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ABSTRACT 

This paper presents the microstratigraphic analysis of the protohistoric site El Calvari del 

Molar, dated to the 7th century and the first quarter of 6th century BC. It focuses 

specifically on Room 8, located in the northern part. 

The sedimentary record covers different stratigraphic units, including several floors with 

their layers of preparation and domestic structures. The study of these floors, mainly 

through micromorphology, allows us to determine the composition, the processing and 

the technical treatment as well as the possible origin of the lithological materials used in 

their manufacture. 

We highlight that the floors are composed of earth construction, made of local carbonated 

materials, mainly clayey fine sands. Mixing this material with water would cause a 

precipitation of CaCO3 favoured by the impermeability of their preparation layers, mostly 

silty clay aggregates, leading to the semi-cementation of the floor, which appears to have 

been the aim of the builders of El Calvari. This type of earth floor brings together a series 

of characteristics at the construction level such as cohesion among particles and tenacity, 

similar features to lime mortars. 

In short, we have the opinion that the micromorphological analysis is an essential tool for 

the study of domestic architectural elements and that its use, in our case, has allowed us 
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to identify and characterize the techniques and construction strategies of this type of floor 

by these first protohistoric builders of the NE Iberia. 
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1. Introduction  

The geoarchaeological study of occupation surfaces and the search for floors at 

archaeological sites is becoming an increasingly common practice, especially in 

settlements, and there are different methodological approaches to help improve their 

interpretation. One of them is micromorphology, of which examples from as early as the 

1990s provide us with detailed information on site formation processes (e.g. how floors 

were made and used). In the different handbooks and syntheses of Geoarchaeology and 

Soil Micromorphology we find sections referring to building materials, in which 

reference is made to the floor and usage levels of the sites or to certain indications of 

floors, like Goldberg and Macphail (2006), Macphail and Goldberg (2010, 2018), Milek 

(2014), Friesem et al. (2017) or Rentzel et al. (2017). 

Courty, Goldberg and Macphail (1989) publicized the technique of applying 

micromorphology to the study of the architectural elements of a site made of earth-based 

materials, such as floors and occupation surfaces. Along the same lines, there are 

microstratigraphic studies related to the analysis of the different techniques and 

construction procedures with earth-based materials, especially in floors and occupational 

deposits: e.g. Khirokitia (Cyprus) (Hourani, 2003), different sites of the later Neolithic in 

southern France (Wattez, 2003, 2009), the Bronze Age site of Mitrou (Greece) (Karkanas 

and Van de Moortel, 2014), Lattes (France) (Cammas, 1994, 1999, 2003) or Tell es-

Safi/Gath (Israel) (Namdar et al., 2011). Also worthy of mention are several contributions 

that applied micromorphology to the study of occupation surfaces, floors and the use of 

soil at different sites (anthropic activities carried out on them) (Gé et al., 1993; Matthews, 

1995, 2012; Matthews et al., 1994, 1997, 2006; Macphail et al., 1997; Shahack-Gross et 

al., 2005). There have also been noteworthy ethnoarchaeological and experimental 

studies carried out on the main floor formation processes and the use of these (e.g. Milek, 

2012 or Banerjea et al., 2015). Within this framework we also find projects aimed at 
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identifying and determining the use of plaster to make the floors, as in the case of the 

studies by Macphail and Crowter (2007), Karkanas (2007), Karkanas and Efstratiou 

(2009), Regev et al. (2010), Mentzer and Quade (2013) or Stoops et al. (2017).  

At this point we want to specify that, according to Gé et al. (1993) and Macphail and 

Goldberg (2010 and 2018), we will use the term "floor" to refer to soil made with earthen 

material (the constructed feature), and the term “occupation surface” to refer to the living 

surface developed on unconstructed or constructed floor that results from the use of the 

floor. 

Studies of floors and occupation surfaces in protohistoric sites in the Iberian Peninsula, 

and specifically in the northeast, are very rare and unevenly distributed. In general, the 

few studies carried out have been developed in field surveys (macro). These studies 

usually only revealed the use of earth, commonly stacked, as an occupation surfaces 

(Belarte, 2002; Mateu, 2016). Another type of floor has been documented only in some 

sites, such as in San Cristóbal (Mazaleón, Teruel) where a floor made with adobe (Fatás 

and Catalán, 2005) has been located. 

This way we aimed to contribute to the limited existing knowledge of technological 

practises in protohistoric societies in NE Iberia. In this paper we analysed the phases of 

occupation of El Calvari site in detail, in order to be able to study its formation, the 

materials and technology used and ultimately the microstratigraphic sequence of the 

record with greater resolution. We especially focussed on the floors and on how the 

predominantly limestone materials were used and worked.  

2. Geographical, geological and archaeological context 

2.1. Geographical location and geological context 

The site is in the municipal area of El Molar (Priorat, Tarragona) (Fig.1), on the summit 

of a small, elongated NE-SW-orientated hill 230 m amsl. It has gentle slopes around its 

perimeter, with the exception of the much steeper north-western face. It is worth 

mentioning that its location is less than 6 km in a straight line to the River Ebro, the main 

Phoenician trading artery in NE Iberia (Garcia i Rubert and Gracia, 2011), a strategic 

feature of its setting. 
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Geologically, the site is on a slightly pronounced, asymmetric crest facing SW to NE, 

coinciding with the same orientation in the Catalan Coastal Ranges. The basement is 

composed of sloping massive limestone from the Middle Triassic (Muschelkalk). In the 

eastern sector of the settlement there is a fault contact between Triassic limestones and 

detrital and lutitic materials (sandstones, microconglomerates, clays and red marl) from 

the Early Triassic (Bundsandstein) (Fig. 2) (Carulla, 2008). The limestones are fractured 

and slightly karstified, thus forming a rainwater storage and discharge area that in the W 

sector in contact with the red clay of the Upper Triassic (Keuper), would favour the 

appearance of water sources, providing an availability of water resources for the people 

in El Calvari. 

