- PRIFYSGOL

BERYSTWYTH

== UNIVERSITY

Aberystwyth University

Re-examination of the palynological content of the Lower Cretaceous deposits
of Angeac, Charente, south-west France:
Polette, France; Batten, David; Néraudeau, Didier

Published in:
Cretaceous Research

DOI:
10.1016/j.cretres.2018.04.017

Publication date:
2018

Citation for published version (APA):

Polette, F., Batten, D., & Néraudeau, D. (2018). Re-examination of the palynological content of the Lower
Cretaceous deposits of Angeac, Charente, south-west France: Age, palaeoenvironment and taxonomic
determinations. Cretaceous Research, 90, 204-221. https://doi.org/10.1016/j.cretres.2018.04.017

General rights

Copyright and moral rights for the publications made accessible in the Aberystwyth Research Portal (the Institutional Repository) are
retained by the authors and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

« Users may download and print one copy of any publication from the Aberystwyth Research Portal for the purpose of private study or
research.

« You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the Aberystwyth Research Portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

tel: +44 1970 62 2400
email: is@aber.ac.uk

Download date: 09. Jul. 2020


https://doi.org/10.1016/j.cretres.2018.04.017
https://doi.org/10.1016/j.cretres.2018.04.017

,

Accepted Manuscript T CRETACEOUS

RESEARCH

= P B

Re-examination of the palynological content of the Lower Cretaceous deposits of
Angeac, Charente, south-west France: Age, palaeoenvironment and taxonomic
determinations

France Polette, David J. Batten, Didier Néraudeau

PlI: S0195-6671(18)30017-X
DOl: 10.1016/j.cretres.2018.04.017
Reference: YCRES 3866

To appearin:  Cretaceous Research

Received Date: 12 January 2018
Revised Date: 17 April 2018
Accepted Date: 22 April 2018

Please cite this article as: Polette, F., Batten, D.J., Néraudeau, D., Re-examination of the
palynological content of the Lower Cretaceous deposits of Angeac, Charente, south-west France:
Age, palaeoenvironment and taxonomic determinations, Cretaceous Research (2018), doi: 10.1016/
j-cretres.2018.04.017.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cretres.2018.04.017

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Re-examination of the palynological content of theower Cretaceous deposits of
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Abstract

Further to the work published by Néraudeau etiglysars ago, palynological matter
recovered from the lignitic bone bed of Angeac imafente (south-west France) has been re-
examined in order to provide more evidence of gis, ahe previous Hauterivian—Barremian
interpretation being regarded as controversial. Sdmples come from four sedimentological
units, An2—An5, which together yielded an assenblaig34 species, taxonomically
dominated by palaeoecologically significant lygagiaus verrucate spores, includeight
species attributable to the gerCancavissimisporites and three species ofilobosporites. A
few bisaccate pollen grains, includiwgreisporites pallidus, have been recovered, but the
gymnospermous pollen spectrum is clearly dominbiethe cheirolepidiaceous genus
Classopallis, its abundance diminishing progressively upwardsfunits An4 to An2. The

great abundance and diversity of verrucate formosigawith the presence of other spores
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typical of Lower Cretaceous deposits, suchemuitriradites verrucosus, and the scarcity of
specimens referable @icatricosisporites, render this assemblage most similar to thoskeof t
Hastings Group of southern England, and the Buakebermation in north-western
Germany. The time of deposition is, therefore, nlikedy to have been Berriasian—
Valanginian rather than Hauterivian—Barremian, r@vipusly stated. The associated small
assemblage of megaspores is consistent with ttesrdimation. Except fofrilobosporites
andConcavissimisporites, the use of several other genera commonly apphiddesozoic
verrucate spores, such@snverrucosisporites andlmpardecispora, is considered
unnecessary. To support this assertion, a Prin€lpaiponents Analysis has been carried out
on 120 verrucate spores from sedimentological Wmta-4, taking into account ten
morphological variables. The results show that spexs attributable tdrilobosporites are
well be separated from the main cluster, whichesponds t&€oncavissimisporites,

underlining the futility of using more than two gea for the species concerned.

Keywords: verrucate spores; Lygodiaceae; Schizaeaceae; nmgaspVealden facies;

Berriasian; Valanginian; Charentes.

*Corresponding author

E-mail addresses: france.polette@univ-rennesl.fr (F. Polette),

david.batten@manchester.ac.uk (D. J. Batten), disieaudeau@univ-rennes.fr (D.

Néraudeau)

1. Introduction
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Comparatively little is known about the palaeongidal content of French Lower
Cretaceous continental deposits, mainly becausigecgcarcity of outcrop. In this connection,
the lignitic bone-bed of Angeac in south-west Feaiscremarkable in providing a rare
glimpse of the terrestrial palaeoenvironment is fhart of the world. The flora and fauna
were described by Néraudeau et al. (2012). Siredigtovery of the site in 2008, hundreds
of ornithomimosaur bones have been found (Allaialet2014), along with other vertebrate
remains, reminiscent of the fossil record fromWealden succession of southern England
and Wealden-type facies in Spain.

Apart from the deposits of Angeac (Néraudeau ef@ll2), Cadeuil (Platel et al., 1976)
and Saint-Agnant (Vullo et al., 2012), no otheropops of Wealden-type facies have been
described from south-western France. They havegternybeen encountered in boreholes at
Saint-André de Lidon (Ternet and Berger, 1968),5an (Kromm et al., 1970), and Saint-
Romain-de-Benet (Dedk and Combaz, 1967). The fakese yielded a rich palynological
assemblage that was considered by Deak and Corh®6&Z)(to be Valanginian—Hauterivian
in age. A few lowest Cretaceous outcrops, corredipgnto “Purbeck facies”, have also been
reported from the island of Oléron (Lantz, 1958) fnom Cherves-Richemont (Bourgueil et
al., 1986; Colin et al., 2004; Benoit et al., 20(ig. 1A).

Until recently, the time of deposition of the Angesediments was considered to be
Hauterivian—Barremian. Although it was noted in déteau et al. (2012, p. 5) that verrucate
spores tend to be especially common in deposi&eafasian—Valanginian age, this younger
determination was based on the basis of the reg@fex dinoflagellate cyst (dinocyst)
identified asOdontochitina imparilis (Duxbury) Jain et Khowaja-Ateequzzaman. However,
this age was questioned by Benoit et al. (2017} ddited the deposits as Berriasian owing to

the recovery of the charophy@avator grovesii var.grovesii (Harris) Martin-Closas. The
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aim of our paper is, therefore, to re-assess thgosition of the continental palynological
assemblage recovered from Angeac in the lightisfrétent development. We also discuss

the taxonomy of Early Cretaceous verrucate spores.

2. Geological setting

The Angeac site (45° 37' 59.08" N-0° 5' 7.27" WRitsated 700 m north of the village
of Angeac-Charente, between Angouléme and CogngcXR). The lignitic beds of
“Wealden-facies” underlie Pleistocene alluvium ldmvn by the Charente River. Seven
sedimentological units, An1-An7, were describedByaudeau et al. (2012) from the top to
the base respectively. Anl is composed of 0.10-M 2 fine white sand, with abundant fish
micro-remains: it was mainly exposed during thstfeaxcavation campaigns of 2010 and
2011. An2 comprises 0.20-0.40 m of yellow and gagareous and marl deposits, with
numerous dinosaur bones, other vertebrate ren@stracods, charophytes, and pieces of
wood (Fig. 1B). The stratification of this bed iffidult to determine because it has been
affected by the trampling of dinosaurs (dinoturbxa}i An3 is a calcareous conglomerate
0.20-40 m thick, with abundant vertebrate remasgacods, charophytes, insect coprolites,
pieces of wood and other plant debris (Colin et2dl11; Néraudeau et al., 2012; Benoit et al.,
2017). An4 is about 0.5-1.20 m thick. It is commbe€&blue-grey lignitic clay, oxidized at
the top, and has yielded numerous plant and weBgywed vertebrate remains. The base of
An5 is not visible. It is more than 0.7 m thick aswmposed of green clay that is devoid of
macrofossils, and includes sub-angular limestoneNsl that are likely to have been reworked
into this deposit (Néraudeau et al., 2012). An6 And consist of grey limestone and red clay
respectively, but they were only seen in 2010 rdlfte initial trench was extended laterally.

