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Early Bronze Age and early medieval inhumation graves in (central) Europe had often been re-opened a short
time after burial and, inmost cases, grave goodswere removed. To improve the understanding of the archaeolog-
ical evidence of these graves, one re-opened grave from a large early Bronze Age (Wieselburg/Gáta culture) cem-
etery in Weiden am See, eastern Austria, was excavated using a microstratigraphic protocol to maximize data
collection for the reconstruction of the context formation process and, consequently, the interpretation of the
re-opening process. In this article the results of the soil thin section analyses are presented and discussed.

© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

To improve our understanding of formation processes of reopened
graves and to create a reference for future analyses, a reopened inhuma-
tion grave at the early Bronze Age cemetery of Weiden am See, eastern
Austria, was excavated and examined using a microstratigraphic ap-
proach. A combination of methods was applied to maximize the range
of data to use to reconstruct formation processes at excavation (sin-
gle-finds recording, wet-sieving of sediments) and post-excavation
(micromorphology, geochemical and mineralogical characterization of
sediments, radiocarbon dating, 3D visualization of archaeological fea-
tures and integration with results of post-excavation analysis). Howev-
er, this paperwill focus on themicromorphology results, as this analysis
provides the crucial microstratigraphic framework for interpreting the
depositional sequence and formation processes within the grave, and
is the basis for which the results of other proxies can be integrated.

The Wieselburg/Gáta Culture is an early Bronze Age Culture (2000–
1600 BCE, Bronze Age A2) located in eastern Austria and west Hungary,
south of the Danube, as well as parts of south-western Slovakia (Hicke,
1987; Krenn-Leeb, 2011; Leeb, 1987). Cemeteries contained up to a few
spöck),
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hundred graves where the dead were typically buried in individual
graves in coffins or stone settings, accompanied by jewelry (copper
alloy jewelry andnecklaceswith amber beads, animal teeth) and copper
alloy objects (e.g. daggers) and pottery. The bodies were oriented
southwest-northeast (women on their right and men on their left
sides) with their lower limbs in flexed or hyperflexed position. It was
common that the graves were reopened and copper alloy objects were
removed. The position of the finds and skeleton attest to reopening
that usually took place not long after burial; there is evidence that bod-
ies were not fully decomposed when this reopening occurred and hol-
low spaces permitted movement within the graves (Neugebauer,
1988).

Generally, central European early Bronze Age and early medieval
period inhumation cemeteries often contain large numbers of
graves that were reopened soon after burial, usually with evidence
for removal of grave goods (Aspöck, 2005, 2011, 2015; Aspöck and
Klevnäs, 2011; Klevnäs, 2013; Kümmel, 2009; Neugebauer, 1991;
Neugebauer-Maresch and Neugebauer, 1997; Rittershofer, 1987;
Sprenger, 1999; van Haperen, 2010; Zintl, 2012). This phenomenon
has traditionally been interpreted as ‘grave robbery’, i.e. looting of
graves driven by purely materialistic motives. More recent research
has questioned this interpretation by examining reopening practices
from a broader perspective, leveling hypotheses and case studies
drawn from social anthropological research (e.g. Aspöck, 2005: 226–
235; Kümmel, 2009; van Haperen, 2010, 2013). In particular, the
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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discussion on early medieval grave reopening has been lively and has
resulted in differentiation of types of ‘grave robbery’ (Aspöck, 2011,
2015; Aspöck and Klevnäs, 2011; Aspöck et al., 2016; Klevnäs, 2007,
2013, 2015; van Haperen, 2010, 2013; Zintl, 2012).

However, analysis and interpretation of reopened graves often ends
where the archaeological evidence is poorly understood. It is, for exam-
ple, often difficult to distinguish between the results of natural process-
es of decomposition and of human intervention in a grave. Generally,
decomposition processes play an important role in the interpretation
of reopened graves because the state of the body and grave furniture
upon reopening can potentially be inferred from the archaeological ev-
idence, providing a timeframe for the reopening of the grave. Hence, un-
derstanding decomposition processes and, in a wider sense, the
formation processes of the archaeological evidence of reopened inhu-
mation graves is crucial for their interpretation. In a pilot study, one
reopened grave in an Austrian Wieselburg Culture cemetery was exca-
vated using a microstratigraphic method to maximize data for the re-
construction of specific, complex depositional and post-depositional
processes within this grave (Table 1).

Micromorphology is well established as a tool for interpreting ar-
chaeological site formation processes. The technique has been widely
applied to understand and interpret the use of settlement space (e.g.
Banerjea et al., 2015a; Matthews, 1995; Shahack-Gross et al., 2005;
Shillito and Ryan, 2013) and the reworking of archaeological stratigra-
phy by post-depositional processes (e.g. Canti, 2003; Devos et al.,
2009; French, 2003: 123, 156; Gé et al., 1993; Macphail, 1994;
Macphail et al., 2003; Weiner, 2010).
Table 1
Research questions with linked micromorphology samples.

1. What was the original appearance of the grave (burial of individual 2) before the
reopening?
○ Sample 450: Are there remains of the top coffin board in this sample? What
type of deposit is SE6, which was the top layer inside the coffin - is it the remains
of a wooden board? What are the differences between the sediments above and
inside the coffin?
○ Sample 454: What is the nature of the grey-lilac layer (SE12; Munsell® color,
2000 2.5Y 7/1) which outlines the vertical shape of the coffin?
○ Sample 669: What was the nature of sediments underneath the space of the
coffin where not affected by the reopening?

2. When and how did the reopening of the grave take place?
○ Samples 310, 311 (lower area of profile): was this the refill of the intervention
pit or original grave fill?
○ Sample 454: What are the differences (deposit and formation types) between
the original grave fill outside of the coffin and the refill of the intervention pit?

3. What kind of grave manipulations took place upon reopening?
○ Is there evidence for micro remains from grave goods that have been removed
in any of the samples?

4. When and how did the refilling after the reopening take place? Was the grave
refilled immediately – by human activity, or did it refill slowly and naturally, or
were there more episodes of refilling?
○ Sample 364: Is this the refill of the intervention pit or erosion after
intervention? How is this sediment different to the grave fill?
○ Sample 366: Original grave fill or intervention pit refill (compare to sample
364)?
○ Samples 451, 470, 471, 592: How did the refill of the intervention pit take
place – quick or slow? Is there evidence for weathering or fine sedimentation in
this area? Are there micro-remains from (human) bone?

5. How did natural formation processes affect the final archaeological evidence of a
reopened grave?
○ Sample 591: What is the nature of the sandy sediments in the coffin? How
have they been deposited?
○ Sample 642: What is the nature of the sediments underneath the left tibia and
fibula – how did they form?

6. What was the original appearance of the top burial (individual1)?
○ Samples 250, 251: was the surface of SE2 a pit that was left from the reopening
or was a separate pit cut for SE1 and burial 1, and if yes, was it left open or
refilled immediately?
○ Samples 189, 226: Is it possible to find surfaces/interfaces around the body of
individual 1? Was the body put directly on the soil and was there a hollow space
around the body (e.g. wooden structure)?

Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
section analyses, Journal of Archaeological Science: Reports (2016), http:/
Micromorphological examination of graves is an understudied area
of research (Kutterer et al., 2014a, 2014b: 181) without the wealth of
published comparative case studies or experimental material that is
available for the study of the use of settlement space. This problem
should be able to be addressed with the conclusion of the InterArChive
project (Usai et al., 2014), whichwill provide interpretative frameworks
formore robustmicromorphological examinations of grave taphonomy.
Micromorphology provides significant potential for understanding the
depositional formation processes and post-depositional alterations
(Macphail et al., 2013) relating to burial taphonomy, particularly for dis-
turbed graves (Huckleberry et al., 2003) and sedimentation rateswithin
burials (Sandgathe et al., 2011).

