N

N

JB/@iQ G i2 > QHQ+2M2 H M/b+ T2 2+QMbi’

Jv21lbim vUSB+ /v-LQ i?2 M6 M+2V |

BKTHB+ iBQMb 7Q° ?mK M Q++mT iB

aidT? M2 .2b " m2HH2b-J ii?B2m :?BH /B- *? ' BbiQT

.2H M;?2-u MMB+F "m+?Qi-. MB2H >2 KBii2-C2 M@*
>Q2#HB+?

hQ +Bi2 i?Bb p2 ' bBQM,

ai0T? M2 .2b m2HH2b- J ii?B2m :?BH “/B- *?2 ' BbiQT?2 *HQ[mB2 - .Q I
2i HXX JB/@iQ G i2 >QHQ+2M2 H M/b+ T2 "2+QMbi m+iBQM Q7 i?2
6° M+2V M/ Bib BKTHB+ iBQMb 7Q " ?2?mK M Q++mT iBQMX Zm i2°M “v .
RyXRyRefDX[m BMiXkykRXy8XyRN X ? Hb?b@yjk3keNy

> G A/, ? Hb?b@yjk3keNy
2iiTh,ffb?bX? HXb+B2M+2f? Hb?b@yjk3keNyp

am#KBii2/ QM d .2+ kykR

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X

.Bbi'B#mi2/ mM/2" * 2 iBp2 *QKKQMb ii'B#miBQM @ LQM*QKK2 +B |
AMi2 M iBQM H GB+2Mb?2


https://shs.hal.science/halshs-03282690v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

4AXDWHUQDU\  QWHUQDWLRQDO
oLG WR /DWH +RORFHQH ODQGVFDSH UHFRQVWUXFW]
1RUWKHUQ J)UDQFH DQG LWV LPSOLFDWLRQV IR
ODQXVFULSW 'UDIW
ODQXVFULSW 1XPEHU 48$7,17 5

$UWLFOH 7\SH
.H\ZRUGV

&RUUHVSRQGLQJ $XWKRU

JLUVW $XWKRU
2UGHU RI $XWKRUYV

$EVWUDFW

6XJIJHVWHG 5HYLHZHUYV

)XOO /HQJWK $UWLFOH

JHRDUFKDHRORJ\ SDODHRJHRJUDSK\ 6HGLPHQWRORJ\ 5
SODLQ +RORFHQH

6W«SKDQH '"HVUXHOOHYV
8QLYHUVLW\ 3DULV 6RUERQQH
3DULV )5$1&(

6BW«SKDQH '"HVUXHOOHV 'U
6W«SKDQH '"HVUXHOOHV 'U
ODWWKLHX *+,/$5",
&KULVWRSKH &/248,(5
'RULDQH '(/$1*+(

<DQQLFN %8&+27

'DQLHO +(50,77(

-HDQ &ODXGH 3$5,627
-HDQ ODUF +2(%/,&+

7KH WRZQ RI 5XH ZDV RQH RI WKH PRVW LPSRUWDQW FRDV\V
JUDQFH IURP WKH EHJLQQLQJ RI WKH WK FHQWXU\ WR W
'REXPHQW VRXUFHV DQG DQFLHQW PDSV FRQILUP WKH H[LV
8QWLO QRZ KRZHYHU QR SDODHRHQYLURQPHQWDO VWXGL
FRQILIXUDWLRQ Rl WKH UHJLRQ-V FRDVWOLQH GXULQJ PHGC
JHRDUFKDHRORJLFDO DSSURDFK WR UHFRQVWUXFW WKH OL
ODQGVFDSH FKDQJHV LQ WKH 5XH DUHD 2XU DSSURDFK LQF
(OHFWULF 5HVLVWLYLW\ 7RPRJUDSK\ PHWKRG DQG D VHUL
UHYHDO WKH UHJLRQ-V FKURQRVWUDWLJUDSK\ 'RFXPHQW
RQ WKH ODQGVFDSH FRQILIXUDWLRQ GXULQJ WKH /DWH 0LC
UHVXOWV EDVHG RQ VHGLPHQWRORJLFDO DQDO\VHV DUH |
SURILOHV GRZQ WR P 7KLV UHYHDOV ILUVWO\ WKDW
SUHYDLOHG DW WKH EHJLQQLQJ Rl WKH WK PLOOHQQLXP %
ERUGHUHG E\ 30HLVWRFHQH FRDVWDO VSLWV [RUDLQHYV
FD %&( FRDVWDO VZDPSV SUHGRPLQDWHG 7KHQ WKL!
DQ HVWXDULQH GHSRVLWLRQDO HQYLURQPHQW SUHYDLOHG
UHFODPDWLRQ RI WKH IRUPHU OD\H (VWXDU\ IURP WKH WK
UHVXOWYV DJUHH ZHOO ZLWK UHFHQW ZRUN RQ VHD OHYHO |
&KDQQHO FRDVWYV RI JUDQFH ZKHUH FRQWLQXRXV SRVW JO
REVHUYHG 2XU VWXG\ DOVR SURSRVHV D ORFDWLRQ RI WK
ZHVW Rl WKH WRZQ DW WKH XSVWUHDP ERXQGDU\ Rl WKH X
« /H ORXOLQ GH 6DLQW -HDQ-~ DOWKRXJK DUFKDHRORJLF]
WLGDO KDUERXU LV VWLOO ODFNLQJ

$ODLQ 7TUHQWHVDX[ 'U
3U 8QLYHUVLWH GH /LOOH )DFXOWH GHV 6FLHQFHV HW 7HF
DODLQ WUHQWHVDX[#XQLY OLOOH IU

3LHUUH 6WHSKDQ 'U
/ILWWRUDO HQYLURQQHPHQW WHOHGHWHFWLRQ HW JHRPDW
SLHUUH VWHSKDQ#XQLY EUHVW 1U

6\OYLH &RXWDUG 'U
,1583 ,QVWLWXW QDWLRQDO GH UHFKHUFKHY DUFKHRORJLT
VIOYLH FRXWDUG#LQUDS IU

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



5HVSRQVH WR 5HYLHZHUV

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



&RYHU /HWWHU

15/12/2019

Thijs van Kolfschoten
Editor in Chié
Quaternary International

DearEditor:

| wish to submit aresearch papefor publication in Quaternary Internationaitled
[eoarchaeology of the Maye estuary (Picardy, Northern France)tdlicite Hobcene
landscape reconstruction and its implications Homan occupatiofi The mper was
coauthored byMatthieu Ghilardi, Christophe quier, Doriane [®langhe Yannick
Buchot Daniel Hermitte JearClaude Rrisot andJeanMarc Hoeblich

This study recanstructs thegeoarchaeologyf the Maye estuary in Northern France
combining gephysical and chronostratigraphicalnvestigations with the analysis of
historical sources. We provide a détd description of the paeoenviroment during the
lag 5000 yeas and make ifierences about human settlemantl landreclamation in the
area We believe that our stly makes a significant contribution to the literature because
detailedpalaeoenvonmentl investigation of the Maye esity has not beeperformed
befae, and our sidy additionallyprovides new information abat the probable position
of the medieval harbour of the tavef Rue the precis location of whichwas unknown

We believe that this paper will be of interest to the readership of jpounal dueto its
broadaudienceof scientists dealing with pisical and natwal issuesn the Quaternary.

Please consider, as potential referéaspDr. Alain TrentesauXFaculté des Sciences et
Technologies, Université de Lillalain.trentesau®univ-lillefr) ard Dr. Pierre Stéphan
(UMRG6554LETG, CNRS pierre.stephan@unilrest.f).

This manuscript has hdeen published or presented elsewhere in part or in entirety and
is not under consideration by another journslile have read andnderstood your

M R X U Qibe3 favidgeRelieve that neither the manuscript nor the study violates any of
theseThere are no conflicts of interest to declare.

Thank you for your considerationldok forward to hearing from you.

