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Abstract: This study investigates the surroundings of Munigua (municipium Flavium Muniguense), a small Ro-
man town in the ancient province of Hispania Baetica (SW Spain). The city’s economy was based
primarily on copper and iron mining, which brought financial prosperity to its citizens. Local produc-
tion of agricultural goods is thought to have been of little importance, as the regional soil conditions
do not seem to be suitable for extensive agriculture.

To evaluate the recent soil agro-potential and to find evidence for prehistoric and historic land use
in the surroundings of Munigua, we applied a pedo-geomorphological approach based on the physico-
chemical analysis of 14 representative soil and sediment exposures. Selected samples were analyzed
for bulk chemistry, texture and phytoliths. The chronostratigraphy of the sequences was based on
radiocarbon dating of charcoal samples. The site evaluation of the present-day soil agro-potential was
carried out according to standard procedures and included evaluation of potential rootability, available
water-storage capacity and nutrient budget within the uppermost 1 m.

The results show that moderate to very good soil agro-potential prevails in the granitic and flood-
plain areas surrounding Munigua. Clearly, recent soil agro-potential in these areas allows the produc-
tion of basic agricultural goods, and similar limited agricultural use should also have been possible in
ancient times. In contrast, weak to very weak present-day soil agro-potential prevails in the metamor-
phic landscape due to the occurrence of shallow and sandy to stony soils.

In addition, the study provides pedo-geomorphological evidence for prehistoric and historic land
use in pre-Roman, Roman and post-Roman times. Catenary soil mapping in the vicinity of a
Roman house complex reveals multi-layered colluvial deposits. They document phases of hills-
lope erosion mainly triggered by human land use between 4063± 82 and 3796± 76 cal BP, around
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2601± 115 cal BP, and between 1424± 96 and 421± 88 cal BP. Moreover, geochemical and phytolith
analyses of a Roman hortic Anthrosol indicate the local cultivation of agricultural products that con-
tributed to the food supply of Munigua.

Overall, the evidence of Roman agricultural use in the Munigua area indicates that the city’s econ-
omy was by no means focused solely on mining. The production of basic agricultural products was
also part of Munigua’s economic portfolio. Our geoarcheological study thus supports the archeologi-
cal concept of economically diversified Roman cities in the province of Baetica and in Hispania.

Kurzfassung: Diese Studie untersucht die Umgebung von Munigua (municipium Flavium Muniguense), einer
kleinen römischen Stadt in der antiken Provinz Hispania Baetica (Südwestspanien). Die Wirtschaft der
Stadt basierte in erster Linie auf dem Kupfer- und Eisenbergbau, der den Bürgern finanziellen Wohl-
stand bescherte. Es wird angenommen, dass die lokale Produktion von landwirtschaftlichen Gütern
von geringer Bedeutung war, da insbesondere die regionalen Bodenbedingungen für eine extensive
Landwirtschaft nicht geeignet zu sein scheinen.

Um das rezente landwirtschaftliche Potenzial der Böden zu bewerten und mögliche Hinweise
für prähistorische und historische Landnutzung in der Umgebung von Munigua zu finden, wur-
den geoarchäologische Untersuchungen durchgeführt, im Zuge derer 14 repräsentative Boden-
und Sedimentaufschlüsse bearbeitet wurden. Ausgewählte Proben wurden auf ihre physikalisch-
chemischen Eigenschaften sowie Phytholiten untersucht. Die chronostratigraphische Einordnung
erfolgte auf der Grundlage von Radiokohlenstoffdatierungen. Die Standortbewertung des heutigen
landwirtschaftlichen Potenzials der Böden wurde nach Standardverfahren durchgeführt und umfasste
die Bewertung der potenziellen Durchwurzelbarkeit, der verfügbaren Wasserspeicherkapazität und
des Nährstoffhaushalts.

Die Ergebnisse zum landwirtschaftlichen Potenzial der Böden zeigen, dass in Granit- und
Auengebieten rund um Munigua ein mäßiges bis sehr gutes Ertragspotenzial vorherrscht, dass die
begrenzte Produktion von landwirtschaftlichen Erzeugnissen erlauben würde. Eine vergleichbar be-
grenzte landwirtschaftliche Nutzung dürfte auch in der Antike möglich gewesen sein. Die Bö-
den in der umgebenden Metamorphitlandschaft besitzen im Gegensatz dazu ein nur schwaches
bis sehr schwaches Agrarpotenzial und Hinweise auf eine antike Agrarnutzung sind nicht vorhan-
den. Darüber hinaus liefert die Studie weitere Hinweise auf prähistorische und historische Land-
nutzung in vorrömischer, römischer und nachrömischer Zeit. So zeigt eine Catena, die in der Nähe
eines römischen Hauskomplexes angelegt wurde, eine reliefabhängige Bodenabfolge mit mehrgliedri-
gen Hangkolluvien, die anthropogene Bodenerosion zwischen 4063± 82 und 3796± 76 cal BP, um
2601± 115 cal BP, und zwischen 1424± 96 und 421± 88 cal BP dokumentieren. Darüber hinaus
weisen geochemische und Phytolithen-Analysen eines untersuchten römischen Gartenbodens (Hor-
tic Anthrosol) auf den lokalen Anbau landwirtschaftlicher Produkte hin, die zur Nahrungsmittelver-
sorgung von Munigua beitrugen.

Die im Rahmen dieser Untersuchung erzielten Belege für eine landwirtschaftliche Nutzung im Ge-
biet von Munigua zeigen, dass die Wirtschaft der Stadt keineswegs nur auf den Bergbau ausgerichtet
war. Auch die Produktion von landwirtschaftlichen Grunderzeugnissen gehörte zum wirtschaftlichen
Portfolio Muniguas. Die Hypothese, dass die lokale Produktion von landwirtschaftlichen Gütern auf-
grund eines unzureichenden Ertragspotentials der Böden unbedeutend war, kann somit nicht bestätigt
werden. Vielmehr unterstützt diese Studie das archäologische Konzept einer wirtschaftlich diversi-
fizierten römischen Stadt.
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1 Introduction

During the imperial period, the economy of small Roman
cities in the Roman Empire and particularly in the Roman
province of Baetica is assumed to have been very diverse and,
depending on the city, typically specialized around a certain
economic good (Bowman and Wilson, 2009, 2011). In ad-
dition to archeological evidence, abundant historical sources
provide a vivid and rich picture of ancient agriculture, fishing
and mineral resources, basic foodstuffs, and luxury products
(e.g., Blázquez Martinez, 1967; Remesal Rodríguez, 2020).