This hill is in the Molar-Bellmunt-Falset mining area (Tarragona province), where lead 

minerals were mined from the 7th century BC until just a few decades ago, although at 

different intervals and with varying levels of intensity. This area, in which there are also 

indications of prehistoric copper mining, makes up the southern sector of a more 

extensive mining zone, the Priorat, which has been intensively studied since 2001 in 

various research projects. The results obtained show the existence of a low-level, 

dispersed habitat in the Late Bronze Age. In its final stages, there was a concentration of 

population that led to the emergence of two main settlements, El Calvari del Molar and 

Puig Roig (El Masroig, Priorat) (Armada et al., 2013; Rafel et al., in press). They have 

been linked to the exploitation of the local lead resources and lead isotope analyses have 

shown that this mineral was channelled towards the south-west of the Iberian Peninsula 

(the Tartessian area) to use in the cupellation of silver-bearing minerals (Rafel et al., 2014; 

Murillo-Barroso et al., 2016). 

2.2. Archaeological record 

The Calvari del Molar complex consists of a settlement and a necropolis (Fig. 3). The 

settlement is on the highest part of the hill, while the necropolis is about 100 metres to 

the south-west and some 15 metres lower. The latter site was excavated in 1930 by 

Salvador Vilaseca, who also opened a small trench in the settlement (Vilaseca, 1943). 

The excavation of the settlement was restarted in 2001 and continued until 2012, under 

the direction of two of the authors (N.R. and X-L.A.). 
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The main occupation phase of the settlement is dated to the 7th century and the first quarter 

of the 6th century BC, although its earliest levels are probably contemporary to the origin 

of the necropolis, in the final decades of the 9th century BC or slightly later. In the most 

extensively excavated part, the urban layout was organised around a large, longitudinally-

orientated blind wall to which the rooms were annexed (Fig. 4). This arrangement defined 

two sectors. In the northern sector the dwellings are orientated parallel to the wall, while 

in the southern one the longest axis is perpendicular to that wall (Rafel et al., 2008). In 

this sector, in addition to a clearly defined double defensive wall enclosing the settlement, 

is Room 8, whose floors are studied in this paper. This sector also has the most complex 

stratigraphy and the longest chronological sequence, as we describe below. In contrast, in 

the sector situated to the south of the wall, we have identified a single phase of occupation 

except for some walls at the south-western end of this area that are from a minor late re-

occupation (3rd-2nd centuries BC). 

Room 8 is a two-storey house whose general structure lasts from the first documented 

implementation of the settlement to the final abandonment of it. It has been possible to 

identify three broad occupation phases in it, some of which are in good condition. It is 

especially noteworthy the conservation of elements of the house furniture built on earth, 

something that is not usual in the geographical area where it is located. This room, which 

is located on a slope, has provided a cumulative archaeological sedimentation sequence 

of the site from the foundational moment until its abandonment in the 6th century BC. The 

room has a rectangular perimeter and measures more than five metres from east to west 

and three metres from north to south (approximately 16 m2 in total). The room is enclosed 

by stone walls on all four sides, meaning that access to it in the more recent phases would 

have been at a higher level than that preserved today. In the earliest phases, however, the 

room had an entrance in its northern wall, which was subsequently blocked up. This 

modification is perceptible on the exterior face of that wall (SU 204), the interior face of 

which was cladded with earth after the original entrance had been blocked up. The area 

also has an earth-based domestic structure in the shape of a bench (SU 263), 40 cm wide 

with a thickness of 16 cm, which forms the top part of the sequence on the north-eastern 

and southern sides studied in the paper. 

The area occupied by the house makes it unnecessary to install supports for the roof. The 

studies carried out on the protohistoric constructions of the northeast peninsular indicate 
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that this was a resource used only in constructions more than 3 m wide, because the wood 

used for the beams commonly had this maximum length. The hypothesis that it was a 

dwelling of two floors is supported by the presence of a central hole that is maintained 

throughout the life of the house, as well as the fact that in its last phases the conserved 

part has no opening to the outside. It should be noted that the existence of two-storey 

constructions in the geographical and chronological horizon in which we operate is not 

an exceptional fact. The documented constructed floors are exceptional in their context, 

since the most frequent thing in the comparable settlements is the implantation of simply 

stacked earth floors. 

The room presents a long stratigraphic sequence in which we have evidenced three 

periods. The oldest episode, phase 1, is formed by silty sands with gravels and constitutes 

the floor layer preparation (SU 333) that contains material from the late-9th and 8th 

centuries BC. Above it the first floor appears, consisting of silty clayey fine sands (SU 

317). Next, the second phase is another thicker floor layer preparation (SU 316) formed 

by silty clay aggregates located with a floor (SU 296/309) also composed of silty clayey 

fine sands. The last episode, phase 3, is composed of SU 287, the thickest floor layer 

preparation made of aggregates of clayey sands and silty clays and finally, the domestic 

element, the bench (SU 263), composed of silty clays, crowns the sequence. Phase 2 and 

3 are characterised by the absence of wheel-thrown pottery and present a chronology from 

c. 800 to 650 BC.  

