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St. George’s Cathedral; A Look into the Celestial Alignment of Sacred Spaces within Perth, Western Australia
[bookmark: _GoBack]There has been little research into the archaeoastronomical importance of Western Australian churches. This may be due to a variety of reasons such as the young age of the country, its looser ties towards astronomical religions and a potential lack of researchers in the area. This essay will look at St. George’s Cathedral located near the centre of the city of Perth to assess its links to astral alignments. The Cathedral was both built in the 19th century and belongs to the Anglican faith. The cathedral follows the Gothic architectural style which is similar to many English churches which would have been familiar to many convicts who made up a large part of the population. The study of archaeoastronomy, as defined by Fabio Silva as ‘the study of how people have understood … what role the sky played in their cultures, by analysing their material remains’ acknowledges the links between the heavens and sacred sites[footnoteRef:1]. Using this definition and a variety of observations from the site and digital programs, the orientation and architecture of St. George’s Cathedral will be analyzed with what celestial objects are visible from the site. A large focus will be placed on directional lighting and whether the architecture of the cathedral was made to match any solar alignments or whether the importance of lighting was not placed in a specific direction, but rather on the presence of light interacting with stained glass windows. St. George’s Cathedral will be examined in comparison to churches and sacred spaces from other countries that also place a large importance on lighting, to see how it compares and how strong of a celestial alignment is present in its design. Whilst there is no previous data explaining any link to archeoastronomy in texts referencing churches built in Perth, by using these observations as well as any similarities to studies done in other countries, the celestial alignment of this cathedral will be discussed.  [1:  Fabio Silva, ‘The Role and Importance of the Sky in Archaeology: An Introduction’, in Skyscapes: The Role and Importance of the Sky in Archaeology, ed. Fabio Silva and Nicholas Campion (Oxford: Oxbow Books, 2015), p. 2] 

Historical Overview of St. George’s Cathedral
When Perth was first established as a penal colony in 1849, the first Anglican Church was built near the centre of the growing city. This church was called St. George’s Church and by 1879 its congregation of 15,000 had outgrown the small building and construction on a new cathedral began (which was finished in 1888).  As told by the historical section of the cathedral’s website, it was built on the same site as the church but it would take up a much larger area[footnoteRef:2]. St. George’s Cathedral was meant to be a site for all the Anglicans of Perth and one which would be similar to English churches which most convicts were very used to. It was built in the English Victorian Gothic Revival style but the architect, Edmund Blacket, was persuaded to use local wood and stone instead of more traditional materials[footnoteRef:3]. With the death of the Blacket occurring before the cathedral could be finished, some changes were made to his designs, including discontinuing plans for a tower and tall spire and replacing them with a castellated squat bell tower on its eastern side. Blacket’s son shipped column materials in from Victoria, the home state of the architect. The cathedral now stands as a square building that ends in the tower and has small extensions to the left and right before the beginning of the tower. The cathedral was seen as an important need for the Anglican community as Bishop Polding saw that ‘the suffering of the convicts would open their hearts to Divine Grace’ which would lead them to church and thus to the new cathedral[footnoteRef:4]. It did become an important site for the communities of Perth as it survived the change of Perth from a country town to a large city. Even with the construction and growth of the CBD around it, the building remained the foremost Anglican cathedral in Perth[footnoteRef:5]. Extensive restoration was completed on the cathedral from 2005 to 2008 to return the building to its original heritage state. A cathedral precinct was also built in the surrounding area around the church from 2012 to 2017, which included a new school, garden area and restoration of the Deanery. This placed the cathedral in a square in which it sits on a small hill above its close surrounding area which remains mostly empty. It is then directly surrounded by tall office buildings which enclose three sides of the precinct and a road is open to the fourth side. The Cathedral is open to the public to view and still holds services every day.  [2:  Anglican Diocese of Perth WA, ‘History’ St. George’s Cathedral < https://www.perthcathedral.org/st-georges-cathedral/> [accessed July 28, 2019]]  [3:  Anglican Diocese of Perth WA, ‘History’]  [4:  Patrick O'Farrell, The Catholic Church and Community in Australian History (London: Geoffrey Chapman, 1969) p.3]  [5:  Anglican Diocese of Perth WA, ‘History’] 

