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Abstract 
 

Soil has been currently studied with reference to its primary functions and 

economic value, in terms of biomass production, agriculture fertility, 
environmental filter, genic reserve, organic carbon sink. Besides primary functions,  

attention has been deserved to soils as stratigraphic records and privileged archives 

of  archaeological or palethnological findings, and of paleogeographic, paleo-
environmental and paleoclimatic features, i.e. as cultural  container. Numerous 

examples of pedostratigraphic sections, soil landscapes and, more generally, 

cultural landscapes are available in current literature. Most of them are paleosols, 
or are related to archaeological sites, and therefore are historical records of natural 

and human events, source of information and knowledge: in a sole word, soils are  

actual cultural heritage. In this paper some study cases are proposed in order to 

overcome the balk between pedology, archaeology and environmental conditions. 
 

Introduction 
 

Soil is a fundamental resource for humanity, as declared more than forty years ago 
in the European Soil Chart (European Council, 1972), and plays major functions, 

both biological (biomass producer, ecological filter, genic reserve, habitat for 

plants and animals, including humans) and abiological (physical substrate for 
infrastructures, source of inert materials, cultural and historical sink).Therefore, its 

conservation and sustainable use is a major concern for decision makers and Public 

Authorities, as suggested by the European Union (2002).  

More recently, attention has been paid to soils as stratigraphic records and 
privileged archives of palethnological, paleontological and archaeological findings 

(Bini, 2002; Bini and Gaballo, 2005), i. e. as cultural heritage, not easily valuable 

in economic terms, but with important scientific, didactic and even technical 
relapses. Particularly concerning the relationships between pedology and 

archaeology, there is still an unexplored balk to examine (Frink, 2003). To the 

archaeologist, soil is the matrix defining spatial relations between artifacts. Soil is 
the material used in constructing monumental architecture. Soil is the media within 

which past human activities, life itself, took place. Yet, as stressed by Jenny (1941, 

1989), and is well appreciated by the pedologists, the soil is a living entity, a 

dynamic system evolving along trajectories constrained by the five factors of soil 
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formation (climate, organisms, relief, parent material, time). Since the time 

dependent processes leading to the soil development are of millennial or million 

scale, the time scales involved in soil formation are incompatible with the 
archaeologist’s research that is focused into cultural changes which are at decadal 

or century level.  

 

Archaeological soil research 
 

Before the relationship between soil science and archaeological science can realize 

its full potential, it is necessary to overcome the balk that frustrates mutual 

consilience, and the view of soils as an expression of genetic and diagenic 
processes, coeval through time (Frink, 2003). The descriptive approach, normal to 

pedological analyses, fails to capture these coeval processes. What is needed is a 

“physiological” approach that explores those processes fundamental to all soils 
(e.g. weathering, leaching, pedoturbation, organic matter dynamics), and their 

specific and measurable effects on cultural material.    

Archaeological soils are often far too complex in nature and origin; however, this 
complexity that results from natural geological, edaphic and culturally-induced 

processes can yield information and insights into archaeology, that no other 

discipline can access. Soils should be tackled through “environmental and 

archaeological profiling”, so that interpretations are robust enough to withstand 
both experimental testing and holistic archaeological analysis (Macphail, 2003). 

The chief elements required for such sustainable interpretations are: 

1. A sampling regime that is focused on the archaeological questions, but within a 
budget that allows lateral and other control sampling; 

2. Sampling should be exactly complemented by sampling for other disciplines 

(e.g. mineralogy, geochemistry, palynology); 

3. Laboratory studies that flexibly combine morphological, micromorphological, 
microchemical and bulk analytical techniques; 

4. Characterisation and identification of fabrics, pedofeatures, and anthropogenic 

inclusions in soil thin sections; 
5. Development of independent interpretations that can be tested both within the 

soil database and against findings from archaeological feature analysis and artefact 

recovery, with the final product being the development of consensus interpreta-
tions. 
 

