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climates and social lives. This gives rise to questions about the sustainability 
of urban areas, the management of soils and sediments and the socio-

environmental construction of spaces. Archaeological investigations show that 
societies produced a wide variety of different urban forms throughout millennia 
and across continents. By focusing on human-environment interactions through the 
study of soils and sediments, geoarchaeological research provides new insights into 
the different ways of making and living in a city in the long term.
With twenty four contributions written by researchers from all over the world, Urban 
Geoarchaeology expands our knowledge of human-environment interactions and 
ancient urban lifestyles. This volume brings together substantial and comprehensive 
elements to understand past urban systems, using new interdisciplinary approaches, 
case studies of broad interest, and innovative techniques to answer historical 
questions. It shows how geoarchaeologists are producing and discussing new data 
on the transformation of landscapes through urbanisation. Processes of urban 
stratification over time are also better understood. The construction of urban 
spaces can be analysed from the large scale of the urban systems to the microscale 
of the soil formation, revealing ancient activities and lifestyles. Finally, Urban 
Geoarchaeology helps to connect the past, the present and the future of our cities.
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 Long-term fluvial evolution and human 
occupation in urban fluvial contexts: 
a geoarchaeological case study from 

Blois (middle Loire River, France)
Eymeric Morin1, Guillaume Hulin2, Amélie Laurent-Dehecq3, 

Philippe Gardère4, Didier Josset5, Viviane Aubourg6

Abstract
Blois is an urban centre created by the Romans during the fi rst half of the 1st century AD on both banks of the middle Loire 
River, expanding up to the present. Th e city lay in part above a large alluvial plain, shaped by the fl uvial activity during the Late 
Pleistocene and the Holocene. Within this area, a series of human occupations have been documented since the Mesolithic.
During the last three decades, the development of archaeological monitoring enabled the acquisition, in the urban and peripheral 
areas of the city, of a large dataset of sedimentary information, whose chronology ranges from prehistoric to modern times.
In correlation with their context, the compilation of these multidisciplinary data (archaeological, geological, geotechnical, geophys-
ical and topographical surveys, 14C and OSL dates, historical sources) allows scholars to better understand the relationships between 
the transformations of the river and human occupation by societies in the long-term, before and during the city’s development.
Th e example of the city of Blois underlines the potential of geoarchaeology in an urban fl uvial environment (i) to better understand 
the alluvial dynamics of a large river over long periods, (ii) to identify the factors underlying this evolution, (iii) to reconstruct 
the physical context of diachronic human occupation and reciprocally (iv) to highlight some impacts of human occupation on 
fl uvial dynamics. In this portion of the middle Loire River, the evolution of the fl uvial system during the Holocene was tripartite.
Th e study shows how geoarchaeology in an urban fl uvial environment plays a role in reading past evolution, with future trends in mind.
Keywords: urban geoarchaeology, fl uvial dynamics, alluvial plain, city of Blois, middle Loire River, societies-environment rela-
tionships, Late Pleistocene, Holocene

1. Introduction

With the extension of urbanisation in recent 
decades, much data originating from archaeological, 

1. Institut national de recherches archéologiques préventives / 
UMR 5600 EVS. Centre de recherches archéologiques de Valence, 
6–10 Rue Jean Bertin, BP 18, 26901 Valence, Cedex 9, France.
eymeric.morin@inrap.fr
2. Institut national de recherches archéologiques préventives / 
UMR 7619 METIS. Direction scientifi que et technique, 121 Rue 
d’Alésia, 75014 Paris, France. guillaume.hulin@inrap.fr
3. Conseil départemental du Loiret/ UMR 7324 CITERES-LAT. 
Département du Loiret, 45945 Orléans, France. amelie.laurent@loiret.fr 
4. Institut national de recherches archéologiques préventives / 
UMR 7324 CITERES-LAT. Centre de recherches archéologiques 
de Tours, Avenue André Maginot, 37100 Tours, France. philippe.
gardere@inrap.fr
5. Institut national de recherches archéologiques préventives / 
UMR 7324 CITERES-LAT. Centre de recherches archéologiques 
de Saint-Cyr-En-Val, 525 Avenue de la Pomme de Pin, 45590
Saint-Cyr-en-Val, France. didier.josset@inrap.fr
6. Direction régionale des affaires culturelles de la Région 
Centre-Val de Loire, Service régional de l’archéologie / UMR 
7324 CITERES-LAT. Direction régionale des affaires cultu-
relles de la Région Centre-Val de Loire, 6 Rue de la Manufacture, 
45000 Orléans, France. viviane.aubourg@.culture.gouv.fr

geological, geotechnical, geophysical, and topogra-
phical fi eldwork has been gathered. For geoarchaeo-
logists focusing on urban areas, these data are useful 
to recognise the geometry of geological formations 
found under anthropogenic deposits, to understand 
the palaeogeography of the earliest human occupa-
tions and that of the city’s foundation (e.g. Galinié 
et al. 2003, Dominique et al. 2010, Schuldenrein and 
Aiuvalasit, 2011).

In a different but complementary way, allu-
vial sedimentary archives can be used to recons-
truct palaeoenvironmental and climatic changes in 
the long-term and, reciprocally, to understand the 
induced response to these changes on fl uvial systems.

