inca building. However, we have to highlight an essential fact that mainly
concerns the data relating to the orientation of the building’s eastern wall (Table 1).
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Figure 10. The south-eastern corner of the Sala de los Morteros. Comparison of shadows on photos with
recorded GPS time-stamps against simulations on a 3D model (photos and simulations by J. Kościuk)
a – photo from 20.08.2016 at 11:14:40 AM as read from the GPS time-stamp in the EXIF header;
b – shadow simulation on the 3D model for Az = 21.167° and Alt = 62.940° as reconstructed in Stellarium 0.16.0.

Table 1. The basic data related to the dimensions and orientation of the Sala de los
Morteros (elaborated by J. Kościuk)
Eulogio Cabada
Hildebrandt (2008)

J. Kościuk and
M. Ziółkowski

Difference

13°09’23”
72°32’34”

13°09’48”
72°32’21”

+0°0’25”
-0°0’13”

Sala de los Morteros inner
dimensions

medium
6.50 x 11.75 m

medium
6.43 x 11.70 m

-0.07÷+0.05 m

The azimuth of the eastern wall of the Sala de los
Morteros

16°

16.59°

+0.59°

ca. 360°

356.8°

+3.2°

June 21 at 7:21:11 AM*

Az 61.88°

Az 61.21°
Alt 14.44°

+0.67°
-

December 21 at 8:00:00
AM*

Az 109.58°

Az 109.57°
Alt 35.18°

+0.01°
-

March 21 at 7:17:35 AM*

Az 85.42°

Az 83.90°
Alt 22.47°

+1.52°
-

Data
Sala de los Morteros
coordinates

The azimuth of the
mortars’ centres

* Cabada Hildebrandt 2008; 54, the table at the bottom of the page); M. Ziółkowski and J. Kościuk
(calculated using Stellarium 0.16.0 for 13°09’48” and 72°32’21” coordinates).
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3. The Sala de los Morteros as an astronomical observatory: a summary of
existing hypotheses and their verification
The most detailed and documented version of these hypotheses was published by Eulogio Cabada Hildebrandt, who dedicated a comprehensive study
(Cabada Hildebrandt, 2008) to the subject, supported by measurements and theoretical models based on the calculations of the orientation of the structure in relation to the ‘mortars’. The undeniable key point of his demonstration is the series
of photos of the sun’s rays that illuminate the room’s interior, and in particular, the
‘mortars’. The photos are taken on well-defined days and hours. These are considered to be irrefutable support for the hypothesis presented by the author. At the end
of his study he summarises it as follows:
From the direct observation of the photographic series recorded during the solstices and equinox, which is the subject of this report, and in relation to the previous
analyses preceding these events, the following conclusions are drawn:
- The relationship between the window and the southern rocky disc, by means of the
beam of sunlight, presents the necessary conditions to function as a marker of the
winter solstice. It is only necessary to specify, among multiple alternatives, a prefixed
area, on which the luminous impact of the beam of sunlight would coincide, each year
and at the same time, defining the event’s occurrence.
- The possibility, suggested from the beginning, of a column, seated on the disc and
in whose body, at half-height, the pre-determined area, defined by a first projection
during the solstice, of the window’s light beam and, at the time, the luminous impact,
indicating the occurrence, is not discarded.
- The relationship between the window and the northern stone disc, by means of
the beam of sunlight, presents the necessary and sufficient condition to function as a
marker of the equinoxes; this is evident in the photographic image registered at 08:14
on the 23rd of September 2006, as it appears in this report.
- The simultaneous relationship of the beam of sunlight with the outer southern and
inner northern edges of the window has not occurred as predicted in the study to
announce the summer solstice; however, it is pertinent to clarify that this is not a divergence from the predicted solution; it is in fact a lag in relation to the ideal solution;
as can be seen in the photographs showing the inner northern face of the window.
Finally, the various attempts to determine the North, from the known azimuths, end
up in an alignment very close to the discs’ centres, which allows us to deduce that such
alignment was planned. (Cabada Hildebrandt 2008: 62, translated from Spanish by
M. Ziółkowski)

