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Abstract
Százhalombatta-Földvár Bronze Age tell settlement is one of the most extensively studied sites of Hungary. Interdisciplinary
approach is one of the key factors in understanding the past here. Therefore, a range of natural scientific methods are applied,
including thin section soil micromorphology and phytolith analysis. The high resolution of these techniques is used to add details
that are impossible via traditional archaeological means. In this paper, we aim to look at decision-making in choices of con-
struction materials. AMiddle Bronze Age house (ID 3147), belonging to the so-called Vatya Culture, was sampled to investigate
the used materials, the building techniques and space use. Earthen floors, clay floor, wall and hearth material are under the
microscope for a better understanding of Bronze Age construction and everyday life. Micro fragments are traced to investigate
space use and activities inside the house. It is also our intention to further test the conjoint application of the abovementioned
methods to add data and encourage work between the experts of the two fields as there is only a handful of such studies available.

Keywords Thin section soil micromorphology . Phytolith analysis . Geoarchaeology . Site stratigraphy . Taphonomy . Bronze
age . Vatya culture . Carpathian Basin

Introduction

Archaeological background

Százhalombatta-Földvár is one of the key sites in recent
Bronze Age research in the Carpathian Basin. It is a tell

settlement, with proximately 5-m thick cultural layers,
that is seated on the high bank of the Danube. The site
was first occupied during the Early Bronze Age (from
2300/2200 BC) and was inhabited continuously till the end
of the Hungarian Middle Bronze Age (i.e. 1500/1450 BC). Its
location has always kept the area in the centre of interest
during the Bronze Age, just as well as today for modern re-
search. The settlement is located on a promontory-like plateau
some 160 m above the river, providing an excellent view of
upstream, down and also across the river over the flat flood-
plain on the other side. The modern archaeological research of
the site started during the 2nd half of the twentieth century.
The result of that was the identification of Százhalombatta-
Földvár as one of the outstanding fortified settlements of the
Hungarian Middle Bronze Age cultural unit called Vatya. The
most recent and still ongoing excavation project started in
1998 with the primary aim of understanding Bronze Age so-
cial dynamics playing within the daily life and routines of a
presumably high-tier settlement with the help of the most re-
cent interdisciplinary developments (Kristiansen 2000;
Poroszlai and Vicze 2004a; Sørensen et al. in press; Vicze
et al. 2017). The site since then is a centre for evolving new
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methods and supplying data and material for novel research
areas.

The Vatya culture chronologically is coeval with the
timespan of the Middle Bronze Age (1900/1800–1500/
1450 BC) in Hungary. Their territory geographically is
located in the central part of the country encompassing
both banks of the Danube. It is a so-called tell-forming
society, which means that their settlements have continu-
ous occupation for hundreds of years and their households
and activity areas were rebuilt and reconstructed over and
over the remains of previous ones. This gives ample op-
portunity to specifically focus on domestic contexts
(Sørensen and Vicze 2013; Vicze et al. 2014) among which
constructing, maintaining and rebuilding of houses and
features are of primary interest (Sørensen 2010; Kovács
2013; Vicze 2013). Our understanding of Vatya houses is
that they are usually 8–10 m long, 4–5 m wide and were
made of wattle and daub walls seated between posts. The
posts were carrying the weight of the slanting roofs com-
posed of reed or thatch on wooden frames. The posts were
integrated into the walls with plastering (using clay), thus
visually producing an even surface both inside and outside.
At Százhalombatta, we find that there are different Vatya
houses used on the settlement at one time. There are houses
with one, two or probably even with three rooms. Each
house has at least one hearth or fireplace. Although, having
more than one cooking/baking/roasting surfaces/structures
in one house appears to be more common, than having only
one hearth (Vicze 2013).

Clay seems to be one of the most regularly used building
material at the site (Kovács and Vicze 2019). It is used in a
wide range including walls, floors, hearths, pottery and also
‘furniture-like’ inner constructions such as boxes, weights
(e.g. loom-weights) etc. (see Vicze 2013). Clay is an easily
accessible raw material and with diverse tempering and com-
position it can be used extensively for different constructions
(see with further references Kovács and Vicze 2019; also, for
clay in general Sofaer 2015). During our excavation at
Százhalombatta-Földvár we carefully study and document
these diversities. With that, we wish to recognize the techno-
logical knowledge, the knowhow, and also some of the deci-
sions behind specific raw material choices and their applica-
tion. Part of our thin section soil micromorphological and
phytolith sampling was focused on these questions, especially
when during excavation we have realized, that in contrary to
our previous knowledge and expectation, different raw mate-
rial was used for similar constructions. This article is one of
the studies discussing the results of our detailed interdisciplin-
ary research methods and the first one testing the conjoint
application of thin section micromorphology and phytolith
analysis. Whilst micromorphological analysis is an eligible
method to observe, describe and understand the nuances of
building technological choices, phytolith analysis adds the

vegetal component to the picture by describing the vegetal
remains found within the studied anthropogenic material.
The main aim of the paper is to determine how space was
created through various material choices in the MBA, whilst
the integrated analysis of two different methods is also
challenged.

Geographical setting of Százhalombatta-Földvár

From the geographical point of view, Százhalombatta-
Földvár is part of the Mezőföld mesoregion and lies within
the Érd–Ercsi-hátság microregion, which is bordered by
the Danube from the east (Marosi and Somogyi 1990)
(Fig. 1). The geomorphology of this area was created by
multiple geological processes. During the Middle Pliocene
clay deposits were formed as a result of the transgression
of the Pannonian Sea. Due to intensive tectonic movements
chessboard-like surface was formed (Pécsi 1967). During
the Pleistocene fluvial erosion produced complex valley
systems in this landscape, and areas that were left intact
of these geological processes emerged from the landscape
and formed ideal places for later human occupation.
Sediments accumulated in the valleys and atop of the
higher elevation areas created the base of the latter soil
development (Frisnyák et al. 1977).

A ridge built up of the Upper-Pannonian (Miocene-
Pliocene) Somlói Formáció (soPa2) stretches in a north-
western direction from the Danube bend (Gyalog 2005).
Loess (eQp3

l) mosaics on the surface form plateaus and the
site is located on the very proximity of the Danube
overlooking the river bend and the flat alluvial area of the
Csepel Sziget. Detailed description of the geological layers
of the site was summarized by Kalmár (2005), while detailed
pedological studies were conducted by Varga (2000) and
Füleky (2005). In general, Százhalombatta-Földvár is located
within a chernozem mosaic developed on loess parent
material.

Thin section soil micromorphology and phytolith
analysis

Thin section soil micromorphology is a microscopic technique
capable of investigating micro-contexts and micro-fragments

�Fig. 1 Location of Százhalombatta-Földvár Bronze Age fortified
settlement within Hungary; the position of the settlement on the loess
plateau: the yellow line indicates the hypothesised extension of the site,
which was partly destroyed by the fluvial expansion of the Danube and
partly by anthropogenic landscape modifications (brick factory clay
mining); dashed red line shows the currently known tell boundaries, red
square delineates the excavation trench (modified after Vicze 2005))
aerial view of the site with the boundary of the tell (dashed red line)
and that of the excavation trench (red continuous line)
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in great detail. Therefore, it is more and more frequently used
in archaeological investigations (e.g. Portillo et al. 2019;
Devos et al. 2013a, b, 2017 or see Nicosia and Stoops 2017
for extended literature and Banerjea et al. 2013 for
experimental studies). Although it can be adopted to very
largescale investigations (e.g. Courty et al. 1989; Goldberg
1992; French 2003), in this paper, it will only be challenged
to answer questions regarding how space was created and
used, and what material choices were made in the case of a
Middle Bronze Age Vatya house.