In Table I we give the detailed field sedimentary description of the stratigraphic units 

distinguished archaeologically and included in this study. 

3. Methods  

The methodology used to analyse the floors of the different phases of occupation of the 

site consisted mainly of soil micromorphology of the sedimentary profiles conserved in 

the settlement, attached to the NE and S walls of the object of study (Fig. 5). They are 

around 50 cm thick and are located at the base of the bench. The lithological materials of 

the substrate of the Muschelkalk (Sample A) and the transition to the Bundsandstein 

(Sample B) were also analysed to compare their possible relationship with the constructed 

material (Fig. 6). Some scattered fragments of such floors and their preparations 
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corresponding to SU 302 and SU 269 are located in the N-NW and SE of the same Room 

8 (Bergadà and Mateu, 2011). 

For the collection of both the archaeological and the geological samples (6 in total) we 

followed the protocol used and explained by Bergadà (1998): this consisted of placing 

the sediment into boxes lined with plaster, enabling us to obtain blocks without altering 

the structure and the position of the sedimentary filling. Once the sediment blocks had 

been described macroscopically (Mateu et al., 2013; Mateu, 2016), we proceeded with 

the thin section preparation. The samples were consolidated by impregnating them with 

a polystyrene resin. After this process, a 25 µm thin section measuring 13.5 x 5.5 cm was 

produced (Benyarku and Stoops, 2005). For each sediment block taken in the field, one 

thin section was obtained (Fig. 7).  

The sections were examined using a petrographic microscope (25x to 400x 

magnification), under plane polarized (PPL), crossed polarized (XPL) and oblique 

incident light (OIL). The descriptions followed published guidelines (Bullock et al., 1985; 

Courty et al., 1989; Bergadà, 1998; Stoops, 2003).  

According to the descriptions we have created different Microfacies Types (MFTs) 

(Goldberg and Macphail, 2006) that correspond to the SUs distinguished in the field. In 

these MFT one of the main objectives was to establish whether the materials that formed 

them were natural or anthropogenic. To identify these last cases we find some 

characteristic features that also help us determine that we are dealing with earth-based 

materials. Thanks to these characteristics we also know how they were developed and, 

depending on the case, their use. A massive microstructure is an example of these 

features; with some vesicles or vugh voids that come either from its modelling or 

processing (water or air trapped in the groundmass in its preparation), or moldic voids 

(occasionally with the presence of phytoliths). Dusty clay infillings that are sometimes 

rich in iron oxides and hydroxides are another feature. Finally, a main feature is the 

accurate selection of both the coarse fraction (mineral and anthropogenic) and the 

micromass to make these materials (Mateu, 2016; Gé et al., 1993; Cammas, 1994, 2003; 

Duvernay, 2003; Wattez, 2003; Germain-Vallée et al., 2011). 

The micromorphological analysis was completed with scanning electron microscopy 

(ESEM-EDX) in back-scattered electron (BSE) mode and microprobe analyses on thin 
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sections and in the specific case of the floors, level preparations and geological samples. 

XRD analyses were made to characterise the materials used in the floor. These analyses 

were carried out by the Scientific and Technological Centre at the University of Barcelona 

(CCiT-UB). 

4. Results  

We were able to determine seven Microfacies Types (MFTs) (Goldberg and Macphail, 

2006) that correspond to the SUs distinguished in the field, which we have described in 

more detail in Table II. We were able to group the MFTs according to the description of 

their composition and we have classified them as follows: MFTs that form part of the 

occupation surfaces (floor and preparation layers) and MFTs that make up other earth 

construction elements, such as the bench.  

This section is divided into four to explain the results obtained: floors, layer preparations, 

domestic structures (bench) and supply of lithological resources. 

One of the pedofeatures common to all the MFTs is the biological activity of the soil 

organisms, which is manifested mainly by the presence of chambers, channels, 

phytomorphic calcite infillings and earthworm biospheroids. 

4.1. Floors (MFT2 and MFT6) 

These layers are greyish-yellow in colour and composed of a silty clayey fine-sand 

groundmass (Fig. 8). We only found some voids – moldic- (Fig. 8c), which were 

interpreted as resulting from the possible plant components due to their shape or content, 

some with articulated phytoliths that support the idea of in-situ decomposed plant remains 

(Fig. 9) (Vrydaghs et al., 2017); and other vughy and round vesicle voids characteristic 

of the mixing and preparation of the floor (Fig. 8d) (Cammas, 2003; Wattez, 2003). 

Nevertheless, in general they had a poorly developed porosity. In this groundmass we 

observed infillings and dusty clay hypo/coatings in microaggregates and in sands 

particles, above all in MFT 6 (which is thicker). 

On the uppermost of MFT 6 (9 cm thick) we found very small bone and charcoal 

fragments that correspond to a possible use of the floor (Fig. 10), although we do not have 

enough evidence to be able to determine this clearly. The mineralogy of such floors is 
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composed of calcite, quartz, clay (type illite / muscovite and chlorite), dolomite and 

feldspars, data complemented by the XRD analysis (Fig.11). 

4.2. Floors layers preparation (MFT1, MFT3, MFT4 and MFT5) 

Regarding the layers of preparation appear two different types: detrital sedimentary 

accumulation (MFT 1-SU 333) and aggregates of reddish earth building elements (MFT 

5-SU 287- and MFT4-MFT 3 -SU 316). 