Studies in alluvial and urban settings reveal, 
in particular, the relationships between the hydro-
sedimentary variations of rivers and the development 
of the riverside towns (Bravard et al. 1997, Salvador 
et al. 2002, Arnaud-Fassetta 2011), as well as the 
relationships between societies and river-related risks 
(Berger et al. 2004, Alline 2007). Th ese studies also 
help to understand f luvial morphologies and sedi-
mentary dynamic evolutions over several millennia 
(in relation to climate and anthropogenic forcing), 
and the constraints these changes imposed on human 
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occupation; reciprocally, they show the consequences 
of urbanisation on river dynamics at various times (e.g. 
Fabre and Monteil 2001, Bravard 2004, Uribelarrea 
and Benito 2008, Morin et al. 2014). Th e site of Blois 
off ers great potential for these research questions.

Th e Romans established the ancient city of Blois 
during the fi rst half of the 1st century AD, on the 
northern slope of the valley and on both sides of the 
current Loire River in the fl oodplain. In the valley 
of Blois, earlier human presence or occupation dated 
from the Mesolithic, Neolithic and Metal Ages are 
attested by archaeology (e.g. Poitevin et al. 2016, 
Peyne et al. 2019, Kildea et al. 2020, Dalayeun et al. 
2021).

Following its foundation, the city gradually 
expanded until the present-day, more densely on the 
right bank than on the left  (district of Vienne). Th e 

Royal Château of Blois, built on a promontory on the 
valley’s northern slope, was one of the most appre-
ciated residences of the kings of France during the 
Renaissance period.

Increasing urbanisation of the alluvial plain of 
Blois has been monitored since the 1990s by preven-
tive archaeological surveys. Since 2013, the city and 
its peripheral rural areas have been studied by an 
archaeological research programme investigating, in 
particular, the relationship between environments 
and human societies (Josset et al. 2016, 2019).

On the Loire River’s left bank, in the town’s 
periphery and beyond, the alluvial plain of Blois still 
contains vast grasslands with wooded areas. Th e joint 
studies of urbanised and peripheral rural areas helps 
reconstruct the main features of the alluvial plain’s 
morpho-sedimentary evolution.

Loire
 River

Coss
on Rive

r

Enbankments
(Twentieth century)

Floodplain modern
alluvium (Holocene)

Lower terraces ancient 
alluvium (Pleistocene)
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Figure 1: Location map and geological setting of the study area.
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LONG-TERM FLUVIAL EVOLUTION AND HUMAN OCCUPATION IN URBAN FLUVIAL CONTEXTS 

This synthesis is essentially based on chrono-
sedimentary and geophysical records, and presents 
the main morphological and sedimentary evolution 
of an urbanised alluvial plain in the long-term. Th e 
results were collated in order to (i) reconstruct the 
main features of the evolution of the alluvial plain of 
Blois during the Late Pleistocene and Holocene (until 
historical periods), (ii) identify the factors underlying 
this evolution, (iii) highlight the physical context of 
human occupation over time, and reciprocally (iv) to 
show some human impacts on fl uvial dynamics.

2. Study area

2.1. Geographic and geological contexts

Th e study area is located in France, south-west of 
the Parisian Basin, in the middle valley of the Loire 
River (location of Blois’ town hall: 47°35’19’’ N; 
1°20’14’’ E; fig. 1). It is a portion of alluvial plain 
of approximatively 9 km², 3.5 km long and at most 
2.45 km wide. Current altitudes range approxima-
tely between more than 75 m NGF1 upstream (20th 
century elevations) to 67 m NGF downstream (fi g. 2).

Th e fl oodplain is bordered in the north-west and 
south-east by fairly steep slopes composed upstream 
of Miocene lacustrine limestone and downstream of 
Upper Cretaceous limestone, the transition between 
these two formations marking the border of the 
Beauce’s Tertiary Basin (Caudron et al. 1974; fi g. 1).

On the valley fl oor, two major fl uvial entities are 
shown on the geological map (ibid.): 

– Th e modern alluvium, most widespread in the 
plain and attributed to the Holocene period;

– Th e lower terraces of ancient alluvium, creating 
lined up hillocks on the left  bank of the Loire, 
2 – 3 m above the modern alluvium’s summit 
(e.g. at the location called La Motte; fi g. 1, fi g. 2).

Th e Loire River channel currently fl ows in the 
northern part of the alluvial plain. It leaves a small 
portion of alluvial plain to its right (80 - 250 m wide) 
and a much wider and less urbanised one to its left  
(fi g. 1, fi g. 2). In the north-east of the studied area, 
one finds the junction of the Cosson river valley 
and that of the Loire. Th e current channel of this 
tributary (95 km long) does not directly fl ow into 
the Loire adjacently to this junction; it forms a 90° 
curve to the south-east, then fl ows parallel to the 
valley (fi g. 1, fi g. 2).

1. General Levelling of France

2.2. Current knowledge about the alluvial 
plain evolution

Beneath the alluvium, the top of the bedrock is 
very irregular, featuring channelised and karst struc-
tures (Lorain 1974). An incision in the bedrock made 
by an ancient channel goes around the south of the 
district of Vienne (fi g. 1).

At least since Roman times, the Loire River 
channel fl owed at its current location, as evidenced 
by the remains of a bridge dated to the 1st century 
AD (Josset et al. 2019: 41-59). Th e Loire channel was 
enclosed within wooden structures since the begin-
ning of the 15th century, so as to reduce risk of fl oo-
ding. Levees and spillways have been created since the 
16th century, and rocky embankments appeared from 
the 17th (Dion 1961). Th e successive levees framing 
the district of Vienne were built to defl ect Loire fl oods 
towards the south (fi g. 2).

Since the Late Middle Ages, the crossing of the 
alluvial plain was facilitated by stone pathways made 
of arches and bridges: the Ponts Saint-Michel to the 
south (fi rst written mention in 1202) and the Ponts 
chartrains to the north (first written mention in 
1343; fi g. 2; Dupré 1876). Th ese constructions were 
oft en damaged by fl oods, but have been used until the 
18th - 19th centuries.

