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Abstract
Roman roads are omnipresent in the Mediterranean basin. Despite the methodological advances achieved, interdisciplinary 
studies including geoarchaeological techniques are still rare. The aim of this study is to offer a microstratigraphic analysis 
of an important Roman road in order to characterise the raw materials and construction techniques used to build it and their 
evolution over time. Our research focuses on the Via Augusta, the longest road in Roman Hispania, where it passes through 
the Ianus Augustus (Mengíbar, Spain), a monumental complex on the frontier between the provinces of Baetica and Tarra-
conensis. Archaeological excavations of this road have revealed vertical stratigraphic variations, suggesting the presence of 
several transit surfaces and repair works. A protocol was designed to characterise the road deposits at the microscale, where 
micromorphology revealed six overlying roads and their construction techniques. The combination of micromorphology, 
µ-XRF and the study of the textural parameters of the deposits allowed us to identify the raw materials used and their sources, 
as well as the specific features generated during the construction and use of the road. The results show how the technical 
solutions used survived as a tradition for centuries, and how the repair works identified in the stratigraphic sequence have 
a correlation with the road maintenance works mentioned in the Roman epigraphic record of Hispania Baetica. This study 
shows how detailed microstratigraphic analyses of Roman roads are very effective in the characterisation of road biographies.
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Introduction

The Roman Empire was made up of a myriad of towns and 
territories (civitates) that were linked by an impressive road 
system. This road network was a true emblem of Roman 
civilisation that allowed new territories to be conquered and 
trade to be developed. It also symbolised political power, 
connected people and allowed the rapid spread of new ideas 
across a geographical area that was larger than modern-day 
Europe. As a result, these infrastructures conform to a vast 
archaeological heritage in the Mediterranean basin with an 
important research background (Sillières 1990; Chevalier 
1997). In this respect, studies have traditionally explored the 
role of Roman roads in ancient topography (Gautier 1769; 
Albenga 1918; Fustier 1960; Forbes 1964; Radke 1981; 
Quilici and Quilici 1992; Kolb 2019), especially regarding 
Roman rural field systems (centuriationes) (Chouquer and 
Favory 1991; Botazzi 1992; Ciampoltrini and Andreotti 
1994; Ariño Gil et al. 2004); the relationship between roads 
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and the urban necropolises and the entrances to the towns 
(Schattner and Ruipérez 2010) and their association with 
overland trade (Batino et al. 1999; Berechman 2003; Hitch-
ner 2012; Orengo and Livarda 2016). With regard to the 
roads as part of Roman material culture, research has gen-
erally emphasised the analysis of their construction tech-
niques (Forbes 1964; Quilici 1992; Quilici and Quilici 1992; 
Rosada 1992; Xeidakis and Varagouli 1997; Moreno Gallo 
2004), geotechnical properties (Garilli et al. 2017) and the 
modern restoration of ancient routes (Petrucci 2013). In this 
respect, the growing interest in the surveying (Sidebotham 
et al. 2000; Magli et al. 2014) and stratigraphic excava-
tion (Quilici and Quilici 1992; Moreno Gallo 2004; Garilli 
et al. 2017) of Roman roads has been a crucial milestone. 
In recent decades, the application of new analytical meth-
ods to the Roman road research agenda has been significant, 
with the progressive generalisation of aerial photography 
and photogrammetry (Gasparini et al. 2019), remote sensing 
(Keay et al. 2014), geophysics (Bernardini et al. 2018) and 
spatial analysis (Evangelidis et al. 2015; Güimil-Fariña and 
Parcero-Oubiña 2015; Verbrugghe et al. 2017).

Nevertheless, and despite this methodological develop-
ment and an increasing number of excavations on roads 
across the Roman Empire, a misconstrued idea of the para-
digmatic structure and construction techniques of a standard 
Roman road has been widespread until fairly recently. A long 
tradition of studies (Chevallier 1997; Moreno Gallo 2004; 
Sillières, 1990, amongst others) consolidated the idea that 
Roman roads consist of a characteristic succession of layers 
from bottom to top: the basement or statumen (boulders), the 
rudus (gravel and coarse sand), the nucleus (crushed stones, 
sand and mortar/clay) and, finally, the summa cresta or pavi-
mentum (stone slabs). However, the information given in the 
classical texts does not correspond to this logical sequence 
and the archaeological evidence is much more diverse than 
that simple scheme. Furthermore, ancient texts referring to 
Roman roads are scarce and do not mention such a termi-
nology and succession of layers (Rodríguez Morales 2011). 
Moreover, stone-paved roads (viae lapidae stratae), such as 
the Via Appia, were considered by classical authors to be 
exceptions (Statius, Silvae, 2, 2, 12; Procopius, History of 
the Wars, V, 14, 6–10), whilst those made with gravel (viae 
glarea iniectae) or just by conditioning and trampling the 
soil (viae terrenae), following the terminology used by Ulpi-
anus (Digesto, 43, 11, 1, 2), were more frequent (Plutarch, 
Parallel Lives, Gaius Gracchus, 7; Statius, Silvae, 4, 3). In 
fact, apart from the well-known text of Statius (Silvae, 4, 3), 
the few references in classical texts on how to build roads 
explicitly mention the use of gravel and not slabs to pave 
them. This is the case of Tibullus and Plutarch, who stated 
that “the roads were made in a straight line, right through 
the country, partly of quarried stone and partly with tight-
rammed masses of earth” (Plutarch, Parallel Lives, Gaius 

Gracchus, 7) and “see, winding upward through the Latin 
land/ Yon highway past, the Alban citadel/ At great Mes-
sala’s mandate made/ In fitted stones and firm-set gravel 
laid/ Thy monument forever more to stand!” (Tibullus, 1, 
7, 57). Besides, excavations of Roman roads across the 
different provinces of the former Roman Empire reveal a 
considerable stratigraphic variability in terms of their con-
struction techniques, raw materials and composition, due 
to the possibilities and limitations of the local geology and 
the repairs carried out over time (Quilici and Quilici 1992; 
Xeidakis and Varagouli 1997; Moreno Gallo 2004; Garilli 
et al. 2017; Charbonnier and Cammas 2018, amongst oth-
ers). These excavations also document a predominance of 
multiple gravel deposits, which sometimes represent not just 
one, but a sequence of several overlying roads. The afore-
mentioned terminological misinterpretation comes from a 
misreading of N. Bergier’s Histoire des Grandes Chemins 
de l’Empire Romain (1622), which is considered to be the 
starting point for Roman road research (Rodríguez Morales 
2010). Subsequent scholars mistakenly identified and erro-
neously translated the terms Bergier used to describe the dif-
ferent stratigraphic units identified in his excavations carried 
out in the seventeenth century.

Even Bergier, in his pioneering work, suggested that 
methodologically further research should focus attention 
on “the materials found in different layers [of the roads], 
their order assigning each one a name, and making them 
distinguishable” (free translation of Bergier 1622, p. 142). 
Despite this having been one of the main aims on the 
research of Roman roads, the deposits have normally been 
poorly described from a geoarchaeological perspective. As 
roads consist of gravel and sand deposits, geoarchaeology 
has the potential to contribute significant data to the recogni-
tion of site preparation work prior to the road construction, 
as well as to the identification and characterisation of the 
raw materials used and where they were sourced from. It 
can also offer information on the building techniques used, 
the identification of transited surfaces, possible differences 
and similarities in the case of road sequences and periods of 
abandonment and disuse. However, detailed geoarchaeologi-
cal analyses of road and traffic deposits are not common in 
Roman road literature. In this respect, and without the aim of 
carrying out a systematic review of the subject, we can high-
light the study by Capedri et al. (2003) of the petrographic 
and geochemical characterisation of stone-paved roads on 
the Po plain and the identification of raw material source 
areas. Garilli et al. (2017) offer a detailed stratigraphic 
and geotechnical characterisation of the gravel deposits of 
nine prominent Roman roads in Italy, Greece and south-
ern France. There also are some micromorphology studies 
of roads and traffic deposits (Cammas and Wattez 2009, p. 
209; Charbonnier and Cammas 2015, 2018; Gebhardt and 
Langohr 2015). Amongst them, those of Charbonnier and 
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Cammas (Charbonnier and Cammas 2015, 2018) on the 
micromorphology of Roman road deposits in urban envi-
ronments in northern France stand out. They undertook a 
microfacies analysis of road, street and lane contexts, iden-
tifying specific and significant facies and features related to 
their construction, maintenance, periods of use and abandon-
ment. These studies illustrate the significant contribution of 
geoarchaeology to the understanding of Roman roads and 
how much of this information is contained at the microscale.

