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- DAY ONE -

Scientific excursion to Southern Brittany
Wednesday, 24 September 2008
Leader: Jean-No&l PROUST
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Routes which will be followed between RENNES and PENESTIN

NOTICE

The text expected to illustrate the visit to Penestin region is actually missing because
the former leader could not attend our meeting. This text is replaced by two published
papers. One 1s in French with captions and abstract in English. The other is fully in
English. They give two different views by different authors for this area. Doctor
J.N PROUST who kindly accepted to lead this excursion will give all the necessary
explanations in English.
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Le systeme fluvio-estuarien Pléistocéne moyen-supérieur de Pénestin
(Morbihan) : une paléo-Loire ?

NicoLas BRAULT. Francois GUILLOCHEAU. JEAN-NoEL PROUST, TuiErRy NALPAS, JEAN-PIERRE BRUN,
STEPHANE BONNET et Syivie BOURQUIN'

Mats clés, - Massif anmoricain, Pléistocine, Sadimentologie, Chenaux Ruviatiles, Géomorphalogie, Retations tectonique/sédimen-
wtion,

Résumé. — La tormation de Pénestin (Pléistocéne moyen-superieur). dans le Morbihan, est un des rares témoins sédi-
mentaires pléistocénes qui permetient. au travers de Panalyse sédimentologique ¢t stratigraphique des sédiments preé-
servés, de reconstituer 'évolution géomorphologigue et tectonique récente du Massil armoricain, La formation de
Pénestin, globalement Nuviatile, comble un palcochenal érosif sur des micaschistes carboniféres et leurs formes d"alté-
ration. Eile comprend trois unitds stratigraphiques. L'unité de base funité 1) correspond @ un sysiéme en tresse proxi-
mal, 'unité intermédiaire (unité 11) correspond & un systéme en tresse distal légerement sinueux trés bien préserve gui
passe verticalement & un systéme estuarien mierne et unité sommitale (unité 11} correspond & un systéme en tresse
distal 4 nombreuses évidences d'érosion / abandon (lncs temporaires). Ces trois unités s enchainent suivant deux cy-
cles de chute et de montée du nivenu de base {unités | et 11, unité {1}, La formation de Pénestin est déformée pendant
son dépot par des plis en échelon associés 4 des décrochements du socle sous-jacent. expression d’une compression
NNW-SSE.

L'analyse des paléocourants et de la pétrographie des galets de la formation de Pénesiin montrent une disconti-
nuité majeure entre les unités H et 11 qui se traduit par une inversion de la direction d'écoulement des chenaux. de
N320 (unités | et H) a N133 ¢t N188 (unité . L'hypothése proposée est gue les unités 1 et 1l correspondraient @ une
paléo-Loire s"écoulant vers fe NW alors que unité 11 serait le témoin d"une paléo-Vilaine s"écoulant vers le SSE.

Middle to Upper Pleistocene fluvio-estuarine system of Pénestin (Morbihan) :
paleo-Loire river ?

Kev words, — Armonican Massif, Pleistocene, Sedimentotogy, Fluvial Channels, Sedimentelogy, Teetonic/sedimentation relations.

Abstract. — In France, the basement domains are incised by large fluvial valley networks. Recent studies {Lefebvre ¢t
af.. 1994 . Bonnet. 1998 : Lautridou o7 af . 1999 ; Antone ef af., 2000 ; Bonnet ¢f of.. 2000] show that these networks
were cut during the Pleisiocene in response to the uplift of western Europe combined with a fall of the base level [Hag
et af.. 1987 : Shackleton, 1987}

The aim of this article is to studv one of the rare Pleistocene sedimentary accumulations preserved in the
Armorican Massif, the Pénestin fluvial channel system in order 1o : { 1) reconstitute the paleogeomorphological puram-
eters and {2) discuss its relationships with recent wetlonic movements,

The Pénestin fluvial systen is localized at the top of the ¢li¥ of the Mine & Or beach (west of Pénestin, south of
the Vilaine estuary, fig. 1), The paleochannel cuts through the Carboniferous micaschists which pass laterally into Ter-
tiary paleoweathering deposits. The paiecchannel is deformed by folds and/or by sirike-slipe faulis. Three sectors are
identified (fig. 2). Sector | : a northern undelormed sub-area ; sector 2 : an intermediate slightly folded sub-area 1 sec-
tor 3 a seuthern folded and faulted sub-area. Three sedimentological units and seven associated facies are distin-
guished. Unit I {facies Gj. conaining local matrix-dominated conglomerates characieristic of distal debris flows,
suggests a proximal braided river environment. near the transition with alluvial fans [Blair and Mac Pherson. 1994],
Paleocurrent trends are directed toward N320 (fig. 3). Unit H (facies Sg, Sgm, SI Fb and T) is mainly dominated by
sandy facies and corresponds to a more distal braided river flooded at the top by the sea (occurrence of inner estuarine
depositsy. The 2D and 3D megaripple cross-bedding steuctures indicate paleocurrents trending N320 (fig. 33 Unit 1l
(facies G, Sg. Sgm and Fr) with multiple erosive channels is filled by braided river deposits (facies G, Sg and Sgm} or
temporary lake sedimems (facies Fr), The 2D and 3D megaripple cross-bedding structures indicate paleocurrents ori-
ented NI135 or N180 (fig. 3). Stratigraphically. these three units record two major base level cyeles (fig. 61, in the sense
of Wheeler [1958]. The first base level fall corresponds 1o the incision of the paleochannel. Unit | is amalgamated and
was deposited during the beuinning of the rise, while unit 1 corresponds 1o the maximal facies preservation during the
maximum rate of rise. The erosion of unit 11 by unit 11 corresponds to a moderate base level fali followed by a smali
rise (little preservation of onit i),

The basement, the weathering deposits and the Quaternary sedimentary units are folded and faulted by NO5G 10
NO70 strike-slip faults {fig. 2). Two stages of deformation can be characterized. The first stage. taking place before the
incision of the paleochannel. corresponds 1o a southward tilting of the weathering profile. The second stage ook place
during the paleochannei infilling. producing thickness variations of the bedsets within unit 1L The amount of deforma-

| Géosciences Rennes, UMR 6} IR du ONRS. Campus de Heaulicu. 35042 Rennes cedex. France.
Manuserit déposé le 9 octobre 2000 : accepté aprés révision le 3 ma 2001,
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tion increased during deposition of unit TH and s expressed by NOSO to NOTO strike-ship faults capped by unit HE or by
a topmost vrosive sucface. Fault orientation mdicates a NNW-SSE compression (fig. 3) consistent with the stress field
0 northwestern Burope [Muller o of., 1992 1 Zoback, 1992]

Paleocurrent directions tn units 1 and 1 seem 1o indicate a southerly drainage basin. Today. the Vilame river
iTows southward, The units | and H do not represent a naleo-Vilaine river. but since unit 11 shows paleocurrents similar
to those of the present Vilame river and containg red schists in i1s basin. It could represent a paleo- Vilaine river. Units |
and 1 mizht represent a paleo-Loire river, the present Loire river foilowing & curve as 1 passes over the South Armori-
can shear zone which reorientates it toward the N320 (fig. 73 Foureng and Pomerof {19951 show that the Loire niver
was capiured many times ago by the Seine river during the Pleistocene. In this way, when the paleo-Loire river was
captured. the paleo-Vilaine river deposited unit il

The Pénestn paleochanne! resulted from the Huvintde waision/Dithing of @ braided river, which was temporarily
overlain by estuarine deposits, The rivers fliing this paleochannel first flowed out to the north tlow of a paleo-Loire
river @ units Dand 11, and then o the south (flow of a palee-Vilaine river: unit 1),

The deformation 15 attributed 1o a NG fanlt, to a set of NOSO and NOTO faults and 10 NO50 folds.

INTRODUCTION

Les doemaines de socle du terriloire frangais sont incisés par
ge nombreus réseaux de vallées fuviatiles. Différentes étu-
des [Lefebyre er af,, 1994 ; Bonnet, 1998 : Lautridou er ¢l..
1999 © Antaine e af . 2000 . Bonnet er al, 2008} tendent 4
- montrer e caractére réeent, Pidistocene, de ceite incision,
en réponse 4 une surrection de ouest européen qui se su-
rimpose a la baisse géndralisée du niveau de base suite au
développement des glaciations quaternaires {Haq er all.
1987 : Shackleton, 1Y87]

La morphologie du Massif armoricain résulte de Pinei-
sion de surfaces d'aplanissement résiduelles par deux géné-
rations de réseaux hvdrographiques ; (1) un réseau mio-
pliocéne. avee des épandages de vastes cones alluviaux en
tresse passant & des réseaux de chenaux en tresse a faible-
ment sinveuy épisodiquement ennoyés par la mer [Guillo-
cheau er af. 1998] et {2} un reseau initi¢ au Pléistocéne
inféricur & moven [Bonnet, 1998 1 Bonnet e of., 20001

Notre propos est detudier un des rares wWmoins sédi-
mentaires du réseau pléistocene connu dans le Massit ar-
moricain, le sysiéme fluviatile de Pénestin, L objectil est
double et s attache a {1} cerner les paramétres paleogeo-
marphelogiques gui ont participé a fa mise en place de ce
svsteme fluviatile. et (2) discuter de Pimportance des mou-
vements tectonigues récents dans sa préservation et de ses
relations avee le réseau hydrographique actuel

CONTEXTE GEOLOGIQUE ET TRAVAUX
ANTERIEURS

Le svsiéme sédimentaire étudié se situe au sud de Dactuel
estuaire de la Vilaine {Morbihan), immédiatement & ouest
de Pénestin, dans les falaises de la plage de la Mine d"Or
{(fig. ). 1 est limité au nord par un « endap » des sédiments
sur le socle (fig. 2), et au sud par un décrochement majeur
dexire de direction N11O (fig. 1)

Les sédiments reposent sur des micaschisies 4 musco-
vite, chlorite, albite ¢t grenat. appartenant aux micaschistes
de la Vilaine, une des trois unitds métantorphiques de la
Bretagne meridionale affectées par Dextension du Carboni-
fere de la chaine hercynienne [Gapais ef af. 19931

Ces sédiments ont & abord ¢té mterprétés comme des
témoins d un paléo-estuaire de la Vilaine [Guilcher, 1948],
sans precision d7age. Durand ¢t Milon [1955] les compa-
rent aux sables rouges pliovénes d’origine marine de Ker-
fulher et de Quiberon el envisagent des phénomenes de

Budl., Sex _;;('10‘-:_ Fr. 3001 8° s

[} Fremalion de Pénestin
i E Sonke {rcaschums of granstesl
L8A Caniomtn] Sutt Annsnain

Fig. 1 - Cadre géologique de a région de Pénestin (modifid d'aprés In
carte géologique au 1750 G 0" 449),

Fici. | — Gevlagival framework of the viudied areo fiodified after 1:54
) goologice! map o 449)

solifluxion pour expliquer leur déformation. Riviere ef al.
[1963] soutiennent origine marine des dépots mais atirt
buent en revanche les déformations a des pingos périgla-
ciaires d’dge wirmien. Van Viet-Lano& er ol [1997]
rattachent ces mémes sédiments a un complexe {luviatile et
estuarien dépose au Pléistocéne moyen, entre 600 000 ans
B.P. a la base de la coupe et 300 000 ans B.P. au sommet
(dges obtenus par résonance paramagnétique électronique
ou R.P.E.} en précisant qu'ils auraient &1¢ détormés par des
processus hydroplastiques de charge induits par des séis-
mes en période d'englaciation.

Le milieu de dépit de ces sédiments et le mode de dé-
formation demeurent aujourd’hui encore sujets a discus-
sions, En revanche, Page pléistocéne proposé par Van
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i 2. — Coupe simplifide de fa fulaise de la plage de ta Mine d’Or montrant fa géomdine des trois unités lithologiques ¢t les deformations assovides
qilles décruchantes, plis ©f basculement du profil d'aliération vers fe sud).

FiG. 2. - Simplificd cross-section of the cliff of the « la Mine d'Or » showing the geameny of the three Hchological wnits and the associated doformations
tfaufts, folds and dting of the weathering profii southwand),

Vitet-Lanod ¢r of. [1997] semble quant a lui confirmé par la
présence de galets striés d’origine glaciaire trouvés dans un
conglomérat i la base du comblement et qui pourraient étre
I'expression de "une des glaciations quaternaires.

DESCRIPTION DE LA COUPE DE PENESTIN

la formation de Pénestin, visible sur une longueur d’envi-
ron 1800 métres. présente une hauteur maximale d’affleure-
ment de 8 metres {fig. 2). Les sédiments reposent sur le¢
substratum par intermédiaire d’une surface d7érosion cor-
respondant 4 un paléochenal a fond plat, rempli en « on-
lap » sur les bordures. Le substratum est. du nord au sud.
constitué de micaschistes sains a chlorite et albite qui pas-
sent latéralement vers le sud a leurs produits d altération
avee des isaltérites puis des allotérites riches en kaolinite et
en quartz résiduct. Les isaltérites et les allotérites a kaoli-
nite [Delvigne, 1998] proviennent en Bretagne des climats § S - . _ _

. : . . PHOTO 1. - Evidences de déformations syne-sédmentaires @ varniaton
hydrofysants chauds et humides a saisons contrastées dela  gepaisseur de Funite It e Tong des plis (dhl > dh2 : épaississement au
fin du Crétacé et du début du Tertiaire qui ont conduit an  cceur des synclinaux dans Uunité 10
développement de grands profils d altération méléorigue de "j“"i'_‘-* b= Syn-sedimonlury teforetationavigencs + INCkResr variation
type latéritique avec de grandes épaisscurs de kaolinite :ff:i:Ii‘:‘rf::m:-,.j;‘f;;“ it > dh2 :thickening dn tee contral puri of syn-
[Estéoule-Choux, 1967 ; Estéoule-Choux er al, 1969
Thomas, 1999].

La formation de Pénestin ¢st en partie déformée par des
plis et/ou des failles qui permetient une subdivision en trois
secteurs : (1) au nord. au niveau du socle sain. un secteur
non déformé, (2) plus au sud. au niveau des isaltérites. un
secteur affecté par des plis (phote 1) dont la longueur
d onde est d'environ 100 meétres et Pamplitude moyenne de
3 meétres et (3} au sud, au niveau des allotérites. un secteur
caractérisé par des plis faillés (photo 2) dont la fonguecur
d’onde est procae de 50 métres ef Pamplitude de 6 métres.
A Pextréme sud de la coupe. un décrochement N110 dextre
margué par des stries et des placages de quartz, parallele au
cisaillement sud armoricain, décale le tracé de la cote et li-
mite fes dépots sédimentaires (fig. 1) pour ne laisser appa-
raitre que le socle sain.

La coupe de Pénestin se subdivise en trois unités lithos-
1‘rangmn}?|gucs “l,g' ,2 ¥ (1) I..m(.‘ g basalc E{mgiomcvra- PrOTO 2. - En poantillés, faille recoupant le socle, les alténites ¢ Tunite t
tique {umie i,l datée a 600 000 ans B.P. Evan Vliet Lanog et PHOTO 2, Dotted fines, faulf crossing e basemon, He weatiering
al.. 19971, (2) une unité médiane. passant de szbles & gra-  rocks and amiz 1l ' :
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viers au nord a des sables vers e sud (unité II) et {3) une
unité sommitale érosive sur les unités 1 et I, argilo-siltcuse
ou sableuse 4 graviers et galets {unité 1} datée & 300 000
ans B.P. [Van Vliet Lanoé e ¢l 1997], Ces unités présen-
tent des épaisseurs variables, Punité | possédant une épais-
seur maximale de deux métres, Punité 11 de sept métres et
Punité 111 de six métres. Cette troisiéme unité est caracté-
risée par de nombreuses surfaces d"érosion correspondant &
de petits chenaux dont Pextension latérale maximale est de
150 métres. L'unité [ tronque vers le sud (secteur 3) les
unités 11 puis | pour directement reposer sur les allotérites
(fig. 2). Les sables, en partie déformés, et le socle sont tron-
qués par une surface d’¢érosion horizontale (aplanissement)
dont Uorigine reste incertaine. Cette surface est recouverte
par environ 60 cm de loess. probablement déposés au cours
du dernier maximum glaciaire,

SEDIMENTOLOGIE DE FACIES ET
ARCHITECTURE SEDIMENTAIRE

Lithofaciés et milieux de dépdts

Sept faciés ¢lémentaires ont ete identifiés (tabl. 1). Hs sont
essentiellement composes de sables mal classés, de galets
de quartz et de quartzite, et épisodiguement de galets de
granite ou de schistes rouges présents dans quelques ni-
veaux conglomératiques. Les structures sédimentaires les
plus fréquentes sont des mégarides de courant 2D et 3D,
voire intermédiaires 2D-3D. des lamines planes subhori-
zontales et plus rarement des rides de courant. Les traces
fossiles sont rares et limitées & quelques terriers horizon-
taux oligospéciliques.

