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ABSTRACT - The present paper explores the possibility to better understand the function of pits
through phytolith and starch analysis. A case study from the Late Bronze Age/Early Iron Age seftle-
ment phase of Rotbav in southeastern Transylvania is discussed in detail. It appears that a large sto-
rage vessel originally sealed with a bowl was kept in a pit filled with chaff or straw to preserve its
conlents.
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Hermeticno skladiscenje zit v bronasti dobi:
dokazi iz najdisca kulture Gdva v Rotbavu v Transilvaniji

1ZVLECEK - V clanku raziskujemo moZnost za boljSe razumevanje namembnosti jam na podlagi ana-
liz fitolitov in Skroba. Obravnavamo Studijski primer iz pozno bronasto- in starejse Zeleznodobne fa-
ze naselbine Rothav v severovzhodni Transilvanifi. Gre za vecjo shrambeno posodo, ki je bila pokri-
la s skledo in bila postavljena v jamo, zapolnjeno s plevami ali slamo, z namenom konserviranja vse-

bine.

KLJUCNE BESEDE - bronasta doba; Transilvanija; shranjevanje hrane; fitoliti

Introduction

Several methods have traditionally been employed
to keep humidity, oxygen, and insects away from
field crops in order to preserve them, with airtight
sealed containers, along with pits lined with straw
or chaff, being among the most common (Reynolds
1974; Sigaut 1980; 1988; Fairbairn, Omura 2005,
Villers et al. 2006, Diffey et al. 2017; Urem-Kotsou
2017). However, it is difficult to find evidence for
such techniques in the archaeological record, parti-
cularly regarding regions with earthen architecture
and in the absence of carbonized cereals (Monah
2002; Marinova, Valamoti 2014; Hrisrova et al.
2017; Valamoti et al. 2019 for an overview of such
evidence from southeastern Europe). So far, the
identification of grain storage has mostly been based
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on the identification of characteristic archaeological
features (Sigaut 1988; Fairbairn, Omura 2005 with
references). This approach may to some degree be
hindered by the frequent and complex reuse of sto-
rage pit features (lvanova et al. 2020). This pilot
study sets out to highlight a pit type that with a high
probability is connected to a specific cereal storage
technique and a methodology that allows its iden-
tification by phytolith and starch analysis. Our case
study comes from the Bronze Age/Early Iron Age
settlement of Rotbav in Transylvania, a region and
time for which so far only scarce macrobotanical
evidence exists (Carciumaru 1996; Ciuta2012; Ciu-
ta, Bejinariu 2012; 2019; Ciuta, Molnar 2014 with
references).
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The Gava culture settlement of Rotbav

The archaeological site of Rotbav-La Pardut is situ-
ated upon a high terrace formation above the River
Olt in southeastern Transylvania at 498 m.a.s.l (Fig.
1; 45°83'N/25°56’E). The plateau is delimited by
the Valea Cetitii stream to the north and a steep hill
to the west (Fig. 2); to the east, the Josephinian sur-
vey shows a swampy area with an arm of the River
Olt. This landscape was heavily transformed by the
creation of two lakes to the north of the site in the
1970s, and today the Olt flows at a distance of rough-
ly 500m to the east of the site. The form of the pla-
teau was not affected, but the site has been and still
is used for cultivation, the plough horizon reaching
a thickness of approximately 40cm.

The settlement has a size of around 4ha, of which
1800m?2 were excavated, and the site was additional-
ly investigated by archaeological and geophysical
surveys. Rotbav-La Paraut is thus the most extensi-
vely researched site of this period in the region so
far, and has been comprehensively published (Diet-
rich 2014a). Its importance lies in a long stratigra-
phy comprising the timespan from the Middle Bronze
Age (in Romanian terminology) to the Bronze Age/
Iron Age transition, being inhabited roughly between
1900/1800 BC and 1200/ 1100 BC, following radio-
carbon data (Dietrich 2014b). The stratigraphic se-
quence covers six distinct building phases. The first
three belong to the early Middle Bronze Age Wieten-
berg culture, followed by two of the Late Bronze
Age Noua culture. The last building phase belongs
to the Gdva culture, which marks the Bronze Age/
Iron Age transition (Dietrich
2012). The pottery from Rot-
bav (Dietrich 2012; 2014a.
211-214) places the Gdva set-
tlement into a developed
phase of the culture, described
by Marian Guma as horizon
Mahala IV-Somotor II-Medias
I-Teleac II and dated to Ha
B (Gumd 1993.190; cf. Ciugu-
dean 2009; 2011).

