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Preparing the foundation for stable gilding:
the origins of materials and practices — a review

Das fundacgoes para um douramento estavel:
as origens dos materiais e praticas — uma revisao

Abstract

This paper is the fifth of a series and focuses on tracing the history of the use of gypsum based
products as well as of the use of ground layers, centred on a review of published analytical evi-
dence. The purpose is to contribute for the understanding of these long traditions which led
to the choice of specific materials and practices used for producing gilding grounds in south-
ern Europe. In fact, several practices and the raw material gypsum used in gilded surfaces do
have an extremely long tradition, which can be traced back to the Pre-Pottery Neolithic B. The
systematic use of these materials, especially the use of ground layers for decoration and other
purposes, suggests not only an intention but also, somehow, the notion of a complex concept,
the concept of a composite material, even at these very early periods, from which gilding ori-
gins. In addition, the particular case of Portugal shows that aspects such as religious, political,
and sociocultural influences played a central role in the choice of gypsum as the raw material,
which was curiously used exclusively for gilding.

Resumo

Este artigo, o quinto de uma série, explora a histéria da utilizacao do gesso e de camadas de
preparag¢io, baseado numa revisio de literatura com evidéncia analitica. O objectivo é contri-
buir para a compreensao destas longas tradi¢des que estao na génese da escolha de materiais e
de praticas especificas utilizadas para produzir camadas de preparagio de douramento no sul
da Europa. De facto, a utilizacao do gesso como matéria-prima bem como de certas praticas,
associadas a produgdo de superficies douradas, tem uma tradigao extremamente longa iden-
tificando-se jd no Neolitico Pré-cerdmico B. O uso sistematico desses materiais, especialmente
na produc¢io de camadas de preparagio, para decoragio ou outros propésitos, indiciam n3o s6
uma inten¢ao mas também, de alguma forma, a no¢ao de um conceito complexo, o conceito de
material compdsito, mesmo nestes periodos tao remotos. Por outro lado, o caso particular de
Portugal revela que razdes religiosas, politicas, assim como influéncias socioculturais, desem-
penharam um papel central na escolha do gesso como matéria-prima, curiosamente utilizado
em exclusivo no douramento.
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Introduction

This paperis part of a set of papers arising from a research pro-
ject focused on ground layers on Portuguese wooden gilded
altarpieces and sculptures of the Pre-Baroque and Baroque
periods. In alignment with other southern European coun-
tries, gilded and polychrome sculptures and altarpieces played
a central role in the religious life of Portuguese society,since
the foundation of the kingdom (12th century) up to mid-19th
century, when religion shaped and infused all social, politi-
cal, and cultural aspects. These southern European gilding
grounds, gesso grounds, are commonly made of gypsum based
materials (as aggregates) mixed with size glue (as binder) and
typified by a double-layered structure. These materials and
practices used to produce them were clearly aimed at obtain-
ing long lasting and high quality gilded surfaces due to the
importance of these religious objects [1-4].

Although gypsum has been used as a raw material for
producing inert fillers for gilding grounds, it had and still
has a different main use —a plaster material.

As part of the research it was considered essential to
study the historical use of gypsum plasters, and the use of
ground layers, in order to contribute to the understanding
of the origins, evolution and technological choices adopted
by this particular gilding technique.

Brief description of gilding gesso grounds

There is evidence that at least from the 13th to the 18th cen-
tury, the gesso gilding grounds covering wooden carved
objects in Portugal (as well as Spain and Italy) consisted
of a double-layered structure, made of coarse gesso grosso
covered with fine gesso mate, underneath a bole layer, each
mixed with size glue [5]. The gesso grosso is mainly composed
of synthetic anhydrite (CaSO,), obtained by burning natural
gypsum rock at high temperatures. The burning turns the
rock into a soft and inert material which is then ground to
a coarse powder containing a range of particle sizes (c. 5 to
250 pm). The gesso mate is mainly composed of synthetic gyp-
sum (CaSO,2H,0), obtained by slaking the gesso grosso for
several days in excess water, which produces an extremely
soft material composed of very fine particles (c. 5 to 50 pm)
with a lamellar/tabular-like shape.

