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Abstract
This study offers an analysis of the petrographic variability and the stratigraphic origin of the rocks used as building stones 
in the vast majority of the historical monuments of Oviedo, including UNESCO World Heritage Sites. More than a hundred 
samples of Upper Cretaceous stone were obtained from monuments and outcrops. Based on petrographic characteristics, a 
macroscopic scale classification was established, and two lithotypes were identified, Piedramuelle and La Granda. Further 
varieties were differentiated at a microscopic scale: five in the first lithotype and two in the second one. Regarding strati-
graphic origin, both rock types come from the Upper Cretaceous San Lázaro and Oviedo Formations. The building stones 
were mostly extracted from quarries located in the surroundings of the city and, in some cases, within the urban area. The 
lithotype used in monuments built up to the eighteenth century is Piedramuelle, while La Granda dominates in buildings 
erected during the seventeenth and eighteenth centuries.
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Introduction

Typically, architectural heritage buildings are built with 
natural stone. The facades of historic buildings, as boundary 
elements of public architectural spaces, have an influence on 
the atmosphere and life of cities (Durante et al. 2018; Mao 
et al. 2020) and its tourist worth (Fio and Maricic 2020). 
Consequently, adequate maintenance that guarantees a pleas-
ing appearance of building facades can provide greater ben-
efits than the cost of the maintenance.

A profound knowledge of the characteristics and origin 
of the stone is fundamental in stone restoration and con-
servation works. Different studies have proved the interest 

in identifying the stone quarries that originally provided 
the architectural and sculptural materials (Martínez-Torres 
2007; Fort et al. 2013; Corbí et al. 2019; Gökçe et al. 2020; 
Shekofteh et al. 2020) and the importance of petrographic 
analysis to trace the origin of the stone and infer distribution 
patterns (Dreesen and Dusar 2004; Malfilatre et al. 2012; 
López-Plaza et al. 2016; Barroso et al. 2020; Merino et al. 
2020).

Stone material undergoes alteration processes when 
exposed to the elements (Martínez-Martínez et al. 2017; 
Damas Mollá et al. 2018; Sitzia et al. 2021), and if the dam-
age is significant, the stone must be replaced to prevent 
further deterioration and the ruin of the building. In these 
cases, it is convenient to know the origin of the material: the 
geographical and geological location of the lithotypes, the 
exact formations, or even outcrops of origin (Fronteau et al. 
2010; Bone 2016; Carter et al. 2017; Ajanaf et al. 2020). 
This information will make it possible to locate a stone that 
is similar to the original in characteristics and properties 
and, so, in behavior (Bugini and Folli 2008; De Kock et al. 
2015; Zoghlami et al. 2017; Anania et al. 2012; Forestieria 
and Álvarez de Buergo 2019), and to find the most suitable 
material to replace ashlars or other construction elements in 
heritage restoration works.
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Some authors deal with sustainability in the use of geo-
logical resources and highlight the interest of local stones, 
together with reusing/recycling waste materials, as a source 

of supply of raw materials for construction, in line with the 
EU policy in its Europe 2020 strategy (Dino et al. 2018).

The monumental heritage of the city of Oviedo (Fig. 1) is 
built with the Upper Cretaceous limestones extracted from 
under the city. Among the Cretaceous rocks that underlie 
the city and its surroundings, different types of limestone 
can be distinguished according to their stratigraphic position 
and petrographic characteristics. The medieval town settled 
on top of these materials, and given their easy availability, 
they have been used for building purposes in and around the 
urban area, ever since.

Numerous ecclesiastical buildings, palaces and civil 
infrastructures have been erected with these Upper Cre-
taceous rocks in and around the Asturian capital (Fig. 2). 
The oldest monuments preserved in Oviedo are, by order 
of age, the churches of San Julián de los Prados and San 
Miguel de Lillo and the palatial building of Santa María 
del Naranco, all of them of the high medieval artistic 
style known as Asturian pre-Romanesque (ninth century). 
Another notable construction in the city is the Cathedral of 
San Salvador de Oviedo, built between the thirteenth and 
eighteenth centuries, with a variety of architectural styles, 
from Gothic to Baroque, although it also includes older 
structures, such as the Cámara Santa (Holy Chamber), 
from the pre-Romanesque, and Old Tower of the Cathe-
dral, from the Romanesque (twelfth century). The men-
tioned pre-Romanesque monuments, including the Cámara 
Santa, were declared World Heritage Sites by UNESCO, 
in the years 1985 and 1998, and are part of the so-called Fig. 1   Location of the study area

Fig. 2   Relevant monuments 
built with Cretaceous stone: 
Cathedral of San Salvador de 
Oviedo (A), Santa María del 
Naranco (B) and palace of 
Duque del Parque (C) with 
Piedramuelle lithotype. Facade 
of the cathedral cloister (D), 
church of San Isidoro (E) and 
convent of Santa Clara (F) with 
La Granda lithotype
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“Monuments of Oviedo and the Kingdom of Asturias.” A 
set of other constructions could be listed here that have 
also been declared Objects of Cultural Interest (BIC), the 
highest protection figure in the Spanish Historical Heritage 
Law. Thus, with limestones from the Upper Cretaceous, 
monasteries (San Vicente, Santa Clara), churches (San 
Tirso, San Isidoro, Santo Domingo), palaces (Camposa-
grado, Toreno, Valdecarzana, Velarde), noble houses, the 
Oviedo city wall, Los Pilares aqueduct, the old hospice, 
etc. have been built for over ten centuries and, so, cover 
a wide range of styles: pre-Romanesque, Romanesque, 
Gothic, Renaissance, Baroque and Neoclassical.

