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Abstract

A palynological analysis of 45 samples from six fflicetaceous amber-bearing outcrops from Chareraedben
carried out. A total of 227 taxa have been recoiddatie studied palynofloras. The palynologicaldevice suggests
an early Cenomanian age for the assemblages. Tteeogeneous compositions of the palynofloral assegels
indicate the existence of different coastal depmsi settings with a variable but usually weak imarinfluence.
The local vegetation was subdivided in various $yjmeluding herbaceous formations integrating fenmd eudicots
which may have colonised frequently-disturbed, itilivopen environments and xeric arboreal commesiti
dominated by Cheirolepidiaceae and probably integgadrought- and/or salt-tolerant angiosperms é&erhs
(Anemiaceae and Gleicheniaceae) and other gymnosp@kraucariaceae, Ginkgoales and scarce Cycadalks
Gnetales). The existence of riparian and freshwatetfand communities integrating taxodioids, aquathd/or
hygrophilous angiosperms, ferns, lycopods, mossek ciubmosses is proposed. Coastal/?lagoonal apants
including plants tolerant to periodical floods kalise or brackish waters is suggested by palynolgtvidence.
Conifer forests mainly integrating Pinaceae anddeatpaceae in raised hinterlands may also be netexgh on the
basis of taphonomical considerations. The wideetarof depositional settings inferred by the palggical data
support enhanced transport capabilities for amhdrfoa a widespread occurrence of producers in leegktation

during the early Cenomanian.

* Introduction

The Cretaceous is characterized by a period ohsateiotic turnover called the “Cretaceous
Terrestrial Revolution”, which saw a radiation éér& and fauna with modern characteristics
(Lloyd et al., 2008). During this time, flowerindapts assumed a dominant position in most
ecosystems (Lidgard and Crane, 1990; Boyce eR@09; Friis et al., 2011; Herendeen et al.,
2017). The changes in the three-dimensional awthite of the vegetation, probably triggered by



previously underestimated high variability of climcaparameters (Berner, 2003; Keller et al.,
2011; Littler et al., 2011; Fiedrich et al., 20Hay and Floegel, 2012), affected trophic networks
and faunal clades (Labandeira, 2006; Kergoat et2@ll4; Peris et al., 2017) and irreversibly

altered the composition of the overall terreste@systems (Meredith et al., 2011).

During the mid-Cretaceous, the Charentes area wthg@stern France was part of a series of
emerged lands located in the Laurasian Euro-Siplaytogeographic province (Vakhrameev,
1991). Assemblages of plant macro-remains recovérech several outcrops suggest the
existence of tropical forests with diverse ferrmiters, Ginkgoales, Cycadales and angiosperms
(Perrichot, 2003; Gomez et al., 2004; Moreau e8l17). These forests were characterized by a
high production of resin, now occurring abundarfgsilized as amber, the paleontological
content of which has been profusely documentedndutiie past 15 years (Néraudeau et al.,
2002, 2003, 2008, 2009).

However, while fairly well-known from Cenomaniantowops of neighbouring areas (Azéma
and Ters, 1971; Azéma et al., 1972, 1990; Néraueeal, 2017), the palynofloras have only
been the subject of a few, partial or preliminappraisals in Charentes (Dedk and Combaz,
1967; Azéma et al.,, 1972; Azéma et al., 1990; MaoreE©93a—c; Meunier et al., 1999;
Néraudeau et al., 2002, 2008; Dejax and Masure;;208yrot et al., 2005; Batten et al., 2010).
Altogether, 239 species of miospores and megasparasy putatively produced by coastal
vegetation have been recorded so far, along witacg@tic palynomorphs mostly represented by

marginal marine dinoflagellate cysts (dinocysts).

The present paper reports a comprehensive studpeopalynological content of six lower
Cenomanian amber-bearing deposits from Chareritegn$ to (1) indicate the biostratigraphic
significance of the components constituting theeaddages recovered, (2) reconstruct the
corresponding source vegetation, and (3) provideomparison of the palynofloras with
contemporaneous palynological successions from a&kfedtEurope and North America. The
present study is the first to describe the palygicll assemblages of an entire array of amber-

bearing mid-Cretaceous outcrops in France.



» Geological settings

Mid-Cretaceous successions crop out extensivellggmorthwestern part of the Aquitaine Basin

(Fig. 1) where they reach an average thicknes® oh§Moreau, 1993a-c). The studied outcrops
consist of siliciclastic series and bioclastic Istenes including amber-bearing strata and highly
diverse macrofloral and macrofaunal assemblagesa(ldéau et al., 1997, 2002, 2003, 2008;
Perichot et al., 2007; Vullo et al., 2003, 2005028-b; Gomez et al., 2004).

Moreau (1993a-c) and Néraudeau et al. (1997, 200@5) divided the Albian—Cenomanian
transition into a lower lithological unit A, domiteal by fine to coarse sandstones including
alternations of clay, and an upper unit B corresjfumto bioclastic limestones characterized by
an abundance of oysters Cdratostreon Rastellum, Rhynchostreon and rudists
(IchthyosarcolitesSphaerulite} diverse vertebrate microremains (e.g. the sqta8ienoliophis
rochebruneiand the sharkCarcharias amonensisand large benthic foraminifers (mainly

Orbitolina plang, indicating an age not older than early Cenomanian.

Unit A has been further divided into a subunit Aated as probable latest Albian (Dejax and
Masure, 2005), or earliest Cenomanian (Néraudeail,e2008), according to pollen, spore and
dinocyst assemblages, and a subunit A2, dated asn@mian on ostracod evidence (Colin,
1974; Damotte et al., 1981; Moreau, 1993a-c). Tiimusit A1 contains abundant lignite lenses
and amber accumulations, but with few plant maerains (Moreau et al., 2017), and is
characterized by large-scale cross-bedding, inctudieterometric coarse sand levels. The
subunit A2 consists in fine-grained sands, withtarge-scale cross bedding, and several
laminated clay levels, locally very thick (>4m) araring fossil plants with exquisite
preservation (Colin, 1974; Damotte et al., 1981;réém, 1993a-c; Moreau et al., 2017,
Néraudeau et al., 2005).

The overlying unit B characterizes the first cadmars marine Cenomanian deposits, dated by
foraminifers, ostracods and several macro-inveateisr(echinoids, oysters, rudists). The unit has
been further divided into three subunits: a lowebunit B1 consisting of shallow marine
bioclastic limestones, rich in small oysters (Rbynchostreon suborbiculatwar. minor), large

benthic foraminifers (e.gOrbitolina plang, and a first episode of large rudists (e.g.



Ichthyosarcolites triangularigndSphaerulites foliaceggMoreau, 1993a; Vullo et al., 2003); a
middle subunit B2 corresponding to coastal and lgomxygenated glauconitic unconsolidated
sands and clays, poor in invertebrate remainsdumatlly very rich in fish, crocodilian or dinosaur
teeth and lagoonal squamate vertebrae @rgoliophis rochebrungi(Moreau, 1993b; Vullo et
al., 2005, 2007a,b); an upper carbonate subunic®8esponding in Charentes to the main
Cenomanian episode with large non-reefal rudisth saslchthyosarcolites triangularisand
Sphaerulites foliaceuand including at its top a few intercalations adrta with organisms from
relatively deep platform environments (such asdtieinoidsPeriaster elatusand Hyposalenia
acanthoides or the ammonite®seudacanthoceras pseudoreveni¢Néraudeau and Moreau,
1989; Néraudeau et al., 1997).

The palynological analyses were carried out onrabkges recovered from six outcrops herein
referred to as Archingeay-Les Nouillers, Les Reigaed, Fouras, Aix Island (Bois-Joli), La

Buzinie and Cadeuil, located in the northeasteihsouthwestern parts of the Saintes Syncline,
respectively (Fig. 1). The outcrops constitute etbgr with a few localities in Spain, the oldest

European deposits that include amber with bio-siolos.