This double-layered ground is then covered with a bole
layer (a fine coloured clay). The whole forms a composite sys-
tem with gradually finer and smoother particles, which pro-
vides an extremely smooth surface onto which the gold leaf
is applied and burnished to produce a shiny gilded surface
simulating solid gold [1-2].

Brief description of lime and gypsum pre-industrial
plaster technologies

Although the focus here will be given to gypsum, both gyp-
sum and lime plasters will be discussed because in terms of
materials, production processes, and application practices
they seem to have clear historical relationships. The use of

these plasters has been known since the Epi-Paleolithic
(c. 12,000 BC) and is considered a very important step in
human technological development as they are apparently
the first two products manufactured by man by harnessing
the effects of heat. These plaster powders, when mixed with
water, set and harden into a chemical similar state to that of
the initial rock — although with a considerably lower density
and with differences in the microstructure. These properties
have meant that they have been used extensively throughout
the human history [6-7].

Both gypsum and limestone rocks are very commonly
occurring minerals in the Earth’s crust. Limestones embrace
a great variety of rocks composed mostly of the mineral cal-
cite (CaCO;). Lime plaster technology involves the burning of
limestones at high temperatures, around 900°C. This temper-
ature initiates the decomposition of calcite to form calcium
oxide (Ca0), also known as quick-lime, and the release of car-
bon dioxide (CO,). This quick-lime is then slaked in excess
water over a long period (initially inducing a very strong exo-
thermic reaction) eventually becoming calcium hydroxide
(Ca(OH),), known as slaked lime or lime plaster paste. The
slaked lime paste is drained of excess water and mixed with
aggregates (usually sand) then applied to a substrate (such
as a wall). It sets and hardens by slowly reacting with atmos-
pheric carbon dioxide (CO,), becoming calcite again (CaCOs,),
a hard and lasting material known as lime plaster.

Gypsum rock is composed mostly of the mineral gypsum
(calcium sulphate dihydrate, CaSO,-2H,0). Calcium sul-
phate based minerals can vary in its water content, form-
ing the different phases of the calcium sulphate-water sys-
tem (see below).

Gypsum plaster technology is dependent on two charac-
teristics of calcium sulphate: dehydration and hydration [8].
It consists of burning the gypsum rock (though at consider-
ably lower temperatures than those required to burn lime-
stone) which results in a burnt rock composed of different
hydrated phases of calcium sulphate. This burnt rock is then
ground to a powder, commonly known as gypsum plaster
powder (although containing minimal amounts of gypsum).
This gypsum plaster powder is simply mixed with water
forming a paste; finally, the hydration leads to the fairly rapid
setting and hardening. The final hardened material is gyp-
sum (CaSO,-2H,0) or gypsum with anhydrite (CaSO,-2H,0
and CaS0,), commonly known as gypsum plaster.

Dehydration and hydration processes of gypsum

The dehydration process is as follows: when exposed to
continuous heating, gypsum rock (CaSO,-2H,0) begins
to dehydrate losing three-quarters of its water content at
around 90°C (between c. 90 and 250°C), and gradually trans-
forms into the hemihydrate phase (CaSO,-0.5H,0). The sec-
ond phase of dehydration starts at around 200°C, when
the hemihydrate gradually transforms into anhydrite III,
also known as soluble anhydrite (CaSO,), which process is
complete at around 250°C. By the time this temperature is
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reached, the transformation into anhydrite II, or insolu-
ble anhydrite (CaSO,), has already started (this happens
between c.250 and 1180°C). Then, above 1180°C, the anhy-
drite II starts to change into anhydrite I (CaSO,) and finally,
at around 1385°C, this dissociates into calcium oxide (CaO)
and sulfur trioxide (SO,) [8-11].

The two main phases of the calcium sulphate-water sys-
tem are gypsum and anhydrite II (the latter will be referred
here as anhydrite), which are stable phases, either existing
as natural minerals or synthesized from the natural miner-
als. Conversely, the hemihydrate (which also exists as a natu-
ral mineral, bassanite) and soluble anhydrite are considered
metastable and can easily (particularly the soluble anhydrite
which is extremely avid for water), change to the other more
stable phases in the presence of humidity or heat [8, 10, 12].