L absence des rides de vague et des HCS {« Hummocky
Cross Stratification ») caractéristiques d’écoulements oscil-
latoires et unidirectionnels [Hamms e @i, 19751 Dott et
Bourgeois, 1982 : Allen. 1985 : Nattvedt et Kreisa, 1987 ¢

N, BRAULT er al.

Guillocheau et Hoffert, 1988]. le caractére grossier et mal
classé des sédiments & structures caractéristiques d’écoule-
ment unidirectionnel, 'absence de macrofossiles, le carac-
tere localisé et oligospéuitique des traces fossiles limitées a
quelques terriers horizontaux, indiquent un environnement
principalement continental.

Unité 1
Llunité | (fig. 2) est essentiellement formée par le faciés G,
constitué de conglomérats a blocs, tantot a matrice domi-
nante, tantot & mégarides frustres et 4 galets imbriqués se-
fon fe petit axe (tabl. 1), Des niveaux de sables fins a litages
obliques de courant, pouvant atteindre 50 ¢m d’épaisseur.
sont intercalés entre les niveaux conglomératiques (tabl. I).

Le caractére localement dominant de la matrice. "ab-
sence de granoclassement et la rareté des stratifications in-
diquent qu’il s’agit en partie d'écoulements de débris
[Harms ef af.. 1975 : Miall, 1978]. Les litages de rides de
courant exprimés dans les sables peuvent &tre interprétes,
dans ce contexte conglomératique. comme des dépots de
crue en traction au toit des écoulements de débris a proxi-
mité dun cone alluvial [Rust. 1978 : Blair et Mac Pherson,
1994],

Les mesures de paléocourants, effectuées sur I'imbrica-
tion des galets, indiquent un écoulement prédominant vers
fe N313 (fig. 3).

Enitée 1

L unité Il (fig. 2) est formée des faciés Sg, Sgm, S£. Fbet T
Le faciés Sg est localisé a Pexirémité nord du paléochenal
ott il repose en « onlap » sur les bordures. 1l passe latérale-
ment aux faciés Sgm et Sf {fig. 4) qui évoluent verticale-
ment vers les facids T et Fb. Les facies Sg, Sgm et 51 sont
constitués de sables grossiers (faciés Sg et Sgm) et de sa-
bles fins (facies S mal classés (tabl. 1) Ces faciés présen-

Tanl. b - Faciés sédimentaires ¢lémentaires - principales caractéristiques et interprétation.
Tante 1. — Elementary sedimentary facies : privcipal characieristios and inferpretation.
Fagiés Cescription Miveau graphig Hydrody i - Milieu de sédimentation
G Conglomiiats & biocs ol galets anguivs b subangu & Linitas et 1l Couides de dibns te taiblo densie dans funitd 1 o
(2 8 70 cro), incal & matrice o to (sables g p dpandages dithes dans fundd i
paricis des évidences dimbrications de gaiets ot de iteges obiques lrustres de
megandes de couran
Présonce dimdarcalulions de B m da long of de 50 om te haut de sabies fins &
rides Ao ooumel
Epamseur (1 CZ-ZEm
g Sabips grassiens 4 ¢ o & v mal classds & itages Linatés H ot Ecoutemants unidrestionnels dens to régime hydredynamique
obltques do mbgarkios 4o courant 20 of 30 fpariois 20-30) l:gmm
h z Chanaux Secondairts 6t banes losangiges de [esem
Epaissolr 02-2m oA osEe
Sgm Sables moyens & grossiers, mal caseds, & Mages obigues de megasides de Uinitas H ot 1t mm unidectionnets diens le regime hydrodyramigue
courant 20 ot 4D, parics souligne wers obou des galats da e
w‘.:o,wm o a5 ey gie s Banes sableuses o Maea on regse svaiuant vari & falbiement
wnteue
St Sahtes fins Slen classes, & lamings planes subhorZentales ou d Mages Unité Ecoulpmpnts unidirectinnnels dans fo rdpime hydredynameiue
ablagues de mégarnide arit 20 01 30 en raction ou chirauchanies ou & inlériaus
risae o: courant an arasx:::mwm cos iagos Glant pariois Soulkgnis Barres snbiounes o raseai &n fresse soluant vers e lubiomont
pardes sables grossiers o dos gMoels dergle St
Epnissenr 120 - 60 o
T Algrnances do strates do sils argileux ef de sables silleux de 3 om depansour Lt H Ecoulomonts unidisctionnels da 3603 a3posé cancidisiaues
OOy tie Couras 08 marées {m&MML tgs varations
L8 strates de sables siieus possbdant & Hages de rides do cotrant dépasseur dos siratas anragisiran: les gyclss unairos
progentant des evidencas 8¢ 90 opf iCaLr shmbia: Jkwcot
L'épamsour des alzales varie it eF i e oychnue, apan
maximale étant de & om
Epamseur moyenne : 80 om
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UNE BALEQ-LOIRE 7

tent des litages abliques de mégarides 2D (faciés Sg. Sgm
el S§1). de mégarides 3D (lacies 5g. Sgm et 51, voire de mé-
aarides 20-3D (facies Sg), et quelques rides de courant en
traction ou chevauchantes (faciés ST Le facies T (tabl 1)
est constitue de sables sitteux 4 litages de rides de courants
bi=directionneis parfoic @ doubles drapages argileux. I pré-
sente des varattons latdraios régulicres diepaisseur des
faisceaun de lamines ¢ un mode de dépdt en acerétion ver-
ticale [Tessier, 1990} Le facies Fhvoest essentiellement
consutue dTargilites bioturbdes a terners aligospécifigues
horizontaux (1abl. 1) Quand ce facies est présent. 1] est wu-
jours associé au facies 1.

La granuloméirie grossiere (des sables aus galets). les
megarides et les rides de courants unidirectionnels des fa-
cids (o, Sg. Sem et ST indiquent un transport 2n traction sur
le fond du chenal [Germanoskl et Schumm, 1993 @ Coilin-
son 1996 Tadd 19961, Ce type de ransport est propre aux
riviéres en resse ou aux rivieres faiblement sinueuses
[Miall. 1977 . Cant 1978 ; Camt et Walker. 1978 - Schumm.
1981 1 Orton ¢t Reading, 1993] Le caraciere purement
trachif des facies Sg. Sem et S et les structures sédimentai-
res domindes par des mégarides 20 ¢t 3D permettent de rat-
tacher le faciés Sg 4 des barres sableuses de chenaux
secondaires, et les facies Sgm et ST a des barres losangicues
sableuses suuces entre les chenaux secondaires [Maall
1983 : Miall. 1996], Labsence de coulée de débris, la pré-
sence de chenauy secondaires. Pimportance volumétrigue
des barres subleuses et Nassociation de mégarides 20 ¢t 3D
IMiall, 1977 @ Cant et Walker. T97R] montrent gu'tl s’agi
d un réscay en tresse. La localisauion préférentielle des che-
naux secondaires au nord. ¢t des facies de barres sableuses
au sud. suggére existence d'une Iégere sinuosite d grand
ruvon de courbure dans ce résean en tresse [Miall, 1985]

A
=

L. association des doubles drapages urgileux. des varia-
vons latérales d eépalsseur des faisceanx de lasines, des ri-
des de courants bi-directionnels et dit mode de depdt en
acerétion verticale du facids T indigue un environnement
estuanien intermne. Les doubles drapages argiieux du fagcies T
sont interprétes comme les etales de haute et de basse mer
[ Visser, 1UB0] tandis que los variations fatérales depaisseur
des taisceaux de lamines sont Peapression des eveles lunai-
res [Allen et Homewood. 1984] Ces crtbres s expriment
dans un milicu & fable diversitd faunistique. margué por les
bioturbations rares et oligospécitigues du facies Fh

Les mesares de paléocourants, effectudes sur des méga-
rides 21 et 3D (galets dans les obliquesi et sur des rides in-
diguent un ecounlement globalement vers le N33 (fig. 3
aves up ecoutement prédominant des rides vers le N210 in-
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terprété comme des figures de vidange des barres vers les
chenaux secondaires.

Unité 11

L'unité HI (fig. 2) est composeée des faciés G, Sg, Sgm et
Fr. Les faciés G, Sg et Sgm (1abl. ) soni constitués de con-
glomérats & blocs (faciés G) et de sables grossiers (faciés
Sgm et Sg) 4 graviers et & galets de schistes rouges (facics
Sg). Les structures sédimentaires sont représentées par des
litages obliques de mégarides 2D et de mégarides 3D (fa-
ciés Sg et Sgm), voire & mégarides 2D-3D (faciés Sg). Le
faciés Fr (tabl. 1) est formé d’argilites rouges. riches en
silts. & traces de racines.

L'unité 1 se caractérise par la présence de nombreuses
surfaces d"érosion se recoupant les unes les autres et qui, de
part leur morphologie concave. sont interprétées comme
des chenaux. Ces chenaux sont comblés soit par |'associa-
tion des facies G. Sg et Sgm, soit par le faciés Fr.

Les structures sedimentaires exclusivement constitudes
de litages obliques de mégarides 2D et 3D et le caractére
purement tractif des faciés Sg et Sgm permettent de ratia-
cher ces faciés a des barres sableuses losangiques de che-
naux secondaires [Miall, 1985 : Miall. 1996]. La granu-
lométrie grossiére. le manque de granoclassement, le carac-
tere localement dominant de la matrice et les quelques stra-
tifications permettent de rattacher en partic le facies G 2
des coulées de débris [Harms ef af.. 1975 Miall, 1978].
L association des faciés sableux a mégarides 2D et 3D avec
des coulées de débris pourrait traduire un domaine de tran-
sition entre un cone alluvial dans lequel les écoulements de
débris sont fréquents et un réseau en tresse dominé par les
processus tractifs {Blair et Mac Pherson, 1994]. Le faciés
Fr, qui comble une partie des chenanx au sommet de unité
I, constitué d’argiles & racines, pourrait correspondre au
remplissage de chenaux abandonnés a la faveur de lacs tem-
poraires.

Les mesures de paléocourans. effeciuces sur des méga-
rides 2D, 3D, et 2D-3D, indiquent un ¢écoulement vers le
N133 et plus épisodiquement vers le NI8O (fig. 3). Les pa-
léocourants dirigés vers le NW et vers le NE sont interpré-
tés comme des courants de retour provoqués par des
invaginations des berges du chenal [Rubin er af.. 1990].

La formation de Pénestin peut étre interprétée comme
un paléochenal érosif combié par des dépits essentielle-
ment fluviatiles évoluant verticalement vers un estuaire in-
e,

Structures de déformation des sédiments

La formation de Penestin est aflectee par une déformation
gui comprend des phis d’axe NO50, avee dans le cocur des
svnelinaux une augmentation de "épaisseur des faisceaux
de mégarides de Punite [l {photo 1). et des failles décro-
chevauchantes senestres de direction NO5O a NOT0 {pho-
ta 2) qui recoupent le socle, les altérites et le corps sableux.
Les failles sont soit scellées par unité {1, soit sceliées par
la surface d'érosion sommitale. La défermation s’intensifie
vers le sud. a I'approche d’un accident dextre de direction
NI110 (fig. 3). parailele au cisaillement sud armoricain
(fig. 1), L évolution latérale de I'intensité de la déformation
permel. comme nous Tavons déja vu, d'individualiser du
nord au sud trois secteurs (fig. 2 fig. 5):

Bull. Sec. géol Fr, 2001, " 5

N. BRAULT et al.

{b} THEORIE :modéle de Riedel

ta) DONNEES DE TERRAIN
. {d'aprés Sylvester, 1968)
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- Reynthétique
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¥ Compression
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o ~——— Falies décro-chevauchantes
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FiG. 5. — Les failles et les plis syn-sédimentaires de fa formation de Peénes-
tin ; {a) carte simplifice. (b} comparaison avee e modéle de Svivester
{1988} et {¢) compatibilité avee vne direction de raceourcissement NNW-
SSE.

FiG, 3. — Svn-sedimentary faudts and folds of the Pencstin Formation [ ta)
simplificd map. (b comparison with the Sylvesier’s models {1988} and (o}
comparibiling with o NNW-SSE shortenmg direction,

— un secteur nord sur socle non altéré non déformé
{secteur 1, fig. 2);

— un secteur intermédiaire sur isaltérites déforme par
des plis de direction NO5O (secteur 2. fig. 2) dont ia lon-
gueur d onde est de 100 métres et Pamplitude de 3 metres :

— un secteur sud sur allotérites, proche du décroche-
ment dextre N110. déformé par des failles décro-chevau-
chantes de direction NO30 et NO70 qui traversent les
micaschistes, les altérites puis partiellement ou totalement
les sables pour donner des plis faillés (secteur 3, fig. 2)
dont la longueur d’onde est de 30 meérres er Pamplitude de
6 métres. Les anticlinaux sont systématiquement assoctés a
des failles dans le socle sous-jacent. En passant du secteur
2 au secteur 3, Pamplification de 'amplitude des plis vers
le sud est liée au rapprochement de accident dextre N110.

L’analyse des relations entre la géométrie de la forma-
tion sédimentaire, de la structure du socle et des structures
tectoniques ont permis d’envisager deux étapes de déforma-
tion.

La premiére étape est marquée par la discordance du
corps sableux a la fots sur le socle. sur les isaltérites et sur
les allotérites. Cette disposition traduit un basculement
d'un profil d'alteration qui comprend verticalement et de

11



UNE PALEOLLOIRE 2

bas en haut, lz roche saine. les isalténtes et les alloténtes
[Delvigne. 1998]. En effet, Ic développement des latérites
requiert une topographie trés peu pentée avee (1) des pentes
faibles qui favorisent Pinfiltration de 'can et gqui cmpé-
chent I’érosion du profil par ruissellement et (2) une alti-
tude suffisante des reliefs par rapport au niveau de base
pour permettre a Peau de 'infiltrer [Wyns et Guillochean,
1999]. A Pextréme sud, Paccident dextre N110 déeale le
socle verticalement avec, en relatif, un compartiment nord
abaissé et un compartiment sud soulevé, ce qui est suggéré
par la présence de socle sain ¢t Mabsence d altérite au sud.
Le jeu vertical sur accident N110 est vraisemblablement &
Porigine du léger basculement vers le sud du profil d’alié-
ration et & Derigine de la discordance observée entre le
corps sableux et Ie substratum. Ce basculement constitue fa
premiere €lape de délformation, aniérieure au comblement
de la paléovaliée. Les aliérites de Pénestin ne sont pas da-
tées. Cependant, essentiel des profiis dlaltération latéri-
tigue semble s'éwre formé en Bretagne de ['Yprdsien
supérieur au Lutetien [Esteoule~-Choux, 19831 Le bascule-
ment du profil d altération n'a pu avoir liew gu'entre PEo-
céne moyen et le Quaternaire.

La deuxiéme étape, contemporaine du remplissage de
la paléovallée, se traduit par (1) une variation d’épaisseur
de Pugnité 1l (photo 1) marquée par un ¢paississement des
faisceaux de mégarides de unité 11 dans le ceeur des syn-
clinaux et {2) par 'apparition de failles pendant le depdt de
Punité 1! qui sont pour certaines direciement scellées par
cette méme unité. les autres étant scelides par la surface
d’aplanissement sommitale.

L augmentation dépaisseur de Punité 1 dans le coour
des synclinaux et les fatlles scellees par 'unité LI témoi-
gnent d une activité tectonigue syn-sedimentaire d'age qua-
ternaire. [ augmentation de Pamplitude et la diminution de
ta longueur d onde des plis affectant la formation de Pénes-
tin, vers le décrochement N1E1O suggérent un fonctionne-
ment synchrone.

