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Abstract 
This paper summarises the results of the first analytical investigation of the soil 
chemistry of Asturian Megalithism, an approach which is essential, due to the scarcity 
of materials conserved in the burial areas. The combination of three analytical 
techniques enabled this study of the soils from the Cobertoria dolmen (Salas, Spain), 
a megalithic monument dated at around 3500 BC. The text describes the techniques 
and results of the analyses made on the corridor, and their relationship with their 
archaeological contexts. The peaks of some elements closely correspond with the 
geology of the site while others, especially the phosphorous components, are not 
common in the natural soils of this area. XRF and ICP-MS analysis showed peaks 
of this element indicating phosphorus concentrations that cannot be understood 
without the anthropogenic influence of the use of the corridor. The decomposition 
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of bodies or the organic elements buried here is the most probable reason for these 
high peaks. 

Keywords
Soil chemistry; Neolithic; Calcolithic; Megalithism; Cantabrian area 

Resumen 
Este artículo resume los resultados de la primera investigación dentro del 
megalitismo asturiano sobre composiciones químicas de los horizontes funerarios. 
La combinación de tres técnicas analíticas permitió una caracterización detallada 
de los niveles del dolmen de la Cobertoria (Salas, Asturias), monumento datado 
sobre el 3500 a.C. En el texto se describen las técnicas utilizadas para analizar estos 
niveles, así como los resultados obtenidos y su relación con el contexto arqueológico. 
La presencia de algunos componentes corresponde a la naturaleza geológica del 
sitio mientras que otros, como el fósforo, deben ser explicados por otros motivos. 
El uso de FRX y de ICP-MS mostró cifras elevadas de este componente que no 
pueden ser entendidas sin tener en cuenta el uso funerario que tuvo esta entrada. 
La descomposición de cadáveres, o de elementos orgánicos asociados a estos, es 
aquí la razón más probable para explicar estos altos índices de fósforo. 
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1. INTRODUCTION

Although the megalithic type known as the passage tomb is widely represented 
throughout Prehistoric Europe, in the Cantabrian area this megalithic design is not 
so common. Furthermore, it is always less monumental than the big megalithic 
sites, besides being a very unorthodox interpretation of the original megalithic 
label (De Blas 1983; Arias et al. 2006). Therefore, in this northern coastal region of 
Spain, the term passage tomb hides a «surprising diversity», as it does in most of 
Europe (Flanagan 1998). In northern Iberia, Asturias, Galicia and the Basque Country 
possess a long tradition of research into these monuments which has entailed 
considerable effort in gathering data from excavations and field work. Thanks to 
these data it is possible to define the main characteristics of the architecture, as 
well as the chronology of some archaeological zones (De Blas 2008; Fábregas and 
Vilaseco 2004; Fernández-Eraso and Mujika-Alustiza 2013).

In all these megalithic areas archaeologists are confronted by the problem of 
highly acidic soils which implies that, even in historical burials, only a few elements 
of human bodies are conserved after a few centuries. Obviously, this is a general 
concern for megalithic funerary studies in most of the Cantabrian and north-
western geological areas. However, in some territories there are fewer problems and, 

Figure 1. A) Map of Asturias. B) Map of the administrative area of Salas. C) San Juan Necropolis 
from the LiDAR data 
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certainly, some interesting collections of bodies have been recovered (Fernández-
Crespo and de la Rua 2015). Unfortunately, there are no studies focused on the 
geochemical definition of the levels excavated in the burial areas of the northern 
zone, although there have been notable efforts in the field of edaphology (Fábregas 
and Vilaseco 2003). Despite this lack of data, the environmental information is very 
complete in the Cantabrian region, thanks to the additional information provided 
by peatbogs or caves (Fábregas et al. 2003; Iriarte 2009; López-Merino et al. 2010; 
Uzquiano 2018; Pérez-Díaz et al. 2018). The information provided for other Iberian 
cases is more extensive, especially during recent decades, thanks to the edaphic 
analysis conducted in regions such as Galicia and Valencia5. These recent trends 
are based on previous papers derived from initial considerations of this discipline 
(Moreno and Ruiz Galvez 1989; Díaz 1993: 251-255); or, more commonly, from the 

5.   As a result of the research conducted by A. Cortizas in Galicia, and from the group of the researchers led 
by A. Pastor in Valencia (several references to the work of both researchers are included in the text and in the 
bibliography). 

Figure 2. Area excavated and the megalithic remains in the middle of the barrow, over a drone 
photograph of the site
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study of particular and regional cases. The latter present some interesting examples 
such as the analysis carried out in the Bronze Age necropolis of La Traviesa, in 
Sevilla6 (Valdés 1995), or in the rooms of the Iberian sanctuary of «Cerro Pajarillo» 
in Jaen (Sánchez and Cañabate 1999). 

Between 2016 and 2019 several excavations were carried out in the Cobertoria 
dolmen (R. del Cueto and de Blas 2018), one of the most important megaliths in 
the Asturian region (Figure 1). The main phases of the monument were described, 
defining three main periods of use during Prehistoric times, between 4000 BC and 
3500 BC (R. del Cueto and Busto 2020). The aim of this paper is to continue this 
research by adding a very specific characterization of the main levels of the only 
element that offers testimony of the burial gesture: a two-meter-long corridor in 
which the levels are completely intact (Figure 2). Three different kinds of analysis 
were performed during the years 2020 and 2021: inductively coupled plasma mass 
spectrometry (ICP-MS), X-ray fluorescence (XRF) and scanning electron microscopy 
(SEM). All the techniques were always applied to each of the selected layers in order 
to compare the results obtained in each case. The main conclusions of this cross-
check test are a key part of this paper.