Sincerely,

Dr. Stéphane Bsruelles

UFR de Géograpie et Améagenent FRE 2026 ENeC, Faculté des Lettres, Sorbonne
Université CNRS

191 rueSaintJacques75005Paris France

+33663068802

stephanedesruelleg@ail.com



ODQXVFULSW )LOH &OLFN KHUH WR YLHZ @L

1 Mid-to Late Holocene landscape reconstruction of the Mayestuary (Picardy, Northern

2  France) and its implications for human occupation

3

4  StéphaneDESRUELLES?®, Matthieu GHILARDI °, Christophe CLOQUIER ¢, Doriane

5 DELANGHEP®, Yannick BUCHOTP®, Daniel HERMITTE P, JeanClaude PARISOTP,

6 JeanMarc HOEBLICH ¢

7

8 & UR Médiations- Sciences des lieux, sciences des lieRaculté des Lettres, Sorbonne

9 Université
10 PUMR 7330 CEREGE, AiMarseille University, CNRS, IRD, College de France, INRA
11 (XURS{OH GH Of1$%$UER LanPro8ence CEDEX¥M| France.
12 °“UMR 8589 LaMOPUniversité de Paris 1 Panthé8orbonne CNRS
13 98)5 G K LyevgrRypHieHniversité de Picardie Juldéerne, Amiens
14
15 *corresponding author
16 Email: stephanedesruelles@gmail.cddmone+33663068802
17
18 Abstract
19
20 The town ofRuewasone of the most important coastal harlsmfrPicardy Northern France,
21 from the beginning of the ¥2centuryto the end of the 15th centuGE. Documentsources
22 and ancient maps confirnthe existence of thivibrant harbour.Until now, however,no
23 palaeoenvironmental stigs have attemptedo reconstructhe configurationof the UHJLR QY V
24  coastlineduring medieval timedHere we employa geoarchaeologicapproacho reconstruct
25 the Mid- to Late Holocene shorelinend landscape changes in the Rue.ataa approach
26 includes a geophysicakurvey Electric Resistivity Tomographymethod and a series adight
27 sediment corethatreveal theU H J L&hi@ripstratigraphyDocumentsources were also used
28 to shed light orthe landscape configuration durititge LateMiddle Ages(ca.1300 CE) Our
29 coringresults based on sedimentological analysegcombinedwith 2D geophysical profiles
30 down to21.50 m. This reveals, firstly, thata calm marine environmenprevailed at the
31 beginning of the 4th millennium BGCBparticularly in depressions bordered by Pleistocene
32 coastal spitsféraineg. Secondly,from ca. 3500 BCE to ca. 1000 BCE, coastal swamps
33 predominated Then,thirdly, ataround 100@.250 CE an estuarine depositional environment
34  prevailed prior to a final period of land reclamationtbe former Maye Estuarfyom the 13th
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centuryCE onwards. These resultagreewell with recent work on selavel changsalong the
Atlantic andEnglish Channetoasts of Francevherecontinuougostglacialseaevelrisehas
been observedur studyalsoproposes location of the medieval harbour of Rodghewest
of the town at the upstream boundary of tipper part othe Maye Estuary Q HIe Moulin
de Saint- H Q @ltfiougharchaeological evidence tfe exact site othis tidal harbour is still

lacking.

Keywords:
Geoarchaeology; Palaeogeograp®edimentology;Relative sedevel rise; Coastal plain;

Holocene

1. Introduction

Over the lastlecades, particular attention has been paid to the studyasebpalironmental
dynamicscombinedwith the human settlement of tH&enchcoastal plains oBrittany,
Normandyand Picardyl{espez et al., 200€Gandouin, 2007,espez et al., 2010; Pailler et al.,
2011; Séphan, 2011 Lequint and Fouache, 2012; Daire et al., 20ER)wever, theBay of
Sommehas been littlenvestigatedrom a geoarchaeologicperspectivedespite its longerm
historyof human activity

The town of Rués located onthe Picardy coastal plaiapproximately7 km from thepresent
day coastline Fig. 1). It wasone of the most important coastal hartsoofr Picardyduring
medieval timesfrom the beginning of the 12 centuryto the end of the 15th century CE
(Labrecque, 2008jt is generally accepted thdiis harbourgradually silted up due to a natural
infilling of the estuaryith sedimentreinforcedby structureqartificial leveesin particular)
built for agricultural land-eclamatiorpurpose®n the coastal plain from the 12th cent@i
(e.g, Demangeon, 1905However, ngrior palaeoenvironmentalr geomorphological studies
have involvedhe scrutiny of ancient sketches, maps and plartee endevour toeconstruct
shoreline displacementluring medieval times.

This paper aim$o reconstruct the landscape evolution surrounding the medieval town of Rue
and discusses relative deael change ancklatedmorphological impacts othe evolution of

the former Mayd=stuary over the last 5000 years.

2. Physical settingand historical context
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2.1. Topographicgeological and tectonicsetting

Thetown of Rueis situatedn the ®uth of the Picardgoastalplain, which extends between
theBay of Sommeto thesouthwestandAuthie Bayto thenorth This flat lands characterized
by an average heigbf about +4.50 m above mean sea level (a.m.k.teveloped to thevest

of arelict cliff bordering a plateau composed of Upper Cretaceous chalk with flint (BRGM,
1981)and wasbuilt up primarily from wet or drained lowlands (Demangeon, 1905; Munaut
and Gilot, 1977; Le Fournier, 1974980) which surrounded relict Pleistocene calaspits
composed of rounded pebbles and bldckiied p) R U P D W L R &yaGhe eba{.19§3;Ters

et al.,, 1980 BRGM, 1981;Fig. 1). Thesespits O R F D O O \ RADID @HHG6form in a
north/southdirectionand have a maximunelevationof between+9 and +13m ams.l. The
medieval town of Rue is located at aboutma.m.s.l.andis built on the Rudoraine, which
waslocally incisedby smallriver channelsandfilled with Holocene marine and continental
sediments (Ters et al., 1980he coastalplain is bordered to the west byaastalduneridge
rising to+36 m NGFwhich hasestablisheaverthe last 5500 yeat.e Fournier, 1974, 1980;
Meurisse, 2005; Meurisdgeort, 2007).

According toBRGM (1981), therelict cliff probably formed throughfaulting (Fig. 1). In
addition, he coastalplain was likely divided into pieces by a system of faults and flexures
whose movements contributed to the sedimentary filliraf theformerundatedBulf of Ruef
BRGM (1981)estimats that thesenovements have caustte Rue areto uplift by about 5 m
since the 18th centur€E. According toGoffé et al (1998) an activenorthwestsoutheast
strike-slip fault north of the Bay of Sommemay haveraised the northern compartment
correspondingo the Rue areaA series of earthquakes occurred during medieval tirfioes
examplein 1467CE, whensuchan eventdamagedhe churchof SaintWulphy (Labrecque,
2008, andin 1580 CE whenanother earthquake affectéie townof Abbeville (Louandre,
18441845).

Conditions along the coastline are megaltidith tidal rangevarying from 5 m to 8.65 m at
CayeuxsurMer, in thesouth of the Bay of SommEgHOM, 20T). The meanhigh-water
springs (MHWS) are situated #6.41 m NGF (4.36 m a.m.s.l) and thelevel of the highest
astronomial (extreme)tide is #6.13 m NGF (5.09 m a.m.s.l). Highestsea levelcan reach
approximately+6.45 m a.m.s.l.with a 100-yearreturn period $OGREAH, 199). According
to Goslin (2014),the tidal rangehas undergone onlyslight changes since 6000 BCE (

maximumO.70 m increase ) in Brittanwéstern Francelhe coastal plain is exposed to sterm

3



102 surge floodingcaused bydune breaching The prevailing windis in the westsouthwest
103 directionand the longshore drift moves sménts northwardBastide, 201; Michel, 2016.

104  South ofthe study aredhe Bay of Somme islaypertidal (Trenteseaux et al., 201@)dmixed

105 estuary (Dalrymple et al., 1992vhich hasfilled in with marine sand¢$BRGM, 1981 1985;

106 Michel, 2016.

107

108 2.2.Holocenesealevel changes and coastal evolutiomiorth-westernEurope

109

110 Holocene sedevel changes and related coastal evolution are generally considered to be
111 influenced by the interplay between several factersg. Gosliret al., 2013 (1) eustatism, (2)
112 isostatic processe¥ink et al, 2007 Shennaret al, 2018, (3) tectonic activity, (4) local
113 effects controlling the sedimentary record, particularly sediment compaitteeffect of post

114  depositional consolidatigh.ong et al, 2006; Horton and Shennan, 2008arion et al., 2009
115 Brainet al, 2011) and changes in tidal regimand(5), other unspecified, randgrand hare

116 to-quantify factorswhich influence relative sedevel reconstruction, particularly erosion of
117 sedimentary sequences (Goslin et al., 2013). According to several recent papers, local factors
118 (4 and 5) play a key role ithe effect of sealevel change on coastal system morphologies
119 (Bungenstock and Weerts, 2Q1Baetemanet al, 2011). The generalgeomorphological
120 evolutionof the northwestern European coastal platas be regarded as the cross combination
121  of natural forcings quch assealevel changeyariations insediment supply and sediment
122  distribution;e.g, Costa andSuanez, 2013; Pieriét al.,2017) and, for roughlyhe last 2000
123 years,a mixture of natural anadnthropogenic factors (Pieré al.,2017).

