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Introduction

During the second half of the 1st century A. D. public 
bathing habits and their social implications were rapidly 
incorporated from the Italian peninsula to the everyday 
life in the provinces1. This was translated into the emer-
gence of new typologies of public edifices, as the public 
thermae. These buildings, omnipresent in the urban-
scapes of Hispania, quickly became meeting spaces ri-
valling the ›fora‹, in which all the social strata were rep-
resented, especially ›homines novi‹, i. e., the emerging 
provincial aristocracy2.

Public thermal buildings survived due to their social 
success until the 4th century A. D., when provincial ther-
mal complexes progressively lost their original function. 
The practise of public bathing was dropped in favour of 
other forms of hygiene. Only some public practises re-
mained, such as Christian baptism. This led to multiple 

situations marked by abandonment of buildings and/or 
the reuse of these monumental spaces for a wide range of 
activities. This systematic reuse in some cases was relat-
ed to their architectural characteristics, such as water-
proof pavements, heated spaces, deposits to collect liq-
uids, water supply, etc. This shift led to the re-use of 
these spaces as granaries3, oil presses4, furnaces for pot-
tery production5, or smelting places6. In other instances, 
with the rise of Christianity, thermae were the last ref-
uge of pagans once the Imperial Administration prohib-
ited the worship to pagan gods in temples7. Literary 
sources and archaeological remains ref lect how pagans 
moved cultic statues into thermae8. After complete 
Christianisation of the Roman city, thermae were occa-
sionally transformed into churches or other types of 
buildings linked to Christian worship, such as ›xeno-

Site formation processes in the public 
Thermae of Munigua during Late Antiquity: 
Archaeological soil micromorphology, 
physicochemical analyses and geochemistry

	 II Zu den angewandten technischen 
Methoden
von Mario Gutiérrez-Rodríguez

1 Fernández Ochoa et al. 2000; Fernández Ochoa – García-Ente-
ro 2000.
2 Fagan 2002.
3 Schrettle 2010.
4 Ben Abed – Hanoune 2010.

5 Atencia Páez – Serrano Ramos 1997.
6 Fernández Ochoa et al. 2000.
7 Fuentes Domínguez 2000; Sánchez – Carbonell 2004.
8 Lepelley 1994.
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dokia‹, ›cellae memoriae‹ etc.9. Despite this intense re-
use, scientific investigation of these transformations in 
thermae became scarce, contrary to other types of con-
structions better known in this period10. These processes 
are related with the constitution of the Late Roman city, 
a process of long gestation that, to a large extent, is de-
fined through the new configuration of urban space11. 
Late Roman urbanism will be governed by concepts dif-
ferent from those of the classical city, such as the pro-
gressive disappearance of reticular models, the aban-
donment or reuse of monumental public architecture as 
well as urban Christianization12. Around these processes 
an archaeological phenomenology has been built, based 
on architectural evidence and materiality of Hispanic 
cities and the western area of the Roman Empire be-
tween the 3rd and 4th centuries. All this was the reflection 
of a different society, governed by a different scale of val-
ues13.

However, as Gurt and Sánchez stated about Late Ro-
man urbanism, »será mediante su análisis que el arque-
ólogo intentará explicar un nuevo mundo del que segura-
mente se le escapen muchos matices«14. In the last two 
decades archaeometry has undergone a considerable ad-
vance in new methods and techniques and new study ma-
terials as well. Much of this effort has been focus in un-
ravelling archaeological record through geoarchaeological 
analyses. Among these techniques, archaeological soil 
micromorphology – the petrographic study of soils and 
sediments –, geochemistry, and physico-chemical analy-
ses demonstrated their importance to provide a high-res-
olution view of the sedimentary record15. These tech-
niques have much to contribute to the interpretation not 
only of site formation processes, but also the use of inter-
nal spaces within buildings and their transformations 
over time, construction techniques, production process-
es, daily life and, consequently, human behaviour16.

Though the number of publications about archaeo-
logical soil micromorphology has been increasing in the 
last decade17, there is a pronounced lack of microarchae-
ological studies of classical archaeological sites18. This 
deficiency has led some authors to encourage research-
ers to focus attention on characterizing formation pro-
cesses in historical complex urban sites, expanding case 
studies both spatially and temporally19. In spite of the 
huge quantity and diversity of Roman archaeological 
sites, the application of microarchaeological techniques 
to characterize site formation processes, especially in 
cities, is largely still far from systematic, with the excep-
tion of a few case studies20. Undoubtedly, the richness of 
the archaeological record of Roman cities – their vitality, 
diversity and continuity of occupation – provides an ex-
cellent historical archive that can be studied by microar-
chaeological techniques.

Within the typological diversity of Roman architec-
ture, thermae are outstanding buildings to explore with 
this methodology. Although they are buildings of great 
technical and architectural complexity, as we high-
lighted before, thermae underwent several rearrange-
ments throughout their intense lifespan. While these 
transformations are ref lected in material culture and 
architecture, its life cycle should be ref lected (also) in 
the sedimentary record, corresponding to late usages 
after the lost of bathing habits and its inherent public 
dimension.

The aim of this chapter is to explore the ›microhisto-
ry‹ of a remarkable public space. Microarchaeological 
analysis, as archaeological soil micromorphology, phys-
ico-chemical analyses and geochemistry, of the archae-
ological record of the thermae of Munigua have provid-
ed significant data and insights about processes of urban 
change and the life-cycle of the public building.

9 Duval 1971.
10 Manderscheid 2004.
11 Brogiolo – Ward-Perkins 1999; Liebeschuetz 2001.
12 Mateos Cruz et al. 2005; Diarte Blasco 2012.
13 Gurt Esparraguera 2000; Gurt Esparraguera – Hidalgo Prieto 
2005; Gurt Esparraguera – Sánchez Ramos 2008; Sánchez Ramos 
2010; Diarte Blasco 2014; Sánchez Ramos 2014; Brassous – Queve-
do 2015.
14 Gurt Esparraguera – Sánchez Ramos 2008, 181.
15 Matthews 1995; Matthews et al. 1997; Shahack-Gros et al. 
2005; Milek et al. 2007; Karkanas – Efstratiou 2009; Jones et al. 
2010; Banerjea et al. 2015b.

16 Macphail – Courty 1985; Macphail 1994; Macphail – Cruise 
2000.
17 Stoops 2014.
18 Cammas 1994; Bookidis et al. 1999; Macphail 2002; Shahack-
Gros et al. 2005; Pearson – Matthews 2011; Nicosia et al. 2013; 
Mentzer et al. 2015; Macphail – Crowther unpublished report.
19 Karkanas – Goldberg 2008.
20 Rentzel 2004; Rentzel 2009; Macphail et al. 2011; Banerjea 
et al. 2015a; Macphail – Linderholm unpublished report.
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The chronostratigraphical sequence

The public thermae of Munigua were excavated during 
the 1970s21. However, some sealed deposits remained, 
which preserve a complete diachronic sequence (fig. 
1, 2, 3): At the stratigraphic base, under the thermal com-
plex, there is a metallurgical furnace excavated in the 
granite with associated dumped deposits of charcoal, 
ash, and slags, revealing multiple combustion events. In 
turn, these are sealed by a pavement of opus signinum 
dating to the construction of the thermae in Claudian 
times. However, for this study we are interested in high-
light the existence of finely stratified deposits dated by 
findings in Late Antiquity. This sequence develops on 
the foundational opus signinum pavement. It was origi-
nated, when the building lost the bath function, and was 
sealed by a later opus signinum pavement, which fa-
voured its preservation until present. The following 
stratigraphic units were identified (fig. 3):

–– SU 1: Granitic bedrock
–– SU 2: Expoliation pit (negative unit)
–– SU 3: Pit infill composed by medium size granitic and 

calcarenite rocks (30 > cm diameter) as well construc-
tion materials. Fine material is composed by granitic 
sand.