4.2.1. Detritic sedimentary accumulation 

MFT1 (SU 333) is made of a mixture of components and detritic material (Fig. 12, a –b) 

in which the coarse fraction dominates, with stones, gravels, sandy particles and 

anthropogenic remains (like some charcoal, bone and flint fragments). These have a 

random distribution and a higher porosity than the rest of the sequence and a granular 

microstructure. This MFT represents the oldest type of preparation analysed. 

4.2.2. Aggregates of reddish earth building elements (MFT 3-SU 316, MFT4 and MFT 

5-SU 287) 

They are characterized by aggregates composed mainly of reddish silty clays with fine 

sands and some gravels (Fig. 12, c-f). The microstructure of these aggregates is massive 

with moldic voids, and in some cases can be distinguished as phytoliths or charred 

residues. Some of these aggregates appear to have combustion traces: the detrital material, 

mainly limestone, has fissures with traces of dissolution and impregnations of iron oxides 

and hydroxides. A crack-type microstructure is created by the drying out of the clay 

(Macphail and Goldberg, 2010). Partially burned plant remains were also found. 

Prismatic-type calcitic pseudomorphs appear in the cracks of the aggregates (Fig. 13) in 

SU 302 of this same area (Bergadà and Mateu, 2011), also corresponding to this type of 

microfacies,  

We would also add MFT4 to this category, composed of aggregates of reddish earth 

building elements as well as silty clayey fine sands. 

 

4.3. Domestic structure  
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MFT 7 is clearly linked to the bench (SU 263) excavated next to the northeastern and 

southern walls of the area. Very clayey material (mainly illite) was used to build this 

bench, apparently without combustion traces. It has a massive microstructure with no 

evidence of plant remains or minerals used as a temper, and no coarse fraction (Fig. 14). 

This bench, unlike other construction elements, does not appear shaped. 

4.4. Supply of lithological resources 

Sample A is a partially dolomitized sparry limestone and corresponds to a carbonate rock 

of the Muschelkalk. Sample B corresponds to a rock from the transition between the facies 

of the Bundsandstein and Muschelkalk, which is predominantly carbonated and mostly 

micritic, although there are areas with carbonate crystals that exceed 50 - 100 μm, with 

varying proportions of clay and iron oxides giving this component a reddish tone to the 

rock. 

In the archaeological samples, the floors themselves and the materials related to their 

preparation have a composition correlated to the rocks mentioned above, as observed in 

the microanalysis of the thin sections (Fig. 15 and Fig. 16). 

The preparation materials have higher proportions of clays with iron oxides. In the floors, 

the abundant inclusion of fine, mainly quartz sands is observed, a fact reflected also in 

the XRD analysis. The geology of the most immediate surroundings do not contain these 

siliceous components, which suggests that the floors could also contain particles from 

other areas, for example conglomerates and silty sands from the Paleogene or Quaternary 

fillings (See Fig. 2). 

5. Discussion 

5.1. Floors 

Constructed floors MFT2 (SU 317) and MFT 6 (SU 278) are characterised by earth-based 

materials made up of silty clayey fine sands together with remains of plant components 

(phytoliths and moldic voids). The groundmass comes mainly from the carbonate 

materials of the site. Supplies were obtained from nearby locations for reasons of 

effectiveness and efficiency, as recorded in the majority of studies (Norton, 1986; Houben 

and Guillaud, 1994; Belarte, 2002). 
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Its preparation is that typical of working with earth-based construction materials (Mateu, 

2016). Firstly, the detritic material (more sandy) was mixed with the rest of the 

components (plant remains, gravel or pebbles, and water), and then well puddled in order 

to mould and prepare the different elements (Gé et al., 1993; Cammas, 1994, 2003; 

Duvernay, 2003; Wattez, 2003; Germain-Vallée et al., 2011; Mateu, 2016). Once 

puddled, the mixture would have been applied, which we have only been able to 

document well in the floors, especially in the most recent (MFT 6). This is the technique 

known as direct shaping (Houben and Guillaud, 1994; Belarte, 2002; Mateu, 2016; 

Friesem et al., 2017). It consists of applying layers that are smoothed flat to cover the 

whole surface of the area until the desired thickness and density is achieved. In the 

analysed floors the microstructure is massive, with vughs and vesicles caused by the air 

and water trapped in them when they were laid. We also observed the inclusion of water 

in the infillings of fine material following the horizontal layers of the groundmass.  

The composition of these floors is characterized by an increase of the sand fraction 

compared to the preparation layer, and an inclusion of few plant components. While the 

sand fraction already fulfils the function of plant components: their inclusion could have 

resulted in an increased resistance to traction and the avoidance of fracturing (CRAterre, 

1983; Duvernay, 2003). 

As we have previously mentioned, mixing this material with water caused a precipitation 

of CaCO3 leading to the semi-cementation of the floor, the objective of the builders of El 

Calvari. This carbonation would be favoured by the fact that the lower layer of preparation 

is impermeable and would not facilitate drainage, since the materials are mainly made of 

silty clay aggregates which would make cementing easier. 

This type of floor provides a series of advantages from the constructive point of view. It 

offers considerable cohesion and tenacity, accentuated by the inclusion of quartz particles 

in the sandy fraction that give hardness to the material. It also provides an impermeability, 

although it is breathable - lets moisture pass, without the need to use lime and finally, it 

requires less maintenance of the constructed floor. 