Plant opal particles are hydrated silica bodies accumulated
in different plants’ organs by numerous plant taxa in the inter-
and intracellular space and cell walls (Piperno 1988). Due to
the fact that—on a long, even geological, time scale—
phytoliths are highly resistant to a broad spectrum of environ-
mental factors (Blinnikov 2008), plant opal particles can be
utilized both in palaeoecological and archaeobotanical studies
as an environmental and palaeo-ethnobotanical proxy (Rovner
1971; Korstanje and Babot 2007, 2008; Madella et al. 2013)
The potentials of phytolith analysis have been demonstrated
(Piperno 1988, 2006) and reviewed in many fields of environ-
mental, (archaeo)botanical and archaeological studies (e.g.
Shilito 2011).

Thin sections are not widely used in phytolith studies
due to their 2D nature. Phytoliths can be best investigated
and observed under light microscope when recovered from
soil and (anthropogenic) sediment material (Vrydaghs and
Devos 2018). However, the combination of the two
methods proved to have certain advantages in the under-
standing of space usage and man-plant relationships within
urban and settlement contexts (e.g. Devos et al. 2009,
2013a, 2013b, 2017, 2020). Thin sections are limited to
the cut angle, which might not be sufficient for the proper
identification of the various phytolith morphotypes.
Aspects of the phytolith analysis within fixed microscopic
environments—such as ceramic thin sections—were also
discussed previously by Kreiter et al. (2013, 2014), Pető
and Vrydaghs (2016) and Vrydaghs et al. (2017).
Phytoliths can be used as a proxy for identifying charac-
teristics of vegetal material used for temper (Starnini et al.
2007; De Paepe et al. 2003; Lippi et al. 2011; Tomber et al.
2011; Kreiter et al. 2013). One of our aims is to determine
the presence of vegetal temper in the different fabrics and
an attempt will also be made to clarify the anatomical or-
igin of the vegetal material.

Besides complementing the on-site archaeological obser-
vation of the building techniques with thin section soil micro-
morphological and phytolith analytical proxies, emphasis is
given to the combined methodological approach of the two
methods. Thin sections of anthropogenic sediments collected
throughout a house (ID 3147) will be focused on in this paper
to further test such conjoint method and to add taphonomic
details to the micro-structure.

Materials and methods

Feature no. 3147

Remains of a Middle Bronze Age Vatya building (encoded as
ID 3147 and referred to it as ‘house’ in the followings) were
unearthed in the eastern part of the excavation trench.
Unfortunately, the limits of the house exceed the dimensions
of the trench, so only part of the building will be under inspec-
tion (Fig. 2). The dimensions of the house remain, available
for investigation, are approximately 5 × 9 m. The house has
two distinctive building phases encircled by walls, which are
only partially preserved. No indication of inner/partitioning
wall was detected in the excavated area. The intrusive pits of
the later periods highly disturbed the eastern part of the con-
struction. Two hearths were discovered in the northern part of
the house, close to the trench wall. The hearths were built
exactly at the same locale, both of them belonging to only
one of the two phases.

Phase nr. 1

Earthen floor was detected in relation to the 1st building phase
of the house. Although field documentation registered the
possibility of several occupation surfaces and the presence
of earthen floors, they could not be distinguished convincing-
ly with traditional field archaeological techniques. The
greyish-brownish colour of the earthen floors is identical to
the colour/texture (loam/sandy loam) of the general sediment
matrix (also called as general fill of the tell; for more details,
see Füleky 2005; Kovács 2005, 2009), therefore really diffi-
cult to identify (Fig. 2b).

Phase nr. 2

The second building phase of the house is distinctively
outlined by the yellow clay floor (Fig. 2c).

Sampling methods and strategy

Various parts of the house (e.g. earthen floor, clay floor, wall
and hearth) were sampled for the characterization of the con-
struction materials and for the detection of changes in material
choice. Table 1 shows the full inventory of the analysed mi-
cro-horizons.

Four samples were investigated in relation to the floors
(MS5 2004, MS7/1 2002, MS7/2 2002 and MS13 2004).
Two samples are showing the wall of the house (MS10 2004
and MS21 2004) with an additional sample of a posthole
(MS7 2004). One sample is representing the hearth of the
2nd phase (MS20 2004).
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Methods of the thin section soil micromorphological
and phytolith analysis

Air-dried sediment blocks were impregnated and consolidated
with unsaturated crystic polyester resin under vacuum out of
which 30 μm-thin sections were prepared by cutting and
grinding (Murphy 1986). Slides were then investigated under
plane (PPL) and cross-polarized light (XPL) at × 20, × 40, ×
100 and × 200 magnifications with a Nikon Eclipse E200
polarizing microscope and described according to standard
terminologies (e.g. Bullock et al. 1985; Stoops 2003).

Phytoliths, as well as silicified tissue elements, were
analysed in the thin sections prepared for the soil micromor-
phological analysis at a magnification ranging between × 100
and × 400. Description of phytoliths was based on the
International Code for Phytolith Nomenclature 2.0. (ICPT
2019). A modern reference collection of inflorescence bract
elements of cereals and relevant scientific literature (Metcalfe
1960; Haraszty 1979; Miller Rosen 1992; Ball et al. 1996,
1999, 2017; Dickinson 2000) was used to identify the anatom-
ical origin of the observed morphologies. Numerous criteria
influence the visibility of phytoliths within a thin section (see

Kreiter et al. 2013, 2014; Pető and Vrydaghs 2016; Vrydaghs
et al. 2017). The phytolith analysis of the thin sections implied
five direct indices:

1. The Observed/Not Observed Index (O/NO) refers to the
absence or presence of phytoliths within the thin section.

2. The Distribution Index (D) defines whether the observed
phytoliths occur in the fabric or in voids.

3. The Morphotype Identification Index (MI) implies the
identification of the plant opal particles observed in the
thin section. It relies on standard phytolith nomenclature
sources such as the ICPN 2.0 (ICPT 2019), and on plant
anatomical knowledge.

4. Aspect Index (A) considers the plant opal particles indi-
vidually in terms of their visibility and appearance.
Visibility refers to the fact that phytoliths might be whol-
ly, partly or not at all released from the organic tissues (for
details check ESM 2.)

5. The Associated Material Index (AM) provides additional
contextual data relevant to the presence or absence of
plant opal particles, as well as defines the presence of
charred plant organic matter (POM).