Among the various old examples of art that depict 
the alluvial plain of Blois, the one drawn by De La 
Saussaye (1883) suggests the existence of a large 
palaeochannel to the south of the current district 
of Vienne prior to the 10th century AD (fi g. 3). Th e 
term of ’city island’ has indeed been considered as the 
marker of Blois’ royal status, comparable to the Ile de 
la Cité in Paris (Lorain 1980).

The written chronicles archived between the 
early 16th and the mid-20th centuries relate several 
episodes of fl ooding (ibid.).

During historical periods, but probably also 
earlier, f loods of the Loire and Cosson could be 
simultaneous, but this was not systematically the 
case. Major historical fl oods were mainly related to 
the dynamics of the Loire River. Independently, the 
Cosson could also rapidly expand, as shown recently 
(e.g. years 1977, 2016).

3. Materials and methods

Th e current topographic surface of the fl oodplain 
of Blois was drawn by means of a survey carried out by 
LiDAR in 2002 - 2003, with a planimetric and altime-
tric accuracy of 0.30 m and 0.15 m respectively (fi g. 2).
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Rue du 18 Janvier 1871; 14: Rue Jean Chavigny.  

NGF

Figure 2: Current digital elevation model (LiDAR) and location of the studied stratigraphies 
(1 - 14: logs and sections provided by preventive archaeology; 15 - 20: core drillings; 21 - 23: geotechnical surveys).

Blois

Vienne

Figure 3: An old example of art depicting the alluvial plain before the 10th century; 
L’île de Vienne created by De La Saussaye (1883), as restituted by Lorain (1980); modified.
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Peripheral rural areas on the left  bank were inves-
tigated over 0.676 km² during a geophysical electro-
magnetic prospection (EM 311; fi g. 4). Th e positioning 
of the measurements was recorded by DGPS: sampling 
was carried out every 40 cm inside profiles, and on 
average of 5 to 10 m in between profi les.

Th e data collected in preventive archaeological 
surveys in the alluvial plain these last twenty years 
were systematically compiled and checked (Josset 
et al. 2019: p.  353-365). They required processing 
before they could be included in the synthesis. Th e 
trenches excavated during preventive surveys have 
mostly been dug with motorised excavators; stratigra-
phies were recorded with logs or sections of varying 
depth. Sedimentary sequences were referenced using 
a tacheometer or DGPS. A selection of fourteen infor-
mative stratigraphies recorded during these surveys is 
presented below (nos. 1-14; fi g. 2, fi g. 5).

On the Loire’s left bank (fig.  2, fig.  6), in the 
framework of the archaeological research programme, 

1. Geonics Limited instrument, Slingram method, Horizontal 
CoPlanar mode

facies and thickness of the alluvial sediments were 
observed directly from:

– Fourteen core drillings, retrieved with a 
percussion sampler2, reaching the bedrock and 
referenced using a DGPS (Josset et al. 2016: 
p. 95-111); a selection of six pertinent drillings 
is presented (nos. 15-20);

– Twenty-two bore holes made with a computer-
assisted dynamic penetrometer3 and referenced 
using DGPS (Josset et al. 2016: p.  89-94); a 
selection of three boreholes is also presented 
(nos. 21-23).

The chronolog y of the al luvial plain was 
constrained with eight 14C AMS and five OSL 
dates, but also by artefacts from the sedimentary 
sequences (lithic and ceramic). Th e 14C ages were 
calibrated with the extremes values of 95.4 % range 
with the Calib 7.10 software (Stuiver et Reimer 
1993) using the IntCal20 database (Reimer et al. 

2. Atlas Copco, Cobra TT®
3. PANDA®

Loire
 Rive

r

Coss
on Rive

r

La Motte

Vienne

N

1/25000

Figure 4: Electro-magnetic mapping (EM 31) and location of the studied stratigraphies (1 - 14: logs 
and sections provided by preventive archaeology; 15 - 20: core drillings; 21 - 23: geotechnical surveys).
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2020; tab.  1). The OSL ages were measured at 
the Geological Institute of Hungary (Budapest) 
and calculated with a Central Age Model, taking 
into consideration the homogeneous distribution 
of the equivalent doses in the different samples 
(Galbraith et al. 1999; tab. 1). Th e absolute chrono-
logies recorded in the alluvial plain of Blois extend 
from the Late Pleistocene (Younger Dryas) to the 
Holocene (Middle Ages). Regional palynozones are 
considered here (Visset et al. 2005).

4. Results

4.1. The alluvial plain current relief

Th e Lidar survey highlighted diff erent characte-
ristics of the present-day alluvial plain’s morphology 
in the studied area (mean value of altitude: 69.30 m; 
fi g. 2). Th e aligned hillocks making up the lower allu-
vial terraces on the Loire’s left  bank are well identi-
fi ed (e.g. at the location named La Motte). Th e current 
Cosson River apparently fl ows into a slight topogra-
phic gutter, depressed from about 1 to 1.5 m relative 
to nearby areas of the alluvial plain.

Th e elevation of the ground surface with anthro-
pogenic deposits is clearly indicated by the Lidar in 
the most urbanised areas, such as a large sector of the 
Loire’s right bank, but also in the district of Vienne on 
the left  bank. Th e belt of levees around the district of 
Vienne and the spillway named La Bouillie appear to be 
signifi cant elements of the current morphology, because 
of their high and low altitude, respectively (fi g. 2).