This study was carried out in the surroundings of the
Hispano-Roman municipium Flavium Muniguense, in mod-
ern times known as Castillo de Mulva or Munigua (Schattner,
2003), a small urban center in the ancient province of His-
pania Baetica. From a historiographic perspective, Munigua
is a key site for understanding Roman urbanization on the
Iberian Peninsula (Schattner, 2005) since it is one of the few
places in Spain that has been systematically excavated for the
past 65 years. The local economy was particularly based on
copper and iron mining in the surroundings of the town, and
Munigua was the largest iron-producer in the Sierra Morena
in the 1st and 2nd centuries CE (Schattner, 2019b). Income
from the mining activities provided financial prosperity for
the citizens and an architectural climax, which culminated in
the construction of the impressive terrace sanctuary situated
on the highest point in the west of the city (Schattner, 2019a,
2021). In addition to the mining industry, olive oil presses
and an oil cellar (cella olearia) were located inside the city,
indicating the processing of agricultural by-products within
the urban area (Schattner, 2003; Peña Cervantes, 2010; Te-
ichner and Peña Cervantes, 2012). Furthermore, wine pro-
duction and quarrying contributed to economic output even
though they were much less significant than the mining op-
erations (Hanel, 1989; Schattner, 2019b).

Current opinion on the food supply strategy of Munigua is
based on the assumption that food was obtained in particu-
lar from the fertile lower Guadalquivir valley, which was and
still is the agricultural center of the region, located just 10 km
south of Munigua. Additionally, fish bones and oyster shells
indicate connections to the sea (Boessneck and von den Dri-
esch, 1980). In contrast, the local production of agricultural
goods is thought to have been of minor relevance (Schattner,
2019b). In this context, it has been suggested that regional
soil conditions are currently unsuitable for extensive agricul-
ture and therefore seem to suggest that an ancient agrarian
use of the region was also unlikely (Schattner, 2019b). How-
ever, so far there has been a lack of evidence-based studies
on the agricultural suitability and potential agricultural use
of the surroundings of Munigua, and it is only recently that
an archeological study has challenged the idea of food im-
ports having been dominant (Krug, 2018). Based on the in-
vestigation of small finds, the study stated that tools such as
shovels, spades, sickles and billhooks suggest the existence
of gardens, meadows for smaller animals and trees which had

to be tended and harvested in the wider surroundings of the
town (Krug, 2018).

In this paper, we present initial findings from a geoarche-
ological pilot project and provide new insights into the re-
gional land use history of the Munigua site. Firstly, physico-
chemical analysis of 14 representative soil and sediment ex-
posures provides a first evidence-based evaluation of present-
day agro-potential. Secondly, we present site-specific evi-
dence of prehistoric and historic land use in the surroundings
of the city and thus improve understanding of its food supply
strategy. In this way we, thirdly, aim to contribute a pedo-
geomorphological view to the archeological debate on the
diversification of the urban economy in the Roman province
of Baetica (e.g., Bowman and Wilson 2009, 2011), a topic
that has not yet been developed for this region of the Roman
Empire.

2 Study area

2.1 Environmental setting

Munigua is located in the southern part of the Sierra Morena
about 50 km northeast of the Andalusian capital Seville
(Fig. 1a). To the south the region is bordered by the wide
valley of the lower Guadalquivir River, which drains large
parts of Andalusia and today flows into the Atlantic Ocean
southwest of Seville. The region experiences a dry, sub-
humid, semi-oceanic Mediterranean climate, with arid sum-
mers and winter rains due to low-pressure systems from
the Atlantic Ocean (Zazo et al., 2008). Average rainfall is
around 580 mm yr−1, and the annual average temperature
is 18.0 ◦C (Gómez-Zotano et al., 2015), leading to species-
rich Mediterranean vegetation cover with evergreen woody
plants such as Quercus faginea, Quercus suber, Quercus ro-
tundifolia, Olea europaea L. and Chamaerops humilis (Frey
and Lösch, 2010). In steeper areas, the taller trees are re-
placed by maquis shrubland, mainly composed of hardwood
bushes (e.g., Cistus spp.). However, as in the entire Sierra
Morena, vegetation has been greatly altered by centuries of
agrosilvopastoral farming, in Spanish known as dehesa farm-
ing (Joffre et al., 1988), resulting in scattered forest cover
accompanied by grassland (Fig. 1c and d).

Geologically, the region belongs to the Ossa-Morena Zone
(OMZ), a geotectonic unit of the Iberian Massif (Strauss and
Madel, 1974; Tornos et al., 2004; Ribeiro et al., 2010). Gran-
ite dominates the petrography in the region (Sanz et al., 1973;
Schattner et al., 2005). Geomorphologically, the granite area
is mainly characterized by flat to slightly undulating land-
forms with moderately steep slopes, small depressions and
ridges (Fig. 1b). They frequently show linear erosion chan-
nels (gullies) and are mostly located close to animal path-
ways. Steep gully flanks and exposed roots of the existing
vegetation crossing the gullies indicate modern gully forma-
tion (Fig. 1d).
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Figure 1. (a) Location of Munigua (grey box) in modern SW Spain. (b) Investigated soil and sediment exposures within the surroundings
of Munigua. GP8, GP13 and GP14 are located in a metamorphic landscape southeast of the city. GP2, GP4, GP6, GP9, GP10, GP11, GP12
and GP15 are in granite areas, and GP3, GP5 and GP7 are within the floodplain of the Tamohoso River. (c) South view of Munigua’s terrace
sanctuary surrounded by scattered forests and grassland. (d) Undulated granite landscape with loose holm oak (Quercus rotundifolia) and
grass understory, typical for the Munigua region. The surface is dissected by a gully about 1.3 m in depth, indicating modern linear soil
erosion processes.

The granite landscape is surrounded by mountains con-
sisting of metamorphic Paleozoic rocks, mainly shale, meta-
greywacke and quartzite (Sanz et al., 1973). This landscape
is located in the east of the city and is characterized by much
steeper relief, exceeding the altitude of the granite landscape
by up to 100 m (Fig. 1b). The main settlement of Munigua
with its residential houses and monumental buildings is situ-
ated on a morphologically very resistant rhyolite dike (Sanz
et al., 1973; Schattner et al., 2005), forming a gently inclined
hill that is up to 30 m higher than the adjacent granite land-
scape (Fig. 1c). Along the Tamohoso River, flowing through
the west of Munigua and draining into the Guadalquivir
River via the Huesna River (Fig. 1a), a flat alluvial plain has

developed in wider valley sections, covering the denudated
granite basement (Sanz et al., 1973).

Regional soil investigations in the western sector of the
Sierra Morena show poorly developed Regosols, Leptosols
and Cambisols. There are frequent erosional features which
are often associated with increases in land use over the past
two millennia. In consequence, more advanced soil devel-
opment, leading to the formation of Luvisols or Acrisols, is
restricted to small areas (e.g., Paneque and Bellinfante, 1964;
Nuñez and Recio, 2002; Recio et al., 2002).
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2.2 Archeological background

Munigua is located on the edge of the Iberian Pyrite Belt
(IPB), one of the largest and most important volcanogenic
polymetallic sulfide districts worldwide, which has been ex-
ploited since late prehistoric times (Nocete et al., 2011).
The mining importance of Munigua is based in particular
on the copper- and iron-bearing ores (e.g., pyrite, chalcopy-
rite) found near the town (Schattner et al., 2005; Schattner,
2019a).

