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Medieval underground granaries are typical storage facilities for the Slavic part of Europe, but their
appearance generally all over Europe is not limited to just a few regions. Though typical for the rural
environment of villages, these objects are nearly unknown in cities. The only examples excavated
inside city walls belong to the 12" to 14™ century. This also explains why the maintenance practices
used are nearly unknown. The Medieval granary excavated inside the city walls of Brno, Czech
Republic, has provided important information concerning the way the granary was maintained and
used. Micromorphological descriptions, combined with the PRTG analyses, show that the excavated
granary was probably used repeatedly. The walls of the granary and also its bottom had been repeatedly
sealed with straw. This material was at the bottom of the infill preserved in a nearly fresh state or
totally impregnated by phosphates. Also the phases of bioturbation and the record of a burning event
were recorded. The burning of the interior parts of the granary was probably their way of cleaning.
The temperature was not higher than 300° C. These practices may be compared with rural practices
documented already in 18" century in village areas. This is the first documentation of the processes of
maintenance for Medieval granaries as compared with more recently documented practices. It confirms
that the local inhabitants of a Medieval town applied the older rural tradition as known from village

areas.

1. Introduction

Underground granaries are silos dug in the ground to store
cereals. These underground constructions constitute the
traditional way of cereal storage in all Slavic countries up
to the 18" century (Kunz 2004). They are mainly typical for
Early Medieval and Medieval rural environments (Donat
1980, 80—83; Dostal 1985, 40—43; Klanica 2008, 183-186;
Kuna, Profantova et al. 2005, 117-118; Kudrna¢ 1958;
Nekuda, 2007, 49-51; Pleinerova 2000, 213) as well as
in prehistory (Gaspar, in press). Rarely were underground
granaries also built in towns. We detect them, for example,
in Brno up to the 12", maximally 14" century (Prochazka
2012;2013).

The technology of granaries is nearly unknown in the
Czech Republic. By contrast, in Slovakian lowlands around
the river Donau and Tisa granaries were used up to the end
of the Second World War (Kunz 2004). Some notes about the
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use of granaries in the Hungarian agricultural literature of
18" and 19" century may also be found (Kunz 2004). These
storage pits usually do not occur in sandy soils and forested
areas. The best conditions for the construction of granaries
are the dry plains of north and south Mediterranean areas,
in the plains around the Danube and the north coastal areas
of the Black Sea, in the Middle East, in central Asia, or in
southern Siberia. With good soil conditions, where there is
minimal erosion, they have been preserved till the present
day used by shepherds in steppe regions. The main factors
in the spread in use of granaries are dry soil and little rain.
That is why there is a difference between the northern limit
for growing cereals and the northern limit in the historical
occurrence of granaries. The southern limits show a similar
picture. The prehistorical phase of granaries in central
Europe shows a unity in their construction. The granaries
were built the same way until people were converted to the
modern way of agriculture (Kunz 2004).

Up to now we have detected only a few such findings dated
to the period of the 13" to 14 centuries in the centre of Brno
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Figure 1. Location of the study area together with the plan of the excavations and a section of the underground granary. 1) Basty street No. 2; 2) Josefska

street No. 8; 3) Starobrnénska street No. 18; 4) KobliZzna street No. 3.

(Prochéazka 2012, 1012; 2013). Generally the underground
granaries are often pear-shaped, with small openings and
diameters of up to three metres at their widest point (Kunz
2004). The underground granaries excavated up till now in
the Brno town area are usually pear-shaped with diameters
of 1.8 m (2.2 m respectively) reaching a depth of 3.6 metres.
These have been detected mainly in the distal parts of
burgher plots (Koblizna 3, Josefska 8, Starobrnénska 18;
Prochazka 2013, 110; 2012, 203; 2000, 58). Due to the fact
that most of the plots demarcated in the second quarter of the
13" century do not show any underground granary locations,
we can connect their appearance mainly with the older rural
tradition of the local inhabitants. While the need for cereals
in the towns lasted, unlike in the villages there was no need
to store added cereals for sowing. Additionally there was the
need to store not only cereals, but also craft and other raw
materials. The urban character of the sunken features at that
time was usually already connected with the construction of
earthen house cellars (Holub ef al. 2005). The storage of the
ceramic vessels (Nekuda, Reichertova 1968, 63; Prochazka,
Peska 2007, 168) used to store cereals had in fact replaced
the need for underground granaries.