124

125 Previous research conductedtie southern Picardy coastal plain did atiemptto precisely
126 reconstruct the geomorphological evolution of the Rue, atespite sediment cordxeing
127  drilled in the vicinity of Rue in the 19804._efévre et al.1980; Terset al.,1980; Figs. 1 and 3).
128 However, thegoal of those studies was ntite reconsuction ofthe former shoreline position
129  west of the towrso asto locate its medieval coastal harboline published“C dating results
130 were recalibrated by Meuris$®rt (2007) using théntCall3calibration curve (Reimest al,

131 2013). In addition, Meurisseort (2007) considered the influence of sediment
132 hydrocompaction oherchronostratigraphies to reconstruct the Holocendeses evolution.
133 However, the role of sediment hydrocompactemaingdifficult to quantify(e.g.,Allen, 2000;

134 Goslinet al.,2013 Brain, 2015;StépharandGoslin, 2016 Shennaret al, 2018)

135



136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

Along the Atlantic and English Channel coasts of France, some Holocene marine transgressions
and regressionwere identified by Ters (1973, 1986). Many papesse sinceadoptedthis
descriptionof Holocene fansgressiomegression cycles. For exampMeurisseFort (2007)
reconstruatdthe coastline evolution of the Picardy coastal ptaiarthe last 6000 yealsee

the red curve ifrig. 2):

x Around4000BCE, the sedevel maximum was2 m/+3 m a.m.s.l.with storm surges at
ca.+6 m a.m.s.l. The sea reached the foot of the present relict @iétcording to the
stratigraphies published lyefevre et al(1980) and Terst al.(1980)andrecalibratecby
MeurisseFort (2007;date recalibration and consideration of sediment compacsdts)
were deposited at the extreme limit of high watersaat 3 m a.m.s.l.in the area of core
Rue 3 ¢a. 1.5km west of the present towhig. 1).

X A marine regressioaccurrecdbetweerca.4000 and310 BCE, withan increase imainfall,
peatland growtland development of coastal swamfscording to Meuriss&ort (2007),
the relative mean sea level was i10m a.m.s.l.ataround 300BCE.

x A second rarine transgressiooccurredfrom ca. 3100 BCE to 1400BCE, during which
shorelineimpactvaried greatlydueto local geomorphological features. At the end of this
phase, mean sea level was i2 m/i3 m a.m.s.l. Finally, around 2508000 BCE, the
coastal plaiwaswider thanit is todayandconsistef a vast floodplain between bays and
estuaries.

x From ca. 1400 BCE onward, the influence of aeolian dynamics and climate change
exceeded the marine forcingdean sea levekvealedew deviations from its preseiiay
height Stormsurge flooding caused by coastal barrier breaching played a greater role in
landscape evolution, particularly between 450 BCE and®BI0D CE. However, shoreline
stabilisationfacilitated multi-stage processes of dune accretion.

Around 1000 BCE, a peatlandy southwest of Rue, behind a sandbar (according to a
dating published by Terst al.,1980andrecalibrated by Meurisséort, 2007). A more
recent (8311264 CE) freshwater peatlafaccording to a dating published by Lefeete

al. (1980)andrecalibrated by Meurissgort (2007), was identifiedsoutheast of Ruim

core M21 (Fig. 1).

This outline of Holocene transgressim@yression cycles is strongifiallenged byecent works
which take into accourthatfor the last 10 kyrtherehave beermnly smaltscale fluctuations

of global sea levein tectonically stable arege.g. Stépharand Goslin, 2016).Along the
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Atlantic and English Channel coasts of France, relative sea iewBbughtto have risen
continuouslyduring the last 8000 yeansith a majordeceleration of sdavel risearound 4000

BCE (e.g. MraniAlaoui and Anthony, 2011; Goslin et al., 2013; Goslin, 2014; Stéphan et
Goslin, 2016GarciaArtola et al., 2018; Fig?). The glacial isostatic component played a major

role in increasing the rate of sea level rise betw$® and2000 BCE (GarciaArtola et al.,

2018). During the last 4000 years, according to the data published by Shennan and Horton
(2002) forsouthwestEngland, relative selevel rise due to glacial isostatic adjustment was
around 0.4 mm yf.. Regardinghe eustatic component, model K6E (VM2a) published by
Peltier (2004) indicates a relative segel rise of approximately 1.1 mm-froverthe last 4000

years in our study area (Fig. 1).

While recent paperagreethat relative sea level has continued to increttssy attribute to
climate change the main effect on the geomorphological evolution of the coast efvaet#in
Europe during the last 3500 yealscreased storminess aptuviometry were recordedat
around1000 BCE in north-westernEurope Gandouin, 2003Dark, 2006 Clark andRendell,
2009; Sorrel et al.,2012; Van Vliet-Lanoéet al.,2014a, 2014b; Pierikt al.,2017) Major
changes in coastal sedimentary systbmge been observddr this periodalongthe coasts of
both the EnglishChannel (LongandHughes, 1995; Lespet al, 2010; Tessieet al, 2012)
and the Atlantic (Pontest al, 1998; TasteandPontee, 1998Claveet al, 2001; Moureaet al,
2007).

Pouzet et al.2018 distinguishfour main European Atlantic storm everfiiEASESs)overthe
last 3500 years13004600 CE (EASE 1),2004800 CE (EASE 2),900#00BCE (EASE 3)
and 15004300 BCE (EASE 4).During these events, anine deposits may have been eroded
by drainage network incisionncreasd river discharge may havéavoured continental

sediment supplyand coastal breaching may have causast courseso shift(Goslin, 2014).

For the last 1000 years, the geomorphological evolution of the Picardy coastdlgsddieen
strongly influenced by human activities and lanm@clamation for dike construction
(Demangeon, 1909obroniak, 2000 The first dikewas likelybuilt in the 12th century CE
betweenjie Muretfand |La Petite Retf[Briquet, 1930)approximately? km northnorthwest

of Rue Fig. 1). Dikescontinued tdoe built until the 1860s (Briquet, 1930) north of the coastal
plain, linked with the shifing of AuthieBay. In the south of the coastal plain, the former mouth
of theMaye (val de May€Fig. 1) is protectedrom coastal flooding by a dike built in 1835.

However, storrrsurge floodingstill occurred (Meuriss&ort, 2007) probably linked with

6
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episodes of increased storminagsch took placein northwesternEuropefrom 100950 CE
andfrom1300#4.700 CE (Sorrelet al.,2012; Pieriket al.,2017). Lefévreet al.(1980)report
marine flooding deposiigs the area of core M21 (Fid); these depositsoveredthe upper peat

layer (Fig. 3)Jandmay have occurred around 1300.CE

2.3.Rue: a major harbour in the northwest of Fraricem the beginning of the 12th century
to the end of the 15th century CE

The Rueforaing, like all the Pleistocene bars of the Picardy coastal plain (Rougier, 242),
favourable forhuman settlement atdstfrom the Bronze Age (Rougieat al., 2008 Gapenne

et al.,2017. An Early Bronze Age cemetery (Baray, 2001) and a rural peoplaigg from

the Iron Age (2ndist century BCE; Rougier and Blancquaert, 2001) were discotagether

at thetop of a Pleistocene bar, alogation F D O IG:KCenpin des Mortgnortheast of Rue. A

coin hoard datetb the 3rd century CE (Ben Redjeb and Foucray, 1989) and the archaeological
remains of a GalldRoman villa were discoveredihe Bleudoraine(atca.+9 m am.s.l.) south

of Rue (Notte, 2002). Other remains have been unearthed at the top of Pleistocetiebars (
Héreforaine; Rougier, 2012)indicating a human occupation since the Bronze, &gen the
Neolithic (Gapenne et al., 20L7

Data also lak for the Early Middle Ages. It is generally accepted that the town flourished in
the 12th century CH.@brecque, 2008). This developmeah be attributetb a legendlaiming

that in 1101, a localillager of Rue discovered a boat washedonghe shorejn which was
foundalarge wooden croswriginating inJerusalem. The wealth of the cityasthereafteibuilt

on pilgrimages and trade (transport of goods by geagarly aghe 13th century, the harbour

of Rue whichis thought to have bedacated in the May&stuary wasasimportant as those

of theBay of Somme (Delaporte, 1925). A municipal charter, recsgghin 1210 by th€ount

of Ponthieu, testifieso the importance and diversity of production and traglg.fishing,
agriculture, &rming, textils, Labrecque, 2008)This suggestghat theCount imposd high

taxeson each ship entering the harbour.

