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Introduction

The aim of this project is to study the Villa de Leiva site (commonly known as “El Infiernito”) located in Colombia in an archaeoastronomical way, which as posited by Clive Ruggles, enquires social interrogations and deals not only with architecture but other material records that offer information ‘that might provide insights into thoughts and practices relating to astronomy in the past’.
 The research is focused on finding any celestial alignments of the stones found within the site and the dolmen tomb. The intentionality of the builders is addressed by looking at the site as a whole, considering the phallic structures around the place, the artefacts found during the excavations, the archaeological records and a literature review of recent scholars who have talked about the cultures that presumably occupied the place, in order to frame the investigation under Stanislaw Iwaniszewski’s statement, ‘the phenomenon of observing the sky …is a socio-cultural fact’.
 So the methodology of this research is a combination of archaeoastronomical measurements done in the site, observation and literature review. Even that the site has been archaeoastronomically researched in the past, the findings suggest different approaches and interpretations towards a solar alignment, framed in cultural, ideological, agricultural and climate issues. 

Description of the site

“El Infiernito” is an archaeological site located in the Andean mountain ridge of Colombia, managed by the UPTC (Universidad Pedagógica y Tecnológica de Colombia). It is also known as the Monquirá or Saquencipá Archaeological Park. The archaeological site is composed of three main elements, two ‘sacred’ fields (as named by the excavation archaeologist Eliécer Silva Celis) that contain two stone rows and big monoliths, a dolmen tomb and phallic monoliths around the place (figures 1 and 2). Silva described that the northern stone row was completely reconstructed following the prints of stone columns.
 He continued that the southern stone row was partially reconstructed following the 26 in situ columns. 
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Figure 1. Aerial view of the site. Not all phallic monoliths are highlighted in the image. 
Adapted from Google Earth.
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Figure 2. Three main elements of “El Infiernito”. A. Sacred fields during a sunrise. Two stone rows (left and central part of the image) and big tilted monoliths (on the right of the image). B. Reconstructed dolmen tomb. C. Phallic monoliths. Photos taken by the author (03 - 04 Apr 2019).
Academic Rationale

The scholarly archaeoastronomical research made in “El Infiernito” on the past 40 years, performed by Silva, Juan Morales and scholars from the Universidad Distrital (Julio Bonilla, Carlos Rodriguez, Wilson Vargas and Edilberto Niño), has defined the place as an astronomical observatory.
 They reported relevance of the Sun (equinoxes, solstices and zenith passages), the Moon (eclipses, lunar standstills -moonrise extreme point-), the Pleiades and the Milky Way. ‘Equinoxes can be defined technically as the times when the sun’s declination’ (equatorial system coordinate named (, used to locate a heavenly body in the celestial sphere) ‘is 0°’.
 The solstices and lunar standstills are the limits on which we can see the Sun and the Moon move around the year respectively (figure 3).
 Within the tropics, the Sun passes in the zenith (overhead) twice a year, ‘when the sun’s declination ( is the same as the latitude (’.
 In “El Infiernito” these events occur near the equinox because the place is close to the Earth’s equator. 
Moreover, all the previous scholars didn’t compare directly their field data with celestial declinations in the time of the possible occupation of the site, but Bonilla et al supported their arguments with solar observations on the dates of interest.
 As stated by Ruggles, declinations are important in archeoastronomy because they can inform if a heavenly body could rise or set in a point in the horizon in the past, by a simple mathematic formula that uses azimuth, latitude and horizon altitude.
 So if only azimuths are considered (assuming a flat horizon not found in “El Infiernito”) and no direct observations of astronomical events are done, wrong conclusions can be obtained (see blue lines in figure 3). This implies that this investigation is the first one done on the site that relates field declinations with heavenly ones to support the archaeoastronomical discussion. 
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Figure 3. Representation of the eastern horizon in a latitude around 50°N. Sunrise of solstices and equinoxes. 
Adapted from Ruggles (2017).