Moving on to the critical analysis of this hypothesis, we would like to underline that we are fully convinced of the accuracy of measurements and models
made by the author, and the precision and excellent temporal record of the photos
that document the solar events being analysed. Our doubts can be summarised as
follows. Are these solar events, which we observe today, the result of a planning
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process intended to achieve such a calendar function, or are they fortuitous effects
due to a series of changes in the structures over the centuries?
Moreover, even if we accept that the arrangement of the two ‘mortars’ in
relation to the eastern window of the room was premeditated and responded to
specific astronomical considerations, there remains the same question as in the case
of other structures that have been analysed at Machu Picchu: Was this a device for
precision observations, or was it just an orientation intended to achieve some symbolic effect but not to make astronomic observations as such? In the following lines,
we will try to answer these two fundamental questions.
3.1. Some comparative observations concerning the Sala de los Morteros with
known cases of gnomonic observations of the sun
The practice of gnomonic observations of the sun has been widely documented in the Andean area, both in historical sources and in archaeological material (Bauer, Dearborn, 1995, p. 55–56; Fink, 2009; Ziółkowski, 2015, p. 219–223). This
type of observation is based on looking at either the sun’s rays coming through an
opening (such as window, door, or hole), or watching the shadow cast by a gnomon
onto a flat surface. Let us quote one of the shreds of historical evidence concerning
an Inca device for gnomonic observation, which was 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, p. 37)

In Machu Picchu’s case, at least three structures could serve as examples
of these observational techniques: Intimachay (Ziółkowski et all., 2013); Inkaraqay (Astete, Ziólkowski 2017), and, apparently more for ritual purposes than for
precision observations, the Torreón (Dearborn, White, 1982, 1983; Ziółkowski and
Kościuk in print).
The sun’s rays penetrating through a narrow opening and hitting a specific
point inside the building, for example, a wall niche, in some cases served for ritual
purposes, which were considered to be of great symbolic importance, i.e., an object
of worship reflecting the sun’s rays. Let us remember that some ‘Sun-idols’ were
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designed so that they produced a glow when illuminated by the sun’s rays. The most
emblematic example is Punchao, the principal object of worship kept in the temple
of Coricancha in Cuzco (Ziółkowski and Kościuk, 2018). Unlike these symbolic
and ritualistic astronomical orientations, an analysis of gnomonic systems (Inca and
those of other cultures) designed for precise astronomical observations, testifies to
the typical constituent being scales in the form of a line (in the case of a meridian),
or stripes (in the case of sundials), which served as a reference for the observed positions of the sun’s rays at a given time of day and/or year.
3.2. The ‘mortars’ as sun markers or mirrors?
Although of respectable size (40–45 cm for the inner diameter) and quality
of finish, the ‘mortars’ do not have any markers (lines or stripes) that could be used
for actual calendar calculations, i.e. the temporal succession of the events observed.
When considering the hypothesis that the ‘mortars’ could serve as this kind of ‘solar
marker’, as Cabada Hildebrandt suggests, it should also be noted that in all Inca
architecture there are no other examples of artefacts similar to these ‘mortars’ that
could be attributed an astronomical function. Why these structures are in the form
of flat containers with ridges also needs some form of justification.
A possible explanation for the unusual shape of the supposed ‘markers’ is
that they were filled with some type of liquid and in this way functioned as mirrors,
projecting the sun’s rays onto some flat surface. This would then be a type of what is
called reflective gnomon. Although this observational technique is not documented
in pre-Columbian cultures, it was known in the Old World. A famous and welldocumented example is Copernicus’ Table of the Equinoxes, which was designed
and built by the astronomer in the outer corridor of the Olsztyn Castle in Poland
(Szubiakowski and Włodarczyk, 2018; Dzieciątkowska, 2013). The sun’s rays, projected by a mirror consisting of a small container filled with water, mercury, or wine
(Przypkowski, 1973; Colomboni, 1669, p. 640), fell on markers painted on the wall
of the corridor that corresponded to particular positions of the sun.
However, even when tentatively accepting such a possible function for the
‘mortars’, it would be necessary to also explain a somewhat unusual feature for this
kind of astronomical instrument: the vessel/mirror’s size. In the case of the Copernican Table of the Equinoxes referred to above, as well as in the models described in
Copernicus’ manuals, the diameter of the vessels is relatively small, not exceeding
about four or so centimetres (Szubiakowski and Włodarczyk, 2018, p. 182-183),
thus securing the necessary precision for observations. How can we explain, then,
the impressive diameter of the ‘mortars’ and the resulting dimensions of the projected light beam? As we have noted in the analyses of other structures of probable
astronomical function, such as Intimachay, Inkaraqay, and to a certain extent the
Torreón, the elements that served for precise astronomical observations purposely
reduced the size of the sun’s beam when seen at crucial moments of the annual route
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of the sun. In the case of the ‘mortars’, there is, on the contrary, no inclination in
this direction.

