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Field survey
[bookmark: _Toc71635365]Introduction
This objective of this assignment was to conduct a simple fieldwork exercise, investigating the likelihood of celestial alignments at prehistoric or sacred site and to develop a field work report.
The prehistoric site selected for this exercise was Aikey Brae Recumbent Stone Circle (RSC) which is located on Parkhouse Hill near Old Deer in Aberdeenshire, Scotland.
Aikey Brae is nestled on the southern side of a small but very prominent hill on an undulating landscape. The site is accessible by a single road and in all directions by foot and offers a generally unimpeded view of the north east of Scotland. 
The surrounding area is pastoral land with a dark rich fertile soil and there is good drainage all around. In reference to the stone circle, only three stones plus the eastern flanker remain standing. The remaining stones are roughly in position. The recumbent stone is quite a substantial piece of stone. The most notable difference with the stones is the three standing stones on the west of the recumbent are of a much lighter colour, have a rough surface and is cold to the touch, possibly granite while the recumbent and flanker are darker and hard like a basalt or a dolerite. Granite, basalt and dolerite are common to the northeast of Scotland.
Aikey Brae RSC was primarily selected because of its size, location and documented archaeological excavation history. Additionally, the RSC had been recently subjected to major deforestation whereas previously only the southwest – southeast arc of the RSC had been unobscured by pine forest. This deforestation plus the fact the RSC is located atop a 400 feet high hill provided an excellent opportunity to add to the existing data on the site.   
In this report I will provide a summary of the documented history of Aikey Brae RSC and expand on previous detailed site surveys and excavations. I will outline the methodology employed during the investigation and discuss the findings. 
The scope of the celestial alignment will be solar and lunar with a focus on solar solstices and equinoxes and lunar minor and major standstills for both modern time and in antiquity pre 1000 BC.
[bookmark: _Toc71635366]Literary review
[bookmark: _Toc71635367]Recumbent Stone Circles 
RSC’s comprise of a circle of standing stones with a substantial stone slab, laying recumbent on its edge in the south western to south eastern arc of the circle dating from the Bronze Age. They are found in the north east of Scotland in Aberdeenshire and the south west of Ireland in the counties of Kerry and Cork. [footnoteRef:1]  [1:  Clive. L. N. Ruggles, Handbook of Archaeoastronomy and Ethnoastronomy. (New York. Springer. 2015). P. 1278.] 

The circles have been very well documented in antiquity with references dating back to 1527 in Hector Boece’s “Scotorum historiae a prima gentis origine”.  Hector Boece was a Scottish philosopher and historian, and the first Principal of King’s College in Aberdeen In the Scotorum Historiae, Boece actually describes the role RSC playing in society with reference to lunar / solar monthly alignment: 
And so, to inspire his people to religion, he added certain new sacred ceremonies to the ancient rites performed in honor of the immortal gods, and commanded that huge stones be set up in circles at various places, as the matter required, with the largest stone set at the south of the circle to be employed as an altar, where burnt-offering might be offered to the gods. As evidence of this, such great stone circles exist to our own day, and are commonly identified as ancient temples of the gods. And whoever has seen these will be bound to wonder by what art or physical strength stones of such size were brought together. In that age of world sacrifices to the gods consisted of grain or cattle, with a certain fixed amount set aside for the support of the priests, although these were few in number. He also began a monthly ritual for Diana, whom the people of that time regarded as the patroness of forests and hunters. And so it came about that after the moon had come together with the sun, blue at the first sight of this each man would greet it with prayers, a practice which became a long-standing tradition with posterity. Mainus was also responsible for the introduction of other rites and holy ceremonies, as prescribed in the ancient scrolls of the Egyptians, to be performed in our national way. [footnoteRef:2]  [2:  ] 

