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Abstract
The rural and monumental architecture of Northern Spain gives testimony of the wide-ranging constructive possibilities of 
traditional gypsum for exterior and structural applications. However, today, gypsum is only used for finishing purposes. By 
combining a bibliographic review with local visits/interviews and experimental gypsum calcinations, we were able to docu-
ment traditional processing methods and analyze the factors responsible for the decline of exterior and structural gypsum 
use. Obtained results are also valid for other European countries and contribute to a better understanding of the technical 
peculiarities of traditional gypsum, hopefully reviving traditional processing techniques to produce compatible and sustain-
able conservation materials.
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Introduction

Although today, gypsum is mainly used for decorative or 
finishing purposes, it has been historically applied as a 
structural material for columns, load-bearing walls, slabs, 
structural ribs, arches, and vaults (Mileto et al. 2011; Sanz 
Arauz and Villanueva Domínguez 2004; Vegas et al. 2010). 
According to Kingery et al. (1988), the architectural use 
of gypsum can be traced back to the Late Epipaleolithic 
Natufian culture (10,300–8500 B.C.). Gypsum was also the 
preferred binder for masonry mortars and decorative plas-
ters in Ancient Egypt and Greece (Lucas and Harris 1962). 
Moreover, many examples of great architectural wealth built 
with gypsum can be found in the Middle East, where gyp-
sum played an important role in the traditional architecture 
and was used either directly as blocks or, after calcination, 
as mortars and plasters for façades, floors, and structural 
elements (Elsen 2006; Rodríguez-Navarro 2012; Vegas et al. 
2010).

Spain, as the seventh largest gypsum producer in the 
world (second largest in Europe; Reichl et al. 2014), has 
a gypsum-bearing outcrop area of 21,700   km2, which 

represents ~ 4.2% of the country’s total area (Herrero et al. 
2013). Gypsum outcrops are mainly concentrated in the 
Mediterranean half of the peninsula. This region is known 
as the “gypsiferous Spain” (Riba Arderiu and Macau Vilar 
1962), encompassing 58.5% of the countries territory 
including the autonomous communities of Aragon, Catalo-
nia, Valencia, Region of Murcia, and some parts of Castile 
and Leon, Castile-La Mancha, and Andalusia, where gyp-
sum played an important role in the traditional architecture 
(Gárate Rojas 1999; La Spina and Grau Giménez 2020b).

The present study focuses on the autonomous commu-
nity of Aragon (with the provinces of Huesca, Zaragoza 
and Teruel), a region with large gypsum outcrops, showing 
significant differences in population density and degree of 
industrialization due to geographic peculiarities. The abun-
dant availability of gypsum translates into its great presence 
in the traditional Aragonese monumental and popular archi-
tecture. The examples shown in Fig. 1 reflect the material’s 
wide-ranging constructive possibilities, including decorative 
and structural applications.

Even though gypsum remained an important building 
material in the popular architecture in many rural areas of 
Aragon, where significant changes in gypsum technology 
did not occur until the second half of the twentieth century 
(Berzosa 1976), in general, it ceased to be used for struc-
tural application, floors and facades, and became a material 
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considered mostly for indoor decorative and finishing pur-
poses (Bel-Anzué et al. 2017).

The aim of this investigation is to establish a chrono-
logical timeline for the gypsum technology and to study in 
detail the factors (i.e., technological, geographic, and socio-
economic aspects) responsible for the decline of the struc-
tural use of gypsum in the traditional architecture. Recent 
national and international studies (Dariz and Schmid 2019; 
La Spina et al. 2013; Le Dantec 2016; Wende et al. 2010) 
revealed quite a few similarities with other Spanish regions 
and European countries regarding the changes in gypsum 
technology and construction systems, the research outcome 
of this study being thus very well applicable to the rest of 
the “gypsiferous Spain” and beyond.

The research methodology applied here combines a 
bibliographic review, local visits and interviews, as well 
as experimental gypsum calcinations in traditional kilns. 
This holistic approach enabled a detailed documentation 
and analysis, which contributes to a better understanding of 
the technical peculiarities of this historic building material 
and, hopefully, will result in a revival of traditional manu-
facturing techniques in order to obtain a suitable product for 
structural use in sustainable new constructions (i.e., locally 
calcined, traditional gypsum requires lower calcination T 
and has a lower carbon footprint as compared to Portland 
cement) and compatible conservation mortars and plasters for 
architectural heritage interventions (Bel-Anzué et al. 2017; 
Middendorf 2002; Schlütter et al. 2010). The latter being of 
outmost importance, considering that more recently, a lack of 
an in-depth knowledge regarding the properties of traditional 

gypsum has resulted in several unsuccessful restoration inter-
ventions in the case of important monuments and buildings 
(e.g., rehabilitation of the tower of Ivorra, Lleida), evidencing 
the incompatibility of modern replacement materials such as 
industrial gypsum and Portland cement.

Objectives

This investigation has been undertaken in order to achieve 
the following three objectives: (i) to establish a chron-
ological timeline of the architectural use of traditional 
gypsum in Aragon; (ii) to give a detailed description of 
the traditional gypsum technology and changes suffered 
during the twentieth century, considering all processing 
steps including the selection of quarries, extraction meth-
ods, type of kiln and combustion material, calcination 
conditions, and means of crushing, storage and transport 
to the construction site; and (iii) to identify factors lead-
ing to changes in gypsum use, including technical and 
social-economical aspects, demography, and changes in 
construction systems.

Methodology

The research methodology combines a bibliographic review, 
personal communications with administrations, cultural 
associations, and ethnographers, as well as local visits and 
interviews. A toponymic search was carried out in order 