Fig. 2 a Photograph ofMBA house after its excavation; b) ground plan of
the house showing the 1st phase and the earthen floor; c) ground plan of
the house showing the 2nd phase and the clay floor. Notes: grey: remains

of wall structure; red: position of hearth; brown: earthen floor; yellow:
clay floor; blue: position of the micromorphological samples
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The description protocol of the micromorphological
analysis approach provides semi-quantitative data based on
the identification of the relative amount of plant material
(organic and inorganic) observed within a sample. This is

complemented by the identification of the relative abundance
of plant temper in the fabric material based on the presence of
pseudomorphic plant voids (i.e. vegetal voids) (Matthews
1995; Shillito et al. 2011), phytolith aggregates, as well as

Table 1 Inventory of the analysed micro-horizons and their context

Sample code Description Stratigraphy/microlayers Archaeological context of the
stratigraphical unit

Development phase

MS5 2004 Earthen floors and related microlayers E5 Earthen floor 5. 1st phase
E4 Earthen floor 4.

MS7/1 2002 Earthen floors and related microlayers E5 Earthen floor 5. 1st phase

MS7/2 2002 Earthen floors and related microlayers E5 Earthen floor 5. 1st phase
E4 Earthen floor 4.

E3 Earthen floor 3.

E2 Earthen floor 2.

E1 Earthen floor 1.

F Foundation/sediment matrix

MS13 2004 Earthen floors and related microlayers E5d2 Plant matter (dump) (on earthen floor) 1st phase
E5d1 (Ad hoc) sand dump (on earthen floor)

E5 Earthen floor 5.

E4 Earthen floor 4.

MS7/1 2002 Clay floors and related microlayers SM Sediment matrix 2nd phase
Cud Unburnt debris (on clay floor)

C Clay floor

MS7/2 2002 Clay floors and related microlayers Cfb Floor build-up (on clay floor) 2nd phase
C Clay floor

Cc1 Clay matter (under clay floor)

MS13 2004 Clay floors and related microlayers P Plaster fragment (clay) 2nd phase
Cfb Floor build-up (on clay floor)

Ca3 Ash layer 3 (on clay floor)

Ca2 Ash layer 2 (on clay floor)

Ca1 Ash layer 1 (on clay floor)

C Clay floor

Cp Packing material

Cc Clay matter (under clay floor)

MS5 2004 Clay floors and related microlayers Cfbb Floor build-up/burnt organics 2nd phase
C Clay floor

Cc2 Clay matter

Wall-building technique SM Sediment matrix

Wp1 Wall plaster (clay)

Wp2 Wall plaster (clay)

Wp3 Wall plaster (clay)

Wp4 Wall plaster (clay)

MS10 2004 Wall-building technique Ws Wall material/sediment matrix 1st/2nd phase

MS21 2004 Wall-building technique Ws Wall material (sediment type) 1st/2nd phase

MS7 2004 Wall-building technique Wp Wall plaster (clay) 1st/2nd phase
Ws Sediment matrix/wall base

MS20 2004 Hearth Whc1 Hearth wall (clay) 2nd phase
Whc2 Hearth wall (clay)

Whc3 Hearth wall (clay)

Whc4 Hearth wall (clay)

Abbreviations: E, earthen floor; C, clay floor; P, plaster; SM, sediment matrix; W, wall-related material
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on not perfectly undecayed plant material in the thin section.
Empty voids (e.g. vegetal voids) of the thin sections (besides
air bubbles) are the places from where plant organic material
was completely decayed out (in contrast to the ceramic fabric,
where voids are representatives of plant material burn out
during the process, see Pető and Vrydaghs 2016 for method-
ological considerations and Kreiter et al. 2013, 2014 for ap-
plication). Still, phytoliths and various forms of charred—and
in many cases amorphous—plant material might also occur in
the matrix and in voids as well. Charred organic plant material
is referred to as POM (plant organic matter) within this study.

Since phytoliths are produced in the tissues and cell lumens
of the plant, the primer in-put of phytoliths to the clay material
is conscious plant tempering. As a secondary process, plant
parts maybe incorporated into the clay when the raw material
is stored or deposited during the production and/or utilization
process.

The term ‘chaff’ in petrographic and micromorphological
analysis (Nicosia and Canti 2017) is generally used to identify
plant tempering; however, the botanical meaning might differ
to how it is used in archaeological studies. From the ethno-
graphic point of view chaff is the by-product of the cleaning
process of harvested (hulled) cereals, regardless of the cereal
species. From the botanical point of view chaff implies parts
of the generative organ (inflorescence), such as the glumes,
the palea and the lemma that produce phytoliths (Metcalfe
1960; Parry and Smithson 1966; Ball 1992; Ball et al. 1996,
1999). All these can be grouped under the term of husk, be-
cause of the similarity of the cell morphology in the epidermal
tissue and their possible frequent occurrence in archaeological
samples (Miller Rosen 1992: 131; Ball et al. 2017).

Results and discussion: Combining
the evidence

The combined and integrated utilization of archaeological thin
section soil micromorphology and phytolith analysis in fixed
analytical environment (cf. thin section scanning) aimed at
reconstructing certain moments and details of the taphonomy
and development of a MBA house at Százhalombatta-
Földvár. Although the conjoint application of the aforemen-
tioned two methods cannot be considered comprehensive, it
still provides valuable details to the traditional archaeological
techniques. Data gained through the micromorphological and
phytolith observations within the thin section collected at
house ID 3147 shed light on the development of earthen and
clay floors, as well as on material and technique choices made
by the population of the tell settlement.

Detailed results of the micromorphological analysis is sum-
marized in ESM 1, while those of the phytolith analysis is
given in ESM 2.

Earthen floors (phase nr. 1)

Ten micro-layers in four thin sections (Table 1) of various
locales exhibited the earthen floor phases of the house.
Figure 3 shows that in total five earthen floors (MS7/2 2002
E1–E5) were prepared on the initial foundation surface
(MS7/2 2002 F). Since MS7/2 2002 is the only sample that
contains the full series of the earthen floors, this samplewill be
discussed in detail and only differences will be highlighted in
relation to the other thin sections in order to track horizontal
variations and changes of space use. Unfortunately, samples
MS5 2004 (E4 and E5), MS7/1 2002 (E5) and MS13 2004
(E4 and E5) only capture the last one or last two earthen floors
of the house (see Table 1 for stratigraphic clarifications).

