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Abstract

The widespread use and production of plaster during the Neolithic transition in SW Asia represents a significant technolog-
ical advancement and development in the material culture of early sedentary farming communities. The Final Pre-Pottery
Neolithic case-study of Qdeir (7100—5720 cal BCE), located in the Syrian steppe, provides new evidence of resource
management and technology in floor plaster manufacture. It also sheds light on the impact of the environment and activi-
ties on floor surfaces as indicators of continuity and change in space use and related socio-cultural implications within
mobile pastoralist communities in a distinctive environment. Micromorphological analysis on archive samples reveals
distinct floor plasters indicating different production processes and material sourcing, including carbonate sediments and
gypsum, and the incorporation of animal dung as fuel to produce gypsum plaster. Dung was likely a major fuel source
given the scarcity of wood and the community’s reliance on pastoralism, underscoring the adaptive strategies employed
by the community to overcome ecological constraints. Variability in floor sequences across occupation phases at Qdeir
suggests differences in concepts of space and seasonal settlement strategies. The interplay between mud and gypsum
plaster floors reflects changing technological and socio-cultural practices, possibly related to varying needs, sustainable
management of fuel sources and material availability over time. This study highlights the importance of micromorphol-
ogy in providing high-resolution contextual information on the nature, manufacturing processes, and post-depositional
alterations of plasters and contributes to the broader understanding of the technological, ecological, and social dynamics
that shaped Neolithic communities.
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Introduction farming communities, embodying technological innovation

and social and cultural change. Its function in daily life, as
The widespread use and manufacture of plaster during the  well as its ritual and symbolic significance, highlights the
Pre-Pottery Neolithic B (PPNB hereafter) ¢.8.500-7000 cal. =~ multifaceted role of plaster in the complex dynamics that
BCE reveals a crucial step in the material culture of early  characterised the transition to sedentary farming-herding
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lifeways. Although early evidence of lime plaster production
predates the PPNB, extending back to the Middle and Late
Epipalaeolithic periods in the southern Levant (Bar-Yosef
and Goring-Morris 1977; Kingery et al. 1988; Goring-Mor-
ris et al. 1997; Friesem et al. 2019; Grosman et al. 2020), it
is during the PPNB, especially in the Levant and the Middle
Euphrates regions, when there is a significant increase in
the scale and specialisation of plaster production, becom-
ing a further example of technological development and a
wide cultural feature of early farming-herding communities
(Kuijt and Goring-Morris 2002). The production of lime
plaster, alongside other forms such as gypsum and mud plas-
ters, became integral to the cultural, economic and symbolic
practices of PPNB societies, with lime and gypsum plaster
being used for a wide range of purposes, including building
materials, burial practices and white-ware vessels (Gourdin
and Kingery 1975; Contenson and Courtois 1979; Aurenche
1981; Garfinkel 1987; Kingery et al. 1988; Rehhof et al.
1990; Goren and Goldberg 1991; Moore et al. 2000; Goren
et al. 2001; Kuijt and Goring-Morris 2002; Nilhamn et al.
2006; Goring-Morris and Horwitz 2007; Chu et al. 2008;
Goren and Goring-Morris 2008; Regev et al. 2010; Clarke
2012; Toffolo et al. 2017; Molist et al. 2021; Dudgeon 2023;
Herrick and Berna 2024; Nilhamn 2024).

The production of lime and gypsum plaster is both
resource-intensive and time-consuming, and it likely neces-
sitated some level of specialisation among the community
on a large-scale production (Nilham et al. 2006), although
this has been the subject of considerable debate (Garfinkel
1987; Kingery et al. 1988; Goren and Goldberg 1991). It is
important to note that gypsum plaster manufacture is easier
and requires less fuel compared to lime plaster (Gourdin
and Kingery 1975; Garfinkel 1987; Kingery et al. 1988;
Hauptmann and Yalcin 2000). Lime plaster is produced by
heating limestone (CaCOs) to temperatures typically rang-
ing from c. 750 °C to 900 °C for a prolonged time in a pro-
cess known as calcination. This process decomposes the
limestone into calcium oxide (CaO), or quicklime, which is
then slaked with water to form a paste consisting of calcium
hydroxide (Ca(OH).). Upon drying, the paste hardens and
reacts with atmospheric carbon dioxide, reverting to cal-
cium carbonate (Kingery et al. 1988; Nilhamn et al. 2006;
Friesem et al. 2019). Gypsum plaster, on the other hand, is
obtained by heating gypsum rock (CaSQOa-2 H20) to a lower
temperature, typically between ¢. 120 °C and 180 °C. This
process removes about three-quarters of the water content
from the gypsum, converting it into a hemihydrate form
(bassanite, CaSOa-2H-0), known as plaster of Paris. When
mixed with water, this hemihydrate reverts to its dihydrate
form (CaSOs4-2 H20) and solidifies (Gourdin and Kingery
1975; Nilhamn et al. 2006). It is important to note that if
the firing temperature exceeds 180 °C, the material changes
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into y-anhydrite through a second dehydration process. As
pointed out by Nilhamn and Kume (2024), y-Anhydrite
(y-CaS0s) is soluble and will still revert to hemihydrate
upon mixing with water. However, if the temperature
exceeds 260 °C, the anhydrite forms insoluble B-anhydrite
(B-CaS0s), which cannot easily return to its original form
due to its poor capacity to absorb water, making it ineffec-
tive for use in plaster. Gypsum plaster is more easily made
than lime plaster and requires less fuel for production, but it
is more soluble and susceptible to water absorption, making
itunsuitable for exterior use unless in very dry climates (Nil-
hamn et al. 2006). A more durable plaster can be achieved
by heating the gypsum rock at a higher temperature, which
slows setting time considerably, or by incorporating addi-
tives that slow the development of crystals (Gourdin and
Kingery 1975).