. Archingeay-Les Nouillers succession

The Archingeay-Les Nouillers succession comprisesamly siliciclastic succession overlying
upper Jurassic dolostones and marly limestonesctbatout in two sand quarries (Fig. 2A). At
the time of the sampling, subsunit A2 was still @gd and consisted of interbedded fine-to
medium-grained sands 2.5 m thick displaying lowleangbular (alsm1) and hummocky cross-
bedding (A1sm2), mud drapes with occasional flaser lenticular laminations including detrital
plant fragments. The middle part of the successias characterized by a section 4-5 m thick of
massive, medium- to coarse-grained, unconsolidatedls (Alsm3) underlying bioturbated,
fined- to medium-grained, sandstones displayingrsgtrical ripples and occasional mud drapes
(Alsm4). A total of 16 samples (ARC-B, ARC-01 to BH5) were collected from the lower
and middle part of the section. The upper parhefduccession consisted of a lenticular bed of

clay, rich in plant cuticles that varied markedtythickness laterally, reaching a maximum of 2



m in the north—northeast of the outcrop area (AZlen samples (ARC-ARO1 to ARC-ART)
were collected from this bed every 20 cm.

. Cadeuil succession

The outcropping section consists of 10-15 m of -fib@ medium-grained sand and clay
alternations. The lower part of the successiomctireless and lacking fossils, is overlain by
sands showing apparent cross-bedding interruptedidtinctive layers of clay bearing cuticles
and small plant fragments (Fig. 2B). The upper pathe succession corresponding to cm—dm-
thick clays intercalated with medium-grained sarids been correlated previously with
lenticular bed A2b characterizing the upper parttlod Archingeay-Les Nouillers section
(Perrichot, 2003). A total of 10 samples (CA-01A-10) were collected from the clay levels

representing the middle and upper parts of theesston.

. Les Renardiéres, Aix Island (Bois-Joli), Fourasgddm Buzinie successions

The lower part of the Les Renardiéres successimn PE) consists of partially covered amber-
bearing clays (Alb) that are rich in plant fragnsenthis interval is overlain by tabular and
massive sands (A2a), which did not yield any massifs and has not been sampled for
palynology. Néraudeau et al. (2005) referred treabelays of A1 from Les Renardiéres to the
uppermost Albian, but since the study of Néraud@f08), the boundary between lowermost
Cenomanian and putative uppermost Albian in ther€fitas region is known to be marked by a
hard conglomerate. Such a conglomerate was notuater@d at Les Renardiéres where the
quarry is not very deep. Consequently the basehefsection is more likely to be earliest

Cenomanian in age.

The lower part of the succession on Aix Island &aoli) (Fig. 2E) consists of a 0.5 m-thick
fine- to medium-grained sandstone with a prevabtayy matrix including amber inclusions and
plant fragments, rare vertebrate remains and oyq¢ta). The middle part of the section

consists of a series of bioclastic sandstones congarelatively rich marine invertebrate faunal



assemblages (Blb-Ble) and low angle cross-beddsdigl)( The overlying unit (B2a)
corresponds to glauconitic clays and sandstonds ayisters Rhynchostreon suborbiculatym

including lenticular accumulations of plant megaitssand amber.

The lower part of the succession at Fouras (Figh @h be differentiated into a rudist-rich
limestone (withlchthyosarcolites triangularjs assigned to subunit B1 and overlying grey
laminated clays including plant cuticles and del{gabunit B2a). The middle part of the
succession consists of a nodular sandstone ofblariickness, overlain by glauconitic sand and
clay including lenticular accumulations of verteieranacrofossils (dinosaurs, turtles), amber and
plant megadebris, some encrusted by pyritized Ishakysters such &Striostreasp. (B2b/c).
This bed has been interpreted to represent a teitgpes storm-induced deposit (Néraudeau et
al., 2003). The upper part of the section compr&es of glauconitic sand and clay alternations
including marine oyster accumulationRhfynchostreon suborbiculatynand sometimes well-

preserved plant remains. Only the lower part of shecession (B2a) has been sampled for

palynology.

The lower Cenomanian coastal deposits of La Bulitectly overlie Kimmeridgian limestones,
thus forming an important discordant palaeotopduaydig. 2F). The A2 subunit is sporadically
visible as lenticular dark clays and underliesdlastic limestones of unit B1. The base of B2 is
composed of sandstones, underlying cross-beddedcagidgic sands with sandstones and
argillaceous intercalations. The upper part ofgtieunit is represented by approximately 1 m of
dark clays (not entirely represented on Fig. 2o Tlayey samples (QPR3684 and QPR3677)

were recovered from the A2 and B2 clays, but onéylatter has been proven productive.

« Material and methods

Palynological analyses of 45 samples from six midt&eous amber-bearing outcrops in
Charentes (supplementary data 2) have been cawieoh order to infer the nature and age of
their depositional settings and reconstruct thesrginbouring and more distant vegetation.
Palynofloral residues were obtained in the labar@soof Micropalaeontology of the Department

of Palaeontology of the Universidad Complutensé/@elrid and Aberystwyth University using



standard techniques based on acid digestion withai@ HF (Batten, 1999; Traverse, 2007).
Residues were then concentrated by sieving thraliifgrent mesh sizes (500 and 2pf in

order to discard larger organic remains and 10 @uidar fine organic particles and insoluble
minerals), and mounted in glycerine jelly on glatisles. The palynological samples were
examined at the Geological Survey of Spain (IGME)ng an Olympus BX51 compound
microscope equipped with a Color View lllu Camera &he University of Western Australia
using a Nikon Eclipse Ni-U with interference costraapabilities coupled with a Nikon DS-Fi2
camera. Some 500-1100 palynomorphs were identgexd sample in order to record rare

species.

Our palaeoenvironmental and biostratigraphic infees were based on careful comparison of
the percentage diagrams of different samples atataps obtained with Tilia and TGView 2.0.2

software (Grimm, 1992, 2004). The palynofloral asskages were also compared with data
from contemporaneous successions in Spain, Portkggland and the United States. Macro-
and microfossil taxa cited in the text and/or releor were grouped into botanical groups
following various sources (Abbink et al., 2004; Re\et al., 2007; Friis et al., 2011; Doyle and

Endress, 2014): these are listed in Appendix 1 gfupentary data). Where botanical

attributions had a limited resolution, broad (pdlyletic) groups were created. For example,
monosulcate pollen grains with non-discriminativerphologies were merged in the composite
group Ginkgoales/Cycadales/Bennettitales. The lgetaioutings are provided as supplementary

data.

« Results

Palynological recovery was usually good: 91% (4tLadul5) of the processed samples yielded a
diverse palynomorph assemblage. The majority of ghnomorphs presented a relatively

homogeneous light colour suggesting low thermaunadion (e.g. Traverse, 2007).

The assemblages from Cadeuil, Archingeay-Les NasillAix Island (Bois-Joli), Fouras, La
Buzinie and Les Renardieres yielded more than 208st of palynomorphs (Appendices 1 and

2), mainly consisting of dinocysts (33 taxa idead), prasinophytes (3 taxa), acritarchs (5 taxa),



freshwater algae (6 taxa), bryophyte and pteridtplspores (63 taxa), and gymnosperm (26
taxa) and angiosperm pollen grains (60 taxa). Aband data are represented in figs 3 and 4 and
the most biostratigraphically and palaeoenviron@agnsignificant palynomorphs are illustrated
in figs. 5-11. The most frequently occurring dinstsyareEpelidosphaeridia spinosérig. 5A,
present in 85% of the recovered assemblagad)tilisphaeraspp. (Fig. 5C; 70%)$Spiniferites
ramosus(Fig. 5G; 53%) andCyclonepheliumspp. (30%) includingCirculodinium distinctum
(Fig. 5J). Freshwater algae are mainly represeoyesichizosporis reticulaty®voidites parvus
and Tetraporinaspp., but never numerically significant. The splargresence of palynofloral
elements interpreted as Triassic reworking (Fidigs. 1-9) was noted in most of the samples.
These include various species Arfatrisporites (Figs. 6A-B),Protodiploxypinus(Figs. 6G—H)
and, more questionabl¥ebrasporiteFigs. 6C—F). The preservation varied from poofaidy
good with a high number of palynomorphs (mainlydstrial) presenting signs of physical and
chemical damages including abrasion, tearings aihtons (Figs. 70, R, T).