The foundation surface, compared with the material of the
earthen floors themselves, is less compact. The somewhat
higher rate of porosity seems to be the result of enhanced
bioturbation. This horizon contained decomposed plant mat-
ter, which was observed in the form of phytoliths (< 2%) and
dung fragments (in forms of articulated phytoliths and calcite
spherulites (e.g. Canti 1998)) (2–5%). This latter is considered
here as the subject of micro-faunal attack. The foundation
layer is a mixture of domestic waste (dung, charcoal, bone,
burnt bone, ash, pottery, daub and plaster fragments) and sed-
iment particles (quartz, polycrystalline quartz, muscovite, bi-
otite, chlorite and Sarmathian limestone fragments) (ESM 1).
This composition is exactly what defines some of the general
matrix (fine structured, sandy loam/loamwith varying amount
of anthropogenic inclusions—Füleky 2005) of the site. (For
more detailed characterization of general fills see also Kovács
2009). In this case it shows some levelling, which is indicated
by the sharp, straight boundary between the foundation layer
and the overlying 1st earthen floor. It seems that the previous-
ly accumulated settlement material served as a foundation for
the house. In comparison to the earthen floor, the foundation
layer shows higher amounts of inclusions on a wider scale,
which suggests that the house was built on a surface that
enclosed various refuse elements. It has to be also noted here
that the anthropogenic inclusions are rather small in size in
this layer, which indicate that the bigger refuse elements were
removed during the preparation of the foundation surface.
With other words, the general fill of the tell was used for
sub-floor levelling, and the cleaned and sorted version of
this same material was used for creating a structured
floor surface consequently. In the case of Százhalombatta
the differences between the sub-floor levelling material
and the first earthen floor layer lies within the amount and
intensity of anthropogenic inclusions. In this sense there are
both similarities and differences to ethnoarchaeological
observations recorded during the micromorphological study
of floors in experimentally built huts. Banerjea et al. (2013)
reports on the usage of various earth materials transported
from elsewhere into the inner space of the huts for the sake
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of sub-floor levelling and for preparing an even surface within
the buildings. According to their observations the strength of
the material was exaggerated by deliberately modifying the
earth material or even adding vegetal temper to it. At
Százhalombatta the contrary seemed to be true. The texture
of the general fill (see Varga 2000 and Füleky 2005 for soil
physical data) was suitable for creating a non-cracking even
surface if the larger anthropogenic inclusion were removed.

According to the micromorphological observations the
foundation layer (MS7/2 2002 F) is a mixture of microscopic
domestic waste incorporated in the sediment matrix. This
statement is underlined by the results of the phytolith analysis.
Neither structured plant deposition, nor in situ plant deposi-
tion was detected here, which refers to the fact that the anthro-
pogenic material of this layer was not tempered and it may
have gone through multiple steps of (cleaning or sorting?)
management, which is also indicated for example by the
turbation of the material. It is interesting to note that evidence
of both monocot and dicot species were detected. Since the
evidence and indicators of cereals can be found all over the
site both within the micro- and the macro-archaeobotanical
record (Stika and Heiss 2012, 2013; Vretemark 2011), it is
not surprising that indicators of grass generative (e.g.
ELO_ENT) and vegetative organs (e.g. chaff material) in the
form of elongate dendritic (ELO_DEN) and grass silica short

cell (GSSC) morphotypes were detected (ESM 2). Silicified
tissue elements are not found in anatomically sound position,
signs of degradation and (bio)turbation are anticipated in this
layer. The appearance of possible dicot species is significant
as they most probably reflect the natural vegetation of the site
and do not derive from the cultural flora. However, we cannot
identify whether these botanical elements were consciously
brought in and used in the settlement, or they represent con-
tamination from the environment.

Sample MS7/2 2002 was taken from the northern part of
the house near the hearth, which seems to nicely explain the
enhanced amount of ash and charcoal all the way through the
various earthen floor layers (E1–E5) in this sample (Fig. 4 a
and b). However, the ash accumulations neither form distinc-
tive horizons, nor zones, which suggest that they are not the in
situ results of hearth rake-out activity, but only indicators of
such events. Furthermore, if we compare the rest of the data
from the other thin sections, it becomes evident that all the
investigated earthen floors exhibit enhanced amounts of ash
and charcoal (ESM 1). This shows that the initially described
sample is not loaded with firing remains due to the locally
ongoing activity (e.g. firing, cooking), but it seems that ash
was used throughout the house. On the other hand, the ash is
incorporated into the floor matter and not sitting on top of it
distinctively. This indicates that ash was actually added to the

MS 5 2004 

MS 13 2004 

Wp1 

Wp2 

Wp3 

Wp4 

Cfbb 

C 

Cc2 

E5 

E4 

P Cfb 

Ca3 

Ca2 

Ca1 

C 

E5d2 

E5d1 

E5 

E4 

SM 

Cud 

C 

E5 

MS 7/1 2002 

MS 7/2 2002 

Cfb 

C 

Cc1 

E5 

E4 
E3 

E2 

E1 

F 

SM 

Cc 

Cp 

Fig. 3 Stratigraphic links between the microlayers of the house on sample MS 5 2004, MS13 2004, MS 7/1 2002 and MS 7/2 2002
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flooring matter. If it would have been only trampled into it, it
would be appearing in the top zone rather than throughout the
microlayers.

There is no significant difference between the mineral com-
positions of the five earthen floor horizons within sample
MS7/2 2002. The same could be observed in the other thin
sections exhibiting the earthen floors of the house (ESM 1).
Quartz and polycrystalline quartz occur with higher frequency
in all floor layers with additional muscovite, glauconite, bio-
tite and chlorite minerals. Sarmatian limestone fragments were
only observed in the foundation layer and in the oldest floor
layer of sampleMS7/2 2002 E1, suggesting that the limestone
particles were only derived from the general sediment matrix
on which the house was built. Their small number does not
suggest intentional use of this material.

Structured plant deposition was not detectable within the
first earthen floor of the house (MS7/2 2002 E1). The dominant
GSSC morphotypes that were detected within this layer togeth-
er with elongate entire (ELO_ENT) and elongate echinate
(ELO_ECH) phytolith morphologies represent grass stem and
leaf tissues, and it is important to note that signs of cereal chaff
were not detected at all. The relative low appearance of mainly
disarticulated phytoliths refers to an anthropogenic environ-
ment, which did not come into connection with significant
amount of plant material over a longer period of time. With
other words, the sediment used for creating the earthen floor
of the house can be considered a substance free of conscious
vegetal tempering. This observation is in accordance with the
micromorphological description, which defined this floor ma-
terial as a very finely grained and strongly compacted material.
The second earthen floor (e.g. MS7/2 2002 E2) not only con-
tains small charcoal particles, but charred grass tissue elements
(POM) were also recorded. In addition, the articulated silicified
sheet elements most likely represent small parts (chopped?) of
cereal chaff (cereal cleaning by-products) (Anderson et al. 2004
and Anderson et al. 2006 reported on silica sheet elements with

similar ‘cut profile’ using threshing sledge in an experimental
archaeological study.)

The appearance of well-structured plant material in earthen
floor MS7/2 2002 E3 is a novel phenomenon within the de-
velopment of the house. The in situ plant material represents
the leaf, stem and inflorescence material of cereals. Since this
phenomenon was not detected in other earthen floor layers, it
is hard to identify whether these vegetal remains occur in the
floor material accidentally, or they are consciously integrated
into it for some reason.

In contrast to earthen floor MS7/2 2002 E3, phytoliths
within earthen floor MS7/2 2002 E4 are almost solely
disarticulated ones, which are integrated into the fabric mate-
rial. No structured plant deposition can be described. Phytolith
morphotypes appear in the fabric, and are disarticulated mean-
ing that they are released from the plant tissue. This combina-
tion can be linked to the fact that these plant opal particles
were originally integrated to the base material used for prepar-
ing the floor and their appearance in earthen floor E4 is only
secondary. Earthen floor E4 in sample MS5 2004 showed
very similar traits; the micromorphological observations un-
derline their common genetic roots within the development of
the house.