Identifying the processes involved in gypsum and lime
plaster production in the past can be challenging and pose
some problems. Both gypsum rock and gypsum plaster
share the same chemical composition, making it difficult
to distinguish between them. Similarly, the calcium car-
bonate originated after the recarbonation process of slaked
lime to obtain the finished lime plaster is mineralogically
and chemically indistinguishable from raw sedimentary cal-
cite (Gourdin and Kingery 1975; Barnett 1991; Goren and
Goldberg 1991; Karkanas 2007). Additionally, problems
are also originated from post-depositional alterations affect-
ing dissolution and re-precipitation processes of carbonates
(Leslie and Hughes 2002). Specialised techniques, such as
scanning electron microscope-energy dispersive X-ray anal-
ysis (ESEM-EDX), Raman or Fourier transformed infrared
spectroscopy (FTIR), are therefore required for analysing
prehistoric plasters (Herrick and Berna 2024). However,
these methods are not yet a routine procedure and are costly.
Additionally, such techniques are bulk analysis methods,
which cannot definitively determine whether burnt lime was
accidentally incorporated as inclusions or whether it func-
tioned as a true cementing binder (Barnett 1991; Leslie and
Hughes 2002; Karkanas 2007). This distinction is key in the
study of prehistoric plasters, as they typically contain very
low and variable amounts of burnt lime or gypsum, and are
often mixed with a range of materials, including earth, ani-
mal dung, plant fibres, unburnt limestone, or anthropogenic
debris (Goren and Goldberg 1991; Matthews 1996; Kar-
kanas 2007; Dudgeon 2023). On the other hand, micromor-
phological thin-section analysis appears to be an adequate
analytical method for examining prehistoric plasters, as it
enables the detailed study of both the mineralogical com-
position and the fabric of undisturbed samples, as well as
the microscopic artefactual and bioarchaeological remains
in their depositional and post-depositional contexts and the
quantification of the proportion of the different constituents
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(Barnett 1991; Leslie and Hughes 2002; Matthews 2005;
Karkanas 2007; Herrick and Berna 2024).

Previous analyses revealed that plaster manufactur-
ing practices and techniques in SW Asia during the Early
Neolithic were highly diverse, even within relatively small
geographical regions (Garfinkel 1987; Goren and Goldberg
1991). While the chemical transformation processes of both
gypsum and lime are well known, it is necessary to exam-
ine the multiple steps involved in their production within
specific case studies to better comprehend their role within
particular communities and implications regarding social
metabolism. Therefore, understanding plaster production
at a local scale is key to gaining insights into technologi-
cal developments, cultural innovations and their broader
economic and social implications, such as craft specialisa-
tion and resource use and management within early settled
communities.

The Final PPNB site of Qdeir dates back to 7100 —5720 cal
BCE (Stordeur 1993, 2000; Table 1) and is located in the
modern-day Syrian desert steppe (Fig. 1). It is a unique case
study due to the extensive use of gypsum plaster for build-
ing purposes and the manufacture of white-ware vessels
(Maréchal 1982; Stordeur 1993; Abbés 2015) in an envi-
ronmentally distinctive arid environment. In addition, while
the widespread use of plasters is typically linked to more
sedentary communities, this study explores its use and pro-
duction within semi-nomadic groups. Building on previous
geoarchaeological analysis (Stordeur and Wattez 1998), the
current study aims to provide new insights into mud and
gypsum plaster construction practices at Final PPNB Qdeir
through the application of micromorphological approaches.
This research will address material sourcing and manufac-
turing technologies, as well as concepts of space through
the examination of floor sequences at high-resolution times-
cales. The aim is to approach floor plaster manufacture with
regard to the community inhabiting Qdeir and to expand
our knowledge of human-plant-animal-environment inter-
actions and technological choices more widely during the
Neolithic period.

Table 1 Summary of sample location and contextual information

Case study: Qdeir
Archaeological context

The site of Qdeir is located in the E1 Kowm oasis in the north-
ern Syrian desert. Despite discovered by Olivier Aurenche
in 1980, systematic excavations at the site were not carried
out until the late 1980s and early 1990s, first directed by
Danielle Stourdeur (1989, 1991 and 1993), under the frame-
work of the ‘Mission d’El Kowm-Mureybet’ project lead by
Jacques Cauvin, and later by Frédéric Abbés (in 1999, and
2001-2003).

Fieldwork at Qdeir revealed a sequence of well-preserved
archaeological deposits ascribed to the Final PPNB (Stor-
deur 1993, 2000; Abbes 2015, 2019). Excavations were
conducted on a surface of 200 m? from a total estimation of
¢. 2000 m? (Abbes 2015) (Fig. 2). A total of four occupation
phases were established. The stratigraphic sequence com-
prised a succession of occupation deposits interrupted by
periods of non-occupation where the site was rapidly buried
by aeolian sediments, which contributed to its good preser-
vation (Stordeur 2000; Stordeur and Wattez 1998).

Phases I and I1I were characterised by the presence of cir-
cular/oval-shaped hut-like structures as evidenced by clearly
delineated empty spaces in exterior areas. This interpreta-
tion is supported by the distribution of archaeological mate-
rials and the presence of stones, which were likely used to
stabilise the wooden posts that surrounded these structures
(Fig. 3), whereas Phases II and IV displayed multi-cellular
quadrangular mudbrick structures. Consequently, the exca-
vators were able to establish differences in the nature of the
occupations (Abbes 2015). Phases I and 111 were interpreted
as seasonal camps, as indicated by the presence of hut-like
structures, sometimes reusing structural features such as
mudbrick walls from previous occupations as in Phase III,
with open areas where large knapping debris accumulated,
leading to the identification of workshops for the manufac-
ture of flint implements, sometimes associated with com-
bustion structures. On the other hand, Phases II and IV were
associated with multi-cellular earthen constructions, pos-
sibly related to both storage structures and dwellings, and

Sample Stratigraphic Phase ~ Sample location Field context
unit

QDR 92-17 D2/E1 /i DWOI - East profile Occupation deposits and floors in hut-like structure / transition to Phase 11

QDR 92-20 A2b/A3a I DWOI - East profile Floor sequences in hut-like structure

QDR 92-21 DI1b/D2b I DWO1 - North profile Floor deposits associated with an early phase of the mudbrick building
and windblown sands

QDR 92-22 B2a/Clb I DWOI1 - North profile Stratified sequence of gypsum floors and occupation residues in mudbrick
building

QDR 92-23 B2a I DWO91 - North profile Floor sequences in mudbrick building

QDR 92-24 Al1/B2 /1 DWOI1 - North profile Floors in hut-like structure suspectedly reusing a wall from the mudbrick

building
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Fig. 1 Location of Qdeir and other sites mentioned in the text

therefore likely indicating more permanent occupations.
Despite its contemporaneity and proximity to other sites in
the area, such as El Kowm-2 (Stordeur et al. 1982; Stordeur
2000) or Umm-el-Tlel (Molist et al. 1992), Qdeir showed
substantial differences, which led Cauvin (1994) to propose
two different cultural facies known as facies El Kowm,
associated with more sedentary agricultural lifeways, and
facies Qdeir, attributed to mobile pastoralism.