Fig. 1  Decorative and structural 
gypsum use: a decorative 
plasterwork, “Aljaferia” palace, 
eleventh century (Zaragoza, 
Zaragoa); b exterior plaster-
work, “Los Luna” palace, 
fourteenth to sixteenth century 
(Daroca, Zaragoza); c arches 
built with gypsum stone 
masonry, rammed earth, and 
gypsum mortar (La Ginebrosa, 
Teruel), and d buttresses made 
of gypsum (Fuentes de Jiloca, 
Zaragoza)

a b

c d
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to identify municipalities that had/have historic or active 
quarries, kilns, and gypsum manufacturers. In addition, local 
Aragonese cadastral databases were used to locate streets, 
squares, and other places with terms related to gypsum pro-
duction such as “Camino de las Yeserías” and “Calle de los 
Aljezares.” The following Spanish terms were included in 
the toponymic search: “yeso,” “aljez,” “cheso,” “yesería,” 
“aljecería,” “aljezar,” “aljecera,” “chesería,” “yesero,” and 
“estuco” (plaster). Note that the term “yeso” comes from 
the Greek word “gypsos” and “aljez” from the Andalusi 
Arabic word “al-ǧiṣṣ.” Furthermore, geological maps (La 
Spina 2016) showing the locations of gypsum outcrops were 
overlayed onto a map of the Aragonese municipalities in 
order to identify those municipalities with a high probability 
of historic or active gypsum production and use. Overall, 
147 municipalities were visited and 89 of those were docu-
mented bibliographically (Fig. 2). In addition, 134 historic/
active quarries were located (i.e., today three industrialized 
quarries operate in Cuarte de Huerva (Zaragoza), Gelsa 
(Zaragoza), and in Calanda (Teruel), and one quarry con-
tinues to mine and produce traditional gypsum in Albarra-
cin (Teruel)) and 61 historic/active gypsum processing sites 
documented. Furthermore, 81 former construction workers 
(active between 1935 and 1980) and company owners were 
interviewed (i.e., recorded semi-structured interviews), who 
provided detailed descriptions of the gypsum manufacturing 
process.

In order to verify the information obtained through the 
bibliographic review and local visits, calcination of gypsum 
in two traditional kilns was carried out in close proximity 
to the historic quarry of Navarrete (Teruel 2016). Gypsum 
extraction, assembly of the furnace, collection of firewood, 

firing, and gypsum grinding, were all done following tradi-
tional methods under the supervision of four former masons1 
and documented photographically. The mineralogical com-
position of calcined and hydrated gypsum was determined 
using x-ray diffraction analysis (XRD, Model X’Pert PRO, 
PANalytical B.V., The Netherlands). Equipment settings: 
Cu-Kα radiation, Ni filter, 45 kV voltage, 40 mA intensity, 
3° to 60° 2θ exploration range, and 0.05° 2θ  s1 goniometer 
speed. Phase identification and quantification, as well as the 
determination of the crystallite size (applying the Scher-
rer equation), were performed using the XPowder software 
(Martin 2004).

Results

Chronological timeline of the use of traditional 
gypsum in Aragon

During prehistoric times, several important settlements 
existed in close proximity to large gypsum outcrops in 
Aragon. However, the only reported use of gypsum dates 
back to the Late Bronce Age/Iron Age  (9th–sixth century 
BC) in the archeological site “El Cabezo de la Cruz de la 
Muela” (41° 29′ 36.9″ N, 1° 4′ 13.2″ W (archaeological site) 
google maps) in the province of Zaragoza (Picazo Millán 
and Rodanés Vicente 2009), and it has been impossible to 
obtain information regarding the prevailing gypsum technol-
ogy during this period.

Fig. 2  Map of the community 
of Aragón, showing the 147 
visited municipalities  and 89 
bibliographically documented 
municipalities

1 Personal communication, E. López, A. Meda, J. Rodrigo and I. 
Lechón (Navarrete (Teruel) 2016).



 Archaeol Anthropol Sci          (2021) 13:177 

1 3

  177  Page 4 of 17

The Romans (first century BC–fifth century AD) founded 
several important settlements in Aragon including Bílbilis 
(close to Calatayud, Zaragoza, 41° 24′ 34.9″ N, 1° 36′ 28.4″ 
W (archaeological site) google maps), Celsa (close to Gelsa, 
Zaragoza, 41° 22′ 26.9″ N, 0° 25′ 58.7″ W (archaeological 
site) google maps), and the Roman villa Loma del Regadío 
(Teruel, 41° 11′ 38.2″ N, 0° 29′ 39.2″ W (archaeological 
site) google maps). In all of them, materials with high gyp-
sum content have been identified, which were used for mor-
tars, renders, and pavements (Alloza Izquierdo and Marzo 
Berna 2005). This is not surprising since all settlements were 
in close proximity to important gypsum outcrops, some of 
them exploited by multinational gypsum manufacturers (Pla-
dur Gypsum S.A.U. and Saint-Gobain Placo Ibérica, S.A) at 
present. According to Kuntze (2009), Romans were the first 
to differentiate between gypsum and lime plasters and used 
the former extensively for indoor applications. Remarkably, 
compared to lime, little mention about the architectural use 
of gypsum is made in classical texts of this period. Pliny the 
Elder made an only brief remark on gypsum for architec-
tural decorations in his “Historiae Naturalis” and Vitruvius 
included a very short comment on the use of gypsum for 
finishing purposes in the chapter about renders in his work 
“De architectura,” while describing lime technology and the 
architectural use of lime in great length.

The presence of the Visigoths  (5th–eighth century AD) 
as the ruling class, representing only 5% of the total popula-
tion, did not seem to have had any important influence on 
the popular architecture in Aragon. According to Orlandis 
(Orlandis Rovira 2003), the general population maintained 
Roman customs including the prevailing catholic religion 
and the Latin language. Based on architectural examples of 
this period, including the Visigothic church of Santa María 
de Melque (Toledo), which reveals an important influence 
of the Roman architecture, it can be hypothesized that the 
construction technology did not suffer significant changes 
either (Caballero Zoreda et al. 1999).

During the early period of the Islamic governance 
 (8th–tenth century AD), the ruling Spanish-Visigothic fam-
ily was kept in power after converting to Islam (Cañada Juste 
1980). According to Simonet (1886), during this period, 
90–95% of the population in Aragon were “Mozarabic” 
(i.e., an appellation for the inhabitants of Al-Andalus who 
upheld Roman customs), which makes it seem likely that the 
local traditional construction techniques were maintained. 
However, over time the proportion of the Islamic population, 
many of Yemeni descent (i.e., Arab dinasties Banu Tuyib 
and Banu Hud), increased substantially and by the middle 
of the eleventh century the “Mozarabs” only accounted for 
50% of the total population (Souto Lasala 1992). During 
this second period of the Islamic governance  (10th–twelfth 
century AD), Muslim settlers built new neighborhoods and 
municipalities (e.g., Calatayud and Daroca in Zaragoza, and 

Albarracín in Teruel), introducing urban planning and con-
struction techniques typical of the architecture of the Mid-
dle East (Corral Lafuente and Peña Gonzalvo 1986). Conse-
quently, gypsum became an important building material for 
finishing and structural purposes including columns, pillars, 
mortar joints, structural walls, plastering, façade cladding, 
and flooring (Almagro 1986). During local visits, it was pos-
sible to establish that in all municipalities founded during 
this period, gypsum played an important role as a construc-
tion element. Despite the extensive architectural use of gyp-
sum during this period, no technical documentation could be 
located, but many words of Arabic origin related to gypsum 
technology have remained in use since then.

