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What is the orientation of the churches of Tomar?
Word count: 3538
This essay is a study of the orientation of the churches in the city of Tomar in Portugal. Eight churches were considered and their orientation was measured in order to understand the reason behind their alignments. The essay will start with a brief explanation about the sun and its role in the orientation of Christian churches followed by a brief description of the churches considered. The methodology followed will be described and finally the results obtained will be analysed and discussed.
The study of the orientation of churches is a way to understand the connection between the celestial bodies and human constructions. The relationship between architectural orientations and celestial movements reveals some links between sky and earth, as Stanislaw Iwaniszewski wrote that ‘astronomical alignments encoded in architectural layouts create direct associations between the human and celestial realms’.
 In the particular case of Christian churches, the study of the orientation of temples is associated with the movement of the sun and its cycle. Juan Antonio Belmonte wrote about the sun that it ‘is without a doubt the most prominent celestial symbol in the sky’, being so important that cultures have been following his cycle to organize their life’s.
 The sun is considered a reference for cultural and social organization and according to Belmonte that happened within the Christian religion which ‘still has its roots connected with the sun’.
 Assuming the sun as a central figure in structuring social and cultural basis, it is acknowledged the connection between the cycle of the sun and the construction of religious temples, particular Christian churches. A. Gaugui, also, considered that ‘It is known that the spatial orientation of the ancient Christian churches is one of the most salient features of their architecture’, showing that the direction in which a temple is constructed was mostly likely specifically chosen.

Although the sun can be considered of extreme relevance, and the reference, when choosing the orientation of a temple, there can be many different aspects of its cycle to be considered. A common association is to orient the church to east, to the rising sun, as according to Stephen McCluskey the orientation chosen for a church was ‘to the general principle that the worshipper should face toward the eastern quarters of the sky to pray’.
 However, the range of degrees that encompasses the rising sun it is wide so there are some particular occasions that can be the reason for determined orientation. McCluskey considered as hypothesis the true or equinoctial east, the patronal feast day and the foundation date.

The orientation to east was common in the Christian tradition but specifically, a temple could be oriented to the equinox. This orientation was sustained by Isidore of Seville, according to McCluskey’s interpretation, ‘that temples should be constructed facing equinoctial east, so that the line from sunrise to sunset would equally divide the left and right parts of the sky’.
 However, the orientation of a church according to the equinox can bring some doubts, as McCluskey alerted, because it has to be understood which equinox is being considered. There is the geometric equinox, which McCluskey describe as the ‘place on the horizon midway between the places of sunrise at the solstices’ or the ‘day midway between the days of the two solstices’.
 And there is a symbolical equinox, as Brady et al defined, which considers a day symbolically significant to determined culture or belief.
 

The hypothesis of orienting churches according to the feast day of the patron saint of the temple is associated by Ali and Cunich to a poem of William Wordsworth from 1822.
 However McCluskey, traces this idea back to the seventeenth century to the work of Silas Taylor.
 Regardless of its origin this hypothesis must be considered carefully because it Is difficult to assure which saint was originally intended to be the patron of a particular church and also, which date was indicated for the celebration of that saint by the time the church was erected. According to José Carlos de Miranda et al stated, these alterations result from ‘the alteration of the Gregorian to the Julian calendar, as for the numerous liturgical reformations in the catholic church’.

Churches of Tomar

According to the Portuguese historian Amorim Rosa, the city of Tomar was founded in 1160 with the construction of a castle which enclosed the church of Santa Maria do Castelo.
 Rosa also refers an anterior occupation of this region by Romans, Visigods and Barbarians however, it is difficult to understand where and how their occupation had influence  the development of the city after 1160. The churches selected to be part of the present study are eight, belonging to the central and historical area of the city. The city has a small hill in the west where one church is located and a flat terrain to east where the other churches are located. The location of the churches throughout the city is shown in figure 1.
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Figure 1. Disposition of the eight churches selected for the study in the city of Tomar. Image: Google Earth.

