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This is a wider problem in academia (including medical research!!) that only 
began to be recognised a couple of years ago

Published archaeoastronomical work tends to be positive-result biased.

By this I mean that only positive results are reported and published: i.e. 
hypotheses that find validation in the available evidence.
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Publishing negative results is advantageous because:

(1) it can save time in future

(2) it can set the scene for future interpretation when more evidence is 
available

(3) it makes research more transparent and honest

This is a wider problem in academia (including medical research!!) that only 
began to be recognised a couple of years ago

Published archaeoastronomical work tends to be positive-result biased.

By this I mean that only positive results are reported and published: i.e. 
hypotheses that find validation in the available evidence.
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(1) It is important for the discipline that we consider and report all hypotheses 

reporting is necessary for transparency
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Aims of Today’s Lecture

By the end of this lecture I will have argued that:

(2) It is equally important to recognise when there isn’t sufficient evidence to 
support a single hypothesis

reporting is necessary for transparency

i.e. interpretative honesty

This is relevant since, in archaeology as in most other fields, there is always the 
possibility of finding new evidence in the future.  

But also, it is important to demonstrate transparency and honesty when trying to 
convince others of your research results (as well as to convince them the field 
itself is relevant!).

(1) It is important for the discipline that we consider and report all hypotheses 
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A Recent Case Study
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The Planning and Orientation of the Rego da Murta
Dolmens (Alvaiázere, Portugal)

By ALEXANDRA FIGUEIREDO1, BENITO VILAS-ESTÉVEZ2, and FABIO SILVA3,4

During the excavation of Rego da Murta Dolmen I, a structure belonging to a megalithic cluster in central Portugal,
a number of small sub-quadrangular quartzite stones were found embedded within a layer below that of the deepest
orthostat. In this paper, we report on these findings and highlight three key features of these small stones, namely
their location relative to the dolmen’s plan, the distances between them, and their orientations. We suggest the
quartzite stones could have been markers used in the planning of this megalithic structure. In addition, we analyse
the orientations of the two main structures of the cluster (Dolmen I & Dolmen II), which are reflected by the
orientation of the quartzite stones. We tentatively suggest potential landscape and skyscape alignments for their
orientations, including three hypotheses for the observed differences in orientation between the two.

Keywords: megalithic tombs, Portugal, archaeoastronomy, skyscapes, Late Neolithic, Chalcolithic, window of visibility

In this paper, we focus on recent work undertaken in
the Rego da Murta megalithic cluster, in central
Portugal, where two dolmens (antas in the original
Portuguese) have recently been excavated. In one of
these structures, a number of small quartzite stones
were found embedded within the deepest layer of the
site. Their location with respect to the orthostats’
placement and the orientations formed amongst them
could be indicative of their use in planning the con-
struction of the monument in which they were found.
We therefore report on this discovery and conduct a
preliminary assessment of this hypothesis.

In addition, it was observed that some of the
orientations marked by the stones are similar to

the orientation of the passage or corridor, which adds
weight to the hypothesis that the orientation of these
structures was intentional. Therefore, an analysis of
the orientation of the two structures was completed
with respect to potential alignments with orographic
and/or celestial features. With only two monuments
excavated, a statistical analysis of orientation as
commonly practised in archaeoastronomy is impos-
sible (eg, Hoskin 2001; Ruggles 1999). However, we
opt for a more in-depth, almost micro-scale approach,
looking at each monument in turn and presenting all
their possible alignments, before turning to a meso-
scale approach in search of similarities and differences
at the cluster scale. As suggested by Silva (2014), these
approaches are applicable to both monuments and
take the wider archaeological record into account.

THE REGO DA MURTA MEGALITHIC CLUSTER

The Rego da Murta megalithic cluster is a large
complex of megalithic monuments that extends over
an area of about 1 km2 in Alvaiázere, in the Leiria
district of central Portugal (Velho 2003; Figueiredo
2004a; 2013a). It is located on Mesozoic limestone
terrains (which form the whole mountain range of
Alto Nabão) in the plain between the Nabão River
and Zêzere River, which is a tributary of the Tagus
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Rego da Murta Cluster

The Rego da Murta megalithic 
cluster is a large complex of 
megalithic monuments in 
Alvaiázere, in the Leiria district of 
central Portugal. 

1 : Dolmen I 
2 : Domen II 
3-9 : Menhirs 
10-14 : Other (smaller) structures 

Undergoing excavation since 1998. 

