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Urban zones on alluvial plains offer considerable geoarchaeological potential for understanding river
dynamics over large time spans and their relationship with land use, because of the extensive subsoil
data that is available. In the alluvial plain of Tours, lying between the Loire and the Cher, multidisci-
plinary studies of the relationships between societies and environment have been conducted as part of
an archaeological research programme launched in the 1960s. A sedimentary database containing data
for 1309 surveys has been compiled and assembled in a geographic information system to produce
geostatistical models of valley bottom geomorphology. The stratigraphy and chronology of alluvial filling
have also been studied with information and C14 and OSL dating obtained during archaeological oper-
ations. Taken together, the results offer a new interpretation of the morphological evolution of the al-
luvial plain of Tours from the Weichselian to the present day, by providing new information that either
validates or invalidates previous hypotheses: bedrock incision prior to the end of the Weichselian Upper
Pleniglacial, coarse sedimentation during the Lateglacial, relative morphological stability up to the late
Holocene. The morphological context of the first human settlements, which are not concentrated on the
low alluvial reliefs, and the role of urbanization conditions on the present morphology of the valley floor
are also presented. This applied study shows the relevance of combining different methodological

approaches.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

In urban archaeology, recognizing the geometry of geological
formations found under anthropogenic deposits can help under-
stand the morphological framework of the earliest human occupa-
tion (e.g. Galinié et al., 2003a; Dominique et al., 2010; Schuldenrein
and Aiuvalasit, 2011; Vermeulen et al., 2012). Urban zones situated
in alluvial plains, such as Tours, supply many data from geological or
geotechnical surveys and archaeological excavations. They thus
offer considerable potential for understanding morphological and
sedimentary dynamics over several millenia, the constraints they
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imposed on human occupation, and reciprocally, the consequences
of urbanization on the alluvial plain during historical epochs (e.g.
Butzer et al., 1983; Fabre and Monteil, 2001; Bravard, 2004;
Uribelarreaa and Benito, 2008; Gaillot and Hofmann, 2009). As
shown by Arnaud-Fassetta (2011), geoarchaeological studies in al-
luvial and urban settings reveal in particular the relationships be-
tween the hydrosedimentary variations of rivers and the
development of the riverside towns (Bravard et al., 1997; Salvador
et al., 2002), or the relationships between societies and river-
related risks (Berger et al., 2004; Alline, 2007). There have been
few studies combining traditional geomorphological approaches
(site studies) and geostatistical modelling to produce a spatial
reconstruction of the morphological structure of the first human
settlements in urbanized alluvial plains (e.g. Dominique et al., 2010).

The ancient open agglomeration of Tours was created during the
first half of the 1st c. AD. However, the discovery of an apparently
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vast settlement dating from the 2nd c. BC raises the question of
whether there was a Gallic settlement prior to the Roman town (De
Filippo, 2007). The former urban space, located within the 17th c.
walls on the left bank of the Loire, has been the subject of an
archaeological research programme for more than 40 years,
providing abundant and robust archaeological documentation
(Galinié, 2007). One of the first issues investigated by this pro-
gramme was the relationship between societies and the
environment.

This article presents different geostatistical models recon-
structing the geomorphological characteristics of the alluvial plain
of Tours (height of the top of the alluvium or of the limestone
bedrock, thickness of fine and organic sediment or of anthropo-
genic deposits). These models are calculated from a sedimentary
database using geostatistical analysis in a geographic information
system. While the methods have been proven a priori, the validity
of the proposed models is based on examination and detailed
analysis of the data and interpretations using an interdisciplinary
approach. The stratigraphy of deposits in the former urban space is
also presented. The results were collated in order (a) to reconstruct
the main features of the evolution of the alluvial plain of Tours since
the Weichselian Pleniglacial, (b) to identify the factors underlying
this evolution, and (c) to highlight certain characteristics of soci-
eties/environment interaction, defining in particular the physical
context and how it was harnessed by the first human settlements.

2. Study area
2.1. Location and geological context

The study sector is situated in France, in the south-west of the
Parisian Basin (Fig. 1a), in the urban district of Tours (town hall
location: 47°23/26” N; 0°41'21” E). It is a stretch of alluvial plain,
6.7 km long and at most 4.5 km wide, the Loire flowing in the north
part and its tributary the Cher in the south part (Fig. 1b). This
26.6 km? urbanized area is situated in a low-lying valley, bordered
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in the north and south by fairly steep slopes composed of Upper
Cretaceous limestone and argilo-siliceous formations or of Eocene
lacustrine limestone (Rasplus et al., 1974). At the bottom of the
valley, current altitudes range between approximately 40 m NGF
(general levelling of France) in the Loire bed in the west of the study
area and 57 m NGF at the site of the buried Roman amphitheatre
(Fig. 1b). The width of the valley decreases to 2.7 km at the
confluence with the Choisille (Fig. 1b). This is due to the downward
movement of Eocene limestone on the hillsides, which is harder
than the Turonian limestone, due to faults that are well-known in
this sector (Macaire and Mignot, 1979). The bedrock at the bottom
of the valley is essentially composed of Turonian limestone, except
at the western edge, where it is composed of Eocene limestone.

2.2. Current knowledge about the alluvial plain of Tours

According to Carcaud et al. (2002) and Burnouf et al. (2003), the
last major phase of incision of the limestone bedrock by the Loire
occurred during the Upper Weichselian Pleniglacial or the Last
Glacial Maximum. This was followed until the Late Glacial by a
phase of essentially sandy—gravelly sedimentation across the
whole width of the valley, producing a multi-channel river pattern.
During the Late Glacial-Holocene transition, the Loire and the Cher
evolved towards a single-channel system, their paths becoming
fixed to the north and south of the alluvial plain respectively. Finer
organic sedimentation developed in the abandoned channels from
the beginning of the Holocene (Vivent, 1998). The alluvium
deposited during the Weichselian and Holocene is essentially
sandy, gravelly and clayey silt, the latter granulometric fraction
being generally relatively more abundant in the Cher deposits
(Burnouf and Carcaud, 2000).

In the former urban space (Fig. 1b), extensive archaeological
research has shown the existence of the residual remainder of a low
fluvial terrace at the site of the Roman amphitheatre (Gay-Ovejero
et al, 2007) and of palaeochannels filled with fine, organic sedi-
ment, initially deposited at the beginning of the Holocene (Dubant,
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Fig. 1. Location maps. (a) location of the study area in north-western Europe. (b) current digital elevation model of the studied area.
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Fig. 2. Simplified structure of the sedimentary database for the alluvial plain of Tours.

1993; Jesset et al., 1996; Fouillet et al., 2002; David et al., 2013). The
ancient and medieval town as a whole resembles a vast flat surface
with anthropogenic micro-reliefs resulting from zones of dense
population and high activity (Galinié, 1981).

The Loire and the Cher have been extensively developed and
used since the Roman period (e.g. Neury et al., 2003; Garcin et al.,
2006). Between the Roman period and today, the urban space
spread into the low-flow channel of the Loire on the south bank, to
a greater extent in the western part of the former urban space
(approximately 200 m) than in the eastern part (approximately
50 m) (Galinié et al., 2003b). Channels are documented between
the two rivers. The flow of the ruau' de Sainte Anne, an abrupt
fluvial diffluence of the Loire towards the Cher (Fig. 1b), was
regulated during the Middle Ages, and then definitively filled in at
the end of the 18th c. The ruau de I’Archevéque (Fig. 1b) followed the
general direction of the valley and flowed into the ruau de Sainte
Anne. Its flow was regulated and it existed up to the middle of the
19th c., when it was filled in prior to urban development work
towards the south.

3. Material and methods
3.1. Development and processing of a sedimentary database

A sedimentary database® was compiled in order to create geo-
statistical models of the geomorphological characteristics of the
study sector. The database was compiled by checking data from
archaeological, geological and geotechnical surveys. These data
were heterogeneous and required manual checking and processing
before they could be included in the database. This step is essential
in order to establish control criteria and eliminate data showing
inconsistencies. The following criteria were checked and classified
for each survey: (1) consistency of planimetric and altimetric
positioning, (2) quality of altimetric information, (3) completeness
of stratigraphy from the present surface to the limestone bedrock,
(4) quality of the lithostratigraphic information. Seven lithological
facies representing different sedimentation environments were

1 A “ruau” is an old regional word for a secondary channel. It could be more or
less connected to the active channels, but contained water throughout a hydro-
logical year.