The semi-nomadic character of the community inhabit-
ing Qdeir is also supported by the important role of livestock
herding, sustained by both direct archaeological evidence,
including penning areas (Stordeur and Wattez 1998) and
a zooarchaeological assemblage dominated by caprines
complemented by gazelle remains (Gourichon 2004), and
through ethnographic and environmental studies (Aurenche
and Desfargues 1983; Chambrade 2012; Abbés 2019) which
point to the suitable conditions of the area conducive to
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pastoralism due to the presence of watercourses and good
pastures.

Geological and pedological background

The El Kowm cuvette extends 50 km east-west and 25 km
north-south, surrounded by steppe desert vegetation. This
depression, whose lowest point is 420 m above sea level,
presents a series of particularities. Quaternary deposits are
scarce due to wind erosion, leading to the formation of small
hills, and small seasonal springs (wadis) are common. Wet-
lands are also present due to an underground water table
forming the El Kowm oasis. The depression in which the
oasis is located is excavated in limestone, marl and calcare-
ous marl belonging to the Maastrichtian period with beds of
gypsum that are occasionally covered by fine and irregular
Quaternary deposits, which date back to the beginning of
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Fig.2 Site topography, excavated 4 2
surface and probable location ’ !
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archives. The estimated area of / J 7
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while black squares represent / 4 4
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the Pleistocene (Fig. 4) (Ponikarov 1966; Besangon et al.
1982; Besangon and Sanlaville 1985; Chambrade 2012).

The topography of the oasis is quite irregular, with slight
undulations given the presence of plateaus, such as that of
Qdeir, surrounded by a series of small valleys formed by
various wadis (Besangon et al. 1982; Chambrade 2012). In
the El Kowm area, soils belong to the order of Aridisols’,
which are soils formed in arid or semi-arid climates charac-
terised by high temperatures and low rainfall (Mohammed
et al. 2020). At the suborder level, the most common soils
are Gypsids, characterised by the accumulation of pedo-
genic gypsum in depth (Porta and Herrero 1990). The soil
structure is usually subangular blocky, affected by carbonate
and gypsum precipitation (Ilaiwi 1983, 1985). Soils in the
region are extensively eroded by wind, which is the domi-
nant erosive force, and occasional runoff from the wadis,
which contribute to the overall soil erosion process.

' Soil types mentioned in the text follow Soil Taxonomy (Soil Sur-
vey Staff 2022 Keys to Soil Taxonomy, 13th ed.; U.S. Department of

Agriculture, Natural Resources Conservation Service, Washington,
DC, USA).
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Materials and methods

Micromorphological analysis was conducted on six large-
format (13,5 % 6,5 cm) thin-sections made from undisturbed
sediment blocks collected in 1992 when extensive sys-
tematic and sequential sampling was performed to better
understand the stratigraphy and occupation at the site and
provide insights into its seasonality (Stordeur and Wattez
1998). Sediment blocks were dried for several days at room
temperature and consolidated in the laboratory by impreg-
nating them with polystyrene resin. Then, 30 um thin sec-
tions were produced following the method described by
Guilloré (1983) at the soil laboratory of AgroParis-Tech
(Grignon, France). Samples analysed in this study concern
all floor sequences obtained from roofed areas, that is, inte-
rior spaces from both perishable and mudbrick structures,
as constructed floors in exterior areas were absent. These
were collected from the north and western profiles of Trench
DWO1, comprising Phases I, II and III (Fig. 5). In total,
three hut-like structures, one associated with Phase I and
two with Phase III, and one mudbrick structure from Phase
IT comprising multiple occupations were sampled (Table 1).
Unfortunately, due to political instability in the area, it was

not possible to sample deposits and structures exposed dur-
ing later seasons.
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Fig. 3 Plan showing the probable
locations of hut-like perishable
structures (denoted as empty
spaces A and B, outlined with
dashed lines) surrounded by
lithics (black). Image courtesy of
F. Abbes

Micromorphological thin-sections were studied under a
petrographic microscope (x25 to x400 magnifications) fol-
lowing standard published guidelines (Bullock et al. 1985;
Courty et al. 1989; Stoops 2021). Further reference atlases
were used to identify and analyse micromorphological fea-
tures when necessary (MacKenzie et al. 2017; Nicosia and
Stoops 2017; Stoops et al. 2018; Verrecchia and Trombino
2021).

Microstratigraphic units identified in thin-section were
classified into distinctive deposit-types according to the
matrix characteristics of the sediments, inclusions, and
post-depositional alterations in order to reconstruct their
pre-depositional, depositional and post-depositional histo-
ries. The procedures for interpreting deposit-types consisted
of the qualitative and semiquantitative description of the
microstratigraphic units (MSUs) within the sample group
and their comparison considering their stratigraphic rela-
tionship. The basis for the interpretation of the functional
and technological approaches relies on a set of indicators
selected from previous micromorphological studies focus-
ing on space use and plaster construction techniques (Gé
et al. 1993; Cammas 2003, 2018; Wattez 2003; Friesem et
al. 2017; Wattez et al. 2018; Mylona and Pomadére 2021)

@ Springer

comprising the inclusion types, their abundance and spa-
tial arrangement, microstructure and porosity, sorting, and
pedofeatures.

Results

This section discusses the micromorphological characteris-
tics of floor sequences that were analysed in the field and
subsequently examined at high resolution, comprising the
classification of microstratigraphic units into deposit-types
followed by an evaluation of the taphonomic processes
affecting archaeological deposits.

Characterisation of deposit types in sedimentary
floor sequences

A total of 56 micro-stratigraphic units were identified in
thin-section and subsequently classified into four distinctive
deposit-types: mud plaster floors, gypsum plaster floors,
occupation deposits, and natural deposits. Each deposit
type’s distinctive characteristics are discussed below
(Table 2).
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Fig.4 Geological map of central Syria (adapted after Ponikarov 1966)

Mud plaster floors (deposit-type 1)

A total of twenty-eight mud plaster floors were identified in
thin-section. Mud plaster floors are up to 2 cm thick depos-
its manufactured with local natural sediments comprising
brownish grey carbonated silty clay and rounded calcareous
aggregates (100500 um) along with sand-sized lenticular
gypsum crystals, almost impossible to distinguish between
inherited and post-depositional pedogenetic gypsum. These
deposits display a massive microstructure with a porosity
dominated by cracks, probably caused by shrinking and
swelling processes. Two sub-types of mud plaster floors are
distinguished based on the degree of sorting and homoge-
neity. Differences mainly concern the amount of gypsum
sands and the presence of coarser elements such as cal-
careous gravel or gypsum rock fragments. Heterogeneous
mud plaster floors (deposit-type 1.1) can also contain<2%

of plant impressions and anthropogenic debris, including
charred plant remains or bone fragments that are linearly
distributed and poorly oriented. Conversely, homogeneous
mud plaster floors (deposit-type 1.2) are almost exclusively
made with carbonated silty clay and do not show anthropo-
genic residues (Fig. 6a-c).