4. Critical analysis of the hypothesis of the astronomical-calendric
function of the ‘mortars’
With all these general reservations
in mind, let us start to examine the details of
Cabada’s hypothesis. As a verification tool,
we used the 3D model developed from 3D
laser scanning data, accurately oriented
towards astronomical north, as described
in the introduction to this study.
Indeed, as Cabada Hildebrandt stated, at 8:14 in the morning
on September 23, the sun’s rays, passing through the eastern window, fully
illuminated the northernmost ‘mortar’
(Fig. 11a – middle row). As the simulations in the 3D model show, the entire
spectacle, from the moment when the
sun’s rays began to touch the western
edge of the ‘mortar’ until they left its
opposite edge, lasted about 40 minutes.
A similar simulation was done
for the June solstice (Fig. 10b). This time
a photo (Fig. 12) from a camera with a
GPS sensor served as the reference, and
was taken at precisely 8:48 AM, as can
be read from the EXIF header data.
Again, a satisfactory agreement was
achieved between the reference photo
and the 3D model. In both cases, the
sun’s rays illuminated the southern half
of the other ‘mortar’, from about 8:28
AM until about 9:08 AM.
However, these simulations
referred to the current situation, in
which no roof exists on building 6 to
the east (Fig. 3). Let us recall here that
this building’s well-preserved triangular

Figure 11. Computer simulations using a 3D model for the sun’s rays falling on the ‘mortars’ in the
Sala de los Morteros (elaborated by J. Kościuk).
a – on the day of the equinox; b – during the June
solstice (no roof over Building 6); c – during the
June solstice (with a roof over Building 6).

Figure 12. The Sala de los Morteros
on the June 21, 2017
(photo by D. Sieczkowska)
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gable walls (Fig. 9a) clearly indicate both the existence of such a roof in the past and
its exact dimensions. So what will the simulation for the June solstice look like if we
take into account the existence of this roof?
The answer is unequivocal: as long as there was a roof on building 6, none
of the sun’s rays could have projected onto the southern ‘mortar’ (Fig. 11c) during the June solstice. This observation, along with previous doubts, dramatically
weaken the credibility of the hypothesis about the astronomical function of the Sala
de los Morteros. Of the two ‘mortars’ located there, only the northern one could
have served to mark the moment of the equinox. What, then, was the purpose of
the southern ‘mortar’? There is currently no convincing hypothesis about any application being related to the astronomical calendar – even those connected with the
religious rituals that were possibly celebrated there.
However, let us assume that, indeed, at least the northern ‘mortar’ was used
for astronomical observations and that in the absence of any lines marking the spe-

