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Front figure caption: The lunar-solar “crossover” in spring when the rising Sun is moving north 

at the horizon and the rising full Moon is opposite, moving south. The picture illustrates the 

lunar season pointer hypothesis. 

The insert shows the sightline through a passage from one passage grave to the next. 

 

Reference:  Finnish magazine, Tähdet & Avaruus ("Stars & Space"), no 3/2012, pp. 18-22.  

 

Article by Marianna Ridderstad “Tanskan hautakummuilla tähdättiin Kuuhun”. The title 

sentence means "On the grave mounds of Denmark, one took a sightline towards/aimed at the 

Moon". The Finnish verb tähdätä literally means 'to take a sightline towards something', but it is 

also used in the abstract sense of aiming towards a goal (as in this case, achieving the goal of 

observing the Moon), so there is a kind of wordplay in the title. 

 

The article describes and explains the hypothesis of the use of the lunar “season pointer”. 
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Prologue 
 

Since childhood, I have been fascinated by Neolithic times and the abilities of the people who 

lived during this period. At a meeting at the Danish Heritage in 1996, an archaeologist explained 

that almost no investigation has been carried out of the orientation and locations of Danish 

passage graves and dolmens. This presented me with the opportunity to do research in a 

relatively unknown field in Denmark. 

  

In 2000 I persuaded my supervisor at the time to guide me in pursuing a master‘s degree in 

astronomy on the topic of archaeoastronomy, based on  fieldwork from an investigation of about 

90 passage graves on the island of Zealand in Denmark and Scania, the neighboring area in 

Sweden. The fieldwork was based on 47 measurements made by me in 2002 and 2003 and 43 

measurements made by the Swedish astronomer Curt Roslund in 1991.  

Earlier work on 55 passage graves located on the northern part of the island of Zealand had been 

performed by the Danish archaeologist Svend Illum Hansen in 1981, but the magnetic compass 

measurements were too crude to be used for a statistical test. 

 

My master’s degree in astronomy was completed in 2003 and resulted in the hypothesis that 

certain full Moons could be important to people living during the time of the Funnel Beaker 

Culture; i.e. the early Neolithic period in the southern part of northern Europe. The full Moon 

occurring before a lunar eclipse could well have been of interest. The rising full Moon before a 

lunar eclipse reveals almost the same distribution pattern as do the directions of the passages 

investigated which are mounted on the Danish passage graves. 

  

This produced a significant statistical outcome, and the result was so interesting that it inspired 

me and my former supervisor, Per Kjærgård Rasmussen, to dig deeper into the material, do some 

additional measurements and write a paper about it. This first article was published in 2008. By 

that time, I had developed the idea of making a doctoral study on the subject and designed a 

complete PhD project. Unfortunately, the Danish education system was somehow not geared to 

dealing with this type of project; thus I decided to do it in my spare time and turn the resulting 

doctoral study in privately as an independent scholar. 
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The PhD thesis was designed to take form with at least 4 peer-reviewed articles. At its final 

stage, the article series ended up containing 7 peer-reviewed articles within the same subject and 

one submitted for the SEAC 2014 proceedings. All together total of 8 papers for the PhD thesis. 

 

An attempt to make an astronomical interpretation of the measurements on the Danish passage 

graves and compare the obtained distribution pattern to similar distribution patterns from 

Sweden and Portugal was carried out as the foundation for this PhD hypothesis. 

  

The Phd thesis has the following structure and is divided into two parts. Part one is an 

introduction to the subject of archaeoastronomy (Chapter 1), work within the field of 

archaeoastronomy (Chapter 2) and a summary (Chapter 2 and 3) of the articles, which form the 

fundamental basis of the thesis. The summary also includes the latest data and results, which are 

not included in the papers but listed in Chapter 2.  

Part two contains the seven peer-reviewed papers and one submitted paper, arranged in 

chronological order according to when the fieldwork was done and discoveries were made. The 

papers are ordered by Roman numerals and each is followed by a list of errata, if one is 

necessary. 
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Resume (resume in Danish) 
 

Ved brug af basale metoder og viden fra astronomi, kombineret med simpel opmålingsteknik, er 

et datasæt på 163 danske storstensgrave, jættestuer og dysser med gang (også kaldet megalitter), 

opmålt med hensyn til deres placering og orientering. Datasættet inkluderer 27 storstensgrave fra 

Skåne i Sydsverige, da de regnes for typologisk identiske med gravene i Danmark.  Disse 

storstensgrave menes at være bygget inden for nogle århundrede omkring 3200 BCE. 

  

Resultatet af dette arbejde har givet ny viden om de danske storstensgrave. De kunne 

formodentlig have været brugt som landskabsmarkører, da der er intervisibilitet mellem gravene, 

dvs. at gangens retning peger mod den næste storstensgrav i landskabet. Dette er bl.a. beskrevet i 

kapitel 2 og de tre første artikler og en senere artikel fra 2014 (paper I, II, III og VII). 

 

Fordelingen af gangretninger dannede også grundlag for at opstille en mere generel hypotese 

vedrørende orienteringen af storstensgravene. Retningerne er koncentreret omkring øst, sydøst 

og sydsydøst. Denne orientering peger på bestemte fuldmåneopgange i sommerhalvåret. Derfor 

kaldes testmodellen den 'lunare sæson peger' som er beskrevet bl.a. i kapitel 3 og den fjerde 

artikel (paper IV). Noget meget centralt er at fuldmånen i visse perioder i sommerhalvåret står op 

omkring nogle bestemte retninger, som på den måde deles op i sæsoner.  Noget tilsvarende 

gælder for vinterhalvåret blot for nogle andre retninger. 

 

En test af modellen mod observationerne gav så overbevisende resultater at den er blevet testet 

på datasæt fra andre områder i Europa med en lignende retningsfordeling. Kapitel 3 og de to 

artikler (paper V og VI). I flere af tilfældene lignede resultaterne statistisk hinanden så meget at 

det kan give anledning til at diskuterer resultatet i en mere generel kontekst. Denne kontekst 

involverer bl.a. en interesse for at orienterer sig mod månen, eller en måne/sol relation (paper 

VIII) gennem hele perioden med storstensgrave i Europa og tilstødende områder. 

  

Perioden med storstensgrave, megalitter, i Europa regnes fra omkring det femte årtusinde BCE 

til omkring det andet årtusinde BCE. Udgangspunktet har sandsynligvis været i områderne i det 

vestlige Frankrig (Bretagne) og det vestlige og centrale område på den Iberiske halvø. 
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Nøgleord: 

Arkæoastronomi, intervisibilitet, fuldmåner, lunar/solar crossover, måne/sol relation, 

måneformørkelser, storstensgrave, jættestuer og dysser, Tragtbægerkulturen. 
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Abstract (resume in English) 
 

Using basic methods and knowledge of astronomy, combined with the simple surveying 

technique, is a data set: of 163 Danish large stone graves, passage tombs i.e. passage graves and 

dolmens with a passage (also called megalithic monuments), that are measured in terms of their 

location and orientation. The data set includes 27 passage graves from Skåne (Scania) in 

southern Sweden; they are considered typological identical with the graves in Denmark. These 

megalithic tombs are believed to be built within a century, around 3200 BCE. 

 

The result of this work has provided new knowledge about the Danish megalithic monuments. 

They could probably have been used as landscape markers, as there is intervisibilitet between the 

graves; i.e. that the passage direction of one grave is pointing towards the next grave in the 

landscape. These features are described in Chapter 2, the first three articles and a later article 

published in 2015 (paper I, II, III and VII). 

 

The distributions of passage directions were also the basis for developing a more general 

hypothesis concerning the orientation of megalithic monuments. Directions are concentrated in 

the east, east-southeast and southeast. This orientation points to specific full moons during the 

summer period. Therefore the test model is called  the 'lunar season pointer' as described, inter 

alia in Chapters 3 and the fourth article (paper IV). Something very central are the rising points 

of the full moons, at the horizon concentrate around a few specific Southern directions and by 

this divide the summer in seasons. Something similar applies to the winter season, similar but in 

the Northern directions. 

 

By testing, the observations against the data provided by the model, the result was convincing 

that it have been tested on data sets from other regions in Europe. Data sets with a similar 

orientation and distribution. Chapter 3 and the two articles (paper V and VI). Several of the cases 

resembled the statistical results statistically so much so, that it may give rise to discuss the 

outcome in a more general context. This context involves, inter alia, an interest oriented towards 

the moon, or a moon/ sun relationship (paper VIII) throughout the period with megalithic 

monuments in Europe and adjacent areas. 
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From about the fifth millennium BCE to about the second millennium BCE is the period of 

megalithic monuments in Europe counted. The origin of these monuments is speculated to be an 

area in western France in Brittany; and the western and central area of the Iberian Peninsula. 

 

keywords: 

Archaeoastronomy, intervisibilitet, full moons, lunar/solar crossover, moon/sun relationship, 

lunar eclipses, megalithic monuments, passage graves and dolmens, Funnel Beaker Culture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



13 

Part One 
Introduction to the subject and a summary of the PhD 

hypothesis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



14 

Introduction 
The idea of this PhD project is to test a hypothesis concerning the behavior of the rising full 

Moon at the horizon on data showing the orientation and location of ancient monuments 

belonging to the prehistoric period in different parts of Europe where data are accessible. 

  

The type of monuments known as megalithic monuments (from Greek: megalithos = big stone) 

are the subject of further investigation in this doctoral study. More precisely, it is the sub-type of 

megalithic monuments known as passage tombs, i.e. passage graves and dolmens with a passage, 

which are in focus. These monuments were built by the growing farming culture in Europe. In 

the Northern parts of Europe this culture is called the Funnel Beaker Culture (about 4000 BCE to 

2800 BCE), inspired by the shape of the ceramics they manufactured (see Figs 0.1 and 0.2). It is 

hoped that this project can give a new insight into how Neolithic man was able to use 

astronomical phenomena in agricultural life. 

 

 
 

Figure 0.1 

The approximate area covered by the Funnel Beaker Culture, about 3500 BCE. Note the central position 

of the Danish island of Zealand (lower circle). Enclosed in the upper circle is the Swedish Falbygden 

area. Here, about 70% of all known passage graves in Sweden are concentrated. 

 

Megalithic monuments are mostly constructions ranging in time from the Neolithic period to the 

early Bronze Age, located in Europe and the surrounding regions. They were built over a wide 
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timespan, ranging from about the fifth millennium BCE, probably starting in southwest Europe, 

to about the third millennium BCE in the southern parts of northern Europe (see Figure 3). 

 

 
 

Figure 0.2 

The Skarpsalling karret is one of the most beautiful examples of funnel beaker ceramics manufactured in 

Denmark at about 3200 BCE. This is approximately the same time that the passage graves were 

constructed in Denmark. Funnel beaker ceramics are the most advanced ceramics ever made in Neolithic 

times in the actual area shown in Figure 1.   

 

 
Figure 0.3 

The distribution of megalithic architecture in Western Europe at approximately 3000 BCE. Note that the 

position of Malta, just south of Sicily, is difficult to recognize, i.e. the position of the big megalithic 

temples on Malta. 
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It was not uncommon to use stone blocks of a huge size in constructing megalithic monuments.  

In Denmark, stone blocks with a weight up to 25 tons have been registered as utilized in the 

megalithic monuments (see Figure 4) and in Bretagne (Brittany) in France, a stone block 

monolith, a menhir,  with a weight of about 150 tons was erected and still stands (see Figure 5). 

A menhir (from French) is defined as a “tall, upright, standing stone”. 

 

 
 

Figure 0.4 

This Danish dolmen is dated to the time around the fourth to the third millennium BCE. The large 

capstone on the cairn is about 270 cm long x 200 cm wide x 95 cm thick. The estimated weight of the 

capstone is about 15 tons. The dolmen is located at Ulstrup close to the town of Næstved in the south-

western part of the Danish island of Zeeland.  
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Figure 0.5  

Huge stone block monolith from Brittany, “Menhir du Champ Dolent”. The menhir, or upright, standing 

stone of Champ Dolent is the largest standing stone in Brittany. It is located in a field outside the town of 

Dol-de-Bretagne, and is nearly 10 meters high. Claus Clausen (1.83 meters) is standing beside the menhir 

to illustrate its size. The stone was taken from a site 4 kilometers away and the weight is estimated to 

about 150 tons. This menhir was probably erected in the third millennium BCE.  
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An even larger stone block has been registered in France with a weight up to 350 tons, but the 

positioning of this monolith seems to have failed just after its erection (see Figure 6). “La Grand 

Menhir Brise” is located in Locmariquer, Morbihan, Brittany. It is unknown how Neolithic man 

was able to handle these huge stone blocks, but if they began working with these stone blocks 

they must have had some idea of how to move them from one place to another. 

  

In Denmark, evidence has been found of knowledge of how to use a crane1, an A frame crane 

and exchange gear techniques from about 3300 BCE (see Figure 7). Additional techniques must 

have been used: for example ramps, levers, etc. At the present time this is not known for certain, 

but archaeological evidence exists which could support this idea2. With the use of techniques 

such as these, it was possible for Neolithic man in Denmark to build megalithic monuments of 

considerable size, with chambers comparable in their expanse to, for example, the chamber in the 

giant Irish passage tomb, Newgrange (see Figure 8). Unfortunately, such large megalithic 

monuments are rare in Denmark due to the destruction of many of the monuments in order to 

reuse the stone blocks in later constructions such as churches and castles. 