Examination and analysis of soil samples from trenches excavated at 

archaeological sites make it possible to identify old settlements and the overlying 

cultural layers, which consist of remains of prehistoric sites, both shelters and open 
sites (Bini and Pilli, 2001), floor and walls of historical buildings, burial and open 

areas (Bini et al., 1978, 1985; Bini and Gaballo, 2005), devoted to human activities 

(cultivation, working, metallurgy, etc.). Also paleoclimate and palenvironmental 
conditions of archaeological sites could be inferred from soil properties (Bini, 

1999, 2002).   



EQA – Environmental quality / Qualité de l’Environnement / Qualità ambientale, 24 (2017) 1-13 
 

DOI: 10.6092/issn.2281-4485/7275 

3 
 

With few exceptions, natural soils have distinct O, A, and B horizons, which 

provide evidence that this “soil profile” formed on a relatively stable location, and 

evolved on, within and concurrently with its landscape. By examining and 
analysing  a soil profile and its position in the landscape, it is possible to achieve 

information about the succession of natural events that took place at a given site. In 

this sense, the oldest, more or less well preserved soils, genetically related to 
previous conditions of climate and morphology (paleosols), are of particular 

relevance and considerable scientific interest, since they comprehend, in a more or 

less explicit manner, the soil-landscape evolutionary memory, in spatial-temporal 

continuity/contiguity. It is something like a “phylogenesis” that drives soil 
evolution from soil profile to soil sequences and soil landscape.  Some study cases 

may contribute to better understand these relationships. 

 

Study cases 
 

Petra/al-Wu’ Aira Castle (Jordan) 
 

During the Crusader period (XII-XIII centuries), a network of fortified sites was 

constructed in the Near East, extending from Syria to the South of Jordan (Fig. 1), 

likely having a more strategic-logistic rather than military function. Indeed, the 
control of the caravan routes along the main arteries of the region seems to have 

been the base for the location of the settlements in the territory.  

 

 

Figure 1 

Schematic map of the Middle-East region with 

indication of Christian fortresses from Syria to south 

Jordan.             

 
The fortifications were set up few years after Jerusalem had dropped in 1099, in 

order to protect the eastern side of the Latin Kingdom of Jerusalem and to preserve 

the entire pre-desert fertile area (Vannini, 2007). 

In the area surrounding Petra (Jordan), five fortresses were built in the first fifteen 
years of the XII century and abandoned after 1187; al-Wu’Aira castle is one of 

these fortresses. It is located in a strategic position to control the main access roads 
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to the bottom of the Petra valley and to assure reciprocal visibility among the forts 

for quick mutual defense. 
 

The site. The Crusader castle of al-Wu’Aira was located on the summit of a rocky 
hill (Jabel Wu’Aira). The entire settlement area presents a quadrangular shape (Fig. 

2); it was defended by a double curtain of walls and included a number of squared 

towers and an inner citadel (Vannini & Tonghini, 1997). 
 

 

Figure 2 

Location of the 

archaeological area of 

al-Wu’Aira castle. 

 

Geologically, the area is characterized by a rugged arenaceous-calcareous rock 

forming irregularly shaped domes which create level disparities, gorges, crevices or 

peculiar hollows, delimiting deep narrow wadis. Several aggradational and 
erosional phases, caused by climatic fluctuations, are known in the area for the 

Late Pleistocene and Early Holocene (Goldberg, 1986). Holocene geomorphic 

changes in the area are prevalently represented by alternating sequences of wadi 
alluviation and erosion (Goldberg and Bar-Yosef, 1990). The complex morphology 

of the area allowed the utilization of natural shelters by early men from the 

Neolithic, probably during the 6th and perhaps the 5th millennia Before Christ 
(BC). The 4th millennium BC (Bronze Age) saw the greatest human impact on the 

environment, with increased deforestation and overgrazing. Afterwards, during the 

Iron Age (1200-580 BC) deposition re-occurred, evidenced by angular, poorly 

sorted gravels and sands elevated from abandoned hill slopes.  Finally, during the 
late Roman, Byzantine and early Arabic periods, the climate appears to have 

improved, although much of the alluvial accumulation may have resulted from 

agricultural activities (Mariotti et  al., 2008; Bruins, 1990). 
Surface findings and stratigraphic excavations carried out by the archaeological 

mission of the University of Florence since 1995 highlighted the main phases of 

the settlement in the area. Man occurrence dates back from at least the medium 
Bronze age (5000 BP), but there is evidence for masonry and structure adaption in 
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the late Roman, Byzantine and early Arabic periods, when the climate appears to 

have improved (Goldberg and Bar-Yosef, 1990); subsequent transformations 

occurred during the Nabatean and the Crusader period (1116-1188), with re-use or 
adaption of the ruins of the castle by Bedouins, though ephemeral, in most recent 

times (Bini & Bertocci, 1997). 
 