Semi-cemented floors such as those located in The Calvari have been documented in other 

archaeological sites from the Early Iron Age, as in Sant Jaume (Alcanar, Montsià, 

Tarragona) with the use of a dolomitic groundmass (Mateu, 2016). As in other 



12 

 

archaeological records such as Uppåkra (Scania, Sweden) also from the Iron Age, or in 

Wheat Barn, Cressing Temple (Essex, UK) in the 12th century (Macphail and Goldberg, 

2010, 2018). In short, we believe that this type of semi-cemented material, mostly in 

floors, has a series of similar construction characteristics to lime mortars. 

The use of lime in this geographical area has been located in a generalized way since the 

6th century BC, for example, lime kilns are located in the Alorda Park site (Calafell, 

Tarragona) and their use can be visually documented in building elements such as floors, 

coatings and plasters (Sanmartí and Santacana, 1992; Belarte, 2001); however there is 

little data on its use in settlements prior to the Iberian period (Belarte, 2001). 

There is a certainty that in Iberia the use of lime as a constructive material was introduced 

by the influence of the Eastern Mediterranean (Rouillard et al., 2007) during the Late 

Prehistory and the Protohistory, possibly from Late Bronze Age but especially during The 

Iberian period. Its use has already been confirmed archaeologically in Phoenician sites 

(Ferrer, 2010), as in the Fonteta record (Guardamar, Alicante) (Belarte and Gailledrat, 

2003; Rouillard et al., 2007). 

Recently in the Mediterranean basin of Iberia, its use in earth construction elements has 

been identified in the mixture in different settlements from the Neolithic to the Bronze 

Age such as Torreta-el Monastil (Elda, Alicante) or Cabezo Pardo (San Isidro/Granja de 

Rocamora, Alicante) (Martínez and Vilaplana, 2010; Jover et al., 2016). 

From the data available in the absence of generalized geochemical and 

micromorphological studies, it is difficult to analyse the introduction and use of lime as 

a construction material and its specific use in floors. However, according to Houben and 

Guillaud, (1994), Chazelles, (1997), Belarte, (2001) and Mateu (2016), we believe that 

the procedure for the construction materials is based on the type of building element 

required as well as the raw material that available in the immediate surroundings. 

One of the micromorphological contributions to the study of floors is the differentiation 

of those micro-facies that in the majority of cases we are unable observe macroscopically: 

the passive, reactive and active zone (Ge et al., 1993; Cammas, 1994; 1999; Matthews et 

al., 1994; Macphail and Goldberg, 2018). 
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In our case, these floors correspond to the passive zone, since no anthropogenic 

components of domestic activities are found; most likely, due to the sweeping or lowering 

as a system for a new construction of the next floor. There are no changes caused by 

effects of trampling since they are made with very resistant materials (Gé et al., 1993). 

According to Macphail and Goldberg (2010), floors without remains are the result of 

frequent sweeping with the waste being dumped elsewhere, which reflects busy floors 

with a certain intensity. In contrast, the most recent floor, MFT 6, with a greater 

sedimentary thickness, contains some domestic refuse corresponding to the “active zone”, 

as it was probably the last floor laid in the site and also the bench is located above it, 

which may have been why sweeping was not necessary. 

5.2. Floor layer preparation  

As we have expressed in the results, we located two types of floor preparation that would 

represent the “passive zone” and that appear well registered in the site. The first, named 

Detrital sedimentary accumulation MFT 1 (SU 333), is the earliest phase and 

distinguishable by its composition of detritic material, which is different to that of the 

other MFTs. Its components present a chaotic organisation with a wide range of sizes of 

charcoal, bone, flint, etc. fragments; characteristics that lead us to believe that it could 

have been a dump (Miller et al., 2009). This would correspond to a layer of preparation 

or levelling of the land; perhaps, because the bedrock outcrops at a shallow depth on the 

surface of the soil. 

The second type called Aggregates of reddish earth building elements is located in the 

intermediate and upper episodes, such as MFT 3 and MFT 5 (SUs 316 and 287), as well 

as some aggregates from MFT 4. They are made of a mixture of earth construction 

material aggregates that are characterised by their generally reddish colour probably from 

diverse items of domestic architecture that were used in a levelling phase when the area 

was rebuilt (for example in Cammas, 1994, 1999; Mathews et al., 1997; Shahack-Gross 

et al., 2005 or Friesem et al., 2014). Some of these aggregates appear with important 

traces of combustion, possibly coming from domestic structures of hearths or ovens, as is 

the case of the fragment corresponding to the SU 302 which still has remains of ashes 

(calcium carbonate pseudomorphs of prismatic crystals) conserved in its fissures of bark 

of woody materials (Brochier, 1996; Canti and Brochier, 2017). In some of these, there 

are abundant aggregates, with remains of plant origin as a temper that probably helped to 
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stabilise the mixture with the aim of preventing fissures when it dried (CRAterre, 1983; 

Duvernay, 2003). In the MFT4 preparation we have also been able to distinguish 

fragments of aggregates coming from the floor, their origin is probably due to a lowering 

process developed by builders. 

6. Conclusions 

From the analysis carried out, we believe that micromorphology is essential for the 

characterization of construction techniques and the recognition of domestic activity 

associated with occupation surfaces and especially constructed floors. 

In the case of the El Calvari del Molar, dated from the 7th century to the first quarter of 

the 6th century, it has allowed us to analyse in detail the type of materials used, the 

construction system and the evidence of the occupations. The raw materials exploited for 

these constructions were mainly the lithological resources of the surrounding 

environment - the bedrock of the site. Three episodes of occupation have been identified 

and in all of them there are two constructive units: floors and floor layer preparations. 