On the top of the hill there is the Convento de Cristo, which is inside the castle constructed in 1160. This building was amplified throughout the years and suffered a number of restoration and reconstructions until the seventeenth century. The polygonal temple that exists today is the original construction of the church Santa Maria do Castelo although with a few modifications such as the alteration of the entrance door, probably changing the sense of the orientation chosen. Around the 16th century a wall was open to add a new structure in the church, moving the entrance to the west.

In the terrain in front of the hill, the other seven churches were constructed. The Church of Santa Maria do Olival was constructed probably in 1160 under the orders of Gualdim Pais, the master of the order of the templars, under the old ruins from a Benedictine monastery. However, in the thirteenth century the church was reconstructed, disappearing the primitive church.
 From 1430 dates the church of São João Baptista, yet there is documental reference of an older temple, in the same site, from 1178. The church suffered alteration in later centuries as the amplification of the nave, which probably was originally a single nave.
 The terrain for the construction of the current chapel of Santa Iria was bought in 1467 and it was ordered by D. Mécia Queiroz the construction of the chapel and a house for her and her female children. In 1536 the chapel and house were reconstructed and amplified and this is the church that can be visited now. From 1535 dates the beginning of the construction of the church of Nossa Senhora da Conceição which was concluded by 1573.
 The chapel of São Gregório, an octagonal temple, dates from the 16th century, and there is no information about the years of construction.
 The church of Nossa Senhora da Graça is from the 16th century, and its construction begun in 1567.
 The convent of São Francisco was funded in the year 1624 by Franciscan monks and four years later, in 1628, the construction started. The body of the church was complete in 1636.
 

Methodology

The methodology for the research recurred to online tools to get the necessary measurements. First the coordinates of each church were measured in google earth as well as the azimuth of the orientation of each temple. The orientation measured was in relation to the altar and headboard location. Thus, the azimuth was measured drawing a line from the front façade to the headboard in the centre of the body of the church, considering the orientation of the main altar. The middle line of the division of the roof in two parts was used as a reference to draw the azimuth line. The altitude was measured using the online tool HeyWhatsThat as well as the characterization of the surrounding landscape.

The azimuth measurements were converted into declination degrees to possibly find in which days is the sun in that particular position from each specific site. For the buildings anterior to the 16th century the dates founded were converted to the Julian Calendar using the online converter Formilab.

For the analysis of the data an uncertainty interval was defined in order to contemplate eventual deviations in the measurements. Bernadette Brady et al compared their measurements on the field with digital measurements and concluded that ‘virtual measurements to be accurate to within half a degree’, so for the online measurements for the present study it will be considered an uncertainty of 0.5º.
 Following Brady’s et al approach this uncertainty of 0.5º on azimuth measurements corresponds, in the declination values, to an uncertainty of 1º. 
 Above that two other factors influence the results, the size of the solar disc, which signifies and uncertainty of 0.25º to each side of the solar disc, and the atmospheric refraction near the horizon, which corresponds to 0.5º. The uncertainty considered, summing all the above factors, is of 1.75º.

The approach to the collected data when studying churches’ orientations can follow two different lines. A vast sample of buildings can be considered collecting a considerable amount of results that could lead to a statistical work where some patterns can be found. Another possibility is to study each church individually, considering that each temple has its own history and is situated in a particular site, belonging to a specific culture, so those aspects should be taken in consideration when trying to understand why is a certain temple oriented to a determined azimuth. These two possible methodologies are discussed within the field of archaeoastronomy and Ronald Hutton described them as the ‘Old World or green archaeoastronomy, based primarily on alignment-orientated statistics, versus New World or brown archaeoastronomy, which drew on historical and ethnographic records to enrich its understanding of early astronomies and their relationships to calendars and ritual’.
 Relating the study of astronomical alignments with their cultural understanding brings us to the field of cultural astronomy that Ruggles considered as ‘a science (in the broadest sense) asking social questions’.
 Considering the few examples taken for this research their study will follow a case study of each church instead of a statistical approach to the results. A case study permits that each temple can be related to their singularities in history as well as in their surrounding landscape. It seems irrelevant a statistical work with such a few examples.