De plus. ta disposition cartographique des failles déero-
chantes dextres de direction N110, des failles décrochantes
senestres de direetion NO30 ot NO70 et des plis NG50 sont
compatibles avec un seul événement de déformation. Les
failles correspondent & des Riedel R™(fig. 5) et/ou a la réac-
tivation de failles de socle en décrochements conjugués as-
socies au décrochement dextre N110. Les plis associds 2
ces décrochements conjugués accommeodent une partie du
raccourcissement dans fa zone de décrochement (fig. 3
L organisation cartographique de ces structures suggere
une déformation transpressive avec une direction de com-
pression NNW-SSE (fig. 5). Cette direction de raccourcis-
sement NNW-SSE est en accord avee le champ de
contrainte actuel en Europe nord-oceidentale, de direction
NW-SE, ot dont la contrainte maximale est proche de 'ho-
rizontale [Muller ¢r af., 1992 ; Zoback, 1992]

Chronologiquement, deux hypotheses peuvent ére en-
visagées : (1) le basculement se fait juste apres la formation
des altérites (Yprésien ou Lutétien), ou durant une des deux
grandes étapes de déformation teriiaire déerites dans le
Massif armoricain avec la distension est-ouest oligocéne et
la compression mio-pliveéne [Thomas, 19921, ¢ce qui im-
plique un hiatus temporel important entre les deux étapes
de déformation, ou (2) ie basculement des altérites se pro-
duit juste avant le creusement du paléochenal, ce qui sug-
pére un continuum de déformation entre les deux €lapes, en

569

accord avec les observations faites sur la compatibilite des
structures tectoniques des secteurs 2 e1 3 et du décroche-
ment N110. Cest done cette seconde hypotheése qui est re-

tenue.

Le dépdt de la formation pléistocene de Peénestn est
done contemporain d'un régime compressif NNW-SSE qui
s*exprime par des plis et des failles syn-sédimentaires qui
pourraient #tre 4 "origine de Ia préservation remarquable
de unité 11, Les déformations observées sur la plage de la
Mine d Or ont une origine purement tectonique et s oppo-
sent aux déformations de type pingos proposées par Riviére
ef af. [1963] et aux processus hyvdroplastiques de charge in-
duits par des séismes proposés par Van Viiet-Lano€ e al.
(19971

Madalités de préservation des dépdts

Un pavsage sédimentaire peut ére préserve sous trois états
stratigraphiques différents {Allen et Posamentier, 19931, en
sédimentation, en transit oy en érosion. En domaine conti-
nental, la préservation d'un milicu sédimentaire sous un
de ces rois aspects cst fonction des variations du niveau de
base. Pour Wheeler [1958], te niveau de base correspond a
une surface éguipotentielle recoupant la topographie (profil
longitudinal) et le long duguel le bilan érosion/sédimenta-
tion est nul {transit pur). Cest cette définition que nous re-
tiendrons. Une montée du niveau de base se traduit par une
préservation (sédimentation) des systémes sédimentaires.
une chute par une ¢rosion de ces mémes systemes [Prousy,
1090 ; Cross ef al, 1993 1 Proust, 1993}

La préservation peut étre mesurée par la hauteur fossi-
fisée d'un corps sédimentaire significatif du milieu, comme
iei un chenal secondaire ou encore une barre sableuse. La
principale difficulté est de séparer ce qui résulte d'un pro-
cessus d’'échelle tocale, dit autocyelique (crues, avulsions),
d’un processus d’échelle régionale. dit alloeyelique. En
conséquence. les mesures oni é1é effectudes & U'échelle de
la falaise sur une section 21 et non sur une seule coupe 1D,
La coupe 1D présentée (fig. 6) est la somme de mesures ef-
fectuées sur une trentaine de coupes 1D sur Pafflearement
et qui présentent toutes le méme type de variation verticale
de préservation.

Deux cycles majeurs de variations du niveau de base
peuvent étre définis (fig. 6). La chute principale du niveau
de base est @ 'origine de Uincision du paléochenal dans Ie
socle et les altérites. L'unité 1, d'epaisseur reduite, marque
fe passage d'un état en transit a une faible préservation,
donc le début d'une remoniee. L'unité 11, la plus ¢paisse et
done fa mieux préservée. enregistre la remontée avee un en-
noyage maximal marqué par les faciés d'estuaire interne.
Llunité 11, érosive sur unité il. débute par une nouvelle
chute du niveau de base {(base du deuxiéme cycle) suivie
d’une légére remontée (préservation de Munité 11). Ceute
derniére présente plusieurs phases d’érosion et de remplis-
sage qui, dans "état actuel de nos connaissances. peuvent
étre soit autocyeligues soit allocycliques et traduire les va-
riations climatiques du Pléistocéne moven & supérieur.

Rutl Soc. géel Fr, 2001 0" §
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UNE PALECG-LOIRE ¢

écoulement vers le SSE (NI40 4 NIBO, unite 1) Lunitd
HI contient des galets de schistes rouges d'dge ordovicien
reconnus dans la région des synclinaux. dits du Sud de Ren-
nes. actuellement drainés par la Vilaine., Les directions
d’écoulement dans cette unité et la présence des schistes
rouges indiguent un bassin versant nord compatible avec
celui de la Vilaine actuelle.

L hypothése fa plus vraisemblable st que le réseau en
iresse formant fes unités 1 et If pourrait étre le témoin d'une
paléo-Loire. En effet, la Lowre actuelle présente un coude
au passage du cisaillement sud armoricain avec une réorien-
tation suivant une direction NW (fig. 73 conforme avec
Porientation du réseau des unités I et II (fig. 3). 1 existe,
par ailleurs, une dépression topographique entre Ie cours
actuel de la Loire et estuaire de la Vilaine (fig. 7), qui au-
rait pu &tre le passage privilégié de la paidéo-Loire en direg-
tion de Pénestin (fig. 7).

Pour Bonnet {19981, écoulement de la paléo-Loire
vers la Seine ou vers !"Atlantique durant le Pléistogéne
pourrait résulter de ia formation d’une synforme d’axe E-W
de longueur d'onde plurihectokilométrigue. en relation
avee un flambage d'échelle lithosphérique. Les unités [ et
il, qui semblent étre les témoins d'une paiéo-Loire, corres-
pondraient 4 une période d écoulement de cette paldo-Loire
vers "Atlantique. A titre d hypothése, Ia formation de la
svnlorme d’axe L-W proposée par Bonnet {19981 pourrait
étre 4 Porigine de la destructuration du réseau fluviatile des
unités 1 et 1 et aurait provogué le délournement de la paléo-
Loire vers son embouchure actuelie ou vers la Seine {Tou-
renyg et Pomerol, 19951 La Vilaine s’installe alors au droit
de Pancien cours de la paléo-Loire et dépose 'unité HIL

CONCLUSIONS

Le paléochenal de Pénestin d’age pléistocéne moyen-supé-
ricur résulte d’un creusement/remplissage fluviatile de type
réseau en tresse proximal puis distal. temporairement en-
noyé par la mer (faciés estuariens internes). Deux cycles

871

stratigraphigues ont été définis. Le premier cycle débute
par une surface d'érosion majeure qui correspond & I'inci-
sion du paléochenal. Le debut de la remontée est enre-
gisteée par unité 1. mal préservée, le maxinum
d’inondation étant marqué par les faciés estuariens internes
au sommet de Punité 11 Le denxieéme cvele débute ¢gale-
ment par une chute du niveaun de base. La remoniée se tra-
duit par la préservation de Punité 111

Le fleuve comblant ce paléochenal s7écoulait towt
d'abord vers le nord (écoulement d’une paléo-Loire © uni-
tés 1 et i) puis vers le sud (écoulement d'une paléo-Vi-
laine : unié Hiy

Le changement de direction de [Pécoulement est
contemporain de variations majeures du niveau de base pro-
bablement assocides a des délormations sous forme de plis
et de failles décrochantes d'dge pléistocdne moyen-supé-
rieur,

La validatien de hypothése d'une paléo-Loire pré-
servée 4 Pénestin. suppose (1} de préciser les ages des trois
unités définies sur la plage de la Mine d70Or mais dgalement
ceux des hautes 4 trés hautes terrasses de la Lofre et (2) de
trouver d'autres moins sédimentaires jalons entre fa Lolre
et 'embouchure de la Vilaine, notamment dans les marais
de Briére. Les acquisitions sismigues récentes. effectudes
en mer au large de Pénestin (mission Géovil 1), ont montré
Iexistence de réseaux fluviatiles recouverts par des sédi-
ments holocenes. La combinaison de ces deux conditions
permetirait de reconstituer dans Uespace et dans le temps
les différents réseaux hydrographiques successifs de la ré-
gion, Ces réseaux ¢tant sensibles & de faibles variations de
pente régionale, ia combinaison de toutes ces donnces
pourrait alors permettre de caractériser plus précisément les
mouvements lectonigues récents de ce domaine de socle.
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tlting, rivey bncision o devigtion, and enhanced denuds:
se. These features ane wsually diffioult 1o saibute 10 an
acciate swatipraphe prsition, Synsedipenney defosms:
son foaturss are altibuted 1 specific events acting ia a
nartow time span and speafic paloclimaic conditions. Tn
former periglacisl ates of preentially seismically active
egions, i1 6 imponan 1o distingash beteven deforma
domal processes induced by leotaic, possibly coseBmic,
setvity and perglacial oo,

With repard to these deformatmnal provesses, we shall
anabyse whether "Told' succesion i soft sediments can be
related 10 Botonics, ponglacial farss o fo selanicatly
wdwced  softsediment s, Convergig mosphologies
with these nduced by digmnam s oftes indicaad. Such
examples exbr i the southem Panesim section {Van Yier
Lanes et gl 1957, & Briztany, N.W, France, Figa 1, Ja.k)
and the Bovey Tracey basin {Deven, UKD Fig. 200 whee
they wese Brat inempeered cither & pingo sows Jenking and
Vigpcent 1981, Rividre amd Vernhet 1961) o = mose
complex fesures azribuied @ porafrost By Eisseman
(128 1) and Spruak (1983, Mage wecently it has been sup-
pexted that thess “fold e could Be metpeied as
indacod by selsmic shaking {Man ViesLanet e al 1990,
ZEMY o as Ruateriy syisedimentary ecionie folding
{Brault @ al. 2K L

Fig. 1 Cecgraphical icanom of
the e wibh the mam Suidines
i recers earhguankes. SASE
Fouhern Ammorican Sheinmg
FLowe

e,
T e sl e
Vo s

e,
Rt o

e, K End a3 g
“ DSoPewy o

‘GULF OF BISCAYE ™
9 Z

e -wm AT P bl“!*

The section of the Mine &0, & e 8W of Pnesun
city, 5 locatad soath of e Vilsine estuary. The studied
spction erops out @ the shore oliff, which Tus boen rapdly
crodad sinoe 1950 (Fig 3L I oosredpodids 1o an upper
RNeogeoe (bwaand) palaccestuary of the Vilaine siver
southern Britmny), reactivad and defosned during the

mitdle guaternary and feaming Bday he middle temsoe of

the river. The wopographical slope @ the top of the section
s 05% o the nomh but 1% % the wiesr dseawarnd),
explaining winter seepage slong the oliff.

This peper esents the wownic, petressaphic and stati-
praphic arpuments leading 1o the medmnntic inepeetaion
of e gusternary deformation proocsses @ Pénesun. The
motphologie convergence with clamsical deepseatnd shak
digpitizin will be explained oo e bais of canbquae
indiroad trasient ransfommaion of lecal saprol e, Altiudes
e piven i NGF, the Freneh Oudsance Survey.

Craalopy

The wection of the Mine d' O comeaponds © 5 Havie
magine terrmee complex (Fig. 4), becmed & ciwa 15m
ahove the Heroynian basement, which is faulied m several
compartmen: (Fip. 5 and deeply wembherad thaclinink

‘2;’} ’agb! isp
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Fig. 2 large “fold” mim =
e Chamel regon: 2 P,
wvabern secuoz Brimamy;

b Phoestn morhern secton,

% Bowey Toavey dima oy min
wih “bowk” commaEng of
Sgmme hase. dozed bpes; md
Cuaternary eonglomeraie (aph
o e chama day dapim
Arevom, GHL Lawrmg
womenonds 1 de

wad grphacal unks described m
i tean

saprelivel. A waer table is commanly perched shove .
The sotion s onented roughly sonh-souh md s vapidly
erahing @ a result of water seepape at e OHHIECT beiwoen
e sapreliz and the Buvie-maise complex. Daaiked
wdusenalogical descriptions were grovided by Guil
laiene-Brans {1972y, Van Ve Lano® o al. {19570 and
Brault et al. (2084 1. Initial interpeetations of the deforns
non were provided by Dupand 19000 md Guillaume-
Brune {1972,

Pénestin b lovard close o a southern boanch of the
Sotith Asmorican Shear Zone (SASZ, Floo | This stoue-
zwre & cave of the mijor W ariscan dexaral sike-slip fauks of
the Buropean plate (Gapais et 2l 19930 I hes been trun-
cawd by & post-Hercynuan palsccsurface {de Muarwane
1557y, often supporting deep wenhoring as commonly
seported feg. Klein 1996 Wyns 19911 This SASZ e
was reartivated during the opening of the Gull of Biscay
and protabdy from the Twoaan like most of the wonmic
penes in the Wesen Approaches of the Chansel {Fiegler
1992, in conpection with the displacement of e Therian
ad Afrcan plaves. Up o the Messinian, 17 conyollked the

formadon of anall pull apans and Bosis along the southe
ern Hemmany coast (vihesis o Peoust et sl 2000
Presently, the ssiamiciny is nodemaely acdve (Lovees e sl
1964, as shown by the 2003 Hennehon seizm (magninpde
550 and cluster of evens amund the kle of RE in 20808
iFig. 11 MBK meensities canresch values of VI & during
the Meucon camhguake (Landes de Lanvain) m 1530 o
even VI-VIIL & 2 Noimoution in 1796 (SIRENE dan
e, Fig. I

The bazement s weathered along most of &e oliff buw
with the lughest mtensity 31 La mine d'or. To the aoedl,
frosm the Podme de Lomer (Fig. 3), the basement consigs of
Palseozaic muscovite-rich micaschism south of this polm,
it coasists of gaeises with quanz sedules. T le peomenry of
the westhered hasement (Fig. 99 b been inerpreted o a
gonhwant tildng of the block noath of the Kedalher fauly,
which woald have also tiked e palaso-westhering petik
{Braul et al 2081)

The basement constitates Unit A south of La Sousce
Fags. 4, 55, weathesed shales can be subdividad mio thee
sub-units { 1) Al weatheted cohenem shales, dak grov o

i
% Springe
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Fig. 5 Shech secmon of La mine ' ciff

fias 1) a pasal conglomene, pograding from e
seoth Ganie § From Braulr er al. 2061 This usit & nitially
givibatod by Brault o sl (2081 to fuviatle deposition,
i T an bmbicane colble Fabaic (base of sant £ of Brauly
gt al. 206000 The sandy manix B well ssewd, with shiny
polish of manve sigin, The dominan mbrcse faboe of
the conglemesse s relaed 0 swahstacking of cobiles
i the form of leee, famly soaufiad bodies it azessdo a
kaygshore ansit mwandks the NW {N2ISE e N-350E),
which ia sinilar 1o the present one. At s baswe, @ includes
Fas-lying Blocks of quanizitic sandsiones { "Ore Laderss”
vand venical Dost-jacked cobldes {fiost jacking 1 stacked
mio the sapeolise fosming cryogenic patem growmd intes
presed as the sesuk of a lspsbore wamsposiation by
anehiond e rafting {Van Vet Lanod ot al. 19975, 2002
It is alse chasaceviaed by a varicgmed petropraghic cony
position common for anchored ceafing dofi,. The
wuncation & well s of woft g of coherent saprolin, with
atsence of sovuring, abo arpues for a shoge faoe deporinion
under & oold climae (Van VierLanog X035, This unit
yields an ape of 6.7 = 07 Ma by ESR in agrovment with
previcusly suppased apes (Van Viiet-Lanod e sl 260200 I
i further lecally consolidamed by a Ipdromerphic soethie
fued pan, which could be mempretad & 8 vopicl femicne
(Sefwanz 1994), 0 agreement with the Lower Plycene
cliare Zapwim 1989 bur conld alse comeapond 10 an
aped podsolic i pan (Algoethine), in low topo i
puition. The goethitic hard pon bas s major ipact on the
defrmaions hwoophour the secion, by modifing the
permeabiline and the rheology sbove the saprolite. The age
of e, 8.7 Ma for a lowszand sheseline unplies s sabsilence
of 50 m, based on the custatic curve of Hardenholl e al.
{1998),

