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Resumo
Palavras-chave: Palinologia, paleoclimas, Langhiano, Serravaliano, Miocénico, Aquitania, SW Franca

As reconstituigdes climaticas baseadas em dados palinologicos de afloramentos da Aquitania revelam uma importante fase
de degradag@o climatica no Serravaliano Inferior. As mudangas climaticas e ambientais podem estar relacionadas com variagdes
do nivel do mar (ciclos Bur 5/ Lan 1, Lan 2 / Ser 1 e Ser 2). Condi¢des mais quentes ¢ ambientes mais abertos coincidem com as
fases transgressivas enquanto os episodios regressivos estdo relacionados com clima mais frio e ambientes florestais.

Do Langhiano ao Serravaliano Médio regista-se um arrefecimento climatico com desaparecimento da maioria das formas
megatérmicas; regista-se uma transi¢do entre clima quente e seco para outro temperado quente e muito mais hiimido. Estes
resultados sdo coerentes com os obtidos em regides vizinhas da Aquitdnia e indicam que a etapa de maior degradacdo climatica
terd ocorrido hé cerca de 14 Ma.

Os dados palinologicos obtidos permitem completar a reconstituicdo da evolugdo climatica do Sul de Franca entre o
Miocénico Inferior e o Superior, ambos bem caracterizados. Os resultados apontam para a existéncia de um gradiente climatico
latitudinal a escala da Europa entre o Mediterraneo e o NE Atlantico.

Résumé
Mots-clés: Pollen, paléoclimat, Langhien, Serravallien, Miocéne, Aquitaine, SW France

Les reconstitutions climatiques issues des données palynologiques des affleurements aquitains indiquent une importante
phase de dégradation au cours du Serravallien Inférieur. Ces changements environnementaux et climatiques sont en relation avec
les variations du niveau marin (cycles Bur 5/ Lanl, Lan 2 / Ser 1 et Ser 2). Les phases transgressives témoignent de conditions
plus chaudes et d’environnements plus ouverts, alors que les phases régressives sont marquées par un climat plus frais et une
expansion du couvert forestier.

Du Langhien au Serravallien Moyen, un refroidissement général est constaté. Il se manifeste par la disparition de la plupart
des taxons mégathermes ainsi que par le passage d’un climat chaud et sec a un climat tempéré chaud avec une humidité accrue.
Les conclusions de 1’étude sont en accord avec les observations effectuées dans les régions attenantes et placent la phase de
dégradation majeure autour de 14 Ma.

Ces données viennent combler une lacune dans I’histoire du Sud de la France, documentant 1’évolution du climat entre les
premiers et les derniers termes du Miocéne, beaucoup mieux connus. Les résultats illustrent, a 1’échelle de 1’Europe occidentale,
la manifestation du gradient latitudinal dans I’hémisphere nord, tout en faisant le lien entre domaine méditerranéen et fagade atlantique.

Abstract
Key-words: Palynology, paleoclimate, Langhian, Serravallian, Miocene, Aquitaine, SW France

Climatic reconstructions based on palynological data from Aquitaine outcrops emphasize an important degradation phase
during the Lower Serravallian. Climatic and environmental changes can be related to sea-level variations (Bur 5/ Lan 1, Lan 2 /

Ser 1 and Ser 2 cycles). Transgressive phases feature warmer conditions and more open environments whereas regressive phases
are marked by a cooler climate and an extent of the forest cover.
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From Langhian to Middle Serravallian, a general cooling is highlighted, with disappearance of most megathermic taxa and a
transition from warm and dry climate to warm-temperate and much more humid conditions. Conclusions are consistent with
studies on bordering areas and place the major degradation phase around 14 My.

The palynologic data allow filling a gap in the climatic evolution of Southern France, as a connection between Lower and
Upper Miocene, both well recorded. These results document, on Western Europe scale, latitudinal climatic gradient across
Northern hemisphere while featuring a transition between Mediterranean area and northeastern Atlantic frontage.