Within graves there can be considerable variation in chemistry and
micromorphology on both intra- and inter-site level, linked to environ-
mental contrasts and taphonomic variation. Post-burial changes are
highly complex, and there can be evidence for mobilisation/depletion,
transportation and re-deposition of soil/sediment displaying preferen-
tial spatial patterns in relation to the different parts of skeletons and
graves (Usai et al., 2014). In particular, the area below the cranium
has been identified as an area for processes relating to calcite
mobilisation and sedimentation (Kutterer et al., 2014a, 2014b: 181).

This paper aims to examinehowmicromorphology can contribute to
reconstruct the formation process and to answer the following research
questions that are typically asked for reopened graves with specific ref-
erence to key questions pertaining to the buried human remains
(Table 1):

1. Whatwas the original appearance of the grave before the reopening?
2. When and how did the reopening of the grave take place?
3. What kind of grave manipulations took place upon reopening?
4. When and how did the refilling of the grave take place? Was the

grave refilled immediately – by human activity, or did it refill slowly
and naturally, or were there more episodes of refilling?

5. How did natural formation processes affect the final archaeological
evidence of the reopened grave?

2. Material and methods

2.1. Site and excavation

Weiden am See, Austria, is a multi-period site (Fig. 1) located 1 km
off the contemporary shores of Lake Neusiedl, a 35 km long and b2 m
deep endorheic lake in the Austrian-Hungarian border lands (Hicke,
1987: 14). Since 2012, rescue excavations have recovered over 200
early Bronze Age of the Wieselburg Culture graves, around half of
them reopened (Fig. 2, Franz et al., 2014).

In 2013 one grave (object 229, MNR 32026.13.03, Gst 1023/439-
444) was excavated with close attention to the evidence for reopening
(Video 1: excavation process). As part of the rescue excavations, about
1 m of topsoil had already been removed with a digger, and the outline
of a large grave pit with set blocks of stone and some human bones (a
humerus and a femur) were visible at the beginning of the excavation.
The excavation identified stratigraphic units and, where relevant, addi-
tional surfaceswithin these units. The gravewas half-sectioned after ex-
cavation of the top individual to determine the depth of the grave and to
ascertain if there would be more individuals buried underneath.

Documentation included drawing plans, three-dimensional single-
finds recording (all finds larger than 1 cm), and the documentation of
all features (outlines, surfaces, boundaries) using a Leica Tachymeter
TCR 407 controlled by a field computer (Dibble and McPherron, 1991;
Händel, 2010). The evidence was photographed from a ladder/elevated
position so that the resulting photographs were as close as possible to
directly overhead. These vertical images covered the complete feature.
Additionally, many oblique shots were taken to capture details, which
later allowed the use of the complete image collection in an image-
basedmodellingworkflow (Video 1: excavation process). All excavated
a reopened early Bronze Age inhumation grave in Austria: The soil thin
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Fig. 1. Weiden am See at Lake Neusiedl, A

Video 1. Movie of 3D model Weiden am See 2013/object 229: Photographs of each
excavated layer were used to create separate georeferenced 3D models using the image-
based modelling software package Agisoft Photoscan Professional. The video depicts 3D
models of layers and their removal according to the excavation process and the position
of the samples. The missing data (of layer S02) is marked with blue color.

3E. Aspöck, R.Y. Banerjea / Journal of Archaeological Science: Reports xxx (2016) xxx–xxx

Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
section analyses, Journal of Archaeological Science: Reports (2016), http:/
sediments were wet-sieved (sieve mesh size 2 mm), except for parts of
SE3 (the original grave fill), which for time reasons was not sieved, but
searched through twice by hand, when it became apparent that the
grave was much deeper than anticipated. The excavation method was
very time-consuming and excavation of the grave took over two
months, with 2–3 people working at a time on the excavation and
wet-sieving of the sediments.

2.2. Sampling strategy

Collection of soil micromorphology samples was guided by the
above research questions for reopened graves (Table 1). Samples were
taken from the different types of fills and at important locations and in-
terfaces (Fig. 3, Video 1 and Supplement 1), such as the disturbed area of
the coffin at the bottom of the grave. The sampling of the undisturbed
upper inhumation was influenced by a strategy developed as part of
the InterArChive project (Usai et al., 2014) and samples from above,
below, and at the sides of the skeletonwere collected, aswell as geolog-
ical reference samples from a profile further away from the skeleton
(Fig. 4). As part of this project only some samples for comparison of
the two buried individuals were selected for analysis. Kubiena tins in
three different sizes were used to collect the samples and very small
ustria. Map based on NASA SRTM3.
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Fig. 2. Location of the grave ‘Weiden am See 2013/object 229’ (MNR 32026.13.03, Gst 1023/439-444) in the context of the early Bronze Age cemetery Weiden am See with the graves
marked in green. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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boxes proved useful in the area of comingled human remains to avoid
damaging of bone. Except for the geology samples and three samples
from the profile in the grave, the tins were pushed into the soil from
above and then the soil around it removed. Before removal of the sam-
ple, the four top corners of the box were recorded with the tachymeter.
Photoswere taken before and after sampling and specific researchques-
tions for each of the samples were recorded. Loose soil samples were
collected from the corresponding field units within the undisturbedmi-
cromorphology samples.

At excavation, 53 undisturbed micromorphology samples, including
7 reference samples of the six geological layers (Fig. 4) at the site were
collected. 17 archaeological and 6 geological samples were selected for
processing and analysis to answer research questions that could not
be answered at excavation or that came up as part of the post-
excavation process.

2.3. Laboratory methods: micromorphology

Micromorphology samples were prepared in theMicroanalysis Unit,
University of Reading. The procedure followed is the standard protocol
for thin section preparation (Murphy, 1986). Samples were oven-
dried at 40 °C, and then impregnatedwith epoxy resin while under vac-
uum. Slides were prepared to the standard geological thickness of
30 μm.
Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
section analyses, Journal of Archaeological Science: Reports (2016), http:/
Micromorphological investigation was carried out using a Leica
DMLP polarising microscope at magnifications of ×40–×400 under
Plane Polarised Light (PPL), Crossed Polarised Light (XPL), and where
appropriate Oblique Incident Light (OIL). Thin-section description was
conducted using the identification and quantification criteria set out
by Bullock et al. (1985) and Stoops (2003), with reference to Courty
et al. (1989). Photomicrographs were taken using a Leica camera at-
tached to the Leica DMLP microscope.

3. Results

3.1. Observations at excavation (Table 2; Figs. 5 and 6; Video 1 and Supple-
ment 1)

Themovie of the 3Dmodel of the grave (Video 1) shows the excava-
tion process and the position of the micromorphology samples in the
grave. The stratigraphic sequence observed at excavation is linked to
the micromorphology samples (Figs. 5 and 6, Table 2). The top layer of
organic silty loam (SE1) contained a setting of large stone blocks sur-
rounding a body (Individual 1), buried prone (i.e. face-down) with the
lower limbs flexed and descending inferiorly (Fig. 3). No surfaces/struc-
tures were visible to outline the space into which the body had been
placed, other than the stones (66, 67, 68) and holes left from stones
(5, 6) (removed by the excavator, on both sides of the body)
a reopened early Bronze Age inhumation grave in Austria: The soil thin
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Fig. 3. ‘Weiden am See 2013/object 229’ top and bottom individual with location of the micromorphology samples.

