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Abstract: The province of Granada (Spain) is of great interest for the advance of the research on the use and
exploitation of quarries in Roman times. This work shows the first results on the use of local stone varieties from
this eastern area of Roman Baetica province. In this respect, a geological and petrographic study of the quarries
exploited in the Sierra Gorda sector and surrounding areas is given, taking as reference the archaeological
materials documented in the Roman villa of Salar, located at the western edge of the Granada Basin (Spain).
Sierra Gorda and the areas around the Vega de Granada were a supply site for stone materials in Roman times in
the Roman villa of Salar. Several lithotypes have been identified, most likely coming from this mountain massif.
The use of the Dogger calcareous breccia and, probably, the nodular limestones of the Dogger-Malm stands out.
However, the use of the micritic Lias limestones remains to be confirmed. In the case of the oolitic limestones
(from the Jurassic) there is a high probability that this typology came from other provinces (Malaga or Cérdoba),
not from Sierra Gorda. The crinoid limestones used (also Jurassic) are most likely from Sierra Elvira. Finally, the
exact location from which the Miocene calcarenites (Alhama or Escuzar) were extracted is yet to be determined.


https://doi.org/10.21701/bolgeomin/137.1/002
mailto:esther.ontiveros%40juntadeandalucia.es?subject=
https://orcid.org/0000-0002-9229-5875
https://orcid.org/0000-0003-4742-5252

https://orcid.org/0000-0003-2554-8219
https://orcid.org/0000-0001-5841-4140
https://orcid.org/0000-0001-6351-2511

Ontiveros Ortega et al.

Keywords: Limestone; Quarries; Ornamental Stone; Archaeological Site; Granada.

Key points: In the Roman villa of Salar a calcareous breccia from the Dogger and, probably, the nodular limestones
from the Dogger-Malm have been used as marmora, which are related to the quarries studied in Sierra Gorda
(Granada, Spain).

Some limestones with crinoids have been identified, most likely from Sierra Elvira (Granada), along with some
bioclastic calcarenites also of local origin.

A more distant origin is attributed to the oolitic limestones identified in this villa, probably coming from the
quarries of the Cabra Sector (Cérdoba) or Antequera (Malaga).

Resumen: La provincia de Granada es de gran interés arqueoldgico para el avance de la investigacion en el
uso y explotacion de canteras en época romana. Este trabajo muestra los primeros resultados sobre el uso de
las variedades pétreas locales en esta drea oriental de la Baetica romana. Al respecto, se presenta el estudio
geoldgico y petrografico de los materiales pétreos de las canteras explotadas en el sector de Sierra Gorda
y alrededores, tomando como referencia los materiales arqueoldgicos documentados en la villa romana de
Salar (Granada), emplazada en el borde occidental de la Cuenca de Granada (Espafia). Sierra Gorda y las zonas
de alrededor de la Vega de Granada fueron los lugares de aprovisionamiento de materiales lapideos para la
construccion de esta villa. Se han localizado varios litotipos muy probablemente procedentes de este macizo
montafioso. Destaca el uso de la brecha calcarea del Dogger y, probablemente, de las calizas nodulosas del
Dogger-Malm. Sin embargo, falta por confirmar el uso de las calizas micriticas del Lias. En el caso de las calizas
ooliticas (del Jurasico) existe una alta probabilidad de que esta tipologia llegase de otras provincias limitrofes
actuales (Malaga o Cérdoba), pero no de Sierra Gorda. Las calizas de crinoides utilizadas (también Jurdsicas) muy
probablemente son de Sierra Elvira. Por ultimo, la localizacidon exacta de donde se extrajeron las calcarenitas
Miocenas (Alhama de Granada o Escuzar) estd aun por determinar.

Palabras clave: Calizas; Canteras; Piedra ornamental; Yacimiento arqueolégico; Granada.

Puntos clave: En la villa romana de Salar se ha usado una brecha calcarea del Dogger y, probablemente, las
calizas nodulosas del Dogger-Malm como piedra ornamental, que se relacionan con las canteras estudiadas en
Sierra Gorda.

Se han identificado unas calizas con crinoides procedentes muy probablemente de Sierra Elvira (Granada) junto
con unas calcarenitas bioclasticas de procedencia también local.