Cingss CF and CF: Unit €2, a prograding omarse sandy
wnf with s iscressing chage of assular rock fragments
funit § of Braalt er &l 2060 consthunes an esiuaine peo-
gradation, river dominared, cleardy coming from the south
Brault et al. 2000 L Thas orsnge-brown wil s suonely
subited close to the swface By pedipeneds with some
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viektapddish motthng ad manpanese precipition a1 the
e rois covered by thvthinic sed and gey aly clays
fgnit 2, ofen wiinklad. [ iz lapped funher oo by unit
132, which s in comrast 1o the desenpiion of Bralt e al
1200 Unit C2a is charscerized by o munesmlogy, which
comsiais of S0 e and 40% kaolmite wih mona
meworked red schist from the Rennes busin (Gaillsime-
Brune 1972, Unit ©21 abe rowords mineals fom be
Ladee River {Bstecule-Choux 19831, inbedted foon long.
shore palaeadal from e 51 Delay formaion (Misdllse
caterop; Fig. 1 which oomiais fauss Lower Plisdese i
age. This unis has been initially agribued w0 the Plucene
“rad mands” (Daurand 196405, b furher o0 o the Quanae
pary Waillaeme -Brne  1972). In coamrast wih the
ingepretanien of Braulieral {35y e C2 wwit represons
a Middle Plecene esuatine progradation coming frem
Missillac vis Assesac {Fig. 3 Van Vet Lanot @ o, 20020
it probably coresponds 0 a complex esmary, with socks
and nlen separmad by chanels and demisated by Buvial
clast-rich sedimentation. b conresponds 10 e top of an
etz e Braided fan fonned dusing @ major egrssios and
fed by clasts produced by inoremsing frost shattenng. The
upper ddalites, €3 represent the Gielasian—Pre-Tighan
highsand Wan VierLase® er sl Mx5l, +580 m NGEF,
Hardenboll ex gl 1968), Iatesss o local subsidence of =
lesit 35 1 simoe 24 Mo,

Flnir D1 the €2 unit §s croded by an equanies el
from the YVilaie Fiver {unis T of Beaoh e sl 26005,
consisting of fne praned sl and olavs lacking frost
permsbation. It represents an interglacial complex. Miner-
alegy Belongs @ ihe YVilsine waersied, with socumenos of
bt 200 seeonite and 8000 Kaolnnte (Galllaume-Brae
19721 This esmanne mugerial s doted 2 443 = 71 ka by
ESR Matine otope Stage |3 = MIS 133 (Lauseny 1593,
The extent of the sands 13 visible at the base of the laege
“howls” up 1o 200w of the southem socess 10 the beach
Sediment facies atests 2 sea level aormally close 130 m
WOF (Vas Vlie-Lanod ot 8l 20009, and ths a plobal
subsidence of cirea 150 smee 400 ka. This uni s
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frz § Faody St iCead Rumdachs:

Fig. & lowl defomnanenof 2
amd 023 sed Bnenss Heoween DW0
damm. Neee fe svachmg ©
CRasonds the, and the mud
miection on emmon grdes i)

practeally sever deformed when it is thick (La Souno),
bt i susoepribl © suetching when it & thie (o the soudn
and semenmes fauled (Fie. ob).

Uair D20 this sandy gravel beleaps ¥ a draidad siver
syatem with lage wesafed blocks from palenzoic sand-
sone and vein guartz itoovers most of the section, exoep
the northemn pan (uaw TV from Bl er al, 2600 Ths
periglacial nver comesponds o0 the Middle Phiswwene
“middle” tertace of e Vilaine and is fusther weathesed by
a polyeenctic sod yellow podselic sil. It a3 been dated &
317 = 33 ka OMIS 92 by ESE {Laurent 19935,

Lawally, wnit Bl appearns. I da g leess-like kaki sl -
flling ioe-wedge cata, which post-date unit D2 and e
Lirge “fold vain” defomanons. Casis develop in spocific
wasica sl podnon wlaed with saprolge diapars (Van Vier
Lanoe eral. 19570 Thete we-wedgpe casis ane muneaad by
an ercalon surface, some feoont Jocsses and periglacial
sope depoais landt BE2L and by recent dune sands (it F),
Holoocne o ape Those features are not sepoeseniad oy
Figs. 4 and 3.

Farther 1o the south, a1 Kefalhes, the complomeraes
foouy unit B are comented by poethite and mnmediaely
coverad By 3 perched mudfar accumulaton, reschung
+103 m NGF, and by yvounger periglacial skpe deposin,
it Ca crops owt 21 | kim0 the scath, with same shoge
ke-rafied blocks & the base.

O ocrogps out as 2 marine strand flag, comespaading 10
yet cold lowstand, Upper Miscene e age. 02 55 a empere
tdal channel, ending »yv 2 mud Bt and commng from he
wxith, Middle 10 Upper Pliccene in spe. D s o younpgs
emporae ndal  chaneel cA20ks in ozee. D2 B oa

P n
A adiey lu;w

omihanerae with pore sandy lgeers, crresponding o a
periplacial brasded tiver, 0307 ks in age: i deposied prics
1o thee fold-like defoamatons

From this interpeetating, wgal subsidence yiekls 3 m
SHee o A0 Ka, 35 moamee 2.5 Ma and 50 m osnoe 6.5 Ma
These subsidenoe mates follow the evolmion of the mamin
of the Gulf of Biscay (300 m snce the Eocens. Sitae
15725, Kewertheless the side of the Vilame cquasy seans
s have suffered less subsidence than the Maoihan Galf

Bascment and o0ianics

This swmigraphic e pretanon mukes ossible w define
the ape range of the basement™s defoematicans, To the soeth
of the bay, the weathered subsratum of sxidized micas
chists with guartr nodules and prosened pounfabrie s
wupcated By 4 maripe abrskn resching 8 m WGFE The
Peanre de Lomer cottesgonds 9 a tocumic catact of
poobable Hecytian age dwiwcen micawhsns and pnass
but may have been eactivatad more mossly (Fus. 3, %)
South of the Poinse de Loreer, the substatum is ofien
deeply weatheed o Bleached soft clivish silt Owing 0
oo nas waEr seepape, 1o ihe middle part of the ciff, La
Source dell develops above a blind faule The main Ko
falher fault is Jocaked fanher south of the Poime de
Maescle. A socondsey fault of the SASZ (Fip. 1) fzal
putitle outcrops @ the Polme de Poalame (Fe. 3) a1 she
end of La Mine d'ax ¢liff, separated froan the main fauk by
a wide cmsienal depression. lin onemmamea 15 souphly
NIZFE. Peevicusly inkerpretad a5 8 Quateinay taul

21
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iThrand, 19600, this fault & dis poiw dows sed seoman fa

3 fave sulfesed peoent Toctonie suptiese seaching

le and he
oy aodinienns s
Ellad by soliBucad sohist

sodients than & B

Face. Mo elear faul: scap morpdiobgy 5 nodiocah

eomtact with the Respete and Jus
shher 4 maime palseo-valley
blearke, conglomanies and esmanne

e Coliiat

Froguate mary Sanlony

I deval, sheupt wseiions of subaais isn the sapeslie
differenudd sonmal displacenenis
which lead v difforent e
we weathering mofile wias horzontal, i
ecnikd Bave seen fanled in & ks
% the Messinian
angle 1l

REAT PG Ut nagy

of umcmen Gompdinenis

ados, Fus, af 1

foviir CorapRITIMents pr o

i paoad m Figl. 5

and nod only 85 a
y Brauk e gl (el

53] x?&;s:!}z.';i.\e;.‘fi s hoterogeneaus

ed Block as siesd b

sovapd By pechesis should e

palero-weghenng profile mpaaviously f,.':;ﬂ*s:».} TG e

apspepunle e wemhenag mio kachaize owing % higher
feldspar ooatent Boah hypaheies av r.?iil‘.ﬁ."‘zi.h e denka-
rae. The micowe westhering, which ocenrrad duning dwe
whede Palacopene i}.*: cenanly peovided hick sraillacesas

sapued e (Wyns 18

with et e mq’igkw ‘1 pror Ceraceaas in aee, oo found | 1“;

oz T lems, sy Laoling L!‘n‘e

casmern Mosl at the Poige de
Puer Fig. 1.k atess W ting deop weathering of
thin post Hemoyvimn palasosadace. This mspeests ek
oher deep wemhenng in g Tauked zome where some o

Lafe i oodng o BHCI- T

2 AC-UNIS

toese Fails may have actad lawr as water drans favounng
poarntial Tl ke deformations. Moteove:
by shfink 307 i volume b peoacuscad consolidanion

dovecaion, kading 1o selfpdyeaal fasking of e
caproling o descibed for moame clgs by Hewrder 21 &l
19920 Dasiccaton o e areally expleds pre-cxiniog
failuncs.

Rachuiic clavs

{hadernary fanfisng

dtebddihe defonnaeen taia) bobwoen e
weathered madrook and the sedivemary unin (Figs. 2b, 5

The wavy oonlad
s Povn anterpmeted as ovidenos of Quatemary syikeslip
Taulting of the Kerfalbes fault svatem {Brah o1 ol 28G1),
According o Braul o sl the riphrlsteml activaion of e
F Kefalher faul woald have induced o Fiedel pat

a4 WNWCSKE shorwning sugpesed o e
wrday BWSE disection of
T holictid | e i NW-AE np
warhelon h;]wn amd WAG o NWPE
the anple with e
e SO0 SremE Tow

wem cangroalled by

compatitle with the pres
Siotiening. The ;s.ﬂ'r:.av,: Wi
cral B fauliz, WS3E &0
kfi-lawvml &

e e ontal

faulis. Por shese latest

hottening Drpa

wide aad oven o Potween §
&1 snd the pa
drawn with

in Braulie
e cornp

vt patses The angple he suppoard
ookt xes. Such sugwecd B fauls @

NNE-55%W 1 KE-5)

DU i STOnR
doesoripuoss. Defreiaiae 9o
lamgthe, Some soctaes @e dovad of hem thoaph

Slime 1w the Poase 4o

EA b Lt R I |

orhuers

Poulante ame smaller amd omow

Clustered, Our observagions raher sugpest s stong link

betweren the stake of the amd the
swibes of the mhentad faulis whel have been proviously
fnmrpreted as R faulis, We consider these fauls
arwed woapecific waer pathw avs dusing detfomasions, The
fauk patern described by Broult o al (KW-SE righe-lar
eral wad NE-SW o ENE-WEW  loft-lstesly es e
COOEEDY EORME 3 b vty on with the NS
NRE-SEW homponial shorteniag welsed 0

event of Boogie ape {Zegher 1
vocval with e s

Taaprolite upburstnps”

Hasd

e Pj.' feisan

%

vand may e oon

wete westhenng of the pucaschinng dansg

e saine persd

As previasly
Bl et al,
detommaion featire almos slways dey
fauk dlfecting the bmeament,

asttlned By _\[m-.-ii'}; ey G

e nticned (Van Vi s ot al Ty

R 0 oscoms elear tha the neae mteme
':.|=,'.<"}>°.‘.\-,§ E LT

which fauls s freque

pillaroous ks Few ainiaions
The slgs cwwcments
i

compatbde with 2

wore observed on these srey elays
MEE Moomke SUW and Na3
rovedled nospmlsinkisl Rinems
Sli&ﬁi:ﬁg
.‘.iiﬁkgﬁéﬁx’.d weallive Fowsr fructue {Fig
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paiipig o dutig sedve weghering,
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ta) Preaxsling
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Mechamieal propsrtios amd deformations

For an usderganding of e
slong the Lamine &0 secnion
of the saprolie and the sodimentss must B2 known, Detor
it Thew

machancal comportimei

. the machanics| propeines

wrs meskly develop o thick bleached ;apoline
we mach les mense when the prowenad overbundes
sedimentary thoknos
saneh, 1-2 m of
dsrenstinial
defonngio
cepwniod with gocthite. The T sands and conelomensss
are inblused by podopencue clay dluviation and present

large (4 least Mim of cowse

congloeraed and 2 more peimeshl

poroaiy of sands and oonplemorae s Mo

i dovelops wden ihe

apbanerae CF

The deforsiatons ae anosther
v wavekneth whes the saprolite 1 omode
A Faoway lanee st

Facier and sealler
thin (Fig.

proakisting Teulis |

aowadays & low porsity.
and Mlempet”

ely weatherad adiges for A3

at st whics

the albivigl complex 12
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Irz § Fat Sed iCeend Kumlack

Frp. 7 Daiffesmss bapodenes
BTN of dedormeton’s
T s eded of
deweloning the vTMII®S 30
Penesm 735 de mos probabie
CEnas

S
o Lhaatens

$¥ithe chaanensin of s porosity aind o0 the mochamical
progerties of e sapolie

Ar the acethi of the aoviion, the amt O i lecally
deformed by the modeme apbaramg of the A2 saprolie
abwrve pre-exiding sovmal fauka Ty aocurs when the
Tl coaglameate & oo cotsolidead by the soctiute
Metne scale upbarging of the sapeolite induad for 3 fow
e g esllasse s 1@ maide the beal conglomerae. It
gemeraes la oo, @wvmamenie "howh’, up 1050 moa kapth
goants 00 and D21 P 25 In ssoecimion with himied
spbunsting, docimette whnkhng develops o ount O
e pnedy soath of the apecline burging: seeher bad
s nog other hguefaction stuctums are observed m this
baation. I gl induces furdwy metnicscale worwal faul
detonned beds folbwed by seil bleschung,
siely nonh of La Soarce. Bocally @ the
fnonth, the beds siralate 10 scomamodaie the delommaton,
s for synsabimenzany folling.

South of La Sousce, the defermaion syle changes
drastically. The pesimeny of e delormainens 1 mome
ke comtinunus and eloapaied rouplly NOVE 22 we e
taulss weathered  Basement (Fig fad

w1 the
ey ially rmeeds.

crserved 1n the
Upbumtiag evelve e dispirs with some laessl menic
wection of  Raolisite wepd Ead By mpmenic
“meywls™, up 10 3% woin lenoth oo wins O2 md -2 The
swoessive peldes hon smoe 1983 do ow show any
clear mesnderine of he mjoction feaupes despiie an
averape semoa of e ol of abean | mives ance thas
grme (depowse oy This send i< clealy contellad by
the main fractee wowerk s e Palasssoie subsuanan,
Shon, ofien aymmans, iregala Thow kT developed,
danks © the presence of # thiek whiv saprobie below
anit D1 jeesidusl gravel and zundy laven aad mestly

il

i
w1 et ey

2 fGCTnN SR St

e docrons g
P RN T wat + it
AN Moo sating d ptafing! o

selow unit D2 Fi. 5 Ususlly 2-3 0 elow the b of
D1, the sapolie 1= undiziusted and poesas. The wave
lengrh of the defosmaian B ol shoster, aboat 20 m
Ne symsedimennay  adamations of dhe depoas wae
cheryed, such g fm-shaped feanires, despie the affy
mations of Braul et al (20000 Lagusfaction can develog
i claykd samds (Ruwitoe M0 allowing s iscipen
domg  winch swetches the owverbundon  sandy
Powley 1999, and piaches cut the Baniing sandy uaits
Fig. Toy, omaparable with symadimestary deformation.
When present, the 11 sandy s prsests ovidence o
swerching with liswic mesofasls and bending (Fig. 48
At the level of the waxinsl corvatime of e exirds,
wension paches ae ijoced with hguefiad Raoknitie sil
sevealing wension 53 the sedimenta s dseface (Fip to
Momrover, @ the level of the sapsohie cur-tusting, bad
casy delfvam the exuded saprodile mass soanehunes
sanciard with o bworad shewtenmmg andacisd wnaklng
These feamuses me imapreed @ 1 the ssull of e
wmeraciion of sudaoe P oand Baylenh waves on uscom
przaaitle fBnd (Van Vie-Law® et al 2ods s e
sendon, weewadee o Blled wib kb boesse i R
develop specifically in s of apeolize spwied njec-
e, concetiined on fontion pulpes aegmed by the lage
wpdulations (Fe. 31 Poscdetormaes thermal cmokig
tevsad prosexisting failuns o wochanicsl discontnuiin
during MIS 8. These csves ae laer deformed by orye
satbasion. On such lughly Festauscepable soibk 2 e
sty saproline, differential frosr heave can panly defonn
the stuctumes afterwards (Van Vhe-Laned er al, 23
To the soutl, st e level of e Point, the
ouhwerent weatherad gaeiss (AL suterops 2t 18 i abowe
nesily wnweathered ook

Rl i

Laalane
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Fig. 8 a Noomal Sy moche
manmdite; b ooads on wwands
mjeried saprobe = e apes of
2 romna fank, ¢ gute doad widk
feral wrmkimg @ e whiEs
mapmoite Ak imedle
npcofaking. Nore the

umcia st ng conmact widk the
albovial dack mesnber D2

Mechamcal propene:

The clay fractke eonsists essentially of autdgenc, sil
sired haclinge with abouy 19% of il {Gaillsme-Brane
19720, leadmg 10 low density and 2 bigh porosity in e
undistwbed saprodize (Fig. %a) Such maerial has 4 much
bwer plastcity dmbex than te other clay  miserals
{Shempdon 19535 According 10 our labossiony measun
sweat, the winter waker coment of wnemoulded sapaslite is
arcvand 23%, 2 e ghove the waer conient 51 Azerharg
plassic Lisnt §20% ) Casaprande methodology . Liguefas-
gy vosuss above 0% in unremounkied sedimeny {28% a1
Arerserg liguid lmity when e waler table seeps along
wd of the oliff, Today, shocks Induced by stoem waves
can eaily Bring about the collapse of the ofipinal postas
funaic of the sapolite, the expulsicn of excew water and
further mass wasting.