                                                

 

 
1The Danish Culture Agency accessed December 2014 at 

http://www.kulturstyrelsen.dk/kulturarv/fortidsminder/arkaeologi-paa-land/museernes-arkaeologiske-

arbejde/arkaeologiske-strategier/yngre-stenalder/grave/ 
2 The Danish Culture Agency accessed December 2014 at 

http://www.kulturstyrelsen.dk/kulturarv/fortidsminder/oplev-i-landskabet/monumenter-i-

landskabet/storstensgrave/stenalderens-grave/stendysser-og-jaettestuer/ 
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Figure 0.6 

“La Grand Menhir Brise” divided into four parts. Its original maximum weight is estimated to an upper 

limit of about 355 tons and, in an erect position, it would have been about 20 meters tall. The menhir is 

located at Locmariaquer in the Morbihan area of Brittany. The remains shown on the photo have an 

estimated weight of about 300 tons. 

 
Figure 0.7 

A stylized drawing of an A-frame with exchange gear techniques proposed for use in moving huge 

capstone blocks and placing them in the correct position upon the megalithic structure under construction. 

Note that the force in Newton which is put into this machinery is multiplied more than ten times. That 

means that if you can push 50 kilograms with raw manpower, the A frame construction and its waist 

shown here can give the increased leverage necessary for a lift of 600 kilograms. With the use of an A-

frame construction which could be operated by 30 to 40 men, it should have been possible to handle stone 

blocks with a weight of up to 24 tons.  
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Figure 0.8 

The ground plan or layout for a twin passage grave (lower panel) named “Drysagerdys”, located at the 

northern central area of the Danish island of Zeeland at Dalby (Krogstrup parish). The chamber is 

approximately 24 meters in length and 2 meters wide. The two passages are oriented towards the east. By 

comparison, the cross-formed chamber in Newgrange (upper panel) is approximately 8 meters long at its 

maximum length and the length of the perpendicular "arms" or side chambers put together is 

approximately 6 meters. The chamber is attached to a nearly 20-meter long passage oriented toward the 

southeast.  

 

Megalithic monuments are found at other places all around the world, but the oldest, the highest 

and the densest concentration is found in Europe – especially in Western Europe.  

 

It has been known for many years that there the passage tombs show an orientation preference 

for the azimuth quadrant between east and south around southeast. The main hypothesis so far 

has been that the orientation was based on the Sun (Hoskin, 2001 or Hoskin, 2009 at pp. 168 -

171). However, is it possible that a hypothesis about the Moon could be an alternative? 

 

1) First, we must realize that perhaps in Neolithic times, the logic was not the same as that which 

we have today. They were, for example, not able to see whether a full Moon was the genuine, 
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100 per cent full Moon, calculated as we in our time can do it, precisely to the day (See Clausen, 

SEAC proceedings 2011). 

  

In the following, the term “full Moon” describes a four- to five-day event, which is precisely one 

of the problems with astronomical interpretations made in past decades. For instance, we do not 

know when ancient man decided that the full Moon was the proper full Moon (Clausen, SEAC 

proceedings 2013 at p. 146). This leads us directly to the term: natural definitions. The length of 

a day was counted from Sunrise to Sunset, but when exactly did human beings during Neolithic 

times determine the Sun had risen or set? From the top, center or bottom of the solar disk? The 

same argument applies to the Moon. Local traditions could play a central role in this case. Taken 

together, these considerations mean that we will have to take into account fluent limits on the 

variables of interests, which interact in the following way: 

  

The phases of the Moon influence the rising and setting times; these in turn will have influence 

on the rising and setting azimuths. Uncertainty concerning the rising and setting conditions on a 

specific day will also have influence on the azimuths. 

 

2) Second, we have, as far as we know until now, no written sources which can tell us the 

meaning, ideas and thinking behind the megalithic monuments. The only data we have access to 

is the position and orientation in the landscape and, sometimes, rock carvings. We have, of 

course, some idea that the monuments had something to do with death and beliefs. In the case of 

rock carvings, we know that special symbols carved into the stones appear now and then, and 

that some of these symbols could be related to the Sun, the Moon, the planets or the stars. 

  

However, most important is probably the orientation pattern of the passages of the megalithic 

monuments. If, for example, the orientation patterns change for megalithic monuments in a 

certain area, it may indicate a change in culture, belief system, or even that a new population has 

arrived in the specific area (Belmonte and González-García, SEAC proceedings 2013). 

 

This means that what we can do in this matter is to investigate the orientation patterns and 

compare them with models in a statistical way related to the number of monuments. In Western 

Europe the number of megalithic monuments can be counted in thousands of units, and if we are 

able to interpret the meaning of the orientation patterns, we have the opportunity to discover 

what kind of ancient worldview the orientation patterns represent.  
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Chapter 1 

A status of archaeoastronomy in its European context 
 

1.0 Background  

The main idea of the discipline of archaeoastronmy is to combine the two topics: astronomy and 

archaeology. In this way archaeoastronomy becomes an interdisciplinary discipline or topic. 

 

The ideal archaeoastronomer would be a person with a MA in both astronomy and archaeology. 

This is still rare, but a handful of persons fulfill this criterion. If you can master both disciplines, 

you become familiar with two traditions of scientific method. As an archaeoastronomer you will 

probably be more aware of typological identical units or formations spread out over a wide area 

in both distance and timespan (Furholt and Müller, 2011) and therefore be equipped to consider 

possible astronomical or topographical explanations for a phenomenon. The latter term, 

topography, belongs to the discipline of archaetopography, where landscape formations play a 

central role in explaining ancient remains which are to be observed. 

  

Archaeoastronomy today is part of a much more general field known as cultural astronomy, 

which includes such disciplines as astronomy, archaeology, anthropology, astrology, history, the 

study of ancient languages, church science and more. 

  

In recent years, it has become more common to work internationally in an interdisciplinary or 

intercultural fashion in the fields of both scientific and humanistic subjects. This method 

sometimes gives birth to completely new ways of seeing things and making connections.  For 

example, you can combine astronomy, history, archaeology and genetics and in this way reveal 

the familial relationships between the Egyptian pharaohs, thus most likely providing a new view 

of factual history (Belmonte, 2012 SEAC proceedings). This, of course, is only possible when 

using written sources. Intercultural cooperation is in a strong phase of development and, 

unfortunately, Denmark is only weakly represented in the field of cultural astronomy.  

 

1.1 Brief history  

The first one to use archaeoastronomical methods to determine the age of an ancient construction 

was probably the English astronomer Sir John Frederick William Herschel (1792–1871). 

Herschel tried to figure out the age of the Cheops pyramid based on astronomical observations 
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and calculations. The pyramid’s entrance corridor points at a spot on the northern hemisphere’s 

night sky which is very close to the point corresponding to the geographical North Pole. 

Herschel guessed that the Egyptians had aimed towards the star called Alpha Draconis 

("Dragon's Heart") also known as Thuban in Egyptian mythology (Clausen, 1997 and Rantzau, 

1972). 

  

With knowledge of precession (the 26,000 year period of the Earth’s rotational axis), it is 

possible to turn the starry sky backwards in time until the selected star on the precession circle is 

in the desired position. However, there are always two solutions to the problem; one when the 

star is approaching the polar center in the sky, and another when the star moves away from that 

point again. The two solutions found by John Herchel for Alpha Draconis put this star in the 

desired position in 2160 BCE and in 3400 BCE. The accepted age of the Cheops pyramid today 

is about 4500 years, that is, it stems from around 2500 BCE. 

 

The English astronomer and astrophysicist Sir Norman Lockyer (1836–1920) became aware 

during a trip to Greece in 1890 that a number of the classic temples were oriented towards the 

point where the Sun sets at the horizon. Lockyer is also known for his discovery of the element 

helium in the solar spectrum and as the founder of the journal, Nature (1869). In 1906 Lockyer 

published an article in The Times, based on (Lockyer, 1906), which, for the first time, brought 

the subject of Stonehenge into public discussion. Norman Lockyer was also the first to make 

large-scale implementation studies of prehistoric stone installations; unfortunately, he was over 

imaginative with his interpretations, and was therefore not taken seriously by his contemporaries. 

Thus, the "thread" in Lockyer's work was not taken up until many years later. 

 

In 1963, the English astronomer Gerald Hawkins (1928 - 2003) published an article on 

Stonehenge in Nature (Hawkins, 1963), and in the following years he published a series of 

articles in various journals dealing with subtopics within archaeoastronomy. The one most 

mentioned is "Stonehenge Decoded". Hawkins’ notable result in this context was a possible 

interpretation of the application of Stonehenge. In brief, he had the idea that those who built 

Stonehenge had mapped the movements of the Sun and the Moon along the horizon so precisely 

that it was possible to predict lunar eclipses – and perhaps even solar ones. 

  

The English astronomer Sir Fred Hoyle (1915–2001) has also worked with Stonehenge. He treats 

the subject in an article in Nature in 1966 (Hoyle, 1966). Hoyle’s ideas are quite controversial 
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and rather unlikely. In his opinion, the so-called Aubrey circuit with 56 holes that surrounds the 

stone structure in Stonehenge is a model of the ecliptic. If this is so, it would have been possible 

for the Stonehenge people to follow both the intersections (nodes) of the Moon as its pitch 

reached the plane of the ecliptic. Hoyle has therefore stated that “it would be ironic to think that 

the invisible knot [the one that does not cause an eclipse] has inspired the idea of a hidden god, a 

hidden god who is the guiding force behind everything, and thus could be the basis for the 

oneness of God, monotheism (who is worshiped in Christianity and by Muslims) to be of 

astronomical origin.” (Free quoted). Hoyle has been heavily criticized for this hypothesis, 

especially by religious historians (Nilson, 1969 at p. 21). 

 

Other researchers, like Hoyle, have perhaps also moved out onto "deep water" – this includes the 

English professor and BSc (with a special distinction in Engineering) Alexander Tohm, known 

for the discovery of the "megalithic yard", hereafter “my”, (Thom, 1971 at p. 43). The "my" is a 

length of 83.5 cm, ostensibly used repeatedly in many stone structures from megalithic period 

(about 5000 BCE to about 2800 BCE) within the Neolithic period, in both the British Isles and 

on the European mainland. Thom got the idea that people during the megalithic period used the 

magic of numbers in their culture. In some stone structures in which there are several concentric 

circles (or ellipses) with growing perimeters, which is always represented by an integer, so that 

from one "circle" perimeter to the next perimeter can always be shared with figures from the 

series of numbers, doubling numbers as : 2.5 ; 5; 10; 20, well-marked if we use the “my” as unit. 

It appears obvious that a sequence of digits using a doubling of numbers is used in the case of 

several concentric ellipses, for example in "Woodhenge", just north of Stonehenge, where the 

ellipses have circumferences with the values: 40 "my", 60 "my", 80 "my", 100 "my", 140 "my" 

and 160 "my". One finds that an ellipse with the circumference 60 "my" corresponds to the series 

of numbers 3 (x 20), 6 (x 10), 12 (x 5) and 24 (x 2.5); and that an ellipse with the circumference 

160 "my" corresponds to the series of numbers 8, 16, 32 and 64. The approximately 500 stone 

circles that Tohm examined in the British Isles can be divided into classes of different shapes, for 

example: circles; flattened circles; composite circles; egg-shaped and more. The reason for this 

could be that the Neolithic people from the megalithic period in the British Isles sought an 

integer relationship between the circumference of a circle or similar forms (such as ellipses) and 

their diameters. That is, they were looking for something that corresponds to the circle constant; 

pi. Such thoughts have been strongly criticized by many researchers; thus giving 

archaeoastronomy a weak and bad reputation for quite a few years. 
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A breakthrough for the discipline probably stems from the time when organizations that devoted 

their work to archaeoastronomy were founded. One example is the Center for 

Archaeoastronomy, a professional research organization founded at the University of Maryland 

in 1978. The center later helped to establish ISAAC, the International Society for 

Archaeoastronomy and Astronomy in Culture in 1996, to promote the academic development of 

archaeoastronomy and ethnoastronomy around the world. 

 

The latter was inspired by SEAC, the European Society for Astronomy in Culture. SEAC does 

not have a physical seat, and the Executive Committee (EC) represents the Society. The Society 

was founded in Strasbourg, France, in 1992, under the inspiration of the late Professor Carlos 

Jaschek, and had its inaugural meeting in Smolyan, Bulgaria, in the summer of 1993. 

 

In the 1990s, comprehensive field work was done in the Mediterranean by the English 

astronomer Michael Hoskin and the Spanish astronomer Juan Antoni Belmonte. Likewise, the 

English astronomer and archaeologist Clive Ruggles did comprehensive work in the British Isles. 

Clive Ruggles is regarded as one of the leading figures in the field of archaeoastronomy. 

 

The work of Hoskin, Belmonte and their colleagues was published in Archaeoastronomy: The 

Journal of Astronomy in Culture and later in the Journal for the History of Astronomy. The main 

conclusion of this work is that most megalithic monuments in Western Europe are oriented 

towards the Sunrise pointing towards east to southeast and climbing at the southern parts at the 

horizon. This is known as the Sunrise/Sun-climbing (Sun-culmination) theory, SR/SC (see, for 

example, (Hoskin, 1998) at p. S86 - S87, (Hoskin, 2001) and (Hoskin, 2009) at p. 168 -171). 

  

In addition to the different organizations and published work in journals, the internet has become 

more and more important, with different websites dealing with archaeoastronomy and megalithic 

monuments. Worthy of mention is the Megalithic Portal, a database founded in 1997 and active 

as a website since 2001.  

 

The discovery of the Nebra sky disk close to Mittelberg some 60 km west of Leipzig, Germany, 

in 1999 (See Figure 1.1), dated to the early Bronze age (1600 BCE), was not known by the 

public until 2001. Great efforts and much money have been used to interpret the meaning of the 

symbols on the disk. Since the Nebra Sky Disk (also known as the Nebra Sun Disk) emerged 

into public knowledge, archaeologists and astronomers have put forward their theories about 
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how it worked and what it meant to the ancient society that fabricated it. The general opinion is 

that the symbols on the disk are related to the Moon, the Sun and Moon, the stars and perhaps the 

Pleiades and the extreme points of the Sun. But what do we really know? Michael Rappenglück 

(current president of SEAC) argued in a scientific talk  (“Fire from the heavens”) at the SEAC 

2014 conference for another view on the disk. His conclusion is that we in fact do not know what 

the idea is with the Nebra sky disk. This just emphasizes the fact that we cannot be sure of 

finding the right interpretation of archaeological artefacts from ancient times. This is a key point 

in astronomy in culture, in this case, more precisely, in archaeastronomy.  

