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Millieres stratigraphical reappraisal

Milliéres stratigraphical reappraisal

The “Gelasian” base of the Millieres Formation was reached by coring in the basin (Figs 12-14 in this
supplement) Its stratigraphic attribution to the Gelasian (Baize 1998; Dugué et al. 2012) resulted from the
occurrence, in the lower cored unit, of the cold-water foraminifera Elphidium or Elphidiella hannai (Margerel
in Baize 1998). This unit was considered by these authors to be eroding the “St Vigor Formation”, considered
as early Quaternary (Dugué et al. 2012) but dated by ESR at 3.7 Ma (Van Vliet-Lanoé et al. 2002; Fig.11).

Elphidiella hannai is not a clear marker for a Gelasian age. It evolved during the Oligocene in Alaska (Lagoe
et al. 1989), today inhabiting the inner shelf of the NE Pacific margin, from southern California to Alaska, and
being found at shallow depths in the Scoresby Sund Fjord (East Greenland) (Resig 1964; Madsen and
Knudsen 1994) or south of 53°N in the southern North Sea (Resig 1964). Marine diatom biostratigraphy has
suggested that the first opening of the Bering Strait took place just after 7.4—7.3 Ma (Marincovich and
Gladenkov 1999). Pacific faunas were thus able to reach the central Atlantic before the second major glacial
event, dated at ~ 6.7 Ma (Herbert et al. 2013), such as at Pénestin (Fig.6) (Van Vliet-Lanoé et al. 2009). The
occurrence of ice-rafted blocks in the lower Millieres Formation supports this hypothesis (Figs. 12 -14).

In addition, from a palynological point of view, the lower Milleres Formation has been attributed to the
Gelasian (Clet in Baize 1998) due to the presence of boreal pollen. Boreal genera, such as Alnus, Betula,
Salix, Ulmus, Abies, Pinus, and Pterocarya, have existed since the Oligocene (Turgai flora) (Meyen 1987).
During the Tortonian—Messinian, the climate was mild-temperate and humid (indicated by Ulmus, Castanea,
llex, Pinus, and Ericaceae) in Western Europe (Gardére and Pais 2007; Utescher et al. 2007; Quan et al.
2014), but interrupted by major glaciations (11.8, 9.0, 6.7, and 5.4 Ma) (Table 1). This “interglacial” vegetation



2 NEOGENE AND PLEISTOCENE GEODYNAMIC : THE PALEOSEISMIC EVOLUTION OF ARMORICA

This “interglacial” vegetation allowed the development of podzolic soils containing orstein (due to the high
water table) to evolve in more arid locations to the south. This was the case for the Lessay Basin, which was
imprinted by sand wedges (permafrost) on tidal sands, and were capped by an orstein containing boreal
pollen. It is further truncated by a late conglomerate, which was initially attributed to the middle Quaternary
(Coutard et al. 1991).

(references in the main bibliography)aphy)
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Table A