The relatively high phytolith presence seems to eliminate in
the last earthen floor of the 1st building phase. Earthen floor
MS7/2 2002 E5, which ‘seals’ the first building phase con-
tains higher amount of ash and micro-charcoal fragment than
intact disarticulated or articulated phytoliths. Signs of chaff
presence or any structured deposition could not be proven.
Microlayer MS5 2004 E5 is genetically identical with the
abovementioned one in sample MS7/2 2002. As a parallel
phenomenon, this earthen floor layer showed similar micro-
morphological traits, since the presence of high amounts of
charcoal was proven, while the phytolith content was identi-
fied to be moderate/low. Both samples of E5 floor were lack-
ing any structured plant deposition.

a) b)

Fig. 4 General matrix of the earthen floor as documented in sample MS7/2 2002. a PPL; b XPL
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None of the examined samples (thin sections) show debris
accumulation between the earthen floor layers. This suggests
regular cleaning andmaintenance. Charcoal and ash are the most
abundant inclusions in the floor matter, as was implied above. In
case of firing, via the melting of mineral components, so-called
non-metallurgic slags are formed. Their occurrence in the earthen
floors is therefore also an indicator of heat/firing. However, there
is no sign of in situ firing in the analysed horizons, so all the
charred remains and ash together with the non-metallurgic slag
fragments are in secondary position. It seems that they were
added to the sediment to create the floor matter. Phytoliths are
also frequent. The amount of bone, pottery and daub fragments
within the floor matrix is low. They are tiny in size and are
indicators of domestic context (i.e. remnants of everyday life).
This indicates that the general sediment matrix of the settlement
was used for flooring after some treatment. The fine (0.5–1 cm),
thin floors have no physical capacity to capture macro-finds and
it seems that floors were generally laid with care (see Kovács and
Vicze 2019) and only previously ‘cleaned’ building matter was
employed. The absence of accumulated debris makes it impos-
sible to detect the range of activities that may have taken place,
with the exception of cleaning. The observed 0.5–1 cm thickness
of the earthen floors is believed to be only portion of the original
floor. The scraping of the floor surface—prior to renewal—was
already discussed in relation to the clay floors at Százhalombatta-
Földvár (Kovács and Vicze 2019), so we propose that the same
technique was used here as well.

The composition of the five earthen floors shows great
similarity. However, differences can be spotted when their
horizontal position is taken into consideration.

The earthen floor layers from the southern part of the house
(MS13 2004 E4 and E5) (Fig. 5), has higher amounts of ash
content. The ash (Fig. 5 a and b) is part of the floor matter and
not sitting on top of it. This however not only suggests pur-
poseful addition (the general sediment matrix does not contain
this elevated amount of ash (see Kovács 2009)) but also shows
the application of various mixes between the eastern and
southern areas. In this sample there are several in situ
decomposed plant remains. They are present within the floor
matrix (E4, E5) and there is some surviving plant matter (Fig.
5 c and d) on top of a probable ad hoc sand dump (E5d1) (Fig.
5e). The preservation was due to the sheltered position of the
sampled locale (right next to the wall). At one hand, phytolith
indicators represent local, in situ deposition of both grass—
most likely cereal—vegetative (stem and leaf) and generative
(chaff) material. Besides, relatively high amount of charred
plant material could also be detected in the form of POM
and charcoal fragments (Fig. 5b). The simultaneous occur-
rence of grass stem, leaf and inflorescence material in the
earthen floor (E5) matrix might be an indication of dung pres-
ence at the sampling location (Fig. 5f). This idea is further
supported by the presence of faecal spherulites observed dur-
ing the soil micromorphological analysis.

As the sample was taken immediately next to the wall, it is
possible that some of the debris accidentally survived the sweep-
ing. This is not surprising in areas that are not affected by heavy
use/traffic and which are more ‘protected’ due to their location.

In sample MS13 2004 there is a sandy layer (E5d1) on top
of the youngest earthen floor, right under the plant horizon
discussed above. So far it seems that this material is restricted
to areas near the wall as it is missing from the rest of the
samples. Based on the physical properties (cf. sand material
with higher pore intensity) of this sand layer and the distribu-
tion of the silicified tissue elements within the sample it is
anticipated that these are secondary depositions and are most
probably the result of vertical downward infiltration processes
that occur in the bigger pores of the sand fraction (e.g. Fishkis
et al. 2009, 2010a, 2010b). This is further supported by the
above lying in situ decomposed plant matter (E5d2), which is
considered to have been lying outside the last major cleaning
of this floor, which contains high amounts of cereal-related
plant opal indicators. Micro-horizon E5d2 can be identified as
a structured deposition of cereal-related material. Although
both generative and vegetative indicators appear in the assem-
blage the predominance of inflorescence indicators could have
been detected, which refers to cereal cleaning by-products at
this location. The phytolith signal of this layer undoubtedly
shows the presence of chaff material at this point (i.e. next to
the wall) of the house (Fig. 5 c and d). Whether this assem-
blage derives from cereal cleaning activity within the house,
or it marks a deposition of chaff material saved for further
processing is hard to identify. However, it seems sure that a
plant-derived deposition was found atop the floor.

Clay floor (phase nr. 2)

During the 2nd phase the entire floor surface was plastered
with yellow clay (plaster) (see Fig. 3 and Table 1: MS7/1 2002
C; MS7/2 2002 C; MS13 2004 C; MS5 2004 C). Field obser-
vations only registered one clay floor layer that can be con-
firmed by the microscopic observations. No floor renovation
or renewal can be detected in the analysed samples.

The mineral composition of the plaster floor in the northern
and southern parts of the house is very similar, as was in the case
of the earthen floors. The floor is composed primarily of fine
mineral matter (Fig. 6 a and b) and it contains almost no anthro-
pogenic inclusions (except for the occasional phytoliths and char-
coal fragments). The samples illustrate that ‘clean’, very fine
matter was used to build the floor and care was taken to exclude
any debris from the surroundings. The floor plaster contains only
a few phytoliths. Although the presence of elongate dendritic
(ELO_DEN) morphotypes could be proved, their sporadic dis-
tribution only account for a weak cereal signal in this layer.
Moreover, the few articulated particle assemblages show heavy
bioturbation. The absence of vegetal voids and organic staining,
or any other form of plant material, clearly shows that no vegetal

Page 10 of 23258



Archaeol Anthropol Sci (2020) 12: 258

temper was added to the clay. The floor exhibited a low frequen-
cy of pore spaces and high compaction. This suggests that only
moderatemixing of the rawmaterial took place, which prevented

toomuch air being captured in the floor horizon, therefore it lacks
voids. Presence of voids (i.e. air bubbles) is quite frequent when
temper is added to the raw material (see daub later on).

a) b)

c) d)

e) f)

Fig. 5 Phytolith occurrences in earthen floor E4 and E5 (Sample MS 13
2004). a Ash (XPL) and b charcoal fragment (PPL); c articulated cereal
chaff remains showing in situ decomposed plant material (PPL); d
microlayers deriving from plant deposition (PPL); e ex situ partially

disarticulated phytolith within the greater voids of the sand dump
micro-horizon (PPL); f nicely preserved anatomical cross-section of ce-
real chaff material (PPL)
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Pure clay matter is recognizable beneath the proper plas-
tering in the case of sample MS5 2004 (Cc2) (Fig. 3).
However, this is not the case in sample MS7/1 2002.
Since no plaster-floor renovation was detected, either

micromorphologically or archaeologically, it seems rea-
sonable to believe that the clay appears here to eliminate
unevenness prior to laying the clay floor (see Kovács-
Vicze 2019). This hypothesis seems to be further

a) b)

c) d)

e) f)

Fig. 6 General matrix of the clay floor as documented in sample MS5
2004: a PPL; b XPL. Floor build-up on top of the clay floor composed of
charcoal fragments and ash material in sample MS5 2004: c PPL; d XPL.