Burial evidence indicates Late 
Neolithic and Early Bronze Age 
use, roughly 3500-2000 BCE



Rego da Murta Cluster

In a few cases, such atypical structures also contain
funerary deposits, as is the case at Jogada 5 (Cruz
2004) and Colos (Batista 2006; 2013; Cruz et al.
2016), which are both located in Abrantes, just south
of Rego da Murta.

The Rego da Murta megalithic cluster has been
undergoing excavation since 1998. At the time of
writing, it includes a total of 14 known structures –

including dolmens, menhirs, and other atypical
monuments – four of which have been excavated and
restored (Velho 2006; Figueiredo 2004b; 2005; 2006;
2007; 2010; 2013b). Two of the menhirs from this
cluster have also been excavated (Figueiredo 2013b).
Morphologically, they are rounded on one side (the
‘belly’) and flat on the other. In both cases the belly side
faces north. In Menhir I, a cup mark at the centre of the
belly was identified. A small deposition consisting of a
great number of seeds (unidentified), silex materials, and

a small ceramic fragment was found nearMenhir II. The
two other excavated monuments, Dolmen I and II, are
the main focus of this paper.

Rego da Murta Dolmen I is composed of an
octagonal chamber and a relatively prominent
corridor, which is more or less the same length as the
diameter of the chamber (Fig. 2). Excavation has
revealed burials from two distinct periods, the Late
Neolithic and the Early Bronze Age, which together
span almost 1500 years (Figueiredo 2006, 77–93). The
burials (of unknown type) comprise a minimum of 50
individuals of varied sex (only ten could be gendered)
and age. They were associated with wild (mainly
rabbit) and domestic (pig, ovicaprid, and dog) animal
bones and a varied artefact assemblage (Figueiredo
2006, 41–2). The artefacts included: a wide assortment
of ceramic vessels, mostly undecorated; blades and
lamellae; some arrowheads, mostly with triangular

Fig. 2.
Plan of Rego da Murta Dolmen I (left), with compass rose pointing towards true cardinal points. Photograph of the Dolmen

after the 2004 restoration works (top right)

A. Figueiredo et al. PLANNING & ORIENTATION, REGO DA MURTA DOLMENS (PORTUGAL)
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Dolmen I

Burials from two distinct periods (LN and EBA).

Minimum of 50 individuals, both male and female, 
and various ages.

Also wild (mainly rabbit) and domestic (pig, 
ovicaprid and dog) animal bones.

Ceramic vessels, blades, arrowheads, necklace beads, 
axes, etc.



Rego da Murta Cluster

base; a large set of necklace beads, mostly in slate; and
polished objects (axes and gouge). In addition to the
burials, excavators identified a large stone circular struc-
ture in the centre of the chamber (Fig. 2), possible traces
of paintings on the backstones, and a zig-zag engraving
on an orthostat on the left side (Figueiredo 2006, 38–42).

To the north of Dolmen I, a second dolmen, Rego
da Murta Dolmen II, has also been excavated
(Figueiredo 2004b; 2007; 2010). This dolmen differs
morphologically from the first, as it lacks a clear
distinction between its chamber and corridor (Fig. 3).
It contains eight pit deposits of a mixture of faunal and
human bones (MNI of 54), closed off by limestone rocks
and associated with overturned vessels, some of them
whole, as well as a multitude of traces that fit chrono-
logically in the mid- to late Chalcolithic period. Beneath
this, the chamber of this dolmen includes a paved area,
probably built in the early to mid-Chalcolithic, which
lies on top of a series of contemporary or earlier
depositions where small traces of very fractured, unburnt
osteological splinters were identified, one of which was
dated (3370–3100cal BC, Beta-451546; see below).

Radiocarbon dates
Collagen samples from recovered human bone pro-
vided nine AMS radiocarbon dates for Dolmens I and
II (Figueiredo 2010). Together with two charcoal dates
from Dolmen II, they provide a clearer picture of the
use of this cluster through time. Table 1 and Figure 4

Fig. 3.
Plan of Rego da Murta Dolmen II (left), with compass rose pointing towards true cardinal points. Photograph of the Dolmen

after the 2012 restoration works (top right)

TABLE 1: TABLE OF ABSOLUTE AMS DATES OF BONE
FRAGMENTS FOR BOTH REGO DA MURTA DOLMENS

Structure Lab.
Code

Uncalibrated
date BP

Cal BC

(95%)
Dolmen I Beta-190001 4520± 40 3370–3090

Beta-189998 4490± 60 3370–2940
Beta-190003 4400± 40 3330–2900
Beta-190002 4370± 40 3100–2900
Beta-190000 3640± 40 2140–1900
Beta-189999 3510± 40 1950–1700

Dolmen II Beta-451546 4540± 30 3370–3100
Beta-190004 4290± 40 3330–2770
Beta-190007 4190± 40 2900–2630
Beta-453400 4070± 30 2860–2490
Beta-190008 4060± 50 2870–2470

THE PREHISTORIC SOCIETY
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Dolmen II

Located to the North of Dolmen.