To preserve the grain in an anaerobic environment, the
pits were filled to the top and then hermetically sealed. The
oxygen remaining in the silo would alter (decompose) the
grain in contact with the earthen walls, but would be quickly
used up as it turned to carbon dioxide. Cereals could thus
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be kept for several years without fermenting and without
being attacked by insects. Among all these silos, certain
cylindrical pits may be distinguished by their greater depth
and by the existence of internal compartments associated
with a raised floor. This arrangement solved the problem of
excess humidity by creating an opening for coals or heated
stones to be introduced, thus drying out the silo’s contents.
We know that a part of the stored grain was thus steamed or
grilled. These pits, which were normally grouped together a
short distance from dwellings, were no doubt used to store
excess grain from the harvest. After a period of use — which
we believe to be relatively short — these silos were often
converted into waste pits (Kunz 2004).

There is a little known about the maintenance of
underground granaries from the 12%-14"™ century,
especially in the town environment of the city of Brno.
The main aim of this paper is therefore an evaluation of the
possible maintenance methods of the underground granary
excavated at the edge of the Brno medieval burger plot,
and the information value of such sedimentary records for
understanding the medieval practices of these storage pits.

2. Material and methods

The construction of an underground parking area for the
Padowetz Hotel in 2008 (Basty Street No. 2), was the
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reason for the rescue excavations led by the archaeological
company Archaia Brno. The study area, at an altitude of
214 m a.s.l.,, was located in the internal part of plot 351,
Basty Street, on the gentle lower slopes of the Petrov Hill.
This area belongs historically to the medieval quarter of
Brno town (Quartale Brunensis), in the close neighbourhood
of the city walls and Jewish gateway (Porta Judeorum).
The excavated area had the dimensions of 18x13 m. The
geological background was composed of loess with a partly-

preserved soil cover (20-30 cm). There were the preserved
foundations of two houses, two ovens and one underground
storage pit interpreted as an underground granary (Figure 1).
The infill of the granary was quite homogenous with a
laminated bottom part. This part was described according to
field sedimentological criteria, based on parameters such as
colour, texture, and internal organization. The colour of the
sediments was identified in both a wet and dry state using
a Munsell soil colour chart. The two micromorphological
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Figure 2. Documentation of the underground granary from Basty Street together with a detail of the laminated bottom of this granary.
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samples from this layer were collected using a Kubiena
box. Large thin sections (approximately 140x70 mm)
were prepared in the laboratory of Julie Boreham, Reach,
GB (www.carthslides.com) and examined under plain and
cross polarised light at different magnifications (40-800x).
The descriptions and interpretations mainly followed the
guidelines used by Stoops (2003) and Stoops et al. (2010).

The mineralogical composition of the black uppermost
part of the laminated fill of the granary was estimated with
help of X-ray powder diffraction analyses using Bruker
D-8 Advance (Department of Mineralogy and Petrology,
Comenius University, Bratislava) operating at 440 kV and
40 mA using Cu antikathod (Cukal=A) and a Ni filter. The
can speed recording intensities was in 0.01 °28 per 1 second
and oriented powder specimens were prepared.

3. Results

3.1 Morphological and sedimentary description of the
granary infill

The underground granary mouth had an elliptical shape with
a longer axis of 1.5 metres and shorter axis of 1 metre. The
maximal diameter of the sunken part of the granary was

Figure 3. The main types of the pottery findings.
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2.4 m and the depth of the granary (measured from the former
surface altitude) reached 2.2 m. The granary had originally
a “bag-like” shape, but the walls had partly collapsed and
the shape of it was a little deformed. This seems to be a
common effect documented in underground granaries and it
is a testament to the gradual decline of the granary. The pit
of the granary did not cut any older situation. Later on, the
granary infill had been cut by a much younger feature (right
side of photo, Figure 2) from the beginning of the 13" and
14™ century. This feature indirectly more or less dates the
terminal infill of the granary (layers 268 and 265, Figure 2).