Charred plant organic matter (POM) (e) and structured plant material (f)
within the Cfbb layer (PPL)
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supported by the fact that this sample with the ‘extra’ clay
horizon was taken near the wall. The plaster floors were
slightly raised-up to the walls to join the two elements
(Kovács 2009), where the use of more building matter
was beneficial to create the slight slope between the wall
and the floor plaster. The ‘extra’ clay might have served
this purpose.

The accumulated floor build-up on top of the clay floor in
sample MS5 2004 (Fig. 6 c and d) is represented by a 1 to 2-
mm thick horizon (Cfbb; Fig. 3) that is composed of pure ash,
charcoal, other charred plant organic matter (POM) with sig-
nificant amount of phytoliths (Fig. 6 e and f). This appearance
of well-structured plant material is a novel phenomenon with-
in this sample of the house. The in situ plant material repre-
sents the leaf, stem and inflorescence material of cereals. The
sample contains only a thin layer of ash and no other remnants
of domestic waste indicative of regular cleaning, just as we
have seen in the case of the 1st phase in this area. The rest of
the horizons on top of this layer represent fallen-in debris
(mainly wall plaster fragments). One of the collapsed wall
fragments contains some dung, which might indicate that it
was used as temper. However, the amount of dung is small as
is the amount of plant matter. This suggests that dung was not
a significant element in the clay matter. Also, phytolith
morphotypes appear in this fabric, and are disarticulated
meaning that they are released from the plant tissue. This
combination can be linked to the fact that these plant opal
particles were originally integral parts of the clay material,
and their appearance here is only secondary. In this sense they
might be the representatives of wall material fallen onto the
floor of the house.

The Cud microlayer in sample MS7/1 2002 shows the ac-
cumulated unburnt debris on top of the floor (C) (Fig. 3). The
phytolith analysis showed that several plant deposition sub-
layers form this microlayer (Fig. 8 a and b). The high amount
of phytoliths show intensive bioturbation processes. It is evi-
dent after the first glance that this thin section (MS7/1 2002)
does not contain an ash layer, which would be similar to the
one observed in the previous thin section (MS5 2004 Cfb)
(Fig. 3). This sample (MS7/1 2002) was taken very close to
the hearth—an area that might have been kept regularly
‘clean’—and this might account for the lack of floor build-
up. Just as in the case of sample MS5 2004, this thin section
also contains a considerable amount of wall fragments that
seem to be collapsed debris after the abandonment and de-
struction of the house. However, the presence of charcoal,
ash, vegetal remains (in the form of phytoliths and POM),
bone and pottery fragments demonstrate the domestic context.

The southern area (MS13 2004, Fig. 2), nonetheless, shows
a different picture. Three ash layers (Ca1, Ca2 and Ca3), which
vary between 1.1 and 1.7 cm, are visible on top of the clay
floor (C). These consecutive ash layers and the orientation of
their various components (parallel to the floor level), together

with the sharp boundaries between the horizons, suggest de-
liberate placing. The exact aim of this action is hard to discern
but it might have served hygienic purposes. Wood ash is high-
ly calcareous (Karkanas et al. 2000), that is to say alkaline, so
it can be used as a disinfectant (Hakbijl 2002). Furthermore,
ash has a high capacity of water absorption, which makes it
useful to reduce dampness, which is considered favourable
within the internal living spaces (Milek 2006). Ash can also
be used for odour elimination therefore it was commonly
spread on earth floors (Milek 2000). There is no other type
of debris accumulation between the ash layers, which hints at
short periods of time between their formations or lack of ac-
tivity here for some time. The presence of floor build-up (Cfb)
on top of the last ash layer (Ca3) shows that the area was used
for another activity later on (Fig. 3). The floor build-up con-
tains charcoal, phytoliths, ash, bone and non-metallurgic slag,
all of which indicate domestic context that is to say everyday
life. A fallen-in wall/plaster fragment occupies the majority of
the floor build-up suggesting that this horizon was the last
occupation surface after which the house was abandoned.

Wall

Two micromorphological samples are used to characterize the
wall material and the building technique (samplesMS10 2004
and MS21 2004). One of the postholes was also sampled
(sample MS7 2004) (Table 1).

MS21 2004 represents the inner structure of the wall
(Fig. 7). Its main composition can be characterized with the
abundance of sediment particles. Various refuse elements (such
as charcoal, ash, bone, organic matter etc.) were also identified
in the horizon. Although (in contrary to the earthen floors) the
sample contains some coarser (a couple of millimetres in size)
inclusions (charcoal and bone, for example), it can be charac-
terized as rather fine and compact. This part of the wall is made
of the general sediment matrix of the tell, similarly to the earth-
en floors. However, in the case of the wall it seems that the
material used was less carefully prepared. This is showed by
the abovementioned coarser inclusions.

The material under investigation did not accumulate in situ.
This is clearly indicated by the bone fragment and the brown
material surrounding it. The bone was originally deposited
elsewhere and the brown material surrounding it represents
the original deposit in which it was lying. Later on, it was
transported and incorporated into the matter that was used to
prepare the wall (Fig. 8 c and d). The same is true for the ash
fragment (Fig. 8 e and f). No reddening of the enclosing ma-
trix is visible, which clearly indicates that the actual burning
took place somewhere else. These observations are also sup-
ported by the phytolith analysis of the layer. Both charred
plant organic matter (POM) and released phytolith occur in
the thin section. Not only generative, but vegetative indicators
also occur; these imply elongate entires (ELO_ENT), elongate
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sinuates (ELO_SIN), various trichome morphologies (TRI)
and buliform cells (BULI) (ESM 2). The POM material is
identified as cereal inflorescence cross-sections. The long tis-
sue elements are more or less parallel; however, they are not
straight, but show wavy pattern, indicating the secondary bio-
turbation and managing of the sediment material (Fig. 9a–d).
This fragment later became mixed into the matter used for
building the wall. The reason for this is that the ‘base’ of the
wall was created from the general matrix of the site, which
was highly compacted. This compacted general fill housed the
posts, which supported the roof. The posthole was lined inside
with fine plaster (clay), as sample MS7 2004 shows (Fig. 10).
The plaster (Wp) is very similar to that used for the flooring,
thus suggesting a shared origin for the two materials. Sample

MS7 2004 also exhibits the compact wall ‘base’ (Ws) in which
various refuse elements are present. The compact wall-base
can be considered slightly bioturbated, which is reflected by
the distribution of plant opal assemblage in this layer. Plant
opal particles are found partly released from the tissue, but
tissue fragments in secondary position also occur. This latter
undoubtedly refers to the bioturbation and disturbance of this
material. The orientation of the phytoliths is random, does not
mark any direction.