The remains of the Gdva set-
tlement phase were not pre-
sent in all sections excavated
at Rotbav, likely due to ero-
sion and ploughing, but they

© lowland settlement

© settlement?
@ surface finds

@ lowland settlement /cemetery

could be excavated on an area
of 1372m2 (Dietrich 2014a.
214-217). This allowed us in-

sights into the settlement structure, which is char-
acterized by large, regularly dispersed, partly subter-
ranean constructions (Fig. 2). Fireplaces and pit fea-
tures are located between these buildings. The cultu-
ral layer was situated immediately below the plough
horizon and had a thickness of approximately 15cm,
although likely it was originally much thicker. A to-
tal of four semi-subterranean houses could be par-
tially excavated in the main area of the settlement,
situated at distances of four to 15m from each other.
Postholes and burnt loam with impressions of
wickerwork hint at the superstructures, although
the entrances or inner divisions of houses could not
be identified. Near the houses, concentrations of
pottery and other artefacts suggest that activity areas
and pits were regularly associated with the dwel-
lings. Most pits were filled with domestic refuse or
settlement debris (Dietrich 2014a for an extensive
presentation of the features), and thus their original
functions could not be determined with security.
However, one, labelled feature 4/2008, stood out
because of its contents - two nearly complete ves-
sels, making an in situ use context highly likely.

Pit feature 4/2008

Feature 4/2008 was located approximately 5m to
the south of one of the houses (structure 10, Figs. 2-
3) and next to the remains of a fireplace (feature 2/
2008, Fig. 2) destroyed by ploughing. It first show-
ed as an oval-rounded yellowish spot of ¢. 110cm
maximal diameter. The pit filling proved to be very
homogenous loamy fine sand. Pottery fragments
and burnt loam were observed only in its upper-
most part, roughly within the first 10cm. The maxi-

ROTBAVe,

Fig. 1. Gava finds in southeastern Transylvania and location of the settle-
ment of Rotbav (findspots after Dietrich 2014a.322-332; base map Go-
ogle Satellite, hitps://mt1.google.com/vt/lyrs=s&x={x}&y={y}&z=(z}).
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mum depth of the feature was 54cm, a part of the
pit likely being destroyed by the plough. After remo-
val of 10cm of sediment, finds became scarce, but
the rims of two large vessels became visible. One
was a large, bag-shaped vessel decorated with four
knobs at the shoulder and a rim drawn towards the
exterior (Fig. 3a). The vessel, of which all fragments
could be recovered, has a height of 42.7cm, a maxi-
mal diameter of 47.6cm and a rim diameter of 35cm.
The measurements and formal characteristics - a
wide stable bottom and large mouth to enable users
to reach the contents - speak in favour of a storage
vessel. The second vessel is a so-called ‘Zipfelschiis-
sel’, a bowl that originally had four pronounced lo-
bes, fluted in the interior (Fig. 3b). This vessel was
found broken in several fragments, but unlike the
first one not all fragments were present in the pit.
The preserved smallest width of the vessel is 41.8cm,

Rotbav 2007-2008
Central area. Gava Culture layer.

and thus it could have served well as a lid for the
larger vessel even in a damaged condition.

The sediments from the pit and the inside of the ves-
sel were separated, sieved through a 1mm mesh and
flotated. This produced a number of small bone
fragments and <1g of charred wood from the pit fill-

pit features, date unclear
feature 21/2007
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Fig. 2. The Gava settlement phase of Rotbav and the location

of the pit feature 4/2008 (graphics by L. Dietrich).
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ing, but no other charred plant macroremains. As
charred grains and plant remains were recovered
from other contexts at Rotbav (cf. Dietrich 2014a.
Anhang 6), this is not due to preservation condi-
tions. The vessel contents were completely decayed,
or the vessel had been emptied (which could be
indicated by the position of the lid besides the large
vessel). No food crusts were observed on either ves-
sels’ inner surface. However, neither of the two ves-
sels had been placed on the bottom of the pit, indi-
cating that the latter had been filled with some kind
of material that held the vessels in place (Figs. 4-
5). We suspected that the vessels could have been
originally placed in chaff or straw. Accordingly, four
sediment samples were taken to check this hypoth-
esis.

Phytolith evidence

Phytolith analyses were conducted on the four soil
samples (Tabs. 1-2). RT08-1 is from the upper part
of the pit, RT08-2 from inside the pit next to the ves-
sels, RT08-4 is from inside the vessel and RT08-3
from the cultural layer outside the pit (sample loca-
tions are marked in Fig. 4).

