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As in most chalk river valleys in NW Europe, the sedimentary fill of the Somme valley is mainly composed of
fluviogenic alkaline peat. The site ofMorcourt exhibits a thick andwell-preserved fluvial sequence (10 m, including
6 m of peat). This sequence provides the framework for reconstructing fluvial and palaeoenvironmental dynamics
from the endof theUpperWeichselianPleniglacial (~20 000 cal. aBP) to theHighMiddleAges (~700 cal. aBP). The
palaeoenvironmental reconstruction is based on a high-resolution stratigraphic study of 60 transect cores, 36
radiocarbon dates and sedimentological, geochemical, pollen and plant macrofossil analyses. There are three main
phases in thedevelopmentof thevalley floor: (i) after the incisionof theabandonedPleniglacialbraidedriverchannels,
a first generation of localized peat developed during the Bølling and the Allerød interstadial (<1 m thick); (ii) at the
beginning of the Holocene, a peat formation phase began in the deepest parts of the valley and then spread over the
valley floor by the end of the Middle Holocene (~4700 cal. a BP), with the limited runoff shifting to a small lateral
channel;and(iii) at the transitionto theLateHolocene, environmental changes,drivenbythe intensificationofhuman
activities and perhaps accentuated by climatic modifications, caused the incision of the peat system as a result of the
formation of a channel. This channel drained the valley, and then mixed a detrital load into the peat. By the Low
Middle Ages, the system had been altered to such an extent that the peat was completely covered by organic silty
alluvium. The water table was lower, which definitively inhibited peat formation. TheMorcourt sedimentary record
(thicknessandcontinuity)andtheresumptionof turfigenesisduringtheLateHoloceneare remarkable inNWEurope,
making this site a model of continuous morpho-fluvial evolution since the Lateglacial.
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Peatland andpeat preservation, alongside that of carbon
sinks (Yu et al. 2010) and freshwater reservoirs, is crucial
to prevent them from becoming a source of carbon
emissions in the near future (Joosten et al. 2016;
Gewin 2020; Loisel et al. 2021). Minerotrophic alluvial
peatlands preserved in floodplains are ecosystems that
are particularly exposed to global climatic changes and
local anthropogenic disturbances (Swindles et al. 2019).

Alkaline alluvial peatlands (fens) are widespread in
river valleys draining Cretaceous chalky basins in NW
European lowland contexts: northern France (Antoine
et al. 2000; Pastre et al. 2003; Lespez et al. 2008), SE
England (Preece & Bridgland 1999; Lewin et al. 2005;
Macklin et al. 2010), Belgium (Broothaerts et al. 2014)
and the Netherlands (de Moor et al. 2008; Van Geel
et al. 2020). Fens are also present around the Baltic Sea,
in Poland, i.e. where thick glacial deposits overlaid
Cretaceous bedrock (Lamentowicz et al. 2013; Dobro-

wolski et al. 2019). European lowland river systems
exhibit clear hydrological and geomorphological
responses to climatic and anthropogenic forcing factors
(Moletal. 2000;Notebaert&Verstraeten2010;Novenko
et al. 2021). For example, land clearing, erosion and
subsequent colluvial deposition (Rommens et al. 2006;
Broothaerts et al. 2013; Gałka et al. 2017; Storme
et al. 2022), and water table fluctuations (Pł�ociennik
et al. 2015), can lead to an overall decline of peatland
ecosystems (Swindles et al. 2019; Fluet-Chouinard
et al. 2023). In lowland river contexts, valley bottoms
are characterized by slow fluvial dynamics supporting
peat-formingplants (Vayssi�ereet al. 2019). In fact, peat is
a repository of a wide range of environmental informa-
tion at watercourse, catchment and regional scales.
Owing to its composition (50–90% organic matter), peat
is particularly rich in bioproxies (e.g. pollen, plant
macroremains, molluscs and ancient DNA), which are
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often well preserved owing to the anaerobic conditions
resulting from the water saturation of these soils
(Manneville 2006).

In NW Europe, peatland formation began locally
during the Weichselian Lateglacial (Antoine et al. 2012;
Turner et al. 2013; Deschodt 2014; Morris et al. 2018),
owing to rapid climatic improvement at the beginning of
the first phase of the Lateglacial interstadial (Bølling;
Masson-Delmotte et al. 2005), which was characterized
by significantlywetter andwarmer conditions compared
with the cold and arid conditions that prevailed during
the Upper Pleniglacial (Gao et al. 2007; Rasmussen
et al. 2014; Storme et al. 2022). To initiate peat
deposition, conditions must be favourable for the
accumulation of hydrophilic peat vegetation on a
waterlogged soil (Manneville 2006; Cubizolle 2019).
A second period of peat formation occurred during the
Early Holocene as a result of improved climatic
conditions (warmer and wetter; van Zeist & van der
Spoel-Walvius 1980; Shakun & Carlson 2010), raised
water tables and vegetation development. In the Middle
Holocene (Atlantic), the beginning of the intensification
of anthropogenic environmental changes (human
impact, the advent of agriculture; Leroyer & Alle-
net 2006; Lespez et al. 2015), sometimes caused the
degradation or halting of peat deposition (e.g. slope soil
erosion, loweringof thewater table, settlinganddryingof
the top peat) in some anthropizedvalleys ofNWEurope.
The thirdphaseofdevelopmentoccurredduring theLate
Holocene in connection with anthropogenic environ-
mental changes, with anthropogenic hydrologic modifi-
cations (Dendievel et al. 2020), e.g. dams and mills that
raised water table levels (Cubizolle et al. 2012; Beau-
champ et al. 2017).Althoughhumanactivities canhavea
positive effect on peat accumulation, in most cases
peatlands are more exposed and threatened by human
modification than other types of wetland owing to the
use of their substrate (peat) as a natural fuel (Swindles
et al. 2019).

Since the Neolithic period, many valleys have under-
gone several erosion stages associatedwith land clearing
and tillage, which have affected the hydrological func-
tioning of rivers (canalization, basin excavation, drain-
age), gradually altering these ecosystems and
interrupting fen development (Foulds & Macklin 2006;
Rommens et al. 2006; Lespez et al. 2008). Across
northern France, Belgium, England, the Netherlands,
Germany and Poland, many alluvial peatlands are now
covered and fossilized by thick silty colluvial–alluvial
deposits resulting from the erosion of the topsoil and the
underlying loess bedrock on slopes (Bourdier & Lau-
tridou1974;Pastreetal. 2002;Orth etal. 2004;Rommens
et al. 2006; Newell et al. 2015; W�ojcicki et al. 2020;
Storme et al. 2022).

Research on the alluvial peatlands of northern France
is limited. The catchment area of the Somme River is
representative of chalky river basins connected to the

English Channel covered with loess and luvisols. The
Somme River represents a favourable geological model
for peat growth, comparable with many sites around
Europe e.g. the Nethen and Dijle river basins, Belgium
(Rommens et al. 2006; Notebaert & Verstraeten 2010);
the Thames and Kennet river basins, England (Collins
et al. 2006; Newell et al. 2015); Mue river basin, France
(Lespez et al. 2008); the Vistula river basin, Poland
(Starkel 2007); and the Elbe catchment, Germany
(Turner et al. 2013).

The Somme valley, and its major tributaries, are
known to have an extensive alluvial peatland system
extending over 250 km (Antoine et al. 2003; Lebrun
etal. 2020;Franc�ois2021).The thicknessofpeatdeposits
can reach 11 m (Caous & Resende 1975). They were
partially exploited as fuel from the twelfth to the
twentieth centuries (Cloquier 2006). The upper Somme
valley has undergone less excavation than the middle
valley. Consequently, it potentially preserves thick
Lateglacial and Holocene sedimentary sequences
(Caous & Resende 1975; Antoine et al. 2012). In the
Selle valley (Sommeaffluent), the peat deposits and river
dynamics during the Lateglacial have been well defined
by Antoine et al. (2012). Therefore, the Holocene
dynamics of peat accumulation and its relationship with
the evolution of river Somme have yet to be described.
The exceptionally thick peat deposits in the main valley
of the Somme, together with their complex relationship
with the alluvial deposits, offer a remarkable opportu-
nity to reconstruct the natural and anthropogenic
dynamics of the Somme River and valley during the
Holocene. It could also shed new light on the vast legacy
of archaeological discoveries dating back to the origins
of thediscipline in themid-nineteenthcentury (Deschodt
& Harnay 1997; Brun et al. 2005; Ducrocq 2014;
Bayard 2015; Garcia et al. 2022).

In the current context of climate change, the vast
alluvial peat andpeatlands of theSommebasin represent
important stocks of carbon (C) and fresh water. In
addition to interpreting the environmental archives of
the past, issues concerning the current management
of the wetlandmust be informed by past experiences. At
the NW European scale, few studies focus on the main
watercourse of the catchment (Collins et al. 2006; Lespez
et al. 2008; Broothaerts et al. 2013, 2014; Turner
et al. 2013; Depreux et al. 2019), which can be too
anthropized for attempting Late Holocene palaeoenvir-
onmental reconstruction. These thick sequences of
Holocene peat from the Somme valley, owing to their
relatively good preservation, could serve as a reference
for the chalk fluvial systems flowing to theChannel in the
London-Paris basin.

The aim of this paper is to reconstruct the river
morphodynamic changes in the upper Somme
RivervalleybottominducedbyLateglacialandHolocene
climate variations and human activities. To characterize
the links between peat formation dynamics,
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anthropogenic impacts and climate forcing, two master
cores were taken from a high-resolution stratigraphic
transect in the upper Somme valley, for sampling
and analysis (sedimentological, geochemical and bio-
proxy analysis, radiocarbon dating). The value of
high-resolution stratigraphy lies in the precision of the
information it provides concerning the channel pattern
and morphology, as well as the extent of erosional or
depositional processes. The working hypotheses are (i)
that peat initiation and river dynamics were driven by
climate variations until the Middle Holocene, as in NW
Europe;however,thelocationofthisevidenceisunknown,
(ii) that human activities amplified the role of climate in
watercourse evolution from the Middle Holocene
onwards, with as of yet, unknown impacts on peatland
and peat genesis and (iii) that the thickness of preserved
peat depends on a favourable human-induced water
supply, limited peat cutting and the diffuse impacts of
slope soil erosionon the floodplain.