 

 
 

Figure 1.1 

The Nebra sky disk. It is possible that the large symbols from the left are Moon/Sun, crescent Moon and 

the angle between the Sun’s extreme points (standstill points) at the eastern horizon. The big symbol at 

the bottom; the “Sun boat”, the smaller symbol; stars, and the cluster of seven smaller symbols close to 

the center at the top could be the Pleiades. But might it not also be a human (happy, smiling) face?  

 

1.2 Present work in the field of archaeoastronomy 

Today it is common to hold annual conferences, seminars, workshops, etc. in the field of 

astronomy in culture. Conferences often result in conference proceedings containing about 20 to 

30 peer-reviewed papers. The topics of archaeoastronomy and astronomy in culture are 

internationally comparable with the topic of cosmology and, as such, are accepted scientific and 

humanistic disciplines. 
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Concerning the work with megalithic monuments, new methodologies are being developed and 

new statistical methods have emerged (see e.g.  González-García, 2009 or González-García and 

Belmonte, 2010).  

 

Examples of new measuring techniques would include the use of aerial photos (orthophotos) or 

satellite surveys (Magli, 2010). Google-Earth can be a useful tool in this connection. Magnetic 

surveys (Smekalova et. al., 2008) of the ground can reveal the presence of stone blocks in the 

ground which are remains of a megalithic monument; further, imprints of removed stone blocks 

can give an idea of the layout of a missing monument. Also, the development of models which 

can animate astronomical phenomena at the horizon is in progress. In this way it is, for example, 

possible to test an imaginary use of the Stonehenge complex.  

 

Megalithic monuments easily lend themselves to statistical testing and research on model 

hypotheses due to the enormous numbers of units in Western Europe and neighboring areas. In 

Denmark alone, around 5000 megalithic monuments are preserved. Of these, about 700 are of 

the passage grave type.  

 

In recent years more focus has been on the behavior of the Moon, i.e. the full Moon or the 

crescent Moon, in connection with megalithic monuments – especially in Europe. Statistical 

results indicate that a lunar explanation rather than a solar one could be favored in the case of 

megalithic monuments. The Moon has a more complex movement at the horizon than the Sun, 

which could be the reason that the Sun has been the primary object dealt with in past years. This 

is probably also because in present times, we find it more logical to turn to the Sun, for example, 

for calendar use. The problem, however, is that we have no knowledge whatsoever about what 

man in Neolithic times thought about what was logical or illogical. 

 

The new way of working has also revealed that passage tombs and other megalithic monuments 

from later periods in antiquity, for example the pyramids in Egypt, are linked in linear 

relationships (Magli, 2010). See Figure 1.2 for example. The interpretation is not always 

astronomical, but rather archaeotopographical. Commonly, tomb orientations towards a local 

mountain or hill which could have a significant meaning in relation to local belief systems are 

found (examples: Clausen, 2012; Fabio Silva, 2012; Prendergast, 2006 and 2007). 
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A general picture seems to be that line relations/sight lines/alignments were very important for 

prehistoric Neolithic man in Europe and later in antiquity as e.g. for the Egyptians. In details, it 

is interesting that clusters of passage tombs both in Denmark (Clausen, 2012) and in Ireland 

(Prendergast, 2006 and 2007) are linked together as the group G and S pyramids highlighted on 

Figure 1.2. 

 

 
 

Figure 1.2 

A satellite image of the Memphite area. Lines connecting the Giza pyramids of Khufu (G1), Khafre (G2) 

and Menkaure (G3) respectively with the Userkaf (S1), Djoser (S2) and Unas (S3) pyramids in Saqqara 

are shown with red color. Following the alignment line (yellow arrow) of the three Giza pyramids in the 

northeastern direction, it crosses the Heliopolis area in today’s Cairo, which should be the position of the 

original ancient Heliopolis.  

 

In spite of the great number of megalithic monuments in Denmark, very little research has been 

done in this field. In recent years, very few works have been published concerning the placement 

and orientation of Danish megalithic monuments. Worthy of mention are work done by Niles H. 

Andersen (Eriksen and Andersen, 2014) and Claus Nybo, who received an MA in 2009 in the 

field of Danish passage graves. His MA project report was entitled "Heaven’s Gate". He 

measured about 400 passage graves, but unfortunately, he never made his work available to the 

public by publishing it. Hopefully, this PhD project will help to focus more attention on the 

subject in the near future, so that Denmark can be more strongly represented internationally and 

in cooperative projects.  



29 

Chapter 2 
Working in the field of archaeoastronomy with megalithic monuments 
 

2.0 Setting the scene 

If we surmise that man during the Neolithic Age had a Sun- or Moon-cult, then it is these two 

celestial bodies which initially should hold our interest. For example, the change in the tilt of the 

Earth's axis of rotation (ecliptic tilt) over time means that the rising and setting points of both the 

Sun and the Moon on the horizon move slightly in relation to the equinox point. In particular, the 

extreme or standstill points (the points where movement along the horizon reverses) are sensitive 

to changes in the ecliptic tilt – denoted as ε(t). The annual migration of the Sun’s rising and 

setting points along the horizon is due to the Earth's rotation axis movement relative to the plane 

of the planets (the ecliptic plane). 

 

The geometrical effect is therefore that the Earth’s rotation axis changes direction corresponding 

to the known seasons during one revolution, in its orbit around the Sun. Which equals one solar 

year. 

  

Similarly, monthly changes in the Moon’s rising and setting points on the horizon occur because 

the Moon orbits the Earth. Here, the situation is just a little bit more complicated. The distance 

between the Earth and the Moon varies because the Moon's orbit around the Earth is elliptical 

and has an inclination towards the ecliptic plane, and the Moon’s own orbit revolves with a cycle 

of 18.61 years, the lunar cycle. Likewise, the distance between Earth and the Sun varies because 

the Earth’s orbit is also elliptic and revolves with a long-term period of about 100,000 years, but 

the combined effect in this case is negligible. Changes in landscape conditions can cause the 

observed horizon line to move with time. This is also counted as negligible for the actual period 

of time (around 3300 BCE). Both the rising azimuths of the Moon and the Sun are discussed and 

illustrated in Clausen et al. (2008).3 

 

                                                

 

 
3 (Clausen et al., 2008) at pp. 222 - 224 
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In this context, the astronomical basis for consideration of the relevant issues is fairly simple. In 

the following, the theoretical basis and the properties which are believed to be relevant to the 

issue are discussed. 

 

2.1 The astronomical approach 

The astronomical approach is, as mentioned, relatively simple. One must deal with spherical 

trigonometry, using translation formulas from a geocentric system, geographical coordinates, to 

a horizon system (i.e. a topocentric system), where the observer is at the origo, the center of the 

observer’s system, or vice versa (Figure 2.0). One must be familiar with Newton’s second law 

concerning the planets and lunar motion in the solar system. Terms such as: azimuth (az), 

declination (δ) and altitude (h) (Figure 2.0); refraction at the observers’ horizon (Figure 2.1); 

apparent horizon (ha); parallaxes (Figure 2.2); plane of the ecliptic; tilt of the ecliptic, precession 

(Figure 2.3); standstill points or extreme points (Figure 2.4 a and Figure 2.4 b); vernal equinox 

(Figure 2.5); delta T (Figure 2.6); nodes; inclination (i); eclipses (Figure 2.7); and proper 

motions of the stars must be well-known properties.4  

 
Figure 2.0 

Left panel is the observer’s position in a topocentric horizon system where the azimuth is of interest. 

Right panel is the observer’s position in a geocentric system where the declination is of interest (marked 

with red), counted as the perpendicular distance from the celestial equator (the extension of the Earth 

equatorial plan into the sky). 

                                                

 

 
4 The astronomical approach is treated in greater detail in Claus Clausen’s master thesis (Clausen, C., 2003: 

”Speciale i arkæoastronomi: En undersøgelse af danske jættestuers orientering på Sjælland mellem 55,5° og 56° 

nordlig bredde”, Astronomisk Observatorium, Københavns Universitet).  
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Figure 2.1 

Left panel show the setting sun on the horizon. Note that that the sun disk is ellipsoidal in its shape. This 

is the effect of refraction, which affect the lower part of the sun disk more than the upper part. The lower 

part is lifted up – so to speak. The right panel show geometrical how refraction works. Refraction affects 

all types of celestial bodies rising on the horizon. 

 

 
 

Figure 2.2 

The size of the lunar parallax (P) is depending on the Moons position on the sky. When the Moon is at the 

horizon, the maximum parallax is obtained. This is the horizontal parallax (HP). The value of HP is about 

one degree to the right along the horizon. The solar parallax is negligible. Note that distance between 

Earth and Moon is not in scale. 
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Figure 2.3 

Left panel show the position of the Earth in the plane of ecliptic at the four seasons. Note the direction of 

Earth’s axis of rotation. Right panel show the tilt of ecliptic ε(t) = 23.5⁰, i.e. the tilt of Earth’s axis of 

rotation. The rotation axis has a precession of 26.000 years and the effect is that during this period the 

seasons will reverse i.e. winter turns into summer and then back again. The ε(t) vary slightly with time 

within a few degrees. 
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2.4 a 

The lunar and solar standstill or extreme points according to the compass direction. At the eastern horizon 

(right) we have, beginning from North, northern major standstill, summer solstice, northern minor 

standstill, southern minor standstill, winter solstice and southern major standstill. The maximum range of 

the rising and setting point of the Moon and the Sun on the horizon depends of the geographical latitude. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.4 b 

The figure shows the azimuth rising pattern for the Sun (upper histogram) and the Moon (lower 

histogram) calculated for 3300 BCE at latitude 56⁰N for 1⁰-bin size intervals. 
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The variables or properties to be measured are: 

 

The azimuth (az), measured as the direction of the passage seen from inside the passage grave 

chamber through the passage and out towards a point at the horizon. The direction in which the 

passage points is assumed to represent a sightline. The az direction is determined as the best 

straight line through the passage (see Figure 2.0, Figure 2.4 a and subsection 2.2 for method). 

 

The horizon altitude (ha), as seen from the observer’s point of view (also called the apparent 

horizon), is measured if possible. In most cases, this was not possible. The apparent horizon can 

be influenced by hills, woods, mountains etc. Note here that the astronomical horizon is equal to 

the altitude h = 0 (see Figure 2.0), which is the value used in the application for calculations. 

Measuring 27 different values for ha gave a mean value of about 0.8⁰. Running computer 

azimuth tests with different values of ha (0⁰, 0.38⁰, 0.5⁰ and 0.8⁰) shows that if ha < 1.0⁰ the 

effect on the azimuth is negligible except for the extreme points, and that setting h at zero is a 

fairly good approximation for the purpose (Clausen, 2015A, pp. 131), i.e. it does not affect the 

distribution significant (except for the northernmost and southernmost extreme points). 

 

The altitude above sea level measured in meters, which has an influence on the observed ha. This 

value is only interesting in understanding the use of the landscape – that is, in the case of a local 

cluster of passage graves placed on the highest local point/hill. 

 

The geographical coordinates in the local UTM zone 32 grid (coordinates in meters) which can 

be transformed to spherical geographical coordinates (φ for latitude and λ for longitude) or vice 

versa, by the use of the program application Valdemar.5 

Astronomers, by tradition, normally use geographical coordinates for a given position and 

archaeologists use UTM coordinates. In the field of archaeoastronomy you have to use both. 

 

 

From the abovementioned properties (az, h and φ), the declination δ is deduced from following 

relation: 
                                                

 

 
5 Accessed March 2015 at http://valdemar.kms.dk/trf/ 
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The horizon altitude h and the apparent horizon altitude ha combine as follows: 

 

The observers horizon hobsv = h + r + qmax – P – ha = 0 (which is always the case), where r is the 

refraction, qmax is the angular radius of the celestial body in focus and P is the parallax. 

 

 
 

Fig. 2.5 

Vernal equinox is the intersection between the ecliptic plane and the celestial equator plane at spring. The 

sun rises at this point on the observer’s horizon normally the 20 March or the 21 March due East.6 

Normally it is the declinations that are tabulated in pure astronomical papers rather than the azimuth.  

 

The sightlines between the megalithic monuments, also referred to as the “alignment azimuth” 

(Clausen et al., 2008), can be deduced from the UTM coordinates. Sometimes a photo taken 

through the passage from inside and out can verify the sightline. In the case of obscured 

sightlines, Google Earth7 can be a helpful tool as you can see structures from above (recall 

                                                

 

 
6Accessed March 2015 at  http://www.dmi.dk/nyheder/arkiv/nyheder-2014/03/derfor-falder-foraarsjaevndoegn-

altid-20-marts/ 
7 Accessed March 2015 at https://www.google.com/Earth/ 
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Figure 1.2). A relatively new and extraordinarily powerful tool in this connection is an on-line 

program application developed for the Danish Environmental Portal8 for combining orthophotos9  

and the positions of different items on the surface with a precision of better than 0.1 meter. In 

this work, the value of one (1) meter is used as the precision limit. 

