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Bronze Age Geometry: the
layout of the Ceremonial
Site at Merrivale
John Morgan, BA, FRIN

The astronomical alignments of the rows and other features at Merrivale are explained.
The upper end of each row forms a right angle with one of the tors on the horizon.
Similarly, the long axis of the cist (C7) points at a tor while the short axis is aligned to
midsummer sunrise. Of the eleven stones in the circle, nine are aligned with tors on the
horizon. The other two are aligned with midsummer sunrise and midwinter sunset. The
circle is found to be at the conjunction of several right-angled lines to local tors. Other
right angles drawn within the site are found to be in the ratio 3:4:5. The unit of
measurement (the ‘Merrivale Stride’) used in the construction of the site (including the
separation of the double rows) is found to be close to 87 cm. Many of the distances
measured on the site are multiples of ten strides.

INTRODUCTION
We know little about the folk who occupied Dartmoor early in the
Bronze Age, possibly in search of tin. It was the Bronze Age inhabitants who built the round houses and constructed many of the stone
cists, rows and circles which have endured to the present time. A better understanding of the reasoning behind this monumental work
should improve our insight into their beliefs.
This paper investigates the location, orientation and dimensions of
the Bronze Age monuments at Merrivale on Dartmoor (50° 33'N; 4°
02'W). To quote Newman (2011, p. 58) “Merrivale, the favoured site
of the antiquaries, continues to be the most illustrative and best known
of these ‘ceremonial’ landscapes or sanctuaries”. Figure 1 shows a plan
of the Merrivale site. Marks (isolated set stones) are shown with the
prefix ‘M’. The Menhir or standing stone is abbreviated to ‘SS’.
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Figure 1. General Plan of the Merrivale Site. Marks (isolated set stones) are shown
with the prefix ‘M’.The Menhir, or standing stone, is abbreviated to ‘SS’.

Butler’s Dartmoor Atlas of Antiquities (1991) is the most complete
source of information on these monuments. For ease of cross-reference his appellation is used herein, although it has to be said that the
word ‘cairn’ is used to describe a variety of structures from earth
mounds to ring cairns.

ROWS
The idea that prehistoric monuments were aligned with the rising or
setting of the sun and stars has had a rough passage. Lockyer (1905)
claimed, by analogy with ancient Egypt, that not only did such alignments exist but also, with his knowledge of the changing direction of the
stars, that it was possible to calculate the dates when stone rows were
built. Worth, who knew Dartmoor well, denounced Lockyer’s work
(Worth, 1953, appendix IV, pp. 452–7) mainly on the grounds that
Lockyer had hardly, if ever, visited the place. Burl (1983, p.11) was cautious, stating that:
“Only when an alignment is very precise or when it is consistently
repeated in a group of similar sites should it be accepted as astronomical”.

Despite North’s detailed justification (1996) of the existence of
astronomical alignments, with many examples, Carnes (2014, pp.
27–8) claimed to have demolished astronomical theories. If a group
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of similar sites is needed to establish the existence of astronomical
alignments then Dartmoor, with its 70 stone rows, is the place. Burl’s
equation (1983, p. 20) relating declination to azimuth, latitude and
altitude of the horizon, provides the key:
sin D = (sin L x sin H) + (cos L x cos H x cos Az)
where D=declination, L = latitude, H = altitude of the horizon and
Az = azimuth

Latitude is the angular distance of a point on the Earth’s surface
from the plane of the Equator, measured at the centre of the earth.
Declination is measured the same way as latitude but is used to define
a point on the celestial sphere (Fig. 2). The azimuth of a row is the
direction of the cairn measured from the lower end, relative to True
North. ‘H’ is the altitude, or elevation angle, of the local horizon
observed from this point, looking along the row. Table 1 lists the
brightest stars rising in the north-eastern sky with their declination at
different dates BC. (Source: www.stellarium.org).
Dartmoor’s stone rows are generally located on rising ground with,
in most cases, a burial mound (‘cairn’) at the higher end. The three
rows at Merrivale belong to a group of some 27 rows aligned to the
north-east quadrant. These are the most likely to be associated with