Study area

The Somme is a 250-km-long river with an even slope
that flows eastwards into the English Channel (the
elevationdifferencebetween the sourceand the estuary is
86 m). The valley is located in a syncline with a SE/NW
axis.Thebasindrains 5700 km2and is characterizedbya
very homogeneous geological substratum made up of
Upper Cretaceous chalk, including numerous beds of
flint nodules. The valley was incised step by step during
the successiveQuaternaryglacial–interglacial cyclesover
the last million years (Antoine 1994, 2019; Antoine
et al. 2000, 2007). In this system, valley bottom
sedimentation, including periglacial flint and chalk
gravels, calcareous sandy silts, gyttja and peat deposits,
is assigned to the Weichselian–Holocene climate cycle
(Antoine 1997a). The surrounding plateaus are covered
by 2- to 5-m thick loess and palaeosoil sequences,mainly
dating from theUpper Pleistocene (Antoine et al. 2021).
PaleogeneandNeogene sandsare locallypresentas small
relict mounds in the eastern part of the upper basin
(Bourdier & Lautridou 1974).

From the source (Fonsomme) to Corbie, the upper
valley section is characterized by a succession of large
meanders deeply incised into the chalk bedrock (40–
50 m from the bottom of Pleniglacial gravels to the
surrounding plateau surface). The outer side of these
meanders, exhibiting high subvertical chalk cliffs,
contrasts markedly with their inner part, with gently
increasing slopes covered by loess and colluvial deposits.

In the 1990s, researchwas carriedout on archaeological
sites locatedat the junctionof the lowterraceandthevalley
bottom floor, where Final Upper Palaeolithic and
Mesolithic settlements are well preserved in organic soils
covered by thick peat deposits (Fagnart et al. 1995).
Investigations on the valley bottom sequences of the
Somme basin, combining stratigraphy, palynology and

radiocarbon dating, provided the first morphodynamic,
palaeoenvironmental and chronostratigraphic overview
for the period encompassing theLateglacial to theMiddle
Holocene (~14 700 to 5550 cal. a BP). The Lateglacial
partof thesedimentaryrecord isespeciallywell recordedin
the Selle River valley, one of its main left-bank tributaries
(Antoine et al. 1995, 2012; Antoine 1997b). Two main
periods of peat formation have already been identified in
the Somme basin (Conty in the Selle river valley and
�Etouvie in the Somme River valley, Antoine 1997a;
Antoine et al. 2012): (i) Lateglacial (Bølling and Allerød),
Bølling peat starts between 12 370�70 and 11 890�70 a
BP and (ii) Holocene (Preboreal to Atlantic) from
9310�60 to 4850�60 a BP in Conty and from 9930�60
to 6040�60 a BP in �Etouvie. During the Holocene,
radiocarbon ages show that peat formation, preceded bya
period of channel incision at about 11 750 cal. a BP, was
continuous from the Early Holocene (beginning of the
Preboreal) to the end of the Middle Holocene (Atlantic;
Antoine et al. 1995; Antoine 1997a, b).

For this study,we focusedon theMorcourtmeanderas
it is currently one of the rare placeswhere it is possible to
follow a continuous transect throughout the whole
Somme valley without encountering anthropogenic
ponds, according to the Etat Major maps (1826–1833).
The Morcourt marshes have been used for several
centuries for livestockgrazing, fish farmingandhunting.
The valley bottom is well preserved compared with the
middle valley where peat excavation ponds are more
abundant (Fig. 1).

From the early nineteenth century onwards, the
Somme River was disconnected from its natural hydro-
logical network (Izembart & Le Boudec 2004). Accord-
ing to eighteenth-century maps, the river flowed in the
outer part of the meander and several secondary
channels crossed the thalweg. Finally, the construction
of themodern canal (1835) shifted the course of the river
to the internal side of the meander, with only a small
stream crossing the marsh.

No active alkaline fens have been identified in the
transect area (Conservatoire d’EspacesNaturels,Hauts-
de-France, pers. comm. 2021). The mean water level is a
few dozen centimetres below the ground surface, except
during rare winter floods.

Material and methods

Field methods

Field description and stratigraphy. – A series of 60 cores
were drilled along a 600-m transect perpendicular to the
valley axis (core spacing: 5–20 m) to characterize valley
floor sediments. The transect provides a solid and
high-resolution stratigraphic sample of each of the
sedimentary units.

Most of the cores were drilled using an Eijelkamp
manual coringkitwith semi-openaugers (100 9 2–6 cm

BOREAS Lateglacial and Holocene evolution of peatlands in the Somme valley (France) 3

 15023885, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bor.12676 by C

ochrane France, W
iley O

nline L
ibrary on [13/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



wide). A Sedidrill-150 hydraulic drill equipped with a
helicoidal drill bit (150 9 10 cm) was used to reach the
lower gravels and then the chalk bedrock down to 10-m
depth. Surface GPS coordinates were recorded for each
coring point using a GNSS centimetre system
(Trimble RTK).

A stratigraphic log was drawn up for each borehole,
describing the soil horizons (colour, texture, structure
and spatial relationships according to the World
ReferenceBase forSoilResources; IUSSWorkingGroup
WRB2022) and the sediment facies encountered (colour,
texture, moisture, macroremains). The digitized logs
were thencorrelatedonebyone toconstruct thecomplete
stratigraphic transect using computer-aided drawing.

Undisturbed sample collection. – To obtain undisturbed
reference sediment columns (master cores) from the
different parts of the valley, we used a large 140-cm
semi-openauger (8 cm)poweredby theSedidrill-150. To

collect sediment samples in the field from the semi-open
auger, aluminium U-channels (140 9 3.5 9 4.5 cm)
were pushed into the sediment, then cut and extracted
from the central part, numbered and wrapped in strong
plastic film.

Two main cores formed the master core of the peat
sequence (ST54-Pt and ST54-P), 1 m apart. PMC
ST54-Pt is intended for sedimentological analysis. This
core is 770-cm long and was divided into 2-cm-thick
slices. The second PMC, ST54-P, is 820-cm long and is
stored for bioproxy analysis and radiocarbon dating.

The core from palaeochannel ST57 is 902-cm long.
Owing totechnicalproblems, thecoresectionfrom578to
690 cm is missing.

Sedimentology and geochemistry

Sedimentological analyses. – The sedimentological ana-
lyses of the peat sequence focus on trackingmodifications

Fig. 1. Locationof theSommebasin and the studyarea.A.TheSommebasin inNWEurope.B.TheSommebasin: topography (DigitalElevation
Model) and hydrography. C. Geology of the study area and location of the studied site (Morcourt). Fz = Holocene alluvial deposits and peat;
Cl = Colluvium; LP = Loess; C5 = Santonian chalk with flint; C4 = Coniacian chalk with flints.
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in peat accumulations. Most of the sedimentological
analyses were carried out on the 192 samples
corresponding to two successive 2-cm-thick slices grouped
together (4-cm-thick samples) from the peat master core
(PMC, ST54-Pt). A volume of sediment was extracted
from the fresh subsampled slices (~1.8 cm3). Moisture
content and bulk density weremeasured byoven-drying a
constant volume of fresh sediment at a constant temper-
ature of 105 °C using standard soil analysis methods
(Chambers et al. 2010; Baize 2018).Moisture is calculated
from the difference in weight before and after drying, and
bulkdensity is thedryweightdividedby the initial volume.
The residue was then ground in an agate mortar and used
for further analyses requiring a dried sample.

The loss on ignition method (LOI, 550 and 950 °C;
Heiri et al. 2001; Mazurek et al. 2014) was used to
quantify the content of each fraction (organic matter,
calcium carbonate and silicates). In order to control
carbonate quantification by LOI, Bernard calcimetry
(standard NF P94-048) was performed on samples
representative of each sedimentary facies and a correc-
tion factor was applied. In the absence of identified
authigenic minerals, we assume that the non-organic
fraction of the samples corresponds to detrital-derived
material.

At least one samplewas selected per stratigraphic unit
(every 20 cm for thicker units) to measure mineral grain
size and distribution and to obtain information on the
origin of this fraction, depending on the results of
the volumetric weight and LOI. Each sample was
analysed twice using a laser particle size analyser
(Beckmann-Coulter LS13320XR, Universal Liquid
Module Plus, Adapt software). The first analysis
involved thewholemineral fraction after the destruction
of organic matter (OM) by hydrogen peroxide (H2O2

35%), and the second after the removal of the calcium
carbonate fraction (hydrochloric acid, HCl 30%). The
samples were stirred in a solution of sodium hexameta-
phosphate ((NaPO3)6 0.5%) and sonicated to separate
the last sediment aggregates.Grain size distribution data
were analysed and classified using Gradistat software
andagain scale (Blott&Pye2001). In the results, foreach
unit, an average was calculated per stratigraphic unit on
the median particle size values of the total and
decarbonated fractions (‘Mode 1c’ and ‘Mode 1nc’,
respectively).

Selected samples were examined by polarized light
microscopy to determine the origin of the carbonate
grains (primary or precipitated). The abundance of
coccolithnanofossilswasassessedonbulk samples.With
diameters ranging from 3 to 30 lm, they are the main
component of local Cretaceous chalk.

Histic horizons and organic matter characterization. – In
all histic soil horizons of the PMC (ST54), the rubbed
fibre method of Gobat & Aragno (2010) was applied on
fresh (wet) peat to quantify the fibre content (>200 lm)

and the amorphous OM (>50 lm) in order to
quantitatively determine the degree of peat deposit
preservation. In this paper, we assume that the fibres
have a fraction greater than 200 lm.

Carbon and nitrogen quantification were carried out
on dry ground decarbonized samples in order to
accurately measure the organic carbon stored in peat
deposits (Chambers et al. 2010). Sampleswere crushed in
anagatemortaranddecarbonatedwith1and3 molHCl.
Total organic carbon (TOC) and nitrogen (TON) were
measured by CHNS Flash 2000 Thermoscientific at the
Laboratoire de G�eographie Physique and the Labor-
atoiredesSciencesduClimat etde l’Environnement.The
TOC/N ratio can be used to estimate peat conservation
(Garcin et al. 2022).

Palaeobotany bioproxies

In this article, a fewpalaeobotanical bioproxy results are
considered, in order to explain the erosion process on a
landscape scale and the type of peat. TheAP/NAP ratio,
derived from pollen analyses, is mobilized to identify
causal linkswith silt deposits resulting from soil erosion.
A limited set of plant macroremains and macrofossils is
used to describe the main contributors to the peat and
to characterize the peaty layers associated with
quasi-permanent flooding conditions.