The oldest archeological finds indicate the presence of
humans since the Epipaleolithic period. Especially for the
Early (approx. 1750–1550 BCE) and Middle Bronze Age
(approx. 1550–1150 BCE), several fortified settlements have
been identified and linked to copper mining and the pro-
cessing and export of mining products to the Guadalquivir
valley, a region with limited mineral resources that was
highly dependent on continuous supplies from the Sierra
Morena mines (Schattner, 2019b). In the 4th century BCE
(approx. 360–330 BCE), a small pre-Roman (Turdetan) set-
tlement was founded on the top of the aforementioned rhy-
olite dike. Traces of urban structure are noticeable from the
first half of the 1st century BCE, for instance documented by
the construction of thermae (Chic García, 1997; Gutiérrez-
Rodríguez et al., 2019; Schattner, 2019b). In 74 CE the set-
tlement was awarded the rank of a municipium after Em-
peror Vespasian’s edict and experienced its heyday. This is
revealed by comprehensive urban development and the con-
struction of imposing religious and public buildings like, for
example, the terrace sanctuary and the forum. Thus, Munigua
possessed a large variety of the typical structural features of a
Roman city, although the total size of the settlement was only
about 3.8 ha (Ullrich et al., 2007; Schattner, 2019b). Some
villas and smaller settlements were established in the sur-
roundings of the city in this period, for example the Roman
house complex Casa de Alcántara 1, 2 and 3 located about
1 km southeast of the city (Fig. 1b; Meyer et al., 2007; Schat-
tner, 2019b). At this time, Munigua was part of a dense urban
network consisting of some 195 towns and nucleated settle-
ments established in central and western Baetica between ap-
prox. 500 BCE and 200 CE (Keay and Earl, 2011).

In the late and post-Roman period (3rd century CE), ur-
ban development reached an inflection point expressed by
massive depopulation and drastic changes in urban structure.
This is thought to be related to seismic activities that caused
structural damage to the city, and similar occurrences are also
recorded in other Roman cities of the Baetica province (e.g.,
Rodríguez-Pascua et al., 2011; Giner-Robles et al., 2016;
Ruiz-Bueno, 2017). Smaller population groups retreated to
the hills in the surroundings where there are traces of a hu-
man presence until the end of the 4th century CE (Grün-
hagen, 1959). The existence of a settlement is documented
for Munigua until at least the 7th century CE, even though it
is uncertain if ore mining and smelting were still practiced at
that time (Eger, 2016). An Arab coin, typical Islamic vessels,

oil lamps made of terracotta and burials of Muslim individ-
uals indicate an Islamic settlement on the hill of Munigua
from approximately the 8th to the 12th century CE (Teich-
ner, 1998; Eger, 2016). Probably due to its exposed location,
Munigua was not reoccupied until its rediscovery in the 16th
to 17th century CE (Schattner, 2005). With the industrial ex-
pansion of carboniferous coal extraction in the nearby city
of Villanueva del Río y Minas (Fig. 1a), regional population
density and land use intensity (especially grazing) massively
increased during the 19th and 20th centuries CE (Tomás Gar-
cía, 1991).

3 Methods

3.1 Field methods

A total of 14 representative exposures were selected for field
investigations: three sites with metamorphic lithology (GP8,
GP13 and GP14), eight sites in granite areas (GP2, GP4,
GP6, GP9, GP10, GP11, GP12 and GP15) and three flood-
plain sites (GP3, GP5 and GP7; Fig. 1b). Taking the local
relief conditions into account, the soil profiles were arranged
in a catenary manner along hillslopes (Semmel, 1977; Evans
and Hartemink, 2014; Borden et al., 2020).

Macroscale features were subsequently described by fol-
lowing the German soil mapping instructions (Ad-hoc-
AG Boden, 2005). Identified soil horizons were desig-
nated according to Jahn et al. (2006) and Zádorová and
Penížek (2018). Soil classifications were conducted accord-
ing to the IUSS Working Group WRB (2015). An exception
was made only for colluvium or colluvial deposits, which
were used as geoarchives documenting human-induced soil
erosion (Dotterweich, 2008; Kittel, 2014), following the def-
inition by Leopold and Völkel (2007, p. 134). Accordingly,
colluvium and colluvial deposits are defined as “sediments
deposited due to anthropogenic-induced soil erosion, caused
by settling, clearing, mining, grazing, and/or farming.” Ac-
cording to Zádorová and Penížek (2018) the soil horizon
symbol “M” (migrare [lat.]; Ad-hoc-AG Boden, 2005) was
added, and multiple layers of colluvial deposits within a pro-
file were separated by using suffix numbers, in which the
number 1 was always given to the uppermost colluvium. If
the overall thickness of colluvial deposits exceeded 50 cm,
the soil type was classified as Colluvisol. Otherwise, the term
“colluvic” was used as a prefixed qualifier.

In contrast, slope sediments that were mainly mobilized
and relocated by natural erosion were classified as slope de-
posits. Field diagnostic properties have been used to sepa-
rate colluvial and slope deposits. Slope deposits dominated
by properties from the geological subsurface show a denser
packing and do not contain anthropogenic remains. In con-
trast colluvial deposits frequently show a comparable loose
packing and anthropogenic remains like pottery shards, slag
fragments and bricks.
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3.2 Laboratory methods

A total of 57 samples were taken from 10 of the 14 pro-
files studied in the field and were subjected to further lab-
oratory treatment (Table S1 in the Supplement). Prior to
physico-chemical analyses, samples were air dried and the
fine-earth fraction (≤ 2.0 mm) was sieved. Grain size analy-
ses utilized a combination of the Köhn pipette method (silt
and clay fractions) and wet sieving (sand fractions) (DIN
ISO 11277, 2002). Samples were pre-treated with 0.4 M
sodium pyrophosphate (Na4P2O7) overnight and afterwards
shaken for 6 h. When soil organic matter (SOM) exceeded
2.0 %, the samples were additionally pre-treated with 17.5 %
hydrogen peroxide (H2O2). The sand fraction was divided
into coarse (2000–630 µm), medium (630–200 µm) and fine
(200–63 µm) sand by wet sieving using the vibratory sieve
shaker AS 200 (Retsch). Coarse silt (63–20 µm), medium
silt (20–6.3 µm), fine silt (6.3–2.0 µm) and clay (< 2.0 µm)
were identified by the Köhn pipette method using the SEDI-
MAT 4–12 (UGT).

Total carbon (Ct) and total nitrogen (Nt) were measured
on milled samples using the CN analyzer vario EL cube (El-
ementar). Due to the absence of inorganic carbon, as proven
in pretests using hydrochloric acid (10 %), the Ct is equal to
the amount of total organic carbon (TOC). TOC values were
multiplied by 1.724 (Amelung et al., 2018) in order to ob-
tain contents of soil organic matter (SOM). C /N ratio was
calculated by dividing TOC by Nt (Blume et al., 2011).

The plant-available macronutrients magnesium (Mg), cal-
cium (Ca), sodium (Na) and potassium (K) were extracted
with 1 M NH4NO3 and quantified by an atomic absorption
spectrophotometer (Perkin Elmer PinAAcle 900T). Addi-
tionally, K2O and P2O5 were measured according to the
calcium–acetate–lactate method (Schüller, 1969) using a
Spectronic C301 spectrophotometer (Milton Roy). The pH
value was measured in a 1 : 2.5 suspension in 0.01 M CaCl2
(Jahn et al., 2006).