2. SOIL CHEMISTRY AND ITS APPLICATION IN THE 
PREHISTORIC ARCHAEOLOGY OF THE CANTABRIAN AREA

Soil chemistry has a long tradition of defining its own methods and opening 
several sublines of research in order to gather more information about archaeological 
levels. For this reason, summarizing all the trends and challenges that must be 
addressed by soil chemistry studies is no easy task. Soils are the result of the 
sum of natural and anthropogenic processes, which entails difficulties for their 
characterization. Many different compounds are found in soils and those considered 
«artificial» may originate from a wide range of human activities. The large number 
of journals publishing in this field gives a clue to the complexity of the research 
and the necessity for an interdisciplinary perspective. Authors still emphasize the 
potential of the available tools, always highlighting the need to combine different 
analytical techniques for greater accuracy (Wilson et al. 2008).

Even the sampling process for this type of analysis has been under consideration 
in recent papers (Christian 2010; Pastor et al. 2016; Lubos et al. 2016) and while 
it is necessary to stress the texts focussing on current lines of research, the key 
challenges for the future must also be addressed (Oonk et al. 2009; Walkington 
2010)7. Clearly, the first two decades of the twenty-first century saw great advances 
with respect to the number of papers published; sufficient to underline the strengths 
and weaknesses of this particular field (Pastor et al. 2016; Shahack-Gross 2017). 

6.   Based on the archaeological records recovered during 1992 and 1993 by L. García San Juan and M. A. Vargas 
Durán (Valdés 1995: 330). 

7.   It is necessary to add the thesis of Linderholm (2010). 
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Much interest has focused on burial environments, which have received attention 
from three directions: either from the archaeological point of view (Di Pietro et 
al. 2018; Pickering et al. 2018), or from a medical (Turner-Walker 2008) or forensic 
(Zangarini et al. 2016) analysis. The importance and ubiquity of some minerals such 
as phosphorous, deeply linked with human activity, make them of great interest in 
this field (Maritan and Mazzoli 2004; Holliday and Gartner 2007).

Chemical soil analysis relies on key analytical techniques, each having its own 
historical pathway that can be discerned from the bibliography, as is the case of XRF 
(Theden-Ringl and Gadd 2017; Ginau et al. 2020; Williams et al. 2021) or ICP (Zaeem 
et al. 2021). Both are techniques of long-standing importance in the field and may 
sometimes be employed on the same site (Lubos et al. 2016). Many analytical lines 
of interest are now available, depending on the chronology of the archaeological 
site or its geology and the particular phenomenon under consideration. Although 
they will require more time and effort, other approaches may have great importance 
in soil chemistry, as is true of the rare earth elements and their research (Gallello 
et al. 2013).

This historical background shows that there is a long tradition of identifying 
the links between the different soil processes (human or natural) and the chemistry 
features of an archaeological site (Walkington 2010). At this point, it is always 
necessary to bear in mind the difficulties in quantifying this relation between the 
pedogenic, the diagenetic and the anthropogenic elements that can always make 
both analysis and interpretation of the results more complex (Walkington 2010: 125). 
The former author’s study, based on Carter and Davison (1998), also summarised 
the three main problems for establishing a group of diagnostic properties for a site 
(Carter and Davison 1998; Walkington 2010:125). Apart from these preliminary 
considerations, accumulated research experience makes it possible to search in the 
soil for specific components that could be the key to evaluating the repercussions 
of human activity in a specific terrain.

Taking into account these previous recommendations and with the aim of better 
understanding the processes involved in the burial areas of the megaliths, it is necessary 
to conduct cross-tab analysis on the recovered soil. Although apparently simple, this 
represents a novel experimental approach in the megaliths of the Cantabrian areas. 
Despite this, the long series of studies which comprises the historical background 
emphasizes the key challenges. For Holliday and Gartner (2007), for instance, the most 
common chemical elements affected by human activity are carbon, nitrogen, sodium, 
phosphorus and calcium (2007: 32). All research into this issue should consider these 
basic elements, although several authors have emphasized that soil chemistry is 
not only based on making a general chemical characterisation. In fact, identifying 
components is the easiest part of the process and the doubts, as Middleton et al. states, 
arise when the ancient behaviours that have created this chemical fingerprint have 
to be explained (2010:186). Even when the key element in a soil is clear, there must 
be, necessarily, a serious consideration of the geochemical actions that lie behind the 
presence of this material in certain soil levels.

Another very important variable is the type of analysis that should be performed 
in each particular case. ICP-MS has been used in many papers about soil chemistry 
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and, more specifically, the statistical analysis carried out by Pastor et al. reported 
that this technique was employed in 32% of the papers reviewed by this author 
(2016: 50). Its greater sensitivity and its effectiveness in detecting some elements 
(RRE and trace elements, for example) are crucial reasons for selecting the ICP-MS, 
excluding other options (2016:56).

Another possibility is using ICP, but the Optical Emission Spectrometry 
Analysis variant (OES; ICP-OES). It is considered by Pastor et al. (2016) in their 
statistical evaluation as one of the most frequently used techniques. Middleton et 
al. (2010) states that ICP-OES is a very precise quantitative analytical technique that 
provides copious data amenable to evaluation by a powerful inferential statistical 
analysis (2010: 188). Although it is capable of identifying some components such as 
phosphorus, it is probably not so precise for detecting other organic components 
(Middleton et al. 2010:190).