They did not yield any fossils.
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103 3. Material and methods

104

105 3.1. Material and laboratory processing methods

106 Six samples were processed by E. Masure in ordenotade the palynological results
107 presented in Néraudeau et al. (2012). Duplicateékesfe preparations (LEM1-LEM6) were
108 sent to one of us (DJB) in 2011 and these havelbeem (re)-examined for this paper. LEM1
109 comes from the An2 unit (Fig. 1B). LEM2 and LEM& drom the An3 unit. LEM2

110 corresponds to the organic fraction in which tlze gif the particles ranges between 10 and 63
111 um, whereas LEM3 includes particles ranging in §iam 10 and 100 um. LEM4 comes

112 from the boundary between units An3 and An4. LEBI&om the boundary between An4
113 and An5, and LEM6 comes from within the An5 unihefe was no palynological preparation
114 from the An4 unit. However, a sample from this wméts processed in 2010 by DJB at

115 Aberystwyth University, Wales (preparation QPR 3602R is an Aberystwyth University,
116 palynological preparation identifier), using a stard procedure involving immersion of the
117 sample in 10% HCI followed by digestion in 58—62% &hd brief oxidation of the organic
118 residue in fuming HNg) washing after each stage until the residue watagfor further

119 information, see Batten, 1999).

120 Four samples were also processed in Aberystwytthtar mesofossil content:

121 preparations MFP422 from the boundary between AaBAn4, and MFP415, MFP423 and
122 MFP512 from unit An4. All yielded very small assdades of megaspores. Their extraction
123 involved initial soaking of 100 g of rock in warmater on a hot plate followed by immersion
124  of the sample in a solution of W&O; in order to disaggregate it as much as possiliade
125  Sieving over a 7@m mesh to reduce its bulk prior to standard pakygichl processing using

126 HCI and HF. The megaspores were picked out of gueaus residues under a



127 stereomicroscope and housed dry in micropalaeayit@bslides. Some of the specimens
128 recovered were mounted on scanning electron miopes(SEM) stubs to which carbon tabs
129  had been fixed, coated with platinum—palladium, examined under a Hitachi S47-100 SEM
130 in the Institute of Biological, Environmental andifdl Sciences (IBERS), Aberystwyth

131 University.

132

133 3.2. Specimen counts

134 For palynological preparations LEM1-LEM4, and QRI®S, 250 specimens were

135 counted from the slides under a light microscoe&Mb yielded just 94 specimens, and only
136 a few examples dflassopollis were recovered from LEM6.

137

138 3.3. Analysis of verrucate spores

139 Owing to their morphological resemblance to thedpais of the extant feroygodium,

140  Cretaceous verrucate spores are considered togogldhe Schizaeales (Bolchovitina, 1961,
141 lvanova in Samoilovitch and Mtchedlishvili, 196Jrsome, 1987: see Discussion, Section
142 5). From the 1950s to the late 1980s, tens of spaifi eight genera&pncavissimisporites,

143 Converrucosisporites, Impardecispora, Maculatisporites, Rubinella, Trilobosporites,

144 Tuberositriletes andVarirugosisporites) were erected to accommodate upper Mesozoic

145  verrucate spores, principally on the basis of tiiree of their amb, and the size and

146 arrangement of the verrucae on a specimen. Thi®lednsiderable overlap between generic
147 and specific diagnoses (Potonié and Kremp, 1954dbe and Sprumont, 1955; Ddring,

148 1964; Venkatachala et al., 1969; Dérhofer, 1973 praviously underlined and discussed by
149 Batten (1986).

150 The history of classification of these spores il s@mmarized by Fensome (1987, pp.

151 19, 20), who broadened the diagnosi€oicavissimisporites, and considered



152 Tuberositriletes andlmpardecispora to be junior synonym3d.uberositriletes was erected by
153 Doring (1964) to accommodate Mesozoic forms simaConverrucosisporites Potonié et

154 Kremp, 1954, because he considered the Carbon#éralotype of the type species of the
155  latter to be an atypical developmental stage. Viadkela et al. (1969) designated

156 Impardecispora apiverrucata (Couper, 1958) as the typelofipardecispora. This species had
157 previously been accommodatedTinlobosporites, a genus that is distinguishable from

158 Concavissimisporites by the fact that it possesses one or several valtvaach apex, and/or
159 displays a more or less complete network of muthaapical region (Fensome, 1987).

160  Srivastava (1977) considerdthculatisporites Doring, 1964 to be a junior synonym of

161 Concavissimisporites, but Fensome (1987, p. 19) noted that the morgicdbfeatures of the
162 type speciedyl. undulatus Déring, 1964 do not clearly demonstrate this. gilarera

163 Rubinella andVarirugosisporites were erected by Maljavkina (1949, emended by Réton
164 1960) and Doring (1965) respectively to accommodatassic verrucate forms, but have
165  rarely been used by other authors. The diagnoskestbfare very broad and can easily be
166 accommodated within Fensome’s (1987) emended dégndConcavissimisporites.

167 A few years later, Waksmundzka (1992) adopted &m @vore reductive approach and
168 placedConverrucosisporites, Concavissimisporites, Converrucitriletes, Gemmatriletes,

169  Tuberositriletes, Maculatisporites, Rubinella andVarirugosisporites in synonymy with

170 Verrucosisporites. She considered the basis for separation of thesera was insufficient,

171 this being mainly the general outline of the spoke®swever Verrucosisporites was

172 established by Ibrahim (1933), and emended laté&tdignié and Kremp (1954) and Krutzsch
173 (1959), among others, to accommodate Palaeozorespovered with warts or small

174 verrucae, which more closely resemble those pratlbgehe Osmundaceae than the

175 Lygodiaceae. Also, placing in synonymy too manyataan defeat the purpose of achieving a

176 sensible, stratigraphically and biologically reletvgaxonomy. Indeed, Waksmundzka (1992,
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p. 47) noted that the spores belonging to her eserdrsion olerrucosisporites are
imprecisely related to the Pteridophyta. Hencedw@ot accept her solution to the problem
of too many genera for verrucate miospores. Weeptefbase our identifications on
Fensome’s major revision (1987) which, despiteslgighesis and practical approach, has
never been discussed, most of the genera note aithbeing encountered in the literature
(e.g., Burden and Hills, 1989; Song et al., 2006jaR et al., 2007). This not only renders
comparisons between assemblages challenging, dutimhinishes the stratigraphic
significance of the species, because too many naneesvailable for the same morphotype
and closely similar forms.

