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This densely written 13-page paper by a past astronomer at the Royal Greenwich Observatory was published in 1980 in response to a claim made two years earlier by Alexander
and Archie Thom that 25 Scottish megalithic sightlines mark the extreme horizon points of
moonrise and moonset around 1700 BC. Besides correcting an error in the Thoms’ calculations carried over from their textual source on celestial mechanics, Morrison elaborated
the formula of lunar motion to include other sources of variation not covered by the
Thoms. Morrison claimed that with these enhanced formulae the extreme declinations of
the Moon can be calculated and observed to an accuracy of 1' of arc. Morrison shows that
the Thoms use of a simplified lunar theory requires that the plane of the lunar orbit with
respect to the ecliptic be exactly at its limits, that the Moon be at 90° to the Sun (quadrature) when the Sun is simultaneously at the autumn or vernal equinoxes, and that the
extreme declination of the Moon occur exactly at the moment of moonrise or moonset.
Refreshingly, he then points out that these conditions never occur simultaneously and
that a series of adjustments must be made to calculate the resulting average reductions in
declination which will result in an observable horizon azimuth extreme. But since for each
individual lunar standstill the particular configuration of deviations from these required
conditions is unique, every lunar standstill will be slightly but observably different from
every other lunar standstill. These findings, and others, by Morrison from the standpoint of
heliocentric positional astronomy therefore have profound implications for what we might
expect from prehistoric observers of the Moon’s horizon movements if they were working
within a geocentric “flat” and stationary Earth cosmology. Forty years after his paper’s
publication, notwithstanding important summaries within the literature (e.g. Heggie 1981,
86–101; North 1996, 553–569; Ruggles 1999, 60–61), the discipline of archaeoastronomy
has still not absorbed all of its implications into its conceptual vocabulary and it requires
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further scholarly engagement and debate. This is particularly relevant if we are working
towards scholarly convergence with archaeology (Salt 2015), since this key indicator of
prehistoric megalithic alignments needs to be conceptually precise for absorption by our
colleagues in this and other cognate disciplines. In what follows, we first will look at how
modern positional astronomy as shown by Morrison conceptualises and calculates the
lunar limits, before considering what adjustments he suggests are needed for interpreting
any prehistoric evidence for engaging with these as lunar horizon limits.
The Moon does not circle the Earth – it spirals around the Earth in an irregular movement, so that it is always changing its declination. These spiral orbits oscillate either side
of the ecliptic. For the year 2000 BC, they are bounded by a mean inclination of ±5°8'.7
(i) when measured from the centres of the Earth and the lunar orb, while the ecliptic is
itself inclined to the celestial equator (the obliquity) at a mean inclination of ±23°55'.65
(e) (Morrison 1980, 66). Lunar “standstills” occur at the limits of the lunar inclination to
the ecliptic when, for a year or more (Ruggles 1999, 36), the Moon’s spiral orbits reach
their two pendulous limits. By combining the mean inclination of the Moon to that of the
ecliptic, for 2000 BC these limits will be at a declination of ±29°4'.35 (±(e+i)) for a “major
standstill” and ±18°46'.95 (±(e-i)) for a “minor standstill”. The points of intersection of the
plane of the Moon’s spirals with the plane of the Earth and the Sun’s rotation are called
the lunar nodes. When the Moon is rising through one node, which in ancient European
“astronomy” is called the “dragon’s head”, and when descending at the opposite side of
its circuit, the “dragon’s tail”, the conjunction of the two orbital planes is the precondition
for a lunar and/or solar eclipse. An additional requirement for an eclipse when the Moon
is at the nodes is for the small wobble, or perturbation, in the Moon’s orbit to bring the
Moon’s and Sun’s planes to coincide and so cast a shadow over either when viewed from
Earth. This perturbation of about ±9' (∆) of declination is a product of the Sun’s variable
gravitational effect on the Moon’s orbit around the Earth. During a lunar standstill, the
wobbles are greatest when the Sun is at the equinoxes and the Moon is at 90° to the Sun,
and weakest when the Sun is at the solstices and the Moon is at 0° or 180° to the Sun.
When the Moon and Sun are in quadrature, the Moon is either at first or third quarter,
and when they are in line it is either dark or full Moon. An eclipse can only happen when
the perturbation increases the lunar inclination, meaning that it cannot occur during a
lunar standstill at the solstices, in which the perturbation is weakest and the Moon is
dark or full. Importantly, this property radically reduces the possible interpretive models.