Given all these constraints, it is fortunate that our research is based on a limited 
archaeological context, where the identification of a chemical fingerprint can only 
be in connection with burial processes. This means that there is no need to deal 
with a broad landscape or with different stratigraphic or environmental contexts, 
in which it would certainly be necessary to use other methods for identifying and 
characterising the archaeological context as Walkington states (2010: 128). For 
our research the techniques used were the ICP-MS and XRF. The former for its 
special relevance for analysing in detail the chemical fingerprint of a level and the 
latter for its general approach to the sediment, giving a comprehensive idea of 
the composition of the soil. The last technique used was the SEM, although this 
represented a secondary analysis to complement both ICP and XRF. The three of 
them were applied to the same archaeological levels, those recovered inside the 
corridor of the dolmen, which was the only part where testimony of the burial 
was conserved. 

3. THE ARCHAEOLOGICAL RECORD: THE CORRIDOR DURING 
THE THIRD PHASE OF THE COBERTORIA DOLMEN 

This paper focusses on the third phase of the Cobertoria tumulus. The initial 
moment of the megalithic site was around 4000 BC, when a large fire was lit and 
subsequently covered with a 6-meter-diameter barrow. Over this first structure, 
a ring of clay was built around 3800-3700 BC and most of the top part of the ring 
showed signs of having been burned by fire. Thermoluminescence and radiocarbon 
samples provide the chronological framework for these two initial phases (table 1).

During the third and final prehistoric period, dated around 3500 BC, the tumulus 
was expanded to 18 meters diameter. A dolmen chamber was identified in the centre 
of the barrow by the historical looters who plundered the monument and it was their 
intervention that made the chamber accessible. The area designed for burials is one 
of the most remarkable megalithic features in Asturias, and even in the Cantabrian 
area, where the megalithic structures do not possess the monumental character seen 
in other regions (R. del Cueto and Busto 2020). The 5 square metre area of its interior 
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makes it outstanding in Asturias in terms of dimensions, only comparable with the 
Dolmen of Santa Cruz, which has a similar size (De Blas 1983: 47). Excavations carried 
out up to 2019 led to increased interest in the Cobertoria, because they revealed 
other parts of the megalithic monument that were below ground level. For instance, 
the originally exposed structure had only seven orthostats in the burial chamber: 
six as pillars and a huge rock covering the burial area, although this capstone was 
broken in the 20th century. After further excavation, the structure was found to be 
more complex due to the discovery of five more orthostats. This change required 
a reconsideration of the megalithic tag of the Cobertoria site: the term simple 
chamber was replaced with the more appropriate description of passage tomb. In 
fact, the two metres of the corridor make it the longest structure of this type in 
Asturias (De Blas 2008).

TABLA 1

Methods
Laboratory 
reference

Result BP Result B.C.
Archictectural phase and 
stratigraphic context 

Radiocarbon. Wood 
(indeterminate) 

Ua-59945 5179±35 BP
Between 4050 and 
3940 B.C. (94.4% 
probability)

Phase I. Fires below a stone 
barrow 
(R. del Cueto y Busto, 2020: 
58-60)

Thermoluminiscence. 
Clay of a very 
concentrated and 
intense fire

MADN6627bb

4955±336 
BP 68% 
range calBP: 
5266 - 6070

Between 4120 and 
3316 B.C.
(68% probability)

Phase II. Fires at the top part 
of the ring of clay
(R. del Cueto y Busto, 2020: 
60-63)

Thermoluminiscence. 
Clay of a very 
concentrated and 
intense fire

MADN6629bb

5304±329 
BP
68% range 
calBP: 5723 
- 6431

Between 4481 and 
3773 B.C.
(68% probability)

Phase II. Fires at the top part 
of the ring of clay

Radiocarbon. Wood 
(indeterminate) Ua-57657 4785±34 BP

Between 3650 and 
3510 B.C. (94.3% 
probability)

Phase III. Wood inside the 
corridor. Levels of use of 
the entrance (R. del Cueto y 
Busto, 2020: 63-69)

The design of the corridor, two meters long and 60 centimetres wide, included 
two stones on the right side, and one on the left (Fig. 2). In the megalithic 
monuments of Galicia there are at least four examples with a similar arrangement 
of the entrance (Vilaseco, 1997-98: 137) and, for this reason, it would seem to be 
a deliberate architectural proposal, rather than an incomplete structure (R. del 
Cueto and Busto 2020: 65). However, the most interesting aspect of the corridor 
is the archaeological deposits conserved inside. They are of great importance in 
the Cantabrian context, because they were not affected by the looting that the 
prehistoric remains in other parts of the monument suffered. The looters focussed, 
mainly, on the burial chamber, whose contents were completely removed, reaching 
in their action the geological deposits below, where there are no traces of human 
remains. The rocks of the burial chamber underwent a last prehistoric intervention: 
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an intentional closure of the entry as well as the movement of some stones (probably 
the cover rocks) to the surroundings of the entrance.