Una procedencia mas alejada se atribuye a las calizas ooliticas identificadas en la villa de Salar, probablemente
de las canteras del Sector de Cabra (Cérdoba) o Antequera (Malaga).
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Calcareous rocks in Vega de Granada: archaeological use

1. INTRODUCTION

The research carried out on the use and exploitation of quarries in Roman times in the Roman Baetica
province (Hispania), highlighting its use in archaeological materials, has been important in recent years.
It is worth to note the works carried out on marble quarries such as Almadén de la Plata (Seville), Mijas
(Malaga) and Aroche —Fuenteheridos (Huelva), that extend towards the Estremoz Anticline and the
Evora-Beja Massif (Portugal), along with those of the limestone quarries, both white and colored, in the
current provinces of Mdlaga and Cérdoba.

This work shows the first results on the investigation of Roman quarries in the eastern area of the
Baetica province, specifically the Sierra Gorda sector (Granada, Spain) and surrounding areas, based
on their use in the Roman villa of Salar (Granada). This work has been developed in the Departments
of Prehistory and Archeology of the University of Seville and Medieval History of Granada, in
collaboration with the Andalusian Institute of Historical Heritage and the Department of Stratigraphy
and Paleontology of the University of Granada.

The province of Granada is a geological area where a wide variety of stone materials are located,
mostly limestone, some of which have been used for ornamental purposes, as well as for stone for
construction in Roman times (Beltran et al., 2011).

The villa of Salar constitutes a good example of the use of marble and other stone materials, as an
element of prestige in those rooms intended for public use, such as the triclinium and the peristyle,
where the dominus showed his economic power and social recognition both before his friends and
clients. This villa, located on the west side of the Granada Basin, has a strategic location, close to one of
the main communication routes of Baetica. (Figure 1), a route for the commercialization of agricultural
products such as wheat, oil and wine to other nearby provinces and areas of the Empire. Furthermore,
the Granada Basin, bathed by the Genil River and its tributaries, Beiro, Dilar, Monachil, Cubillas, Salar,
Cacin and Alhama, must have had an important agricultural activity that led to the creation of new
establishments in Late imperial times, among which we highlight the villae of Las Gabias (Ruiz et al.,
2010), Los Mondragones (Rodriguez Aguilera et al., 2014), Los Vergeles (Calvin Velasco 2016), Armilla
(Fornell Mufioz 2011) or El Fiche in Lecrin (Burgos et al., 2009), among other.
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Figure 1. Geographic location of the study area.

Figura 1. Ubicacidn geografica del area de estudio.

Boletin Geoldgico y Minero, 137 (1), 2026, 2 https://doi.org/10.21701/bolgeomin/137.1/002




Ontiveros Ortega et al.

In the Granada province, the use of local materials has been confirmed in a large number of
archaeological, historical and contemporary buildings from ancient times to the present day, with a
good number of historical quarries preserved (Navarro et al., 2021). The grey limestone from Sierra
Elvira (Atarfe) (Sotomayor & Orfila, 2004; Sebastian et al., 2008, Orfila et al., 1996), the serpentinite
from “El Barranco de San Juan” (Navarro et al., 2014), the calcarenites of Santa Pudia (Escuzar) (Navarro
et al., 2013) and the travertines of Alfacar (Granada) (Sebastian et al.,, 1992; Rodriguez Navarro,
1994; Sotomayor & Orfila, 2004; Urosevic et al., 2011) stand out, together with some white and red
limestones presumably from some quarries located in the surroundings of fllora and used in buildings
in the ancient city of lliberris, as well as in a good number of buildings in the city of Granada (Sotomayor
& Orfila, 2004; Sebastian et al., 2008). Most of these lithotypes have been utilized in Renaissance
Granada buildings such as the Cathedral, the Monastery of San Jerénimo, the Royal Chancery or the
Palace of Carlos V. However, less known are the calcarenites of Alhama de Granada, the cream-colored
limestones of Loja, or the red nodular limestones of Sierra Gorda; some of these typologies have been
observed in buildings in the province, such as the Salar church and the Guadix Cathedral, although
these have not been studied from an archaeometric point of view. We also highlight a lithotype called
“Loja marble”, pale pink or salmon-colored with branched purple shapes, used in the sacristy of the
Cathedral of Granada (Lépez Burgos, 2002; Acale Sanchez, 2016).

The objective of this work is to expand knowledge about the stone resources offered by the eastern
area of Baetica. To date, no systematic research work has been carried out on this subject, so this work
will contribute to the advancement in the field of Granada archaeological research.