Palynology. – Palynological analysis of the PMC (ST54-
P) was carried out on 58 samples taken from Holocene
peat deposits (5- to 2-cm intervals). The method of
Reille (1990) was used to identify pollen. As the detailed
results of the palynological study are the subject of a
forthcoming publication, we only use two simplified
pollen ratios in this paper: the ratio between the sum of
pollen from trees and shrubs (AP) and that from
herbaceous plants (NAP), to illustrate the opening of
the nearby landscape (Favre et al. 2008; Li et al. 2010),
and the sameratiowithoutCyperaceae in theNAPgroup
to remove the influence of the dominant fenvegetation at
a more regional scale.

Macrofossils. – Macrofossil preparation and analysis
followed standard procedures (Grosse-Brauckmann
1986). From PMC ST54-P, 35 macrofossil samples
(~29.5 cm3) were used (similar to the 5-cm-spaced
palynology samples). Macrofossils (seeds, fruits, roots
and molluscs) were examined using the identification
references of Michaelis (2002) and Michaelis et al.
(2020).

Radiocarbon dating

A total of 39 radiocarbon dates were obtained, mainly
from samples taken from the peat accumulation refer-
ence cores (15 dates on PMC ST54-P) and the
palaeochannel (nine ages including five from the
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mid-Holocene channel master core, CMC ST57).
Samples were taken close to stratigraphic boundaries in
order to construct a chronology of the dynamic changes
observed along the section. The radiocarbon dating
laboratory in Pozna�n (Poland) mainly analysed bulk
peat, leaf macroremains, wood remains and charcoals,
usingacceleratormass spectrometryafterdecarbonation
pre-treatment.Twoadditionaldateswereanalysedbythe
BetaAnalytics laboratory (California,USA) torefine the
chronology of the master peat core.

Calibrations were calculated using OxCal version 4.4
(Bronk Ramsey 2009) and IntCal20 (Reimer et al. 2020)
with a confidence interval of 95.4%. The age–depth
modelswere calculated using the<rbacon>packagewith
a 1-cm step (Blaauw&Christen 2011;Blaauw et al. 2022;
package <rbacon>, v.4 2022). In this paper (text and
figures) the calibratedages are expressed in cal. aBPwith
2r.

Difficulties in dating peat are reported in the literature
in relation to the dated sample fraction, including
possible contamination from carbonates, roots, humic
acids, fluctuations in the water table or OM from slope
soil erosion (T€ornqvist et al. 1992; Shore et al. 1995;
V€aliranta et al. 2014).Furthermore, a differencebetween
bulkdatingandplantmacrofossil dating canbeobserved
in these studies, but is not significant at the scale of our
study. High root ratios can lead to younger ages.
Depending on peat conservation, most of the dating
was carried out on bulk sediment samples, so the results
can be less precise but are consistent with northern
France and NW Europe ages. To prevent these risks,
samples were carefully prepared, the largest roots were
removed, and an acid–alkali–acid treatment was auto-
matically applied to extract calcium carbonates and
humic acids (T€ornqvist et al. 1992; V€aliranta et al. 2014;
Holmquist et al. 2016). Consequently, for bulk samples,
the chronological periods defined in this article are
indicative of minimum ages.

Results

The results from the Morcourt site are presented with a
detailed description of each stratigraphic unit from both
reference cores with their age models (Fig. 2), including
analytical data of PMC (Figs 3, 4), followed by a
chronostratigraphic description of the entire transect
(Fig. 5).

Sedimentological, geochemical and palaeoenvironmental
characterizationof sedimentaryunits fromthepeatmaster
cores (ST54) and the channel master core (ST57)

Descriptions are based on sedimentological and geo-
chemical data (water content, OM concentration,
carbonate and silicate fraction characterization; Fig. 3),
radiocarbonages(Table1),pollen(ratioAP/NAP;Fig.4)
and plant macrofossil identifications (Table 2).

The twomain cores described in this chapter, ST54 for
the PMC and ST57 for the CMC sequence (Fig. 2), are
well dated (15and five ages respectively, seeTable 1).Two
stratigraphic models are constructed and the descrip-
tions are sectioned and related to the local chronostrati-
graphic zones. Although there are some hiatuses in both
cores, sediment accumulation occurs throughout almost
the entire Lateglacial and Holocene.

Two radiocarbon ages were excluded from the age–
depth model of the peat sequence (ST54-P; Fig. 2)
because they are tooyoung comparedwith the surround-
ing ages. The model shows three sedimentation hiatuses.
The Pleniglacial/Lateglacial transition (~4800-year gap,
795-cm deep) and the Younger Dryas (~1700-year gap,
640-cm deep) represent major erosional events in the
Lateglacial section.The thirdgapoccursat thebeginning
of the Subboreal and ends at the beginning of the
Subatlantic (Late Holocene, ~2200-year gap, 324-cm
deep). The age–depth model provides accumulation
rates, showing a relatively constant accumulation of peat
layers (~0.3 mm a�1), with the exception of the Late
Holocene period, during which peat accumulation is
faster (1 mm a�1).

ST54Weichselian Pleniglacial and Lateglacial deposits
(~20 000 to 11 700 cal. a BP)

Pleniglacial andLateglacial deposits extendover 130 cm
from the bottom and vary in composition and texture.

UnitP15 (802–770 cm, 20 100 to15 200 cal. aBP) is a
carbonated blue-grey fine silt with chalk granules. Rare
plant macroremains are present, two of which are dated
from 20 565 to 20 060 and from 20 417 to 19 919 cal. a
BP (Table 1). P15 is only present on ST54-P.

Unit P14 (770–756 cm, 15 200 to 14 400 cal. a BP) is
characterizedbya slightlyorganic, carbonatedbeige fine
sandy silt (Fig. 5: Slo). Themineral fraction is dominated
by calcium carbonates (74.4%), then silicates and OM
(on average 19.4 and 6.2% respectively for dry samples;
Fig. 3). ContactwithP13 is progressive, characterized by
gradual organic enrichment.

Unit P13 (756–696 cm; 14 400 to 13 200 cal. a BP)
contains more OM than P14. It is subdivided into three
subunits.

SubunitP13c (756–738 cm,Fig. 5: cP) is characterized
by a fine interstratification of more or less organic
carbonated silts. This subunit is composed of 33.4%
calcium carbonates and 50.9% silicates on average. This
fraction is poorly sorted and dominated by coarse silt
and fine sand (mode 1c, 47.9 lm; mode 1nc, 43.7 lm;
Fig. 3).

Subunit P13b is a compact fine silty carbonated peat
with mollusc shells and plant macroremains (cP). The
mean OM content is about 21.2% and the main mineral
fraction is represented by 27.7% calcium carbonates and
51.1% silicates. The mineral fraction is poorly sorted,
bimodal and mainly composed of coarse silts and very

6 Chloe Garcia et al. BOREAS

 15023885, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bor.12676 by C

ochrane France, W
iley O

nline L
ibrary on [13/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



fine sands (mode 1c, 20.7; 48 lm; mode 1nc, 48;
52.7 lm).

Subunit (SU)P13a is a compact peat including a single
bedof chalky sand (3-mmthick).The texture is similar to
that of SU 13b. Silicates make up 27.3–63% and calcium
carbonates 2.1–42.4% of peat composition. The propor-
tionofOMreaches70.7%at themaximum(708 cm), and
varies from 17.8 to 36.8%. The upper part is better
preserved than the lower part and some plant macro-

remains are still present. The top of the unit is truncated.
According to its characteristics, it corresponds to a
Fluvic Calcaric Histosol.

UnitP12 (696–686 cm, 13 200 to13 000 cal. aBP) is a
beige, slightly organic silt with calcareous fine sand (Slo,
mode 1c, 48 lm;mode 1nc, 5.1 lm). The appearance of
this unit is similar to that of unit P14, with a detrital
fraction dominated by silicates (45.3%). The CaCO3

fraction decreases (37.8%), but coccoliths are still very

Fig. 2. Age–depth model of the bioproxy PMC ST54-P and CMC ST57. PMC = peat master core; CMC = channel master core. Stratigraphic
units ST54-P: P1 = modern soil; P2 = hydromorphic organic silt; P3 = peat; P4b = light-yellow carbonated silts with molluscs; P5 = peat;
P6a = carbonated silty peat; P7 = peat; P8b = light-yellow carbonated siltswithmolluscs; P9 = peat; P10 = dark-brown organic clayey silt with
flint; P11 = carbonated blue-grey silts with plant remains; P12 = light-brown carbonated silts; P13a = compact peat with calcareous beds;
P13b = compact silty peat; P13c = interbedded peat and carbonated silt; P14 = light-brown carbonated silts; P15 = carbonated blue-grey silts
with calcareous granules and plant remains. Stratigraphic units ST57: C1 = modern soil; C2 = silty peat; C3 = hydromorphic clayey silts with
molluscs; C4 = bronze muddy silts; C5 = interbedded muddy silts with molluscs, with grey clay and peat fragments; C6 = stratified muddy silts
withmolluscs;C7 = stratifiedmuddy siltswithmolluscs;C8 = accumulationofmollusc shellswith siltybeds and erodedpeat;C9 = mollusc shells
and calcareous tufawith oncolites; C10 = compact dark-brown peat; C11 = gyttja; C12 = chalk and flint gravels in a calcareous mud matrix.

BOREAS Lateglacial and Holocene evolution of peatlands in the Somme valley (France) 7
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abundant. A few chalk and flint gravels (0.2–1 cm in
diameter) are present in fine beds near the bottom of the
deposits. The bulk density is higher than in the previous
SU (0.36 g cm�3; Fig. 3).

UnitP11 (686–636 cm, 13 000 to11 990 cal. aBP) is a
blue-grey (hydromorphic: reduced iron) carbonated silt
with some scattered gravel beds (Fig. 5: Sb). The gravel is
small (max 1 cm in diameter) with a mix of rolled and
angular chalk and flint. The mineral fraction is poorly
sorted, heterogeneous and dominated by coarse silt
(mode 1c, from 48 to 6.8 lm; mode 1nc, from 43.7 to
17.2 lm).Theunit ismainlymadeupof silicates (53.7%),
followed by calcium carbonates (41.6%) with very
abundant coccoliths. It is the deep horizon of a
Fluvic-Reductive Calcaric Gleysol.

ST54: Early and Middle Holocene. – The Early and
Middle Holocene periods (11 750 to 4200 cal. a BP;
Kalis et al. 2003) are associated with the Preboreal,
Boreal and Atlantic chronozones. At the transition
between P11 and P10, OM and plant content gradually
increase. A few bioturbations are visible at the interface
of the twoSUs.This layer is associatedwith athickFibric
to Hemic Histosol. From this period onwards, AP and

NAP ratios (Fig. 4) and macrofossil (Table 2) identifica-
tions complete the stratigraphic and sedimentological
information.