C14 dating at Aikey Brae RSC showed there was site activity around 1220 - 890 BC and this general reference indicates the Picts may have been maintaining ancient spiritual beliefs at RSC’s albeit the content accuracy of Boece’s history has been challenged by historians. [footnoteRef:3] [footnoteRef:4] Figure 1 highlights the distribution throughout the north east of Scotland. [footnoteRef:5] [3:  Richard Bradley, The Moon and the Bonfire: An Investigation of Three Stone Circles in NE Scotland. (Edinburgh: Society of Antiquaries of Scotland. 2005). p. 86.]  [4:  Ulricke Hogg and MacGregor, M.  Historiography in Highlands and Lowlands. In the International Companion to Scottish Literature 1400 – 1650. Edited by Nicola Royan. (Glasgow: Scottish Literature International. 2018). pp. 109-111.]  [5:  Harry A. W. Burl, ‘The Recumbent Stone Circles of North-East Scotland’. (Proc Soc Antiq Scot 102. 1970): p 57.] 
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[bookmark: _Toc71645357]Figure 1	Overview of Recumbent Stone Circles in North East of Scotland 
The baseline for detailed archaeological RSC surveys occurred between 1900 – 1907 when Frederick Coles, on appointment by the Council of the Society of Antiquaries of Scotland site visited and reported on the stone circles in the north east of Scotland. [footnoteRef:6] [footnoteRef:7] [footnoteRef:8] [footnoteRef:9] [footnoteRef:10] [footnoteRef:11] [footnoteRef:12]  The outcome of each visit was a detailed report published in the Proceedings of the Society. These reports meticulously recorded site measurements, observations and more importantly his thoughts and ideas to possible utilisation and in some case offer priceless no lost knowledge.  [6:  Fred R. Cole, Report on Stone Circles in Kincardinshire (North) and part of Aberdeenshire, with measured plans and drawings, obtained under the Gunning Fellowship. { Proc Soc Antiq Scot 34. 1900). pp 139 – 198.]  [7:  Fred R Cole, Report on Stone Circles in of the North-East of Scotland, Inverurie District under the Gunning Fellowship, with measured plans and drawings, { Proc Soc Antiq Scot 35.1901). pp 187 – 254.]  [8:  Fred R. Cole, Report on Stone Circles in Aberdeenshire (Inverurie, Eastern Parishes, and Insch Districts), with measured plans and drawings, obtained under the Gunning Fellowship. (Proc Soc Antiq Scot 36. 1902). pp 488 – 581.]  [9:  Fred R. Cole, Report on Stone Circles of North-Eastern Scotland chiefly in Auchterless and Forgue, with measured plans and drawings, obtained under the Gunning Fellowship.(Proc Soc Antiq Scot 37. 1903). pp 82 – 144.]  [10:  Fred R. Cole, Report on Stone Circles of North-East Scotland – The Buchan District - with measured plans and drawings, obtained under the Gunning Fellowship. (Proc Soc Antiq Scot 38. 1904) pp 256 – 305.]  [11:  Fred R. Cole, Report on the Excavation of Two Stone Circles in Kincardinshire – (1) In Garrol Wood, Durris; (2) In Glassel Wood, Banchory – Ternan; and (II) Report on Stone Circles in Aberdeenshire, with measured plans and drawings, obtained under the Gunning Fellowship. (Proc Soc Antiq Scot 39. 1905). pp 190 – 218.]  [12:  Fred R. Cole, Report on Stone Circles Surveyed in the North-East of Scotland Cheifly in Banffshire, with measured plans and drawings, obtained under the Gunning Fellowship. (Proc Soc Antiq Scot 40. 1906). pp 164 – 206.] 

Following on from Cole, Sir Norman Lockyer in 1907 reviewed many of the RSC’s from an astronomical perspective. He provided a detailed data set containing locations, azimuth, altitude, horizon information and declinations and concluded that some of the circles may have been erected to watch the summer solstice sunrise. [footnoteRef:13] Many of the RSC were scheduled by the Office of Works on 31 August 1925. Following the scheduling and as a result of Coles publications, Scottish Archaeologist Alexander Keiller added to the database on many of the sites and became an important advocate in the preservation of the RSC. [footnoteRef:14] [13:  Norman J. N. Lockyer, Stonehenge and other British Stone Monuments Astronomically Considered. (London: Macmillan. 1909)]  [14:  Alexander Keller, Final report upon such of the monuments of Aberdeenshire as have been scheduled as ancient monuments. (Morven: Privately Published. 1928).] 

The next major work on RSC occurred in the 1930 with detailed excavations performed by Childe (Old Keig RSC in 1932-3) and Kilbride-Jones (Loanhead of Daviot RSC in 1934-5). These excavations are very important because they were intrusive and provided a much more holistic overview to how the RSC fitted into the landscape. [footnoteRef:15] [footnoteRef:16] In 1955 Scottish Engineer Alexander Thom published a Statistical Examination of Megalithic Sites in Britain. His objective was very clear; to examine the geometry of the circles, explore the possibility that a common unit of measurement was used and finally to establish if alignments and outlying stones had any astronomical significance. Although this early work by Thom excluded the RSC sites in the north east of Scotland, it did open the door to further investigation. [footnoteRef:17] In 1970 Thom published Megalithic Lunar Observations and hypothesised that many of the sites were constructed to observe the Major Lunar Standstill which occurs every 18.6 years. [footnoteRef:18] [15:  Vere G. Childe, Final Report on the excavation of the Stone Circle at the Old Keig, Aberdeenshire. (Proc Soc Antiq Scot 68 1933-4), pp 372-93.]  [16:  Howard E. Kilbride-Jones, An account of the excavation of the stone circle of Loanhead of Daviot, and of the standing stones of Cullerlie, Echt, both in Aberdeenshire, on behalf of H.M. Office of Works, (Proc Soc Antiq Scot 69. 1934-5). pp 168-223.]  [17:  Alexander Thom,. A Statistical Examination of the Megalithic Sites in Britain. (Journal of the Royal Statistical Society. Series A (General), Vol. 118, No 3. 1955) pp.275-295.]  [18:  Alexander Thom, Megalithic Lunar Observatories, (Clarendon Press, Oxford, 1970).] 

Between the 1960s and 1990s British Archaeologist Aubrey Burl dedicated his life to the further advancement of knowledge on megalithic monuments especially stone circles. He investigated relationships with other Neolithic monuments like the Clava Cairns of Inverness and began work on sequencing, special distribution, site commonalities and possible functionality. Burl would conclude that the orientations were strongly influenced by the motions of the moon with a focus on its position in the sky in lieu of rising and setting. [footnoteRef:19] [footnoteRef:20]  [19:  Harry A. W. Burl, ‘The Recumbent Stone Circles of North-East Scotland’. pp 56–81.]  [20:  Harry A. W. Burl, Rings of Stone; The Prehistoric Stone Circles of Britain and Ireland. (London: Francis Lincoln Publishing. 1979). p. 34.] 