Methodology
The study of archaeoastronomy has been defined by Silva as a study of ancient monuments and sites and their relation to the sky. Using this description as the bases for the research into St. George’s Cathedral has been a challenging endeavour[footnoteRef:6]. The study is a relatively new anthropological look at ancient sites and one which has not had extensive use in Perth. This essay has attempted to take measurements of the cathedral, view celestial alignments with its visible horizon and place this together to see if the creation of this building took into account positioning or relevance of any celestial objects. Excursions to the site of St. George’s Cathedral were done with very few instruments. This is largely for the fact that the cathedral currently resides in the centre of the CBD of Perth and is surrounded by skyscrapers and office buildings. Views of the sky are limited in the space and the natural horizon is not visible through any of the buildings. Measurements were still taken at the grounds, however, and these were done using an app called Compass created by PixelProse SARL on a Samsung s7. This app takes compass measurements, longitude and latitude, magnetic declination and altitude. When the measurements were taken the horizontal accuracy was at four meters. This is not a very accurate compass but because of the limitations of the space itself, as well as the vast differences between its environment currently and when it was built the focus of this methodology was using more digital programs that could simulate what the cathedral may have seen when it was created. These programs included a website called Heywhatsthat, a program that can recreate a horizon from a given longitude and latitude[footnoteRef:7]. This was extremely helpful in the case of St. George’s cathedral as the natural horizon was not visible and could only be imagined from prior knowledge of the hills surrounding the city. With this program, a fairly detailed horizon line could be created as well as a true azimuth which could be collected from a selected orientation on the horizon. As the horizon was more than a kilometre away in each direction the map given can be considered accurate as the distances are not too close to the target building. The information obtained from Heywhatsthat was then inputted into a program created by Silva which was able to input the horizon and, as was chosen for this particular cathedral, see where on that horizon the movements of the sun and moon, see figure i[footnoteRef:8]. This program was only used with the sun and moon and no stars because of the lack of evidence suggesting detailed knowledge of the movements of these stars and the unlikelihood a building from this period in Perth would have these alignments considered (which will be discussed in more detail further in the essay). By using these programs together and assessing the information gained through these programs an understanding of the celestial alignment of the cathedral can be attempted. This guy talks about the importance of having accurate readings and measurements from different avenues, which is expanded on by Silva but the limited resources and the height of the city around the church has limited the methodology available to for this study. However, the information gained from the programs used provides enough information for an introductory look into Perth’s churches and the possibility of any celestial alignment. [6:  Silva, ‘The Role and Importance of the Sky in Archaeology: An Introduction’, p.2]  [7:  Heywhatsthat, ‘St. George’s Cathedral’ <https://www.heywhatsthat.com/?view=BFU8XHNC> [accessed July 28, 2019]]  [8:  Fabio, Silva, skyscapeR v0.4b (2017)] 