Past and present climate and vegetation. During the Quaternary, several climatic 
fluctuations occurred in almost the entire area of Jordan and adjacent countries 

(Horowitz, 1992; Horowitz & Gat, 1984). Some periods must have been 

considerably more humid than the present day (Horowitz & Gat, 1984). Other 

periods must have been very dry, and correspond to desert phases. As a 
consequence, the vegetation cover changed several times before reaching the 

present status. During the last glacial period, there was a great expansion of forests, 

with maximum diffusion in the area between 14,000 and 10,000 years BP (Van 
Zeist & Bottema, 1982). Later on, the climate became drier; as a consequence, the 

forest vegetation began to retreat towards the present day condition. However, the 

forest cover reduction recorded in the last 5000 years is imputable also to human 
activity (Van Zeist, 1985; Bottema & Woldring, 1990). 

Today, the climate is characterized by semi-desert conditions, with mean annual 

precipitation of 150 mm and occasional rainfall in winter. Frequent winter floods 

cause erosion in wadis as well as do winds on geomorphic surfaces. Soils are 
typically sandy, shallow, grey, carbonate-rich, as also observed in Wadi Araba 

(Jenny et al., 1990). The vegetation cover is very scarce (<10%), with mostly 

irano-turanian steppe and arboreal components represented by evergreen oak, 
particularly by Quercus calliprinos Webb. (Mariotti et al., 2008). 
 

Pedostratigraphy. Five stratigraphic sections were excavated at sites corresponding 

to different archaeological units of the castle area. These units conform to a limited 
time-span, ranging from about 1000 AD to the present day. 

All the profiles showed generally uniform physico-chemical characteristics, 

derived from the parent rocks in the surrounding uplands. They are characterized 

by weak pedogenic alteration, have a single grain structure with very weak 
consistency in the sandy layers and a subangular blocky structure in the loamy 

layers, sub-alkaline reaction, little organic C and P. The data recorded are 

consistent with disturbed, archaeologically related deposits that have undergone 
some pedogenic reworking, particularly recognisable in thin sections (Fig. 3). 

Pedogenic features such as corrosion, aggregation, caps and coatings point to short-

term pedogenesis (one thousand years) of reworked soil material, with the 

formation of weakly developed Arenosols (Wahsha et al., 2016). 
With regard to plant history, the highest number of Mediterranean trees and 

shrubby plants occurs in the most ancient levels. This suggests that the dominant 

vegetation in the area was previously of Mediterranean type, the best represented 
species being evergreen oaks (e.g. Q. calliprinos), and Pistacia.; afterwards, 

vegetation was strongly impoverished, at least in southern Jordan and around Petra. 
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Indeed, palynological analyses have shown the presence of a degraded 

Mediterranean forest or a forest-steppe during the Roman and Byzantine 

occupation of Petra, and a later further degradation towards a steppe vegetation. 
 

a) b) 

  
 

Figure 3. Micrographs of selected samples from pedostratigraphic sections (adapted from 

Wahsha et al., 2016).  

a: Limpid yellow-brown clay coatings bridging and bordering dusty dark brown plasmic 

material (64x). 
b: Loose quartz grains bordered by pale brown, limpid clay films and papules (64x).  

 

The decrease in Mediterranean flora elements coincides with the introduction of 

cultivated Cerealia of the Avena-Triticum group (Mariotti et al., 2008). This 
cultivation extended over a brief interval and can be related to the Crusader 

settlement in the area (AD 1165-1189).  

The landscape surrounding the castle appears to have remained quite similar in its 

global delineation since the Medieval Age up today, and is consistent with the 
steppe vegetation of the Mediterranean region.  

