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Introduction

Historically, gypsum is a construction material which has played a major role in both rural and urban g architecture
i the Spanish Levant, although its usc is currently limited to rendering or plastering interiors arand creating
decorative details. In addition, the entire manufacturing process of raw gypsum [or use in constructioron requires a
preat number of professionals, tools and technigues which have resulted, above all, in a highly characteteristic local
architecture where the material has many uses, both structural and decorative,

In the Middle Ages it was practically a homemade product. given that following extraction and hheating in a
lurnace or kiln it was crushed using large wooden mallets before finally being sifted. Although the maranufacturing
process has become more efficient over the centuries, the basic traditional form of heating survived:d for a long
time, and in rural areas the manufacturing process was practically the same as in medieval timeses up to the
mnid-twentieth century.

Ihe aim of this article is to succinetly examine the process of transformation of raw gypsum from extreraction to its
use in various specific arcas of the Spanish Levant. Special emphasis is laid on the geological leatapures of the
terrain which have encouraged the existence of deposits for extraction and on the traditional productition process
lor powdered gypsum from medieval times until the mid-twentieth century, concluding with v g detailed
cxplanation of its multiple applications in local construction.

In geographical terms the arcas of production are found in the Valencian Community and the Region n of Murcia,
specifieally Rincon de Ademuz and surrounding arcas of the cities of Valencia and Villena. The citieses of Murcia
and Campo de Cartagena, are places of particular interest in which several studies were carried out.

In addition, in chronological terms the modernisation of the production process due 1o the introgduction of
machinery, electric kilns, control systems, etc., and the Spanish Civil War (1936-40) with its gencraticional change
and the abandonment of rural arcas, are milestones in the gradual oblivion of both traditional gypsum n production
and local construction technigues—Ilence artisan produced gypsum was eclipsed by the developmaent of new
construction materials.

47




Gypsum in Spanish Levant: history of its production and use in local architecture

Historic deposits, quarries and extraction
Historic deposits and quarries

Gypsum (CaSO, 2H,0) is an evaporite rock formed through desiccation by evaporation of brackish waters and
salt lakes or inner seas with no exit to the ocean, with thin water layers and under the effect of a dry climate. In
general, this material resource is characterised by poor surface resistance, cleavage and solubility in warm water.

On the Spanish mainland there are numecrous deposits of great geological and mineral importance, found mainly
on the cast side of the country. These formations mostly correspond to the Keuper (Triassic), Oligocene or
Paleogene and Miocene (Tertiary) age. Gypsum from the Keuper and Miocene age are the most frequent, but
gypsum [rom the Keuper age is more compact due to the longevity and the pressure it has been subjected to.

In the Valencian Community the deposits of Segorbe (Castellon), Tuejar, Chiva, Cofrentes, Llosa de Rancs
(Valencia), Elda, Villena and Argot (Alicante), San Miguel de Salinas and Benejuzar (Alicante) should all be
noted for their quality and reserves[1]. However, historically, the most important mine for the city of Valencia
was “Nifierola™[2] in the town of Picassent, which already operated in Roman times.

In contrast, the distribution of the main deposits in the region of Murcia is varied but they are mainly found in the
Carrascoy mountains, near Aljezares and Torreagiiera; in the mountains of La Pila and La Garapacha in the north
of the province; in the east in Totana and Lorca in the Espufia and La Tercia mountains, and in the northeast of
the Algarrobo mountains in Campo de Cartagena. (Fig. 1)
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Figure 1. Location map of gypsum deposils in Spain (left) and in the Spanish Levant (right).Photo: La Spina.
Instituto Geoldgico y Minero de Espafia (IGME)
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ration of deposits

Middle Ages in Valencia there was full freedom to extract materials from quarries providing they were
I construction according to the privileges granted by King Jaime I in 1239 and included in the city
o or Fueros|3]. This was how raw gypsum was extracted, and production was generally intermitlent, as
were only opened when there was a need Lo execute specific construction projects.