The aim of this study is to carry out a microstratigraphic 
analysis of an outstanding Roman road in Hispania. Our 
specific objectives are the identification of features related 
with the construction of the road, the characterisation of the 
different materials and their sources in the landscape as well 
as the construction techniques employed and, finally, the 
identification of maintenance and repair works. The premise 
of this study is that, when considered together, the differ-
ent questions mentioned above and the implementation of 
microstratigraphic techniques of analysis could offer a very 
detailed view of the diachronic evolution of a Roman road in 
a biographic sense (we understand the biographic perspec-
tive in the sense proposed by Wouters 2020). Specifically, 
our research focuses on the Via Augusta, the longest road 
in Roman Hispania (Fig. 1). This paper looks specifically 
at the area where the Via Augusta passes through a singu-
lar landmark in the ancient geography: the Ianus Augustus 
(Mengíbar, Spain), a monumental complex on the frontier 
between the provinces of Hispania Baetica and Hispania 
Tarraconensis (Figs. 1, 2 and 4). The excavation of the Via 
Augusta at this point of its layout offered a complex strati-
graphic sequence composed of gravel deposits on the local 
natural soil (Fig. 6).

The geological and archaeological 
context of the Via Augusta where it passes 
through the Ianus Augustus

Geographical and geological setting

The site is set in the north-eastern sector of the Guadalquivir 
basin (Fig. 3A), a foreland basin formed between the Iberian 
Massif to the north and the Betic Cordillera to the south. It 
is one of the largest Tertiary basins on the Iberian Penin-
sula. It is bordered by the Hercynian basement of the Sierra 
Morena to the north (comprising a wide range of Palaeozoic 
plutonic and metamorphic rocks, such as granites, slates, 
schists and hornfels); to the south by the Subetic Domain of 
the External Zone of the Betic Cordillera (Sierra Mágina, 
comprising mainly Mesozoic limestones) and, to the east, by 
the Prebetic Domain of the External Zone of the Betic Cor-
dillera (Sierra de Cazorla, composed of Mesozoic carbonate 
lithologies). This Tertiary basin is crossed by the course of 

the River Guadalquivir that cuts through its marine sedimen-
tary infill, which comprises several lithostratigraphic units 
ranging from the Middle Miocene to the Pliocene. Except 
for the Olistostromic Serravallian unit, which is composed of 
clays, red sandstones, gypsum and dolostones, the rest of the 
units consist of marls, bioclastic limestones, calcarenites and 
sandstones with carbonate cement (Jimenez-Espinosa et al. 
2016). It is in these last units that our study area is located.

The local geology (Fig. 3B) is a determining factor for 
our understanding of the materials used in the construc-
tion of the Roman road, as well as for the technical solu-
tions adopted. The landscape around the site is defined by 
a smooth orography of rounded hills (with a maximum dif-
ference in elevation of less than 500 m) and by the course of 
the River Guadalquivir and its tributaries, the Guadalbullón 
and the Guadiel, which make up a hydrological network that 
flows westward. The oldest geological materials date from 
the Upper Miocene, when the end of this basin segment was 
filled. Specifically, it is the Porcuna Unit (Fig. 3B: 1), which 
has a tabular morphology and is composed of marls that 
are yellowish-grey on the surface and greyish-bluish where 
freshly cut. These marls present a mineral fraction composed 
of a very well-sorted fine to medium sand, in which abun-
dant lamellibranchs and rounded quartz stand out (ITGE 
1990a, b). On the roof of the unit, there is a series of silt, 
bioclastic sandstones and calcarenite layers interfingered 
with marls. The baseline contact of this unit is not clear 
due to the continuous disturbance by agriculture, although 
as it is on various units and facies of diverse chronology, 
it can be concluded that it constitutes a discordance in the 
regional geology. A conglomerate unit that also belongs 
chronologically to the Miocene (Fig. 3) appears discordantly 
on the Porcuna Unit in isolated outcrops, especially to the 
east of the River Guadalbullón. It shows a cyclic sequence 
of conglomerates with sporadic levels of white marls and 
silt, changing to rosaceous tones towards the roof of the 
sequence. The clasts are mainly calcareous, although other 
lithologies are present.

Other lithological units present in the surroundings of 
the Via Augusta where it passes through the Ianus Augustus 
are the alluvial Quaternary deposits of the Guadalquivir and 
Guadalbullón river terraces (Fig. 3B: 3–5) that unconforma-
bly overlie the Mio-Pliocene lithological units (ITGE 1990a, 
b). The thickness of these alluvial deposits ranges from 5 to 
12 m along the basin. Although three terraces are identified 
in the Guadalquivir basin, only two of them—the middle and 
the lower—are present in the study area. The upper terrace 
is very eroded and it can only be found a few kilometres east 
to the study area. These terraces are composed of silt and 
gravel deposits, sometimes cemented, and red clay deposits 
are scarce. The middle terrace is the most extensive of the 
three and is c. 50 m below the relicts of the upper terrace. 
It shows a fining-upward megasequence with a complex 
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internal structure that, in broad terms, can be grouped into 
channel facies at the bottom of the sequence, and floodplain 
facies in the upper part (ITGE 1990a, b; Lorite-Herrera et al. 
2008; Jimenez-Espinosa et al. 2016). This terrace has been 
dated by Baena (1993) to 80 k years BP.

Finally, recent alluvial deposits are also present on the 
course of the Rivers Guadalquivir, Guadalbullón and Gua-
diel (Fig. 3B: 6), as well as colluvial deposits of glacis in the 
vicinity (Fig. 3B: 7), configuring a concave morphology of 
the landscape. The lithology of these deposits is composed 
of silts and marls and their genesis is dominated by solifluc-
tion processes.

In terms of soils, the identified section of the Via Augusta 
rests on a calcic Luvisol that is notable for the absence of 
coarse components and gravels. These clay-rich soils, which 
are typical of plains and low slopes in Mediterranean-cli-
mate areas, are well-represented in the study area. Beneath 
the gravel deposits that make up the Via Augusta, two soil 
horizons, A (surface layer) and Bk (subsurface layer: a clay 
deposit with secondary calcium carbonate accumulations 
forming carbonate crusts and nodules), were identified, 
whilst soil horizons C (transitional layer) and R (contact 
with the bedrock) are located at a greater depth than the 
excavated area.

The Ianus Augustus monumental complex

The Via Augusta was built between 8 and 2 BC. More than 
1500 km long, this via militaris of extraordinary strategic 
importance (Sillières 1981) runs from Gades (Cádiz, Spain) 
to the Pyrenees, where it connects with the Via Domitia 
and, ultimately, with Rome itself, as shown on the Vicarello 
Cups and in the Antonine Itinerary (Sillières 1990; Roldán 
Hervás and Caballero Casado 2014). The analysed section of 
the Via Augusta runs through the Ianus Augustus monumen-
tal complex (Fig. 4). The provincial organisation designed 
by Augustus entailed the creation of the senatorial province 
of Baetica in 27 BC (España Chamorro 2021). The estab-
lishment of an interprovincial frontier between Baetica and 
the imperial province of Tarraconensis involved establish-
ing a landmark that would act as a physical and a visual 
limit and be conceived as a starting point (caput viae) of 
the Roman Empire’s communication networks in this area 
(Sillières 1994; España-Chamorro 2017; Bellón Ruiz et al. 
2021). This caput viae, which was named Ianus Augustus 
in honour of its founder, is only referenced on the Baetican 

milestones and in the honorific epigraphy. The Ianus was the 
starting point for the whole of the Via Augusta in province, 
as confirmed by several milestones dating from Augustan 
to Flavian times (Figs. 1 and 4). The road, the Ianus Augus-
tus and the River Baetis, constituted the most significant 
and powerful elements to delimit this new administrative 
territory monumentally and symbolically (Sillières 1994; 
España-Chamorro 2017; Bellón Ruiz et al. 2021). The Via 
Augusta would have acted as the backbone and unifying ele-
ment in the Baetic territory (España-Chamorro 2017). The 
Ianus Augustus monumental complex would therefore have 
acquired an important political and economic role in the 
Roman imperial structure of the region. It was a symbol of 
the power of Rome and Augustus and, moreover, a para-
digm of Augustan imperial propaganda with regard to the 
mechanisms of territorial integration and ideological con-
trol through a very select scenography that marked the most 
important geographical points of the Empire (Guédon 2018).