Figure 2. Latitude and Declination.
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Table 1. Declination of the Bright Stars.

the rising of sun or stars. L, H and Az have been measured for each of
these rows and Burl’s equation used to calculate the declination of a
star (or Sun) rising in line with the row (Table 2). When compared
with Table 1 it is evident that each one of the 27 rows aligns with one
of the eight listed stars at a date within the range shown. Not only do
these results demonstrate that the rows are astronomically aligned
but also that Lockyer’s technique of astronomical dating appears viable although possibly not highly accurate. Grid positions (Table 2,
column E) are those of the lower end of each row as recorded by GPS.
No date can be ascribed to Deneb, whose declination remains nearly
constant. The row at Cut Hill (not included in Table 2) has an azimuth of approximately 230° marking mid-winter sunset.
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Table 2. Stone Rows Rising to the North East.
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At Merrivale, Rows 1 and 2 are both aligned with the rising of
Alcyone, the brightest star in the Pleiades, but at different dates: about
2000BC and 1600BC respectively (Fig. 3). It is likely that Row 2 was
constructed when Row 1 ceased to be usable for the observation of
the Pleiades. Lockyer (1905, p. 154), using slightly different declination values and working from maps, found the dates to be 1580 and
1420BC for Rows 1 and 2 and 1850BC for Row 3. Why the Pleiades?
According to North (1996, p.46) the Pleiades played an important
part in the mythology of many important literate cultures. Walker
(2005, pp.52–78) describes several solar alignments associated with
Rows 1 and 2 with illustrations demonstrating the use of shadows to
determine the summer and winter solstices.
Row 3 (Fig. 4) is aligned with the right flank of Great Mis Tor on a
true bearing of 026°. This indicates the rising of Deneb. Because of its
high declination the rising trajectory of Deneb is shallow, favouring
the choice of a sightline where the horizon slopes down to the right.
In many of the rows the proximal stone (i.e., that nearest to the
burial cairn), is set at 90° to the row and is aligned with a high point
on the horizon. Thus the eastern end of Row 1 forms a right angle
with Little King’s Tor and that of Row 2 with King’s Tor. In Row 3,
Middle Staple Tor is indicated. This 90° separation between earthly
and heavenly realms is also found in the cists listed in Table 3.

Figure 3. Astronomical Dating of Rows 1 and 2 at Merrivale.
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Table 3. Cists aligned with Midsummer Sunrise.

Figure 4. Alignment of Merrivale Row 3. Photograph by author.

CISTS
Cists are Neolithic or Bronze Age burial chambers that are typically
lined with stone (Latin cista, chest). On Dartmoor, many of the burial
mounds or cairns are located on straight lines joining two tors. Indeed,
some are located on the intersection of two such lines. Cairn C12 at
Merrivale is a stone-covered mound aligned approximately northsouth. It is located at the intersection of orthogonal lines from Middle
Staple Tor to South Hessary Tor (bearing 104°T) and from Little
King’s Tor to Great Mis Tor (bearing 014°T).
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Orientation
Worth (1953, p. 179) showed that the great majority of Dartmoor’s
cists are aligned in the north–west/south–east quadrants. Although no
skeletons have survived the acid soil, we know from other finds in the
Westcountry that they would have been laid on their left side with the
head at the northern-most end; i.e., facing towards the north-east
(Burl, 1983, pl. 13, p. 41). Worth was, of course, looking along the
long axis of the cists but if, instead, we look along the short axis (in
the direction in which the incumbent would have faced) there is a
similarity between the alignments of nearly all the cists and those of
the majority of stone rows. Therefore, if the astronomical alignment
of stone rows is accepted, the alignment of cists should also be examined.
Butler (1991, v. 5, pp. 279–80) lists 187 cists on Dartmoor. Of
these, perhaps one third remain sufficiently complete for any accurate
measurement of direction. Measurements must, however, be treated
with caution as the stones forming the long sides of a cist are not
always parallel. Also, expansion and contraction of the peaty soil surrounding the cist may have forced a change of alignment. However,
there is often a topographical ‘target’ (i.e., a tor or a valley) to the
north-west, in line with the long axis, or to the north-east, in line with
the short axis. The direction of the target can then be accurately determined.
At Merrivale there is only one cist (C7) whose orientation can be
measured. It is one of a small group (Table 3) with similar characteristics: the long axis is aligned with a distant tor (Roos Tor in the case
of C7) and from this the short axis is shown to be aligned with midsummer sunrise.
Throughout the Bronze Age the Sun’s declination at midsummer
was 24° to the nearest degree. The declinations calculated using the
above equation have all been adjusted for atmospheric refraction and
Sun’s radius.