Apart from those from Les Renardiéres and Aix IdlgBois-Joli) LB2, all of the terrestrial
assemblages are dominated by taxonomically restriggmnosperm associations (Fig. 3), and in
all of the samples studied, angiosperm pollen casaponly a minor part of the assemblages.
The most common spores encountered incl@tiEcheniidites senonicu®©rnamentiferaspp.,
Plicifera spp. (Figs. 7P—Q)Cyathidites australigFig. 7J),Camarozonosporites ambige(fag.
8A), Cicatricosisporitesspp. (Figs. 8G—H). Gymnosperm pollen grains arenipaepresented
by Classopollisspp., Classopollissp. cf. C. major (Fig. 9K), Balmeiopsis limbatgFig. 9G),
Afropollis spp. (Fig. 9U),Taxodiaceaepollenites hiatysig. 9l), along with various bisaccates
such asPinuspollenitesspp. and Parvisaccites radiatus(Fig. 9L). Commonly recorded
angiosperms includ€lavatipollenites minutugFig. 10B), Dichastopollenites reticulatugFig.
10M), Transitoripollis anulisulcatus(Figs. 10F—G), and numerous species charactetzed

tricolpate or derived apertures (Figs. 11A-X).

. Cadeuil succession



The palynological succession can be divided into parts. The lower of these, covering the
interval between samples CA-01 and CA-04 is cheremdd by moderate to high numbers of
marine palynomorphs (mainly dinocysts), dominanimggsperms and decreasing-upward
proportions of spores. The upper part (from sar#Ae05 upwards) is characterized by a much-
reduced proportion of marine palynomorphs, domin@ntsub-dominant gymnosperms and
increasing numbers of spores (Fig. 4A). The mostroon spores encountered throughout the
succession belong to the Gleicheniaceae and Cyasthedicksoniaceae/Dipteridaceae
(Appendix 2; Figs. 3, 4A), whereas the gymnospesncomponent is mostly represented by
Cupressaceas. . (i.e. including taxodioids) identified dsaperturopollenites dubiusnd T.

hiatusand, to a minor extent, iylassopollis produced by Cheirolepidiaceae (Figs. 3—4A).

Pollen grains attributed to the Araucariaceae amet&es/Erdtmanithecales and spores of
lycophytes follow the same abundance pattern (RBgstA). It is noteworthy that the upper
levels of the Cadeuil succession yielded significan percentages of
Ginkgoales/Cycadales/Bennettitales and angiosperhes.latter are dominated by monocolpate
grains attributed to the Chloranthaceae and preb@oinocots includingennipollis reticulatus
(Fig. 10Q),Pennipollissp. cf.P. peroreticulatus(Fig. 10R), andClavatipollenitesspp. (Figs.
10B-D). Pollen with eudicot affinities are modehatdiverse, and includ@ricolpites @mejci
(Figs. 11A-B),Phimopollenites pseudocher@sig. 11F),Penetetrapites molligFig. 11G) and
Foveotricolporites callosu@ig. 11V).

. Archingeay-Les Nouillers succession

The palynological succession appears relativelydgeneous with subordinate marine elements.
Gymnosperm pollen grains are largely dominant amhstitute three-quarters of the
assemblages. In contrast with the Cadeuil sucagstirodioids, although dominant, have been
recorded in slightly lower numbers (Figs. 3, 4B)hereas representatives of the
Cheirolepidiaceae are a more conspicuous compoénthe assemblages. Spores of
Anemiaceae, such #ppendicisporitesappear to be significantly more diverse and abaohth
Archingeay-Les Nouillers than in Cadeuil, this e&se being paralleled by an opposite trend in

representation of the Cyatheaceae/Dicksoniaceatetitipceae. The increase in abundance in



Anemiaceae is also reflected by a high taxonomieerdity, which is particularly well

represented by the gendippendicisporitegFigs. 81-P).

The relative abundance of pollen attributed to thoiols, Araucariaceae, and spores of
Gleicheniaceae seems negatively correlated withahthe Cheirolepidiaceae (Fig. 4B). While
slightly less abundant, the taxonomic compositibthe angiosperms is very similar to that of
Cadeuil. Mono-aperturate grains attributed to thdo@nthaceae and probable monocots are
more diverse in the lower part of the successi@mf@es ARC-6 and ARC-7). Pollen with
tricolpate or derived morphologies showed a sintilar less-marked evolution of diversity and
includeTricolpites r'mejcii (Figs. 11A-B) Striatopollisspp. (Fig. 11E) anNyssapollenitespp.
(Figs. 11N, Q-R). Polyporate grains (Figs. 11H—Krevencountered in the lowermost sample
of the succession and were more frequently recougesection. Their presence together with
obligate tetrads such astiopollis indivisus(Fig. 11W) andSenectotetradites gross(iHg. 11X)

are considered to be biostratigraphically signifid@gee discussion).

Palynomorphs considered to be reworked were sjightire common in this succession, usually
accounting for around 1% of the total assemblagas @B). The level ARC—AR3 yielded the

highest numbers of reworked palynomorphs of athefCharentes samples examined.

. Les Renardiéres, Aix Island (Bois-Joli), Fourasgdm Buzinie outcrops

The smaller number of samples taken from theserapscyielded distinctive palynological
assemblages. In Les Renardiéres (Subunit Alb)neg@lynomorphs represent. 5% of the
total assemblage, dinocysts being the most divgn@a@p with nine species recorded. Miospores
constitute half of the palynofloral assemblage anel represented by diverse Gleicheniaceae
(Clavifera triplex Gleicheniidites senonicuys  Plicifera spp.), frequent
Cyatheaceae/Dicksoniaceae/Dipteridaceae suchCyehidites australis-and various taxa
attributed toCamarozonosporite@rigs. 8A—C). Gymnosperms. (44%) are mainly represented
by Classopollisspp. andnaperturopollenites dubiuAngiosperms constitute less than 2% of the
assemblages and are represented by monosulcates gnadl a single tricolpate pollen grain

(Tricolpitessp. cf.T. vulgaris).



The two levels from Aix Island (Bois-Joli) showe@drcally different assemblages. The
palynoflora recovered from subunit B1b (LB1) contathe highest proportions of dinocysts of
all the Charentes samples 68% of palynofloral components). This assemblage aicludes
the largest number of bisaccate grains of all teeemblages studied (20% of the total
palynoflora of LB1, supplementary data), representi. 55% of the miospores (Fig. 3). In LB1,
spores constitute one-third of the miospore assoniaand are mainly attributable to the
Anemiaceae, Gleicheniaceae and Cyatheaceae/Dicksa®/Dipteridaceae (Fig. 3).
Angiosperm pollen grains constitute 1% of the terrestrial palynoflora, and are a mipart of
the assemblage. Conversely, the assemblage reddvens subunit B2a (LB2) is characterized
by a very low proportion of dinocysts (<2% of tlm¢al number of palynomorphs, supplementary
data) and the highest number of spores of the exdusiamplesc( 87% of the total number of
palynomorphs, supplementary data). The latter decla lower proportion of representatives of
the Anemiaceae than in the underlying unit andghdrn number of spores attributable to the
Gleicheniaceae. Furthermore, LB2 is the only pdygical assemblage from Charentes that is
characterized by a large proportion of lycophytég.(3). Gymnosperms only reach 10% of
the spore/pollen association and are mainly reptedeby pollen referable to the Cupressaceae
and Cheirolepidiaceae. Angiosperms represent less 2% of the miospores and therefore

constitute only a minor part of the LB2 assemblage.