\ ype ol operation was carried out mainly in rural contexts, co-existing for many centuries with industrial
tion. There are barcly any written records for many of the sites quarried in the Spanish Levant in historical
alions on mining or in the Estadistica Minera censuses from the Instituto Geologico y Minero de Espafia
I} I'his shows that the necessary licenses or permits were not requested since gypsum was extracted in a
Wwally self-sufficient manner for domestic use by the inhabitants of a region as nceded[4].

tonally, open quarries were the most common as they are less dangerous and more cost-cfficient and
ible than underground ones. The ‘quarriers’ worked the more superficial and shallow sites extracting the
w manually with the aid of simple tools, digging and removing rubble until they reached a seam (or ‘teton’
i known to Spanish gypsum producers) with the aid of picks, pickaxes, iron and wooden wedges, bars,
. vontainers, shovels, etc. The material was removed downwards creating terraces that were accessed using
methods, with the help of explosive charges (gunpowder) placed by ‘harreneros’ in charge of drilling and
I cylindrical perforations in the rock. These perforations were made with ‘harrenas’ (rounded iron bars
wimately 2.20 metres long and with straight edges at the ends), cleaned with a “hisopo’ (1.50 metres long
bar with one spoon-shaped end while the other was used to place a handful of esparto. After the detonation
lwiper fragments were broken up into smaller pieces using 4 or 5 kg iron mallets called ‘almainas’ (or
lenas”). Once the raw gypsum was extracted, cither from underground or in the open air, it was transported
Lt 1o installations where it was caleined and ground.

ling to the historical literature consulted[5] in the province of Valencia most of the production was surface
wm extraction, although there are exceptions, like Cerro de las Cuevas in Alfarp which was an underground
in 1928[6]. Similarly, most of the sites in the Region of Murcia were also open air, for example in Las
us (Campo de Cartagena, Murcia) or the quarry of Torreagiiera (Murcia). However, it is worth noting the
pround extraction of gypsum in Los Aljezares (Murcia) from large caves, like those in the region of Paris.
wding, to W. Bierhenke|[7], the first space in the cave was an enormous room with a 20 metres high vaulted
i and a circular opening through which the rock could be winched up from a winding tower with the ropes
huskets tied to the ends of the winch or ‘malacate’[8]. (Fig. 2) In addition, from this first cave other
cpendent caves, separated by walls with partial openings forming columns to support the ceiling, were
wned,
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Figure 2. Gypsum mine in Aljezares (Murcia) in the early twentieth century. Photo: Bierhenke, Murcia, (Note 7)
pp. 223-244,

Finally, the introduction into mining of large-scale machinery from the mid-twentieth century made it possible to
work in deeper mines and where possible, even to transform underground mines into open air quarries and enable
more earth to be transported.

Traditional production of powdered gypsum

Calcination or dehydration of the gvpsum

The calcination or dehydration of gypsum consists in the removal ol quarry water and the crystallisation within
the raw gypsum. Traditionally this was carricd out in rudimentary kilns, similar to those used to produce lime,
known as Arab Kilns, and lound mostly near quarries, but also near large-scale or costly construction sites as it
was possible to control the calcined material and prevent adulteration with earth or ash.

Kilns were generally simple cylindrical dry stone wall constructions of variable height, accessed via an opening
at the front and built on sloping ground to facilitate loading and unloading from above, as in the case of those
found in Rincon de Ademur[9] (Valencia) (Fig. 3), in La Garapacha (Murcia) or in Rambla de Torreaglicra
(Murcia) Inside, large picces of gypsum were used to create a false dome to form a hearth with an opening at the
front to fuel the kiln, and on which picces of raw gypsum were placed in descending order, simultancously
building a wall over the top apening of the kiln, finally filling all the gaps with remains and excess powder. The
kiln was fuelled with logs, shrubs and branches, chosen to provide the best flame, although near La Union and
Cartagena “carbonilla’ (coal residue) or coal was also used. The kiln had to be rendered inside and out with clay
to prevent heat cscaping from between the joins in the wall. In cases where there was a shortage of wood, kilns
were built in a truncated conical shape[10] as in the case of those in Villena. (Fig. 4)
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wure . Photograph of a gvpsum kiln in Villena (Alicante), 2010, Photo:
v owwwovillenacuentame.com/2010/07/los-hornos-de-veso-del-cabezo-de-las. html