Phytolith extraction of the samples followed the pro-
cedures outlined by Rosa Maria Albert et al. (1999).
To remove carbonates, phosphates, and organic ma-
terial, approximately 1g of the air-dried sediment
was treated with 3 N HCI, 3 N HNOs, and H,0,. The
mineral components of the samples were separat-
ed according to their densities using 2.4g/ml sodium
polytungstate solution [Nas (HyW12040) H,0]. Slides
were prepared by weighing out about 1mg of sedi-
ment onto a microscope slide, mounting
with Entellan New (Merck). The count-
ing of about 1300 phytoliths per sample
was performed using a KERN OBE-114
microscope at 400x magnification. Un-
identifiable phytoliths were counted and
recorded as weathered morphotypes. To
allow quantitative comparisons between
the samples, phytolith numbers per

tillo et al. 2014). The International Code for Phyto-
lith Nomenclature was followed where possible (Ma-
della et al. 2005).

Phytoliths were abundant in all four soil samples
examined, ranging from 1.1 to 4.0 million phytoliths
per gram of sediment (Fig. 6a; Tab. 1). The highest
concentrations were observed in samples RT08-2
and RT08-4, while the lowest concentration was ob-
served for sample RT08-3. Phytolith preservation is
generally poor, as evidenced by high proportions of
weathered phytoliths (mean=21.4%, 6=1.5%, n=4;
Tab.1) and the absence of multicellular phytoliths,
likely in association with a varied range of deposi-
tional and post-depositional processes (Alexandre
et al. 1997; Cabanes et al. 2011; Madella, Lance-
lotti 2012).

The morphological analyses show that all samples
are similar in their morphotype assemblages (Tab.
1). Grass phytoliths, occurring at a rate of about
56.5% (0=0.6%, n=4), were the most common group
identified. According to their short cell morpholo-
gies, grasses belong mostly to the C3 Pooideae sub-
family that include common cereals, such as wheat
and barley. However, the absence of multicellular
phytoliths in the samples did not allow for identi-
fying the type of grasses and cereals. Grass short
cells, commonly produced in leafs, stems and inflo-
rescences, were abundant in all samples, averaging
40.4% (0=1.8%, n=4). Epidermal cells from grass
leaves and stems, including, for instance, prickles
and bulliform cells, show similar values with an ave-
rage amount of ¢. 40.3% (6=2.1%, n=4). Additio-

gram of sediment were estimated by re-
lating phytolith amounts and weights
of the processed sample material to the
initial sample weights. Morphological
identification of phytoliths was based
on standard literature (e.g., Twiss et al.
1969; Brown 1984; Mulholland, Rapp
Jr. 1992; Piperno 20006), as well as on
modern plant reference collections (A/
bert 2000; Albert, Weiner 2001; Tsartsi-
dou et al. 2007; Albert et al. 2011; Por-
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Fig. 3. The two vessels from pit feature 4/2008 (photos/draw-
ings by 0. Dietrich).
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Sample 1D, description of sample location Relative abundances Anatomical origin
and phytolith amounts of phytoliths of grass phytoliths
R
sle |leals| 25 |=
Number of Layer/areal/ = § § & = g|=m & S
Sample ID hyt. £ |8 sl x| &g &l -
P P description £ EBRRE|E|55|5 [T % R
of sediment w D> = = =9 o &
w [0 /98| 2 &% 2|5 5 5| &
S eS8 8|= 2SI F|LE| 2
U 820 2|0 |BE|ISS|w E| s
RTo8-1/MD 5309 2 675 000 inside pit, upper part 56.80 | 4.18 | 15.23 | 0.85 | 22.95 [ 37.24 | 42.78 | 19.98
RTo8-2/MD 5310 3 972 000 | inside pit next to vessels | 56.47 | 6.38 | 16.90 | 0.58 | 19.66 | 41.06 | 38.69 | 20.25
RTo8-3/MD 5311 1138 0ooo | cultural layer outside pit | 55.72 | 6.97 | 16.18 | 0.53 |20.60|40.92 | 39.34 | 19.75
RTo8-4/MD vessel | 3 617 500 inside large vessel 57.08 | 6.27 | 14.03 | 0.20 | 22.42 | 42.07 | 40.82 | 17.11

Tab. 1. Description of samples, phytolith amounts, relative abundances of phytoliths and anatomical ori-
gin of grass phytoliths obtained from all sediment samples.

nally, grass phytoliths derived from their floral parts
(e.g., decorated elongate dendritic and elongate echi-
nate cells) account for 19.3% on average (6=1.5%,
n=4).

