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Abstract

Late Jurassic and Early Cretaceous charophyte atsges from the northern part of the
Aquitaine Basin in south-west France are reviewer o understand their palaeoecological,
palaeobiogeographical and biostratigraphic featurbsee sites were studied: the Tithonian-
lower Berriasian of Chassiron, and the BerriasidnCberves-de-Cognac and Angeac-
Charente. Abundant porocharaceans, less abundavatafaceans and scarce characeans
recorded in Cherves-de-Cognac and Angeac-Charentikcate that brackish water
environments were substituted by freshwater enunemts eastwards. The occurrence of
Clavator grovesii var. grovesii and morphotypes intermediate with grovesii var. discordis

in the same areas is significant from a biostrapbic viewpoint, since these species belong
to the Maillardii, Incrassatus and Nurrensis Eusspeharophyte biozones, representing the

Berriasian. This observation refutes a previousndabf the Angeac-Charente site and
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highlights the absence of Hauterivian-Barremiarorgs in northern Aquitaine, which is in
contrast to the more complete Lower Cretaceousrde@o southern Aquitaine. These
contrasting records could be due to differencethénavailable sedimentary space produced

by the opening of the Bay of Biscay during the Baman.

Keywords

Charophyta; Freshwater; Tithonian; Berriasian; €htes basin

Introduction

The Aquitaine Basin in south-west France is ambegésser known European basins
in terms of its Lower Cretaceous stratigraphic gatheontological records. However, its
location at the boundary between the Iberian andiaan plates makes it highly significant
in understanding the rift processes that occurmethé Late Jurassic and Early Cretaceous
during the opening of the North Atlantic Ocean ahd Gulf of Biscay. In this sense, the
biostratigraphy of the few Lower Cretaceous outsropthe northern part of the Aquitaine
Basin is fundamental in elucidating the basin’s letton and how it compares with the
southern part of the Aquitaine Basin.

Deak and Combaz (1967) were the first to find palggical indicators of the
“Wealden”, i.e., Lower Cretaceous non-marine siratathe southern part of the north
Aquitaine Basin. These observations were also nradlee north-western part by Lanceron
(1976), Platel and Moreau (1977) and Platel (19¥Rich later, a number of studies devoted
to the biostratigraphy of the Cretaceous northequifaine Basin showed the occurrence of

the Berriasian based on the presence of ostracodasyphytes and dinoflagellates (Colin et
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al., 2004; El Albani et al., 2004), as well as tgeeurrence of the Albian and Cenomanian
(Néraudeau et al., 2002) and the Turonian (Néraud¢al., 2016) based on palynological
evidence. Moreover, a recent study indicated thssipte occurrence of Hauterivian-
Barremian deposits in Angeac-Charente (Néraudeal, &012).

The present study is an in-depth review of the aplayte assemblages from three
localities, Chassiron in the Oléron Island, CherdesCognac and Angeac-Charente (Fig. 1),
which have been only partly studied in the paste Thsults significantly advance the
biostratigraphic understanding of the Upper Jucaasd Lower Cretaceous of the northern
Aquitaine Basin, refuting some of the previous batggraphic findings and improving the

comparison with southern Aquitaine, the so-calledatg-Mauléon Basin.

---------------------------- Please insert Fig. lear here --------------mommommmmm oo

Geological setting and stratigraphy

The Aquitaine Basin was a rift basin during mosth® Mesozoic. Its structure was
affected by the formation of the oceanic crust leetmvEurope and North America from the
latest Callovian to the early Tithonian and the saguent opening of the Gulf of Biscay
during the Barremian, the basin forming along thedform plate boundary at the north of the
Iberian plate (Schettino and Scotese, 2002; Schiretdd., 2012; Tugend et al., 2015).

The northern part of the Aquitaine Basin, sometimedsrred to as “Charentes Basin”,
is limited by normal faults with a north-west-sowgthst direction (Platel, 1980). The Upper
Jurassic and Lowermost Cretaceous deposits predotiyn contain carbonates, with
evaporites at its edges (Platel, 1980; Cubaynak,et989) and clayey or conglomeratic bone

beds (Néraudeau et al., 2012; Vullo et al., 201242 The Lower Cretaceous record is
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extremely limited in the northern Aquitaine Basespecially for the Berriasian to Aptian
(Fig. 2), while the uppermost Albian deposits aettdr represented (Néraudeau et al., 2002).
A more complete sedimentary record of marine faggegresent for the Cenomanian
transgression, starting with detrital beds follovilgdimestone deposits.

In the southern part of the Aquitaine Basin (alstled Arzacg-Mauléon Basin), a
more complete Lower Cretaceous record providesrnmition about the Berriasian,
Hauterivian-Barremian and Aptian, such as the feeumarine deposits to the east and
increasing non-marine influences to the west (Peydseand Combes, 1994). An important
transgression occurred during the Barremian thad w&errupted by emersion episodes
(Martin-Closas and Peybernés, 1987; Combes e1@98). Winnock (1973) explained the
differences between the northern and southern patise Aquitaine Basin to be due to the
reactivation of a Triassic fault structure (“fleeuceltaquitaine”) that separated the two areas
and enhanced the subsidence to the south duringE#irtly Cretaceous. Later, chalk
sedimentation occurred until the end of the Latet&reous, representing the last occurrence

of marine sediments.