Despite several attempts to find it using epigraphic 
sources (Hübner 1888; Blázquez 1914; Sillières 1981, 1994; 
Schmidt 2018), its location was archaeologically unknown. 
Between 2018 and 2019, we carried out interdisciplinary 
research in the area proposed by the abovementioned pre-
vious studies, as the most possible location of the Ianus 
Augustus remains (Fig. 1B). Our survey and excavation work 
made it possible to archaeologically locate this monument 
and to define the remaining elements associated with the 
different dimensions of the Ianus (Bellón Ruiz et al. 2021). 
Our excavations show that the main element of this complex 
was an arch (of which only its opus caementicium founda-
tions are preserved) (Fig. 4) with architectural decoration 
and sculptural elements, including gilded bronze fragments 
possibly associated with a sculptural group that would have 
crowned the arch. Also, a monumental structure was docu-
mented next to the arch, although only the ground plan of 
sandstone blocks on a thick foundation of opus caementi-
cium is preserved (Fig. 4). Like the arch, this structure was 
intentionally dismantled and plundered. As shown by pottery 
and numismatic finds, this dismantling took place in Late 
Antiquity, in the second quarter of the fourth century AD 
(Bellón Ruiz et al. 2021). Next to this ashlar structure, in 
a pit associated with the plundering of the structure, archi-
tectural elements from the unpreserved upper part of the 
monument were documented. Of particular note amongst 
them were decorated cornice fragments and a large fragment 
of monumental pulvinus (a decorative element of the top 
part of an altar). This building has been interpreted as a pos-
sible ara terminalis, or a monumental altar associated with 
the imperial cult and rites of passage, given that the Ianus 
itself represented a landmark: the gates to Baetica province 
(Bellón Ruiz et al. 2021).

Finally, to the east of the complex and next to the River 
Baetis, on a level some 20 m below the arch and altar, the 

Fig. 1  Contextualization of the Via Augusta. A The Via Augusta (yel-
low line) within the road network of the Roman Empire at its max-
imum extent in 117 AD (orange shading). B Via Augusta layout in 
Baetica province, showing the location of the Ianus Augustus on the 
border between the provinces of Baetica and Tarraconensis, as well 
as the milestones and epigraphs that explicitly mention the Ianus 
Augustus or repairs along the Via Augusta 

◂
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Fig. 2  Via Augusta layout. A Via Augusta layout from Corduba to 
Castulo, showing its main and the secondary routes and the loca-
tion of the Ianus Augustus. B Location of the Via Augusta and the 
Ianus Augustus in the surroundings of the Roman town of Iliturgi 

(Mengíbar, Jaén, Spain), showing the Via Augusta layout (both its 
main and secondary route) and different hypotheses regarding the 
location of the Ianus Augustus in previous literature
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Fig. 3  Location of the Via Augusta where it passes through the Ianus Augustus. A Regional geology (modified from Lorite-Herrera et al. 2008: 
2042). B Local geology and lithologies (cartographic base modified from the MAGNA series, Instituto Geológico y Minero de España)
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Fig. 4  Excavation area of the Ianus Augustus monumental com-
plex. A Aerial view indicating three of the sondages. In red, the Via 
Augusta where it passes through the foundations of the arch pillars. 
B Orthophotography and local relief model of the Roman road: the 

red line in the sondage indicates the studied profile. Note the sondage 
on the pillars of the monumental arch and the Roman road, and the 
monumental altar next to the arch
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micro-survey defined an archaeological area approaching 1 
hectare in size. It contained abundant finds, including teg-
ula fragments, building material, ashlars and pottery, par-
ticularly Hispanic terra sigillata (Bellón Ruiz et al. 2021). 
The geophysical survey showed significant anomalies that 
made it possible to delimit several buildings facing the Via 
Augusta, which could possibly have been associated with 
administrative and service tasks. From this point, the road 
would have been subject to the unevenness of the terrain, at 
the same time as it would have been part of the scenographic 
design. The ascent to the Ianus Augustus would have framed 
and emphasised its monumentality, on a route that symbol-
ised not only the passage from one province to another, but 
also the power of the emperor, through an element as evoca-
tive as the gate guarded by the god Ianus (Bellón Ruiz et al. 
2021; Sillières 1994).

Of all these elements, we focus in this paper on the 
Via Augusta. This road is recurrently mentioned in the 
regional historical cartography. An extensive collection of 
place names related with the road shows the permanency 
of this ancient path in collective memory and the land-
scapes through time. Historical cartography associates the 
placename “Camino de los romanos” or “Roman’s road” 
to this feature at least from the eighteenth century. This 
led other researchers to identify this path with a Roman 
road (Sillières 1990; Corzo Sánchez and Toscano San 
Gil 1992; Melchor Gil 1994). However, since the tenth 
century on, Mediaeval literary sources refer to this path 
as “Arrecife”, an Arabism derived from “al-raṣīf” mean-
ing ‘the paved stone” and “the road” (Franco-Sánchez 
2017). In this sense, Muslims usually called paved or 
cobbled roads “Arrecife” (Torres Balbás 1959). The road 
is mentioned in a historic episode, when Abd al Rah-
man III and his army set up their camp at the site of “al 
Haniya” (“the arch”) on their march from Córdoba to the 
north of the Iberian Peninsula in 912 AD (Zanón 1986). 
After identifying the road in historical documents, we 
developed a survey by means of UAV and photogram-
metry. We were able to verify that this ancient road was 
preserved 2.5 km long with an average width of 7 m and 
a height of 1.6 m above the surrounding terrain, follow-
ing a straight SE-NW orientation (Fig. 5A–C). This sec-
tion has irregular masonry remains delimiting its width 
(margines) (Fig. 5D) and passes through the pillars of the 
Ianus Augustus arch.

We carried out a stratigraphic sondage where the 
road passes through the arch. The excavation of the road 
revealed a complex stratigraphic sequence (Bellón Ruiz 
et  al. 2021) composed of overlying thick gravel beds 
with evidence of trampling and compaction (Fig. 6). In 
this regard, the horizontal tendency of the clasts is note-
worthy. A common characteristic of all the deposits that 
make up the road is their lithological and granulometric 

composition, which is defined by the presence of mainly 
limestone, dolomite, slate and quartzite gravels. How-
ever, there are granulometric differences amongst these 
gravel layers, as well as in terms of the accommodation 
and absence/presence of fine mineral material. Most of the 
gravel layers are massive and very thick (12 to 38 cm), with 
a significant absence of fine material (Fig. 6A–B: strati-
graphic units 3, 4, 6, 8, 9, 10 and 13). In contrast, some 
deposits are thinner (2–4 cm) with smaller gravel clasts, 
which are supported in a sandy clay matrix (Fig. 6A–B: 
stratigraphic units 5, 7 and 12). Although most of the iden-
tified deposits are homometric and the coarse fraction has 
a heterogeneous distribution, locally they can show reverse 
grading (Fig. 6C). This sequence is truncated and eroded 
on its upper part. The starting hypothesis of this study is 
that the thinner layers with clayey matrix are traffic transit 
surfaces, whilst the massive, thick gravel deposits corre-
spond to construction infillings, or preparation layers for 
the road surfaces.

Materials and methods

Archaeological soil and sediment micromorphology

Undisturbed and oriented soil and sediment micromor-
phology samples were collected from stratigraphic pro-
files produced during the 2018 excavation season. Sam-
pling strategy was systematic, covering all the stratigraphic 
units identified in the field (Fig. 6). Blocks stabilised with 
plaster of Paris bandages were later oven-dried for 1 day 
at 50 °C. Impregnation was carried out under vacuum with 
polyester resin (Palatal P4-01), styrene monomer and MEK 
catalyst. A total of 18 thin sections were studied. They 
were analysed under plane-polarised (PPL), cross-polar-
ised (XPL) and oblique incident (OIL) lights. Descriptive 
standard criteria were followed (Courty et al. 1989; Stoops 
2003; Stoops et al. 2010; Karkanas and Goldberg 2019), 
paying particular attention to specific features previously 
reported in similar contexts in which micromorphology 
was used (Gé et al. 1993; Rentzel et al. 2017; Charbonnier 
and Cammas 2018).

Here, we use the microfacies concept in the sense of 
Flügel to refer to the arrangement of sedimentary con-
stituents by distinct and recurrent groups of similar com-
position and organisation within a particular thin section 
(Flügel 2004). Thus, through microfacies analysis, it was 
possible to group similar characteristics of lithological 
composition, geometric association and post-deposi-
tional changes, thus allowing us to recognise patterns 
in different thin sections. This is based on the princi-
ple that distinct events, depositional environments and 
post-depositional processes produce a particular set of 
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microfacies units that, in turn, can be associated with 
a specific microfacies type (Courty 2001; Flügel 2004; 
Goldberg et al. 2009).