1.1. Stones from Salar Roman villa

In the Roman villa of Salar (Fernandez Garcia et al., 2019, Moreno Alcaide et al., 2019, Neira Jiménez et
al., 2024, Roman Punzdn et al., 2022-2021) the use of various stone varieties of possibly local origin has
been confirmed. Firstly, at the top of the nymphaeum, which presides over the triclinium, there is an
inclined front; covered by whitish calcareous tuffs, which turn greenish-grayish when freshly cut. The
use of these tuff blocks, of irregular size, would be designed to simulate the appearance of a grotto for
the birth of the nymphaeum.

Figure 2. Calcareous tuffs at the top of the nymphaeum.

Figura 2. Tobas calcéreas en la parte superior del nymphaeum.

At the bottom of the nymphaeum, the fountain lacus is formed by two blocks of white micritic limestone
and a third curved one, which serves as support for the tuff fragments, of possible local origin.
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Figure 3. Upper head of the lacus of the nymphaeum. Micritic white limestone variety.
Figura 3. Cabeza superior del lago del nymphaeum. Variedad de caliza blanca micritica.

Secondly, the lower part of three of the side walls of the triclinium are covered by calcareous slabs,
of different thickness, but with a height of around 0.90 m; These slabs are of a calcareous breccia of
variable shades ranging from white/cream to pinkish/reddish.

Figure 4. Calcareous breccia with beige-white and reddish color. a) Floor slab between the triclinium and the
peristyle. b-c-d) Slab located in the triclinium.

Figura 4. Brecha calcarea de color blanco beige y rojizo. a) Losa del piso entre el triclinium y el peristilo. b-c-d)
Losa ubicada en el triclinium.
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On top of this solid base, an opus sectile decoration was placed, covering the upper part of the
elevation of the walls, which would extend on the upper plane, but which must have collapsed in
ancient times, possibly at the time of the definitive abandonment of the villa as a result of a fire,
which caused the falling of its side walls, as well as the roof, around the first half of the 6th century AD
(Gonzalez, 2014). The part of the crustae that made up this opus sectile parietal are currently preserved
in the warehouses of the Archaeological Museum of Granada and, to a lesser extent, in the Municipal
Archaeological Collection of Salar. This parietal decoration was studied by Marin Diaz in 2016. On the
other hand, in the cleaning work carried out in the triclinium area by the current excavation team,
some pieces of this decorative panel have been recovered. In the reviews we have carried out of these
stone plaques, made in different lithotypes, we have been able to differentiate some varieties, which
could be of local origin:

— Slate, a metamorphic rock with a foliated structure and very fine grain, dark blue and black
in color, commonly used in the production of crustae of the parietal decorations both in
Hispania and in other territories of the Roman Empire, due to its color which, combined
with other colored stones, contrasts significantly, and its ductility, which made the work
easier. The presence of this type of rock in the nearness of the villa suggests a possible local
origin from Sierra Tejeda, southeast of Sierra Gorda.

— Red oolitic breccia limestone with irregular white nodules, which may come from the
quarries in the closeness of Antequera (Malaga), also known under the name “Torcal red”,
whose use was widespread in Roman times (Beltran et al., 2018; Loza & Beltran, 2012), and
has also been used in modern and contemporary times (Garcia Guinea et al., 2021, 61y 76).

— Slabs made of green porphyr extracted from the quarries of Krokeai in Laconia (Greece)
(Marin, 2016) together with a probable local serpentine, which were used to repair the large
parietal coating of the triclinium.

Finally, another local variety has been identified, a calcarenite, of very good quality, used in great
profusion in the villa for column shafts, bases, as well asin a good number of ashlars for the construction
of walls.

&f?ﬂj ?

Figure 5. Calcarenite column base located in the peristyle.

Figura 5. Base de la columna de calcarenita ubicada en el peristilo.
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Calcarenite is a very porous carbonate rock with a rough finish, not commonly used as an ornamental
stone. It is an easily workable rock with good behavior against moisture, which is why it was used
to build walls or create decorative elements that were later coated with a stucco to provide them
with protection and a better finish. Its use was widespread in imperial times, linked to the urban
development that the Roman Baetica province experienced, which favored its transportation from
other geographical areas, although generally the use of local material was chosen (Roldan et al., 2022).

Along with these local varieties, other materials have been used in the villa that seem to have been
imported, specifically a limestone with rudists most likely from Sintra (Portugal), used to make large
columns located in the peristyle, and some plates of white marble material with gray veins in the
triclinium.

2. GEOLOGICAL SETTING

The geological units that provide stone materials of local origin belong to the Subbetico of the External
Zones of the Betic Cordillera and to the Granada Basin. Of the first are the Jurassic limestones of
Sierra Gorda and Sierra Elvira; and the second corresponds to the Miocene calcarenites. Part of the
stone materials found in the villa of Salar were probably extracted in quarries that exploited both
Jurassic micritic and breccias limestones and Miocene calcarenites. This analytical study will focus on
the geological outcrops of Sierra Gorda.

