Major constructionsin the Stonehenge complex are the Cursus and Woodhenge
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Abstract

We analysed in the paper the possible purposesdBtlkat Cursus in the Stonehenge area.

We analysed the ephemeride of Sun and Moon andwelfthat the border lines of Great
Cursus could help to determine the mutual positiball of three bodies — Earth, Moon and
Sun, which repeats once per saros (app. 18 yere)moonrise in the beginning of saros,
when the angle between Moon’s orbit and equattiteédowest, was in the direction of the
Great Cursus during the first and last quarterhef Moon. Therefore, the people, who built
the Stonehenge, could predict the solar or lunigsec7 or 21 in advance.

The Stonehenge itself, which was built 500 yeatsrdbreat Cursus, seems to be (from
this point of view) only a ,calculator* of sarosalg, heritage place and superstructure of the
Great Cursus.
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1) Introduction

Although the Stonehenge itself was partly decodedha observation of moonrise and
sunrise or sunset during summer or winter solstiwesnputer” of long-period cycles and old
calendar (Lockyer 1909, Hawkins 1965, Castleder8198hnson 2008), the purpose of other
constructions still remains unclear. The recenpggsical and archaeological works on Great
Cursus, which was built in late Neolith age betw8630 and 3375 BC (Pearson et al. 2008),
i.e. 500 years before Stonehenge itself, suggasthis area could be procession route during
summer soltice (BBC News 2011). On the other haadyrarchaeologists reasoned that there
was an astronomical purpose (Hawkins 1965, Manl@§91 Service & Bradbery 1979),
however, the purpose and significance of the Cu@sist whole, has not been clarified up to
now because its rims don't point to any clear icamt astronomical object. Burl (1987).

Our aim was to identify the possible astronomicaippse of so huge constructions as
Great Cursus, Lesser Cursus and Woodhenge (seB),Righich significance can also be
testified by the volume of work necessary to bitiltca 1 250 000 working hours), which is
comparable to the Stonehenge itself (ca 1 500 a@f@img hours) (Castleden 1993, Broch et
al. 2009).

The hypothesis about the connection between tleetthn of Great Cursus (the northern
and southern rims have azimuths 84.6-84.7° and 8@&4pectively), of Lesser Cursus (both
azimuths are 74.9°) and sunrise, moonrise and agteznomical object rise was tested.
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Fig. 1 The situation of the Great Cursus to theémof Stonehenge. In the NE corner is
Woodhenge (south of Durrington walls) and Lessais@slis to the NW from Great Cursus.

2) Resultsof analyses

As the most probable purpose of all of constructiothe Stonehenge area, which were
tested, is the measurement of the mutual positbrisree bodies — Earth, Sun and Moon in
the space.

The most precise measurement of the positionsriagithe first and third quarter of the
Moon, because in this way it is possible to detearthe exact moment of the phase by the
naked eye with a precision better than % of a 8a6 (of the radius), using only the simplest
tools (a straight stick, comparison of terminatatisvature on the left and on the right sides,
reading the illuminated and unilluminated parthad equator...) (see Fig.2).

Fig. 2 Change of the terminator's curvattiteday of the first quarter

Other phases of the Moon could be measured mucbewothe timing of the full Moon is
practically impossible due to its bloom and oppositthe timing of new Moon is not visible.
However, the moonrise during the firs quarter e& Moon is around noon, therefore only
third quarter of the Moon is possible to be meaduteecause this moonrise is around
midnight.

When the measurement will be making during the meenduring its third quarter, it
would be able to evaluate, where the Moon is ooribé (see Fig.3).
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Fig.3 Four major model situations (orientationsh&f Moon's nodes line to the Sun) in
relation to lunar and solar eclips&¥ Connell 2007)

If the position would be in one of the points ARrthan it could be possible to predict the
solar or lunar eclipses 7 or 21 days in advancenguhe transition of the Moon through the
ecliptic. Because the Earth rotational axis hasstiree angle with the respect to the ecliptic,
the moonrise will be in the point A (or B) in thense azimuth during the last quarter.