At the end of the 13th centyrgcanal project to restablish access to the seas proposed to

the inhabitantswhich implies thatheharbourhad silted upThat project was never begun, but

in 1277 acanalwas dugVR EULQJ WKH $XWKLHfV IORZ WRZDUGV WKF
the increase in siltation (Labrecque, 2008). However, the westward shift of the shoreline seems

to havegradually preventedaccesgo the harbouby heavly laden shipsarriving from the
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Authie. Thus, harbour activity strongly decreased as early as the 14th centueyeDEf
commercial maritime activitgontinuedduring the 15th century CE (Labrecque, 2008)

Literary sourcefdicate thathe town of Rue was naturally protected by the Maye to the north

and westand by marshes to the south and east (Delaporte, 1925). FollowiQpainer of

1210, fortification works (protecting walls) wetmiilt. These essentialljook the form of

ditches on the edges of which stone houses and walls were built. The ramparts were likely
widened in the 15th centubefore beingierced by five gatesyith |a porte de la grev§the

shoregate) to the west (Poiret931). The fortifications were destroyed in 1670, under the reign

of Louis X1V, by order ofJeanBaptisteColbert, Secretary of State of the Naiye earliest

PDS RI 5XH IRXQG LQ KLVWRULFDO DUFKLYHV ddbastery ITURP

de Saittlean] )OXFKHU LGHQWLILHG DQ HPEDQNPHQW XQGt
divertedthe course of the Maye. However, artefacts (mainly ceraiigsyveredhereprovide

only an imprecise chronology of the fortification works.

Present day landscape configuration does not etabignificantly demonstrate that Rue was
a coastal town. Moreover, archaeological evidence is s@rdehe few historical sourcéssl

to provide a robustand indisputableeconstructionof landscapeevolution surrounding the
medieval town of Rudn an attempt to deo,we have conducteal palaeoenvironmental study

3. Material and methods

Field investigations (geophysical survey and corimgre carried out northwest of Rue
particularly aroundja porte de la grev§ where the medieval poid thought to have been
located in the upperpart of the Maye Estuary Field investigations wereompleted by
laboratory analysesédimentological analysis and radiocarbon datingrif core samplés
and by the study ofhistorical source All these dataas well asaltimetry data RGE 1m
provided by the [nstitut Géographique Nation§il were integrated into aGeographic

InformationSystemdatabase

3.1. Electric resistivity tomography (ERT)
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To evaluateboth the geometryandthickness ofsurficial depositsand bedrockdepth andto
locate archaeologicaktructures eight electrial resistivity tomography (ERTprofiles were
established around the town of Ri&ys. 4, 5a, 5b, and 5¢

ERT has been successfully used in various subsurface field studies, especially in
geomorphology (Beauvag al.,2007; Ghilardet al.,2017) and archaeolog$iartet al.,2010;
Quesnekt al.,2011;Ghilardiet al.,2015. The 2D subsurface profiles wesbtained using the
ABEM Lund Imaging System (Terrameter L®Mannel) with an array of 64 electrodes with a
SchlumbergelVenner reciprocal layoyirotocol. A computerinversion program (Res2Dinv;
Loke, 2003)that includedopographyandgenerates images tfe resistivity distributionwas
used

To satisfactoity obtain data orthe thickness of theurficial depositsandtheir organisation
(Ritz et al.,1999),ERT profiles were conducted with an electrode distamngingfrom 0.60

m (ERT6, with a maximum depth of 5.1#) to 2.50m (ERT3, with a maximum depth &f1.50
m).

Because different materiaten have similar electrical propertieie ERT method does not
allow forunequivocalnterpretation Thereforefwo reference profiles weestablishe@n sites
where the stratigraphy and/or lithology canreadily seen ERT7, on an extractionsite of

Pleistocengravels anghebblesandERTS, on a chalk plateau near Rue.

3.2. Sedimentological coring

Vibracores with a diameter &0 mm were drilledto amaximum depth of 8.40 m below the
surface(Fig. 4; Table J in May 2012northwest of Ruaising a Cobra TWVibrocorerwith
hydraulicextractor(Figs. 6 and 3. The position of the cores wakoserin accordance with the
results obtained fromthe ge@hysical survey Each core was precisely levellaging a

theodolite and locdlGN geodetidbenchmarksvere useds reference

3.3. Sedimentological analyses

The grainsize distribution of the findraction (<2mm) was measured by laser diffraction
granulometry aCEREGE Preparation of theasnpleswvas based on Ghilardt al.(2014) The
grainsize distribution was then measured usingBeckman Coulter LS 13 32Mser

granulometer with a range of 0.04 to 2Q00.
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Lossor-ignition (LOI) measurements were madeCGEREGE following Dean (1974)and
Bengtsson and Enell (1986). Sediment samples of approximatglyvére taken ab cm
intervals throughout theore After drying at 105°C to a constant weight, the samples were
heated to 550C for 7 h to estimate theorganic mattecontent A second heating phase, to
925°C for a further ", was undertaken to assess the proportion of carlsonate

Mollusc identificaton was conducted on all cores, lnialysesvere limited due to the paucity
of these samplealong the coresand tothe small sizeof themateriad which wereretrieved.

3.4. AMS*C dating method

The chronostratigraphgf the cores wasinalysedat CEREGEusing a series of 14 AMS
radiocarbon determinations derived from charcoal, plant remains, wood samples and peat
samplescollected from the corefTable 2). These analyses were performed at the Poznan
Radiocarbon Dating Laborato(oland) Subsequencalibration of*“C ageswas conducted

using the Calib Software Version 7.1 (Stuiver and Reimer, 1993) and the IntCall3 calibration

curve (Reimer et al., 2013).

3.5. Examinationof historical sources

Document sources providdiverse information oncoastal landscapes, including physical
environment (e.g. nature of the foreshore), constructamrvarioushuman activitiesuch as

fish species caught, quantities of fish due for rent, goods transported by boats, places of loading
and unloading, peatx&raction,andrelationships between coastlingeersand the authorities
exercising rights.

For the study area, document sources regarding the medieval coastal landscapes dratscarce,
those available aregelatively varied and rich in informationOriginally produced by
municipalities or fiefdoms, they am®day stored in various collections and series of the
National Archives (Paris), the Departmental Archives of the Somme (Amiens), the National
Library of France (BnF, Parisand the Abbeville MunicipalLibrary. A large part of the
archiveshas unfortunately succumbed ttoee destructiorprovoked bysuccessive wars. For
example, the documents of the old series of the Abbeville Municipal Archiveslogtes
recently asl940.

We implemented aegressivemethod to study the document sourdesginning with the

analysis of the most recent documehlsfortunately for the study area, documentary sources
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prior to the 13th century are relatively rare gmdvide nohistorical mapr figures until the

early 16th century.

4. Results

4.1. Boreholechroncstratigraphy

Pleistocengyravels including roundedlint pebbles and marine shells in a matrix of fine sand
(Terset al, 1980) were found irthe lowermost part dadll coressituatedwest of Ruewith a top
bed depththat varied between 2m and 7m (Figs. 6, 7 and & This revealsthe lateral
heterogeneity and extension of these sufihese formationsvere also identified invarious
ERT profiles(see &.2).

Above thisfirst layer, four mainmorphosedimentary units were distinguisiredores R1, R2,
R4, R5, R6and R7(Figs. 6, 7 and &
x Unit A (recorded in R4, R5, R6 and R7) contaimsdiumgreysilty sandg. It can bedivided

into two subunits: from the base layet.15m in R5)o ca.+0.70 m an.s.l., SubunitAl
comprises medium to fine sand (mean gisaire ofca.210 um and modal index of.230
pm) andSubunitA2, fromca+0.70 m an.s.l., is composed of very fine to silty sand (mean
of ca. 70 um; modal index ofa. 65 um andca. 60% of particles <6@m). This unit has a
low carbonate content (less than 2.5%) and a significant number of macrocharcoals and
plant debris are observed. The thickness (up to 2.50 m in R5) and the surface of this unit
are irregular (between +0.90 aams.l.in R6 and +2.50 na.m.s.Lin R2). The uppermost
part ofUnit A dates roughly fronthe beginning of the 4th millennium BCE (408B53
cal. BCE in R4, 38243695 cal. BCE in R%Figs. 6, 7 and 8)
Because of the texture, colp and chronology of the sediments in this unit,degrmine
that they were deposited by the sea, icam environment, particularly in depressions
bordered by Pleistocene R D VW Di@aMeSL. WV

x Unit B (recorded in R4, R5, R6 and R@pnsists of gpeat accumulation rich in plant
remains and exhibiting low CaG@ontent (less than 5%lL.arge pieces of charcoal are
visible butmolluscsare absenfThe height of the base of this formation eamccording

to the geometry of the underlying marine deposits)e the top of the unit islmost flat,

11
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atabout +2.600 +2.90 ma.m.s.l.Generally, this unitlates from thearly 4th to thdate
2nd millennium BCE (38248695cal. BCE in B and 113414004cal. BCE in R7).