During the 1980’s British Astronomer / Archaeologist Clive Ruggles and British Archaeologist Aubrey Burl, site visited 99 possible RSC sites, tabulating observations and extrapolating detailed archaeoastronomy measurements. Their conclusions were that the orientations were significant. [footnoteRef:21]  [21:  Clive L. N. Ruggles, and Burl, H. A. W, A new study of the Aberdeenshire recumbent stone circles, 2: Interpretation Archaeoastronomy 8 (Supplement to Journal for the History of Astronomy 16. 1985), pp.25-60.] 

Adam Welfare in his role as an Archaeological Investigator with the Royal Commission on the Ancient and Historical Monuments of Scotland tied all the information together and the outcome was the very detailed work “Great Crown of Stones”.[footnoteRef:22] [22:  Adam Welfare. Great Crowns of Stone: The Recumbent Stone Circles of Scotland. (Edinburgh: The Royal Commission on the Ancient and Historical Monuments of Scotland. 2011)] 

Professor Richard Bradley conducted a detailed excavation of Tomnavarie, Aikey Brae and Cothiemuir Wood and introduced a phenomenological approach to his site interpretation. These excavations resulted in the publishing in 2005 of The Moon and the bonfire, an investigation of Three Stone Circles in North-east Scotland.[footnoteRef:23] In more recent times the investigation into RSC has been continued by Dr Liz Henty and Dr Fabio Silva who are theoretically examining the previous interpretations and exploring alternate theories like Equinoctial Full Moon Models and solar and lunar crossovers  . [footnoteRef:24] [footnoteRef:25] [footnoteRef:26] [footnoteRef:27] [footnoteRef:28] [23:  Bradley, 2005. ]  [24:  Liz Henty, ‘Recumbent Stone Circles: Theory overview based on fieldwork conducted at three sites’, (European Society for Astronomy in Culture (SEAC) Conference, Gilching, Germany, August 30 - September 4, 2010).]  [25:  Liz Henty, The Archaeoastronomy of Tomnaverie Recumbent Stone Circle: A Comparison of Methodologies. (Papers from the Institute of Archaeology, 24(1): 15, 2014). pp. 1-15,]  [26:  Liz Henty, A Voyage around the Recumbent Stone Circles of N. E. Scotland, in SEAC 2011 Stars and Stones: Voyages in Archaeoastronomy and Cultural Astronomy: Proceedings of the SEAC 2011 Conference. (British Archaeological Reports International Series). (Oxford: Archaeopress. 2015)]  [27:  Fabio Silva. ‘Equinoctial Full Moon Models and Non-Gaussianity: Portuguese Dolmens as a Test Case’. In Rappengluck, M,Rappengluck, B. and Campion, N. (Eds.) Astronomy and Power, (Oxford: British Archaeological Reports. 2011).]  [28:  Fabio Silva, and Pimenta, F. ‘The Crossover of the Sun and the Moon’. Journal for the History of Astronomy. Vol 43, 2012) pp. 191–208.] 

The most notable thing with all the key researchers who in antiquity have visited and commented on the sites is they vary in profession including engineers, archaeologists, anthropologists and astronomers. All of these people have varied areas of expertise and when viewed together a much more robust overview of RSC’s can be established.
[bookmark: _Toc71635368]Aikey Brae Recumbent Stone Circle
Having previously discussed RSC’s in general, this section will focus specifically into previous research into the Aikey Brae RSC. Aikey Brae is one of the most northern recumbent stone circles and comprises five erect stones (inclusive of the large recumbent stone and the east flanker) and five prostrate stones (including the west flanker). As with many of the RSC within the north east of Scotland this site has been well recorded in antiquity. The Reverend John Pratt penned a  comprehensive, well referenced  history of the parish of Buchan in Aberdeenshire in 1858 including describing Aikey Brae RSC [footnoteRef:29] Pratt uniquely describes inner and outer ditches and multiple directional approach avenues to the east or north-east which aid in possible utilisation and site access information. Cole’s original site visit produced a clear baseline plan supported by dimensions (figure 2). [footnoteRef:30]  [29:  John B. Pratt, Buchan, (Aberdeen: L. Smith. 1870). pp. 128-132.]  [30:  Cole, Report on Stone Circles of North-East Scotland – The Buchan District - with measured plans and drawings, obtained under the Gunning Fellowship. p 267.] 
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[bookmark: _Toc71645358]Figure 2	Coles illustration of Aikey Brae RSC
Generally, the early Aikey Brae references were descriptive and produced non-emotive, clinical and quantifiable assessments as shown in table 1.
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[bookmark: _Toc71645404]Table 1	Aikey Brae specific historical referencing
[bookmark: _Hlk71554579]Source: Welfare. 2011: 278
During the 1980’s Aikey Brae was surveyed from a more astronomical perspective by Audrey Burl and later Clive Ruggles. One of the important discoveries at this site was by Richard Bradley and Chris Ball in 2001 when they opted to place a trench in the west side of the circle between two monoliths and a wall of rubble about 3.3 ft (1m) wide that surrounds the site. Kerbstones, up to 3.3 ft (1m) high were found in the pit. The colours of the stones alternated between red, white and grey. Based on these findings Bradley attempted to associate the red and white with the sun and the moon, an association possibly between life and death.[footnoteRef:31]  [31:  Bradley, The Moon and the Bonfire: An Investigation of Three Stone Circles in NE Scotland. p. 77-86, 99-115.] 