 

The Venice lagoon (Italy) 
 

The origin and evolution of the Venice Lagoon is closely controlled by variations 

in relative sea level, controlled by the combined effects of eustacy, isostasy, and 

subsidence. Alluvial deposits forming the Venetian paleoplain and underlying the 
Venice Lagoon document past environmental changes related to climate and 

changing sea level; they date from the Last Glacial Maximum (LGM) and were 

deposited during the phase of sea level lowstand (Donnici et al., 2011). These 

alluvial deposits were buried by lagoon sediments caused by the marine ingression 
in the Venetian area during the Middle Holocene, culminating in the Late Holocene 

sea level highstand phase (Correggiari, Roveri, & Trincardi, 1996). Within the 

alluvial sequence, the uppermost deposits are consolidated and much harder and 
more resistant to deformation than the underlying deposits. Due to its resistance, 

this layer found in Venice and in the surrounding area is known as “caranto” (from 

caris, a late Latin word meaning stone). Different opinions have been expressed 

concerning the origin and the real extent of this layer. Due to its geotechnical 
features, Matteotti (1962) defined the caranto as overconsolidated clay. Based on 
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macroscopic observation, Gatto and Previatello (1974) called this layer a paleosol 

and described it as 1–3m thick, compacted, and mottled with carbonate nodules. 

More recently, based on geomorphological evidence, Fontana, Mozzi, and 
Bondesan (2008) interpret the submerged and outcropping caranto layer as a 

continuous pedogenic surface. On the inner margin of the central lagoon, the 

caranto layer is mineralogically associated with the Pleistocene Brenta River 
sedimentary system (Mozzi et al., 2003): deactivation of the Brenta sedimentary 

system, surface stability, and pedogenesis resulted in the formation of the caranto.  

Recent investigation of sediment cores extracted within the city of Venice and its 

lagoon allowed to carry out pedological, micromorphological, paleoecological, and 
chronological analyses of subsurface deposits (Donnici et al., 2011). Fifteen 

sediment cores were analyzed in this study. Eight selected sediment cores 

containing the caranto layer are located in the city; other cores were collected in the 
inner margin of the lagoon, in the northern lagoon, and in the littoral. The 

stratigraphy of each core was described and samples were collected from selected 

key layers, that is, caranto and adjacent layers. Four sedimentary facies were 

identified based on morphological and lithological properties within the cores: 
 

Facies F (Fluvial Plain). The deepest sediments in the cores, reaching a maximum 

depth of -16.5 m, are massive grey silt interlayered with coarsening upward 

sequences of silty clay, silt, sandy silt, and fine micaceous sand. A peat layer at -
11.40 m dates 19,400 ±120 14C yr B.P. 

These sediments were deposited during the LGM and are interpreted as floodplain 

deposits. Sandy bodies with tractive structures are related to river channel deposits. 
Peaty layers within the floodplain sequence indicate periodic diminished 

sedimentation in the flood basins and the formation of swamps dominated by 

organic sedimentation. 
 

Facies W (Weathered Alluvium). This is a sequence of fine-textured alluvial 

deposits that contain abundant redoximorphic iron mottles and calcareous nodules. 

These sediments are also highly compacted, measured as unconfined compressive 

strength with a pocket penetrometer. Facies W has a maximum thickness of 2–3 m. 
Mineralogical composition consists of poorly sorted, subrounded to subangular 

detrital grains of calcite, dolomite, quartz, feldspar, mica, chlorite, and rock 

fragments. These grains are supported by a clay-rich matrix of the same 
composition. Particle size ranges from silty clay loam to sandy loam in the upper 

part, and to loamy sand in the bottom part. The uppermost part of this facies (about 

1m thick) contains abundant (30%) centimetric (1–1.5 cm in size) yellowish 

(10YR6/6–5Y5/6) mottles indicative of redoxymorphic conditions (Fig. 4). Also 
present are hypocoatings of calcareous material, calcareous impregnations, calcite 

infillings in some elongated pores, and hard calcite nodules, a few millimeters to 

centimeters in size, randomly distributed at different depths and sometimes 
reaching 10–15% by volume.  
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Figure 4 

Redoximorphic features and an iron 

nodule with clay rim in closed-

porphyric matrix from the 2BCg 

caranto horizon in the Porto 

Marghera core (adapted from Mozzi 

et al., 2003).  