The wet and dry dessity of the sapeolite incyeases
wiwads the suface, The andirarhed dark grey sapodite

fumr A2 yelds g 13 g:'a:-m* ey balk dessiy, whike when
slightly disturbed it rises 1o 16 giem® and for white jusit
A%, fully divmrbed saprolite density fises w19 gom’
The deformation caps be relaed 1o the ssdimenary ap
gradations and load a5 the sedimenis deposiiad o0 g long
e st Nenpene o middls Quamsany |, the ereibunden
aften beine deposind sfer phases of desioegion/oonsoli-
daion of 1he subswanim, normally reducing i liguefadion
swscepribiliny, The dry bulk densiy of the comse ssads s
deout 19 gf'cm* and wirea 20 ghom’ from the conplomer
ey, The overburden kaad (o 8 ) on the sapralize o e
Preinte de Lomer can thus be estimaed a1 24 tim’ a1 wasey
saturatdon. Atthe Mine &0y, autside the injection featunes,
the overburden (¢ 5 m represents circs 15 ¥m’ @ wates
satwtation and e winter water content close e saniration
in the unremoalded saprelite reaches 23% (unit A3 To
seach the lguid limiy (30%) and equiliteaxe the pressuse
induced by e ovelburden oongloneraics, we fead W
semcald the addginal porous fabeic of the "lighs” sapeolin
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Moresves, he higher dry bulk densiiy of the disturbed
sapreline is related vo the vollapse of the original intorstital
poresity {Fig. wd).

The material with & pady distubed perofaluic pee
serves maost initial anisotrepy and porosity, but is defrned
@ mierscope seak by minewnakling (Fig. ), foldisg
o even jigsaw fabgic, avesting awain and laeml mass
displacement and reaction fRssires. The fine kaolinite
matny s panly crushed. At the contac of fe D1 aniz, e
saprolite presents intemal sliding planes up to 30 om from
21 conzact, continmed in thin section by a swewched jigsaw
fabric, smocthed sliding planar fissurss, aesung o & lat
eral movement of the sapiolite mass compared with he
alluvial T31-132 mass (Fig, %l

Cnber units, such as O2b and D2, prosent e s of
wiell developed joe-lonsing {palaco-pemmatos), crosg-cur
g oripnal persofabeic in asocigion with illuval clay
skins frapmentaton. This frapmentation may ooour a: well
with frost aotivity, bat also fragment mtation, which s alse
dicative of seismic acuvily and local lguefastion (Van
YietLanos o1 gl 2004 Fros-induced porosity usually
pacanetes lateral drainage.

PHsemssion
Lisuefasion

bt the aouthem secton, liguefaction s eviden by injpctions
adt the plobal geomeiry of the depesits fevesk mently a
pesitive gradieat of demsity wiese light unconselidated
ssprolite s overlaid by dense gravelly sedimentary wmin,

i1 the coame-grained 132 wnit reveslad mosly brivde
behaviour and the sandy bassl layer from DI 15 srewhed
with brittle fracturing, in agrecment with the obsorvatio in
paraliel of shiding planes chuae 1o the oontact of dhe
defeemed saprolite. The occumrence of subsurface over
comselidation of the saprelite a1 Pésesun, with reduction of
e ipeptcial poresity, thin mud inpotion asd fabri
wrinkling, suppests rapd defoomation {Van Ve Lasol
et al. 19972 but the development of the large deformations
widy largor injoction seoms relaed © aslower moaiog dver
acveral days.

Liguefacton suscepdibility reflors the welative resis
tance of aoils 10 ks of frength when wibjeced % ground
shaking. Primarily, physical propestios and soil condition
spch & sediment prsinesize distribution, Compactian, sab
aration, and depth povern e degme of resistace,
Cohesive seils such a3 clays or sibs ae penerally consid-
ered pontly suscemible 10 Liguetaciion. Soils sesizam o
liguetaction inclade all sedimens tha we dry o consoli-
dared (Ruston 20040 Inthe USA mosr geotechaical studies

take into accowt liguefadtion suscepribiliny for sapaohin
{Faxmn 2004; Derakhshandi @ al. 20670

Coseismic hguefaetion is abvays assoiatod with water
saturaed sodiments (Seed and s 1971 —with mois
coherent and poocus sediments able o reach oversanration
by fabric collapse or with sedimens oversatusged by o
selsmic water supply {Sibson et al. 1975, Sibson Pes1
Muir-Wond and King 1993 Cooseismie liguefacdon also
lesds to overcomsoldated sediments & shallow deph
although the supedicial lavers e hguefied. The effec of
plate fues (kaolinge) on pose poossiire goneralion ia
satupated sands revesls tha specimens with ap w 0%
plastic fines content generated o per values of pore water
pressure than clean sand specimens but the exoess pon
waler pressuse @ 30% fines comient decreased below the of
clean sand {Derabhshandi et al. 20070, B means tha lige
wefasion v highly depeadent on the keal composiios of
the sapeclie and the alluvial zands.

A Pénestin we inwpret evidence of liquefaction and
overcomanldation in scrmally cobesive sedimenmt o a
seslt of fabaic oodlapse and supplementary tassien water
supply. An extersal wigger for liguefaction and a com-
plementany water supply were odwicasly neaded here 1o
exglain it As water 5 a aon-onmpessible faid, the sl
nating sgueezieg and sucticn from the local water 1abke in
the faulied besoment that wese caused by vileations s in
croess pore wakr pressure {Woith ot al 2003) This
advective overpressure with subsequent liguefaction nee-
diad 1o feach a minimum 1.5 e (ovedbasden weight) in the
overlving saproflize. This & probably the resuli of suface
SeisinE waves peepapaieg perpendicular o e main faul
syaen, simplk compressive T owaves and squeering by
peritaltism Rayleigh waves, A1 Pénestin an oversatu dion
in sedimients mabked by fabrie collapse and by oo seim
wares supply can lead o mud escape wowads the surface,
w apparently viirde in the southern pant of fhe section
gsoth, Podsge de Poulanse). This gjection of mud B oo
mally lecked By overbwdes sediments. Heow e
verburden weight & limied by ercsional wruncation and
pvid epeetion was pide sasier. D2 anit seging is ssocized
with a sea level probably close 0 o4 m NGF (presem
HWM 3 bat the segional water table ovald have been rela
tively higher, as discussod further (see Reconstructon).

When saturated silyy depiein are subpcied o cal
quake-induced shaking, pose wair pressum progrosaively
ik wp, kading w los of sail strenpth and lguefaction
o eves fuidization (Sheen e al. 1975 Sibson 1981 Muir
Waond and King 19930 An earthguake of sqong magnizde
can ligquefy vasious oohesive sedimenis. Above 15% of
clay, the vizcosity of the mud may b redusad from 1ot
poises 1 100 poises (Ruxton 1983), which is alrady
ensph © permit motion.

»
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Youd ot al. (20040 have observed on instnumenied
liguefaction sites that soil-wftening kd o lenghesing of
peticd of ground motion and o the amplification of the
ke period, owing » a liguefaction-transitted ground
gacillation. The main poiw made by Youd et ol (20040 4
that pround cecillation led % a continued rise of pooe water
prmsures after groundshaking  cessed. The generated
averpressure is confined & depth in the regional warer wable
contmned i & fractuned subsranum with low conducavity
Memtpomeny and Manps 2003 During post years migpy
carthquakes that have cocurred, such as that in 19654 in
Anchorage Almka, have demonsssated the ofform of soil
liguefaction on sily iz, Observation dusing this seism
showad the developiment of a self-consalidation polygoml
pantern in silty depressions with mud expulsion in nodal
pesition (Grantz et al. 19640 Liguefaction wai very
inpertant even on genile slopes o the food of the Tumag ain
hills, with lateral spreading and slidisg of & rafiad subard
of Anchorape {Mantimeayan ot al. 20023, A simila situmicn
wis desoribed conceming sapmolite in Puern Rico {Santh
apo and Lamen 2001 but also in Brimasy for palaeo-
eaghguakes in poorly-dained sands in Upper Fliocene
passition (Reguigny, Henanbiban, Van VievLanod o gl
e LA

Periglacial defoamation o shale diapirism?

The Pénetin deformations amne firstly intespreted by Rivigse
and Vember (15962 & pingo scars, an e hydeolacoslith
relative ¥ coaginuous pormafiost, ax evidenced in the fomn
of ice-wedpe casn, but the clistensd deformations do pot 1t
the cone-dn-cone inwmal fabeic relaed to the jce-toddy
collapse {hermakansde depressien formed by te fusivn of
e accumulation) obeorved by Do Coas {(1988) and the
Golakd covumence of such structuns. Other periplacial
mounds, known o palsa ad formed by the sccumulation
of jee lenses in the pround, oould ceosespond 1o these
deformaions, a5 they oocur i clustered ko ations, on wet
Alty o clayish surfaces, sloppy of et Heseos, e
cheerved defvemaions de not fit those described on seo-
tons by Pisart {19830 In seas of pings and of palsa
segular layers ovenurning & observed into the rims of the
sea, acanetimes disrupied by noomal faults (pingo) and 2
Licusirine sedimentation or pea wsually develops within
the centsal depression (Van VietLawé et sl 2
Another shuation can induce diapirs at shallow depth = a
residual mick wecap decaying on eversatwraed subplacial
wdiment such @ glcio-matine of glaciodacusarine shs
and clays {Brodpikowski and Van Loon 1980 Schwan
e al. 19800 This process B far from the Pénestin palace.
climatic context, @ the site i3 beged & ket 800 km of the
soathesmost exient of the British ice-sheer {Clarck o1 4l

& Bpringer

). The remaining possible mechanizms for macro
soopic  deformations  ase  thus  shale  diapinsm
synaedimentary folding.

Diiapits

If ofien converping in o phslopy with folding (Pawlky
194, shale diapl ian usually develops i maiee basins
smanciation with fasr sedimentation, stong sedimentary
overbauden keading 10 witer over pressare in unconsolidand
sediments. Active shale dispirsm occars when the over
burden layer 15 thinned by wsion and the mobilized shales
are pushed upward in mesponse 1o the rise in imemal pres-
satpe PWendeville and lackson 19924 Van Rensberpen et al
19951, Druring burial, dewanming and compaction & e
shalefoverbusden contact builds a permesabiliy bamier
which prevents furur desinage and may induce overpres-
suring within the shale unit, even ai shallow busial depihs
fep. 150 m, inthe southemn North Ses, Henretetal. 19910,
A clay with a high inersitial water peessuse hehaves
oahesively but when the waer pressune fises, it behaves s u
fluid, with a very low dynamical viscosity, inducing buoy-
ancy fotces and hydmulic fractusing in the confining layer,
with differerial losting (Bolion and Malimen 1958) The
iniial diapir shape s medified by lmeral o obligue upwand
migration of fuidized shales and may penerste & aowork of
clay dykes and sills, They wually develop in the form of
riny o coade faults, which help the sise of the diapin. When
the hydraulic prossure is lowerad, the shake diapirism nor-
mally swops, fallowed by drainage and consolidation
Mendeville and Jackeon 19920 Powley 1999) fol lswed by
a lawr normal collapse, nducing conic falung,

Folding

Ancahwer hypathesis for the macroscopic deformations
coald e lax dishamonic swface folding of et uneoasol-
idimod surface in sesponse ® the plasic behavicar of the
unciaolidated surface matetial on a deforming basement
{Fig. To). This situadon, on smilar lithelogies, is common
in the Pannonian Basin (Mapyasi o1 al. 2005 bt difficul:
o apply o the geomeny of deformation ai Pénestn, which
is clearly connectsd with the apex of basement fauls
Befeew the Pénestin event, the water iable wa high,
allowing felding, and the sapmoliz wis coherent but por

s, Afmyr the deformation the whok sygem ha boou
rruncated by @ lawe esalon surface relaed w e periglacial
wegime of MIS R and MIS £, without younger evidesce of
“foldiag” . Tectonic vaspressive folding by potheses thas
s ot Tz the obeervations in both the neath and the south of
Pénestin soctin, as disussad previcasly.
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Shak dspusm mgeened By cathguake

AT Ponesin these 13 ao ovdence of thick overbunde s sed

imens w sty oosfese, asce allivisl sdimension

sopped @t atwat 300 ka BP, pr 1o the mem detormanon,

D2 s com

i meeily of desse pravels socluded by
wlay tlluvigion dpaleswoly, behaving 85 3 hened sonbniug

systemn for the wan

god sapsolite woa b with Hwe

ereerved mud inpeten (Fig o A oxirs porefiuid was

g d Doaally o vripeer the digpirie pugion and may b

enplained by seivnic dnduced wawr s v alonp she we
sl il omerved 1o e oo, o decusaed carlier

This lcalizad cwerpres e sounce mhecad @ meine swell

v silee of the sapeolite a1 the apex of the injection poin,
lting i the sigid contining alluvisl syetem in tension

i3
washes develspmens alse olose w0 i apes. Dunsg the
fractinng prowcss, an e vdiaalic pressuse pradion wis
prodably involved i feotee oponisg, @ stesead By Lot
o | B pang provess foronmg, clste
dyhes Mevenhelesc it it
Fraotising and

e foa }i}' il

& whether fhay

Bl ension

Flaidizaten wore synchioi

cahes were apparcadly apdly aspeoed by the Buidized

T (e pocaraply ) and mud mases locally extng
kave observed this

e aurfaos. Russus g
phenomencn in the segion of the Capman Ses sfwr an

canhguske (A A Vasiliov, pesonal compmunicanion s, The

Tunher developad, marked and caod by
aickizad sapradize oo e ade of the diapirs k

conie laaking

wjoetions of

o s Fraciue g v, witich has been contused with

Power sMUcturc: owing 10 Wamspresive shest (Figs &b,
T Moo specifically, @ micrescops seale, the lamged
papter of the wadistabed saprohie aad the gse 1o mlemasl
wamer pressare resabiing Troam e canhguake have halped
the shearingshiding between the haolmie Fas demched

o Towmnd @

wowener s oplay sands amd kams, Tomosth
cobesive fund poancaing e shal dispiise. To conclude,
sl
seopte detosmanonal Sructures sach & srenhing i Snds
ad slpline planes developad 1 the sgpeahite obadived a1

srrai <hwrald esplan mess but et all the mese

the base ot the towl-lke stracnes (Fg. &8, o

chose 3 the summit of the Poulente Poist. The clgaion
devebsps in parzlle] with the maw slope (B-W %) o

Pépestm penitala Doy the Anchoaage cathguake Jdis

e

cassed pacyioasly,
mproline puss induced bucvancy and alo e rafting of
sy by (Socd amd Wilses 196750 For Ponestin,

e shidite of e whok lgaeted
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Resomemruction of the Peaetin event a sombiigion
of seismogenic lgue Faetion, shale Sapiism and kel

Afsteading

Witk this sucoemsion of mechanams, nearly syaehionc, we
we now able o reomsinne the whole story. A majo
carthguake may have cocumed amand 280260 ks whes
the clinwsie wis almady poriplocial and the paadded tan of

whe Wiladne River was prograding foum she onset of e MIS
fropeesaon. The s love | was nod yed oo bow 1 sepional
veaier Tande sl high and the peramfrost il atseat. Duning
the canhguake, the water was apphed by the fractumd
weathered & woum, fBuids peon
haement Taah nes, Bulping the

escaping  along
sl Lecally and

ity woakemeg the sigrd contining alluyial bady,
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sapredt

ad e the wppet laver funit A3y the bguedd lime, twa o
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swparating the various cosrugations. Such displacerent
appears w0 be 16 accordance with palseoslopes deduced
from sedimentological data {onginal sening of ueit D2
and wih sormal-siniswal kinemanes measured on sheaned
saptolite dong the fauhs just below the ENE-WEW
ariking mud diapis.