The content of total phosphorus (Pt), used in archeology as
an important indicator for human activity in agricultural and
pre-agricultural societies (e.g., Holliday and Gartner, 2007;
Weihrauch, 2018), was determined by colorimetry with the
spectrophotometer C21 (Milton Roy) following ignition and
then acid extraction based on Bleck (1965).

The soil agro-potential of the site was evaluated accord-
ing to standard procedures (Blume et al., 2011; Amelung
et al., 2018), including assessment of potential rootability,
the available water-storage capacity and the nutrient budget
within the uppermost 1 m. All evaluations consider the total
particle-size fractions (coarse and fine-earth fractions) and
further take account of the field-estimated bulk density (Ad-
hoc-AG Boden, 2005). For stony soils and sediments, deduc-
tions have to be made from the available soil volume, which
influences the nutrient budget and the water-storage capacity
accordingly (Blume et al., 2011). The evaluation was based
on a five-step classification including the following classes:

(1) very favorable/very good, (2) favorable/good, (3) mod-
erate, (4) unfavorable/weak and (5) very unfavorable/very
weak. Blume et al. (2011) suggested the following values
for the classification of potential rootability: (1) > 120 cm,
(2) 70 to 120 cm, (3) 30 to < 70 cm, (4) 15 to < 30 cm and
(5) < 15 cm. The available water-storage capacity was as-
sessed according to the following values: (1) > 200 L m−2,
(2) 140 to 200 L m−2, (3) 90 to < 140 L m−2, (4) 50 to
< 90 L m−2 and (5) < 50 L m−2. The classification of the
nutrient budget was mainly derived from the contents of
macronutrients (Mg, Ca, Na and K), grain size distribution,
SOM content and pH values, which primarily determine the
base saturation and effective cation exchange capacity (Ad-
hoc-AG Boden, 2005; Blume et al., 2011). Possible defi-
ciencies in nitrogen and calcium-lactate-soluble phospho-
rus (P2O5) and potassium (K2O) contents were additionally
checked and included in the assessment of the nutrient bud-
get. For GP5, GP9, GP10 and GP14, the evaluation is based
on field assessments and conclusions drawn by analogy, con-
sidering comparable nearby profiles from this study.

Phytolith extraction followed the procedures outlined by
Albert et al. (1999). Approximately 1 g of air-dried sam-
ple (< 2 mm) was treated with 3 N HCl, 3 N HNO3 and
H2O2 to remove carbonates, phosphates and organic mate-
rial. The mineral components of the samples were separated
according to their densities using∼ 2.4 g mL−1 sodium poly-
tungstate solution [Na6(H2W12O40)H2O]. Slides were pre-
pared by weighing out about 1 mg of sample onto a micro-
scope slide and mounting with Entellan new (Merck). Count-
ing was performed using a KERN OBE-114 microscope at
400× magnification. A total of 200 phytoliths were identi-
fied and counted in each sample wherever possible. Uniden-
tifiable phytoliths were counted and recorded as weathered
morphotypes. Images of selected phytoliths were recorded
using a KERN ODC 825 microscope camera. The numbers
of phytoliths per gram of sample were estimated by relat-
ing the phytolith amounts and weights of the processed sam-
ple material to the initial sample weights. The morphologi-
cal identification of phytoliths was based on standard litera-
ture (Twiss et al., 1969; Brown, 1984; Mulholland and Rapp,
1992; Piperno, 2006), as well as on modern plant reference
collections from the Mediterranean area (Albert, 2000; Al-
bert and Weiner, 2001; Tsartsidou et al., 2007; Portillo et al.,
2014; Meister et al., 2017). The International Code for Phy-
tolith Nomenclature was followed where possible (Madella
et al., 2005; Neumann et al., 2019).

Radiocarbon dating was carried out on 17 charcoal
samples at the Curt-Engelhorn-Centre of Archaeometry
(MAMS) and at Beta Analytic (BETA) using the accelera-
tor mass spectrometer (AMS) technique (e.g., Hajdas, 2008).
Charcoal samples were pretreated using the acid–alkali–acid
method to remove contamination by carbonates and humic
acids (de Vries and Barendsen, 1954). Conventional 14C
ages (BP) were calibrated using the IntCal 13 calibration set
(Reimer et al., 2013).
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4 Results

4.1 Granite landscape

4.1.1 Casa de Alcántara house complex

A granite area southeast of urban Munigua was chosen for a
detailed survey (Fig. 1b) since a Roman rural house com-
plex known as Casa de Alcántara 1–3 and a nearby an-
cient well document the presence of Roman settlers who
may have worked as farmers in ancient times (Meyer et
al., 2007; Schattner, 2019b). The schematic catena (Fig. 2)
shows shallow Leptosols (GP11) and moderately deep Cam-
bisols (GP15) in upper slope positions and flatter ridge areas.
Soil erosion has led to a shallowing of these profiles and fre-
quently to the deposition of a thin colluvial cover (Fig. 2).
Here, potential rootability, water-storage capacity and nutri-
ent budget is very weak to weak (Fig. 3, Table S1).

At the transition from upper to middle slopes Cam-
bisols (GP9) and Colluvisols (GP12, GP6, GP10 and GP4)
were mapped. They are deeper, favoring potential rootabil-
ity and improving water-storage capacity (Fig. 3). Essen-
tial nutrients (Mg, Ca, Na, K, P2O5 and K2O) are avail-
able (Table S1) although with relatively low values of P2O5
(median= 5.8 mg kg−1, SD= 10.1, n= 18). The pH values
range from 4.5 to 6.1 (median= 5.5, SD= 0.5, n= 18) and
can accordingly be predominantly classified as slightly acidic
(Table S1). The SOM (median= 0.5 %, SD= 1.4, n= 18)
and Nt contents (median= 0.04 %, SD= 0.06, n= 18) de-
crease with depth and are generally low. In sum the nutrient
budget of Cambisols and Colluvisols in the surroundings of
the Roman house complex Casa de Alcántara 1–3 is moder-
ate (Fig. 3).

For the temporal reconstruction of soil erosion processes
around the Casa de Alcántara house complex, seven char-
coal samples from three colluvial sequences (GP4, GP10 and
GP12) were 14C-dated (Fig. 2, Table 1). The results indicate
prehistoric soil erosion phases between around 4063± 82
and 3796± 76 cal BP (Copper Age to Early Bronze Age), as
well as around 2601± 115 cal BP (Early Iron Age). Four ad-
ditional 14C datings from GP10 and GP4 provided ages of
1424± 96, 1094± 155, 606± 51 and 421± 88 cal BP.

4.1.2 Profile GP2

Profile GP2 is located less than 100 m north of the fortified
urban area of the Muniguan granite landscape (Fig. 1b) in the
immediate surroundings of a small, temporary stream and an
ancient well (Fig. 4a).