 

 

The upper layers of Facies W contain plant fibers dated between 9173 ± 81 14C yr 
B.P. and 5755± 55 14C yr B.P. All together, the physical and chemical 

characteristics of  Facies W make it consistent with the widely recognized caranto 

layer, and the 14C dating of organogenic content indicates a latest Pleistocene to 
middle Holocene period of reduced alluvial deposition. 
 

Facies P (Palustrine). A sharp stratigraphic contact separates the top of Facies W 

from overlying dark greenish grey (5Y4/1–5Y6/1) clay and silt with small vegetal 

inclusions. This facies is characterized by fine texture, soft to slightly firm 
consistency, and is decalcified and subacid. Organic matter is mostly dispersed. 

These deposits have a vughy microstructure, and the coarse fraction consists of 

subangular/subrounded quartz grains, weathered feldspars, and rock fragments. 
The fine fraction is fine silty with both single-spaced porphyric crystallitic and 

reticulated striated b-fabric. Pedofeatures are weakly represented and consist of 

ferruginous impregnations and rare calcareous impregnations. Physical and 
chemical properties of these sediments are indicative of deposits related to 

freshwater marshes and swamps preceding the Middle Holocene marine ingression. 
 

Facies L (Lagoon Sediments). A sharp stratigraphic contact separates Facies P 

from overlying grey (5Y6/1) and dark grey (5Y4/1) silt and silty clay, containing 
mollusk shells and vegetal remains. The thickness of Facies L varies from 1 to 2m 

near the continental margin of the lagoon to 5–6m in the eastern Venice area. 

Physical features indicate a soft consistency with low values of shear strength and 
unconfined compressive strength. The microstructure of these materials is 

extremely porous and contains many large fragments of lagoon mollusk shells. 

These sediments are indicative of intertidal and subtidal mud flats. Facies L 
documents lagoonal environments related to the Middle Holocene marine 

ingression and the following marine highstand.  

 

Depositional Environments since the LGM 
 

During the last glacial maximum (LGM), when alpine climate in northern Italy was 

cold continental (Serandrei-Barbero et al., 2005; Pini, Ravazzi, & Donegana, 2009; 

Donnici et al., 2011), glaciers and rivers supplied large amounts of clastic 
sediments, and the Venetian Plain experienced a period of major aggradation.  
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The aggradation phase was followed by fanhead trenching at the Brenta valley 

mouth in the piedmont area after 14,500 14C yr B.P. (Fontana, Mozzi, & Bondesan, 

2008), that is, 18,000 cal. yr B.P. Deposits described as Facies W represent the 
uppermost, altered part of the alluvial sequence (Facies F) and correspond to what 

is locally called caranto. Palustrine deposition (Facies P) above the caranto 

horizons, locally topping the alluvial sequence, represents low-energy flood and 
pond deposits in the coastal plain just preceding the marine ingression (Canali et 

al., 2007). 

When aggradation of the Venetian Plain stopped, climate was mild and humid 

(Vescovi et al., 2007). The development of soils with caranto features outcropping 
in the Venetian Plain (Giandon et al., 2001; Mozzi et al., 2003; Mozzi, 2005) and 

in the Po Plain (Cremaschi, 1987; Marchetti, 2002) is related to the warm and 

relatively humid climate during Early and Middle Holocene. Post-glacial climate 
enhanced local calcification, resulting in the pedogenetic formation of calcareous 

nodules at depth within the alluvial sequence. Micromorphology clearly indicates 

that secondary calcite precipitated within biogenic pores (burrows) during an 

emersion phase. Calcification appears to have been the primary pedogenic process 
in the formation of the caranto. Collectively, the macro- and microfeatures of the 

samples analyzed in this study point to a pedogenic alteration of exposed fluvial 

sediments, with formation of a set of ACk horizons overlying consolidated Ck 
horizons (Fig. 5), similar to calcisols observed today in agricultural soils of the 

mainland (Giandon et al., 2001). 