The characteristicef Unit B differ from core to coreR4 and R7arehomogeneous and
rich in organic mattearound60%) Between +1.25n a.m.s.l.and +1.50m a.m.s.l, R5
revealsa sandy layer between the peatcumulationsin R6, above+1.90 m a.m.s.l,
relativelyyoung(834#52 cal. BCEdark gey peaty siltsvereidentified.

The combinedsedimentological and geochemical proxies described alsack us to
concludethat this unitprovides evidence @astal swamp environments witizable peat

accumulation.

Unit C, identifiedin cores R1, R2, R4, R5, R6 and Rétween about +@0 m a.m.s.l.and

+5.20ma.m.s.|, from the 11th century to the beginning of the 13th century {8882 cal.

CE and 10391210 cal. CE in R4)s nothomogeneous from core to core

Up to about +4 na.m.s.|, the unit mainly comprises very fine to silty sands (mearaat

75 um and mode aa. 65 um) in almosall cores (R1, R2, R4, R5, R6, and R7). However,

the clayeysilty fraction 63 um) wasgenerally higher in the depositsund inR4 - and

to a lesser extemh R7 - thanthatidentified inR5 and R6. This differendedicatesthat

the deposis occurred incalmerwater inthe areas from whicR4 and R7were taken

Betweenabout+2.70m and+3.20m a.m.s.l, R5 and R6show anintercalation of thin

sandy layers with thin clayey beds that correspond to tidghmites (Fig. 9). Such

featureswere observedby MeurisseFort (2007) in the muddy saltmarsh areas of the

Canchetstuary (locatedhorth of the Picardy coastal plain).

In theuppermost part dinit C (above +4m a.m.s.l), the stratigraphdiffers from core to

core

- Up to +5.20m a.m.s.l, R4 consists of verfine oxidsed sand¢mean at ca. 6{dm and
mode at ca. 7§um), including marineto brackishbivalve fragmentsQerastoderma
edulg typical of a sandy or muddy sand arefan estuaryand enclosed bay (Bellamy
et al., 2009 and charcoals datedo 9894210 cal. CE. R1 and R2containcoarser
sediments (fine to medium sand; mean at ca. 250 um and mode at ca. 2Z6@muthat
recorded in R4, R5, R6, and RBased on sedimentological and faunal (cockles)
evidence we surmise that these sediments (Subunit C1) were deposited in a marine
environment.
- Subunit @, identified in R1, R2, R5, R6, and Reantaindine materialvery fine sands

or silty sandsmean ata.122um and mode ata. 75um). It exhibitsarelatively higher
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calcium carbonate content (>35#)R1, R2, and R7Between +4.40n and +4.90n

a.m.s.l, the very fine sandsecorded in RZontainunidentifiableland snaildebris. In
R1, R2 and R5,this fine material ixovered by a peatyercontaining plant debrjs
datedto 3805636 cal. CE (in R5). We surmisethat Subunit C2 were deposited a

riverine or swamp environment.

-In R6, we found a layer of fine sandbetween +#10 m and +5.10m a.m.s.l,
characterised by a multimodal particle size distribution with secondary medium to
coarse sand modes situated at 250 um and 1000 um. Even itdhégin orange
coloured archaeologicalremains it is difficult to determinewhich anthrompgenc
influenceprevaiked on these deposi{SubunitC3), and whether they are afarine or
continental origin

Unit Cincludes coarser sand bdtiat may correspond to lag deposies;ordedn R4 and
R6 atca. +4.30m a.m.s.l In R4, the beds 0.05m thickandis characterised bydpat 805
P KB, this layeis thicker (0.20m) andis coveredby finer marine depositéSubunit
C1) above a cleacontact(erosional surface)lhese finer deposits aoharacterised by
D90 ranging from 403 to 660P 7 K L s Edddbed by fluvial depositSgbunit C2,
with a bottom layer thas relativelyrich in CaCO3.
Coastal processes of sedimentation are clearly attestdaiti€ (open to semienclosed
marine bay) withlocal continental influence on the sedimentarygesseqrivers or

wetlands)

x Unit D, above +4.90 m to +5.20 m a.m.s.l., contaargds silty depositshighly disturbed
by anthropogenic actities. Deposition began in the 13th century (after 1221 cal. CE in
R6), and these layersontain fragments ofmarine to lagoonashells, some pebbleand
occasionallypotsherdsThin coarse sand beds (main m@teund 6Qum with one or more

coarser secondary modesgrecordedn R4 (at+5.40m a.m.s.l.and+6.10m a.m.s.|).
Units A andB arenot recorded ifR3, which islocatedhigherin the Rugforaine Nor are they
foundin R8, which wasdrilled into what was likelyan embankmenat the foot othemedieval

town fortificationsof Rue according to thenapdatingfrom 1640(Fig. 10b).

4.2. ERT profiles andubsoil resistivity
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No archaeological structures were identifieciry of theERT profiles measured northwest of
Rue. However, the geophysical survey aaw distinguish three main unitdescribed as
follows, from bottom to togFig. 5a, 5b, and 5¢
x The geophysicdUnit Gel with atop depththat variesrom 1 m (in ERT4) to ca. 7 m (in
R5), has highly variable resistivity values, generatiyeatethan 60 P $FFRUGLQJ WR W
reference profiles ERTand ERB, Upper Cretaceoushalk and Pleistocene gravels and
pebbleshave resistivity values ranging from 40P WR PRUH WKOIJHSHQGLQJ RQ
the degree ofweathering of the chalk and the presefjoeabsence)f groundwater.
Comparison of the ERT profilewith the stratigraphyof the cores indicates that the
uppermost part oBelconsists of Pleistocene gravels and pebbles. The lowermost part is
probably composed of chalk. The geometryhié unitis irregular, particularly in ER4,
with a greater depth to the west.
x Unit Ge2 whosethickness varigfrom afew centimetresnorth-northeasof profile ERT4)
to about 6m (southeasbf profile ERT3), is charactesed by low resistivity (<40 P
related to thdinest sedimentary particlgsery fine sands of marine or fluvial origiar
organic matter according to the stratigraphy of R4, R7 and R#®).addition, the
conductivity of this unit mapave beeenhanced by the presence of shallow groundwater,
ashas beerobserved in similar sedimentary contexts (Ghilatal, 2015, 201Y. Ge2
probablycorresponds tetratigrapht Units A, B andC.
x Unit Ge3 can berecognized at a depth oh. 2 m in most of the profiles, especially in
profiles ERT4, ERT5 and ERTR.is characterisezd bydh resistivity valuesffom80 P
toca P In R4, R7 and R8, the sediments corresponding to this unit are-sitydy
and strongly anthropisetl(it D).

5. Discussion

5.1.Mid- to Late Holocene landscape reconstruction of Ruearea

Palaeogeograpbal knowledgenf the Maye Estuaryremainancompletefor the first half of the
Holocene Howeverthecross conbination of geophysical and sedimentologresultsderived
from boreholes helps to partly reveal the patakef. Pleistocene deposits composed of
URXQGHG SHEEOFbihdlap @ FUdR P&V 0 i1 areobserved on most of the
geophysical (ERT) profile®\bovethis presumednarine formation, fine material accumulated

(Unit A) within a regional context of marine ingressiprelated to theapid postglacial sea
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level riseuntil around4000 BCE (GarciaArtola et al., 2018)Our interpretation istrengthened
through comparison with core Rue 3 (situated southwest of Rue) as analySedsist al.
(1980) (Fig 1 and 3)who identified and dated foreshore deposi$(30 + 240 cal. BCE (after
recalibration by Meuriss€ort, 2007)n the lowemostpart of the sedimentary sequenoelow
apeat layer. According toGapenne et a{2017), the coastal plain was covered by an oak grove

around 3000 BCE. These trees slodiyappearedespeciallydue to the development of bogs

X Fromca. 3500 BCE toca.1000 BCE
Around 3500 BCEUniIt B, defined by the presence of continental peat in several cevesls
a major environmental chang®ack-barrier marshes extended westtloé Rueforaine The
eastern boundary of this aresinfluenced by the morphology of the Pleistocene gravel and
pebble bar. The ERT profiles performed in the northwest of Rue delineate the upper limit
geometry of thaleposit ofPleistocengravels and pdiles from its outcropping at the top of
the Rueforaine (eastern ends of ERT6 and NNE of ERT4) to the bottom of adjacent valleys
(profile ERT2). Until the beginning of the 3rd millennium BCE, the landscapefiguration
combinedbogs andvoodland(Gapennest al.,2017).