Historical Context
The time frame in which “El Infiernito” is immersed, is the first topic to approach. As described by Manuel Salge, the Andean region where the site is located has been categorised in ‘three archaeological periods, Herrera, Early Muisca and Late Muisca, each of them associated to a pottery set and a chronological scale’.
 Salge, as well as José Rodríguez, Arturo Cifuentes, Sebastián Fajardo, Luis Navarro and Jesús Mahecha describe that the Herrera Period is associated to agriculture, pottery, small village life, monoliths construction, corn crops and hunting.
 Carl Langebaek states that the first farmers of the Herrera Period were, ‘at least in part, the Muisca’s ancestors’.
 Salge describes that in the Early Muisca Period there was a growth in the population and it is related to a change in pottery, metalwork, and ceremonial centres.
 He continues describing that the population continued growing in the Late Muisca Period that is associated with big villages with centralized politics.
 The dating of these periods is still under discussion, even though Langebaek, J. Rodriguez et al and Fajardo et al framed them between 1000 BCE and 1600 CE (figure 4).
 Thomas Van Der Hammen highlighted that there is a linkage ‘between changes in climate’ (temperature and humidity related) ‘and the beginning or fast spread of indigenous cultures’ (green areas in figure 4).
 In an annual climate level, Morales, by quoting Reichel, states that in the Muisca Periods March and June were rainy seasons, while September and December were dry seasons.
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Figure 4. Timeline for pre-Columbian periods (Herrera, Early Muisca and Late Muisca) in Colombia according to three scholars. Climate changes highlighted in green. Diagram made by the author.
Moving to a more specific context of “El Infiernito”, Manuel Izquierdo states that the ‘Muisca culture developed in the altiplano located in the Northeastern Colombian Andes’, framed in the Chibcha linguistic family as shown in figure 5.
 Silva adds that the Chibchas and Central Andean civilizations shared the worship of the Sun and the Moon.
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Figure 5. Map of the Chibcha-speaking world. Muisca territory is shown in the lower right part of the image. 
Image: Izquierdo 2008.

According to Langebaek and the UPTC, the first descriptions of the east-west orientation of the stone rows in “El Infiernito” occurred in the 19th century.
 The UPTC reported the destruction of some columns in the 1940s by local peasants but they respected ‘the bigger and heavier stones that were not sculptured’. Knowing all these stories, Silva excavated the site between 1979 and 1981, found beads carved in marine shells next to almost every column, took three charcoal samples from the sacred fields and dated them between 230 BCE and 930 BCE.
 Because of these results and supported by the difference in style and the higher density of the archaeological layers, he suggests two architectural periods, one in the northern field, the columns, and an earlier one in the southern field, the big monoliths. Even though, Langebaek reports two problems with the dates reported by Silva: first that there is a lack of details in the ‘description of the contexts of associations’, and second ‘that they were processed by the Institute of Nuclear Affairs, famous for its inaccurate results’.
 Therefore Silva’s dates cannot be used to date the columns and monoliths of the sacred fields. In fact, this dating is a debated ground. Langebaek said that one scholar considered them in the Late Muisca Period, while five in the Early Muisca Period (including his research of 2001).
 But in 2005 Langebaek states that the Late Muisca Period is the least feasible and that the stones’ elaboration could have begun in the Herrera Period. 
To add to the site’s context, Langebaek reported occupation in “El Infiernito” since 800 BCE that grew over time within the three described chronological periods, and Salge manifested that there is evidence in the site that associate it with celebrations since at least the Early Muisca Period.
 Salge highlighted a sector in the south of the big monoliths that during the Herrera Period presented a high occupation level, exotic pottery, a lot of animal bones and since the Early Muisca Period showed a high concentration of decorated pottery related to celebrations; the latter was maintained until the Late Muisca Period.
 This suggests that the archaeological site was an important centre since the Herrera Period, which persisted until the Late Muisca Period.
In summary, “El Infiernito” has evidence of occupation since the Herrera Period, which begun framed in relevant climate changes in the region, and it has also been related to festivities. The dating of its columns, monoliths and tomb is still under discussion but they may have been elaborated since the Herrera Period or in the Early Muisca Period. This archaeological complex is in the Muisca territory, whose Muisca culture is known to have worshipped the Sun and the Moon. So, the climatic, cultural and religious background give the first hints that there could be intentionality of astronomical alignments, at least for our star and satellite.
Methodology

This section involves the methods, instruments and considerations used for observation and measurements. I visited the site twice in 2019, once in the 3rd and 4th of April and then on the 21st of June. Azimuths and horizon altitudes were measured outside the tourist fence (because I was not allowed to enter the fields) with a Suunto Tandem instrument that has 1/3° of accuracy for the compass and 1/4° of accuracy for the clinometer. All azimuths were taken in both directions to check for local magnetic anomalies, finding a difference of 180°(1° in all measures. Horizon altitudes were determined by locating first the direction to look at and then facing up until I got to the ridge. Latitude and longitude measures were taken with the GPS of a smart phone Samsung J5 with the App “Mi ubicación GPS”, that gives an accuracy of 3m. Photographs were taken both with a smartphone Samsung J5 and with a Digital Camera Sony Cyber-shot DSC-W610.