The question remains only patly open veparding the
“folds” in the nonhem parn of the secton. The change in
ayle of deformatica B chaly rdaed 1o the change in
lishology and 1 the intensity of the westhering of e
hasement The weathered micaschiss {unit AZ oabn
semain rittle. Coselsmic waer supply from the faults was
digect Here, the dicontinued natuse of the presenved
adalize Jday @1 the top of the section did not allowed e
confining of the hydrostaly presuce, limitng in omnse-
guenee the potential development of e deformation
Moreawer, the alluvial sands, pogous even owiched in
lluvial clays, did nor allowed the sise of imporias pose
overpresaure, as demomtatod experimentally by Ders
Shahandi et 2l (20070 The "folds” in the soethern pat of
she section thus welect an abortad shale diapusm,

Significance 1 wons of weponal geadynames

The preseat-day esuary of e Vilaine B locaid af the cast
of the subsiding Bleck of the Maoabihan on an imporan
secondane fault of the SASZ faul bundk (Fig. 1) The
palsmosutace truncating the sapeoline B okl prabably late
Eocene w Olignoene, and was reactivaed dudng a Mes
anian lowstand. The tiking of the blocks & probably pee-
Oligecene or even much older, wih the diserete subsidesee
of the southers coast of Brittany since the early Grataceous.
Similar deformational swaaues, pessidly ayvacheonous,
wore dhsenved @ Bl (Fig. 1) in tidal clays but ae
Jarger in size on fue other dde of the peesentday Vilaine
eiary {Cuillsume-Brans 19720 The date of the palaso-
carthguake roughly sipnalled the onser of @ segicaml
relaxation event afier g repional compressional even {oirea
435280 kay with some additional ditabances by e
vuilding of major joz sheers i Britain (MIS 12 and B Van
Wiet-lano® o1 al, 1997, 20020 Afey ths ovem, the sap-
wlie peohably desiccared during the Saslian T MIS B
2RG-240 kay by segeepated jce development into the por
pmafros werciged with the development of ios-wedges and
by subsoguent drainage of the allavial body when perma-
fioss thawed. Today a superficial water 1able & penched on
e sapreliz A3 consoldated o oooseismic lguefaction.
Evidence of sttong wowaic activiy wie also recognized
280 ka inomany places & that time in Weess Burope
Nan Vierlanot ot al, 2600, Former majae teciaic
event are usually cleer 1o | O00-R00 ks (Van Vier
Lano e al. 20020, a fact the should perhaps imply a

[
w1 Bistinge

peresd of relaive guisscence from cipca BOD o 300 ka
Toctonk movements we sull momded by change in
channel posigon by the Vilaine River bemween the 1wo
periads. A the tine of the cathquake, berwoen 317 and
IR0 ka, the sea level was low at —50 m hased va & 0
{curve By Funoel 1943, bat from dated coastal sines in the
Enplish Channel and Brmany, i1 was usually very clow 10
the present-day seadevel, under oomtrol of hasement
buckling deformation (Van Vet Lanod ot gl 20000 The
segiomal water fable wis thug shallow & that time and
probably ar least brackish oo even marine as preseady in
the pranite of Plocmenr-Badow, & conditon which favous
the peprization by Na©of the kaolinite, also lowering i
Pearing capacity, enabling Suidization.

Significance i terms of peadynamies

Such development i tectonically active mgions & thus
basically linked 1o the occursence of an uncensolidawd
clay tody (edisnentary or saprolizel s also lisked 10 e
presence of a sather shallow wiaer table and 3 confining
surface laver such & consolidated clavish conglomere o
even & kdgement il In formerly glacenred regivas, i
can trace the normal load of dead ice bodics on uncon-
solidaed mud (Brodaikowki and Vi Loos 1980 bt alse
seiimic  activity induced by glacie-isostate  rebound
{Hasepaws and Basham 19390 Owside the glacial linis,
soecalled “periglacial” diapirs in sectess like the Rhine
Craben (Swunk 1983 or in basins like the Bovey Traony
sae Devon), me more likely induced by setmically
et shale diapitism or by dishammony surfaoe folding.
In the Bovey Tracey basn we had the chance 10 observe
classica] digpiss in ap shandonad claypit sext ¥ the main
chiggclay pit deseribed By Jonking and Vimcen (15810
This should alas justify cur inempeeiation.

{ o lhsion

The deformanons obeorved along the Mine d'Or section &
Penestin sepresent the evidence of suocessive mochanizm
wiggerad by @n cashguake lonked 1o the discsete sulsi
dence of the Southern Armosican ma gin. These events we
womnded on an aleeady deformed and deeply weathened
hamement tha allowed the shade diapirisin o develop, They
we probably more of less syachrom: with aher egional
ovens & the onser of MIS B The mapw deformsionsl
posmcess B oshale diapiriam, inRially wigpesed by co-szismic
warer supply, kading and biersl sfing, favoured by the
liguefaction of the sapeolize. High and saline wawy bk
dsaline marine waes wadpe) a1 the time of the canhguake
cased  the  Buidizaton, Wo  quarmary  ¥amsprossive
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woomics we evidenced a1 this procie sie which regiatened
ditae effecs of an eanhguake, as no local mpure is
evidenced in the field Neither woaces of periglacial pago
fos palaa e pbserwed a1 Pénestin, despite the prosence of a
palaco-pemmafost, Duang the seismic after abock the shale
diapizam probably deweloped furher on This whels e
oo esulted, epecially at the Mine &' On, i 3 hguetied
pd, which lad 10 a local sega-bad cast 2a wg of the
mpmelite and burst out ente e swface, with lateral
shortening mduced by pulsawd medon {wrnkling). Pose
seismie selaxgion, drainage and ncemal collipse of the
aretched saprolite allowed some normal tension fauks to
develep, pbably also relited o the mass wasting, &pe-
cially nea La Soace. Diapls motion probably persisnd @
ich lowes ranes for 3 few days or weeks, conrolled by die
imain mpoeraphic slope, cxplaining the baleing of some of
the diapirs exploied on ensian rones by yoanger ke
wadges (o, 260 ka, MI5 8), when permatiost developed
and defintively stoppad he motive By froe drainage
wducad By cryopenic residual pososity.

Seismically nduced shale diapirizm seoms te be fre
cuent i aotive coatinental basins, whea a shallow waer
wuble is available o promote liguefaction of son-consoli-
dated shales.
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- DAY TWO -

Scientific excursion to the Quaternary of Northern Brittany
Thursday, 25 September 2008
Leader: Jean-Laurent MONNIER

Routes which will be followed between RENNES and ST BRIEUC BAY.
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Note the stop at MONT ST MICHEL and the night in St LO.
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General considerations

The stratigraphy of the Pleistocene deposits of Northern Brittany is mainly based on the study of sections of
marine cliffs showing sediments trapped by coastal depressions (river beds or valley slopes).The previous valleys
cut in the hard rocks are consequently often “fossilized” by periglacial loam deposits actually in “balcony” position
because they were latter cut by the actual marine erosion.

The sediments can be characterized as loess, sandy loams deposited either by the wind or the running waters,
slope crumbled rocks, head deposits incorporating various types of stones and dunes or old beaches, marine
boulder bars ; sometimes interbedded by more or less developed “paleo-soils”.

Study of the numerous sections known all along the Northern coast of Brittany permitted, by successive
correlations (and taking account of the gaps), to establish a chronostratigraphic reference scale.

The periglacial loess does not reach any significant development inside Brittany, when compared with the
sediment infilling of the coastal depressions that now form the cliffs.

The Northern coast of Brittany displays an important development of the loams of the second half of the
Middle Pleistocene and of the Upper Pleistocene. Four formations, in the geological sense of the term, have
been recognized in the eastern coast of Saint Brieuc Bay.

In the Pleneuf-Val-André area the following formations are now recognized:
- Nantois Formation.

- La Haute-Ville Formation.

- Port Morvan Formation.

- Sables-d'Or-les-Pins Formation.

(Hallégouet and Van-Vliet-Lanoé, 1986 ; Monnier and Van Vliet-Lanoé,1996 ; Monnier and Bigot,1987; Bigot
and Monnier,1987, Loyer et al., 1995).

NANTOIS

PORT-MORVAN

SABLES—D'DR—I_Fy//: B

FORMATION DE SABLES-D'OR LES-PINS

FORMATION DE PORT-MORVAN

FORMATION DE LA HAUTE-VILLE

FORMATION DE NANTOIS

7

rgeliag
[T
Ak sy
s i1y
ERERG
Vo0 W I

R DORAAY 5

kLI CRERM |

Fig. 10. — Schéma récapitulatif de la lithostratigraphie et des formations définies.
(La Formation de Nantois sera ultérieurement révisée).

Fig. 10. — Recapitulative diagram of the lithostratigraphy and of the defined formations.
(The Nantois Formation will be ulteriorly revised).
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The Nantois formation is made of thick deposits resulting from a strong sedimentary activity (cryoclastic
blocks layers, clayish and sandy loams, loess with carbonated concretions). It also exists some interbedded
sands of marine or coastal origin as well as layers made from of old soils, which are used as markers. This
formation corresponds with two different glacial/interglacial cycles (isotopic stage 6 to 9) which precedes the
last stage (5 to 2). There is consequently here, during three different periods of time (between about 330 000
and 125 000 years) evidences of mild interglacial stages where the sea level was close to nowadays and the
forest landscape more or less similar. The carbonated part of the loess’s and other sandy loams cannot
originate in the English Channel, which suggests, at some moments, large regressive episodes and widely
open surfaces open to wind activity.

La Haute-Ville Formation is, in opposition, characterized by a low sedimentary activity, that is to say that
erosions and pedologic horizons are very important respect with the loamy sedimentation. This is at the
origin of large gapes in the stratigraphic successions. It witnesses the existence of a complex interglacial
dynamics which can be approximately correlated with the isotopic stage 5 (between 125 000 and 75 000
years). This formation incorporates boulder bars (with boulders mixed with sands), loam layers with stony
blocks emplaced by gravity sliding (sol fluxion and colluvioning), well-established paleo-soils. The Haute-Ville
formation evidences consequently the presence of an interglacial climatic optimum (raised beaches in the lower
part or brownish washed paleosoils) where the sea level was close to the actual level or perhaps slightly above.
Two cold episodes occurred, one after the other, followed by two mild periods (about 110 000 and about

90 000 years). During these oscillations we suspect that the marine coastline could have changed between -70
and - 10m.When pollens are preserved we can establish that the vegetation was first marked by oaks groves
mixed with aune and hazel trees (climatic optimum) followed during intermediate stages by their regression and
the development of birches and pines (taiga). The cooler oscillations developed open landscapes dominated by
herbaceous species with, by places, in deep valleys, oak groves, aulne, hazels, willows and ashes. Deposits



gathered in Haute-Ville provided the largest number of old traces of human occupation in northern Brittany.
This is clearly related with geology, paleoclimates and paleogeography.

Port-Morvan Formation corresponds approximately with stage 4 and the beginning of stage 3, that is to say
between 75 000 and 40 000 years. It comprises colluviums, more or less loamy and carbonated sands, and
on top with sheeted loams (related with the segregation of ice and characteristic of paleo-soils). Small humus
rich soils are inter-sliced in the sandy loams, witnessing the existence of short phases of climatic stability in
an environment certainly more open and occupied by an herbaceous vegetation. The last paleo-soil (brown
and calcareous) is well marked and represents a marker (“interpleniglacial ). Study of continental mollusk
shells evidences from the bottom to the top of a drier and cooler climate, cut in places by milder climate.
Port-Morvan Formation shows that more rigorous conditions developed (“pleniglacial’) associated with a rare
vegetation dominated by herbaceous species. The coastal domain is at that time characterized by more or
less reworked elements (sand grains, shells) deposited by wind. This is contemporaneous with a marine
regression and true loess conditions.

A study made in Cotentin area shows that the period running between 115 000 and 45 000 years is
characterized by mixed cool-temperate forests with marine sea level close to the actual time evolving
towards boreal/arctic landscapes with tundra and steppe. The latter being widespread over the littoral plain
now devoid of water.

The Sable-d’Or-les-Pins Formation represents the “Upper Pleniglacial” characterized by a major loess
sedimentation .After the isotopic curves it broadly corresponds with the second half of stage 3 and stage 2, that is
to say between 40 000 and 15 000 years. At that time there was a strong lowering of the sea, which corresponds,
with the “continentalisation” of very large surfaces of the English Channel, thus, favoring the effect of winds and
loess transportation. At the beginning loess alternate with multiple sandy layers deposited by running waters, then
the sandy sediments become thinner and thinner because the far origin of the sources, the dryer climate, the
stronger regression). Erosion slopes sometimes separate the different layers. Paleo-soils are rare and poorly
developed (tundra soils). Marks of freezing and other periglacial phenomena are well developed (syngenetic
cryoturbation responsible for cracks and undulations). The rare malacologic remains confirm the cold climate. The
more recent loess which only appears as thin sheets in the interior of Brittany is often eroded. They participate to
the agricultural “Golden belt” of this region.

The climatic curve of Sables-d'Or-les-Pins Formation relies on the interpretation of pedogenetic remains,
cryoturbation and the granulometry of loess. The general tendency is towards the development of a more sever
cold episode cut by a warmer period. Some horizons witness the existence of a tundra landscape. Three
important climatic breaks separate four loess sedimentary units.

The field trip will show you various sections, from West to East, in the oriental side of the St Brieuc Bay, on
Pléneuf-Val-André area.
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First stop.

La haute-Ville cliffs (stratotype of the La Haute-
Ville Formation).

A rocky outcrop representing without doubts an old
reef, is now attached to the mainland thanks to
loam deposits actually eroded by the sea. Two little
bays are recognized. One in the East and the other
in the West. On the western side a little brook cut
across the soft sediments. In the East in contrary
there no running water but the continuous
crumbling of the cliff is associated with surface
action of the rains. There, the erosion is very rapid.

Layers 1 and 2: loamy colluvium (post-glacial)
Layer 3 : (only western section) sandy loam with
stony layers
Layer 4: compact and “prismatic” brown loam,
illuviated (post-glacial forest soil)
Layer 5: calcareous yellow loess; mollusc shells
(Pupilla muscorum)
Layer 6: stony and loamy layer
Layer 7: brown loess with calcareous nodules ;
polyhedral structure (old soil)
Layer 8: sandy loam, calcareous, with mollusc
shells
Layer 9: stony layer
Layer 10: sandy loam, calcareous, mollusc shells
(Cepaea sp., Vallonia pulchella, Pupilla muscorum,
Trichia hispida, Cochlicopa lubrica...)
Layer 11: sandy loam, calcareous, terrestrial
mollusc shells, also broken marine chells
Layer 12: dark brown loamy humic sand (small
palaeosoil)
Layer 13: brown loamy sand with rotten gravels
Layer 14 : loamy brown sand with clay, polyhedral
structure (upper part of an old colluviated soil)
Layer 15: clayed brown sand with “prismatic”
structure (illuviated old soil on a dune)
Layers 16 to 19: brown sand (dune)
Layer 20: loamy-clayed sand, gley
Layer 21: sandy-clayed loam, yellow-brown,
polyhedral structure
Layer 22: loamy-clayed sand extended into head;
presence of a small isohumic soil

Layer 23: clayed sand wit-h (at the western end of
the section) of a small humic soil (ranker)
Layer 24: coarse clayed sand with marine pebbles

(old beach).