Gypsum plaster floors (deposit-type 2)

Thin-section analysis revealed a total of seven gypsum
plaster floors. These are formed by 1-2 cm thick layers of
speckled, white microcrystalline gypsum (Fig. 6d), form-
ing a massive microstructure with few vertical and subho-
rizontal cracks. Exceptionally these can reach up to 2.5 cm
thickness. Despite its homogeneity, some inclusions were
observed, including very few sediment and ashy aggregates
as well as small fragments of dark brown fibrous aggregates

@ Springer
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associated with high concentrations of calcitic spherulites  at 650 °C in reducing conditions (Canti and Nicosia 2018;
evidencing the presence of burnt herbivore dung (Canti 2003; ~ Portillo et al. 2021) is rarely observed. Additionally, iso-
Shahack-Gross 2011; Bronnimann et al. 2017) (Fig. 6e-f).  lated bassanite crystals, a hemihydrated form of gypsum
Spherulite darkening and expansion, which occurs withina  (CaSOa-1/2H.0) (Mees and Tursina 2018), were also iden-
range between 500 and 700 °C with maximum production  tified embedded in the gypsum mass (Fig. 6d). It is worth
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Table 2 Summary of micromorphological attributes following deposit-type (DT). Classification of frequencies according to stoops 2021: <1%,
002-5%, 0000-15%,000016-30%, e000031-50%, eeeeee>50%. Classification of the abundance of pedofeatures according to stoops 2021:

+ <2%, ++2-5%, +++6-10%, ++++11-20%, +++++>20%.

C/f limit is 50 um

Deposit-type Deposit-subtype Colour Particle size Micro- Groundmass Mineral Anthro- Pedofeatures
structure & components pogenic
Porosity inclusions
Mud plaster Heterogeneous  5Y 4/2  Silty clay, M: Vughy c/f ratio: 1/1 Limestone clasts Bones e®  Gypsum coat-
floors (DT-1) mud plasters sand-sized P: 15-20% c/fr.d.p: close oo Charcoal ings in voids
(DT-1.1) gypsum, and vughs, chan-  porphyric Gypsum eee (1) ++
calcareous and nels, planes  b-fabric: Dolomite ® Plant Gypsum inter-
gypsum gravel undifferentiated  Quartz e® impressions  growths +
. Gypsum dis-
solution +
Homogeneous 5Y 4/1 Silty clayand  M: Massive/  c/fratio: 1/2 Limestone clasts Bones ® Gypsum coat-
mud plasters sand-sized Crack c/fr.d.p: open ° Charcoal @  ings in voids
(DT-1.2) gypsum and P: 10-15% porphyric Gypsum ee ++
calcareous planes, chan-  b-fabric: Dolomite @ Gypsum inter-
aggregates nels, vughs undifferentiated  Quartz e® growths +
Gypsum dis-
solution +
Gypsum plaster floors (DT-2) 5Y 9/1 Micro-crystal- M: Massive c/f ratio: 1/4 Gypsum Ashes o
line gypsum P:2-5% c/fr.d.p: open [ XYYYY) Burnt dung
planes, vughs  porphyric Bassanytc e e oo
b-fabric: Quartz e
crystallitic
Occupation deposits (DT-3) 5Y 4/2  Silty clay M: Complex  c/fratio: 3/1 Limestone clasts Ashes ® Gypsum coat-
and sand- P: 20-25% c/fr.d.p: close eoe Bones @®  ings in voids
sized gypsum  channels, porphyric Gypsum eeee  Charcoal +++
with coarse vughs, b-fabric: Dolomite @ oo Gypsum inter-
anthropogenic  chambers crystallitic Quartz e® Phosphatic ~ growths +
inclusions granules @  Gypsum dis-
solution +
Natural deposits (DT-4) 5Y 8/2 Silty clayand  M: Granular  c/fratio: 2/1 Limestone clasts Bones ® Gypsum
sand-sized P: 35-40% c/frd.p: enaulic ee Charcoal @ intergrowths
gypsum and Packing voids, b-fabric: calcitic Gypsum eeeee ++
calcareous channels crystallitic Dolomite Gypsum dis-
aggregates Quartz eee solution ++

mentioning that bassanite can appear in thin-sections as an
artefact, that is, as an alteration or defect during thin-section
production. When samples containing gypsum are heated
during the drying period prior to the impregnation, gypsum
crystals can turn into bassanite (Mees and Tursina 2018).
However, samples were dried at room temperature in this
case, and bassanite crystals only appeared on gypsum plas-
ter floors.

Occupation deposits (deposit-type 3) and impact of
activities on floors

Only nine occupation deposits were identified within the
floor sequences at Qdeir. These typically appear in thin sec-
tion as layers 0.4—1 cm thick and are poorly preserved due
to taphonomic processes. They tend to be slightly thicker
when overlain by natural deposits, possibly as a result of
abandonment episodes. Anthropogenic residues observed
mainly comprise small fragments of bones and charred
materials (Fig. 6g), all in very small quantities, probably

due to the compact and firm surfaces of the floor plasters,
which prevent the integration of residues and post-depo-
sitional processes (LaMotta and Schiffer 1999). Anthro-
pogenic debris accumulated on floor surfaces is poorly to
moderately oriented and distributed in bands parallel to
the surface, partially affected by secondary gypsum that
contributed substantially to modifying the original matrix.
These observations contrast with the macroscopic evidence
from deposits in exterior areas where abundant archaeo-
logical material was identified, consisting primarily of lithic
tools, faunal remains, and combustion structures.
Trampling constitutes the primary activity affecting floor
sequences documented at microscopic scale. Trampled
occupation deposits are distinguished at Qdeir by slight
compaction and the tendency to a subhorizontal orientation
of the inclusions since sedimentary signatures associated
with trampling (i.e. G¢ et al. 1993; Rentzel et al. 2017) are
masked by mechanical stress induced by gypsoturbation.
Regarding floors, trampling effects appear as short hori-
zontal and long vertical fissures, especially in mud plaster
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Fig. 6 Photomicrographs of deposit-types identified
in thin-section: (a) Heterogeneous mud plaster floor,
note the presence of coarse components including
anthropogenic materials such as bones (Bo), charred
plants (Ch) and microcrystalline gypsum (Gy)
nodules, PPL; (b) Homogeneous mud plaster floor,
note the absence of coarse inclusions and the crack
structure due to shrinking and swelling processes and
gypsum (Gy) precipitation, PPL; (¢) Well-preserved
homogeneous plaster floor coated by a gypsum
plaster (Gy) with fissures caused by trampling, PPL;
(d) Gypsum plaster floor, note the massive micro-
crystalline fabric containing few lenticular crystals of
bassanite (arrows), left PPL, right XPL; (e) Gypsum
plaster with embedded burnt animal dung aggregates
(arrow), left PPL, right XPL; (f) Calcitic spheru-
lites in faecal aggregates, XPL; (g) Anthropogenic
residues, including burnt and unburnt bone fragments
and charcoals in occupation deposit affected by bio-
turbation and pedogenic gypsum, PPL; (h) Multiple
gypsum plasters showing lateral discontinuity and
thickness variation, PPL; (i) Loose matrix formed