(auieliA ‘1SnQ) @2l JIPPIA ‘@0BUNS "-Z-9 Sd Jaddn ; uoissalbal Jolepy uoISIoul JOAY
(eepiydi3)
S3I3I||IIAl P SpUET W4 JOMOT] MO
BN G'LF/.8%0LF¥0 /L uejog wy uoisusjsuel] Ssejllepy juowieA ueluouo | BN O'LL-CL
| @2e.113} 3|ppIN Allud ap olelN 1S | Bunjoel jsouy auojs ‘buiyel aof enNzZ.l
ngny| siod S9INJONIIS JOMO|4 ‘Buryes 89f (1 @oBMB]
BN 2'0F2°9 (yoeaq) 197 unseuad ‘Bunyney ‘sadeosa Jajepn Buniney ‘sadeoss 1ajepp S|PPIN UBNOY) SPUBS 819207 JaMOT]
BN O'L FG'9 AubBinbay w4 uoisuajsuel | uolsusjsuel | spues JoBIA Juleg Jamon uBIUISSI JoMOT] e\ 0'9
w4 1061/ JUIES JamoT 8y} JO Jwwng
(jonesb) sasiIN op
uajsio ‘wiopeld SpueT w4 1smo
1e}seod paysijod aAisoud ‘ Buijood ajew||9¢, Widn opejsos| pue uoisoa (Buipiong) NOISSIUJSNVAL auojspues Xnalsayolely 19AIY ayouelp NVINISS3IW 31V BN €'G-09
OBIISTNL | (oeqisniy ‘sAyy 87) Buniney uesppuez
[aUUBYO [BPN} ST 8US0Id | sAIsusisuBl] ‘AJAIOR DIWSISS PIO} Jusquinoay S8 SaII[|IN 8p pue” W4 3IPPIN - BN €S
upseuad BN 8°0 ¥ GE'G aubidy.p ¥S -00 pajiwil AlelowIpasuAS adeosa Jsjepy slauad
w4 (e Z'v) eseq nesuiepueT] w4 ‘adeoss Jajepn ploy Beiq spues AessaT Bujuado BN 9'¢
BNGOFQERL0TFGE deuspey w4 ‘uonexeal /@ouapisqns uolexe|al /aouspIsqns spues sa19z07 Jaddn |suuey) '3 uejzuadeld
BN Z°€ ‘BUIB|IA B 1SNO) ddeL1a) ybiy Atap
BN G0 F €€ G0 FG0€Eoeuspey w4 Buippy ‘pidn onejsosi pue uoisos3 ‘buljooad ajew) Jofey BN #°0 F 2°C ‘spues J0BIA jules “dn BN €€
AubBinBey ¢0F € Ae|o apuo] e
nesulspue GE0F €Y' e Aejg bsog | (4 deeqg enbey
(seuuay) aigluUUORI4 GEQFGP'T ‘Bunn sbesn uoyog quanjuo)) BN 89°C
sAe|D nesulapue] adeosa Jajem ‘wsiidelp Aeo ( Aejo paunens) |1epary/ Buip|os
she|o essey aud)0d Bl-UES 1S | ‘ 19SHO YIm S)ney ‘siSed peoT uoljexe|al /aouspIsgns I\l 8p epue] w4 Jaddn aAIsusjsuel] ualjeeA-USISE|9D) Q'L
(surejip ‘snQ) aoeL19} yBIH Bunyes 8of S}sed peon pasoyjeam Aubis wuogeld wog-mwed | 0000000 | mmeeeeeeeeeeeeeeeen
e 810 F €' L AubBinboy siseopeo)| abieq (1H) z4 @in3 juodauiald ap Se|o2IN 1S BN 8L
BN OLOF 2 Buip|o} aAIsus)sues | uo (jopary)/ Buip|o} aaIsus)sues | x3|dwoo Xnaisaydiep
paJayream Ajybiis wiope|d uebaiq zaus|y wsuidelp Aejo ‘Ajolwsies ¢ uolexejal /aouapisqns Bunses peo ueligejed Jomo e’ L
dilN
uoisIoul JaAl ‘Yiidn o13eISOS! ‘uoisosad pasueyuad ‘Buipang ¢ Buljood ewl|H / ueuge|e Jaddn B 00Z- 0001
(autefiA 1snO) I deaq pinH
29e.I3] 3IPPIN unsauad ‘JeH uad adeosa lajem Buiyoeaiq (26 SIN
‘ZaIpuamo) ‘znoy zal] : ssyoeaq pasiey ‘wsaidelp Aejo ‘sised peot - sayoeaq pasiey jouuey) ‘3 - g1 SIW) ueluo| ey 00S-01€
UuoISIdUl J3AU ‘Yljdn 2138)S0S] ‘UoIS0Jd padueyua ‘Buljood sjewiD ey 01£-622
Buiyoeaiq (e SIN
99B113) JamOoT ‘sayoeaq pasiey wsidelp Aeo ‘sjseo peo - sayoeaq pasiey jouuey) '3 - e6 SIW) ueluo| B G2Z- S€1
99B1I3) JAMOT ‘SaYoea(q pasiey (uosaqinpd) spjoy beaqg (Jjoua9) siseo peo] sayoeaq pasiey Jaddn
TANNVHO
ANNVLRE AQNVINYON NY31sSv3
ajewn|9 / Aydlwsis ajewn|9/Apo1wsis k] S3T10AD
Qy023d ANVLLI™ME ® WsSIuojd9 ] ® WSIUojd9 ] dy093d NILNILOD NY31SIM alLvisn3 sabelg