In some place, this pebble beach layer is above old loams and head (MIS 6) witch have been eroded by

marine erosion.
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Fig. 6. — Profil général de la falaise de La Haute-Ville et localisation du stratotype sur la coupe sud
Fig. 6. — General contour of the cliff of La Haute-Ville and localization of the stratotype on the south-western section.

The La Haute-Ville Formation corresponds to layers 24-14. It reflects the end of an interglacial series of
events that took place in a littoral environment open to the effects of the west winds at the end of the last

interglacial (Eemian s.s.). The interglacial optimum (i.e. MIS 5e) is represented by the pebble beach (Layer
24). Probably layers 20 to 23 represent the first cold event (MIS 5d) and the soil above is a correlative of MIS

5c¢. Erosion and the gleying process can correspond to MIS 5b. The dune deposit and the main palaeosoil

above (layers 15 to 19) can correspond to MIS 5a.
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Fig. 8. — Formation de La Haute-Ville : diagrammes granulomeétri-
ques.
g = graviers, sg = sable grossier, sf = sable fin, lg = limon
grossier. If = limon fin, a = argile.
Fig. 8. — Formation of La Haute-Ville : granulometric diagrams.
g = gravels, sg = coarse sand, sf = fine sand, lg = coarse loam,
If = fine loam, a = clay.
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Fig. 9. — Formation de La Haute-Ville : courbes granulométriques cumulatives semi-logarithmiques.
(Pipette d’Andreasen + tamisages). Les numéros renvoient aux couches décrites.
Fig. 9. — Formation of La Haute-Ville : semi-logarithmic, cumulative granulometric curves.
(Pipette of Andreasen + sifting). The numbers refer of the described layers.
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Second stop.
Piégu.

Piégu is a Middle Palaeolithic settlement which was excavated during the 1987 year. The face of the site had
been strengthened with concrete. So, we cannot see now the layers.

Piégu is important for the knowledge of neandertalian occupations in Western France. Correlations with cliffs
of Les Vallées-Nantois (Third stop) are very interesting.

1_SITE DE PIEGU : COUPE NORD.SUD

Platier avec poches de galets
Head remaniant des galets mar
Eboulis de blocailles inférieur
Plage ancienne

Sable dunaire

Sal d'habitat paléolithique
Eboulis de blocailles supérieu:
Plage ancienne fossilifére
Head A& matrice sableuse fossil
Sable dunaire fossilifére

Head 4 matrice sableuse pédog
Head & matrice loessique
Niveau de galets flandrien
Colluvions , remblais modeme
QOssements fossilisés

Silex taillé

S
//////'

DiWal Andre | ..
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Section from the top:

L : head with loessic matrix;

K : head with a sandy matrix and presence of a “brown soil”;
J : dune sand, calcareous;

| : sandy head, fossiliferous;

H : fossiliferous beach;

G : upper screes ; blocks with infiltration of sand from the above dune and containing numerous bones;
F : Neandertalian living floor;

E : dune sand (decalcified but with rare marine shells);

D : fossil beach (pebbles);

C : lower screes;

B : head with marine pebbles;

A : bed-rock.

The Piégu excavation exhibited fossiliferous beds into periglacial and coastal deposits leaned against an old
cliff. At least 3 palaeolithic occupations have been found : the first (a small handaxe made from flint) in the
layer B ; the second is on the fossil beach (layer F). The third is in the upper screes (layer G).

In layer B, it is only the indication of an old presence of Palaeolithic (Lower Palaeolithic ?) on the oldest
marine platform, & the bottom of the cliff. The flint industry from layer F has also been found on the actual
beach, after marine erosion. Its main features is a Levalloisian technique. The distinctive Levalloisian facies
with numerous Levallois points includes well made side-scrapers. Upper screes (layer G) contains many
faunal remains and some flint flakes. It was probably a collapsed butchery station which was at the origin at
the top of the cliff. Fauna is represented by Cervus (85 %), the Auroch, Horse, Wolf, Rhinoceros, Roe deer,
Wild boar, Megaloceros. Geological correlations and radiometric datations indicate an age about MIS 6 or 7
for the main occupations.
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Les Vallées - Nantois
Le Vauclair sections

The large beach of Les Vallées spreads between Pléneuf in the East and an other cape located at the
eastern side of the Nantois brook. Two depressions correspond with the mouth of two brooks, the Vauclair
brook and the Nantois brook. The loamy formations are caked on the slopes and are mainly developed on
both sides of the rocky spur which separate the two brooks. Here the so called “Vauclair section”
incorporates observations made on both sides of this brook.

History.

The west Vauclair section is very interesting because it contains mammals remnants (Leclerc and Milon,
1925). The following species have been found:

-Equus caballus (L.)

-Canis vulpes (L.)

It has also been found many teeth of bull or bison, pieces of bones (perhaps of badgers) and above all many
remnants of a fossil elephant (Elephas).

The stratigraphic position of the fossils indicate a deposition between the lower marine level and the head
formations. There is no sorting and grains are almost no eroded: many pieces of shells, more or less eroded,
ostracods shells and foraminifera are also found in this outcrop which has been interpreted as a marine and
fluviatile deposit (Leclerc and Milon, 1925).

After Giot (1968b) pieces of molar teeth of mammoths also exist at the lower part of the head formations, on
top of sandy beach or dune deposits, then considered to be of Riss-Wurm age.

Stratigraphic description:
- Western part of the section :

Layer 1: colluvium (holocene)

Layer 2: residual loess

Layer 3: head with loamy matrix

Layer 4: head with blocks, cryoturbation features

Layer 5: very loamy head, laminated, with scattered blocks
Layer 6: head with big blocks and stones

Layer 7: loamy head, slightly laminated

Layer 8: head with many blocks, gelifluxion mudslide features
Layer 9: laminated loamy sand with stones and gravels
Layer 10: head with big blocks

Layer 11: slightly laminated brown sand

Layer 12: calcareous sand, very crumbly, with terrestrial molluscs
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Third stop.

Les Vallées — Nantois

¥

QOuest du ruisseau

| Pléeneuf )

COUPE DU VAUCLAIR

Figure XIX
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Eastern part of the section:

Layer 1 : loamy colluvium

Layers 2 & 3: Postglacial soil at the top of the loessic deposits
Layer 4: calcareous loess

Layer 5: laminated loess with gravel fine layers

Layer 6: head with stones and gravels

Layer 7: lumpy brown loam

Layer 8: stone pavement

Layer 9: loam with gravel fine layers

Layer 10:
Layer 11:
Layer 12:
Layer 13:
Layer 14:
Layer 15:
Layer 16:
Layer 17:
Layer 18:
Layer 19:
Layer 20:
Layer 21:
Layer 22:
Layer 23:

slightly humic horizon, on a decarbonated sandy loam (yellow-brown)
calcareous sandy loam with terrestrial mollusc shells

thin stone pavement

dune sand, partially calcareous, yellow red when decalcified

thin stone pavement

loamy head with many stones, less or more bedded; polyedric structure (paleosoil)
the same head without pedological

loamy head

gravels with furrowing features

old brown loess, micro-laminated

laminated head

yellow-brown loess with carbonated concretions

head with a loamy matrix

rough head with very few loamy matrix
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Nantois section

Location.

We are dealing here with a large marine cliff cut in the glacial deposits and located in a long slope oriented to

the east-northeast. The valley open to the North.
The section shows a series of ancient and recent loams, which display a step dip.

Layer 1: actual soil

Layer 2: Holocene dune sand

Layers 3 & 4: post-glacial soil (brown illuviated soil)

Layer 5: calcareous loess

Layer 6: a bed of angular gravels

Layer 7: laminated lumpy brown loam, with gravels

Layer 8: bedded yellow-brown loam, laminated (segregation ice, pergelisol features)

Layer 9: stone pavement

Layer 10: laminated loam with gravels, slightly lumpy

Layer 11: slightly laminated loam, lumpy

Layer 12: stone pavement

Layer 13: loam with gravels

Layer 14: gravel bed

Layer 15: lumpy loam

Layer 16: calcareous yellow-brown loam, terrestrial mollusc shells

Layer 17: stone bed

Layer 18: humic horizon (paleosoil)

Layer 19: brown loam, slightly bedded at the base of the layer

Layer 20: sandy loam with reddened-spoiled stones and gravels (colluvium)

Layer 21: red sand (old dune)

Layer 22: loamy stone bed

Layer 23: black clay (marsh mud)

Layer 24: clayey loam, polyedric structure, hydromorphic features at the bottom of the slope under the marsh
(greenish gley soil); orange brown at upper positions on the slope (Interglacial illuviated brown soil)
Layer 25: stone bed

Layer 26: clayed loam with bedded stones

Layer 27: loamy head

Layer 28: calcareous loam with stones beds

Layer 29: calcareous yellow-brown loam, slightly laminated (cf. “doublets”); contain very big calcareous
concretions (cf. “poupées de loess”)

Layer 30: calcareous loam with stones-gravels beds and sandy beds

Layer 31: head with small angular packed stones

Layer 32: sandy loam with angular gravels and stones

Layer 33: rounded and reddened-spoiled packed gravels, clayed-sandy matrix

Layer 34: laminated loamy yellow-brown sand, with angular gravels and stones

Layer 35: calcareous loamy sand with concretions, thinly bedded (broken terrestrial mollusc shells)
Layer 36: head with packed blocks and stones, very few matrix

Layer 37: angular small stones (gelifracts), without matrix (slope fallen rocks)

Layer 38: big blocks and stones with a sandy matrix; some marine pebbles

Layer 39: coarse slope fallen rocks (gelifracts) with very big angular blocks, on contact with the rocky cliff ;
presence of some marine pebbles at the base (not actually visible)
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From the bottom to the top ( that is to say, when one moves from the right to the left) at the foot of the cliff,
two main head and loam formations separated by a large pedo-complex can be observed. The lower
sequence itself can be separated in two parts:

- in the lower part, blocks of rocks and a head formation reworking the remnants of an old beach (layer 38),
incorporating partly carbonated muddy sands (layer 35), can be seen. The loam formation and the overlying
head are themselves associated with a pedo-complex (layers 33 and 34).

-on top, well-developed (layers 28 and 29) carbonated loess are covered by a layered loamy head and by
the pedo-complex (washed soils) including a dune (layers 21 to 27).

The Upper sequence includes:

-sandy colluviums (layer 20)

-Carbonated sandy loams with continental mollusk fauna, and showing pedogenetic horizons (layers 13 to
19).

-layered loams with head ( layers 6 to 12).

-recent loess similar to the Sables-d’or—les-Pins formation but with an incomplete series (layer 5).

-thin sands and reworked loams infilling eroded surfaces cut in washed loess and brownish washed old soils
(layer 4)

-humus-rich soils and dune of post-glacial age (layers 1 to 3).

The base of the of the upper sequence (lithostratigraphy, sedimentology and pedology).

The decarbonated old beach (layer 38) is formed by well-sorted thin sands (median=220 microns). And
poorly polished (the sampling corresponds with a sol fluxed layer).

The lower pedo-complex (figure 2) developed above head formations and loamy sands rest above a layered
calcareous loamy sand, partly decarbonated. This sediment is thin (median=88 microns) and well sorted. It
corresponds originally with a marine sediment ( relatively large number of smoothed grains ) probably
reworked by the wind.

The dune formation was stabilized and partly alterated before the sol fluxion stage. The pedo-complex itself
developed in the old dune which is more and more polluted by loams towards the top with a concomitant
decarbonation.It corresponds with a brownish washed soil characterized by thin clayish layered of brownish-
yellowish color illuvions ; Only the lower horizons (B3t to C2) are preserved. This soil is cut by a head
formation made of loam and stones affected itself by a small brown soil more or less washed, which displays
polyedric structures partly angular with thin clay-humus coating. This second soil pass towards the top to a
coarser head with loamy matrix partly humus-rich and gelifluxed reworking the lower horizons; it probably
corresponds with an old forest soil poorly transformed.

It exists consequently a climatic succession which was divided in two phases ranging between a temperate to
cold temperate climate separated by a short cold period reworking a marine sediment.

The old loess (lithostratigraphy and sedimentology).
They are typical loess (12,5% carbonated) with big loess puppets. The layering is not well established (
granulometry shows a part of sand). Sorting is good. Median being 35 microns. From a sedimentological

point of view those loess are equivalent to loess of the Upper Pleniglacial.
The mean pedocomplex (lithostratigraphy, sedimentology and pedology) Figure3, levels 1 to 6.
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Fig. 2: Chronostratigraphy and palacoenvironmental synthesis of the Nantois section (legend : see fig. 3).
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The older pedogenesis was formed over a loamy head deposit reworking the top of an old loess. It
corresponds with a brownish-yellowish B3t horizon with polyedric structures well developed with a small
hydromorphy at the end observed as isolated spots (figure 3-1) associated with ferruginous deposits.

Always in the same type of sediment a second washed complex developed ( figure 3-2). A B3t with a thick
coating of iron-poor clay characterizes it at the base. Upwards it is rapidly disturbed by sol fluxion, probably
after mixing with marine clay (existence of smectite). A second washed soil looking like a Bt horizon with «
glosses » and thin angular polyedrique structures exists. It is compact and well developed (figure 3-3). A
strong hydromorphy occurred latter probably at the same time as a marsh developed behind a dune belt
(figure 3-4) when the sea level was slightly lower than nowadays. This very complex paleosoil passes on the
side and at a lower altitude with a “gley” soil with peat levels (gytja).

The second washed complex of Nantois is disturbed and covered by a thin loamy head but presenting traces
of solifluxion incorporating 1% of marine sands (perhaps originating in dunes?) (figure 3-5).

Above all emplaced a marine sand, thick, argillaceous and moderately oxydized. This marine or littoral sand
(figure 3-6) is in place. It partly eroded the head and is free of the loamy-stony sediments, which characterize
the slope. The soil is very « illuviated » because of its topographic position and its mineralogy (smectite); the
presence of goethite could correspond with some drying episode of the climate. As a matter of fact this
pedogenesis affects the lower disturbed « glossic » soil showing a clay-humus-rich tendency similar to a
forest soil (thin section), which confirms the dry aspect observed in the dune.

The Port Morvan Formation. (figure 3 level 7 and 9) (not seen)

The Port-Morvan section will not be visited itself but it is present in Nantois above the median pedo-complex.
But here it is unfortunately not complete. From the bottom to the top we can observe:

-The « Nantois colluvion » originating in mud flows secondary reworked by « cryoreptation » with deep
(figure 3-7) ice segregation. At the lowest part some hydromorphy may be seen as well as ice cracks
affecting also the lower sand and clay horizon.

-carbonated loamy sands with « bioturbations » and continental mollusk shells (Trichia hispida, Vallonia
pulchella, Vallonia costata,Pupilla muscorum...) with a small humus-rich horizon on top (arctic meadow with
calcareous « mull »), deformed by « cryoreptation » with deep ice segregation (figure 3-8).

-calcareous sandy loams terminated by a Bt horizon coming from a « gelifluxed » calcareous brown soil now
strongly decalcified and by a weak argillaceous coating (figure 3-9).

- Sheeted sandy loams and regularly deposited stones very much developed at Nantois because of their
position at the lowest part of the slope (figure 1,C.7-12).

We must note the appearance of chlorite in the clay fraction when we reach the sandy loams with shells
(layer 20; figure 3-8).

The recent loess (lithostratigraphy and sedimentology).

The loess with sandy beds and the upper homogeneous loess are only present in Nantois (see the Sables-
d’or-les-Pins formation). Thin eolian sands locally terminate them. The whole section is eroded by running
waters (figure 5) all along the slope.

Recent loess is carbonated (16%). They are typical and very well sorted. Median is 33,5 microns.