The other fundamental characteristic of gypsum, that
makes it such an important material, is the ability of the
gypsum plaster powder to set and harden when mixed with
water and hydrated. Exactly how the hydration and setting
happens is still the subject of scientific debate. The most
widely accepted theory is the theory of crystallization first pro-
posed by Le Chatelier in 1887. It suggests that the gypsum
plaster powders (hemihydrates, anhydrites or a mixture)
when mixed with a certain amount of water, in which they
dissolve, form a supersaturated solution. From that super-
saturated solution nuclei begin to precipitate and this is fol-
lowed by crystal growth. The setting and hardening happens
in a particular way as the new gypsum crystals develop with
aneedle like shape, and these intergrow, interlock and inter-
act to produce a solid material with considerable mechanical
strength [6, 8, 10, 13-16].

Problems in studying the historical use of gypsum

Lack of previous research

The study of the historical use of gypsum is not a simple task
due to the scarcity and imprecision of archaeological and
conservation studies.

As mentioned above, both gypsum and lime plasters are
probably the two first man-made products. However, as
Kingery and his colleagues state, “lime technology is a good
deal more complicated [than gypsum technology] “in terms
of burning temperature as well as in the number and diffi-
culty of steps necessary to obtain the plaster paste [6, p. 221].
Because it presents a greater challenge in terms of technical
achievement, lime plaster has been given much more atten-
tion than gypsum plaster.

In addition, gypsum plaster has a higher degree of dete-
rioration than lime plaster — due to its greater solubility - so
evidence of its use is scarce.

Terminological imprecision
In archaeological and conservation literature there is fre-
quent imprecision in the use of the terminology related to

gypsum technology such as the loose use of the terms plaster
and gypsum.

The term plaster is used very frequently in a broad sense,
to refer to both gypsum plaster and lime plaster without dif-
ferentiation [e.g. 17-19]. This is despite the fact that they are
distinct materials including raw materials, production pro-
cesses, application practices, and behaviour. But because
they also present significant similarities such as the visual
appearance, the need for calcination, mixing with water, and
their eventual use, this has probably contributed towards
this confusion. Furthermore, both materials are commonly
used together in order to enhance their individual character-
istics. Thus, some lime plasters contain a variable amount of
gypsum plaster powder which may have been added in order
to accelerate the set, to increase the compressive strength
and to reduce shrinkage of lime plaster. The opposite is also
found, as frequently a variable amount of lime was added
to gypsum plaster pastes to increase the workability of the
pastes (the small, even sized and plate-like slaked lime parti-
cles enhance this effect), to increase the strength of the gyp-
sum plaster and to increase its resistance to water [12, 20-23].

The term gypsum is often used to refer to several differ-
ent products, including the natural gypsum rock (a mixture
of several minerals but rich in calcium sulphate dihydrate
mineral), the gypsum plaster powder (which can be hemi-
hydrate, soluble anhydrite, anhydrite or a mixture of these
phases), the gypsum plaster paste (gypsum plaster powder
mixed with water) and the hardened gypsum plaster (which
can be synthetic gypsum or synthetic gypsum with the
inclusion of synthetic anhydrous particles). This contributes
to the difficulty in studying gypsum technology in all its
varieties. Moreover, since the mid-19th century, the indus-
trial transformation of gypsum has been dominated by the
production of the hemihydrate phase (also known as plas-
ter of Paris). This is probably why in several published stud-
ies it has been assumed that the traditional production of
gypsum plaster powders resulted in and aimed at obtaining
the hemihydrate phase, and thus several authors refer to his-
torical gypsum plaster powder as plaster of Paris [e.g. 18, 22,
24-26]. But, in fact, the major part of the final product result-
ing from calcination of gypsum rock in traditional kilns
(where is impossible to control all the factors that influence
the burning process) is anhydrite with small amounts of the
other phases. The dehydration mechanism does not require
very high temperatures. However, it is extremely difficult to
control the process in order to obtain pure phases. Only after
the industrialisation of the process has this been possible,
facilitating bulk production of hemihydrates. The results of
traditional calcination can vary considerably because they
are dependent on several different conditions including the
variety of natural gypsum, the presence of impurities, the
size of the burnt lumps or stones, the length of calcination,
the distance from the source of heat, and the atmospheric
pressure. The main reason for the burning process being so
affected by these different conditions is because gypsum is a
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poor conductor of heat. This characteristic is due to the pres-
ence of water in its composition which, during the burning
process, evaporates and reduces the temperature [8, 10, 12].