We tested the positions of the Moon during the migerbefore the solar or lunar eclipses
in 2010 — 2012 during the first quarter with thdphef ephemerid generator JPL NASA
Horizon (see Table 1). (the moonrises during tlvel tuarter would give similar results)

Table 1 Solar and lunar eclipses in 2010-2012o€&kt P-partial, A-annular); "event”
means "suspicious" moonrise observable in Stoneheng

date time (UT) | eclipse region event days before | azimuth err. | phase err.
degrees degrees

15.1.2010 7:06) ASE |Indian ocean 24.12.2009 22 0,05 2,47
26.6.2010 11:400 PLE |[Europe, Africa 5.6.2010 21 9,66 1,11
11.7.2010 19:35) TSE  |Pacific ocean 5.7.2010 6 -3,44 -7,14
21.12.2010 8:18) TLE [ran 28.11.2010 22 0,99 2,53
4.1.2011 8:52 PSE |Scandinavia 13.12.2010 21 5,73 0,51
1.6.2011] 21:17] PSE _ N.pole 25.5.2011 7 6,87 13,96
15.6.2011 20:14] TLE Madagaskar 25.5.2011 21 6,87 13,96
1.7.2011] 8:400 PSE [S.pole 8.6.2011 23 2,05 7,04
25.11.2011 6:21 PSE |S.pole 18.11.2011 7 -2,78 5,31
10.12.2011 14:33] TLE  [China 18.11.2011 22 -2,78 5,31
20.5.2012 23:54] ASE  [Kurily 29.4.2012 21 -15,11 -1,52
4.6.2012 11:04) PLE  |Pacific ocean 28.5.2012 7 -1,37 3,53
13.11.2012 23:13] TSE  |Pacific ocean 6.11.2012 7 -11,37 0,10

We can see that the “errors” in azimuth or lunaagghare too much in comparison with
the lunar diameter (0,5°). One of the most premisenrise was on May 28, 2012, when the
“error” in azimuth was only 1.37° and “error” in @be was 3.53°. We could compare this



position with the direction of the Great Cursusnflovertical abscissas on Fig.4) and with
Woodhenge position in prolongation of Cursus (leegical comb-like lines on Fig.4).

Moonrise above Woodenhenge on 28.5.2012
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Fig.4 — Moonrise above Woodhenge and Great Cunsiday 28, 2012)

This measurement can be confirmed by measuremedt@koo stone, Woodhenge and
“Kiwi” saddle (see Fig.5).




Fig. 5 a) Cuckoo stone — the stick marks the sarimaudh of 83.9° as Great Cursus, b) The
stick (and the visor in the stone) marks the “Kiw#&ddle on the horizon, ¢) The moonrise on
May 28, 2012 — mosaic of 10 pictures taken by astho

Which is most important, the moonrise in the samarigr as at Great Cursus is in the
direction of Lesser Cursus exactly one month betorafter the position at Great Cursus,
which means that the measurement at Lesser Cuosid predict or confirm the results on
the Great Cursus, but with lesser precision.

Because the moonrises are not exactly in the dwrectf Great Cursus (or Woodhenge or
Kiwi saddle from Cuckoo stone) we analysed the a#ii of moonrise during the first or last
guarter during the whole lunar nodal cycle. Datdahef moonrise (time and azimuth) and of
the angles of the Sun-Moon-observer (correspontbnthe Moon's phases) were obtained
from the Ephemerid Generator JPL NASA (Horizons1)0Data of solar and lunar eclipses
was obtained from NASA (NASA eclipses 2011) and Méklia (Wikipedia — eclipses,
2011). Solar eclipses observable from the Britsles were taken from the work of Beard
(2001). Eclipses were plotted with azimuths of nrs®above Woodhenge (see Fig. 6, 7 and
8).

Dependence of azimuth of Moonrise during the first quarter on time around 2015
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Fig. 6 Solar and lunar eclipses between years &2 2(hd 2021 and the azimuths of the
moonrise in the first and last quarter. Total esgigp of Sun and Moon are highlighted.



In Fig. 6 the total lunar eclipses and the totdhiseclipse on 20.3.2015, which will be
visible from the Atlantic Ocean north of Britishids, are highlighted. Three months before
and after this total solar eclipse the Moon willrisng above Stonehenge in the first, as well
as, the last quarter very close to the ideal azin839° (86.9° and 85.9° in the first quarter,
and 87.2° and 87.2° in the last quarter). In addijtiat this time the Moon's orbit has the
lowest inclination to the Earth's equator, andadal teclipses are more probable.