The Islamic governance ended in Zaragoza in 1118 AD 
with the reconquering by the Christians, and the following 
centuries  (12th–seventeenth century AD) were character-
ized by the coexistence of the Islamic and Christian culture 
until the expulsion of the Islamic population in 1610, which 
affected about 1/6 of the total residents (Pons 2009). Previ-
ous to their expulsion, the Islamic population either con-
verted to Christianity (Moriscos) or maintained their Muslim 
religion (Mudejars); many of them working in construction 
related trades, upholding Islamic construction techniques 
and systems. The Islamic influence in the Christian archi-
tecture of this period is exemplified by the churches of San 
Gil and Santa María Magdalena in Zaragoza (Igea Romera 
2011). During local visits, it was possible to verify that gyp-
sum was an important constructive element in churches as 
well as other important monuments of this period such as the 
Ayyub Castle (Calatayud, Zaragoza), and the mudejar tower 
of San Martín (Teruel). Remarkably, several contemporary 
public records describe, under the term “mulleres,” the spe-
cific construction work carried out by women, who were 
in charge of cleaning the construction site and transporting 
materials as well as preparing adobe. According to a public 
document from 1387 (García Herrero 2008), women were 
also hired to prepare gypsum mortar/plaster (given the name 
“masseras de algenz”) and paid higher wages than com-
mon laborers. Another historic document from 1570, “The 
twenty-one books of the mills and machines” (Los Veintiún 
Libros de los Ingenios y Máquinas; Turriano 1996), gives a 
detailed account of the typology of gypsum kilns, as well as 
of tools used for gypsum processing (Fig. 3). This document 
written before the expulsion of the Moriscos is of special 
interest, considering that it gives testimony of the integration 
of traditional Islamic construction methodologies involving 
the use of gypsum in the local Aragonese architecture.

The following centuries  (17th–nineteenth century AD) 
were marked by an extreme hardship for the Aragonese 
population as a result of economic destabilization, spread 
of diseases, and wars, which caused a regional depopula-
tion and seemed to have hindered any significant advances 
in the field of construction. Evidence for the continued 
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use of gypsum during this period is brought about by a 
detailed account of the organization of the gypsum man-
ufacturers and plasterers in Zaragoza at the end of the 
eighteenth century (Expósito Sebastián 1985). According 
to this account, letters were sent to the “Real Sociedad 
Económica” and the Zaragoza City Council in 1782 and 
1796, respectively, in which allegations regarding the poor 
gypsum quality were made. Remarkably, these letters still 
contained Arab terminology such as “aljecero, aljez, and 
almutazaf.” A treatise from the same time period narrates 
the hard work of crushing the gypsum rock. According to 
Francisco Xavier Cid (Álvarez Barrientos 1988), it was 

customary in many towns in Aragon to hire a piper to play 
a melody that set the pace for raising and lowering the 
mallet and ease the work of the laborers. The monastery 
in Santa Fe (Zaragoza) built in 1739 and the Charterhouse 
(Cartuja de Nuestra Señora de las Fuentes) in Sariñena 
(Huesca) built in 1745 give testimony of the extensive 
structural use of gypsum for load-bearing walls, floors, 
masonry mortar, and renders as revealed by local visits. 
However, the eighteenth and nineteenth centuries were 
also marked by a slow introduction of modern building 
materials such as Portland cement and steel (Sanz Arauz 
and Villanueva Domínguez 2004).

Fig. 3  Drawing of historic kilns 
and tools for gypsum processing 
(image courtesy of the Bibli-
oteca Nacional de España [35])
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The beginnings of the twentieth century were pros-
perous with important advances in the Aragonese infra-
structure. However, the Spanish Civil War (1936–1939) 
plunged the region into a state of absolute poverty. 
Communication between many municipalities in Aragon 
was still difficult, and the transport of goods on often 
unpaved roads relied on animal-drawn carts. Most 
municipalities did not yet have basic services, neither 
an electricity or water supply network, nor sanitation. 
Consequently, the construction techniques of the popular 
architecture in rural areas hardly advanced and remained 
basically unchanged, adapting existing buildings using 
low-budget solutions and locally available materials, 
including gypsum.2 Local visits allowed the identifi-
cation of several constructions of this period, mainly 
animal shelters and agricultural warehouses, which 
revealed extensive use of gypsum as structural building 
material.

After the Civil War, Spain’s industrialization accel-
erated and the road network and electricity grid were 
expanded between 1940 and 1970. Aragon experienced 
an important change in the traditional exploitation 
system of gypsum, originally based on small family-
operated businesses, which now transformed into local 
micro-companies. Today, numerous industrial ruins give 
testimony of the failed family-owned businesses (see the 
“Gypsum kilns” section), which had to close down dur-
ing this period. According to Arredondo (Arredondo 
1969), in 1963 gypsum companies had to produce 100 
tons/day to be profitable, obligating manufacturers to 
adopt innovative production methods to improve produc-
tivity. At this time, gypsum had largely been replaced by 
Portland cement for structural uses. However, in rural 
areas, a preference for gypsum still persisted as access 
continued to be difficult in many remote villages, mak-
ing the transport of industrial materials such as Portland 
cement very costly.

After 1970, companies had to further ramp-up produc-
tion in order to stay competitive and pre-industrial fur-
naces soon became obsolete and were replaced by indus-
trial furnaces. Local micro-companies eventually gave 
way to multinational companies (Saint-Gobain Placo 
Ibérica, S.A., Spain and Knauf Gips KG, Germany) that 
produce more than 1000 tons/day in each of their facilities. 
Today, the consumption of gypsum in the construction 
sector is greater than ever in volume, but its use is limited 
to interior cladding, and Portland cement and occasion-
ally lime have completely replaced gypsum in structural 
applications.

Evolution of the gypsum technology 
during the twentieth century

The information obtained through field work, local visits, 
and the bibliographic review allowed a detailed description 
of the traditional gypsum technology and its industrializa-
tion during the twentieth century.

