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PEDOLOGICAL PERSPECTIVE
Concepts a'rildffacts

Michel Brossard and Jeanne Brancier

Introductlon the soil system

Soils form-a continuous cover on continents at the confluence of atrnosphere, bio-
sphere and geosphere. Soil is a complex mixture of mineral and organic particles,
resulting from weathéring of parent rock material and biogeochemical processes
acting over time. Soils can be young, for example, on récent volcanic or sedimen-
tary deposits, but they can also be the cumulative result of centuries and millennia,
such as neotropical ferralsols on old lithology (Gardi et al. 2014). In addition, they
are three—dnnenslona]ly organised on kilometric, hectometric, metric, centimetric
and micrometric scales. :
The finest levels of organisation (from nanometres to centimetres) concern clay
particles, hydroxides, intraelement porosity, organic matter (OM), bacteria and
hyphae and the association of these components in microaggregates. This ‘soil
fabric’ (see Chapter 3), described by micromorphological approaches, plays an
essential role in soil functioning and in the acquisition of features whose evolution
over time can be studied. But previous studies have also-provided a robust set of
arguments for the analysis of physical and geochemical properties of soils (see Pansu
. and Gautheyrou 2006, and Chapter 4). For all these detailed approaches, a coherent
sampling strategy relies on a macromorphological (from decametric to centimetrié
scales) description of horizons and their vertical stratification (the ‘solum’). The
highest description level is that of the catena (the chain of soils along land cover),
from hectometre to kilometre. Since its origins (Milne 1947), the concept of cat-
ena has evolved. It is now generally considered a continuous mantle of soils, even
if the observed soils are the result of different clay formations, weathering stages
and/or different parent materials (Brabant 1991; van Wambeke 1992). The catena
and toposequences representations allow a global understandmg of the distribution .
of soils in space. ’
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Soils and the past

. Geoarchaeology is the part of env1ronmental archaeology that consists of a blendlng
of archaeology with soil science, and is concerned with studying soils anid sedi-
ments present on archaeological sites. It aims to make the soils talk and to reveal the -
invisible of the history (Carnmas 2015; Cammmas and Wattez 2009). _

Indeed, soils can register over time the environmental and human-induced.
changes and thus become an archive, called ‘soil memory’ (Brochier 2002; Pomel

2008). However, current environmental conditions do not always-allow these‘ o

archives to be read and interpreted. Then, the main.issue in a possible archaeologl—
cal context is to distinguish geologlcal temporalities from pedclogical ones before -
startmg an actual pedoarchaeological study (Schwartz 2012)

- 'Withiri the anthrosols class of the World Referential Base (IUSS 2014), the par- .
‘ticular category of archaeological soils is recognised by certain national classifica-
tions. For example, the French soil reference (Baize and Gn'ard 2008) describes
archaeological anthroposols as soils modlﬁed to a thickness of more than 50 cm and
containing more than 20% (by volume) of artefacts (pottery fragments charcoal,
etc.); the US Soil Taxonomy quahﬁes them as anthreps, based on the- dJagnost1c hori-
zon thickness (USDA 1998). Recently, Brancier et al. (2018) proposed some changes '
in the definition of archaeological anthroposols by. 1nclud1ng mic¢romorphological
and geochem1cal features therefore enhancmg the need for a robust geoarchaeology

Soil as an open system and 'soil features

Soils are continuously submitted to matter and energy fluxes, so that organic and
inorganic materials are weathered, transformed and disappear.. Water infiltration -
solubilises the elements and transfers them to the water table and streams. Although
‘some can be brought in by. sed1rnentat.lon and colluvium, as well as by wind, most
of .the soil’s mineral-elements are_inherited from the weather1ng fromit, i.e. the .
volume of soil above the bedrock. Some, such as quartz, are hardly weathered,
while others (e.g. micas) are transformed into- clays or everi rapidly dissolved (e.g.
feldspars). The sandy fraction of soils (i.e. particles from 50 ym to 2000 pm) is
intherited from the parent material. Thus, the physical characterisation of the solum
(see Chapter 4) and its horizons provides direct ‘information on soil origin and can
confirm any discontinuities observed in the sequence of horizons. - -

* With regard to the evolution of the solid mineral phase during SOll development '
the ‘young minerals’ are found in the deepest, weathering layers (saprolite), while
older ones are generally near the surface (Allard et al. 2018). This apparent paradox

- is probably not unrelated to the large confusion: made ‘between layer, ‘soil layer .
“horizon and sediment. In our approach, the term sediment is used in its geoscience
" meaning; ‘solid material, both mineral and organic, that is in suspension, is being
transported or has been moved from its site of origin by air, water, or ice, and has .
come to rest on the earth surface” (Gregonch et al. 2002): Soil layers or horlzons
.are units of iso—ﬁlnctioni'ng and should not be considered chronostratigraphic units. -
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This emphasises the need for a robust description of soils, sites and anthropogenic
features in the overall geopedological context (Schwartz 2012).