During the excavation, flint, flaked quartz and charcoal was found and analysed. The charcoal from the outer kerb trench was carbon dated and produced radiocarbon dates – 2865±50 uncal BP (AA–49296; 1220–900 cal BC); 2855±45 (AA–49297; 1210–1170 or 1160–890 cal BC). Bradley concluded the dates appeared surprisingly late and therefore may have been from site rework (figure 3). [footnoteRef:32]  [32:  Ibid. pp. 86, 101.] 

Figure 4 provides a modern survey sketch of Aikey brae RSC. [footnoteRef:33] [33:  Welfare, A. Great Crowns of Stone: The Recumbent Stone Circles of Scotland. (Edinburgh: The Royal Commission on the Ancient and Historical Monuments of Scotland. 2011). p. 275.] 
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[bookmark: _Toc71645359]Figure 3	C14 data results from Bradley excavation
(Source: Bradley. 2005: 86, 101)
[image: ]
[bookmark: _Toc71645360]Figure 4	Modern Survey Sketch of Aikey Brae for Great Crown of Stones
(Source: Welfare. 2011: 275)
[bookmark: _Toc71635369]Methodology
In an agricultural area like Aberdeenshire, stone is a useful commodity and the farmer, more interested in cheap fence repairs, less interested in history happily recycled these large stones. In some cases, the actual original artefact or monument may no longer physically exist as originally observed, existing now only in the pages of these old detailed reports. Today the utilisation of aerial imagery from satellite, airplane and drones allows modern comparisons to the original field surveyed sites as recorded by the likes of Cole in his reports and helps demarcating modified or altered RSC’s. This aided in formalising my methodology for this exercise especially in establishing the centre point of the RSC.
For this methodology I will combine narrative supported by a visual storyboard.
[bookmark: _Toc71635370]Descriptive and visual storyboard
During this survey the following equipment (figure 5 was utilised and included in this list is the manufacturers accuracy tolerances:
[image: ]
[bookmark: _Toc71645361]Figure 5	Principal equipment utilised on the survey


[bookmark: _Hlk71551442][bookmark: _Hlk71640408][bookmark: _Hlk71551480]Upon arriving at Aikey Brae magnetic [footnoteRef:34]north (MN) was established with the SAC compass and marked on the ground using the marker poles. This was confirmed by taking primary bearing and verified with a back bearing and refined using (azA + azBʼ) / 2. The Phantom Drone was launched to a height of 60 m to provide a plan view of the site and to determine the centre point based on interpretation of the landscape. With the drone in a high hover the centre point was able to be established by utilising high visibility ground marker disks (figure 6). For this latitude / longtitude as at 25 April 2021 the magnetic deviation was +1°13’ W +/- 0°26’ changing by 0°14’ E per year.  [34:  NOAA. 2021. Magnetic Field Calculators. National Centers for Environmental Information. (2021) Available from  < https://ngdc.noaa.gov/geomag/calculators/magcalc.shtml > [28 April 2021].] 
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[bookmark: _Toc71645362]Figure 6 	Establishing the magnetic north and defining RSC centre. Scale shown represents 2 m. 26 April 12:21 (BST) Lat 57°30’839” N Lon 002°04’225” W. Photo. K A Chambers
The next critical part of this survey was to define the principal baselines (figure 7). For this survey I decided to use the imaginary line across the left flanker (FL) and right flanker (FR) over the recumbent (R) as the baseline and then extend the centre viewing line at 90° from the flanker baseline through the RSC defined centre. Due to the lack of standing right flanker I would estimate +/ - 5 ° of error in the baseline. The four viewing locations were then marked as RSC centre (RC), centre + 5 metres @ 6° (R4), centre + 10 metres@ 6° (R3) and centre – 3 metres @ 186° (R5).  The logic for these viewing points is RC is a traditional viewing spot, R4 and R3 reduce the window the further away from centre and R5 was included to consider the view of an individual standing directly in front of the recumbent. It was also noted on the day and time of the visit that it was a cloudless day and there was a significant shadow cast by the sun on the individual stones. 
The baselines were established pegs and 20 m marker tape and crosschecked with the Leica Laser range finder from both directions. (azA + azBʼ) / 2 was used to average the findings as needed. As R1 to R2 was a virtual 20 m line and RC to R3 the distance from R to RC was unknown. Using the Pythagorean Theorem, a² + b² = c² I established this. I decided to use the inclinometer / compass to record the suns altitude and azimuth and determine the declination. This also gave me another cross-referencing tool by comparing to Stellerium data 

[image: ]

[bookmark: _Toc71645363]Figure 7	Baseline for Grid using FR to FL alignment and RC projected @ 90° and sun plot
Once the baseline was defined, I labelled all the RSC stones (figure 8). 
[image: ]
[bookmark: _Toc71645364]Figure 8		Labelling the RSC stones and viewing points

For the cross checking additionally to taking back bearings I introduced the use of a protractor overlay and Pythagorean Theorem a² + b² = c² to confirm all hypotenuse distance on right angle triangles with an example shown in figure9. Figures 10 - 13 show all the angles recorded using the compass from all four locations. 
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[bookmark: _Toc71645365]Figure 9	Cross checking baseline angles and measurements
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[bookmark: _Toc71645366][bookmark: _Hlk71545127]Figure 10	Plot from RC to FL, FR, 1, 2, 3 & 4
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[bookmark: _Toc71645367][bookmark: _Hlk71545257]Figure 11	Plot from R4 to FL, FR, 1, 2, 3 & 4
[image: ]
[bookmark: _Toc71645368][bookmark: _Hlk71545448]Figure 12	Plot from R3 to FL, FR, 1, 2, 3 & 4
[image: ]