–– SU 4: Opus signinum pavement. Lime based pave-
ment with clasts composed by rounded pottery frag-
ments and construction material debris.

–– SU 5: Massive and homogeneous dark brown silty 
sand layer with no archaeological material. It shows 
null compactness.

–– SU 6: Equal to SU 5
–– SU 7: Granitic sand deposit with horizontally interca-

lated red brownish burned daub fragments. It shows 
metallurgical by-products as slags, charcoal etc. We 
highlight the presence of a lead-pipe fragment with 
cutting marks.

–– SU 8: Wall painting fragments debris in a granitic 
sand matrix.

–– SU 9: Opus signinum pavement.

The thermae excavators, Grünhagen and Hauschild, 
proposed an imprecise secondary use of the building 
during Late Antiquity, according to them, for housing 

2 Section of the thermae with cumulative profile of the archae-
ological sequence and sampled deposits.

21 Hauschild 1962; id. 1971; Grünhagen 1977; Grünhagen – 
Hauschild 1977; see contribution Wolfram Martini in this volume.
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purposes22. The archaeometrical analysis of the previ-
ously described sequence corroborates the secondary 
usages of the building as well as abandonment processes. 

However, results do not support a secondary usage of 
this thermae for housing, but for productive activities 
related with metallurgical crafts.

3 Photogrammetry of the studied profile with stratigraphic units, sampling and site formation processes identified.

22 Hauschild 1962; id. 1971; Grünhagen 1977; Grünhagen – 
Hauschild 1977; see contribution Wolfram Martini in this volume.
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Materials and methods

Undisturbed and oriented samples were collected 
from chronostratigraphical profiles produced during 
the 2014 excavation season. Blocks, stabilized by plaster 
of Paris bandages, were later oven dried for 1 day at 
50º C. Impregnation was carried out under vacuum with 
polyester resin (Palatal P4-01), styrene monomer, and 
MEK catalyst. A total of three thin sections were anal-
ysed under plane-polarized (PPL), cross-polarized 
(XPL), oblique incident (OIL) lights, as well f luorescence 
ultraviolet microscopy (UV). Descriptive criteria follow 
several references in specialized literature23. Additional-
ly, bulk samples were systematically collected from every 
stratigraphic unit, in tandem with sampling of the mi-
cromorphology blocks.

Once thin sections were described, microfacies anal-
ysis was carried on. Similar characteristics of lithologi-
cal composition, geometric association and postdeposi-
tional changes can be grouped, giving place to the 
recognition of patterns in different thin sections. This is 
based in the idea that distinct actions, depositional en-
vironments and post-depositional processes produce a 
particular set of microfacies units that, in turn, can be 
associated with a specific microfacies type24.

Soil constituents were analyzed according standard 
methods (MAPA 1994) and include: total carbon (CT) 
and total nitrogen (NT), both measured in a LECO 
TruSpec CN instrument; calcium carbonate content 
(CaCO3) measured manometrically, according to (Bar-
ahona et al 1984); organic carbon (OC) calculated by the 
difference between total carbon (CT) and inorganic car-
bon from CaCO3; and available phosphorous (PAV) de-
termined according to Olsen et al (1954). For each sam-

ple, a soil:water extract was prepared in a ratio 1:2,5 
(w/v); in the obtained solutions we measured pH, elec-
trical conductivity (EC) and soluble anions by liquid 
chromatography in a DIONEX DX-120 instrument.

Geochemical analyses were made using a portable 
X-ray f luorescence analyser NITON XLt 792, following 
the recommendations of Method 6200 (US EPA 1998), 
with a source count time fixed at 60 s Grinded samples 
were placed in polyethylene sample cups covered by My-
lar X-Ray film (TF-160-255) and measured in triplicate 
(Martín Peinado u. a. 2010). Background concentrations 
were measured from a local soil unaffected by ancient 
metallurgical processes.

PXRF analyzer was initially calibrated using the sil-
ver - tungsten shielding inside of the shutter, as part of 
the standard set-up routine25. The accuracy of the ana-
lytical method was evaluated by analyses (nine repli-
cates) of a Certified Reference Material (CRM034-050). 
According to US EPA (2006), accuracy and precision 
were estimated by the relative percent difference (RPD) 
and the relative standard deviation (RSD), respectively, 
between the concentration in the reference material and 
the concentration measured by pXRF. Detection limit 
(DL) was evaluated based on the analysis of sets of nine 
replicate samples that contained the target elements at 
concentrations near the detection limit estimated in the 
EPA Method 6200 (US EPA 1998). The Enrichment Fac-
tor (EF) was calculated from the ratio between the ele-
ment concentration in a certain level and the back-
ground concentration. Some specific features were 
characterized by SEM in a Philips XL30 model at Insti-
tute of Archaeology, University College of London.

23 Courty et al. 1989; Stoops 2003; Goldberg – Macphail 2006; 
Macphail – Goldberg 2010.
24 Courty 2001; Flügel 2004; Goldberg et al. 2009; Karkanas – 
van de Moortel 2014; Aldeias – Bicho 2016.

25 Figueroa-Cisterna et al. 2011; Martín-Peinado – Rodríguez-
Tovar 2016.
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Microfacies analysis has allowed the identification of the 
following Microfacies Types (see below). Its spatial ar-
rangement is shown in fig. 4.

Physico-chemical analyses, as well geochemistry, ap-
plied to Late Roman finely stratified deposits have pro-
vided significant data. pH values are typical of strongly 
alkaline soils (8,4–9,4). CT, NT and CaCO3 percentages 
are strongly related to metallurgical combustion events 
– wood burning and ashes – identified in thin section 
(Microfacies types 4 and 5). EC are usually present in the 
context in low concentrations. However, they are linked 
with anthropogenic processes as it is shown in soluble 
anions analyses. Sulphate origin for upper layers can be 
related with lixiviation of gypsum and lime-rich materi-
als employed in the bath building as construction mate-
rials which correspond to microfacies types 6 and 7 in 
soil micromorphology. Sulphate is also present in the 
metallurgical phase, maybe linked with sulphide oxida-

tion (alteration of lead sulphide-rich ores exploited for 
metallurgical activities). Lead ores in southern Spain are 
associated to lead sulphides (galena), and there are evi-
dences of roman mining in the near district of Lin-
ares-La Carolina26. Also linked with metallurgical crafts 
there is a significant correlation between nitrate concen-
tration and wood combustion. An increase in the N con-
tent (ammoniacal) immediately after wood burning is 
followed by an increase in the nitrate content over time27. 
Finally, PXRF analysis of bulk samples revealed statisti-
cally significant anomalies of Sn, Pb, Mn, Fe and Cu. Pb 
concentrations show a consistent enrichment in most of 
the samples inside the public thermae. Maximum Pb 
values are 1791 and 1619 mg/kg, i. e., eight and seven 
times, respectively, the local geochemical background 
(216,6 mg/kg). The Pb anomaly is positively correlated 
with Sn.

Microfacies type 1: Passage feature (bioturbation)

This microfacies is a characteristic of passage features 
resulting from bioturbation. The fabric of this microfa-
cies is a clayey quartz sand with biotites and anthropo-
genic materials as well (e. g. burned daub, pottery, slags, 

charcoal). Coarse material shows rotated grains. These 
components show a close porphyric c/f related distribu-
tion. Porosity is lower (10 %) and dominated by cham-
bers and compound packing voids.

Microfacies type 2: Well sorted aeolian quartz silt

This microfacies is characterized by a well sorted sub-
angular smooth quartz silt. Coarse fraction is very ho-
mogeneous and composed by quartz and sporadic alte-

red muscovites and biotites. A coarse monic c/f distribu-
tion is observed. Porosity is represented by simple 
packing voids.