The materials that make up the External Zones of the Betic Cordillera were deposited in the Iberian
palaeomargin in two differentiated domains: Prebetic and Subbetic (Fallot, 1948). Sierra Gorda and
Sierra Elvira are located in the latter.

I: Subbetico Domain
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Figure 6. Geological location of the study area.
Figura 6. Ubicacion geoldgica del area de estudio.

Within the Subbético there are three zones: External Subbético, Middle Subbético and Internal
Subbético. Sierra Gorda is a calcareous mountain system belonging to the Internal Subbético, located
on the western side of the Granada Basin (Linares & Vera 1965). The sedimentary sequence consists
of, from bottom to top: white limestones from the Lias and grey limestones from the Dogger (Lower
and Middle Jurassic), crowned by nodular limestones of grayish and reddish tones, from the Middle-
Upper Jurassic. In the Cretaceous, white calcareous marly limestones were deposited in the Lower
Cretaceous, and salmon-colored in the Upper Cretaceous (Vera, 1988).

The white micritic limestones of the Lower Lias reach thicknesses of several hundred meters. They
were formed in a very shallow marine environment and contain frequent bioclastic remains of benthic
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foraminifera, thick-shelled bivalves and gastropods. Just above them are located some thin levels (a
few meters thick) of brachiopod lumaquelas and crinoid limestones of Middle Lias age. On top of these
levels white and grayish micritic limestones from the Upper Lias-Lower Dogger were deposited, with
thicknesses close to ten meters. Under the microscope they show abundant peloids and small bioclasts
(of planktonic foraminifera and radiolarians) from the deep open platform environment.

During Dogger, the calcareous massif that makes up the Sierra Gorda today fractured and temporarily
emerged, at which time the development of subaerial kartic phenomena and the formation of caves
and caverns took place. Inside these cavities, blocks and breccias accumulated as a result of the
collapse of top and walls. When the sea invades the area again, the filling of these cavities, together
with that of the existing open fractures (neptune dikes; Molina et al., 1985), was completed with more
modern marine micritic sediments (from the Upper Dogger), infiltrated from above and acting as a
matrix for the breccia. In the latter, gray micritic peloid limestones predominate, which towards the
top are enriched in filaments (very thin shell bivalves) indicating a pelagic depositional environment.

The carbonate sequence is crowned by nodular limestones, about 40 m thick, of “Ammonitico Rosso”
facies (pelagic condensed biomicrites of a pelagic threshold), of Bathonian to Tithonico-Berriasiense
(Dogger-Malm and base of the Cretaceous) age, which contain abundant remains of ammonites in their
mid-upper part.

In Sierra Gorda the “Ammonitico Rosso” is characterized by the predominance of limestone levels (Vera,
1984). At the botton it is made up of beige limestones rich in filaments and peloids, which correspond
to Packstone-type Biomicrites. Towards the top they acquire more reddish tones and incorporate
remains of pelagic crinoids and small benthic and planktonic foraminifera (protoglobigerines). At the
top, numerous Hard Grounds with Fe and Mn nodules are observed.

Sierra Elvira is a limestone outcrop associated with the Middle Subbetic located in the northern sector
of the Granada Basin. The sedimentary sequence of the Lower/Middle Lias corresponds there to
limestones with chert, about 100 m in thickness, with remains of sponges and radiolarians crowned by
a package (about 20 m thick) of limestones with crinoids (in this case a biosparite strongly cemented)
(Garcia-Hernandez et al., 1976), made up of fragments of sand-sized crinoid ossicols and plates,
together with highly micritized foraminiferal bioclasts and small oolites (Martin & Dabrio, 1981).

In the Betic Cordillera two domains are differentiated: the External Zones, to the north, and the
Internal Zones, to the south (Martin Algarra, 1987), which, from the Early Miocene onwards, begin
their collision, and are now strongly deformed (Durand-Delga, 1980; Garcia-Hernandez et al., 1980;
Martin-Algarra, 1987; Sanz de Galdeano, 1990; Sanz de Galdeano & Vera, 1992). In the course of the
Miocene, a series of reliefs begin to take shape, emerging as islands, between strongly depressed areas
(basins) (Braga et al., 2003; Martin et al., 2014; Galindo-Zaldivar et al., 2019).