4.2. Stratigraphic and chronological data

Multidisciplinary data retrieved in the alluvial 
plain of Blois enabled chrono-stratigraphic correla-
tions to be made. Th ree major phases of sedimentation 
were identifi ed (respectively B, D and F), framed by 
three chronological and sedimentary hiatuses, which 
indicate a lack of sedimentation or even erosion/inci-
sion (A, C and E, fi g. 5, fi g. 6).

On the valley f loor, the irregular surface at 
the summit of the bedrock was shaped before 
12.9 ± 1.03 ka (phase A; fi g. 5, no. 1; fi g. 6, tab. 1). Th is 
surface is overlain by gravelly and sandy sediments 
deposited over the whole alluvial plain, also before 
12.9 ± 1.03 ka (phase B; fi g. 5, fi g. 6); the surface of 
these coarse sediments is not specifi cally irregular.
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Figure 5: Selection of stratigraphies recorded by preventive archaeological surveys with logs and sections.
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On the north valley footslope, strips also made of 
coarse sediments are located slightly above the rest of 
the phase B alluvium (e.g. fi g. 5, no. 2), but well under 
the summit of deposits forming the lower terraces 
(fig.  5, no.  3), and further away from those of the 
middle and higher terraces (fi g. 1).

The bend formed by the Cosson was created 
prior to 9860 ± 50 BP (11 396-11 194 cal BP), as 
shown in a palaeochannel of this tributary (fi g. 6, 
no. 15; tab. 1). Th e bottom of this palaeochannel is 
2.15 m deeper in comparison to the observed surface 
of bedrock in this sector, and 2.85 m under the top 
of the phase B sediments (fi g. 6, no. 16; Josset et al. 
2016: p. 65-83). It is likely that the surface of the 
phase B deposits corresponds to a hiatus in the entire 
fl oodplain (phase C).

Th e phase B sediments were overlain by sandy-
silty clayey to silty-clayey alluvium with poor gravelly 
fraction (phase D), as early as 12.9 ± 1.03 ka, during 
11.1 ± 1 ka, 10.5 ± 1.0 ka, and at least until about 
8.2 ± 0.48 ka (fi g. 5, nos. 1, 4 and 5; tab. 1). Th e facies 
of the phase D deposits generally show orange-like to 
brownish or even greenish colours, which argue in 
favour of post-depositional evolution (soil formation 
and/or hydromorphic processes). During phase D, 
sedimentation is also attested at the bottom of the 

Cosson’s palaeochannel, at nearly 9860 ± 50 BP, with 
the deposition of sand with organic remains (fi g. 6, 
no. 15).

At the summit of the phase D alluvium, on the 
ancient soils constituted with reduced sedimenta-
tion, human occupations dated from the Mesolithic 
were discovered, with evidence of the lithic artefacts 
remaining (Couvin et al. 2017; Kildea et al. 2020; 
fi g. 5, nos. 1, 6). At the same locations, these ancient 
soils were reoccupied during the Neolithic and/or the 
Metal Age period, as mainly shown by the presence of 
archaeological pits including lithic and ceramic mate-
rial (ibid., Jouquand et al. 2018).

Aft er 8.2 ± 0.48 ka and until nearly 3835 ± 35 BP 
(4404 – 4099 cal BP; fi g. 6, no. 17; tab. 1), evidence 
for an important chronological and sedimentary 
hiatus, covering almost four millennia, was found in 
the alluvial plain (phase E).

Th e resumption of fl uvial dynamics is observed at 
deep, low lying sites of the plain’s ancient landscape 
since 3835 ± 35 BP (end of Subboreal period; Late 
Neolithic to Early Bronze Age) and 3620 ± 35 BP 
(4079  –  3836 cal BP; beginning of Subatlantic 
period; Early Bronze Age). Th is is mainly indicated 
by the Loire’s deposition of clayey-silty or gravelly 
sandy sediments including organic remains (phase F; 

Figure 6: Selection of stratigraphies recorded in the framework of the archaeological 
research project with core drillings and geotechnical surveys.
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fi g. 6, nos. 17-18; tab. 1). Th e date of 4510 ± 30 BP 
(5304 - 5048 cal BP) was rejected because of its stra-
tigraphic incoherence (probably an old wood problem; 
fig. 6, tab. 1). Downstream from the area studied, 
increased sedimentation during phase F is attested 
almost since the Late Neolithic, as shown by ceramic 
remains in secondary context, with the sandy-silty 
sediments covering the phase D deposits (e.g. fi g. 5, 
no. 7).

On the Cosson River, the resumption of sedi-
mentation occurred a little later, with the deposition 
of organic silty-clayey-sand during the Subatlantic 
period, around 2805 ± 30 BP (2998 – 2786 cal BP; 
Late Bronze Age) and 2545 ± 30 BP (2747 - 2496 cal 
BP; 1st Iron Age; fi g. 6, no. 15; tab. 1).

The beginning of the Roman period is not well 
documented by the sedimentary archives. The 
ceramic finds from the 1st - 2nd centuries AD were 
mostly discovered at the summit of the phase  D 
alluvium, below the first anthropogenic deposits, 
or even included among the latter (fig. 5, nos. 3-5 
and 7-12). Since the Roman period, the urban area’s 
ground surface was increasingly elevated with 
anthropogenic deposits, reaching 1.70 to 4.10 m 
thick on the right bank and zero to 2.80 m on the 
left (fig. 5, nos. 1-12).