The terminating thin sands are decarbonated. They present a typical eolian granulometry. Median range
between 50 and 60 microns. The heavy minerals are typical loess (hornblende-epidote-garnet association).
The presence of eolian sands at the end of the loess deposits witnesses the existence of a rising sea level.
The erode gullies correspond with an erosional feature well known during the Postglacial. They are filled by
loess and thin sands colluvions. Like in most sites of littoral Brittany the section ends by an Holocene
pedogenesis with deep illuvions stripes (which must not be confused with « twinned » loams structures.
Chronostratigraphy.
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The lower sequence (carbonated sandy loams, lower pedocomplex, head, older loess) corresponds with the
Nantois formation and can be attributed to the Penultimate glaciation (Saalian) and to its median interglacial
(-200 000 BP?).

The median pedocomplex (La Haute Ville Formation) corresponds with the Last Interglacial (Eemian s.s.)
and at the beginning of the Last Interglacial (Older Weichselan) (125 000 to 75 000).

The Port Morvan Formation corresponds with the Lower and Middle Pleniglacial of the Weichselian.

The recent loess (Sables d’or les Pins pro pate) corresponds with the Upper Pleniglacial.
The Uppermost thin sands are probably Tardiglacial.

The Nantois site delivered artifacts of the lithic industry and bones corresponding with different stratigraphic
positions.

-A piece of cut flint in layer 38 (beach at the beginning of the saalian deposits)

-A rough tool in layer 27 (top of saalian deposits, lower part of the median pedocomplex)

- Some pieces of flint and tools associated with bison bones found in place under the actual beach and
stratigraphically associate with the lower carbonated sandy loams (layers 34 to 35, at the base of the saalian
deposits).
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Fig. 1. — Profil général de la falaise de Port-Morvan et position de la coupe etudiée.
Fig. 1. — General contour of the cliff of Port-Morvan and localization of the studied section.
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Fig. 2. — Coupe schématique de la partie supérieure de la falaise
de Port-Morvan.
i: loess: 2: limons sableux carbonatés; 3 : limon soliflué ou
colluvié: 4 ; limon sableux soliflué ou colluvié; 5 : loess a lits
sableux cryoturbés et a lentilles de graviers; 6 : cailloutis; 7 :
horizon a graviers et concrétions; 8 : horizon B de sol brun lessivé;
9 : horizon B de sol brun calcique; 10 : horizon glossique: 11 :
horizon humifére (sol isohumique). Les numéros & droite du
profil correspondent aux couches décrites dans le texte.

Fig. 2. — Schematic section of the upper part of the cliff of
Port-Morvan.
I - loess; 2 : calcareous sandy loams; 3 : soliflucted or colluviated
loam; 4 : soliflucted or colluviated sandy loam; 5 : loess with
cryoturbated sandy layers and with gravelly pods; 6 : stoneline; 7 :
horizon with gravels and concretions; 8 : B horizon of brown
leached soil; 9 : B horizon of calcic brown soil; 10 : glossic horizon;
11 : humic horizon (isohumic soil). The numbers at the right of the
section refer to the described layers in the text.
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Fig. 3. — Formation de Port-Morvan : diagrammes granulométriques et malacologiques.

Granulométrie globale : g = graviers, sg = sable grossier, sf = sable fin, lg = limon grossier, If = limon fin, a = argile. Malacologie

Pm = Pupilla muscorum, Vc = Vallonia costata, Vp = Vallonia pulchella, Th = Trichia hispida.

Fig. 3. — Formation of Port-Morvan : granulometric and malacologic diagrams.

Global granulometry : g = gravels, sg = coarse sand, sf = fine sand, Ig = coarse loam, If = fine loam, a = clay. Malacology : Pm =

Pupilla muscorum, Ve = Vallonia costata, ¥p = Vallonia pulchella, Th = Trichia hispida.
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Fig. 4. — Formation of Port-Morvan : semi-logarithmic, cumulative granulometric curves (Pipette of Andreasen + sifting). The numbers refer
to the described layers.
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Fig. 5. — Corrélations lithostratigraphiques et pédostratigraphiques entre les coupes de Nantois, Sables-d’Or, Port-Lazo et Port-Morvan.

1 - loess massif: 2 - limon soliflué ou colluvié: 3¢ limon sableux: 4 : limon sableux soliflué ou colluvié: 5 - loess hie; 6 : himon feuillete:

7 sable de dune oxydé: ¥ : sable dunaire: 9 : limon sableux soliflué avec cailloux et graviers: 10t limon et sables lités soliflues: 11 s depdt
organique de marécage: 12 : imon feuilleté avec lits d'arene et de cailloux; 13 : horizons respectivement peu lessives et tres lessives: 14
horizons humifiés; 15 : eryoturhations, fentes de gel; 16 : head.

Fig. 5. — Lithostratigraphic and pedostratigraphic correlations between the sections of Nantois, Sables-d’Or, Port-Lazo and Port-Morvan, | :

massive loess; 2 soliflucted or colluviated loam: 3 sandy loam; 4. seliffucted or colluviated sandy foam: 5 | bedded loess: 6 - folared

loam: 7 - leached dune sand; 8 @ dune sand; 9 : soliflucred sandv loam with pebbles und gravels: 10 : soliflucted interbedded loam and sand:

11 : peary deposit; 12 foliated loam with arenaceous beds and pebbles: 13 : respectively litde leached and very leached soils: 14 hwmic
soils: 13 : crvoturbations, frost wedges, 16 - head.
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- DAY THREE -

Scientific excursion to the Quaternary of Normandy
Friday, 26 September 2008
Leaders: Dominique CLIQUET and Jean-Pierre LAUTRIDOU
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Route which will be followed between St Lo and St Pierre des Elbeufs. Note the night in Cléon.

NOTICE

The following text is in French but all the necessary explanations will be given in English.
The text and the compilation have been made by Dominique Cliquet, Jean-Pierre Lautridou, Michel
Lamothe, Mathieu Leroyer, Nicole Limondin-Lozouet and Norbert Mercier.
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LE SITE DE SAINT-PIERRE-LES-ELBEUF: UN GISEMENT DE REFERENCE POUR LA
CHRONOLOGIE DU PLEISTOCENE MOYEN ET SUPERIEUR ET POUR SES
IMPLANTATIONS ANTHROPIQUES

Présentation du site

Le stratotype de Saint-Pierre-les-Elbeuf se situe a l'est d'Elbeuf’ a la confluence de la Seine et d'une
petite riviere 1'Oison. L’enregistrement stratigraphique correspond aux depots leessiques du
Pleistocene moyen et superieur. L'epaisseur exceptionnelle de lcess ancien s'explique par la presence
d'une falaise fossile elevee, associee a la terrasse moyenne dite de 30 m, et qui a protege le limon de
l'erosion.
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FIG. 1: LOCALISATION DES SITES DE SAINT-PIERRE-LES-ELBEUF

En 2004, d'importants travaux de nettoyage du site classé ont été effectués et ont motivé un ré-
examen du site. L’opération a été soutenue par le S.R.A. de Haute-Normandie, Rouen (G. San
Juan), la commune de Saint-Pierre-les-Elbeuf et le projet collectif de recherche "Les premiers

hommes en Normandie" (D. Cliquet).
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FIG. 2. SAINT-PIERRE-LES-ELBEUF: CROQUIS DE LOCALISATION ET PROFIL DU VERSANT
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[ - Données stratigraphiques
1 - les coupes 1 et 1 bis (fig. 3 et 4)

La coupe 1 - 2004 est immediatement a cote de la coupe 1 levee en 1969-1970 (fig. 1, 3 et 4). 11 manque le
sol brun lessive de surface visible en 1970 et observe dans la coupe 1v (fig. 1).

1 — 0-90 cm: lcess calcaire jaunatre, pseudo-mycelium, petites concrétions calcaires, rares points
noirs ferro-manganiques.

2 —90-250: lcess calcaire de couleur plus ocre, plus argileux, moins calcaire.

3 —250-290: limon gris-brun, sol humifere.

4 —290-330: cailloutis de petits silex gelifractes (1 a 2 cm) dans un limon gris clair (sol gris forestier).

5 — 330-450: horizon bt de sol brun lessive, structure polyedrique fine et prismatique, revetements argileux,
enduits noirs ferro-manganiques (parois des fentes de dessiccation), couleur brun-rouge (7.5 yr 5/8)

Paleosol Elbeuf I

6 — 450-520: limon brun-jaune (10 yr 5/8), lite, a lits gris et bruns (0,3 a 2 cm), disloques, a contacts nets
entre les lits, structure plus floue vers le bas.

7 — 520-560: limon a gros doublets ondules marron et gris, a contact moins net entre les lits (limon a doublets
normand) qu'en 6, epaisseur des bandes de 1 a 5 cm; a la base, cailloutis diffus.

8 — 560-572: bande de limon gris jaunatre, a filaments obliques marron.

9 — 572: ligne de petits silex (1 a 5 cm): cailloutis mince.

10 - 572-690: horizon bt de sol brun lessive identique a celui situe entre 330 et 450 cm (elbeuf i), moins
fendille et avec peu d'enduits noirs sur les fissures, structure polyedrique moyenne, revetements argileux,
quelques concretions noires ferro- manganiques, couleur brun-rouge (7,5 yr 5/8) Paleosol Elbeuf 11

11 — 690-735: limon brun-marron, horizon b/c du paleosol sus jacent.

12 — 735-810: limon sableux brunatre ( 10 yr 6/6), litage diffus (0,2 a 1 cm), brun et gris, presence de
quelques petits silex, points noirs quelques lits gris diffus sont casses comme entre 450 et 520 ¢cm mais en

moins net.

13 — 810-848: limon brunatre a points noirs, homogene puis a trainees grises diffuses de 835 a 848 cm,
presence de quelques petits silex.

14 — 848-890: limon un peu plus argileux, légérement plus brun (10 yr 5/8).

15 — 890-930: limon brun-gris a litage flou tres irregulier, lits de 1 a 2 mm bruns et grisatres, fines tubulures
noires ferro-manganiques.

16 — 930-990: cailloutis de petits silex disperses dans un limon brun tirant sur le gris.

17 — 990-1020: limon brun, legerement fonce, assez argileux.
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Figure 4 - Coupe 1 complétée par la coupe 1 bis.

18 — 1020-1120: horizon Bt de sol brun lessivé, brun-rouge (7,5 YR 5/8), fendillé, a revétements argileux, a
enduits noirs peu nombreux (fissures) Paléosol Elbeuf ITI
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19 — 1120-1160: limon brun (10 YR 5/8), quelques revétements argileux, horizon B/C du Paléosol Elbeuf I11.
20 - 1160-1200 : limon brun, a fin litage (0,3 a 1 cm), a nombreux points noirs.

21 -1200-1240 : limon brun a taches grises diffuses.

22 - 1240-1340 : limon brun-jaune, a points noirs, a petits silex dispersés.

23 - 1340 : cailloutis de petits silex.

24 - 1340-1390 : limon brun, assez argilecux, formant un horizon plus sombre, bien distinct, visible aussi en
coupe 1 bis.

25 - 1390-1490 : limon brun clair (10 YR 5/8), paléosol a terriers de crotovines, a points noirs, devenant
grisatre vers le bas et plus sableux, Iégérement humifére.

26 - 1490-1520 : limon grisatre a taches gris clair, sableux, a nombreux petits silex (cailloutis).

Le prolongement vers le bas n'a pas pu étre étudié dans la suite de la coupe 1, comme en 1970, mais a ¢té
levé dans la coupe 1 bis.

27 - 1520-1620 : horizon Bt de sol brun lessivé, limon argileux, brun-rouge (entre 5 YR et 7,5 YR
5/8), a structure polyédrique et a revétements argileux Paléosol Elbeuf IV

28 - 1620-1720 : limon sableux vers le bas, brun-jaune (10 YR 5/8), a points noirs.

29 - 1720-1800 : sommet de la terrasse alluviale, sables, graviers et galets de silex émoussés, gélifractés
entre 1720 et 1750 cm, non pédogénéisés.

Conclusion

Sur la nappe alluviale d'Elbeuf (n° 29) retouchée au sommet (silex gélifractés), épaisse selon les sondages. de
cing métres, on observe cing leess séparés par des horizons Bt de sols bruns lessivés, peu différents de celui
du sol de surface, manquant dans la coupe 1 - 2004, dénommés : Elbeuf I, II, III et IV et de type
interglaciaire. Le complexe de loess sommital (nos 1 a 4) a été décerit en plus dilaté dans la coupe IV située
dans l'enceinte de la société IFRACHEM ex WITCO (Lautridou, 1974). C'est la séquence séquanienne
comportant de bas en haut, au-dessus du paléosol interglaciaire Elbeuf I (n°5), un cailloutis de petits silex
gélifractés (4), deux paléosols humiferes (3) gris-noir (sol gris forestier, sol isohumique), un limon asscz
argilcux, brun orangé (2) légérement carbonaté et un leess calcairc gris-jaune (1). Cette séquence
séquanienne différente de la séquence normande (Epouville) est donc définie (Lautridou, 1985) par : un
cailloutis de base, Début Weichsélien, un complexe de sols noirs, trés souvent érodés et constituant un
marqueur dans le Bassin parisien (Antoine ez al., 1998) du Weichsélien ancien, un limon brunifi¢ attribu¢ au
complexe de Saint-Acheul (Cliquet et Lautridou, 2005) c'est-a-dirc au Pléniglaciaire moyen et le leess récent
supérieur (1) post horizon de Nagelbeck. Comme trés souvent en Normandie, il manque le lcess récent
inférieur (22 a 35 Ka).

Les leess deviennent de moins en moins épais et les paléosols I a IV sont plus tronqués surtout Elbeuf I1T et
Elbeuf IV trés résiduels en coupe 2.

Le fait nouveau est la présence de sables limoneux gris-blanc comportant quelques gravillons anguleux ou
sub-émoussés de silex. Fins (médiane 0,06 mm), a courbe granulométrique cumulative parabolique
(Lautridou, 1985), a grains quartzeux essenticllement (80 %), sub-émoussés mats, ils ont ¢té interprétés
comme des sables fluviatiles d'une petite riviére, 'Oison, qui vient confluer avec la Seine (fig. 2).
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Dans la coupe 2, quelques granules calcaires sont repérables. Ils jalonnent I'extrémité ouest du tuf calcaire,
cartographi¢ par Chédeville (fig. 2), qui contient la célebre faune malacologique. Juste au-dessus, un limon
argileux de couleur marron foncé, a faces de glissement (slickensides), appelé "liseré chocolat”, de 1 a 5 cm
d'épaisseur, est interprété comme un horizon B béta ; les argiles d'illuviation liées 2 la pédogenese lessivante
d'Elbeuf III, immédiatement au-dessus, se bloquent sur un horizon carbonaté dont il ne subsiste ici que
quelques traces. Le tuf a ¢t¢ observé dans une fosse, a 10 métres de la coupe 2, mais son ¢paisseur limitée, 5
¢m, nous a amenc a I'¢tudier dans la propriét¢ Gapenne/Michel (ancienne carriére IV, fig. 2), ol son
¢paisseur peut atteindre un meétre. Aprés les prélévements de J.-J. Puisségur (Lautridou et al., 1974), une
fosse a ¢té creusée en 2004 avec P. Antoine et N. Limondin, puis un chantier archéologique a été ouvert en
2005 sous la direction de D. Cliquet. On retrouve exactement la méme stratigraphie qu'en coupe 2 sauf que le
tuf y est ¢pais de 0,1 a 1 meétre. Le sommet du tuf est affecté de petites dépressions qui évoquent des
marmites formées par des tourbillons de I'Oison (fig. 6). Cette caractéristique, ainsi que la forme allongée du
dépaot, font plus penser a un tuf de bras de riviére qu'a celui d'une mare alimentée par des sources (hypothése
de J.-J. Puisségur, voir infra). Le paléosol Elbeuf III ; trés tronqué, a affecté le leess sus-jacent au tuf 5
(couches 19 a 22 de la coupe 1) et comme dans la coupe 2 du site classé, l'illuviation s'est bloquée sur le tuf
calcaire (liseré chocolat).

L'industrie préhistorique se situe au-dessus du liseré chocolat dans le laess postérieurement affecté par la
pédogenese Elbeuf 111 (fig. 2).
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