The selection of what measures were taken followed an analysis of the literature review and observation. The measurements that were not surveyed are going to be described first: the coordinates of the phallic stones, the orientation of the tomb’s entrance, the orientation of the northern stone row and the diagonals (figure 6) made by linking the northern and southern stone rows. These diagonals were referred by Bonilla et al as orientations towards solstices.
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Figure 6. Sacred fields’ map. Adapted from Silva (1986).

The reasons why these measurements were not taken are the following:
1. Not enough detailed description or photographs of excavations. Silva didn’t record the exact location of the phallic stones, nor of the holes of the two stone rows (specially not the corners), nor photographs and original orientation (in degrees) of the tomb. The latter was found fallen and reconstructed.
 
2. Uncertainty in the number of holes/columns of the stone rows. Silva reported ‘54 or 55’ in 1981.
 But in 1986, he referred to 56.
 Moreover, I counted 55 stones in the southern stone row, with 25 bigger ones that were identified by two workers of the site as the in situ ones, and which correspond to the map shown in figure 6 as tiny black filled dots. In the northern stone row, I counted 59 stones. The in situ columns have also a one-stone difference between the present and what was reported by Silva in 1986.
3. Differences in the length of the stone rows. Silva described that the length of the sacred fields was of 30 m.
 While Bonilla and Rodriguez reported 37.68 m for the southern alignment and 38.38 for the northern.
 More than 7 meters of difference is a lot.
4. Differences in the spaces between stones in the rows. Silva reported regular spaces between holes (38cm), not found today as shown in figure 7.
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Figure 7. Irregular spaces between stones in both the northern stone row (image in the left) and the southern stone row (image in the right). Photos taken by the author (03 Apr, 21 Jun 2019).
5. Plunder. Silva reported that he found destruction and plunder in the stone rows.
 Adding to this, plunder could have happened after excavations since the UPTC reported that before 2006 there were no adequate fences and security personnel in the site.
 Also, the dimensions of the columns of the stone rows allow them to be easily stolen and moved, as evidenced by the destruction made in the ’40s as mentioned previously.

6. Diagonals are not intuitive. Phenomenologically speaking, tracing the diagonals shown in figure 6 is not intuitive in the field. There are many fallen and irregular stones between the rows, and the ground is partially inclined towards the south (figures 2A and 9A). 
To sum up, there are too many factors that may have affected the original position of these archaeological artefacts so to make measurements with them may induce to wrong inferences. So, the measurements that I decided to take were the orientation of the 25 in situ columns and of the big monoliths located in the southern field. Silva reported that ‘only two monoliths were moved from their original position’ (but he didn’t specify which) and he stated that they were ‘conserved in place’.
 So for the measurements of the big monoliths (that as seen in figure 1 seem to be aligned similarly to the 25 in situ columns) I decided to measure the orientation towards the northern point where the monoliths are touching the ground with some of the pillars that seem to be aligned in a straight line (figure 8).
[image: image10.png]



Figure 8. Photographs (A -facing east-, B -facing west-) and diagram (C) of the big fallen monoliths and orientations selected to be measured (seen in blue and green arrows). Photos taken by the author (03 – 04 Apr 2019).
For the measurements of the 25 in situ columns, I tried to reach a middle point where all these 25 stones seem to align (figure 9).
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Figure 9. Photographs of the 25 in situ columns and orientations selected to be measured (seen in blue arrows). A and C facing east, B facing south, D facing west. Photos taken by the author (03 Apr 2019).
Findings and Discussion