[bookmark: _Toc71645369]Figure 13	Plot from R5 to FL, FR, 1, 2, 3 & 4
Once I collected this data, I looked at the horizon using the “Hey What That” website to determine actual horizon altitude at sunset and sunrise azimuths and uploaded the data into. 
For the final stage of the methodology used on this survey I accessed Stellerium and attempted to tabulate the solar and lunar alignment for both 2021 solstices and equinoxes and in antiquity based on carbon dating from Bradley tabulate date and examine the lowest arc associated with major lunar standstill in modern times and in antiquity for 1500 and 2000 BC. Figure 14 summarizes the key alignments being investigated by this survey.
In determining the solar and lunar data the following was observed 
· A lunar standstill cycle including one major and minor standstill occurs every 18.6 years due to the processional cycle of the lunar nodes at that rate.[footnoteRef:35] [35:  Urban. Sean. E. and Seidelmann. P. Kenneth (eds). Explanatory Supplement to the Astronomical Almanac. (2012). Mill Valley: University Science Books. p. 19. ] 

· The declination angle should be zero on the day of the equinox.
· [bookmark: _Hlk71625514]The Sun declination angle, δ, has the range: – 23.5° ≤ δ ≤ + 23.5° during its yearly cycle.  based on sin δ =  – 23.5° x cos [ 360° /365 x ( d + 10 )] where d = day of the year with Jan 1 as d = 1 or accessed via NOAA web site. [footnoteRef:36] [36:  ESRL.  Solar Calculation Details. Global monitoring Laboratory. Earth System Research Laboratories (2021).  Available from < https://www.esrl.noaa.gov/gmd/grad/solcalc/calcdetails.html > 25 April 2021].] 
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[bookmark: _Toc71645370]Figure 14	Diagram of solar and lunar interactions from an RSC. 
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[bookmark: _Toc71635371]Findings
Table 2 lists all the site baseline findings and data associated with measuring from points RC, R3, R4 and R5 in Magnetic and True North. Solar and Lunar data for Aikey Brae RSC is recorded in table 3 and 4 and has been extrapolated using the Stellerium computer program and are recorded as True North.
[bookmark: _Hlk71636175][bookmark: _Hlk71636254]A review of the lunar data set for AD 2021, 1500 BC & 2000 BC (+/- one lunar standstill cycle) shows a possible alignment to the lowest moon arc on the major lunar standstill (154° - 205°) at a lunar culmination of (2.53° - 3.04°) from the Recumbent centre (RC) and from the position directly in front of the recumbent, at RC -3 m at 276° (R5). The horizon profiler indicates the Alt at 154° is 0.22 increasing to 2.24 at 205° therefore the lowest moon on the major standstill would be hardly visible throughout its arc. The key data is summarized in table 5.
Based on a review of the site specific solar data the low winter solstice at an azimuth of +8°39’ - +09° 09’, vernal and autumnal equinox at +32° 24’ - +32° 44’  and high summer solstice at +55° 56’- +56° 25’ would have been unhindered and sighted through the recumbent. Due to the southern location of the recumbent window and the roughly east / west alignment of the recumbent, there is a correlation to solar sun rising and setting at the equinoxes although the absence of the standing right flanker leaves accurate alignment very difficult. The key data is summarized in table 6.
In review from RC, R3, R4 and R5 location the alignments with 1, 2, 3, 4, FR and FR angles are tabulated, and correlated altitudes are noted from the horizon profile as shown in figure 15 and 16 and table 7. The RSC is sited on top of a 400 feet high hill and there were no other notable alignments. 
Calculations are listed in true north unless clearly annotated as being in magnetic Table 2 shows bearings in magnetic and true. 
At the end of the findings section I have included a collection of site visit photographs (figure 17- 21). The intent of the selected photographs is to demonstrate the clear view from the recumbent and to demonstrate the possible alignment at equinox.



[image: ]
[bookmark: _Toc71645405]Table 2	Data as recorded from the on-site survey in magnetic and true North.



	AD 2021

	
	Alt @ Az standstill°
	Alt @ Az standstill (decimal) 
	Declination
	Az Sunrise
	Az Sunrise (decimal)
	Az @ Sunset 
	Az Sunset (decimal)

	Vernal
	20 Mar
	+32° 33’ 14.7”
	32.5535
	0.07
	89° 13’ 14.5”
	89.25694444
	271° 08’ 27.5”
	271.2097222

	Summer
	21 Jun
	[bookmark: _Hlk71385364]+55° 55’ 58.4”
	55.9348
	23.45
	40° 54’ 04.2”
	40.91166667
	319° 04’ 46.1”
	319.1947222

	Autumnal
	22 Sep
	+32° 29’ 43.4”
	32.4953
	0.01
	88° 42’ 23.4”
	88.765
	270° 49’ 43,1”
	270.9262889

	Winter
	21 Dec
	+09° 08’ 36.5”
	9.1434
	-23.34
	136° 25’ 01.4”
	136.4205556
	223° 31’ 53.2”
	223.6644444

	1500 BC
	
	
	
	
	
	
	
	