Al calcination process consisted in first heating the rocks slightly to climinate humidity and water not resulting
i crystallisation, and subsequently incrcasing the temperature to complete dehydration. Calcination time,
which oscillated between six and thirty-six hours, was a highly variable factor given that it depended on
slmospheric conditions, the quality of the rock and the fuel used. Once the calcination  was completed, whitish
frks appeared on the upper part of the kiln, and these were covered in fragments of fine gypsum waste 1o
Juevent the escape of fumes and to redirect the draught. This operation was repeated several times and when
wverything went white the kiln was no longer fuelled] 11]. Subsequently, the batch was once again covered with a
luyer of powder from the same gypsum in order to concentrate heat, ensuring slow and gradual cooling.
Jvmperatures reached in this type of kiln were highly variable, with intervals ranging between 100°C and
1.000"C" depending on location in the kiln. Conscquently, heating with this method was always irregular since
normally the raw gypsum above cooked poorly and the raw gypsum below heated too much, resulting in
iultiphase gypsum|[12].

I short, the correct dehydration of gypsum depended above all on the expericnce of the gypsum producer who
hid 1o assess when the process had been completed, but also on the calcination time and atmospheric conditions,

51




Gypsum in Spanish Levant: history of its production and use in local architecture

on the shape of the kiln, on the temperature reached and the type of raw gypsum[13], all of which are
determining factors in the subsequent quality of the gypsum.

Equally, other types evolved from the simple kiln described, such as those built in Aljezares (Murcia)[ 14| until
the mid-twentieth century. These were typically cylindrical double kilns, side by side, and as they were larger
they had buttresses in the centre and on the corners as well as thicker walls made of masonry and ‘/dguena’
earth[15] which were rendered outside and tended to be protected with a roof.

In contrast, in Las Yeseras in Campo de Cartagena (Murcia) it would not be appropriate (o only refer to them as
kilns. These constructions consisted of a space for grinding and storage. Circular kilns partially embedded in the
ground were placed at onc end, in the centre a pillar to which the animal who pulled the roller was tied up, and on
the opposile end lwo storage spots, one with a door halfway up the wall to sift the powdered gypsum and the
other to store all sorts of gypsum| 16].

Finally, similar installations mainly featuring several kilns or different constructions relating to the production of
gypsum (mill, store, stacking and loading area) were also frequent in Villena (Alicante)[17].

Grinding, selection and transport

Once the kiln cooled completely, after approximately ten days, the most frequent action was to grind the calcined
gypsum. The oldest method was simply breaking apart the raw gypsum using mallets and sticks, but when there
were spaces beside mountain slopes near the kiln animal power was used. The soil was cleaned, prepared and
hardened and the raw gypsum was spread once the larger rocks had been broken using mallets and sticks, finally
grinding the gypsum in circles with a truncated-cone roller or a cylindrical bolus with a rough stone surface
drawn by animals. In these spaces in La Garapacha and Torreagiiera (Murcia), there was also a 1.10 metres high
post in the centre to tie the animal and force it to go around in a circle[18]. (Fig. 5) However, from the
mid-twentieth century these grinding spaces were gradually replaced with chain-driven crushers.

Figure 5. Diagram of a kiln and surrounding space in La Garapacha. Photo: Bierhenke, Murcia, (Note 7) pp.
223-244

Once the grinding concluded, the gypsum was removed from the grinding space and sifted, while any gypsum
that remained was ground again in the grinding space| 19]. Although sometimes it was not sifted, as was the case
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‘0 (Murcia), but used immediately afier grinding to make mortar and sifled only when the gypsum
f be used to render walls. In a final phase the product that was ground and prepared for
Jisation was loaded in baskets onto animal-drawn carts and distributed.

ling was not carried out near kilns the dehydrated rock was transported to the construction site, as
Auring the construction of the Temple in Valencia in 1763 where it was nccessary Lo set up a temporary
i mill operated by a horse[20], or to more specific establishments known as *“gypsum factories’. The
{lie most requent in the city of Valencia and there are records of the existence in 1510 of an industry
wii production in the “algepseria” in the square by the cathedral[21]. Equally, in later centuries,
Iy in the cighteenth century, according (o Ramo de Providencias sobre el Abasto de yeso in the city and
irts there were still gypsum mills, which were mostly simple wheels powered by animals. This was also
i1 lafer times, as can be seen from the nincteenth century files of the Policia Urbana, and machines were
hlwulul (0 obtain a more finely milled gypsum|[22]. This continued until 1881 when gypsum factories were
within a 150 metre distance from any dwelling, probably due to the constant inconveniences caused by
e ol activity in the city.