26 Domergue 1972; id. 1990; id. 2000; Arboledas Martínez 2007; 
id. 2010.

27 Carballas et al. 1997; Johnson – Curtis 2001.
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4 Microfacies analysis of the Late Roman deposits.
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Microfacies type 3: Well sorted quartz sand

This microfacies is a well sorted quartz sand with bioti-
tes and feldspars and sand size charcoal fragments as 
well. These components show a c-f double spaced enaulic 

related distribution with the fine material, which is a 
pale orange to brown clay. Porosity is high (40 %), main-
ly represented by complex packing voids.

Microfacies type 4: Burned daub

This microfacies is composed by horizontal and parallel 
succession of massive burned daub fragments. They ex-
hibit a clayey groundmass, with grano- and porostriated 
b-fabrics, as well as c/f doubled spaced porphyric relate 
distribution. Coarse material is composed by sand-sized 

subangular smooth quartz, biotite and plagioclase. 
Coarse material shows a preferred direction of f low. In-
duced deformation pedofeatures are present. It exhibits 
pale red to dark red colors. Porosity is high (30%), with 
planar voids as desiccation cracks.

Microfacies type 5: Unsorted quartz sand with metal 
recycling by-products

The presence of metal recycling by-products is the dis-
tinctive characteristic of this microfacies. Different me-
tallurgical by-products (ash, iron slags, lead slags, bur-
ned daub, charcoal, charred organic matter) are mixed 
in an unsorted clayey quartz sand. The presence of dif-
ferent types of slags is indicative of different technologi-

cal processes taking place in situ. These components 
show a c/f double spaced enaulic related distribution 
with the fine material, which is a pale orange to brown 
clay. Porosity is high (30%), mainly represented by com-
plex packing voids.

Microfacies type 6: Wall painting debris

The main characteristic of this microfacies is the domi-
nance of gravel-sized wall painting fragments. The fabric 
of this microfacies is an unsorted clayey quartz sand with 
anthropogenic materials (burned daub, charcoal, char-

red organic matter). These components show a c/f double 
spaced enaulic related distribution with the fine mate-
rial, which is a pale orange to brown clay. Porosity is high 
(30 %), mainly represented by complex packing voids.
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Microfacies type 7, Opus signinum pavement

Pavement composed by micritic calcite cement with 
dominant gravel-size (> 2 mm) clasts (temper) that in-

clude brick and pottery fragments, calcarenite, quartz 
and biotite.

a b

c d

5 Sediments inside the thermae (Sample 1): a Well sorted subrounded aeolian quartz silt. Note the absence of anthropogenic fea-
tures as well the size homogeneity (< 60µm); b Same in XPL; c Lead slag; d Iron slag within a burned daub matrix. c and d were found-
ed in the same microfacies along other slags and metallurgical by-products. This, together with macroscopic findings suggest a metal 
recycling process carried out inside the abandoned public building.
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Discussion: The life cycle of a public building 
through the microarchaeological record

Geoarchaeological approach has provided significant 
clues to understand the life cycle of the public thermae 
of Munigua. We proceed to discuss the results in the 
sequence from the bottom-up, remarking its archaeo-
logical significance and its correlation with material 
and architectonical evidence. Starting with the sedi-
ments up to the foundational opus signinum pavement, 
these deposits are dominated by well sorted subangular 
quartz silt (< 60µm) and sporadic muscovite with a 
high degree of alteration (fig. 5 a. b). The coarse frac-
tion is moderately sorted and very homogeneous. No 
anthropogenic features are present, and mineralogical-
ly this sediment corresponds to the environment of the 
granitic hill of Munigua. Genetically, it is interpreted 
as a result of short-distance aeolian transport by trac-
tion and saltation. This process is promoted by the 
topographic position of the thermal complex, terraced 
in the hill. Only the intentional removal of tegulae roof 
tiles, not evidenced during excavation, can explain the 
presence of these aeolian deposits inside the public 
building. This speaks not only about the abandonment 
of a public building in a city that was still habited, but 
to the intentional and progressive dismantling of public 
architecture.

The following microfacies are associated with a later 
reuse of this building. They are characterized by the 
horizontal alternation of metallurgical by-products as 
burned daub, ashes, charcoal and slags (fig. 5 c. d). This 
is related with the idea that metallurgical refuse deposits 
of repeatedly used combustion structures are character-
ized by horizontal, alternately bedded by-products of 
smelting that are found next to the source. In cases 
where dumped deposits have remained unaltered, anal-
ysis of the different microfacies can provide data about 
the active life of the combustion structure, how often it 
was used, the minerals that were processed, and the 
technology and by-products of the metallurgical activi-
ties.

Burned daub fragments are the most dominant fea-
ture and are linked to chimney and degradable clay ele-
ments of the furnace. They exhibit a clayey groundmass, 

with grano- and porostriated b-fabrics, and a c-f dou-
ble-spaced porphyric relate distribution. The mineralo-
gy of the coarse fraction (20 %) is associated with local 
granitic minerals (subangular smooth quartz, biotite, 
plagioclase), as well as quartzite and some altered mus-
covite. The porosity is characterized by desiccation 
cracks and vegetal temper pseudomorphs; burned reed 
temper fragments are also present. This burned daub 
fragments are red in PPL and XPL, and yellowish to in-
tense red under OIL.

The overall micromorphological features indicate 
that the raw material is derived from local soil expo-
sures: the granite hill of Munigua and the nearby alluvi-
al deposits. These raw materials show signs of manipu-
lation by sorting, sieving, and mixing with water and 
temper (mineral and organic) in order to improve the 
mechanical and thermal strength of the clay elements 
and the chimney structure. These materials were sun 
dried – like mudbricks28 –, but they were mineralogical-
ly altered during the smelting process by direct exposure 
to fire. Therefore, interior parts of the chimney show an 
isotropic fabric, quartz and biotite were altered by crack-
ing and loss of birefringence, and the burning of vegetal 
temper produced pseudomorphic voids29. On the other 
hand, exterior parts exhibit gradual colour change, and 
vegetal temper is signified by charcoal. Signs of hand 
modelling are indicated by a compact structure, relative-
ly homogeneous distribution of the coarse fraction with-
in the groundmass, and the presence of induced defor-
mation features (rotation, directionality of f low).

These elements alternate with dumped calcitic wood 
ash and charcoal. Microfabrics of dumped ashes are 
characterized by crumbly and vesicular structures. Ce-
mented ashes, as well as aggregates of micritic calcite 
crystals with rhombic and triangular morphologies, 
show signs of local reworking and cementation30.

The previously described by-products are spatially 
arranged with charcoal, as well as lead and iron slags. 
CaCO3 content (fig. 7) and PXRF (fig. 8) indicate com-
bustion events in this horizon, with Pb and Fe enrich-
ments. It is noteworthy that a fragment of lead-pipe 

28 Rosen 1986; Friesem et al. 2011.
29 Mathieu – Stoops 1972; Macphail – Goldberg 2010; Orton – 
Hughes 2013.

30 Mentzer 2014.
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with cut marks was documented during excavation. 
Dismantling processes did not only affect buildings and 
their construction materials, but probably other city or-
naments and infrastructures too as the lead pipe frag-
ment evinces. A process of metal recycling inside the 
thermae is noted both in the macro and microarchaeo-
logical scale.