by subrounded sediment aggregates and gypsum
grains likely to be re-deposited by wind action, left
PPL, right XPL; (j) Natural deposit with very sparse
anthropogenic residues and without evidence of
trampling. Note the presence of a water-laid crust on
the surface as shown in detail, PPL

floors (Fig. 6¢). On the other hand, gypsum floors display
thickness variations, some pinching out laterally (Fig. 6h).
Lateral discontinuity might result from abrasion by clear-
ance practices or foot traffic (Gé et al. 1993; Mentzer 2018).
Occasional phosphatic granules and phosphatic staining
can be observed in occupation deposits as well as in floor
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surfaces, possibly related to the decay of organic matter
or from the contamination of liquid waste (Macphail and
Goldberg 2018). Other possibilities include the introduction
of decayed herbivore dung from open areas and pen depos-
its by trampling.
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Natural deposits related to periods of non-occupation
(deposit-type 4)

A total of twelve microstratigraphic units were attributed
to natural deposits. Five of these were observed between
transitional phases of occupation, while the remaining
eight were identified within the floor sequences. Within the
floor sequences, natural deposits range from 1 to 2 cm in
thickness, but between occupation phases they can exceed
5 cm in thin-section. These deposits are characterised by
fine-grained, heterogeneous rounded sediment aggregates
composed of brown and grey silty clay and subangular
sand-sized gypsum crystals, displaying a granular micro-
structure (Fig. 6i1). The moderately to well-sorted matrix
and the shape of the components point to the accumulation
of naturally re-deposited materials probably by wind action
(Karkanas and Goldberg 2019) during periods of non-occu-
pation. This is supported by the absence or low frequency
of reworked anthropogenic materials and rarely observed
undisturbed water-laid crusts (Fig. 6j).

Preservation conditions and taphonomy of floor
sequences

Microstratigraphic analyses through micromorphological
thin-sections at Qdeir constitute a unique example to assess
preservation conditions and the impact of taphonomic
agents on archaeological materials and deposits in the
Syirian semi-arid steppe, where climatic and environmental
conditions are characterised by water deficit and soil erosion
(Chambrade 2012). These, along with the region’s geologi-
cal and pedological characteristics primarily represented by
the sedimentary formation of limestones and marls, calcare-
ous soils, and the presence of gypsum (Besangon and San-
laville 1985; Ilaiwi 1985; Chambrade 2012) have directly
influenced and altered the preservation of archaeological
materials and deposits. The foremost taphonomic agent
causing post-depositional alterations is pedogenic gypsum,
frequently found in arid and semi-arid regions due to their
aridic soil moisture regime where soil moisture rapidly
evaporates and salts from the solution precipitate (Herrero
and Porta 2000). Gypsum precipitation occurs when the
amount of calcium and sulphate ions in the soil solution is
high (Porta and Herrero 1990; Poch et al. 2018). These ions
can emanate from the dissolution of calcium sulphates con-
tained in rocks, the alteration of limestone, carbonates of
biological origin, or sulphate-bearing formations (Poch et
al. 2018), as is the most probable case considering the geo-
logical and environmental setting where the site is located.
Gypsum appears in all the microstratigraphic units
observed and in multiple forms. Natural sediments at Qdeir
derive from gypsiferous deposits (Pliocene formation, see

Fig. 4) and contain high concentrations of sand-sized len-
ticular gypsum crystals. Even so, other gypsic pedofeatures
are observed, which affect both gypsums from inherited
natural sediments and secondary formations.

Pedogenic formations comprise microcrystalline xeno-
topic-lenticular aggregations found in biopores previously
created by earthworms (Fig. 7a), which served as a passage
for gypsum-saturated water to flow. Occasionally, lenticular
gypsum forms have been observed coating pores. Lenticular
crystals are also observed in the groundmass, likely to form
in situ, although some may be incorporated into the ground-
mass after the disruption of pore infillings by biological
activity (Poch et al. 2018). Sometimes lenticular gypsum
contains impurities acquired from the surrounding ground-
mass as thin dusty lines corresponding to earlier growth
stages that, along with the presence of swallow-tail twin-
ning and calcite outlining previous gypsum growth phases,
are indicative of seasonal changes in environmental condi-
tions during gypsum growth (Poch et al. 2018) (Fig. 7b).
Other gypsic pedofeatures comprise the dissolution of gyp-
sum crystals evidenced by the presence of lenticular pseu-
domorphic voids that implies paleoclimatic changes from
arid to more humid conditions (Poch et al. 2018 and refer-
ences therein) (Fig. 7¢).

Gypsum precipitation and associated pedogenic fea-
tures contribute to the gypsoturbation of the archaeological
deposits, which implies the pushing action and concomitant
deformation produced by gypsum that, in turn, generates
new voids where new gypsic features can occur (Herrero
et al. 1992; Casby-Horton et al. 2015). Subsequently, these
processes lead to the appearance of crack structures in archi-
tectural features, especially on mud plaster floors, favour-
ing their collapse and breakdown and contributing to the
deformation of vesicles, resulting in polyconcave vughs.
Additionally, we should consider cracks and fissures caused
by the aridity of the environment, enhancing shrink-swell
action.

Among occupation deposits, gypsoturbation slightly
affects the orientation and distribution of the inclusions and
contributes to the attenuation of the boundaries between
microstratigraphic units. Furthermore, fragile anthropo-
genic materials such as charred plant remains or bones will
likely be more fragmented. Indeed, other post-depositional
processes were identified amongst bones. In some cases,
the internal structure of the bone has been mineralised and
replaced by calcite. Likewise, on other occasions, bones
appear weathered and show the initial stages of secondary
mineral formation, presumed to be apatite (Fig. 7d).