OM is also continuously transformed by bacteria, fungi and soil microfaunaand
macrofauna. It is also transported by solubilisation and physically by soil macrofauna
(geophagous earthworms, ants, termites). The latter process is called bioturbation.
- Depending on biogeochemical and physical conditions, OM can form spécific
complexes with cations and clay minerals. The vertical and lateral redistribution
of OM -reveals in some soils peculiar pedogenic processes (¢.g. Duchaufour et al.
2018; Hartemink and McSweeney 2017). Bioturbation can displace a large volumé
. of materials Boulet et al. 1995; Brossard et al. 2007), including small archaeological

artefacts, and is one of the phenomena that promote the transformiation of struc-.
ture and porosity (Brossard et al. 2012). Under tropical conditions th1s bioturbation
s one of the reasons why soil horizons are poorly expressed macroscoplca]ly, for
example, in ferralsols. Soil macrofauna also exerts a granulometric sorting. Chapter
14 illustrates the particular role of macrofauna bioturbation in ancient earthworks.

If we consider soils as open systems and their constituents are in transmon, then
how to approach archives and-chronologies? :

Lamotte and Marliac (1989) presented a t:opographlc orgamsatlon of sedimen-
tary and- anthropogemc materials and thé relationships between soil constituents,
anthropic features, structures and processes resulting from descriptions and analysis.
The detection of anthropogenic material requires a spatlal description of soil cover
and the relationships between horizons. The latter clearly reveals the position of
natural soil horizons relative to the anthropogenic material used to build a mound.
It also delineates the two systems: the natural soil and the’archaeological anthro-
posol. Soil constituents (the clay fraction <2 um and sand) are observed in all the
structures. The hardpan (a soil layer hardened by cementation of soil particles with
OM or minerals) is not a-human construction but can be distinguished by micro- -
morphology from hard blocks, which are ‘adobe’ residues. '

Thé volcanic deposits of Mount Pelée (Martinique, French West Indles) are an
example of particular complexity. Quantin ef al. (1991) studied soil development:
on dacito-andesitic pyroclasts. They showed that on the deposit dated 1670 yr BP,

_ the weathered horizon reached a depth of 30 to 50 cm. From top to bottom of the’
profile, the inedian particle size decreases from approximately 2 mm in the ‘young-
“est soil (48 yr BP) to 0.2 mm in the oldest one (1670 yr BP).'On the contrary, the
mass of secondary products increases from 1-2% (48 yr BP) to approximately 10%
(1670 yr BP). Seventy per cent of the secondary products (neoformed) were found
in particles finer than 20 um. These products have a high content of aluminium
and are composed mainly of allophanic compounds, and small amounts of clay
minerals have been detected, mainly microspherical halloysite. Thus, for the pedo-
archaeological approach, it-has been necessary to consider the fact that pedogenic
processes, which are very young here, promote the thickness of the soil horizon and
a continuous modification of the nature of the mineral phase. The latter is continu-
ous because a younger deposit covered the oldest pumice stone deposit and brought
back new products. Brancier et al. (2018), through a rigorous micromorphological
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study, showed that soil formatlon results from the Juxtaposmon of: natural pedogemC'
processes and pre—Columblan anthropogenic action on one of the pumice deposits: -

. The distribution of OM also illustrates our :point. We know that OM comes
mainly from above- and below-ground plant biomass. Biomass decomposition pro-
cesses promote the construction of the upper _organo—nﬁneral_ soil layer. In gen-’
eral, the distribution of carbon concentration in the soil decreases with depth. For
example, the top 0.5 m of French Guianan soils contain more or less 70% of the
carbon stock in the first metre of soil. This upper OM is the most recent, and-the
- older one is redistributed in deeper layers, in which there is a continuous mixture
of recent inputs (from litter and roots) and ‘old’ OM. Therefore, the.chronological ‘
distribution of soil OM is not random. In fact, in a given layer, the apparent age of
OM seems constant over time because the OM is continuously renewed Mean-
while, the charcoal in the same horizon is ageing. | o '

The nature of the carbon source (i.e. the vegetatron type) has a signature. If the
vegetation type is stable over time, the isotopic signature §°C will be fairly constant
in soil profiles, and slight variations in §'C patterns will be explainable by minor
changes in vegetation and/or pedogenic processes (Freycon ¢t al. 2010): But it is
difficult to link the variations of §3C to OM age. Thus, the age of charcoal alone
~does not prove that the volume of soil where it was found.is a layer built by past
human activities. Moreover, the origin and distribution of charcoal in the soil are
not always due to human action. The processes leading to their 1ncorporatlon into
the soil are complex and, to be conclus1ve their presence must be linked to that of
-archaeological remains.’