The chronology of peat shows a hiatus between the lowermosigiadto ca. 3500BCE, and

the uppermost part, dated to the late 2nd millennium BCE (E&). In additionthe R5 peaty
deposit whose top was dated ¢a. 1500 BCE, is disrupted by a sandy layer (between +1.25 m
a.m.s.l. and +1.50 mra.s.l), probably depositelly stormsurge flooding (seg 5.2).

The upper limit of the peat vMasin height and shows greaterthicknessin R4, R5, R6 and
R7thanin cores M21 and Rue3 (Leféve¢ al.,1980; Terst al.,1980), where itvasidentified
around Om a.m.s.l.(Figs. 1 and 3) Yet, peat thickness these cores very close to that of
cores SC1 and SCArilled in a small valleysouth ofthe Rueforaine (Terset al.,1980). The
cores drilled in 2012eveal conditions that wemnore sheltered from the sea thtose
evidenced ircores M21 and Rue3. The local geomorphological context of cores SC1 and SC3
is moresimilar tothat of R4, R5, R6 and RFifs. 1 and 4). These differences confirm the role
of the local geomorphological features highlighted by Lefétral.(1980) and Meuriss€ort
(2007), even if sediment compaction probably strongly distlitbestratigraphy of core Rue3.
Comparison between RR5, R6 and R7 showaslight variation inthe altitude of the upper
limit of the peat. Fronta.+2.60m toca.+3 m a.m.s.l, R4 and R#ecordthe top ofUnit B,

with finer sedimentgancluding blackpatchegperhapsndicative ofold roots,while R5 and R6

15



501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534

showtidal rhythmites similar to those currently observed in the muddy saltma&stith et al,
1991). Given these features and thkacationto the southeast of R5 and RbBe areadrom
which R4 and R7were takenwould have been submergednly during high tides andvas
probably covered by saltmarsh vegetatiorca. 1000 BCE(Fig. 12b). In addition, the peat
recorded irR6 laminationgFig. 9) suggests that the area arothé corewas at the boundary

of the high marsh (schorrdi addition, the influence of saltwater inputs on the top of the peaty
deposits is proved by a recent analysis of diatoms neéfetteforaine (Gapennest al, 2017).

Therelatively recentlate (834752 cal. BCE) and the characteristics of the dep(dsirk grey
peaty silts) at +1.7B a.m.s.l.in R6 suggestheinfluence of human activities dhe peatlands

at the beginning of the Iron Ageorcomparison, largscale peatland reclamation in the coastal
plain of Holland began between 600 and 250 B&i€ording to Pierik et al. (2017)

X Around10004250CE (Fig. 12c)
Human impact (ditches, dikes, fortifications, embankments) on the landstapsifiedfrom
atleast the 12th centur¥he sedimentsecorded betweeca. +3.90 m and +5 m.m.s.lLin R4,
R5, and R6 (Figs. 6 and ¢dntinued, nevertheless, to imdluenced by marine processes. In
these three cores, the sands contain cq€ldeastodermadulg valves while the sandm R7
contain land snail fragments that indicate a continental influence of sedimentation. In addition,
thethin beds of coarser sand recorded in R4 andtiR6. +4.30 mam.s.l. (Figs. 6 and 7¢an
be defined as storm surge dep®slihe erosional surface (elecontact) between the coarser
bed and the underlying marine deposits R4 testifies to the suddenness of the event
(Chaumillon et al., 2017; Pouzet et al., 20Mreover this kind ofmassive increase aoarse
grains (30% of sand araDgo ranging fromca. 400 toca. P ascompared to underlying
sedimentshasoccured in a similar mannem saltmarsh sediments deposited duniagent
storm surges (Swindles et al., 2018). The overlying fludgglosits ubunitC2) suggest that a
fluvial flooding of the arethenfollowed the storm evenivhichlikely occurred in the 12th/13th
century BCE according to the sample datedRf.
The fine sandsSubuwit C3) in R6 between +4.40n and +5.10m a.m.s.l.were mainly
influenced by human activitieAt the sameheight the sediments recorded in R4 amd
particularR5, werethinnerandeven peaty (R5)ndicating low energy environments. Mottled
sediments (marked by groups of red, yellow and gagghe} between +4Qm and +4.50n
a.m.s.lin R5 and between +4.30 and +5.20n am.s.l.in R4, indicate periodic waterlogging.

All theseobservations suggest that Réocatednear gormer river channdhat may have been
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535 artificially closedafter siltingup. About 100m to the southeast, R4 likely situated at the
536 formerinterface between fresh and saltwateithe upper part of the muddy flat (slikleydin

537 an environmental context favourable to cocklésr@stoderma edu)eln the aregrom which

538 R1 and R2avastaken andwhere fluvial depositarerecorded, freshwater probably flowed into
539 a natural or artificial channel (ditch).

540 Wetlands and bogs under continental influence were probably located north and northeast of
541 the former river channel. Freshwater paadswere identifiedh sediment cores taken the
542  1980sat similar altitudes in other aretsthewest, south and southeast of Rue (Lefétral,

543 1980; Tert al.,1980). The peat dating performed in R5 at +48@80536 cal. CE) conflicts
544  with thedatings (989052 cal. CEand 10394210 cal. CEEobtained for R4 between +4.&9
545 and +5.12m a.m.s.l.In addition, the upper peat layer of core M21 analysed by Le&ivaé
546  (1980) was dated to 1070 + 200 GHg6.1 and3). These results probably indieahatthe peat
547 dating obtained for RE unreliable whereas the other twesults(in R4) wereobtained using
548 charcoal.

549  The fluvial sediments identified in R1 aR2 (Subuwit C2) between+4.50m and +5ma.m.s.l.
550 were most likely deposited by the MaRever. The latter which initially flowed south othe

551 Rueforainein e Val de May¢|(Lefevre et al.,1980; Ters et al., 1980Fig. 1), moved
552  northwards probably due to sedimentary deposition at the end of the medieval period. This
553 riverbedchange may have been caused by the silimgf a former pond (callegtang de Ru§
554 or Mmivier de Rud southeast of Rue, which existed at lesm the 13th century CE
555 (Demangeon, 19059ndwhich had been maintained liikes downstream. Its siltatiamay
556 have caused the shift of the Maye towardsthr¢hwestto a channel crossinipe Rueforaine

557 In theLate Middle Ages, the channel planform of the Maye was shmagar to W R G Dhg V
558 tidal harbour of Rue was establishiedhe upperestuary of thisiver.

559

560 X Since the 13th century CE

561 Continental processes and human activiti@geplayed a major role in theggradation of the
562 plain since the 13th centuryhe construction of dikes the 12th century CE norhorthwest
563 of Rue (Briquet, 1930assistedhis aggradation (Unit D)

564  According to early maps (dating from the late 16th century), the RReag ended in a closed
565 gulf and Rue was located inland (Figa). A map from 1773 shows a lock at the mouth of the
566 OD\H DW D SODFHRH BpQupbERmedy B kmbvessouthwest of Rue (Fid.0c),

567 at the boundary of a probable high marsh (schorre). mhalsoindicates a destroyed dyke
568 MGLJXH URPSXHY DW WKH ERXQGDU\ EHWZHHQ WKH VDOV
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probably correspond® the limit between high marsh and tidal mudflat. The destroyed dyke
alsofeaturen thel758map by Cassini (Fid.0d), which confirmsthe risk of coastal flooding

due to dune or dike breachimag that time Moreover, the Maye canbbscarried waterfrom
WKH ULYHU WR ZBrd&the L789saididd@hg draifiage of the wetlands around Rue.