The bottom part of the granary infill was composed
of thin bands (numbers 297, 311, 312, 313). The five
lithologically different layers were divided macroscopically
(Figure 2). The layer 297 is a light brown, tough plastic
loam containing fragments of yellow plastic loam (30%),
occasionally fragments of burned loam, and infrequently of
microcharcoal. The layer 310 is dark brown, tough plastic
loam with occasional microcharcoal, burned loam, small
lenses of yellow plastic loam, small fragments of bones,
ceramic shreds and small pebbles. The layer 311 is a brown,
tough plastic loam with occasional microcharcoal and lenses
of yellow plastic loam. The layer 313 is a brown, tough
plastic loam. The layer 312 is composed of yellow plastic
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Figure 4. Micromorphological documentation of the thin sections. The dimension of one thin section is 12x7 cm. The divided micromorphological features
were documented for each of the micromorphologically different layers. A, B —layer composed of burned straw with well preserved phytolith accumulations
(PPL — plane polarized light); C — brown homogenous matrix of redeposited soil fragments (PPL); D — CaCO, and phosphatic spherulites recorded within
heavily-impregnated straw (XPL — cross polarized light); E — the same photo but in PPL; F — fragmented layer of straw heavily impregnated by phosphates
(PPL); G — loess material bioturbated with fragments of organic matter and microcharcoal (PPL); H, I — fragmented relicts of organic matter, mainly straw
(PPL); J — bands of straw with clearly visible articulated phytoliths (PPL); K — decomposed and bioturbated organic matter (PPL); L — excremental features
(PP); M — clay coating rich in phosphates (PPL); N — homogenous loess background (PPL).
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Figure 5. PXRD diffraction pattern (sample B/OJ-312). Abbrevations:
111 — illite, KIn — kaolinite, Hbl — amphibole (hornblende), Qtz — quartz,
Fld — feldspars, Cal — calcite, Ap — apatite.

loam and in some parts covered by black thin layer (the fifth
divided layer, see the PXRD composition below as well as
micromorphological description, the unit 1). The transitions
between bands are sharp and these bands, except for the dark
brown layer 310, are non-continuous (Figure 2).

The set of bands is covered by redeposited soil including
ceramic shards. These shards belong to the non-graphitic
ceramic types of brown to grey hues. The found ceramic
shards (Figure 3) show that the vessels were partly wheel-
thrown. Their surface is slightly rough to rough, the grain
size composition is medium to coarse. Sand was used as
the temper. The decoration is composed mainly of lines,
occasionally by ripples and scratches. All described shards
were archaeologically dated to the second half of the 12
century and the turn to the 13™ century, i.e. into the so-called
pre-urban period (the horizon RS 4.3).

3.2 Micromorphology

The laminated bottom of the underground granary from
Padowetz displays several types of laminae differing mainly
by colour (Figures 2 and 4). Some of these laminae appear
repeatedly and their composition was well distinguished
under the polarising microscope. According to the
micromorphological descriptions, eight microphases were
divided (Figure 4, Table 1). It seems that the laminated infill
at the bottom of the granary is composed of redeposited
organic matter and loess, which previously composed the
walls of the granary and which were redeposited on the
bottom of the granary due to maintenance processes.

3.3 Mineralogical description of black layer

The estimated composition of the analyzed sample clearly
shows the presence of clay as well as non-clay minerals
(Figure 5). The higher background clearly visible in the
PXRD pattern corresponds to the presence of an amorphous
phase, which can be related to the presence of iron oxides
or hydroxides. The main phase corresponds to quartz (with
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typical diffraction lines at 0.426 and 0.334 nm). Calcite
(typical diffraction lines at 0.386 and 0.303 nm) as well as
various types of feldspars, including potassium feldspars,
and plagioclases were detected in the mineralogical
composition of the sample as well. A broad maximum in the
range of 30-32 °26 with maximum diffraction intensity at
0.281 nm — can most probably correspond to the presence
of hydroxylapatite, but the presence of this mineral phase
is questionable due to the presence of only one diffraction
line and a higher background. The sample also shows the
presence of a mineral from the amphibole group, but due
to the presence of only one diffraction maximum, it is
impossible to identify the exact type of the amphibole.