The century-long use of these rocks in the local archi-
tectural heritage has increased their importance as natural 
stone. Several authors have studied the petrographic types 
present in the fabric of specific monuments (Esbert et al. 
1992a; Álvarez et al. 2004; Mateos et al. 2004) and their 
petrophysical characteristics in the laboratory (Alonso et al. 
1999) and have identified two types or lithotypes called Pie-
dramuelle and La Granda (Fig. 2). Petrography and physical 
properties are decisive factors in the analysis of stone alter-
ation and conservation. The thorough knowledge of these 
properties is essential to interpret the causes and processes 
that act in the deterioration of the stone and to assess the 
required actions or the effectiveness of treatments for its 
conservation and maintenance (Esbert et al. 2008; García-
del-Cura et al. 2012; Vázquez et al. 2013; De Kock et al. 
2017; Vázquez et al. 2018). In the monuments of Oviedo, 
studies have been carried out about stone deterioration diag-
nosis and damage (Esbert and Marcos 1983; Esbert et al. 
1992b; Esbert et al. 1997; Ordaz et al. 2004; Alonso et al. 
2007) and also about petrological monitoring during conser-
vation interventions (Valdeón and Esbert 2000; Esbert et al. 
2004: Valdeón et al. 2003; Rojo et al. 2006). Other studies 
addressed the exploration of old quarries that supplied the 
stone (Pando et al. 2011; Gutiérrez-Claverol et al. 2012).

Although the object of this research is the Cretaceous 
limestone, it should be noted that there is a third stone type, 
the Laspra dolomite of Paleogene age that has also been 
used as a dimension stone in the monuments of Oviedo. This 
stone is highly valued for its whitish tone and ease for carv-
ing, although, due to its high alterability in exterior envi-
ronmental conditions, it was preferably destined for build-
ing interiors (Esbert et al. 1982; Esbert and Marcos 1983). 
Likewise, certain elements of Oviedo monuments were built 
with Quaternary carbonates, such as the travertine used in 
the vaults of several medieval buildings — for example in 
Santa María del Naranco — due to its low density great 
lightness (González-Fernández et al. 2010). Sandstone has 
also been used in monumental buildings, although it is only 
present in the fabric of Foncalada fountain (Mateos et al. 
2004), in singular constructive elements of pre-Romanesque 
buildings, such as corbels or lintels (Álvarez et al. 2004), and 

in some remains of pre-existing, primitive structures reused 
within the walls of the cathedral (Valdeón 2004).

The objective of this research is to analyze the petro-
graphic variability and the stratigraphic origin of the Upper 
Cretaceous limestones used as building stone in the geo-
graphical area of Oviedo. Based on the visual petrographic 
characteristics, a first macroscopic classification was estab-
lished. Furthermore, within each lithotype, varieties were 
differentiated at the microscopic level. The origin of these 
petrographic varieties was also traced, and they were posi-
tioned on the lithostratigraphic succession of Asturian Creta-
ceous. Finally, the spatial and temporal relationship between 
the monuments and the quarries that provided the rocks used 
in their construction is analyzed.

Geological Setting

Oviedo is situated on a discordant Meso-Paleogene basin 
over a strongly deformed Paleozoic basement (Fig. 3a) that 
belongs to the Cantabrian Zone, the outermost sector of the 
Hesperian Massif (Julivert et al. 1972). The deformations 
produced during the Alpine compressive phase, with reac-
tivation of Variscan structures (Pulgar et al. 1999), formed a 
basin with asymmetric syncline morphology with a southern 
flank slightly inclined towards the N and a more vertical 
northern flank (Fig. 3b). The main fracture network is deter-
mined by three subvertical fault systems with preferential 
orientations of NE-SW, NW-SE to NNO-SSE, and E-W 
(Gutiérrez-Claverol and Torres 1995).

The full Asturian Cretaceous series consists of ten 
lithostratigraphic units with a total thickness of about 600 
m, where siliciclastic and carbonate members alternate 
(González-Fernández et al. 2004). The terrigenous units, 
from bottom to top, are the Peñaferruz, Pola de Siero, El 
Caleyu, Latores and La Argañosa Formations; and the cal-
careous units comprise the Antromero, Ullaga, La Manjoya, 
San Lázaro and Oviedo Formations. The three basal units 
(Peñaferruz, Antromero and Pola de Siero), dated as Bar-
remian-Aptian, are not present in the study area, where the 
outcrops mainly correspond to the three uppermost units, 
the San Lázaro, La Argañosa and Oviedo Formations, all of 
them from the Upper Cretaceous.