The floors always comprise carbonated constructed earth, mainly clayey fine sands, 

formed by direct modeling, with the semi-cementation of the floor obtained as a final 

result. 

This type of floor offers a series of advantages. It has great particle adhesion and 

resistance that is also reinforced by the inclusion of quartz particles in the sand fraction, 

giving more consistency and stability to the construction material and requiring less 

maintenance of the floor. No domestic refuse appears on their surfaces, possibly due to 

frequent sweeping, which would indicate occupations with certain intensity; except for 

the most recent where the sweeping was not so necessary since the domestic element of 

the bench was positioned above it. 

Preparation layers composed of possible debris of diverse architectonic elements, silty 

clay aggregates, and / or of reductions of the same floors are present, where the objective 

appears to have been to level and thus to modify the room. The only exception is the 

oldest preparation, which is made with dumped detrital sedimentation. From these 

preparations we highlight the fact that the majority of their composition is clayey, which 

from the constructive point of view favours poor drainage as they are impermeable and 
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further facilitates the cementation of the floor. These preparations also reflect the 

existence of different moments of significant remodelling of this area of the settlement. 

In short, we believe that the semi-cemented floors and specifically those in El Calvari del 

Molar represent a technical and constructive solution without the use of lime mortar, 

obtaining results with similar qualities and properties; this fact that makes us think that 

they can be located as long as their builders have the necessary raw materials beyond the 

geographical and chronocultural scope at their disposal. 
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Figure 4. Plan of the archaeological site and detail of the Room 8 with the location of 

samples (M1, M2 and M3). 

Figure 5. Aerial view of room 8 with the two profiles (Blue: profile 1; Green: profile 2). 

Front photographs of the two profiles with the process of sampling (Above: profile 1 - 

M1 and M2; Down: profile 2 - M3).   

Figure 6. Photograph of the two geological formations around the site: location 

Muschelkalk (Sample A) and the transition to the Bundsandstein (Sample B).  

Figure 7. Photographs of the three samples before making their thin sections accompanied 

by indication of the different MFTs identified. Cronostratigraphic order of the site. 

Figure 8. Photomicrographs of the floors MFTs (with silty clayey fine sands groundmass). 

a - b) MFT 2 arrow dusty clay infilling c) MFT 6 arrow moldic void and d) MFT 6 vesicle 

voids. Left column: PPL, right column: XPL. 

Figure 9. Photomicrograph of MFT 6: detail of a void of plant component (moldic void). 

Detail of the previous image: articulated phytolith inside the void. PPL. 

Figure 10. Photomicrograph on the uppermost of MFT6: detail of a small bone and a 

charcoal fragment. PPL. 

Figure 11. XRD analysis of the floor. The main component is calcite but also quartz, 

dolomite, muscovite/clinochlore and feldspars (microcline and albite).  

Figure 12. Photomicrographs of floor layer preparation MFTs. a - b) MFT 1 (detrital and 

more porosity groundmass). c- d) MFT 5 and e - f) MFT 3 (with heterogeneous clayey 

reddish groundmass). Left column: PPL, right column: XPL. 

Figure 13. Photomicrographs of prismatic-type calcitic pseudomorphs (SU 302). Left: 

general view of the crack and the accumulation; right: detail of these calcite 

pseudomorphs. PPL.  

Figure 14. Photomicrographs of bench MFT7: clay groundmass can be observed together 

with infilling of micritical carbonation typical of the rock (transit between the 

Bundsandstein facies and Muschelkalk). PPL and XPL. 

Figure 15. Photomicrographs of the geological materials ESEM and microanalysis (red 

box). a. Sample A and b. Sample B.  
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Figure 16. Photomicrographs of the Floor MFT6 (a) it can be observed that its 

composition is similar to sample A and sample B (2), (See Fig. 15). Floor layer 

preparation MFT3 (b) in this case its composition is similar to sample B (1), (See Fig. 

15). ESEM and microanalysis (red box). 

 

TABLES 

 

Profile 1 

(M1 and M2) 
Sedimentary field description from bottom to top 

Archaeological 

sequence 

SU 333 (M1) 

Floor layer preparation: 10 cm thick 

Pale brown (10YR 6/3) 

Silty sands with some subrounded gravels mainly of 

limestone 

Sharp smooth boundary 

Phase 1 

SU 317 (M1) 

Floor: 3 cm thick 

Pale yellow (2.5Y 8/2)  

Silty clayey fine sands  

Massive and coherent structure (semi-cemented) 

Sharp boundary 

Phase 1 

SU 316 

(M1 and M2) 

Floor layer preparation: 24 cm thick 

Red (10R 6/4 10R) - light red (2.5YR 5/4-4/4) 

Silty clays with sands and some gravels 

Granular structure and it is less coherent 

Sharp smooth boundary 

Phase 2 

SU 296/309 

(M2) 

Floor: 3 cm thick 

Pale yellow (2.5Y 8/2) 

Silty clayey fine sands 

Massive and coherent structure (semi-cemented) 

Diffuse smooth boundary 

Phase 2 

Profile 2 (M3)  

SU 287 (M3) 

Floor layer preparation: 21 cm thick 

Red (10R 6/4) - light red (2.5YR 5/4-4/4) 

Silty sands with subrounded gravels (heterogenic mass) 

Granular structure  

Sharp smooth boundary 

Phase 3 

SU 278 (M3) 

Floor: 8-9 cm thick 

Pale yellow (2.5Y 8/2) 

Silty clayey medium to fine sands 

Platy and coherent structure (semi-cemented) 

Sharp boundary 

Phase 3 

SU 263 (M3) 

Bench: 16 cm thick 

Red (10R 6/4) - light red (2.5YR 5/4-4/4) 

Silty clays 

Granular structure 

Phase 3 

 

Table I. Sedimentary field descriptions of the profiles. 