THE ‘BIG SLAB’ [SX 55645 75308]
Bing (1979, p. 26) mentions a large slab about 280 yards north of the
road (B3357). He expresses the opinion that it is aligned with Pew
Tor. However, Figure 5 shows the alignment to be further to the
south. Bing was probably looking in the wrong direction! This mas-
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Figure 5. The ‘Big Slab’ looking south-west. Photograph by author.

sive piece of granite, which must weigh several tons, is aligned to the
right of Little Mis Tor on a bearing of 042° making a right angle with
Roos Tor on 342°. This indicates the rising of Capella. As the ‘Big
Slab’ is offstage it may have served to herald a forthcoming event.
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THE CIRCLE
“Merrivale Stone Circle is impressive neither in size nor in substance.”
(Hemery, 1983, p. 1046), nor is it accurately circular. However, it does
have some interesting features. Most of the eleven stones are not tangential to the circle but are skewed to point at tors on the horizon (Fig.
6). The exceptions are stones 1 and 7 in Figure 7 which are aligned with
midsummer sunrise and midwinter sunset respectively. These alignments demonstrate that it would have been customary to proceed
clockwise round the circle. Additionally, several pairs of stones are set
at right angles, as shown by the coloured lines in Figure 7.

Figure 6. Stones in Merrivale Circle aligned with Kings Tor, Pew Tor and Middle Staple
Tor. Photographs by author.

Figure 7. Right Angles at Merrivale Circle.
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Figure 8. The Menhir seen through Slab 1. Photograph by author.

SLABS 1 AND 2
Slabs 1 and 2 are recorded by Wood (1978, p. 130). Slab 1, located
on a line bearing 045° from the Menhir to the eastern end of Row 2
(R2E), is aligned perpendicular to this line; the Menhir is visible
through a small hole in the stone (Fig. 10) on the reciprocal bearing
of 225°. At this latitude, as at Stonehenge, the most northerly rising
of the moon occurs on a bearing of 045° and its most southerly setting
on 225°. Slab 2 is at right angles to Slab 1; i.e., aligned on 045°.

THE MENHIR
The Menhir (SX 55355 74591) is not the only standing stone at Merrivale but it is by far the largest. It stands south of R1W (of which
more later) and on an east-west (equinoctial) line from Barn Hill to
Hollow Tor, thus creating another right angled intersection (Fig. 9).
The Menhir is orientated towards Vixen Tor on a bearing of 251°
but this may have been an accident of restoration. As mentioned
above, a line bearing 045° passes through Slab 1 to R2E. On Midsummer’s Eve the Sun can be viewed setting behind the notch in Middle Staple Tor.
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Figure 9. Menhir Alignments.

DIMENSIONS: THE MERRIVALE STRIDE
In the 1950s, Professor Alexander Thom took measurements at some
300 Bronze Age sites. He concluded that a standard unit of distance,
0.829 metres, which he called the Megalithic Yard (MY), had been
used. However, his theory has not been universally accepted. Later,
Wood (1978, p. 133) published a detailed set of measurements of the
Merrivale site. He claimed that many of the distances measured could
be made up of multiples or combinations of three lengths, which he
called alpha, beta and gamma. These were 13.1, 15.6 and 43.4 metres
respectively. Thom’s MY does not fit. However, Wood appears not to
have realised that his alpha, beta and gamma have a common factor
of 87.1 cm. If we were to postulate a ‘Merrivale Stride’ (MS) of 87.1
cm this would go into alpha, beta and gamma almost exactly (within
0.5%), thus:
α = 13.1m = 15MS
β = 15.6m = 18MS
Ɣ = 43.4m = 50MS
Using the Merrivale Stride as our unit of measurement we find that
many of Wood’s dimensions are in multiples of ten strides. Also, the
inner spacing of each of the double rows is about 1 MS, suggesting
that a measuring rod of this length was used.
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Table 4. Measured distances in Metres and Strides.
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Figure 10. 3:4:5 Triangles at Merrivale.