The San Lázaro Formation is composed of a set of 
predominantly carbonate materials subdivided into three 
members and has a total thickness of around 50 m in the 
urban area. The lower member is formed by an alternation 
of clays, marls, silts, sandstones, and limestones. The sedi-
mentary environment of these materials corresponds to a 
shallow sub-littoral area within an open bay-lagoon system. 
The middle member is formed by nodulous, generally bio-
clastic, limestones; and the upper one by bioclastic, some-
times sandy, limestones. The limestones of both members 
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are usually karstified. Their deposition corresponds to the 
maximum transgressive phase of the Cretaceous of Astu-
rias and was developed in a shallow platform environment. 
Its age is between the Upper Cenomanian and the Lower-
Middle Turonian.

The La Argañosa Formation is composed of sands of 
varied grain size with intercalations of siliceous gravels, 
conglomerates or micro-conglomerates, as well as levels of 
silt and clay. This unit, which has been extracted in clay and 
sand pits, can reach a thickness of about 40 m. Its deposition 
took place in a fluvial depositional environment within an 
episode of sea level decrease.

Finally, on the top, the Oviedo Formation comprises mainly 
bioclastic, sandy, and sometimes nodular limestones with some 
intercalations of calcareous sandstones. It is usually affected by 
karstification and weathering (Gutiérrez-Claverol et al. 2004, 
2008). Its maximum thickness is about 40 m, but in some 
areas, it disappears due to a paleo relief at the top of the Creta-
ceous series. Under the city, it does not usually exceed 10-15 

m of thickness (Fernández-Álvarez and Pando 2019). The sedi-
mentary environment corresponds to different zones within a 
tidal plain: open subtidal, shallow subtidal, and intertidal. Its 
age can be placed between the Coniacian and Santonian.

Over the Mesozoic units, a Paleogene fluvial-lacustrine 
cover lies in low-angle unconformity, characterized by very 
pronounced lateral facies changes, although with a general 
gain in siliciclastic materials towards the top. With a total 
thickness greater than 200 m, the lower stretch of its three 
sub-units (Gutiérrez-Claverol and Torres 1995) contains 
carbonate levels from which the so-called Laspra stone 
comes. It outcrops at different points within and around the 
urban area of Oviedo. Finally, the Quaternary is represented 
by fluvial sediments, especially developed in the extreme 
NE of the city — with a thickness up to about 6 m — as 
well as colluvial deposits that cover the southern slope of 
Mount Naranco, and some travertine levels associated with 
springs that emerge from the carboniferous limestones. As 
is usual in an urban setting, the shallowest horizon is made 

Fig. 3   Geological map of the 
study area (A) and schematic 
geological section of the basin 
(B)
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up of anthropic landfills of different composition and origin 
(earthmoving works, dumping sites, etc.).

Methodology

Both laboratory and field data were used to identify the 
main petrographic types and their varieties. More than 
a hundred samples of Cretaceous stone were collected, 

around half of which came from architectural elements 
of the monuments (Fig. 4, Table 1). The other half was 
taken from different points of the urban nucleus and its 
surroundings where the Upper Cretaceous units outcrop 
(Fig. 4, Table 2) and also from a borehole of a previous 
research located northeast of Oviedo. Monument fabrics 
were inspected carefully in order to identify the employed 
lithotypes. Some outcrops were also thoroughly studied to 
identify visually the types of rock, paying close attention 

Fig. 4   Location of sampling sites. The map includes monuments, quarries, and other outcrops

Table 1   Monuments with 
thin section specimens from 
architectural elements

**World Heritage Sites, *Objects of Cultural Interest (BIC).

Monuments Building date Architectural style Samples 
number

Church of San Julián de los Prados** IX cent. Pre-Romanesque 4
Santa María del Naranco** IX cent. Pre-Romanesque 8
Foncalada fountain** IX cent Pre-Romanesque 1
Cathedral of San Salvador* XIII-XVIII cent. Gothic 29
Rúa’s House XV cent. Gothic 1
Church of San Isidoro* XVII (1646-81) Baroque 1
Monastery of San Pelayo (vicarage) XVIII (1703-4) Baroque 11
Duque del Parque Palace XVIII (1725-30) Baroque 2
Old Provincial Hospice* XVIII (1752) Baroque 2
Convent of Santa Clara* XVIII (1750-53) Baroque 6
Palacio de Velarde Palace* XVIII (1765) Baroque 1
Old Seminary (Milán) XIX (1895) Neogothic 1
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to the areas that possibly hosted exploitation fronts (Figs. 3 
and 4).

In the laboratory, hand samples were studied macroscopi-
cally with the aid of a binocular microscope (Zeiss, Scope 
A1, AXIO). Appearance, color (Munsell 1905), roughness, 
porosity, degree of coherence, homogeneity, and structures 
were the main factors considered. Thin sections, without 
staining, prepared from the hand samples, were examined 
by means of petrographic microscopy, and varieties within 
each lithotype were identified according to the composition, 
texture, and porosity.