So, if the azimuth of 83.9° determines the mooninsthe significant phase of the Saros
cycle, a similar situation will also be before,jost after, the great total solar eclipse 1715,
which was visible in the whole southern Britain (e 1714, Beard 2001). As seen in Fig. 7,
after this eclipse the Moon rose in the first adl ae last quarter near an azimuth of 83.9°
(85.1° and 85.6°). There was an analogical sitnatiso between the partial solar eclipses in
1710 and 1711 and before the partial eclipse irBlwhich were visible from the British
Isles. Both figures 6 and 7 show that the moonrnsean azimuth close to 83.9° during the
first as well as last quarter may occur approxityatex during the Saros. One of these
situations comes at the time of the least relatieénation of the Moon's orbit in relation to
the Earth's equator. This situation could be marftedarrow) as the beginning of a new
Saros.

Dependence of azimuth of Moonrise during the first quarter on time around 1715
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Fig. 7 Solar eclipses between 1710 and 1720 pletiddthe azimuth of moonrises in the
first and last quarter. The total solar eclipséolsfrom Stonehenge is highlighted.

The Ephemerid Generator of NASA (Horizons 2011) esak possible to calculate,
precisely, the Moon's ephemerides back to the $8a0 BC, and so the moonrises were
calculated for the whole first decade of the 3rdlannium BC (see Fig. 8). Again the
assumption was confirmed, that the most ,precidighements of Moon behind Woodhenge
occur just in the period of the lowest inclinatioh Moon's orbit in relation to the Earth's
equator (marked by arrow). In the year 2993 BC, mnises with an azimuth of 84.0° in the
first quarter and 82.2° in the last quarter ocalir@ne month earlier, the Moon rose to an
azimuth of 74.9° in the first quarter, and one rholater to an azimuth of 72.0° in the last
qguarter. These values may be related to the otientaf Lesser Cursus, which could in this
way anticipate or confirm the measurements ma@redat Cursus.

As the precession of the Earth's axis has a pesfoda 25 800 years, we are now
approximately in one quarter of a Platonic yeaceithe time when the Cursus was built.
Present alignments are not identical to those obdeby Stonehenge inhabitants 5500 years



ago, though the major ones may again coincide avgimilar position of the Solar system to
the Galaxy.

Dependence of azimuth of Moonrise during the first quarter on time around 2995BC
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Fig. 8 Azimuths of the moonrise in the first andtlguarter between the years 2999 BC
and 2988 BC

3) Discussion

As we are gradually finding out, all nations in N#o(early Stone Age) or Eneolith (late
Stone Age) were fascinated by the night sky, whamong other things, was used for
orientation in space and time. This was very imgrttrtbecause agriculture was at its
beginnings and was highly dependent on weathergchwlairgely determined a good or poor
harvest. As well as in the ancient Egypt, where dhehitects always aligned pyramids to
cardinal points with help of the stars Kochab anday] which laid on the N-S straight line,
the cultures in Britain or today's France usedribimgs and settings of Sun at significant
moments of the year as the basis for orientati@ually the summer solstice was observed, in
the Braiport bay (Gladwin 1985), alternatively aotttle” sunset, e.g. in Guimar, Tenerife
(Aparicio 2005), the sunrise in times of the fiestd third quarter of the year (Quarter day
sunrise, in the beginning of May and August) (MaeRI002), or the sunrise in the winter
solstice as in Newgrange, Ireland. The same pilesipf orientation of buildings and
determination of the beginning of the year or gh#ficant periods were also taken by Celts in
continental Europe (Vosolsél2004).

In the first period of the formation of the Stonege complex, the Great Cursus was built.
Stonehenge itself was built 500 years later. Tlesfand the cost for building the Cursus
testify to the significance of this constructiomof that it can be assumed that the importance
of the Cursus was primary and Stonehenge secondary.