---------------------------- Please insert Fig. Zear here --------------m-mmmmmcmmm oo

From a palaeogeographical viewpoint, it is assuthed the Aquitaine Basin was a
shallow and narrow gulf opening onto the Atlantenthin during the latest Jurassic and
earliest Cretaceous (Cubaynes et al., 1989; Hamgupeand Lafaurie, 1994; Schnyder et al.,
2012). During the Kimmeridgian, the Aquitaine Basias linked to the Paris Basin by the
Poitou threshold in its north-eastern part, bus ttbonnection ceased before the Tithonian
(Thierry, 2000; Schnyder et al., 2012) due to tkgressive trend starting in the latest

Kimmeridgian (Hantzpergue, 1989). According to Thie(2000) and Blakey (2011), some
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connections with the western Tethys persisted énBéarly Cretaceous through the Corbieres-

Provence platform to the south-east and the DaédBasin to the north-east.

The Jurassic and Cretaceous from northern Aquitaaive been studied as early as the
beginning of the 19 century by Fleuriau de Bellevue (1801) and d’Aach{1837), among
others, who concluded that the Lower Cretaceousnwteepresented in that part of the basin,
a hypothesis that had been widely accepted urténtty (Platel, 1980; Néraudeau et al.,
2012). In the two last decades, a number of studke® provided evidence that the Lower
Cretaceous is indeed represented (Schnyder, 2G08n-Bruyat, 2003; Colin et al., 2004,
Néraudeau et al., 2002, 2012; Vullo et al., 20T4us, the present study aimed to perform a
detailed review of the Lower Cretaceous recordshmee different areas of the “Charentes
Basin”, Chassiron (Oléron Island) in the westerrt,paherves-de-Cognac in the central part

and Angeac-Charente in the eastern part (Fig. 1).

Chassiron (Oléron Island)

The stratigraphic section studied at Chassiracoraposed of four informal members
(Fig. 3). The first, up to 24.2 metres (m) thick,domposed of yellowish to grey irregular
nodular limestone with thin marl intercalations.e§k are thought to represent open-marine
platform facies (Schnyder et al., 2012). Howevéeré¢ is already evidence of episodic
emersion (e.g., mudcracks) 18 m above the bas¢éhdforore, the presence of charophytes
between 20 and 24.2 m from the base suggests smegeaon-marine influences (Schnyder et
al., 2012). This member is thought to range froe upper Kimmeridgian (Autissiodorensis

Zone) to the lower Tithonian (Gigas Zone), accogdim Hantzpergue et al. (2004).



125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

The second member, 20.5 m thick, begins with a loongrate composed of a clay
matrix and white calcareous clasts (bed 141). topped with 0.4-m-thick clay containing
abundant conifer wood (Schnyder et al., 2012; Vetoal., 2014). The upper part of the
member is formed of 19 m of blue to black clay amatls, while the bottom part contains an
important accumulation of vertebrate remains (Vwdtoal., 2014). Charophyte gyrogonites
were found in bed 148 (Fig. 3) and documented bitiM&losas et al. (2008), who attributed
them to the Tithonian. A previously unreported opdryte species from the same bed is
described herein.

The third member, with a thickness of 23 m, is cosgal of limestone beds at the base
(6 m), followed by 4 m of alternating limestone ady, with brackish bivalves (e.qg.,
Mactra) and diverse marine species (such as corals, ibpaads, echinoids, bivalves, benthic
foraminifera, ostracods andRhizocorallium burrows). This member corresponds to
sedimentation occurring in a shallow lagoon anceottoastal environments, with normal
salinity that has been occasionally subjecteddorst (Schnyder et al., 2012).

The fourth member of this series, which is 13 toni4hick, is composed of finely
laminated and marly peloidal limestone, showing odaur footprints and numerous
mudcrack-bearing surfaces (Moreau et al., subnittBdaporitic beds (including calcite
recrystallised after gypsum), halite pseudomorpid fanestrae have been observed in some
parts. These are the shallowest deposits in trasgtaphic section (Schnyder et al., 2012).

Members 2 to 4 have been assimilated into Purbaedkipe facies, with a strong
terrestrial influence (Schnyder et al., 2012; Cdiadmet al., 2012; Vullo et al., 2014). The
dating of the marine beds from this section wasopered using calcareous nannofossils and
dinoflagellates (Schnyder et al., 2012), ammon(tdantzpergue et al., 2004), ostracods

(Donze, 1960; Malz, 1966) and foraminifera (Bousqu®67), which gave a date ranging
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from the late Kimmeridgian (Autissiodorensis Zon&) late-early Tithonian or early

Berriasian.

Cherves-de-Cognac

In the Champblanc quarry at Cherves-de-Cognac, hitmlogical units were
identified, each with a thickness of 15 m (Colirakt 2004). The basal unit (U1) is composed
of alternating layers of fibrous gypsum and blalgydaminites, sometimes with stromatolitic
features (Colin et al., 2004; El Albani et al., 20corresponding to an environment of tidal
flats in a restricted lagoon under an arid clin(&ieAlbani et al., 2004).

The second unit (U2) shows alternating marlstonmiddges and gypsum that
progressively gives way to fossilerous marly linoests in the upper parts (Colin et al., 2004;
El Albani et al.,, 2004). This unit indicates bothanmne and freshwater influences in an
estuarine context (El Albani et al., 2004). It @ns a 1-m-thick bone bed that bears a
particularly rich vertebrate fauna including fistrocodilians and chelonians (Colin et al.,
2004). Charophyte specimens were found in bedst€3236, C38 and C41, including the
bone bed (Fig. 3). Colin et al. (2004) undertogk@iminary study of these charophytes and
here, we will review the flora in depth. The Chesxke-Cognac study area lies directly over

Tithonian marine limestone (El Albani et al., 2004)