5E. Aspöck, R.Y. Banerjea / Journal of Archaeological Science: Reports xxx (2016) xxx–xxx

Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of a reopened early Bronze Age inhumation grave in Austria: The soil thin
section analyses, Journal of Archaeological Science: Reports (2016), http://dx.doi.org/10.1016/j.jasrep.2016.07.003

http://dx.doi.org/10.1016/j.jasrep.2016.07.003


6 E. Aspöck, R.Y. Banerjea / Journal of Archaeological Science: Reports xxx (2016) xxx–xxx
surrounding the body, and stones (65, 246, 247) underneath the body.
Samples were taken from underneath the body of individual 1 to see if
a surface could be identified and to compare pedogenesis and chemical
alterationswith samples fromunderneath individual 2 inside the coffin:
189 (SE1 below a fragment of the mandible), 226 (SE1 below the tibiae
andfibulae – analogue sample 642 below tibiae andfibulae of individual
2).
Fig. 4. Location photographs for geological sa

Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
section analyses, Journal of Archaeological Science: Reports (2016), http:/
Underneath, the surface of SE2 formed an irregular pit and samples
250 and 251 were taken from the top surface of SE2 (Supplement
1) to establish if this was the surface of a pit that has been dug into
the existing grave pit. SE2 was a heterogeneous and, in parts, a very or-
ganic fill, particularly in the western half of the grave pit, where it
narrowed down into a funnel-like structure, remnants of the reopening
pit (Supplement 1).
mples and their associated thin-sections.

a reopened early Bronze Age inhumation grave in Austria: The soil thin
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The ‘funnel-like’ structure identified at excavation was too small to
represent the reopening pit and until the level of the coffinwas reached,
it remained uncertain whether this grave had actually been reopened.
Table 2
Summary stratigraphy table: stratigraphic units observed at excavation, their associated micro

Stratigraphic
unit

Associated
MM
samples

Description of sediment De

Top fill with
individual
1

SE1 189, 226,
(below
individual
1)

Organic, homogeneous loamy silt. SE
po
tw

Pit Interface
SE1/SE2

250, 251 Irr

Refilled
reopening
pit

SE2 250, 251 Dark silty loam, very inhomogeneous.
Same color as SE1, but with 10–40% large
yellow patches, concentrations of ochre
(FeO2) and pockets of gravel. Lighter in
the eastern half of the pit and more
organic towards the center and in the
west.

SE
an
wh
de
fu
da

SE3A 364 SE3A was dark silty loam with 5% large
yellow patches. SE3 in the southwest
corner fatty and organic, towards the
bottom more light brown.

In
‘da

SE7 454
451
470, 592,
471

Dark and 5% lighter silty loam. Th
pa
hi

Reopening
pit

Interface
SE2,SE3A/SE3

366 Ev
fo
Bo
ot

Original
grave fill

SE3 366
310
311
419

Heterogeneous fill consisting of light and
dark loamy and silty patches. Silty patches
increase with depth.

Ab
lay
th
se

SE5 450 On
ye
da

SE15 454 Ar
se

Coffin with
individual
2

SE6 450 Very dark, about 1 cm thick layer,
consistence soft (dry). The top was partly
covered by a white/white-lilac substance
(Munsell® color, 2000 2.5Y 7/1).

Ve
of

SE8 591
Sediment
inside pot
638 and
637

Very sandy layer with a homogeneous
brownish color.

Ve
of
be

SE9 591, 450,
642
Sediment
inside pot
638 and
637

Homogenous layer of brown sand mixed
with darker (organic?) material, hardly
any inclusions.

Bo
in

Group 4 Sk
un
(S
wi
th

Coffin:
SE11 –SE14,
SE16

454
470, 471,
592, 642,
669

White/greyish/lilac powdery material
(Munsell® color, 2000 2.5Y 7/1).

M
bo
lea
(S
M
be
SE
SE

Grave pit Interface
Object 229

470, 592,
471,642,
669

La
th

Geology SE106 470, 592,
471,642,
669

Fine sand. Sa
gr

Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
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Hence, five samples have been analyzed post-excavation to, among
other things, define the boundaries of the reopening pit (SE2/SE3 inter-
face) and the area of undisturbed grave fill SE3, a heterogeneous fill
morphology samples and their interpretation at excavation.

scription of context Interpretation

1 with individual 1 buried in prone
sition between large blocks of stone and
o halves of a vessel at west end of grave.

Large blocks of stones and body individual
1 deposited in very quick succession – no
interface visible.

egular pit. Pit dug for deposition of stones, pottery
and body individual 1.

2 stretched over most of the grave pit
d was about 30–40 cm deep (east),
ile in the western half SE2 was going
eper forming a ‘funnel’. Around the
nnel many small pieces of ceramics and
ub were found on the bottom of SE2.

SEs 2, 3A and 7 are the organic refill of the
intervention pit. The top surface stretched
over most of the grave pit (SE2) then
continued inside a funnel (SE3A) and as a
dark patch within SE3. At the bottom of
the grave - inside the coffin this dark fill
(SE7) seems to have preserved the original
height of the coffin, while the eastern part
of the coffin collapsed when the wood was
decayed.

side the funnel SE3A went deeper, like a
rk pocket’ in SE3 below.

e very dark fill reached into the western
rt of the coffin (SE7) and the coffin was
gher in this area.

en in the eastern part of the grave, then
rms slop and funnel in the west.
undary more clear in east, unclear in
her areas.

The funnel is what remained from the pit
dug to reopen the grave.

out 1.2 m deep, very heterogeneous
er nearly devoid of finds. More compact
an SE2. Very dark and lighter pockets of
diments are alternating.

Grave fill, apparently material from
different heaps of sediments was
alternatingly deposited in the grave.

top of the coffin sandy and loamy
llowish sediments, with a patch of
rker sediment next to the stone.

Grave fill above the coffin.

ound the coffin, two types of yellowish
diments, no dark patches visible.

Grave fill around the coffin.

ry dark organic layer that covered most
the eastern half of the inner coffin area.

This may be the organic remains of a
wooden board that covered the coffin.

ry distinct layer, the top layer of a heap
sandy material in the coffin area
tween the femora and trunk area.

Sediment that accumulated inside the
coffin after burial when wood decayed
through soil pressure or changing water
levels.

ttom layer of the heap of sandy material
side coffin.

Did SE9 form because organic material
accumulated in the bottom of the coffin
E.g. rising and falling ground water levels
washed soil particles from SE7 into SE8?

eleton individual 2 disturbed but
damaged in area of upper body
E7/SE7A). Parts of a copper alloy pin
th intermingled bone and 3 pots next to
e body.

Body in flexed position, on left side, with
pots and coppery alloy jewelry, in coffin.
When grave was reopened, joints still
partly connected and coffin was intact.

aterial outlines a rectangular context,
ttom (SE11), sides (SE12) strongly
ning inwards and vertical features
E13) protruding 5–15 cm at the corners.
icro-contexts SE14 (light silty sediment)
tween handle and side of coffin and
16 (triangular, silty in corner of
11–13).

A coffin with handles, white-lilac material
along the sides and bottom is typical for
that period.

rge rectangular pit narrowing down at
e bottom. Rounded corners top surface.

Grave pit with evidence for grave markers
(posts).

ndy layer (gley) below the coffin of the
ave.

Geology below the grave.

a reopened early Bronze Age inhumation grave in Austria: The soil thin
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Fig. 5. Stratigraphic matrices showing: 1. Observations at excavation 2. After micromorphological analysis.
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consisting of yellowish light and dark organic sediments. This includes:
sample 364 from the upper level of the dark fill inside the funnel (SE3A)
to compare with a sample of sediment from outside the funnel (366) at
the same level (Supplement 1); samples 310 and 311 from 10 to 30 cm
above the coffin (from section 1, Supplement 1); and at the level of the
Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
section analyses, Journal of Archaeological Science: Reports (2016), http:/
coffin of the lower grave, samples 454 contained fill from outside the
coffin and 450 from the top of the coffin (Fig. 3).

At the bottom of the grave (section 2), a grey-lilac substance
(Musell® color, 2000 2.5Y 7/1) outlined the shape of a coffin with ‘han-
dles’ (Fig. 3) – something typical for the Wieselburg Culture (Krenn-
a reopened early Bronze Age inhumation grave in Austria: The soil thin
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Fig. 6. Section drawing: Schematic section ‘Weiden am See 2013/object 229’ based on section through the 3D model.
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Leeb, 2011). Just above and inside the coffin, the boundaries of the dark
layer of refill of the reopening pit became very clear (SE7). Samples 454
and 450 (Fig. 3, Supplement 1) were taken to be able to characterise the
refilling process (e.g. slow/natural or quick refill, and the number of
refilling episodes). In this area of disturbance, the upper part of the
body (individual 2) was disturbed, while outside this area, the lower
limbs were undisturbed, showing that the individual had been placed
with the lower limbs flexed on the left side. In the undisturbed area, a
layer of very dark thin organicmaterial covered the interior of the coffin
(SE6) with again some greyish-white material on the top, like the out-
line of the coffin). Below SE6, a deposit of very sandy sediment (SE08)
was found in the area between the femora and torso, with a more or-
ganic sandy layer underneath (SE09; samples 591, 450; samples 470,
592, Figs. 3 and 6, Supplement 1). Samples of the sandy layer were
taken to investigate the nature and formation processes of these layers
in this particular area of the coffin.