As a result, it was decided to carry out a Prindip@amponents Analysis (PCA) of the
verrucate spores in the Angeac palynomorph assgeslane of the purposes being to
determine wheth&Concavissimisporites can truly be regarded as encompassing a
morphological group that is well separated fromobosporites (see Section 4.2.). Indeed,
since numerous verrucate spores were recoveredtiresamples corresponding to
sedimentological units An2—4, we decided to idgrttiema priori following Fensome’s
emended diagnoses as species of effloacavissimisporites or Trilobosporites. The PCA
was then carried out using 120 specimens fromhteztunits (50, 20, and 50 for An2, An3
and An4, respectively). The purposes of this stasibanalysis were to see whether it is
possible to (1) obtain several morphological grotlyas would cluster according to the
diagnoses of already established species, (2)rdeterthose groups that can be divided into
two or more genera, and (3) ascertain whether trerany significant morphological
differences between the specimens recovered frerdifferent lithological units.

Ten variables were taken into account (Fig. 2):

S: size of specimen (= maximum diameter).
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SA: smallest value of the reflex, acute or obtusgleaformed by the two tangents of the
starting and arrival points of the arc or curveried by the outline of the interradial region of
a spore.

LA: largest value of the reflex, acute or obtusglariormed by the two tangents of the
starting and arrival points of the arc or curveried by the outline of the interradial region of
a spore.

MiD/MabD: ratio between the minimum and maximum distes from the centre to the edge of
the spore (excluding the verrucae).

mDV: mean diameter of verrucae on one spore; 32igae were counted on each specimen,
when possible. Most of the means have been caéculzsed on approximately 20 values.
mHYV: mean height of verrucae on one spore.

STDV: standard deviation of the diameter of vereuoa one spore.

STHYV: standard deviation of the height of verruoaeone spore.

ET: exine thickness.

PC: per cent cover of the verrucae on the proxfatd of a spore. 0.15: 0-30%; 0.45: 31—
60%; 0.75: 61-94%; 0.95: 95-100%.

All of the values have been divided by the sizéhefspecimen, and scaled. They were
measured on clear images of the specimens undgrtarlicroscope. The angles were
measured using the free java applicattim&creenProtractor. The various lengths and
diameters were measured using the softwakscape. The PCA was carried out using the

softwarePast.

3.4. Repository
All of the palynological preparations and the megass illustrated are housed in the

Geological Institute of the University of Rennesuthder collection numbers IGR-PAL-5735—
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IGR-PAL-5753 for the palynological slides, and IGRL-5780-IGR-PAL-5784 for the

megaspores illustrated.

4. Results

4.1. Palynological assemblages

Altogether 34 taxa (excluding those placed in camspa apart from
Concavissimisporites sp. cf.C. crassatus) have been identified at genus or species levian
seven samples examined (Fig. 3). The most commtresé are the cheirolepidiaceous
pollen grainClassopoallis (Fig. 4C, D), verrucate spores suchCascavissimisporites
montuosus (Doring) Fensome (Fig. 5J, K, MEoncavissimisporites apiverrucatus (Couper)
Daring (Fig. 5A, B),Concavissimisporites exquisitus (Singh) Fensome (Fig. 5C, D) and
Trilobosporites canadensis Pocock (Fig. 6H), the papillate spd?agosisporites
trichopapillosus (Thiergart) Delcourt et Sprumont (Fig. 4P), thiate sporeAequitriradites
verrucosus (Cookson et Dettmann) Cookson et Dettmann (Fig, 4@d various smooth
walled spores belonging to the gen€yathidites, Deltoidospora, andGleicheniidites (Fig.
4H, J). Freshwater algae suchGamidites spriggi (Cookson et Dettmann) Zippi (Fig. 4N) are
relatively common, but no more dinoflagellate cys&se encountered during the re-
examination.

An2 yielded an assemblage of 16 species (Fig.uBhemically and taxonomically
dominated by verrucate spores (Fig. 7). It is thiy assemblage in which there are no
Classopoallis pollen, the gymnosperm component being represdijt@ahly two inaperturate
pollen grains referable traucariacites australis Cookson. Eighteen species were recovered
from the An3 unit. Verrucate spores are less desénan in the An2 unit with eight species,

but the gymnosperms are better represented, witlferaus specimens referable to
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Classopollistorosus (Reissinger) Couper, and bisaccates sucdkbaetineaepollenites sp.
(Fig. 4A). This is the only assemblage in whictpagmen ofCicatricosisporites hallel
Delcourt et Sprumont was found (Fig. 4M). The satpken from the boundary between
An3 and An4 yielded 16 species, five of which atel@sive to this sampleCallialasporites
dampieri (Balme) Dev (Fig. 4B)Densoisporites microrugulatus Brenner (Fig. 4K), cf.
Foraminisporis wonthaggiensis (Cookson et Dettmann) Dettmann (Fig. 4L),
Microreticulatisporites sp. cf.M. diatretus Norris (Fig. 41), andPodocar pidites ellipticus
Cookson (Fig. 4F). The assemblage from the ligeitays of An4 is the most diverse, having
yielded 21 species, three of which were recordéy foom this level:Retitriletes sp. (Fig.
40), Cerebropollenites mesozoicus Couper, and/itreisporites pallidus (Reissinger) Nilsson
(Fig. 4E). This sample yielded proportionally threatest abundance Gfassopollis (Fig. 7),
but also, and in common with An2, the most diversgucate spore assemblage (nine
species). The An4/An5 sample yielded a moderatehrsle, albeit small assemblage of 15
species, including six verrucate taxa. Overall,reéfative abundance @flassopollis tends to
decrease upwards in the succession from An4/An®) whereas the abundance of the
verrucate and smooth walled spores increases grrdtlis direction.

Also, significant in this context is the fact ttsgtecimens identified asilobosporites
are more abundant in the palynomorph assemblageessd from An2 than in the older
deposits, and that overall, verrucate spores iAtiftassemblage are generally larger and

more sparsely sculptured than those recovered themther units (see PCA plots, Figs 8, 9).

4.2. Megaspores
The four samples processed for their mesofosstiecdiryielded only a few megaspores
and fragments thereof, most of which are refertbtbe genu&rlansonisporites (Figs. 10,

11A, B), and faecal pellets, probably attributatoléhe activities of termites (Colin et al.,



276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

2011). The sample from the boundary between An3far(preparation MFP422) also
proved to contain a few specimens of a form tevestirecorded here adinerisporites sp.
(Fig. 11C-F). Apart from a couple specimens thatcarrrently unidentifiable without
recourse to examination under an SEM, all otheraspgre remains are too damaged or
fragmentary to be positively identified: among thase possible representatives of
Paxillitriletes. Associated with the megaspores in MFP422 aratisd) comparatively large
specimens of the freshwater aldahizosporis reticulatus Cookson et Dettmann emend
Pierce andvoidites spriggii (Cookson et Dettmann) Zippi.

Most of the specimens &rlansonisporites (Figs. 10E, F, 11A, B) are closely similar to
Erlansonisporites sp.sensu Batten, 1975, pl. 13, fig. 6, a selaginellaleargaspore from the
upper Berriasian—Valanginian Ashdown Formationussgx, south-east England (e.g.,
Batten, 2011): this is consistent with the suggkest®ised age determination of the Angeac
deposits herein. Numerous microspores, all exhipithe same morphology, are lodged
within the muri of its reticulate sculpture, esgdgi on the proximal surface close to the
triradiate flange. In the dispersed state, thesg@arbably attributable to the small spore
genusPatellasporites, or perhap&Jvaesporites.

The specimens d¥linerisporites sp. are atypical for this genus in that, althoughate,
they have a virtually smooth surface and a tritadiange that is of uneven elevation, indeed
it can be partly spinose (Fig. 11C). The outer eafgle zona is also uneven to weakly
spinose, features that might equally suggest @septative oHenrisporites, albeit again

atypical. More specimens are required before timsfcan be satisfactorily identified.