No clear distinction between chamber and corridor.

Later, eight pit deposits with a mixture of human and 
animal bones (minimum number of 54 people), 
closed off by limestone rocks associated with 
overturned vessels

Includes a paved area.



Rego da Murta Cluster

base; a large set of necklace beads, mostly in slate; and
polished objects (axes and gouge). In addition to the
burials, excavators identified a large stone circular struc-
ture in the centre of the chamber (Fig. 2), possible traces
of paintings on the backstones, and a zig-zag engraving
on an orthostat on the left side (Figueiredo 2006, 38–42).

To the north of Dolmen I, a second dolmen, Rego
da Murta Dolmen II, has also been excavated
(Figueiredo 2004b; 2007; 2010). This dolmen differs
morphologically from the first, as it lacks a clear
distinction between its chamber and corridor (Fig. 3).
It contains eight pit deposits of a mixture of faunal and
human bones (MNI of 54), closed off by limestone rocks
and associated with overturned vessels, some of them
whole, as well as a multitude of traces that fit chrono-
logically in the mid- to late Chalcolithic period. Beneath
this, the chamber of this dolmen includes a paved area,
probably built in the early to mid-Chalcolithic, which
lies on top of a series of contemporary or earlier
depositions where small traces of very fractured, unburnt
osteological splinters were identified, one of which was
dated (3370–3100cal BC, Beta-451546; see below).

Radiocarbon dates
Collagen samples from recovered human bone pro-
vided nine AMS radiocarbon dates for Dolmens I and
II (Figueiredo 2010). Together with two charcoal dates
from Dolmen II, they provide a clearer picture of the
use of this cluster through time. Table 1 and Figure 4

Fig. 3.
Plan of Rego da Murta Dolmen II (left), with compass rose pointing towards true cardinal points. Photograph of the Dolmen

after the 2012 restoration works (top right)

TABLE 1: TABLE OF ABSOLUTE AMS DATES OF BONE
FRAGMENTS FOR BOTH REGO DA MURTA DOLMENS

Structure Lab.
Code

Uncalibrated
date BP

Cal BC

(95%)
Dolmen I Beta-190001 4520± 40 3370–3090

Beta-189998 4490± 60 3370–2940
Beta-190003 4400± 40 3330–2900
Beta-190002 4370± 40 3100–2900
Beta-190000 3640± 40 2140–1900
Beta-189999 3510± 40 1950–1700

Dolmen II Beta-451546 4540± 30 3370–3100
Beta-190004 4290± 40 3330–2770
Beta-190007 4190± 40 2900–2630
Beta-453400 4070± 30 2860–2490
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Dolmen II

In a few cases, such atypical structures also contain
funerary deposits, as is the case at Jogada 5 (Cruz
2004) and Colos (Batista 2006; 2013; Cruz et al.
2016), which are both located in Abrantes, just south
of Rego da Murta.

The Rego da Murta megalithic cluster has been
undergoing excavation since 1998. At the time of
writing, it includes a total of 14 known structures –

including dolmens, menhirs, and other atypical
monuments – four of which have been excavated and
restored (Velho 2006; Figueiredo 2004b; 2005; 2006;
2007; 2010; 2013b). Two of the menhirs from this
cluster have also been excavated (Figueiredo 2013b).
Morphologically, they are rounded on one side (the
‘belly’) and flat on the other. In both cases the belly side
faces north. In Menhir I, a cup mark at the centre of the
belly was identified. A small deposition consisting of a
great number of seeds (unidentified), silex materials, and

a small ceramic fragment was found nearMenhir II. The
two other excavated monuments, Dolmen I and II, are
the main focus of this paper.