This context is sealed by an opus signinum pavement 
and its preparation layers. Dismantling of the public 
thermae is again documented during the construction 
process of this pavement. In fact, microfabrics of prepa-
ration layers are mainly composed of lime-based painted 
wall plasters (intonaci), which display a layered structure 
(fig. 6 a. b). They show a crystallitic b-fabric and differ-
ent mineralogical arrangement, with coarser material in 

the internal one and pure lime in the exterior ones that 
finish in a layer of paint. BL light show that yellow and 
whitish pigments were used in the decorative scheme of 
this room. Granite minerals, such as quartz, plagioclase 
and biotite confirm again the use of the resources nearby 
to Munigua and to the granite hill as a quarry of raw 
material, in this case for coarse material for plasters. It 
must be considered that this systematic removal of wall 
paintings took place after the metal recycling activities, 
which means that during this secondary use of the 
building, the paintings were still in situ, and the memo-
ry of the ancient public thermae was still present. The 
signinum layer itself is composed of a pure lime matrix 
with crystallitic b-fabric with a coarse fraction of grav-
el-size fragments of bricks, potteries and rock (fig. 6 b. c). 

a b

c d

6 Opus signinum preparation floor (A and B) and pavement (C and D): a (Sample 2) Lime-based painted plaster. Note the different 
layers and sizes of the coarse fraction, higher in the interior layers, meanwhile vesicles develop towards the outer edges of the plas-
ter because of trapped air during fabrication process; b (Sample 2) BL and emitted fluorescence by the exterior pictorial stratum 
shows small grains with higher fluorescence, corresponding possibly with white lead (black arrow); c (Sample 3) Fissure development 
of the opus signinum groundmass, caused by drying and compaction during fabrication process (black arrows); d (Sample 3) Raw ma-
terial of the opus signinum, containing coiled and planktonic foraminifera originating from Tortonian sandstone, which crops out in 
the riverine terraces of Guadalquivir valley, 10 km out of Munigua.
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The groundmass shows layering and planar voids paral-
lel to the surface, which formed during the drying and 
compaction process. Among tempers, we noted the pres-
ence of globigerina fossiliferous sandstone, which im-

plies the quarrying of Tortonian materials. The nearest 
source of this raw material is the deposits located in 
Guadalquivir terrace deposits 5–10 km away from the 
city31.

8 PRXF enrichment factors values. Enrichment Factor is calculated by the ratio between the element concentration in a certain level 
and the background concentration. Values higher than 1 indicate anthropogenic inputs. Note Pb significant anomaly correlated with 
Sn values in most of the active use of the furnace, which ends with a significant Fe and Mg increase. Higher values are also present 
during the transformation of the thermae, in which recycling metal activities took place.

7 a Results of physico-chemical analyses. Note that pH values are typical of alkaline soils and CT, NT and CaCO3 percentages are strong-
ly related with metallurgical combustion events, with a notable decrease during the thermae phase. PAV increases during the thermal 
use, linked with faecal residues inputs; b Results of soluble anions concentrations. Note the significant correlation between nitrate con-
centration and wood combustion. Sulphates are present in the metallurgical phase and thermae abandonment as well. Its presence can 
be attributed to different origins. Upper layers can be related with lixiviation of gypsum and lime-rich materials employed in the bath 
building as construction materials meanwhile during metallurgical activities, it can be linked with sulphide oxidation.

31 ITGE 1991.
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Conclusions

Physico-chemical properties of the thermae deposits 
show a strong correlation with the site formation pro-
cesses identified by archaeological soil micromorpholo-
gy. The set of evidences allow us to affirm that the ar-
chaeological sequence at Munigua was formed through 
the interaction of anthropogenic actions and natural 
processes. This information permitted us to assess hu-
man behaviours such as metallurgy, spatial organization 
of the thermae during late Antiquity, and the progressive 
transformation of the public building.

The contexts associated to the public thermae of Mu-
nigua have revealed a microhistory32 of a prominent 
public building strongly related to the historical devel-
opment that this city experienced in Antiquity, which is 
marked by processes of transformation and abandon-
ment of the outstanding public architecture as well as 
the proliferation of craft installations related with the 
iron metallurgy and the recycling of metallic goods and 

slags33. Most of these human activities and natural site 
formation processes were invisible during excavation. 
The use of microarchaeological techniques helped to re-
veal and unravel them. Archaeological soil micromor-
phology has provided a high resolution view of site for-
mation processes, that mere findings cannot do unless 
they are contextualized in a microscale34. The conjunc-
tion of these theoretical approaches is very important in 
the study of Late Roman cities and their urban transfor-
mation processes. Only several microhistories, i. e., spe-
cific analysis of case-by-case histories, will provide high 
resolution regional patterns in the urban transformation 
processes during Late Antiquity. To expand this high 
resolution stratigraphic approach to new archaeological 
contexts of Munigua turns necessary in order to charac-
terize better urban transformation processes from An-
tiquity to Early Middle Ages.

32 Levi 1993.
33 Schattner 2003; Schattner – Ovejero Zappino – Pérez Macías 
2005; iid. 2012; Schattner 2014.

34 Goldberg – Berna 2010.
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Abb. 76  a D-DAI-MAD-WMA-DG-006-2017-052, 

b Zeichnung Wolfram Martini
Abb. 77  D-DAI-MAD-WMA-DG-006-2017-053
Abb. 78  D-DAI-MAD-WMA-DG-006-2017-054
Abb. 79  D-DAI-MAD-WMA-DG-006-2017-055
Abb. 80  D-DAI-MAD-WMA-DG-006-2017-056
Abb. 81  D-DAI-MAD-WMA-DG-006-2017-057
Abb. 82  D-DAI-MAD-WMA-DG-006-2017-058
Abb. 83  D-DAI-MAD-WMA-DG-006-2017-059
Abb. 84  D-DAI-MAD-PAT-DG-012-2012-044
Abb. 85  a D-DAI-MAD-WMA-DG-006-2017-061, 

b D-DAI-MAD-WMA-DG-006-2017-062
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Abb. 86  a D-DAI-MAD-WMA-DG-006-2017-063, b, 
D-DAI-MAD-WMA-DG-006-2017-064

Abb. 87  D-DAI-MAD-WMA-DG-006-2017-065
Abb. 88  D-DAI-MAD-WMA-DG-006-2017-066
Abb. 89  D-DAI-MAD-WMA-DG-006-2017-067
Abb. 90  D-DAI-MAD-WMA-DG-006-2017-068
Abb. 91  Zeichnung Martini
Abb. 92  D-DAI-MAD-WMA-DG-006-2017-069
Abb. 93  a D-DAI-MAD-WMA-DG-006-2017-070, b 

D-DAI-MAD-WMA-DG-006-2017-071
Abb. 94  D-DAI-MAD-Z-2-354-RAB (Detail)
Abb. 95  D-DAI-MAD-WMA-DG-006-2017-072
Abb. 96  D-DAI-MAD-WMA-DG-006-2017-073
Abb. 97  D-DAI-MAD-WMA-DG-006-2017-074
Abb. 98  D-DAI-MAD-WMA-DG-006-2017-075
Abb. 99  D-DAI-MAD-PAT-DG-012-2012-014
Abb. 100  D-DAI-MAD-WMA-DG-006-2017-076
Abb. 101  D-DAI-MAD-WMA-DG-006-2017-077
Abb. 102  a D-DAI-MAD-WMA-DG-006-2017-078, b 