The profile was excavated down to granite-derived slope
sediments (3BC horizon) present below approximately
64 cm. The uppermost 23 cm are formed by loosely deposited
yellow-brown fluvial sediments (Fig. 4b). Missing pedogenic
features and an oral report of a recent flood of the above-
mentioned adjacent stream suggest that the sediments were
deposited relatively recently. The texture is sandy (sand con-

tents between 61 % and 93 %, Fig. 4), and the fluvial deposits
mainly show moderate gravel contents (Table S1). Sharply
defined, finer-grained substrate follows below 23 cm. This
can be further subdivided into an upper (2MAhub, 23–46 cm)
and a lower (2Mub, 46–64 cm) horizon by grain size and
minor differences in color (10YR 3/3 vs. 2.5YR 3/3). Both
horizons contain numerous pottery shards, slag fragments
and bricks, all of which can be assigned to the Roman in-
ventory and thus allow these horizons to be archeologically
dated to the Roman period (terminus post quem). A 14C-
dated charcoal taken at a depth of 56 cm revealed a Roman
age of 2147± 147 cal BP (Fig. 4b, Table 1). A second piece
of charcoal from a depth of 38 cm could not be dated due
to its young age (after 1950). The lowermost profile section
(64–70 cm) is formed by yellow-brown slope deposits (3BC
horizon) showing a loamy texture and does not contain arche-
ological remains.

Measured pH values are moderately acidic and vary
slightly from 5.8 to 5.4 (Fig. 4, Table S1). SOM values are
between 0.4 % and 2.3 %, and, interestingly, increased SOM
content (1.7 %) is found in the lower section of the Ro-
man horizon (2Mub horizon; 46–64 cm). C /N ratios vary
between 10.75 (MAhb2 horizon) and 12.63 (2Mub hori-
zon). Calcium-lactate-soluble phosphorus (P2O5) and to-
tal phosphorus (Pt) show a first maximum of 108 mg kg−1

and 1.895 mg kg−1, respectively, in the uppermost sample
(MAh horizon; 0–7 cm), decreasing downwards. However,
this trend reverses, and, especially within the lower section
of the Roman horizon (2Mub horizon; 46–64 cm), a second
maximum is noticeable (123 and 2786 mg kg−1). The same
holds true for the macro-nutrient elements Mg, Ca, Na, K and
K2O, which are generally increased in the lower part of the
Roman horizon and the lowermost slope deposits (Fig. 4, Ta-
ble S1). Based on diagnostic criteria (color, determine base
saturation, SOM, P2O5, thickness) the Roman horizon was
classified as a hortic horizon (IUSS Working Group WRB,
2015). In terms of soil agro-potential this site is categorized
as good to moderate (Fig. 3).

The amounts of phytoliths in the samples vary consider-
ably, ranging from 6483 phytoliths per gram of sediment to
323 253 phytoliths per gram of sediment, while the highest
concentrations were reached in the Roman hortic horizons
(Fig. 6a; Table S2.2). A total of 33 different phytolith mor-
photypes were identified in the six samples studied (Fig. 5,
Table S2.1). Overall, the samples are similar in their mor-
photype assemblages (Fig. 6b, Table S2.2). While about
26.8 % (SD= 3.8, n= 6) of the phytoliths were not morpho-
logically identifiable, grass phytoliths, occurring at an aver-
age rate of 50.8 % (SD= 4.6, n= 6), were the most com-
mon group. The amounts of dicotyledonous leaf, wood and
bark phytoliths are relatively low, with an average value of
17.1 % (SD= 4.8, n= 6). Parallelepipedal blocky phytoliths,
one of the most common wood/bark morphotypes, for in-
stance, were observed at an average concentration of 10.2 %
(SD= 5.9, n= 6). Spheroid echinate phytoliths, commonly
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130 A. Kirchner et al.: Land use and its potential in the surroundings of ancient Munigua

Figure 2. Schematic soil catena for a granite landscape in the surroundings of the Roman house complex Casa de Alcántara 1–3. Soil horizon
designations are shown in white boxes. Physico-chemical results are summarized in Table S1. White stars within the photographs indicate
the positions of 14C-dated charcoal samples (the calibrated ages are given in ka). The shown catena is exaggerated for illustration purposes.

Table 1. Results of radiocarbon dating in the Munigua region.

Site Depth Facies Lab. no. Dated 14C age BP Calibrated 14C age δ13C
(cm) material BP (2σ range) (‰)

GP2 38 hortic MAMS 43603 charcoal modern modern −31.2
GP2 56 hortic BETA 551526 charcoal 2120± 30 2147± 147 −26.0
GP3 44 fluvic MAMS 43604 charcoal 165± 21 196± 89 −25.7
GP3 84 fluvic MAMS 43605 charcoal 121± 20 141± 128 −19.0
GP3 112 fluvic MAMS 43606 charcoal 126± 21 140± 130 −22.8
GP4 40 colluvic MAMS 43607 charcoal 396± 21 421± 88 −28.2
GP4 58 colluvic MAMS 43608 charcoal 622± 19 606± 51 −25.1
GP4 98 colluvic MAMS 43609 charcoal 1175± 22 1094± 84 −32.4
GP7 50 fluvic MAMS 43610 charcoal 163± 18 159± 159 −19.4
GP7 115 fluvic MAMS 43611 charcoal 243± 20 157± 156 −29.3
GP7 140 fluvic MAMS 43612 charcoal 172± 18 155± 155 −24.6
GP7 169 fluvic MAMS 43613 charcoal 264± 20 290± 134 −29.6
GP7 190 fluvic MAMS 43614 charcoal 206± 18 157± 157 −18.8
GP10 53 colluvic BETA 562782 charcoal 1510± 30 1424± 96 −24.3
GP10 100 colluvic MAMS 43615 charcoal 3525± 21 3796± 76 −26.8
GP10 145 colluvic MAMS 43616 charcoal 3710± 22 4063± 82 −25.8
GP12 39 colluvic MAMS 43617 charcoal 2481± 20 2601± 115 −26.4
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Figure 3. Site evaluation of investigated soil and sediment exposures in the Munigua area, subdivided according to the studied geological
and geomorphological units.

associated with palms (Arecaceae), reached an average con-
centration of 5.3 % (SD= 4.2, n= 6).

The short cell morphologies of the grass phytoliths reveal
them to belong mostly to the C3 Pooid subfamily, with rondel
and trapezoid short cells commonly produced in the leaves,
stems and inflorescences of Pooids. Concentrations between
59.1 % in the uppermost sample and 32.7 % in the upper part
of the Roman hortic horizon were found (mean= 45.6 %,
SD= 9.3, n= 6; Fig. 6c; Table S2.2). The proportion of in-
florescence phytoliths varies slightly around an average con-
centration of 15.2 % (SD= 6.2, n= 6). The concentrations of
phytoliths from grass stems and leaves are higher in the lower
profile section (23–70 cm), reaching a maximum of 50.8 % in
the upper part of the Roman hortic horizon (mean= 39.2 %,
SD= 10.1, n= 6). Due to the absence of multicellular phy-
toliths in the samples, however, it was not possible to identify
the type of grasses.