vl supply of gypsum in the city of Valencia

{ueval Valencia, the gypsum market was smaller than the lime market, and more local, which meant that
W repions with an abundance of the material was there a gypsum market with a relatively wide scope of
phical influence[23]. However, the most striking information, without a doubt, is the presence of
sweres’ (women gypsum producers). There were even times at which they had the monopoly over the supply
¢ public works as was the case of Isabel de Cordoba, ‘castellana algepgera’, who was almost exclusively
e of supplying for building work on the cathedral in 1438-39. Other ‘algepgeres’ from the city included
i, another woman called Isabel ‘algepcera’ (probably castellana) and na Fariza, who was the wife of
[ 1n Castellana’s sole competitor for the work in the cathedral. In addition, just like na Fariza, Caterina was a
w and it was not unusual for widows to continue with their husbands' businesses after they passed away.
ver, these women were not the only suppliers for the numerous works being carried out in the city:
wiments in the archives show that there were also men, although little is known about them except their names
the amount of material they supplied.

of gypsum in local architecture

widespread use of gypsum as a construction material with numerous uses in the Spanish Levant is
feniable, as attested to by the surviving historic and traditional buildings. This material has been used to render
Wil sorts of interior surfaces, including floors, as well as fagades. It has been used to construct interior partitions,
Juillt-in furniture and architectural elements such as doorways, windows, stairs, vault ribs[24] or fireplaces, and to
yuecule structural construction elements such as floors, ceilings, vaults, pillars, rammed earth walls, ete.[25][26]

1l professionals who took part in its execution varied considerably depending on the purpose of the gypsum:
Aecorative, structural, for furniture, cte. and the location of the constructions, both urban and rural. This means
(e different construction techniques could be carried out by master builders, bricklayers and labourers, by simple
local builders or even by the future owners of the buildings.
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Renderings

Most of the constructions cxecuted have been rendered on the interior with gypsum or a mix of gypsum and san
in order to maintain inhabited spaccs clean. Although at present this is the only type of rendering which is still
used in current architecture, historically it was also used to render the exterior of buildings. Evidence of this i
found in the renderings of the facades of the historic centre of the city of Valencia from the eighteenth until 1
mid-twentieth century[27] (Fig. 6), as well as in many other Spanish cities and towns (Cuenca, Ademuz, etc.).

Figure 6. Image of a historic facade in Valencia rendered in traditional gvpsum, 2015. Photo: La Spina

In these cases, the bricklayers were in charge of pouring the gypsum mix (gypsum and water or gypsum, water
and some aggregate) with pointing, rectangular or square trowels. The mix was previously prepared by the *pedn
de mano’ (hand labourer) in a trough (even without using any tools except his hands) and was immediately
passed on to the bricklayer, who picked it up with a hawk or his hands. Afier the mixing the labourers had to
clean the trough thoroughly with a seraper to eliminate all remains of dry gypsum if they wished 1o use it again.
Equally, once the mix was spread a ‘pedn lavador’ (washing labourer) had 1o use wet rags to level out and
smooth over any irregularities left by the rectangular trowel, running the rag up and down the entire wall to
obtain a perfectly smooth and pore free surface.

In contrast, in rural arcas the techniques were even simpler and at times more rudimentary so that gypsum mixes
were applied and spread simply by hand in secondary buildings (stables, tool sheds, ete.). Other smoother and
finer options were the renderings with trowels or with the help of guides in order to achieve a surface without
marks.