The final phase of the wall construction was the application
of a fine yellow plaster, which was periodically renewed dur-
ing the lifetime of the house (Figs. 11 and 12 a and b; MS10
2004). In the case of this house it seems that the fine plaster
layers were only applied from the inside. The application of
this fine plaster by itself suggests concerns about ‘hygiene’,
and this is further indicated by the sealing of the incorporated
refuse elements of the wall ‘base’ from the living area.

As can be seen in the case of sample MS10 2004 (Fig. 11),
the wall fragments are not in situ but in a secondary position
surrounded by fallen-in debris. Sample MS 10 ‘04 will not be
discussed in detail. The only importance of this sample is to
show the fine wall plasterings (Fig. 12 a and b) that seem to be
typical in some of the Vatya houses (Kovács and Vicze 2019).
It clearly demonstrates that the plaster layers are very fine,
compact and contain no anthropogenic inclusions. They show
no sign of any kind of tempering, which is also true of the
floor plasters. It is also evident that the first layer is slightly
thicker than the rest of the renovation layers, which are only a
couple of millimetres thick. The pore spaces are parallel to the
main horizon, which is indicative of the smoothing effect with
which the plaster was most likely applied. The number of re-
plasterings is at least 5 on top of the initial plaster layer and
they are 0.5–1.5 mm in thickness.

Mostly articulated phytoliths appear in the matrix of MS10
2004 in the form of silicified sheet elements, which are mostly
not positioned in situ, but secondary processes of sediment
management can be seen on them. Since the predominant
morphotype is the elongate dendritic (ELO_DEN), which
are found both in disarticulated and articulated form, the cereal
indication is beyond doubt. The amount of POM is less than in
sampleMS 21 2004 and in accordancewith this the exposition
of the plant opal particles from the organic plant tissue is much
better (Fig. 12 c and d).

The detection and characterization of such walls are very
important because such walls have not been described in
detail earlier. Wattle and daub walls were considered typical
of the Vatya Culture (Bóna 1982; Kovács 1984; Poroszlai
2000a). Although wattle and daub walls are also present at
Százhalombatta-Földvár (Poroszlai 2000b; Poroszlai and Vicze
2004b; Vicze 2013), the recent excavation observations and the
micromorphological analysis revealed that there is much more
variation in terms of building and construction techniques than it
was previously thought (Kovács and Vicze 2019). It was even

Fig. 7 General view of thin section MS 21 2004
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proposed that there might be variation between the walls of the
same house. Only systematic sampling and analysis of the wall
fragments can shed more light on this assumption.

The separate plaster fragments lack any organic matter, no
phytolith evidence, therefore no plant tempering could have
been detected. However, the sediment material in which the

a) b)

c) d)

e) f)

Fig. 8 Sample MS7/1 2002: a disarticulated and relocated chaff indicator
phytoliths in the unburnt debris layer (Cud), as well as b phytolith
indicators of cereal chaff in anatomically sound position situated on the

top of the clay floor (C) (PPL). SampleMS21 2004: c, d bone fragment in
secondary position (PPL; XPL); e, f ash fragment in secondary position
(PPL; XPL) within the matrix of the wall structure
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plaster layers are embedded bear the above mentioned phyto-
lith features.

Hearth

Hearths are the most obvious installations that we find in the
Vatya houses and micromorphological investigations of them
can reveal details that might be overlooked by other methods,
such as field observations or content analysis. Furthermore,
details of construction technique and building material can be
investigated.

Two hearths have been unearthed in house ID 3147: one
for each of the two building phases shown in Fig. 2 a and b.
Both of them are situated in the northern area of the house
close to the wall. They are almost at the same position, which
clearly indicates the direct continuation of space use. Even
though the floor has been renewed, using a different technique
(from earthen floors to plaster floor), the location of the hearth

remained the same. The later hearth partially destroyed the
older one, as indicated on the plan (Fig. 2 a and b). Only the
wall of the later hearth was subject to micromorphological
investigation (sampleMS20 2004). Unfortunately, the content
of the hearth was not sampled, thus, it is impossible to make
conclusions regarding the fuel type. However, if we propose
that the ash in the southern half of the house (MS 13 2004)
logically was originated from the house’s own heart then
based on the ash layers detected on the plaster floor surface
in sample MS13 2004 we can suggest that wood (indicated by
the charcoal fragments), grasses (indicated by the burnt
phytoliths that are most characteristic of grasses) and possibly
dung (in forms of phytoliths and faecal spherulites) were also
involved in the firing process.

Sample MS20 2004 is composed of four micro-layers
(Whc1 to Whc4; Table 1). The macroscopic observations
during the excavation revealed that the hearth of the 2nd
phase was renovated several times—suggesting regular

a) b)

c) d)

Fig. 9 Sample MS21 2004 (wall structure): a, b disarticulated and
released cereal chaff phytoliths showing post-depositional disturbance
(PPL); c, d high abundance and variety of various plant sources within

the matrix of the wall structure; cereal chaff cross-section nicely reveals
its internal anatomical structure on microphotograph (d) (PPL)
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maintenance—which could not be captured in one sample. So,
only part of the hearth wall will be investigated here. Fine
structured, compact, clay material was used to create the
hearth wall (Whc2 to Whc4; Table 1) (Fig. 13 a and b), just as
was used for the wall or floor plasters. However, there is a
significant difference to wall/floor plasters, which is the larger
amount of organic matter (in forms of burnt-out plant voids,
retaining phytoliths and charred organic material). ‘Whc1’ is
different once compared with the other horizons. It contains
more anthropogenic inclusions such as daub and pottery

Fig. 10 General view of thin section MS 7 2004

Fig. 11 General view of thin section MS 10 2004
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fragments (Fig. 13 c and d). Only a small part of this matter is
available for analysis therefore it is problematic to ascertain its
relation to the undelaying horizon and to the hearth as well. It
is more likely that this horizon is not another wall renovation,
but something else.

The abundance of organic matter in the hearth wall material
suggests that it was used as temper and the rest of the inclu-
sions might be indicative of the refuse elements around the
hearth, which became mixed into the material during the ren-
ovation phase. Cereal chaff, which is a continuously returning
element on the tell material could have been also identified
among the vegetal and organic temper material. The majority
of the clay matter used during the construction was rather
‘clean’ and the small amount of anthropogenic inclusions sug-
gests that they were not used intentionally.

Conclusions

Microscopic analysis not only confirmed the initial field im-
pressions but also revealed additional details. The field

observation of possible earthen floors was confirmed and nu-
merical data could be added. The earthen floor was not the
result of a single occupation event but the result of several
renovation phases (Fig. 3). Five earthen floors could be inves-
tigated due to the micromorphological sampling. No floor
build-up was detected between the earthen floors, so the range
of activities ongoing could not be assessed based on the mi-
croscopic investigation. However, this shows the need for
cleanliness as refuse/floor build-up was removed.