2 The database and its user notice (in French) can be downloaded at: http://www.
plan-loire.fr/index.php?id=1646&row=52&type=112.

identified, notably in relation to sedimentary granularity and
components, such as figurative organic matter, occasionally
abundant:

- Clayey silt and clayey—peaty silt, corresponding to environ-
ments conducive to settling (e.g. low-energy floodplain or
abandoned channel).

- Clayey—sandy silt and clayey—silty sand, corresponding to
higher energy deposit systems (e.g. floodplain close to active
channel, levees, islands).

- Sand, gravelly sand and gravel, corresponding to the high-
energy environments of active channels (e.g. point bars or
stream beds).

The database compiled in a database management system has a
simple structure with three tables: “Site”, “Survey” and “Layer”
(Fig. 2). Altogether, 5591 layers from 1309 surveys were included in
the database (Fig. 2).

3.2. Geostatistical analysis and creation of geomorphological
models

Selected data, considered to be stationary, were processed using
a standard geostatistical approach in three steps: (1) plotting and
analysis of an experimental variogram to estimate the dispersion of
the distribution of a variable in space (Matheron, 1963); (2) fitting a
mathematical smoothing function, or theoretical variogram, on the
experimental variogram; (3) interpolation by ordinary kriging
(Krige, 1951; Matheron, 1963; Davis, 1973) in a GIS. Cross-
validations and predicted standard error maps were systemati-
cally produced. The point bars and islands currently found in the
channels of the Loire and the Cher were not modelled, because
these structures were very mobile during the time-step studied.
The model of the altitude of the top of the alluvium was enhanced
by introducing additional points on the present course of the Loire
and the Cher (60 and 57 points respectively) by manual extrapo-
lation of the bathymetric data. The model of the cumulative
thickness of clayey silt and clayey—peaty silt alluvium was pro-
duced by adding the thickness of all the layers composed by these
two lithological facies for each survey, from the topographical
surface to the bedrock, whether or not they were separated by
layers belonging to other facies.
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Table 1
14C dates obtained during archaeological excavations in the former urban space of Tours.
Date number 'C age BP Laboratory reference 2 cal. age ranges BP  2¢ cal. age ranges BC/AD  Elevation (m NGF) Material Sedimentary facies
1 3400 + 150 UQ 1710 4083—-3339 2134-1390 cal. BC 43.90—-44.0 Peat/plant residues Clayey—peaty silt
2 4150 + 150 UQ 1803 5257—-4164 3308—2215 cal. BC 42.50—42.55 Peat/plant residues Clayey—peaty silt
3 9200 + 150 UQ 1722 11,051-9912 9102—7963 cal. BC 42.30—42.35 Peat/plant residues Clayey—peaty silt
4 8800 + 150 Ly — 6370 10,207-9539 8258—7590 cal. BC 40.00—40.10 Peat/plant residues Clayey—peaty silt
5 6075+ 75 Ly —6371 7161-6749 5212—4800 cal. BC 40.15—40.20 Peat/plant residues Clayey—peaty silt
6 9630+ 70 Ly — 6372 11,194-10,755 9245-8806 cal. BC 39.65—39.70 Peat/plant residues Clayey—peaty silt
7 9970 +70 Ly — 6040 11,744—11,238 9795—9289 cal. BC 40.10—40.50 Peat/plant residues Clayey—peaty silt
8 9795 +75 Ly — 6041 11,400-10,822 9451-8873 cal. BC 40.50—-40.85 Peat/plant residues Clayey—peaty silt
9 5120 £ 55 Ly — 6042 5989—-5734 4040—-3785 cal. BC 40.85—41.10 Peat/plant residues Clayey—peaty silt
10 2215+ 165 A 11975 2713—-1868 764 cal. BC—82 cal. AD 44.96—-45.01 Sediment bulk Clayey silt
11 3630 + 60 A 11635 4145—-3730 2196— 1781 cal. BC 44.55—-44.60 Sediment bulk Clayey silt
12 4480 + 55 A 11977 5309—4892 3360—2943 cal. BC 44.25—-44.30 Sediment bulk Clayey silt
13 4570 90 A 11978 5577—4962 3628—3013 cal. BC 43.85—43.90 Sediment bulk Clayey silt
14 4680 + 120 A 11976 5648—4985 3699—3036 cal. BC 43.50—43.55 Sediment bulk Clayey silt
15 4965 + 100 A 11979 5920—-5481 3971-3532 cal. BC 43.10—43.15 Sediment bulk Clayey silt
16 5130 + 200 A 11980 6310—5339 4361-3390 cal. BC 42.70—42.75 Sediment bulk Clayey silt
17 8800 + 165 A 11636 10,235—-9526 8286—7577 cal. BC 42.00—42.05 Sediment bulk Clayey silt
18 4460 + 60  Poz — 38802 5298—4879 3349—-2930 cal. BC 44.15—-44.25 Sediment bulk Clayey silt
19 3340 + 35 Poz — 37273 3682—3475 1733—1526 cal. BC 44,05—44.10 Peat/plant residues Clayey—peaty silt
20 4360 =30  Beta — 323747 5034—4853 3085—2904 cal. BC 45.10 Sediment bulk Clayey silt
21 5030 + 30  Beta — 323748 5891—-5659 3942—3710 cal. BC 44.85—44.87 Sediment bulk Clayey silt
22 4710 40  Beta — 323749 5582—5321 3633—3372 cal. BC 45.18 Sediment bulk Clayey silt
23 8520 + 50  Beta — 323750 9550—9453 7601—7504 cal. BC 42.88 Sediment bulk Clayey—sandy silt
24 4050 =30  Beta — 323751 4783—-4426 2834—2477 cal. BC 43.57—-43.60 Sediment bulk Sand
25 5010 + 30  Beta — 323752 5891-5655 3942-3706 cal. BC 41.99 Sediment bulk Clayey—sandy silt
26 10,030 £40 Beta — 323753 11,750—-11,328 9801—9379 cal. BC 41.36 Sediment bulk Clayey—sandy silt
27 1910 £ 30  Beta — 317497 1929-1740 21-210 cal. AD 44.55—-44.60 Peat/plant residues Clayey—peaty silt
Table 2

OSL dates obtained during archaeological excavations in the former urban space of Tours.

Date number OSL age (ka) Age ranges OSL BP Age ranges BC/AD Elevation (m NGF) Sedimentary facies
28 5.20 + 0.57 5710—4570 3760—2620 OSL BC 46.00—46.46 Clayey—silty sand
29 7.47 +0.71 8120—-6700 6170—4750 OSL BC 45.70—45.85 Clayey—silty sand
30 1033 + 0.49 10,760—9780 8810—7830 OSL BC 42.90—42.95 Sand

31 1.00 £ 0.05 990—-890 960—1060 OSL AD 45.90—46.00 Clayey—sandy silt
32 0.83 + 0.04 810—730 1140—1220 OSL AD 45.50—45.60 Sand

33 2.06 + 0.10 2100—1900 150 OSL BC—50 OSL AD 45.82—45.92 Clayey—silty sand
34 19.13 £ 1.54 20,610—17,530 18,660—15,580 OSL BC 45.28—45.32 Clayey—silty sand

3.3. Chronology of alluvial deposits in the former urban space

The chronology of sedimentary deposits in the former urban
was determined from 29 C14 datings (Table 1) and seven OSL
datings (Table 2) obtained during archaeological operations
(Fig. 3a). The C14 datings were calibrated with CALIB V6 software
(Stuiver and Reimer, 1993) and the IntCal09 database (Reimer et al.,
2009). The cal. ages (noted cal. BC/AD) are reported with the ex-
tremes values of the 26 range (95.4%). The OSL datings were made
between 2009 and 2012 on quartz grains with a good luminescence
signal. The OSL ages were calculated using the central age model
(Galbraith et al., 1999). They are reported as the extreme values of
the uncertainty range on the measure minus 60 years (denoted OSL
BC/AD) for comparison with the calibrated C14 ages.

One date is situated in the Upper Pleistocene (18,660—15,580
OSL BC) (Fig. 3b). The other dates are all situated in the Holocene,
ranging from the beginning of the Interglacial (9801—9379 cal. BC)
to the medieval period (1140—1220 OSL AD) (Fig. 3b).