The end product, despite being composed of different
phases (and usually with minimum amounts of true gyp-
sum), is commonly called gypsum plaster powder. This
explains why much of the analysis undertaken on histori-
cal gypsum plasters reveals the presence not only of gypsum
but also of anhydrite crystals — because part of the anhydrite
did not hydrate to gypsum during the preparation of the
plaster paste (i.e. when mixed with water) [e.g. 17].

Experimental work supports this analytical evidence
as burning of gypsum rock in replicas of historical kilns
(Figure 1) produced a final product composed of around 75%
or more of anhydrite (some lumps were composed of 100%),
20% hemihydrate and 5% of gypsum [10, 12, 27-28]. The exist-
ence of gypsum is due to its failure to dehydrate during the
calcining process. This is what usually happens to the cen-
tral parts of larger lumps of gypsum rock which do not reach
a high enough temperature.

It is important to emphasise that the use of multiphase
gypsum plaster powders (or overburnt gypsum plasters)
has three very important advantages over the use of gyp-
sum plaster powder composed exclusively of hemihydrate.
This is because the burning process influences the reactivity
to water of the resulting gypsum plaster powder — burning
at temperatures ranging from 9o to 250°C produces mate-
rials with increasing reactivity to water (hemihydrates and
soluble anhydrite which set in about 15 minutes); above that
250°C up to 900°C the resultant products have a decreas-
ing reactivity to water (which, depending on the tempera-
ture of calcination, can take up to seven days to set) [8, 10].
Therefore, after mixing with water, the overburnt gypsum
paste has a slow enough setting time to allow for the longer
working time necessary, for example, for the plastering of a
considerable extent of walls and ceilings, but, at the same
time, it sets rapidly enough to produce a good final result.
The second advantage is that it is very suitable for architec-
tural work because it sets gradually, producing a plaster with
better organized crystals thus with a low risk of cracking [8,
29]. Third, overburnt gypsum plasters are denser and conse-
quently stronger as they are prepared with smaller amounts
of water and are therefore less porous [8, 15].

Attaining gypsum plasters which are composed of a con-
siderable amount of anhydrite (see below) indicates that
the gypsum was, in fact, burnt at higher temperatures than
the normally cited 180-200°C. Possible explanations are the
lack of temperature control in the kilns, allied to the poor
heat conductivity of gypsum, or alternatively, based on their
experience, the producers were intending to obtain gypsum
plaster powder that would produce a better plaster for their
purposes. A further hypothesis is that through long experi-
ence they knew how to separate the burnt material into dif-
ferent products which would be used for different purposes,
as indicated in some historical documents [e.g. 30-32].

Historical use of gypsum plasters
and related practices - review of analytical
and documentary evidence

Analytical evidence

Archaeological studies in the Near East have identified the
earliest evidence of the use of plaster (lime) during the Epi-
Paleolithic (c. 12,000 BC), in the Sinai Peninsula, at the site
of Lagama North VIII. Though the first evidence we have of
the use of plaster is of lime plaster this does not mean that
gypsum plaster was not used before, or alongside it. It is pos-
sible that evidence of an early or contemporary use of gyp-
sum plaster has not survived, due to its greater solubility, or
simply has not yet been discovered. Earlier use of gypsum
plaster is frequently suggested because of the ready availa-
bility of raw gypsum rock, allied to the less demanding pro-
duction processes when compared to lime plaster. However,
it seems that the use of lime and gypsum plasters was not
widespread until the Pre-Pottery Neolithic B (c. 7,000 BC),
during which plaster production and use have been identi-
fied consistently in several areas of the Near East. During
the Neolithic period, plaster pastes were used for architec-
tural purposes and for utilitarian as well as ritual and deco-
rative items [6, 17, 33-36].