1. Introduction

Climatic reconstructions based on palynologic data
are scarce concerning Middle Miocene from Southwest
France. Several facts can explain the encountered
difficulties, namely the important lack of Serravallian
deposits in the major part of the area. Moreover, recent
studies on the land mammals site of Sansan (MNO6)
show the scarceness and the unfavourable taphonomic
conditions for the preservation of plant remains.

Main paleoecologic results stem from marine
organisms (FOLLIOT & al., 1993; LAURIAT-RAGE & al.,
1993; CAHUZAC & POIGNANT, 1996; DUCASSE & CAHUZAC,
1997). It emerges from these studies marine subtropical
conditions evolving towards the decrease — even
disappearance — of tropical and subtropical taxa. With
regard to studies involving continental deposits (BLANC-
LOUVEL, 2000; SALARD-CHEBOLDAEFF & OLLIVIER-PIERRE,
2000; JIMENEZ-MORENO, 2005), the authors deplore
scarce and poorly preserved elements and plead in
favour of a warm climate, with occurrence of a few
subtropical elements. Palynoflora is dominated by
Pinaceae (mostly Picea) and by spores of Algae; among
the other represented pollen grains, Quercus is rather
frequent. Ulmaceae, Myristicaceae, Nympheaceae and
Characeae prevail among the macroflora. Warm and
relatively dry climatic conditions are documented; a
general tendency to the disappearance of tropical
megathermic elements during the Langhian is suggested
(BLANC-LOUVEL, 2000; SALARD-CHEBOLDAEFF & OLLIVIER-
-PIERRE, 2000; JIMENEZ-MORENO, 2005). Upper
Miocene lignites yield Pteridophytes, Gymnosperms
(Pinus dominant, Taxodiaceae) and Angiosperms
(Fagus and Quercus dominant), which allows
recognizing a warmer and more humid climate when
compared to extant conditions (BUGNICOURT & al.,
1988). Flora from Lower Pliocene lignites emphasizes
humid biotopes (Taxodium) and mesophilous mixed
forests with Pinaceae, Taxodiaceae, Fagaceae and
Engelhardia (HUARD, 1966; SUC & al., 1986). As a
whole, a general cooling is pointed out, generally on
comparing palynologic data from Langhian with data
from Upper Miocene or Lower Pliocene (the so called
“Monterey Cooling Event” occurring after the Miocene
Climatic Optimum during the Upper Burdigalian and
the Langhian) (JIMENEZ-MORENO & al., 2005).
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This study concerns outcrops located in the central
part of the Aquitaine Basin and turns on the palynological
content of Langhian and Serravallian nearshore marine
deposits, known as Sables Fauves Formation.

2. Chronological and stratigraphic backgrounds

Sables Fauves Formation was raised to a formal
lithostratigraphic item (DUBREUILH & al., 1995);
fossiliferous levels known as faluns of Manciet or
Roquefort are related to these deposits. Its thickness
does not exceed 20 meters and, for the most part, is
reduced to only a few meters. It consists of yellow and
fawn coarse marine sandstones, yielding important
amounts of Crassostrea gryphoides and Megacardita
Jjouanneti, featuring shallow marine environments with
intercalated lagoon and continental deposits (GARDERE,
2002, 2005).

The middle part of the Aquitaine basin corresponds
to the easternmost record of Sables Fauves (fig. 1).

Fig. 1 — Location of Sables Fauves Formation and outcrops
yielding pollen grains, modified after J. DUBREUILH & al. (1995).

The dating of the outcrops is based on biostratigraphic
markers such as continental mammals, nannofossils
(when present) and planktonic foraminifera in particular.