Extraction process

Local visits evidenced that, whenever possible, the extrac-
tion site, kiln, and grinding area were organized in such a 
way as to take advantage of the sloped landscape to facili-
tate the transport3 of the gypsum blocks and calcined mate-
rial (i.e., the kiln and the grinding area were located below 
the gypsum quarry, Fig. 4a). About 90% of all traditional 
gypsum quarries studied was exploited through surface 
mining in Aragon (Fig. 4b). In a few municipalities (i.e., 
Villaba Alta and La Fresneda (Teruel) as well as Aladrén 
and Sastago (Zaragoza)), gypsum was extracted in under-
ground mines (room and pillar mines), leaving behind large 
caves with a height and depth of up to 4 and 100 m, respec-
tively (Fig. 4c). Often numerous mines can be found in the 
same municipality, either belonging to a single or several 
families.4

During the first phase of the extraction process in 
open-pit mines, an about 1–1.5 m thick surface layer of 
powdery gypsum, which had suffered degradation due 
to meteorological actions, was removed using a hoe5 
(Fig. 5a). The next layer, consisting of low density, brit-
tle gypsum rock was commonly also discarded or, in 
some cases, used as an aggregate for gypsum mortars. 
The underlying layer of compact gypsum rock was tradi-
tionally extracted using a large gimlet and a pick to cre-
ate a hole, in which a digging bar was inserted (Fig. 5b 
and c). This digging bar was used as a lever to extract 
large blocks of gypsum. According to experienced min-
ers, a characteristic noise similar to a “snorting noise” 
anounced the separation of the block. Often the extraction 
process was facilitated by nailing wedges into the gypsum 
rock along the separation line with a mallet (Fig. S1a–d, 
Supplementary Material).

Between the 1930s and 1940s, mine workers started 
to use dynamite,6 which was inserted into the holes 

2 Personal communication, M. Malo (Pozuelo del Campo-Morenilla 
(Teruel) 2017), J. García (Bara (Huesca) 2018).

3 Personal communication, L. Marcén (Leciñena (Zaragoza) 2014), J. 
Juan (San Mateo de Gallego (Zaragoza) 2017).
4 Personal communication, P. Mercado (Ricla (Zaragoza) 2019), J. 
Yague. (Tauste (Zaragoza) 2019).
5 Personal communication, J. Paracuellos (Bañón (Teruel) 2016).
6 Personal communication, M. Zardoya (Borja (Zaragoza) 2020), R. 
Celma (La Fresneda (Teruel) 2019).
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drilled with the gimlet in order to expedite the extrac-
tion process. The minework was further eased by the 
use of backhoes, which were introduced around the 
same time. Commonly, large gypsum blocks were 
extracted from the quarry, which were later divided into 
smaller pieces. Gypsum has a lamellar structure due to 
its sedimentary nature. Experienced miners knew how 
to use the planes generated by the lamellar structure in 
order to extract large blocks and break them down into 
smaller pieces without much effort (Fig. 5d and e).

Transport of gypsum rock to the kiln

Geographical particularities affected the mode of transpor-
tation. In many cases, it was not necessary to transport the 
material, since the gypsum was calcined in kilns located at 
the foot of the quarry. However, occasionally gypsum cal-
cination was performed at the construction site. For longer 
distances, stretchers (Fig. 6a) and carts pulled by donkeys or 
mules (Fig. 6b) were used. In a few smaller municipalities, 
located at greater distance from gypsum quarries, subsid-
ence-based calcinations were performed once or twice a year 
by farmers or masons. According to the testimony of former 
local workers, gypsum stone was collected over an extended 
period of time and stored until the amount necessary to fill 
an entire kiln was achieved.7 This way, gypsum calcination 

did not interfere with the farmers’ main activities and bag-
ging of the final product was unnecessary because it was 
immediately used on the construction site.

Gypsum kilns

Until the 1940s, mainly two different types of kilns were 
traditionally used in Aragon, namely, a circular (type A) 
and a rectangular kiln (type B). The former type (Fig. 7a; 
Fig. S2 and S4, Supplementary Material) was rarely used 
but has been identified in a few municipalities with very 
low gypsum demand, where only one or two kilns were 
fired per year. Rectangular kilns were the most frequently 
used type in all Aragonese provinces (Fig. 7b; Fig. S3, 
Supplementary Material). Remarkably, the design of these 
rectangular kilns did not seem to have changed over time, 
being identical to that documented in “The twenty-one 
books of the mills and machines” from 1570 (Turriano 
1996). The preference for rectangular kilns seems pecu-
liar to the Aragon regions, whereas in the rest of Spain 
circular kilns were much more common (La Spina and 
Grau Giménez 2020b). Generally, the kiln, also called 

Fig. 4  Gypsum mines: a aban-
doned gypsum production site 
in Navarrete (Teruel) showing 
(1) the extraction site, (2) kiln, 
(3) grinding area, and (4) build-
ing used for storage and sale; b 
open-pit mines in Villamayor 
(Zaragoza); and c underground 
gypsum mine in Villalba Alta 
(Teruel)

7 Personal communication, U. Grasa (Bara (Huesca) 2018), E. Bor-
donaba (San Mateo de Gallego (Zaragoza) 2017).
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“hornete” (oven) or “casa” (house), was integrated in the 
terrain, often taking advantage of changes in the ground 
level due to quarry excavations. This way, the filling of 
the kiln could be done from the top, while the emptying 
was done from the bottom, which facilitated the process 
by force of gravity. In order to obtain greater stability, the 
excavated perimeter was always made up of a stone wall 
in the shape of the oven. Normally, gypsum blocks were 

used, although more fire-resistant lime or sandstone was 
preferred, depending on availability.

Circular kilns had a base with a diameter of 1–2  m 
(Fig. S2a–c, Supplementary material) and allowed for a rela-
tively small load of ~ 3.5  m3 of gypsum, therefore requiring 
less firewood than larger rectangular kilns. Gypsum blocks 
were laid in successive courses following the perimeter of 
the kiln until a small hollow dome was formed. Once the 
dome was completed, successive layers of gypsum blocks 

Fig. 5  Gypsum extraction: a 
removal of powdery gypsum in 
Navarrete (Teruel); b extrac-
tion of a gypsum block using a 
large gimlet, pick, and wedges; 
c historic photography showing 
surface mining of gypsum in 
1940 using picks and a digging 
bar in a family-owned quarry in 
San Esteban de Litera (Huesca) 
(photo courtesy of the “Centro 
de Estudios Literanos” in 
Huesca); d and e separation of 
a large gypsum block along the 
plane generated by the lamellar 
structure of the rock using a 
pick

a b

c

d e
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were carefully placed on top of the dome to fill the kiln, 
while avoiding damaging the vault. A communication hole 
(mouth) between the hollow vault of the dome (combustion 
chamber) and the exterior served to introduce the firewood. 