The Importance of Light in Sacred Spaces
Using the images gained from the Skyscraper program as seen in figure i, this essay will attempt to decipher whether St. George’s Cathedral was built considering celestial alignment. Figure i, as discussed, shows the movement of the sun and moon across the natural horizon visible that would have been visible when the cathedral was built. The main entrance of the cathedral is located on its western side and faces into the church and the altar looking east, this can be seen using the blue line on figure ii. Standing just inside the building looking at the altar gives the orientation of 109 degrees which has the spring full moon as per the map created. However, when considering that the cathedral has no literature on any celebrations of full moons it is unsure whether this movement has any relevance to the architecture of the building. However, it can be seen that the sun travels frequently around the eastern orientation which is where the main stained glass window of the church is situated. This leads to a conclusion that the cathedral may not have been built with celestial alignment dictating its directions but that the movement of the sun may have been important for its use of windows and lighting throughout the entire year. The lines of movement of the sun in figure ii focus on two orientation measurements that were taken at the church. The blue line is the front entrance which is at 109 degrees and faces the black square representing the altar.  The red line is the side entrance of the cathedral, this is on the side of the building that faces the road and may be a preferred entrance for many visitors who arrive by the road. The red line is at an orientation of 196 degrees and faces the southern wall of the cathedral and opens into the side of the altar. The southern and northern walls of the cathedral have two rows of stained glass window, one at eye level and the other very high on the walls of the cathedral. These are complemented by a large stained glass window behind the altar on the eastern wall.  The abundance of these stained glass windows, as well as their orientation and the nature of the sun in Australia the cathedral would be filled with light, both natural and coloured by stained glass for most daylight hours of the day. There appears to be no direction which would have a predominant angle in which sunlight should be perceived, but rather the quantity of light which seems important. Although through the expansion of Perth and tall buildings surrounding the church the horizon has been raised significantly, there is still a large angle of sky through which the sky is clearly visible. This allows direct sunlight to still filter through all windows, though no sunsets or sunrises would be visible. 
The importance of light has been noted in many other churches around the world. One such church is the Hagia Sofia church in Istanbul. The research done by Wassim Jabi and Iakovos Potamianos on the topic was more focused on geometry and architecture rather than archaeoastronomy there are many similarities between this church and St. George’s Cathedral. The Hagia Sofia was found to place its importance in the geometry of its building which included creating a dome to bring the light of God, as described by Jabi, into the church and to illuminate the congregation[footnoteRef:9]. This is also a shared perception by Lily Kong who wrote about sacred spaces in Singapore and the effect that light can have on sacred sites. Although these sacred sites may have different religions there is a belief in light as represented enlightenment and sacredness. Kong writes of the divine presence of God which can be seen in sunlight[footnoteRef:10]. In the case of St. George’s Cathedral the degrees of the sky still visible around the buildings that surround it let in enough light to illuminate the stained glass windows and cast light across the pews and altar. With the Anglican belief in God as the creator and giver of light, this can be seen as the wonder and awe of God. In Figure iii the altar of the cathedral can be seen from the main entrance, this photo was taken facing east at around 2 pm in winter. The light cast from the highest stained glass windows can be seen along the columns and pews on the western side of the building as well as the reflection of the windows on the eastern wall on the walkway leading up the altar. The colour of these lights can be seen to focus attention on these areas as well as give a spiritual atmosphere to the space, in line with what Kong had written[footnoteRef:11]. When entering through the northern entrance a visitor is presented with a side view of the altar as well as a clear view of the stained glass windows on the opposite wall, this can be seen in figure iv. The photo was also taken at 1.30pm after the sun had reached its peak in the sky but was still very high and shone brightly through the stained glass. The effect this produces is a sometimes blinding light when stood in the correct spot, and otherwise, a strong coloured light that fills the cathedral. The space can be seen as being filled with ‘god’s holy light’ a belief that is held in the Anglican faith[footnoteRef:12]. Filling the space with this light relates to the religious stories told inside as well as brings a theme to the building that can connect with its followers. However, the movement of the sun across these stained glass windows shows no preference for one specific time and seems to have no alignment in which it was perfectly built.  [9:  Wassim Jabi and Iakovos Potamianos ‘Geometry, Light and Cosmology in the Church of Hagia Sophia’ International Journal of Architectural Computing. 5:2 (Liverpool: SAGE Journals, 2007) p. 303  ]  [10:   Lily Kong, ‘Negotiating Conceptions of 'Sacred Space': A Case Study of Religious Buildings in Singapore’ Transactions of the Institute of British Geographers 18: 3 (UK: Wiley-Blackwell, 1993), p. 351 ]  [11:  Kong, ‘Negotiating Conceptions of 'Sacred Space’, p. 351]  [12:  Anglican Diocese of Perth WA, ‘History’] 

The use of colour in the stained glass windows provide this extra element of light that is not just bright but brings in colours which illuminate the church and can give a sense of awe and wonder when in prayer. Eva-Maria Kreuz has spoken on the importance of light in sacred space and how daylight can affect atmospheres and heighten spirituality in sacred spaces[footnoteRef:13]. This affects the whole lighting of the church as the stained glass windows stand out from the natural light which comes through the doors and smaller windows near the entrances, creating different light sources and different areas of the space. Stained glass windows also provide another service to the spaces they belong to, the ability to tell stories. They are usually painted with imagery from biblical or mythological sources. They can provide meaning to the space, as they show what is important for that building (a particular saint or biblical story) and they can bring across another sense of spirituality and knowledge of the space that can be felt and understood even when a person is in the space alone. It can create an individual experience that does not need to be led by a priest or other authority figure or leader. This does mean that the building has its own sacredness that may not need human interaction or explanation to be felt but that comes from its own interaction with the sky. Showing there is a link between the two, although not as strong as the other religious ceremonies and prayers that occur within the building. The sun’s movement was not seen as an essential part of the architecture of the church but rather something to add to the spirituality that would reside within the building as a place of worship. [13:  Eva-Maria Kreuz, ‘Light in Sacred Buildings’ Sacred Buildings, Design Manuals (Basel: Birkhäuser, 2008) p.60] 