 

A special problem or challenge, however, is known as the delta T problem concerning time. The 

delta T has been of interest during the last decades for increasing the accuracy of program 

applications, which calculate the position of heavenly bodies on the sky backward or forward in 

time. The Earth’s rotation was faster in the past and has slowed down by now with an observed 

delta T value increasing about half a second pr. year.10 The reason for this slower and slower 

rotation is mainly caused by the tidal effect exerted by Moon. The Moon simply slows down the 

Earth’s rotation gradually. Many studies have been carried out concerning this, but the precise 

behavior or effect in times past is not precisely known. The effect of delta T is seen on positions 

along the longitude of the planet. It does not affect the common rising or setting patters of the 

Sun or the Moon (planets and stars), but the effect of delta T is limited in time and to 

longitudinal positions. Time dependent phenomena such as eclipses and lunar eclipses are very 

sensitive to variations in delta T  

 

 

 

Correction for delta T can be done by either adding an approximate expression algorithm to the 

calculation application or using the program application itself, with access to an ephemerides 

table (e.g. NASA, JPL lunar ephemerides11, 12). A third possibility is that the program algorithm 

can generate a theoretical delta T depending on the theory used. The latter method is used here 

corrected by an approximate expression (the blue curve in Figure 2.6). An approximate 

expression for delta T can be deduced from historical eclipses (Stephenson, 2003) and (Clausen 

                                                

 

 
8 Accessed March 2015 at http://arealinformation.miljoeportal.dk/distribution/  
9 Precision photo with high resolution, orientated according to the geographical North Pole (upward). 
10 Accessed March 2015 at http://asa.usno.navy.mil/SecK/DeltaT.html 
11 Accessed March 2015 at  ftp://ssd.jpl.nasa.gov/pub/eph/planets/ioms/ExplSupplChap8.pdf 
12 Accessed March 2015 at http://en.wikipedia.org/wiki/Jet_Propulsion_Laboratory_Development_Ephemeris 
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et al., 2008)13, back to about 700 BCE. A value of  delta T from a historical eclipse 136 BCE is 

about 12000 seconds (Stephenson, 2003)  Unfortunately, we must deal with a time gap of about 

3000 years during which we have no observed ephemerides (positions of astronomical objects) 

and therefore no information about delta T. In Neolithic times (3300 BCE), we deal an 

uncertainty of about +/- 5h or +/- 18000 seconds i.e. +/- 75⁰ along the longitude. 

 

 
 

Fig. 2.6 

Parabolic approximations for delta T. The y-axis is delta T in seconds and the x-axis are centuries from 

present time to the past (positive value) and in to the future, e.g. 10 = 1000 AD. The blue curve is very 

close to delta T values deduced from historical eclipses (Stephenson, 2003). The grey and black curves 

are my own experiments with very simple parabolic expressions. Red curve is based on an expression 

from calculating programme Manefrom.exe (see subsection 3.3). 

 

Delta T is the accumulation of all the small variations in Earth rotation from day to day. 

Therefore an expression for delta T must at a first approximation have a parabolic form as 

a.Δt2+b.Δt+c. Where Δt is the small variations, which can contribute positive or negative, either 

calculated from day to day, from year to year or from century to century. The constants a, b and 
                                                

 

 
13 (Clausen et al., 2008) at pp.. 225–226 
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c are the adjustment parameters to make the best fit compared to observed values of delta T (see 

Figure 2.6). 

 

The blue curve in Figure 2.6 has following expression: 

 

26.6. T2+100. T+102 = 71694.4 seconds = 19.92h for 3300 BCE 

Where T is counted in centuries and the constants are empirical determined. 

 

Besides the tidal effect of the Moon a reverse is the effect of e.g. an Earthquake, which can speed 

up the rotation of Earth. As an example it is worth to mention the Earthquake in the Indian 

Ocean in 2004 and the following tsunami. Earth rotation was speeded up and the length of the 

day was shortened with about three microseconds.14  

 

We have to understand the delta T in two ways: 

  

1) As the position along the longitude. Which means that values of delta T in this context only 

can vary between 0⁰ and 360⁰ equalizing 0h to 24h i.e. 0h = 24h, 1h = 25h and so on. 

  

2) As the time difference between DT (dynamical time) and UT (universal time) which is a 

theoretical uniform time scale there more and less equals the mean solar time (one day exactly = 

24h). Delta T = DT – UT. In this context, a delta T value of 25h real is a time difference of 25h 

i.e. the DT is 25h ahead of UT and in a calendar sense e.g. a Monday turns into a Tuesday. In 

other words, the event of interest took place one day later than we would expect according to our 

calendar. 

 

 

                                                

 

 
14 Accessed March 2015 at http://www.nature.com/news/2004/041229/full/news041229-6.html 
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Figure 2.7  

Left panel show the inclination of the lunar orbit plane relative to the ecliptic plane. The inclination i = 

5⁰. At major lunar standstill δMoon = -5⁰-23.5⁰ = -28.5⁰ and at minor lunar standstill δMoon = +5⁰- 23.5⁰ = -

18.5⁰. The variation in δMoon is within the 18.61-year lunar cycle. The intersection points between the 

lunar orbit plane and the ecliptic plane is called the nodes. Right panel show the line of nodes. If the line 

of nodes is in the right position, an eclipse and a lunar eclipse can occur. During one solar year, it is 

possible to have at maximum of five eclipses and three lunar eclipses. 

 

As mentioned earlier delta T can be deduced from historical eclipses. So knowledge about  

eclipse theory will in this case also be a part of the astronomical approach. Both eclipses and 

lunar eclipses follows certain cycles, which are connected. Generally there is about six month 

between pairs of eclipses and lunar eclipses and there is always about fourteen days between an 

eclipse and a lunar eclipse due to the orbital revolving time of the Moon (see Figure 2.7). The 

Babylonians discovered probably the eclipse cycle known as the saros (which means repeat) 

around 700 BCE. A saros is about 18 year and 11 days between two eclipses. This cycle can run 

up to 72 times starting with partial eclipses over total eclipse and ending with partial eclipses. 

Such a cycle is a saros-series. Many of these saros-series can run simultaneously. Lunar eclipses 

follow also certain cycles but the can run only for 76 years. Eclipse theory is treated more in 

details in (Clausen, 2001). Therefore, knowledge about historical eclipses can be of vital 

importance in an attempt to determine the delta T back in time.  
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2.2 Fieldwork 

The fieldwork starts home at the desk, choosing different target areas with a number of 

megalithic monuments of interest, which have measurable passages. A passage as I assume 

represent a sightline. The necessary information for this purpose was obtained at the homepage 

for the Danish heritage.15 The next step was to get permission to visit the places by contacting 

the owners of the land. It is easy to find the addresses on the Danish Environmental Portal. Only 

a few places are open to the public (see Figure 2.8). This work is often very time-consuming and 

actually consumed an amount of time equal to that of the physical fieldwork. 

 

The equipment used for measurement included a magnetic compass (Figure 2.9), a level for 

bringing the compass into a position parallel to the plane of the horizon, a GPS – which also can 

measure the altitude above sea-level, and an instrument which can measure the apparent horizon 

altitude, ha, according to the sea-level (h = 0). When actually getting started at the spot, you have 

to consider the landscape conditions. Is there a good view of the horizon? Are you on a local 

high point? Is there evidence that the monument is placed on an artificial platform? Are there 

potential rock carvings? Remember to take photos of the monument and its surroundings (for 

documentation). The next step is to determine the sightline from the passage. Danish monuments 

are often very symmetrical in their construction, see Figures 2.10 and 2.11 or (Clausen, SEAC 

proceedings 2013)16, so in principle, the task should be simple. 

 

 

 

                                                

 

 
15 Accessed March 2015 at http://www.kulturarv.dk/fundogfortidsminder/  
16 (Clausen, SEAC proceedings 2013) at p. 144, Figure 1 
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Figure 2.8 

The passage grave Tværhøj ('Cross-mound') at Øm, close to Roskilde at central Zealand, accessible to the 

public. The mound is approximately 30 meters in diameter, the chamber 7x2 meters, and the passage 

7meters in length, orientated slightly south of east. From outside, the passage grave does not have its 

original outlook. It was changed during an excavation in 1843. Carbon-14 analyses of birch-bark, used as 

filling in the orthostatic stonewalls, estimate the age relatively precisely to 3100 BCE.17  

 

 
 

Figure 2.9 

The Suunto precision magnetic compass used (type: KB- 14/360). The compass (encapsulated in an 

aluminum shell) is mounted on a frame which consists of wood, plastic and aluminum in order to avoid 

magnetic influence from the instrument itself. The instrument shown is a prototype for measuring passage 

directions in passage tombs instead of using a theodolite. Claus Clausen developed the instrument. 

                                                

 

 
17 Accessed March 2015 at http://www.fortidsmindeguide.dk/OEm-Jaettestue.787.0.html 
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The first step by determination of the sightline through the passage is to find the best straight line 

which fits as a mean value of five to six fixed points (see Figure 2.10). During the fieldwork it 

turned out to be by far the simplest thing to use a thin rope (12 meters long) and determine the 

sightline visually. The rope is simply mounted with a peg at the back wall of the passage 

chamber opposite the opening of the passage. The line of sight is then determined visually from 

outside the passage grave (see Figure 2.11). When the rope is in the right position it is stretched 

and mounted with a second peg at a fixed position with markers or dipsticks in both ends. The 

dipsticks are positioned according to the solder line (horizontal direction towards center of 

gravity). The rope now represents the visually determined sightline and the azimuth to be 

measured. With the compass, the azimuth is measured both from inside and outside the passage. 

In some cases a deviation of about a couple of degrees was obtained. In this case the azimuth 

would be the mean value of the two measurements. Finally, the azimuth is corrected for local 

magnetic deviation. Here, it must be noted that the sightline used is the one determined by the 

observer, and does not necessarily represent the original sightline. 

 

How good Neolithic man were to determine sightlines is unknown, but indeed the human eye is a 

very good precision tool. It is assumed that a sight line over a distance about 1 kilometer can be 

established within an angular corridor of about +/- 0.3⁰ by use of the necked eye and using a 

dipstick with a diameter of about 0.1 m. 

 

Experiments by measuring established sightlines in the passage from both sides (as the situation 

illustrated in Figure 2.11) gives a precision note better than +/- 1.5⁰. Finally, we have the 

instrumental precision, which I have estimated to about +/- 1.0⁰. All in total the precision of a 

measurement is determined to be +/- 3.0⁰. Which is the argument to use 6⁰ bin intervals for the 

histogram presentation. All arguments in this connection are discussed in (Clausen, 2003) p. 40 – 

43. In any case, determination of the sightline, as mentioned earlier, can never be better than the 

ability of the observer to establish the assumed sightline within the angular window shown on 

Figure 2.10. It will provide an unknown error.  
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Fig. 2.10 

Plan drawings of two passage graves to illustrate the determination of the sightline though the passage of 

the passage tomb. The dotted lines represent the maximum angular deviation seen from the back of the 

chamber. In both cases, the deviation is +/- 10⁰, thus giving an angular window of 20⁰. The black arrow 

determines the sightline as the best straight line deduced from five to six fixed points. The red arrow 

shows the probably original sightline discovered by Svend Hansen (see text and figure 2.12 for details). 

 

 
 

Fig. 2.11  

Visual determination of the sight line and the azimuth by use of a thin rope. Left panel: a member of the 

Danish Amateur Archaeological Society tests the method as described in the main text (p. 40–44). Right 

panel: plan drawing of a double passage grave (Gundsølille) with the positions of the equipment and the 

observer; A) the rope mounted with peg 1, B) the rope, C) the rope mounted with peg 2 and the position 

of the compass, D) the position of the observer at the "eye"-symbol. 
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Help in investigating this case came when knowledge of Svend Hansen's (Danish passage grave 

conservator) discovery of the original sightline in 2005 (see Figure 2.12) became known. With 

the discovery of Svend Hansen in mind, it was easy to compare the sightline determined by the 

rope and the originally determined sightline through the passage (if it is possible to identify it). 

The method with the rope (illustrated in Figure 2.11) works more easily and is surprisingly more 

precise than the previously used method. This helped to change the methodology used in 

subsequent work. 

 

I decided to enlarge the number of measured passage graves by more that 50 percent (from 90 to 

about 150) to see if the overall picture of the distribution pattern was sustained in comparison to 

the result of my master’s degree from 2003 in this field. Through the years from 2003 to 2014, 

the number of measurements was increased, adding 73 new measurements for a total of 163 

(Figure 2.13).  

 

In a short period from 2009 to 2010, some amateur archaeologists interested in the project 

obtained 11 measurements. 

 
Fig 2.12 

Svend Hansen investigated about 100 passage graves and found that approximately 40% have the passage 

line on the left side (example 3), about 50% have it on the right side (example 2), and about 5% have it on 

both sides (examples 4 and 5). In the remaining percentage, you can follow the passage line outside the 

dimensions of the actual passage grave.18 The conclusion of Svend Hansen is that the passage line was 

planned and established before the construction of the passage grave itself, probably as a sightline. 

                                                

 

 
18 Hansen, S. I., 2005: ”Der var en gang - danske jættestuers indgangskonstruktioner”, preprint.  
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In addition, Niels Andersen (a Danish archaeologist and curator from Moesgård Museum) 

measured 9 directions in a cluster on the island of Fünen at the place known as Sarup (Clausen, 

2015, Table A). Giving 153 measurements. Finally in 2014, ten more measurements were added 

to enlarge the data set (see Table 1).  

 

Figure 2.13 shows the 163 measurements compared with the original 90 measurements from the 

master’s thesis. It is easy to see that the overall picture is sustained with the exception of a few 

more southern and south-western directions.  

 

 
 

Fig. 2.13 

The figure compares the original 90 measurements (dotted line) with the new data set of 163 directions 

(solid line). It is easy to see that the general picture with the three main peaks is sustained but that the 

southernmost peak at around 150⁰ has developed more than the two others. The x-axis gives the azimuth 

from 30⁰ to 240⁰ and the y-axis gives the number of units or directions pr. 6⁰ bin interval for each 

column. 
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Table 1.  

Supplementary 10 measurements (2014) to the previous 153 measurements. Passage tombs including 

dolmens with passages. 