In addition to the widespread use of plaster technology
during the Pre-Pottery Neolithic B, it is interesting to note
a clearly separate spatial distribution, with gypsum plas-
ter being identified in the drainage area of the Tigris and
Euphrates, and further East, while lime plaster is found in
the Levant and Anatolia. It is suggested that the reasons for
this differentiation are related to the availability of the raw
materials — fuel, calcite, and gypsum —, but also to social and
economic aspects [6-7, 17-18, 33-36].

The following is a summary of the analytical evidence for
the use of gypsum plaster as a ground layer as reported by
different authors.

In the Pre-Pottery Neolithic B, at various sites in the Near
East, gypsum plaster is reported to have been used as a
ground layer for floors, walls, on pottery vessels, tablets as
support for writing, and on a figurine [6, 17, 33, 37]. It was
used extensively in Egypt [17, 38-41].

Figure 1. Replica of a gypsum kiln according to Turriano’s information [28].

CONSERVAR PATRIMONIO 32 (2019)

31



Preparing the foundation for stable gilding: the origins of materials and practices — a review

During the Roman Period, gypsum plaster was definitely
known and used [e.g. 42-43]. Though the Romans had a
stronger tradition of using lime plaster, it is believed that the
Roman Empire contributed to the spread of gypsum plaster
technology throughout Europe.

In the actual territory of Spain, there is evidence of the
use of gypsum plaster as a ground layer prior to the Roman
Period, at least since Early Iron Age [44-46]. Its traditional
use seems to have been consolidated from the Roman influ-
ence but also, and chiefly, from the Islamic influence which
spread through North Africa [44, 47-50]. Islamic cultures had
a long tradition of using gypsum plaster [eg. 51] and they
occupied the southern area of the Iberian Peninsula from the
beginning of the 8" century until the end of the 15th century.

Regular examples are found on samples dating from the
Medieval period up to the 19th century in Europe [12, 22-23,
44-45, 48, 50, 52-65].

The choice of overburnt gypsum

Several samples of these gypsum plasters, when analysed in
detail, were revealed to have been overcalcined [12, 17, 22-23,
28, 38-39, 41, 47, 52, 55-56, 58-63, 65-67].

Among these frequent examples of historical gypsum
plasters, there are some surprising ones found in Germany
and Italy (overburnt gypsum with small amounts of lime)
which were applied onto exterior walls but are still in very
good condition [23, 56, 57, 61-62]. This is surprising because,
due to its solubility (around 2 g per litre), gypsum is com-
monly considered unsuitable for use on external surfaces
except in very dry countries [e.g. 6, 18, 21].

These particular exterior gypsum plasters are of great
interest as they seem to contradict this established theory.
Analysis of these gypsum plasters showed the presence of
gypsum with larger crystals than usual (instead of needle like
crystals the crystals are tabular in shape), as well as anhydrite
crystals and calcium carbonate crystals. The growth of gyp-
sum crystals with time, the lower solubility of anhydrite and
calcite crystals and greater density of these plasters contrib-
uted to their resistance to exposure to weathering conditions
6, 23, 56-57].

There are other and even more interesting examples of
overburnt gypsum plasters because they make no use of
lime and are also used on external walls in Spain. These
examples — reported by Sanz & Villanueva [66], Sanz [12, 28,
47], Villanueva and colleagues [68] and Villanueva [58] - also
have a good degree of durability, as several have survived in
good condition. The common feature of durable and water-
resistant gypsum plasters seems to be the presence of stable
anhydrite crystals, i.e. plasters made of gypsum rock burnt
at high temperatures that are less prone to cracking, less
porous, less soluble, and stronger.

Documentary evidence
Documentary evidence also attests to the continuous use of
gypsum plaster.