The Granada Basin, located under the Sierra Nevada at the western side of the massif, is one of the
main intramountain basins of the Betic Cordillera. This basin was delimited as such, with a morphology
and dimensions similar to the current one, in the Tortonian (Upper Miocene) (Braga et al., 2003;
Galindo-Zaldivar et al., 2019). From the Tortonian to the present, tectonic compression, combined with
extension and subsequent uplift and dismantling by erosion of the surrounding reliefs, has led to the
accumulation of notable thicknesses of terrigenous, carbonate and evaporitic sediments (Martin et al.,
1984; Rodriguez-Fernandez et al., 1984; Sanz de Galdeano, 1988; Montenat et al., 1990; Fernandez &
Rodriguez Fernandez, 1991; Rodriguez Fernandez et al., 1993; Buforn et al., 1995; Braga et al., 1996,
1999, 2003, 2006; Garcia-Alix et al., 2008; Puga-Bernabéu et al., 2008; Galindo-Zaldivar et al., 1993,
1999, 2019; Garcia-Veigas et al., 2013). The sedimentation is initially marine and then lacustrine, with
an evaporitic episode of desiccation between the two (Braga et al., 2003; Galindo-Zaldivar et al., 2019).

Calcarenites from the Lower Tortonian of the Granada Basin appear in isolated, locally highly tectonized
outcrops.
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Figure 7. Outcrop of the Cacin River (Granada). Note the very penetrative jointing that the calcarenites present.

Figura 7. Afloramiento del rio Cacin (Granada). Obsérvese el marcado diaclasado de las calcarenitas.

In the area studied, the calcarenites are up to about 40 m thick (Fernandez & Rodriguez-Fernandez,
1991; Puga-Bernabéu et al., 2008; Lépez-Quirds et al., 2016).

The calcarenites are bioclastic in nature and contain abundant fragments of bryozoans, red algae,
echinids, bivalves (pectinids and oysters) and, to a lesser extent, gastropods, benthic foraminifera,
solitary corals (ahermatypic) and fish teeth, along with siliciclastic grains (quartz and rock fragments) in
variable proportion (Braga et al., 2006).

In the Alhama area, two types of carbonate facies are observed; a first type, made up of medium-grained
Grainstone to fine-grained Rudstone made up of fragmented and abraded bioclasts (mainly bivalves and
bryozoans) with up to 10% terrigenous grains, and a second type, made up of Rudstone with abundant
bivalve shells and bryozoans, and minor echinoderm remains (Puga-Benabéu et al., 2008).

3. SAMPLING AND METHODS

3.1. Sampling

For this study, various pieces have been selected from the archaeological site of the villa of Salar, made
with materials of local origin (see Table 1), that have been used as a reference.
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Table 1. Reference samples from the archaeological site of the villa of Salar
Tabla 1. Muestras de referencia del yacimiento arqueoldgico de la villa de Salar

Samples

Description

Visual observation

GR_Salar-2

Beige and reddish calcareous
breccias. Covering slabs of the
triclinium.

On site.

GR_Salar-3

Beige and reddish calcareous
breccias. Covering slabs of the
triclinium.

On site.

GR_Salar-4

White limestone. Slabs located in
the nymphaeum.

On site.

GR_Salar-5

Calcarenite. Ashlar located in the
nymphaeum.
On site.
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Greenish gray limestone. Wall of
GR_Salar-6 the nymphaeum pool.
On site.

Beige and reddish calcareous
breccias. Covering slabs of the
triclinium.

On site.

GR_Salar-7

Beige and reddish calcareous
breccias. Covering slabs of the
triclinium.

On site.

GR_Salar-9

White micritic limestone. Column
GR_Salar-10 base located in the peristyle.
On site.
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White micritic limestone. column
GR_Salar-11 shaft located in the peristyle.
On site.

®0 REDMINDTE 9™
QO Al GUAD CAMERA.

Calcarenite. Ashlar and column
GR_Salar-13 shafts located in the peristyle.
On site.

Salmon red limestone. Crustae of
the opus sectile.

MG_1 Archaeological Museum of
Granada.
Oolitic limestone. Crustae of the
MG_3 opus sectile.

Archaeological Museum of
Granada.

Subsequently, a field survey was carried out in the Sierra Gorda sector to locate the quarries (see
Figure 8) and the subsequent sampling of geological outcrops (see Table 2).
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Limestone Lias I-M Limestone, Ammonitico Rosso Marly Limestone Cretaceus |

b = R

Figure 8. Location of the quarries studied in Sierra Gorda.

Figura 8. Ubicacidon de las canteras estudiadas en Sierra Gorda.