The Praeorbulina group, especially with P. sicana and
P. glomerosa, allows correlating the deposits with N8§-
N9 zones (BLOW, 1969), i.e. in the Langhian. Moreover,
the constant absence in these levels of the Orbulina
group shows that the period concerned corresponds
strictly to zone N8. On the contrary, other levels with O.
suturalis and O. universa and the constant absence of
the Praeorbulina group allow to place the deposits in
question in the N10 and more recent zones, i.e. in the
Serravallian (fig. 2). Under a preliminary study (REY &
al., 1997), the deposits dated of the Langhian are grouped
in the Peyrecrechen Member and those of the Serravallian
are grouped in the Matilon Member. Due to a flexural
movement, related with halokinetic activity during
Langhian-Serravallian transition, marine deposits are in
normal stratigraphic succession in the South region whereas
Serravallian deposits appear to be embanked in the Northern
areas (GARDERE, 2002, 2005; GARDERE & al., 2002).

Fig. 2 — Chronostratigraphic location and sequence stratigraphy
organization of Sables Fauves Formation. Greyed zones represent
time periods recognized in all outcrops.
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The Peyrecrechen (Langhian) and the Matilon
Members (Serravallian) include transgressive-regressive
third order cycles; each one taking the form of
a transgressive systems tract (TST), corresponding
to a relative rise in sea level, and a highstand
systems tract (HST), delineating the relative sea
level falling and displaying the filling of the platform
(fig. 2). The former member represents a trangressive
and a highstand systems tract from a third order
depositional sequence recognized as Bur 5 / Lan 1
cycle. The latter, represents mainly the trangressive
and highstand systems tracts from the following
sequences, known as Lan 2 / Ser 1 and Ser 2 cycles
(VAKARCS & al., 1998).

3. Material and methods

A total of 14 samples were used for palynological
studies — 8 of the Langhian units and 6 of the
Serravallian deposits (fig. 3). The samples were selected
from the most suitable deposits for palynomorph
preservation, fine sandstones and marls. Marly levels
provided the most significant results.

Pollen grains and dinoflagellate cysts are usually
scarce and feature poorly diversified associations. The
sample from the Serravallian of Cayron is very rich of
Polysphaeridium zoharyi (more than 1000 of specimens
in one slide). Spores are only represented in small
numbers in Couloumet (Langhian), Matilon and Cocut
(Serravallian).

The chemical treatment was performed on 20-30 g
of sediment. The samples were treated with cold HCI
(35%) and HF (70%), removing carbonates and silica.
Separation of the palynomorphs from the rest of the
residue was carried out using ZnCl, (density=2).
Sieving was done through a 10-um nylon sieve. From
the palynological residue slides were prepared with
glycerine jelly. A transmitting light microscope using
250x, 400x, 600x and 1000x (oil immersion)
magnifications were used for pollen -classification
and counting.

4. Palynologic framework of Aquitaine

Four sedimentary units were distinguished combining
sequential stratigraphy and biostratigraphical similarities
(fig. 2), I: Lower Langhian (first transgressive phase
TST1), corresponding to the samples Pou 1, Duf 3 and
Bro 2; II: Upper Langhian (first regressive phase
HST1), corresponding to the samples Mon 2, Jou 2, San
14, Cou 5 and Cou 8b; III: Early Serravallian (second
transgressive phase TST2) corresponding to the samples
Mat 1 and Ca 1; and IV: Lower-Middle Serravallian
(second regressive phase HST2), corresponding to the
samples Cam 6, Ca 4, Ca 5 and Cay 9. After grouping
the different samples, the proportion of each taxon in a
sedimentary unit was calculated on dividing their
quantity with the total amount of grains, except
Pinaceae and Cupressaceae (see part 5.1 for further
explanations).
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Fig. 3 — Synthetic logs and samples location in the studied outcrops.

5. Floristic and vegetation domains

5. 1. Spores and pollens

The taxa recognized were grouped taking based on
ecological criteria (Tab. I, Plate 1):

Mega-mesothermic and mesothermic elements requiring
high moisture: 1. Sapotaceae; 2. Taxodiaceae, Engelhardia,
Platycarya, Myrica, Nyssa; 3. Quercus, Carya, Pterocarya,
Liquidambar; 4. mid-altitude trees (Cathaya, Keteleeria).