Regarding sampling and micromorphological documen-
tation, the site was included in a global reference system 
(UTM ETRS89-30 N) using a total station. Photographic 

Fig. 5  The Via Augusta layout: A Orthophotography of the Ameri-
can Flight Series B (1956) and B MDT Hillsade show the preserved 
2.5  km of the Via Augusta layout, its straight SE-NW orientation 
and the location of the Ianus Augustus; C1 detail orthophotography 
and C2 local relief model highlight the Via Augusta average height 

of 1.6  m above the surrounding terrain. Derivate of LIDAR-PNOA 
2008–2015 CC-BY scne.es; D photograph of the margines (stone 
margins) delimiting the Roman road in one of the sondages carried 
out
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data from the profiles was collected with a Canon 750D, 
using control points to provide scale and orientation to the 
3D modelling according to the local coordinates system. 
SfM technology (commercial software, Agisoft Photoscan) 
was used to produce volumetric models from the photo-
graphs. The studied thin sections were scanned by using 

MWSI (Gutiérrez-Rodríguez et al. 2018). This technique 
acquires the image directly from the microscope through a 
camera and Microvisioneer desktop software (http:// www. 
micro visio neer. com/). The obtained high-resolution thin 
section scans were used for the study of textural parameters 
of the deposits though image analysis and segmentation.

Fig. 6  Stratigraphy and sampling of the Via Augusta. A Stratigraphic 
sequence indicating the different stratigraphic units and the location 
of micromorphology blocks; B correlation between micromorphol-

ogy blocks and thin sections (henceforth samples); C detail of the 
profile indicating the heterogeneous distribution of the gravels that 
locally show reverse grading

Archaeological and Anthropological Sciences (2022) 14: 142 Page 11 of 32    142
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Image analysis and segmentation

High-resolution scans of the thin sections were analysed with 
JMicroVision 1.3.3 software (Roduit 2007) in order to explore:

1. Percentages of porosity, grains—sand and gravel frac-
tions—and micromass understood as the fine material of 
the deposits composed of clay, fine silt and coarse silt 
(Stoops 2003, p. 93; Stoops and Mees 2018, pp. 74–75).
2. Textural parameters of the grain fraction, specifically: 
area, orientation, compactness, equivalent circular diam-
eter and elongation (Table 1).
3. Percentages of the different lithologies used in the road 
building.

These percentages and parameters were characterised for 
each of the different microfacies identified in the micromor-
phology. For porosity, grains and micromass characterisation, 
several filters regarding morphology (closing, erosion, open-
ing) and enhancement (background extraction) were applied 
to the high-resolution scans after thresholding. This allowed 
an enhanced segmentation of the different features (voids, 
grains and micromass). Once the grains had been segmented 
and extracted, the studied parameters (Table 1) were analysed 
using frequency histograms. The different lithologies were 
determined by point counting. The number of points (600) 
was estimated by observing the evolution plot that shows 
the variation in the measured percentages. Thus, the point 
counting is statistically significant when the ratio of each 
component remains constant, in our case, the ratios of the 
different lithologies. In contrast to traditional grain-size and 
textural analyses, this protocol explores these variables in 
their microstratigraphic context and on a microscopic scale 
of analysis, something impossible to achieve in a traditional 
bulk sediment sampling.

µ‑XRF

Elemental composition of the thin sections was explored 
through µ-XRF. The analyses were conducted with a Hor-
iba XGT-7000 µ-XRF spectrometer housed in the School 
of Archaeology and Ancient History, University of Leices-
ter. Measurements were taken under full vacuum condi-
tions. This spectrometer was equipped with a microfocus 
X-ray tube with an Rh anode, a monocapillary lens for 
X-ray focusing and a Peltier cooled Silicon Drift Detec-
tor (SDD) calibrated to Kα1 line. The sample chamber 
(300 × 300 × 80 mm) incorporated an XYZ motorised stage 
for sample positioning. A high-resolution microscope was 
used to position the sample at the desired distance from 
the monocapillary. To increase the sensitivity of the low Z 
elements, the sample chamber was brought under vacuum. 
For the mapping analysis of the samples, a spot size of 
100 µm was chosen at an operating X-ray tube voltage of 
50 kV, an acquisition time of 2000s, a process time of 6 
and a current of 1 mA. Mappings and concentration values 
were obtained with INCA software (Version 5.05).

Results

Archaeological soil micromorphology and µ‑XRF

Microfacies analysis

A total of 3 microfacies types with 9 subtypes were identi-
fied in the thin sections: the Luvisol substrate, traffic sur-
faces and gravel deposits as constructive infills.

The most discriminating factors in defining gravel 
microfacies were granulometric differences between the 
deposits, the degree of accommodation and the absence/

Table 1  Textural parameters of the grain fraction analysed with JMicroVision 1.3.3

Parameter Description Computation References

Area Area of the grain. Possible holes within grains are not counted Sum of at least 8-related pixels (Roduit 2007, p. 65)
Orientation An angle of 0–180°, defined in the trigonometric direction 

between the horizontal axis and the major axis of the ellipse 
calculated from the moments of inertia

Orientation =
180

2π
tan−1

[

2π
11

μ
20
−μ

02

]

(Roduit 2007, p. 69)

Compactness A factor indicating the degree of compactness of the object. 
The area and the perimeter are two parameters invariant to 
translation and rotation. Dividing the area by the square of the 
perimeter cancels the unit of measurement and, therefore, an 
invariance at the change of scale is obtained. The 4π normal-
ises the compactness value to 1 for a sphere

Compactness =
4π∗Area

(Perimeter)2
(Roduit 2007, p. 69)

Equivalent 
circular 
diameter

The diameter of a circle with an area identical to that of the 
object

Equivalentcirculardiameter =

√

4∗Area

π

(Roduit 2007, p. 69)

Elongation Elongation of the grains, which can be expressed by the length 
to width ratio. Roduit’s formula gives values of between 0 and 
1

Elongation =
Lenght

Widht
(Roduit 2007, p. 70)
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presence of fine material. They are composed of dumped 
and trampled detritic materials and 5 subtypes were identi-
fied. In contrast, traffic surfaces show a higher amount of 
fine material composed of carbonate clay, which is not pre-
sent in the geological substrate of the Via Augusta layout. 
The spatial distribution of the microfacies types identified 
(Table 2) helped to unravel the road sequence and allowed 
the identification of 6 different overlapping roads (Fig. 9):

Road 1 This is the most complex of the identified roads in 
terms of compositional variances and stratigraphy, since it 
alternates gravel deposits and clay-rich layers originating 
from the underlying Luvisol (MF Type 1.2, Fig. 7A and 
B). Three types of gravel deposits were identified: moder-
ately sorted gravels with Luvisol aggregates (MF Type 3.1, 
Fig. 8A), moderately sorted gravels with poorly cemented 
sand coatings (MF Type 3.2, Fig. 8B) and moderately sorted 
sands and gravels with rounded carbonate clay aggregates 
(MF Type 3.3, Fig. 8C). As a result, this road presents a 
complex and stratified preparation layer compacted with 
plastic materials of different lithologies. The transit surface 
shows considerable reworking due to traffic (MF Type 2.2, 
Fig. 7D) that is only visible in thin section. The whole road 
deposit (preparation layers and traffic surface) is 22 cm thick.

Road 2 This is limited to 3 microfacies units (preparation 
layer, traffic surface and reworked traffic surface) in a thin 
section (sample 9). It is only 5 cm thick and has been con-
siderably reworked, especially on the margins of the road, 
where it is not appreciable with the naked eye. This seems to 
be an occasional repair of Road 1 by adding a thin prepara-
tion layer and a new traffic surface. This preparation layer is 
a different technical solution, since it is a new microfacies 
type (MF Type 3.5 with well-sorted gravels and no fine frac-
tion, Fig. 8E) that gives way to a very porous, thin prepara-
tion layer (sample 9, mf unit 1). The traffic surface presents 
two microfacies. Whilst the first is well-preserved (MF Type 
2.1, Fig. 7C), the second evidences considerable reworking 
towards the surface (MF Type 2.2, Fig. 7D).

Road 3 This is only 10 cm thick and is a repair of Road 2 by 
raising the traffic surface (MF Type 2.1, Fig. 7C).

Road 4 This road involves an important change in the use 
and repair dynamics identified in the previous roads, as it 
has a thick preparation layer of up to 38 cm (Figs. 6 and 9: 
stratigraphic unit 6). This layer reveals a new technical solu-
tion with the addition of moderately sorted fine sands with 
gravels (MF Type 3.4, Fig. 8D), which resulted in a porous 
sediment but more massive than previously described prepa-
ration layers. Above it, there is a traffic deposit showing an 
irregular surface (Fig. 6: stratigraphic unit 7).