Another leading cause of post-depositional alteration is
bioturbation by faunal activity. It is well attested in thin-
section by the appearance of channels and chambers in the
deposits, sometimes containing earthworm pellets, which
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Fig. 7 Photomicrographs of taphonomical processes identified in thin-
section: a) Secondary gypsum coating biopores, XPL; b) Lenticular
gypsum crystal containing impurities of earlier growth stages, XPL;

are responsible for the increase of porosity and formation
of new aggregates (Babel 1975). This phenomenon mainly
affects occupation deposits as they are easy to break through
and contain higher amounts of organic matter and, there-
fore, are more attractive to micro-organisms. Certainly,
soil mesofauna may have contributed to the poor preserva-
tion of archaeobotanical remains (Stein 1983; van Vliet et
al. 1993; van Vliet and Hendrix 2007), especially in arid
environments.

Discussion

This section further explores different aspects of floor
plaster manufacture at Qdeir, focusing first on the materi-
als, resource management strategies and techniques, then
on the comparison between floor sequences according
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¢) Lenticular pseudomorphic voids after gypsum dissolution, XPL; d)
Poorly preserved bone fragment showing initial replacement stages by
secondary mineral formation, XPL

to contextual and temporal variation, and finally examin-
ing gypsum plasters from Qdeir within a broader regional
context, comparing them to other practices at neighbouring
sites to provide a deeper understanding on resource use and
human-environment interactions more widely.

Resource management and technology in floor-
plaster manufacture

The archaeological site of Qdeir is located on a gypsum bed
and a few hundred metres from the wadi Qdeir. All the raw
materials employed in the site were available on the site
itself or nearby, except obsidian (Orange et al. 2019) and
wood, which would require to be collected from the steppe
or from the upper levels of the remaining hills (Chambrade
2012), as vegetation was affected by wind erosion and gyp-
sum in soil. The analysis conducted at Qdeir indicates that
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the geology and soils of the el Kowm oasis were advanta-
geously used in the manufacture of floor plasters. Micro-
morphological observations show that local carbonate
sediments and gypsum were selected and manipulated to
produce diverse floor-plaster types.

Mud plaster floors

The sediments used to manufacture mud plaster floors were
probably collected from alluvial deposits, as indicated by
the fine matrix and absence of pedogenic gypsum or aeolian
sands, which align with the location of the site near wadis.
However, mud plaster floors vary according to the presence/
absence of coarse materials, such as gypsum rock fragments
and anthropogenic debris, which could suggest two different
sourcing strategies. Where present, anthropogenic micro-
residues and coarse elements are randomly distributed and
only slightly oriented within the floor matrix. The fact that
these inclusions do not tend to accumulate near the upper
boundary challenges their interpretation as trampled mate-
rials. Their occurrence, therefore, suggests that sediments
used to manufacture heterogeneous mud plasters could have
been collected close to the surface and / or mixed near occu-
pied areas. The extraction of materials from pits dug directly
on site is a well-documented form of resource exploitation in
both archaeological and ethnoarchaeological contexts, often
referred to as sedimentary recycling (Berna 2017; Lorenzon
2023). On the other hand, sediments to produce homoge-
neous mud plasters could have been obtained closer to water
courses or extracted after surface removal. Using materials
readily available near a construction site may reflect strat-
egies to achieve efficient solutions in terms of labour and
time. Alternatively, we cannot rule out the hypothesis that
sediments were sieved. The sparse quantity of plant impres-
sions suggests these may not have been intentionally added
as stabiliser, and therefore could have been incorporated
from the source or mixing area.

Both types of mud plaster floors are present in similar
numbers (16 heterogeneous and 12 homogeneous). These
were likely manufactured following the same process
known as direct shaping (Friesem et al. 2017), consisting of
the application of layers that were smoothed flat to cover the
whole surface until the desired thickness and density were
achieved. The absence of vesicles or polyconcave vughs
indicates that the sediments were mixed and applied under
slightly wet, plastic conditions (Cammas 2003, 2018; Wattez
2003). The nature of the silty clay sediments, along with the
fluctuating moisture conditions in this region, contributed
to the development of shrink-swell processes that affected
these deposits causing several fractures and fissures.

Gypsum plaster floors

Gypsum was also a frequently used material at the site and
was locally available. The ways in which gypsum appears
and accumulates are highly varied, including small crys-
tals, cemented gypsum sands, large crystals forming low
permeability horizons, and gypsum crusts (Furley and Zou-
zou 1989). The widespread use of gypsum for architectural
purposes and the manufacture of gypsum vessels (Maréchal
1982) suggests that gypsum was a crucial resource for the
communities inhabiting Qdeir. In order to produce gypsum
plaster floors, gypsum rocks, widely available around the
site, should have been burnt. Once the materials had cooled
down, they required water to be transformed into gypsum to
getasuitable paste (Kingery etal. 1988; Nilhamn etal. 2006).
After mixing, the plaster needed to be applied shortly after.
This process of reverting hemihydrate gypsum with water
was easy if burning temperatures were low, not exceeding
260°C, otherwise the material forms insoluble B-anhydrite
(B- CaSO,) that cannot readily revert to its original state and
no longer binds (Nilhamn and Kume 2024). Interestingly,
micromorphological results of gypsum plasters from Qdeir
revealed the presence of bassanite (CaSO4-1/2H,0) embed-
ded in the gypsum mass, which indicates that once gypsum
rocks were heated and dehydrated and then mixed with
water, some fragments were not completely transformed.
This is an interesting fact as a greater or lesser presence of
these elements could indicate different degrees of special-
ization and control over firing temperatures in carrying out
the transformation of gypsum.

Microscopic examination of gypsum plasters also
enabled the identification of burnt herbivore dung. Its exclu-
sive and recurrent presence within the gypsum floors, along-
side the existence of areas specifically designated for animal
stabling at the site (Stordeur and Wattez 1998), indicates
that its inclusion was not coincidental. Ruminant excre-
ment is commonly used in vernacular architecture (Doat et
al. 1991; Reddy 1998; Boivin 2000; Berna 2017; Vissac et
al. 2017) and has been attested in few archaeological gyp-
sum plasters (Goren and Goldberg 1991; Dudgeon 2023).
Its presence in architectural materials is due to the many
partially decomposed cellulose fibres, which are easy to mix
with other elements and contribute to the building materi-
als’ cohesion and resistance, making plaster more tensile,
improving water resistance and reducing cracking (Nor-
ton 1986; Houben and Guillaud 2001; Vissac et al. 2017).
Moreover, when mixed with the gypsum paste, dung addi-
tives may have retarded crystal development to reduce the
plaster setting time (Kingery et al. 1988). However, in the
case of Qdeir, animal dung appears burnt, therefore chang-
ing the properties of excrement as an additive and pointing
to its use as fuel.
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The extensive use of gypsum at the site would have
required a substantial fuel supply. In this regard, the micro-
scopic identification of burnt herbivore dung in gypsum
floors provides direct evidence of the use of animal dung
as fuel. Dung fuel can reach high temperatures of around
800-1000°C (Matthews 2010; Verges et al. 2016), enough
to produce gypsum plaster and burns more evenly and
slowly than wood (Sillar 2000), despite creating unhealthier
environments, especially indoors (Shillito et al. 2022).