The results were tabulated in Table 1, where magnetic azimuths were converted to true azimuths using the value reported by the NOAA website.
 This had to be used since I tried to perform the radial GPS technique to gather my magnetic declination, but because of local magnetic anomalies identified in two reference points, the mean result was affected and not close to the NOAA one. Subsequently, declinations were calculated using the software SkyscapeR v.0.4b (2017). Results show a much bigger variability for the big monoliths’ declinations compared to the 25 columns’. The uncertainty used for the columns is the sum of the compass’ accuracy and the NOAA’s uncertainty (0.33+0.31=0.64°). For the big monoliths, I decided to put an uncertainty of 2° due to the difficulty of the measurements in the field to choose the best orientation (figure 8).
	Coordinates of the site
	Latitude 
	5.64727°N

	
	Longitude
	73.55929° W

	Field measurements
	25 in situ columns
	Big northern monoliths
	Big southern monoliths

	Magnetic azimuth (°)
	Facing east
	98*
	96.5
	99

	
	Facing west
	278*
	276
	279

	Horizon altitude (°)
	Facing east
	6*
	6
	6

	
	Facing west
	5*
	4.5
	4.5

	Subtracting the magnetic declination (7.99 NOAA)

	Azimuth (°)
	Facing east
	90
	88.5
	91

	
	Facing west
	270
	268
	271

	Converting measures into field declinations

	Declinations (°)
	Facing east
	0.57
	2.05
	-0.42

	
	Facing west
	0.49
	-1.55
	1.43

	*Median value of a group of 3 measures. In all times the difference between the three measures was <= 1°.


Table 1. Field measurements of magnetic azimuths and horizon altitudes, then converted to true azimuths to finally reach field declinations.
In order to start the comparison towards field declinations and celestial ones, a time span had to be given to the SkyscapeR software in order to include the corrections such as the precession of the equinoxes and obliquity of the ecliptic, phenomenons that according to Ruggles affect over time the position of stars, sun, moon and planets.
 The dating of the columns and monoliths as previously mentioned is still on debate. So, linking Salge’s findings in the southern sector of the big monoliths, the first archaeological dates of the site reported by Langebaek, the Herrera characteristic of monolith construction and Langebaek’s suggestion that the stones could have been constructed since the Herrera Period, the most likely dates when the monoliths were built in “El Infiernito” are between 800 BCE and 1200 CE.
The results (graphically shown in figure 10) suggest that all six values are around the Sun’s declination in the equinox, which means, that the Muisca culture or their ancestors were interested in the east-west axis that divides the sky in half. If Silva’s theory of two architectural periods is true, that is kind of supported by Salge’s findings in the Herrera special sector, the big monoliths could have been done first and were the basis for the columns’ construction.   
Even though, another possibility is alignment to the equinoctial full moons. A phenomenon that happens when the Moon and the Sun share similar places on the eastern horizon.
 So it may have been important, due to the Muisca lunar and solar adoration. But it doesn’t seem to be the first target for the stone alignment since only one of the “facing east” values touches the most likely location of the autumn full moon. So, it is more likely that the stones were aligned to the east-west axis and the moon just reinforced the relevance of the stone arrangement by rising as a full moon in some years near the two dates when the Sun aligned with the stones, making the site even more special.
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Figure 10. Representation of the six field declinations with their corresponding uncertainties shown as bars compared to the declinations of equinoxes (blue dotted line) and equinoctial full moons (yellow and pink) between 800 BCE and 1200 CE. Image: SkyscapeR.

Alignment to other astronomical events reported in the archaeoastronomical researches was also analysed, but neither solstices, lunar standstills and Pleiades declinations are close to the field declinations (figure 11). Planets were not analysed because of the lack of evidence in the literature review towards a possible social relevance of them in the Muisca culture or their ancestors. The rising and setting of the Sun alignments during the Zenith passages were also discarded due to the observations of our star in those events (figure 12). Bearing in mind Ruggles’ assertion that only the stars are affected by precession, it can be said that what is seen today with the Sun is very similar to what ancient cultures saw in the past.
 
Additionally, the Milky Way could have cultural relevance. Izquierdo said that the Muisca had a feminine deity called Bachue that ‘emerged from a sacred lake named Iguaque’ (this lake is located in the north-east view from “El Infiernito” just behind the mountains) with a young boy and after populating the world with him, they transformed in two serpents and returned to the lake.
 Morales proposed a relationship with this myth and the Milky Way.
 So the observation of our galaxy can have a cultural context associated with it. Even though, the galaxy has a complex movement along the horizon in the years of study as simulated in Stellarium v0.18.3. It rises and sets around a huge range towards the east and west respectively, changing its position and splendour depending the nocturnal and annual time, so further and detailed research is needed to determine if the Milky Way could have an alignment towards the stone rows and monoliths.
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Figure 11. Representation of the six field declinations with their corresponding uncertainties shown as bars compared to the declinations of solstices (blue), lunar standstills (green) and Pleiades (purple) between 800 BCE and 1200 CE. Image: SkyscapeR.
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Figure 12. No visible alignment of the southern stone row towards the sunset of the 3rd Apr 2019 (left image) nor to the sunrise of the 4th Apr 2019 (right image), that was the day of the zenith passage of the Sun. 