Experienced workers were able to load the kiln by taking the 
shape of each individual gypsum block into consideration. 
Thus, hardly any further preparation of the gypsum blocks 
was unnecessary and very little “waste” was produced. 

Fig. 6  Transportation systems: 
a remains of an antique stretcher 
(Borja, Zaragoza) and b cart 
filled with gypsum rock in 
(Lanaja, Huesca) in 1994 (photo 
courtesy E. Monesma Monge)

a b

Fig. 7  Traditional kilns: a 
abandoned circular kiln (type A, 
Bara, Huesca), and b rectan-
gular kiln (type B, Leciñena, 
Zaragoza); c and d schematics 
and photographic images of 
rectangular kilns (type B) used 
for experimental calcinations, 
showing the two stone laying 
variables using either large 
gypsum slabs as lintels (c) or 
successive courses of smaller 
gypsum blocks (d) to create the 
vault

c d

a b
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Larger blocks were generally placed closer to the fire, since 
they required higher temperatures to calcine completely, and 
had to withstand higher temperatures and greater weight.

Widely used rectangular kilns (commonly 3 m deep, 
2.5 m wide, and 2 m high, Fig. 7b–d) were often carved 
into the slope of a hillside and could accommodate loads 
of ~ 14  m3, equal to ~ 10 tons of gypsum. Gypsum blocks 
were arranged to form longitudinal walls, leaving space for 
vaults which served as combustion chambers. The rest of 
the blocks were mounted on top of these walls until the kiln 
was completely filled. Until a height of ~ 50 cm was reached, 
this process was done carefully in order to avoid damaging 
the vault. Afterwards, the loading of the kiln could proceed 
at a faster speed. Local visits revealed that two different 
approaches were used to build the mouth of the kiln, either 
using large gypsum slabs as lintels or successive courses of 
smaller gypsum blocks to create the vault (Fig. 7c and d). 
The use of large gypsum slabs normally required the intro-
duction of smaller gypsum fragments to separate the lintels 
and permit the venting of the smoke. Remarkably, all kilns 
in one municipality had always the same type of mouth. The 
choice, however, did not seem to have been influenced by 
any practical consideration.

During the 1940s and 1970s, family-owned gypsum 
manufacturers improved traditional kilns in order to stay 
competitive.8 Initially, changes mainly involved an increase 

in size and the use of more fire-resistant materials9 such 
as bricks and cement for the perimeter of circular or rec-
tangular kilns (Fig. 8a and b; Fig. S4 Type C, D, and E, 
Supplementary Material). During this period, it was not 
uncommon to find kilns of different designs being used in 
the same municipality. In some cases, a permanent com-
bustion chamber made of bricks was added, which allowed 
for faster loading of the kiln. Remarkably, the design of 
this type of kiln was very similar to that used for the firing 
of ceramics and has mainly been identified in municipali-
ties with a longstanding tradition of ceramic production 
(i.e., Tauste and Juslibol (Zaragoza), La Fresneda (Teruel), 
and San Esteban de Litera (Huesca)). A more evolved kiln 
has been located in Albelda (Huesca), denominated type 
F (Fig. 8c, Fig. S4, Supplementary Material). This kiln 
had of metal deposit above the combustion chamber and 
unloading was done using a cart, which could be positioned 
beneath the metal deposit. However, since the 1970s, cylin-
drical rotary kilns (type G, Fig. 7d; Fig. S4, Supplemen-
tary Material) were commonly used, which had the high-
est output and allowed combustion gases and ashes to be 
separated from the gypsum, this way obtaining a whiter 
product. Rotary kiln only permitted the use of gypsum rock 
pieces of up to 35 mm, which had to be sieved prior to 
loading.

Fig. 8  Abandoned historic 
kilns: a type C located in Tauste 
(Zaragoza), b type E located in 
San Esteban (Huesca), c type 
F located in Albelda (Huesca), 
and d operating cylindrical 
rotary kiln (type G) located in 
Cuarte de Huerva (Zaragoza)

a b

c d

8 Personal communication, J. M. Seira (Albelda (Huesca) 2017), J. 
Viudas (San Esteban de Litera (Huesca) 2017).

9 Personal communication, J. Calvo (Zuera (Zaragoza) 2018), J. Pola 
(Tauste (Zaragoza) 2019).
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A total of 134 calcination sites were visited in Aragon. In 
most cases, traditional rectangular kilns (type B) were used 
for gypsum calcination (75%), while circular kilns (type A) 
and more advanced rectangular kilns (type C) accounted for 
only 8 and 7%, respectively. Kiln types D, E, F, and G were 
observed in the remaining 10% of visited calcination sites.

Calcination process

The combustion material used for the calcination of gyp-
sum was selected based on availability in each region and 
sometimes changed over the centuries due to changes in the 
local vegetation, for example, in the case of the Monegros 
desert (Huesca/Zaragoza), which was densely populated by 
conifers until the end of the sixteenth century (Marco 2002). 
Generally, wood was scarce and reserved for construction 
purposes, while smaller branches were used for domestic 
heating and cooking. According to the testimony of local 

workers10 in the municipality of Navarete (Teruel), in the 
1940s, a week’s salary was required to buy the firewood 
for one kiln. Consequently, fast-growing shrubs, especially 
gorse, rosemary, and kernel, as well as agricultural residues 
(i.e., straw from cereals, corn, and almond shells), were 
used. Care was taken not to introduce soil into the combus-
tion chamber, which would have affected the combustion. 
The volume necessary for the calcination of gypsum in a 
rectangular kiln was 200–300 “fajos” (bundles) of scrubs 
(Fig. 9). Each bundle weighs ~ 15 kg, amounting to ~ 3750 kg 
of combustion material per calcination. According to expe-
rienced masons,11 the ratio of combustion material versus 
uncalcined gypsum was 1:3 by weight, independent of 
the type of combustion material. A continuous supply of 

Fig. 9  Traditional combustion 
material: a and b preparation of 
scrub bundles (“fajos”)

a b

Fig. 10  Experimental gypsum 
calcination in two traditional 
kilns performed in 2016 using 
scrubs (left kiln) or firewood 
(right kiln): a dense, whitish 
smoke due to water release is 
generated during the initial 
calcination phase; b and c kilns 
during advanced stages of cal-
cination, reaching a T of up to 
1100 °C; and d traditionaI kilns 
during the cooling phase

a b

c d

10 Personal communication, E. López and I. Lechón (Navarrete del 
Rio (Teruel) 2016).
11 Personal communication, A. Meda (Albarracín (Teruel) 2018).
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combustion material was required to maintain an adequate 
temperature until the calcination of gypsum was completed, 
which commonly took between 12 and 24 h12 (note that 
occasionally, calcination of up to 48 h is reported). Remark-
ably, some workers13 followed the moon phases in order 
to decide on the right timing for calcination, arguing that 
gypsum calcination was faster during waning moon due to 
benefical atmospheric conditions.