3.4. Stratigraphy of alluvial deposits in the former urban space

A stratigraphic transect of 835 m long was constructed from 13
surveys in the median part of the former urban space (Fig. 3a).
Given the spatio-temporal variability of the sedimentary records
inherent to the river context (Macaire, 1990), the stratigraphy was

determined from nine units composed of different lithological
facies. The chronology and morphology of the alluvial deposits
were determined by datings made on the transect samples and by
all the datings carried out on the intersecting palaeochannel.

4. Results
4.1. Geostatistical models

4.1.1. Limestone bedrock top surface model

This model was made from 626 sample points (Fig. 4) and has an
R?3 0f 0.58. The least reliable sectors are located on the edge of the
map (Fig. 5), where there are fewer data. The model shows the
forms of erosion of the Loire and the Cher in the bedrock. The al-
titudes range between 47.8 (A, Fig. 4) and 36.5 m NGF (in the Loire
channel), mean 42 m NGF.

A significant contrast appears in the interfluve (Fig. 4). Upstream
of the ruau de Sainte Anne, the top surface of the bedrock appears
roughly as parallel ridges running east—west and delimiting
depressed corridors. Downstream of the ruau de Sainte Anne,
although the model is less reliable (Fig. 5), the bedrock appears
overdeepened with a less uneven relief.

3 The coefficient of determination (R?) indicates how well predicted values by the
model fit measured values on the field. A perfect correlation gives R* = 1.
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4.1.2. Alluvium top surface model The model does not represent a monogenetic, “snapshot” form

This model was made by interpolating the data of 722 survey of a particular period, because the fluvial palaeoreliefs continued to
points with 177 additional points (Fig. 6). The model is fairly robust be covered by anthropogenic deposits between the 1st and 20th
(R? = 0.72). The least reliable sectors are located at the edge of the centuries AD. In general, the top surface is observed either as linear,
map (Fig. 7). following the line of the valley, or as elliptical. It is limited by
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depressed zones forming east—west corridors interconnected by
more transversal thalwegs (Fig. 6). Altitudes range from 38.5 m NGF
in the bed of the Loire to 50.7 m NGF (A, Fig. 6), with a mean of
45.6 m NGF.

In the north-east part of the study zone, a long (~2.5 km), wide
(400—500 m) structure with a relatively high altitude (47.5 m—
49 m NGF from east to west) forms a low fluvial terrace, reaching its
highest point at the site of the Roman amphitheatre (A, Fig. 6). To
the west of this terrace can be seen what could be considered to be
a natural levee, lower and composed essentially of sandy deposits
that are more or less rich in clayey silt matrix (B, Fig. 6). It appears to
be dissected by a network of thalwegs (C and D, Fig. 6) that prob-
ably formed during breaching episodes. Other linear mounds,

similar to natural levees or sedimentary bars, can be seen (E and F,
Fig. 6).

Elliptical top surfaces can also be observed. They may derive
from the dissection of the alluvial top surfaces already revealed by
the thalwegs (G, H, I and ], Fig. 6). On the left bank of the present
channel of the Loire, these structures could correspond to old Ho-
locene islands (K and L, Fig. 6). This hypothesis is validated at the
site of the island of Saint-Cosme, which takes its name from the
priory that was established there in the 11th c. AD, and whose
contours are clearly marked on the model (K, Fig. 6). This supports
the hypothesis that the elliptical alluvial top surface modelled in
the west part of the former urban space (L, Fig. 6; L, Fig. 8) could
correspond to a former island, now connected to the bank.
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4.1.3. Model of thickness of clayey—silty and clayey—peaty silty
deposits

This model was created by interpolating the data of 423 sedi-
mentary layers from 211 sample points (Fig. 9) and has an R? of 0.61.
The least reliable sectors are mainly located at the edge of the map
(Fig. 10). It shows the sectors where the clayey—silty and clayey—
peaty—silty deposits are thickest. In rivers, these sediments are
deposited in calm environments conducive to settling and

conservation of organic matter, such as disconnected channels,
basins and floodplains (Bridge, 2003). Thickness varies from O to
7.9 m, locally at the foot of the southern slope of the valley, with a
mean value of 0.6 m.

The clayey—silty and clayey—peaty—silty sediments are gener-
ally less thick in the interfluve upstream of the ruau de Sainte Anne
(Fig. 9). However, in this sector, a belt corresponding to greater
thicknesses can be observed on the known course of the ruau de
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I'’Archevéque (Fig. 9), indicating that the model is relatively reliable.
In the former urban space, a fairly similar belt has also been
modelled (Fig. 9). It intersects archaeological sites where palae-
ochannels have been observed. These elements suggest the exis-
tence of a single palaeochannel winding across the whole of the
former urban space (denoted “palaesochannel PUS”) from the south-
east to the north-west (Fig. 9).

4.1.4. Model of thickness of anthropogenic deposits

This model was created by interpolating the data of 739 survey
points (Fig. 11) and has an R? of 0.64. The least reliable sectors are
again mainly those on the edge of the map (Fig. 12). The thickness of
the anthropogenic deposits is close to zero in all the sectors with
low urbanization (A, Fig. 11) and is greatest (11.2 m) on the banks of
the Loire. The average value for the whole model is 2.20 m.

The thickness of the anthropogenic deposits in the former urban
space is significant, notably within the 14th c. wall, as already
shown by previous geostatistical models (Laurent and Fondrillon,
2010), correlating significantly with the density of human occu-
pation (Laurent, 2007). In the districts that have been developed
since the last third of the 20th c. (B, C and D, Fig. 11), deposits can be
up to 7 m thick. Conversely, in some sectors that were urbanized in
the 19th c. (E, Fig. 11) or that are closer to the outskirts (on the east
and west edges of the area under study), they are less than 1 m
thick.

4.2. Alluvium stratigraphy and geometry in the former urban space

The lithological facies and their distribution in the cross-section
are shown in Fig. 13.

Unit 1: Gravelly sand and coarse sand deposits lying on the
limestone bedrock and deposited before 18,660—15,580 OSL BC
(34, Fig. 3 and Table 2). They indicate a high-energy sedimen-
tation environment associated with an active channel.

0 500 1000 2000 Meters
| |

Unit 2: Sand, clayey—silty sand and clayey silt deposits covering
Unit 1 and deposited about 18,660—15,580 OSL BC. These sedi-
ments could correspond to those of a floodplain close to active
channels. The deposits of units 1 and 2 and the limestone
bedrock were incised by a palaeochannel after 18,660—15,580
OSL BC and before the first Holocene deposits.

Unit 3: Gravelly sand deposits covering the limestone bedrock.
They indicate a high-energy sedimentation environment asso-
ciated with an active channel. The deposits of Unit 3 and the
bedrock were incised by a palaeochannel before 9801—9379 cal.
BC (26, Fig. 3 and Table 1).

Unit 4: Clayey—sandy silt deposits, rich in organic matter, with
clayey silty and peaty layers covering the limestone bedrock and
Unit 3. These sediments were deposited from 9801 to 9379 cal.
BC and at least up to 7601—7504 cal. BC (23, Fig. 3 and Table 1).
They indicate a calm hydrodynamic context, with episodes of
relatively higher energy producing sandy inputs, which could
correspond to an abandoned secondary channel that was oc-
casionally reconnected to the main channel. The deposits of Unit
4 were incised after 7601—7504 cal. BC and before 5212—
4800 cal. BC (5, Fig. 3 and Table 1).

Unit 5: Clayey—peaty silt deposits with clayey—sandy silt layers
covering Unit 4. They were deposited from 5212 to 4800 cal. BC
and at least up to 2134—1390 cal. BC (1, Fig. 3 and Table 1). The
deposits and their geometry are characteristic of an abandoned
channel. These deposits were incised by a small channel after
2134—-1390 cal. BC and before 764 cal. BC/82 cal. AD (10, Fig. 3
and Table 1).

Unit 6: Sand and gravelly sand deposits filling the incised
channel in Unit 5. They were deposited after 2134—1390 cal. BC
and before 764 cal. BC/82 cal. AD and indicate a high-energy
hydrodynamic context associated with an active channel.

Unit 7: Sand and occasionally clayey silt deposits covering Units
1, 5 and 6 and deposited after 2134—1390 cal. BC, up to 764 cal.
BC/82 cal. AD, and potentially up to the creation of the ancient
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town. The nature and geometry of these sediments suggests that
they correspond to floodplain deposits close to the active
channel.

Unit 8: Anthropized or anthropogenic clayey—peaty silt de-
posits (gallo-roman ceramics, fauna, cobblestones, etc.) laid
down at least as early as 21—210 cal. AD (27, Fig. 3 and Table 1) in
a depression in the deposits of Units 1 and 2. This structure is
fairly wide, which rules out the possibility that it was man-
made, suggesting rather that it was initially a natural depres-
sion that was probably restructured at the edges.