Angeac-Charente

The Angeac-Charente study area is located betwkencities of Cognac and

Angouléme. It is composed of 7 characteristic b&dg, to Anl from the base to the top. An7

and An6 are composed of red clay and irregulantgtifed grey limestone, respectively
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(Néraudeau et al., 2012). An5 does not crop outednt but is at least 0.7 m thick and
contains green clay without macrofossils. Some -gr@gn sub-angular limestone blocks are
observed in various places, suggesting reworkingrgbldeau et al., 2012). An4 is composed
of blue-grey lignitic clay, which is generally 0t& 1 m thick and rich in plant remains (e.qg.,
wood, cuticles and seeds). This bed yielded mosheflarge and well-preserved vertebrate
remains, as well as woody axes, described in pusvébudies (Néraudeau, 2011; Néraudeau
et al., 2012; Allain et al., 2014). Numerous catcars clasts occur at the top of An4, and the
delimitation with An3 is unclear (Néraudeau et @012). An3 is 0.2 to 0.4 m thick, and
composed of conglomeratic calcareous deposits withlue-grey grainstone matrix and
whitish limestone clasts. Diverse vertebrate resé&nocodiles, dinosaurs, turtles and fishes),
plant debris (wood and cuticles), charophyte ffigettions, ostracods and insect coprolites
(termites) have been recorded in this bed (Colialet2011; Néraudeau et al., 2012). An2
contains yellow to grey calcareous deposits withireegular stratification that is perhaps
linked to dinosaur trampling. It has a thicknessgrag from 0.2 to 0.4 m, and grades from
marlstone to limestone laterally and vertically (dlédeau et al., 2012). This bed supplied
some of the charophyte remains studied hereinllirenl at the top of the section, with a
thickness generally ranging from 0.1 to 0.2 m,amposed of white to greyish fine sand that
is rich in fish remains such as scales, teeth améd (Néraudeau et al., 2012).
Charophytes were found in bed An4, in the interbetiveen An4 and An3 (An3-4)

and in An2 (Fig. 3). They were previously studigdNéraudeau et al. (2012) and here we

will review the assemblage in depth.

---------------------------- Please insert Fig. 3ear here --------------mommmmmmmm oo

Material and methods
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Sample collection

The charophyte samples from Chassiron (Oléron d3larre collected and lent by D.
Gendry (University of Rennes 1, France) and J.-6inCThe samples from Chassiron came
from level 148 (Chal48-coll. D.G.) of member 2 dascribed by Schnyder et al. (2012) and
Vullo et al. (2014). This also corresponds to theel 1004-A in which Schnyder (2003)
characterised a high concentration of vertebratenes (Vullo et al., 2014).

The samples from Cherves-de-Cognac were collecyed.4P. Colin and lent to C.
Martin-Closas for this study. They were collecteahf the beds C32 to C36, C38 and C41, as
described in Rees et al. (2013) and Pouech e2@l5], corresponding to the “bone bed” of
the site (Colin et al., 2004; El Albani et al., 200

The Angeac-Charente samples were obtained fromegatalogical excavations in
2010. Samples from beds Anl (Anl1l-SA), An2 (An2-3Ad An4 (An4-SA) were obtained
from the first excavation (ANG1-02-2010), while gales from An3-4 (An3-4-SB) were
collected from the second excavation (ANG2-02-20id)ated about 20 m north of the site

of the first excavation (Néraudeau et al., 2012).

Sample preparation

Samples were disaggregated in a solution of waner lydrogen peroxide (100
volumes), washed and then sieved through 200, 80A.@00 um mesh sieves. In some cases,
anhydrous sodium carbonate was added to defloectiiatclay. Before sieving, sieves were
submerged in a solution of methylene blue to mhekresidues of previous samples and then

washed. Charophyte remains (thalli, gyrogonitesrnidles) were manually picked out under
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a Wild M5A stereomicroscope at 40x magnificationh&s necessary, an ultrasonic cleaner
was used. Measurements were performed with thevadtMotic Images Plus 2.0 ML in a
Motic BA310 stereomicroscope. Selected fructifioa were photographed with a Quanta
200 scanning electron microscope at the Scierdifid Technical Services of the Universitat
de Barcelona (UB). The gyrogonite and utricle specis were stored in the Universities of
Rennes (France) and Barcelona (Catalonia, Spaipgcifgally all figured specimens,

labelled IGR-PAL are stored in the collectionstoé tUniversity of Rennes (France).

Systematic palaeontology

Division Charophyta MIGULA, 1897
Class Charophyceae SMITH, 1938
Order Charales LINDLEY, 1836
Family Porocharaceae GRAMBAST, 1962 emend. SCHUDACK1993
GenusPorochara (MADLER, 1955) emend. SCHUDACK, 1986
Porochara westerbeckensis (MADLER, 1952) MADLER, 1955

Fig. 4 (A-E).

1952Aclistochara westerbeckensis nov. spec. — Madler, p. 28-29, pl. B, fig. 20-25.

1955Porochara westerbeckensis nov. comb. — Madler, p. 271.

Material. About 250 specimens from An3-4-SB anduacb 120 specimens from

Cherves-de-Cognac samples.

10
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Description. Medium-sized gyrogonites, subprolaieptolate in shape. Specimens
from Angeac (An3-4-SB) have a size ranging from #0620 um in height (mean: 505.7 pm)
and 285 to 463 pum in width (mean: 385.3 um). Tlopatarity index (ISI) is above 120 for
the majority of the gyrogonites (between 112 antl, 1%th a mean of 131.5). The number of
convolutions (NC) is variable, generally 9 (8-10he apical pore (mean: 48.34 um) is wider
than the basal pore (mean: 32.51 um) and are vwailasin shape, but the apical pore tends

to be star shaped or circular and the basal poreagenal.