The only sample examined from Subunit B2 of ther&swutcrop yielded an assemblage in
which dinocysts constitute. 9% of the total number of palynomorphs (supplemgntiata).
Accounting for more than 50% of the miospore asgom, gymnosperms are represented by
subdominant pollen attributable to the CupressaaadeCheirolepidiaceae. Spores amount to
42% of the continental palynomorph associationicgkeniaceous specimens being particularly
abundant. In common with the palynofloras from Askand (Bois-Joli) and Les Renardiéres,

angiosperms are not numerically significant in BsuiFig. 3).

The only productive sample recovered from subur@taB La Buzinie yielded an assemblage,
composed of 68 species, taxonomically dominatetriggphyte and fern spores (34 species). In

terms of abundance, they represent 39% of thesteakpalynomorphs and 34% of the whole



assemblage (Fig. 3)Gleicheniidites senonicuss the most abundant taxon of the spore
association. Anemiaceae represent the most divgreap with 14 species attributed to
AppendicisporitesCicatricosisporiteslschyosporiteandDistaltriangulisporites(Appendices 1
and 2). Gymnosperms are the most abundant palymisorepresenting 56% of the terrestrial
palynoflora and 47% of the entire assemblage. Hneyess than twice as diverse than the spores
(16 species), and are mostly represented by thieotdyad Classopollis along with numerous
araucariacean and cupressaceous pollen referredBaineiopsis Araucariacites and
Inaperturopollenites Only a few bisaccates were recorded. As for thevipus assemblages,
angioperm pollen grains are less common and diveepeesenting only 5% of the assemblage
with eight species. They are dominated by the molpate specieBennipollis reticulatus

Fourteen per cent of the palynomorphs recordedlim@cysts, represented by five species, the
most common form of which iSpiniferites ramosusA few freshwater algae, acritarchs, and
reworked palynomorphs have also been encounterpgeffdices 1 and 2). Added to that, a

small assemblage of megaspores has been recovetebeumented by Batten et al. (2010).

* Discussion

. Biostratigraphy

In Cadeuil, the presence Bfalaeohystrichophora infusorioidesdicates an age not older than
latest Albian (Costa and Davey, 1992; Foucher anonht®il, 1998) while the record of
Epelidosphaeridia spinosadicates an age not younger than late early Can@an (Costa and
Davey, 1992). The latest Albian-early Cenomaniaeriral given by dinocysts is also broadly
supported by terrestrial palynomorphs. The preseficeupuliferoidaepollenites parvuluand
pollen grains with tricolporate apertures suggestsage not older than late Albian (Hochuli et
al., 2006; Horikx et al., 2016). The distinctiortween the late Albian and the early Cenomanian
on the basis of terrestrial palynomorphs is difti@nd remains debated. The reference sections
for the interval are from the Potomac Group, a wndely outcropping in the Atlantic Coastal
Plain, eastern United States. The upper part o$ticeession has been first described by Brenner

(1963) who distinguished between a lower Albian Zuie 1A and a middle to upper Albian



Subzone 1IB. Doyle and Robbins (1977) restudiedatfiginal material and refined the zonation
dividing the succession into three subzones asmigtiiem a middle Albian-early Cenomanian
age interval. The Potomac succession has beernrdataibrated by Ward (1986), Doyle (1992),
Hughes (1994) and Hochuli et al. (2006). More rdgerHorikx et al. (2016) compared the
palynoflora of S&do Julido, Portugal with the Potonsaccession and suggested a late Albian-
early Cenomanian age for the Subzone IIC on thés baEsthe absence of small tricolporate
pollen grains with a triangular equatorial outlifalynoflora from Charentes is interpreted to be
NW European equivalent of the Subzone IIC of thiadtc Coastal Plain of the United States.
Interestingly, the Portuguese assemblages areatbased by diverse zonosulcate pollen grains
attributed toDichastopollenitesncludingD. dunveganensisThese forms, also well-represented
in Charentes, are restricted to the late AlbianPFaortugal. The first appearance &f.
dunveganensisiuring the middle Cenomanian in Canada suggestsasigraphic distribution
controlled by latitude (e.g. a diachronous recadd a biostratigraphic value more local than
extra-regional. Conversely, the presence of a fakentified asNyssapollenites nigricolpum
one sample (CA-B+4.5) suggests a younger age,ptheies not being recorded in strata older
than Cenomanian in Africa (El-Beialy et al., 2018)Cenomanian age is also supported by the
fairly consistent presence @ficolpites rfmejcii andMicroreticulatisporites sacaljiwhich first
occur in strata of that age in Europe and North Araerespectively (Hochuli et al., 2006;
Ludvigson et al., 2010).

An early Cenomanian age is also provided and weistrained by ostracod and foraminifer
assemblages gathered from the underlying stratgefypart of subunit A1, Colin, 1974; Damotte
et al., 1981) and overlying it (lower part of suliuAl, Moreau, 1993a-c), respectively. The
presence of these marine markers in Charentes psriant as it provides an external and
independent calibration to refine the correlatidnnod-latitude palynological successions of
both sides of the Proto-North Atlantic.

The stratigraphic markers encountered in the sasrfpten Cadeuil have also been recorded in
the Archingeay-Les Nouillers succession. Howevdre tpresence ofCicatricosisporites
crassiterminatugnd more diverse angiosperm associations, inayualditional polyporate taxa
(Bohemiperiporisspp., Cretacaeoiporitessp. 1), have been recorded from Archingeay-Les

Nouillers. These records provide further evidentesupport of a Cenomanian age (Pacltova,



1968; Ludvigson et al., 2010). A palynological as& was carried out on underlying strata
(subunit Al), suggesting a latest Albian age ofa$émn (Dejax and Masure, 2005). However,
this assignation was based on inconclusive evidéneeabsence of a biostratigrahic marker)

from a small set of samples, and the authors meg badervalued the influence of facies.

The isolated samples collected from Fouras, Aiandl (Bois-Joli), Les Renardieres, and La
Buzinie yielded only a few taxa that have strapipa relevance. The presence of
Epelidosphaeridia spinosand Microreticulatisporites sacaliienables correlation of these
samples with the successions from Cadeuil and Agday-Les Nouillers and are also

concordant with an early Cenomanian age.

Some of the palynomorphs identified as reworkedp@mulices 1 and 2), have rather long
stratigraphic ranges covering the Triassic andpaioty, the Lower Jurassic (Madler, 1964;
Morbey, 1975; Planderova, 1980; Batten and KopmlHl096; Haas et al.,, 1997). The
occurrence ofDuplicisporites spp. and Protodiploxypinus spp. suggests reworking from

Ladinian—Norian strata as these markers are resdrio this interval in Europe (Visscher and
Brugman, 1981).

The absence of Jurassic elements in Charentes lalsg® suggests reworking and transport

from regional/remote source rather than local atrat

. Palaeoenvironments

5.2.1. The significance of inaperturate pollen gsai

A distinctive feature of the palynofloras from Céates is the high number of inaperturate pollen
grains (Fig. 3) assigned to taxodioid conifersJudig Perinopollenites halonatuéFig. 9H),
Inaperturopollenites dubiyghe papillateTaxodiaceaepollenites hiatEig. 91), and specimens
guestionably referred t&ciadopityspollenitespp. (Fig. 9J). These conifers are now mainly
distributed in warm- to cool-temperate latitudeghe Northern Hemisphere (Farjon, 2005) and

include species with a high-water requirement saghhe bald cypres§gxodium distichuin



the Moctezuma cypres$gxodium mucronatupand the Chinese swamp cypreGéyptostrobus
pensilig. These trees grow in swamp environments and tmatad soils and wetlands subjected
to periodic flooding (Spackman et al., 1969; WilaR001; Farjon, 2005). Taxodioids represent
a significant part of Aptian and Albian macroflorat Central, and Western Europe, and the
Atlantic coast of North America (Stockey et al.,08). Accordingly, the high number of
inaperturate pollen grains recorded in Charentggest the existence of conifer forests linked to
freshwater wetlands and low-salinity back-swampir@mments. The representation of the
taxodioid pollen differs between outcrops (Fig. B.8uggesting derivation from a variety of
relatively distinct depositional settings and vedjen types. Nearshore, wave- and tidally-
influenced settings, however, may have supportdgtrotypes of plants, more adapted to

withstand higher salinity levels.