Photos taken by the author.

So, if the target was to align towards the east-west axis, how was it done by the builders of the site? One way is by marking when sunrise and sunset happen in exactly opposite directions, as defined by Ruggles. 
 This can be performed because of the very similar horizon altitudes viewed from the stones (just 1.0-1.5° of difference). Another way is determining the axis with the use of a gnomon and a rope as suggested by K. V. Sarma et al, but it is less likely because it needs a level surface which is not easily found in “El Infiernito”.

Having answered the how, the discussion will move towards why they built an east-west axis. Among the literature review, there are ideological, agricultural and religious reasons. Langebaek reported that in an exhaustive survey of the site, ‘the distribution of pottery in the settlement identifies two ring-shaped concentrations’ (figure 13), ‘each with an empty space or plaza in the middle that seems to have remained constant throughout the period the site was settled’. 
Because of similarities with other indigenous societies of Colombia and Eastern Andean places, he adds there is a near relationship between the east, feasts and the Sun, whereas the eastern sector is associated to masculine and ceremonial activities. Later on, he suggests ‘that the structure of the site corresponds to the dual organization of indigenous society’ that lasted around 2000 years.
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Figure 13. Location of the two ring concentrations of pottery in the surroundings of “El Infiernito”. Adapted from Langebaek (2005).

A duality system was also found by J. Rodriguez et al in their archaeological findings in Madrid (also located in the Eastern Andean region of Colombia) that was dated in the Herrera Period, where circles were associated to the solar masculine.
 So to divide the sky into two halves, and to build two lines of big monoliths and two stone rows were aligned processes to their duality concept. Which can also give a partial explanation of why they carved monoliths as phallic figures in “El Infiernito”, as a material representation of the relation between east, masculine, the Sun and celebrations.
Another reason to represent the east-west axis, was an adaptation to the climatic changes reported by Van der Hammen and also to determine the time for rains and drought to develop agriculture. Salge states that among the Muisca festivities described by the chroniclers, there were ‘religious celebrations where the relation of the man and the cosmos was commemorated’ and ‘fertility rituals linked with the agricultural calendar’, the latter that could happen on the first three months of the year preparing the land for planting or in the times of harvest and drought.
 So, the alignment of stones towards the times of what we know today as equinoxes was used and celebrated for agricultural matters. These festivities towards fecundity also relate well with the phallic monoliths around the place. Even more, if the Sun was worshipped by the Muisca culture and the creation myth included two opposite figures, feminine and masculine. Another probable religious evidence was the beads found next to the columns that Silva interpreted as offerings.
 Therefore, agriculture, celebrations, fertility, religious beliefs, duality ideology and the observation of the Sun rising and setting in opposite directions were part of a whole cultural system that developed in “El Infiernito” since the Herrera or Early Muisca Periods.
Conclusion

The essay aimed to find any celestial alignments of the stones, monoliths and tomb found within the site that were intentionally made by the builders of “El Infiernito”. The methodology included archaeoastronomical measures, observation and a literature review that dealt with archaeological, anthropological, historical, climatic and social issues. Measurements of the tomb, the northern stone row and the phallic monoliths were not done because there are many reasons to believe that their nowadays location and orientation may not have been the original one. The evidence suggests that the cultures that occupied the site (Muiscas or their ancestors) purposely made two celestial alignments during the Herrera or Early Muisca Periods towards an accurate east-west axis, one in the big monoliths of the southern field and the other in the 25 in situ columns. Other celestial alignments were discarded due to lack of similarity between field and heavenly declinations. This comparison was found to be innovative in the archaeoastronomical research done on the site in the past. The intentionality of lining up the stones as dividing the sky into equal parts can be explained with a duality ideology, agriculture and climatic adaptions, religious beliefs towards fertility and the Sun, and celebrations done in the immediate surroundings around the site.
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