Remarks. Twelve smaller specimens were found i plopulation (height: 400-471
pm; width: 285-331 um; ISI: 120-151; and NC: 8-i2at could be accommodated within
Porochara fusca (MADLER, 1952) MADLER, 1955. However, Mojon (1989ppinted out
that the polymorphism of the porocharacean poparatiof the Upper Jurassic and Lower

Cretaceous was high, and interpreted this in teinpslaeoecology.

Distribution. Porochara westerbeckensis has been found in north-west Germany from
the upper Oxfordian to the lower Berriasian (Scloigdd 990, 1993), in south-east France and
Switzerland from the Oxfordian/ Kimmeridgian (Mojori989b), in Spain from the
Kimmeridgian (Brenner, 1976) to the Barremian (Ma€losas, 2000), in Portugal from the
Kimmeridgian (Grambast-Fessard and Ramalho, 198%)jraRussia from the Kimmeridgian

and Tithonian (Shaikin, 1976).

GenusLatochara MADLER, 1955 emend. FEIST in FEIST and CUBAYNES, 184

Latochara latitruncata (PECK, 1937) MADLER, 1955

11
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Fig. 4 (F-I).
1937Aclistochara latitruncata PECK, n. sp. — PECK, p. 89, pl. 14, figs 1-4
1955L atochara latitruncata (PECK) nov. comb. — MADLER, p. 271
1957Latochara latitruncata (PECK) — PECK, p. 32-33, pl. 5, figs. 7, 21-23
1957Latochara collina PECK, n. sp. — PECK, p. 33, pl. 5, figs 1-4.

1957Latochara concinna PECK, n. sp. — PECK, p. 34, pl. 5, figs. 5-6, 8-9

Material. About 200 specimens from the Chassironmes (Level 148b).

Description. Small- to medium-sized gyrogonites6-324 pum high (mean: 388.65
pm) and 254-330 um wide, with an ISI from 115 t@ Irhean: 128.77). These gyrogonites
are subspheroidal to ellipsoidal in shape with prtad neck. The number of convolutions
varies from 10 to 13. The spiral cells are flatctincave, with a carinated suture. When
approaching the apical part, the spiral cells aigewin the periapical zone and then narrow
up to the apical neck. In a few specimens, a peaapepression is present. The apical pore
is very small (hardly visible under the stereomscape) and the basal plate cannot be

observed, but is thought to be multipartite likehe other species of this genus.

Remarks. Peck (1957) noticed some similarities betwL. latitruncata and L.
concinna, and suggested also tHatcollina was a subspecies bf latitruncata. Schudack

(1993) and Martin-Closas et al. (2008) regardedtitee species as synonymous.

Distribution. This species has been identified ihe t Morrison Formation

(Kimmeridgian to Tithonian in age) in the Unitedatéts of America (Peck, 1957), from the

12
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lower Tithonian of north-west Germany (Schudack9@,91993) and in the Tithonian from
Ukraine (Shaikin, 1967). Martin-Closas et al. (208180 described this species from the same

area as that studied here.

Family Characeae (RICHARD. ex C.A. AGARDH, 1824) erand. MARTIN-CLOSAS
and SCHUDACK, 1991
GenusMesochara GRAMBAST, 1962
Mesochara gr. voluta sensu Martin-Closas (2000)
Mesochara harrisii (MADLER, 1952) SHAIKIN, 1967
Fig. 4 (J-P).

1952Tolypella harrisii nov. spec. — Madler, p. 31-32, pl. B, fig.31-35
1952Tolypella amoena nov. spec. — Madler, p. 34-35, pl. B, fig. 43-49

1952Tolypella minuta nov. spec. — Madler, p. 35-36, pl. B, fig. 50-52

1967Mesochara harrisii SHAIKIN nov. comb. — Shaikin, p. 47

Material. 100 gyrogonites from Chassiron (level 148 specimens from An3-4-SB

and a few from An2 from Angeac-Charente, and 1%&ispens from Cherves-de-Cognac.

Description. The specimens from Chassiron proviednly abundant population of
this species in the northern Aquitaine Basin. Thwsent small gyrogonites ranging from 239
to 341 um in height and 190 to 312 um in width,hwat spheroidal to prolate shape (ISI
ranging from 100 to 142). The spiral cells are @wecto almost flat and join at the apex
without any modification. The base and apex aregaly rounded, but are slightly pointed in
some cases. The number of convolutions in lateea vanges between 8 and 11, generally 9,

with a mean width of 36.75 piat the equator. Some of the specimens from Angeac a

13
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slightly larger (353 to 403 um high and 303 to 36h wide) and more spheroidal (ISI,
108-127). A basal plate cannot be observed, but isgiigtunicellular, based on gyrogonites

of the same species from other European areas.

Remarks. Peck (1957), when describing some spesimefiviesochara” voluta that
are similar to those found in Charentes, did npasste the specimens with a slightly pointed
apex and/or base from those with a rounded aperxomamése. He also noticed a strong
similarity with another specie3olypella minuta MADLER, 1952 from Germany dating to
the Kimmeridgian, which now corresponds Mesochara harrisi (MADLER, 1952)
SHAIKIN, 1967. Martin-Closas (2000) assignétl harrisii and M. voluta to the same
morphogroup . gr. voluta) and remarked that the type populationMfvoluta, included
only 3 gyrogonites, which is an insufficient numbier properly characterise a fossil
charophyte species.

The difference in size between the two morphotypesent in the An3-4 samples
could be the result of ecological variations. Vieent al. (2016) observed that the different
genera of Mesozoic characeans, includvhesochara, Tolypella andMicrochara, present the
smallest morphotypes in shallow, temporary andidugonds of floodplains. Recent data
indicate that this might be due to the short ljeles adopted in temporary ponds in response
to the very warm and exceedingly well illuminatedwth conditions (Sanjuan et al., 2017).