Road 5 This shows the same dynamic as Road 4, with a 
thick preparation layer (up to 31 cm) composed of several 
stratigraphic units visible in the field (Figs. 6 and 9: strati-
graphic units 8–11). In thin section, they correspond to the 
same microfacies type (MF Type 3.5: well-sorted gravels 
without fine fraction, Fig. 8E). Overlying them, there is a 
well-preserved traffic surface with a very regular morphol-
ogy (MF Type 2.1), perhaps indicating a short period of use.

Road 6 This is truncated and only part of its preparation 
layer is documented (Figs. 6 and 9: stratigraphic unit 13). It 
shows the same technical solution as Road 5, with the addi-
tion of well-sorted gravels without fine fraction (MF Type 
3.5, Fig. 8E).

Lithological and elemental composition

The lithologies present in the coarse mineral fraction of 
the different microfacies are indicative of the source of the 
gravels used in the construction of each of the roads that 
make up the Via Augusta road sequence (Fig. 10). The main 
lithological difference is constituted by the Luvisol deposits 
in comparison to the road deposits. Luvisol deposits present 
a siliciclastic composition with large amounts of angular 
smooth quartz. However, the gravel deposits that make up 
the Via Augusta are composed of detrital clasts with rounded 
morphologies indicative of long transport and alluvial bed-
load deposits.

Calcareous lithologies from different Tertiary biostrati-
graphic horizons and sedimentary depositional environments 
are dominant, constituting 50–70% of the coarse fraction 
of the deposits, although there are also siliciclastic gravels 
and, in minor proportions, igneous and metamorphic rocks. 
Whilst the proportions of these broad categories do not show 
significant differences amongst the deposits, there are a few 
details that are instead related to the source areas of these 
materials. Amongst the calcareous lithologies, bioclastic 
limestone stands out. Whilst they have a wide range of dif-
ferent biostratigraphic origins, those with nummulitid and 
quinqueloculina foraminifera are more frequent. Bioclastic 
limestone shows significant enrichments in samples 2–8 and 
12 (Mf Unit 3) to 18 (Mf Unit 1) with minimum values of 
38.46% and maximum values of 48.33%. According to the 
microfacies analysis, these samples correspond to Roads 1 
and 5 of the road sequence (Fig. 11). In contrast, the rest of 
the samples show variable and lower values of between 0 
and 16%. Dolomites are present in all samples with stable 
values (3.77–14.25%), with the exception of enrichments in 
samples 6 (Mf Unit 1), 8, 9 (Mf Unit 3), 14, 16 and 17 (Mf 
Unit 1), that show values of between 18.09 and 33.42%. 
These samples correspond to Roads 1, 2 and 5 (Fig. 11). 
Sparitic limestone is also generalised in the sequence, but 
in significantly smaller amounts (0.64 to 1.67% in Luvisol 
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deposits and 1.28 to 12.56 in gravel deposits) with the nota-
ble exception of the microfacies units on the traffic surfaces 
of Roads 1 and 5, which show higher values (sample 9 Mf 
Unit 1 with 32.62% and sample 18 Mf Unit 2 with 51.16%, 
respectively) and the upper part of the traffic surface cor-
responding to Road 3 (sample 11). Micritic limestone is 
also omnipresent in the gravel deposits and shows a signifi-
cant increase in samples 9–14 with values of up to 67.81% 
(Roads 2–4 and the lower part of Road 5), whilst in the rest 
of the samples, it is lower than 10% (Roads 1 and 5). Other 
sedimentary rocks such as sandstone are residual and only 
present in Samples 10 and 13 (Roads 3 and 5).

Siliciclastic gravels are composed of quartz and flint. 
Quartz is present in all the samples and shows significant 
differences throughout the sequence. Coarse fraction in 
Luvisol deposits is mainly composed of silt-size angular 
smooth quartz grains (samples 1–3 with 96.64–98.33%), 
whilst the gravel deposits of the Via Augusta show two dif-
ferent quartz grain sizes: interstitial smooth angular sand-
size grains, on the one hand, and rounded gravel-size grains, 
on the other (Fig. 11). Whilst quartz has a homogeneous dis-
tribution throughout the different roads (10–25%) with some 
exceptions (sample 15 at 54.51%), Road 5 stands out as it 
has lower values (less than 10%). Flint, however, is residual 
in this lithological assemblage, being especially present in 
Roads 4 and 5 (samples 10–18) with values lower than 5%.

Igneous and metamorphic rocks such as basalt, granite, 
slate and quartzite are present in the sequence with residual 
values (Fig. 11). Whilst quartzite and basalt distribution is 
homogeneous throughout the sequence (normally less than 
10% and 5%, respectively), slate is more abundant in Roads 
2–4 (samples 6–12) and granite is only present in Road 5 
(sample 18 mf unit 1).

These lithologies and their proportions in the gravel 
deposits of the Via Augusta can be assigned to a source 
area: the lower terrace and alluvial deposits of the River 
Guadalquivir (Fig. 3B: 5 and 7). According to previous min-
eralogical and lithological studies undertaken in the area 
(Lorite-Herrera et al. 2008; Jimenez-Espinosa et al. 2016), 
these units mainly consist of dolomite, calcite, quartz, clay 
minerals and feldspar, with a large amount of carbonate 
lithologies representing more than 40% of the lithological 
assemblage. This predominance of the carbonated litholo-
gies is shown through µ-XRF. The analysis reveals a major-
ity presence of carbonated materials and minor amounts of 
siliciclastic and metamorphic materials (Fig. 12). Whilst the 
basal levels are calcitic-rich and show micritic, microsparitic 
and fossiliferous limestones, dolomite increases in the upper 
levels, revealing a fine-grained matrix poor in phyllosili-
cates. Calcitic-rich deposits of the basal levels come from 
the Neogene sediments that comprise the substrate of the 
Guadalquivir basin and the Mesozoic Subbetic rocks of 
the Sierra Mágina area (Fig. 3A). Dolomitic-rich deposits 

originate in alluvial sediments from the Mesozoic Prebetic 
rocks of the Sierra de Cazorla and the blocks containing 
Triassic sediments included in the Olistostromic unit of the 
Guadalquivir basin (Fig. 3A). The basal deposits also con-
tain Palaeozoic metamorphic and igneous materials such 
as quartzite, slate, granite and basalt originating from soil 
formations in the Sierra Morena (Fig. 3A) washed down by 
the River Guadalimar that flows into the Guadalquivir a few 
kilometres further up the basin.

The lithological assemblage identified in this section of 
the Via Augusta where it passes through the Ianus Augustus 
has rocks from both the basal (bioclastic limestone, mic-
ritic and microsparitic limestone, Palaeozoic materials) and 
upper levels (dolomite) of the lower terrace of the River 
Guadalquivir, as well as from recent alluvial deposits. How-
ever, there are slight differences in the proportions of these 
materials throughout the sequence. Roads 1 (Fig. 11: sample 
2 mf unit 3 to sample 8) and 5 (Fig. 11: sample 12 mf unit 
3 to sample 18) exhibit an increase in bioclastic limestone, 
dolomite, sparitic limestone and, in the case of Road 5, also 
quartz and flint, with these lithologies common in both the 
basal and upper deposits of the lower terrace (Fig. 11). How-
ever, Roads 2, 3 and 4 (Fig. 11: samples 9 to 12 mf unit 2) 
show higher quantities of micritic limestone and igneous and 
metamorphic rocks, typically from basal levels (Fig. 11). 
Even though the source area was the same for the repairs 
carried out during the active life of the road (the lower ter-
race of the River Guadalquivir and recent alluvial depos-
its), perhaps different horizons were exploited for Roads 2–4 
(basal levels) and Roads 1 and 5 (a mix of basal and upper 
levels). Although, further detailed mineralogical analysis of 
the source area and the gravel deposits of the road consider-
ing larger samples will be needed to confirm this interpreta-
tion, since these data come from a single sondage.

Regarding traffic surfaces, the fine mineral fraction is 
composed of massive dark grey carbonate clay with musco-
vites, microlayering, a massive microstructure and a crys-
tallitic b-fabric (Figs. 7C and 13G). This lithology is not 
present in the layout of the Via Augusta, which at this point 
is set on a Luvisol of brownish grey clay (both PPL and 
XPL). The nearest source for such materials is the Upper 
Miocene Porcuna Unit of yellowish grey marls (Fig. 3: 1) 
2.5 km south to the studied section of the Via Augusta.