 

 

Figure 5 

Laminated calcareous crust, calcite  

infillings and iron segregation in a  

silty-clayey matrix   from the Ckg  

caranto horizon in the S. Giacomo  

core. 

 

 

Since the development of a soil takes place where there is a balance between 

deposition and erosion, pedogenesis is a pulsating phenomenon that occurs during 

periods of prevailing stability (biostasy), and is arrested during periods of 
prevailing instability (resistasy). Weathering of alluvial parent materials deposited 

in the Venice area after the deactivation of the Brenta River system was time-

transgressive, and different surfaces became stabilized at different times. 
Therefore, calcification was diachronic within a mosaic of alluvial surfaces. Soil 

formation may occur quickly under relatively warm, moist climate, and it is 

plausible that 2–3 meters of alluvium (Facies F) was altered within 10,000 years. 
The caranto is thus a paleosol that extends under the Venetian Lagoon and is 

physically continuous with Latest Pleistocene calcisols developed into alluvial 
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deposits on the mainland. Whereas mainland calcisols represent continuous 

pedogenesis since the LGM, soil formation within the facies W has been 

interrupted by Holocene marine transgression since ca. 6000 cal. yr B.P. 
In conclusion, the stratigraphic study of the cores, has enabled to define and date 

the sequence of events occurred in the Late Quaternary in the central sector of the 

Lagoon of Venice and in the landward margins. Sediment weathering and soil 
formation should have occurred during the last 20,000 years, as a result of 

changing environmental conditions, which determined the general evolution of the 

Central and Northern Venice lagoon area, outlined as follows. 

Deposition of fluvial sediments, mainly as overbank fines with sandy channel 
bodies, during the Last Glacial Maximum.  

Repeated episodes of alluvial sedimentation, with some phases of emersion and, 

hence, oxidation (mottling). From these events originated the caranto, i. e. a 
discontinuous layer interpreted as a pedogenic Ck horizon, with age ranging 

between approximately 14,500 and 5,700 years BP. 

Sea level raising and formation of large fresh and salty marshes (before 4,500 BP). 

Salt water ingression and lagoon formation (after 4,500 BP).  
Although not synchronous in the area, this unconformity is a significant 

stratigraphic marker for the Pleistocene-Holocene boundary. In this perspective, 

depth to caranto at different sites, allows reconstruction of the continental paleo-
surface, and its evolution. 

 

Conclusions   
 

Our results and other recent investigations on paleosols, submerged and 

archaeological soils, corroborate the idea that the climatic and environmental 

variations occurred during the Quaternary interglacial periods cover only 10% of 

the last 750000 years (i.e. since the Brunhes/Matuyama magnetic inversion); 
conversely, interstadial periods assume increasing importance with respect to time 

elapsed. Short- and long-term correlations among palaeoclimatic, palaeomagnetic, 

palaeoenvironmental conditions, palynology and soils are now available for Middle 
and Late Pleistocene and Early Holocene. Therefore, soils may be useful 

pedostratigraphic units in Quaternary deposits correlation studies.  

In this perspective, major scientific importance is assigned to those soils which 
represent palaeoenvironmental records (i.e.paleosols), or  that are custom of 

archaeological and palethnological records, and that make the soil itself an actual 

“cultural container”, historical record of natural and human events, source of 

information and knowledge: in a sole word, soil is an actual “cultural heritage”.  
Cultural heritage is an important economic resource for countries where one of the 

major attractions is the unique composition of the landscape, like Italy. The role 

played by the soil in this ambit is generally little considered, whereas the 
spectacular scenery is universally appreciated. 

Numerous initiatives have been developed in the last years to corroborate the 

image of soil as cultural heritage, in conjunction with the other land resources. 
Attention has been devoted to prehistoric and historical settlements, medieval 
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mining, soil and wine production, greenways, trekking walks. Other initiatives 

concern medieval pilgrim roads through Roman churches, Napoleonic itineraries, 

sites of  historical wars. 
All these initiatives point to the valorisation of natural and cultural land resources, 

including soil, in a territory where cultural heritage represents a valuable tool for 

enhancing tourist fluxes. 
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