Unfortunately, it was impossible to find archaeological materials or suitable samples 
for radiocarbon analysis to date the construction of the dolmen more precisely. The 
small ditches for both corridor and burial chamber did not provide suitable material 
for dating. The only data available here was the radiocarbon samples recovered in 
the levels of use of the corridor (Figure 3). Regarding the sequence detected in the 
excavations, three main periods can be proposed as a synthesis of the main phases 
here. First, the construction levels close to the foundations of the three rocks that 
make up the corridor. In reality, evidence of some human activity previous to the 

Figure 3. a) Burial chamber and passage of entrance. b) Section of the passage. c) Layer 52 (occlusion) d) Layer 58 
(second uses) e) Layer 62 (first uses) f) final point of the diggings with the area empty
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construction of the corridor was identified, but this consisted of only small holes 
opened in the geological surface, which did not provide carbon or any materials 
for dating. These holes were covered by level 94. Both this layer and the holes may 
be connected with the two initial phases, but must predate the construction of 
the corridor of the dolmen. It seems clear that the foundations of the structure for 
the entrance were opened by cutting into unit 94 as well as part of the geological 
surface below. A thin level (unit 90) covered the whole of the corridor but, due to 
its thickness of only 5-8 cm, it seems to represent a construction surface, made to 
level the entrance. It extends along almost the entire length of the access, but it 
is more difficult to identify in the southern section. Another step in building the 
corridor was the placement inside the foundation ditches of a group of stone blocks 
to provide stability to the corridor’s orthostats. 

From this point, we have a second group of units linked with the use of the 
corridor. Unit 62 condenses the human activities during the use of this space as an 
access and maybe for burial. It has a grey colouration and is composed of a lightly 
compacted mixture of clay with organic materials. The level extended throughout 
the corridor, completely covering the rocks of the foundations. For this reason, 
it occupies the whole available width between the orthostats, a key point in this 
narrow access. A small piece of charcoal was found inside this layer, giving the 
reference for dating the third phase of the monument at around 3,500 BC8. This 
age is considered in Asturias the summit of the megalithic evolution and it is the 
time of the development of the most complex structures in all the Cantabrian 
megalithic catalogue: the passage tombs. Apart from the radiocarbon dating, a small 
flint blade was found in this level, connecting the corridor with a probable funerary 
use. Due to the closed context of the corridor, as we will see below, there were no 
possibilities of recent access to it and, for this reason, the charcoal must be related 
to the prehistoric funerary gestures and the offerings associated with them9. Other 
possibilities, like the deposition by chance of the carbon in more recent times should 
be clearly rejected. Furthermore, the result of the radiocarbon dating fits very well 
with the two previous phases identified in the corridor, both linked in addition 
with a very clear overlap of architectural moments already described (R. del Cueto 
y Busto 2020). Finally, these long «life cycles» of such monuments are not unusual 
in the Iberian context, as recent research has shown (Mañana 2003; Tejedor 2014). 

Lastly, in the top part of the entrance were found two different layers, 57 and 58, 
very similar to one another. These two units were defined not only by containing 
less compact soils, but by the lack of any kind of archaeological material. That does 
not mean that access would not have been possible during these final moments of 
use. The final covering, unit 41, was a mass of quartzite stones blocking any kind of 
access to the interior of the burial chamber (Figure 4). These rocks are part of the 

8.  Ua-57657 (charcoal): 4785±34 BP. Between 3650 and 3510 B.C. (94.3% probability). The sample was recovered 
in unit 62 (level of use). The type of food and other studies of the pollen recovered in all the levels of the corridor are 
under preparation now for publishing by the Botanic Department of Oviedo university. 

9.   The level of archaeological evidence that can leave both gestures, thanks to a historic example, can be seen 
in Martín (2018). 
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last prehistoric action in the monument: an intentional collapse of the entry, as well 
as the movement of some stones (probably the cover rocks) to the surroundings of 
the entrance. This part of the tumulus was kept safe thanks both to this cover and 
the big stones that were part of the corridor that probably dissuaded the people of 
the 18th and 20th century who were looking for old treasures at these sites (R. del 
Cueto and Busto 2020: 69). This cover could have protected the underlying layers 
of the passage very efficiently, making recent chemical enrichments, a possibility 
that must always be considered, more difficult (Weihrauch and Söder 2021).

Figure 4. a) Passage-corridor stratigraphic units b) Two possible sections of the entrance, 
both blocked by stones. c) Layer 41, in section 1 d) The entrance with the possible path for entry 
e) Section 2, blocked by stones.
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4. MATERIALS AND METHODS 

4.1. MATERIALS: SAMPLING

The most important advantage of the sequence described is that it consists of a 
very close group of stratigraphic units that remained undisturbed from prehistoric 
times until the excavations here described. This is always very positive, especially for 
later analysis, as was pointed out by Shahack- Gross (2017: 41). The importance of 
dealing with a whole and intact passage sequence meant that during the excavation 
work an extensive bank of soil samples were recovered for further analysis. Gathering 
as much soil as possible was part of an attempt to reduce the invasive effects of 
any archaeological excavation, following the recommendations of soil researchers. 
Linderholm, for instance, states that, «Not taking the soil information into account 
is like throwing out the baby with the bath water, along with the bathtub»10.  

This extensive group of samples was used for different lines of research, namely, 
this investigation of the soil chemistry and botanical studies (awaiting publication). 
For each group, 10 grammes of soil were obtained by sifting the samples manually 
to remove unwanted elements (stones), always including the three main phases of 
the corridor: construction, use and use-abandonment11. 