Discovery of the probable existence of the Merrivale Stride based
on Wood’s data prompted further investigation. Positions of all the
major features plus numerous isolated set stones (marks) were
recorded using a handheld GPS receiver. A selection of the distances
found is given in Table 4; all of these are multiples of 10 strides.. This
process revealed some interesting geometric patterns (Fig. 10). At
each end of the two long rows is a right-angled triangle in the ratio
3:4:5. At the western end the ring cairn is the third point, the sides
being 60, 80 and 100 strides. At the eastern end a mark (M11) is the
third point, forming sides of 30, 40 and 50 strides. Interestingly,
marks M5 and M11 are on a line due east from the Ring Cairn.
A larger 3:4:5 triangle is formed by the west end of Row 1 (R1W),
the east end of Row 2 (R2E) and the circle (O). From R1W to R2E is
due east and from R1W to O is due south. The bearing of R2E from
O is 053° which happens to be the direction of midsummer sunrise at
this latitude (50°.55'N) with H=2°. A large rock on the horizon serves
as a ‘foresight’. Either the triangle was used to calculate the direction
of midsummer sunrise and the circle located at its southern apex (the
position of the ‘foresight being coincidental) or, more likely, the circle
was located so as to align with the ‘foresight’ and Row 2 extended
eastwards to complete the triangle.

CONCLUSIONS
The astronomical alignments of the rows and other features at Merrivale are explained. Rows 1 and 2 are both aligned with the rising of

DTR 148.indb 204

04/01/17 11:13 AM

Bronze Age geometry at Merrivale

205

the Pleiades but at different dates. Row 3 is aligned with the rising of
Deneb. The upper end of each row forms a right angle with one of the
tors on the horizon. Similarly, the long axis of the cist (C7) points at
a tor while the short axis is aligned to midsummer sunrise.
Of the eleven stones in the circle, nine are aligned with tors on the
horizon. The other two are aligned with midsummer sunrise and midwinter sunset. Like other stone circles on Dartmoor, the Merrivale
circle is located at the conjunction of several right-angled lines to
local tors. Other right angles drawn within the site are found to be in
the ratio 3:4:5.
The unit of measurement (the ‘Merrivale Stride’) used in the construction of the site (including the separation of the double rows) is
found to be close to 87 cm. Many of the distances measured on the
site are multiples of ten strides.
The evolution of the Merrivale site over several centuries reflects
changes in the needs and beliefs of Bronze Age society. A driving
force for change would have been the development of farming, vital
for survival through the winter and requiring greater accuracy in the
measurement of time. Without collateral dating evidence, conclusions
must be speculative but a possible sequence could be as follows:
a.

b.

c.
d.

Neolithic and early Bronze Age cemetery with burials located
on topographical lines between high places. This suggests a
desire to associate with the spirits of ancestors who inhabited
and moved between the high tors.
The circle and cist C7 constructed with topographical and solar references incorporating right angles. Midsummer sunrise
was possibly associated with rebirth and long life.
Construction of Rows 1 and 3, primarily astronomical but still
linked to burials and with perpendicular topographical links.
Construction of Row 2 about 400 years after Row 1 and taking over its astronomical ritual function. Adjustment of the
ends of Row 2 to incorporate 3:4:5 triangles binding the elements of the site into an integrated whole.

What is surprising is the apparent lack of interest in Merrivale from
professional archaeologists. Even Newman’s excellent book gives
Merrivale scarcely more than half a page (2011, p. 59 and photograph on p. 38). Most of the names in the list of references were ama-
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teurs such as Lockyer (Astronomer Royal) and Wood (Director of a
naval establishment)!
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