 
A) Passage graves aligned on other passage graves or 
dolmens 

B) Passage graves or dolmens linked to A 

1 2 3 4 5 6 7 8 9 10 
Samsø          
Note 030505-58 599752 6187656 100 III 030505-57 599814 6187648 97.4 
II 030505-39 600105 6182943 160 

L 
 030505-38 599911 6183439 158.6+180 

Fünen          
Sarup Skovgrave 

DI 
  224      

Zeeland          
Knudshove
d 

         

 050213-63 678378 6103727 104  050213-67 680562 6103163 104.5 
 - 678295 6103521 -  - 680457 6102976 104.2 
 050213-67 680562 6103163 171  050403-4 680703 6102118 171.8 
 - 680457 6102976   - 680613 6101983 171.1 
 050213-57 676873 6104228 85      
 050213-52 675408 6104713 150      
          
Sorø          
 040110-3 664144 6145428 110      
 040110-1 666413 6146038 116      
Møn          
Kong A. 
Høj 

050503-92 701137 6094748 117 Røddinge 
D 

050503-80 703400 6093626 116.4 

- 050503-92 701063 6094534 -  050503-80 703324 6093413 116.4 
- 050503-92 701137 6094748 - Sprove R 050503-93 700649 6094995 118.4+180 
- 050503-92 701063 6094534 - - 050503-93 700588 6094778 117.2+180 
Røddinge 
D 

050503-80 703400 6093626 X - 050503-93 700649 6094995 116.3+180 

- 050503-80 703324 6093413 - - 050503-93 700588 6094778 116.5+180 
Sprove D* 050503-87 701151 6094594 (132) Sprove D 

II 
050503-88 701534 6094225 131.5 

- 050503-87 701151 6094594 - - 050503-93 700649 6094995 130.4+180 
- 050503-87 701073 6094386 - Sprove R 050503-89 701393 6094094 132.4 
Sprove R 050503-93 700649 6094995 X Sprove D 

II 
050503-88 701534 6094225 130.9 

- 050503-93 700588 6094778 - - 050503-88 701472 6094051 129.5 
- 050503-93 700588 6094778 - Sprove R 050503-89 701393 6094094 130.5 
Jutland          
          
Vedsted 200210-

153 
522008 6115804 170      

 

Table syntax: 

Columns 1, 6: Place (bold) and name of the megalithic monument. II = twin or double 

grave, III = triple, D = dolmen, D* = dolmen with a passage, R = removed 

Columns 2, 7:    Registration number 

Columns 3, 8:    Longitude in UTM_X meters, zone 32, figures in bold are new coordinates 

Columns 4, 9:   Latitude in UTM_Y meters, zone 32, figures in bold are new coordinates 
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Column 5: Measured pointing direction/azimuth in degrees. X = not measurable or not measured. L 

denotes left passage. Marked in italics (Samsø) are old measurements included in the data 

set from 2008 (Clausen et al., 2008) 

Column 10: ‘Alignment azimuth’ in degrees deduced from the UTM coordinates. Direction + 180 

means pointing backwards. Marked in bold are the new 'alignment azimuths' deduced from 

new UTM coordinates, also marked in bold. 

 

Numbers in ( ) mean uncertain direction or possible alignment direction, e.g. 050503-87 (132):  This 

value is obtained by use of orthophoto and confirmed by the ‘alignment azimuth’ deduced from the UTM 

coordinates. 

 

Note means commons on the unit. 

Note: 

The revaluated Samsø measurements concerning positions of the tombs. 

 

2.3 Intervisibility and alignments 

During the fieldwork it became more and more clear that the passage graves, and sometimes also 

dolmens, were linked together in a kind of alignment relationship. The distance between the 

source unit and target unit can vary from less than 100 meters to up to about 3 to 4 kilometers. 

Even sightlines up to 5 kilometers have to be recognized. A special feature is that the lines 

sometimes continue in alignments involving several megalithic monuments and that the lines can 

pinpoint the positions of destroyed or removed monuments; that is, positions of monuments 

which no longer exist. This was a very interesting and important discovery. A special challenge 

in this context is, which unit would be the original target unit for the source unit, when there are 

several possible target units? For target units positioned at distances of over several kilometers, it 

is more likely that the sightline pinpoints a unit simply by chance. A future project in this 

connection is to make a random analyze involving all megalithic structure and other types of 

mounds in specific chosen areas within e.g. 400 km2.   

 

Another feature involving the alignments was that the source unit with a passage could either 

point forward or backward (Clausen et al., 2008).19 The most simple and obvious way to confirm 

                                                

 

 
19 (Clausen et al., 2008) at p. 221 
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a sightline and the target unit was by taking a photo through the passage of the source unit, if 

possible. Unit 030505-58 and unit 030505-57 (Samsø) in Table 1 were such examples (see 

Figure 2.14). If a photo through the passage is not an option, the use of orthophotos could be a 

convenient alternative (see Figure 2.14 right panel) 

 

 
 

Fig. 2.14 

The left panel shows the view through the passage of unit 030505-58 towards unit 030505-57 (a triple 

passage grave). The right panel shows both units on an orthophoto from the Danish Environmental Portal. 

The distance between the two units is approximately 60 m.   

 

On the orthophotos from the Danish Environmental Portal it is possible to read the position 

coordinates in the Danish UTM grid system zone 32 (coordinates in meters). From the UTM 

coordinates, the “alignment azimuth” can be deduced in the following way by using data from 

Table 1 (Samsø): 

 

Example A: Pointing forward (Figure 2.14) 

UTM coordinates unit 1 (source unit), x = 599752, y = 6187656 

UTM coordinates unit 2 (target unit),  x = 599814, y = 6187648 

Δx = 8, Δy = 62 

az = INV(tan(Δx/Δy) + 90⁰ = 7.4⁰+ 90⁰ = 97.4⁰ +/-2.5⁰ 
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Comparing the measured az is 100⁰, and using +/-3⁰ as the maximum deviation (equalizing the 

6⁰ bin size used in the histogram), with the alignment az=97.4⁰ +/-1⁰, the result is acceptable as 

documentation for the alignment. The line criterion is set to +/- 2.5⁰ (Clausen, 2012)20 so the 

documentation of the line is just on the limit. Nevertheless, due to the photo documentation the 

line must be accepted as real as you actual can see the target unit trough the passage of the 

source unit. The uncertainty in this example is greater than normal due to the relatively small 

distance between the two units (less than 100 meters). 

 

Example B: Pointing backward (Figure 2.15) 

UTM coordinates unit 1, x = 600105, y = 6182943 

UTM coordinates unit 2, x = 599911, y = 6183439 

Δx = 194, Δy = 496 

az = 158.6⁰ + 180⁰ +/-2.5⁰ 

 

The measured azimuth is az=160⁰, which means that the line is confirmed both by photo and by 

the UTM coordinates (see Figure 2.15). The distance between the two units is approximately 500 

m. 

 

Multiple alignments are sometimes seen in the passage grave clusters, involving several units 

(Clausen et al., 2008) and (Clausen et al., 2011).21 The following example is from the 

Knudshoved cluster (new measurements, the 24th of April 2013) in western Zealand, Table 1 

(Knudshoved). 

 

Example C: Multiple alignments (Figure 2.16) 

Alignment 1: 

UTM coordinates unit 1, x = 678295, y = 6103521 

UTM coordinates unit 2, x = 680457, y = 6102976 

Δx = 2162, Δy = 545 

az = 104.2⁰+/-2.5⁰  

                                                

 

 
20 (Clausen, 2012) at p. 77 and p. 80 
21 (Clausen et al., 2008), at p. 220 and (Clausen et al., 2011) at p. 348 
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Alignment 2: 

UTM coordinates unit 1, x = 680457, y = 6102976 

UTM coordinates unit 2, x = 680613, y = 6101983   

Δx = 156, Δy = 993 

az = 171.1⁰+/-2.5⁰ 

 

In both cases, the sightlines and the “alignment azimuth”' are documented by photos and by the 

UTM coordinates (see Figure 2.16) which improve the existence of the expected sightlines.  

 

 
 

Fig. 2.15 

The upper panel shows a photo taken opposite to the direction in which the passage of unit 020505-39 

points. The passage is missing the capstones, which made it possible to see the point opposing the 

pointing direction and to take a photo of the backward placement of passage grave unit 030505-38. The 

lower left panel shows the alignment of the two passage graves. The “alignment azimuth” measured on an 

ordinary map is 159⁰ and the measured and corrected azimuth is 160⁰. The angular corridor for this 

measurement is estimated to +/-2⁰. The lower right panel gives the alignment azimuth deduced from the 

UTM coordinates. 
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Fig. 2.16 

The upper panel (left) shows the position of unit 050213-67 seen looking out through the passage of unit 

050213-6322. The upper panel (right) shows the position of unit 050403-4 seen from unit 05021367. The 

lower panel shows the alignment on an orthophoto from the Danish Environmental Portal (data from 

Table 1). 

                                                

 

 
22 Unit 050213-63 is a megalithic unit classified as a small long barrow with two chambers (dolmens) partly 

destroyed. This layout is not obvious at the location itself, but the two stone rows seen on the photo point towards 

unit 050403-4 with relatively good precision (see Table 1). 
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2.4 New approach to the fieldwork 

Sometimes it is possible to see the passage of the megalithic monument on an orthophoto if the 

passage is missing the capstones. A few experiments have been carried out to test the method 

and it seems to work if the passage appears measurable, that is, if the direction of the passage can 

clearly be seen. The method has been tested on unit 050503-92 and unit 050503-87 from Table 1 

(see Figure 2.17 and Figure 2.18). Unit 050503-92 (Kong Asger Høj) has also been measured at 

the ground level giving az = 117⁰ compared to the az = 116⁰ measured on the orthophoto. The 

difference is clearly within the limits of uncertainty and the results of both measurements are 

accepted as valid. Sometimes Google Earth photos are not consistent with other types of 

orthophotos but in this example it was not the case23.  

 

Concerning unit 050503-87, the method has been used in an attempt to identify the original 

target-unit among two possible target-units. In this case, the probable original target-unit was 

destroyed and later removed but its original position is known (see Figure 2.18). 

 

 
 

Figure 2.17 

Kong Asgers Høj (unit 050503-92) seen from above on this Google Earth photo. The passage is very easy 

to identify and measure with a ruler and a protractor. Courtesy of Google. The azimuth measured on the 

spot was 117⁰ (see Table 1). 

 

                                                

 

 
23 The problem that Google Earth photos sometimes is not consistent with other types of orthophotos has not been 

explored in detail yet but will be the subject of further investigations. 
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Fig. 2.18 

To the left of the panel is a close-up orthophoto of the Sprove passage dolmen (050503-87). The right 

side of the panel shows two possible target units for the Sprove dolmen; unit 050503-89, which is a 

destroyed and removed passage grave, and unit 050503-88, which is a long barrow (dolmen) with two 

chambers. According to the deduced “alignment azimuth” it is not possible to tell which of the two target 

units is the original target unit (see Table 1) but the orthophoto shows that unit 050503-89 is most likely 

to be the original target unit. 

 

2.5 Use of other methods 

In the case of a partly destroyed or partly removed megalithic monument, it is possible to use 

magnetic surveying to see if there are remains of the monument in the ground beneath the soil’s 

surface (Smekalova et. al, 2008). In principle, the method is simple, but it is time-consuming 

(and therefore expensive) and affected by many details. It is simple because you measure very 

specific and narrow local magnetic anomalies compared to the natural, background magnetic 

field (soil magnetism and the Earth’s magnetic field). It is time-consuming and detailed because 

you have to: be very careful in building up a measuring grid at ground level (see Figure 2.19); 

know details about the behavior of the magnetic field in the ground as a function of the depth; 

and measure daily changes in the background magnetic field. The method is very useful for 

megalithic monuments because the magnetic field will concentrate around the large granite 

blocks (see Figure 2.20). In this way it is possible to uncover or reveal large stone blocks hidden 

in a mound or in the ground beneath the surface. In principle, it should then be possible also to 

see the direction of the passage even if it is hidden in the ground. 
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Another and really simple method is, during an excavation of a complete Neolithic settlement or 

cult location, to find the prints of formerly placed stone blocks just beneath the surface on the 

ground. This could reveal the layout of a passage grave and perhaps show the direction of the 

former passage.  

 

 
 

Fig. 2.19 

Using a measuring grid on the ground and carefully working along the grid-lines with your instrument. 

All components of the grid are made of non-magnetic material (wood, plastic etc.). 
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Fig. 2.20 

The figure at the left side of the panel is a magnetic survey of a passage grave at Vedsted in Jutland. The 

contour levels are separated in 5 nano Tesla (nT) intervals with the red colors representing negative 

anomalies and the blue ones positive anomalies. On the grey-scale darker colors are positive and lighter 

colors are negative. The middle figure is a drawing of the position of smaller stones and larger stone 

blocks registered so far. The right-hand photo is an orthophoto of the visual surface remains. Note that 

there are more stone blocks on the left figure compared to the middle and right figures. For some reason, 

the passage direction on the three figures is inconsistent. This problem has not yet been investigated. The 

most obvious explanation can be that archaeologists indicates north towards the magnetic north pole and 

not due to the geographical North Pole.   

 

To summarize the result of the fieldwork it was a complete surprise that intervisibility between 

Danish passage tombs were a possibility. It has never been recognized or realized before. The 

previous common opinion and knowledge among Danish archaeologists is that it were local 

people who built the passage tombs in the clusters. Properly by help of specialists who could 

handle techniques learned from southern Europe. One of the ideas were that these passage tombs 

should impress visitors, a place where you buries the dead and a place for ritual praxis (Glob, 

1967). Not that the clusters by line relations and common features in the orientation patters of the 

cluster tombs (Clausen, 2012) are linked together in impressive structures in the landscape. This 

would require a more central planning to do this. In recent years have been published works e.g. 