Thirty-three archaeological microstratigraphic units were identified
using soil micromorphology and classified into eight categories of de-
posit, DT1–8 (Table 3, Supplement 2). The classification of
microstratigraphic units provides a clear understanding of depositional
and post-depositional processes as a result of both disturbance as a re-
sult of the intervention, and chemical weathering induced by the
decay of the body. The micromorphology results have fed into the
construction of the matrix to refine the stratigraphic sequence and
formation processes within the grave (Fig. 5). Twelve geological
microstratigraphic units were identified and have been classified ac-
cording to depositional processes that relate to the variable size and hy-
drology of Lake Neusiedl (Table 4), the extent of which reachedWeiden
during the Holocene (Hicke, 1987: 14).
3.2. Deposit type classifications of microstratigraphic units

Deposit type 1 (DT1) classifies ambiguously units 250/4, 454/11, and
592/17 as re-deposited substrate sediment, as they slightly differ from
the other grave fills (DT2, DT3a, and DT6) by their absence collapsed
vughs, and dusty impure clay coatings (Table 3). DT2 categorises
gravefill (250/3; 251/28), at the surface that shows increasingpedogen-
esis towards the surface of the unit below a stone associatedwith the pit
for the upper individual.
Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
section analyses, Journal of Archaeological Science: Reports (2016), http:/
DT3a classifies sediment that has been used asfills (250/2) the inter-
vention pit (470/2; 366/6; 454/12; 451/14; 364/25; and 471/26). The fill
units are dark brown (PPL)/dark orange/red brown (XPL) in color,
which is a lighter mid-brown (PPL) in the lower unit towards the base
(642/20). The color is most probably due to iron, organic staining, and
organic inclusions as indicated by the presence of inclusions such as
charred wood (470/2), and ferruginous organic tissue, occurring in all
fills. Several units contain a potential ‘protein’ substance (that may be
chitin or keratin) or coprolite fragments (Shillito et al., 2011) (250/2;
451/14), and 364/25 contains fragments of decayed bone (Fig. 8). All
fill units contain vughs or collapsed vughs, which can be indicative of
trapped air and moisture in mass movements of sediment (Fedoroff
et al., 2010: 641–642), which could include dumping processes; vughs
are irregularly-shaped voids (or pore spaces) in the microstructure of
a sedimentary unit, which break-up the continuity of fine material
(Bullock et al., 1985: 43, 46; Stoops, 2003: 65). This sediment shares
similar sediment properties and inclusions with the topsoil reference
sample, 556/G12 (Table 4) and could represent the early Bronze Age
topsoil being used during backfilling.

DT3b classifies 189/29 and 226/30, which are fills from the upper in-
dividual and located beneath the body. These microstratigraphic units
are distinctive from the other grave fills, DT3a, as they contain sediment
attributes that could be specifically attributed to their close proximity of
the upper individual (Lang, 2014), such as abundant iron nodules, 20%,
the greatest abundance of bone fragments, 10% (Fig. 7), needle-like cal-
citic infillings (Durand et al., 2010: 160), where interestingly the area
below the cranium has been identified as an area for processes relating
to calcitemobilisation and sedimentation (Kutterer et al., 2014a, 2014b:
181), and mesofaunal activity, which has created fine crumb peds
(Table 3).

The dispersal of clays and silts is most prolific in the fill deposits,
DT3a, and in those deposits that are associated with the disturbance to
the underlying substrate, DT4, SE106 (Tables 3 and 4). Translocation
of clay and silty clay particles is influenced by factors related to water
flow, chemical conditions and energy and gravity. Movement can
occur under any kind of climate, although temperate environments pro-
vide the best evidence (Courty et al., 1989). The formation of dusty im-
pure clay coatings can be evidence of dumping under wet conditions
due to turbulent hydraulic conditions and the rotational movement of
sediment, often associated with the disturbance caused by trampling
a reopened early Bronze Age inhumation grave in Austria: The soil thin
/dx.doi.org/10.1016/j.jasrep.2016.07.003

http://dx.doi.org/10.1016/j.jasrep.2016.07.003


Table 3
Summary of micromorphological descriptions and classifications of the archaeological samples, object 229, Weiden am See.

Sample identification Formation processes Composition of inclusions Principal post-depositional alterations

Deposit
type
number

Deposit type Sample Unit
number

Strat
unit

Thickness
on slide
(cm)

Bedding Key sediment attributes Rock and
mineral

Building
materials
and
sediment
aggregates

Bioarch Organic nt Chemical
weathering

Pedogenesis Bioturbation

DT1 Redeposited
substrate

250 4 SE1/SE2 1.2–3.2 Massive Variable particle size:
clay/silt loam/sandy clay.
Unsorted. Calcareous fine
material. Embedded, and
embedded and linked and
coated related distribution.
Inclusions show haphazard
deposition.

Predominantly
quartz
(15–40%),
calcite
(5–20%),
muscovite
(5-30%), and
biotite
(5–10%).

Aggregates
of darker
soil (10%)
in unit 4.

None Ferrugin
organic ue
(5%).

Iron,
Manganese,
Calcite
coatings

Development of
sub-angular blocky peds

Mesofaunal
454 11 SE15 3.5–4.0 Massive
592 17 SE7 0.1–0.6 Massive

DT2 Fill at surface 250 3 SE1/SE2 0.4–3.2 Massive Sandy clay loam. Unsorted.
Stippled b-fabric.
Embedded and coated
related distribution.
Inclusions show haphazard
deposition. Unit 28 has
vughs and collapsed vughs.

Predominantly
quartz (40%)
with a few
(b5%) mica
and calcite
minerals.

Aggregates
of marl
sediment
(20%).

Bone
(b5%),
suspected
protein
(b5%),
unit 3
only

Ferrugin
organic ue
(10%), u 3,
charred
wood b

unit 28.

Iron, calcite
coatings

Development of
sub-angular blocky peds,
particularly in upper 1.2
cm

Mesofaunal
and root

251 28 SE2 3.8–4.0 Massive 3 cm on right-side of the
slide (upper 2.0–2.5 cm):
fine, sub-angular blocky
peds, partially
accommodated,
moderately to strongly
developed; lower 1.5–2.0
cm sub-angular blocky
peds that are
accommodated and
weakly developed.
Remaining left-side has
accommodated SA blocky
ped, weakly developed.

DT3a Fill 364 25 SE2/SE3 3.5–4.0 Massive Variable particle size: silt
loam/sandy silt
loam/sandy clay
loam/loamy sand/sandy
clay. Unsorted. Mosaic
speckled b-fabric/stippled
b-fabric. Embedded and
coated, and linked and
coated related distribution.
Inclusions show haphazard
deposition. Vughs and
collapsed vughs, 5–10%.

Predominantly
quartz
(20–50%),
muscovite
(5–15%), and
biotite
(5–15%).

Aggregates
of marl
sediment
(10–30%).
Aggregate
of earthen
building
material,
unit 2
(5%).

Bone, unit
25 (b5%),
suspected
protein
(5–10%).

Ferrugin
organic ue
(5–20%)

Dusty
impure clay
coatings,
Iron,
Manganese,
Calcite
coatings,
Organic
staining
(units 6 &
25).