Samples and analyses taken during the PhD studies of one of the team serve here 
as control samples12. They analysed the Cambrian geological units of the area13 from 
a geological perspective using the XRF method, allowing us to compare them with 
samples connected with the human (burial) actions of the Cobertoria. Obviously, a 
wider consideration, in geographical and statistical terms, will be necessary in the 
future in order to determine the distribution of P in this particular landscape more 
precisely (as recommended by Weihrauch and Söder 2021). But the proximity of the 
geological samples to the dolmen (around 1 km) and the fact that they belong to 
the same «soil region» (using the term of Weihrauch and Söder 2021) make them 
suitable for our comparisons. Even the recent changes seen at both points in the 
landscape are similar, because both were converted into forested areas during the 
1990’s. For this reason, and because of their mountainous nature, both are inside the 
same «land use segment», an aspect very important for Weihrauch and Söder (2021).

4.2. ICP ANALYSIS

Before the determination of Mn, P and Ca content, soil samples were dried in an 
oven at 60°C overnight and, after that, they were sieved. The homogenous fraction 

10.   2010: 12.
11.   For this reason, the analysis gathered information about the abandonment phase of the corridor, the 

funerary levels and about layers below the burial area (the construction level).
12.   Rubio 2010.
13.   Samples were taken in the area of Malleza and Mallecina.
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under 250 μm was then digested at 230 ºC for 10 min in an ETHOS™UP microwave 
system (Milestone), employing reverse aqua regia (3 HNO3 to 1 HCl) as solvent (250 
mg of sample and 8 mL of solvent). Once digested, samples were analysed in a 7700 
Series ICP-MS (Agilent), using rhodium as internal standard. Analyses were carried 
out at least in duplicate14.

The use of ICP-MS has been outlined by some authors such as Walkington (2010) 
and Entwistle and Abrahams (1997), who remarked that alternative techniques 
should also be used if the focus was on analysing phosphate components. As ICP-MS 
is a quantitative method, the so called «levels of magnitude» and the combination 
of several methods for analysing the chemical composition of the soil are necessary 
to follow this recommendation.

4.3. FLUORESCENCE (XRF)

XRF samples were dried at 105 ºC for 4 hours, and later were crushed and milled 
using widia components for 20s. The measurements of the geochemical composition 
of samples by X-ray Fluorescence (XRF), were performed using a Phillips PW 2404 
spectrometer, with a 4 Kw Rh X-ray tube, 5 analyser crystals (Fli 200, Fli 220, Pe, 
Ge y Px1) and a PR 10 scintillation gas detector. The relative precision of the XRF 
technique was better than ±1%. Major element analyses were performed using glass 
beads of powdered samples after fusion with lithium tetraborate. Raw data were 
processed using Pro-Trace-XRF PANalytical software.

4.4. SEM

Scanning Electron Microscopy (SEM) is one of the key techniques in soil 
chemistry studies (Pastor et al. 2016). Indeed, these analyses are considered an 
important part of detailed soil microscopy and geochemistry exercises, since they 
allow the characterisation of the morphology of soil samples (Di Pietro et al. 2018).

In addition, energy-dispersive X-ray spectroscopy (EDX) is a chemical microanalysis 
technique used in combination with scanning electron microscopy (SEM). The EDX 
technique provides semi-quantitative elemental composition information. In this 
study, EDX analyses were performed to determine the composition of the soil 
samples. A JEOL JMS-6610LV scanning electron microscope (SEM), operating at 
0.3-30 kV, was employed. Prior to the EDX analysis, samples were dried in an oven 
at 60 °C overnight and then sieved. The homogenous fractions under 250 μm were 
mounted on aluminium SEM stubs and were sputter-coated with gold to make 
them electrically conductive (García Álvarez-Busto et al. 2019). 

14.   This methodology has several references that confirm its scientific accuracy (Melaku et al., 2005; Toller et 
al., 2022; Rogers et al., 2022). 
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5. RESULTS

5.1. MOST INTERESTING RESULTS FROM ICP AND XRF

As Holliday and Gartner state, the most common chemical elements affected by 
human activity are carbon, nitrogen, sodium, phosphorus, and calcium (2007: 302). 
Based on this idea, it was initially thought that the trace of Ca in this burial structure 
might be relatively high. However, results did not corroborate this assumption, at 
least in the levels of use, the most likely to have an important amount of calcium. A 
possible reason for this is the quicker leaching of this mineral in acidic soils, widely 
perceived in other contexts (Cannell et al. 2020: 763; Holliday and Gartner 2007: 
16). The only significant peak in the Ca levels was identified in the construction 
levels, according to the ICP results (Figure 5).

Also noteworthy was the regularity of the content of silicon, aluminium, iron, 
magnesium, manganese, calcium, sodium and titanium, which showed only small 
differences between the three main phases of construction, use and abandonment, 

Figure 5. a) Profile of the megalithic entrance b) ICP results linked with the stratigraphy. In 
blue square the high figures of the P 
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according to the XRF analysis (Figure 6)15.Thus, the results remained relatively 
homogeneous in all the main phases of the corridor, with general agreement 
between the techniques employed. The only element that did show recognisable 
differences is the phosphorus (Figs. 5, 6). A very interesting component, because it is 
usually linked with human activities due to its long persistence in the soils (Holliday 
and Gartner 2007: 303). According to these two authors, since phosphorus is not 
found by itself in elemental form in nature, a more accurate term for considering 
the phosphorus in soils is «phosphorous» (2007: 302). 