Any monument that combines alignments on a solstice Sun with a standstill Moon
mobilises this intrinsic property of lunar standstills, and by avoiding eclipses protects
any lunar- or solar-governed rituals from eclipse interruption. Contrarily, during a lunar
standstill around the time of the equinoxes, in which the Moon crosses over the Sun’s
horizon rise or set position, the near full Moon will be eclipsed (da Silva 2004).
The Moon’s orbit precesses around the Sun’s orbit in about 18.61 years. The ascending
lunar node therefore takes about 9.3 years to rotate from the spring equinox to the autumn
equinox. From the spring equinox lunar node the lunar plane is 5°8'.7 above the ecliptic.
From this point the head and tail of the dragon rotate clockwise around the ecliptic plane
and the Earth’s north/south axis and so lowers the spiral orbit of the Moon around the
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Earth until, after about another 9.3 years, the lunar plane is inclined 5°8'.7 below the ecliptic.
It is for this reason that Thom called the first phenomenon “the major standstill” of the
Moon and the second “the minor standstill” of the Moon. These movements translate into
horizon movements of the Moon, such that at the latitude of Stonehenge, about 51° north,
around 2500 BC, the Moon’s major standstill rises and sets were about 10° further north
and south than the Sun’s standstill at the solstices, and the minor standstill 9.3 years later
was about 10° within the solstices. In Scotland, at latitude 60° the same values were about
15° either side of the solstices (North 1996, 571). By adding the perturbation values (±∆) to
the limiting separations of the ecliptic and the lunar inclination (±((e ± i) ± ∆)), heliocentric
astronomy calculates the eight limiting average declinations of the Moon at its major and
minor, and northern and southern, risings and settings. Morrison gives a graphical depiction of both types of lunar standstill using this simplified formula from hourly ephemeris
data for the 1969 AD major standstill and the 1978 AD minor standstill. The resulting
smooth sinusoidal oscillation of ±9' of the 20 or so lunistices around the point of greatest
reach of ±28°43' for the spring equinox in 1969 and ±18°11' for the autumn equinox in
1978 can be seen in Figures 1 and 2 (Morrison 1980, 70–71). This representation includes
the precise dates for each lunistice declination value and its phase, with a six-fold reduction in the scale of the lunar orb to a diameter of 5', which schematically exaggerates the
perturbation effect. Only North (1996, 565) has represented a lunar standstill approaching
the same level of detail, although in his case for a single unspecified major standstill alone
and not with such precise dating as shown by Morrison. Nevertheless, it is this simplified
depiction of the properties of lunar standstills used by Thom that has entered the routine
conceptualisation of lunar standstills within archaeoastronomy, in spite of all the qualifications identified by Morrison and others.
To test the Thoms’ claim for the lunar standstill alignments at the 25 Scottish megaliths, Morrison evaluates their values for the additional small cumulative eccentricities
in the lunar and solar orbits which will produce “decrements” to these simplified lunar
standstill limits. Those average “errors” identified by Morrison come from any disjunction
between the nodes and the equinox (±0'.3), any perturbation in the lunar inclination
(±1'.1), any disjunction between moonrise and moonset (±3'.9 for major standstill and
±2'.5 for minor standstill), and any deviations from the true value of the obliquity (±0'.15).
According to Morrison the mean net cumulative effect of these four variables will result
in decrements of 4'.5 and 2'.75 to the extreme declination of major and minor standstills
respectively. Morrison also adjusts these heliocentric calculations to how they would
present themselves at horizon rise or set, which requires another set of average decrements for parallax (56'.4), taking account of the semi-diameter of the Moon for last or first
horizon glint (15'.4), the dip of the horizon depending upon the height of the observer,
and atmospheric refraction, which varies with atmospheric pressure, temperature and
the height of the alignment (Thom 1971, 28–35).
Morrison applies some of these adjustments needed to calculate the horizon estimate for the single point of extreme reach for each standstill around the year 1680 BC in
northern Scotland. However, following the Thoms, he surprisingly assumes that the time
of moonrise or moonset does not affect the lunar limits and that the variability in the
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Figure 1. Minor standstill 1978 AD. Note: the vertical axis is cropped; the lunar disc subtends an angle of
30' of arc but here has been reduced here to 5' of arc; declination is the angle from the celestial equator
to the centre of the lunar disc; in all four figures the Moon oscillates by about ±10' in declination, which
translates to about ±20' in azimuth at 51° latitude (Morrison 1980, fig. 5, reprinted with permission from
SAGE Publications).