If we admit, that the Great Cursus was used fornteasurements of azimuth of the
moonrise (above the horizon), it can be shown ¢Bat5000 years ago the Moon in its first
and last quarter rose in this direction four tinesl8.6 years, when Moon, Sun and Earth
came into the same positions (including the intioves of their orbits and rotation axes)
Therefore, it is possible to predict similar sitaas. If the builders of Stonehenge marked out
the northern and southern limits of the Great Caiesrcording to moonrises before important
lunar (perhaps also solar) total eclipses, whiatugemost likely, when the Moon's orbit has



its lowest inclination to the Earth's equator, tloeyld predict similar total eclipses in the
future. In this way they could date the beginninig Saros. In combination with the
measurement of the Sun’s position at the time efsilimmer solstice they could obtain long-
term calendar equally as precise as that of Mayd,more precise than that of the ancient
Egyptians or Mesopotamians (predicting of lunaipsels since the 7th century BC).

At the time of the construction of the Stonehengigaée 1), the knowledge of the long-
term calendar was already fixed and past onto éufenerations. Stonehenge itself, mainly 56
Aubrey holes, functioned rather for records andwdations based on the observation and
measurement in the Cursus. Builders divided Santnsli8.61 years and each year into 4 parts
involving 3 months of 30 and 29 days. The year hegeobably, by the summer solstice, and
the day at the moment of sunrise. The determinaifdhe year's beginning was easy, but the
detemination of the beginning of Saros was a taskédveral generations, taking into account
the life expectancy around 24 years. Thanks to gaeiality of the founders and the
transferring of measurement results to new germrait managed to observe the intersection
of both cycles (lunar and solar) and in this wayaoted the calculation of the repeating of
mutual positions of Sun, Moon and Earth in time.tBey very likely were able to predict,
with high accuracy, the lunar, and probably aldarseclipses in the region of Stonehenge.

However, ca. 2000 years after building the Curdus descendants of the founders
probably found out, that the solar eclipses wemmbeng less regular (due to the precession
of Earth's axis ,their* beginning of Saros came outhe optimal period, when the planes of
Moon's orbit and Earth's equator are least deviaed the calendar of Saros ceased working.
Perhaps from that reason further building of then€henge complex was stopped. At present,
ca. 5500 years later than the construction of thes@ started, the situation is recurring,
when the Moon rises (in the first and last quarierhe prolongation of the Cursus again at
the beginning of Saros, which, however, has shifeddtively to the old Saros by ¥ of the
Platonic year. Thus, also at present, we could igiratie beginning of Saros from the
observations in the Cursus, and predict lunar sefipand, after several generations, also total
solar eclipses, visible from Britain.

Conclusion

Both the northern and southern boundaries of thesWSuprobably mark the limiting
directions of moonrise during the first and lasaqers before the lunar or solar eclipse at the
beginning of Saros. The limits being to the "léfm northern boundary of Cursus and to the
"right" from the southern one. The angular distaotéhe moonrise from the central line of
the Cursus could determine, how deep the eclipfieb@i Woodhenge and menhirs in the
horizon may have served to scale the distanceeoMibon from an absolutely exact position,
when all the 3 bodies are in a straight line attilme of the full moon (lunar eclipse) or new
moon (solar eclipse).

All the simple tools (grooves and stones in theugch menhirs in the horizon, vertical
stems, reading of the phase by a stick) enabledrebs to obtain the Moon's phase with a
precision of ¥ of a day (6 hours) and angles withrecision of 0.2° horizontally near
Woodhenge, 0.5° in angular distances from Woodhésrger than 1.5° (3 Moon diameters),
and 0.2° vertically. This made it possible to pcedivtal as well as partial eclipse 7 or 21 days
before the event.

With the help of the Heel-stone and the hollowshe east and west of the Cursus the
builders of Stonehenge could determine the beginafrthe calendar year (summer solstice).
With hthe Ip of the Cursus and Woodhenge they coalg the beginning of Saros. So they



had at their disposal a calendar, which could ptedhnual periods as well as long-term
cycles of lunar and solar eclipses.

Construction of the Stonehenge complex probablyestaoy marking out the rim lines of
the Cursus. In the elevations on the Cursus ertdsygire made, which then determined the
position of the Heel-stone. In this way the ,measylr complex was built up. Following the
building of the megalithic construction Stonehend@ad probably more archive,
documentation and religious purpose, and measuterasults were saved there via setting
pointers of the course of the annual cycle andhef $aros by moving marked stones in
the Aubrey holes (Hawkins 1965).
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