(Ebbesen, 2011) where a conclusion is that the local societies were chief communities, i.e. there 

were a local power. However the sometimes enormous structures (Clausen, 2011) indicates a 

more central power. 
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Another surprise is that that we properly have to understand the orientation patterns of Danish 

passage tombs as a multilayer functions designs, i.e. both having an archaeotopographic 

explanation and an archaeoastronomical interpretation. Only a much larger set of data would 

give an idea. 
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Chapter 3 
The megalithic 'lunar season pointer' 
 

3.0 Abstract (introduction)  

Using basic methods and knowledge of astronomy combined with simple surveyor techniques a 

sample of 163 passage graves in Denmark (including an adopted data set from Scania) has been 

measured with regard to location and orientation. The result of this work has revealed new 

information about the Danish passage graves (intervisibility) and the distribution pattern 

provided an opportunity to develop a hypothesis concerning the orientation of these monuments 

(mainly east, southeast and south-southeast). The orientation pattern points to an explanation 

based on certain full Moons in the summer period (Clausen et al. 2008);24 therefore the test 

model is named the “lunar season pointer”. 

A test of the hypothesis model against the observations gave statistical results so compelling that 

it inspired a test of the model against other data sets with similar distribution patterns. In a 

number of cases, the statistical outcome was similar, which means that it is worth discussing the 

result within a more general context. This context involves looking at the orientation of the 

Moon from Europe and the surrounding areas during megalithic times. 

 

3.1 Analysis and interpretation of the Danish data set 

Although the data set presented in Figure 2.13 (Chapter 2, p. 45) is supplied by 27 measurements 

from Scania, the data counts as Danish data. Archaeologists accept megalithic monuments from 

Scania and Sweden in general as typologically identical with the Danish ones (Blomqvist, 1991), 

as they lie within the Danish area of influence of the past. The combined data set presented in 

Figure 3.0 a has, at first glance, three clear and striking peaks. The peak mean values for the 

three peaks in the presented data set are 99°, 123° and 149° (Calculated for the peak azimuth 

intervals of 85° to 114°, 114° to 138° and 138° to 156°).25 Already at an early stage, it was 

obvious that a lunar explanation could be favored (Clausen et al, 2008). The rising points of the 

Moon on the horizon cover about 86% of the observations, whereas about 71% are covered by 

                                                

 

 
24 (Clausen et al., 2008) at pp. 221 – 222 and p. 227 (Summary) 
25 (Clausen, SEAC 2011 proceedings) at p. 160 and Figure 1 
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the Sun. This result indicates a lunar interpretation rather than a solar one. If the data is examined 

in greater detail, all three peaks can be related to the Moon.  

 

The first peak (99°) is related to the spring full Moon (SFM) (Da Silva, 2004), and is the full 

moon at the lunar/solar crossover in spring, but the peak can also be contributed to by another 

full moon (see Figure 3.1 a and subsection 3.4). The second peak (123°) is very close to the 

southernmost minor lunar standstill (about 126°) and the third peak (149°) is very close to the 

southernmost major lunar standstill (about 152°) for the actual latitude (56⁰N) and time (3300 

BCE). This is illustrated in Figure 3.0 a. The azimuth directions during the minor lunar 

standstills are also the directions with the greatest number of full Moon rises. This is also 

reflected in figure 3.0 a. For example, see (Clausen, 2011).26 The three peaks thus can be 

interpreted to correspond to full moons in the summer period, defined here as the period from 

March to October. This makes it obvious that the behavior of the full Moon on the eastern to 

south-eastern horizon must be investigated in more detail. Out of the 163 observed directions, 

about 80% (130) are within the south-eastern quadrant (90° to 180⁰). 

 

                                                

 

 
26 (Clausen, 2011) at p. 347, Figure 4 
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Fig. 3.0 a 

The histogram shows all 163 measured directions, including the new data from Table 1 (Chapter 2, 

subsection 2.2, p. 46 - 47). It is striking that all three peaks can be related to the full Moons mentioned in 

the main text. At the winter solstice, there are remarkably few observations (4). The y-axis accounts for 

the number of units or directions in 6⁰ bin intervals and the x-axis represents the azimuth.  
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Fig. 3.0 b  

The observed azimuth distribution presented due to the compass directions. Which could be a more 

illustrating way of showing the distribution visually. 

 

3.2 Modelling a 'lunar season pointer' 

Realizing that the task is to identify certain full Moons in the defined summer period, one has to 

accept that Neolithic man was unable to accurately determine genuine full Moons.27 The full 

Moon is counted as a five-day event which will, in the following, be equated with the term “full 

Moon” unless otherwise stated. The challenge is to break down the rising pattern of the full 

Moon28 and separate the “building blocks” of this pattern. The most surprising discovery was 

that not all full Moons have significant peaks – only the SFM and the autumn full Moon (AFM), 

which are the equinoctial full Moons (EFMs), and the first full Moons after the SFM and before 

the AFM, hereafter denoted as the “second full Moon”, do. The EFMs are investigated in more 

detail by (Silva, 2011). Here must be noted that the AFM is not used in the model presented in 

Figure 3.1 a thus this will account for the first two peaks and not three peaks. The only full 

                                                

 

 
27 (Clausen, SEAC proceedings 2011) at p. 160 
28 Ibid., at p. 161 
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Moon which can contribute to the third peak in the model is the SmFM (the southernmost full 

moon). The SmFM does not reveal a specific narrow peak but rather an interval with two 

maxima; one at the lunar minor standstill and another one at the lunar major standstill, caused by 

the 18.61-year lunar cycle. Thust SmFM contributes to the second peak (123⁰) in some years. 

Figure 3.1 a show the “building blocks” of the proposed model. 

 

In other words, the model is based on three distributions or building blocks: 

A) The SFM peak, which in this case counts for both spring and fall if you look in the direction 

on the horizon for full moons with azimuths around 100⁰ (blue peak Figure 3.1 a). See 

subsection 3.4 for explanation. 

 

B) The second full moon which indicated the beginning and the end of the midsummer period if 

you look in the direction on the horizon for full Moons with azimuths around 123⁰ (red peak 

Figure 3.1 a). 

  

C) The southernmost full moons which indicate the midsummer period if you look in the 

directions on the horizon for full moons with azimuths between 126⁰ and 152⁰ depending of the 

phase of the lunar cycle (green distribution Figure 3.1 a). Note here that the SmFM will be very 

close to the second full moon in some periods due to the 18.61-year lunar cycle. The directions 

around 123⁰ and 126⁰ are also the directions where you have most full moon rises in the summer 

period.  

 

The model is hereafter called the “lunar season pointer” or the megalithic “lunar season pointer”, 

as it is linked to megalithic monuments (see Figure 3.1 b). 

 

Another way to understand the concept model is that I add the full Moon building blocks in 

different ways e.g. a Model 1 EFM + second full moon + SmFM  or a Model 2 EFM + second 

full moon . Hereafter I use two ways to construct the models. 1) A sum model where I simply 

add all azimuth for the rising full moons in each histogram bin interval 2) A superimposed model 

where I add the maximum value for a building block in each histogram bin interval. The shape of 

the histogram in Figure 3.1 a is a superimposed model presentation composed by SFM + second 

full moon + SmFM. For further use, see subsection 3.5.   
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Fig. 3.1 a 

The lunar “season pointer” model represented by two peaks and the southernmost full moons as 

superimposed peaks, from the left: with mean values around 100⁰ (SFM), blue peak; 123⁰ (second full 

moon), red peak; and 149⁰ (southernmost full moons) green distribution Note the two maxima caused by 

the 18.61-year lunar cycle. The histogram represent calculations for a 90-year period. 

 

 
 

Fig.  3.1 b 

The lunar “season pointer” model represented due to the compass directions. The three peak arrows, from 

the left: with mean values around 100⁰ (SFM); 123⁰ (second full moon); and 149⁰ (southernmost major 

stand still). 
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Fig. 3.2 

As mentioned in the main text, logic in Neolithic times were properly not the same as today. Left panel is 

a solar calendar, hypothetic used by Neolithic man as the most logical calendar. Where we have four 

“dates”:  around the 21/22 December (winter solstice), around the 20/21 March (vernal equinox), around 

the 21/22 June (summer solstice) and around the 20/21 September (autumnal equinox). Recall here Figure 

2.5 at p. 35. Right panel is the 'lunar season pointer' where the blue, red and green bands (1, 2 and 3) 

represent full moon rising periods of about one month (around 40 days). Each rising band represent the 

three peaks in figure 3.1 a. 

 

3.3 Calculation program 

For the purpose of calculation, I wrote a program in which the lunar calculations are based on 

Brown’s lunar theories. It is difficult briefly to explain the details in Browns theories but the 

following is an attempt to extract the main idea.  

 

The motion of the Moon was original solved as an analytic solution to the three-body problem 

(Moon, Earth and Sun) under the simplifying assumption that the center of the Earth-Moon 

system rotates on an elliptic orbit around the Sun. This is one of the main problems in lunar 

theory. 

 

Brown's objective had been to produce an accurate ephemeris of the Moon, based purely on 

gravitational theory. Brown’s method for solving the main problem of lunar theory was by using 

a number of approximation, e.g. using a value for the mean motion of the Moon and the Sun (and 

the Earth). By this, tidal effects from other planets or other mass elements in the planetary 
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system then for a limited period of time are built into the mean values, so to speak. The solution 

of the equations of motion were by Brown solved by the help of multiple Fourier series up to 

nine order. Unfortunately, he had to add an empirical constant to the solution to reduce an 

unexplained fluctuation in the Moons longitude, but Browns theories are one of the best bid for a 

complete lunar theory. Today we solve the lunar problem by numerical integration, fast 

computers and a better pool of observed lunar ephemerides. 

 

The original program was developed by Jeffrey Sax29 but I have developed and refined it for this 

PhD project. I have added the trigonometric translation formulas, and altered the printing portion 

to satisfy the required output which are the lunar and solar rising and settings azimuths, only 

visual lunar eclipses for a given position and rising and setting times. The program exists in three 

versions: 

 

1) Identifying lunar eclipses back in time, calculating the azimuth of the rising full moon just 

before and after a lunar eclipse (+/- 2 days, after (+) and before the genuine full moon = 0). 

Program name: DT_DAZ.exe.  

 

2) Identifying lunar eclipses back in time calculating both in DT and in UT. Program name: 

Maneform.exe.  

 

3) Identifying full moons back in time concerning the “lunar season pointer”, that is, all summer 

full moons including EMFs (SFM and AFM), the second full moon and the SmFM. Program 

name: springny.exe (or fallfm.exe for winter full moons).  

 

Limits of the calculations are given in Clausen, SEAC 2011 proceedings,30 but very simple the 

Maz (the Moons rising azimuth) must exceed the Saz (the Suns rising azimuth), Maz > Saz, to 

separate the winter full moons from the summer full moons (see also Table 3). 

                                                

 

 
29 Copyright (c) 1991 by Jeffrey Sax, All rights reserved, Published and Distributed by  Willmann-Bell, 

Inc.,  P.O. Box 35025 Richmond, Virginia 23235, Voice (804) 320-7016 FAX (804) 272-5920 
30(Clausen, SEAC proceedings 2011) at p. 161. 
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All program versions are prototypes and not fully developed, and should be compiled as the 

Alcyone Ephemeris AE2.8 program.31 The program language is Borland Turbo Pascal, which 

works in a DOS environment – and it runs on 34-bit machines. Input data for the programs are: 

beginning year; calculating time steps in days; ending year; geographical coordinates; and the 

time zone. All calculations are executed with respect to the astronomical horizon (h = 0), 

refraction and parallaxes. However, it is possible to change the value for h or ha if that is 

required.  

 

A special feature concerns the dates in the output files. For example, take the date denoted as -

33029883 in Table 2 (marked with bold), which actually equals 17 January 3303 BCE. The date 

is calculated as 10000 - 9883 = 0117 (first month, 17th day), and the year is -3302 -1, which 

equals -3303, or 3303 BCE. Table 2 shows an output produced by program 1 described above. 

Program calculations break down at about 10000 BCE and provide uncertain data from about 

5000 BCE. The solar rising and setting azimuth can be used to approximately determine the 

dates to within a few days in relation to the Gregorian calendar that we use today. Otherwise, the 

Julian Datum (JD) can be used to pin-point the year and day. It is not necessary to know the 

exact dates for our purposes in this connection. Only the behavior of the Moon on the horizon 

versus the Sun is of interest.  

 

In general, the calculated data will be scaled so it fits the observed data sets to which the model 

is compared. The model will be scaled to fit the observations and the bin intervals will be 

adjusted to the original data set unless otherwise stated, with the exception of the Swedish data 

set, which is presented on the basis of ha = 0.38 according to arguments given by Göran 

Henriksson (Henriksson. 2005):  

 

“…..After correction for magnetic deviation, I transformed the azimuths to declinations taking 

into account the solar and lunar parallaxes and normal refraction. I assumed that the builders 

tried to direct the passage towards the first visible rays of the Sun, which means that the upper 

limb of the Sun was at the horizon……….analyses showed a very significant peak at the solar 

                                                

 

 
31 A new trial version AE4.3 can be accessed (March 2015) at http://www.alcyone-

ephemeris.info/alcyone_ephemeris.html 
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declination -17.0⁰…..because of many mountains surrounding this area, it seemed necessary to 

make corrections for the height of the horizon….  I decided then to search for the optimal 

maximum height of the horizon by a χ2 –test…..It was found that the optimal upper horizon limit 

(here ha, CC) was 0.38⁰. This correspond in fact to the lowest visible horizon in the area.”  

 

Table 2 

Output from program 1 (DT_DAZ.exe) 

Table syntax. 