To calculate the grain size, the microscope has been cali-
brated with a micrometer and considered the most frequent 
size. The following European standards have been consid-
ered: UNE-EN 16085 (2014) in taking samples, UNE-EN 

12407 (2007) in petrographic analysis, and UNE-EN 1936 
(2007) to determine porosity. Rock classification was based 
on the limestone classification proposed by Folk (1962) and 
Dunham (1962).

Available historical documentation was also reviewed to 
verify and complete, if necessary, the source of stone for 
the most relevant constructions. When there was no written 
record of the supply area or quarry, this study was based on 
the construction chronology and the type of stone.

Petrographic Characteristics: Lithotypes

The varieties of Upper Cretaceous limestone used in the 
monuments of Oviedo can be distinguished visually by 
their color, granulometry, and degree of coherence or 
alteration behavior. The color can vary from light yel-
low to reddish, including different shades of ocher or 
medium beige. The texture is essentially granular, vary-
ing in grain size from very coarse (2 mm) to very fine (60 
μm). However, two lithotypes prevail: (i) one of medium 
to coarse grain size, coherent texture, and usually mas-
sive and homogeneous appearance and (ii) another one 
of very fine grain size that, in general, is less coherent 
and often banded. According to the historical data col-
lected from different publications about the extraction of 
stone for monuments (De Caso 1981; Esbert et al. 1982; 
Esbert and Marcos 1983; Pastor Criado 1987; Alonso 
et al. 1999b; Gutiérrez-Claverol et al. 2012), and also in 
accordance with the petrographic characteristics of the 
materials, two main rock types or lithotypes can be easily 
distinguished: Piedramuelle (Fig. 2A, B, C and 5A) and 
La Granda (Figs. 2D, E, F and 5B).

Much less frequently, other limestone types have also 
been found in specific architectural elements of monuments 

Table 2   Points of the urban nucleus and its surroundings with out-
crop

*Urban nucleus in Fig. 4, ** Surrounding in Fig. 3 and 4

Outcrop Samples 
number

Cathedral: basement in the pilgrims’ courtyard* 9
Archeological Museum (San Vicente Monastery): base-

ment*
5

Corrada del obispo: next to the archiepiscopal palace* 1
Foncalada fountain: basement* 4
Auditorium area (old quarries of Fresno)* 4
Llamaquique area (old quarries of Fresno)* 2
Eria-Lavapiés (quarry area)** 10
Montecerrau (large roundabout)** 5
Colloto (under the church of Sta. Eulalia)** 5
Polygon of the Espíritu Santo (near Colloto)** 5
La Granda (quarries)** 4
Piedramuelle (quarries)** 3

Fig. 5   Appearance of the two 
Cretaceous limestone litho-
types used in the monuments 
of Oviedo. A Oviedo Cathe-
dral: the front corresponds to 
a facade with Piedramuelle 
stone; in the background, the 
chapel of the Rey Casto can be 
seen with La Granda stone. B 
Church of Santa María La Real 
de la Corte: the upper ashlars 
are made of Piedramuelle stone 
and the lower one of La Granda 
stone
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(shields, flooring…). These types also correspond to the 
Upper Cretaceous rocks found in the area.

Piedramuelle Stone

This stone is a sandy bioclastic limestone with a light color, 
yellowish tonality (10YR 8/3) and granular appearance. It is 
generally homogeneous and isotropic (Alonso et al. 1999a) 
although, in monuments, some ashlars may show diffuse 
banded or crossed stratification. Among the different sam-
ples of the study, collected both from monuments and out-
crops, differences were observed in the nature, abundance 
and size of carbonate and siliciclastic grains, and in the 
characteristics of cement and porosity (Fig. 6). The analy-
sis of these variations made it possible to establish several 
petrographic subtypes or varieties, the common and specific 
characteristics of which are detailed below.

The predominant mineral is calcite, and the siliciclastic 
content varies from 3 to 30%. Quartz is the main compo-
nent; smaller amounts of feldspars and rock fragments (fine-
grained sandstones and siltstones) are present, and musco-
vite and tourmaline are considered accessories. The texture 
is granular clastic, the carbonate grains are mostly peloids 
and bioclasts, with abundant mollusk and crinoid valves. 
The grain size of siliciclastic grains is similar or slightly 
smaller than the size of carbonate grains, and both are well 
classified and rounded. Cementation can be either partial, 
with small spatic calcite crystals arranged in a border around 
the grains (isopachous cement), or complete with spar druse 
mosaic, syntaxial, or poikilitic cement. In general, poros-
ity is high (around 20%) and pores are intergranular. The 
dominance of moldic pores indicates processes of calcite 
dissolution that can still remain active today. Pore size is 
relatively large, and pore communication is good, which 
facilitates the circulation of water, favors drying, and delays 
rock degradation.

The most significant variations in the studied samples are 
the grain size (medium or coarse), the siliciclastic content 
(low or high), the degree of cementation (partial or com-
plete), and the porosity (number and type of pores). Accord-
ing to these characteristics, the microscopic analysis reveals 
five subtypes or varieties within Piedramuelle (Table 3): P-I, 
P-II, P-III, and P-IV.