4.2 Metamorphic landscape

The pedo-morphological conditions were also investigated
for three sites (GP8, GP14 and GP13) within the metamor-
phic landscape, located in the southeast of Munigua (Fig. 1b).
Here, the lithology is formed by quartzitic metagreywacke,
and the soils were classified as Leptosols or Cambisols
(Fig. 7). All observed soils in this metamorphic landscape
unit are conspicuously shallow and stony (Table S1). Poten-
tial rootability, available water-storage capacity and nutrient
budget are weak to very weak (Fig. 3). No geomorphologi-
cal or pedological evidence of prehistoric or historic land use
(e.g., colluvial deposits) is preserved in the observed meta-
morphic landscape so far.

4.3 Tamohoso River floodplain

The investigated fluvial sequence GP3 is located about 500 m
upstream of Munigua’s urban infrastructure, whereas GP7 is
located about 600 m downstream of the Casa de Alcántara
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Figure 4. (a) Ancient well located outside of Munigua’s city wall (Fig. 1b). (b) Excavated hortic Anthrosol (arenic, fluvic, endoleptic).
Identified parent material is marked on the left of the profile photo. Soil horizon designations are shown in white boxes. White arrows
indicate some larger Roman artifacts (e.g., ceramics, brick). Sampling positions and calibrated 14C ages (cal BP) are marked with white
stars. Lower section: laboratory results for the hortic Anthrosol (arenic, fluvic, endoleptic).
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Figure 5. Photomicrographs of selected phytolith morphotypes identified in the GP2 samples. The photographs were taken at 400× mag-
nification. (a) Short cell rondel; (b) elongate dendritic; (c) elongate dentate; (d) elongate wavy; (e) elongate entire; (f) spheroid echinate;
(g) prickle; (h) bulliform.

Figure 6. Results of phytolith analyses conducted at site GP2. Identified parent material is marked to the left of the graph according to
Fig. 4b. Soil horizon designations are shown in white boxes. (a) Phytolith concentrations, (b) relative abundances of phytoliths from different
plant classes and (c) anatomical origin of grass phytoliths.

house complex (Fig. 1b). GP5 is situated between these two
sites.

GP3 was excavated to a depth of 145 cm below the surface
(Fig. 8). The base of the profile shows coarse-clastic riverbed
deposits, classified as moderately rounded gravels or mod-
erately rounded blocks. Upwards, this is followed by alter-
nately deposited, predominantly cross-bedded sands (74 %–

84 % sand), which are occasionally interstratified by finer-
grained and in particular silty deposits (Figs. 8 and 9). The
profile contains charcoal pieces of different sizes in almost
all sections, which could indicate the former presence of ac-
tivities involving fire in the catchment area.

GP7 was excavated to a depth of 250 cm (Fig. 8). Be-
low 220 cm, weakly weathered granite is present and forms
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Figure 7. Investigated soil sequences in a metamorphic landscape southeast of Munigua. Soil horizon designations are shown in white boxes.
Physico-chemical laboratory results are summarized in Table S1.

Figure 8. Profile photos of fluvial sequences GP3 (a), GP5 (b) and GP7 (c). Identified parent material is marked on the left of the profile
photos. Sampling positions for dated charcoal samples and calibrated 14C ages (cal BP) are marked with white stars.

the basis of the profile. Similar to profile GP3, predomi-
nantly charcoal-bearing, sand-dominated sediments (59 %–
96 % sand) were deposited above 220 cm. Humic sections
(Ahb horizons) are preserved at depths of 135–150, 160–175
and 185–200 cm below the surface (Figs. 8 and 10, Table S1).

GP5 is rather shallow and less than 90 cm deep (Fig. 8).
Similar to GP3 and GP7, the stratigraphy shows charcoal-
bearing brown sands (10YR 3/2 to 4/3) in its upper section.
They are relatively loose and overlie rounded gravels and

blocks exposed below 60 cm. Due to its stratigraphical simi-
larity to GP3 and GP7, as well as comparably low depth, GP5
was only investigated in the field and not sampled for further
laboratory analysis.

Due to the thickness of the fluvial deposits (Fluvisols),
potential rootability for plants and available water-storage
capacity are very good at sites GP3 and GP7 and are re-
spectively moderate to good at site GP5 (Fig. 3). The nutri-
ent situation of GP3 and GP7 is evaluated as moderate (Ta-
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Figure 9. Laboratory results for the pantofluvic Fluvisols (Arenic) at floodplain site GP3. Identified parent material is marked according to
Fig. 8.

ble S1, Figs. 9 and 10), and once more only P2O5 shows rela-
tively low values (median= 7.5 mg kg−1, SD= 9.4, n= 22).
The pH values range between 4.9 and 6.5 (median= 5.5,
SD= 0.5, n= 22). Nt content is low again (median= 0.05 %,
SD= 0.13, n= 22), and SOM shows average values of
0.83 % (SD= 1.1, n= 22).

The 14C dating results from GP3 and GP7 show modern
ages for all eight charcoal samples with an oldest age of
290± 134 cal BP (Fig. 8, Table 1).

5 Discussion

5.1 Land use and its potential in granite landscape of
the Munigua region

Catenary soil mapping in the surroundings of the Roman
house complex Casa de Alcántara 1–3 indicates a hetero-
geneous soil pattern, with soil types clearly depending on
geomorphological position (Fig. 2). Most likely this is due
to modifications by past soil erosion and related colluvia-
tion, leading to profile shallowing in upper slope sites and
the deposition of a colluvial cover in middle to lower slope
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Figure 10. Laboratory results for the pantofluvic Fluvisols (Arenic) at floodplain site GP7. Identified parent material is marked according to
Fig. 8.

positions and depressions. Frequent occurrences of embed-
ded bricks, shards and charcoal indicate that mobilization
and translocation processes were mainly triggered by an-
thropogenic factors like settling, clearing and/or local agri-
culture (Leopold and Völkel, 2007). This is in agreement
with other investigations in the western Sierra Morena that
highlight erosive processes triggered by accelerated human
impact (e.g., Recio Espejo et al., 2002). The 14C dating re-
sults of this pilot study (Fig. 2, Table 1) provide evidence for
past soil erosion phases in pre-Roman, late Roman and post-
Roman times and therefore strongly suggest that farming has
recurred within the investigated granite landscape and has

been a typical land use strategy over very long periods. This
observation chronologically reasonably matches with recent
investigations in Spanish river catchments. May et al. (2021)
reported on increased fluvial and alluvial deposition during
Roman or post-Roman times (after approx. 2100 cal BP) and
suggest that this is related to a high anthropogenic impact
on the local landscape. Similarly, Faust and Wolf (2017) de-
scribe a supply of top soil material to many western Mediter-
ranean floodplains that started about 2.2 kyr ago and seems
to be related to anthropogenic influences (e.g., agriculture)
especially in the lowest-order catchments. The achieved re-
sults of this study support this assumption and therefore re-
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fer to larger-scale erosion patterns in the entire region. Along
with the in situ evidence for soil erosion triggered by an-
thropogenic land use activities, this finding furthermore in-
dicates the basic suitability of the granite-derived soils for
agricultural purposes. The unexpected fact that no colluvia
from Munigua’s heyday have been found so far might be re-
lated to the limited number of age datings, the applied dating
technique and the number of locations investigated in this pi-
lot project. In our opinion it does not necessarily mean that
there was no colluviation during this period, and further re-
search is needed for a conclusive assessment on soil erosion
and colluviation in the region.