Rego da Murta Dolmen I is composed of an
octagonal chamber and a relatively prominent
corridor, which is more or less the same length as the
diameter of the chamber (Fig. 2). Excavation has
revealed burials from two distinct periods, the Late
Neolithic and the Early Bronze Age, which together
span almost 1500 years (Figueiredo 2006, 77–93). The
burials (of unknown type) comprise a minimum of 50
individuals of varied sex (only ten could be gendered)
and age. They were associated with wild (mainly
rabbit) and domestic (pig, ovicaprid, and dog) animal
bones and a varied artefact assemblage (Figueiredo
2006, 41–2). The artefacts included: a wide assortment
of ceramic vessels, mostly undecorated; blades and
lamellae; some arrowheads, mostly with triangular

Fig. 2.
Plan of Rego da Murta Dolmen I (left), with compass rose pointing towards true cardinal points. Photograph of the Dolmen

after the 2004 restoration works (top right)

A. Figueiredo et al. PLANNING & ORIENTATION, REGO DA MURTA DOLMENS (PORTUGAL)
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Dolmen I

The two Dolmens might have experienced 
periods of use and disuse; they underwent 
profound alterations of their internal 
structures, but had minimal changes to their 
lithic structures: 

 - both dolmens were probably constructed 
and used at the same time, as indicated by the 
oldest radiocarbon dates of the two structures 
(3370–3090 cal BC).  

 - in the Late Neolithic/Early Chalcolithic, the 
interior of Dolmen II was cleared of its 
contents, a pavement placed, and the 
ossuaries deposited. By contrast, Dolmen I 
was never cleared, but its interior presented 
evidence of extensive mixing of material, 
including of the bone assemblages.  

- this might indicate the occurrence of a shift in 
funerary practice in the Early Bronze Age, a 
period in which burials lack the lithic structures 
that were visible in the mid- to late Chalcolithic. 



Side note: the quartzite stones

orientations can vary by as much as 10° in a specific
case-study.

For these reasons, the measurement of the complete
range of orientations allowed by the structure’s
architecture, the so-called window of visibility, has
been proposed (Silva 2014). For structures with a
passage or corridor, this is measured by the diagonals
of the passage and the chamber’s entrance, which yield
minimum and maximum azimuths that correspond to
the maximum uncertainty in the measurement of
orientation. This is safer than previous methods, for if
the builders had any intention regarding the orienta-
tion of the dolmen then the intended target (celestial,
orographic, or both) is sure to fall within the minimum
and maximum range of the window of visibility
(which can be calculated without projecting modern
western notions of axis or symmetry into the
prehistoric past).

Orientation measurements using both the traditional
(following Hoskin 2001) and window (following Silva

2014) methods were taken using a survey-grade sighting
compass with an advertised precision of 0.5°. Magnetic
anomalies were checked for in the field by measuring
orientation in both directions and comparing their values,
as suggested by Ruggles (1999, 165). Azimuths were then
corrected for true north using the International
Geomagnetic Reference Field model provided by the
National Oceanic and Atmospheric Administration web-
site (https://www.ngdc.noaa.gov/geomag-web/?model=
igrf#igrfwmm).

The quartzite stones were removed after excavation,
so the orientation between pairs of these stones could
not be measured in situ. However, their location had
been accurately recorded using a total station during
excavation and, therefore, the orientations between the
quartzite stones could be obtained using the COGO
module of ArcMap v10.3 (http://desktop.arcgis.com/
en/arcmap). To confirm that no systematic errors were
being introduced, all in situ measurements were
also recreated in ArcMap, using the monuments’ plans.

Fig. 5.
Three of the quartzite stone markers in situ

A. Figueiredo et al. PLANNING & ORIENTATION, REGO DA MURTA DOLMENS (PORTUGAL)
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At the end of the Dolmen I excavation, a set of 
small sub-quadrangular stones were found at 
the bottom of all the archaeological layers. 

They are very different from the other stones 
used in these monuments, both in shape and 
material constitution.

They were placed in the deepest layer, but 
extended in height to the level where the 
orthostats are planted.  

The intentional placement of these stone 
markers in the ancient soil suggests there was 
a plan for the construction of the monument 
prior to the placement of the orthostats that 
formed the chamber and corridor. 



Methodology

o o

N

89.4º

Previous scholars have focused on a ‘single’ measurement of orientation 
(below) and mentioned an uncertainty of 2º or 3º, although the latter was 
never used!

M Hoskin (2001) Tombs, Temples and Their Orientations: A New Perspective on 
Mediterranean Prehistory. Bognor Regis: Ocarina Books

This I will call the axis of symmetry, or the traditional, method.
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Previous scholars have focused on a ‘single’ measurement of orientation 
(below) and mentioned an uncertainty of 2º or 3º, although the latter was 
never used!

But many such ‘single’ orientations are possible to measure…
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N

Silva, F. (2014) A Tomb with a View: new methods for bridging the gap between land and sky 
in megalithic archaeology. Advances in Archaeological Practice 1(2): 24–37. 
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Methodology

Previous scholars have focused on a ‘single’ measurement of orientation 
(below) and mentioned an uncertainty of 2º or 3º, although the latter was 
never used!