5.2.2. The location dTlassopollisproducers

Classopollisspp. are frequently an important component of thgrmfloras of Charentes (Fig.
3), but they rarely constitute the dominant elemértiis contrasts with the macrofloral
assemblages in which remains of cheirolepids, sisdeafy axes attributed Eyenelopsis alata
or the owvuliferous scaleslvinia bohemica constitute nearly always the main type of plant
remains (Gomez et al., 2004, 2008). This differameg reflect a complex biostratinomic history
in which many palynomorph types were transportedrdenger distances than macrofloral
elements. Although palynomorphs represent diaspenssiring the dispersal of plants, their
vegetative fragments are usually fixed to a subest(&picer, 1991; Prentice, 1988). For this
reason, palynofloras are generally regarded agsepting a geographically broader picture of
the vegetation than plant macrofossil assembldgjelss(and Birks, 1980).

In addition, abundances @flassopollisspp. vary significantly, as is relatively well emplified

in the Cadeuil or Archingeay-Les Nouillers successi(Figs. 4A, B). This suggests that their
distribution is controlled by facies and possililyited dispersal capabilities, a hypothesis that
has been presented previously with reference ® G#nomanian marine assemblages from
northern Spain in which cheirolepids constitute uasdinate component of palynofloras

dominated by wind-transported Normapolles (Peyrotale 2011). Both palynological and



macrofloral data support the presence of represeesaof the Cheirolepidiaceae in the
vegetation of Charentes during the early Late Ceztas. This family has been associated with
dry and/or saline environments for many years (&lgn, 1982; Vakhrameev, 1991). In 2008,
Gomez et al. suggested the existence of mangravsalhmarsh vegetation with representatives
of this family in Archingeay-Les Nouillers occupgithe coastal region of Charentes during the
Cenomanian. This hypothesis, previously suggestgdBatten (1974), is appealing, and
vegetation colonizing restricted lagoonal settings also been documented in much older
deposits (Taylor et al., 2009). Modern environmegugsodically flooded by marine or brackish
waters are colonized by mangrove vegetation iniced@nd subtropical latitudes. This coastal
vegetation type shows a latitudinal distributioattis broadly similar to that of the coral reefs,
and involves flowering plants such AsicenniaandRhizophora which have highly specialized
organs (pneumatophores) to allow oxygen uptakes Type of morphological structure and/or
other anatomical features that unequivocally indi¢he presence of mid-Cretaceous cheirolepid
mangrove communities in Charentes have yet to Beodered. It is likely, however, that
cheirolepids colonised the driest environmenthaincinity of the depositional sites, forming
the arboreal component of forest vegetation doctedeelsewhere in Western Europe (Diéguez
et al., 2010).

5.2.3. The importance of the flowering plants

According to Lidgard and Crane (1990), the firstrdls where angiosperms assumed a dominant
position developed during the latest Albian and @eanian. The presence of angiosperms in
Charentes is characterized by palynofloras thaud® forms with diverse monocolpate and
tricolpate or derived apertural morphologies. lingortant to note that the insect pollination
exhibited by many (if not most) representativesha early flowering plants (Taylor and Hu,
2010) may produce an underestimated signal ofah@gponding producers in the palynological
assemblages as entomophilous pollen grains ardlyusoa produced in high quantity nor very

well dispersed.

Obligate tetrads attributed to the Nelumbonaceakiding Senectotetradites fenestrabsd S.

grossus (Fig. 11X) have been recorded herein. The recdrdhese presumably aquatic



angiosperms suggests the presence of back-swampds pnd small lakes close to the sites of
deposition. Pollen grains attributed to the Chltdraneae Clavatipollenitesspp., Asteropollis
spp. andHammenia fredericksburgenyisave been frequently recorded together with fdrteba
monocots in Charentes (Figs. 4A,B). The Chlorarehachave a present-day distribution that is
restricted to low- to mid-latitudes in south-eastésia, Indonesia, New Zealand, Madagascar
and Central and South America. Modern represemmtof the family are ecologically flexible
and colonize wet, disturbed, dark or sunny habifatsld et al., 2004). Following such an
‘actualistic’ interpretation, angiosperms of thelgd ate Cretaceous in Charentes may have
comprised aquatic and associated, frequently distyr hygrophilous communities. It is
important to note that representatives of the Gmittiraceae probably had wider ecological
requirements during the Cretaceous than todayekamplePseudoasterophyllites cretacequs
which has been recorded in macrofloral assembléges Charentes and Bohemia (Kek et

al., 2012, 2016), would be an early representadivéhe family with halophytic adaptations,
unknown in modern Chloranthaceae.

The presence of flowering plants in other earlyel@tetaceous plant communities of Charentes
is supported by the highly diverse record of tpeté or derived apertural morphologies and
polyporate grains. These pollen grains were prodiuby eudicots that probably had
heterogeneous ecological requirements. Macroflonantories carried out in the quarries of
Archingeay-Les Nouillers, and elsewhere in Charemteluded dominant cheirolepids and allies
(Geinitzig Glenrosa Brachyphyllun), frequent representatives of GinkgoalBsetmophyllum
Nehvizdyella but only rare angiosperms (Gomez et al., 2008redu et al., 2014). These
contrasting results between palyno- and macroflonay be explained by preservation bias
related to the composition of the remains: easigrdded herbaceous forms vs. durable
schlerophyllous and woody matter. Selective predeEm could explain the absence of certain
families in the palynofloras. Macro-remains of taaracearEucalyptolaurus depreinave been
identified in various sites in Charentes (Gomealgt2008; Coiffard et al., 2009; Moreau et al.,
2017), but so far, no palynomorphs attributed e tamily have been encountered in the study
area. This is probably because their pollen ardilyedegraded. The presence of the Lauraceae
in Charentes is likely to be associated with aeai@nhge of habitats including calm freshwater

swamps, ponds alongside stream channels, andaokisin mudflats (Gomez et al., 2008;



Coiffard et al., 2009). The wide array of depositb settings including fragments of
Eucalyptolaurus depreimay be related to a broad physiologic tolerancel an ability to

colonize disturbed habitats. This species may dotestanother example of early ‘r-selected’
angiosperms that are thought to be pioneer herbaceshrubs or small trees capable of

colonizing frequently disturbed environments (Feitdl., 2004; Coiffard et al., 2006).

As a result, it is likely that angiosperms wereading different plant communities in Charentes,
including aquatic, frequently disturbed and morebk hygrophilous and xerophilous

associations. The true representation of floweplants in the early Cenomanian vegetation of
this region may be underestimated for morpho-fameti (e.g. low production and dispersal of
entomophilous pollen) and taphonomic (low preséowapotential of presumed herbaceous

parts) reasons.