It is important to note here that the basal plateequired to distinguish between the
gyrogonites of genubesochara and the genu3olypella (Martin-Closas et al., 2009). The
basal plate is formed by three cells (only two eafeified) in Tolypella and is unicellular in
Mesochara. Therefore, the attribution of the specimens ® ¢brrect genera was subject to

uncertainty in this study.
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Distribution. This species has been observed ithagest Germany, from the Upper
Oxfordian to the Berriasian-Valanginian? (SchudatR90, 1993), in Spain, from the
Kimmeridgian (Brenner, 1976; Schudack, 1987), apdiBsian to Barremian (Martin-Closas
and Grambast-Fessard, 1986; Schudack, 1989; Malisas, 2000), in Russia from the
Kimmeridgian and Tithonian (Shaikin, 1967, 19764 am China from the Lower and Upper
Cretaceous (Wang, 1965; Hao et al., 1983; Liu and ¥985). In France, the species has
been recorded from the Tithonian (Martin-Closasalet 2008) and the Berriasian in the
Aquitaine Basin (Colin et al., 2004; El Albani ét, 2004; Néraudeau et al., 2012), and in the
lowermost Aptian of the Northern Subalpine ChaiMartin-Closas et al., 2009). In Japah,
harrisii has been reported in the lower part of the Kitadfmmmation that is thought to date

back to the Barremian (Kubota, 2005).

Family Clavatoraceae PIA, 1927
Subfamily Clavatoroidae GRAMBAST, 1969 emend. MARTN-CLOSAS 1989 ex
SCHUDACK, 1993
GenusNodosoclavator MASLOV, 1963 emend. GRAMBAST, 1966
Nodosoclavator bradleyi (HARRIS, 1939) comb. nov. GRAMBAST, 1969

Fig. 5 (A-H).

1939Clavator bradleyi sp. nov. — HARRIS, p. 53-54, pl. XVI, fig. 1, 3-B,

1969Nodosoclavator bradleyi (HARRIS) nov. comb. — GRAMBAST, p. 881, pl. 333.fb.

Material. About 300 specimens in sample An3-4-SH arfew in sample An2 from

Angeac-Charente, 1 from Cherves-de-Cognac andclnsers from the Chassiron samples.
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Description. Medium-sized gyrogonites, often 5085 pum in height and 300 to 415
pm in width, bottle-shaped with a long apical neckl subprolate to prolate (ISI, 124-180).
The basal plate has not been observed. The usia®stly formed by the nodular layer, with
the nodules located on the spiral cell suture. Addular layer is sometimes partially covered
by 5 to 7 individual bract cells, digitated in skapvhich are not organised in any particular

symmetry and vary in height (from one-third to tthards of the gyrogonite).

Remarks. Although the basal plate could not be roksein this species, it has been
found to be single celled in several other relagecies from Clavatoraceae (Clavatoroideae:
Hemiclavator adnatus (MARTIN-CLOSAS and GRAMBAST-FESSARD, 1986)
SCHUDACK, 1993 andClavator harrisii PECK, 1941; Atopocharoideaeitopochara
trivolvis var. trivolvis PECK, 1938), as shown by Martin-Closas (1988, 2086me of the
specimens from Chassiron and Angeac-Charente dre@neserved and enabled us to see the

features of the outer layer, which is really rare.

Distribution. This species has been identified mfilCet al. (2004) and EI Albani et
al. (2004) in Cherves-de-Cognac (dating back to Beeriasian) and by Néraudeau et al.
(2012) in Angeac-Charente. Outside France, it ke lmbserved in the Lower Saxony basin
of Germany from the lower Tithonian (Schudack, 1)988d in the palustrine areas of the
Iberian Chain in Spain from the Tithonian to Barr@m(Martin-Closas, 2000). In the United
StatesN. bradleyi has been reported to occur in the Cedar Mountarm&tion (Utah) from
the upper Berriasian and lower Valanginian and nmarely in the Lakota Formation, South

Dakota (Martin-Closas et al., 2013), where it hiaelaaly been identified by Peck (1957).

---------------------------- Please insert Fig. %ear here --------------mcmmmmmcmmm e
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GenusClavator REID and GROVES, 1916 emend. MARTIN-CLOSAS, 1989
SCHUDACK, 1993
Clavator grovesii var. grovesii (HARRIS, 1939) nov. comb. MARTIN-CLOSAS, 1996
Fig. 6 (A-G).

1939Clavator grovesii sp. nov. — Harris, p. 46-53, pl. 10 fig. 1-1214k12, pl. 17, fig. 8-13.
1962Flabellochara grovesii (HARRIS) nov. comb. — Grambast, p. 69.

1993 Clavator grovesii grovesii (HARRIS, 1939) n. comb. — Schudack, p. 76-77, 3, pl.
9, figs 8-14.

1996Clavator grovesii var. grovesii (HARRIS, 1939) n. comb. — Martin-Closas, p. 278.

Material. Seven specimens from Angeac-Charente {&B) and 33 specimens from

Cherves-de-Cognac.