Mesothermic elements: 5. Carpinus, Ulmus, llex,
Juglans, Castanea, Tilia.

Open and/or halophyte vegetation elements:
6. Ericaceae; 7. herbaceous plants (Compositae,
Graminae, Malvaceae, Umbelliferae, Chenopodiaceae-
Amaranthaceae, Plumbaginaceae...).

Humid biotopes elements: 8. Silix, Sambucus,
Alnus; 9. mosses and ferns (Polypodiaceae, Pteris...)

Broadly unused elements: 10. Pinaceae, damaged
pollen grains.

The major characteristic is the general high amount
of Pinaceae pollen grains. The majority of these
elements are not taken into account, because of their
usual over-representation in marine sediments, mainly
due to their huge productivity, wide wind dissemination
and scattering by fluvial activity and transfer to marine
currents (SUC & DRIVALIARI, 1991). Nevertheless, this
statement must be qualified for the studied area, since
the over-representation of Gymnosperms appears to be
one of the specificity of pollen spectra in Southwest
France (SALARD-CHEBOLDAEFF & OLLIVIER-PIERRE, 2000).
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5. 2. Chronostratigraphic distribution

5.2. 1. Langhian (-16.40 to -14.80 My; BERGREEN, 1995)

Apart from Pinaceae (up to 69%), the pollen spectra
feature the predominance of mega-mesothermic (Taxodiaceae,
Sapotaceae, Myrica, Nyssa, Carya) and mesothermic
elements (Quercus, Carya). The proportions of herbaceous
plants suggest open and/or, more often, sea-coastal
environments represented by saline-bearing elements
(Chenopodiaceae-Amaranthaceae, Armeria, Compositae).

5. 2. 2. Serravallian (-14.80 to -12.70 My; BERGREEN,
1995)

Beside Pinaceae (79%), mesothermic elements (Carya,
Cathaya, Keteleeria) are the most abundant while mega-
mosothermic elements (Taxodiaceae, Myrica) are poor
represented. Water-linked vegetation (Polypodiaceae)
prevails; sea-coastal herbaceous plants are also represented
(Plumbaginaceae, Chenopodiaceae-Amaranthaceae).

5. 3. Dinoflagellate cysts

The distribution of the dinocysts (Tab. II) agrees
with the chronostratigraphic and the sequential data. Though
the associations always feature very coastal environments,
the groups I and III (TST 1 and TST2) appear to be
more marine than the groups II and IV (HST1 and HST2),
showing more confined conditions. Moreover, a trend to
a mutual exclusion between Polysphaeridium zoharyi
and Lingulodinium machaerophorum is discernible.
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Table I — Palynologic content of Sables Fauves Formation. Climatic and environmental discussions base on synthetic results,
after regrouping data in four groups (I to IV), accord to sequence stratigraphy and biostratigraphy.

The identified species and their chronostratigraphical  cf. bentorii in the sample Mat 1 (group III) shows that
ranges match with the time interval (STOVER & al., 1996;  this taxa is still present in Aquitaine during Lower
LONDEIX & JAN DU CHENE, 1998) as it is established thanks ~ Serravallian, allowing to precise its stratigraphical range,
to the planctonic foraminifera. The presence of Spiniferites  previously discussed (LONDEIX & JAN DU CHENE, 1998).
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Table II — Dynoflagellate cysts content of Sables Fauves Formation.