 



Table II. Micromorphological descriptions of MFT.  

 
  Soil Micromorphology 

 
MFT 

Heteroge

neity 
Structure and Voids c/f63µm Coarse Mineral 

Coarse 

Organic 

Coarse 

Anthr. 
Fine Fabric Pedofeatures 

F
lo

o
rs

 (
F

ig
. 

8
-1

1
) 

MFT 2 

(UE 317) 

(M1) 

Homog. Microstructure: massive 

Voids: vughs and some planes 

and channels 

Porosity: 5-10%  

(There are a difference: 

bottom layer 10-20% porosity 

and granular-massive micro.) 

70:30 Perfectly sorted: 

Sands different 

sizes: fine to 

medium sand 

(quartz and calcite) 

- Roots: (ff) 

- Phytholith: a-1 

- Charcoal: (a-1) 

-- Speckled yellowish brown 

(PPL),  low interference colors 

(XPL), yellow-orange (OIL), 

fine monic- porphyric 

groundmass, Crystallitic b-

fabric 

Amorph. and cryptocryst.:  

Ox(hydr) Fe nodules; 

Fabric: dusty clay infilling; 

Crystalline: earthworm 

biospheroids: aa 

MFT 6 

(SU 278) 

(M3) 

Mod. 

homog 

Microstructure: massive, 

granular 

Voids: channels, vesicles, 

vughs, some planar voids, and 

burrow. At the top, thin layer 

with regular vughs. 

Porosity: 5-10% 

70:30 Perfectly sorted: 

Sands different 

sizes: fine to 

medium sand 

(quartz and calcite).  

- Charcoal & 

Roots: a sp. at 

the top 

- Phytoliths: a 

- Shell: a 

- Bone: a-1 

(< 1mm) 

- Flint: a-1 

(< 252 µm) 

Speckled yellowish brown 

(red) (PPL), low interference 

color (XPL), yellow-orange 

(OIL), fine monic 

groundmass, Crystallitic b-

fabric 

 

Textural: coatings and 

hypocoatings in some 

voids and particles; Fabric: 

dusty clay infilling, 

burrows (biological act.); 

Crystalline: calcite 

(earthworm biospheroids 

and loose discontinuous 

infilling of citomorphic 

calcite): aa; Amorph. and 

cryptocryst.:  Ox(hydr) Fe 

nodules 

F
lo

o
r 

la
y

er
 p

re
p

ar
at

io
n

s 
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. 
1

2
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MFT 3 

(SU 316)  

(M1 and 

M2) 

 

Heterog. Microstructure: massive and 

fragments cracks, granular 

(aggregates massive structure) 

Voids: channels, vughs, 

planes, packing and burrow. 

Voids of plant components 

(moldic voids)  

Porosity: 10-40% 

75:25 Poorly sorted: 

Some gravels and 

sands, different 

sizes, shapes 

(subrounded), and 

lithology. 

- Charcoal: a* 

- Roots: ff 

- Shell: a* 

- Phytholith: a 

-- Dotted red and brown to dark 

brown (PPL), low interference 

colors (XPL), red-orange-

yellow (OIL), double spaced 

porphyric groundmass, 

Crystallitic b-fabric 

Amorph. and cryptocryst.:  

Ox(hydr) Fe nodules; 

Fabric: burrows; 

Crystalline: dense 

complete infilling of 

citomorphic calcite: a, 

earthworm biospheroids: 

aa 

MFT 5 

(SU 287)  

(M3) 

Heterog. Microstructure: massive and 

fragment cracks, granular 

(aggregates massive structure) 

Voids: vughs, channels, 

planes, burrow. Voids of plant 

components (moldic voids) 

Porosity: 10-40% 

75:25 Poorly sorted: 

Sands and gravels 

subrounded, dif. 

sizes and 

lithologies. 

- Charcoal: a* 

- Roots: a 

- Phytholith: a-1 

 

-- Dotted (cloudy) red and 

brown to dark brown (PPL), 

low interference colors (XPL), 

red-orange-yellow (OIL),  

double spaced porphyric 

groundmass, Crystallitic b-

fabric 

Amorph. and cryptocryst.: 

Ox(hydr) Fe nodules; 

Fabric: burrow, and dusty 

clay infilling; 

Crystalline: earthworm 

biospheroids: a 

MFT 1 

(SU 333)  

(M1) 

Heterog. Microstructure: granular / 

fissure structure 

Voids: planes, packing voids, 

channels and vughs 

Porosity: 20-30% 

80:20 Poorly sorted: 

Different sizes and 

shapes (subangular 

and subrounded): 

quartz and calcite, 

- Charcoal: aa 

- Roots: ff 

- Bone: a-1 

- Flint: a* 

(> 1mm) 

Cloudy grey (PPL), low 

interference colors (XPL), 

brown (OIL), open porphyric 

groundmass, Crystallitic b-

fabric. 