Unit 9: Anthropogenic deposits, comprising the whole archae-
ological stratigraphy since the 1st c. AD and resulting from 2000
years of varied human occupation. This unit is particularly thick
at the edge of the channel of the Loire, becoming steadily
thinner towards the SSE.

5. Discussion

The major features of the morphological and sedimentary evo-
lution of the alluvial plain of Tours since the Weichselian have been
reconstructed by cross-referencing models and lithostratigraphic
data, and linked to climate, anthropogenic and internal forcing.

5.1. Weichselian period

The pattern of evolution of the alluvial plain of Tours proposed
below for the Weichselian period differs in part from previous
hypotheses (Carcaud et al., 2002; Burnouf et al., 2003). The shape of
the top of the bedrock is probably polygenic. However, it could in
part have been shaped during a major incision phase of the valley
before 18,660—15,580 OSL BC, which locally spared the deposits
forming the low terrace (A, Fig. 6). In the downstream part of the
Choisille valley, which flows into the Loire valley just downstream
of Tours (Fig. 1), the last major incision of the bedrock developed
before the Weichselian Middle Pleniglacial (Morin et al., 2011). This
implies an incision at least as great as that of the Loire in Tours at

the same period. A similar incision phase, prior to the emergence of
true periglacial climatic conditions, in other words before the
Weichselian Middle Pleniglacial, was observed further upstream on
the Middle Loire (Castanet, 2008) and in North-West Europe (van
Huissteden et al., 2001; Antoine et al., 2007).

The origin of the considerable overdeepening of the bedrock in
the west of the study sector (Fig. 4) could be neotectonic, related to
known faults. This slight subsidence probably occurred prior to the
deposit of Weichselian and Holocene alluvium, as indicated by the
absence of a significant depressed zone on the model of the altitude
of the top surface of the alluvium (Fig. 6). The thickening of the
clayey—silty and peaty deposits in this sector (Fig. 9), testifying to
the local decrease in the hydraulic gradient and in the related
sedimentary transport capacity, and evidence of neotectonic ac-
tivity in other sectors close to the Middle Loire valley (Champion
et al., 1971), seem to support this hypothesis.

After the last major phase of Weichselian incision, sedimenta-
tion started to occur in the alluvial plain before 18,660—15,580 OSL
BC with the deposition of generally sandy-gravelly or sandy allu-
vium (unit 1, Fig. 13). These facies and their distribution indicate
sedimentation in high-energy, multi-channel river systems, char-
acteristic of periglacial environments. They could have been anas-
tomosing braided-stream systems (Bridge, 2003), which is
supported by the models of the altitude of the top of the bedrock
and of alluvium, clearly showing corridors that are inter-connected
by small thalwegs (Figs. 4 and 6). This type of deposit is uniformly
distributed at the base of the sedimentary fill of floodplains in
north-west Europe and has been attributed to different periods of
the Weichselian Pleniglacial, or to the Pleniglacial without further
specifications (Haesaerts, 1984; van Huissteden et al., 1986; Brown
and Keough, 1992; Antoine, 1997; Houben et al., 2001; Pastre et al.,
2003). Above the deposits of Unit 1, the sediments of Unit 2 were
deposited from 18,660—15,580 OSL BC (Fig. 13). The clear difference
in granularity between these two units could suggest a modifica-
tion of the river system, linked to the cold, dry climatic conditions
at that period (Huijzer and Vandenberghe, 1998). However, this is a
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one-off observation, and the Weichselian Upper Pleniglacial is
generally characterized in the Middle and Upper Loire by the de-
posit of coarse sediments indicating a high-energy environment
(Colls et al., 2001; Straffin and Blum, 2002; Castanet, 2008). The
difference in facies between Units 1 and 2 could thus be merely the
result of a local migration of channels in the alluvial plain.

In the PUS palaeochannel, the deposits of Units 1 and 2 and the
limestone bedrock were incised after 18,660—15,580 OSL BC and
before the establishment of Unit 3 (Fig. 13). This episode could be
seen in relation to Bélling warming (Taylor et al., 1993), which led to
a fluvial metamorphosis often associated with a phase of channel
incision, largely observed in the Middle Loire and its basin
(Castanet, 2008; Piana et al., 2009; Morin et al., 2011), in the Paris
basin (Antoine, 1997; Pastre et al., 1997) and in north-west Europe
(Haesaerts, 1984; Tebbens et al., 1999; Mol et al., 2000). The sandy—
gravelly Unit 3 (Fig. 13) could be contemporary with the younger
Dryas, when there was considerable hill-slope erosion in the up-
stream basin of the Loire (Gay et al.,, 1998; Négrel et al., 2004;
Macaire et al., 2010), with episodic reactivation of channels and
coarse sediment deposit further upstream of the Middle Loire
(Castanet, 2008).

The incision of Unit 3 and the bedrock before 9801—9379 cal. BC
(Fig. 13) probably occurred in the channels that were active during
the Lateglacial—Holocene transition, linked to warming during that
period, as already widely observed in the Middle Loire (Carcaud
et al., 2002; Burnouf et al., 2003; Castanet, 2008), in the Paris ba-
sin (Antoine, 1997; Pastre et al., 1997) and in north-west Europe
(Vandenberghe et al., 1994; Tebbens et al., 1999; Mol et al., 2000). In
Tours, this incision period marks the shift of the main channels of
the Loire and the Cher to the north and south of the alluvial plain
respectively, while the secondary channels, like the PUS palae-
ochannel (Fig. 9) or the ruau de I'Archevéque, became gradually
disconnected.

5.2. Holocene period before the first human settlement

In the abandoned channels, deposition of organic clayey—sandy
silt with clayey silty and peaty layers occurred from 9801 to
9379 cal. BC (unit 4, Fig. 13). However, the channels were aban-
doned gradually, the presence of a fairly abundant sandy fraction in
certain levels of Unit 4 indicating clearly that they were occasion-
ally reconnected to the main channel. The abundance of organic
matter in the abandoned channels or floodplains at the beginning
of the Holocene has been observed elsewhere in the Middle Loire
and its tributaries (Garcin et al., 1999; Piana et al., 2009; Morin
et al., 2011), in the Paris basin (Antoine, 1997; Pastre et al., 1997)
and in north-west Europe (Lefévre et al., 1993; Tebbens et al., 1999).
The main channel of the Loire remained active but confined to the
old low-flow channel, as indicated by sandy deposits laid down
towards 8810—7830 OSL BC (30, Fig. 3 and Table 2) 200 m south of
the present course of the left bank of the Loire.

Between 7601—7504 and 5212—4800 cal. BC an incision phase,
which partly eroded the earlier Holocene deposits, developed in
the PUS palaeochannel, indicating that the latter was reconnected
to the main channel of the Loire. This occurred at the same time as a
phase of an upsurge of river activity characterized by increased
frequency and magnitude of floods in the Middle Loire and its
tributaries (Castanet, 2008; Piana et al., 2009) and more generally
in Europe (Starkel, 1999). The pollen sequences of the Loire and its
tributaries in the Tours area are often truncated, showing clearly
that this renewed river activity led to a gap in sedimentation
(Visset, 2011). It is likely that breaks in the natural levee of the left
bank occurred at this time. This seems to be indicated by the
deposition of clayey—sandy—silty sediments about 6170—4750 OSL
BC (28 and 29, Fig. 3 and Table 2) in the extension of a thalweg

cutting through the natural levee (C, Fig. 6) and probably corre-
sponding to crevasse splay deposits (Bridge, 2003).

From 5212 to 4800 cal. BC, the fine and organic deposits laid
down in Unit 5 (Fig. 13) again indicate the disconnection of the PUS
palaeochannel from the main channel. Under this calm hydrody-
namic condition, sedimentation continued at least up to 2134—
1390 cal. BC, with no discernible break, and the PUS palaeochannel
was completely filled. This indicates a relative morphological sta-
bility of the alluvial plain over several millennia. The average level
of the river was probably relatively low at this period, limiting
lateral sedimentary input and furthering the disconnection of the
palaeochannel. This general downward trend of river activity has
already been suggested in the Middle Loire during the Middle and
Upper Holocene (Arnaud-Fassetta et al., 2010).