The end of the Roman period and the Early 
Middle Ages are documented by the deposition 
of si lty-clayey-peaty and organic clayey sedi-
ments from the Cosson R iver, dated respec-
tively to 1680  ±  30  BP (1695  -  1518  cal  BP) and 
1180  ±  30  BP (1176  –  977 cal BP; fi g.  6, no.  19; 
tab.  1). Th e dynamics of the Loire is recorded in 
the Early and Late Middle Ages via the infi lling, 
with silty sandy clay sediments, of a deep sedimen-
tary site located on the left  bank during and aft er 
1580 ± 30 BP (1530 - 1395 cal BP; fi g. 6, no. 17); it 
is also shown by a sedimentary accretion close to the 
current channel near 0.76 ± 0.06 ka (fi g. 5, no. 1). 
Medieval occupation can be based on the alluvium 
deposited during phase D (e.g. fi g. 5, no. 5).

As regards to the Modern and Contemporary 
periods, the evolution of fl uvial dynamics is much 
better documented and detailed by written archives 
and old maps (Lorain 1974, 1980) rather than by sedi-
mentary archives. On the left  bank, in peripheral areas 
of the Vienne district, the sediments deposited during 
phase F were exploited for cultivation and gardening 
between the 18th and the 20th centuries, and must 
not be used here for reconstruction (fi g. 5, nos. 13-14).

After the 3rd century BC (Late Iron Age) and 
the Roman period, depositions of human-induced 
colluvium, with inclusions of slate schist fragments, 
have been observed on the edge of the lower alluvial 
terraces (e.g. fi g. 5, no. 3).

4.3. The geophysical data

Th e measurement of the electrical conductivity of 
the deposits is very informative in an alluvial context, 
because it is mainly infl uenced by the abundance of 
clay content, which generally indicates locations of 
low f lood sedimentation. However, in the middle 
Loire context, values can be also infl uenced by the 
presence of iron oxides (e.g. magnetite), sometimes 
abundant in the fi ne sand fraction of the sediments 
(Macaire et al. 2013).

Th e apparent conductivity values recorded during 
the electro-magnetic prospections ranges from 6 to 
56 mS/m (fi g. 4). Vast areas show apparent electrical 
resistance due to the presence of coarse sediments (i.e. 
gravel, sand) or a low depth of the bedrock surface. 
Th is is well observed around the bend of the Cosson 
River (fi g. 4, fi g. 6, nos. 18 and 21), but also in more 
central places of the alluvial plain (nos. 22-23).

Some areas with high electric conductivity, struc-
tured by a pattern of ancient channels, are also shown. 
Th e existence of a main palaeochannel of the Loire 
River going around the south of the Vienne district, 
with a size larger than 170 m, is highlighted (fi g. 4, 
fi g. 6, nos. 17-18). Th e infi lling of this last palaeo-
channel was recorded between 3835 ± 35 BP and aft er 
1580 ± 30 BP (fi g. 6, nos. 17-18; tab. 1).

Near the current channel of the Cosson, the appa-
rent electrical conductivity indicates the existence of 
small and braided ancient channel systems, fi lled in 
and proximally with more or less organic sediments 
(fi g. 4, fi g. 6, nos. 19-20).

5. Discussion

Th e retrieved data enables a reconstruction of the 
long-term general hydro-sedimentary evolution of 
the middle Loire River around Blois, in relation with 
climatic and / or anthropogenic forcings. Th is evolu-
tion had consequences on the use  / occupation by 
human societies settling the alluvial plain. Th e main 
features of this evolution are set out below in chronolo-
gical order, from older to more recent phases, according 
to the already defi ned chronosedimentary sequences.

Given that one is dealing with an alluvial plain, 
this study takes into account that:

– An overf low provides deposits of different 
sediments, depending on the distance of active 
channels and the alluvial morphology; this 
implies various post-depositional trends (i.e. 
hydromorphic and pedogenesis processes);

– Diachronic fl oods can deposit the same type of 
sediments;
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– Probable sedimentary hiatuses, linked to erosion 
or incision phases, induce diff erent preservation 
of sedimentary archives;

– Fossilised time recorded by alluvial archives 
only corresponds to a small fraction of dynamic 
time (Macaire 1990);

– Artefact inclusions in alluvium could be of syn- 
or post-depositional origin (respectively from 
fl uvial reworking or even spreading of materials 
with manuring); this has not generally been 
well identifi ed in the sedimentary sequences; 
the presence of remains should thus be verifi ed 
before being interpreted, in terms of terminus-
post-quem or terminus-ante-quem.

5.1. The Late Pleistocene incision of the 
bedrock (phase A)

In the Blois valley f loor, the irregular shape of 
the summit of the Cretaceous and Miocene bedrock 
is probably polygenic. However, it may have been 
mostly modelled during a major erosion and incision 
phase of the valley, long before 12.9 ± 1.03 ka (fi g. 5, 
no. 1; fi g. 7). Th is incision locally shaped the deposits 
forming the low terraces (e.g. fi g. 5, no. 3) and incised 
the palaeochannel going around the south of the 
district of Vienne (fi g. 1; fi g. 6, no. 17; Lorain 1974).

A similar incision phase, prior to the emergence of 
true periglacial climatic conditions, therefore, before 
Marine isotope stage 41 (MIS 4; Lisiecki and Raymo 
2005), was observed further upstream and downstream 
on the middle Loire River (Castanet 2008, Morin 
et al. 2011, 2014), as well as in north-western Europe 
(e.g. van Huissteden et al. 2001, Antoine et al. 2007). 
It is likely that this major incision occurred during the 
transition between MIS 52 - MIS 4. Th e duration of 
this phase could have been relatively brief, in compa-
rison with the sediment deposition periods that frame 
it (Vandenberghe 2008).

However, aft er phase A, bedrock incision conti-
nued in active channels until much later, i.e. before 
3835 ± 35 BP, for instance in the palaeochannel going 
around the district of Vienne (fi g. 6, no. 17), and even 
up to this day in the current Loire channel (Gazowski 
1994).