Development of
sub-angular blocky peds
(unit 12)

Mesofaunal
366 6 SE2/SE3 0.2–4.0 Massive
451 14 SE7 3.2–4.0 Massive
454 12 SE7 4.0–4.9 Massive
470 2 SE7 1.5–1.8 Massive
471 26 SE7 0.4–1.2 Massive

DT3b Fill (upper burial) 189 29 SE1 2.5–2.8 Massive Sandy clay loam/loamy
sand. Unsorted. Stippled
speckled b-fabric.
Embedded and coated
related distribution.
Inclusions show haphazard
deposition. Complex
microstructure inc vughs.

Predominantly
quartz (30%),
plagioclase
(20%),
muscovite
(5–10%),
biotite
(5–10%),
calcite
(5–10%).

Aggregates
of marl
sediment
(20%), unit
29.

Bone
(10%),
suspected
protein
(5%).

None Abundant
iron nodules,
calcite
coatings,
needle-like
calcite
infillings.

Fine crumb peds Mesofaunal
226 30 SE1 2.4–2.5 Massive
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DT4 Geology 470 1 SE106 0.4–0.6 Massive Variable particle size: silt
loam/sandy clay
loam/loamy sand/sand.
Unsorted, except unit 1 &
33 are moderately sorted
fine sands, and unit 27 has
bimodal sorting. Marl fine
material. Variable related
distribution (embedded
linked and coated, and
intergrain aggregate).
Bridged microstructure.
Inclusions show haphazard
deposition.

Predominantly
quartz
(30–60%),
calcite
(5–15%),
muscovite
(5–20%), and
biotite
(5–15%).

Aggregates
of darker
soil (10%).

None Ferruginous
organic tissue
(5–10%)

Dusty
impure clay
coatings,
Iron, Calcite
coatings
(10–N25%),
Organic
staining
(units 18 &
19).

None Mesofaunal
471 27 0.4–1.2 Massive
592 18 1.6 Massive
592 19 0.6 Massive
642 22 0.2–1.4 Massive
669 33 2.2–2.8 Microlaminated

DT5 Wind/water-laid
sediment

450 24 SE9 1.1–1.6 Massive Loamy sand/sandy clay
loam particle size.
Unsorted. Mosaic specked
b-fabric. Linked and
coated, and embedded and
coated related distribution.
Inclusions show haphazard
deposition. Vughs, 10%.

Predominantly
quartz
(30–50%),
calcite
(5–10%),
muscovite
(5–20%),
biotite
(5–20%), with
occasional
plagioclase
b10%.

Aggregates
of marl
sediment
(10–20%).

Suspected
protein,
units 24 &
31 (b5%).

Ferruginous
organic tissue
(5–10%).
Charred
wood (5%)
and
amorphous
organics
(10%), unit
24.

Dusty
impure clay
coatings,
Iron,
Manganese,
Calcite
coatings
(units 16 &
21), Organic
staining
(units 16, 24,
31 & 32).

Development of
sub-angular blocky peds
(units 15, 16,24, 31 & 32)

Mesofaunal.
Unit 31 has
been mixed
with marl
and sand
from unit 33
(DT4).

642 21 SE9 0.5–0.6 Microlaminated Variable particle size: silty
clay loam/silt loam/sandy
silt loam/loamy sand.
Moderately sorted or
bimodal sorting
(moderately/well sorted
silt and unsorted sand).
Stippled speckled and/or
stippled striated b-fabric.
Embedded and linked and
coated related distribution.
Inclusions show haphazard
deposition. Vughs, 5–10%.

591 15 SE8 1.2 Massive
16 SE9 2.8 Massive

642 20 SE9 0.4–1.2 Massive
669 31 SE9 0.5–1.0 Microlaminated

32 SE9 0.5 Microlaminated

DT6 Redeposited
grave fill

310 5 SE2/SE3 5.7 Massive Sandy clay/sandy clay
loam. Unsorted. Marl fine
material. Embedded and
coated related distribution.
Inclusions show haphazard
deposition. Vughs and
Collapsed vughs, 15%.

Predominantly
quartz
(20–50%),
calcite
(5–10%),
muscovite
(5–20%), and
biotite
(5–10%).

Aggregates
of darker
soil
(10–20%).

None Ferruginous
organic tissue
(b5%), not
unit 10

Dusty
impure clay
coatings,
Iron,
Manganese,
Organic
staining
(except unit
8).

Development of
sub-angular blocky peds
(unit 10)

Mesofaunal
451 13 SE7 0.1–0.4 Massive

311 8 SE2/SE3 0.7–1.7 Massive Variable particle size:
clay/silt loam/sandy
clay/sandy clay
loam/sandy silt loam.
Bimodal sorting
(moderately sorted silt and
unsorted sand). Marl fine
material. Embedded, and
embedded and linked and
coated related distribution.
Inclusions show haphazard
deposition. Vughs, 5%

311 10 SE2/SE3 1.6–2.8 Massive
366 7 SE2/SE3 3.2–3.9 Massive

DT7 Re-worked
microstratigraphy

311 9 SE3 3.9–4.9 Massive Loamy sand/sandy clay
loam particle size.
Unsorted. Stippled b-fabric
and isotropic. Embedded
and coated, and linked and

Predominantly
quartz (20%),
muscovite
(10%), with a
few (b5%)

Aggregates
of marl
sediment
(40%).

Suspected
protein
(b5%).

Ferruginous
organic tissue
(b5%).

Dusty
impure clay
coatings,
Iron,
Manganese,

None Mesofaunal

(continued on next page)
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Table 3 (continued)

Sample identification Formation processes Composition of inclusions Principal post-depositional alterations

Deposit
type
number

Deposit type Sample Unit
number

Strat
unit

Thickness
on slide
(cm)

Bedding Key sediment attributes Rock and
mineral

Building
materials
and
sediment
aggregates

Bioarch Organic/plant Chemical
weathering

Pedogenesis Bioturbation

coated related distribution.
Inclusions show haphazard
deposition. Vughs, 5%.

feldspars,
biotite, and
calcite
minerals.

Organic
staining.

DT8 Original grave fill 450 23 SE5 0.1–1.7 Massive Clay/silty clay particle size.
Bimodal sorting
(moderately sorted silt and
poorly sorted sand).
Calcareous fine material.
Embedded and coated.
Inclusions show haphazard
deposition. Vughs, 10%.

Predominantly
quartz (50%),
muscovite
(20%),
feldspars
(10%), biotite
(10%), and
calcite
minerals.

None None None Dusty
impure clay
coatings,
Iron.

None Mesofaunal
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processes in external areas (Courty et al., 1989; Shillito and Ryan, 2013).
Chemical alterations and changes in the redox conditions (Brammer,
1971; French, 2003) associated with organic decay (Banerjea et al.,
2015b) can lead to the dispersal of silt and clay particles and can be
highly localised.

DT4 classifies units of the underlying substrate (470/1, 592/18, 592/
19, 642/22, 471/27, and 699/33, Fig. 7) with sediment attributes and
mineral inclusions that are comparable with the geology horizon
SE106, which includes microstratigraphic units G9, G10, and G11
(Table 4). The sand components are cemented, evident by an embedded
and linked and coated related distribution, within the calcareous fine
material. The linked and coated related distribution shows that the
Table 4
Summary of micromorphological descriptions and classifications of the geological samples, We

Interpretation Sample Unit
number

Key descriptive attributes Co

Topsoil with
anthropogenic
inclusions

556 G12 Sandy clay loam. Unsorted. Stippled speckled
b-fabric. Complex microstructure with
sub-angular blocky peds moderately-strongly
developed, partially-unaccommodated,
chambers 10%, and vughs 2%

Qu
Pla
Iro
cla
Ch

Reworked marl 527 G1 Silty clay. Bimodal: moderately sorted silt,
poorly sand. Complex microstructure including
vughs, 10%

Qu
M
to

Marl 530 G2 Silty clay. Bimodal: moderately sorted silt,
poorly sand. Crystallitic b-fabric. Complex
microstructure including vughs, 10%

Qu
Ca
5%

Waterlaid
sediment-low
energy

533 G3 Silt loam/silty clay loam. Well sorted silt. Mica
fragments are moderately oriented aligned
parallel to the basal boundary.
Microlaminations.