4.3. Systematic palaeontol ogy of the verrucate spores
The PCA2 plot (Fig. 9) supports Fensome’s (198¥9namic approach to the

identification of verrucate spores, the specimeasifAngeac only being attributable to two
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generaConcavissimisporites andTrilobosporites. They are morphologically well separated,
principally on the account of their size, the refatsize of their verrucae, and the variation in
the dimensions of verrucae on a specimen. ThredespefTrilobosporites, and eight species
of Concavissimisporites have been identified, along with several interraggiforms. Except

for Concavissimisporites apiverrucatus, specimens assigned to a particular species are
clustered together, although the boundaries betweealusters are not always clearly
defined. It was thought that the semi-quantitatimgable corresponding to the per cent cover
of verrucae (PC) might be biasing the results efRICA in assuming too much importance
compared to the other variables. Thus, another R&#run without the per cent cover
variable, but the results were very similar, intdiog that this did not significantly affect the

plot.

GenusConcavissimisporites Delcourt et Sprumont, 1955, emend. Fensome, 1987.

Type speciesConcavissimisporites verrucosus Delcourt et Sprumont, 1955 emend. Delcourt

et al., 1963.

Concavissimisporites apiverrucatus (Couper, 1958) Doéring, 1965 (Fig. 5A, B)

Material. Angeac units An2, An3/4, An4, An4/5: 11 specimés¥s(72) 105 um in diameter.
Remarks. Concavissimisporites apiverrucatus is differentiated from the other species of this
genus in that the sculpture of the apices is diigbtdistinctly coarser than over the poles and
in interradial regions. In the case of the Anggaecsnens, the polar and interradial regions
are almost smooth (Fig. 5B), granulate (Fig. 5A)saulptured with verrucae. Specimens

attributed to this species are the only ones tbatal form a united cluster on PCA2 (Fig. 9),
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principally because the main diagnostic charactesstioned above have not been considered
as a variable, these being very difficult to cahtel

Occurrence. This species occurs widely in rocks ranging in figm latest Jurassic to Albian
(e.g., Fensome, 1987; Burden and Hills, 1989).rém€e, it has been recorded, as
Trilobosporites apiverrucatus Couper, from “Wealden” (Delcourt and Sprumont, 995

lower Valanginian (Vakhrameev and Kotova, 1980pemBarremian—lower Aptian

(Herngreen, 1971) and upper Albian (Bardet etl&91) deposits.

Concavissimisporites sp. cf.C. crassatus (Delcourt et Sprumont, 1955) Delcourt et al., 1963

(Fig. 5L, N)

Material. Angeac unit An2: three specimens 61 (63) 67 pdiameter.

Remarks. Specimens Q35.4 and B28.4 (Fig. 5L, N) fit thectdi@sion given by Delcourt et al.
(1963, p. 285), bearing in mind the changes madedmgome to the generic diagnosis (1987,
p. 19). No formal size range is given by Delcourle but their illustrated specimen is 78 pm
in diameter. Delcourt and Sprumont (1955, p. 2&fest that the “radius” of their form
crassatus is 40-55 um. As a result, we only compare ourisp&ts to this species because
they are smaller.

On the PCAZ2 (Fig. 9), the squares pertainin@.tsp. cf.crassatus are situated at the
edge of the cluster that correspond€tonontuosus. It could be argued that these specimens
are also identifiable &s. sp. cf.C. montuosus, the limiting character being the small size of
the verrucae.

Occurrence. Concavissimisporites crassatus was originally described from Wealden-type
strata in Belgium (Delcourt and Sprumont, 1955;dDalt et al., 1963). It has not been

encountered previously in France, but has beerndfauAlbian strata of the Bay of Biscay
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(Batten, 1979), Berriasian—mid-Valanginian stratshie Netherlands (Burger, 1966), upper
Berriasian, and upper Barremian—lower Aptian raokSermany (Dorhéfer, 1977; Lister and
Batten, 1995), and within Cenomanian deposits @iirs(5olé de Porta, 1978). It was also
recorded by Fensome (1987) from Upper Jurassimwer Valanginian strata in western

Canada.

Concavissimisporites exquisitus (Singh, 1971) Fensome, 1987 (Fig. 5C, D)

Material. Angeac units An2, An3, An3/4, An4, An4/5: 19 speens, 47 (59) 75 um in
diameter.
Remarks. This species is defined by its triangular to e@nwutline, coupled with bulbous
verrucae 6—10 um wide. In his original diagnosiagB (1971, p. 116) stated that the
verrucae are spaced 1-4 um apart. The verrucdee@pécimens from Angeac are more
closely spaced overall, being separated by no mthare 1 um. The size-range given by Singh
is 68 (71) 84 um, but this is based on only fowcamens, and the only specimen of this
species recovered by Fensome is 59 pm in dianfQ8i7( pl. 4, fig. 11). Some relatively
small, rounded specimens, such as R40.2 (Fig.a&E)eferred t&€oncavissimisporites sp.
cf. C. exquisitus because they show proportionally smaller verru¢aey are more similar to
Verrucosisporites major (Couper) Burden et Hills, a form that occurs wydiel Jurassic and
Cretaceous strata.

The cluster corresponding to this species on th&ZRdlot is very close to that
representingoncavissimisporites ferniensis (Fig. 9), which is, however, distinguished from
C. exquisitus in having significantly lower verrucae separatgdchrrow canals that form a

more or less distinct negative reticulum.



375 Occurrence. This species was originally recovered from Albsarata in Alberta, Canada

376 (Singh, 1971), but Fensome (1987) found it in upjueassic deposits. It has not been

377 encountered previously in France, but Mohr (1988htioned its presence in upper

378 Tithonian—lower Berriasian strata in Portugal.

379

380  Concavissimisporitesferniensis (Pocock, 1970) Fensome, 1987 (Fig. 5F—H)

381

382  Material. Angeac units An2, An3, An3/4, An4: seven specis¥h (56) 78 um in diameter.
383  Remarks. For differences betwed&foncavissimisporites ferniensis andC. exquisitus, see

384 remarks above under the latter species. In comnmitmGvexquisitus, the specimens assigned
385 to C. ferniensis are very similar td&/errucosisporites major, which however differs in usually
386 being smaller and in lacking a negative reticulsee(Couper, 1958).

387 Occurrence. This species has only been recovered from Jarasgimentary rocks in western
388 Canada (Fensome, 1987), but very similar formstitied asLeptolepidites major Couper,

389  have been found in various French Jurassic, AlarmhCenomanian strata (Fauconnier, 1979;
390 Fechner and Dargel, 1989; Bignot et al., 1994).

391

392 Concavissimisporites montuosus (Doring, 1964) Fensome, 1987 (Fig. 5J, K, M)

393

394  Material. Angeac units An2, An3, An3/4, An4, An4/5: 26 speens 52 (72) 105 um in

395  diameter.

396 Remarks. This species is characterized by being sculptwiddtypically well-spaced

397  verrucae 2-5 um in diameter. It is the most comrerucate spore in the Angeac

398  succession. A few specimens have been referr€drcavissimisporites sp. cf.C. montuosus

399 (e.g., N26.1, not illustrated), because they haweeralosely spaced and smaller verrucae.



400  Occurrence. The stratigraphic range @bncavissimisporites montuosus extends from upper
401 Oxfordian to Albian. It is a distinctive elementnmany Volgian—Valanginian palynofloras
402 (Fensome, 1987). It has not been found in Franeequisly, but has been recovered, as
403 Converrucosi sporites montuosus Ddring, from lowest Cretaceous strata in northieses

404  Germany (Dorhofer and Norris, 1977). Accordinghtese authors, an abundance of this form
405 Is characteristic of their upper Berriasian palyoafl suite “Hils 1”.