	Vernal
	03 Apr
	+32° 34’ 48.1”
	32.5800
	0.07
	89° 10’ 12.5”
	89.20138889
	271° 12’ 43.1”
	271.3197222

	Summer
	06 Jul
	+56° 21’ 59.3”
	56.3664
	23.88
	39° 45’ 43.2” 
	39.762
	320° 15’ 02.5”
	320.2569444

	Autumnal
	05 Oct
	+32° 44’ 24.5”
	32.80138889
	0.16
	88° 40’ 19.4”
	88.72055556
	270° 55’ 21.6”
	270.9766667

	(1499 BC)
	
	
	
	
	
	
	
	

	Winter
	02 Jan
	+08° 42’ 53.9”
	8.849722222
	-23.77
	137° 34’ 43.4”
	137.6872222
	222° 26’ 43.1”
	222.5530556

	2000 BC
	
	
	
	
	
	
	
	

	Vernal
	07 Apr
	+32° 37’ 11.7”
	32.6199
	0.13
	89° 05’ 34.1”
	89.17805556
	271° 16’ 43.5”
	271.3875

	Summer
	10 Jul
	+56° 25’ 11.8”
	56.4119
	23.93
	39° 36’ 43.2”
	39.612
	320° 23’ 34.4”
	320.4766667

	Autumnal
	09 Oct
	+32° 24’ 52.0”
	32.54444444
	0.06
	89° 06’ 56.3”
	89.25638889
	270° 30’ 05.1”
	270.5141667

	(1999 BC)
	
	
	
	
	
	
	
	

	Winter
	05 Jan
	+08° 39’ 42.2”
	8.767222222
	-23.72
	137° 42’ 19.4”
	137.7538889
	222° 18’ 11.4”
	222.3316667


[bookmark: _Hlk71451609]
[bookmark: _Toc71645406]Table 3	Solar Data - Aikey Brae RSC Latitude 57.513958 N longitude 2.070428 W. 
	
	YEAR
	EPOCH
	AZIMUTH OF FULL MOON ON HORIZON & ALTITUDE AT CULMINATION (180°) – (True North)

	
	
	NARROWEST ARC
	WIDEST ARC

	
	
	MOONRISE AZIMUTH
	ALTITUDE in degree, decimal and declination
	MOONSET AZIMUTH
	MOONRISE AZIMUTH
	ALTITUDE in degree, decimal and declination
	MOONSET AZIMUTH

	AD 2025 
	MAJOR STANDSTILL
	154° 42’ 29.8”
154.7827778
	3° 04’ 55.0”
3.081944444
-29.40
	205° 15’ 54.9”
205.4025
	32° 53’ 18.1”
32.93361111
	60° 01’ 57.7”
60.03269444
27.55
	331° 22’ 12.5”
331.4013889

	AD 2015

	MINOR STANDSTILL
	127° 11’ 16.6”
127.2294444
	13° 02’ 49.4”
13.04705556
-19.44
	232° 56’ 04.4”
232.9455556
	54° 11’ 49.1”
54.31972222
	50° 33’ 03.6”
50.551
18.06
	305° 30’ 28.0”
305.6277778

	1493 BC
	MAJOR STANDSTILL
	155° 38’ 38.1”
155.7392667
	2° 54’ 45.7”
2.912694444
-29.57
	204° 49’ 34.2”
204.9119444
	27° 04’ 56.4”
27.22333333
	60° 47’ 45.2”
60.79588889
28.31
	330° 32’ 53.9”
330.6830556

	1502 BC
	MINOR STANDSTILL
	127° 07’ 06.2”
127.1338889
	13° 10’ 21.4”
13.17261111
-19.31
	233° 37’ 12.4”
233.6511111
	54° 11’ 54.3”
54.33416667
	50° 14’ 32.7”
50.24241667
17.76
	304° 11’ 21.4”
304.2427778

	1995 BC
	MAJOR STANDSTILL
	155° 35’ 32.5”
155.6736111
	2° 53’ 45.1”
2.895861111
-29.59
	204° 39’ 54.6”
204.8016667
	27° 32’ 54.1”
27.68361111
	60° 33’ 32.6”
60.55905556
28.07
	329° 56’ 05.2”
329.9477778

	2004 BC
	MINOR STANDSTILL
	126° 55’ 11.8”
126.9494444
	12° 58’ 34.9”
12.97636111
-19.51
	232° 24’ 18.3”
232.4508333
	54° 09’ 22.4”
54.21222222
	50° 44’ 11.0”
50.73638889
18.25
	306° 25’ 12.9”
306.4525



[bookmark: _Toc71645407]Table 4	Lunar Data - Aikey Brae RSC Latitude 57.513958 N longitude 2.070428 W


Based on the data in table 2 the view through the recumbent window from the four viewing locations are summarized below in table 5.
	[bookmark: _Hlk71555782]Bearings in TN
	Left Flanker
	Fallen Right Flanker (+/- 5°)

	R5 (RC - 3 m @ 186°)
	143 °46’ 48”
	241°46’ 48”

	RC
	164° 46’48
	217° 46’ 48”

	R4 (RC + 10 m @ 006°)
	172° 46’ 48”
	200° 46’ 48”

	R3 (RC + 10 m @ 006°)
	176° 46’ 48”
	195° 46’ 48”

	Major Standstill Narrowest Arc
	154° 42’ - 155° 42’
	204° 39’ - 205° 15’

	Major Standstill Narrowest Arc
	126°55’ - 127° 11’
	232° 24’ - 233° 37’



[bookmark: _Toc71645408]Table 5	Summary of survey data looking through the recumbent. 
Based on review of solar data a summary of the findings for left to right flanker alignment is in table 6. 
	Bearings in TN
	Sunrise
	Sunset

	R1 – R2
	94° 46’ 48” (+/- 5°) [footnoteRef:37] [37:  This tolerance is because there is no standing right flanker and therefore any alignment between R1 and R2 is open to conjecture.] 