In historical documentation, gypsum rock or its use is
described in several documents. The first example shows
in Ancient Mesopotamian literature, where references to
the use of gypsum not just as a casting and moulding mate-
rial but also as a ground layer for statues and other objects
[69]. After this, the earliest description of gypsum is given by
Theophrastus, around 314 BC, which describes the gypsum
used for plaster, with an interesting reference to the possi-
bility of its reuse [70]. Vitruvius, in 27-16 BC, describes it as
special important for vaulting [71] and Pliny, in 79 AD, also
refers to it [72]. Julian of Ascalon, in his treatise, mentions
the existence of gypsum kilns [73]. After these, Alberti (1452)
[74], Biringuccio (1540) [75], Agricola (1546) [76], Turriano
(1511-1583) [77], Diderot [28], Bélidor 1729 [30], Montamy
(1765) [78], Rondelet (1802) [31] and Castro (1812-1820) [32] are
other very important examples where several aspects of the
gypsum and of its preparation are described.

The use of gypsum for gilding grounds is also regular in
painting/gilding treatises [1].

Evidence of transference of practices

Just as important as the historical use of gypsum as a raw
material, is the historical use of practices similar to those
identified on gilded surfaces, which show the transference
not only of materials but also of practices among different
technologies.

These methods include, as in all the cases mentioned
before, the frequent use of gypsum and lime plasters as
ground layers. The critical functions of ground layers are to
prepare the surface to receive the decoration, to produce a
high quality decoration as well as to promote its durability
[3-4].

The slaking of the powders in order to modify the char-
acteristics of the products is another process transferred
among technologies. The long slaking period of calcium
hydroxide pastes has the purpose of improving the qual-
ity of the lime plaster considerably by reducing the size of
the particles and increasing the formation of plate like par-
ticles, thus creating a larger reactive surface area. This par-
ticle shape and size also increases the plasticity of the paste,
improving its workability; it speeds the carbonation rate,
as well as increasing the final strength of the mortar [6,
79-80]. The slaking process is also used for producing gesso
mate powders in order to achieve extremely small and lamel-
lar gypsum particles which have a vital impact on quality
and durability of gilded and polychrome surfaces, although
through different mechanisms [2-4].

The use of plaster pastes mixed with aggregates (usually
sand), frequently applied in consecutive layers that are grad-
ually finer and smoother, again aim at quality and durability
of the decorations. In the same way, the southern European
gesso grounds make use of different particle size powders
as aggregates (gesso grosso, gesso mate, and bole) mixed with
size glue, creating a composite structure in order to achieve
to achieve similar effects.
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And finally, there is also evidence of burnishing used on
these surfaces [1, 6-7, 80]. All these practices can be identi-
fied in the gilded grounds. These suggest that the concept
of a composite coating product and other practices which make
use of highly skilled craft practices were somehow per-
ceived/understood even at these very early periods, and that
it is from these practices that the gilded grounds probably
trace their origins.

The curious case of the use of
gypsum plaster in Portugal

Some Portuguese studies refer to the early widespread
use of gypsum plaster in the actual Portuguese territory
(from Classical Antiquity) as an established fact [e.g. 81-83].
However, with three exceptions [84-86] where gypsum plas-
ter was identified, so far there is no analytical evidence to
support the widespread use of gypsum in Portugal. The
documentary and analytical evidence for the common use
of gypsum for plastering in Portugal date from the end of
the 18th century and later. The earlier examples of the use of
gypsum plaster mentioned above date from the 12th century,
during the Islamic domination of the south of Portugal, and
belong to the remains of a mosque in Mértola and of a Castle
in Silves. The other one dates from the beginning of the 16th
century and is from a very significant monument in Tomar.
These particular examples do indicate the early use of gyp-
sum plaster; however, isolated cases alone cannot be taken
as indicative of its widespread use. These are isolated exam-
ples as they are from particular monuments and with estab-
lished links to Islamic artisans. Moreover, a study of various
Portuguese documents [1], as for example dictionaries and
construction and architecture treatises, showed that men-
tion of the use of gypsum plaster is extremely scarce com-
pared with the many references to the use of lime plaster.
Before the end of the 18th century, apart from minor pass-
ing references in Bluteau’s dictionary (1713) [87] and in a con-
struction book by Valério Martins de Oliveira (1748) [88],
there were not found references to gypsum plaster in any of
the construction treatises or contracts consulted. Moreover,
there are two references to gypsum which reinforce its non-
widespread use. Indeed, the references by Sales (1759) [89]
and by Machado (1823) [90] in their dictionaries refer that
gypsum was not in use in Portugal for construction and to
the lack of good supply of gypsum. On the other hand, plenty
of references were found to the production and use of lime,
as well as contracts requiring its use. Additionally, in the
documents that regulated the different mechanical profes-
sions [91-93], there are no references to professions related to
the production, sale, transport or use of gypsum plaster, in
contrast to professions connected with the production and
work with lime plaster.