Qu
5%

Waterlaid
sediment-
higher energy
than G3

G4 Loamy sand/sandy silt loam. Bimodal: well
sorted silt, moderately sorted sand. Silt-sized
mica fragments are moderately to strongly
oriented aligned parallel to the basal boundary.
Complex microstructure: Vughs 10%, Simple
packing voids, Bridged. Microlaminations.

Qu
Pla
M
Ch

Waterlaid
sediment-
lower energy
than G4

G5 Silt loam/sandy silt loam. Bimodal: well sorted
silt, moderately sorted sand. Silt-sized mica
fragments are moderately oriented aligned
parallel to the basal boundary. Complex
microstructure including Vughs 2% Vesicles 2%.
Microlaminations.

Qu
Pla
se

Marl 536 G6 Silty clay. Well sorted silt in clay matrix. Silt
quartz grains are moderately oriented.
Crystallitic b-fabric. Complex microstructure
including Vughs 20% Vesicles 10%

Qu
Ca

Marl- higher
energy than
G6

G7 Sandy clay. Unsorted. Inclusions are
unoriented, unrelated, random, and unreferred.
Crystallitic b-fabric. Complex microstructure
including Vughs 10% Vesicles 5%

Qu
Ca
5%

Marl G8 Silty clay. Well sorted silt in clay matrix. Silt
quartz grains are moderately oriented.
Crystallitic b-fabric. Complex microstructure
including Vughs 20% Vesicles 10%

Qu
M

Lake edge
Wind-blown
sands

541 G9 Loamy sand. Bimodal: moderately sorted silt;
poorly sorted sand. Mica fragments are
strongly oriented aligned parallel to the
inclined basal boundary. Crystallitic and
mosaic, speckled b-fabric. Complex packing
voids and vughs.

Qu
M
5%

Lake edge fluvial
sands affected
by frost action

G10 Sand/loamy sand. Moderately sorted sand.
Crystallitic and mosaic, speckled b-fabric.
Complex packing voids and vughs. Lenticular
platy peds that are strongly oriented aligned
parallel to inclined basal boundary (Van
Vliet-Lanoë, 2010: 83–90).

Qu
M
M
10

Lake edge,
wind-blown
sands affected
by frost action

G11 Loamy sand. Bimodal: moderately sorted silt;
poorly sorted sand. Crystallitic and mosaic,
speckled b-fabric. Compound packing voids
and bridged microstructure. Lenticular platy
peds that are strongly oriented aligned parallel
to inclined basal boundary (Van Vliet-Lanoë,
2010: 83–90).

Qu
M
M
10
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fine calcareous material has dispersed to form bridges between the
sand components. These units may have formerly been a series of ‘pen-
dant’ formations (Durand et al., 2010: 154–157), which have now been
disturbed by root activity. The genesis of pendant formation is accompa-
nied by changes in the chemical composition, particularly with magne-
sium rates. In temperate regions, pendant formation seems to be
controlled by the progression of weathering during which the carbon-
ates are destabilised and not associated with a simple continuous car-
bonate accretion (Durand et al., 2010: 156); calcite hypo-coatings
(Durand et al., 2010: 158–159) also occur. The carbonates may have
also been destabilised due to the decay of a body part/tissue or other or-
ganic remains in this area (Kutterer et al., 2014a, 2014b: 181), as these
iden am See.

mposition Post-depositional alterations

artz 30%, Muscovite 5%, Microcline 5%,
gioclase 10%, Calcite 20%, Manganese 5%,
n 10%, Flint 5%, Limestone 10%, Aggregates of
y sediment 10%, Unburnt bone 5%, Shell 5%,
arred wood 10%

Sub-angular block ped
microstructure. Mesofaunal
bioturbation 20%. Calcitic earthworm
granules 5%, Calcitic coatings 10%.
Calcitic infillings 5%

artz 50%, Plagioclase 15%, Calcite 5%,
uscovite 5%, Iron 5%, Sediment aggregates of
psoil 15%, Organic tissue 5%

Crumb microstructure. Abundant
mesofaunal bioturbation, 20%. Rare,
mesofaunal casts 2%.

artz 55%, Plagioclase 15%, Microcline 5%,
lcite 5%, Muscovite 5%, Iron 10%, Manganese

Abundant mesofaunal bioturbation,
15%.

artz 30%, Biotite 30%, Muscovite 15%, Calcite
, Iron 10%, Manganese 10%, Organic tissue 5%

Clay translocation, 2% Mesofaunal
bioturbation, 5%

artz 30%, Biotite 30%, Muscovite 10%,
gioclase 10%, Calcite 5%, Iron 10%,
anganese 5%, Shell 5%, Organic tissue 2%,
arred wood 2%

Clay translocation, 2%

artz 30%, Biotite 30%, Muscovite 10%,
gioclase 5%, Calcite 5%, Iron 10%, Rounded
diment aggregates of marl 10%

Clay translocation, 2% Mesofaunal
bioturbation, 20%

artz 45%, Muscovite 20%, Plagioclase 5%,
lcite 10%, Iron 10%, Manganese 5%,

Mesofaunal bioturbation, 5%

artz 50%, Muscovite 10%, Plagioclase 5%,
lcite 10%, Limestone 10%, Sandstone 5%, Iron
, Manganese 5%,

Mesofaunal bioturbation, 10%

artz 80%, Muscovite 5%, Biotite 5%, Iron 5%,
anganese 5%,

Mesofaunal bioturbation, 5%

artz 30%, Biotite 10%, Muscovite 10%,
icrocline 5%, Plagioclase 10%, Calcite 20%, Iron
, Manganese 5%, Shell 10%, Charred wood 2%

Mesofaunal bioturbation, 10% Calcitic
coatings 10% Calcitic infillings 10%

artz 30%, Biotite 20%, Muscovite 10%,
icrocline 5%, Plagioclase 10%, Calcite 20%,
anganese 5%, Aggregates of clay sediment
%

Mesofaunal bioturbation, 5% Calcitic
coatings 10%

artz 50%, Biotite 5%, Muscovite 10%,
icrocline 5%, Plagioclase 20%, Calcite 20%,
anganese 5%, Aggregates of clay sediment
%

Calcitic coatings 10%

a reopened early Bronze Age inhumation grave in Austria: The soil thin
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carbonate pedofeatures are more prolific (10–N25%) beneath the grave
than in the adjacent geological profile (10%). These units (DT4) do not
contain any bone fragments or other anthropogenic inclusions, al-
though there are inclusions of the ferruginous organic tissue, which
may have been reworked into these units from the fills.

DT5 classifies deposits of water/wind laid sedimentation (591/15,
591/16, 642/20, 642/21,450/24, 669/31, and 669/32 Fig. 7). 591/15 is
moderately sorted sand, and 591/16 has a moderately sorted silt com-
ponent. Sediments that have a better degree of sorting tend to be a re-
sult of processes such as wind or water deposition, rather than mass
movements of sediment such as colluvium, which tends to be more
poorly sorted (Goldberg and Macphail, 2006). Vughs within 591/16,
669/31, and 669/32 indicate the presence of moisture, and suggests
that this sediment may have been deposited under wet conditions.
642/21, 669/31, and 669/32 have a stippled speckled, and striated b-
fabric from clay depositions, and there are microlaminations of silt
loam/silty clay loam sediment (Fig. 7), which are indicative of low ener-
gy sedimentation processes over time (Goldberg and Macphail, 2006).
Themicrolaminations have been reworked by bioturbation, particularly
in 642/20, 642/21, and 669/31, although the microlaminations are still
visible despite this (Fig. 7). Fragments of ferruginous organic tissue,
5%, occur in all these units.