Unit P10 (636–600 cm; 10 250 to 9250 cal. a BP) is a
brown clayey silt, with fine flint gravels andmacrofossils.
The sediment looks similar but is finer than P11 and is
characterized by an enrichment of OM (7.1–24.8%). In
the lower part, CaCO3 is predominant (55.7% compared
with 37.3% of silicates), and an inversion appears at the
top(silicates65.6%andCaCO39.6%).Coccolithsare less
abundant.Silt is themainparticle (mediumtocoarse).At
the top, a change in granulometry composition is visible,
although the texture is still a mixture of silt and clay
(Fig. 3), with dominant coarse silts (mode 1c, 57.8 lm;
mode 1nc, 43.72 lm). A fishbone is present. The AP
dominates in the AP/NAP ratios (Fig. 4). The unit is
associated with a Fluvic-Reductive Calcaric Gleysol.

Unit P9 (600–288 cm, 9250 to 5250 cal. a BP)
corresponds to a large accumulation of brown to reddish
peat (322 cm) with a considerable quantity of plant
remains. Organic matter is the dominant fraction with
89.6%of the drymass (48.2%TOCand 2.4%TON). The
average C/N ratio is 20.3 and varies from 11.5 to 28.2. In
themineral fraction, calcium carbonates represent 0.01–

Fig. 3. PMCST54-Pt:variation insedimentologicalandgeochemicalparameters.PMC = peatmastercore.StratigraphicunitsST54-Pt: seeFig.2
except for P8a and P4a = carbonated silty peat; P6b = carbonated silts with molluscs. Pedology = GL fv.hu = Fluvic Humic Gleysol; GL
mo.hi = Mollic Endo-Histic Gleysol; HS fi.ca = Fibric Calcaric Histosol; HS hm.fv = Hemic Fluvic Hsitosol; FL li.ca = Limnic Calcaric
Fluvisol;HShm.fv = HemicFluvicHistosol;HSfi = FibricHistosol;GLfv.rd.ca = FluvicReducticCalcaricGleysol;HSfv.ca = FluvicCalcaric
Histosol.

8 Chloe Garcia et al. BOREAS
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3.2%ofdrymatter and silicates 8.4%onaverage.Most of
the mineral fraction is made up of very fine calcium
carbonate silts and fine silicate silts. Owing to the low

inorganic fraction, grain size results are not very
conclusive (Fig. S1). The average water content is
89.6% and average dry bulk density is 0.04 g cm�3. The

Fig. 4. PMCST54-P: pollen analysis ratios. PMC = peatmaster core. Stratigraphic units ST54-P: see Fig. 2 for description. Palynological report
available in Garcia et al. (2024). Chronostratigraphy fromWalker et al. (2019), Litt et al. (2001, 2009).

BOREAS Lateglacial and Holocene evolution of peatlands in the Somme valley (France) 9
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whole sequence can be described as a Fibric Histosol
(fibre >200 lm over 30%). While the OM content is
constant across the SU, the fibre content is lower at three
depths: 544, 384 and 324 cm. These changes also cause
variations in the C/N ratio, which decreases at each of
these depths with greater degradation of initial plant
OM. Some Chara contraria oospores were identified in
the peat, mainly composed of Carex reeds (Table 2). At
the top, some aquatic mollusc shells are also present.

ST54: Late Holocene record. – The Late Holocene
record is characterized by changes in sedimentological
architecture: alternating peaty episodes and detrital
events. A similar pattern occurs three times: (i) peat
growth; (ii) then an enrichment in the detrital sediment
load; and (iii) then peat accumulation continues with a
significant detrital fraction. The detrital fraction is
illustrated by the significant presence of siliceous
sediment, as well as by the carbonate fraction rich in
coccoliths (Fig. 3). The top of the Holocene sequence is

covered by a layer of hydromorphic organic silts.
According to the World Reference Base for soil
classification, the first metre of soil can be described as
Mollic Andohistic Gleysol.

Unit P8 (288–270 cm, 3300 to 2300 cal. a BP) can be
divided into two subunits that are not present in both
PMC (ST54-P and ST54-Pt).

In P8a, OM is still the main fraction (66.8%). The
silicate and calcium carbonate contents clearly increase
(19 and 14.3%) and this subunit is particularly rich in
coccoliths.Themineral fraction is dominatedby fine and
medium silt (mode 1c, 15.7–5.6 lm; mode 1nc, 22.8–
43.7 lm); the finest particles are dominated by calcium
carbonate. The bulk density is higher (0.07 g cm�3).
With less well-preserved fibres >200 lm (7%), the unit is
defined as a Fluvic Hemic Histosol. The peat is mainly
composed of Phragmites and Typha, and aquatic
molluscs and C. contraria oospores are also present.
TheNAPoutnumberAPfor the first time in the sequence
(Fig. 4: Mor3).

Fig. 5. Stratigraphic transect of the Somme valley at Morcourt. Vertical magnification 910. Stratigraphy: C = Upper Cretaceous Chalk;
Gr = Chalk and flint gravels; LP = loess (plateau silts); Cl = Slope deposits (altered chalk and loess); Sbc = Blue-grey silts with chalk granules;
Sg = grey silts with chalk granules; Slo = beige organic fine silts; cP = compact peat; Sb = blue-grey calcareous silts; So = dark-brown organic
clayey silt; P = peat; sP = silty peat; Sol = Muddy organic silts (river deposits); Sco = carbonated silts with molluscs shells; Lh = hydromorphic
silty-organic present-day soil. See Fig. 1C for the transect location.

10 Chloe Garcia et al. BOREAS
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Unit P7 (270–254 cm, 2300 to 2070 cal. a BP) is a thin
layerofbrownpeat, rich inplant remains (7%of the fibres
>200 lm), described as a Hemic Histosol. The decrease
in detrital material is progressive (CaCO3, 7.3% and
silicates, 13.1%) and the OM reaches 79.6%. Compared
with P8, coccoliths are less abundant. The dominant
particles of the unit are poorly sorted: fine silt and coarse
silt (mode 1c, 4.7 lm; mode 1nc, 25 lm). An important
increase in the AP ratio is observed in the pollen curves.

Unit P6 (254–222 cm, 2070 to 1820 cal. a BP) is
divided into two subunits – P6b (254–250 cm) and P6a
(250–222 cm) – and corresponds to the three-stepmodel
of peat enrichment in detrital components described in
the introductory section.

Subunit P6b (254–250 cm, 2070 to 2040 cal. a BP) is
made of a pale yellow calcareous organic silt with plant
macroremains (Fig. 5: Sco) and aquatic molluscs. The
mineral fraction is dominated by poorly sorted, very fine

sandy coarse silt (mode 1c, 20.73 lm; mode 1nc,
7.43 lm). Calcium carbonates are abundant (65.1%),
as are coccoliths, and silicates represent 8%. Organic
matter accounts for 26.9% and fibres for 7.6% of the dry
sample. The water content of the fresh sample is 83.5%
(Fig.3).TheP6bbottomshowsarapid loadingofdetrital
components and a progressive loss towards the top. This
deposit is associated with a palaeo Limnic-Alkaline-
Fluvisol.

Among themacrofossils, themain plants found in this
unit arePhragmites andC. rostrata, and themolluscs are
mainly aquatic (Table 2). The AP/NAP curves (with and
without Cyperaceae) indicate the beginning of an AP
recovery (Fig. 4).

Subunit P6a (250–222 cm, 2040 to 1820 cal. a BP) is a
brown-grey silty peat with somemollusc shells and plant
remains (Fig. 5: sP), similar to P8a. In comparison with
P6b, there is an increase in thequantityofOM(54.5–76%

Table 1. Radiocarbon ages and calibration. OxCal intcal20 – OxCal v4.4.4 (Bronk Ramsey 2009); r:5 = Atmospheric data from Reimer
et al. (2020). Sample names correspond toMT = peat master core; MP = SE Holocene palaeochannel; MS = topsoil; MO = others.

Sample Core Laboratory
code

Material Core depth
(cm)

Conventional
14C a BP

From
(cal. a BP)

To
(cal. a BP)

Percentage
confidence 2r

MT1 ST54 Poz-146485 Bulk peat 42–44 780�30 731 671 95.4
MT2 ST54 Poz-155370 Bulk peat 145 1620�30 1545 1407 95.4
MT3 ST54 Poz-146771 Bulk peat 162–164 1860�30 1864 1707 95.4
MT4 ST54 Poz-155443 Bulk peat 225 1725�30 1702 1542 95.4
MT5 ST54 Poz-146483 Bulk peat 257–259 1820�30 1820 1624 95.4
MT6 ST54 Poz-146563 Bulk peat 318–320 2825�35 3059 2849 95.4
MT7 ST54 Beta-662076 Bulk peat 335 4770�30 5587 5335 95.4
MT8 ST54 Beta-662077 Bulk peat 365 5270�30 6182 5936 95.4
MT9 ST54 Poz-155371 Bulk peat 385 5725�35 6630 6408 95.4
MT10 ST54 Poz-146773 Bulk peat 453–455 7000�40 7934 7723 95.4
MT11 ST54 Poz-155695 Bulk peat 506 6980�40 7928 7699 95.4
MT12 ST54 Poz-146774 Bulk peat 607–609 8330�50 10 156 9690 95.4
MT13 ST54 Poz-146920 Bulk organic silts 627–629 9050�50 10 369 9964 95.4
MT14 ST54 Poz-146564 Bulk peat 752 11 770�60 13 766 13 500 95.4
MT15 ST54 Poz-146565 Bulk peat 778 12 440�70 14 976 14 237 95.4
MT16 ST54 Poz-147022 Plant remains 802 16 830�100 20 565 20 060 95.4
MT17 ST54 Poz-156239 Plant remains 805 16 690�90 20 417 19 919 95.4
MP1 ST57 Poz-146775 Bulk organic silts 90 114.26�0.34 pMC 258 32 95.4
MP2 ST57 Poz-146777 Bulk organic silts 270 1560�30 1525 1373 95.4
MP3 ST57 Poz-146566 Bulk organic silts 500 2160�30 2305 2006 95.4
MP4 ST57 Poz-146778 Bulk organic silts 728 3135�35 3448 3248 95.4
MP5 ST57 Poz-146776 Bulk silty peat 820 10 940�60 13 058 12 750 95.4
MP6 ST49 Poz-141413 Plant remains 190 1760�30 1717 1569 95.4
MP7 ST50 Poz-140520 Charcoal 683 4460�40 5294 4886 95.4
MP8 ST26 Poz-141414 Plant remains 380 2230�30 2336 2149 95.4
MP9 ST26 Poz-141416 Wood 720 6850�60 7829 7579 95.4
MS1 ST41 Poz-146492 Bulk peat 50 1030�30 1051 804 95.4
MS2 ST23 Poz-146493 Bulk organic silts 45 790�30 736 670 95.4
MS3 ST20 Poz-141417 Bulk peat 40 950�30 923 788 95.4
MO1 ST44 Poz-140522 Charcoal 403 6930�50 7920 7671 95.4
MO2 ST45 Poz-141366 Bulk peat 120 1085�30 1059 930 95.4
MO3 ST1 Poz-141367 Bulk peat 380 5830�40 6741 6501 95.4
MO4 ST45 Poz-141410 Bulk peat 565 3345�30 3685 3482 95.4
MO5 ST45 Poz-141411 Bulk peat 680 9280�40 10 578 10 295 95.4
MO6 ST45 Poz-141412 Bulk peat 710 10 440�50 12 615 12 059 95.4
MO7 ST45 Poz-140518 Wood 780 10 010�40 11 706 11 279 95.4
MO8 ST17 Poz-140521 Wood 760 11 840�70 13 989 13 505 95.4
MO9 ST59 Poz-155234 Plant remains 120 1430�30 1366 1293 95.4
MO10 ST59 Poz-155696 Bulk peat 170 3105�35 3394 3217 95.4