D-DAI-MAD-WMA-DG-006-2017-079
Abb. 103  D-DAI-MAD-NOA-A-802
Abb. 104  D-DAI-MAD-WMA-DG-006-2017-080
Abb. 105  D-DAI-MAD-WMA-DG-006-2017-081
Abb. 106  D-DAI-MAD-WMA-DG-006-2017-082
Abb. 107  D-DAI-MAD-WMA-DG-006-2017-083
Abb. 108  D-DAI-MAD-WMA-DG-006-2017-084
Abb. 109  D-DAI-MAD-WMA-DG-006-2017-085
Abb. 110  D-DAI-MAD-JIM-B-057-02
Abb. 111  a D-DAI-MAD-WMA-DG-006-2017-086, 

b D-DAI-MAD-WMA-DG-006-2017-087
Abb. 112  D-DAI-MAD-JIM-B-058-01
Abb. 113  a D-DAI-MAD-WMA-DG-006-2017-088, 

b D-DAI-MAD-WMA-DG-006-2017-089
Abb. 114  D-DAI-MAD-NOA-A-807
Abb. 115  a D-DAI-MAD-KÖN-DG-006-2017-090, 

b D-DAI-MAD-WMA-DG-006-2017-091
Abb. 116  D-DAI-MAD-Z-2-354-RAB (Detail)
Abb. 117  D-DAI-MAD-WIT-R-22-73-04
Abb. 118  D-DAI-MAD-WMA-DG-006-2017-092
Abb. 119  D-DAI-MAD-WIT-R-22-73-03
Abb. 120  D-DAI-MAD-WIT-R-19-73-01
Abb. 121  a D-DAI-MAD-WMA-DG-006-2017-093, 

b D-DAI-MAD-WMA-DG-006-2017-094
Abb. 122  D-DAI-MAD-WMA-DG-006-2017-095
Abb. 123  D-DAI-MAD-WMA-DG-006-2017-096
Abb. 124  D-DAI-MAD-WMA-DG-006-2017-097
Abb. 125  D-DAI-MAD-WMA-DG-006-2017-098
Abb. 126  D-DAI-MAD-JIM-B-058-01
Abb. 127  D-DAI-MAD-WMA-DG-006-2017-099
Abb. 128  D-DAI-MAD-Z-2-354-RAB (Detail)
Abb. 129  D-DAI-MAD-WMA-DG-006-2017-100
Abb. 130  a D-DAI-MAD-WMA-DG-006-2017-101, 

b D-DAI-MAD-WMA-DG-006-2017-102
Abb. 131  D-DAI-MAD-NOA-A-764

Abb. 132  D-DAI-MAD-WMA-DG-006-2017-103
Abb. 133  D-DAI-MAD-WMA-DG-006-2017-104
Abb. 134  D-DAI-MAD-WMA-DG-006-2017-105
Abb. 135  D-DAI-MAD-WMA-DG-006-2017-106
Abb. 136  D-DAI-MAD-JIM-A-988-01
Abb. 137  D-DAI-MAD-Z-2-354-RAB
Abb. 138  D-DAI-MAD-WMA-DG-006-2017-107
Abb. 139  D-DAI-MAD-WMA-DG-006-2017-108
Abb. 140  D-DAI-MAD-WMA-DG-006-2017-109
Abb. 141  D-DAI-MAD-WMA-DG-006-2017-110
Abb. 142  D-DAI-MAD-WMA-DG-006-2017-111
Abb. 143  D-DAI-MAD-WMA-DG-006-2017-112
Abb. 144  D-DAI-MAD-WMA-DG-006-2017-113
Abb. 145  a D-DAI-MAD-WMA-DG-006-2017-114, 

b D-DAI-MAD-WMA-DG-006-2017-115
Abb. 146  D-DAI-MAD-WMA-DG-006-2017-116
Abb. 147  Zeichnung Wolfram Martini
Abb. 148  D-DAI-MAD-WMA-DG-006-2017-117
Abb. 149  D-DAI-MAD-WMA-DG-006-2017-117
Abb. 150  D-DAI-MAD-WMA-DG-006-2017-118
Abb. 151  D-DAI-MAD-WMA-DG-006-2017-119
Abb. 152  D-DAI-MAD-WMA-DG-006-2017-120
Abb. 153  a D-DAI-MAD-WMA-DG-006-2017-122, 

b D-DAI-MAD-WMA-DG-006-2017-123
Abb. 154  D-DAI-MAD-WMA-DG-006-2017-124
Abb. 155  D-DAI-MAD-WMA-DG-006-2017-125
Abb. 156  D-DAI-MAD-WMA-DG-006-2017-126
Abb. 157  D-DAI-MAD-WMA-DG-006-2017-127
Abb. 158  D-DAI-MAD-WIT-R-19-73-03
Abb. 159  D-DAI-MAD-WMA-DG-006-2017-128
Abb. 160  D-DAI-MAD-WMA-DG-006-2017-129
Abb. 161  D-DAI-MAD-WMA-DG-006-2017-130
Abb. 162  D-DAI-MAD-WMA-DG-006-2017-131
Abb. 163  D-DAI-MAD-WMA-DG-006-2017-132
Abb. 164  D-DAI-MAD-Z-2-354-RAB
Abb. 165  D-DAI-MAD-WMA-DG-006-2017-133
Abb. 166  D-DAI-MAD-WMA-DG-006-2017-134
Abb. 167  D-DAI-MAD-WMA-DG-006-2017-135
Abb. 168  D-DAI-MAD-WMA-DG-006-2017-136
Abb. 169  D-DAI-MAD-NOA-A-975-05
Abb. 170  D-DAI-MAD-WMA-DG-006-2017-137
Abb. 171  D-DAI-MAD-Z-2-354-RAB überarbeitet von 

Martini
Abb. 172  D-DAI-MAD-NOA-A-805
Abb. 173  D-DAI-MAD-WMA-DG-006-2017-138
Abb. 174  D-DAI-MAD-WMA-DG-006-2017-139
Abb. 175  D-DAI-MAD-WMA-DG-006-2017-140
Abb. 176  a D-DAI-MAD-WMA-DG-006-2017-142, 

b D-DAI-MAD-WMA-DG-006-2017-143
Abb. 177  a D-DAI-MAD-WMA-DG-006-2017-144, 

b D-DAI-MAD-WMA-DG-006-2017-145
Abb. 178  D-DAI-MAD-WMA-DG-006-2017-146
Abb. 179  D-DAI-MAD-WMA-DG-006-2017-147
Abb. 180  D-DAI-MAD-WMA-DG-006-2017-148
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Abb. 181  D-DAI-MAD-WMA-DG-006-2017-149
Abb. 182  D-DAI-MAD-WMA-DG-006-2017-150
Abb. 183  D-DAI-MAD-WMA-DG-006-2017-151
Abb. 184  D-DAI-MAD-WMA-DG-006-2017-152
Abb. 185  a D-DAI-MAD-JIM-A-969-03, b D-DAI-

MAD-WMA-DG-006-2017-153
Abb. 186  Zeichnung Mario Schilling und 

Wolfram Martini
Abb. 187  Zeichnung Wolfram Martini
Abb. 188  D-DAI-MAD-WMA-DG-006-2017-154
Abb. 189  D-DAI-MAD-WIT-R-24-73-06
Abb. 190  D-DAI-MAD-WMA-DG-006-2017-155
Abb. 191  D-DAI-MAD-WMA-DG-006-2017-156
Abb. 192  D-DAI-MAD-WMA-DG-006-2017-157
Abb. 193  Zeichnung Mario Schilling und Wolfram 

Martini
Abb. 194  Zeichnung Mario Schilling und 

Wolfram Martini
Abb. 195  D-DAI-MAD-WMA-DG-006-2017-158
Abb. 196  D-DAI-MAD-WMA-DG-006-2017-159
Abb. 197  Zeichnung Mario Schilling und 