Finally, an exhaustive study of samples from the Sierra Gorda (Granada) outcrops, of Lower Lias age,
has also been carried out (see Table 3). They correspond to 10 samples whose initials are from SG-6 to
SG-19.

Table 3. Petrographic observation of limestone samples from the Lower Lias of Sierra Gorda
(Granada). Parallel Nicols
Tabla 3. Observacion petrografica de muestras de caliza del Lias Inferior de Sierra Gorda (Granada).
Nicoles paralelos

Samples Petrographic Observation Description

Lower Lias.
Peloid facies
(Packestone) with birdseyes.

SG-5

Lower Lias.

Facies of “algal mat (Bindstone)
agglutinating intraclasts, peloids
and bioclasts (large gastropod)
with abundant fenestrae
(birdseyes).

SG-6
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Lower Lias.

Facies similar to the previous
one with “birdseyes” filled by
sparry cement. In one of them,
located in the upper part of

the photograph, the filling is
made of fine particulate internal
sediment (“silt” size), from
infiltration. The most visible
large bioclastic (lower central
part) corresponds to a fragment
of Cayeuxia (calcareous algae).

SG-7

Lower Lias.
Oncolithic-peletoidal facies
(Rudstone). Some of the grains
show very thin pisolithic
coatings.

SG-8

Lower Lias.

“Algal mat” (“flat stromatolite”)
(Bindstone) agglutinating
intraclasts, oncoliths and
peloids. The fenestrae
(birdseyes) are quite flat and
mark the lamination.

SG-11

Dogger.

Calcareous breccias filling
fracture (neptune dyke), which
crosses the Lias limestones.
Angular and irregular fragments.

S$G-12

Boletin Geoldgico y Minero, 137 (1), 2026, 2 https://doi.org/10.21701/bolgeomin/137.1/002
14




Calcareous rocks in Vega de Granada: archaeological use

Lower Lias.
Facies with abundant peloids
(Packstone).

$G-15

Lower Lias.
Intraclastic-bioclastic-
peletoidal facies with some
“fenestral” (“rudstone”). A
fragment of Thaumatoporella
parvoversiculifera (algae) can be
seen (bottom right), together
with small benthic foraminifera
and an echinoid spine (center,
bottom).

SG-16

Lower Lias.

Intraclastic-oolitic facies with
fenestrae (birdseyes) (Rudstone).
The oolites are micritized.

SG-17

Lower Lias.
Intraclastic-oncolithic facies
(Rudstone).

SG-19

3.2. Methods

The analytical methods are based on the characterization of the rocks by using different analytical
techniques including polarized optical microscopy, X-ray diffraction and X-ray fluorescence. Thin
sections were polished to a standard thickness of 30pum and examined with a Leica DMLP petrographic
polarizing microscope and camera Leica DFC digital image capture system. Calcite and dolomite were
distinguished by applying a staining technique with alizarin red.
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The mineralogical composition was evaluated by X-ray diffraction (hereinafter XRD), using a D8I 90,
BRUKER diffractometer (CITIUS, Seville University) with copper anode tube and following a standard
semiquantitative method, tube conditions: 40 kV and 30 mA. The samples were analyzed in disoriented
powder, after reducing the rock to powder, for their total mineralogical analysis. Diffrac Suite EVA with
an integrated database for the determination of the mineral phases was used as software for the raw
data analysis. Quantification of the different mineral phases has been carried out using RIR method
(Pinillas Arismendy, 2005).

4. RESULTS

4.1. Analysis of archaeological pieces
From the petrographic point of view, 5 lithotypes have been identified that are described below:

Lithotype 1. It is a calcareous breccia of beige and reddish tones with a predominance of limestone
clasts with peloids and small bioclasts of plantonic foraminifera and radiolarian (Pelmicrite by Folk,
1959, 1963; Scholle & Ulmer-Scholle, 2003 or Wackstone by Dunhan, 1963; Kendall, 2005), embedded
in a micritic matrix (Figure 9a-b). In other cases, the breccia is cemented by mosaic sparite (Figure 9c-d).
Samples: Gr. Salar-2, Gr. Salar-3, Gr. Salar-7 y Gr. Salar-9.

calcarea. a-b) Clastos de caliza de la brecha con peloides y moldes de foraminiferos planctdnicos y radiolarios.
c-d) Clastos de caliza de la brecha con peloides cementados por esparita. Nicoles cruzados.