The heterogeneous soil inventory revealed variations in
present-day soil agro-potential in the surroundings of Casa
de Alcántara 1–3. Truncated Leptosols to moderately deep
Cambisols in upper slope positions and flatter ridge areas
(Fig. 2) show unfavorable to very unfavorable conditions to-
day (Fig. 3). In particular, the low soil depths of these sites
and the sandy soil texture (Table S1) have an unfavorable
effect on potential rootability, available water-storage capac-
ity and the nutrient budget. The overall soil agro-potential of
these sites can be evaluated as unfavorable to very unfavor-
able (Fig. 3, Table S1).

In contrast, currently moderate to good soil potential ex-
ists in middle to lower slope positions, where multi-layered
colluvial deposits almost ubiquitously cover the weathered
granite (Fig. 3). Here the potential rootability for cultivated
plants ranges from moderate to very good due to increased
soil depths at these sites. This also favors available water-
storage capacity, which can be evaluated as moderate to
good. The nutrient situation is mostly reasonable and would
certainly allow the cultivation of agricultural crops. Conse-
quently, the cultivation of cereals, such as emmer, barley or
millet, which were part of the Roman diet (Flach, 1990; Ger-
lach, 2001), as well as vegetables, should definitely be possi-
ble at many sites within the regional granite landscape. This
assumption is supported by the fact that even today, wild oats
grow in this landscape and could also have been cultivated as
green fodder or hay in Roman times, if not necessarily for
human consumption.

Our observations in the surroundings of the Roman house
complex Casa de Alcántara 1–3 therefore do not confirm
the aforementioned assumptions that the regional soil condi-
tions (i) are currently unsuitable for extensive agriculture and
(ii) generally speak against ancient agricultural use in the re-
gion (Schattner, 2019b). Instead, the multiphase deposition
of colluvium over longer periods and the moderate to good
soil agro-potential rather support archeological assumptions
concerning agricultural production (Peña Cervantes, 2010;
Teichner and Peña Cervantes, 2012; Krug, 2018) involving
fields and gardens, as well as pastures for small animals and
trees in the wider surroundings of the town.

However, a challenging question in this context is the ex-
tent to which the characteristics of current soils provide in-
formation on past soil potential. Extensive studies from the

Mediterranean supply clear evidence for soil degradation and
decreased soil productivity due to the long-term history of
land use (e.g., Redman, 1999; García-Ruiz, 2010; Bellin et
al., 2013; García-Ruiz et al., 2013; Dotterweich, 2013). It
follows that various areas may have been more productive
during Roman times, especially sites in erosion-prone hill-
slope positions (GP11, GP15) that were evaluated as unfa-
vorable to very unfavorable for the present day. The actual
status assigned to the sites thus underestimates the ancient
soil agro-potential. Vice versa, it can be assumed that the soil
potential in aggradational locations, like flat hillslope posi-
tions or slope depressions, has improved. Here, colluviation
has led to increased soil thickness, which generally favors po-
tential rootability and available water-storage capacity. How-
ever, the 14C-derived chronology provides evidence that col-
luviation had already taken place, at least in part, before the
Roman period (Fig. 2, Table 1), which is why the ancient
soil agro-potential in these locations was probably not sig-
nificantly different to that of the present day. We therefore
argue that the prevailing moderate to good soil potential of
the granite landscape around Munigua today probably also
pertained for antiquity.

Further robust evidence for Roman agriculture was gained
in a granite area close to the urban center of Munigua
(Fig. 1b). Since this area is located outside the fortified ur-
ban area, the withdrawal of water for possible irrigation or
livestock seems likely. Less than 5 m away from a Roman
well, an enrichment of SOM, P2O5, Pt, K2O and other nu-
trients (Mg, Ca, Na and K) was detected, especially in the
lowermost section of a Roman-dated hortic horizon (Fig. 4,
Table S1). We interpret these results as indicating intentional
humus or compost fertilization intended to further improve
the site and secure yields. In this context, it is assumed that
organic, nutrient-enriched waste, settlement residues (e.g.,
pottery, slag fragments or bricks) and possibly also animal
excrements were frequently distributed across the surface af-
ter harvesting and mixed into the granitoid slope deposits,
leading to the gradual development of the Roman hortic hori-
zon. The lower SOM, phosphate and nutrient contents in the
upper part of the hortic horizon (23–46 cm) could be due to
multiple causes. On the one hand, the abandonment of the
site and the associated lack of phosphate and organically en-
riched fertilizers could have led to an increased decomposi-
tion of SOM and increased phosphate and nutrient consump-
tion by vegetation. On the other hand, it is well-known that
larger mammals (e.g., wild boars) and soil organisms impact
the physical and chemical properties of soil (e.g., Mohr et al.,
2005; Risch et al., 2010; Wirthner et al., 2011). This could
have led to a mixing of the substrate in post-Roman times and
ultimately to a relative depletion of SOM, phosphate and nu-
trient concentrations in the upper part of the Roman horizon.
Additionally, this mixing process would plausibly explain the
incorporation of the modern charcoal at 38 cm (Fig. 4b, Ta-
ble 1) when this profile section formed the terrain surface.
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The greatly enhanced phytolith concentrations within the
Roman-dated hortic horizon (Fig. 6a) generally indicate in-
creased plant input and can be plausibly explained by phy-
tolith enrichment through agricultural activities (e.g., Ca-
banes et al., 2011; Madella and Lancelotti, 2012; Meister et
al., 2017). This supports the geochemical interpretation of a
Roman hortic soil at site GP2. The observed phytolith assem-
blages are dominated by Pooids containing some of the ma-
jor Mediterranean crops, such as barley, wheat or rye (Schie-
mann, 1948), which could indicate the cultivation of cereals.
This is supported by the fact that leaf and stem grass phy-
toliths within the lower profile section dominate over grass
phytoliths formed in the inflorescences or in other plant or-
gans (Fig. 6c). The accumulation of the former could be a
consequence of harvesting activities, when only the ears (in-
florescences) are collected and the stems and leaves are left
on the fields (Flach, 1990; Dietrich et al., 2019; Scherer et al.,
2021). It is also conceivable that food crops other than cere-
als might have been cultivated in this area since, for example,
the consumption of vegetables is well documented for the
Roman period (Bockisch, 1988; Demandt, 2008). Moreover,
in their works on agricultural and horticultural practices, the
famous ancient authors Columella (De re rustica) and Pal-
ladius (Opus agriculturae) described a crop rotation system
in which different cereals and vegetables were grown in suc-
cessive years on the same fields (Flach, 1990). However, al-
though phytoliths have been documented, for instance, for
numerous specimens from the Fabaceae (Leguminosae) fam-
ily, phytolith production varies substantially among differ-
ent subfamilies (Cummings, 1992), while other important
vegetable plants (e.g., root vegetables) produce no or only
small amounts of phytoliths (Piperno, 2006). Phytolith anal-
ysis thus provides no indication of whether the area was used
exclusively for cereals or whether vegetables were also cul-
tivated.