Sedimentary structures and features

These deposits show some characteristics typical of the 
effects of trampling in coarse components (Rentzel et al. 
2017). They exhibit preferred orientations parallel to the 
surface and a strong imbrication of coarse components 
(Figs.  7C). Clasts displaying microfractures are com-
mon. Whilst these fissures could be natural in some clasts 
(Fig. 13D), others reflect in situ breaking by shearing and 
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later infilling of the fissures with the surrounding clay car-
bonate (Fig. 13E). These features are related to technical 
solutions applied during construction, by trampling and 
applying considerable pressure to the deposits to the point of 
breaking some of the clasts. Some clasts also show calcitic 
pendents (Fig. 13C) and features that, rather than cappings, 
would, in our opinion, be upside down calcitic pendents 
(Fig. 13B). In this respect, these pendents, along with poorly 
cemented sand coatings around grains, would be relicts of 
post-depositional processes in their original sedimentation 
environment, the lower fluvial terrace of the River Gua-
dalquivir. In other cases, silt coatings indicate water infil-
tration depositing silt and clay particles (Fig. 13A).

The transit surfaces show structural modifications due 
to the effect of traffic. Carbonate clay micromass exhibits 
massive to granular microstructure, bedding and subhorizon-
tal fissure patterns related to strong compaction during the 
construction process and later disaggregation due to vehicle 
traffic (Rentzel et al. 2017) (Fig. 13F and G). Similar fis-
sures were reported by Charbonnier and Cammas (2018) in 
Roman roads in France.

Textural parameters

Percentages of porosity, grains—sand and gravel fractions—
and micromass, understood as the fine material of the depos-
its, composed of clay, fine silt and coarse silt (Stoops 2003, 
p. 93; Stoops and Mees 2018, pp. 74–75), were analysed 
through image analysis and segmentation. There are sig-
nificant differences amongst these deposits depending on 
their nature. In this respect, the traffic surfaces (Fig. 14B: 
samples 10–12, 15, 23 and 24) stand out due to the low 
variability of the porosity percentage, which is particularly 
regular in the traffic surfaces 2 (14.08%), 3 (16.29%) and 4 
(17.74%). Traffic surfaces 1 (25.94%) and 5 show different 
values (7.77 and 26.39%) due to the considerable rework-
ing of traffic surface 1 and the use of larger clasts on traffic 
surface 5, which produced a more developed simple pack-
ing void porosity. This tendency is also highlighted for the 
clast percentages that again are very regular on the traffic 
surfaces and show values between 50.11 and 59.97% of the 
deposit. Finally, this tendency is also visible in the percent-
age of micromass, with values of between 28.57 and 34.37%. 
In contrast, gravel microfacies types (Fig. 14B: samples 2, 
4, 5, 7–9, 13, 14, 16–22 and 25), interpreted as prepara-
tion layers, show a more variable porosity throughout the 
deposit, ranging from 7.04 to 44.37%. These variances do 

not show any correspondence with the five gravel types 
identified in micromorphology. The clast percentages, how-
ever, are more homogeneous and show values of between 
54.46 and 74.85%, with quite a few values above 70% in 
this sequence. The same situation is identified in the micro-
mass percentages, which range from 0 to 19.36%. Sam-
ples 3 and 6 (Fig. 14B), characterised as reworked Luvisol 
deposits, are interpreted as sandy clay preparation layers 
with more micromass and less coarse fraction. These two 
samples show similar porosity values (37.38–34.22%), clasts 
(27.79–30.76%) and micromass (34.83–35.02%). Finally, the 
local Luvisol below the Via Augusta (Fig. 14B: sample 1) 
shows very different values compared to the preparation lay-
ers and traffic surfaces: the micromass percentage is signifi-
cantly higher (58.70%), whilst clasts (18.16%) and porosity 
(23.03%) show lower values.

In the textural parameters of the coarse fraction, there are 
significant differences amongst the microfacies types identi-
fied in micromorphology (Figs. 7, 8 and 15). Grain size is 
explored in the parameters of area (measured in pixel count-
ing) and equivalent circular diameter. Area histograms reveal 
skewed left patterns in all the microfacies types (Fig. 15). 
Whilst the Luvisol shows a predominance of well-sorted 
fine quartz sands (predominance of the categories 15.94 and 
27.81 in area), the Luvisol deposit between the soil and the 
preparation surface of the first traffic surface shows a greater 
variability in grain sizes, which are larger than the typical 
fine quartz sands of the Luvisol. The road deposits are, on 
the one hand, mostly homogeneous (with the predominant 
values ranging between 140 and 830), although Gravel Type 
1 shows a heterogeneous mix of grain sizes compared to 
the other 4 gravel types. On the other hand, the gravel sizes 
in the road deposits are quite similar for Gravel Types 2–4 
(140–415 pixels), whilst they are significantly larger in 
Gravel Types 1 (upwards of 1255 pixels) and 5 (upwards of 
430 pixels). Finally, the grain size in traffic surface deposits 
is larger than in most of the other gravel types and better 
sorted (predominance of the categories 806.31 and 901.80 
in area). With respect to the equivalent circular diameter 
(Fig. 15), whilst the histograms of all microfacies types 
show skewed left patterns, there are differences amongst 
them. Some types, such as Gravel Types 2–5, the reworked 
Luvisol and especially the Luvisol, show good classification 
and sorting. In all those cases, the values are distributed in 
the lowest classes of the histogram. In contrast, the rest of 
the microfacies types show heterogeneous distributions and 
a major presence of larger grain sizes. This is the case of 
Gravel Type 1 and the traffic surfaces, which combine fine 
sands with different gravel sizes.

Orientation histograms (Fig. 15) exhibit multimodal pat-
terns in all microfacies types, except for Gravel Type 5. In 
road deposits, Gravel Types 1–4 show a predominance of 
vertical (84.38°) and horizontal (174.38°) orientation of 

Fig. 7  Microfacies analysis (I). A Microfacies type 1.1. Calcic Luvi-
sol; B Microfacies type 1.2. Reworked Calcic Luvisol; C Microfacies 
type 2.1. Traffic surfaces, showing a clay carbonate micromass; D 
Microfacies type 2.2. Reworked traffic surfaces, showing a clay car-
bonate micromass

◂
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gravels and sands. Gravel Type 5 stands out for a symmetri-
cal pattern distribution of the histogram, which is indicative 
of a greater diversity of orientations in the coarse fraction. It 
must also be noted that this coarse fraction in Gravel Type 
5 is very rounded. In contrast, the traffic surfaces show a 
significant horizontal orientation of gravels (174.38°), sim-
ilar to the reworked Luvisol deposits. In both cases, this 
is indicative of trampling and surface compaction during 
construction. The Luvisol, on the other hand, has a greater 
diversity of orientations. However, it must be noted that 
the coarse material in this deposit is composed of angular 
smooth fine quartz sands, making it difficult to characterise 
the orientation.

Compactness and elongation (Fig. 15) refer, in this case, 
to the roundness of the sands and gravels (in both cases 
expressed in values 0–1, with 1 being a sphere). In terms 
of compactness, the histograms present different patterns 
according to the microfacies types. The traffic surfaces show 
a skewed right pattern with a tendency to roundness. The 
gravel deposit compactness histograms are more variable. 
Whilst Gravel Types 1 and 3 show a skewed right pattern 
and a tendency to roundness, Gravel Types 2, 4 and 5 pre-
sent a skewed left pattern, indicating a majority presence of 
other grain morphologies. Finally, the elongation histograms 
show symmetric unimodal patterns, except for Gravel Type 
1, which presents a bimodal pattern. Whilst Gravel Type 
5 and reworked Luvisol deposits show a totally symmetric 
unimodal pattern, indicating a heterogeneous mix of grain 
morphologies, the rest of the microfacies types show a sig-
nificant frequency of 0.64–0.78 and, only in the cases of 
Gravel Type 1 and the traffic surfaces, a second significant 
frequency of 0.98. For the first frequency, this indicates a 
majority presence of elliptic grains and, for the second, the 
occurrence of rounded grains.