5.2.4. The significance of Gleicheniaceae, Anenai@@nd other spore-producers

The high abundance and diversity of the Gleicher@ac and Anemiaceae recorded in
preliminary results (Peyrot et al., 2005) are conéid by the present study. The ferns of these
two families as well as representatives of the Miiceae are characteristic elements of both
mid-Cretaceous macro-Gleichenia Anemia Weichselid and palynofloras Gleicheniidites
Plicifera, Cicatricosisporites AppendicisporitesMatonisporites Dictyophylliditeg in Western
Europe and North America (Vakhrameev, 1991). Ofttiree families, the Gleicheniaceae are
particularly abundant and diverse in Central andséfa Europe. In the Aptian—Cenomanian
successions of the Lower Greensand and Selborngpgrmm southern England, spores of
Gleicheniaceae constitute up to 52% of the palymafl (Kemp, 1970). In Charentes,
representatives of this family comprise an averafjiel5% of the terrestrial microflora,
contrasting with the low numbers recorded in comeraneous amber-bearing samples from
Spain (Barron et al., 2015). Modern Gleicheniacaaetropical and subtropical ferns adapted to
withstand drought conditions and may form densek#is on disturbed open sites, including
forest margins, savannas, dry forests and wetl#matsoccasionally dry out (Mehltreter et al.,
2012). Their common occurrence in coarse-graingatasin association with matoniaceaeous

ferns and sphenopsids (Batten, 1974; Vakhrameed])18uggest that fossil representatives of



the family had similar ecological requirements, aontbnised frequently disturbed habitats such
as river banks, sand bars and, potentially, xesttirgys. In Archingeay-Les Nouillers (Figs. 3,
4B), representatives of the Gleicheniaceae are miowadant in palynological assemblages with
lower numbers of tricolpate angiosperms. This neflect an ecological succession in a fluvial
environment, where plant communities with abundglgicheniaceous ferns (disturbance-
dominated) alternated with those containing eudi¢cbmmunity recovery). This dual model is,
however, simplistic, a mixture of floral elemenisasses + ferns + angiosperms) was probably

as prevalent during the Cretaceous as it is in mmodegetation.

The first record of Anemiaceae in the fossil recdedes from the Middle Jurassic, the family
presumably acquiring a nearly cosmopolitan distidsuby the Early Cretaceous (Harris, 1961;
Taylor et al., 2009). This family is most diversemnodern tropical areas of Australasia. Modern
representatives thrive in open environments with-dmained soils low in nutrients (Tryon and
Tryon, 1982; Mehltreter et al., 2012). Some spebiege adapted to tolerate partial desiccation
(Proctor and Tuba, 2002). In contrast to contempewas amber-bearing strata in northern Spain
(Barron et al., 2015; Rodriguez-Lopez et al., iregs), assemblages from Charentes are
characterized by containing a morphologically déeerrange ofAppendicisporites(eight
species). This is quite unusual and has been prglyioecorded in late Albian palynofloras from
the Muddy Sandstone of the Gulf Coast, USA (Ra®95).

The spore-dominated assemblage from Aix IslandqBoli, LB2) is very different from all of
the other mid-Cretaceous palynofloras of Chare(fes 3). The high spore content probably
represents a very local vegetation. Being genehaavier than pollen grains, spores tend to be
dispersed less widely, commonly being depositedeclim the ferns and mosses that produce
them (leptokurtic distributiosensuFerguson, 1995). The elevated number of sporesded in
LB2 indicates the proximity of ferns to the samglisite, as evident in modern-day settings
(Jacobson and Bradshaw, 1981) such as those afvazeng Lake Tulane in Florida (Watts and
Hansen, 1994).

5.2.5. The significance of bisaccate grains anadysts in the Aix Island (Bois-Joli) outcrop



The stratigraphically lowest palynological assergbldrom Aix Island (Bois-Joli) (LB1, Fig.
2C) is characterized by containing numerous dinscgad bisaccate grains (Fig. 3) including
Parvisaccites radiatugFig. 9L). High proportions of dinocysts have bésditionally regarded
as indicative of open marine depositional settifiavey and Rogers, 1975; McCarthy and
Mudie, 1998), whereas bisaccate pollen grains, gwm their aerodynamic characters, and
abundant production by wind-pollinated Podocarpacaad Pinaceae often represent the main
palynological components of terrestrial vegetation offshore settings (e.g. Mudie and
McCarthy, 1994; McCarthy and Mudie, 2006). Accoghn the high proportion of dinocysts
and bisaccate grains suggest a relatively disttingeduring the time of deposition. Marine
influence is also clearly indicated by faunal ads@ges recovered from the same interval,
including selachians and turtles (Néraudeau e2809). In this context, the LB1 palynofloral
assemblage would be evidence of a regional rathem tocal vegetation. In Charentes, the
abundance of macroremains of Podocarpadeaddacarpoxylohis low (Neraudeau et al., 2003,
2008) except in Fouras, where representatives isf fdmily represent one-quarter of the
assemblage. This bi-modal distribution of macr@floelements suggests the existence of
different vegetation types in the study area witle ocluding Podocarpaceae. These hypotheses
are not mutually exclusive and the presence of ethbsaccate producers in localized
neighbouring areas and raised hinterlands may beilabed. In present-day and recent settings,
Podocarpaceae constitute a significant componennidfile-altitude “fairly dry” rainforests
(Moss and Kershaw, 2000) and lowland swamps on anks Dacrydium spp.; Kershaw,
1976).

5.2.6. The megaspore assemblages of Charente @ndolé of their producers in the local

vegetation

The megaspore assemblages described by Batten(2040) include abundaminerisporites
and Paxillitriletes in association with Bacutriletes Erlansonisporites Molaspora and
Ariadnaesporites These megaspores, produced by Salviniales, Issetand other lycopsids
growing near or in freshwater bodies (Batten etl@94; Batten and Collinson, 2001), give
additional support to the presence of swamps oremlagged habitats suggested by some

angiosperm (Nelumbonaceae and probably Chlorardlea@nd gymnosperm taxa (taxodioids)



documented herein. Altogether, these results stdlgesclose proximity of wetland and back-
swamp communities composed of a putative arbotestusn and a diverse understory including

free-sporing plants and angiosperms.

5.2.7. Reconstruction of vegetated areas in théyéate Cretaceous of Charentes

The palynofloras recovered from the Charentes optciare not homogeneous. This reflects a
diverse array of depositional settings and probaldg indicates a variety of plant communities.
The inferred vegetation types include (i) freshwaevironments such as wetlands and back-
swamps with taxodioids, ferns and presumably aquatd hygrophilous angiosperms, locally,
dominated by spore-producers including lycophytdB2j, (ii) frequently disturbed
environments in which representatives of the Gleitdiceae and other ferns, and angiosperms
(Eucalyptolaurus depréiioccurred in varying proportions, (iii) xeric h&dtis dominated by
cheirolepids, including some Ginkgoales and angosg with xeromorphic adaptations
(Pseudoasterophyllites cretacepudnemiaceae, Matoniaceae and other drought-taideans
and, probably, more local populations of Podocapacand Araucariaceae (La Buzinie), (iv)
coastal/?lagoonal communities comprisi@gassopollisproducers and (v) a raised (?mesic)

hinterland inhabited by representatives of the lBadmaceae and other types of conifers.

The variety of depositional settings inferred oe thasis of palaeobotanical and palynological
evidence is also well supported by sedimentologaath, which previously established the
sedimentary environments as marine-influenced sseldeltaic (Moreau 1978, 1993a-c;

Néraudeau et al. 1997; Perrichot, 2003).

5.2.8 Conifers and resin production

In Charentes, amber has been recovered from diffdithologies including mudstones and
sandstones showing a range of sedimentary strgctamd yielding relatively heterogeneous
faunas and macrofloras. The palynological datagotesi herein also indicate a relatively wide
variety of depositional settings associated withafp@ environments. The fact that amber has

been found in these lithologically varied strataprebably related to intrinsic characteristics



enhancing its transport such as its relatively ldewnsity and capacity to harden quickly by

comparison with lithological clasts and unconsdkdasediments.