Between 2134—1390 cal. BC and 764 cal. BC/82 cal. AD, a small
channel, subsequently filled in by sandy and sandy—gravelly allu-
vium of Unit 6, was carved out in Unit 5 (Fig. 13). This represents an
increase in river flow with morphological consequences in the
floodplain. A similar increase has been observed from 2250 cal. BC
in other sectors of the Middle Loire (Carcaud et al., 2002; Garcin
et al.,, 2006; Arnaud-Fassetta et al., 2010). This has been related to
a change in climate, which was more humid at that time (Guiot,
1987), possibly accentuated by the impact of human activities on
the hillsides of the Upper Loire (Arnaud-Fassetta et al., 2010);
anthropisation brought about a significant increase in hillside
erosion in the upstream basin after 3350 cal. BC (Macaire et al,,
2010), contributing to the input of sediment downstream.

After 764 cal. BC/82 cal. AD and up to the creation of the ancient
town, the Weichselian and Holocene alluvium was covered by
mainly sandy deposits in Unit 7 (Fig. 13), leading to a general rise of
the average level of the river during this period. The ruau de
I’Archevéque was not covered and was able to retain its hydrological
functioning, albeit restricted, until it was filled in the 19th c. The
covering of Unit 7 is thus not uniform across the whole alluvial
plain, and probably remained close to the active channels.

5.3. Holocene period after the first human settlement

The alluvial reliefs inherited from quaternary evolution of the
valley floor are modest, but worthy of note in an environment
subject to hydrological hazards. Nevertheless, in the former urban
space, the earliest occupied areas were in the higher zones, such as
the Roman amphitheatre which took advantage of the low fluvial
terrace (A, Fig. 6), and lower zones, such as the protohistoric set-
tlement (M, Fig. 6) or the Roman baths (N, Fig. 6). This confirms that
there are no pre-existing riverside sites that are specifically suitable
for human settlement (e.g. Burnouf et al., 2001).

In the southern part of the former urban space, anthropogenic
sediments of Unit 8 were deposited in a small channel about 21—
210 cal. AD (Fig. 13). This channel functioned during the Holocene,
but could also be a morphological legacy of the Weichselian that
filled with water following a rise in the mean level of the piezo-
metric surface during the Upper Holocene.

The wooden constructions in use during the first few decades of
the open Roman town were replaced during the second half of the
1st ¢. AD by stone buildings or buildings associating stone foun-
dations and wooden superstructure (Jouquand, 2007). This recon-
struction phase was systematically preceded by the raising of the
ground, sometimes over one metre thick (ibid.; Lorans et al., 2013).
This was undoubtedly related to the need for flood protection, or
more likely for protection against a gradual rise of the top of the
alluvial water table, which was very shallow at that time (Driard,
2007). This rise was probably not related to climate forcing,
because the Gallo-Roman period was not specifically humid
(Blintgen et al., 2011). It could have been caused by strong
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sedimentary accretion in the active channels, leading to a general
rise in the piezometric surface.

The rise in the piezometric surface, related to sedimentary ac-
cretion in the active channels, could also have been increased by
human impact, as the alder forest in the alluvial plain of Tours
started to decline during the Iron Age (Visset, 2011) and almost
completely disappeared during the early Roman Empire (Vivent,
1998). By reducing evotranspiration and increasing runoff, this
disappearance could have contributed to a rise in the level of water
bodies in the valley (Smith and Charman, 1988; Chapman and Rose,
1991; Macaire et al., 2006; Morin et al., 2011). This phenomenon
could also have been accentuated by civil and monumental con-
structions, because they required the exploitation of local resources
(wood, quarries).

In the former urban space, as well as in many sectors of the
alluvial plain, the thickness of anthropogenic deposits is generally
greater than that of underlying alluvial deposits, although the latter
were deposited over much longer periods. Currently, there are
considerable differences in altitude between the highest sectors, in
which urbanization was either very early (former urban space) or
very recent (B, C and D, Fig. 1b), and lower sectors where urbani-
zation either occurred in recent times (E, Fig. 1b) or is almost absent
(A, Fig. 1b). These reliefs were not caused by the original
morphology of the alluvial plain but by the thickness of anthro-
pogenic deposits (Fig. 11), linked locally to the modalities of occu-
pation and urbanization.

During the first millennium AD, some periods were probably
more favourable for the spreading of the urban space into the low-
flow channel of the Loire, on the south bank (Galinié et al., 2003b).
Particularly, the channel of the Loire moved laterally: it has made
progress to the south, probably by the 4th c., then to the north
before the 9th—11th c.

At the scale of the Middle Loire River, the construction of bank
stabilization works in the early Middle Ages contributed to the
morphological stability of the alluvial plain. Since then, changes in
river morphology have been limited to the constrained low-flow
channel (sediment bars, islands), while the frequency and magni-
tude of major floods has increased (Garcin et al., 2006).

6. Conclusion

This study made use of a large number of sub-soil data,
combining different methods. It identified the morphological and
sedimentary evolution of the urbanized alluvial plain of Tours since
the Weichselian, the morphological context of the first human
settlements, and also the role of urbanization conditions on the
present morphology of the valley floor. The study also contributes
to our knowledge and understanding of the evolution of the flow of
the Middle Loire in the recent Quaternary.

Since the last incision of the limestone bedrock, prior to the end
of the Weichselian Upper Pleniglacial, coarse sediment was
deposited in multi-channel systems, probably starting in the
Weichselian Middle Pleniglacial. An incision phase followed by the
deposition of coarse alluvium in the Late Glacial can be observed.
The incision of channels during the transition between the Late
Glacial and the Holocene brought about a migration of the Loire and
the Cher to approximately the level of their present low-flow
channels and a gradual abandoning of secondary channels.
Organic sedimentation developed in these partially abandoned
channels from the start of the Holocene and up to about 2134—
1390 cal. BC, indicating a relative morphological stability of the
alluvial plain and a relatively low average level of the river. How-
ever, reconnection of the secondary channels, together with a
phase of moderate incision of earlier Holocene deposits between
7601—7504 cal. BC and 5212—4800 cal. BC, was observed. An

upsurge of river flow occurred after 2134—1390 cal. BC and possibly
up to human settlement in the 1st c. AD, with a morphological
impact in the sectors close to the active channels.

The earliest human occupation was not concentrated on the low
alluvial reliefs. Systematic fill during the second half of the 1st c. AD
is likely to reflect a need for protection against a rise of the
piezometric surface, probably caused by sedimentary accretion in
the active channels and accentuated by human activity in the al-
luvial plain (exploitation of resources). Most of the present reliefs of
the alluvial plain, notably in the former urban space, are due to the
thickness of anthropogenic deposits.

The geomorphological models of the alluvial plain of Tours
could be used as decision-making tools for local archaeology pur-
poses. They could help schedule archaeological research, notably in
the former urban space, by providing an estimation of the thickness
of the archaeological deposit and highlighting gaps in documen-
tation. These models could also prove useful for programming
geotechnical operations and the technical management of the ur-
ban subsoil. The approach used in Tours can be reproduced in other
towns located on alluvial plains which possess robust sedimentary
and archaeological documentation.

Acknowledgements

This work was supported by the French Etablissement Public
Loire (EPL) and the European Regional Development Fund (ERDF) as
part of the “Plan Loire Grandeur Nature 2007—2013” programme.
We thank the Institut National de Recherches Archéologiques Pré-
ventives (INRAP), the Archaeology department of Indre-et-Loire
(SADIL), the town councils of Tours, La Riche and Saint-Pierre-
des-Corps, and the companies GINGER CEBTP and Compétence
Géotechnique for providing data. We thank Elizabeth Yates for her
assistance translating this text.

References

Alline, C., 2007. Les villes romaines face aux inondations. La place des données
archéologiques dans I'étude des risques fluviaux. Géomorphologie 1, 67—84.

Antoine, P., 1997. Modifications des systémes fluviatiles a la transition Pléniglaci-
aire-Tardiglaciaire et a I'Holocéne: I'exemple du bassin de la Somme (Nord de la
France). Géogr. Phys. Quat. 51, 93—106.

Antoine, P.,, Limondin-Lozouet, N., Chaussé, C., Lautridou, J.P., Pastre, J.F.,, Auguste, P.,
Bahain, JJ., Falguéres, C., Galehb, B., 2007. Pleistocene fluvial terraces from
northern France (Seine, Yonne, Somme): synthesis, and new results from
interglacial deposits. Quat. Sci. Rev. 26, 2701-2723.