lunar inclination and the ecliptic are zero, although unlike the Thoms he disaggregates
how the effects of the lunar perturbations between major and minor standstills increase
or decrease the accuracy of the alignments. Morrison then shows that when using the
refined formulae under these assumptions for the 25 megalithic sightlines, two of the
alignments do coincide with his predicted extreme declination, twelve are within 5',
seven within 10', three within 15', one within 20' and one within 25'. In short, his refined
calculations for the extreme reach of the lunar standstills show that 23 out of 25 sightlines
assumed to be designed by the megalith builders on any one of these lunar limits are
observably different from the predicted lunar horizon limits. Fourteen of these sightlines
were for the northern major standstill and two for the southern major standstill, while
one was for the northern minor standstill and eight for the southern minor standstill.
Any tendency for a bunching of these alignment patterns is similar for the major and
the minor standstill. Morrison concludes that since the sample size is small it is difficult
to calculate the statistical significance of these findings, but that if megalithic observers
were seeking to mark only the single point of the lunar limits for these sites, then from
over a century of observations of all standstills the observed deviations from the actual
limit would tend towards zero.
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Figure 2. Major standstill 1969 AD. Note: the vertical axis is cropped; the lunar disc subtends an angle of
30' of arc but here has been reduced here to 5' of arc; declination is the angle from the celestial equator
to the centre of the lunar disc; in all four figures the Moon oscillates by about ±10' in declination, which
translates to about ±20' in azimuth at 51° latitude (Morrison 1980, fig. 4, reprinted with permission from
SAGE Publications).

However, the cycles and average circumstances that govern all of these qualifications and assumptions for calculating the lunar limits are not synchronous and they
are all subject to their own degrees of variability. The particular configuration of each
combination of these factors is therefore different for every standstill: “In general, not
all these circumstances will occur simultaneously, and unless it is known which standstill
(or standstills) the Megalithic observers used to set up the alignments, we must allow
for some reduction in the extreme values when comparing them with the declination
derived from sightlines” (Morrison 1980, 69).
Therefore, for each particular standstill there will be an equally particular value
for each of the parameters governing lunar motion rather than an average value. For
example, there is a monthly variation in lunar parallax of ±3'.5 around the average value of
56'.4, and a possible 12' of decrement when the moment of maximum declination occurs
midway between the Moon rising and setting. These variations from a few minutes of arc
to 12' apply to a multiplicity of factors and include nodes not at the equinox, perturbations in the lunar inclination, the oblateness of the Earth, changes in the obliquity of the
ecliptic and variations in parallax and semi-diameter of the Moon due to the elliptical
shape of the Moon’s spiral orbits and atmospheric refraction. Each standstill, major and
minor, will exhibit all of these possible variations in each average source of deviation from
the moment of extreme declination. Nevertheless, Morrison argues that once having
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adjusted these assumptions by a few average corrections it is possible to construct a
model of typical lunar standstills to which each particular lunar standstill will approximate, so that all that can be expected is a grouping of closely bunched alignments within
a small horizon range. The key issue is – how small is “small”?
Throughout his paper Morrison deals only in declination measures – the angular
separation of a body from the celestial equator – and never operationalises how these
will be presented to prehistoric observers of the Moon’s horizon movements. Since the
past is another country this is a profound lapse of ethnographic imagination! For those
observers who lived within a culture whose cosmology assumed a geocentric stationary
“flat” Earth the concept of “declination” has no meaning and some types of concepts
combining horizon azimuth and altitude would have been used. At the latitude of 60°
north a change of 1° of declination becomes 3° of azimuth on the horizon, while at
latitude 51° north it becomes 2° of azimuth. At both of these latitudes such multiplier
effects to each of the small but many sources of “declination deficiency” can add up to
a substantial source of irregular variation in the horizon limits during lunar standstills.