5.2. The Late Pleistocene sedimentation 
phase (phase B)

After the last major incision of the bedrock 
(phase  A), sedimentation began to accumulate in 
the alluvial plain, also long before 12.9 ± 1.03 ka, 

1. ~ 71 - 57 ka
2. ~ 130 - 71 ka

with the deposition of generally sandy-gravelly or 
sandy alluvium (phase  B; fig.  7). These facies and 
their extensive distribution indicate sedimentation 
in high-energy, multi-channel river systems, charac-
teristic of periglacial environments. Th ey could have 
been braided-stream or anastomosing-stream systems, 
as already suggested for the middle Loire River during 
this period (respectively: Burnouf et al. 2003, Morin 
et al. 2014).

Th is type of coarse deposit is uniformly distri-
buted at the base of the sedimentary infilling of 
fl oodplains in north-western Europe, and has been 
attributed to diff erent periods between MIS 4 and 
MIS 23 (e.g. Haesaerts 1984, Pastre et al. 2002). In 
the middle Loire River catchment, they are generally 
attributed to the MIS 4 (Castanet 2008, Morin et al. 
2011), the MIS 2 (Macaire 1983, Morin et al. 2014), 
or even the Early Holocene (Macaire et al. 2002).

In the alluvial plain of Blois, this gravelly sedimen-
tation thus probably started during MIS 4; it could 
have continued further into the MIS 2, before the end 
of the Last Glacial Maximum (~19 – 20 ka; Clark et 
al. 2009). During this long phase of apparent sedi-
mentation, the Loire and the Cosson probably formed 
a combined hydrographic system within the valley.

5.3. The phase of Late Pleistocene 
fl uvial retraction and incision (phase C)

Th e deposition of coarse sediments during phase B 
probably ended aft er the Last Glacial Maximum and 
before 12.9 ± 1.03 ka (MIS 2 ending; fi g. 7). During 
this period, a metamorphosis of the fl uvial system 
took place in the alluvial plain. Th is was characterised 
by the end of high-energy periglacial sedimentation 
and then, further, by a change in fl uvial style. Th is 
change apparently led to the retraction and the inci-
sion of two river channels: (i) the current channel of 
the Loire, which since this time has hardly not moved 
from its present-day location and (ii) the palaeo-
channel bypassing the district of Vienne via the south.

Th e stage of this fl uvial metamorphosis period may 
be seen in relation to the Bölling warming (Taylor et 
al. 1993), which is often associated with a phase of 
channel incision. Th is incision was largely observed in 
the middle Loire and its catchment (Castanet 2008, 
Piana et al. 2009, Morin et al. 2011, 2014), in the Paris 
Basin (e.g. Antoine 1997, Pastre et al. 1997) and in 
north-western Europe (Haesaerts 1984, Tebbens et al. 
1999, Mol et al. 2000). Upstream and downstream on 
the Loire River, similar incision and retraction of the 
fl uvial system was followed up by peaty sedimentation 
in abandoned channels during a period spanning from 

3. ~29 – 11.7 ka
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the Alleröd warming to the Boreal period (Garcin et al. 
1999, Morin et al. 2014); this peaty sedimentation has 
not yet been recorded in the alluvial plain of Blois.

5.4. The Late Pleistocene to early 
Holocene phase of sedimentation 
(phase D)

At least since 12,9  ±  1,03 ka (Younger Dryas 
period) and until nearly 8,2  ±  0,48 ka (middle 
Atlantic period; fi g. 5, no. 5; fi g. 7), a detrital sedi-
mentation, composed mainly of sandy-silty clayey to 
silty-clayey alluvium (including a poor gravelly frac-
tion), took place once more in the alluvial plain.

Th e resumption of sedimentation during phase D 
clearly indicates an important modifi cation in local 
fl uvial dynamics. It therefore implies a rise in the base 
level of the fl uvial system towards the end of the Late 
Pleistocene and the beginning of the Holocene, favou-
rable to sedimentogenic fl ooding episodes around a 
reduced number of channels (i.e. fl oodplain context).

Th e signifi cant erosion of slopes observed during 
the Younger Dryas in the upstream catchment of 
the Loire River, induced by climatic cooling and an 
associated drop in vegetation cover (Gay et al. 1998, 
Macaire et al. 2010), could be related to the begin-
ning of phase D. In the Blois valley, deposition during 
phase D persisted until the middle Atlantic period, in 
concomitance with the 8.2 ka event (von Grafenstein 
et al. 1998), thus before the establishment of a protec-
tive vegetation cover during the Holocene climatic 
optimum.

During the Pleistocene  -  Holocene transition, 
a fl uvial incision was largely recorded upstream and 
downstream on the middle Loire (Carcaud et al. 
2002, Burnouf et al. 2003, Castanet 2008, Morin 
et al. 2014), in the Paris Basin (Antoine 1997, Pastre 
et al. 1997) and in north-western Europe (e.g. Tebbens 
et al. 1999, Mol et al. 2000). Th is incision phase was 
not clearly recognised in the alluvial plain of Blois, 
but one cannot exclude that the apparent sedimenta-
tion developing during phase D hides it. Indeed, the 
incision of the Cosson River palaeochannel, before 
9860  ±  50  BP (fig.  6, no.  15), could have initially 
developed during phase C and deepened during the 
phase D. Around 9860 ± 50 BP, the deposition of 
organic alluvium at the bottom of the Cosson channel 
refl ects this tendency for the water base to rise at the 
beginning of the Holocene.