The first column on the left shows the number of days before (-) and after the full Moon (0). The second 

column is the date, given as year, month and day (yymmdd). The third column is the Julian date (JD), 

which is counted as the actual number of days going back in time from the present. This is not an actual 

date, but the amount of time elapsed since a certain fixed date and year, in this case 1859 AD at the 

transition between the 16th and 17th of November, calculated in DT. The fourth column is the lunar 

azimuth Maz. The fifth column is the time difference between the Moon’s rising time and Sun’s setting 

time. Sunset - Moonrise = dt. The sixth column is the angular difference between the Maz and the Sun’s 

setting azimuth (Sazset): Maz - Sazset + 180⁰ = daz1. The seventh column shows the beginning of the 

lunar eclipse (EB) in dynamic time (DT) and the eighth column is the end of the lunar eclipse (EE) in DT. 

DT is connected to delta T in the sense that it is the time you actually experience at the place where you 

are. Note that a lunar eclipse occurs when both dt and daz are at their minimum (marked with bold). The 

situation is named Twin Sun (TS) and is described more in details in (Clausen, 2015 C).  

 

Days  yymmdd 

 Julian 

Datum JD  Maz  dt  daz1  EB   EE 

-2 -33029885 -1885349.0 53.34 0.97 -8.421     

-1 -33029884 -1885348.0 48.19 0.52 -3.265     

0 -33029883 -1885347.0 45.12 -0.08 -0.158 11.95 15.41 

1 -33029882 -1885346.0 44.54 -0.86 0.466     

2 -33029881 -1885345.0 46.62 -1.81 -1.558     

        

-2 -33029289 -1885172.0 121.34 2.75 15.424     

-1 -33029288 -1885171.0 130.33 1.23 6.589     

0 -33029287 -1885170.0 136.80 -0.23 0.263 14.62 17.80 

1 -33029286 -1885169.0 139.13 -1.45 -1.946     

2 -33029285 -1885168.0 136.70 -2.35 0.594     
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Fig. 3.3 

Geometry concerning the output from program DT_DAZ.exe when a lunar eclipse can occur. Left figure 

show the geometrical situation as observed from the surface from Earth. The Moon is rising 

approximately opposite at the same time as the Sun is setting. The passage grave in the center (the 

observers position) represent the position of Earth. Right figure show the astronomical situation when the 

Moon is very close to one of its nodes. Both visible lunar eclipses (including partial and penumbral lunar 

eclipses) and not visible lunar eclipse (i.e. the full moon is not above the observers horizon) are indicated 

by the geometrical situation. 

 

Having the program application tool in hand, the methodology used in the following is very 

simple. Thank to today’s fast computers it is possible to test many different series of more and 

less complex models in a short time and compare them to the megalithic data, which have been 

obtained during the fieldwork. This is the method I have used in this PhD thesis concerning the 

handling of the field data. 

 

3.4 Calculating the model 

For purposes of calculation, the program used is springny.exe. An example of the output file is 

given in Table 3 (placed after subsection 3.6 ).  

The criterion, as mentioned earlier, for identifying the lunar/solar crossovers in spring and fall is 

Maz > Saz for summer full Moons and  Maz < Saz for winter full moons.32 When the criterion 

(Maz > Saz or Maz < Saz) is fulfilled, the program calculates the required properties: Sunset, 
                                                

 

 
32 (Clausen, SEAC proceedings 2011) at p. 160 and (Clausen, SEAC proceedings 2013) at p. 146 
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Moonrise, dt, Saz, Maz and daz2, where daz2 = Saz - Maz, not to be confused with daz1 in 

Table 2. For the calculated year and position (3303 BCE, 56⁰ N and 12⁰ East) in Table 3, it is 

notable that we have two crossovers in spring and one in autumn (marked with bold). Also 

worthy of note is the fact that the crossover in the fall in this output file is identified by the full 

moon just one or two days before the AFM. For that reason this specific full Moon contributes to 

the 100⁰ peak.33  When examining Table 3 in greater detail, the building blocks of the model can 

be identified. 

  

The first one concerns the SFM (contribution also from program fallfm.exe with a similar output 

file to Table 3 concerning the winter full moons) marked with blue in Table 3. The SFM rise 

takes place from 13 to 17 April, 3303 BCE (-33029587 to -33029583 in Table 3), while the 

crossover takes place from 16 to 17 April. The full Moon on 17 April is the exact SFM that 

Neolithic man was able to identify (see Figure 3.4). The next full Moon is the first full Moon 

after the SFM34, which rose from 12 to 16 May. This particular full moon in the given example 

also represents a second lunar/solar crossover from 12 to 13 May i.e. 3 days before the genuine 

full moon. 

 

The second full moon (April to May) counted as the first full moon from the SFM has a peak 

distribution which can be used as a building block in the model. In Table 3 is the second 

crossover full moon the same as the second full moon marked with red in Table 3. The third 

(May to June) or even a fourth (June to July) full Moon counted from the SFM does not 

contribute to the model, as neither of these has any particular peak in its azimuth distribution. 

However, they can contribute to the azimuth distribution for the southernmost full moon 

(SmFM), marked with green in Table 3, if that is the option (see also subsection 3.2). The next 

full moon (August to September) is the first full moon before the AFM and has an azimuth 

distribution similar to first second full moon. It can therefore contribute as a possible building 

block to the model. This full moon is also known as the harvest-Moon.  

 

                                                

 

 
33 (Clausen, SEAC proceedings 2013) at p. 148 
34 Ibid, at p. 146–147 
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The next building block concerns the AFM marked with bold (black) in Table 3. The exact 

AFM can easily be identified, as can the exact SFM as the crossover full moons. Here it must be 

noted that the mean value of the exact SFM is not the same as the mean value of the exact AFM. 

 

In total, the model reveals four building blocks; one which corresponds to the SFMs, one which 

corresponds to the second full moon, one which corresponds to the SmFM and finally a building 

block which corresponds to the AFMs (see Figure 3.5).  The example in Table 3 of the AFM is a 

little bit different in the sense that an observable crossover took three days. The azimuth of the 

full moon just before the crossover has an angular deviation less than 1⁰ from the azimuth of the 

Sun and therefore is hard to detect (the angular size of the sun disk and the lunar disk is about 

0.5⁰). This situation is not an unusual one but also not the most common. 

   

The tricky thing about this model is that a single full moon event (not the five-day full moon) 

can have a counterpart on another day during the year. That is, the event repeats itself as a kind 

of mirror image 3 to 6 months later. For example, if we calculate the mean value of the exact 

SFM for a period of more than 100 years, we find that the az will be about 100⁰ on average. This 

is also nearly the case for the single full moon event one or two days before the exact AFM. This 

particular full moon has a mean value of about 99⁰, that is, it is close to the mean value of the 

exact SFM. This can have an important implication, as you can use the direction of the SFM as 

an indicator for the coming AFM. In particular, it means that the direction in which the SFM 

points is connected to the lunar/solar crossovers both in spring and in autumn. In fact, you can go 

further in investigating the utility of the model (Clausen, SEAC proceedings 2011).35  

 

Going into further detail in Table 3, it is possible to see the idea with the EMFs. In spring, 

corresponding to the date represented by -33029584, the az is 83.89⁰. On the next day – (-

33029583) – the exact SFM, the az is 94.00⁰. The reverse is true half a year later; just before 

AFM on the date represented by -33028990, the az is 95.23⁰, and the next day az is 84.31⁰. The 

latter example is taken just at the limit for the lunar/solar crossover, because the genuine 

lunar/solar crossover takes place on -33028988, but due to the uncertainty in observing the 

direction to the rising Sun or Moon, it will be difficult to observe whether the exact AFM truly 
                                                

 

 
35 (Clausen, SEAC proceedings 2011) at pp. 147–149 
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did or did not occur on the date represented by -33028989. In general, it works (Clausen, SEAC 

proceedings 2013).36 In Figure 3.5 it is easy to see (visually) how the building blocks can 

contribute to or interfere with each other.  

 

 
 

Fig. 3.4 

The lunar-solar ‘cross over’ at spring when the rising Sun is moving towards north at the horizon and the 

rising full moon is moving opposite towards south. The situation, which produce the SFM peak with 

mean value of 100⁰ in Denmark. The same situation as illustrated on the front page.   

 

                                                

 

 
36 Ibid, at pp. 146–148   
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Figure 3.5 

The figure shows a “lunar season pointer” model produced for a latitude and longitude in Portugal at 

40⁰N, 8⁰W (just a little bit North of central Alentejo). The four building blocks have, from the left, peak 

mean values of about 83⁰ (AFM), 98⁰ (SMF), 108⁰ second full Moon and finally, the SmFM, which 

have no distinguishing peaks due to the 18.61-year lunar cycle. The y-axis is the number of full moon 

events/directions for each 6⁰ bin size interval and the x-axis is the azimuth.  

 

3.5 Testing the model on different data sets  

Due to the histogram presentation it is most obvious to use chi-square statistics (Clausen, SEAC 

proceedings 2013).37  A Kolmogorov-Smirnoff two-sample test is also a possibility, see paper 

VIII (Clausen, 2015 C).  

 

 

 

 

                                                

 

 
37 (Clausen, SEAC proceedings 2013) at p. 148 
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The model has been used to test three data sets:  

 

1) One from Denmark (153 units), see (Clausen, SEAC proceedings 2011)38 and (Clausen, 2015 

A).39  

 

2) One from Sweden (138 units), see (Clausen, 2015 A).40 

 

3) One from West Iberia (208 units) see (Clausen, SEAC proceedings 2013).41  

 

A fourth data set from France (597 units), adopted from Hoskin42 and a fifth data set 

France/Iberia (1537 units), also adopted from Hoskin43 will only be used as an examples to show 

a picture of how the model works (see Figure 3.8 and Figure 3.9). An extract of the test results 

are listed in Table 4. The model can be accessed statistically in two ways: A) by superimposing 

the building blocks to form a tendency diagram as in Figure 3.1 a or 3.7; or B) making a sum-

diagram as shown in Figure 3.6. The difference in the advantages of each of these methods is 

that the tendency diagram probably reproduces what would be the result of long-term 

observations, whereas the sum diagram could be the result of observations over a shorter period. 

 

The superimposed peak diagram is a tendency diagram showing the main tendency, that is, 

which should be the favored directions to observe according to the model. The sum diagram 

shows all possible full moons produced by the model and could be interpreted to represent 

observations of the full moon in an initial phase. To illustrate the difference, see Figure 3.7, 

where both ways of accessing the model are used.  

 

 

                                                

 

 
38 (Clausen, SEAC proceedings 2011) at p. 163, Figure 6 

39 (Clausen, 2015 A) at p. 19, Table B 

40 (Clausen, 2015 A) at p. 20, Table D 

41 (Clausen, SEAC proceedings 2013) at p. 152, Table 2. 

42 (Hoskin, 1999) at p. S66 Figure 9 

43 (Hoskin, 2002) Figure 4 at p. S80 
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Table 4 

The main results from the statistical tests mentioned in the main text (subsection 3.4).  

All calculations are executed to h = 0 except for the Swedish data set. 

 

Data set Model 1 Model 2 Comments 

 EMFs + second full moon + SmFM EFMs + second full 

moon 

 

 Probability factor p Probability factor p Units 

covered by 

the model  

Danish 0.91 (superimposed, see main text) 0.92 (superimposed) 114 units 

Swedish  0.86 (sum) 125 units 

Swedish  0.66 (superimposed) 125 units 

Iberia 0.86 (sum, see main text) 1.00 (sum) 207 units 

France  See Figure 3.8 445 units 

 

 
 

Fig. 3.6 

This is an example of a sum-model (solid line) composed by the EMFs + second full Moon + SmFM and 

compared to the West-Iberian data set (dotted line). Same centroid coordinates as in figure 3.5. 
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Fig. 3.7 

Both the sum model (left) and the superimposed model (right) used on the same data set (thin solid line) 

from Sweeden. Note that the superimposed model visually fits the observations better than the sum 

model, but the sum model has the best statistical outcome (see Table 4). Centroid coordinates for the 

calculations is 58.17⁰N and 13.55⁰E. The calculated SMF peak (left) is clear in both panels and so is the 

second full moon peak close to az = 125⁰. The underlying model is EFMs + second full moon. 

 

 
Figure 3.8 

Histogram presentation in 5⁰ bin intervals along the x-axis of 597 dolmens in southern France (bold solid 

line). The model distributions are calculated for latitude 43⁰N. Note the concentration about the SFM 

distribution (dotted line) and close to the southernmost minor lunar standstill. The thin solid line 

represents the model composed by the EFMs and the second full Moon. It is clearly seen that the SFM 

peak can explain the first (left) peak in the observed distribution if we call for an astronomical 

explanation. A sum model composed by EFMs + second full moon reveal two peaks but in the wrong bin 

intervals (to the right for the observed peaks). An explanation could be that sub data sets have orientation 

patterns that have no astronomical origin or not are consistent with underlying model. 
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Figure 3.9 

The 5⁰ bin interval histogram of 1537 (France/Iberia) tombs based on data from (Hoskin, 2002). The 

model distribution is calculated for 43⁰N. The SFM peak (dotted line) is peaking exactly where the 

observed distribution has maximum value (146 orientations). The histogram present 98% of Hoskins data. 

Here it is indeed clear that the SFM could be a part of an explanation or interpretation to the observed 

distribution.  

  

3.6 Discussion and conclusion  

Comparing the results from Table 4, we can note that: 69.9% of the Danish observations fit the 

model; 90.6% of the Swedish observations fit the model; and 99.5% of the West Iberian 

observations fit the model. Concerning the French data (Figure 3.8), which has not been 

statistically tested, 74.5% of the observations are covered by the suggested model, and further – 

if we include the fifth building block (first full moon before SFM or after AMF) – 89.3% is 

covered by the model. Taking all units into account, 891 units in total out of 1106 units, 80.6%, 

are covered by a model which consists of the exact SFM + the full moon (one or two days) 

before the exact AFM + the second full moon (early summer full moon in May or harvest moon 

in August). 
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The remaining units have orientations which are probably due to local traditions; e.g. interest in 

the exact AFM, directions pointing toward a special feature in the landscape such as a local high 

point or point of interest (mountain, hill, etc.), or both.  