Built-in furniture and indoor partitions

In the “barracas’, typical traditional constructions in Valencian and Mureian orchards, as well as in the small
rural houses of inland Spanish Levant, such as Rincén de Ademuz, it was not uncommon to find ‘alacenas’,
built-in cupboards for the storage of different objects. These were usually built taking advantage of the corners of
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using reeds or flat stones placed against each other and finally polished with gypsum to form a smooth
mcorporated into the wall. Similar techniques were also used to make all sorts of interior partitions or

i osuch as “trojes’. spaces defined by low walls used to store fruit and cspecially cercal (Fig. 7)

ailes, solid ledges; built-in shelves for plates, glasses and other utensils, buili-in benches and [ireplaces or
weybireasts above the hearth.

wre 7 Photo of a ‘troje’ in a dwelling in Sesga (Rincon de Ademuz, Valencia), 2015. Photo: La Spina

oors, ceilings and roofs

wally, the traditional floors and ceilings of most of the Spanish Levant are built using wooden joists filled in
il pypsum, well-poured on wooden formwork that can be restored, or on vaults made of ceramic brick and
ypsum. This type of floor and ceilings, originally dating back to the sixteenth century, is characteristically used
1 save wood and make the best possible use of gypsum as a building material. In addition. when economic
Jesources were scant, more often in rural areas, the gypsum on top became the loor of the house. For its use in
wonstruction the gypsum with a higher anhydrite content]28] was mixed with very little water in order to obtain

.to Jiigh resistance gypsum, and oils such as linseed or olive oil were applied for greater waterproofing, an operation
"li which was repeated periodically[29]. (Fig. 8)
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Figre 8. Ceiling with wooden beams filled in with gypsum in a dwelling in Sesga (Rincon de Ademuz, Valencia),
1S, Photo: La Spina
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Pillars, walls and rammed earth walls

In the region of Rincon de Ademuz, traditional constructions characteristically have mass semi-formwork or
formwaork pillars which spring from bases or perimeter stonework loadbearing walls and which can withstand the
load of up to four floors[30]. (Fig. 9)

Generally, pillars were built using vertical guidelines (4 or 6 cm sirips of wood) which were placed between the
corners ol the {uture pillar to make these perfectly straight and vertical, stonework was subscquently added and
secured with gypsum mortar, followed by gypsum rendering. Equally, in Murcia walls ol houses were oflen
stonework grouted with gypsum which was not even sifted, and was also rendered in the same material[31].

Figure 9. Gypsum pillars in a traditional construction from Rincén de Ademuz (Valencia), 2015, Photo: Vegas &
Mileto

Finally, gypsum was also used in the construction of rammed earth walls. In most cases the gypsum was placed
on the sides and corners of the moulds, adopting characteristic undulating shapes called ‘brencas’ (Fig. 10}
visible on the facades. With the use of gypsum the carth could be tamped, preventing shrinkage, improving the
joints, reinforcing the weaker points and preventing cracks during drying[32].

Figure (). Rammed earth wall with gypsum “brencas’ in Rinedn de Ademuz (Valencia), 2015. Photo: Vegas &
Mileto
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{ e great importance of gypsum in construction in the Spanish Levant is the result of two factors
11 1s partly due to the existence of deposits on the one hand, and on the other to the characteristics of
Jon process and its use in construction. The most notable characteristics are ease of extraction and
vuin the sofiness of raw gypsum; low fuel consumption as it only needs relatively short caleining time
{emperatures; immediate use following grinding as it requires no additional transformation; simple
ol mixes as it is enough to add water, and the possibility of working with hands or rapid application
W quickly, despite needing a greater number of building professionals working at the same time.

ol the caleination process there are slight geographical variations when heating the raw gypsum. The
W 1 the same, the only changes are in the size or shape of the kilns. In connection with this it is worth
Wl tendency to unify all the phases of the building process in a single construction: calcination, grinding,
uiil storage, frequent in the area of Villena and Murcia, while in the city of Valencia the norm was to
Jeur the construction site or in the city, that is to say, near where the construction was to be executed. It is
¢uling 1o note that women gypsum producers in mediacval times continued the trade of their deceased
piven that it was not necessary to have extensive knowledge in order to grind the gypsum.

s, it can be concluded that there are many determining factors in the abundant and varied use of gypsum
| architecture. This unique characteristic becomes a trademark in itsclf, as well as a differentiating factor
y linked to the material resources available in the surroundings.
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