5.2. SEM RESULTS

In the SEM images of the three phases under consideration, high levels of silica 
(between 21 and 22%) and aluminium (9.73-9.96%) were identified (Figure 7), which 
is to be expected since quartz is one of the main sedimentary rocks detected in the 

15.   Some recent studies emphasize the importance of Aluminium and Silicium as lithogenic elements of Salas 
(Martínez et al. 2016: 398). 

Figure 6. a) XRF results linked with the stratigraphy. b) profile of the megalithic entrance with 
the layers and a colour key for a better understanding of the table 
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Figure 7. SEM results in different phases: a) Building layers. B) First uses. C) Final uses-Abandonment
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area, according to geological studies (Rubio, 2010). The high levels of aluminium 
can be explained by the presence of muscovite in the area of Malleza and Mallecina, 
villages very close to the dolmen (2010). Iron is the third component, with figures 
between 4.67 and 2.68%, also coherent with the rock types identified in the area by 
Rubio16. Other materials show small peaks in the three samples analysed by SEM, as 
is the case of K (the fourth element in importance after Si, Al and Fe). The figures 
are also in agreement with the geological samples analysed in the area of Malleza 
for geological purposes17 (Figure 8). In all the cases, SEM and geological analysis, 
it is necessary to stress the low levels of P in all the tables. It was practically non-
existent according to the SEM and at very low levels in all the geological tests done. 

16.   2010. 
17.   Rubio, 2010

Figure 8. A) XRF results, connected with the archaeological context B) Geological analysis 
carried out by Rubio Ordoñez for his PhD. In red, the main components of the local geological 
substrate. In blue, the peaks in phosphorous elements, as well as the low levels seen in the 
geological analysis
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6. DISCUSSION OF THE RESULTS OBTAINED

The results obtained allow us to make deeper deliberations about the chemical 
compositions identified using the three techniques. For instance, and regarding 
the low results in calcium, some explanations can be suggested. One of them is the 
possibility of some movement of calcium and potassium from the levels of use to 
the lower parts of the corridor. But here this explanation does not seem coherent, 
at least bearing in mind that phosphorous is not affected by the same phenomenon. 
Percolation and the resulting leaching of soil components is more common in more 
complex archaeological contexts, and, in our case, it is difficult to understand, due 
to the closed nature of the corridor. Although some examples of this percolation 
process are known of in the Iberian context (Valdés 1995: 339), the analyses from the 
Cobertoria are not consistent with this natural process. Neither would it be correct 
to state that the occurrence in one site means that the same process happens in other 
sites, due to the different circumstances of each case (geology, archaeological context, 
etc.), which provide special singularity to each archaeological site. In fact, the Bronze 
Age cists studied by Valdés show important differences with the Cantabrian Context. 
In the former there are some examples of tombs with human remains inside. On 
the contrary, in the latter there is no bone evidence in the tumuli studies in Galicia, 
Asturias, Cantabria and most of the Basque Country. For this reason, the geological 
context cannot be compared, and neither can the relevance of soil analyses like these 
in such diverse archaeological regions. Particularly, because in the northern area 
evidence proving the funerary uses of these chambers is very scarce and additional 
information is always welcome. Although the architecture seems clearly focused on 
this action, and the offerings can also be explained as part of burial activity, the lack of 
bones is crucial here. At this moment, the only way to recognize human depositions 
is the soil chemistry and there were no previous attempts at doing these analyses, 
although it is an old problem in Europe as emphasized Valdés (1995: 330), based on 
previous publications in the European context (Christie 1960; Coles 1965). 

Valdés had previously also shown some limitations of soil chemistry: for instance, 
its reduced capacity for establishing chronological inferences about the buried people 
(Valdés 1995: 342). Another example is the number of individuals buried in one specific 
area, information that current soil chemistry analysis is simply unable to provide. The 
main reason for this limitation, as Valdés stressed, is that the total mass of phosphorus 
equivalent to a human body can never be recovered from the archaeological site. At 
least at La Traviesa the loss and diagenesis of this element was clear (1995: 344) and 
it makes sense that similar problems could happen in other settlements. Moreover, 
this process of loss of phosphorus could be even more intense in archaeological sites 
older than La Traviesa, as is the case with the Cobertoria. 

In regard to the high levels of phosphorus in the Cobertoria corridor, it is 
necessary to stress that our results coincide with levels of phosphorus that have 
been previously linked with human activities in a soil (Sánchez and Cañabate 1999: 
55). In other archaeological sites the peaks in the phosphorous components, using 
similar techniques, were also linked with the presence of burials (Aston et al. 1998: 
467; Oonk et al. 2009: 40) and thus, the association between burial contexts and high 
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levels of phosphorous components is not unusual. However, the levels indicated 
by some authors for a burial phenomenon (over 2%) (Williams et al. 2021: 3) are 
not totally coherent with the percentages obtained in our XRF analysis. In fact, 
the amounts of phosphorous found here are more in accordance with the levels 
indicated by these authors for «dwellings and manufacturing areas», which tend to 
leave moderate phosphorous percentages (between 0.02-0.20%) (2021: 3). Pastor, for 
instance, states that 250 mg/kg would be a notable proportion of phosphorous after 
human occupation (2016: 50).