 

The interesting part is that the Danish data set has the poorest fit but was originally the trigger 

for the idea of the lunar season pointer. There are two explanations or interpretations, if you 

wish, for that. We must either include the lunar eclipses or use an archaeotopographical 

explanation. The only data set which indicates lunar eclipses is the Danish one, due to the three 

peaks. If we include the lunar eclipses, that is, the southernmost lunar standstills, in the Danish 

data this would cover 81% of the data, and if we add the purely archaeotopographical 

interpretation – in this case the north-eastern, southern and south-western directions (directions 

to the cluster cores) – it covers about 95% of the data set. Regardless of the explanation, all data 

sets indicate the existence of the lunar/solar crossover at spring (see Figures 3.0 a, 3.6, 3.7, 3.8 

and 3.9). 

  

The interpretation concerning the SFM has its own (simple) explanation. The SFM peak is more 

or less independent of latitude. The reason is that there is very little spread or deviation in the 

distribution pattern for the SFM peak from one latitude to another due to its position close to the 

equinox point. The same argument goes for the AFM peak, but in principle it is not necessary for 

constructing the “lunar season pointer” due to the properties of the AFM (see subsection 3.4 at p. 

68-69). The azimuth of the SFM both indicates the lunar/solar crossover at spring and the 

coming crossover just one or two days before the exact AFM. 

 

The second full moon is more sensitive to the position along the latitude. At northern latitudes, 

the SFM peak and the peak produced by the second full moon will be easier to distinguish and 

reveal two more significant and separate peaks (see Figures 3.1 a and 3.7). This is clearly 

demonstrated by the Danish and Swedish data sets (301 units). The same two peaks at more 

southern latitudes, however, will more or less appear in a kind of fusion (see Figures 3.5 and 

3.8). This is demonstrated by the data sets from West-Iberia and Southern France (805 units). 

The French data set, however, reveals traces of two peaks, one produced by the SFM building 

block (see Figure 3.8) and one probably related to the second full moon.  

 

For that reason the superimposed model should be the one to use at Northern latitudes and the 

sum model should be the one to be used at more southern latitudes. However, the Swedish data 
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set seems more or less able to fit into both models (see Figure 3.7). An explanation could be that 

the passage graves in the Falbygden area were built within a very short period of less than 50 

years (Blomqvist, 1991), which would not have given enough time to identify the main 

directions in which to look – the favored ones, so to speak.44 

 

Therefore, a conclusion at this stage could be that at least the lunar/solar crossovers were known 

to Neolithic man during the period in which the megalithic monuments were constructed in the 

Western European area. To see whether this conclusion holds, further data sets similar to the 

ones tested here must be compared to the model. In addition, it seems that the proposed Model 2 

(EFMs + second full moon) should be the one to work with in more details and refrain it for 

further use. In this connection remembering that, the simplest explanation probably is the most 

obvious one.   

  

A remarkable feature named the ‘fingerprint feature’ appears now and then, concerning the 

Danish data set and lunar eclipses.45 The shape of the feature is similar to the central shape of the 

Danish dataset. The feature moves slowly along the longitude within an angular span of about 

120⁰, (see Figure 3.10) and see (Clausen et al., 2008). If there is a connection between the 

dataset, the megalithic 'lunar season pointer' model and lunar eclipses it is truly an example of 

how physics, astronomy and archaeology can work together. In principle, it would then be 

possible to estimate a value of delta T by using the main directions of the passage graves. In this 

case using the peaking values of the EFMs and the second full moon.  

 

A hypothetic method to determine the delta T from the Danish passage graves is in details not 

yet developed. The idea is to compare the central part of the observed distribution in the same 

interval as the ‘fingerprint feature’ (az = 78⁰ to 132⁰) along the interval it appears and then, as a 

first approximation, calculate the best fit by using χ2-statistics. Figure 3.10 show how the method 

should work. The delta T value for 3300 BCE is estimated to 19.92h corresponding to your 

actual position 3300 BCE, in this case the centroid for the calculations; 56⁰N and 11.5⁰E 

corresponding to a position along the longitude in tine zone +1 (one time zone is 15⁰). Visually 

                                                

 

 
44(Clausen, 2015 A) at p. 13.  

45(Clausen et. al, 2008) at pp. 225 – 226. 
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the best fit correspond to time zone -2 longitude position 33.5⁰W giving a delta T = 22.92h (see 

Figure 10). 

 

The method can only work if we relatively precise know the age of the sample of passage graves 

or dolmens we work with i.e. if we in this case could determine the age better than +/- 50 years. 

The reason is that the ‘fingerprint feature’ have a duration time in the same area about 100 years 

to 150 years. 

 

To verifier the picture more observations, more calculations and more archaeological artifacts, 

like the small clay plates discussed in (Clausen, 2015 A) and (Clausen, SEAC proceedings 

2013), are needed. If the proposed idea could be the case, it would be an ideal example of what 

interdisciplinary work could provide of new knowledge. Using physics and astronomy as telling 

history and archaeology to solve the delta T problem or vice versa using knowledge about delta 

T to determine the ages of the passage tombs.  

 

A recent situation where the SFM and a lunar standstill eclipse took place occurred from 31 of 

March to the 4 April 2015. The crossover could be recognized the 2 April and the lunar eclipse 

took place the 4 April (see Figure 3.11). Unfortunately, the full Moon was not above the horizon 

in Denmark when the lunar eclipse would be observable. The situation appeared next time from 

the 27 September to the 28 September 2015 where the lunar eclipse will be visible from 

Denmark. In present time, the described phenomenon will reveal 16 visible lunar stand still 

eclipses in Denmark for the next 75 years depending of the weather conditions. They appear 

most commonly in pairs separated with a time span of 9 to 10 years, which is exactly the half of 

19-year lunar eclipse cycle (75 * 2/9.5 ≈ 16) close to the 18.61-year lunar cycle.  

 

 



79 

 
 

Fig. 3.10 

Upper panel show lunar eclipse calculations for a 100-year period (3350 BCE to 3250 BCE) in 8 time 

zones. The ‘fingerprint feature’ in the histograms (marked with black) appear from time zone +1 to -3 

(75⁰). Lower panel compares the ‘fingerprint feature’ in time zone -2 to the observations. Note the shape 

of the two peaks are almost quite similar.  

 

If Neolithic man were able to combine, the two phenomenon’s is unknown but it does not 

prevent the situation to appear for an observer which have time enough to observe the whole 

horizon during a couple of days.   
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Figure 3.11 

The complex situation with two lunar/solar alignments morning and evening same day (the 4 April) and 

the cross over which reveals the SFM the 2 April. The situation occurs later same year concerning the 

AFM, except that the lunar eclipse will be visible.    

 

The main conclusion so far is that it is very likely that Neolithic man knew about the lunar/solar 

cross over at spring and at autumn i.e. knew about the EFMs and probably also the second full 

moon. Which will satisfier a useful ‘lunar season pointer’ e.g. for ritual praxis for the Neolithic 

agriculture culture. If lunar eclipses somehow were involved in the Danish scenery I do not 

know for sure, but it is a possibility simply because the ‘lunar season pointer’ also pinpoints at 

least the lunar standstill eclipses due to the EFMs. As mentioned previous we need more 

archaeological artefacts and more data to see how the picture will develop which calls for future 

projects in this field. 

 

Claus Clausen June 2016 
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Table 3 

Output from program springny.exe 

The table syntax is as in Table 2, starting from the left column  

Day yymmdd 

Julian date 

DJ Sunset Moonrise dt Saz Maz Daz2 

       

Maz < 

Saz  

-2 -33029587 -1885260.40 18.10 14.38 3.73 92.76 57.18 35.58 

-1 -33029586 -1885259.35 18.13 15.64 2.49 92.08 65.18 26.90 

0 -33029585 -1885258.29 18.16 16.93 1.24 91.39 74.19 17.20 

1 -33029584 -1885257.24 18.19 18.23 -0.04 90.70 83.89 6.82 

2 -33029583 -1885256.18       

       Maz > 

Saz 

 

-2 -33029587 -1885260.40       

-1 -33029586 -1885259.35       

0 -33029585 -1885258.29       

1 -33029584 -1885257.24     SFM  

2 -33029583 -1885256.18 18.22 19.56 -1.34 90.02 94.00 -3.98 

         

-2 -33029487 -1885230.34 19.02 15.89 3.13 72.39 79.69 -7.31 

-1 -33029486 -1885229.28 19.05 17.22 1.83 71.73 89.83 -18.10 

0 -33029485 -1885228.23 19.08 18.59 0.49 71.08 100.31 -29.23 

1 -33029484 -1885227.17 19.11 20.01 -0.90 70.43 110.75 -40.32 

2 -33029483 -1885226.11 19.14 21.48 -2.34 69.77 120.69 -50.92 

         

-2 -33029389 -1885201.33 19.95 16.15 3.80 54.75 95.33 -40.58 

-1 -33029388 -1885200.27 19.98 17.56 2.42 54.23 105.96 -51.74 

0 -33029387 -1885199.21 20.01 19.03 0.98 53.70 116.42 -62.71 

1 -33029386 -1885198.14 20.04 20.55 -0.51 53.19 126.07 -72.88 

2 -33029385 -1885197.08 20.07 22.05 -1.97 52.69 133.86 -81.18 

         

-2 -33029289 -1885171.25 20.73 17.98 2.75 43.37 121.34 -77.97 

-1 -33029288 -1885170.19 20.74 19.51 1.23 43.20 130.33 -87.13 

0 -33029287 -1885169.13 20.76 20.98 -0.23 43.04 136.80 -93.75 

1 -33029286 -1885168.07 20.77 22.23 -1.45 42.91 139.13 -96.22 

2 -33029285 -1885167.04 20.78 23.14 -2.35 42.79 136.70 -93.91 
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 Table 3 continued       

-2 -33029190 -1885141.18 20.71 19.80 0.91 45.81 138.49 -92.68 

-1 -33029189 -1885140.13 20.69 20.90 -0.21 46.15 138.54 -92.39 

0 -33029188 -1885139.10 20.67 21.67 -0.99 46.51 133.94 -87.43 

1 -33029187 -1885138.08 20.65 22.18 -1.52 46.87 126.08 -79.21 

2 -33029186 -1885137.06 20.63 22.53 -1.90 47.26 116.49 -69.24 

       Harvest  

-2 -33029092 -1885112.19 19.88 19.48 0.40 60.33 137.01 -76.68 

-1 -33029091 -1885111.16 19.84 20.11 -0.27 60.96 130.66 -69.69 

0 -33029090 -1885110.14 19.81 20.54 -0.74 61.60 121.68 -60.08 

1 -33029089 -1885109.13 19.77 20.85 -1.08 62.25 111.36 -49.11 

2 -33029088 -1885108.12 19.73 21.09 -1.37 62.89 100.52 -37.62 

         

-2 -33028992 -1885082.21 18.64 18.89 -0.25 81.13 117.03 -35.90 

-1 -33028991 -1885081.20 18.60 19.16 -0.56 81.86 106.29 -24.43 

0 -33028990 -1885080.19 18.55 19.38 -0.82 82.60 95.23 -12.64 

1 -33028989 -1885079.18 18.51 19.58 -1.07 83.33 84.31 -0.98 

2 -33028988 -1885078.18       

         

-2 -33028992 -1885082.21       

-1 -33028991 -1885081.20       

0 -33028990 -1885080.19       

1 -33028989 -1885079.18     AMF  

2 -33028988 -1885078.18 18.47 19.80 -1.33 84.07 73.88 10.19 
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Paper I 
 

THE ORIENTATION OF DANISH PASSAGE GRAVES.  
Denoted as (Clausen et. al, 2008) in the main text. 

 

Errata list I 
At p. 222 left column seventh line from the bottom. The sentence: "The sun would spend most of its 
time at the extreme points." Should be: "The sun would spend most of its time at the extreme points 
compared to its time at equinox." 
Or: "The sun would spend most of its time at the extreme points compared to all other directions in 
between these two points e.g. its time at equinox." 
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Paper II 
 

THE ORIENTATION OF DANISH PASSAGE GRAVES ON THE ISLANDS OF SAMSØ AND 
ZEALAND. 

Denoted as (Clausen et. al, 2011) in the main text. 
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Paper III 
 

DANISH PASSAGE GRAVES AND INTERVISIBILITY: A NEW PERSPECTIVE. 
Denoted as (Clausen, 2012) in the main text. 
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Paper IV 
 

DANISH PASSAGE GRAVES, “SPRING/SUMMER/FALL FULL MOONS” AND LUNAR 
STANDSTILLS.  

Denoted as (Clausen, SEAC proceedings 2011) in the main text. 
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Paper V 
 

SCANDINAVIAN PASSAGE GRAVES AND THE “LUNAR SEASON POINTER”. Denoted as 
(Clausen, 2015A) in the main text. 

 
Errata list V 
In the figure caption on page 128, Figure 4. The term AFM in second line should be the term SFM.  
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Paper VI 
 

WEST IBERIAN MEGALITHIC TOMBS AND THE “LUNAR SEASON POINTER”.  
Denoted as (Clausen, SEAC proceedings 2013) in the main text. 
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Paper VII 
 

NEOLITHIC COSMOLOGY? 
Denoted as (Clausen, 2015 B) in the main text. 
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Paper VIII 
 

TWIN SUN: A SIMPLE LUNAR ECLIPSE PREDICTOR. 
Denoted as (Clausen, 2015 C) in the main text. 

 
Preprint, SEAC proceedings 2014, submitted February 2015. 
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