Clay minerals are represented by the presence of illite,
which creates the dominant phase. Most probably the sample
also contains kaolinite, but its presence is obscured by the
higher background. A detailed mineralogical characterization
of the sample could be achieved by analyzing the >2 pm
fraction.

4. Discussion

4.1 Presence of underground granary in the town
environment

Underground granaries had been already documented in
the area of Moravia up to the 18" century (Kunz 2004), but
mainly in the village environment. Their appearance in towns
is very rare and nearly unknown. However, a few findings
were documented in the Brno town inside the medieval walls,
though belonging mainly to the 12 — 13" century (Prochazka
2012, 1012; 2013). The excavated site Padowetz on street
Basty No. 2, had already been settled in prehistory (Peska,
Zapletalova 2006, 167-176; Prochazka 2000, 30-41). It
seems, however, that the key factor for the appearance of
the underground granary on this site is, on the one hand,
the fact that the site is located in close proximity to the so-
called Zelny trh (Cabbage market) and, on the other hand,
the location in the burger plot being close to the city walls.
Population of the Zelny trh area was already documented in
1210, before the city walls and street plans were completed
(Prochézka, Loskotova 1999, 169—-188). This is also the most
probable first use of the underground granary on Basty street,
because at that time the market village, together with the
economic background, existed there (Dejmal, Peska 2010).
The shape and depth of the underground granary from Basty
Street is comparable to the typical granaries commonly built
in village environments (Kunz 2004); it is therefore supposed
that the granary served a similar purpose.

4.2. Maintenance processes of the underground
granaries

The laminated sediments excavated from the bottom of the

granary infill showed high variability between the layers or

bands. Generally it is possible to say that these deposits are

not only the relicts of stored grains, but mainly the relicts

of the insulation used for in the granary’s preparation and
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Table 1. Micromorphological division and interpretation of examined sediments from the laminated bottom of the granary infill.

Unit and
thickness

Micromorphological description

Interpretation

(0.5 cm)

Black layer (fig. 4 A, B) thicknes 0.5 cm

Platy microstructure with common appearance of plates, and cracks. C/F g - 10:90, grain size composition
is silty loam. Mineral fraction is composed mainly by biogenic opal (phytolites), rarely composed of
quartz, plagioclase and biotite. Birefringence of matrix is crystalline with black and gray colour. Black
colour is provided by presence of microcharcoal accumulations. Organic matter preserved as charcoal
and microcharcoal, partly burned non decomposed or partly decomposed organic matter. Phytoliths are
common, partly still with original connections. Pedofeatures observed are phosphatic infillings and coating

inside the charcoal fragments.

Burned redeposited straw
isolation

(0.1-0.4 cm)

Soil fragments as a part of light brown unsorted layers (fig. 4 C)

Vughy to massive microstructure with occasional appearance of vughs. C/F = 30:70, grain size
composition is loam. Mineral fraction is composed of prevailing quartz, plagioclase, biotite and opaque
minerals. Birefringence of matrix is crystalline with dark brown colour. Organic matter preserved as
decomposed black dotting as well as by decomposed brown material. Pedofeatures observed are occasional

FeOH staining and passage features.

Redeposited soil

(4 cm)

Laminated darker and fragmented layer (fig. 4 D, E, F)

Cracky microstructure with common appearance of cracks, plates, vughs. C/F - 20:80, grain size
composition is silty loam. Mineral fraction is composed mainly by biogenic opal (phytolites), rarely
composed of quartz, plagioclase and biotite. Birefringence of matrix is crystalline with orange brown
colour. Organic matter preserved as decomposed black dotting, present non-decomposed or partly
decomposed dark brown organic matter. Phytoliths are common, and well preserved in their original
connections. Pedofeatures observed are fragments of phosphatic coating, strong phoshatic impregnation,
fragmented phosphate impregnation, passage features, excremental features, phosphatic circular nodules,
CaCO, circular nodules.