The sporadic appearance of darkened and expanded
spherulites associated with burnt herbivore dung could
indicate that burning temperatures to obtain gypsum plas-
ter occasionally reached about 500-700°C. The use of ani-
mal dung as fuel is particularly significant considering the
scarcity of other materials in the area, such as wood, and
the prominence of pastoralism as an economic activity in
the region. Penning deposits were identified within the site
through thin-section micromorphology displaying com-
pressed layers of animal dung containing calcitic spheru-
lites along with herbaceous phytoliths, possibly related to
sheep/goat according to the zooarchaeological analyses
(Gourichon 2004). Therefore, herbivore dung was probably
collected when animals were penned on or near the site.

Interestingly, the ethnographic study by Maréchal and
Aurenche (1985) reveals that animal dung was still used
mixed with chaff in the early 80s by the community of the
modern village of Qdeir as fuel to obtain gypsum plaster.
The dung used was collected from cleaning penning areas.
The process, carried out by women, involved digging shal-
low pits on the outskirts of the village to minimize air pollu-
tion. Crushed gypsum fragments were placed in these pits,
covered with mixed animal dung and chaff, and burned for
24 to 36 h. Afterwards, the material was left to cool for sev-
eral days before being collected. Despite thorough clean-
ing, ash residues inevitably mixed with the calcined gypsum
during collection, which could help explain the presence of
microscopic fragments of burnt dung and ash aggregates
observed in the archaeological gypsum plasters. Compared
to other methods to obtain gypsum plaster, such as kiln
firing, open fires are less time-consuming but enable less
control of fire conditions, therefore the dehydrated gypsum
obtained is less pure (Kume 2013), which could explain the
presence of bassanite in Qdeir’s gypsum plasters.

Altogether, this suggests that herbivore dung at Qdeir was
probably selected due to a combination of factors. These fac-
tors include: the scarcity of alternative fuel sources, likely
indicating the scarcity of woody plants in the region also in
the past; the properties of animal dung as fuel; and the bene-
fits regarding waste management in case dung was collected
from animal pens, as penning deposits can be a significant
route for the transmission of infectious diseases. As a result,
herbivore dung provided a sustainable solution that was not
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only well-suited to the local ecology but also aligned with
the technological needs for gypsum transformation.

Floor sequences and contextual variation

The samples analysed in this study show certain variability
among floor sequences according to contextual information
and temporal variation in the patterning of floor types and
the presence/absence of occupation and natural deposits fol-
lowing the different phases established at the site (Fig. 8).
Floor sequences recorded in thin-section attributed to Phase
I display a series of mud plaster floors alternated with depos-
its rich in sediment aggregates induced by wind action.
The absence of occupation deposits suggests that activities
carried out on top of constructed floors did not leave any
traces on the surface or were regularly cleaned. This is a
common feature observed in various micromorphological
studies with a particular focus on floors, regardless of their
geographical setting or chronology (Karkanas and Van de
Moortel 2014; Mateu et al. 2019; Sisa-Lopez de Pablo et al.
2024; Tomé et al. 2024). Additionally, this would indicate
a period of brief abandonment before the construction of a
new floor, possibly indicating certain seasonality in the use
of the structures. Indeed, this would be further supported by
the low preservation of the floors during this phase due to
post-depositional processes.

Samples studied from Phase II show greater variability
despite that both heterogeneous and homogeneous mud
plaster floors are present in similar quantities. In contrast to
Phase I and III, gypsum plasters are notably more common
in Phase II. Also of note is the absence of natural deposits,
which are only observed at the beginning and at the end of
the sequence, possibly indicating a period of non-occupation
or general abandonment, and the presence of occupation
deposits between constructed floors, which are only present
during this phase. Sequences analysed from Phase III are
similar to Phase I in that they usually alternate constructed
floors with naturally-laid deposits or poorly preserved
floors, likely indicating the semi-permanent character of the
occupation, although greater continuity is apparent during
the earlier occupation of this phase, as demonstrated by the
succession of mud plaster floors, one of which coated with
gypsum.

The semi-permanent character of the occupations
observed in floor sequences at Qdeir is consistent with fau-
nal data (Gourichon 2004), which point to alternating peri-
ods of site use reflected in gazelle hunting, caprine mortality
profiles, and the presence of migratory birds. These obser-
vations indicate that human populations inhabited Qdeir
primarily during spring and autumn, possibly on a regu-
lar basis, with some occupations extending from autumn
through to spring. The faunal assemblage also suggests that
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Fig.8 Diagram showing the micromorphological thin-sec-
tions analysed with MSU identified and related DT
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the site was not occupied during the summer months. These
interpretations could explain certain observations in thin-
section, such as the presence of natural deposits between
floors and sequences of resurfaced floors, which may reflect
varying intensities and durations of occupation.

Taken together, the variation in building materials across
phases suggests different concepts of space or spatial con-
ventions through time, as gypsum plasters mainly appear
during Phase II in contrast to Phase I, when they are absent,
or Phase III, when they are very sparse. Differences also
concern the homogeneity of mud plaster floors and the
intensity of the occupations between phases I and III. Inter-
estingly, no levelling floors were identified, indicating that
floor plasters were laid directly on top of the surface, except
for gypsum plasters, which were only laid on previously
constructed surfaces.

Differences regarding occupation deposits are also
of note, as they are exclusively associated with Phase II,
although exhibiting very thin thicknesses and still consider-
ably fewer in number compared to constructed floors, sug-
gesting that interior spaces during Phase II were actively
maintained through cleaning practices. This phase is inter-
preted as representing a more intensive period of occupa-
tion, evidenced by the repeated resurfacing events and the
absence of naturally laid deposits. The absence of compa-
rable occupation residues in phases I and III is therefore
particularly striking, raising further questions about the
nature and duration of site use across the different occu-
pational phases. Microstratigraphic sequences recorded in
phases I and III point to more ephemeral occupations, as
suggested by the excavators according to the architectural
features observed in the field. While maintenance of floors
is typically associated with high-intensity, long-term habita-
tion, its presence in this context raises questions about the
nature of occupation among semi-mobile groups. The evi-
dence of constructed floors with clean surfaces suggests that
even within non-permanent occupations, investment in built
space may reflect recurring or seasonally patterned re-use,
and/or increased associations with place. It also implies a
degree of foresight and organisation. Indeed, if these spaces
were revisited regularly, maintenance could represent a
shared communal investment or even a symbolic anchoring
of social memory. Finally, the sporadic presence of gypsum
floors in Phase III challenges the assumption of gypsum plas-
ters occurring in permanent occupations linked to mudbrick
architecture, which is suggestive of the complex relation
between building materials and space use and management
within the context of mobile communities. Altogether, these
observations suggest that the dichotomy between mobile
and sedentary lifeways among early farming communities
may be overly simplistic and show a nuanced occupation
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strategy that contributes to broader discussions about the
emergence of sedentism.