Water dynamlcs and hydromorphy

Lowland soils have long been of great interest to human societies because they are
usually fertile. Their position in the catena leads to successive deposits of sediments,
which are 'trarlsf_orn_led in pedogenic-horizons, generally under conditions of poor
drainage, i.e. excessive moisture. Depending on water dynamics, exogenous water
input and the depth of the water table, these -soils can have a large gradation of
. .hydromorphic features. Due to the saturation of porosity by ‘water over time, they
display characteristic reddish/brownish/yellowish colour in the uppermost hor1—
zons and greyish/bluish colour in the deeper ones:

The interest. of these soils from a pedoarchaeologrcal pomt of view. is that hydro- '
morphy preserves OM and other features. However, the main problem is to account
for the heterogeneity of the deposits transformed by pedogenic processes in -order to-
' distinguish anthropogenic effects. Cumnitlative effects are not always clear. For example,
the current groundwater dynamics. may be different from what i it was when human
activities developed. Pedological work must be supported by systematic surveys and
light detection and ranging (LiDAR) or infrared techniques in order to detect past

earthworks intended for water control, but also any three-dimensional structure that

_ appears as a rupture in the soil cover. At the pit scale; a deep organic layer is not neces-
sarily anthropogemc Most often itis an ancient upper layer that has been covered by
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post-sedimentary deposits. The past ‘“way of water’ is also generally different from that
of today. Field survey with augers in large areas allows us to describe these horizons,
their extension and their association with other diagnostics horizons.
Even-if soil water saturation tends to preserve past features, soil functioning can
. affect some of them. Huisman et al. (2017) measured and characterised biological
decay processes and chemical and mineralogical modifications of bones in wetland
soils. They pointed out that the alternation of wet and dry conditions resulted in
the dissolution of some of the bone mineral and the formation of Ca-Fe(III) phos-
phates and that the mechanism ‘apparently ended when the bone-rich la}}er became
~ permanently waterlogged and anoxic’. One of their conclusions was that variations
in redox conditions keep chemical, mineralogical and biological processes active.
* In other words, the open soil system is active and incorporates the bone-rich layer.

Other recent approaches

" Diffuse reflectance spectroscopy in the visible and near infrared (Vis-NIR) has been
used in soil science in recent decades (Stenberg et al. 2010). This methodology appears
interesting for the recognition of vegetation signatures in soils (Ertlen et al. 2015).
We stressed the importance of matter transfer, as human activities can strongly
impact these processes by increasing soil erosion. In the study of the dynamics of
mineral transfers, the use of inorganic elements is constantly evolvmg Meteoric 1Be,
137Cs and 2%Pb have been widely used in the last decades, due to their contrasting
half-lives and input histories: °Be allows us to investigate the millennial timescale,’
while 1¥Cs and #'%Pby give access to the decadal one (de Tombeur et al. 2020).

Conclusive words

Although the main issue is to identify and interpret past occupation- patterns, the
effect of prolonged and/ or spatially extended human activity must be cons1dered
(Figure 2.1).

The main questions, including hypotheses, must be identified in the field. Field-
work is essential for the description of the site solum, the definition of sampling
strategy and a first choice ‘of analyses to be conducted. Although the costs of analyses
are generally lower than for detailed field approaches, the analytical phase is not rou-
tine. It involves a discussion depending on the soil types, the nature of the features
measured and may sometimes require a large set of methods, such as geochemical -
and mineralogical analyses (Pansu and Gautheyrou 2006; Baize 2018, and Chapter 4).

In addition, identification and inventories are specific issues for which it is nec-
essary to create reference collections of soil samples. The first is in micromorphol-
ogy (Chapter 3) and concerns soil features and the various anthropogenic artefacts.
The second is to allow future analyses with new techniques or to carry out verifica-
tions or analytical corrections. :

The features we observe today are the integrative result of mechanisms that
occur over time. In a pedoarchaeological approach, the only way to ensure that the
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FIGURE 2.1 The pedological perspective, when it comes to past human activities: from
reality to interpretation and concepts

traits are the results of human actions is to conduct iterative prospecting, from the
field to the microscope and geochemical approaches.
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