Lithotype 2. It is a limestone with micritized oolites and with moldic and interparticle porosity partially
occluded by sparitic cement (Figure 10a-b) (Ooesparite by Folk, 1959, 1963; Grainstone by Dunhan,
1963). Samples: GR_Salar-4, GR_Salar-10, GR_Salar-11 and MG-3, the latter in the Archaeological
Museum of Granada.
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Lithotype 3. This is a grayish limestone rich in crinoid fragments and ooliths (Figure 10c-d) (Packstone
by Dunham, 1962). Sample Gr. Salar-6.

Figure 10. Petrographic observation of the stone typologies located in the villa of Salar. a-b) Lithotype 2. c-d)
Lithotype 3. Crossed Nicols.

Figura 10. Observacion petrografica de las tipologias de piedra ubicadas en la villa de Salar. a-b) Litotipo 2. c-d)
Litotipo 3. Nicoles cruzados.

Litothype 4. Reddish limestone with of plantonic foraminifera, and radiolarians bioclasts and abundant
matrix (Figure 11a-b). It corresponds to a Biomicrite by Folk (1959, 1962) or Wackestone by Dunham
(1962). Sample: MG-1 (currently located in the Archaeological Museum of Granada).

Figure 11. Petrographic observation of the stone typologies located in the villa of Salar. Lithotype 4. In b, the
rock is crossed by a late fracture filled with sparite. Crossed Nicols.

Figura 11. Observacion petrografica de las tipologias de piedra ubicadas en la villa de Salar. Litotipo 4. En b, la
roca esta atravesada por una fractura tardia rellena de esparita. Nicoles cruzados.
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Lithotype 5. It is a calcarenite with abundant remains of bivalves, echinoids (spines and plates) and
bryozoans, as well as grains of detrital quartz. Carbonate cementation is low and many of the bioclasts
are recrystallized (Biomicrite/Biosparite by Folk, 1959, 1963; Rudstone by Embry, Klovan, 1971) (Figure
12 a-d). Samples Gr. Salar-5 and Gr. Salar-13.

Figure 12. Petrographic observation of the stone typologies located in the Villa of Salar. Lithotype 5. a) Echinoid
plates. b) Bioclasts of bryozoans and bivalves. c-d) Details of the bryozoans. Crossed nicols.

Figura 12. Observacion petrografica de las tipologias de piedra ubicadas en la villa de Salar. Litotipo 5. a) Placas
de equinodermos. b) Bioclastos de briozoos y bivalvos. c-d) Detalles de los briozoos. Nicoles cruzados.

4.2. Analysis of Sierra Gorda quarry samples

The mineralogical composition of all the samples analyzed in the quarry is calcite with traces of quartz,

and no aragonite has been detected. From the petrographic point of view, three different varieties
have been differentiated:

Variety 1. It is a white micritic limestone with algae, foraminifera, intraclasts, oncoliths and peloids and
little intergranular sparitic cement that also fills pores and microfissures (Figure 13 a-b).
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Figure 13. a-b). Variety 1 (C-Salar 1). c-e). Variety 2 (C-Salar 2, 4, 5). f) C- Variety 3 (C-Salar 3). Crossed Nicols.

Figura 13. a-b). Variedad 1 (C-Salar 1). c-e). Variedad 2 (C-Salar 2, 4, 5). f) C- Variedad 3 (C-Salar 3). Nicoles
cruzados.

This variety corresponds to the white limestone levels of the Lower Lias and has been located in the
C_salar-1 quarry.
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Table 2. Sampling in quarries, Sierra Gorda
Tabla 2. Muestreo en canteras, Sierra Gorda

Samples Description Outcrop quarries

Compact white

C_salar-1 .
limestone

Pinkish nodular

C_salar-2 .
limestone

lar-3 Fin o
C_salar-3 Finca White limestone

Escardador
Calcareous
C_salar-4 breccia and
Sierrajuela Nodular reddish
limestone
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Nodular reddish

C_salar-5 .
limestone

Variety 2. Micritic reddish limestone with filaments. The texture is Packstone (Dunham, 1962), with
40% micrite, 50% bioclasts and 10% peloids (Figure 12 c-e). These microfacies correlate with the
“Ammonitico Rosso” pelagic facies of the Dogger-Malm. The rocks that surface in the C_salar-2 and
C_salar-4.5 quarries (Table 2) correlate with this stone variety.

Variety 3. This is a calcareous breccia made up of fragments of limestone rocks with peloids, cemented
by a mosaic, sparitic cement (Figure 12f). It is a collapse breccia linked to the emersion and karstification
stage that occurred in the Dogger. This variety is correlated with those of the C_salar-3 outcrop.