5.2.Relative sea level changim the area of Ruduringthe last 500 years

The basal part of the peat depobitit B) that overlies an incompressible basement, especially
in R5 and R6can betakenas free basal se&vel index points (SLIP)which allow the
estimation of past relative sea levels (Brain, 2015; Hijma et al., 2Bba)ysesof the peat
collected inthese cores do not allow us to accurately reconstruct the depositional environment
(salinity, in particular)of the peatThus,the indicative meaninghe quantitative altitudinal
relationship that connected the SLIP with the reference tidal level &imtaeof deposibn;
Hijma et al., 2015) of ta basal peat of R4, R&hd RGremaindifficult to determine. However,
the low concentrations ofCaCQ (<5%) of the peatand the lack of molluscsuggest a
predominantlycontinental influenceThis assumption is confirmed by a recent analysis of
diatoms collected at the bottom of the peat layer, nedféneforaine (Gapenneet al, 2017).
Indeed, we propose to defirtbese indicatoras upper limiting data points (Shennan and
Horton, 2002; Hijma et al., 2015)nder normal conditionghe seadoesnot reach this limit
except perhapsduring astronomial tides and storm surgeBased orR4, R5 and R6three
limiting points can belefined: (i) 38248695 BCE (at +0.96n a.m.s.l), (ii) 37988654 BCE
(at +1.50m a.m.s.l), and (iii) 353288368 BCE (at +2.10n a.m.s.l). Giventhat the present
highest astronomat tide (HAT) is at +6.13m a.m.s.1.(5.09m a.m.s.l), we estimate that:
x at38248695 BCE the HAT wasat ca.0.14m belowthe present mean sea lewed the
mean sea levelas likelyaround5.23 m below the present mean sea level
X at 37988654 BCE theHAT wasat ca.0.45 m aove the present mean sea leaeld the
mean sea levelas likely4.63 m below the present mean sea level
x at 35328368 BCE theHAT wasatca. 1.05 m above the present mean sea leaeld the
mean sea levalas likely4.03 m below the present mean sea level.
Thesethreelimiting points and thecorrespondingprobable past mean sea leagé in good
agreement with theelative sea level evolutioover the last 5000 years in Brittanyas
reconstructed by Goslin (2014¢ven if theHAT indicated by the first limiting data pd seems
low compared to the second point. The reconstructed relative sea levels are lower than values

estimatedy thelce-5G model (Peltier, 2004and higher than valuesliculated by the models
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603 of Bradley et al(2011) and Kuchar et.&2012) Eig. 11). Our resultsndicatethat the roleof
604 tectonic movements the relative sea level changaserthe pasb000 yearsvasinsignificant.
605 The faults of the Rue arsaemto be inactive.

606

607 The sandy layer recorded+1.25m a.m.s.l.and +1.50m a.m.s.l.in R5 maybe explained by
608 stormsurge floodingthat waslikely linked with major climatic changes identified in north
609 western Europe (see aforementioned referenpasg)cularly fEuropean Atlantic storm everfis
610 (as defined by Pouzet et,&2018).The shorter second phase of peat accumulatioa 4300
611 BCEmayhave beernhanced by the closuretbkebeach barrier complex. This phase may
612 turn, have been stopped by anothgturopean Atlantic storm evefjeriod that began aa.
613 1100BCE (Pouzet et al 2018), as suggested by ttlear contact (erosional surface) identified
614 betweenUnit B andSubunitClin R5at +2.50m a.m.s.l.(Figs.7 and §.

615

616 Regardinghe present limit between the slikke and the schoroa.at4 m a.m.s.l.(Michel et
617 al., 2017), the laminated marine sedimeBish{nit C1) situated above the peat sequence in R5
618 and R6,anddeposited close to the limit between slikke and schorca.&.70m a.m.s.l, are
619 probably linkedo a sea levelt the beginning ohie 1st millennium BCE, afa.1.30m below
620 the presenbne

621 The coarser sand beds identified in R1, R2, &4l R6 reflect a greater frequency of marine
622 incursions sincea. 1100 CE.Some ofthese storm surge deposits can be related tgeh8E
623 1 fperiod(Pouzet et al 2018) during the earlyittle Ice Age{(in ca.1450 CH, even after land
624 reclamation (as suggested by Leféstal (1980) in the area of core M21.

625

626 5.3. Consequencésr human occupation from Neolithic times to the medipesibd

627

628 Our results suggest that tlsboreline positiorwas probably located at tHeot of the Rue
629 foraineat the end of th#liddle Neolithicperiod(ca. 3500 BCE).According to Gapennet al.
630 (2017), at the end of the Neolithic, a forest covered the Brem the end of the Neolithic to
631 theMiddle Bronze Age (1606350 BCE),much ofthe lowlandsin the area was covered by
632 peatlandHuman settlements were probaphgferentially located at thep of the Pleistocene
633 bars at leastirom the Bronze Ag€Rougier, D12 Gapenneet al, 2017. The lowlands were
634 probably highly exposed to storm surgdsch, however,did not affecthe settlements located

635 on the Pleistocene bars.
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From the end of th8ronze Age ¢a. 1000 BCE) to thd_ate Middle Ages (98A492 CE)
sedimentdeposited in the lowlands in thgperpart of an estuarywere mainly of marine

origin. Saltmarshes, including muddy flats (slikke) and high marshes (schorre), developed at
the botom of the Pleistocene bars. During the Iron Age, peatiacldmatiormay have begun

(see 8§ 5.1)but human activities in the lowlands westejectto storm surge flooding.

With the aggradation of the plain and the westward migration of the coastline, the drainage
network was shaped.

Finally, despite the lack of archaeological evidence, our results agree well with different
historical sources and confirthe likelihood ofa coastal harbowat Rue during the 12th and
13th centuries Cghis harbour wagrobablysituated northwest of thewn Q Hé&©NMoulin

de SaintJean(

6. Conclusion

Sedimentological analyses derived from boreholes and geophysical investigations conducted in
the Rue area, combined with the scrutiny of historicatcemhave allowed us to reconstruct
theMid- to Late Holocene evolution of the Makstuary. The geoarchaeological approach we
employ allows to identify: (1) the prevalence of marine environments at the beginning of the
4th millennium BCE, (2) the development of peat accumulation @r8500 BCEto the late

2nd millennium BCE, interrupted by a period (betwear3050 cal. BCE and 1558290 cal.

BCE) of marine deposition (probably due to storm syrgé€ an estuarine depositional
environment around 10G8250 CE, including a foreshore composetath mudflat (slikke)

and high marsés(schorre)as well asa river channel (Maye), and (4) land reclamaiiothe

former MayeEstuary since the 13th century.

This palaeoenvironmental reconstruction agrees well with recently published sea level curve
reconstructions for the Holocene. A continuddisl- to Late Holocene sdavel risedoesnot

conflict with our reconstruction of the Picardy coastal plain evolution

Based on our results) around 1003250 CE the town of Rue was borderéal the wesby

the MayeEstuary, thus confirming literary sources and local legends. The inner estuary was
O R F D W HeEGM@pllish RI&) Saint- H D @lerea boat carrying essacredwooden cross from
Jerusalem is reported to have beached during the 12th cehhuy, we suggest thathe

harbour of Rue was situatesbrthwest 6 the town, at the upstream boundary of the Maye
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Estuary. The creation of an artificial pond southeast of Rggang de Ru§ WKH GLYHUVLR
the river towards the medieval town. The discharge of water from the pond to the town was
likely caused byanthropic and natural filling in ahe wetland. Wesuggesthat this natural

barrier was dredgkto removesedimats from the harbour and/or to maintain the navigability

of the river as is commonly don@day.