Redeposited straw
isolation, totally
impregnated by phosphate
and partly fragmented

(2.5 cm)

Light brown unsorted layers (fig. 4 G)

Vughy microstructure with common appearance of chambers and vughs. C/F(m - 20:80, grain size
composition is silty loam. Mineral fraction is composed of quartz, plagioclase and biotite. Birefringence
of matrix is crystalline with light brown colour. Organic matter is preserved as decomposed black dotting,
microcharcoal, rare non-decomposed or partly decomposed organic matter. Bones and phytoliths are present
randomly distributed within matrix. Pedofeatures observed are mainly passage features and excremental
features. Fragments of phosphatic coating as well as soil matrix fragments re preserved.

Redeposited loess and
soil from the walls of the

granary

(6 cm)

Partly laminated fragmented dark and light hue layer (fig. 4 H, I)

Cracky microstructure with common appearance of plates, vughs and cracks. C/F'50 o 20:80, grain
size composition is silty loam to loam. Mineral fraction is composed by biogenic opal (phytolites) as
well as by quartz, plagioclase and biotite. Birefringence of matrix is crystalline with brown and light
brown to gray colour which randomly appear within all the layer. Light colours appear, where the mineral
fraction prevails while the darker hues point to the presence of decomposed organic matter with still
visible lamination. Organic matter preserved as decomposed black dotting, present non-decomposed or
partly decomposed organic matter and microcharcoal. Phytoliths are common, partly still with original
connections. Pedofeatures observed are occasional present phosphatic coating, phosphatic impregnations,
fragmented phosphatic features, passage features, excremental features and depleation features.

Redeposited straw
isolation, partly
bioturbated and mixed
with the loess material

(1.5 cm)

Laminated, not fragmented layer (fig. 4 J)

Platy microstructure with common appearance of plates, vughs and cracks. C/F g e 20:80, grain size
composition is silty loam. Mineral fraction is composed mainly by biogenic opal (phytolites), rarely
composed of quartz, plagioclase and biotite. Birefringence of matrix is crystalline with brown and gray
colour. Grey colour is provided by phytolith accumulations. Organic matter preserved as decomposed
black dotting, present non-decomposed or partly decomposed organic matter. Phytoliths are common,
partly still with original connections. Pedofeatures observed are occasional present phosphatic coating and

phosphatic impregnations.

Redeposited straw
isolation, only partly
impregnated by phosphate

(0.5-1.5 cm)

Layers with darker hues (fig. 4 K, L, M)

Vughy microstructure with common appearance of chambers and vughs. C/F g, o 20:80, grain size
composition is silty loam. Mineral fraction is composed of quartz, plagioclase and biotite. Birefringence
of matrix is crystalline with dark brown colour. Organic matter is preserved as decomposed black dotting,
microcharcoal, rare non-decomposed or partly decomposed organic matter. Phytoliths are common, partly
still in original connections or randomly distributed within matrix. Pedofeatures observed are occasional
FeOH staining, common phosphatic coating, phosphatic impregnations, passage features and excremental
features.

Relicts of the decomposed
organic material originally
stored inside the granary.

(More than 30
cm)

Loess background (fig. 4 N)

Massive microstructure with occasional appearance of horizontal pores. C/F(50 — 40:60, grain size
composition is sandy loam. Mineral fraction is composed of prevailing quartz, plagioclase, biotite and
opaque minerals. Birefringence of matrix is crystalline with grain brown colour. Organic matter is preserved

as decomposed black dotting. Pedofeatures observed are occasional FeOH staining.