Other studies indicate that gypsum plaster was intro-
duced only in the 18th century, which seems more likely

[94-95]. What is established is that the use of gypsum plas-
ter for wall plastering was widespread by the end of the 18th
century. This was, in the view of some authors, due to Italian
influence, through the arrival in Portugal of the renowned
Italian artist Giovanni Grossi and other Italian artists who
were responsible for several important decorative schemes
in Portugal. The creation of a gypsum plaster school in
Lisbon during 1764 also indicates that this decorative art
was flourishing and certainly contributed to its thriving [95-
96]. Is important to point out that the devastating earth-
quake of 1755 in the south and centre of Portugal, includ-
ing Lisbon, was the cause for the enormous expansion of
building verified during this period. The reconstruction of
Lisbon included the introduction of several unconventional
aspects. It would be interesting to further research proba-
ble influences of the earthquake and consequent extensive
and revolutionary rebuilding on the spread of the use of gyp-
sum plaster, as gypsum plaster presents several advantages,
particularly important due to this unusual event, being one
is its known good performance on fire resistance [22] and
another the demand of less energy for its production when
compared with lime.

The lack of sufficient analytical evidence prior to the
end of the 18th century agrees with the lack of natural gyp-
sum rock in Portugal and, in the view of some authors, this
is a direct relationship. However, this cannot be considered
as the only reason since there is some gypsum in Portugal
(though grey), and access to natural gypsum was possible —
as nearby countries, with known commercial contacts, have
good gypsum rock supplies (Spain, France and Morocco).
Furthermore, there is documentary and analytical evidence
of the extensive use of gypsum as the raw material for the
gesso grounds since the 13th century [1-2].

This indicates that the widespread use of gypsum as a raw
material was limited to the gesso grounds when gilded sur-
faces were fulfilling an important religious social and polit-
ical role and that there was a lack of an established tradition
of the use of gypsum for plastering, which normally involved
the use of lime. By the end of the 18th century and through-
out the 19th century, when gilding loses importance, gesso
grounds are substituted for chalk grounds; at the same time
the use of gypsum for interior wall plastering gain relevance.

Conclusions

The use of gypsum, the use of ground layers, the slaking, the
ground layers made with gradually finer fillers, followed by
decoration and burnishing, are practices identified in the
Portuguese gilding technique. This material and these prac-
tices are part of a very long tradition that can be traced back
to the plasters technologies used in the Pre-Pottery Neolithic
B in the Near East, when there is evidence of the widespread
use of gypsum as a raw material and as a ground layer. The
concept of a composite coating and other practices that reveal
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highly skilled craft activity can be identified even at these
very early periods, from which the southern European gesso
grounds may trace their origins.

Ground layers were burnished and decorated and seem to
have had a continuous use in European countries since at
least the Roman Period.

Gypsum rock was apparently burnt at high temperatures
despite the frequent references that it was burnt only at low
temperatures. This is supported by the archaeological evi-
dence, which shows the presence of anhydrite crystals in
historical gypsum plaster samples, and also by experimental
studies using replicas of ancient kilns. Calcination at high
temperatures could result either from lack of control of the
temperatures in the kilns, allied to the poor heat conductiv-
ity of gypsum, or from a deliberate operation, since gypsum
plaster pastes made with overburnt gypsum plaster pow-
ders are easier to apply due to their longer setting time and
they result in a more stable, stronger and durable plaster.

Finally, there is little evidence for the widespread use of
gypsum rock in Portugal for the production of gypsum plas-
ter before the later part of the 18th century, despite its use
for the gesso layers in the gilded Portuguese altarpieces prob-
ably from the 13th century. This was probably influenced by
the strong cultural tradition of using lime plaster, which
progressively changed, possibly as a consequence of the 1755
earthquake.
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