La Granda Stone

This stone type is an impure limestone (has non-carbonated 
minerals) of very fine grain size and reddish or beige colors. 
It has a massive, banded, or slightly nodular appearance; 
muscovite and, sometimes, whitish calcite micro-geodes 
can often be observed. It is easily differentiated from 

Piedramuelle due to its more intense tones and its extremely 
fine grain size (Fig. 7). This grain size gives the rock a fine 
texture, more suitable for carving, but it is also associated 
with the presence of fine siliciclastic minerals that make 
the rock more susceptible to weathering (Jiménez-González 
et al. 2008; Gutiérrez et al. 2012). More advanced weather-
ing is another distinguishing feature of this rock type, easily 
perceived in monuments and historical constructions (Esbert 
et al. 1992b; Esbert et al. 1997).

Regarding mineralogy, calcite is the main component, 
and siliciclastic grains (mostly quartz, muscovite and 
altered glauconite) of very fine size (60–100 μm) are abun-
dant (10–20%). Tourmaline, opaque (oxides of iron), and 
clay minerals are accessories. During diagenesis, carbonate 
grains, possibly small bioclasts and peloids, cemented by 
spatic calcite, frequently underwent important transforma-
tions, especially recrystallization, dolomitization, and ded-
olomitization processes. Because of these processes and the 
small grain size, the porosity is much lower (5%), and pores 
are smaller. These processes also affected the color of the 
rock and make it possible to distinguish two subtypes or 
varieties (Table 4): red variety (G-I) and beige variety (G-II).

Other Types of Limestones

Other rock types also appear occasionally in the monuments 
(for example in Santa María del Naranco, the Old Provincial 
Hospice or the San Julián de los Prados church), but these 
are usually limited to specific architectural elements. These 
rocks range from crystalline limestones and dolomites to 
micritic limestones with a variable content of fossil remains 
and have undergone recrystallization, dolomitization, and 
de-dolomite processes to varying degrees (Fig. 8). As a 
result, their texture can be homogeneous, either micritic 
or crystalline, or heterogeneous, with micritic and crystal-
line zones in net contact with each other, and always with 
very low porosity. Considering the mentioned petrographic 
characteristics, three petrographic varieties have been distin-
guished (Table 5): OI, O-II, and O-III which are present in 
various levels of the Upper Cretaceous formations of Oviedo 
and its surroundings.

Stratigraphic Location

Considering the petrographic characteristics of the samples, 
the geology of the area, and the historical documentation, 
two formations can be established as possible sources of 
building materials for the monuments: the San Lázaro For-
mation and the Oviedo Formation, the only Cretaceous cal-
careous units that outcrop in the urban area (Fig. 9).
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The analyzed samples revealed that the same type of 
stone (i.e., rocks with similar petrographic features) can 
come from different stratigraphic levels. Thus, as shown 
in Fig. 10, some of the varieties of the two identified litho-
types, Piedramuelle, and La Granda appear both in the San 
Lázaro and the Oviedo Formations. This is possible as 
both formations were deposited in marine-littoral environ-
ments that oscillated between shallow platform (Fm. San 
Lázaro) and tidal plain (Fm. Oviedo) and, thus, facies with 
common features evolved in both.

The San Lázaro Formation outcrops around the urban 
nucleus of Oviedo, mainly in the northwestern area of 
the city and towards the southeast, where the stratotype 
was established (González-Fernández et al. 2004). In this 
formation, the varieties P-II, P-IV, and P-V of the Piedra-
muelle lithotype and varieties G-I and G-II of La Granda 
have been identified, together with the O-II of other types 
of limestone (Fig. 10).

Numerous quarries that supplied stone to the great 
buildings of the city are documented in this formation 
(Fig. 3). The most important ones were Santa Marina de 
Piedramuelle, La Granda, and Ayones (Gutiérrez-Claverol 

et al. 2012), located very close to the city of Oviedo. The 
first two of these quarries gave name to the lithotypes. In 
addition, during the sixteenth and eighteenth centuries, 
stone from this formation was extracted in other places 
near Oviedo, such as Colloto or La Manjoya, and in the 
twentieth century in Tiñana (about 4 km southeast of 
Oviedo) for restoration works of the cathedral tower.

The Santa Marina de Piedramuelle quarry was very 
active from the end of the fourteenth century to the mid-
dle of the sixteenth century. This quarry provided the large 
amount of stone used in the exterior fabric of the cathe-
dral. The La Granda quarry operated from the end of the 
sixteenth century to the nineteenth century, and its rocks 
were widely used in the eighteenth century in monuments 
such as the cathedral (chapel of the Rey Casto, façade 
of the cloister), churches (San Isidoro), palaces (Valde-
carzana), and convents (Santa Clara). The Ayones quarry 
started production in the middle of the seventeenth century 
and was closed in the middle of the eighteenth century. 
The stone extracted here was used to repair the cathedral 
tower and other buildings (City Hall) of that time.

The Oviedo Formation underlies most of the present 
city area, which also includes the hillock in which the 
initial urban nucleus was located. The varieties found in 
this formation are the P-I, P-II, P-III, and P-V of the Pie-
dramuelle lithotype; the G-I and G-II of the La Granda 
lithotype; and the O-I, O-II, and O-III of other types of 
limestone (Fig. 10).