5. DISCUSSION

From the petrographic point of view, in the studied quarries of Sierra Gorda three varieties have been
identified that correspond to the white limestones of the Lower Lias, the grayish breccias of the Dogger
and the reddish-gray ones of the Dogger-Malm (“Ammonitico rosso”).

The microfacies of the white limestones of the Lower Lias are Biomicrites with abundant remains of
benthic foraminifera, thick-shelled bivalves, gastropods and dasycladaceae. They frequently also show
pisoliths, oncoliths and fenestral textures linked to emersion phases (see Table 3). These microfacies are
not, however, directly related to any of the lithotypes identified in the archaeological pieces analyzed.

Dogger calcareous breccias have also been identified in the quarries studied. These breccias, which
correspond to Lithotype 1 of the archaeological pieces analyzed, are linked to the stage of emersion
and karstification that occurred in the Dogger in Sierra Gorda and were generated by the collapse
of walls (open fractures) and cavity roofs (caves), their voids being subsequently cemented and/or
occluded by a more modern infiltration sediment. They therefore come from Sierra Gorda.

The microfacies of Biomicrites with filaments, plantonic foraminifera and radiolarians are associated
with the nodular limestones of the “Ammonitico rosso” also exploited in some of the quarries and
correspond to Lithotype 4 of the archaeological pieces analyzed. We cannot attribute the reddish-
colored sample MG-1 (currently located in the Archaeological Museum of Granada) with complete
certainty to local stone (“Ammonitico Rosso”) outcropping in Sierra Gorda, although it is most likely
from there.

However, no oolitic limestones have been located in the outcrops of the analyzed quarries. It is very
likely that the oolitic limestones (Lithotype 2 of the archaeological pieces analyzed) come from quarries
in the Cérdoba-Cabra Sector or the Malaga-Antequera Sector (Ontiveros et al., 2019).

Although crinoid limestones (Lithotype 3) are somewhat present in Sierra Gorda, this typology is
more related to the gray stone of Sierra Elvira (Granada), where they are very well represented and
where they most likely come from. Sierra Elvira stone is composed of grains and calcium carbonate
cement, the microstructure has high density, lacking appreciable porosity. It presents a wide variety of
chromatic tones that vary from dark gray to greenish bronze (Sebastian et al., 2008).

The microfacies of Lithotype 5 correlate with the bioclastic calcarenites of the Tortonian (Upper
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Miocene) present in localities near the villa of Salar, as in Alhama de Granada, Cacin and Santa Pudia,
in Escuzar. Its exact origin (Alhama or Esclzar) is yet to be determined, although those from the Cacin
River are ruled out (Figure 7), as heavy jointing prevented there the extraction of large ashlars.

6. CONCLUSIONS

Based on the study carried out, the following conclusions can be established:

Sierra Gorda and the areas around the Granada Basin were a source of stone materials in
Roman times, as demonstrated by their use in the Roman villa of Salar.

Several lithotypes have been located here, most likely coming from this mountain massif.
Above all, the use of the Dogger calcareous breccia (Lithotype 1) and, probably, the nodular
limestones of the Dogger-Malm (Lithotype 4) stands out. However, we cannot confirm (based
exclusively on the samples of the archaeological pieces analyzed so far) the use of micritic
limestones from the Lias of Sierra Gorda.

Although the use of oolitic limestones has also been evident (Lithotype 2), these probably do
not come from Sierra Gorda. There is a high possibility that this typology came from other
geographical areas not too far away (Malaga or Cérdoba).

The crinoid limestones used (Lithotype 3) most likely come from Sierra Elvira where they crop
out extensively.

The exact origin of the bioclastic calcarenites (Lithotype 5): Alhama de Granada or Escuzar, is
yet to be determined.

The archaeological materials analyzed from the town of Salar are concentrated in the peristyle
area, as well as the triclinium and the nymphaeum. All these stone materials, for constructive
use (bases and shafts of columns; ashlars in the area of the nymphaeum), as well as, partially,
for decorative use (covering plate and crustae), local stones were used, coming from the
outcrop quarries of the Sierra Gorda, or regional, such as Alhama de Granada or Esclzar, Sierra
Elvira, or the areas of Cabra (Cérdoba) or Antequera (Malaga). Only in the case of the crustae
is noted that local/regional materials served as a complement or replacement for foreign stone
materials.

It is very likely that other local or regional stone materials were used in the villa, such as slate
or serpentine, but which we have not analyzed, as well as others from much more distant
geographical areas, such as limestone from the Portuguese region of Sintra (Portugal).
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