	274° 46’ 48” ( +/ - 5°) [footnoteRef:38] [38:  This tolerance is because there is no standing right flanker and therefore any alignment between R1 and R2 is open to conjecture.] 


	Vernal
	89° 17’ - 89° 25’
	271° 08 - 271° 16’

	Summer
	39° 17’ - 40° 91’
	319° 04 - 320° 23’

	Autumnal
	88° 42 - 89° 09’
	270° 30 - 271° 55’

	Winter
	136° 25 - 137° 42’
	222° 33 - 223° 66’



[bookmark: _Toc71645409]Table 6	Summary of solar alignment compared to R1 to R2 alignment over the recumbent. 
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[bookmark: _Toc71645371]Figure 15	Horizon profile for Aikey Brae Recumbent Stone Circle.
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[bookmark: _Toc71645372]Figure 16	Aikey Brae RSC Horizon from Hey What’s That embedded into Stellerium
Alignments from RC, R1, R2, R3, R4, FL and FR altitudes and declinations are recorded in table 7. 

	 
	1
	2
	3
	4

	 
	Az
	Alt
	dec
	Az
	Alt
	dec
	Az
	Alt
	dec
	Az
	Alt
	dec

	RC
	263.78
	0.27
	-3.11
	302.78
	0.37
	17.23
	339.78
	0.08
	30.34
	112.78
	-0.02
	-12.02

	R1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	R2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	R3
	210.78
	2.74
	-24.87
	215.78
	2.29
	-23.68
	206.78
	2.24
	-26.5
	156.78
	0,27
	-29.31

	R4
	225.78
	1.91
	-20.26
	245.78
	0.99
	-11.87
	275.78
	0.22
	3.29
	143.78
	0.13
	-25.56

	R5
	290.78
	0.32
	11.26
	324.78
	0.32
	26.33
	348.78
	0.41
	32.2
	82.78
	-0.26
	2.65

	 
	FL
	FR
	R1
	R2

	 
	Az
	Alt
	dec
	Az
	Alt
	dec
	Az
	Alt
	dec
	Az
	Alt
	dec

	RC
	164.78
	0.32
	-30.9
	217.78
	2.29
	-22.98
	 
	 
	 
	 
	 
	 

	R1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	94.78
	-0.21
	-2.39

	R2
	 
	 
	 
	 
	 
	 
	274.78
	0.27
	2.79
	 
	 
	 

	R3
	176.78
	0.22
	-32.21
	195.78
	1.57
	-29.57
	 
	 
	 
	 
	 
	 

	R4
	172.78
	0.41
	-31.79
	200.78
	1.91
	-28.28
	 
	 
	 
	 
	 
	 

	R5
	143.78
	0.22
	-25.47
	241.78
	0.99
	-13.85
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



[bookmark: _Toc71645410]Table 7	Horizon Profile Data
	
[bookmark: _Toc71635372]Photographs
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[bookmark: _Toc71645373]Figure 17	Sunrise on spring equinox looking due east. Aikey Brae RSC 20 March 2021. 06:19 GMT. Photo: K. Chambers.
[image: ]
[bookmark: _Toc71645374]Figure 18	View from position RC looking south through the recumbent window. Aikey Brae RSC. 20 March 2021. 06:18 GMT. Photo: K. Chambers.

[image: ]
[bookmark: _Toc71645375]Figure 19	View looking towards the setting sun on the Spring Equinox. Aikey Brae RSC. 20 March 2021. 17:56 GMT. Photo. K Chambers.
[image: ]
[bookmark: _Toc71645376][bookmark: _Hlk71644968]Figure 20	View of Aikey Brae RSC looking north. 25 April 2021. 12:24 BST. Photo: K. Chambers.
[image: ]
[bookmark: _Toc71645377]Figure 21	View of Aikey Brae RSC looking south. 25 April 2021. 12:25 BST. Photo: K. Chambers.
Conclusion
The most notable alignment is due to the recumbent being positioned facing a southerly direction. The east / west alignment of left flankers / projected right flanker positioning does align with the rising and setting sun on the equinoxes. In Scotland there are the highlands and the lowlands. The RSC’s are all located in the lowlands. Maybe the simple use of the stone circle was to indicate the seasonal turn towards summer and winter at the equinox. The purpose of this exercise was to conduct a site survey on a prehistoric site. During this survey the RSC was measured using the alignment of the flankers to form the baseline. The viewing positions was projected 90° at a bearing of 006° and marked at RSC centre – 3m (R5), RSC centre (RC), RSC centre + 5 m (R4) and RSC centre + 10 m (R3). R3 and R4 reduced the view through the recumbent window and certainly would have allowed clear visibility of the sun at its highest altitude at the solstice and equinoxes. R5 and RC allowed the lowest moon on the major lunar standstill to be framed although the moon would have only just been visible and for a reduced period of exposure due to the horizon landscape.   
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1840 J Morison Description (NSA, xii, Aberdeenshire, 1840:149-50)
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1885 J Peter Description and plan (Peter 1885: 374-7, fig 6)