5.5. The middle Holocene hiatus (phase E)

A major sedimentary hiatus is recorded in the allu-
vial plain between 8.2 ± 0.48 ka and 3835 ± 35 BP 
(fi g. 7). It is characterised by a relative morphological 

stability over several millennia, linked with a drop in 
the frequency of sedimentogenic fl oods. Th e average 
level of the river and the hydro-sedimentary fluxes 
were probably relatively low at this period, limiting 
lateral sedimentary output from active channels. Th ese 
ancient channels could have deepened at this period, as 
indicated by the sedimentary fi ll of the palaeochannel 
of the Cosson, where deposits dated 9860 ± 50 BP 
and 2805 ± 35 BP are directly buried (fi g. 6, no. 15). 
Th is general downward trend in fl uvial dynamics was 
already observed on the middle Loire River during the 
Middle Holocene, particularly in the infi lling with 
peaty deposits in abandoned channels (Garcin et al. 
1999, Castanet 2008, Morin et al. 2014).

Th is period was favourable to the development of 
alteration and pedogenesis within deposits of phase D, 
as shown by their generally orange to brownish colour. 
It was thus a favourable context for human diachronic 
occupations. At the top of the alluvium of phase D, 
several Neolithic and / or Metal Ages archaeological 
pits have made holes in the palaeosol occupied during 
the Mesolithic period. These archaeological data 
confi rm the existence of a relative long-term morpho-
logical stability over in the alluvial plain and respec-
tively opportunities for human societies to settle, even 
near active channels (e.g. Burnouf et al. 2001). Foot 
crossing of the alluvial plain during these occupation 
periods is an open question. It was apparently mostly 
constrained by the presence of two active channels 
of the Loire River: the modern day and the ancient 
one, the latter fl owing around the present district of 
Vienne.

5.6. Late Holocene sedimentation period 
(Phase F)

Since at least 3835  ±  35  BP and around 
3620 ± 35 BP (fi g. 6, no. 18; fi g. 7), the resumption of 
sedimentation is attested in the Loire’s palaeochannel, 
which was since gradually fi lled up with sandy-silty 
sediments. Th is trend is undoubtedly linked to the rise 
of the mean level of the water table. It is contemporary 
with the global fresh and humid climatic episode reco-
gnised during the Middle - Late Holocene transition 
(Barber et al. 1994), which marked the beginning of 
the Neoglacial period (Berger and Loutre 1991). In 
the Cosson River palaeochannel (fi g. 6, no. 15), the 
sedimentation recorded since 2805 ± 35 BP and until 
aft er 2545 ± 30 BP appears to refl ect the same trend 
in hydro-sedimentary dynamics, with a delay, however 
(fi g. 7).

Th e sedimentary input in active channels and its 
consequence on fl uvial hydrology may also have been 
increased by anthropogenic impact. Th e high human-
induced sediment yield and associated sedimentation 
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is well recorded on the middle Loire catchment 
such as from the Middle Neolithic (Macaire et al. 
2006), the Neolithic / Bronze Age transition (Morin 
et al. 2011), the Middle Bronze Age (Cyprien et al. 
2001), and is more marked during the Roman period 
(Carcaud et al. 2002). Th e human-induced reduction 
and further disappearance of the forest cover in the 
alluvial plains could have also contributed to a rise of 
the mean water table level, by reducing evaporation 
and increasing runoff (Smith and Charman 1988, 

Macaire et al. 2006, Morin et al. 2011, 2014). Th is 
phenomenon could have increased in intensity as a 
result of civil and monumental constructions requi-
ring local resources in large quantities (e.g. wood).

Sedimentation in the alluvial plain was probably 
initially limited to the Loire and Cosson palaeo-
channels and their borders. Most of the surface was, 
however, apparently spared from sedimentogenic 
overfl ooding. Indeed, a relative morphological stabi-
lity seems to have persisted up to historical periods 
in most parts of the alluvial plain. Th is context was 
favourable to the settlement of human societies from 
the Mesolithic to the Roman period, and also for the 
preservation of their remains from fl uvial erosion.

Th e city’s foundation by the Romans around the 
fi rst half of the 1st century AD at low elevations in 
the alluvial plain, mostly over deposits of phase D, 
could indicate a shallow water table during this 
period, as also indicated by archaeological data found 
downstream on the middle Loire River (Driard 
2007). It also shows an acceptance of fl uvial risk by 
ancient societies (e.g. Arnaud-Fassetta 2011). This 
thus confi rms that human settlement on sites built 
on river banks is not guided by a natural determinism 
(e.g. Burnouf et al. 2001).

Since the Roman period, anthropogenic deposits 
have increased the general elevation of urbanised areas. 
Th is phenomenon is observable until the present day, 
mainly with the construction of embankments. Th is 
was probably partially linked to the need for protec-
tion against f loods, or more likely for protection 
against a gradual rise of the alluvial water table begin-
ning in the Late Holocene period. Th is rise does not 
seem to be related only to climate change, because the 
Roman period was not particularly humid (Büntgen 
et  al. 2011). It could have been partly induced by 
strong sedimentary accretion in the active channels. 
In the Blois alluvial plain, the contrast in elevation 
observed between urbanised areas (fi lled with anthro-
pogenic deposits since the Roman period), and their 
respective rural areas, mostly shaped by fl uvial dyna-
mics up to the present day, is significant, and can 
reach four to fi ve metres (fi g. 2, 5 and 6).

During the Roman period and aft er 1580 ± 30 BP 
(i.e. during at least the Early Middle Ages; fig.  6, 
no. 17), the sedimentary infi lling of the Loire palaeo-
channel confirms the gradual tendency of a rising 
water table. Th is trend is also shown by the deposition 
of organic to peaty sediments in the Cosson river area, 
around 1680 ± 30 BP and 1180 ± 30 BP. Th e sedi-
mentation recorded for the Cosson gutter during this 
period clearly indicates a prevalence of sedimentation 
over incision / erosion processes in the morphological 
evolution of the fl oodplain.