Dicotyledonous phytoliths occur at an average rate
of 21.5% (6=2.0, n=4; Tab. 1). Parallelepipedal blocky
phytoliths, for instance, one of the most common
wood/bark morphotypes, account for 12.5% (o=
1.7%, n=4) on average. Other diagnostic dicotyledo-
nous morphotypes such as globulars, polyhedrals or
jigsaw-shaped phytoliths were not observed.

Rotbav 2008, Pit 4

a contour of pit

b after removal of 10 cm
sediment

¢ section

red: burnt loam
blue: pottery, vessel
interior

grey: pottery, vessel
exterior

green: bone

Fig. 4. Pit feature 4/2008. a planum view, b after
removal of 10cm of sediment, c section of the pit
(drawings made by 0. Dietrich).
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Starch analysis

To confirm the original presence of cereals within
the large vessel, five subsamples from sample RT0S-
4 (inside of the vessel) and the control sample RT0S-
3 (cultural layer outside of the pit) were subjected
to microscopic analysis in order to identify possibly
preserved starch granules. Sample preparation/mi-
crofossil extraction followed the protocol established
by Li Liu ef al. (2018) with a few modifications. The
sediment was mechanically crushed and homoge-
nized. One mg of sediment was put into 1.5ml test
tubes, dispersed in distilled water and centrifuged
for 5 minutes. Microfossil extraction then followed
two procedures: (a) EDTA dispersion; after centri-
fuge the supernatant was decanted, 0.4ml of EDTA
solution was added to each tube. The tubes were left
for 2 hours and vortexed each 10 minutes for 30 se-
conds to disperse the sediment, then filled with dis-
tilled water and centrifuged for 5 minutes at 3000
rpm, and the supernatant was decanted. (b) Heavy
liquid separation; 0.4ml of SPT at a specific gravity
of 2.35 was added to each tube. The tubes were then
centrifuged for 15 minutes at 3000rpm. The top la-
yer of organics was removed from each tube by a
new pipette and then transferred into a new tube.
Distilled water was added, and the samples centri-
fuged for 5 minutes at 3000 rpm to concentrate the
starch at the bottom of the tube, and the superna-
tant was decanted. The process was repeated two
more times.

The samples were mounted in 50% glycerol and
50% distilled water on glass slides and analysed
with polarizing filters at x400 for starch with a Bres-
ser Polarisation microscope. Photos were taken with
a Bresser Microcam of 12 MP for each slide. The re-
ference collection for starch granule types estab-
lished by Gismondi et al. (2019) was used for com-
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RTo8-1/ RTo8-2/ RTo8-3/ RTo8-4/
. MD 5309 MD 5310 MD 5311 MD Vessel
Phytolith morphotype inSidi pit, inside :it next cuItura? layer inside large
upper part to vessel outside pit vessel
Bulliform 3 7 4 2
Cillindroid psilate 84 121 85 12
Cillindroid scabrate 33 51 45 49
Hair cell 33 65 60 70
Papillae cell 21 22 17 19
Hair cell (prickle) 22 29 32 21
Elongate dendritic 15 20 23 20
Elongate echinate 45 53 44 55
Elongate polylobate 20 24 14 15
Elongate wavy 16 16 15 16
Elongate verrucate 6 8 4 9
Elongate crenate 5 4 2 2
Elongate ruminate 3 5 1 2
Elongate granulate o 2 3 4
Elongate spilate 3 o o 3
Elongate corniculate o 3 2 o
Parallelepipedal blocky psilate square ends 60 86 60 72
Parallelepipedal blocky psilate rounded ends 28 44 29 16
Parallelepipedal blocky scabrate square ends 30 47 31 30
Parallelepipedal blocky scabrate rounded ends 20 11 10 19
Parallelepipedal blocky psilate irregular 11 9 9 8
Parallelepipedal blocky scabrate irregular 3 o 6 6
Parallelepipedal elongate psilate 12 8 17 22
Parallelepipedal elongate scabrate 7 8 13 9
Parallelepipedal elongate facetated o o o o
Parallelepipedal thin psilate rounded ends 6 11 10 16
Parallelepipedal thin psilate square ends 73 79 55 131
Parallelepipedal thin scabrate rounded ends o 2 5 4
Parallelepipedal thin scabrate square ends 17 18 21 38
Short cell rondel 187 213 171 226
Short cell tall rondel 2 o 3 5
Short cell trapeziform 68 67 56 95
Short cell saddle 10 8 6 3
Short cell bilobate 19 18 15 15
Short cell cross 1 2 4 5
Trapeziform sinuate 21 25 13 22
Trapeziform polylobate 8 14 13 6
Cylindric sulcate tracheid 8 3 4 5
Weathered morphotype 271 270 234 333
Total number of counted morphotypes per sample 181 1373 1136 1485