This issue is addressed directly by Fisher and Sims (2016). By using the most recent and
precise calculations of lunar theory and, unlike Morrison, including all available sources of
declination decrement, a substantially different picture emerges for the major and minor
standstills. The horizon lunar limits of the southern major standstill for 1485–1484 BC over
the course of 17 sidereal months are shown in Figure 3 below (following Fisher and Sims
2016, fig. 5a). The red vertical line on the left of the figure represents the horizon extreme
if all the declination decrements were zero; the sequence of lunistices runs vertically up
the figure, so showing their horizon left-right azimuth variation, and the actual moment
of the heliocentric extreme takes place around the time of the seventh horizon lunistice,
marked with a red star (Fisher and Sims 2017, table 3). As predicted by Morrison, none of
the horizon azimuths exhibit the heliocentric extreme declination value, but neither is it
clear which one (if any) approximates to it! Since the actual moment of the lunar extreme
occurs over five hours after the observable horizon moonset at the time of the seventh
lunistice, Figure 3 shows that in fact the second lunistice has a greater horizon extreme,
with a shift to the south nearly 5' more than the night of the actual extreme on the seventh
lunistice. This can also be seen on the computer simulation of Figure 4. Reading the frame
sequence from left to right and from top to bottom it can be clearly seen that frame 2
shows the Moon’s horizon position further to the left of the foresight mountain than that
in frame 7 on the day of the extreme. Such an event can be expected because when all of
the qualifications mentioned by Morrison – that is, all sources of variation precise to their
particular standstill and not their mean values for “typical standstills” – are combined, they
asynchronously confound the picture represented by a “typical” standstill as represented
in Morrison’s figs. 1 and 2. For each standstill there is no single easily observable “point
of maximum reach”. Instead, as can be seen in Figure 4 below, at the end of each sidereal
month there is a time-lapsed “dance” of the Moon as it oscillates within a narrow band
on the horizon at its standstill limit. These azimuth oscillations are irregular, rather than
following a simple pattern culminating and then subsiding about a single extreme value
as suggested in the “typical” standstills in Morrison’s figures (Figures 1 and 2 in this paper).
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Instead, for the standstill shown by Fisher and Sims for 1485 BC, the azimuths haphazardly
oscillate within a 2.5° horizon band. However Morrison finds a maximum of 25' declination
scatter for the Thoms’ 25 megalithic sightlines, which with a threefold azimuth magnification becomes a variation of 1.5° on the horizon, well within the 2.5° figure. This raises the
probability that all of the Thoms’ sightlines were aligned on lunar standstills. In short, by
azimuth values for a lunar standstill alone there is no such thing as a precise estimate of the
single point of greatest reach by which megalithic alignments can be judged.

Figure 3. Horizon azimuth values for the southern major standstill 1485 BC. Note: each data point shows
the major limit of the Moon’s southern horizon azimuths of 1485 BC every 27.3 days; the series begins
at the bottom and then changes vertically up the graph over the course of the standstill; the value of
the actual geocentric extreme is shown by the red dashed vertical line; the actual day of the geocentric
extreme takes place during the seventh data point (marked with a star), while the observable horizon
extreme takes place at the second data point (adapted from Fisher and Sims 2017, 214).

A further implication is that observing this haphazard and bunched lunar horizon
“dance” provides no purchase for estimating the unobservable heliocentric lunar limit by
extrapolation - as, astonishingly, is assumed by both Alexander Thom and by Morrison.
This procedure would have required a geometrical transformation of observed regular
intervals separating monthly sight lines (Thom 1971, chapter 8) which, while all falling
short of the maximum, might have provided a basis for estimating the extreme value for
observers with a heliocentric cosmology. But since there is no regular sinusoidal fluctuation in these sight lines, and since prehistoric observers inhabited a geocentric cosmology,
then extrapolation by this method is neither possible nor relevant. Once again, we arrive
at the only possible conclusion: megalithic builders orienting their monuments on lunar
standstills were observing bunched and haphazard horizon azimuths alone. According to
Heggie (1981, 101), for the one year before and after the heliocentric limit the change in
the declination limit is no more than 15', suggesting an azimuth change of ±30' at latitude
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51° north or ±45' at latitude 60° north, over a one-year period either side of the actual
limit. In the light of the critique presented here, finding that variation of over 2° occurs
during the actual period of the extreme, this is probably an underestimate. Nevertheless,
the Moon’s alternating irregular “dance” on a 2° or so horizon sector will be the observable manifestation of a lunar standstill.

Figure 4. Horizon azimuth sequence for the southern major standstill 1485 BC (adapted from Fisher and
Sims 2017, 212).
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Unpicking these properties of lunar standstills is possible from Morrison’s paper
but this process has not been adopted or made abundantly clear by most archaeoastronomers. North, for example, shows the southern minor standstill moonset azimuth
alignments at Stonehenge accurate to two decimal places (North 1996, 474), but buried
away in his book’s appendix is an acknowledgement that all that can be expected is “as
poor an accuracy as half a degree in the azimuth” (North 1996, 68). Contrarily, Ruggles
lists nine circumstances that will confound any accurate observation of a lunar standstill
limit, concluding that accuracy to within a degree is all that can be expected (Ruggles
1999, 60–61 and 36–37n7), but he only applies these cautionary remarks to the single
point of extreme reach without considering the implications of how the same sources of
variability apply to all of the lunistices during the two years of a single standstill. Since all
these other monthly alignments experience the same levels of asynchronous imprecision, the question remains: what are the observable properties of a lunar standstill?