Although the strata that outcrop in the original urban 
nucleus do not seem to be thick enough to supply large 
blocks, such as those used in ashlars, they are undoubtedly 

Fig. 6   Piedramuelle stone, macroscopic and microscopic images of 
the different varieties: P-I (A, B, C), P-II (D, E, F), P-III (G, H, I), 
P-IV (J, K, L) and P-V (M, N, O) where the variations in grain size 
and petrographic components can be observed. Samples P-I, P-III, 
and P-V come from the cathedral, sample P-II from palace of Duque 
del Parque, and sample P-IV from the tower of San Pelayo Monas-
tery. The photomicrographs were taken at the same scale and under 
the same conditions: general aspect (×25 PL) and detail of the sample 
(100 XN)

◂

Table 3   Petrographic features of the different varieties of the Piedramuelle stone

Variety Classification (Folk) texture Siliciclasts Cementation Porosity

P-I(Fig. 6A, B, C) Biopelsparite. 5% Partial isopachous 20%
Medium grain (300–500 μm). Intergranular and moldic
Very well calibrated grains.

P-II(Fig. 6D, E, F) Pelsparite. 5% Complete spar 5%
Medium grain (300–500 μm). drusy mosaic Moldic
More crystalline appearance.

P-III(Fig. 6G, H, I) Biopelsparite. 15–25% Variable spar drusy mosaic, and syn-
taxial

15%
Coarse grain (300–500 μm). Moldic and intergranular
Poorly calibrated and more packed 

grains.
P-IV(Fig. 6J, K, L) Biosparite 3–5% Variable isopachous, spar drusy, and 

syntaxial
15–20%

Coarse grain (500–800 μm). Moldic and intergranular
Poorly calibrated grains and with some 

intraclasts.
P-V(Fig. 6M, N, O) Biosparite. 15–30% Variable isopachous, spar drusy, and 

syntaxial
10–20%

Coarse grain (500–800 μm) Moldic and intergranular
Poorly rounded and more packed fossil 

remains.
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the source of the small ashlars encountered in the oldest 
constructions. Recent excavations carried out within the area 
of that initial urban nucleus (i.e., the construction site of the 
new building of the Museum of Fine Arts) yielded signs and 
remains of exploitation of these thin layers that are attrib-
uted, at least, to the twelfth-thirteenth centuries (Estrada 
2014). However, the typical granular and porous ashlars, 
such as those observed on the facade of the cathedral, come 
from areas farther away from the urban nucleus, as revealed 
by historical documents (De Caso 1981).

The main quarries of this formation were those of 
Lavapiés, active since the beginning of the fifteenth century, 
and the already mentioned La Granda (Fig. 3), but some 
twenty exploitation points of much lower importance and 
intermittent chronology were also located in areas close to 
the urban nucleus (Gutiérrez-Claverol et al. 2012), areas 
that today belong to the city center. The most active period 
of the Lavapiés quarry was the seventeenth century, during 
which the best quality stone of the Piedramuelle lithotype 
was extracted for the baroque chapels and the upper cloister 
of the cathedral, baroque palaces, and convents. The most 
active period of the quarry of La Granda was the eighteenth 
century. In this outcrop, a fault places the San Lázaro and 
Oviedo Formations in contact; therefore, rocks from both 

formations were extracted. This mixture can be seen in dif-
ferent churches and palaces of that period.

The quarries that supplied rocks of the Oviedo Forma-
tion for the pre-Romanesque monuments Santa María del 
Naranco and San Miguel de Lillo should also be mentioned 
due to the historical interest of these buildings. These quar-
ries, hardly visible today due to vegetation cover, are located 
near the mentioned monuments (Gutiérrez-Claverol et al. 
2012). As shown in Fig. 3, the Oviedo Formation outcrops 
in that area due to an inverse fault, the Naranco Fault, which 
places the Paleozoic on top of the Cretaceous, and the Cre-
taceous on top of the Paleogene.

In the period of greatest activity, extraction in the 
quarries was carried out manually, as the use of blasting 
was not widespread. The procedure involved (Gutiérrez-
Claverol et al. 2012): (i) clearing and removal of the over-
burden (i.e., altered rock and soils); (ii) delimitation of the 
blocks, conditioned by the thickness of the strata (sub-
horizontal) and the subvertical fractures; (iii) introduction 
of metal or wooden wedges to separate the blocks, prefer-
ably within bedding plans and joints; (iv) extraction of the 
blocks with the help of iron bars; and (v) first roughing of 
the pieces. Working was staggered, starting at the top of 
the rock face, and forming as many benches as there were 
strata or groups of strata. In some cases, the extraction was 

Fig. 7   La Granda stone, macroscopic and microscopic aspect of the 
two varieties: G-I (A, B, C) of more crystalline appearance and G-II 
(D, E, F) of more granular texture. Sample G-I come from the facade 
of San Pelayo Monastery and sample G-II were obtained from the 

cathedral. The photomicrographs were taken at the same scale and 
under the same conditions: general aspect (×25 PL) and detail of the 
sample (100 XN)
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carried out well in advance of the building work (even 2 
years), in order to expose the stone blocks to the elements 
and thus discard those most susceptible to weathering for 
use in façades.