 Gypsum  (CaSO4·2H2O) suffers a weight loss of about 
15–20 wt% due to dehydration upon calcination, which 
results in the formation of bassanite  (CaSO4·0.5H2O) and 
anhydrite  (CaSO4) (i.e., gypsum + heat → bassanite + anhy-
drite + water↑). Experimental calcinations in two traditional 
kilns using either scrubs or firewood showed that water 
release continued during the first 3–4 h of calcination, 
resulting in an extremely dense whitish smoke (Fig. 10a), 
which made continuous feeding of the kiln with combus-
tion material very difficult for the workers. After ~ 6 h, the 
smoke becomes colorless (Fig. 10b and c), indicating that 
water was no longer released. At this point, workers could 
easily feed the kiln in a continuous manner. Datalogger 
measurements during our experimental calcinations revealed 
differences in the temperature evolution depending on the 
combustion material. Note that a minimum of 3 sensors was 
placed in the center of the kiln at different heights (Fig. S3, 
Supplementary Materials). During the initial phase, tem-
peratures ~ 150 °C were reached within the first hour in the 
scrub-fired kiln, while it took twice as long in the case of 
the wood-fired kiln to reach a similar temperature. However, 
after the initial phase, higher temperatures were reached 
using firewood (max. T ~ 1100 °C) compared to scrubs (max. 
T ~ 750 °C), which is not surprising considering the density 
of both combustion materials. Sanz Arauz (2009) recorded 
similar temperatures during traditional gypsum calcination 
in Albarracín (Teruel) and detected temperature variations 
between 200 and 1000 °C within the kiln.

The degree of calcination depends on the location of the 
gypsum blocks within the kiln, and it is virtually impos-
sible to obtain a completely homogeneous material upon 
traditional calcination. In order to determine the comple-
tion of the calcination, workers commonly took gypsum 
samples from the upper part of the kiln, which were at the 
greatest distance from the combustion chamber and, thus, 
exposed to the lowest T. The degree of calcination was 
verified using organoleptic assessment methods, including 
a visual inspection of the gypsum color and compactness, 
ease of its disintegration, and observations regarding the 
color and smell of the smoke released during calcination. 
Some workers used straw, which had to ignite spontaneously 

when in direct contact with the gypsum block to indicate a 
complete calcination. Once the calcination was completed, 
workers14 covered the upper part of the kiln with ash and 
the lower part with mud to ensure a gradual decrease in T. 
The cooling process commonly took between 2 and 3 days 
(Fig. 10d). According to experienced workers,15 faster cool-
ing was generally avoided because it led to extremely fast-
setting gypsum.

Changes in kiln size and design during the 1940s also 
affected the choice of combustion material. It became 
common practice in many municipalities to use low qual-
ity coal,16 especially in kilns of type C, D, and E (Fig. S4, 
Supplementary Material). About 10 cm thick layers of coal 
were alternated with 20–40 cm thick layers of gypsum and 
ignited at the base. In this way, firing of the entire kiln load 
could be done without the need for constant feeding with 
combustion material. Remarkably, modern rotary kilns were 
often operated using firewood until the turn of the last cen-
tury. Nowadays, gas is used for combustion, resulting in a 
reduction of labor costs related to feeding and removal of 
ash, and limiting contamination due to fumes. In modern 
rotary kilns, the temperature is closely monitored, result-
ing in an optimization of the calcination process by reduc-
ing time and temperature necessary to obtain a product of 
uniform quality. Commonly, T does not exceed ~ 180 °C in 
modern kilns, which has an important influence on the min-
eralogy of the final product. Bassanite is the main phase 
obtained during calcination in modern rotary kilns, whereas 
the traditional calcination process at much higher T pro-
duces a multiphase product because the heat is not homo-
geneously distributed in the kiln (i.e., β-bassanite is formed 
at a T = 100–180 °C, soluble γ-anhydrite (anhydrite III) at 
a T > 180 °C, and sparingly/unsoluble β-anhydrite (anhy-
drite II) at a T > 300/350 °C (Kuntze 2009; Newman 1941; 
Schmid et al. 2019). Experienced masons were aware of the 
influence of the calcination temperature on the final gypsum 
quality. However, Aragonese masons only rarely selected 
gypsum for particular applications based on its calcination 
temperature and rather mixed the calcined gypsum from dif-
ferent zones within the kiln to obtain a more or less homo-
geneous material.17 This is in contrast with findings based 
on the analyses of different historic gypsum mortars from 
other European countries (e.g., Italy, Poland, and Germany), 
which suggest the use of high-temperature gypsum (i.e., 
estrich gypsum) for particular application such as flooring, 
renders, and stucco decorations (Dariz and Schmid 2019; 

14 Personal communication, A. Millán (Albarracín (Teruel) 2016), J. 
Bello (Puebla de Hijar (Teruel) 2017).
15 Personal communication, J. Rodrigo (Burbaguena (Teruel) 2014).
16 Personal communication, E. Durany (Albelda (Huesca) 2017), R. 
Celma (La Fresneda (Teruel) 2019).
17 Personal communication, A. Meda (de Albarracín (Teruel) 2018).

12 Personal communication, E. Durany (Albelda (Huesca) 2017), I. 
Murillo (Perdiguera (Zaragoza) 2014).
13 Personal communication, A. Meda (Albarracín (Teruel) 2018).
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Kawiak 1991; Middendorf 2002). According to Freire et al. 
(2019), high-temperature gypsum was intentionally used 
in order to obtain a material with improved mechanical 
properties.