Here, however, we should consider the archaeological context, because there is 
no other human activity in the dolmen: only burials. The lapse in time between the 
analysis and the creation of the soil, around 5,500 years, should not be ignored either. 
Some papers have remarked that biogenic (from animal and fish bones, mainly) Ca-P 
levels disappear ten times faster than geogenic Ca-P in some archaeological levels 
(Sato et al. 2009). Weihrauch and Söder stated that long and constant permanence of 
P only happens in soils that «regularly receive inputs of P-containing matter» (2021). 

It can be certainly discarded that the pH of the soils in this area affected this peak 
in the phosphorous components. This kind of alteration is more common in soils 
with a more neutral pH (Holliday and Gartner 2007: 306), but that is not the case of 
the Asturian soils, that show higher levels (between 4.5 and 6%; in the western part of 
Asturias for instance (Oliveira-Prendes et al. 2014). The high levels of acidity in the soil 
are clearly the main characteristic for understanding the quick degradation of bones 
and teeth, a process that is, however, not only due to pH and that can be tracked in 
other parts of the world (Tuner-Walker 2008: 22). The post-mortem alterations in 
some tropical Savannah grasslands of Kenya occur in a period of between 15 and 40 
years, being accelerated by other factors that favour the final dissolution of bones 
(Trueman et al. 2004: 736). 

In other cases, high phosphorous levels are the result of materials such as pottery 
that can load the composition of a level with P (Maritan and Mazzoli 2004: 681). 
That is not the case in the Cobertoria, due the scarcity of pottery in all the Asturian 
neolithic period (De Blas 2008). Several types of fungi were identified in the corridor, 
after an analysis performed by the botany department of Oviedo University (awaiting 
publication). Other authors recommend considering possible fungal contamination 
to explain some high levels in the analysis (Holliday and Gartner 2007: 305). But in 
this study, we must establish a difference between the appearance of some evidence 
of fungi, and a mass contamination due to these organic materials. In fact, in the 
level of use (which has the most notable levels of phosphorous materials) only one 
fungus (one spore) was found, while in the top part of the entrance 4/5 different types 
appeared (Coprinus sp, Venturia sp., Helminthosporium sp. and Leptosphaeria sp.).

Considering other factors of adulteration, it has been suggested that soils with a 
high clay content can affect the results (Holliday and Gartner 2007: 305). However, 
in this site the corridor levels have a low presence of clay in the soil composition. 
Finally, although the effects of soil fauna must always be considered (Pickering et al. 
2018: 94), the very closed nature of the structure here studied reduces the possibilities 
of it having undergone contamination due to soil fauna. It seems clear that our 
context is very different from peatbogs, places with a rich organic activity. These 
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factors considerably reduce the possible repercussion of soil fauna here. Although in 
previous excavations this team has identified intrusions (krotovinas), as in the case 
of the excavation of the prehistoric camp of the miners of el Aramo (De Blas and 
R. del Cueto 2015; the krotovinas aspect is unpublished), which were very similar 
to those described by Butzer (1982: 113), here there is no such evidence of small 
tunnels due to animal intervention. Besides, the tumulus of the dolmen is formed by 
organic black sediments, richer and probably more attractive for the soil fauna due 
to their lower hardness (compared with the more compacted layers of the corridor). 
In conclusion, after considering these key points, the evidence seems to indicate 
that people buried here (or their belongings) could be the origin of the high levels 
of phosphorus. Especially, because it is detected mainly in the levels of use and 
use/abandonment. If the soil fauna had been the principal cause of the deposition 
of phosphorous, it would have to be asked how the animals had been responsible 
for a very selective impact: only in the layers of use and abandonment, leaving the 
construction levels relatively unaffected. 

Finally, as regards the third technique, the SEM results agree with those of the XRF 
tests corresponding to the layers of the corridor: the highest levels are of Si (68-75%) 
and Al (11-12%); followed by iron (2.80-3.88%), K (1-2%), Ti (0.70-0.87%), Mg (0.60-
0.73%) and Na (0.12-0.13%). All of them were very well characterized in the geological 
tables relating to the XRF analysis (both geological and archaeological results). The low 
figures of Ca (0.02%) and Mn (0.01%) are not important for our considerations now. 
However, it is remarkable that, in contrast to the very low or insignificant levels of P 
measured by geological analysis (XRF) and SEM, the XRF of the Cobertoria indicated 
significant values of P2O5 in certain samples. The most important peaks, between 
0.12 and 0.14%. (Fig. 8), appeared in the use and use/abandonment levels. The results 
are different to those from the construction levels, which are more similar to the 
geological analyses carried out by Rubio18, who analysed the evolution and nature 
of the geological units of this area of Asturias. As we previously remarked, his study, 
carried out in the same Cambrian geological unit of the excavation area, indicates the 
common or natural figures for the P2O5: (between 0.04 and 0.05), similar to those from 
the construction levels (0.06). However, the use layers of the corridor have double or 
more than double (between 0.12 and 0.14) these concentrations. This comparison of 
soil samples from inside and outside the burial context is critical as the latter provide 
a base line to assess the results obtained. In the corridor, as we previously remarked, 
the possibility of anthropogenic activities that can disturb the analysis is very low, 
in particular because the corridor it is a structure that was buried during most of 
its existence. Furthermore, it was used very occasionally through this time and, 
underwent a final collapse in Prehistoric times, thus creating a closed context ideal 
for the analysis. Although the interior levels of water can have some influence in all 
archaeological sites (Valdés 1995: 338), it does not seem here to be the main reason 
for the peaks detected in key elements such as phosphorus. 