Description. Medium-sized utricles, 475 to 650 pmheight and 364 to 533 pm in
width, with a bilateral symmetry. They are composéa structured layer of 3 primary bract
cells, one large cell that is opposite the phylland two shorter cells in a lateral position and
bearing a fan of secondary bract cells. The threagoy bract cells are connected to a basal
pore. The tips of the lateral bract cells appeaa @ere in section. Some utricles (variety 1)
show 2 basal cells surrounding the lateral bratis,cehile the fan is composed of 5 to 6
flattened cells in the direction of the apex. Thesks are fused and ellipsoidal. Other utricles
(variety 2) show a small basal cell covering thera bract cells, while the fans are similar in
structure to the former variety. It is importantriote that intermediate forms between these

two varieties occur in the same population.
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Remarks. The two varieties are part of Biabellochara-Clypeator lineage described
by Grambast (1974), later considered by Martin-@$a4.989, 1996,) and Schudack (1993) to
represent anagenetic forms of the same evoluticsegieClavator grovesii. The first form
described above correspondsGi@avator grovesii var. grovesii (HARRIS, 1939) comb. nov.
MARTIN-CLOSAS, 1996, while the second represerdssitional forms betwee@. grovesii
var. grovesi and C. grovesii var. discordis (SHAIKIN, 1976) comb. nov. MARTIN-
CLOSAS, 1996.

It is important to point out the small size of $gecimens studied. The utricle size in
this species normally ranges from 400 to 850 pimeight and from 350 to 750 um in width.
The small size may be due to ecological variati@ssexplained previously fdviesochara

harrisii gyrogonites by Vicente et al. (2016) and for ek@mara by Sanjuan et al.(2017).

Distribution. Clavator grovesii var. grovesii has been observed to occur in England
from the Tithonian and Berriasian in the Dorset @elald Basins (Harris, 1939; Feist et al.,
1995), in France (Colin et al., 2004; El Albaniatt, 2004; Néraudeau et al., 2012), in the
Swiss Jura (Hafeli, 1966; Mojon and Strasser, 198&traz and Mojon, 1989), Spain
(Schudack, 1993; Martin-Closas, 2000) and north-v@=many (Schudack, 1993). It has
also been found in China from the Berriasian oraviginian (Wang et al., 1976; and Hao et
al., 1983). Martin-Closas et al. (2013) reportedtsmccurrence in the Berriasian from North
America, suggesting that this species was the ¢i@tatoracean to reach a cosmopolitan
distribution in a subtropical latitudinal area dfet Northern Hemisphere (Martin-Closas,
2015).C. grovesii var.discordis is also present in Berriasian strata from Spdtenaogether

with C. grovesii var.grovesii (Schudack, 1993; Martin-Closas, 2000).

---------------------------- Please insert Fig. Gear here --------------m-mmmmmommm e
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Discussion

Taphonomy

The charophyte remains from Chassiron generallglaygd good preservation. The
most significant observation was the occurrenca ntimber of utricles attached to the same
phylloid in N. bradleyi (Fig. 5A). In some cases, these specimens stilved parts of the
external layer of their utricles. Some calcifiedtpaof clavatoracean axes were also found.
These features are indicative of autochthony (BbaAl et al., 2004). One part of the
charophyte assemblage from Chassiron, espedillyarrisii andL. latitruncata, is laterally
compressed due to diagenetic deformation.

In Cherves-de-Cognac, the clavatoracean utridlesadleyi andC. grovesii) were
well preserved and, like the utricles from Chassireome displayed an anatomical
connection to the phylloid. Calcified parts of déeracean thalli were also found. As above,
these features suggest autochthony of the asseenf{ihd@lbani et al., 2004). Characean and
porocharacean gyrogonites from Cherves-de-Cognae waso well preserved, but not
associated with vegetative remains, indicating thase gyrogonites were gently transported
from an adjacent growing area, forming a parautummbus assemblage, or that the thalli of
these species did not calcify (El Albani et al.02pD

The population from Angeac-Charente (An3-4-SB) @nésd significant similarities to
that from Cherves-de-Cognal. bradleyi andC. grovesii utricles were well preserved and
associated with the calcified parts of clavatoractalli. This observation is sufficient to
justify the autochthony of the assemblage, in @sttto that proposed by Néraudeau et al.

(2012). Characean and porocharacean gyrogonites gemerally well preserved, but their
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thalli were absent. The An2-SA samples containeldtively corroded porocharacean
gyrogonites compared to An3-4-SB specimens. Thigsmn, in the form of spiral cells with
alveolar surfaces, has been attributed to epiditgenprocesses (Martin-Closas and

Grambast-Fessard, 1986).

Palaeoecology

During the Late Jurassic and Early Cretaceouspticarrence of the genlisitochara
was restricted to a latitudinal area of the borealm (Schudack, 1996). Thus, its occurrence
in Chassiron represents its southernmost biogebgmpdistribution of that time (Martin-
Closas et al., 2008). Generally, the abundanceoadgharaceans in the Upper Jurassic and
Cretaceous, particularly that afatochara, indicates brackish water environments such as
coastal marshes (Martin-Closas et al., 2008), wisiatonsistent with the data obtained from
member 2 of the Chassiron stratigraphic sectiohrf§der et al., 2012).

Similarly, assemblages dominated by porocharacieatie Cretaceous are thought to
be indicative of brackish water environments (Ma@losas and Grambast-Fessard, 1986;
Mojon, 1989a, b; El Albani et al., 2004; Villalbad&a and Martin-Closas, 2013), while
clavatoraceans are more abundant and diverse smweder facies (Schudack, 1993; El
Albani, 2004, Climent et al., 2009). The occurrentdoth taxa in Cherves-de-Cognac and
Angeac-Charente, with porocharaceans dominatintpenformer and clavatoraceans in the
latter (especially in An3-4 samples), suggests diépo in an increasingly freshwater
environment occurring eastwards within the north&quitaine Basin. The environment of
Angeac-Charente has been postulated to have beswamp that had occasionally been
connected to the sea (Néraudeau et al., 2012);Jewie marine influence would have been
greater higher up in the stratigraphic sectionlalbba-Breva et al. (2012) and Villalba and