Preliminary results based on semiquantitative XRD 
analysis of the final product obtained during our experi-
mental calcination revealed that the mineralogical compo-
sition depended on the combustion material and the location 
within the kiln. Note that calcined gypsum blocks from the 
center of the kiln at different heights were selected for XRD 
analysis. Several blocks from each zone were homogenized 
to obtain representative samples (Fig. S3, Supplementary 
Material). Calcination using scrubs as combustion mate-
rial resulted in a multiphase product containing 70–95 wt% 
anhydrite II and 5–30 wt% bassanite (Fig. S5a, Supplemen-
tary Material). The use of firewood, in contrast, led to a 
material almost entirely composed of anhydrite II (Fig. S5b, 
Supplementary Material), which is consistent with higher 
temperatures measured in this kiln during calcination caus-
ing an almost complete dehydration of the gypsum. The 
determination of the crystallite size of the 020/200 Bragg 
peak of anhydrite provided additional information regard-
ing the firing temperature within the kilns, as the crystallite 
size is closely related to the sintering temperature (Waje 
et al. 2010). In the case of the scrub-fired kiln, the crys-
tallite size of the most intense anhydrite Bragg peak was 
almost constant (39–41 nm), suggesting that the average kiln 
temperature was fairly homogeneous. Consequently, small 
variations observed in the mineralogical composition among 
the samples from different zones were probably related to 
the size of the original gypsum blocks, as a higher degree 
of calcination is expected to be achieved in smaller blocks 
compared to larger blocks under identical conditions. In the 
wood-fired kiln, the crystallite size of the anhydrite 020/200 
Bragg peak was the largest close to the combustion chamber 
(71 nm) and slightly smaller (58–59 nm) in zones further 
away from the fire, indicating that higher temperatures were 
reached in the case of the former. Overall, these findings are 
in agreement with the measured kiln temperatures, revealing 
a higher maximum temperature in the wood-fired kiln lead-
ing to a higher degree of sintering.

In addition, the calcined gypsum contained small 
amounts of quartz and trace amounts of clay and calcite, 
which are common impurities due to the presence of 
accessory minerals (Karni and Karni 1995). According 
to Vegas et al. (2010), the accessory minerals are benefi-
cial because they might impart hydraulicity (i.e., calcite 
decomposes into CaO that can react with aluminosilicates 
and form hydraulic phases) to the product and improve 
strength and weathering resistance. Gypsum hydraulicity 
could be further enhanced if the gypsum is calcinated at 
very high T (i.e., 1365 °C; Newman 1941), resulting in 
the decomposition of gypsum into CaO and formation of 

hydraulic phases in the presence of clay minerals. Indeed, 
the presence of clay minerals might even reduce the 
decomposition T of gypsum to ~ 900 °C (La Spina and 
Grau Giménez 2020b).

Evidently, the calcination temperature also determines 
the mineral’s ability to rehydrate (i.e., the calcined product 
is mixed with water to form dihydrate). It is known that 
calcium sulfate calcined above ~ 200 °C becomes less reac-
tive and consequently hydrates slower (Seufert et al. 2009). 
Farnsworth (1925) stated that in some cases, it might 
actually take 6 years for hydration of anhydrite to occur 
and Sanz Arauz (2009) suggested that delayed hydration 
could actually result in an increase in mechanical strength 
over time. However, sequential gypsum formation upon 
hydration could theoretically also lead to a disruption of 
the previously formed gypsum matrix and consequently 
result in strength decrease. In order to evaluate the hydra-
tion behavior of the calcined gypsum, it was mixed with 
water (~ 0.4 water/solid ratio) immediately after cooling 
and applied in situ as a ~ 10 cm thick render. Remarkably, 
a high degree of hydration was achieved in the case of 
both gypsum renders, which, according to XRD analy-
sis, contained ~ 85 wt% gypsum and ~ 15 wt% anhydrite 
II, independent of the original mineralogical composition 
of the calcined gypsum (Fig. S5a and b, Supplementary 
Material). These results indicate that despite the relatively 
high temperatures during calcination, a large portion of the 
final product showed high rehydration capacity.

Processing of the calcined gypsum

Once the gypsum had cooled down, it had to be crushed 
and sieved. Traditionally, gypsum processing was done 
outdoors and the calcined product had to be protected from 
rain to avoid premature hydration. It was spread over a 
large flat surface and crushed manually using a simple 
wooden mallet or a specialized tool called “algadera” or 
“majadera” (Fig. 11a). If available, carts pulled by ani-
mals (Fig. 11b), stone rollers (often frustoconical), or mills 
(either special gypsum mills or mills used for olives or 
cereals) were used to facilitate grinding. The traditional 
grinding process resulted in a powder of heterogeneous 
granulometry. According to La Spina and Grau Giménez 
(2020a), part of the coarser fraction might not undergo 
hydration and can act as an aggregate. During the 1950s, 
mechanical crushers were introduced, which run on die-
sel and produced a much finer, homogeneous powder. 
According to the testimony of experienced workers,18 
manual grinding was extremely hard work and the gypsum 
had to be well calcined to facilitate the crushing. Often 
18 Personal communication, A. Meda (Albarracín (Teruel) 2016), J. 
M. Seira (Albelda (Huesca) 2017).
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calcination was prolonged to obtain “overburned” gyp-
sum, which was easier to crush. In the case of mechanical 
crushers, in contrast, the hardness of the calcined product 
is of lesser importance and gypsum calcination can be per-
formed at lower T and for shorter durations, consequently 
resulting in a reduction of production costs.

Traditionally, sieving was done considering the final 
purpose of the gypsum,19 finer powder being used 
for wall plastering and coarser fractions for f looring 
(Fig. 11c). According to A. Meda,20 a smooth plaster 
surface could not be achieved with the coarser fraction, 
but it was very suitable for flooring because a material 
with higher mechanical strength was obtained. Apart 
from sieves, workers used strainers and vibrating screens 
to separate the different fractions. Bagging and storage 
were not common before the 1950s. In many cases, the 
calcined gypsum remained in the kiln, which was cov-
ered with soil until construction work was under way. In 
some occasions, the calcined gypsum was “stored” in this 
manner for up to 3 years, because construction work was 
often performed by farmers and had to be adapted to their 
farming activities. Today, abandoned kilns containing 
uncalcined or even calcined gypsum can still be found 
in Aragon, giving testimony of the difficult economic 
situation of the gypsum industry in the rural areas of this 
region during the 1940s–1970s.

Gypsum was sold in “cahiz,” a Moorish measuring unit, 
which varied regionally (i.e., 1 cahiz equaled 690 kg in 
Madrid and ~ 90 kg in some areas of Aragon). However, 
smaller measuring units, such as the “bacias” (wooden tray), 
were used as well (Fig. 11d). Noteworthy, the latter was also 
used for kneading.