BOREAS Lateglacial and Holocene evolution of peatlands in the Somme valley (France) 11
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in the upper part). The detrital component decreases
upwards for calcium carbonates (17.4–4.3%), as well as
for silicates (28.1–19.6%). Coarse silt is dominant in the
global grain size distribution (mode 1c, 13 lm), and fine
(carbonated) sand is alsowell represented. The decarbo-
nated fraction is bimodal, dominated by medium (mode
1c, 9.8 lm) and coarse silts.

P6a corresponds to a Subatlantic Fluvic-Humic
Histosol (15.8% of fibres >200 lm). The peat contains
similar macrofossils to the previous subunit (Table 2:
PFM-E), while a change in pollinic ratio occurs (Fig. 4:
Mor 4). The AP content is low, fluctuating below 20% of
AP for the regular AP/NAP ratio and below 40% for the
AP/NAP ratio without Cyperaceae.

Unit P5 (222–154 cm, 1820 to 1480 cal. a BP) is made
up of a brown peat with well-preserved plant remains
characterized by a high accumulation rate (Fig. 2:
1 mm a�1). The average water content is 88.5% and the
dry mass consists of 84.8% OM (46.1% TOC).
The detrital fraction decreases to 5.6% for calcium
carbonates and 9.6% for silicates. The main grain size is
medium silt for the global sample (mode 1c, 11.9, 15.7,
9.8 lm), and the decarbonated granulometry is not very
conclusive (low detrital fraction, Fig. 3). The base of the
peat unit is hemic (fibres, 18.6%) and fibric (fibres,
30.9%). In this Hemic to Fibric Histosol, the remaining
peat vegetation is dominated by small sedges and Carex
limosa (Table 2), showing continuing very wet condi-
tions. The pollen record (Fig. 4, Mor4) indicates a high
NAPratioat thebottomof theunit, butan increase inAP
at the top.

Subunit P4b (154–144 cm, 1480 to 1430 cal. a BP) is a
light-yellow calcareous organic silt with plant macro-
remains and mollusc shells, as in P6b. The dry
composition is similar with 64.8% calcium carbonates,
11.6% silicates and 23.5% OM. The detrital fraction is
characterized by poorly sorted grains and predominant
medium silt particles (mode 1c, 10.8 lm), and the main
decarbonated fraction is mainly medium to coarse silt

(mode 1nc, 17.2 lm). As in layer 6b, bulk density is
higher (0.1 g cm�3) and the water content is lower
(72.9%) than in the surrounding peat (Fig. 3). Fibres
larger than 200 lm are not very abundant (3.8%) and
showsome remainsofSchoenoplectus (Cyperaceae).The
pollen isdominatedbyNAPanda significantproportion
of Cyperaceae (Fig. 4: Mor 5). P4b is a Limnic-Alkaline
Fluvisol.

Subunit P4a (144–118 cm; 1430 to 1240 cal. a BP) is a
silty peat with some mollusc shells, similar to P6a. The
transition from the previous subunit is progressive and
characterized by a decrease in calcium carbonates
(30.7%) and an enrichment in silicates (17.2%). The
detrital fraction is dominated bymedium and coarse silt
(mode 1c, 17.2 lm;mode 1nc, 14.3 lm).Organicmatter
becomes the main component (52.1%) and the quantity
of fibres increases from 8.8 to 13%. Some 84.9% of the
fresh sample is composed ofwater and thebulk density is
0.05 g cm�3 (Fig. 3). Peat vegetation is similar to the
previous subunit with the emergence of Schoenoplectus
reeds (Table 2: PFM-G1). This unit marks the beginning
of a sustained decrease in AP (Fig. 4: Mor5). P4a is
classified as a Fluvic Hemic Histosol.

Unit P3 (118–48-cm, 1240 to 730 cal. a BP) is abrown
peat with well-preserved plant macro-remains (85.6%
OMand 28% fibres over 200 lm). The high values of the
C/N ratio (22.7 at 92 cm) indicate that the peat at
the bottom is more decomposed than the peat at the top
(15.8 at 56 cm). This peat layer comprises a higher
proportion of detrital material (16.2–21.8%) than the
previous ones and contains an average of 2.6% calcium
carbonates and 11.8% silicates (mode 1c, from 10.8 to
17.2 lm; mode 1nc, from 2.7 to 20.7 lm). Water
represents 86.6%of the fresh sample and thebulkdensity
is 0.04 g cm�3 on average. The main plant macrofossils
are Cladium reeds and aquatic molluscs are no longer
present (Table 2). The AP/NAP ratio is relatively
constant (Fig. 4). This unit corresponds to a Hemi-
Calcareous Histosol.

Table 2. PMC ST54-P: main macrofossil environmental indications. SU = stratigraphic unit.

SU Name Zones Depth Vegetation Indicator

P3 P PFM-H2 46 Brown moss-sedge reedwith
Juncus and Thelypteris

Chara contraria oospores, Calliergon giganteum

P3 P PFM-H1 104–67 Cladium reed No Chara, no molluscs
P4a
P3

P PFM-G2 145–127 Schoenoplectus–Cladium reed Chara contraria oospores, molluscs (Pisidium sp., Bithynia
tentaculata)

P4b Sco PFM-G1 175–167 Schoenoplectus reed Molluscs (Pisidium sp., Bithynia tentaculata)
P5 P PFM-F 258–185 Small sedge reed Carex limosa radicels, no Chara, molluscs (Bithynia tentaculata,

Planorbis planorbis,Valvata cristata, Pisidium sp.)
P6a
P7
P8b

Sp P
Sco

PFM-E 308–269 Phragmites–Typha reed Chara contraria oospores, molluscs (Bithynia tentaculata,
Planorbis, planorbis, Valvata cristata-P6a, Pisidium sp.)

P9 P PFM-D 367–328 Phragmites reed No Chara, no molluscs
P9 P PFM-C 407–388 Phragmites reed Chara contraria oospores
P9 P PFM-B 568–426 Phragmites reed No Chara, no molluscs, rarely Lemna
P9 P PFM-A2 608–548 Phragmites–Carex reed Cladocera ephippium
P10 So PFM-A1 627 Unclear Molluscs (Bithynia tentaculata, Vertigo pygmaea), fish remains

12 Chloe Garcia et al. BOREAS
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Unit P2 (48–10 cm, 730 to 230 cal. a BP) is charac-
terized by a grey organic clayey silt with oxidation and
reduction features (Fig. 3). The dominant fraction is
silicates (48.1% on average), followed by OM (39.5%)
andcalciumcarbonates (12.4%).The total decarbonated
detrital fraction is poorly sorted and mainly made up of
medium silt and clay (mode 1c, 8.5 lm; mode 1nc, 6.5–
13.6 lm). The water content gradually decreases (~80–
55%), while bulk density rises (0.06–1.17 g cm�3). This
unit is a gleyic sublayer of a Fluvic Gleysol.

Unit P1 (10–0 cm, 230 to 0 cal. a BP) corresponds to
the topsoil A horizon of the Gleysol. The brown, highly
organic silt with a granular structure contains mollusc
shells and roots (Fig. 3). The detrital fraction is
characterized by poorly sorted silt (67.3%), mainly
medium-sized (mode 1c, 18.9 lm) and clay (26.3%).
The decarbonated fraction is even less well sorted, with
much less clay (3.4%) and mostly medium to coarse silt
(26.6%; mode 1nc, 15.7 lm).

ST57: Characterization of sedimentary units from the
Channel sequence. – CMC ST57 is located in the middle
of adeeppalaeochannel adjacent to the chalk cliff,with a
section of the sediment record missing from 690 to
578 cm (Fig. 2). ST57 exhibits a main hiatus at 818 cm
depth (an~8400-yeargap,Fig. 2), from theAllerød to the
beginning of the Subboreal.

Unit C12 (902–870 cm, before 13 300 cal. a BP) is the
basal SU consisting of angular and rolled flint and chalk
gravels in a calcareous mud matrix.

Unit C11 (870–836 cm, 13 300–12 900 cal. a BP) is a
light-brown carbonated gyttja that gradually becomes
loadedwith OM towards the top. There is a bed of shells
at a depth of 865 cm and awood remnant at 860 cm.

UnitC10 (836–818 cm,12 900 to12 800 cal. aBP) isa
carbonated dark-brown and compact peat (OM: 66%)
with a truncated upper part (Fig. 2). The organic load is
characteristic of peat compositionand the topof thepeat
is related to the Allerød interstadial (13 058 to
12 750 cal. a BP). Detrital particles are predominantly
fine with 17% clay and 22% fine silt and very coarse silts
arepredominant indecarbonatedparticles (29.1%;mode
1c, 5.1 lm; mode 1nc, 39.8 lm).

Unit C9 (818–802 cm, 4400 to 4200 cal. a BP) is
composed of an accumulation of aquatic mollusc shells
and some reworked fragments of calcareous tufa and
small rolled oncolites. Fish bones are present. There is a
significant chronological gap with the previous unit (an
~8400-year gap, Table 1, Fig. 2).

Unit C8 (790–771 cm, 4200 to 4100 cal. a BP) is also
characterized by a significant quantity of mollusc shells,
with a higher proportion of silt and OM. Some eroded
and reworked peat fragments and some thin beds of fine
silt are present.