406

407 Concavissimisporites robustus Dorhofer, 1977 (Fig. 5I1)

408

409  Material. Angeac units An2, An3: two specimens 59 and 66udiameter.

410  Remarks. Concavissimisporites robustus differs from the other species encountered inravi
411 amore or less uniformly thick exine coupled wittody delineated verrucae that are either
412 sparsely or densely distributed. The two specimeosvered from Angeac are weakly

413 sculptured. The PCA2 plot shows that they clusieseast to the specimens identified@s

s14  uralensis, mainly because of the scarcity of the verrucathemproximal face.

415 Occurrence. This species was originally described from thparBerriasian palynofloral

416  suites “Hils 1” and “Hils 2” in north-western Germa(Ddrhdfer, 1977). It has also been
417 recorded from uppermost Jurassic strata in wes€tarmada (Fensome, 1987) and middle
418 Berriasian deposits in eastern Maryland, USA (Doy883).

419

420  Concavissimisporites uralensis (Bolchovitina, 1961) Fensome, 1987 (Fig. 6D)

421

422 Material. Angeac units An2, An4: three specimens 56 (68)®0in diameter.

423 Remarks. This species can appear very similar to the spets identified here as

424 Concavissimisporites apiverrucatus. they differ in being more sparsely sculpturedeyralso
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differ from specimens df. robustus in having a thinner exine. It could be argued thay

are intermediate betwe&h apiverrucatus andC. robustus. However, the PCA clustered all
three specimens together, quite far away from therclusters, which is why we decided to
regard them as belonging to a distinct species$setion 6.2 for the biological relevance of
this decision).

Occurrence. Concavissimisporites uralensis was originally described from Barremian—Aptian
strata in western Kazakhstan (Bolchovitina, 1961)as also been recorded from Ryazanian

(lowest Berriasian) strata in western Canada (Fersd987).

Concavissimisporites verrucosus Delcourt et Sprumont, 1955 emend. Delcourt etl8i63

(Fig. 6A, B)

Material. Angeac units An3, An4, An4/5: six specimens 73 (B10 um in diameter.
Remarks. This species differs from the other verrucataepdrom Angeac by its large size,
and in having relatively small, closely spaced weae. The specimen D20.4 (Fig. 6C) is
considered to be an intermediate form betw@everrucosus andC. montuosus, because it is
sculptured with relatively large, closely spacedweae.

Occurrence. The stratigraphic range Gf verrucosus extends from Middle Jurassic to Lower
Cretaceous. In western Europe, it occurs pringypaithin lowest Cretaceous and

“Wealden’-type strata (Burger, 1966; Bolchovitid®,71; Dorhofer and Norris, 1977).

GenusTrilobosporites Pant, 1954 ex Potonié, 1956 emend. Fensome, 1987

Type speciesTrilobosporites hannonicus (Delcourt et Sprumont, 1955) Potonié, 1956



450  Trilobosporites aequiverrucosus Dorhofer, 1977 (Fig. 61)
451

452 Material. Angeac unit An4: one specimen, 100 um in diameter

453  Remarks. This species differs froffirilobosporites canadensis in having proportionally

454 smaller unfused, closely spaced verrucae in poldriaterradial regions. As stated by

455  Dorhofer (1977, pp. 53, 54), this species is cargd to include many specimens previously
456 attributed toTrilobosporites bernissartensis (Delcout et Sprumont) Potonié, for which the

457 type and size of the sculptural elements were petified. The re-illustrations of the holotype
458 and paratypes in Delcourt et al. (1963, pl. 43%.figl—14) are considered inadequate, because
459  several morphotypes are displayed. As a resulth@fér considered that a precise

460  Interpretation off. bernissartensis is not possible.

461 Occurrence. The species was originally described from uppariBsian—lower Valanginian
462 beds in western Germany (Dorhofer, 1977).TAsobosporites bernissartensis, it has been

463 found in Wealden-type strata in Belgium (Delcourtl &prumont, 1955; Delcourt et al.,

464 1963), and in Purbeck and Wealden beds in southegtand and stratigraphically equivalent
465  deposits in western France (Couper, 1958; Lantz81Beak and Combaz, 1967). It has also
466  been reported from lowest Aptian strata in soutiteza France (de Reneville and Raynaud,
467 1981), and within upper Barremian—lower Aptian tstia northern France (Herngreen, 1971).
468  However, the specimen illustrated by Herngreen 119V 3, fig. 1) is in fact attributable to
469  Trilobosporites hannonicus (Delcourt et Sprumont) Potonié, so we do not acttep record

470 of occurrence.

471

472 Trilobosporites aornatus Doring, 1965 (Fig. 6E, F)

473

474 Material. Angeac units An2, An3, An4: three specimens @&} 96 um in diameter.
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Remarks. The morphology of the specimens recorded@rédsbosporites aornatus have a
maculate sculpture and a large verruca or roundecvn equatorial radial regions. K28.3
(Fig. 6G) is referred tdrilobosporites sp. cf.T. aornatus, because of the presence of a few
verrucae close to each of the angles, in commam tvét specimen illustrated by Norris as
Trilobosporites obsitus Norris (1969, pl. 106, fig. 7) (see Section 5dt.the biological
relevance of this species).

Occurrence. D6ring (1965) described this species from Uppeassic—lowermost Cretaceous
strata in eastern Germany. In southern Englansl typical of the upper Berriasian—lower
Valanginian palynofloral suite C of Norris (1968nd as discussed by Dorhofer and Norris

(1977). In North America, it ranges into the lovBarremian (Burden and Hills, 1989).

Trilobosporites canadensis Pocock, 1962 (Fig. 6H)

Material. Angeac units An2, An3, An3/4, An4, An4/5: 11 speens 69 (88) 105 um in
diameter.

Remarks. Trilobosporites canadensis is characterized by its coarse interradial andipol
verrucae, which sometimes merge to form elongatmehts, along with one or two large,
pronounced, strongly projecting verrucae or vaivaequatorial radial regions. This is the
most common form ofrilobosporites at Angeac, especially in the An2 unit.

Occurrence. This species was originally described from “Nao@n” deposits in western
Canada (Pocock, 1962). In Western Europe, it has beported from upper Berriasian—lower
Valanginian beds in western Germany (Dorhdofer, 19@ibbable Berriasian Purbeck beds in
southern England (a8 cf. canadensis; Hunt, 1985), Tithonian—Berriasian deposits in
Portugal (Mohr, 1989) and within upper Barremiamvdo Aptian strata in northern France

(Herngreen, 1971). However, the morphology of {hecgnens illustrated in Herngreen’s
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paper (pl. 3, figs. 2—4) is closer to thatCGuncavissimisporites montuosus than toT.

canadensis.

5. Discussion

5.1. Age determination and comparisons

We discuss the previous identification in Néraudeiaal. (2012) of the dinoflagellate
cystOdontochitina imparilis (Duxbury) Jain et Khowaja-Ateequzzaman in the Astge
assemblage. In his descriptionMfiderongia imparilis, Duxbury (1980, p. 128) indicated the
presence of three well-developed horns as a diéigrfeature, with the lateral horn being
greatly reduced. A lateral horn seems to be prasetite Angeac specimen, but it is folded
behind the periblast. There are two antapical hans shorter than the other. The longer of
the two is very corroded. A vestigial apical hasmpresent. The original description also states
that the endoblast and periblast are joined togéththe epicystal region, which does not
seem to be the case of the Angeac specimen, tloblkast being proportionally much smaller
than the periblast.