Martin-Closas (2013) described the occurrence ofindant porocharaceans in the
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Maastrichtian of the Vallcebre and Tremp Basins té@aia), corresponding to the
progradation of a deltaic-estuarine system. Thatkgand limestone facies of this unit display
some similarities with An3-4 in Angeac-Charente;lsas the coal macerals of the vitrinite
group, the abundance of conifer remains and theralesof root traces at the base of the coal
beds, indicating a parautochthonous accumulatioorgdénic matter rather than a deposit in
peat mires or swamps (Villalba-Breva et al. 201@a\ba-Breva and Martin-Closas, 2013).
Another reason for the occasional marine influeand variation in salinity is the
relatively important polymorphism of porocharaceamshe assemblages from Cherves-de-
Cognac and Angeac-Charente. Mojon (1989a) highdgjlthe occurrence of a number of
morphotypes within the Berriasidorochara populations found in the Swiss and French Jura
mountains. By comparing to the extant spetiasprothamnium papulosum (WALLROTH)
GROVES, Mojon (1989a) postulated that this variatieas linked to seasonal fluctuations of
ecological parameters such as salinity and hydraaysm, with the morphotypes

corresponding to different ecophenotypes rather tbalifferent species.

Biostratigraphy

The three study sites enabled us to revisit thett@bographic implications of the latest
Jurassic and Early Cretaceous charophyte assershlaglee northern part of the Aquitaine
Basin (Fig. 7). The assemblages from Chassiron wepeesented by. latitruncata, M.
harrisii and rarely N. bradleyi. The occurrence ofL. latitruncata suggests that the
assemblages dated from the Kimmeridgian to theTab®nian, which is consistent with the
age obtained from the associated fauna. By contthet assemblages from Cherves-de-
Cognac and Angeac-Charente consistel.difradleyi (which was the predominant species in
An3-4-SB in Angeac-Charentéel). harrisii and P. westerbeckensis together withClavator

grovesii var.grovesii andC. grovesii var. discordis. The two latter clavatoracean taxa are of
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biostratigraphic interest as they form part of Ehabellochara-Clypeator anagenetic lineage
described by Grambast (1970, 1974). These taxatygieally found in the uppermost
Tithonian and Berriasian strata in Europe (Schuda®R3; Martin-Closas, 2000), within the
Maillardi, Incrassatus and Nurrensis charophytedmes (Riveline et al., 1996). Our findings
agree with those of previous studies on samplen ftherves-de-Cognac (Colin et al., 2004;
El Albani et al., 2004), but disagree with the daft¢he Angeac-Charente bone bed proposed
by Néraudeau et al. (2012). Using a complex foasiemblage of terrestrial, freshwater,
brackish and marine organisms, Néraudeau et al2j2froposed a Hauterivian-Barremian
age mainly based on a few specimens of the dinelfilg Odontochitina imparilis
(DUXBURY) JAIN and KHOWAJA-ATEEQUZZAMAN and the behic foraminifer
Trocholina cf. odukpaniensis DESSAUVAGIE. The other fossils were typical of aldages,
such as the bryozoans and charophytes, and westdeoed partly or totally reworked. This
dating of the bone bed is refuted here based orchiaeophyte taphonomic data mentioned

above (Fig. 8).

---------------------------- Please insert Fig. 7ear here ----------=----mmmmmmm oo
Implications for basin evolution

The absence of any Hauterivian-Barremian stratlgrapecord in northern Aquitaine
compared to the much more complete record of tleabg in southern Aquitaine, which
forms part of the Arzacg-Mauléon Basin, is releviamtanalysing the basin’s evolution. The
creation of sedimentary space in the Iberian anthseastern French basins has been linked
to the "hyperextension" of the continental crustoasated with the opening of the Bay of
Biscay (Tugend et al., 2015). This process staditgthg the Barremian and lasted until the
Early Albian, leading to an increase in the teatanbsidence of neighbouring basins such as

the Maestrat and Cameros Basins in the lberianrChilae Arzacg-Mauléon and Organya
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Basin in the Pyrenees, the Basque-Cantabrian Rangethe Bay of Biscay-Parentis Basin,
including part of Aquitaine (Tugend et al., 2018pwever, while this "hyperextension” had a
significant effect within the Iberian Plate, reaahup to a thousand kilometres far away from
the main rift axis, its influence was comparativedyy limited within the European Plate. Our
biostratigraphic results confirm that this hypeesmdion was limited exclusively to the

southern part of Aquitaine, its influence disappeacompletely around a hundred kilometres

north of the main rift zone and thus, failing tachk the Charentes Basin (Fig. 8).

---------------------------- Please insert Fig. 8&ar here --------------m-mmmmmommm e

Conclusions

The charophyte remains studied in Chassiron, CheteeCognac and Angeac-
Charente provide new data that improve the cukeatvledge on the Late Jurassic and Early
Cretaceous charophyte flora of the northern parthef Aquitaine Basin, yielding further
information on the basin’s evolution.

The Upper Jurassic and Lower Cretaceous northemnt#ige Basin are uniquely
composed of three intervals with freshwater to kiskc facies, the Tithonian (in part) from
Chassiron, the Berriasian from Cherves-de-Cogndcfageac-Charente, and the Uppermost
Albian from Charente-Maritime. Only the first thraeeas were studied here. The Tithonian
deposits of Chassiron contain a purely brackistemassemblage of charophytes, as reported
by Martin-Closas et al. (2008). The assemblagerasigminantly composed dfatochara
latitruncata, also containing the rareMesochara harrisi and the newly reported

Nodosoclavator bradleyi
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The assemblages of Cherves-de-Cognac and Angeaer@hare quite similar. The
presence ofPorochara westerbeckensis, Nodosoclavator bradleyi, Clavator grovesii and
Mesochara harrisii at different levels, together with sedimentologidaphonomical and
palaeontological data, indicate that the environtmeecame increasingly composed of
freshwater eastwards during the Berriasian fromr@sede-Cognac to Angeac-Charente.