Crystalline: loose 

discontinuous infilling of 

citomorphic calcite: aa; 

Amorph and cryptocryst.:  

Ox(hydr) Fe nodules; 



limestone, feldspar Fabric: burrows thin 
 

MFT 4 

(M2) 

Heterog. Aggregates of silty clayey fine 

sands: 

Microstructure: massive 

Voids: channels and vughs, 

some planar voids, and burrow 

Porosity: 5-10% 

70:30 Perfectly sorted: 

Sands different 

sizes: fine to 

medium sand 

(quartz and calcite) 

- Charcoal: a* 

- Roots: ff 

- Shell: a 

-- Speckled yellowish brown 

(red) (PPL), low interference 

colors (XPL), yellow-orange 

(OIL), fine monic 

groundmass, Crystallitic b-

fabric 

 

Amorph. and cryptocryst.:  

Ox(hydr) Fe nodules; 

Fabric dusty clay infilling; 

Crystalline: earthworm 

biospheroids: aa 

Aggregates of reddish earth 

building elements: 

Microstructure: massive and 

fragments cracks 

Voids: channels, vughs, 

planes, packing and burrow. 

Voids of plant components 

(moldic voids)  

Porosity: 10-40% 

75:25 Poorly sorted: 

Some gravels and 

sands, different 

sizes, shapes 

(subrounded), and 

lithology. 

- Charcoal: a* 

- Roots: ff 

 

-- Dotted (cloudy) red and 

brown to dark brown (PPL), 

low interference colors (XPL), 

red-orange-yellow (OIL),  

double spaced porphyric 

groundmass, Crystallitic b-

fabric 

Amorph. and cryptocryst.: 

Ox(hydr) Fe nodules; 

Fabric: burrow, dusty clay 

infilling; Crystalline: 

earthworm biospheroids: a 

B
en

ch
 (

F
ig

. 
1

4
) MFT 7 

(SU 263) 

(M3) 

 

 

 

Heterog. Microstructure: 

massive/granular 

Voids: planes and packing 

Porosity: 10% 

10:90 Perfectly sorted, all 

fine mineral and 

massive: clay 

- Charcoal & 

Roots: a sp. at 

the bottom 

-- Limpid/speckled red and grey 

(PPL), interference colors 

(XPL), red-orange (OIL), fine 

monic groundmass, 

Crystallitic, mosaic-speckled 

and parallel striated  b-fabric 

 

Amorph. and cryptocryst.:  

Ox(hydr) Fe nodules; 

Fabric: burrows 

* - very few 0-5%, f - few 5-15%, ff - frequent 15-30%, fff - common 30-50%, ffff - dominant 50-70%,  fffff - very dominant >70% (Frequency semi-quantitative estimates according Macphail 

and Goldberg, 2018: 93) 

a - rare <2% (a*1%; a-1, single occurrence), aa - occasional 2-5%, aaa - many 5-10%, aaaa - abundant 10-20%, aaaaa - very abundant >20% (Abundance semi-quantitative estimates according 

Macphail and Goldberg, 2018: 93) 
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FIGURES 

 

Figure 1. Location of El Calvari del Molar (Tarragona) in the NE Iberia. 

 

 

Figure 2. Geological location (Carulla, 2008, modified). 
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Figure 3. Aerial view of El Calvari del Molar. 

 

 

Figure 4. Plan of the archaeological site and detail of the Room 8 with the location of 

samples (M1, M2 and M3). 
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Figure 5. Aerial view of room 8 with the two profiles (Blue: profile 1; Green: profile 2). 

Front photographs of the two profiles with the process of sampling (Above: profile 1 - 

M1 and M2; Down: profile 2 - M3).   
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Figure 6. Photograph of the two geological formations around the site: location 

Muschelkalk (Sample A) and the transition to the Bundsandstein (Sample B).  
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Figure 7. Photographs of the three samples before making their thin sections 

accompanied by indication of the different MFTs identified. Cronostratigraphic order of 

the site. 
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Figure 8. Photomicrographs of the floors MFTs (with silty clayey fine sands groundmass). 

a - b) MFT 2 arrow dusty clay infilling c) MFT 6 arrow moldic void and d) MFT 6 vesicle 

voids. Left column: PPL, right column: XPL. 

 

 

Figure 9. Photomicrograph of MFT 6: detail of a void of plant component (moldic void). 

Detail of the previous image: articulated phytolith inside the void. PPL. 
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Figure 10. Photomicrograph on the uppermost of MFT6: detail of a small bone and a 

charcoal fragment. PPL. 

 

 

Figure 11. XRD analysis of the floor. The main component is calcite but also quartz, 

dolomite, muscovite/clinochlore and feldspars (microcline and albite).  
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Figure 12. Photomicrographs of floor layer preparation MFTs. a - b) MFT 1 (detrital and 

more porosity groundmass). c- d) MFT 5 and e - f) MFT 3 (with heterogeneous clayey 

reddish groundmass). Left column: PPL, right column: XPL. 

 

 

Figure 13. Photomicrographs of prismatic-type calcitic pseudomorphs (SU 302). Left: 

general view of the crack and the accumulation; right: detail of these calcite 

pseudomorphs. PPL.  
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Figure 14. Photomicrographs of bench MFT7: clay groundmass can be observed together 

with infilling of micritical carbonation typical of the rock (transit between the 

Bundsandstein facies and Muschelkalk). PPL and XPL. 
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Figure 15. Photomicrographs of the geological materials ESEM and microanalysis (red 

box). a. Sample A and b. Sample B.  
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Figure 16. Photomicrographs of the Floor MFT6 (a) it can be observed that its 

composition is similar to sample A and sample B (2), (See Fig. 15). Floor layer 

preparation MFT3 (b) in this case its composition is similar to sample B (1), (See Fig. 

15). ESEM and microanalysis (red box). 

 

 

 