The species has usually been found within HautmivBarremian deposits (Duxbury,
1980; Jain and Khowaja-Ateequzzaman, 1984; Leaie®897), hence the previous
attribution of a Hauterivian—Barremian age to theg@ac deposits. However, the species has
also been recorded from upper Valanginian strateig@®, 1996). Although the poor
preservation of the Angeac specimen renders thifdation questionable, the short range
of the species may well be related to the genegaaktgy of this form and linked to specific
environmental conditions (Masure, pers. comm. 204d p find ofO. imparilisin older

deposits is not impossible.



524 The Angeac specimen is also similaMaderongia simplex Alberti, which has one

525 apical, two lateral, and two antapical horns. Taltype of this species is 151 um long,

526  Which is almost the same as the Angeac specim&bzaim. However, they differ in that the
527 latter possesses a proportionally small endobdast,does not display a second lateral horn,
528 although it is possible that has been destroyesl @oscured by folding. The stratigraphic
529 range ofMuderongia simplex extends from upper Tithonian to upper Valangir{i@iting et

530 al., 2000).

531 Dating Lower Cretaceous deposits using miosporedeahallenging, the forms

532 encountered often being long ranging. For instafAegulitriradites verrucosus and

533  Pilosisporites trichopapillosus are present through all of the Lower Cretaceowsastern

534 Europe. In Francél. verrucosus has only been reported recently within Cenomade&posits
535  (Fleury et al., 2017). Batten (1979) recordedatrirAptian—Albian strata in the Bay of

536  Biscay. It occurs rarely elsewhere in Europe bstmanetheless been documented from

537 Aptian and Wealden deposits in England (Ruffell Badten, 1994 and Batten unpublished,
538 respectively) and in Wealden-type facies in Germ@uring, 1964).

539 Pilosisporites trichopapillosus ranges from uppermost Jurassic (Couper and Hughes,
540 1963) to Upper Cretaceous (Robaszynski et al., 1 @86 is more frequently recovered from
541 Lower Cretaceous deposits (Bolchovitina, 1971; Béeh 1977; Batten, 1979; Doubinger
542 and Mas, 1981; Batten and Li, 1987). In Francka# only been documented from Tithonian
543  strata (Couper and Hughes, 1963).

544 Nevertheless, dating can be more precise if theposition of entire assemblages is
545  taken into account. A few attempts at stratigragoicelations using Lower Cretaceous

546  Miospore assemblages were made during the lates E38Dearly 1970s. A method

547 introduced by Hughes and Moody-Stuart (1969) coegisf using several types of

s48  Cicatricosisporites to correlate between different beds in a Wealdeeliole and an outcrop
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in south-east England. Their abandonment of Linmaeenenclature in favour of biorecords
(Hughes and Moody-Stuart, 1969; Hughes, 1970) méantheir method did not gain
widespread support among palynologists (BattengL¥8egardless, we could not apply a
similar approach to the Angeac assemblages usewjespofCicatricos sporites because only
a few specimens of this taxon were recovered.

Another method involved the use of palynologicalessblage-types for correlating
Wealden deposits in southern England (Batten, 1&8)enteen assemblages were described,
taking into account preservation state, diversitgnmspores, average size of trilete spores,
abundance of brown wood, and the abundance ofic¢abea. The total Angeac assemblage
(i.e. the overall composition of the assemblagesvered from An2-5) is very similar to
Batten’s Assemblage Type 15 (AT 15). This was oftar&zed by the common presence of
Concavissimisporites, coupled with a “Trilete spore content dominatgdalberage-sized or
large forms; miospore diversity average or largaiegal state of preservation of miospores
good or fair; brown wood and cuticle P, C or F fanet, common, or frequen®jlosisporites
P or C [present or commor{jcatricosisporites C or V [common or very
common]....Trilobosporites occurs in more than 70% of the assemblages rééet@albhis
AT” (Batten, 1973, pp. 13, 14). The only differerfo@m this description is the scarcity of
Cicatricosisporites. Following the same study, and using currentigti@bhic terminology
(e.g., Batten, 2011), this assemblage-type haslyrtwestn recovered from the Ashdown
Formation, including the Fairlight Clays faciesdahe Grinstead Clay Formation, all of
which are part of the Hastings Group, which wasodépd between the mid Berriasian and
the late Valanginian.

The Angeac assemblage overall is also very sirtol#nose recovered from the
Buckeberg Formation, especially the upper Berrrapalynofloral suites “Hils 1” and “Hils

2", which are characterized by abund@othcavissimisporites montuosus, large



574 Trilobosporites, and the relative scarcity @licatricosisporites (Dorhofer, 1977; Dorhofer and
575 Norris, 1977). In France, Berriasian palynolog@ssemblages have been recovered from
576  Jura (eastern France) and potentially Oléron is(&igl 1). The Angeac assemblage is

577 somewhat similar to that recovered by Médus andol¢1991) from upper Berriasian strata
578 Of southern Jura in that the latter is charactdrlagan abundance Bfensoisporites

579 microrugulatus andTrilobosporites. It was compared to palynofloral suite “Hils 4” édus

580 and Mojon, 1991, p. 57), but only a few illustraisowere provided to support the

581 Identifications, andD. microrugulatus is not abundant in the Angeac assemblage. The

582  Uppermost Berriasian assemblage from Jura recoeamrdiédr by Taugourdeau-Lantz and

583 Donze (1971) is less similar, with few verrucatergs and several dinoflagellate cyst species
584  in association. The palynoflora recovered from“thgrbeck beds” of Oléron island (Lantz,
585 1958) includes similar forms dirilobosporites, but the types ofoncavissimisporites are less
586  diverse, and the specimens illustrated seem coitigasasmall.

587 The Angeac assemblage is, however, less cleantglated with younger palynofloras,
588 such as that recovered from the Wealden-faciessdumr-bearing pit of Bernissart (Belgium,
589 Dejax et al., 2007), considered to be Hauterivimage. The samples from this pit yielded
500 specimens ofrilobosporites that aresimilar to the specieb. hannonicus (Delcourt et

501 Sprumont) Potonié, which has not been recorded &ogeac, more species of

592 Cicatricosisporites, and angiospermid pollen grains. Correlations wh#hassemblage

503  recovered from Saint-Romain-de-Benet, regardedadanginian—Hauterivian in age, are

504  quite difficult to make because of a lack of prawisn the description of the assemblage as
595  indicated by such statements as .... “on n'obseragquement pas de pollens

506  d’Angiospermes” in Deak and Combaz (1967, p. 78aning that they “almost did not

597  Observe any angiosperm pollen grains”. Their gfraphic range chart (p. 71) is rather

598 Inaccurate because most of the species they noés@Eted to the Valanginian—Hauterivian
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have, in fact, wider ranges. In any case, theyateseem to have encountered many verrucate
spores, and their speciesTaflobosporites are quite different from those recovered from
Angeac.

Although most of the palynomorphs identified hereiticate a stratigraphic
distribution that is not confined to the lowest ar®ous, previous observations in Néraudeau
et al. (2012, p. 5) and our new data suggest tigaAhgeac assemblage is more likely to have
been deposited during the Berriasian—early Valaagirather than in the Hauterivian—

Barremian, as previously stated.

5.2. Biological relevance of the verrucate spores

The family Schizaeaceae originally included fivéagt generaSchizaea Sm.,
Actinostachys Wall., Mohria Sw.,Anemia Sw., and_ygodium Sw., which are widely
distributed in predominantly tropical or southerarm-temperate parts of the world (Tryon
and Lugardon, 1991). However, Smith et al. (20@8)stdered that these genera in fact
belong to three families of the order Schizaedetizaeaceae (f@chizaca and
Actinostachys), Anemiaceae (foAnemia, includingMohria), and Lygodiaceae (for
Lygodium).