18.   2010.
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Regarding the scarcity of P in the SEM analysis we must insist on the different 
approaches of the three techniques used here. Among them the SEM is the most 
superficial for understanding the composition. This idea is confirmed considering 
that the SEM measured the content of six elements, whereas XRF was able to 
quantify ten minerals. For this reason, the disappearance of some minerals in the 
SEM results are not due to the scarcity of these elements. It is more closely related to 
the capacity of SEM to identify them within the soil, as the cross-checking analyses 
have demonstrated. 

CONCLUSIONS 

Although further research with both similar and different approaches will be 
necessary to tackle the problems and analyse the results under discussion here, 
the «purely archaeological evidence» presented here allows us, as in other similar 
studies (Sánchez and Cabañate 1999: 48)19, an «adequate interpretation by itself». As 
was stated by these two authors «the analysis of a high number of chemical markers 
become secondary» as is true in the Cobertoria. It is clear that the individual studies 
of these chemical markers in particular archaeological excavations are crucial, and 
sometimes may represent a milestone, but most of them are not able to resolve the 
main problems of the discipline. Each makes a contribution towards resolving a 
problem in the archaeological record, based on the most recent works published 
about this topic20. A statement that is particularly significant in soil chemistry studies. 
Furthermore, this analysis is very important in this field because it is the first time that 
this kind of investigation has been carried out in northern Iberia (for the megalithic 
context), and our analysis can be applied to other archaeological contexts all over the 
world. In a more general context, the methods used here are part of diverse goals in 
archaeology and the forensic world: from the time frame of the decomposition of 
human bodies, to the chemical markers signalling the remains of this process. It seems 
clear that the current analysis carried out is only one alternative among the many 
options now available in the field of soil chemistry applied to archaeological contexts21. 
Although not performed in this study, testing for trace element content could also be 
done in future investigations for instance. This might contribute more information 
about the processes involved here, due to their key role during the dissolution of bones 
and the chemical track that is left in the soils (Trueman et al. 2004: 737).

The approach to the archaeological reality of burials without bodies is not easy in 
any region of the world, due to the challenging requirements of reliable soil research. 
This study followed a common recommendation of other authors in this field, namely, 

19.   Like the analysis carried out in the two rooms of the Iberian Sanctuary of «Cerro El Pajarillo». 
20.   Although there are very interesting papers from the 1990s included in our bibliography, the last two de-

cades show an increasing number of references in soil chemistry (Holliday and Garner 2007; Oonk et al. 2009; 
Shahack-Gross 2017). 

21.   For examples of post-Roman age in Galicia combining different techniques (elemental, spectroscopic, 
principal components, etc.), see García López et al., 2022. 
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to use and integrate «different techniques for the chemical analysis of archaeological 
floors that will allow us to achieve as much information as possible» (Middleton et al. 
2010: 205). The combination of quantitative concentration data, from ICP-MS, with 
other semiquantitative data from XRF and SEM, satisfy the investigative requirements 
and offer a method for analysing other neolithic sites in this area. Similar approaches 
in previous work have reported these same techniques to be powerful tools (Lubos 
et al. 2016: 52; Ginau et al. 2020: 3), although it is always necessary to consider the 
particularities of the sites under study. The combined use of ICP analysis with XRF 
has been highlighted for reaching meaningful interpretations of the sites in terms 
of abundance, concentration and interaction (Theden-Ringl and Gadd 2017: 247). 
In the end, the main goal is always to provide a reliable interpretation of the geo-
chronological and archaeological history of the site. 

The results were in agreement, especially those provided by XRF and ICP-MS, both 
showing increases in the phosphorous materials in the soil samples from the levels 
of use. Although P can be linked with other human activities, burials are one of the 
human actions that always increase this component. Here, the archaeological context 
established human burial as the explanation for the peaks detected. Either due to the 
dissolution of bones (more probable), or the interment of organic offerings (De Blas 
2004: 7722; 2006: 251) (less probable) the action of burial is always the main reason 
for prehistoric human soil contamination. Furthermore, the results are consistent 
with experimental burials carried out in the field of forensics, giving more support 
to the hypothesis of bones as the origin of the phosphorus. For instance, burying 
swine carcasses in an open site, with analysis before and after the burial (in bones 
and soil), identified the transfer of phosphorus from inhumated remains to the soil 
(Zangarini et al. 2016: 86).

Finally, the chemical fingerprints were in a very clear and encapsulated 
archaeological context with which they were closely linked. As was stated by Sánchez 
and Cañabate, this connection of the chemical patterns with the archaeological data 
is crucial for giving a «reasonable and more thorough interpretation» (1999: 54). In 
fact, the levels of P identified in their paper show many coincidences with our data 
(1999:55), thus emphasizing the funerary use of these megalithic sites. Although this 
usage can be inferred from the features of these sites held in common with others 
in the Atlantic and European context, in the Cantabrian cases only the funerary use 
can be suggested by the offerings. Such studies of the soil chemistry could be another 
element to certify these uses on a reliable empirical basis. 

Acknowledgements
This work was supported by the Cobertoria project for the excavations between 2016 
and 2022 (Valdes-Salas and Sabadell Bank Foundations). The analyses were funded 
by grant PAPI20PUENTE18 from the University of Oviedo.

22.   Wood, fur, tree bark or basketry could be part of the offerings, for instance. 
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