Figure 7: Chronology of the main evolution 
phases of the alluvial plain of Blois.
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Ancient iconography depicting a large palaeo-
channel running south of the current district of 
Vienne (fi g. 3) does not seem to be just a myth at this 
stage. Instead, it appears to be a simplifi ed represen-
tation of the alluvial plain during the Early Middle 
Ages, mostly during fl ooding episodes. Th e time of 
the fi nal infi lling of the palaeochannel is not yet well 
defi ned. It was not complete at 1580 ± 30 BP, but was 
apparently so in the mid-17th century, because it is not 
depicted in the oldest map of Blois belonging to this 
period.

Indeed, crossing the alluvial plain was apparently 
constrained until the building of the Ponts Saint-
Michel and the Ponts chartrains during the Late 
Middle Ages. For this last period, the deposition of 
alluvium dated 0,76 ± 0,06 ka near the current Loire 
channel indicates high overfl ood levels (> 69,10 m 
NGF), above the altitude of the fi rst Roman occu-
pations (68 to 68.90 m NGF; fi g. 5, no. 1). For the 
middle Loire River, the construction of fl uvial stabi-
lisation works in the Middle Ages contributed to 
the morphological stability of the alluvial plain. 
Since then, changes in river morphology have been 
limited to the constrained current channel (sediment 
bars, islands) and its border, while the frequency and 
magnitude of major fl oods has increased (Garcin et al. 
2006, Castanet 2008).

Th e rise of the water table mostly persisted until 
the Modern period, during the Little Ice Age (Mann 
2002). It was accompanied by increased building of 
river protection works, notably to prevent overfl ows 
from the Loire above the Vienne district. During this 
time period, breaches created in levees during fl ood-
 ing, by concentrating the hydrological fl uxes at their 
outlet, caused great damages (e.g. in the years 1846, 
1856 and 1866; Lorain 1980). Human agricultural 
exploitation of the fl oodplain has persisted.

Since the 20th century, human-induced incision 
of the current middle Loire channel is well demons-
trated (Gazowski 1994). Considering the morpho-
logical evolution of this sector in the long-term and 
the occurrence of present and mostly future global 
climate changes, it is very likely that severe low water 
levels and major fl oods will both occur in future years.

6. Conclusion

Th e case study of the urbanised alluvial plain of 
Blois has highlighted the great potential for geoar-
chaeologists to combine multidisciplinary data, in 
order to better understand: (i) the evolution of fl uvial 
dynamics in the long-term, (ii) its impact on the 
diachronic human occupations and the preservation 

of their remains and, (iii) some retrospective eff ects 
induced by different local or more global anthro-
pogenic forcings. In the alluvial plain of Blois, this 
framework was detailed for periods spanning the Late 
Pleistocene to the recent historical periods.

During the Late Pleistocene, the major bedrock 
incision observed (phase A) could have occurred 
during the MIS 5 - MIS 4 transition. It was followed 
by the deposition of coarse alluvium in a multi-
channel system over the whole alluvial plain (phase B), 
probably beginning during the MIS 4 and ending by 
the middle of MIS 2 (i.e. Last Glacial Maximum). A 
metamorphosis of the fl uvial system took place in the 
alluvial plain during the second half of MIS 2, before 
the Younger Dryas (phase C). Th is was characterised 
by the fall in periglacial sedimentation, accompanied 
with a retraction and incision of the Loire River in its 
current channel, but also in a palaeochannel fl owing 
on the actual left  bank.

Th e evolution of Blois’ alluvial plain during the 
Younger Dryas and the Holocene clearly appears 
tripartite, showing major tendencies in mean water 
table level variation. The first stage of this evolu-
tion was characterised by the deposit of essentially 
sandy sediments around active channels as from the 
Younger Dryas and until the middle of the Atlantic 
period, almost right up to the 8.2 ka event (phase D); 
compared to phase B, this ref lects a f loodplain 
context, with lower energy f loods from a reduced 
number of channels, linked to a relatively low mean 
piezometric surface.

Th e second stage, covering the Middle Holocene 
period, corresponds to a long sedimentary and chro-
nological hiatus in the alluvial plain (phase E). Th e 
apparent morphological stability, induced by the drop 
of the water table level, was favourable to the develop-
ment of pedogenesis, and also to diachronic human 
occupations from the Mesolithic to the Metal Ages.

Th e third stage, beginning during the Middle - 
Late Holocene transition, indicates a progressive rise 
in the mean water table level, due to the combining 
of climatic and anthropogenic forcings. Sediment 
deposition was apparently fi rst limited to the existing 
palaeochannels, but has largely extended since the 
Middle Ages.

Th e city’s foundation by the Romans during the 
fi rst half of the 1st century AD, even in the alluvial 
plain, may indicate relatively low river activity at this 
period, but also an acceptance of fl uvial risk. Since 
then, however, the rise of the urban area due to anthro-
pogenic deposits, and the construction of f luvial 
stabilisation works as from the Late Middle Ages, is 
a indication of the needs for protection against a rise 
of the piezometric surface, probably caused by sedi-
mentary accretion in the active channels, increased 
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by human-induced impacts at regional or more local 
scales.

Time will show how recent global climatic 
changes may infl uence the evolution of the anthropi-
cally influenced hydrosystem of Blois in the long-term, 
but also in riverside cities elsewhere. Studying urban 
geoarchaeology in fl uvial environments plays a role 
here in reading past evolution in the long-term, with 
future trends in mind.
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