Unequivocal members of this order first appeareithénEarly or Middle Jurassic, but
they did not become widespread until the Early &rebus, as indicated by occurrences of
their spores in numerous deposits throughout Ea@swlchovitina, 1971; Van
Konijnenburg-Van Cittert, 2002). The Schizaeaceaelypce monolete, bean-shaped spores,
with diverse ornamentation. The Anemiaceae haletdrspores with coarse, compact ridges.
These have abundant Lower Cretaceous analogudsasGucatricosisporites, and
specimens founth situ within fertile plant organs associated with thengRuffordia,

Pelletieria, andSchizaeopsis (e.g., Hughes and Moody Stuart, 1966)godium spores are
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trilete, and can be tuberculate, verrucate orukgtte (Tryon and Lugardon, 1991). Thus,
Early Cretaceous verrucate spores have often lmapared to the genlsygodium (e.g., in
Delcourt and Sprumont, 1955; Bolchovitina, 196Bneva in Samoilovitch and
Mtchedlishvili, 1961; Fensome, 1987).

Mesozoic spores comparableltggodium have only been founia situ in Jurassic rocks
in northern England (Van Konijnenburg-Van Cittdi®81), but they have a reticulate
sculpture. They have been encountered in soroplfimmsTuronian deposits in New Jersey,
USA (Gandolfo et al., 2000), and compared to tharespeciesygodium pal matum
(Bernh.) Sw. on account of their trilete, psilgp@es, among other characters. Dispersed
spores are much more abundant. Bolchovitina (1p6dduced a comprehensive monograph
on fossil and extant spores of the former familiiZaeaceae (now Schizaeales), in which she
listed 62 species of extahygodium (Smith et al., 2006 considered that the Lygodiacea
comprise only about 25 species), remarked on &unstriited 27 of these, and listed,
commented, described or re-described, and illextrd6 species of dispersed fossil spores
referable td_ygodium.

The spores of the extant species are usually destaccording to their shape,
thickness of exine, colour and sculpture. Thedashese may vary within a species, such as
in L. flexuosum (L.) Sw. and_. japonicum (Thunb.) Sw., which produce smooth to slightly
tuberculate spores. However, when a species adptagls a coarser sculpture, several authors
(e.g., Couper, 1958; Dettmann and Clifford, 19%yéhconsidered associated smooth spores
to be immature forms. Spore polymorphism has beeognized in a few anemiaceous
species (Dettmann and Clifford, 1991), but it wosddm that in general mature spores of
extant species dfygodium can be well separated on the basis of their satdBolchovitina,
1961; Tryon and Lugardon, 1991; see also SEM miragts ofLygodium spores in the

Cornell University website).
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Hence, most of the morphological clusters of theueate spore species displayed by
PCAZ2 (Fig. 9) could well also have biological siftgance. Specimens assigned to
Concavissimisporites uralensis, which are defined by their weak sculpture, canlthct be
immature forms of other species@dncavissimisporites. The same applies ilobosporites
aornatus, which could comprise immature specimeng.adequiverrucosus or T. canadensis.
Intermediate forms such as specimen K28.3 (Fig.\vé@Jld support this suggestion. The
most abundant verrucate spore in the Angeac palgrgmassemblages,
Concavissimisporites montuosus, is similar to the spores of the extant spetiyemodium
circinatum (Burm. f.) Sw., in that both display quite wellesied, massive verrucae.
Specimens assignable to the gehukobosporites are somewhat similar to the spores of
Lygodium merrillii Copel., which display coarse distal muri that @p@es a thickening of the
exine in apical regions on the proximal face. Hogrewno spores of extant species of
Lygodium seem to develop valvae, which is all the moreaeds maintairilrilobosporites as
a separate genus for fossil spores with this ckara8ome species @oncavissimisporites,

such asConcavissimisporites exquisitus, also do not seem to have any modern analogues.

5.3. Palaeoenvironmental implications

The great abundance of verrucate spores in thenatages suggests the presence of
ferns showing a strong affinity with species of éxtant genukygodium, a pantropical
climbing schizaealean, concentrated especially atalysia and Central America (Kramer in
Kramer and Green, 1990). These ferns are typicataoi, humid environments. Their fossil
analogues may well have grown along riverbanks amiderstories of forests (Van
Konijnenburg-Van Cittert, 2002). The compositiontloé Angeac palynological assemblages

is consistent with the previous interpretationhed tlepositional environment at this site as a



674 Swamp, but the absence of marine dinoflagellates@sart from the single specimen

675  identified asOdontochitina imparilis, suggests very limited connection to the sea (N#au
676 et al., 2012). Nevertheless, this is attested by¢hative abundance in unit An2 of brackish
677  0stracods such &sabanella boloniensis (Schudack and Schudack, 2011) and the presence at
678 different levels (An3—4, Anl) of a few benthic formifers (Ammocycloloculina sp.,

679  Trocholina odukpaniensis) and echinoid or bryozoan debris (Néraudeau g2@l2 and

680  unpublished data).

681 No palaeoenvironmental variation has previouslynbe®ed for the period of

682  deposition of the sediments comprising units An52Adowever, the relative composition of
683  Angeac palynological assemblages changes from Amgtd An2, the abundance of

684  verrucate spores clearly increasing at the expehStassopollis, which diminishes greatly

ess  (Fig. 7). The verrucate spores recovered from Ani appear to be generally larger than the
686  Sspecimens recovered from the older units An3 andl (&ig. 8).

687 From a sedimentological perspective, the succesdigreen clay (An5), dark clay

688 (An4) and calcareous conglomerate (An3), and thesilty limestone (An2) and fine sand

689  (Anl) implies two successive sequences of incrgasmnergy in the depositional environment,
690  which suggests progressive flooding of the swamp byer nearby, ending with the

6901  establishment of a floodplain. This environmentarmge could explain the increase of the
692 abundance of verrucate spores up-section, fermglgginerally more abundant than

693 gymnosperms in a floodplain (Coiffard et al., 202607).

694

695 6. Conclusion

696

697 Our taxonomic study of the Angeac palynologicakasslages provides a rare insight

698 into French palynofloras of Berriasian—Valangingge. They have previously only been
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documented from deposits in the Jura mountainsytitentian Basin, and on Oléron island
(Lantz, 1958; Taugourdeau-Lantz and Donze, 197 dudé&nd Mojon, 1991; Kujau et al.,
2013), but the Angeac assemblages seem more cotatimet only because of the abundance
of verrucate spores but also owing to the scadfityarine indicators in the preparations.

All of the verrucate spores are attributable tbhexiConcavissimisporites or
Trilobosporites, which in turn are believed to have been produmefitrns showing strong
affinities with extantygodium, a fern genus that typically inhabits warm, humid
environments. These ferns could well have growthemmargins of the swamp envisaged by
Néraudeau et al. (2012) and been widely disperagtedeveloping floodplain.

Despite the important work of Bolchovitina (1969,71), in the light of recent research
on modern representatives of the Lygodiaceae antanix revision of Lower Cretaceous
lygodiaceous spores in the Northern Hemisphereusmeeded in which both their biological

affinities and stratigraphic distribution are taketo account.
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952 Fig. 2. Schematic representation of a verrucate sporeisigaseven out of ten variables
953 measured to run a PCA. S: maximum diameter; SA,dmallest and largest value of the
954  reflex, acute or obtuse angle formed by the twgéats of the starting and arrival points of
955  the arc or curve formed by the outline of the irddral region of a spore; miD: minimum
956  distance from the centre to the edge of the spoteifding the verrucae); maD: maximum
957  distance from the centre to the edge of the spoteifding the verrucae); DV: diameter of
958  verrucae on one spore; HV: height of verrucae anspore; ET: exine thickness.