Arnaud-Fassetta, G., 2011. L'histoire des vallées, entre géosciences et géo-
archéologie. Méditerranée 117, 25—34.

Arnaud-Fassetta, G., Carcaud, N., Castanet, C., Salvador, P.-G. 2010. Fluviatile
palaeoenvironment in archaeological context: geographical position, method-
ological approach and global change — hydrological risk issues. Quat. Int. 216,
93-117.

Berger, J.F, Fiches, ]J.L, Gazenbeek, M. 2004. La gestion du risque fluvial a
Ambrussum durant I'’Antiquité par les riverains du Vidourle. In: Burnouf, J.,
Leveau, P. (Eds.), Fleuves et marais, une histoire au croisement de la nature et de
la culture. CTHS, Paris, pp. 419—435.

Bravard, J.P., 2004. Le fagonnement du paysage fluvial de Lyon: choix urbanistiques
et héritages de I'histoire hydro-morphologique. Bol. Asoc. Gedgr. Esp. 37, 17—32.

Bravard, J.P., Verot-Bourrely, A., Franc, O., Arlaud, C., 1997. Paléodynamique du site
fluvial de Lyon depuis le Tardiglaciaire. In: Bravard, J.P., Presteau, D. (Eds.),
Dynamique du paysage-Entretiens de géoarchéologie. Documents d’archéologie
en Rhone-Alpes, Lyon, pp. 177—-201.

Bridge, J.S., 2003. Rivers and Floodplains: Forms, Processes and Sedimentary Re-
cord. Blackwell Science Ltd, Oxford.

Brown, A.G., Keough, M., 1992. Holocene floodplain metamorphosis in the Mid-
lands, United Kingdom. Geomorphology 4, 433—445.

Biintgen, U., Tegel, W., Nicolussi, K., McCormick, M., Frank, D., Trouet, V., Kaplan, J.O.,
Herzig, F.,, Heussner, K.U., Wanner, H., Luterbacher, ]., Esper, J., 2011. 2500 years
of European climate variability and human susceptibility. Science 331, 578—582.

Burnouf, ], Carcaud, N., 2000. L’homme et les vallées: les vals de Loire de Tours a
Angers. Ann. Bretagne Pays Ouest 107, 7—22.

Burnouf, ., Carcaud, N., Cubizolle, H., Trément, F,, Visset, L., Garcin, M., Serieyssol, K.,
2001. Les relations sociétés/milieux physiques depuis la fin du Tardiglaciaire:
les apports du Programme Loire. Quaternaire 12, 5-13.


http://refhub.elsevier.com/S0305-4403(14)00110-1/sref1
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref1
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref1
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref2
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref2
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref2
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref2
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref3
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref3
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref3
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref3
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref3
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref4
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref4
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref4
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref5
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref5
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref5
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref5
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref5
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref5
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref6
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref6
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref6
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref6
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref6
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref8
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref8
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref8
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref9
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref9
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref9
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref9
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref9
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref10
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref10
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref11
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref11
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref11
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref12
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref12
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref12
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref12
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref13
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref13
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref13
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref14
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref14
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref14
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref14

268 E. Morin et al. / Journal of Archaeological Science 46 (2014) 255—269

Burnouf, J., Carcaud, N., Garcin, M., Galinié, H., Giot, D., Rodier, X., Marlet, O., Blin, C.,
Taberly, C., 2003. Fluvial metamorphosis of the loire river during holocene and
the role of natural and anthropogenic factors: a case study from the area of
Tours, France. In: Howard, AJ., Macklin, M.G., Passmore, D.G. (Eds.), Alluvial
Archaeology in Europe. Swets & Zeitlinger, Lisse, pp. 163—171.

Butzer, KW., Miralles, 1., Mateu, J.F,, 1983. Urban geo-archaeology in medieval alzira
(Prov. Valencia, Spain). J. Archaeol. Sci. 10, 333—349.

Carcaud, N., Garcin, M., Visset, L., Musch, J., Burnouf, J., 2002. Nouvelle lecture de
I'évolution des paysages fluviaux a I'holocéne dans le bassin de la Loire moy-
enne. In: Bravard, J.P, Magny, M. (Eds.), Les fleuves ont une histoire, paléo-
environnement des riviéres et des lacs francais depuis 15000 ans. Errance, Paris,
pp. 71-84.

Castanet, C., 2008. La Loire en Val d’Orléans. Dynamiques fluviales et socio-
environnementales durant les derniers 30000 ans: de I'hydrosystéme a I'an-
throposystéme (PhD thesis). Université de Paris 1, France.

Champion, M., Maillard, P., Cario, P., 1971. Les alluvions de la Loire en Région Centre.
Inventaire de la production et des gisements. Bulletin de liaison du Laboratoire
des Ponts et Chaussées. 1131, pp. 47—68.

Chapman, S.B., Rose, RJ., 1991. Change in the vegetation at Coon Rigg Moss National
Nature Reserve within the period 1958—86. J. Appl. Ecol. 28, 140—153.

Colls, A.E., Stockes, S., Blum, M.D., Straffin, E., 2001. Age limits on the Late Quater-
nary evolution of the upper Loire River. Quat. Sci. Rev. 20, 743—750.

David, S., Gardere, P., Fondrillon, M., Couderc, A., Vissac, C., 2013. Tours, Indre-et-
Loire, Tramway, rue Nationale et place Jean-Jaurés. Un espace de circulation
antique, Rapport de fouille archéologique. INRAP.

Davis, ].C., 1973. Statistics and Data Analysis in Geology, second ed. John Wiley &
Sons, New-York.

De Filippo, R., 2007. Avant la ville, la question de I'occupation gauloise. In:
Galinié, H. (Ed.), Tours antique et médiéval, lieu de vie, temps de la ville. 40 ans
d’archéologie urbaine, 30e supplément a la Revue archéologique du centre de la
Fance. FERACF, Tours, pp. 321-322.

Dominique, S., Marache, A., Régaldo-Saint Blancard, P, 2010. Apport de la géo-
statistique a la connaissance de la morphologie naturelle du site de Bordeaux
(France). ArchéoSciences 34, 25—37.

Driard, C., 2007. L’alimentation individuelle en eau par des puits. In: Galinié, H.
(Ed.), Tours antique et médiéval, lieu de vie, temps de la ville. 40 ans d’arch-
éologie urbaine, 30° supplément a la Revue archéologique du centre de la
Fance. FERACF, Tours, p. 337.

Dubant, D., 1993. Le site de Tours du ler au milieu du XIXe siécle. De I'adoption a
l'astreinte (étude historique) (PhD thesis). Université de Tours, France.

Fabre, G., Monteil, M., 2001. Sur I'hydrogéomorphologie d’'un espace a forte
anthropisation urbaine : le site de Nimes (Languedoc, France) du Pléistocéne
supérieur a I'Antiquité; impacts postérieurs. CR. Acad. Sci. IIA Earth Planet. Sci.
333, 435—440.

Fouillet, N., de Belvata Balasy, C., Bouillon, J., Champagne, V., Chimier, J.P., Couvin, F,
Ott, M., Neury, P., 2002. Tours (Indre-et-Loire) — Lycée Descartes “Batiment F” —
37 261 064 AH — Opération préventive de fouille archéologique — Document
final de synthése. INRAP.

Galbraith, R.F, Roberts, R.G., Laslett, G.M., Yoshida, H., Olley, J.M., 1999. Optical
dating of single and multiple grains of quartz from Jinmium rock shelter,
northern Australia: part I, experimental design and statistical models.
Archaeometry 41, 339—364.

Galinié, H., 1981. Recherches sur la topographie de Tours du 4é au Ilé siécle (PhD
thesis). Université de Caen, France.

Galinié, H., 2007. Tours antique et médiéval, lieu de vie, temps de la ville. 40 ans
d’archéologie urbaine, 30e supplément a la Revue archéologique du centre de la
Fance. FERACF, Tours.

Galinié, H., Laurent, A., Rodier, X., Breysse, D., Houy, L., Niandou, H., Breul, P., 2003a.
Utilisation du pénétrométre dynamique du type PANDA en milieu urbain pour
I'évaluation et la caractérisation du dépot archéologique. ArchéoSciences 27,
15—-26.