Results

Through the analyses of all the collected information, presented in table 1, it is clear the difficulty that exists in relating the orientation chosen for a temple with a specific year or period. Although the churches can be dated, as well as some of their reconstructions, there is no certainty about whether the orientation of the church was modified along with the alterations of the building. This is clear in the church of Santa Maria do Castelo, Santa Maria do Olival, São João Baptista e Santa Iria. For some other churches their dating refers to a whole century leaving no information about the foundation date, which is the case of the church of São Gregório. 
Table 1. Table with the online measurements and the conversion of the azimuth into declination.

	Church
	latitude
	longitude
	altitude
	azimuth
	declination

	Santa Maria do Castelo
	39,603593
	-8.418974
	1,35
	90,1
	0,78

	Santa Maria do Olival
	39,601518
	-8,407149
	1,85
	81,51
	7,72

	São João Baptista
	39,603729
	-8,414355
	1,78
	72,87
	14,28

	Santa Iria
	39,604465
	-8,410329
	5,68
	75,94
	14,,44

	Nossa Senhora da Conceição
	39,605848
	-8,416842
	1,04
	59,29
	23,89

	Nossa Senhora da Graça
	39,602104
	-8,414031
	1,75
	71,83
	15,05

	São Gregório
	39,607067
	-8,415080
	5,84
	0,46
	56,23

	São Francisco
	39,600355
	-8,414380
	14,21
	240,83
	-11,98


The results showed that most of the churches are oriented to the rising sun within the azimuths of 60º to 90º and the declinations of 0.86º and 23.37º. The exceptions are the church of São Francisco which is oriented to west with an azimuth of 240º and a declination of -12.53º, probably due to the hill that emerges in the back of the church in the west, and the church of São Gregório which is oriented to north with an azimuth of 0.46º. For the church of São Gregório was not found any evidence to sustain any possible reason for its orientation. 

These results reflect what other scholars in Portugal have found in other regions of the country. The study of Miranda et al, about 90 churches of two parishes in the north of Portugal showed a similar result. Miranda et al concluded that from the 90 churches 70 were oriented to east, representing 77.8 % of the total number of churches studied.
 These results show that there are a considerable number of churches oriented to the rising sun, according to the idea already explained that a church should face east. In another study about the village of Monserraz, although without a deep study of the specific orientation of each church, the author, Rui Maneira Cunha, refers to the existence of a ‘intimate alignment relationship, in particular Ad Orientem, between the churches’, which is also consistent with the results obtained in this study.

The church of Santa Maria do Castelo is oriented to the azimuth 90º, which corresponds to the astronomical equinox. However, this alignment is the orientation considered according to the actual disposition of the space in its interior and it is uncertain whether this was the original choice. Although the building remains the construction from the twelfth century, in the sixteen century a wall was opened and the entrance door was moved, leaving no sign of the original door and organization of the interior space. This orientation to the equinox could have been a choice from the sixteenth century. Regarding the sun’s cycle and its seasons another church is aligned with it, the Church of Nossa Senhora da Conceição with a declination of 23,89º and thus, to the rising sun of the summer solstice.