Further investigation (coring and geophysical surveysquired to reconstruct the Holocene

evolution of the estuarine landscapethewest and south dRue. Pollen analyseasay also

help reconstruct the landuséthe area, irparticular during the period dfarbouractivity of

the town.
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1004 Figure and tablecaptions
1005

1006 Fig. 1: Location and Geologcal mapsof the study area

1007 1: Spot height (in metsy, 2. RlateauPicard  Upper Cretaceous chalk with flint8; Flint

1008 pebble spit4: Holocene dunes and sand barsgbrmation du Marquenterr§Holocene clay
1009 and sand$$: Holocene alluvial deposits; Aolocene pea8: formation de Ru§Pleistocene
1010 pebblespit, 9: Fault;10: Hidden fault;11: River;12: Location ofcoringsundertakery Lefevre
1011 etal (1980) and Terst al (1980)(source: BD ORTHO® IGN, 2017; BRGM)

1012

1013 Fig. 2: Comparison betweenthe Holocene sea level curves proposed by Meurisgert

1014 (2007) andMrani -Alaoui and Anthony (2011)

1015 1:Sealevel curvesstimated withradiocarbordated peat and palaeosol sameani-Alaoui

1016 and Anthony, 2011); 2: Sea level curves from Belgium (MAdaobui and Anthony, 2011); 3:
1017 High tide level curve proposed by Meurigsert (2007)

1018

1019 Fig. 3: Comparative sections of fivecorings, Souh of Rue (Somme)

1020 1: Chalk; 2: Chalky loam, with pieces of flint and sand; 3: Pleistocene gravels (rounded flint
1021 pebblesn a matrix of fine sand; 4: Loam with fine layers of peat; 5: Peat; 6: Clay or loam; 7:
1022 Loamy silts; 8: Marine sands; 9: Marine sandy silts;Sltell cebris; 11: Datingta: 2910+ 90

1023 BP according to Terst al (1980)/1110+ 210 cal BCE according to MarisseFort (2007); b:
1024 4650+ 150 BP/345@ 190 cal BCE; c: 5220+ 110 BP/403@& 240 cal BCE; d: 980+ 100/1070

1025 + 200 cal BCE; e: 3060+ 110 BP/1270t 270 cal BCE; f: 5080+ 140 BP/394(Gt 300 cal

1026 BCE; g: 5520+ 150 BP/437@& 330 cal BCE; h: 6450+ 160 BP/535& 320 cal BCE

1027

1028 Fig. 4: ERT profiles and drill core locations. Map based on BDORTHO® (source: IGN,

1029 2017)and RGE ALTI® 1m (source: IGN, 2017

1030
1031 Fig.5a: ERT2, ERT4, ERT5, and ERT6profiles (2D view) and identified geoelectric units
1032  (Ge)

1033 CoresR4, R7 and R8 are reported in the corresponding sections and the reader can refer to the
1034 description of the sedimentary units.

1035

1036 Fig. 5b: ERTL, and ERT3 profiles (2D view) and identified geoelectric units (Ge)
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Cores R1, R2 and R7 are reported in the cooreding sections and the reader can refer to the

description of the sedimentary units.

Fig. 5¢: ERT7, and ERTS8 profiles (2D view) and identified geoelectric units (Ge)

Fig. 6: Chronostratigraphy of coresR1, R2, R3, and R4

Organic mattercarbonateontent and granulometric indices (mean and mode) are reported for
each core, plotted as a functiondefpth below the surface.

1: Heterogeneous sand; Heterogeneous sand with gravels and pebbles; 3: Heterogeneous
deposit with sand (medium to coarseplples and shell fragments; @oarse sand; 3edium

sand; 6: \éry fine to fine sand: Tidal rhythmites 8: Silty sand; 9: Peaty silt; 10: Peat including
plantdebris; 11: Weathered chalk; 12: Mottled sediments (with red, yellow and grey spots); 13:
>35 % calcium carbonate contesurficial deposits 14: Potshergl 15: Cockle fragments
(Cerastodermaedulg; 16: Snail fragments; 17Colluvium; 18: Clear contact;19: AMS
radiocarbon dating; 2Gulunit M1; 21: Subunit M222: Unit P, 23: Subunit Ch; 24: Sulunit

Cm; 25: Subuit Cf; 26: Unit H

Fig. 7: Chronostratigraphy of cores R5, R6, R7and R8

Organic mattercarbonate content and granulometric indices (mean and mode) are reported for
each core, plotted as a function of depth below the surface.

1: Heterogeneous sand; Heterogeneous sand with gravels and pebbles; 3: Heterogeneous
deposit with sand (medium to coarse), pebbles and shell fragmeGtarde sand; 5: Medium
sand; 6: Very fine to fine sand; 7idal rhythmites; 8: Silty sand; 9: Peaiit; 10: Peat including
plantdebris; 11: Weathered chalk; 12: Mottled sediments (with red, yellow and grey spots); 13:
>35 % calcium carbonate content surficial deposits; 14: Potshgbsd Cockle fragments
(Cerastodermaedulg; 16: Snail fragments; 17Colluvium; 18: Clear contact; 19: AMS
radiocarbon dating; 20: Subunit M1; 21: Subunit M2: 22: Unit P; 23: Subunit Ch; 24: Subunit
Cm; 25: Subunit Cf; 26: Unit H

Fig. 8: Chronostratigraphic cross-section based omrilled cores

1: Heterogeneous sand;. Heterogeneous sand with gravels and pebbles; 3: Heterogeneous
deposit with sand (medium to coarse), pebbles and shell fragmeGtarde sand; 5: Medium
sand; 6: Very fine to fine sand; 7idal rhythmites; 8: Silty sand; 9: Peaty silt; 10: Peat inclgdin
plantdebris; 1. Mottled sediments (with red, yellow and gnegtche} 12: >35 % calcium
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carbonate contergurficial deposits 13: Potsherd, 14: Cockle fragmentgCerastoderma

edulg; 15: Snail fragments; & Colluvium; 17: Clear contact; & AMS radiocarbon dating

Fig. 9: Tidal rhythmites recorded in core R6 (betweer2.57 and 2.82 m depth).

Fig. 10: Examples of old mapsof the Rue area

9a: Detail of the map drawn in 1579 by J. Surhorpcardiae, Belgicae regionis descriptio,
Joanne Surhoni@uctore. Cum Imp. et Reg. privilegio decedb79. Ponthiev, Santerre,
Vermandois, Terrache, Tartenois, Cambresis, Vimevx, Beauvois, Laonnois, Baillage de Hesdin,
Artésia, Champagnae, Hannoni§®epartmental Archives of the Somme: 1FI95@8)e town

of Rue isindicatedby a yellow circle

9b: u3ODQ GHV IRUWLILFDWLR Q \Depditnemal Atchived-of @kl Sbrkrie: H Q
1FI285).The brown circles indicate the location of R3 and R8.

9c: Detail of the map drawn in 177%lan des différents canaux tant de navigation que de
desséchement projettés dans le terrain situé entre I'embouchure des rivieres de Somme, de
Maye et d'Authi€(National Archives: N Il Somme-8). The town of Rue is markedith a

red circle The lock at la Hae Pénédis indicatedby asolid blue circle; the destroyed dyke
downstream isndicatedby a dottedluecircle.

9d: Detail of a map published in 1758 under the direction of GEsamncois Cassini de Thury
Carte générale de la France ; 023. [Dieppe]. N°23. 15e Fli§

(https://www.geoportail.gouv.)r The town of Rue isadicatedby a red circle.

Fig. 11: Comparison betweenthe past mean sea level reconstructed in the Rue arehge
sealevelindex point identified in Brittany (France) by Goslin (2014) and glacial isostatic
adjustment models

1: Basal peats identified by Goslin (2014); 2: Intercalatedeses index points identified by
Goslin (2014); 3: Limiting points identified by Goslin (2014); 4: Limiting points definezlr
study (HAT:reconstructediighest astronomad tide; msl: probable mean sea level)Cairrent
sea level HAT: highest astronmical tide; msl: mean sea level§; Ice-5G model (Peltier,
2004);7: Bradley et al(2011) model8: Kuchar et al(2012) model

Fig. 12: Palaeogeographic reconstruction of theorthwest of the Rue areafrom ca. 1300
BCE
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1104 12a2? 1: Rueforaing 2: Swampyarea 12b2 1: Rue foraine 2: High marsh(schorre); 3:
1105 Mudflat (slikke) 12c? 1: Rueforaine 2: Coast; 3: Maye estuary; 4: Limit of the medieval town
1106 of Rue; 5: Present channel of the Maye; 6: Probable former channel of the Maye

1107

1108 Table 1: ERT profile locations

1109 Table 2: Radiocarbon dating results
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Profile reference | starting point (EPSG 2154) ending point (EPSG 2154) lenght (m)
ERT1 50°16'23"N 1°39'43"E 50°16'23"N 1°39'48"E 96
ERT2 50°16'24"N 1°39'48"E 50°16'22"N 1°39'47"E 64
ERT3 50°16'31"N 1°40'E 50°16'27"N 1°40'40"E 160
ERT4 50°16'25"N 1°39'46"E 50°16'26"N 1°39'48"E 51.2
ERT5 50°16'25"N 1°39'46"E 50°16'25"N 1°39'48"E 51.2
ERT6 50°16'24"N 1°39'49"E 50°16'24"N 1°39'61"E 38.4
ERT7 50°16'54"N 1°40'51"E 50°16'53"N 1°40'56"E 96
ERTS8 50°5'28"N 1°25'39"E 50°05'26"N 1°25'36"E 64
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