Unit C7 (771–690 cm, 4100 to 3900 cal. a BP) is a
stratifieddepositoforganicbrownsilt (8%ofOM)froma
quiet river bed with a layer of mollusc shells (2–3-cm

thick). At a depth of 700 cm, silt makes up 84% of the
mineral fraction, most of which is classified as medium,
and the fractions are poorly sorted (mode 1c, 14.3 lm).
The decarbonated fraction is also poorly sorted but
unimodal and characterized by coarse silt (80% silt;
mode 1nc, 43.7 lm)with very fine sand (10% sand). The
base of this unit is dated to 3448 to 3248 cal. a BP.
The accumulation rate is high (1 mm a�1).

UnitC6 (578–478 cm, 2700 to 2200 cal. aBP), like the
previous unit, is a fast accumulating (1 mm a�1) brown
to brown-bronze carbonated laminated organic silt with
some thin beds of mollusc shell debris underlining the
structure. The top is dated to 2305 to 2006 cal. a BP.

UnitC5(486–370 cm,2200to1800 cal.aBP)matrix is
also a fast accumulating (>2 mm a�1) brown-bronze
carbonated organic silt with more OM (18%). The
mineral fraction consists mainly of fine sands (12.6%)
and coarse to very coarse silts (34.2%); the clay content
reaches 10.5% (392 cm deep: mode 1c, 47.9 lm; mode
1nc, 20.73 lm). Some light-grey clay layers (1-cm thick)
are interbedded, and erodedpeat is incorporated into the
sediment.

UnitC4 (370–86 cm,1800to230 cal. aBP) isamuddy,
very homogeneous, less stratified organic silt, with some
plant macroremains. The OM content is about 15% of
dry mass. The mineral fraction is poorly sorted and
consists of fine sands (16.3–12.4%) and silts (72.6–79%).
At a depth of 181 cm, the sediments are coarser (mode
1c, 20.73 lm; mode 1nc, 18.88 lm) than at 231 cm
(mode 1c, 5.617 lm; mode 1nc, 18.9 lm), whereas the
silts are mainly fine. The upper half of the unit
accumulated more slowly (0.5–1 mm a�1).

Unit C3 (86–62 cm, 300 to 150 cal. a BP) consists of a
grey-brown organic silt with mollusc shells and a few
rootlets.Fromthis layeronwards, accumulation rates are
faster (>2 mm a�1, Fig. 2).

Unit C2 (62–24 cm, 150 to 30 cal. a BP) is a brown
carbonated silty peat, probably sapric.

Unit C1 (24–0 cm, from 30 cal. a BP) is a topsoil of
organic silt with hydromorphic traces and rootlets that
can be classified as an Endohistic Siltic Fluvisol (IUSS
Working GroupWRB 2022).

Chrono-morphostratigraphy of the Upper Somme
alluvial plain

The thickness of the complete fluvial sedimentary
sequence varies between 1.5 and 11 m along the
stratigraphic transect (Fig. 5). The chalk bedrock (C)
shows an asymmetric morphology, with the outer part
of the meander (SE) forming a cliff (~66 m a.s.l.)
overhanging the present-day valley floor by 30 m and
the chalk bedrock by 40 m. Along the cliff, below the
fluvial deposits, the chalk reaches its lowest altitude
(24 m a.s.l.). At the bottom of the valley, the altitude
of the chalk surface is constant and fairly flat
(25 m a.s.l.). To the NW, the internal slope of the

BOREAS Lateglacial and Holocene evolution of peatlands in the Somme valley (France) 13
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meander is smooth and gradual, with a flat area
(29 m a.s.l. at ST60).

The bedrock is covered by a continuous layer of flint
and chalk gravels in a calcareous sandy-silt matrix (Gr,
Fig. 2: SU C12), with a thickness ranging from 50 to
140 cm.The topographysuggests abraided channel.The
deposits are associated with the Late Weichselian
Pleniglacial (older than 20 000 cal. a BP, Table 2).

To the north, calcareous colluvium (Cl), composed
of calcareous mud and gravels from slope erosion and
gelifraction, covers the bedrock (~3 m) and the gravel
bed (Gr). Loess from Late Pleniglacial aeolian
deposits covers the slope colluvium. The Gr, at its
northern maximum extent, is probably also inter-
bedded with the blue-grey calcareous silts (Sbc; Fig. 2:
P15). Unit Sbc, composed of chalk granules in a silty
matrix (from aeolian deposition and erosion of loess
and chalk), also forms an almost continuous bank
throughout the valley, with a thin and interrupted
layer towards the south. This layer is dated to the
Late Pleniglacial (20 565 to 20 060; 20 417 to
19 919 cal. a BP) by plant macroremains.

In the lowest parts, Sbc is covered by beige, slightly
organic and carbonated silt of fluviatile origin (Slo;
Figs 2, 3: SU P14). This gradually becomes peat (cP;
Figs 2, 3: P13b, P13a, C10). During the Bølling and
Allerød interstadials, peat accumulated in the aban-
doned channels. The upper and probably the lateral
extension of the Bølling and Allerød peat deposits ends
abruptly or is truncated and covered by light organic
fluviatile silt (Slo, Figs 2, 3: P12). These deepest peats are
dated between 14 976 to 14 237 and 13 766 to
13 500 cal. a BP on the PMC. Two other Lateglacial
peats are dated from the Bølling: next to the southern
Lateglacial palaeochannel (13 058 to 12 750 cal. a BP)
and halfway between the Holocene palaeochannel and
thepeatmastercore (Table1:ST17:13 808 to13 574 cal.
a BP).

Slo deposits aremore abundant in the southern half of
the valley floor. The geometry of the blue-grey carbon-
ated silt (Sb,Figs2,3:P11) indicates a raisedbank(ST20)
and awide single channel located on the outer side of the
meander associated with the Younger Dryas (YD). To
the north, these deposits covered the plateau loess.

In the YD channel, peat accumulation from the first
stages of the Preboreal is dated (10 578 to 10 335 cal. a
BP).OrganicGleysols (So,Figs 2, 3: P10) developedover
the Sb at the edge of this peaty zone in slightly higher
parts of the valley floor. Peat (P, Figs 2, 3: P9) clogged the
upper valley floor from the Boreal (10 369 to 9964 cal. a
BP) to the end of the Atlantic (3059 to 2849 cal. a BP).
This peat is over 5-m thick in the old channel and over
3 m in the valley.A charcoal from theBoreal is present in
the peat next to the cliff (7920 to 7671 cal. a BP).

In the inherited YD channel, over a reworked
calcareous tufa and shell layer (T), the stratified muddy
organic silts (3448 to 3248 cal. a BP) are markedly

younger than the surroundingHolocenepeat (Sol,Fig. 2:
C8, C7, C6, C5, C4). The unit “Sol” deposits were
laminated and formed a channel filling dated from the
Subboreal. Some scattered reworked peat “pebbles”
occur in this silty sediment. Some reworked charcoals
are also present, dated from the early Subboreal (5294 to
4886 cal. a BP).

Above 30 m a.s.l., the peat deposits (P, Figs 2, 3: P7,
P5, P3) are interbeddedwith two types of discontinuous
layers: light-yellow carbonated silt (Sco, Figs 2, 3: P8B,
P6b, P4b)withmollusc shells in the thin layers (5–15 cm)
and silty peat (sP, Figs 2, 3: P8a, P6a, P4a) in the thicker
layers (up to 50 cm). A silty organic hydromorphic soil
cover (Lh,Figs 2, 3: P2, P1,C1) is present throughout the
transect, with a maximum thickness on the north slope.

Discussion: a morphodynamic evolution

By combining field observations, sedimentological
analysis and radiocarbon dating, it is now possible to
reconstruct the dynamics of the river and associated
peatlands since the end of the Weichselian and to link
themtotheevolutionofvegetationcover in the landscape
(AP/NAP pollen ratios, macrofossils). The same three
main periods of sedimentation are summarized and
compared in a broader context (Fig. 6): (i) the Late
Pleniglacial to Lateglacial deposits, characterized by
rapid changes in sedimentation and fluvial morphology
andby the first peat accumulations (Bølling andAllerød;
Fig. 7); (ii) the first halfof theHolocene, characterizedby
homogeneouspeataccumulationprocesses (Preboreal to
Atlantic/Subboreal transition; Fig. 8); and (iii), the Late
Holocene periodwith the establishmentof the Subboreal
channel inducing peat system perturbation and detrital
interstratified layers (Fig. 9).

Weichselian Pleniglacial and Lateglacial: the oldest peats

Weichselian Upper Pleniglacial (~20 000 to
17 000 cal. a BP). – During the Weichselian Plenigla-
cial, the seasonal melting of glacial waters carried large
quantities of gravels (Fig. 5: Gr) over the bedrock.
Braided channel systemswith three identifiable channels
(one main channel in the meander convexity and two
secondary channels �30 m large; Fig. 5) are character-
ized by mobile small channels separated by gravel and
sand banks. This pattern is also identified in the Selle
valley (Antoine et al. 2003, 2012), in the Paris Basin
(Pastre et al. 2003) and extensively throughout NW
European chalky basins (Fig. 6). In comparisonwith the
middle Somme valley and its tributaries, the gravel layer
at Morcourt is relatively thin (<1 m compared with
several metres; Dubois 1949; Antoine et al. 2000). This
may be linked to the fact that the chalk contains less flint
beds in this part of the valley and to site location
upstream of the main tributaries. During this period,
braidedchannel systemscommonlyoccur inall valleysof
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NW Europe (Antoine et al. 2003; Pastre et al. 2003;
Turner et al. 2013; Depreux et al. 2019; Vayssi�ere
et al. 2019; Figs 6, 7).

A northern tundra environment developed under a
periglacial regime with an extremely cold and arid
climate (Pastre et al. 1997; Litt et al. 2001). Chalk
granules and fine silt fractions of the sediment (Fig. 5:
Sbc) originate from slope erosion and gelifraction of
cliffs bordering the valley (Antoine et al. 2000; Buls
et al. 2015). The silicate fraction is mainly made up of
calcareous aeolian silts (loess) deposited on the plateaus
and in the valley (Antoine et al. 2021). The blue-grey silt
with chalk granules clogged part of the three braided
channels and contains few plant remains (20 565–
20 060; 20 417–19 919 cal. a BP). This is the oldest
radiocarbon dating obtained in the Somme basin
(Antoine et al. 2012). This shows that there are noOldest
Dryas sediments preserved here.