1888 J Spence Description and plan (Spence 1890: 28-30, figs 1-4); photograph (Spence 1896: 26)

1904 F Coles Description, plan and elevation (Coles 1904: 266-70, figs 5-8, 304)

1907 J Ritchie Photograph (RCAHMS AB2430)

1907 N Lockyer Astronomical survey (Lockyer 1909)

1920 G Browne Description and photograph (Browne 1921: 96, pl xxxiv)

1920s A Keiller Description (Keiller 1928: 16-17; 1934: 12, 14, 17; RCAHMS MS106/9)

1925 Office of Works Scheduled

1968 R Little OS: description and map revision

1980 A Burl Astronomical survey and guidebook description (Burl 1975: 7; 1980a: 199, no. 8;
1995 & 2005: 93, no. 90; 2005b: 38)

1981 C Ruggles Tabulated observations and measurements (Ruggles 1984: 59, 66, 68-71; 1999:
213-15; Ruggles and Burl 1985: 29, 41, 47, 54)

2001 K Macleod & A Welfare | RCAHMS: description, photographs and plane table survey (RCAHMS DC44505)

2001 R Bradley 7 C Ball Excavation (Bradley and Ball 2001: 12; Bradley 2005)

2006 N Ruckley, Si Howard NMS: geological survey
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ABERDEENSHIRE

Aikey Brae (NJ 4865 0349) Bradley, R:

AA-49296 Charred pomoideae twig (Sample AB1) from the lower filling (Context 2A) of the Charcoal

foundation trench for the outer kerb of the primary monument. The trench was filled
with compact clay and the sample comes from a discrete patch of charcoal - the only
such material found anywhere in the excavation. The sample was sealed by a
substantial level of compact clay interpreted as the packing of the primary kerb.
AA-49297 Charred pomoideae twig (Sample AB2) from the lower filling (Context 2B) of the Charcoal
foundation trench, as AA-49296.

Date BP+err

2865+50

2855+45

d13C

-27.2

-27.2




image7.png
i

Relative heights of stones in the ring

~—
[opa—
[rp—





image8.png
DJI Phantom 3 drone

Leica DISTO D510 Laser range finder (accuracy +/-2mm)
Garmin Oregon 550 handheld GPR (accuracy <33ft)
SAC Inclinometer / Compass (accuracy +/- 0.25°)
Levelling capable tripod

20 m tape measure

Ground pegs

Marker poles

Multi coloured marker disks

Stellerium Software




image9.png
&

Photo data
25 Apr 2021
12:29

Lat 57°30'839" N
Lon 002°04'225" W

Alt 406ft
Accuracy 10 ft
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Baseline for grid using FR to FL alighment &
RC@90° and plot sun Alt / Az

Lat 57°30°83.9” N (57.52330556)
Lon 002°04'225” W

Sun Az 167°39’12.2” (167.6533889) [+
Sun Alt 45°20'48.6” (45.34683333)/
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b2 = 2 32
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b? =228.6969
b=+ 228.6969
b =15.1227

R—-RC=15.1227-10
R—-RC=5.1227
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Label the RSC stones and viewing points
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Plot stones from RC

RC = Centre
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Plot stones from R4

R4=RC+5m @ 6°
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Plot stones from R3

R3=RC+10m @ 6°
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Plot stones from R5
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Aikey Brae Stone Circle

latitude 57.51398 N longitude 2.070435 W

elevation 406 ft above sea level (6 ft above ground)
https://www.heywhatsthat.com/?view=B8WQGEBX





image20.png
Glasslaw™ =+ %

i % | Horizon | [ Al summits | [ Up in the Air | [ Visibility cloak

Turclossie

Map Satellite

P v . : '
" : Crimond
tleton anitceti \ Rattray
Strichen
| g R'L&lppeyh North'Essie
Fintry New Byth .| ingl il “,
Brackens #
Gajmend 5 St Fergus
Y . Balthangie
Delgaty 2
Turriff Cuminestown
Middlehill
hend af
\ Northbgrmbill
Darra _= ——— =
itack i | Clac riflx':h
Birkenhills S Bulwark
el 3 » North Millbrex  Newmill Nethermuir
South Upper
, Barrack
ss -
Cairnorrie
Tifty Cottown
Backhill Longhaven
/ Woodhead - Skelmonae y
Fyvie i . N
Methlick 3 ( Muirtack Erroliston
anorman Rmtindle Auchleuchries Cruden Bay.
009 € TAll Af D Map data ©2021 = 2 km b Terms of Use

57.51398 N 2.070435 W 406 ft . Click here to re-center map on Aikey Brae Stone Circle

281° Knock Hill 27 miles 1411 ft
359° Mormond Hill 6 miles  0ft

(Bearings are true; for magnetic bearings
add 2° or click here)

[Ishow alts




image21.png
TN S PR (B W}Q‘\?f LA A

SRR\
/] ;’ ’ “‘,Q‘“

-‘!» \





image22.png




image23.png




image24.png




image25.png




image26.png




image1.png
PRIFYSGOL CYMRU ——
Y Drindod Dewi Sant

UNIVERSITY OF WALES

Trinity Saint David





image2.jpeg
KMW Chambore