The botanical affinities of Cretaceous amber-predsicare still poorly understood. Recent
studies have related them to the Araucariaceader@epidiaceae (Alonso et al., 2000; Najarro
et al., 2009, 2010; Menor-Salvan et al., 2010; Mobt al., 2015; Kugek et al., 2018).
Palynological and palaeobotanical results obtaseedar in Charentes and Spain (Barron et al.,
2015; Rodriguez-Lopez et al., in press) clearlyidate the presence of representatives of both
families in the vegetation. An unequivocal physioalationship between the amber recovered
and preserved resin-producing organs will, howels, needed to confirm the botanical
derivation. It is interesting to note that both raod (Moss and Kershaw, 2000; Moss et al.,
2005) and fossil Araucariaceae produce pollen vVinttited dispersal potential (de Jekhowsky,
1963; Siegl-Farkas, 1994; Peyrot et al., 2011)hB@tlynofloral and palaeobotanical data would
then represent a coherent and undistorted picfuseurce vegetation. The fairly common record
of Araucariacitesspp., Balmeiopsisspp. andJesuguipollenitespp. in some of the Charentes
assemblages indicates the presence of diverse coitiesuof Araucariaceae in close proximity
to the depositional settings and suggests a staorsort history of the amber to the outcrops

rather than a mixing from two sources (local argiaeal).

5.2.9. Comparison with neighbouring areas

During the mid-Cretaceous, the Western Europeaadiwere characterized by a relatively large
number of species relative to those from bore&lides. A higher taxonomic diversity has been
recorded for the angiosperms, conifers, ephedramds free-sporing plants in both macro- and
palynofloral assemblages (Lidgard and Crane, 19%khrameev, 1991). This trend, still
apparent in modern floras (Moran, 2008), illustsadegeneral pattern in which increasing biotic
diversity at lower latitudes is probably related twe latitudinal gradient of the climate
(Sepkovski, 1997).

The subdominant position assumed Glassopollisin the successions of Charentes clearly

connects the flora with others recorded from Eurapd North America, characterizing the



Laurasian Euro-Sinian phytogeographic province @\fakneev, 1991). It is interesting to note
that Classopollisand cheirolepid macro-remains are usually recoidebwer numbers from
mid-Cretaceous assemblages from higher latitudesghS 1964, 1971; Kemp, 1970;
Vakhrameev, 1991) than in southern Europe (Diégeezl., 2010; Barron et al., 2015;
Rodriguez-Lopez et al., in press) and from morpital palaeolatitudes (Salard-Cheboldaeff and
Boltenhagen 1992). The Charentes palynofloras apfigirrepresent an intermediate position in
the overall distribution pattern, which might bes@sated with a presumed high equator to pole
thermal gradient (Ladant and Donnadieu, 2016).

The high proportion of Anemiaceae and Gleicheniaacedates the palynological assemblages
from Charentes to the palynofloras previously desd from southern England (Kemp, 1970)
and the Atlantic Coastal Plain of the USA (Brenrd€63; Ludvigson et al., 2010 and references
therein). The presence of these taxa is interpregeddicate dry local conditions and habitat
disturbance.

The large number of inaperturate pollen grainsnisiacommon feature which distinguishes the
palynofloras of Charentes from other mid-Cretacesuwscessions. Although recorded in large
numbers from contemporaneous assemblages in WeatetnCentral Europe and Northern
America, they reached unusually high proportionsthie Charentes assemblages. Mesozoic
inaperturate pollen grains are usually thoughtdagehbeen produced by representatives of the
Cupressaceae. This relatively large family of cersifincludes shrubs and trees that have a wide
array of ecological requirements. The large nundfespores along with the presence of pollen
grains derived from aquatic angiosperms in therabkes suggests the presence of freshwater
bodies, and associated periodically water-loggedsion habitats, matching the ecological
requirements of certain taxodioids. It is likelyaththe large numbers of inaperturate pollen grains
recorded have been sourced from plants with singtalogical requirements. A freshwater
swamp vegetation dominated by taxodioids can beriedl on this basis. It is of interest to note
that the presence of an extended area of swamprsntly not supported by local geology (e.g.
thick and widespread coal deposits are absentsuBh, the extent of the wetlands could have
been rather limited in Charentes during the midt&reous.



e Conclusions

The lower Cenomanian outcrops of Charentes havdeglediverse palynofloras consisting of
miospores, freshwater algae, acritarchs and ditecy&iostratigraphic markers in both the
terrestrial and marine palynological assemblagesrded in the studied intervals confirm an
early Cenomanian age based previously on micropatamgical (ostracods and foraminifers)

evidence.

Variations in the proportions of dinocysts suggdhat the outcrops of Charentes were subject to
varying marine influence. The heterogeneity of d&ganal settings is also reflected by differing
miospore associations. Spores comprise betweenquanger and half of the terrestrial
palynofloras except in one sample (Aix Island Baadi; LB2), in which they are dominant. This
highly distinctive feature probably indicates aywéycal plant community dominated by spore-

producers (lycophytes and ferns).

Gymnosperms are mainly represented by pollen o€Cingressaceae, Cheirolepidiaceae and, to a
lesser extent Araucariaceae and Podocarpaceaelasheof these was recorded in higher
numbers together with Pinaceae and marine palynaman level LB1 from Aix Island (Bois-
Joli), suggesting a short-lived shift to more distapositional settings. Various vegetation types
involving conifers have been inferred. Coastalx&abitats consisted of cheirolepid trees and an
understory of drought-tolerant ferns such as Anesaa and Matoniaceae. Locally, and
relatively close to the depositional sites, repnésteves of the Podocarpaceae may have been
shrubs and/or trees. Angiosperms were associatédwarious types of vegetation, including
presumably aquatic, hygrophilous and frequentlyudied associations. They were also to be
found in the more xeric, cheirolepid-dominated &brassociations. The development of back-
swamp and wetland environments dominated by taxigljoroposed herein, and salt-influenced

“mangroves” dominated by cheirolepids needs furugporting evidence to be fully validated.

The taphonomic implications of the results presgénéee significant as they indicate the

existence of various types of amber accumulatigex(mal and distal) and suggest the



presence of a regional source-vegetation consigstingisaccate pollen grains derived from

representatives of the Pinaceae and Podocarpaceae.

Spores associations, dominated by morphotypes batidd to the Anemiaceae and
Gleicheniaceae, support the presence of relatidely coastal and/or frequently disturbed
environments. Angiosperm communities included pbtdderbaceous plants associated with
more mesic conditions and/or water saturated enmiemts including representatives of the

Chloranthaceae and Nelumbonaceae.

In conclusion, the palynological data of Charemstgéggest the presence of five vegetation types:

- Herbaceous thickets comprising representativethefGleicheniaceae and several eudicots,
which may have colonised frequently disturbed, illjyopen environments.

- Xeric arboreal communities dominated by Cheirmlgzeae and probably comprising drought
and/or salt tolerant representatives of the Ardacaae, Ginkgoales and possibly the Cycadales,
Gnetales and angiosperms. The understoreys of tfugests could have included spore-
producers (Anemiaceae and Gleicheniaceae) thataidedo tolerate dry locations.

- Riparian and wetland communities of taxodioide&is with aquatic and/or hygrophilous
angiosperms, ferns (including water ferns), lycapodosses and clubmosses.

- Coastal/?lagoonal communities including plantiersnt of periodic flooding by saline or
brackish waters, such as “mangrove” cheirolepids.

- Conifer forests mainly consisting of representsgi of the Pinaceae and Podocarpaceae in

raised hinterlands.
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Figure Captions

Figure 1. Simplified geological setting of northwestern Gige-Maritime, France (modified
from Peyrot et al., 2005)

Figure 2. Stratigraphic sections of Archingeay-Les Nouillgtg and Cadeuil (B) successions
and Les Renardiéres (C), Fouras (D), Aix IslandigBmli) (E), and La Buzinie (F)
outcrops with location of palynological samples amain features.

Figure 3. Circular abundance diagrams of spores, angiospandsgymnosperms constituting
the fertile miospore assemblages of Charentes. Wbantitatively relevant, the relative
proportion of angiosperms (probable monocots, eisligexcluding Chloranthaceae],
Chloranthaceae and other angiosperms) gymnospé&hesrflepidiacea, Araucariaceae,
Cupressaceae, Pinaceae and other gymnosperms)aed gycophytes, bryophytes [i.e.
mosses], Gleicheniaceae, Cyatheaceae/Dicksoniatigiptéridaceae, Schizaeaceae and
other spore producers) were detailed for each optier the form of a bar-diagram.