Summing up, it can be asserted that both geochemical and
phytolith analyses suggest an ancient agrarian use of site
GP2. The exclusive use of the site for pasturing or feeding
seems rather unlikely since the large number of Roman arti-
facts incorporated into the Roman hortic horizon clearly doc-
ument invasive soil cultivation in the sense of digging or hoe-
ing. Since water supply is guaranteed by the nearby well, the
site offers suitable conditions for irrigated agriculture almost
all year round.

5.2 Land use and its potential in the metamorphic
landscape of the Munigua region

A contrasting land use evaluation has to be made for soils
within metamorphic landscape, Here, mostly shallow and
sandy to stony soils occur (Fig. 7, Table S1), strongly limiting
potential rootability and resulting in unfavorable to very un-
favorable water-storage capacity and nutrient budget (Fig. 3).
Thus the present-day soil agro-potential is evaluated as unfa-
vorable to very unfavorable at these metamorphic sites.

In addition to the pedological limitations, geomorpholog-
ical circumstances render agriculture rather unprofitable in
these areas. The slopes in the metamorphic landscape are
generally steeper, and cultivation would be more exhausting
in this landscape unit (Fig. 1b). Furthermore, limits on water
availability prevent the all-season agricultural use of these
sites since streams are commonly deeply incised and natural
springs are rare here, rendering irrigation of agricultural ar-
eas difficult. These pedological and geomorphological char-
acteristics make it unlikely that the metamorphic landscape
was used for agriculture even in Roman times. Lastly, this as-
sumption is supported by the fact that thick colluvial deposits
clearly indicate land use in the granitic landscape but are ab-
sent in the observed metamorphic landscape. If there had
been historical agricultural use, such deposits should have
been preserved at least in places.

5.3 Land use and its potential in the Tamohoso
floodplain

Floodplains are usually known to be fertile areas and
have therefore been used for agriculture around the globe
for thousands of years (Brown, 1997). The nearby lower
Guadalquivir valley, for example, is a settlement chamber
that has been continuously used for agriculture since the
Copper Age at the latest and remains a preferred area for
agricultural production (Nocete et al., 2008; García Sanjuán
et al., 2013). It therefore seems likely that the alluvial de-
posits of the nearby Tamohoso River could also have been a
favored area for agriculture during Roman times, contribut-
ing to the food supply of Munigua.

The analyses of the floodplain sites mostly show moderate
to good soil agro-potential (Fig. 3). In particular, thicknesses
> 1 m (Fig. 8, Table S1) favor potential rootability and avail-
able water-storage capacity. Additionally, the nutrient budget
is moderate, resulting in the floodplain soils having overall
moderate to good agrarian potential from today’s perspec-
tive. Moreover, in addition to the physico-chemical proper-
ties, the flat terrain of the alluvial plain and the easy access
to water favor the agricultural use of the floodplain sites.

Nevertheless, so far we have no information on the ap-
pearance of the Tamohoso floodplain in Roman times. Eight
14C ages from fluvial sequences indicate deposition within
an active meander belt in modern times (Fig. 8, Table 1).
This might have been caused by intensified modern land use
activities in the 19th and 20th centuries CE (Tomás García,
1991), as also seen in the widespread juvenile gully sys-
tems within the area (Fig. 1d). Regarding the ancient situ-
ation, it seems likely that comparable conditions existed in
the Tamohoso floodplain at least locally during the heyday
of Munigua since past soil erosion should already have led
to sediment transfer into the streams. However, associated
sediments were probably eroded and relocated due to con-
temporary active meander dynamics.
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5.4 A pedo-geomorphological perspective on the
Roman economy

The economy of small cities in the Roman province of
Baetica was enormously diverse but commonly specialized
around a certain economic activity (e.g., Blázquez Martinez,
1967; Chic García, 1997; Bowman and Wilson, 2009, 2011;
Remesal Rodríguez, 2020). In the case of Munigua, metal-
lurgy was without doubt the main and most profitable eco-
nomic activity and led to considerable wealth in the re-
gion (Schattner, 2019b). However, multi-layered colluvial
deposits in the surroundings of Munigua (Sect. 4.1.1) and
a preserved Roman hortic Anthrosol (Sect. 4.1.2) provide
proper pedo-geomorphological evidence of prehistoric and
historic agrarian land use in granite areas around Munigua.
This indicates that there was at least a second economic ac-
tivity. It can thus rather be assumed that Roman cities were
economically diversified rather than being dedicated to a
single economic activity. Using a pedo-morphological ap-
proach, the present study therefore generally confirms the
concept of an economic diversification of Roman towns in
the province of Baetica and Hispania.

6 Conclusions

Using a pedo-geomorphological approach, the investigation
underlines that the soils around Munigua currently have the
potential for at least limited agricultural use in larger areas.
The granite landscape and the floodplain areas of the Tamo-
hoso River show conditions that would certainly allow the
production of basic agricultural goods, not only today but
most likely also in Roman times.

Whereas the existence of tilled floodplain soils during Ro-
man times cannot be proven by this study, clear evidence
of agrarian use is detectable in granite areas. Here, profile
truncation and multi-layered colluvial deposits indicate mul-
tiple soil erosion phases in the surroundings of a Roman
rural house complex southeast of the urban center of Mu-
nigua. Based on our initial 14C-results, anthropogenic soil
erosion and colluviation occurred in pre-Roman, late Roman
and post-Roman times, which strongly suggests the long-
term agrarian utilization of the area. For a granite area close
to Munigua, phytolith and geochemical analyses provide ev-
idence of the existence of a Roman garden, where cereals
and vegetables might have been cultivated at least on a small
scale. The site was most likely fertilized by humus or com-
post to improve and secure crop yields, confirming the Ro-
man population’s extensive knowledge of agricultural prac-
tices, already described by ancient authors like, for instance,
Columella or Palladius. Hence, the results of investigations in
the granite landscape surrounding Munigua indicate a local
cultivation of agricultural products that made an active con-
tribution to the food supply of the area. This seems even more
likely if the variety of agricultural equipment (Krug, 2018)
and olive oil presses (Peña Cervantes, 2010; Teichner and

Peña Cervantes, 2012) excavated in the town are also taken
into account. This study thus could not confirm the hypoth-
esis that deficient pedological conditions in the surround-
ings of Munigua generally prevented the agricultural use of
the area during Roman times and that therefore the popula-
tion was mainly dependent on food imports from the lower
Guadalquivir valley (Schattner, 2019b). However, there re-
main many open questions for future research in the coming
years, i.e., concerning the extent and production rates of agri-
cultural activities, the cultivated products, or the adaptation
techniques applied to cope with seasonal water deficiencies.

In addition to the site-specific information, the study also
provides geoarcheological evidence supporting the concept
of an economic diversification of Roman cities in Baetica
province and Hispania. Even though metallurgy was with-
out doubt the main and most profitable activity in the Mu-
nigua region, the economy was certainly not only dedicated
to mining activities. Whereas specialty goods were imported,
basic agrarian products (e.g., crops, olive oil, wine) were also
part of Munigua’s economic portfolio and exemplify the eco-
nomic diversity of urban settlements in the Roman Baetica
province.
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