DT6 classifies sediment of the original grave fill that has been re-
deposited (310/5, 366/7, 311/8, 311/10, and 451/13). 310/5 and 366/7
are similar in color to those in DT1 and DT8, but 310/5 in particular
has a coarse particle size and is unsorted in comparisonwith the original
grave fill, DT8. The occurrence of collapsed vughs, as also observed in
the fills, DT3, can be indicative of trapped air and moisture in mass
movements of sediment (Fedoroff et al., 2010: 641–642), which could
include dumping processes. Unlike the geological marl sediments, the
fills within the grave do not contain vesicles (Tables 3 and 4), which
suggests that these have been collapsed or destroyed by the
redeposition of this sediment. Vesicles are smooth-walled, simple-
curved voids attributed to the incorporation of air bubbles in near-
surface horizons, and have also been observed in the puddled layer of
paddy soils (Stoops, 2003: 64–65).
Fig. 7. Location ofmicromorphology samples 642 and 669 (a and b); scan of slides 642 and 669w
in 642/21 (e), 669/32 (f), and reworking of unit 669/31, where sand from 669/33 has been bro
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All units, with the exception of 311/8, contain fragments of ferrugi-
nous organic (plant) tissue, although there are fewer than other deposit
type categories, b5%. 310/5, 366/7 and 311/10 contain sediment aggre-
gates, 20%, of brown organic, ‘fill-like’ fabric, which are similar to the
present day topsoil (Table 4; Fig. 4), and could represent aggregates of
the early Bronze Age topsoil that have been incorporated during
backfilling, as suggested for DT3a.

311/9 has been assigned a separate deposit type, DT7, due to the se-
vere re-working of what appears to have been three individual units.
There are sub-rounded aggregates of both organic ‘fill-like’ sediment
and sediment similar to DT4, the calcareous sedimentation, 0.5 mm-
0.7 cm. It seems that an organic lens had previously formed between
two sand lenses into which calcareous fine material precipitated, in a
similar way to DT4. This unit contains a potential ‘protein’ substance
(that may be chitin or keratin) or coprolite fragments (Shillito et al.,
2011) (Table 3).

DT8 categorises a single deposition of original grave fill, 450/23. This
unit is similar in particle size, sorting, and color to those in the re-
deposited substrate, DT1. The occurrence of vughs, as also observed
in the fills, DT3, could indicate dumping processes. There are no
aggregates of different sediment, bone, ‘protein’ substances/copro-
lite fragments, or organic remains within this unit, and it shares com-
parable sediment attributes with the marl sediment, particularly
microstratigraphic unit G2 within the adjacent geological profile
(Table 4; Fig. 4).

3.3. Interpretation of results: formation processesWeiden am See 2013/ob-
ject 229

The formation of the archaeological evidence of Weiden am See Ob-
ject 229 includes short and long-term processes (Fig. 9). After the depo-
sition of the coffin (SE11–14, SE16) that contained the body of
individual 1 (male, 25–35 years; group 4) the pit was filled, represented
in 450/23 (SE3, SE5, SE15). The decay of the body of individual 2 and
also of the coffin started. Grave fill above the coffin (SE3, SE5, SE15)
was compacted due to natural processes (gravity, weather) and clay
ith associatedmicrostratigraphic units (c andd); and units ofwind orwater-laid sediment
ught up into a channel within 669/31 (g).

a reopened early Bronze Age inhumation grave in Austria: The soil thin
/dx.doi.org/10.1016/j.jasrep.2016.07.003

http://dx.doi.org/10.1016/j.jasrep.2016.07.003


15E. Aspöck, R.Y. Banerjea / Journal of Archaeological Science: Reports xxx (2016) xxx–xxx
soil particles were washed towards the bottom of the grave, with some
particles entering the coffin through its top (SE6) –which was unlikely
to have been absolutely tight. Soil particles may also have got into the
coffin during the funeral (wind-blown). Inside the coffin, these soil par-
ticles and water perhaps mixed with ground water and liquids from
decay of the body during putrefaction (Pinheiro, 2006), leading to the
formation of predominately silt loam lenses; these are moderately
sorted, or have a bimodal sorting with moderately to well sorted silt,
and unsorted sand (SE9) at the bottom of the coffin and a more sandy
layer, 591/15 (SE8) on top of it. These silt and fine sand deposits accu-
mulated forming a series of lenses, which have been categorized as
DT5 (Fig. 642 & 669 DT5 Fig. 7), in the area between the femora and
trunk, possibly because a separate space was created within the coffin
due to the presence of the body and possibly due to irregularities in
the base of the coffin.

When the grave was reopened, a pit was dug in the west end of the
grave and the coffinwas broken into. Both the cranium andmandible as
well as skeletal parts from the right side of the trunk and upper limbs
had been moved and were no longer in anatomical connection upon
discovery. It can be seen that parts of the body were still articulated at
that time, e.g. the left scapula and humerus, while other parts had
disarticulated already (e.g. upper vertebrae, the mandibula and crani-
um). There was hardly any bone damage (breakage) indicating that
thehollow space of the coffinwas still intact at that stage. The reopening
pit was immediately refilled (SE7), represented by units that are classi-
fied in DT1, DT3a, and DT6, forming a heap in the hollow space inside
Fig. 8. Photomicrographs of bone fragments within 189/29, ppl (a), xpl (b), 364/25, ppl (c), x
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the coffin. Material may have been dug out during the intervention,
piled up on the side and then put back in as backfill during the refilling
of the intervention pit. However, parts of the original grave fill (SE3)
slumped towards the reopening pit, represented by units that are clas-
sified in DT3a, DT6, and DT7 (Table 3), and less than half of the grave
was filled with the original grave fill (Fig. 6). Also the refill of the
reopening pit would have been compacted due to natural processes
such as under the weight of the sediment. It appears that after an initial
quick refill of the bottom of the reopening pit the top of the reopening
pit may not have been refilled immediately. There is an accumulation
of pottery and daub on the bottom of SE2 in the area surrounding the
‘funnel’ of SE3A. At a later stage, a pit was dug into the top of the
grave, whichwas left exposed for some time (a season or so), as indicat-
ed by units classified asDT2. Large stone blockswere set into the pit and
partly covered with dirt, which formed an uneven surface on which the
body of individual 1 (probably male, adult) was placed on the left side
with the lower limbs flexed. There is no evidence for any coffin or
other structure surrounding the body, but there was some hollow
space for the body to move from its original position to a prone (face-
down) one during decay.

Radiocarbon measurements of the skeletal remains of individual
1 and 2 suggest a timeframe of 10–40 years for the duration of the
formation of the archaeological evidence. Two batches of samples
(individual 1: right and left femora, individual 2: part of the mandi-
ble, left femur) were measured which produced basically identical
results (Fig. 10). Calibration of C14 measurements shows 95%
pl (d), 226/30, ppl (e), and fragments of the possible protein substance within 471/2 (f).
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probability of 1970–1850 BCE calendar years for individual 2 and
1780–1660 BCE for individual 1 (Reimer et al., 2013). This would
suggest that a time period of 150 to 250 years passed between the
deposition of individual 2 at the bottom of the grave and the burying
of upper individual 1. However, the mathematics of calibration and
the normalization process have been shown to have flaws, which
are particularly relevant for case studies with relatively small sample
sizes (Weninger et al., 2015).

Comparing the paired C14-ages of individual 1 and 2 with the rele-
vant INTCAL13 raw data sets shows that there is another solution
where the two individuals were buried only 10–40 years (min/max)
apart in time (Fig. 10). The existence of this solution only becomes ap-
parent when the calibration is performed by visual means, based on
the relevant INTCAL13 raw data sets. We expect that it has been this
shorter time interval and the shifting of left lower limb of individual 1
downwardsmay have been caused by the collapse of the coffin and con-
sequent subsiding of sediment underneath individual 1.

4. Discussion

Micromorphological analysis of undisturbed sediment samples from
Weiden am See object 229 answered a series of key research questions
relating to deposit characterization and formation processes associated
with the construction of and intervention in the grave, and the time-
scales of these events (see Sections 4.1–4.4), in order to understand
fully the taphonomy of this reopened grave. This microstratigraphic
analysis also resulted in important additional findings relating to the
depositional conditions, effects on and movement of sediment as a
result of the decay of the body, and the identification of new
microstratigraphic units not previously observed during excavation
(Sections 4.5–4.7).