The association of the clavatorace&lavator grovesii var. grovesii and Clavator
grovesii var.discordis in both Cherves-de-Cognac and Angeac-Charenteestg)g Berriasian
age for the latter area, which disagrees with tlaiterivian-Barremian age proposed by
Néraudeau et al. (2012). Indeed, no other HaugeriAarremian records have been obtained
to date in the northern Aquitaine Basin, whichnigontrast to the many found in the southern
Aquitaine, i.e., the Arzacq-Mauléon Basin.

In terms of basin evolution, the absence of anytétasian-Barremian record in
northern Aquitaine suggests that the sedimentaagesproduced as a result of the crustal
extension during the opening of the Gulf of Biscags limited to the southern part of
Aquitaine (Arzacg-Mauléon Basin), which was palasagyaphically located close to the
main extensional structures. In this sense, namntguitaine only represents a minor part of
the same basin containing only the Upper Jurassit Berriasian records linked to the

opening of the North Atlantic Ocean.
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Figure legends

Figure 1. Geological map of the Charentes Basin and locatibtise studied sites (modified
from Géoportail.fr).

Figure 2. Stratigraphic framework of the Charentes Basin.

Figure 3. Stratigraphic columns of Chassiron, Cherves-de-@ogmd Angeac-Charente
(modified from Schnyder et al. (2012), Rees e(2013) and Néraudeau et al. (2012),
respectively).

Figure 4. Charophyte fructifications from the Upper Jurassid Lower Cretaceous of the
northern part of the Aquitaine Basin. A4grochara westerbeckensis from the Berriasian of
Angeac-Charenté€A) Lateral view of a gyrogonite from sample An2;SGR-PAL-2779.12;
(B) lateral view of a gyrogonite (sample An3-4-SEJR-PAL-2779.13; (C) a multipartite
basal plate (sample An3-4-SB), IGR-PAL-2779.32; IpB%al view of a gyrogonite (sample
An3-4-SB), IGR-PAL-2779.15; and (E) apical viewao§yrogonite (sample An3-4-SB),
IGR-PAL-2779.16. F-ILatochara latitruncata from the lower Tithonian of Chassiron (level
148). (F,G) Lateral views, IGR-PAL-2779.3 and IGR-PAL7375; (H) basal view, IGR-
PAL-2779.6, (1) apical view, IGR-PAL-2779.4. JMesochara harrisii from level 148 of the
lower Tithonian of Chassiron (J, M, O) and fromdeAn3-4-SB of the Berriasian of Angeac-
Charente (H-L,N,P) . (J) Lateral view of a gyrogeniGR-PAL-2779.7; (K) lateral view,
IGR-PAL-2779.17; (L) lateral view, IGR-PAL-2779.181) basal view, IGR-PAL-2779.10;
(N) basal view, IGR-PAL-2779.20; (O) apical viegR-PAL-

2779.9; and (P) apical view, IGR-PAL-2779.19.

Figure 5. Charophyte fructifications from the Upper Jurassid Lower Cretaceous the
northern part of the Aquitaine Basin. A-Nodosoclavator bradleyi from level 148 of the
lower Tithonian Chassiron (A) and from the Berréamsof Angeac, samples An4 (B) and An3-

4-SB (C-F, H) and An2-SA (G). (A) Lateral view o¥d utricles still attached to the phylloid,
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with small bract cells of the structured layer bisi IGR-PAL-2779.1; (B) lateral view of a
utricle, with the nodular layer visible, IGR-PAL-20.5; (C) lateral view of a utricle with the
structured layer visible, IGR-PAL-2780.13; (D) agigiew of a utricle, IGR-PAL-2779.26;
(E) basal view of a utricle, IGR-PAL-2779.21; (Bjdral view of a utricle with the structured
layer visible, IGR-PAL-2779.25; (G) lateral view @fgyrogonite with remains of the nodular

layer attached to it, IGR-PAL-2779.11; and (H) tateview of a utricle, IGR-PAL-2779.22.

Figure 6. Charophyte fructifications from the Upper Jurassid Lower Cretaceous of the
northern part of the Aquitaine Basin. A-Gavator grovesii from the Berriasian of Angeac-
Charente (sample An3-4-SB). (A) Lateral view oftacle, IGR-PAL-2780.6, (B) lateral view
of a utricle, IGR-PAL-2779.27, (C) lateral view @fpoorly calcified gyrogonite, IGR-PAL-
2780.7, (D) lateral view of a utricle, IGR-PAL-27.28, (E), lateral view of a utricle, IGR-
PAL-2780.11, (F) lateral view of a utricle, IGR-PA1780.12, and (G) lateral view of a

utricle, IGR-PAL-2779.30.

Figure 7. Stratigraphic distribution of species in ChassitGherves-de-Cognac and Angeac-

Charente.

Figure 8. Palaeogeographic and structural map of the éifiterift systems between the
European and the Iberian plates during the Lates3is-Early Cretaceous, showing the
position of the Charentes basin (modified from Tnayet al., 2015). Study area in the
Charentes marked with a rectangle.

Table 1.Distribution of charophyte species and their abaedan the samples studied.
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Highlights

Charophytes from Charente are exclusively Tithonian-Berriasian in age

Former claims of Hauterivian-Barremian records are not confirmed in the Charente
basin

The opening of the Biscay basin left no sedimentary record in the Charente basin.
Clavatoraceans dominated Berriasian assemblages over characeans and porocharaceans

Charophyte assemblages show increasing freshwater influence eastwards in the basin