Galinié, H., Chouquer, G., Rodier, X., Chareille, P., 2003b. Téotolon, doyen de Saint-
Martin, évéque de Tours au Xe siécle, et urbaniste. In: Gauthiez, B., Zadora-
Rio, E., Galinié, H. (Eds.), Village et ville au Moyen Age: les dynamiques mor-
phologiques, Collection Perspectives “Villes et Territoires”, 5. Presses Uni-
versitaires Frangois-Rabelais, Tours, pp. 239—256 (vol. 231) and 201-219 (vol.
232).

Gaillot, S., Hofmann, E., 2009. Urban archaeology and environmental data: the Lyon
experience. ArchéoSciences (Suppl. 33), 213—216.

Garcin, M., Giot, D., Farjanel, G., Gourry, ].C,, Kloppman, W., Négrel, P., 1999. Géo-
métrie et dge des alluvions du lit majeur de la Loire moyenne, exemple du Val
d’Avaray (Loir et Cher, France). CR. Acad. Sci. IIA Earth Plan. Sci. 329, 405—412.

Garcin, M., Carcaud, N., Gautier, E., Burnouf, ]., Castanet, C., Fouillet, N., 2006. Im-
pacts des héritages sur un hydrosystéme: I'exemple des levées en Loire moy-
enne et océanique. In: Allée, P., Lespez, L. (Eds.), L'érosion entre société, climat
et paléoenvironnement. Presses Universitaires Blaise Pascal, Clermont-Ferrand,
pp. 225—236.

Gay, L, Macaire, ].J., Cocirta, C., 1998. Evolution qualitative des flux particulaires
depuis 12 600 ans dans le bassin du lac Chambon, Massif central, France. Bull.
Soc. Géol. Fr. 169, 301-314.

Gay-Ovejero, 1., Macaire, ]J., Seigne, J., 2007. Une montille a l'origine de I'amp-
hithéatre. In: Galinié, H. (Ed.), Tours antique et médiéval, lieu de vie, temps de la
ville. 40 ans d’archéologie urbaine, 30° supplément a la Revue archéologique du
centre de la Fance. FERACF, Tours, p. 241.

Guiot, J., 1987. Late quaternary climatic change in France estimated from multi-
variate pollen time Series. Quat. Res. 28, 100—118.

Haesaerts, P., 1984. Les formations fluviatiles pléistocénes du bassin de la Haine
(Belgique). Bull. AFEQ 21, 19—-26.

Houben, P, Nolte, S., Rittweger, H., Wunderlich, ]J., 2001. Lateglacial and Holocene
environmental change indicated by fluvial deposits of the Hessian Depression
(Central Germany). In: Maddy, D., Macklin, M.G., Woodward, ].C. (Eds.), River
Basin Sediment Systems — Archives of Environmental Change. Balkema, Rot-
terdam, pp. 249—264.

Huijzer, B., Vandenberghe, J., 1998. Climatic reconstruction of the Weichselian
Pleniglacial in northwestern and central Europe. J. Quat. Sci. 13, 391—417.
Jesset, S., Jouquand, A.M., Massat, T., 1996. Fouilles archéologiques a Tours, 1995—

1996: rapports préliminaires. Bull. Soc. Arch. Touraine XLIV, 699—737.

Jouquand, A.M., 2007. Les domus. In: Galinié, H. (Ed.), Tours antique et médiéval,
lieu de vie, temps de la ville. 40 ans d’archéologie urbaine, 30° supplément a la
Revue archéologique du centre de la Fance. FERACF, Tours, pp. 333—335.

Krige, D.G., 1951. A statistical approach to some basic mine valuation problems on
the Witwatersrand. J. Chem. Metall. Min. Soc. S. Af. 52, 119—-139.

Laurent, A., 2007. Evaluation du potentiel archéologique en milieu urbain (PhD
thesis). Université de Tours, France. http://tel.archives-ouvertes.fr/tel-00214256
(last accessed March 2013).

Laurent, A., Fondrillon, M., 2010. Mesurer la ville par I'évaluation et la caractérisa-
tion du sol urbain: I'exemple de Tours. Rev. Arch. Cent. Fr. 49, 307—343.

Lefévre, D., Heim, ]., Gilot, E., Mouthon, J., 1993. Evolution des environnements
sédimentaires et biologiques a I'Holocéne dans la plaine alluviale de la Meuse
(Ardennes, France). Premiers résultats. Quaternaire 4, 17—30.

Lorans, E., Jouquand, A.M., Fouillet, N., Rodier, X., 2013. Les rythmes de I'espace
urbain a Tours: nouvelles données, nouvelles questions (Ile s. avt J.-C. — Xe s. ap.
J.-C.). In: Lorans, E., Rodier, X. (Eds.), Archéologie de I'espace urbain coll. Per-
spectives Villes et Territoires. PUFR/CTHS, Tours, pp. 209—220.

Macaire, J.J., 1990. L'enregistrement du temps dans les dépdts fluviatiles super-
ficiels: de la géodynamique a la chronostratigraphie. Quaternaire 1, 41—49.
Macaire, JJ., Mignot, Y., 1979. Sur la présence de failles sous I'agglomération de
Tours. In: Bulletin du BRGM (deuxiéme série), pp. 191—196. Section I, n°3.
Macaire, J.J., Bernard, ]., Di-Giovanni, C., Hinschberger, F., Limondin-Lozouet, N.,
Visset, L., 2006. Quantification and regulation of organic and mineral sedi-
mentation in a late Holocene floodplain as a result of climatic and human

impacts (Taligny marsh, Parisian Basin, France). Holocene 16, 647—660.

Macaire, J.J., Fourmont, A., Argant, ]., Bréhéret, J.G., Hinschberger, F., Trément, F,
2010. Quantitative analysis of climate versus human impact on sediment yield
since the Lateglacial: the Sarliéve palaeolake catchment (France). Holocene 20,
497-516.

Matheron, G., 1963. Principles of geostatistics. Econ. Geol. 58, 1246—1266.

Mol, J., Vandenberghe, ]., Kasse, C., 2000. River response to variations of periglacial
climate in mid-latitude Europe. Geomorphology 33, 131-148.

Morin, E., Macaire, ].J., Hinschberger, F,, Gay-Ovejero, L., Rodrigues, S., Bakyono, J.P,,
Visset, L., 2011. Spatio-temporal evolution of the Choisille River (southern
Parisian Basin, France) during the Weichselian and the Holocene as a record of
climate trend and human activity in north-western Europe. Quat. Sci. Rev. 30,
347-363.

Négrel, P, Kloppman, W., Garcin, M., Giot, D., 2004. Lead isotope signatures of
holocene fluvial sediments from the Loire river valley. Appl. Geochem. 19, 957—
972.

Neury, P, Seigne, ]., Neury, A., Rocque, G., Roger, A., Roger, S., 2003. Deux ponts
antiques (?) a Tours. Rev. Arch. Cent. Fr. 42, 227—-234.

Pastre, J.F, Fontugne, M., Kuzucuoglu, C., Leroyer, C., Limondin-Lozouet, N.,
Talon, M., Tisnérat, N., 1997. L'évolution tardi et postglaciaire des lits fluviaux au
nord-est de Paris (France). Relations avec les données paléoenvironnementales
et I'impact anthropique sur les versants. GEomorphol. Relief Process. Environ. 4,
291-312.

Pastre, J.F,, Limondin-Lozouet, N., Leroyer, C., Ponel, P.,, Fontugne, M., 2003. River
system evolution and environmental changes during the Lateglacial in the Paris
Basin (France). Quat. Sci. Rev. 22, 2177—2188.

Piana, J., Carcaud, N., Cyprien-Chouin, A.L., Visset, L., Leroy, D., 2009. Dynamique
paysageére tardiglaciaire et holocéne dans la vallée du Loir a Pezou (Loir-et-Cher):
développements méthodologiques et premiers résultats. Norois 213, 73—88.

Rasplus, L., Alcaydé, G., Desprez, N., 1974. Carte géologique au 1/50000 et notice
explicative, feuille Tours (457). Editions du BRGM.

Reimer, PJ., Baillie, M.G.L,, Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk
Ramsey, C., Buck, C.E., Burr, G.S., Edwards, R.L, Friedrich, M., Grootes, P.M.,
Guilderson, T.P, Hajdas, 1., Heaton, TJ., Hogg, A.G., Hughen, K.A., Kaiser, K.F,
Kromer, B., McCormac, F.G., Manning, S.W. Reimer, RW., Richards, D.A.,
Southon, J.R., Talamo, S., Turney, C.S.M., van der Plicht, J., Weyhenmeyer, C.E.,
2009. IntCal09 and Marine09 radiocarbon age calibration curves, 0—50,000
years cal BP. Radiocarbon 51, 1111-1150.