Tab. 2. List of phytolith morphotypes identified and their frequencies (counts) in soil samples and a pot-
tery vessel from Rotbav, giving the stratigraphic location and sample information.

parison. Starch preservation was overall bad, and
well preserved granules were only observed in three
subsamples of RT08-4. These allow a tentative deter-
mination as Triticum aestivum (common wheat, ¢f.
Fig. 6b and Gismondi et al. 2019.nr. 30a-b). Triti-
cum aestivum is not among the species identified
for the Wietenberg culture layers at Rotbav, from
which macrorests of Triticum monococcum, Triti-
cum sp. and Hordeum sp. have been recovered
(Dietrich 2014a.Anhang 6). For the Noua culture,
evidence is lacking so far.

Discussion

Phytolith analysis reveals that two samples have
particularly high phytolith concentrations. Sample
RT08-2 was taken inside the pit, next to the two pot-
tery vessels, RT08-4 is from the inside of the large
bag-shaped vessel. Another sample, RT08-1, was
taken inside the pit filling, but in a stratigraphical
position above the two vessels. Here, the phytolith
concentration is considerably lower. The lowest va-
lue comes from sample RT08-3 which represents a
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control sample from the cultural layer next to the
pit. The phytoliths stem mostly from the C3 Pooid
subfamily and come largely from stems and leaves.
Both concentrations and origin of the phytoliths fit
the hypothesis of a pit filled with chaff or straw to
protect the contents of the vessel. Starch analyses in-
dicate that the vessel contained cereals, likely 77iti-
cum aestivum.

In addition to being covered with the bowl (frag-
ment), the vessel could have been sealed airtight
with clay. As the upper part of the pit was absent, the
possibility that also the pit was sealed in that way
cannot be excluded. Sealing in an airtight container
would have reduced moisture and kept insects or
mice away, conserving the grains for several years
(Diffey et al. 2017.1-3). The capacity of the vessel at
Rotbav may indicate that it was used to store a part
of the provisions for the winter or seed grains. The
find context with the bowl next to the large vessel
and the vessel itself filled with straw (phytoliths do
not form in grains, starch being scarce) makes it
highly possible that the vessel was emptied and then
left there (damaged during retrieval?) while the
straw/chaff decayed and the pit in its upper part was
slowly refilled with sediments. Originally there could
have been more such vessels stored in the pit.

Phytolith or starch analyses have so far not been
published for Gdva sites. Organic remains have only
sparsely been reported from contexts of the Gdva
culture or the Early Iron Age in general. From Sim-
leu Silvaniei - ‘Observator’ foxtail millet (Sefaria ita-

Fig. 5. Tentative reconstruction of the pit feature
with two vessels embedded in straw and the pit
sealed by clay (drawing by 0. Dietrich).

lica), and two wheat species (Triticum monococ-
cum and Triticum dicoccum) are mentioned (Ciu-
la, Bejinariu 2019). Beatrice Ciutd and Ioan Beji-
nariu recently collected the evidence published to
date of other finds of cereals from Early Iron Age
contexts, and their list contains three more sites (Te-
leac: Triticum durum and Hordeum vulgare from
a grave; Bernadea: millet, Tasad: mostly Triticum
aestivum, but also Triticum monococcum, Triti-
cum dicoccum, Triticum spelta, and Panicum mi-
liaceum; Ciutda, Bejinariu 2019.47). Rotbav now
adds to this list, although any sensible discussion of
Early Iron Age cereal use still needs much more data.

Summing up, our case study proves that combined
phytolith and starch analysis are an interesting (and
not overly costly) approach to determine the proba-
ble use of prehistoric pits in the absence of pre-
served macrorests.

20pum
400X

a b

Fig. 6. a photomicrographs of selected phytolith morphotypes identified in the Rotbav samples. The photo-
graphs were taken at 400x magnification: 1 short cell rondel; 2 short cell trapeziform (left), short cell
bilobate (right); 3 elongate entire (left), short cell rondel (top view, right); 4 elongate dentritic; 5 elon-
gate echinate; 6 prickle (photos made by C. Binder). b photomicrograph of a starch granule (Triticam

aestivum), taken at 400x magnification.
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