4 NEOGENE AND PLEISTOCENE GEODYNAMIC : THE PALEOSEISMIC EVOLUTION OF ARMORICA

Annotated pictures of the field data

Figure 1: Le Rhys-en-Douarnenez (SASz) paleocliff, possibly tortonnian in age on a shall platform, covered

by faulted and consolidated Pliocene sands(A); B &C) periglacial slope deposits and eroded paleocliff (caves) cemented
by Fe-Mn orstein
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Figure 2: Pors Kubu ( Crozon Peninsula, Western Brittany) 1) lower cobble beach including very few ice
rafted blocks in a shall sand matrix, and resting on a polished platform, 2) Upper cobble beach, initially
openwork, rich in ice rafted flat lying blocks , cemented by goethite. 3) Storm ridge formed by the mixing of
slope deposits and beach cobble, cemented by goethite orsteins; 4) slope deposits derived of shales
burying a polished cliff, infiltrated by a thick red clay illuviation. This system is not faulted but truncated by a
middle quaternary beach (MIS 9 or 11).
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Figure 3 : REGUIGNY (Lafarge quarries) : Gelasian and early quaternary at the top of the sequence
with load casting probably close to 1.1 Ma from ESR dating.
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Figure 4: Saint Jouan de I'lsle (NASZ) : polyphased water escapes on faulted late Messinian (A—C)
or very early Zanclean gravel (D)
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Figure 5 : Saint Malo de Phily (Vilaine River valley, highest terrace) Transtensive wedges in an upper
Piacenzian terrace.

Figure 6 : Pénestin North (Vilaine River estuary) Stratigraphy
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Figure 7: Trez-Rouz (Elorn fault): co-seismic Shale and peat diapirsm (Msk : 4,5-5), probably
around 400 ka . Dragged by periglacial solifluction.

»

Figure 8 : Herquemoulin (1995): cliff notch parallel with the lithology (metamorphic shales).
Probably MIS 9a . Covered by MIS 8 heads (scale: large block in the sun: 30 cm). Abrasion
platform in foot cliff position.
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Figure 9 Avranches : giant loadcast in truncated paleogene saprolite

Figure 10: Landes de Lessay: sand wedge rupturing a boreal ( palynology) upper Tortonian red-yellow
podzol with orstein (arrow) in a conglomerate (Late Messinian), truncating a Tortonian- Messinian Tidal
sand . Star: location of the palynological analysis (Bh soil horizon). Two sand wedge generation, one
before, and one after the orstein formation.
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Figure 11: Esquay (St Vigor) water escapes. A) contact with the Lower unit : gravelly sands, probable late
Miocene in age, B & C Upper unit dated by ESR at 3.2 £ 0.4 Ma
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Figure 12 Millieres quarry (pictures 1995) : Upper Milléres formation with re-interpreted ages (see
main text)
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Figure 13: Millieres quarry (1995): Middle (MM) and lower Milléres formations (LM) . A) Pliocene
with co-seismic recubent fold; coarse grained upper Lower Millieres Fm (Messinian) C), including
frost shattered and rafted erratic blocs (C) low Lower Milliéres Fm (Tortonian tidalites).
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Figure 14 : Millieres quarry (1995): faulting. Middle (MM) and lower Milleres formation (LM)n .
A) coarse grained upper Lower Millieres Fm (B), including transtentional faulting (B & C), B)
hemigraben with drag fold.
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Figure 15: A-B : Lalonde quarry: karstic faulting, C: Valmont quarry karstic and /or

thermokarstic.
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Figure 16 : A) True cryoturbation’s (Paris basin, on chalk). B) Cryoturbated Middle Pleistocene coastal
ridge with frost jacked cobbles (Audierne Bay) ; C) Load casting due to karst activity triggered by an
erathquake, Middle Terrace ; la Garenne des Andelys (Seine River); D) Middle Terrace, deformed and
fractured pocket, above a known karstic pit. <5 km of the Seine fault.
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Figure 17 : Saint Michel en Gréeves : A) outcroping ductile cadomian crust ( subducted; base of
B) , disconnected from the onlapping discordant Ordovician (B) with a faulted contact (early Hercynian
Orogen)