Discussion

A microstratigraphic analysis of the Via Augusta where it 
passes through the Ianus Augustus has made it possible to 
characterise the sequence, materials and construction tech-
niques of the main Roman road in Hispania. It has also 
allowed the identification and analysis of this monumental 

complex, an interprovincial border between Hispania Bae-
tica and Tarraconensis. The results obtained show, in the 
first place, the need to reopen the debate into Roman roads. 
As we mentioned in the “Introduction” section of this study, 
an equivocal translation of Bergier’s work on Roman roads 
(1622) has led to an erroneous premise regarding these 
roads: a long tradition of studies that refer to a hypothetical 
construction scheme that is static and rigid and differs sub-
stantially from the archaeological reality, as we have seen 
throughout this paper and in other studies (Charbonnier and 
Cammas 2015, 2018; Garilli et al. 2017). Interdisciplinary 
analysis of the Via Augusta has confirmed that its builders 
possessed considerable technical expertise. Roman roads 
were as variable as their number and extension: they were 
adapted and subjected to the needs of wheeled vehicles and 
traffic, the geographical conditions of the environment in 
which they were located and the raw material resources 
available in their vicinity. This analysis corroborates and 
restores the validity of Bergier’s original words aimed 
at inspiring further research, which should focus on “the 
materials found in different layers [of the roads], their order, 
assigning each one a name and making them distinguish-
able” (free translation of Bergier 1622, p. 142).

At the microscale, the different geoarchaeological 
analyses undertaken were helpful in unravelling the road 
sequence. In this respect, we identified the superposition of 
6 different roads through microfacies analysis (Figs. 7–9 and 
12). This denotes a long biography of use and an interest in 
keeping the road in good condition for traffic. Two differ-
ent repair dynamics were identified. Whilst Roads 2 and 3 
consisted of repairing the traffic surface by reflooring it with 
thin preparation layers, Roads 4–6 present thick constructive 
fillings involving a large amount of raw materials and labour. 
Roads 4–6, therefore, can be understood as major repair 
works, perhaps of considerable scope, along the length of 
the Via Augusta. The materials used and their sources were 
determined through a detailed lithological study and by 
exploring the elemental composition of the deposits with 
µ-XRF (Figs. 10–12). Our study revealed a careful selection 
of the materials used according to their functions. Those 
materials—carbonate clay for traffic surfaces and fluvial 
gravels for construction infills—were sourced locally, less 
than 2.5 km from the studied road section (Fig. 3). This 
careful selection of the materials was explored in more detail 
by studying the textural parameters of the deposits through 
image analysis and segmentation which, after investigating 
the different variables (Table 1), provided a fingerprint of 
these deposits (Figs. 14–15). Textural parameters, along 
with micromorphology, were indicative of the techniques 
and technical solutions adopted during the construction of 
the road. The porosity, fine material and clast percentages 
in the deposits presented similar values for traffic surfaces, 
which denote a specific solution or mixing of materials 

Fig. 8  Microfacies analysis (II). A Microfacies type 3.1. Gravel type 
1: moderately sorted gravels with Luvisol aggregates; B Microfa-
cies type 3.2. Gravel type 2: moderately sorted gravels with poorly 
cemented sand coatings (red arrows indicate two poorly cemented 
sand coatings); C Microfacies type 3.3. Gravel type 3: moderately 
sorted sands and gravels with carbonate clay aggregates (red arrows 
indicate some of the abundant aggregates); D Microfacies type 3.4. 
Gravel type 4: moderately sorted fine sand with gravels (red trian-
gles indicate reverse grading); E Microfacies type 3.5. Gravel type 5: 
well-sorted gravels without fine fraction

◂
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during construction. The fact that these values were similar 
amongst the different roads is indicating that this technical 
knowledge was maintained across the entire active life of the 
road. The percentages for the gravel construction infills were 
more variable, which fits in with the 5 microfacies types 
identified in the micromorphology (Figs. 7–8, Table 2). These 
microfacies types can be understood as five different construc-
tion techniques. The techniques were explored more in detail 
by studying certain parameters of the coarse mineral fraction 
in the studied deposits (Fig. 15). Grain size, expressed in area 
and equivalent circular diameter, showed the homogeneous 
sizes of the clasts used in preparation layers, both individu-
ally and, in general terms, amongst the six roads identified. 
Despite this, Roads 1 and 5 had slightly bigger clasts.

The traffic surfaces and gravel deposits identified on 
the Via Augusta reveal specific sedimentary structures and 
features related to the technical solutions applied to the 
road building, such as dumping, compaction, trampling and 
shearing. In this respect, sedimentary structures and features 
visible in thin section are indicative of the way in which 
the road was built. As shown in the microfacies analysis, 
these deposits of imbricated, well‐rounded, ellipsoidal and 

discoidal fluvial gravels present local differences in and 
amongst them regarding sedimentary structures and bed-
ding. Whilst most of the layers have a heterogeneous distri-
bution of the coarse fraction (Fig. 6), all locally show reverse 
grading, which is more evident in thin sections (Fig. 13H). 
On the one hand, dumping may cause grading within the 
deposits (Karkanas and Goldberg 2019, p. 3), on the other, 
this sedimentary structure is very similar to dry grain flows 
(Bertran and Teixier 1999; Nemec and Steel 1984). The 
typical bouncing of grains against each other during the 
downslope movement of large masses of rock leads to a 
downward movement of finer clasts at the base of the flow, 
whilst the coarse clasts become concentrated on the surface 
(Karkanas and Goldberg 2019, p. 38). Dumping of gravel 
materials from a certain height during the road construction 
thanks to the use of a wooden structure would not have been 
very different, from a sedimentary point of view, to a dry 
grain flow. Thus, a phenomenon of kinematic sieving could 
explain the recurrent reverse grading observed in thin sec-
tion. Also, clast orientation offered information about how 
they were compacted during construction. Due to the pres-
sure, some clasts show in situ fissures that are sometimes filled 

Fig. 9  Microfacies analysis of the Via Augusta deposits
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Fig. 10  Most common lithologies in gravel deposits: A–C bioclastic limestone; D dolomite; E sparitic limestone; F micritic limestone with 
sparitic and microsparitic veins; G quartz; H quartzite; I slate; J poorly cemented sandstone; K basalt and L flint

Archaeological and Anthropological Sciences (2022) 14: 142 Page 23 of 32    142



1 3

Fig. 11  Lithological composition in relation to samples, microfacies units and roads identified through microfacies analysis. The field “labels” 
show the correlation between this figure and Fig. 14
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with fine material. In order to cause these features, considerable 
pressure would have been applied, perhaps using a machine 
mentioned in literary and iconographic sources such as the 
cylindrum. This machine consisted of an animal-drawn stone 
roller, which employed a heavy stone column that rolled over 

the gravel deposits, compacting them (González Tascón and 
Velázquez Soriano 2004, p. 208), and could exert the pressure 
enough to in situ fissure and broke the gravels and create the 
parallel sedimentary structure and horizontal orientation of the 
gravels along the many kilometres in the Via Augusta layout.

Fig. 12  Elemental distribution of Ca, Si and Fe through µ-XRF in relation to samples and microfacies analysis
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Fig. 13  Features present in gravel and traffic deposits. A Silt coat-
ings showing water infiltration depositing silt and clay particles; B 
upside-down calcitic pendant as a postdepositional relict of the origi-
nal sedimentation environment of the clast; C calcitic pendant (post-
depositional relict); D fissure of a clast, indicative of trampling; E fis-

sure of a clast filled with carbonate clay, indicative of trampling; F 
traffic surface in between gravel deposits. The red rectangle indicates 
Fig.  13G. G Subhorizontal fissure patterns and planar voids around 
grains resulting from traffic; H high-resolution scan of sample 16 
showing reverse grading due to kinematic sieving

Fig. 14  Textural parameters of the deposits on the Via Augusta (I). 
A Stratigraphic sequence showing the location in depth of the micro-
facies analysed (red points); B percentages of porosity, clasts and 
micromass of the whole sequence, indicating the traffic surfaces iden-

tified. C Example of image analysis and segmentation of porosity, 
clasts and micromass of one thin section (analysed with JMicroVision 
1.3.3.). This thin section shows a preparation surface (MF1), a traffic 
surface (MF2) and a reworked traffic surface (MF3)
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The different repairs to the road observed through micro-
facies analysis are significant, as several repair projects car-
ried out on the Via Augusta are documented on milestones 
from Hispania Baetica (Roldán Hervás 1975; Sillières 1981, 
1990, 1994; Corzo Sánchez and Toscano San Gil 1992; 
Melchor Gil 1994, 2008; Schmidt 2013, 2018; Baltrusch 
et  al. 2016; España-Chamorro 2017; España Chamorro 
2019). At present, some fifteen epigraphs are preserved, 
amongst them milestones and inscriptions documenting 
bridge repairs that refer to the Ianus (Sillières 1994; España-
Chamorro 2017; España Chamorro 2019). At least a third 

of them retain the numeral, i.e. the distance from the point 
where the milestone was located to the Ianus Augustus. The 
references to this caput viae vary depending on the period 
to which each inscription belongs: A Baete et Iano Augusto 
ad Oceanum (CIL II, 4701, 4703, 4704, 4723, 4707, 4708, 
4709, 4711, 4716, 4717 and 6208) in the period between 
Augustus and Caligula; Ab Iano Augusto qui est ad Bae-
tem usque ad Oceanum (CIL II, 4715 and 4712) in the time 
of Tiberius; Viam Augustam ad Iano ad Oceanum (CIL 
II, 4718) between the Claudian and Domitian periods and 
finally, more explicitly, Ab Arcu unde incipit Baetica Viam 