Human non influenced
loess bacground
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maintenance processes. The presence of partly decomposed
bunches of straw identified micromorphologically due to
the presence of articulated phytoliths, was documented in
different states of decomposition. At the uppermost part
of the upper sample burned pieces of straw laying on an
anthropogenically-induced colluvium composed of loess
material and soil fragments were documented. The sealing
and burning of the underground granaries is one of the
maintenance processes that have been documented from
historical sources (Mruskovi¢ 1962, 56-63; Niederle 1921,
109, 237). Just burning without the use of straw was very
rare (Beranova, Kubacak 2010; Kunz 2004). Burning was
mainly used to harden the walls of the granary. The internal
part of the granary was sealed by straw and burned for a
number of days (Apathy 1958, 352; Beranova, Lutovsky
2009; Kudrnac¢ 1958, 242; Mruskovic 1962, 59; 1966, 82;
Podolak 1965, 49). However, this is probably not the case
for the granary from Basty street, because its walls did not
hold any macroscopically-identifiable signs of burning for
longer periods (reddening, hardening), as well as burned
soils being documented in the infill of the granary. The straw
documented at the uppermost part of the bottom infill is,
more or less, just 0.5 mm thick and similar layers are not
apparent earlier. The thermal alteration of the burned straw
derived from its identified mineralogical composition and
the observed features in the thin sections show that the black
material was not exposed to temperatures exceeding 300 °C,
as well as not being exposed to a lack of oxygen in the firing
process. Lack of oxygen is typical of a reducing atmosphere
similar to that of the firing conditions of ceramics in pit
firing, where the oxygen is very rapidly consumed by the fire.
The presence of kaolinite in the mineralogical composition
of the sample, as well as the presence of not fully-charred
organic remnants, corresponds to firing temperatures not
exceeding 400-500 °C (Maggetti 1982; Cultrone et al. 2001;
Reedy 2008). Higher firing temperatures would influence the
presence of calcite, as well as of illite (Maggetti 1982; Herz,
Garisson 1998; Cultrone et al. 2001), and the clay matrix
would have shown a fabric typical of higher temperatures
(change in birefringence).

Below the “colluvial” layer, the non-burned, but heavily-
impregnated straw (by phosphates) layer documents
the approximately 4-cm-thick insulation of the granary
walls. This insulation had to have lasted a long time to be
impregnated by decomposed cereals. A similar layer, but
less impregnated, was documented below this, separated
by the colluvial deposits. The sealing of the walls of these
underground granaries by dry straw is probably the most
common of the maintenance / storage practices that have
been documented (Beranova, Lutovsky 2009; Beranova,
Kubacak 2010, 109; Kudrnac¢ 1958, 244; Kunz 2004, 99,
100; Mruskovi¢ 1962, 63; 1966, 82; Niznansky 1958, 269—
271; Podolak 1965, 49; Polla 1959, 522, 523). In this way the
cereals were isolated from the walls. The straw bunches were
attached to the walls by stacks or small bunches in the shape
of the number one. We suppose that when the cereals were
withdrawn from the granary a part of this material would just

164

fall down and stay there. The minimally three stages of straw
sealing document at least three periods of use of the granary.
The “straw—isolation” layers are separated by relatively
thick (a few centimetres) layers described as a colluvium
composed of loess and soil, or by loess and organic material.
It is possible that this material is the result of the process of
withdrawing cereal or the cleaning of the granary. On the
other hand, we know from ethnographical and historical
sources that the walls of the granaries were in some cases
sealed not only by straw, but also coated by clay (Apathy
1958, 352; Beranova, Lutovsky 2009; Mruskovi¢ 1962,
63; 1966, 82), sometimes mixed with excrement or chaff
(Beranova, Kubacak 2010, 109; Kunz 2004, 98). This might
also be one of the explanations of the provenance of these
“colluvial” layers, mainly of the layer marked as 5.

5. Conclusion

The laminated sedimentary infill excavated from the bottom
of the underground granary reflects the repeated stages of the
granary’s maintenance processes / preparation practices. The
three bands of more or less phosphate-impregnated straw, or
burned straw, are intercalated by an unsorted loess material
mixed with soil fragments or decomposed organic matter.
These three stages of straw sealing document a minimum
of three periods of the granary’s use. While the straw layers
are most probably the relicts of the granary isolation through
the use of dry straw, the unsorted deposits are the products
of the wall erosion or the kind of sealing which was coated
on the granary walls. The granary was never totally burned
down. The only type of burning could not have exceeded
300 °C and was probably used only as a part of the process
of granary cleaning, and not really as a way of hardening the
wall.
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