Salvador, P.G., Verot-Bourely, A., Bravard, ].P,, Franc, O., Mace, S., 2002. Les crues du
Rhéne a I'époque gallo-romaine dans la région lyonnaise. In: Bravard, J.P,
Magny, M. (Eds.), Les fleuves ont une histoire, paléo-environnement des riviéres
et des lacs francais depuis 15000 ans. Errance, Paris, pp. 215—221.

Schuldenrein, J., Aiuvalasit, M., 2011. Urban geoarchaeology and sustainability: a
case study from Manhattan Island, New York City, USA. In: Brown, A.G.,
Basell, L.S., Butzer, KW. (Eds.), Geoarchaeology, Climate Change, and Sus-
tainability. The Geological Society of America, Special Paper 476, Boulder,
pp. 153—-172.


http://refhub.elsevier.com/S0305-4403(14)00110-1/sref15
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref15
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref15
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref15
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref15
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref15
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref16
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref16
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref16
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref17
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref17
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref17
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref17
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref17
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref17
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref18
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref18
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref18
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref19
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref19
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref19
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref19
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref20
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref20
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref20
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref20
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref21
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref21
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref21
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref22
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref22
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref22
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref23
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref23
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref24
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref24
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref24
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref24
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref24
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref25
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref25
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref25
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref25
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref26
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref26
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref26
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref26
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref26
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref27
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref27
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref28
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref28
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref28
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref28
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref28
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref29
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref29
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref29
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref29
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref29
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref29
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref29
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref30
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref30
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref30
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref30
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref30
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref31
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref31
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref32
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref32
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref32
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref33
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref33
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref33
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref33
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref33
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref34
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref35
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref35
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref35
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref36
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref36
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref36
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref36
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref37
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref37
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref37
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref37
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref37
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref37
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref38
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref38
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref38
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref38
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref39
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref39
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref39
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref39
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref39
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref40
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref40
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref40
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref41
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref41
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref41
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref42
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref42
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref42
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref42
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref42
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref42
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref42
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref43
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref43
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref43
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref44
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref44
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref44
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref45
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref45
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref45
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref45
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref45
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref46
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref46
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref46
http://tel.archives-ouvertes.fr/tel-00214256
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref48
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref48
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref48
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref49
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref49
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref49
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref49
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref50
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref50
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref50
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref50
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref50
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref50
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref51
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref51
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref51
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref52
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref52
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref52
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref52
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref53
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref53
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref53
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref53
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref53
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref54
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref54
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref54
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref54
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref54
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref55
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref55
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref56
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref56
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref56
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref58
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref58
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref58
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref58
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref58
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref58
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref59
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref59
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref59
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref60
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref60
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref60
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref61
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref61
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref61
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref61
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref61
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref61
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref62
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref62
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref62
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref62
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref63
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref63
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref63
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref63
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref64
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref64
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref65
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref66
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref66
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref66
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref66
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref66
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref67
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref67
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref67
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref67
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref67
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref67

E. Morin et al. / Journal of Archaeological Science 46 (2014) 255—269 269

Smith, R.S., Charman, DJ., 1988. The vegetation of upland mires within conifer
plantations in Northumberland, northern England. J. Appl. Ecol. 25, 579—594.

Starkel, L., 1999. 8500—8000 yrs BP Humid Phase—Global or regional, vol. 49,
pp. 105—133. Science Reports of Tohoku University.

Straffin, E.C,, Blum, M.D., 2002. Late and post-glacial fluvial dynamics of the Loire
river, Burgundy, France. In: Bravard, J.P., Magny, M. (Eds.), Histoire des riviéres
et des lacs de Lascaux a nos jours. Errance, Paris, pp. 85—99.

Stuiver, M., Reimer, PJ., 1993. Extended 14C database and revised CALIB radiocarbon
calibration program. Radiocarbon 35, 215—-230.

Taylor, K.C., Lamorey, G.W., Doyle, G.A., Alley, R.B., Grootes, P.M., Mayewski, P.A.,
White, JW.C., Barlow, LK., 1993. The 'flickering switch’ of late Pleistocene
climate change. Nature 361, 432—436.

Tebbens, L.A., Veldkamp, A., Westerhoff, W., Kroonenberg, S.B., 1999. Fluvial incision
and channel downcutting as a response to Late-glacial and Early Holocene
climate change: the lower reach of the River Meuse (Maas), The Netherlands.
J. Quat. Sci. 14, 59—75.

Uribelarreaa, D., Benito, G., 2008. Fluvial changes of the Guadalquivir river during
the Holocene in Cérdoba (Southern Spain). Geomorphology 100, 14—31.

van Huissteden, J., Gibbard, P.L., Briant, R.M., 2001. Periglacial fluvial systems in
northwest Europe during marine isotope stages 4 and 3. Quat. Int. 79, 75—88.

van Huissteden, J., van der Valk, L., Vandenberghe, J., 1986. Geomorphological
evolution of a lowland valley system during the Weichselian. Earth Surf. Pro-
cess. Land. 11, 207—-216.

Vandenberghe, ]., Kasse, C., Bohncke, S., Kozarski, S., 1994. Climate-related river
activity at the Weichselian-Holocene transition: a comparative study of the
Warta and Maas rivers. Terra Nova 6, 476—485.

Vermeulen, F, Corsi, C., De Dapper, M., 2012. Surveying the Townscape of roman
Ammaia in Portugal: an integrated geoarchaeological investigation of the forum
area. Geoarchaeology 27, 123—139.

Visset, L., 2011. Le paléoenvironnement au cours de 'Holocéne d’aprés les données
palynologiques. Atlas Archéol. Touraine. http://a2t.univ-tours.fr/notice.php?
id=163 (last accessed March 2013).

Vivent, D., 1998. Le site de Tours et son environnement: I'approche palynologique,
Recherches sur Tours, vol. 8. FERAC/ADEAUT, Tours, 15e supplément a la revue
Archéologique du Centre de la France.


http://refhub.elsevier.com/S0305-4403(14)00110-1/sref68
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref68
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref68
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref69
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref69
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref69
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref69
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref69
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref70
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref70
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref70
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref70
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref71
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref71
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref71
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref71
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref72
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref72
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref72
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref72
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref73
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref73
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref73
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref73
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref73
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref74
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref74
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref74
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref75
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref75
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref75
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref76
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref76
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref76
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref76
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref77
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref77
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref77
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref77
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref78
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref78
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref78
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref78
http://a2t.univ-tours.fr/notice.php?id=163
http://a2t.univ-tours.fr/notice.php?id=163
http://a2t.univ-tours.fr/notice.php?id=163
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref80
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref80
http://refhub.elsevier.com/S0305-4403(14)00110-1/sref80

	Morphological and sedimentary evolution of an alluvial floodplain in an urban area: geoarchaeological approaches and applic ...
	1 Introduction
	2 Study area
	2.1 Location and geological context
	2.2 Current knowledge about the alluvial plain of Tours

	3 Material and methods
	3.1 Development and processing of a sedimentary database
	3.2 Geostatistical analysis and creation of geomorphological models
	3.3 Chronology of alluvial deposits in the former urban space
	3.4 Stratigraphy of alluvial deposits in the former urban space

	4 Results
	4.1 Geostatistical models
	4.1.1 Limestone bedrock top surface model
	4.1.2 Alluvium top surface model
	4.1.3 Model of thickness of clayey–silty and clayey–peaty silty deposits
	4.1.4 Model of thickness of anthropogenic deposits

	4.2 Alluvium stratigraphy and geometry in the former urban space

	5 Discussion
	5.1 Weichselian period
	5.2 Holocene period before the first human settlement
	5.3 Holocene period after the first human settlement

	6 Conclusion
	Acknowledgements
	References