External factors influencing gypsum technology

Local visits revealed that regional construction tradition, 
gypsum demand, and the accessibility of the municipality 
were key factors in determining the evolution of gypsum 
technology. In mountainous areas with extensive use of 
stone as construction material, gypsum demand was low 
because its use was limited to the filling of joints, pavements, 
and indoor plastering. Consequently, in municipalities such 
as Bara, San Juan de Plan, and Villanova in the province of 
Huesca as well as in Pozuelo del Campo and Villalba Alta 
in the province of Teruel, small circular kilns (type A) were 
used, which were typically only fired once or twice a year. 
In the plateau or valley areas, in contrast, soil was tradition-
ally the preferred building material and stone was only used 
for specific building elements such as pillars, plinths, and 
decorations. Consequently, demand for gypsum was much 
higher, being used as mortars and renders for facades, floors, 
and various structural applications including load-bearing 
walls, pillars, ribs, vaults, and stairs.

Furthermore, some municipalities remained relatively 
isolated until the 1960s and 1970s as a result of limited 
accessibility (i.e., lack of access roads or remoteness of 
some municipalities). Consequently, traditional gypsum 

Fig. 11  Gypsum processing: a 
crushing of gypsum using the 
traditional “algadera” (Lanaja 
(Huesca) photo courtesy of E. 
Monesma Monge); b gypsum 
crushing using a cart (San 
Juan de Plan (Huesca) in 1981 
(photo courtesy of E. Monesma 
Monge)); c traditional sieving 
of gypsum, and d kneading 
of gypsum using a wooden 
“bacia,” which was also used as 
a measuring unit

a b

c d

19 Personal communication, J. Rodrigo (Burbaguena (Teruel) 2014), 
A. Millán (Albarracín (Teruel) 2016).
20 Personal communication, A. Meda (Albarracín (Teruel) 2016).



Archaeol Anthropol Sci          (2021) 13:177  

1 3

Page 15 of 17   177 

production in these municipalities kept basically unchanged. 
One of the most prominent cases in this respect is Albarracín 
(Teruel), where traditional gypsum is still being produced 
today and used as a render in local constructions and con-
servation interventions throughout Spain. This is in stark 
contrast to municipalities which supplied gypsum to other 
municipalities or even large cities. Local visits evidenced 
that San Esteban de Litera (Huesca) had been one of the 
most innovative municipalities in terms of gypsum tech-
nology (i.e., improvements in kiln design and testing of 
new combustion materials), bordering with Catalonia and 
supplying gypsum to large municipalities such as Monzón 
and Binefar (Huesca) or Balaguer (Lleida, Catalonia) dur-
ing the 1940s to 1970s. Other municipalities in the prov-
ince of Zaragoza that stood out for their innovations of the 
pre-industrialized gypsum production process were Zuera, 
Cuarte de Huerva, and Leciñena, which all supplied gypsum 
to a relatively large market as a result of their immediate 
vicinity to the city of Zaragoza.

Concluding remarks

The outcome of our study revealed that widespread use of 
gypsum for construction purposes (especially exterior and 
structural application) in Aragon can be directly related 
to the arrival of Islamic migrants, leading to a significant 
increase in the population towards the middle of the elev-
enth century and greatly furthering intercultural relations 
throughout the southern Mediterranean and the Near and 
Middle East, where the architectural use of gypsum had a 
longstanding tradition.

The first bibliographic reference regarding kiln types and 
specific tools for gypsum processing dates back to 1570. 
Bibliographic research and local visits evidenced that gyp-
sum technology underwent little changes, and identical kiln 
types and tools were still in use in Aragon until the second 
half of the twentieth century (i.e., documented in 70% of 
the visited municipalities). Considering the limited changes 
during this time, it seems very likely that the documented 
traditional kilns were not only in use since the sixteenth 
century but date back to the Islamic era, especially since 
almost identical traditional gypsum kilns are documented 
for the Middle East (Oudbashi and Shekofte 2008).

It can also be affirmed that until 1940, gypsum was almost 
exclusively produced in a traditional manner and only accel-
erated industrialization during the following decades led to 
a wider spread use of modern rotary kilns and automated 
processing techniques. Gypsum processing methods did 
not evolve in a homogeneous manner in Aragonese munici-
palities, key factors for the evolution of gypsum technology 
being accessibility and gypsum demand based on demogra-
phy and preferred construction systems.

The bibliographic review revealed that an abundant 
amount of information exists regarding traditional gypsum 
technology in Aragon. However, many documents are pub-
lished in local journals or web pages and have limited acces-
sibility. Furthermore, local visits and interviews with current 
and former workers, manufacturers, and quarry owners were 
essential in order to gain a complete understanding of tradi-
tional gypsum technology.

Commonly, gypsum was exploited in Aragon through sur-
face mining by manual extraction. Traditionally, gypsum was 
calcined at T ≤ 1100 °C, and subsequent grinding and sieving 
were performed manually. The obtained multiphase product 
had a heterogeneous granulometry and contained principally 
anhydrite, small portions of bassanite, and varying amounts of 
impurities including quartz, lime, and clay minerals. General 
agreement exists that the industrialization of the gypsum pro-
cess had a drastic effect on the final gypsum quality, resulting 
in a fine-grained, homogeneous product primarily containing 
bassanite, which is generally considered unsuitable for exterior 
applications. Based on the analysis of historic mortars, many 
researchers concluded that the heterogeneous granulometry 
and the high content in soluble and insoluble anhydrite (lead-
ing to delayed hydration or acting as an aggregate in the case of 
insoluble anhydrite) and impurities such as lime and clay min-
erals (enabling the formation of hydraulic phases) are respon-
sible for the superior weathering resistance and mechanical 
strength of traditional gypsum. However, so far, no systematic 
studies have been performed, which relate the mineralogical 
composition with textural features (porosity, crystal morphol-
ogy and degree of interlocking, grain size, and presence of 
unhydrated binder lumps) in order to prove the aforementioned 
hypothesis. To fill this gap, research is currently underway, 
which focuses on the influence of the firing temperature on 
the textural and mineralogical evolution of calcined natural 
gypsum and its hydration products, considering the formation 
of hydraulic phases. In addition, separate studies are presently 
performed using reagent grade bassanite and additives (lime 
and activated clay minerals) in order to obtain further insights 
into the influence of the formation of hydraulic phases on 
the final properties of the hydrated product. The combined 
research outcome will advance current knowledge on gypsum 
technology and allow the formulation of compatible gypsum-
based conservation mortars and plasters.
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tary material available at https:// doi. org/ 10. 1007/ s12520- 021- 01438-6.
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