But many such ‘single’ orientations are possible to measure…

o oo

N

89.4º

92.4º

97.8º
95.8º

91.6º

Differences in azimuth can ascend to 10º or more!!!

How can we say which line best captures what the prehistoric 
people had in mind?

???

We cannot!

Silva, F. (2014) A Tomb with a View: new methods for bridging the gap between land and sky 
in megalithic archaeology. Advances in Archaeological Practice 1(2): 24–37. 



Methodology

Instead, I’ve proposed a different methodology, where we measure the minimum 
and maximum azimuths, or what I have called the ’window of visibility’

N

81.1º

102.6º

There are two reasons for preferring this methodology:

(statistical) : working with maximum uncertainty

(phenomenological) : this window is what is actually experienceable

Hence, both quantitatively and qualitatively we are working with fewer biases!

Silva, F. (2014) A Tomb with a View: new methods for bridging the gap between land and sky 
in megalithic archaeology. Advances in Archaeological Practice 1(2): 24–37. 
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Interpretative Hypotheses

H0 : arbitrary orientation
Always consider this!



Interpretative Hypotheses

H0 : arbitrary orientation

H1 : the orientation of the two structures might target the hill on the horizon but no 
celestial object

The fact that both structures target the same hilltop, albeit different sections of it, suggests that it was 
significant to these Late Neolithic/Chalcolithic communities. This hypothesis could be strengthened by 
finds of other megalithic structures orientated towards this hill in its vicinity, as well as potential 
archaeological finds on the hilltop itself, which is a mere 2 km away from the Rego da Murta cluster. 

Always consider this!



Interpretative Hypotheses

H0 : arbitrary orientation

H2 : despite their different central axes, the two monuments target and align with a single 
celestial object, in addition to aligning with the same hill

Comparing their ranges, one finds that there is a small but considerable overlap in declination (−9° to 
−18.5°). The stars Betelgeuse and those of Orion’s belt are the only celestial objects of note that 
match this declination range for the period under consideration .

Always consider this!

H1 : the orientation of the two structures might target the hill on the horizon but no 
celestial object

The fact that both structures target the same hilltop, albeit different sections of it, suggests that it was 
significant to these Late Neolithic/Chalcolithic communities. This hypothesis could be strengthened by 
finds of other megalithic structures orientated towards this hill in its vicinity, as well as potential 
archaeological finds on the hilltop itself, which is a mere 2 km away from the Rego da Murta cluster. 
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H3 : the two monuments target different celestial objects 
Dolmen I could be targeting the sunrise in or around the December solstice, the summer full moon, 
the star Sirius, or the Southern Cross constellation. On the other hand, Dolmen II could be targeting 
the spring full moon, or the stars Aldebaran and Betelgeuse.

H1 : the orientation of the two structures might target the hill on the horizon but no 
celestial object

The fact that both structures target the same hilltop, albeit different sections of it, suggests that it was 
significant to these Late Neolithic/Chalcolithic communities. This hypothesis could be strengthened by 
finds of other megalithic structures orientated towards this hill in its vicinity, as well as potential 
archaeological finds on the hilltop itself, which is a mere 2 km away from the Rego da Murta cluster. 



Seasonality

We’ve discussed how seasonality can help discern between alternative targets in the last seminar (on 
Identification and Interpretation).

If there is evidence of seasonal occupation or use of a site this can be used to build a case for, or 
against, some celestial targets — hopefully this can help narrow down our hypotheses.
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Unfortunately, the megalithic cluster’s seasonality of occupation, as inferred from the archaeological 
record, is inconclusive. Access to the dolmens would have been difficult in winter as they are 
located on floodplains, which might preclude any winter alignments.



Seasonality

We’ve discussed how seasonality can help discern between alternative targets in the last seminar (on 
Identification and Interpretation).

If there is evidence of seasonal occupation or use of a site this can be used to build a case for, or 
against, some celestial targets — hopefully this can help narrow down our hypotheses.

Unfortunately, the megalithic cluster’s seasonality of occupation, as inferred from the archaeological 
record, is inconclusive. Access to the dolmens would have been difficult in winter as they are 
located on floodplains, which might preclude any winter alignments.

“However, based on the presently available data, or lack thereof, we refrain from speculating any 
further, but hope to return to these hypotheses later when more evidence is available.” (p. 15)



Conclusions & Best Practice

(1) Always consider all hypotheses

(2) See how those hypotheses fare against the evidence available

(3) In essays and publications, mention all hypotheses considered and how they 
fare against the evidence

(4) Recognise and acknowledge when there is insufficient evidence to choose 
between different hypotheses