959

960  Fig. 3. Species list of palynomorphs recovered from sediwiogical units An2—An4 at

961 Angeac.

962

963 Fig. 4.Palynomorphs recovered from Angeac sedimentologicé$ An2—An4.

964 Accompanying data are palynological preparationdia® numbers followed by England
965  Finder coordinates. Authors of taxa not otherwiseddn the text are not listed in the

966  references. Scale bar represents 10AunAbietineaepollenites sp.; LEM4-1, E23.4B.

967  Callialasporites dampieri (Balme, 1957) Dev, 1961; LEM4-2, R53@, D. Classopollis

968  torosus (Reissinger, 1950) Couper, 1958; QPR3669-2; VAX4¥,.3.E. Vitreisporites

969  pallidus (Reissinger) Nilsson, 1958; QPR3669-3, S3b.Fodocar pidites ellipticus

970  Cookson, 1947; LEM4-2, U31.G. Aequitriradites verrucosus (Cookson et Dettmann, 1958)
971 Cookson et Dettmann, 1961; QPR3669-3, W38.1Cyathidites australis Couper, 1953;

972 LEMA4-1, G52.21. Microreticulatisporites sp. cf M. diatretus Norris, 1969; LEM4-1, X45.0.
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J. Gleicheniidites apilobatus Brenner, 1963; QPR3669-4, Q202.Densoisporites
microrugulatus Brenner, 1963; LEM4-1, H30.4.. cf. Foraminisporis wonthaggiensis
(Cookson et Dettmann, 1958) Dettmann, 1963; LEME3(.2.M. Cicatricosisporites hallei
Delcourt et Sprumont, 195&nsu Burger, 1966; LEM3-2, G39.4. Ovoidites spriggi
(Cookson et Dettmann, 1959) Zippi, 1998; LEM3-24180. Retitriletes sp.; LEM3-2,
D33.2.P. Pilosisporites trichopapillosus (Thiergart, 1949) Delcourt et Sprumont, 1955;

QPR3669-3, V31.2.

Fig. 5. Species ofConcavissimisporites recovered from Angeac sedimentological units An2—
An4. Accompanying data are palynological preparatind slide numbers followed by
England Finder coordinates. Authors of taxa noéntise cited in the text are not listed in the
references. Scale bar represents 10A,mB. Concavissimisporites apiverrucatus (Couper,
1958) Doéring, 1965; LEMA4-1, D33.1; QPR3669-2, E2€ 1D. Concavissimisporites

exquisitus Singh, 1971; QPR3669-3, 027.4, G3&3Concavissimisporites sp. cf.C.

exquisitus Singh, 1971; LEM2-1, R40.E—H. Concavissimisporites ferniensis (Pocock,

1970) Fensome, 1987; QPR3669-2, M53.4, N20.4; LEBVIg33.0.. Concavissimisporites
robustus Dérhéfer, 1977; LEM2-3, R34.0, K, M. Concavissimisporites montuosus (Doring,
1964) Fensome, 1987; QPR3669-2, W31.0; LEM1-1, @Q4QPR3669-2, T28.1., N.
Concavissimisporites sp. cf.C. crassatus (Delcourt et Sprumont, 1955) Delcourt, Dettmann et

Hughes, 1963; LEM1-1, Q35.4, B28.4.

Fig. 6. Species oConcavissimisporites andTrilobosporites recovered from Angeac
sedimentological units An2—An4. Accompanying da&aalynological preparation and slide
numbers followed by England Finder coordinates harg of taxa not otherwise cited in the

text are not listed in the references. Scale aesents 10 unA, B. Concavissimisporites



998  verrucosus (Delcourt et Sprumont, 1955) Delcourt, Dettmankeghes, 1963; QPR3669-3,
999 E20.1, V23.0C. Concavissimisporites sp. cf.C. verrucosus (Delcourt et Sprumont, 1955)
1000 Delcourt, Dettmann et Hughes, 1963; QPR3669-3, £D20.Concavissimisporites uralensis
1001 (Bolkhovitina, 1961) Fensome, 1987; LEM1-1, Y4ZE3.G. Trilobosporites aornatus

1002 Ddring, 1965; LEM2-1, S32.1; LEM3-2, B32.0; LEM1H28.3.H. Trilobosporites

1003  canadensis Pocock, 1962; LEM1-1, A28.2. Trilobosporites aequiverrucosus Dorhofer,

1004 1977; QPR3669-3, S30.0.

1005

1006  Fig. 7.Palynological composition of Lower Cretaceous seadhitalogical units An2—An4 at
1007 Angeac: 250 specimens were counted for each sarpépt for that from the boundary
1008 between An4 and An5, which yielded only 94 specisnen

1009

1010 Fig. 8.PCA1 plot of PC1 vs. PC2, with 76.2 % of the tetaliance extracted, showing the
1011 distribution of specimens according to their ocenoe in the sedimentological units. For
1012 explanation of abbreviations, see caption to Fig. 2

1013

1014 Fig. 9.PCA2 plot of PC1 vs. PC2, with 76.2 % of the tot@liance extracted, showing
1015  clusters corresponding to specieohcavissimisporites andTrilobosporites. For

1016  explanation of abbreviations, see caption to Fig. 2

1017

1018 Fig. 10.Megaspores from Angea—D. Erlansonisporites sp. from unit An4, mesofossil
1019  preparation MFP512, SEM stub DJB2014/18, specin3ehGR-PAL-5780A. Whole

1020 specimenB. Close-up of part of triradiate flange and adjaceticulate wallC. Detail of
1021 part of reticulate sculpture showing the structuréhe outermost part of the protective wall:

1022 the surface consists of a network of sporopoll¢iieads, beneath which is an irregular,
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1035

1036

1037

1038

perforated layeD. The same at higher magnificatidf.F. Erlansonisporites sp., cf.

Erlansonisporites sp. in Batten (1975, pl. 13, fig. 6). Mesofossgaration MFP422, from
the boundary between An3 and An4, SEM stub DJBZW 4pecimen 1, IGR-PAL-578E.
whole specimert-. Close-up of reticulate sculpture. Scale bar€:A200 um; B: 50 um; C:

10 um; D: 5 pm; F: 20 pm.

Fig. 11.Megaspores from Angeac, all from mesofossil pragam MFP422, from the
boundary between An3 and An4, SEM stub DJB2014@a6¢cimens 4 (IGR-PAL-5784), 2
(IGR-PAL-5782) and 3 (IGR-PAL-5783), respectivey,.B. Erlansonisporites sp., cf.
Erlansonisporites sp. in Batten (1975, pl. 13, fig. 8. Whole specimen in lateral vie®B.
Close-up of a small part of the reticulate scukptsinowing microspores lodged within the
muri of the reticulumC, D. Specimen tentatively identified B&nerisporites sp., an atypical
representative of this genus (see discussion i) ©xWhole specimen in polar view.
Close-up of perforated surfade. F. Another exampleE. Specimen in lateral view. Close-
up of undulating distal surface just below equaldtange (zona). Scale bars: A, C, E: 200

pm; B, D, F: 20 pm.
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Highlights

Revision of the palynology of Lower Cretaceoustated Angeac, western France

Deposition is considered to have occurred duriegBarriasian—Valanginian

Eight species of verrucate spores were recoveosa fine non-marine deposits

All are referred to eithe€oncavissimisporites or Trilobosporites

The taxonomy and biological relevance of the vaateispores are discussed