BøllingandAllerød interstadials. – After the reactivation
of fluvial dynamics (concentration and incision) in three
channels at Morcourt, the Bølling began with a fast
sandy to silty sedimentation. With a further decrease in
fluvial activity, the sedimentation gradually became
enrichedwith OM and endedwith the formation of peat
(14 976 to 14 237 cal. a BP; Fig. 5: cP). As a response to
the rapid rise in temperature associated with abundant
precipitation, the Bølling (Rasmussen et al. 2006)

vegetation developed, absorbing excess water and
leading to the first peat accumulations in numerous
NW European rivers (Pastre et al. 2003; Notebaert &
Verstraeten 2010; Turner et al. 2013;Depreux et al. 2019;
Vayssi�ere et al. 2019; Storme et al. 2022; Fig. 6). Peatland
vegetation developed along a 100-m-wide low-capacity
channel.

The Older Dryas climatic deterioration, well docu-
mented in the Selle valley at Conty by the deposition of a
5-cm-thickcalcareous siltdeposit at the topof theBølling
peat (Antoine et al. 2012), was not clearly observed at
Morcourt. However, this event probably eroded part of
theBøllingpeat. It is likely that it canbedetected through
the thin (several-millimetres-thick) calcareous sandy
deposit occurring inside cP (Fig. 5).

During the Allerød interstadial (Fig. 3: P13a), peat
accumulation resumed directly above the Bølling
peat deposits (Table 1, Fig. 7). This sediment and
palaeoenvironmental evolution is very similar to that
observed in the Selle valley at Famechon (Emontspohl&
Vermeersch 1991), Conty (Limondin-Lozouet &
Antoine 2001; Antoine et al. 2012) and Saleux (Fagnart
et al. 2008; Coudret & Fagnart 2015). The dynamics of
the oldest peat system are also similar to those reported
for other peat valleys in NW Europe during the warm
Weichselian Lateglacial interstadials (Turner et al. 2013;
Dendievel et al. 2020; Piilo et al. 2020; Pietruczuk
et al. 2022; Fig. 6).

Fig. 6. Comparisonof theevolutionof theMorcourtalluvialpeatlandsystemfromtheLatePleniglacialwithselectedNWEuropeanriver systems.

BOREAS Lateglacial and Holocene evolution of peatlands in the Somme valley (France) 15
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YoungerDryas. – TheYDclimatic deterioration (colder
and wetter conditions from the beginning of the YD)
resulted in increased hydrological activity (Ebbesen &
Hald 2004; Rasmussen et al. 2006; Clement & Peter-
son 2008). Blue-grey calcareous silts (Fig. 5: Sb) were
deposited by periodic flood discharge from a large and
deep single channel (100 9 2 m) across the valley floor.
Some of the previously deposited Bølling and Allerød
sediments were eroded by channel activity. The abrupt
sedimentary transition between the top of the Allerød
peat and the YD sediments suggests that erosion
processes occurred across the whole valley floor. The
sediments derive from the gelifractionof the chalk slopes
and cliffs, the erosion of the loess plateau and the
granulometric reshuffling of older river deposits. This
continuous layer of alluvial deposits covering the entire
alluvial plain and the former peat-filled channels are also
present in the Paris Basin (Antoine 1997b; Pastre

et al. 2003; Depreux et al. 2019) and in some NW
European chalk basins (Lespez et al. 2008; Notebaert &
Verstraeten 2010; Fig. 6).

Early to Middle Holocene peat development optimum
(11 700 to 4200 cal. a BP)

This period covers the Holocene from the Preboreal to
the end of the Atlantic chronozones, including the
thermal maximum (Fig. 8). This periodwas particularly
favourable for peat accumulation on the valley floor
(0.5 mm a�1 on average over 3 m). The landscape was
largelycoveredwith forest,withhydrophilicvegetation in
the valley (Fig. 4). The human impact on the valley
environment was very low (Antoine 1997b). The Early
andMiddle Holocene correspond to a period of alluvial
peatland enhancement and lateral expansion in Europe,
depending on the latitudinal gradient (Cubizolle

Fig. 7. Reconstruction of the evolution of theMorcourt from the Weichselian Upper Pleniglacial to the end of the Lateglacial.
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et al. 2012; Ruppel et al. 2013; Dendievel et al. 2020;
Fig. 6).

Early Holocene (Preboreal) rapid climate improve-
ment is also characterized by an increase in rainfall
(Walker et al. 2012; Mauri et al. 2015). This change,
occurring in a landscape without full forest cover
(vegetation recovery after the YD, where evapotranspi-
ration was still low), led to an increase in river dynamics
and caused a large incision in all the river systems ofNW
Europe (Antoineetal. 2003;Pastre etal. 2003;Hoffmann
et al. 2008;Lespez et al. 2008;Macklin et al. 2010;Turner
et al. 2013; Broothaerts et al. 2014; Newell et al. 2015;
Pawłowski et al. 2016; Fig. 6). This incision in the former
YD channel eroded the channel sediments deposited
earlier in this period. Peat then started to accumulate
owing to the development of alkaline peatland vegeta-
tion on riverbanks in a context of climate warming
(Carex sp., C. rostrata, Phragmites; Morris et al. 2018).

Peat gradually filled the former YD channel in the
deepest part of the valley. The simultaneous rise of
the water table and the thickening of peat deposits led to
the gradual extension of a kind of “peat tide” to the
entire alluvial plain from the Boreal onwards, as

previously described for the Selle valley
(Antoine 1997b). Vegetation intercepted a large propor-
tion of thewater (80–90%; Fig. 3) andmay have played a
role in regulating stream and groundwater levels, even
with increasing precipitation (Makaske & Maas 2023).
The brown peat contains many well-preserved plant
macro-remains and seeds. At its base, some remnants of
arboreal vegetation with wood remains and hazelnut
shells were found. A small lateral channel probably
flowed outside the meander, following the base of the
chalk cliff. There is a parallel increase in the water table
level and peat volume (Makaske & Maas 2023).

At the scale of the valley floor, peat accumulation was
preceded by the formation of a 10–15-cm-thick horizon
of brown organic silt on top of the YD calcareous silt
(Fig. 5: So, Sb). The higher this soil is located
topographically, the longer it remained uncovered by
peat (and the water table), and the longer it was exposed
to weathering, acidolysis and leaching of the superficial
carbonates (Brasseur et al. 2018). As the water table
gradually moved closer to the soil surface, these soils
became (diachronically) gleysols, with a bioturbated
upper organic horizon.

Fig. 8. Reconstruction of the evolution of theMorcourt between the Early andMiddle Holocene.
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A deep channel may have started to erode and then to
deposit organic silt, leading to a lowering of the water
table that stopped peat accumulation, probably in the
Late Atlantic/Subboreal period. Drainage through
the channels lowered the water table and stopped peat
accumulation.

During the Late Atlantic, many changes in river
systems have been recorded in NW Europe related to
climate and/or the onset of human activity (Notebaert&
Verstraeten 2010; Roland et al. 2015). In the Somme
basin, the Mesolithic occupation is contemporaneous
with the main phase of peat development
(Antoine 1997b; Ducrocq 2001, 2014; Antoine et al.

2015). Mesolithic populations lived in the valleys at the
interface between the lower slopes and the peatland.
However, they do not have a measurable impact on
sedimentation and the evolution of the valley floor
landscape. From the Middle Neolithic onwards, human
settlements started to affect the environment in connec-
tionwith land clearing for cereal cultivationandpastoral
activities (van Zeist & van der Spoel-Walvius 1980;
Dubouloz et al. 2005). In the Somme basin, pollen
analyses indicate that agriculture started around
6000 cal. a BP (vanZeist & van der Spoel-Walvius 1980;
Emontspohl 1994). The development of agriculturemay
have been the first significant impact on the river system.

Fig. 9. Reconstruction of the evolution of the upper Somme valley from the Late Holocene to AD 2023.
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Late Holocene evolution

The Late Holocene is marked by important changes in
sedimentation (Figs 3–5) and landscape opening. Simul-
taneously, the human footprint became increasingly
prevalent (Blanchet 1976;Brun et al. 2005) and impacted
the river system (Fig. 9).

Late Holocene channel setting. – Fluvial activity in the
channel began to intensify at the end of the Middle and
Late Holocene (~5500 to 3500 cal. a BP, Subboreal).
Fluvialdynamics increasedand incised thepeatbankson
the western riverbank of the meander.

This deep channel incision (~5 m below ground
surface during the Subboreal) is probably the result of
a rise in precipitations (Meurisse et al. 2005; St�ephan
et al. 2015), combined with increasing soil erosion (of
anthropic origin; W�ojcicki et al. 2020). This undoubt-
edly caused a lowering of thewater table and drainage of
the whole peatland. As a result, as indicated by the
sedimentary hiatus (PMC), thewater tablewasno longer
favourable for peat formation. The basal age of the
palaeochannel (3448 to 3248 cal. a BP, Table 1) is
contemporaneous with the hiatus interval (PMC,
Subboreal).

At the base of the channel, sediments are mainly
composedofmollusc shells and tufa,possiblyasa result of
the erosion of older deposits transported by a dynamic
river flow. The granulometry shows a decrease in the non-
carbonated fraction (CMC from C9 to C5), suggesting a
decrease in river flow dynamics until the mid-Subatlantic
(~1700 years). The river eroded part of the surrounding
peat and some reworked charcoals associated with the
Late Neolithic are present at a depth of 683 cm.

A detailed palynological study at Proyart (Emont-
spohl 1994), a few kilometres upstream of Morcourt,
evidenced tufa deposits from the early Subboreal, owing
to thepresenceofFagusdated toaround5400 cal. aBP in
the Paris Basin (David et al. 2012). At Proyart, the
calcareous tufa layers are covered by 4m of silty organic
deposits similar to the Morcourt Holocene channel
sediments (ST57). From the secondhalfof the Subboreal
onwards (~3 m deep), some peat deposits covered the
channel facies. This LateHolocene peat is very similar to
the top 3 m of the peat sequence observed at Morcourt
(ST54). This shift between channel and peat accumula-
tion may indicate that the channel at Proyart was offset.

Particle size (fine to coarse silts) in the upper channel
infilling (Fig. 5: Sol) shows a fast accumulation rate (1 to
>2 mm a�1) during the Subboreal and Subatlantic
periods, reflecting low fluvial energy and a high
sediment load.

Middle Holocene climatic changes, characterized by
significantly wetter conditions, favoured an increase in
runoff and an incising streamflow during the Late
Atlantic and Subboreal (Roland et al. 2014; Mauri
et al. 2015). At the scale ofNWEurope, numerous single

meandering fluvial channels are recorded in valley
bottom sedimentary sequences during the Bronze Age
(~4000 cal. a BP; Preece & Bridgland 1999; Pastre
et al. 2002; Lespez et al. 2008; Broothaerts et al. 2014;
Castanet et al. 2019; Fig. 6).