Wolfram Martini
Abb. 198  D-DAI-MAD-WMA-DG-006-2017-160
Abb. 199  D-DAI-MAD-WMA-DG-006-2017-161
Abb. 200  D-DAI-MAD-WMA-DG-006-2017-162
Abb. 201  D-DAI-MAD-JIM-A-962-10
Abb. 202  D-DAI-MAD-WMA-DG-006-2017-163
Abb. 203  D-DAI-MAD-WMA-DG-006-2017-164
Abb. 204  D-DAI-MAD-WMA-DG-006-2017-165
Abb. 205  D-DAI-MAD-WMA-DG-006-2017-166
Abb. 206  a D-DAI-MAD-Z-2-663-1998-HERK, 

b D-DAI-MAD-WMA-DG-006-2017-167
Abb. 207  a D-DAI-MAD-WMA-DG-006-2017-168, 

b D-DAI-MAD-WMA-DG-006-2017-197
Abb. 208  D-DAI-MAD-WMA-DG-006-2017-169
Abb. 209  D-DAI-MAD-WMA-DG-006-2017-169
Abb. 210  a D-DAI-MAD-WMA-DG-006-2017-021, 

b D-DAI-MAD-Z-2-661-1998- HERK
Abb. 211  D-DAI-MAD-WINK-DG-006-2017-170
Abb. 212  D-DAI-MAD-WINK-DG-006-2017-171
Abb. 213  Zeichnung Wolfram Martini
Abb. 214  D-DAI-MAD-Z-2-141-1959-SCHU
Abb. 215  a D-DAI-MAD-PAT-MFD-836-1998, b, 

D-DAI-MAD-WMA-DG-006-2017-173
Abb. 216  D-DAI-MAD-WMA-DG-006-2017-174
Abb. 217  a D-DAI-MAD-PAT-MFD-435-1998, 

b D-DAI-MAD-WMA-DG-006-2017-198
Abb. 218  Zeichnung Wolfram Martini
Abb. 219  D-DAI-MAD-WMA-DG-006-2017-175
Abb. 220  D-DAI-MAD-WMA-DG-006-2017-199
Abb. 221  D-DAI-MAD-Z-2-657-1998-HERK
Abb. 222  D-DAI-MAD-Z-2-675-1998-HERK 

Buntstiftzeichnung K. Hermuth

Abb. 223  a D-DAI-MAD-PAT-MFD-837-1998, 
b D-DAI-MAD-WMA-DG-006-2017-198

Abb. 224  D-DAI-MAD-WMA-DG-006-2017-200
Abb. 225  D-DAI-MAD-Z-2-679-1998-HERK 

Buntstiftzeichnung K. Hermuth
Abb. 226  D-DAI-MAD-Z-2-677-1998-HERK 

Buntstiftzeichnung K. Hermuth
Abb. 227  a D-DAI-MAD-Z-2-667-1998-HERK, 

b D-DAI-MAD-PAT-MFD-835-1998 
Buntstiftzeichnung K. Hermuth

Abb. 228  D-DAI-MAD-Z-2-683-1998-HERK 
Buntstiftzeichnung K. Hermuth

Abb. 229  Zeichnung Wolfram Martini
Abb. 230  Zeichnung Wolfram Martini
Abb. 231  D-DAI-MAD-WMA-DG-006-2017-201
Abb. 232  D-DAI-MAD-WMA-DG-006-2017-176
Abb. 233  a D-DAI-MAD-WMA-DG-006-2017-177, 

b D-DAI-MAD-MARI-DG-006-2017-178
Abb. 234  D-DAI-MAD-GRUEN-B-051-01a
Abb. 235  a D-DAI-MAD-WIT-PLF-2567, b D-DAI-

MAD-WIT-PLF-2566, c D-DAI-MAD-WIT-PLF-2568
Abb. 236  D-DAI-MAD-JIM-A-978-06
Abb. 237  D-DAI-MAD-WIT-R-99-76-09
Abb. 238  a D-DAI-MAD-FIB-R-219-84-07, b D-DAI-

MAD-FIB-R-218-84-10
Abb. 239  D-DAI-MAD-MLA-DG-21-2018-002
Abb. 240  Zeichnung Theodor Hauschild, überarbeitet 

von Wolfram Martini
Abb. 241  Zeichnung Theodor Hauschild, überarbeitet 

von Wolfram Martini
Abb. 242  Zeichnung Wolfram Martini
Abb. 243  Zeichnung Wolfram Martini
Abb. 244  D-DAI-MAD-WMA-DG-006-2017-179
Abb. 245  D-DAI-MAD-MARI-DG-006-2017-180
Abb. 246  D-DAI-MAD-WMA-DG-006-2017-181
Abb. 247  D-DAI-MAD-WMA-DG-006-2017-182
Abb. 248  D-DAI-MAD-WMA-DG-006-2017-183
Abb. 249  D-DAI-MAD-WMA-DG-006-2017-184
Abb. 250  D-DAI-MAD-WMA-DG-006-2017-185
Abb. 251  D-DAI-MAD-WMA-DG-006-2017-186
Abb. 252  D-DAI-MAD-WMA-DG-006-2017-187
Abb. 253  D-DAI-MAD-WMA-DG-006-2017-189
Abb. 254  D-DAI-MAD-WMA-DG-006-2017-190
Abb. 255  Zeichnung Theodor Hauschild, überarbeitet 

von Wolfram Martini
Abb. 256  Zeichnung Wolfram Martini
Abb. 257  Zeichnung Wolfram Martini
Abb. 258  Zeichnung Wolfram Martini
Abb. 259  Zeichnung Theodor Hauschild, überarbeitet 

von Wolfram Martini
Abb. 260  Zeichnung Wolfram Martini
Abb. 261  Zeichnung Wolfram Martini
Abb. 262  Zeichnung Wolfram Martini
Abb. 263  D-DAI-MAD-WMA-DG-006-2017-191
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Abb. 264  Zeichnung Wolfram Martini
Abb. 265  Zeichnung Theodor Hauschild, überarbeitet 

von Wolfram Martini
Abb. 266  a–d Zeichnung Wolfram Martini
Abb. 267  a D-DAI-MAD-WMA-DG-006-2017-192, b 

D-DAI-MAD-WMA-DG-006-2017-193, c D-DAI-
MAD-WMA-DG-006-2017-194

Abb. 268  C14-Probe
Abb. 269  D-DAI-MAD-WMA-DG-006-2017-195
Abb. 270  Zeichnung Wolfram Martini
Abb. 271  Zeichnung Wolfram Martini
Abb. 272  D-DAI-MAD-WMA-DG-006-2017-196
Abb. 273  Zeichnung Wolfram Martini
Abb. 274  Zeichnung Wolfram Martini
Abb. 275  Zeichnung Doris Schäff ler, überarbeitet von 

Wolfram Martini
Abb. 276  D-DAI-MAD-A-02-DZ-171
Abb. 277  Visualisierung Helio Ruipérez
Abb. 278  a D-DAI-MAD-A-02-DZ-158, b D-DAI-

MAD-A-02-DZ-159 (Visualisierung Helio Ruipérez)
Abb. 279  a D-DAI-MAD-A-02-DZ-160, b D-DAI-

MAD-A-02-DZ-161, c D-DAI-MAD-A-02-DZ-162 
(Visualisierung Helio Ruipérez)

Abb. 280  a D-DAI-MAD-A-02-DZ-164, b D-DAI-
MAD-A-02-DZ-167 (Visualisierung Helio Ruipérez)

Abb. 281  a D-DAI-MAD-A-02-DZ-168, b D-DAI-
MAD-A-02-DZ-169, c D-DAI-MAD-A-02-DZ-170 
(Visualisierung Helio Ruipérez)

Falttaf. 1  Zeichnung Wolfram Martini
Falttaf. 2  Zeichnung Wolfram Martini
Falttaf. 3  Zeichnung Wolfram Martini
Falttaf. 4  Zeichnung Wolfram Martini
Falttaf. 5  Zeichnung Wolfram Martini
Falttaf. 6  Zeichnung Wolfram Martini
Falttaf. 7  Zeichnung Wolfram Martini
Falttaf. 8  Zeichnung Wolfram Martini
Falttaf. 9  Zeichnung Wolfram Martini
Falttaf. 10  Zeichnung Wolfram Martini
Falttaf. 11  Zeichnung Wolfram Martini
Falttaf. 12  Zeichnung Wolfram Martini
Falttaf. 13  Zeichnung Wolfram Martini
Falttaf. 14  Zeichnung Wolfram Martini
Falttaf. 15  Zeichnung Wolfram Martini
Falttaf. 16  Zeichnung Wolfram Martini
Falttaf. 17  Zeichnung Wolfram Martini
Falttaf. 18  Zeichnung Wolfram Martini

