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moats and even abandoned river channels (oxbow 
lakes) associated with human settlements. Based on 
the clastic or minerogenic component, the encountered 
muds range from fine algal gyttja (almost olorganic), 
to detrital gyttja (organic with coarser plant remains), 
to organic silts or clays (predominantly minerogenic 
with fine interspersed organic material). Laminations 
can be present, and they also indicate the process of 
sediment settling within a standing body of water. 
Their preservation in the sedimentary record reveals 
a lack of bioturbation. Therefore, sediments were 
waterlogged at the time of deposition and remained 
so until exposed, or the accretion rate was very rapid 
and outpaced bioturbation. In larger structures, like 
for example the moats of the Bronze Age Terramare 

restricted to the fill of negative features. As outlined 
in the introduction, anthropic horizons (also known 
in literature as ‘cultural layers’ or ‘dwelling soils’ – a 
translation of the French sols d’occupation and the Ital-
ian suoli d’abitato – see Moinerau 1970; Butzer 1982; 
2008; 2011) or other forms of accumulation (i.e. waste 
heaps) have peculiar characteristics when formed in 
wetland contexts.

Fill of negative features
Different processes are involved in the formation of 
the fill of ditches, canals, moats, or wells. Organic 
muds with different percentages of clastic material 
form in standing water bodies (Bos et al. 2012), and 
therefore can characterize larger structures such as 

Figure 5.4. The Bronze Age embanked site of Fondo Paviani (Veneto, northeast Italy) is surrounded by a ‘moat’ which 
merges laterally away from the rampart of the site into a wide fen (see Dalla Longa et al. 2019). The profile consists of 
an alternating sequence of gyttja, detrital gyttja, and peat. As the basin receives running water loaded with sediments, 
‘mixed’ organo-mineral facies have filled the basin. The clastic component ranges between 40 and 70 per cent by weight. 
Its granulometry shows an overall fining upward trend, suggesting the progressive lowering of the energy in the 
environment (i.e. the clogging of the basin). Image: Cristiano Nicosia.
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example, caused by capillary rise or due to a perched 
groundwater table fed by rainwater. Instead, the origin 
of ‘detrital peat’ (term proposed in Moore & Bellamy 
1974) within negative features is often anthropic. This 
is the case when plant remains, twigs, leaves, herbivore 
dung, seeds, fruits, animal bedding, wood-working 
detritus, bark, etc., are discarded in waterlogged or 
wet basins. The anthropic contribution to the filling 
of negative features also implies the discard of non-
vegetal components, such as bone, pottery, latrine 
waste, or metal objects. The preservation of organics 
in wetland archaeological contexts offers therefore a 
great opportunity to reconstruct past behaviours and 
environments. At the same time, however, it poses a 
risk of misinterpretations, unless the mechanisms of 
formation of the sequence (for example, discriminating 
in situ peat vs. detrital peat) and the level of anthropic 
contribution to it are understood. For example, pol-
len or other archaeobotanical analyses must take into 
consideration the nature of the sedimentary accretion 
in the sequence they intend to sample, i.e. its processes 
and pace of sedimentation. Slow, gradual and regular 
accretion – as for example in a lake basin – is very 

sites in northern Italy, the presence of a feeding channel 
connected to the active hydrographic network entails 
a consistent clastic input (Fig. 5.4). This can also be 
brought about by sediments washed in from the flank 
of the negative structure, when the latter was dug into 
a clastic substrate (see Langohr 2000). This process 
affects larger and smaller structures alike, and is not 
clearly exclusive to wetland settings.

Peat and ‘peat-like’ or ‘peaty’ sediments (Fig. 5.5) 
is another category that often makes up the filling of 
negative features, even relatively small ones such as 
wells or latrines. A clear distinction should be made 
between peat that derives from plants that grew 
and died in situ, and allochthonous coarse vegetal 
detritus and plant remains that, once stacked up and 
compressed by the overburden, resemble peat (hence 
the ‘peat-like’ or ‘peaty’ definition). This distinction 
is nevertheless difficult to make visually in the field 
and especially without botanical determinations of the 
nature of the vegetal detritus. In situ peat denotes the 
final stages of a progressively infilling negative feature. 
In other words, it forms when semi-terrestrial condi-
tions are established. Here, anoxic conditions are, for 