Gypsum plasters at Qdeir in a regional context

Plaster floors and objects are widely distributed throughout
SW Asia. However, when distinguishing between lime plas-
ter and gypsum plaster based on their differing technologies,
some scholars have argued for the distinction of different
technocomplex areas (Kingery et al. 1988). Indeed, previ-
ous studies have emphasized variations in both gypsum and
lime plaster production practices both between sites and
within individual sites.

Gypsum plasters were commonly found at the sites of El
Kowm-2 (Maréchal 1982) and Umm-el-Tlel (Molist et al.
1992), both of which are contemporaneous with Qdeir and
located in the same region. However, unlike Qdeir, these are
settlements characterised by sedentary farming lifeways.
The semi-nomadic character of Qdeir is not a compelling
reason to dismiss the production of gypsum plaster, usually
associated with more permanent settlements, which was
likely well-known in the region. Consequently, the use of
gypsum plaster in those sites indicates a deep understanding
of local material properties and suggests a potentially estab-
lished engagement with the natural environment, as well as
an interconnectedness among the communities inhabiting
the El Kowm area and nearby.

Evidence from sites along the Middle Euphrates and in
wider Northern Syria indicates that both gypsum and lime
plasters were employed. In the southernmost zone, gyp-
sum predominates at sites such as Bouqras (Van Zeist and
Waterbolk-Van-Rooijen 1985) and Abu Hureyra (Kingery
et al. 1988; Le Micre 2000). In contrast, the northern-
most region shows a predominance of lime, particularly in
architectural elements, at sites like Tell Halula (Molist et
al. 2021; Sisa-Lopez de Pablo et al. 2024). Further east, in
the Balikh and Khabour valleys, gypsum was the primary
material used for plaster production during the Neolithic
(Kirkbride 1973; Kingery et al. 1988; Rehhof et al. 1990;
Nishiaki and Le Miere 2005), although both materials are
sometimes documented simultaneously as in Sabi Abyad
(Nilhamn and Koek 2013). As some authors have noted, the
choice between gypsum and lime plaster likely depended on
several factors, including the local geology, the availabil-
ity of fuel sources, economic considerations, technological
expertise, and the intended function of the plaster (Nilhamn
et al. 2000).

The application of microarchaeological techniques,
such as soil micromorphology, enabling the simultaneous
analysis of the fabric and inclusions in plasters in their pre-
cise context is relatively limited compared to the research
focused on the chemical composition of plasters. New
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approaches applying microscopic multi-proxy techniques
including phytolith and calcitic spherulite analyses have
also provided valuable information on gypsum plaster pro-
duction, despite lacking micro-contextual in situ informa-
tion. For example, the study by Dudgeon (2023) identified
the presence of animal dung in gypsum plasters from Abu
Hureyra, proposing its use as an additive. In contrast, the
micromorphological analysis of plasters from Qdeir reveals
the use of animal dung as fuel. This distinction highlights
how these techniques reveal different applications of other
materials apart from gypsum, such as herbivore dung, in
gypsum plaster production. Such findings are significant as
they provide insights into human-animal-environment inter-
actions, shedding light on local innovations and adaptations
in different ecoregions, as well as on cultural and techno-
logical practices. Whether dung was similarly incorporated
into plasters at other sites remains unknown, underscoring
the need for microscopic analyses on undisturbed samples
on a broader scale to clarify shared practices or site-specific
choices among settlements in nearby regions.

Conclusions

This study has demonstrated the potential of the application
of soil micromorphology to analyse plaster floors and, more
specifically, gypsum plasters. Micromorphological analyses
are key as they provide high-resolution contextual informa-
tion on the nature, structure and post-depositional altera-
tions of plasters in greater detail, and therefore, on floor
plaster making, including the selection of raw materials and
technology applied. The case study presented in this paper
allowed the examination of resource management, plaster
manufacture and taphonomy of floors in a specific environ-
mental setting characterised by its aridity.

The process of selection and modification of natural
materials at Qdeir demonstrates a profound knowledge of
local material properties. The identification of herbivore
dung burnt within the gypsum matrices of gypsum floors
indicates its use as fuel to dehydrate gypsum rocks to man-
ufacture gypsum plaster. Dung was, hence, likely a major
fuel source due to its burning properties, the absence of
woody plants in the area and the focus on animal husbandry.
The incorporation of herbivore dung as fuel to produce gyp-
sum, rather than as an additive, emphasises the ability of the
community to manage available materials and reveals sus-
tainable practices, particularly in the context of limited fuel
sources. The use of locally sourced gypsum, alongside inno-
vative techniques for its transformation into plaster, further
supported by ethnographic studies in the region, reflects a
deep understanding of local material properties and adapta-
tion to the region’s ecological constraints. Analysis of wider

sets from other sites, including thin-sections from other
gypsum-based craft materials, such as white-ware vessels,
will provide further information on resource use, manage-
ment, and technology.

The variability in floor sequences across different phases
identified at Qdeir provides valuable insights into the
dynamics of space use and occupation patterns, potentially
linked to seasonal or semi-permanent settlement strategies.
In this regard, plaster manufacture was probably not uniform
across the site and could have varied between households
or over generations, as reflected in the number and appear-
ance of mud and gypsum plasters. Another reason that could
potentially explain differences in frequencies between mud
and gypsum plasters could hypothetically be related to the
sustainable management of fuel sources. A larger sampling
is needed to enable a more reliable interpretation of changes
in building practices between different spaces over time.

The comparison of gypsum plaster at Qdeir with other
regional sites reveals both shared practices and distinctive
choices, underlining the complexity of material culture and
technological practices in SW Asia during the Neolithic
transition. Overall, these findings contribute to a broader
understanding of human-environment interactions, techno-
logical innovation, and possible site-specific traditions more
widely, as lime and gypsum plasters became widespread
during the Early Neolithic in SW Asia.
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