4.1. Disturbed and undisturbed areas distinguished

At excavation, it was not possible to identify the extent of the inter-
vention pit. Categorizing microstratigraphic units as either ‘fill’ or ‘re-
Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
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deposited fill’ showed that the disturbed area in the grave pit was
much larger than the ‘funnel’ seen at excavation (Fig. 6) because of
slumping processes after the reopening. Only one unit (450/23) was
classified as grave fill (Table 3), and this distinction was in some cases
not as clear. The resulting model is that after the reopening, parts of
the original grave fill were slumping into the reopening pit (310/5,
311/8,7) and the original extent of the reopening pit was not preserved
in the archaeological record.
4.2. Stratigraphic units distinguished and characterized

Micromorphological analysiswas instrumental in characterizing and
categorizing fills within this grave and their depositional processes.
More specifically, it has identified the sediment attributes of fills inside
and outside of the coffin area, distinguished the original grave fill from
that sediment, which had been used to backfill the intervention pit,
and identified differences between the fills surrounding the upper indi-
vidual, the intervention pit, and in the coffin. In particular, micromor-
phology identified the aqueous depositional pathways of sediment
within the lower burial (DT5; SE9), at the base of the coffin that may,
in part, relate to the decay of the body.

The identification of microscopic inclusions, which were not
identified during excavation, within microstratigraphic units en-
abled them to be quantified and examined within their depositional
context. For example, fragments of decayed bone occur most abun-
dantly (10%) within units directly beneath the body of individual 1
(189/89, 226/30), specifically the humerus and tibia (Fig. 8), and
charred wood, which, as examination of the geological profile has
shown (Table 4), may have been reworked throughout the profile
bymesofauna, or transported bywater as a result of Holocene expan-
sion of the lake (Hicke, 1987). A ‘protein’ substance (that may be chi-
tin or keratin) or coprolite fragments (Shillito et al., 2011) (Fig. 8)
has been identified in many units from the base of the coffin, which
may result from the decay of the human body individual 2 (Fig. 9),
and is a strand of further analysis.
a reopened early Bronze Age inhumation grave in Austria: The soil thin
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4.3. Examine stratigraphic interfaces

The refilled material of a reopened grave can be very heterogeneous
and the result of different episodes. At excavation it can be difficult to
distinguish between boundaries between different types of fills that
were part of one refill event and surfaces that were the result of
human intervention (pit cut). Sample 250/3 from the surface of SE2
(which is the bottom of the pit into which individual 1 was buried)
Please cite this article as: Aspöck, E., Banerjea, R.Y., Formation processes of
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shows evidence for exposure: the upper 1.2 cm of the unit had been
reworked more and show evidence of surface weathering, although it
is difficult to state the timescale or duration of this phenomenon.

4.4. Timescales of sediment deposition

At the very bottom of the grave, where the coffin had been broken
through, there was no evidence of slow sedimentation after the
a reopened early Bronze Age inhumation grave in Austria: The soil thin
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reopening, but evidence of various episodes of dumping of sediments
(samples 592/17) and 470/2 and 454/12). Unit 17 is a lump of substrate
material that entered the coffin at/or after the reopening. Inside the cof-
fin, two layers were found of moderately sorted sand formed by
slow aqueous sedimentation (591/15, 16; 642/20; 642/21; 450/24;
669/31, 32, Fig. 7) related to groundwater and liquids in the coffin
(see above).

4.5. Post-depositional changes of sediments

Wind/water-laid sediment (DT5) formed by fine particles that had
originally entered the coffin through coffin boards, or may have been
blown into the coffin if left open for some time, were mobilized with
finer clay sediment, possibly as a result of fluids from the decay of the
body (Pinheiro, 2006). This material accumulated at the base of the cof-
fin where it also entered the pots (559, 638, 637) (Table 3). The Lake
Neusiedl area is a particularly windy area (presently used for wind-
surfing); the local excavation team observed that a substantial layer of
fine, wind-blown sand can accumulate inside a grave within a day.

Micromorphological analysis has identified areas within the grave
that show evidence for greater bioturbation, such as at the base of the
coffin, particularly in 669/31 where mesofauna have reworked organic
fragments and substrate from unit 33 (SE106) into their burrows, and
in areas of the upper individual, specifically within samples directly
under the body (189/29; 226/30) in the form of iron nodules, needle-
like calcite infillings of voids, and fine crumb microstructure from
mesofaunal activity, and prolific pedogenesis at the surface of the pit
for the deposition of individual 1250/3; 251/28.

4.6. Conditions of the depositional environment

Vughs and collapsed vughs, and dusty impure clay coatings in fills
and re-deposited fills (Table 3) can be interpreted as evidence of dump-
ing under wet conditions, particularly in the refill of the reopening pit
(SE2, 3A, 7 slides 366/6364, 454/12, 470/2), and the former, particularly
collapsed vughs (DT2, DT3a, DT6) evidence of mass movement of wet
sediment, i.e. the use of sediment as grave fill (and inside the coffin,
with the sandy wind/water-laid layers, represented by layers 451/14).

4.7. Refine stratigraphy – identification of key micro-stratigraphic units

Microstratigraphic analysis identified and characterized the forma-
tion processes of microstratigraphic units classified as DT5, wind and
water-laid sediment, by the identification of several aqueous deposi-
tions of microlaminations. These processes had not been identified dur-
ing excavation, but microstratigraphic analysis has enabled the
formation of SE9 to be interpreted.

5. Conclusions

Soil micromorphology has been demonstrated to be instrumental in
interpreting the complex taphonomy of this reopened grave, and has an
important role to play in future research in this area to add to the grow-
ing body of micromorphological research on graves (Kutterer et al.,
2014a, 2014b; Lang, 2014; Usai et al., 2014; Macphail et al., 2013;
Sandgathe et al., 2011; Huckleberry et al., 2003). Most importantly, it
provides information about areas in the gravewhichhad been disturbed
or remained undisturbed and about the refilling of the grave (slow,
quick). Post-depositional transformation processes (e.g. effects of
decay of the body on formation of sediments) can be identified and ob-
servations at excavation can be investigated further. In general, a more
precise stratigraphy and a highly detailed sequence of the formation
process can be gained (e.g. after the reopening, the refilling of the
grave took place under wet conditions, the surface of SE2 was exposed
for some time).
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In this pilot study the potential of soil micromorphology to address
questions of reopened graves has been explored under special, experi-
mental circumstances with special funds reserved for analysis of many
samples. While such a time- and cost-intensive approach will not be
possible for most projects, we argue that, generally, with a clear re-
search question in mind soil micromorphology can be a great tool for
the analysis of archaeological mortuary evidence, particularly to exam-
ine questions relating to the deposition of sediments during burial, the
decay of the body, and later disturbance of the grave. Micromorphology
may also be applied during the excavation process to answer very spe-
cific questions about the formation of single deposits, which makes
sampling and analysis more time- and cost-effective. For example, in
this research, although 53 archaeological micromorphology samples
were collected, 17were prepared and analyzed to answer key questions
concerning formation processes when they arose).

In any case, for successful application ofmicromorphological studies,
a close collaboration of archaeologist and micromorphologist is crucial.
This ideally would start with amicromorphologist being involved in the
planning of the excavation and sampling strategy and them being pres-
ent at excavation, as taking samples already requires some background
knowledge and experience of selecting a sample location and sample
collection.

Finally, we want to emphasize the importance of the detailed re-
cording of the samples to clearly link them to the stratigraphic sequence
and to also know their precise location within a stratigraphic context,
e.g. their relationship to the body and other features which may have
decayed. Strategic spatial and stratigraphic sampling of every unit, for
example around the body, inside and outside the coffin, and of the
grave fill is necessary to fully understand complex formation processes
of mortuary deposits. Additionally, the examination of the geological
profile is crucial for understanding the origin and transformation of sed-
iments within the grave.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jasrep.2016.07.003.
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