Figure 5.5. Layer of plant detritus (‘detrital peat’) as viewed in thin section, showing plant organ and tissue residues 
without the foliations and fine laminations that characterize in situ peat. The arrow shows a vivianite crystal intergrowth. 
Such mineral neoformations appear almost instantaneously when a site is drained, or a formerly waterlogged profile is 
exposed to air for the first time. This process gives rise to bluish colorations of the profile, easily noticeable by naked eye. 
Bronze Age site of Fondo Paviani (see Fig. 5.4). Scale bar equals 1 mm. Image: Cristiano Nicosia.
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Anthropic accumulations
As mentioned above, anthropic horizons are the 
outcome of prolonged and intensive human dwell-
ing, as for example within houses, in cities, castles, 
or inside enclosed settlements. The term (anthropic) 
‘horizon’ is preferred here to the widely used (cul-
tural) ‘layer’, as it stresses the soil-like characteristics 
of such deposits. These are in fact characterized by a 
cumulic character, i.e. by the gradual accumulation 
of parent material, in this case of anthropic origin, 
progressively ‘digested’ in the soil by bioturbation, 
trampling, and weathering. Similarly to surface soil 
horizons, anthropic horizons are characterized by the 
evolution (or degradation, depending on the point of 
view) of organic constituents that reached the deposit 
(see Nicosia et al. 2011). In wetland environments this 
set of processes is hampered, slowed down, or even 
inactive. The anthropic horizons found here, therefore, 
closely resemble the characteristics of archaeological 
deposits before bioturbation, weathering, humification, 
etc., intervened to transform them. They are, in other 
words, closer to the original accumulations that formed 
under past people’s feet.

Anthropic horizons from non-waterlogged con-
texts can be compared with those from waterlogged 
(or wetland) contexts in thin sections. Under the 
microscope, waterlogged anthropic horizons contain 
large quantities of finely comminuted undecayed plant 
tissue fragments making up the groundmass. These 
are brown, dark brown, or reddish brown in plane 
polarized light. There are also larger plant tissue or 
organ fragments, such as bark, leaves, stems, twigs 
(see Ismail-Meyer 2017 for a guide for identifying plant 
fragments in archaeological thin sections). Herbivore 
excrements, if present, retain their original shape, as 
in the case of recognisable goat and sheep droppings 
(Brönniman et al. 2017). Bioturbation is generally low 
or even absent, especially if the site was drained just 
before sampling began. Laminations and other sedi-
mentary structures are therefore preserved, as is the 
imbrication of coarser elongated components, such 
as charcoal. Often, waterlogged anthropic horizons 
display an overall ‘fibrous’ aspect, related mainly to 
the vertical stacking of elongated vegetal fragments, 
and their successive compression by the overburden.

In non-waterlogged anthropic horizons, instead, 
the organic component occurs as fine blackish ‘punc-
tuations’ dispersed in the mineral groundmass. This 
is similar to what is observed in urban post-classical 
deposits (e.g. Nicosia 2018). Thin section analysis alone 
cannot distinguish such particles from soot or finely 
comminuted charcoal, and also their degree of humi-
fication is undeterminable without specific organic 
petrology methods. Bioturbation in these horizons is 

rare in anthropic contexts. Here, on the contrary, the 
style of sedimentation is marked by several pulses or 
‘bursts’, as when waste is discarded within a well or 
a ditch. These are separated by periods of minimal 
deposit growth, where ‘nothing in particular’ hap-
pens. Residuality is another significant problem when 
addressing archaeological sequences with laboratory 
analyses that are based on vertical variation or on the 
reconstruction of trends through time. Older pollen, 
older peat, older macro-remains, older charcoal, etc., 
all end up within the fill of negative features, espe-
cially when these occur within densely populated 
contexts (i.e. in the intra-site). The risk of creating false 
reconstructions when using such organic remains is 
therefore significant.

It would be reassuring to state that some inter-dis-
ciplinary combination of laboratory analyses could per 
se fix the above-mentioned risk of misinterpretations. It 
is, unfortunately, not that simple. The problem is rooted 
much more deeply, already at the field or macroscopic 
stage of the analysis of stratigraphic sequences of wet-
land archaeological sites. Wetland sediments lie at the 
intersection between several realms of science: botany, 
geochemistry, sedimentology, phycology (the science 
that studies algae), malacology, even coal geology. The 
description and interpretation of such sediments in 
the field is therefore inevitably skewed towards one 
or another specialism. In other words, description and 
interpretation depend on the lenses through which a 
sequence is observed. Attempts at providing agreed-
upon terminologies for the field description of wetland 
sediments have been made (e.g. the classification 
code of Troels-Smith 1955; see Bos et al. 2012, 680 and 
references therein), but do not take into account, for 
example, archaeological facies. A wide and important 
field of research in archaeology therefore still has great 
potential for future systematization. This would allow 
for more robust field description and interpretation of 
sedimentary sequences in wetland contexts.