Figure 4. Detailed palynological chart for Cadeuil (A) andcAingeay-Les Nouillers (B).

Figure 5. Dinoflagellate cysts from Charentes, scale bgvsesent 20pumA. Epelidosphaeridia
spinosa sample ARC1; B. Palaeohystrichophora infusorioidessample ARC-AR4; C.

Subtilisphaerasp., sample ARC™). Dinopterygium alatumsample CA-BOE. Kiokansiumsp.,
sample ARC10;F. Hystrichodinium pulchrumsample ARC-AR9;G. Spiniferites ramosuys



sample ARC-AR9H. Achomosphaera sagensample CA-B4]. Achomosphaera ramulifera
sample CA-B5;J. Circulodinium distinctum sample LB2;K. Circulodinium brevispinatum

sample LB21 . Tehamadiniuntoummiumsample CA-BO.

Figure 6. Acritarchs, prasinophytes, freshwater algae andomeed palynomorphs from
Charentes, scale bar represents 20 um in A-I, NQ;P10 um in J-M and 50um in.QA.
Aratrisporites fimbriatus sample CA-B5;B. Aratrisporites virgatus sample ARC1;C.
Zebrasportites fimbriatyssample CA-B5.5D. Zebrasportitesnterscriptus sample CA-B6.5;
E-F. Zebrasportite® annulatus(Deadk & Combaz, 1968yomb. noy, E. Sample ARC11F.
Sample ARC15@. Protodiploxypinus ornatyssample RENH. Protodiploxypinussp., sample
REN; I. Rimaesporitesp., sample CA-B5]. Micrhystridiumsp., sample ARCXK. Mecsekia
acutg sample ARC1L. Veryachiumsp., sample ARCIM. Cymatiosphaerap., sample LB2;
N. Pleurozonariasp., sample ARC-ARX). Schizosporis reticulatysample LB2P. Ovoidites
parvus sample CA-B6Q. Tetraporinasp., sample LB2.

Figure 7. Spores from Charentes, scale bars represent 2@urhaevigatosporites ovatus
sample REN;B. Laevigatosporitesp., sample CA-B6C. Peromonolites allenensisample
ARC-AR-4;D. Reticulosporis gallicussample ARC AR-4E. Reticulosporis foveolatusample
CA-B2; F. Marattisporites sp., sample ARC1(G-H. Stereisporitescf. antiquasporites G.
Sample CA-B5H. Sample CA-B6;l. Stereigranisporis regiyssample CA-B63). Cyathidites
australis sample ARC4K. Granulatisporites michinyssample CA-B5;L. Foveotriletescf.
parviretus sample LB2;M. Ornamentiferaspp., sample ARC4N-O. Clavifera triplex N.
Sample ARC150. Degraded specimen, sample CA-B2;Plicifera dicarpoides sample CA-
B5.5; Q. Plicifera sp., sample CA-B5.3R. Polycingulatisporites reduncusample ARC148S.
Microreticulatisporites sacalji sample ARCG6;T. Microreticulatisporites urkuticus sample
ARCL1.

Figure 8. Spores from Charentes, scale bars represent 2@u8amarozonosporites ambigens
sample ARC4;B. ?Camarozonosporites wrenpiisample ARC1;C. Camarozonosporites
vermiculaesporites sample REN; D. Retitriletes austroclavatidites sample REN; E.

Staplinisporites caminyssample ARC15F. Costatoperforosporitesp., sample ARC14G.



Cicatricosisporites venustusample ARC-AR2H. Cicatricosisporites crassiterminatusample
ARC11; |. Appendicisporites erdtmanisample ARC13J. Appendicisporite€f. tricuspidatus
sample ARC11K. ?Appendicisporites bifurcatusample ARC11t . Appendicisporites fucosus
sample LB2;M-N. Appendicisporites cristatu$/. Specimen in polar view, sample ARCR,
Specimen in equatorial view, sample ARG3J;P. Appendicisporites potomacensisample
ARC7, O. Proximal focusP. Distal focus;Q-R. Lycopodiacidites tortysdistal sideQ. Sample
ARC13, R. Sample CA-B5; S. Echinatisporis varispinosussample ARC-AR7; T.
?Ceratosporitesp., sample ARC2.

Figure 9. Spores and gymnosperm pollen grains from Charestate bars represent 10um in P-
U and 20um elsewhere.A. Sestrosporites pseudoalveolgtussample ARCS3; B.
Concavissimisporitesf. variverrucatus sample ARC-AR7C. Trilobosporitessp., sample CA-
B6.5; D. Osmundacidites wellmanisample LB2;E. Uesuguipollenites callosusample REN;
F. Araucariacites australis sample REN;G. Balmeiopsis limbata sample ARC2;H.
Perinopollenites halonatysample ARC5]. Taxodiaceaepollenites hiatusample ARC-AR9;
J. ?Sciadopityspollenitessp., sample CA-B2K. Classopollis sp., sample ARC-AR9}L.
Parvisaccites radiatys sample REN; M. Alisporites bilateralis sample ARC2; N.
Podocarpidites sp., sample ARC120. Rugubivesiculites reductussample CA-B4; P.
Phyllocladidites minimys sample ARC-AR7; Q. Cycadopites sp., sample ARCS;R.
Eucommiidites troedssoniisample CA-B5;S. Eucommiidites mingr sample ARC3;T.

Equisetosporites multicostatusample ARC8LJ. Afropollis sp., sample ARC3.

Figure 10. Angiosperm pollen grains from Charentes, scals beppresent 10pum. Asteropollis
trichotomosulcatus sample ARC10; B. Clavatipollenites minutys sample ARCS5; C.
Clavatipollenites sp., sample ARCG6;D. Clavatipollenites tenellis sample CA-B4; E.
Monocolpopollenitesp., sample ARCZ-G. Transitoripollis anulisulcatussample CA-B6H-
J. Dichastopollenites dunveganensisl. Sample CA-B6,1-J., Sample CA-B5.5;K-L.
Dichastopollenites ghazalatensisample CA-B6;M-P. Dichastopollenites reticulatysM.
Sample ARC10N-P. Sample CA-B4Q. Pennipollis reticulatussample ARC4R. Pennipollis
cf. peroreticulatus sample CA-B5;S-X., Dichastopollenite® sp. 1,S. Sample CA-B5,T.
Sample CA-B2U. Sample ARC7Y. Sample CA-B4.5\W. Sample ARC7X. Sample CA-B6.



Figure 11. Angiosperm pollen grains from Charentes, scales bh@present 10pmA-B.
Tricolpites nemej¢i A. Sample ARC9,B. Sample CA-BO;C-D. Retitrescolpitessp. cf.
Tricolpitessp. C Doyle & Robbins, 1977, sample CA-HS;Striatopollissp., sample ARCE:.
Phimopollenites pseudocheraample CA-B6.5G. Penetetrapites molljsample CA-B4.5H.
Cretacaeiporites polygonalissample ARC-AR9;l. Cretacaeiporitessp., sample ARC7;].
Cretacaeiporitesp.1, sample ARC-AR&. Bohemiperiporis zaklinskasample ARC-AR7L.
Tricolpites interangulus ARC-AR9; M. Psilatricolporites sp., sample CA-B5; N.
Nyssapollenites sp., sample ARC1;0. Tricolporoidites subtilis sample ARC4; P.
Tricolporoidites sp., sample ARCZ1;Q. Nyssapollenites trianguluyssample ARC5;R.,
Nyssapollenitescf. nigricolpus sample ARC-ARS8;S. Retitricolporites cf. pristinug sample
ARC4; T. Foveotricolpitessp. cf. Tricolpitessp. 2 Agasie, 1969, sample CA-B513; Rousea
doylei sample CA-BOV. Foveotricolporites callosysample CA-B5W. Artiopollis indivisus
sample ARC9X. Senectotetradites grossismmple ARC13.
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