Floodingandoverflowcontributed to the spreadingof
silty deposits as discontinuous beds interbedded within
the peatland (Fig. 5: Sco, sP). The intensification of
flooding and runoff resulting from increased soil erosion
onvalley slopes is associatedwith the densification of the
Late Neolithic population and the transition to
theBronzeAge (vanZeist&vanderSpoel-Walvius 1980;
Brun et al. 2005). The landscape gradually opened up
owing to the pressure of agriculture (land clearing), as
shown by the increase of NAP in the pollen record.
Reduced arboreal vegetation increases runoff and
weakens evapotranspiration (De Frenne et al. 2021;
H€ark€onen et al. 2023; Makaske & Maas 2023; Tiwari
et al. 2023).

The activation of the Morcourt channel drained the
valley bottoms, creating unfavourable conditions for
peat accumulation (low water table, mineral inputs).
DuringtheSubboreal, twoprocesseshavebeenobserved:
a decrease in peat accumulation rates, as in the
M�erantaise valley (de Milleville et al. 2023) or the Dijle
basin (Broothaerts et al. 2014), and some silt inputs into
the peat as a result of slope destabilization, as in the
Crould valley (Pastre 2018), the Beuvronne valley (Orth
et al. 2004) and the Deule valley (Deschodt 2014).

Detrital beds. – Units P8, P6 and P4 (PMC) were
probably formed by mineral sediments carried by the
overflow of the active channel and erosion of the valley
slope. The silty peats (Fig. 5: sP) are probably a blend of
peat with runoff water carrying detrital deposits (eroded
chalk and loess from slope erosion) into the peat. The
light-yellow carbonated silt units (Fig. 5: Sco) are
interpreted as derived from overflow water, suggesting
sediment input from the channel in semi-permanent or
temporary shallow ponds. Major flooding events
reworked both silty materials produced by slope erosion
and Lateglacial calcareous silts from the channel
bottom. The silicate fraction consists mainly of loess
reworked by slope erosion processes. Coarser particles,
includingmollusc shell debris, aremade up of carbonate
particles from eroded chalk. The presence of aquatic
molluscs may be indicative of environmental modifica-
tion resulting from localized sequential water pools
(Table 2). The process of water evaporation can favour
the concretion of calcium carbonates (SU Sco) and the
accumulation of fine detrital fraction (Charlton 2007).
Inside the silt fraction, some of the fine CaCO3

concretions may have formed as a result of alkaline
water evaporation and over-concentration (Charl-
ton 2007; Azennoud et al. 2022; Singh et al. 2023).

Increased fluvial activity probably resulted from
environmental degradation owing to human activities,
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butmayhavebeen exacerbated byclimatic degradations,
as in the Paris Basin (Pastre et al. 2019). Most of the
minerals, however, are detrital and their massive process
of alluviation in the valley bottom illustrates the erosion
of local soils as a result of clearing and cultivation (van
Zeist & van der Spoel-Walvius 1980; Emontspohl 1994),
as in other parts of the Paris Basin (Branigan et al. 2002;
Leroyer 2003; Leroyer et al. 2012).

Late Holocene peat accumulation. – The resumption of
turfigenesis during the Late Holocene (Subatlantic) is
often associated with human activities (Dendievel
et al. 2020), such as mills and dams that artificially
raised water levels, as in the Taligny valley (Macaire
et al. 2006). This also corresponds to a phase in the
development of peat of anthropogenic origin, sometimes
with a load of mineral components.

From Gallo-Roman times onwards, water mills were
built and the river was adapted to facilitate fluvial
transport. Deschodt (2005) identified a fifth-century
Gallo-Roman watermill downstream of Amiens
(�Etouvie). In NE France, Deffressigne et al. (2016)
describedawatermill dating fromthe first century.Water
mills were reported in Amiens in the eleventh century
(Bayard 1999), and others in the upper valley from the
tenth century onwards (Arcelin 1914). In the twelfth
century, the Somme River was navigable to Corbie
(Godard 1967). Upstream, fords were built from the
Gallo-Roman period onwards, followed by about 20
dams (in Sailly-Laurette, 4 km downstream). These
created large reservoirs from the Middle Ages onwards
(Arcelin 1914). The upper Somme became navigable in
the nineteenth century. Mills and dams affected hydro-
sedimentary connectivity, profoundly altering the river
dynamics (Beauchamp et al. 2017; de Milleville
et al. 2023), and may have played a role in the
accumulation of peat during the Late Holocene.

Themost recent peats date from the LowMiddleAges
(Table 1). Deforestation favoured soil erosion (Hoff-
mann et al. 2010), especially on the smooth northern
slope, where eroded loess is mixedwith peat near runoff,
making the sediment siltier.

End of peat formation. – From the end of the Subboreal
to the beginning of the Subatlantic (Iron Age), strong soil
destabilization on slopes is widely observed in similar
systems fromother loessareasofNWEurope (Fig. 6).The
covering of valley bottoms by thick colluvial silty deposits
(several metres) is very common, e.g. the Seulles andMue
valleys (Lespez et al. 2015) and the Dijle (Notebaert &
Verstraeten 2010; Broothaerts et al. 2014). This period is
also associated with an important change in fluvial
dynamics: the end of tufa formations (Dabkowski 2020),
an increase in alluvial dynamics (Chauss�e et al. 2008) and
erosion (St�ephan et al. 2015; de Milleville et al. 2023),
sometimes linked to agriculture development (Brown
et al. 2018).

The strong increase in runoffonagricultural soils is the
direct cause of this clogging. Other valleys experienced
this phenomenon earlier. In Morcourt, the process
occurred later and was of moderate intensity: from the
Subatlantic (~2700 cal. a BP), with silty and calcareous
layers and a maximum silt cover of 40 cm, despite
clearing and cultivation since (at least) the Bronze Age
(van Zeist & van der Spoel-Walvius 1980; Emont-
spohl 1994). However, eroded loess deposits observed
in adjacent valleys are often confined to small dry
tributaryvalleys.Theydonot extend into themainvalley.
Physical parameters such as the low gradient of the
Somme valley, the width of the valley floor (700 m) and
the size of the catchment area could explain the non-
expansion of colluvium (Rommens et al. 2006;
Broothaerts et al. 2014). Silts caused the fossilization of
the peatland. This phenomenon could be linked to the
Little Ice Age. Combined with an extensive opening of
the landscape, it could have favoured strong erosion
(Plunkett & Swindles 2008; Magnan et al. 2018; Pastre
et al. 2019).

Peat cutting necessitates the construction of drains and
artificialponds,which lower the localwater table.Changes
in water levels have an impact on peatlands (Dobrowolski
et al. 2016), with lowering causing the upper peat to dry
out anddegrade (Holden et al. 2004;W�ojcicki et al. 2020).
This degradation progressed over time andmay have been
more advanced in the mid-Somme valley (Garcia
et al. 2024), where extraction began at the latest in the
twelfth century (Cloquier 2006). More recently, in
the nineteenth century, canal construction induced
massive drainage of the valley (Izembart & Le Bou-
dec 2004), profoundly modifying the natural hydrology.

Conclusions

This study contributes to the definition of the
evolutionary pattern of river and peatland dynamics
in the upper Somme basin from the Weichselian
Lateglacial to the Late Holocene. The high-
resolution stratigraphic transect of the Somme valley,
sedimentological, chronological data and the first
cross-referenced bioproxy results present an evolution
model throughout this period.

Three palaeoenvironmental phases favourable to
peat accumulation are identified. During the
Bølling and Allerød interstadials, peat formation
began in some abandoned braided riverbeds of the
late Weichselian Pleniglacial as a result of favour-
able climatic conditions (warmer and wetter). This
process was interrupted by the YD climatic
degradation. This accumulation pattern is often
observed in the Paris Basin (Antoine et al. 2003;
Pastre et al. 2003; Deschodt 2014; Depreux
et al. 2019) and elsewhere in Europe (Gao et al.
2007; Starkel 2007; Turner et al. 2013; Storme
et al. 2022).
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The second period covers the Early and Middle
Holocene. At the beginning of the Early Holocene
(Preboreal), the YD-inherited large channel was first
rapidly incised by the significant increase in precipita-
tion, then progressively infilled by peat (Boreal). Peaty
vegetationaccumulated first in the surroundingsof small
channels in a forested and stable environment and
climate, then extended throughout the entire valley floor
until the late Middle Holocene (Late Atlantic) with a
constant accumulation rate (>0.5 mm a�1). In the Late
Atlantic phase, peat accumulation is directly linked to
climatic conditions. Human activities still had a low
impact on the valley bottom.

The transition to the last period (from2700 cal. aBP) is
marked by a gap in peat deposition and the incision of a
large single meandering channel (Subboreal). This period
of sedimentary hiatus coincides with the Late Neolithic
and the Bronze Age, of which several reworked charcoals
were found at the base of the channel deposits. A
reduction in tree cover favoured runoff and led to reduced
evapotranspiration. These two phenomena may have
increased the water flow and caused a natural river
incision that drained the valley and interrupted peat
formation. River activation around 4500 cal. a BP was
widespread inNWEurope and is often correlatedwith an
increase inhumanagricultural and land clearingactivities.
This process, entailing thick colluvium deposits, often
completely stopped peat accumulation (Hoffmann
et al. 2008; Lespez et al. 2008; Broothaerts et al. 2013;
Pastre et al. 2019), which was not the case in Morcourt.

The last period starts around 2700 cal. a BP.
Vegetation macroremains reflect a system characterized
by permanently high water levels and a more open
landscape, probably caused by Bronze and Iron Age
cultivation. The impact of human activities (land
clearing, agriculture, mills, management of the water
system) played a role in modifying the system (detrital
layers interbedding peat). The detrital fraction was
produced by the erosion of slope soils, hill wash
processes and fluvial flooding. At the end of the
medieval period, slope soil erosion began to cover
the system. Compared with the middle Somme valley,
the conservation of Middle and Late Holocene peat is
exceptional (Antoine 1997b; Antoine et al. 2012), prob-
ably owing to different human development and uses.
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Fig. S1. Grain size distribution of total non-organic
(dark-grey curve) fraction and decarbonated (light-
blue curve) fractionper stratigraphicunitof thepeat
master core ST54. Horizontal axis, particle size
(lm); vertical axis, proportion (%). Loess reference
after Sambourg (2023) from the Morcourt Weich-
selian loess deposits.
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