The field stage is the first and mandatory stage 
of approach to the stratigraphic sequence. It is in fact 
at the field scale that one formulates proper research 
questions, chooses laboratory methods, implements 
the sampling strategy, and integrates the obtained 
results with excavation-derived data. Involving botany 
specialists, for example, can already greatly improve 
the degree of understanding of organic sediments in 
the field. Several plant remains can be identified by 
naked eye during excavation or core description, or 
with the use of a magnifying lens or small binocular 
microscope. This can already greatly complement the 
identification of sedimentary facies in wetland contexts, 
in ways that greatly improve the resolution that could 
be attained if relying solely on geoarchaeology.
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These are mentioned, for example, in several early 
Bronze Age pile dwelling sites at the southern alpine 
foreland, like the Lucone di Polpenazze (Baioni 
2013) and Lavagnone (Degasperi 2007) sites. Midden 
heaps are dome-shaped features that often ‘merge’ 
laterally with the surrounding sediments, causing 
stratigraphic headaches during excavation (Fig. 5.6). 
They are laminated and finely stratified, and include 
alternating sequences of white-coloured carbonatic 
units (often misidentified as lake marl but in reality 
composed of wood ash), levels of vegetal detritus, 
and minerogenic units (sometimes termed ‘loam’ in 
Swiss and German pile dwelling studies, see Ismail-
Meyer et al. 2013) (Fig. 5.7). These are often fragments 
derived from the dismantling of fireplaces that had 
clay linings, or from debris derived from architectural 
earth materials. Midden heaps are extremely pre-
cious for reconstructing the lives of the inhabitants 
of pile dwellings. They are in fact the sole record of 
the activities that took place on the raised platforms 
upon which houses stood, as these are normally not 
preserved in pile dwellings (see Menotti & Leuz-
inger 2013). Combined micromorphological and 
phytolith study on the midden heaps of the Lucone 
di Polpenazze pile dwelling (Lake Garda, Italy) has 
confirmed that these features are the result of the 

strongly attested, with several channels obliterating the 
original sedimentary structures, the original fine layer-
ing, and disrupting the fabric of coarser components. 
If we take into account also the total disappearance of 
plant residues, dung, and any olorganic components, 
it appears clear that the transformation from the pris-
tine status of anthropic horizons to what is excavated 
by archaeologists is very significant. To overcome 
this unavoidable challenge, soil micromorphology is 
particularly useful for disentangling the palimpsest of 
formation processes that have affected any anthropic 
horizon. This technique is also essential to provide 
‘context’ to any element extracted from anthropic 
horizons (‘micro-contextual approach’, see Matthews 
2005b; 2012; Goldberg & Berna 2010), such as pollen, 
phytoliths, diatoms, macrobotanical remains, or even 
chemical signatures, as revealed, for example, by the 
GC-MS study of lipids (see Evershed 2008 on this spe-
cific topic). For example, thin section micromorphology 
permits us to ascertain if a certain phytolith assemblage 
extracted from a bulk sediment sample derives from 
a concentration of dung pellets within a given layer, 
or rather from the presence of a vegetal mat, or from 
a concentration of cereal processing waste, etc.

A peculiar form of accumulation of anthropic 
sediments in wetland contexts is the midden heap. 

Figure 5.6. Waste heap from a pile dwelling phase of the middle Bronze Age site of Oppeano-Palù (Verona province, 
Veneto, northeast Italy). The arrows indicate peat from the areas surrounding the heap interfingering with its growth, 
which derives from the repeated disposal of domestic waste. Image: Cristiano Nicosia.
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repeated accumulation of domestic waste on the same 
spot (Baioni et al. 2021), similar to ethnographic and 
archaeological examples mentioned by Pétrequin in 
his research on pile dwellings (e.g. Pétrequin 1995). 
The waste at Lucone di Polpenazze consists of a mix-
ture of cereal processing residues, fragments of hearth 
linings (quarried from the surrounding soils formed 
on till), excrements, and large quantities of ash from 
wood, chaff, grasses, and herbivore dung (Baioni et 
al. 2021). This multiplicity of components confirms 
the unique potential of midden heaps to reconstruct 
the daily lives, the diet, and the interactions with the 
landscape of pile dwelling inhabitants.

Conclusions

This brief outline on the challenges of geoarchaeol-
ogy in wetlands is intended to stimulate debate on 
these environments, so precious for archaeological 
research. The challenges for geoarchaeologists are 
indeed many, but at the same time such challenges 
constitute research lines that can be developed in the 
future. Improving the description and interpretation 
of organic sediments in the field is one of these. Devot-
ing specific attention to anthropic or anthropic-related 
sedimentary facies in wetlands is another. Provid-
ing robust background information on formation 
processes to avoid inaccurate reconstructions from 
ancillary techniques is also an important one. Overall, 
wetland environments are a particularly ideal (wet) 
ground to integrate different realms of knowledge. 
This does not only apply to archaeological or geoar-
chaeological research. Integration of knowledge is 
essential to properly manage, preserve, and valorize 
these fragile environments that hold such unique 
value in terms of ecology and heritage.

Figure 5.7. Scanned thin section collected from a waste 
heap in the early Bronze Age pile dwelling of Lucone di 
Polpenazze (Garda Lake, northwest Italy). Alternating 
sequence of light-coloured levels (fragments deriving 
from dismantled firing structures mixed with ash) 
and dark-coloured levels (vegetal detritus and cereal 
processing waste). The preservation of the fine layering 
and laminations is due to the absence of bioturbation.  
The latter indicates that the heap accumulated on wet 
ground. Image: Cristiano Nicosia.
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