Presence in Monuments and Historical 
Analysis

The analysis of the samples taken from monuments 
(Fig. 4, Table 1) also allowed us to study the presence of 

Table 4   Petrographic characteristics of the varieties of La Granda stone

Variety Color Appearance Texture

G-I (Fig. 7A, B, C) Red 10R 5/6 Massive, with large 
crystalline nuclei.

Heterogranular lens, dedolomite-type, with poikilotopic areas

G-II (Fig. 7D, E, F) Beige 5YR 7/4 Banded, with some 
crystalline nuclei.

Recrystallized bioclastic, without signs of dolomitization, 
with poikilotopic areas

Fig. 8   Other types of Cretaceous limestones: O-I (A, B, C) crystal-
line limestone with abundant quartz grains, O-II (D, E, F) micritic 
limestones with crystalline zones and O-III (G, H, I) wackestone-type 
micritic limestone. Sample O-I come from the strata located under 
the Colloto church, and there are similar ones in the Cathedral Clois-
ter and in Sta. María del Naranco. Sample O-II is from an old shield 

of the Old Provincial Hospice. Sample O-III is from inside the San 
Julián de los Prados church in the grains that form the flooring. The 
photomicrographs were taken at the same scale and under the same 
conditions: general aspect (×25 PL) and detail of the sample (100 
XN)
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the different lithotypes and varieties in the most represent-
ative monuments of Oviedo. Piedramuelle is the dominant 
building stone, representing around 70%, versus the 30% 
of La Granda. P-I, P-IV, and P-V are the most common 
varieties of the Piedramuelle lithotype; while G-1 prevails 
among the La Granda varieties. The varieties O-I, O-II, 
and O-III appear occasionally in monuments but are not 
part of their fabric.

The analysis of the historical documentation revealed 
that the evolution of use of a given stone type may depend 
both on geological aspects, and on external factors. Geo-
logical characteristics can influence the way in which a 

stone is extracted, its quality, and the thickness of the 
obtained ashlars, which is limited by the thickness of the 
strata. The alternation of different types of stone used in 
the same building is also frequent because the petrographic 
characteristics influence the aptitude of each type of rock 
for a specific use or for a specific architectural element. 
External factors are, for example, proximity and therefore 
the required transport, or contractual aspects in relation to 
ground ownership.

Likewise, the review of historical documents provided 
data about how the use of different stone types evolved in 
time. Thus, Piedramuelle is known to be the most relevant 

Table 5   Petrographic characteristics of other types of Cretaceous limestones

Variety Color Appearance Siliciclasts Texture

O-I(Fig. 8A, B, C) Beige–yellow 7,5YR 8/3 Crystalline, with diffuse and 
scattered grains

20–30% Crystalline, often poikilotopic. 
Originally a sandy biopel-
sparite that underwent recrys-
tallization, dolomitization, and 
mainly dedolomitization

200–600 μm 
calibrated and 
rounded

O-II(Fig. 8D, E, F) Reddish 10R 5/6 + beige 7,5YR 
8/3

Coarse mottling, often hetero-
geneous

1–5% Crystalline + biomicrite. 
Originally a micritic limestone 
that underwent partial or local 
recrystallization, dolomitiza-
tion, and mainly dedolomiti-
zation

60–100 μm

O-III(Fig. 8G, H, I) Beige–gray 10YR 7/1 Massive, with crystalline veins 
and cores

1–5% Biomicrite, wackestone. It 
presents some foraminifera, 
peloids, and sometimes large 
fossil remains. Low degree of 
recrystallization of the micrite

100–150 μm

Fig. 9   Field appearance of the 
San Lázaro Formation in the 
old Santa Marina de Piedramu-
elle quarry (A and B) and the 
Oviedo Formations in the old 
Lavapiés quarry (C and D). See 
location in Fig. 3
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lithotype in monumental Oviedo from the days of the first 
constructions. La Granda appears in monumental buildings 
mainly from the seventeenth century, and it was the most 
frequent dimension stone during the eighteenth century. This 
lithotype can also be found in older constructions but only 
because of modern restoration works (e.g., the Foncalada 
fountain or Santa María del Naranco).

The relative amount of different lithotypes and varieties, as 
well as the evolution of their use over time, is consistent with 
the stratigraphic origin and the distribution of outcrops of the 
San Lázaro and Oviedo Formations. Piedramuelle appears 
in the upper and the lower parts of both formations, while 
La Granda dominates in the San Lázaro Formation and only 

appears in the basal part of the Oviedo Formation (Table 6). 
This may justify why Piedramuelle has been the most widely 
used lithotype since ancient times, given that the Oviedo For-
mation outcrops more frequently in the center of the city and 
in its closest surroundings, particularly in the Lavapiés quarry.

The proximity of the quarries to the monuments was 
another decisive factor, as frequently verified by research-
ers (Caballero Zoreda and Utrero Agudo 2005; Palacio-Pri-
eto 2015; Bonomo et al. 2019) and evidenced in the oldest 
buildings in Oviedo, such as Santa María del Naranco or San 
Miguel de Lillo, which quarries were located within a radius 
of less than 500 m.