The hypothesis of orienting the churches according to the rising sun of the patronal feast day raises the question about whether the current devoted saints are actually the ones considered when the church was constructed. Another question, as Miranda et al pointed, is that ‘the day celebrated today might not be the same during the history of the Christian religion’, considering the alterations on calendars and liturgical reformations.
 For the present study the celebration dates were collected in the Roman martyrologue from the Christian church.
 Only one church could have been oriented according to the rising sun of the celebration day of its patron saint, which is the church of Santa Maria do Castelo dedicated to the Virgin Mary. There are many dates when the Virgin Mary is celebrated and the orientation of the church of Santa Maria do Castelo coincides with the nativity of the Virgin Mary on the 8 of September. Still, this church might have been built with a different orientation, as already explained, and this hypothesis is related to the alteration of the sixteenth century. Apart from this case the church of Santa Maria do Olival is just one day deviated from the day of the celebration of their patron saint, as can be seem in figure 2, and probably its orientation might be linked to it.
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Figure 2. Results of the possible dates to which each church might be oriented for the rising sun. In the case of the church of São Francisco its orientation is to the setting sun.
From the churches selected for this study, three have a very proximate orientation, around 72-75º. These churches have different patrons and different dates of construction and even different historical origins. What they have in common is that they are framed in the streets of the city, which have the same alignment, as can be seen in figure 3. In the city centre, from the central square, the streets of the city follow a similar alignment, and since these churches were erected in that area they probably were constructed following the orientation of the city. This is particular accurate in the church of São João Baptista and in the church of Nossa Senhora da Graça. In the chapel of Santa Iria there is a small deviation of the chapel in relation with the street orientation. The church of São João Batista dates from the 15th century but the other churches, Nossa Senhora da Graça e Santa Iria, are dated from the 16th century, so these two later churches were probably adapted to the street alignments. Yet there is no certainty whether the church of São João Baptista was constructed according to the existing street or the streets in relation to the church orientation. According to Vitruvius, a Roman architect (I b. C.), ‘the alignment of the streets should follow the most advantageous orientations of the heavens’, so probably even the alignment of the streets was decided with some intention, at least, as Vitruvius wrote, to defend the city from the winds.
 The orientation of the streets might be specific for each city, but Vitruvius also considered, that if churches were to be built to enclose in the streets they might not have a particular orientation but follow the city orientation.
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Figure 3. Image of the three churches aligned with the streets of the city. Image: Google Earth.

The church of São Francisco is the only one oriented to the west and this might be due to a small hill tat elevates in the back of the church. The orientation chosen for this church rises some questions because it could be oriented east, since the horizon is not much elevated and is almost flat. As shown in figure 4 there would be no great interference to receive the light of the rising sun. The orientation of the church to west must have been intentional and one hypothesis is that this choice might not be linked with the light of the rising sun but with the city plan organization. This church is constructed right before a hill in the end of the area of the city, so if the church was oriented east the entrance door would be unseen from the city. Vitruvius  wrote in his ten books of architecture that ‘the temples of goods should be oriented in a way that the worshipers would be looking east and to the rising sun however, in case that that would not be possible it should so that the widest possible view of the city may be had from the sanctuaries of the gods’.
 Perhaps in the construction of this temple the organization of the city was relevant to consider and it was adapted to the city plan. Vitruvius also wrote about the temples in the streets that they ‘should be arranged so that those who pass by can have a view and pay their devotions’.
 This western orientation was probably selected according to practical reasons about the organization of the city instead of being only linked with receiving the light of the rising sun in a particular day. 
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Figure 4. Characterization of the horizon of the church of São Francisco. The vertical line marks the azimuth of 240º to which the church is oriented. Image: HeyWhatsThat.

To conclude, this research about the orientation of the churches of the city of Tomar revealed that most of the churches, with two exceptions, are oriented to east. Also, this orientation to east is in accord with other Portuguese studies, and with the theoretical information collected. Analysing the data available it is clear the difficulty that exists in dating accurately these churches, as well as the difficulty in understanding if the orientation of a church was altered during its reconstruction. The particular reasons for the specific alignment of each church do not follow any pattern, there are a number of different reasons to justify each orientation. For the church of São Gregório, which is oriented north, no evidence was found to understand the reason for its alignment. The church of santa Maria do Castelo, considering the actual orientation of the interior space, is aligned with the equinox but also, can be related with one celebration day of its patron saint. The church of Santa Maria do Olival is just one day deviated from the feast dat of its patron saint. The church of Nossa Senhora da Conceição is oriented to the rising sun of the summer solstice. Three churches have a similar orientation, the church of São João Baptista, Nossa Senhora da Graça e Santa Iria, which probably is connected with the orientation of the streets of the city of Tomar. There is no evidence of the reason for the choice of the alignment of the streets of the city, but this might have been planned and these churches were framed in the orientation already existent. The church of São Francisco is oriented to the west and most probably this was intentional, since the east horizon is clear and regular. The choice for the orientation of the church of São Francisco might be linked the city plan organization. Although there is no pattern followed in the orientation of these churches, only for one a reason for its orientation was not found which reveals that most probably the orientation of churches was not left to chance and was intentionally studied and selected.
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