Morrison claims that the typical minor and major standstill as shown in his figs. 1 and
2 exhibits a single point of extreme reach and a regular alternating horizon perturbation
of the order of ±9', and that this would have been apparent to prehistoric observers
over a century of observations and through possible extrapolation calculations. Neither
of these suggestions can be sustained. The present critique has found that there is no
observable single lunar limit, and that as every lunar standstill asynchronously combines
a whole series of “declination decrements” there is no observable regular alternation.
Further, as indicated above, a lunar standstill is not a moment of a single point of extreme
value, but a period spread over two years around the heliocentric extreme, during which
time the lunistice azimuths are haphazardly bunched within a small horizon bounded by
about 2° of azimuth. And since each standstill uniquely combines all possible declination
decrements, a “century of observations” will yield a century of different standstills, all of
which are less than the actual extreme value.
Strangely, the single main observation that has been adopted by many archaeoastronomers from Morrison has been his assertion that “the only particular quality that can
be associated with the minor standstill is that the directions […] enclose the narrowest
range in azimuth” (Morrison 1980, 69). This odd claim comes as a bolt from the blue and
has no logical connection with any part of the paper. When fitting a model to data we
only stop elaborating that model when all data properties no longer exhibit structure
– when they have become random “noise”. And Morrison’s opinion here is made one
sentence after demonstrating two structural properties of lunar standstills shared by
minor and major standstills. First, that both major and minor standstills exhibit a systematic synchrony between the Moon’s phases and the solstices, and second that when the
Moon returns to its azimuth limits every 27.3 days over its two-year period its phases are
in reverse order.
On the first point it can be seen in Figures 1 and 2 that dark Moon coincides with the
winter solstice for both southern major and minor standstills and with summer solstices
for both northern major and minor standstills. There is confusion in the extant literature
about this, since it is frequently claimed that full, not dark, Moon, occurs “during the
winter” (North 1996, 566; Ruggles 2015, 468). Of course it does, but the claim ignores
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the fact of alignments! Many megalithic alignments, including Stonehenge, conflate a
winter solstice southwest alignment with an alignment on the southern minor or major
lunar standstills, and full Moons in winter are either 180° away at moonrise or 90° apart
from these alignments on the northwest horizon at moonset. Similarly, a conflation of a
northwest summer solstice alignment with an alignment on the northern minor or major
standstill, and full Moons again are on “opposite” alignment either in the southeast at
moonrise or southwest at moonset. And for those, at least four monument complexes
identified by three different archaeoastronomers as being organised into binary pairings
of strictly separated south- and north-facing horizons are in locations where there is a
clear landscape prescription against allowing full Moon to coincide with a solstice alignment (Sims and Fisher 2017). Since we have shown that a lunar standstill lasts for two
years, this conflation of dark Moon with the solstices will always happen.
The second structural property is demonstrated by the 20 or so time-lapsed lunar
phases shown in Morrison’s figs. 1 and 2 which scroll through all lunar phases but in
reverse order. Since the Moon circuits the Earth every 27.3 days it takes a further 2.2 days
of the Earth moving around the Sun for all three to re-align to the same phase from which
observations began. Since no particular lunistice has a predictably prominent azimuth,
then all of them that are observable during a two-year period may be marked for alignment by prehistoric megalith builders. This explains how a ritual can be timed to coincide
with an unobservable dark Moon at either solstice, since it is preceded by the reverse
scrolling lunar phases. These reverse alignments on the setting Moon during minor and
major standstills guarantee that the solstice dark Moon for both southern and northern
minor and major standstill moonsets will follow on the same alignment as the observable
setting alignment (North 1996, 567) of the first quarter Moon three to four months earlier.
Morrison’s paper allows an understanding of lunar standstills accessible to the
archaeological understanding of prehistoric cultures. For example, drawing from Alun
Salt’s (2015, 222) observation of the progress made by post-processualist archaeologists in moving towards archaeoastronomy should encourage archaeoastronomers to
accommodate the findings of two of their leading exponents – Alasdair Whittle (1996)
and Julian Thomas (1999) – that the European Neolithic was a period of social reversal.
Unlike claims for precise horizon alignments this would fit the cosmology found in this
review, which includes megalithic alignments on reversed scrolling Moons synchronised
with the solstices, and spark an interpretive inquiry into why our ancestors likened them
to a dragon’s head and tail.
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