During the lifetime of the house a major change took place
regarding the floor building practice. During the 2nd building
phase, the previously practised earthen floor renovation
stopped and the whole floor was renewed with yellow clay
to a thickness of approximately 3 cm. In terms of the use of
space, regular cleaning and maintenance is clearly detectable
throughout the life span of the house, except for the last oc-
cupation surface just before it was abandoned. It raises the
question of the original thickness of the earthen floors. We
propose that the original thickness of the earthen floors was
much thicker, and what we see here is just part of the original
floor. This is what we could prove during the analysis of

a) b)

c) d)

Fig. 12 a, b Series of wall plasterings in sampleMS10 2004 (PPL, XPL); c cereal chaff fragment positioned in a void (PPL); d plant material showing the
direction of plastering (PPL)
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various clay floors of the site. Clay floors were periodically
renovated and renewed. What we see in those cases is that a
series of thin floor layers are topped with a ca. 3 cm thick floor
(being the last one in the series) (Kovács and Vicze 2019).
Although house 3147 is the only house so far that exhibited a
series of earthen floor renewals, based on the clay floor re-
newal practice we propose that earthen floors were treated the
same way as well. Further analysis of houses will hopefully
help to better understand earthen floor building techniques at
the site.

There is a clearly visible pattern between the northern and
southern areas of the house in case of both of the two building
phases: the southern area contains higher amounts of ash and
charcoal. Data shows that during the first phase (earthen
floors) the floor matter contained larger amounts of ash and
charcoal in the southern area, while during the second phase
(clay floor) it was spread on top of the clay floor. The hearth
area is likely to have more heat, therefore reduced dampness,
while further from there some action had to be made for ben-
efit. Also, the hearth areamight have been kept cleaner and the
ash from the hearth rake-out would have been beneficial for
other areas for the disinfectant and/or absorbent effect of ash.

The slightly higher rates of anthropogenic inclusions, found in
the southern area, and their greater variation also suggests that
the hearth area (northern part) was kept cleaner.

The wall of the house revealed new techniques applied
during wall construction. The previously believed wattle and
daub walls are not the only ways of wall preparation. The
compacted general fill material of the settlement was used to
create the foundation of the wall that incorporated the posts,
and apparently only the inner side of the wall was plastered to
seal the living area. Continuous re-plasterings of the walls
reveal that regular maintenance was practiced. Fine wall plas-
ters and floors share common features. All of them are fine,
compact and lack vegetal tempering.

The hearth of the second phase of the housewas also sampled.
The hearth was renovated several times, showing regular main-
tenance and stayed almost at the same location during both
phases. Although nomicromorphological samplewas taken from
the inside of the hearth, the deposited ash inside the southern part
of the house (likely to be derived from the hearth) indicated that
wood, grasses and possibly even dung was used for firing. The
wall plaster of the hearth is also similar to the floor plasters, but
higher amount of vegetal addition could be observed.

a) b)

c) d)

Fig. 13 SampleMS20 2004: a, bmatrix of the hearth wall in (PPL, XPL); c, dmatrix of the hearthwall with organics and anthropogenic inclusions (PPL, XPL)
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Overall, it has to be realized that construction was well
thought out and material of different quality was applied to
the various elements (for example fine, ‘clean’matter for inner
wall and floor plaster vs. general fill with waste fragments for
the wall foundation). Regular maintenance and cleaning, to-
gether with remnants of firing, were identifiable. The absence
of microscopic evidence of craftwork, metalwork or any other
activity (e.g. animal keeping) (that is likely to survive cleaning)
reveals that the building was used for housing. This correlates
well with the archaeological observations as well.

The above stated results have important implications in both
methodology and interpretation for archaeology. Foremost is
the level of detail that we have a chance to look into prehistoric
life, from the macro- to the microscopic level. This affects our
understanding of decisions made in prehistory, such as choice
of raw material or activities like maintenance of floors, walls
within households.

Further, these analyses allow the archaeologists to ask en-
tirely new questions or to think about aspects in a way that has
never been done before. For example, some of these vexing
questions now are: How was it possible at that time to achieve
the extent of cleanness of the general matrix, as seen in the
case of the subjected house?What kind of processes and tech-
niques were used for this purpose that was known to and
applicable by the Bronze Age craftsmen? It is clear that they
had full knowledge of the quality and the composition of the
general fill of the site that surrounded them. Furthermore, they
seem to have had full control over the required property of the
raw material for different purposes (see the difference in par-
ticle sizes in the raw material used for the earthen floors and
that of the inner-wall). Similarly, what was the purpose behind
the choice for using and treating the general fill of the site
instead of bringing the commonly used clean clay? This is
even more interesting knowing that the earthen floor of this
house had seen several renovations from the same material
suggesting a long use-life. It has been laid down then after
some use it has been scraped clean for a new layer of the same
material for four times, at least in certain areas of the house.
This repetition of scraping and spreading new layer on a floor
surface has been noted and documented with yellow clay
floors as well (see Kovács and Vicze 2019), which infers a
prevailing knowhow and routine. The recognition and discov-
ery of this series of action in itself is significant as it could not
have been documented if it were not for the soil micromor-
phology and phytolith analyses. During excavation, lamina-
tions within floors could be recognized on occasion but their
exact number and their construction details would completely
elude archaeology. However, the implications of these
observations are even more important as they provide new
insights into prehistoric daily life, customs and decision-
making. Similar regularity was observed in the case of house
wall plastering. Here, the possibility to quantify these events
and thus be able to assess their regularity again sheds new

light onto the routines of this prehistoric society. Both
abovementioned observations suggest on the one hand the
presence of a consistent and regular maintenance of houses.
On the other a deliberate choice between construction mate-
rials can be detected, the significance of which needs further
studies.

The different treatment of the clay raw material is not a
surprise and not a novel information, however its fine scale
quantification is. Thanks to the avenue opened by the micro-
scopic level of examination there is a possibility now to fine-
tune and even categorize the quality and composition of the
prepared construction materials. It was possible to show that
clay in its purest form was regularly used for re-plastering
walls. The extremely thin layers of 0.5–1.5 mm could be
reached only if the clay was diluted to an extent of liquid form,
then applied to the walls. Whereas, probably the same clay
resource was used for laying the floors in a state that was close
to its natural occurrence. The case of the renovated hearth with-
in house ID 3147 is very interesting. The raw material used for
its re-building contains an amount of naturally present
phytoliths that suggests a secondary source. It is plausible that
a man-made depo of clay was established nearby the settlement
or within it that could be used for small-scale renovations.
Further examples of clay treatment, such as the variability with-
in the production of daub, lie outside the scope of this study.

Finally, it can be concluded that, there are more ques-
tions raised at the end of this investigation, than we
started with. Nevertheless, it was possible to document
deliberate choice of raw material. In the case of house
ID 3147, the general matrix of the site fill was chosen
for the first floor and the inner-wall, over the regularly
used clean yellow clay. This choice, however, opened
new possible line of inquiry about the technological
knowhow and the routines of the everyday life of the
Bronze Age society at Százhalombatta-Földvár. Our aim
to detect choice of material with the help of archaeologi-
cal thin section soil micromorphology and phytolith anal-
yses can be deemed successful. Yet, we presume that the
extent of their usefulness has just started to be recognized.
In our opinion there is a wide avenue for further research.
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