Figure 13. Computer simulations using a 3D model for the sun’s rays, reflected from the northern
‘mortar’ on the day of the June solstice (elaborated by J. Kościuk).
a – at 8:10 AM on June 21, 2017; b – at 8:32 AM on June 21, 2017; c – at 8:54 AM on June 21, 2017.
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cific positions of the sun’s rays, it was filled with water (or other liquid) and served
rather for reflective gnomonic observations. In this case, where would the sun’s rays
reflected from the liquid’s surface fall? The result was, unfortunately, just as disappointing as before (Fig. 13). Only the first of the sun’s rays falling inside the bowl
were reflected on the wall on the western side of the room; and that, just at the wall’s
top (Fig. 13a). As the sun’s rays approach the inner part of the ‘mortar’, the reflection
from the liquid’s surface moved to the thatch above the building (Fig. 13b, c), rendering the entire instrumentation useless for precise astronomical observations.
Finally, to exhaust all possible interpretations, the illumination of both
‘mortars’ by the rays of the setting sun was taken into account. However, the very
first glance at the buildings surrounding the Sala de los Morteros from the west (Fig.
3) precludes this possibility.
Perhaps the last chance to ‘save’ the Sala de los Morteros as an astronomical
observatory is the function of recording the sun’s zenith passage over Machu Picchu.
A well-known example here is the Xochicalco observatory, in the Mexican state of
Morelos (Lebeuf, 1995). However, the technique of recording the sun’s zenith passage
requires the tunnelling of solar rays, so that only those that are perpendicular to the
earth’s surface fall on the observational device. A suitable hole in the roof could fulfil
such conditions, but the principle of Ockham’s razor prevents us from further assessing this hypothesis. For the same reason, Cabada Hildebrandt’s idea that the ‘mortars’
served as pedestals for columns for casting shadows will not be evaluated here.

5. Conclusions
Looking closely at the results of the above analyses, one may reject Sala de
los Morteros functioning as any kind of solar observatory. Eulogio Cabada Hildebrandt’s calendar-astronomical hypothesis, based on the actual appearance of this
building, seems, at first sight, convincing. However, a reconstruction of the original
situation as it was at the time of the Incas, forces us to reject this postulate for the
following reasons:
- the presence of roofs made it impossible for the southern ‘mortar’ to be illuminated at any of the characteristically significant points of the solar year;
- both the northern and southern ‘mortar’ lacked any marking system, which
would be indispensable in following the movement of the sun’s rays;
- although the shape of both ‘mortars’ suggests that they were a type of flat vessel,
perhaps for containing liquids, neither could have served as mirrors for reflective
gnomonic observations since the southern ‘mortar’ could never have reflected the
sun’s rays, and the northern ‘mortar’ would have projected them onto the thatch;
- due to the presence of a roof on the Sala de los Morteros, neither of ‘mortars’ could
have been used for zenithal observations;
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- finally, the presence of roofed buildings on the western side of the Sala de los
Morteros would have made it impossible for sunlight entering from this direction
to illuminate the ‘mortars’ through any of the three entrance doors.

Under these conditions, even a ceremonial function for the ‘mortars’ might
be questionable. In light of the currently available facts, their original purpose cannot be clearly defined; however, there are many indications that they might have
served for much more prosaic purposes than astronomical observations.
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1 This project has been carried out thanks to the support of the National Science Centre of Poland (grant
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2 The study is also part of mentioned of a series of papers, and while they are based on the same data

3
4
5
6

set and methods, for the sake of completeness and clarity the authors provide here essential methodology information, despite it is overlapping with descriptions already provided in the previous studies (cf.
Ziółkowski and Kościuk 2020:7-8).
All geodetic measurements were made by a team led by Bartłomiej Ćmielewski.
That is, within the limits available to visiting tourists. In fact, the entire area of the Machu Picchu National
Archaeological Park covers over 300 km2.
This part of the scanning project was coordinated jointly by the Machu Picchu National Archaeological
Park’s architect César Medina Alpaca, and Jacek Kościuk.
From this moment on, the entire scanning project was in the hands of Jacek Kościuk, the head of the 3D
Scanning and Modeling Laboratory at Wroclaw University of Science and Technology.
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7 Perhaps only the double building (9 & 10) is a later addition, to fill the spacious central area. The authors
thank Adine Gavazzi for highlighting this possibility.

8 The authors thank José Bastante and Adine Gavazzi for pointing out this fact.
9 The same can be said for other buildings in this sector.
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