Beitrag Basas

Fig. 1‒5  J. Fernández Pérez ‒ E. Puch Ramírez, IAA 
Madrid

Beitrag Gutiérrez Rodríguez

Fig. 1–8  Author

Beitrag Ruipérez

Fig. 1. 2  Autor

Beitrag Hartl-Reiter – Schäffler

Abb. 1. 2  Autoren

Beitrag Schattner

Abb. 1  a D-DAI-MAD-DSCH-DG-030-2016-059, 
b D-DAI-MAD-DSCH-DG-030-2016-063, c 
D-DAI-MAD-DSCH-DG-030-2016-058

Abb. 2  D-DAI-MAD-A-02-DZ-011
Abb. 3  a D-DAI-MAD-DSCH-DG-030-2016-061, 

b D-DAI-MAD-DSCH-DG-030-2016-062
Abb. 4  D-DAI-MAD-A-02-DZ-070
Abb. 5  D-DAI-MAD-A-02-Z-1138
Abb. 6  D-DAI-MAD-A-02-DZ-012
Abb. 7  a D-DAI-MAD-un-PLF-745; b D-DAI-MAD-

un-C-816

Abb. 8  a D-DAI-MAD-6
Abb. 9  D-DAI-MAD-A-02-DZ-071
Abb. 10  D-DAI-MAD-A-02-DZ-072
Abb. 11  a Foto Doris Schäff ler, b D-DAI-MAD-A-02-

DZ-073
Abb. 12  a D-DAI-MAD-HAU-KB-B-193-06, b D-DAI-

MAD-HAU-KB-B-196-05
Abb. 13  a Griepentrog 2008 Abb. 30, b Griepentrog 

2008 Abb. 35, c Griepentrog 2008 Abb. 37
Abb. 14  a D-DAI-MAD-HAU-KB-B-193-03, b D-DAI-

MAD-un-KB-A-765-02
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Abb. 15  a Griepentrog 2008 Abb. 31, b Griepentrog 
2008 Abb. 32

Abb. 16  a Griepentrog 2008 Abb. 38  , b Griepentrog 
2008 Abb. 39

Abb. 17  D-DAI-MAD-DSCH-DG-030-2016-053
Abb. 18  a–c Foto Doris Schäff ler
Abb. 19  D-DAI-MAD-A-02-DZ-074
Abb. 20  D-DAI-MAD-A-02-DZ-119
Abb. 21  a. b Foto Doris Schäff ler
Abb. 22  a. c Foto Doris Schäff ler, b D-DAI-MAD-A-

02-DZ-077
Abb. 23  a Foto Doris Schäff ler, b Zeichnung José Fer-

nández Pérez
Abb. 24  a.b Foto Doris Schäff ler
Abb. 25  D-DAI-MAD-A-02-DZ-076
Abb. 26  a Foto Doris Schäff ler, b D-DAI-MAD-un-

KB-A-898-5
Abb. 27  Foto Doris Schäff ler
Abb. 28  D-DAI-MAD-A-02-DZ-079
Abb. 29  D-DAI-MAD-A-02-DZ-078
Abb. 30  a C20 D-DAI-MAD-AHR-KB-44-02-19; b, 

D-DAI-MAD-AHR-KB-44-02-20; c C21 D-DAI-
MAD-AHR-KB-44-02-21; d D-DAI-MAD-AHR-
KB-44-02-22

Abb. 31  a Ahrens 2004, 397 Abb. 11, b Hauschild 1968 
Abb. 13  b

Abb. 32  a. b DAI Madrid, Munigua-Archiv A. Eichler, 
c D-DAI-MAD-AHR-KB-45-02-01, d D-DAI-
MAD-AHR-KB-44-02-035, e D-DAI-MAD-AHR-
KB-47-02-33, f D-DAI-MAD-AHR-KB-44-02-32, 
g D-DAI-MAD-AHR-KB-44-02-33, h D-DAI-
MAD-AHR-KB-44-02-34, i D-DAI-MAD-AHR-
KB-45-02-02, j D-DAI-MAD-AHR-KB-45-02-00

Abb. 33  Ahrens 2004, 409 Abb. 19
Abb. 34  a. c. d. F. g Ahrens 2004, 377 Abb. 2; b D-DAI-

MAD-AHR-KB-45-02-14, e D-DAI-MAD-AHR-
KB-45-02-22 , h D-DAI-MAD-AHR-KB-45-02-12, 
k D-DAI-MAD-AHR-KB-45-02-15

Abb. 35  a–e Ahrens 2004, 378 Abb. 3, f D-DAI-MAD-
AHR-KB-45-02-16

Abb. 36  a D-DAI-MAD-un-KB-A- 881-02, b Zeich-
nung José Fernández Pérez

Abb. 37  a–c Doris Schäff ler, b D-DAI-MAD-
WIT-R-40-83-08

Abb. 38  D-DAI-MAD-YLIN-DG-08-2020-013
Abb. 39  Zeichnung José Fernández Pérez
Abb. 40  a D-DAI-MAD-un-KB-A-806-01, b D-DAI-

MAD-un-KB-A-807-01
Abb. 41  a–c Foto Doris Schäff ler
Abb. 42  a D-DAI-MAD-DSCH-DG-030-2016-050, 

b D-DAI-MAD-un-B-420
Abb. 43  Zeichnung José Fernández Pérez
Abb. 44  D-DAI-MAD-WIT-LKB-96-9-37
Abb. 45  D-DAI-MAD-A-02-DZ-089

Abb. 46  a D-DAI-MAD-YLIN-DG-08-2020-005, 
b D-DAI-MAD-YLIN-DG-08-2020-007, c D-DAI-
MAD-YLIN-DG-08-2020-009

Abb. 47  D-DAI-MAD-A-02-DZ-083
Abb. 48  D-DAI-MAD-A-02-DZ-081
Abb. 49  a Zeichnung José Fernández Pérez, b D-DAI-

MAD-A-02-DZ-122
Abb. 50  a Zeichnung Doris Schäff ler, b D-DAI-MAD-

A-02-DZ-085
Abb. 51  D-DAI-MAD-A-02-DZ-086
Abb. 52  a Foto Doris Schäff ler, b Zeichnung 

Doris Schäff ler
Abb. 53  Dibujo José Fernández Pérez
Abb. 54  Foto Doris Schäff ler
Abb. 55  D-DAI-MAD-A-02-DZ-082
Abb. 56  D-DAI-MAD-DSCH-DG-021-2017-003
Abb. 57  a–c Foto Doris Schäff ler
Abb. 58  D-DAI-MAD-DSCH-DG-021-2017-023
Abb. 59  a. b Foto Doris Schäff ler, c D-DAI-MAD-A-

02-Z-2929
Abb. 60  a–d Foto Doris Schäff ler
Abb. 61  a D-DAI-MAD-A-02-DZ-084, b Zeichnung 

Doris Schäff ler
Abb. 62  a D-DAI-MAD-A-02-DZ-149 (Helio Ruipé-

rez), b D-DAI-MAD-A-02-DZ-148 (Helio Ruipérez), 
c D-DAI-MAD-YLIN-DG-08-2020-015

Abb. 63  a D-DAI-MAD-A-02-DZ-145 (Helio Ruipé-
rez), b D-DAI-MAD-A-02-DZ-143 (Helio Ruipérez)

Abb. 64  a D-DAI-MAD-A-02-DZ-129 (Helio Ruipé-
rez), b D-DAI-MAD-A-02-DZ-153 (Helio Ruipérez)