Fig. 10   Location of the different 
varieties of Cretaceous stones in 
the stratigraphic column of the 
Asturian Cretaceous
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The largest exploitation sites were those of the San Lázaro 
Formation located in a rural environment but less than 5 km 
from the urban center. This implied a relatively short trans-
port of the material, as was usual at the time. The quarries 
of the Oviedo Formation were much smaller and were closer 
to the urban nucleus. All of them were abandoned more than 
a century ago, and today, most can only be identified due to 
anomalous topographic features. This is because, given the 
climate of the region, the vegetation covers the outcrops, 
and old quarry fronts cannot be seen. However, there are still 
well-visible remains of some of them, such as in Piedramu-
elle and Lavapiés.

Conclusions

Upper Cretaceous limestones are the traditional and most 
abundant building stones in the monuments of Oviedo. They 
can be grouped into two major lithotypes, called Piedra-
muelle and La Granda, which visually can be easily dis-
tinguished by their color and granulometry. In more detail 
and considering their petrographic characteristics (mainly 
siliciclastic content, degree of cementation, and porosity), 
five varieties of Piedramuelle and two varieties of La Granda 
can be recognized. Exceptionally, other types of Cretaceous 
limestones also appear in specific architectural elements that 

cannot be included into these lithotypes. They were classi-
fied as a third group called “other types.”

Piedramuelle is a biosparite to biospelsparite type lime-
stone that is characterized by its light yellowish tones, gran-
ular texture, and generally high porosity. La Granda is a 
very fine-grained limestone, rich in siliciclastic grains, and 
shows reddish and beige tones. Its very low porosity is due 
to recrystallization, dolomitization, and dedolomitization 
processes.

All of the studied limestones come from the San Lázaro 
and Oviedo Formations (Upper Cretaceous), formations that 
outcrop in the city of Oviedo and its surroundings, which 
confirms that the use of stone was conditioned by its avail-
ability in the proximity of the buildings. The comparative 
petrographic analysis of samples from monuments, outcrops 
and boreholes, revealed that some varieties of both litho-
types (P-II, P-V, G-I and G-II) appear repeatedly at different 
stratigraphic levels and are present in both formations.

Regarding the presence of the two main lithotypes in ash-
lars or masonry of the monuments, the estimated percent-
age of use is 70% for Piedramuelle and 30% for La Granda. 
Piedramuelle already appears in the oldest buildings from 
the ninth century, and it was the most frequent stone build-
ing material until the seventeenth century, while the use of 
La Granda started at the end of the sixteenth century and 
became very common in the seventeenth and eighteenth 

Table 6   Lithotypes, varieties and stratigraphic affiliation of the Cretaceous limestones identified in the monuments

Lithotype Variety Formation Monuments

Piedramuelle P-I Oviedo (upper part) Santa María del Naranco
Cathedral (very abundant: facade).

P-II Oviedo (lower part) Duque del Parque Palace (facade)
San Lázaro (lower member)

P-III Oviedo (lower part) Santa María del Naranco.
Cathedral (abundant)

P-IV San Lázaro (upper member) Santa María del Naranco
Cathedral, (very abundant: upper cloister)
Monastery of San Pelayo (church tower).
Palace Velarde (facade)
Old Seminary or Milán building (socle).

P-V Oviedo (lower part) Cathedral (abundant: arc)
San Lázaro (upper member) Monastery of San Pelayo (romanic arches)

La Granda G-I Oviedo (lower part) Cathedral (cloister facade), Monastery of San Pelayo (vicarage), 
Church of San Isidoro, Old convent of Santa Clara, Old Provincial 
Hospice, Columns Rúa’s House and Palaces, Ashlars replaced in the 
Foncalada fountain

San Lázaro (upper member)

G-II Oviedo (lower part) Monastery of San Pelayo (vicarage)
San Lázaro (middle and upper member) Old convent of Santa Clara

Other Creta-
ceous lime-
stones

O-I Oviedo (lower part) Santa María del Naranco
O-II Oviedo (middle part) Old Provincial Hospice (shield)

San Lázaro (upper member) Old convent of Santa Clara
O-III Oviedo (lower part) San Julián de los Prados church (inside)
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centuries. This is in accordance with the assumption that 
the Oviedo Formation supplied more building material since 
ancient times due to its closer proximity to the monuments.

Knowledge of local stones (their properties and their 
provenance) is important for the restoration of monuments 
and other buildings in urban centers. In addition, these 
stones give the buildings their own identity and define the 
urban landscape of the city.

On the other hand, the use of local stones can contribute 
to environmental sustainability and is an objective of current 
EU policy. In this sense, it would be recommended that local 
authorities promote regulations for the recovery of materials 
from buildings in ruins so that they can be used for future 
rehabilitation or restoration tasks. In Oviedo, the massive 
use of Cretaceous rocks in the most important monuments of 
the city makes them an essential material in future restora-
tion and rehabilitation works. Therefore, the characteristics 
and behavior of these lithologies and their different varieties 
must be known and their value as a natural stone of the mon-
umental heritage should be recognized and disseminated.
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