Likelihood of celestial alignment
When considering the link between St. George’s Cathedral and the heavens there needs to be a consideration of the astronomical knowledge of the time. Heber Curtis has stated, in his 1909 publication of the problems with astronomy in the southern hemisphere, that ‘knowledge of the exact position of the stars in the southern hemisphere is at least a century behind the northern hemisphere’[footnoteRef:14]. Curtis also concluded that within the next 20 years the southern hemisphere will catch up, particularly through the work Perth Observatory was doing in producing photographic plates to map all visible stars. However, the Perth Observatory was not opened until 1896, and the cathedral was finished long before Curtis assumed the southern hemisphere would have as much knowledge as the northern. It can be assumed that some astronomical knowledge was brought from the northern hemisphere but there is little evidence to suggest it was an important aspect of building the colony. The first jobs of the Perth observatory were timekeeping and there was little research, until the early 1900s, into more in-depth cataloguing of the southern night sky[footnoteRef:15]. Today the knowledge of the stars is quite equal between the hemispheres and advances in astronomical technology has allowed humanity to create a full map of our skies that continues to recede further and further back. However, when the cathedral was built this type of knowledge cannot have been concluded. This is also apparent in the lack of documentation of celestial alignment in the cathedral as well as observations showing more interesting in the interactive nature of sun-light with stained glass windows rather than solar events. There can be seen to be little archaeoastronomical link to St. George’s Cathedral which is highlighted by the lack of consideration to keep a wide horizon view from the church as many tall buildings surround it on all side. If there was a celestial alignment that was important to the cathedral there may have been a need to keep a line of sight open for that event but no such precautions are seen to have been taken. Therefore until further research may be undertaken in the wider region of Perth there is no celestial alignment that had directed the building of St. George’s Cathedral. [14:  Herber Curtis, ‘Astronomical Problems of the Southern Hemisphere’ Publications of the Astronomical Society of the pacific 21:129 (1909), p. 233]  [15:  Curtis ‘Astronomical Problems of the Southern Hemisphere’, p.231] 

Conclusion
	As a preliminary look into the sacred site of St. George’s Cathedral and whether it had any archaeoastronomical properties, this essay has taken the information gathered from observations taken at the site and data gathered from digital programs. This data collated together has shown a cathedral that has placed importance on the existence of light within its building and placed importance in its stained glass windows. However, because of the lack of care in the loss of horizon as the CBD was built around the cathedral and the lack of evidence towards a particular alignment of the church, there is no conclusion of the link between this sacred site and a celestial alignment. The culture of the time seemed to have no reverence for the movement of particular stars across their sky and there is no documentation of the importance of celestial objects in the building of Perth’s churches. The sun does play a role in the cathedral, as it brings light into the space which interacts with the stained glass windows producing an effect of spiritual awe and wonder but that is not essential to the creation of the building itself. 













[image: ][image: C:\Users\zoe\AppData\Local\Packages\microsoft.windowscommunicationsapps_8wekyb3d8bbwe\LocalState\Files\S0\12154\Attachments\20190713_133814[12566].jpg]Figure i. Map of the movement of the moon and sun on days relating to the key at the bottom of the image. The horizon line was created in heywhatsthat and exported into skyscraper v0.4b and the dates were set from 1888 -2019 
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Figure ii. A floorplan of St. George’s Cathedral. The Blue arrow begins at the main entrance of the church on the western wall and is pointing towards the east. The red arrow begins at the side entrance and faces towards north. The black square represents where the altar is inside the cathedral. Floorplan was adapted from St. George’s Catheral’s website
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Figure iii. Photo taken just inside the main entrance to St. George’s Cathedral facing east. Photo was taken on July 13th at 1.40pm to showcase the effect of coloured light from the high stained glass windows on the northern side of the building on the adjacent columns
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Figure iv. Photo taken from just inside side entrance of St. George’s Cathedral facing the stained glass windows on the norther wall of the cathedral. Photo was taken on the 13th of July at 1.30pm
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