Abb. 65  D-DAI-MAD-A-02-DZ-127 (Helio Ruipérez)
Abb. 66  a D-DAI-MAD-A-02-DZ-126 (Helio Ruipé-

rez), b D-DAI-MAD-A-02-DZ-132 (Helio Ruipérez)
Abb. 67  a D-DAI-MAD-A-02-DZ-142 (Helio Ruipé-

rez), b D-DAI-MAD-A-02-DZ-154 (Helio Ruipérez)
Abb. 68  D-DAI-MAD-A-02-DZ-146 (Helio Ruipérez)
Abb. 69  Foto Doris Schäff ler
Abb. 70  D-DAI-MAD-A-02-DZ-092
Abb. 71  a D-DAI-MAD-DSCH-DG-030-2016-055, 

b D-DAI-MAD-DSCH-DG-030-2016-063, c 
D-DAI-MAD-DSCH-DG-19-2017-006

Abb 72  D-DAI-MAD-A-02-DZ-087
Abb. 73  D-DAI-MAD-WIT-R-41-78-03
Abb. 74  D-DAI-MAD-A-02-DZ-093
Abb. 75  D-DAI-MAD-A-02-DZ-088
Abb. 76  D-DAI-MAD-A-02-DZ-010
Abb. 77  D-DAI-MAD-A-02-Z-1332
Abb. 78  D-DAI-MAD-A-02-DZ-123
Abb. 79  D-DAI-MAD-A-02-DZ-091
Abb. 80  D-DAI-MAD-A-02-DZ-094
Abb. 81  D-DAI-MAD-A-02-DZ-095
Abb. 82  D-DAI-MAD-A-02-DZ-096
Abb. 83  D-DAI-MAD-A-02-DZ-097
Abb. 84  D-DAI-MAD-A-02-DZ-098
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Abb. 85  a D-DAI-MAD-NOA-A-776, b D-DAI-MAD-
NOA-A-797

Abb. 86  a. b Zeichnung José Fernández Pérez, Elisa 
Puch Ramírez

Abb. 87  a D-DAI-MAD-NOA-A-827 , b Zeichnung 
José Fernández Pérez, Elisa Puch Ramírez

Abb. 88  Montage Elisa Puch Ramírez
Abb. 89  Grünhagen 1976 Abb. 2
Abb. 89  Inst.-Neg. A885-5
Abb. 90  a D-DAI-MAD-un-KB-A-885-05 , b D-DAI-

MAD-A-02-DZ-150 (Helio Ruipérez)
Abb. 91  a D-DAI-MAD-un-KB-A-807-01, b Zeichnung 

José Fernández Pérez, Elisa Puch Ramírez
Abb. 92  a D-DAI-MAD-MLA-DG-16-2019-01, 

b D-DAI-MAD-MLA-DG-16-2019-02, c D-DAI-
MAD-MLA-DG-16-2019-03, d nach Beltrán Fortes 
1988, 188 b, e D-DAI-MAD-MLA-DG-16-2019-07, f 
nach Beltrán Fortes 1988, 188 c

Abb. 93  C. San Martín Montilla –Th. G. Schattner 
(Hrsg.), Munigua, la colina sagrada, Ausstellungs-
katalog Sevilla 2006 (Sevilla 2006) 51

Abb. 94  a D-DAI-MAD-WIT-R-85-76-08, b D-DAI-
MAD-MLA-DG-17-2019-14

Abb. 95  a D-DAI-MAD-un-KB-A-789-03, b D-DAI-
MAD-MLA-DG-17-2019-21, c D-DAI-MAD-MLA-
DG-17-2019-23, d D-DAI-MAD-MLA-
DG-17-2019-22

Abb. 96  a D-DAI-MAD-MLA-DG-19-2019-037, 
b D-DAI-MAD-MLA-DG-19-2019-039, c D-DAI-
MAD-A-02-Z-2970a

Abb. 97  a D-DAI-MAD-MLA-DG-19-2019-028, 
b D-DAI-MAD-MLA-DG-19-2019-031, c D-DAI-
MAD-A-02-Z-2967a

Abb. 98  a D-DAI-MAD-MLA-DG-19-2019-021, 
b D-DAI-MAD-MLA-DG-19-2019-024, c D-DAI-
MAD-A-02-Z-2973a

Abb. 99  a D-DAI-MAD-MLA-DG-19-2019-004, 
b D-DAI-MAD-MLA-DG-19-2019-010, c D-DAI-
MAD-A-02-Z-2970b

Abb. 100  a D-DAI-MAD-MLA-DG-19-2019-012, 
b D-DAI-MAD-MLA-DG-19-2019-018, c D-DAI-
MAD-A-02-Z-2967b

Abb. 101  a D-DAI-MAD-PAT-DG-006-2004-117, 
b D-DAI-MAD-A-02-Z-2973b

Abb. 102  D-DAI-MAD-A-02-Z-1118 (Montage Elisa 
Puch Ramírez)

Abb. 103  D-DAI-MAD-A-02-DZ-099
Abb. 104  a D-DAI-MAD-DSCH-DG-53-2018-004 , 

b D-DAI-MAD-A-02-Z-0815
Abb. 105  a D-DAI-MAD-MLA-DG-23-2018-040, 

b D-DAI-MAD-A-02-Z-0817
Abb. 106  a D-DAI-MAD-MLA-DG-23-2018-043, 

b D-DAI-MAD-A-02-Z-0820-1
Abb. 107  a D-DAI-MAD-MLA-DG-23-2018-051, 

b D-DAI-MAD-A-02-Z-0822
Abb. 108  a D-DAI-MAD-DSCH-DG-53-2018-005 , 

b D-DAI-MAD-A-02-Z-0825-1
Abb. 109  a D-DAI-MAD-DSCH-DG-53-2018-001, 

b D-DAI-MAD-A-02-Z-0820-2
Abb. 110  a D-DAI-MAD-DSCH-DG-53-2018-002, 

b D-DAI-MAD-A-02-Z-0825-2
Abb. 111  a D-DAI-MAD-DSCH-DG-53-2018-003, 

b Zeichnung José Fernández Pérez
Abb. 112  a D-DAI-MAD-YLIN-DG-08-2020-001, 

b D-DAI-MAD-YLIN-DG-08-2020-002, c D-DAI-
MAD-YLIN-DG-08-2020-003

Abb. 113  D-DAI-MAD-A-02-DZ-124
Abb. 114  a D-DAI-MAD-A-02-DZ-151 (Helio Ruipérez), 

b D-DAI-MAD-A-02-DZ-152 (Helio Ruipérez).
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Falttaf. 25  D-DAI-MAD-A-02-DZ-105
Falttaf. 26  D-DAI-MAD-A-02-DZ-106
Falttaf. 27  D-DAI-MAD-A-02-DZ-107
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Falttaf. 32  D-DAI-MAD-A-02-DZ-111
Falttaf. 33  D-DAI-MAD-A-02-DZ-112
Falttaf. 34  D-DAI-MAD-A-02-DZ-113
Falttaf. 35  D-DAI-MAD-A-02-DZ-114
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Falttaf. 37  D-DAI-MAD-A-02-DZ-115


	Inhaltsverzeichnis
	Vorwort
	Vorwort
	I Die Thermen
	Catálogo de los hallazgos de las termas

	II Zu den angewandten technischen Methoden
	Site formation processes in the public Thermae of Munigua during Late Antiquity: Archaeological soil micromorphology, physicochemical analyses and geochemistry
	Zur Bauaufnahme in Munigua vermittels 3D-Photogrammetrie mit Structure from Motion (SfM)
	El método de reconstrucción virtual

	III Das Forum
	IV Gesamtes Literaturverzeichnis und Nachweise
	Gesamtes Literaturverzeichnis
	Gesamte Abbildungs- und Falttafelnachweise