Fig. 15  Textural parameters of the Via Augusta coarse mineral fraction deposits (II). Histograms of the area, orientation, compactness, equiva-
lent circular diameter and elongation of the coarse mineral fraction of the different microfacies type deposits
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Augustam militarem (CIL II, 4721) in the time of Domitian. 
The last of these translates as “from the arch where Baetica 
starts”. These inscriptions commemorate the construction of 
the Imperial road by Augustus (CIL II, 4701, 4711, 4707, 
4708, 4709 and 4704) and the commitment of his successors 
in maintaining the road and enriching it with more milestones 
(CIL II, 4715, 4716, 4712, 4717 and 6208). From Claudius 
on, and especially under Domitian, most of the epigraphs 
explicitly and repeatedly mention repair work along the road 
(“viam Augustam militarem vetusta corruptam restituit”). 
However, we do not know their scope, being it impossible 
to determine whether they were specific or general repairs 
along its layout within the provincial territory (CIL II, 4718, 
4697, 4703, 4721, 4722, 4723 and CIL II2/5, p. 65 no. 10).

It is impossible to date the different roads of the sequence 
identified or to evaluate their chronology and duration of 
use, due to the lack of finds in the construction deposits. 
Nevertheless, we believe that the repairs identified in the 
regional epigraphy can be associated in relative terms with 
those documented in our excavation. In this respect, the 
different repairs identified show that the road was heavily 
used and was therefore a very important communication 
hub within the road network. Although all the scholars who 
have studied the Roman roads in this area agree that the 
Via Augusta ran through the Ianus Augustus (Sillières 1981, 
1990, 1994; Corzo Sánchez and Toscano San Gil 1992; 
Schmidt 2013, 2018; Baltrusch et al. 2016; España-Cham-
orro 2017; España Chamorro 2019), there is some debate 
within regional archaeology on the layout of the Via Augusta 
between Corduba and Castulo (Figs. 1 and 2). J.M. Roldán 
Hervás, C. Caballero Casado and P. Sillières suggest that 
it ran parallel to the River Guadalquivir, linking Corduba 
to Castulo via Ad Decumo, Sacili, Ad Lucos, Epora, Vcia 
and Ad Noulas (Fig. 2A) (Roldán Hervás 1975; Sillières 
1976, 1990; Roldán Hervás and Caballero Casado 2014). 
Thus, it would be possible to identify the Via Augusta as 
the “Camino de los Romanos” road (Sillières 1976, p. 30). 
Sillières, following the hypothesis put forward by Holland 
(1961), described the Ianus as an arch across the river at 
the end of this road (Sillières 1981, p. 258) (Fig. 2B). He 
also hypothesised that there would have been a monumental 
building devoted to the Imperial cult to Augustus whilst he 
was still alive, making it one of the earliest examples of his 
worship (Sillières, 2003: 278). However, based on the route 
referred to in the Antonine Itinerary as Iter a Corduba Cas-
tulone, M.G. Schmidt proposes that this would have been an 
alternative route and not the main one. Moreover, Schmidt 
suggests an alternative location for the Ianus itself, on the 
River Guadalbullón (Schmidt 2018) (Fig. 2B). A. Ventura 
Villanueva agrees with this having studied a milestone re-
used in Bujalance castle that mentions the Via Augusta and 
the Ianus (Ventura Villanueva 2013). Both scholars believe 
that the main route of the Via Augusta would have connected 

Corduba and Castulo via an interior route through Calpurni-
ana, Obulco, and Vrgavo (Fig. 1). This opinion of the north-
ern road following the river as the Alio itinere or alternative 
road and the southern and inner one as the main route of the 
Via Augusta has been followed by Melchor (1994, 2008) and 
España-Chamorro (2019).

This paper’s contribution to the debate is the archaeo-
logical identification of the Ianus Augustus and the road that 
runs through this significant landmark. In our opinion, the 
long biography and diachronic use of the studied road cannot 
correspond to the secondary road of the Alio itinere, but to 
a highly transited Imperial road such as the main route of 
the Via Augusta. In part, M.G. Schmidt argues his hypoth-
esis based on the identification of the Roman town located 
in Cerro Maquiz (Mengíbar) not as Iliturgi but as Ossigi. 
However, our research project involving systematic exca-
vation and extensive surveys in that region and settlement 
has led us to conclude that this site can in fact be identi-
fied as ancient Iliturgi (Fig. 1) (Bellón Ruiz et al. 2017a, 
b, 2021). As stated by España-Chamorro (2017, p. 20), the 
Ianus Augustus was the most important landmark in the road 
network of Baetica province, as can be seen from mile-
stones such as the one identified in Cadix (CIL, II, 4734) 
that counts the miles from the Ianus, despite being 350 km 
away (Fig. 1). The fact that the milestones on the Via Augusta 
count the miles to and from the Ianus and not from other points 
in the provincial geography is very significant, especially con-
sidering that the provincial road network had a radial struc-
ture around the provincial and conventual capitals of Corduba, 
Astigi, Hispalis and Gades (España-Chamorro 2017; España 
Chamorro 2019) (Fig. 1). Now that the Ianus has been archae-
ologically identified and the road that passes through it runs 
parallel to the River Guadalquivir, as shown in excavation and 
the different analyses carried out in this study, in our opinion, 
it is difficult to state that this road is the Alio itinere and not 
the main route of the Via Augusta. This interpretation makes 
even more sense when considering the presence of several 
mansiones (state post offices) on the northern route, such 
as at Ad Decumum, Ad Lucos and Ad Noulas (Fig. 2A). We 
must also remind ourselves that Baetica province takes its 
name etymologically from the hydronym of the River Baetis 
(Guadalquivir), which played an important role in the birth 
and evolution of the town planning and structuring of the 
provincial landscape, as it was the main provincial com-
munication axis, thanks to the fluvial connection, as well 
as the Via Augusta.

Conclusions

The archaeological characterisation of capita viarum (the 
strategic starting points of the road network in the Roman 
Empire), such as the Ianus Augustus, allows us to understand 
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the territorial organisational dynamic on a macroscale, as 
well as the mobility, interprovincial communications and 
mental landscapes of ancient Roman travellers. In the case 
of the Ianus Augustus, this is especially important as this 
caput viae coincides with the fines provincia or interpro-
vincial limit. The significance of this monument, however, 
was even more pronounced given that the Via Augusta, the 
main road of Roman Hispania, ran through it, connecting 
the Atlantic Ocean (the fines imperium or boundaries of the 
Empire) and Baetica province with Rome itself. Thus, this 
monument and the interprovincial border at this point made 
even more sense because of the presence of the Via Augusta. 
In this respect, in addition to its symbolic dimension, the 
Ianus Augustus played an important role in regulating and 
ensuring the rights of goods and people to pass between the 
provinces.

However, much information of this road was preserved at 
the microscale, where the application of microstratigraphic 
techniques of analysis allowed the identification of six over-
lying roads and their construction techniques in a biographic 
way. In addition to being very effective in unravelling the 
road sequence and characterising its deposits, microstrati-
graphic analysis have shown that the builders of this road 
used specific architectural and engineering knowledge with 
technical solutions adapted to the possibilities and limita-
tions of the area. More studies of Roman roads from a geo-
archaeological perspective are needed to make regional and 
supraregional comparisons of the building techniques, tech-
nical solutions and biographies of these prominent construc-
tions that are omnipresent across the Roman Empire. This 
study offers one of the few characterisations of a Roman 
road on a microfacies scale and, due to the nature of the 
deposits composed of gravels, it enriches the corpus of fea-
tures already described in the literature. Furthermore, the 
microstratigraphic analysis has provided significant new 
data of great historical value. Apart from contributing to 
identifying the layout of the Via Augusta on a regional level, 
our results show how the technical solutions, building tech-
niques and general know-how of its builders survived as 
a tradition throughout the active life of the road, from its 
construction in the first century AD to the different repair 
works carried out at least until the fourth century AD, when 
the Ianus Augustus was systematically dismantled.
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