6. Climatic evolution

There are clear differences between the Langhian
and Serravallian pollen spectra despite the poor
palynomorph content. The mega-mesothermic plants
together with the herbaceous plants decreased whereas
mosses, ferns and Cathaya increased. Analyzing the
Sables Fauves Formation accordingly to the principles
of sequential stratigraphy (VAIL & al., 1984; VAIL & al.,
1987; POSAMENTIER & VAIL, 1988), makes possible to
compare climatic changes and sea-level variations
(fig. 4). Transgressive phases are characterized by the
warmest conditions, according to the abundance of
mega-mesothermic plants, and by an opening in the
vegetation, depicted by the development of near shore
halophyte vegetation. This last event is related to the
changes involved in coastal marine environments due to
the marine transgression, causing the dismantling of
pre-existent continental flora and promoting the
settlement of near shore open vegetation. Conversely,
high-level and regressive phases highlight cooler
episodes, accompanied by a predominance of
mesothermic forest elements and by the decreasing of
the open environments.

Even if the major part of Gymnosperms pollen
grains are not used in paleoclimatic reconstructions,
these elements are able to mark the permanence of
regional conifer forests, notably in the Pyrenean chain.
Considering the vicinity of such high reliefs, it is
necessary to keep in mind that the palynological records
supplied by the Sables Fauves — and concerning
particularly the less thermophilous elements — could
reflect an altitudinal distribution of the vegetation and a
climatic change.

During the Langhian, the flora suggests a warm
and relatively dry climate. The inland vegetation
appears to correspond to a warm mixed forest, while the
near shore zones show the predominance of open
xerophilous vegetation, with local markers of fresh or
marshy zones close to the shoreline. During the
Serravallian, the appearance of mesothermic mid-
altitude gymnosperms involves the setting up of an
important forest cover on regional reliefs. Compared to
the Langhian, the pollen spectra display a transition
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from mega-mesothermic to mesothermic elements. Such
event indicates a climatic cooling. Furthermore, high
amount of mosses and ferns suggests the extent of
humid and shadowy biotopes.

7. Comparisons with bordering areas

7. 1. Mediterranean area (South-eastern France and
North-eastern Spain)

A general tendency to disappearance of tropical
megathermic elements (Sapotaceae, Palmae, Avicennia...)
is noticed in the lower part of Middle Miocene, after
Neogene thermic maximum, which takes place during
Burdigalian and Lower Langhian (BESSEDIK, 1985; Suc
& al., 1992). Unfortunately, the climatic evolution
during the Neogene in the Mediterranean area registers
an important gap due to the lack of Middle and Upper
Miocene deposits, caused by severe regressive
conditions. Therefore, even if pollen spectra display
important climatic changes, the implementation and
characterization of implied mechanisms are made
impossible for the period running from Upper Langhian
to Uppermost Tortonian. Xeric conditions prevail in this
area until the Upper Pliocene, when the emergence of
pre-Mediterranean climate takes place (Suc & al., 1992;
Suc & al., 1995a).

7. 2. Eastern Atlantic Ocean

Climatic evolution during Middle and Upper
Miocene is well documented on Atlantic eastern
frontage. Synthetic studies of Neogene from Portugal
(Pa1s, 1986; ANTUNES & al., 1996; ANTUNES & al.,
1997) underline a quick environmental change during
the Langhian, with sub-tropical and temperate forms
(Magnolia, Terminalia, Rutoxylon, Tamaricoxylon)
marking a warm and dry climate. A new climatic
change is recognized during the Serravallian, which
flora (with Toddalia, Sapotaceae, Taxodium, Alnus,
Myrica) featured cooler and more humid conditions.
During the Lower Tortonian, the climate was temperate
and humid (Ulmus, Myrica, Castanea, llex).
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Fig. 4 — Synthetic pollen spectra of Middle Miocene deposits (Sables Fauves) in Aquitaine, based on results presented in Tab. 1.
Evolution of vegetal assemblages and comparison with sea-level variations.

Possible differences on comparing with bordering
areas are related to latitudinal gradient across Northern
hemisphere. Continental Portuguese flora marks thus
subtropical conditions when Aquitaine pollens display a
warm-temperate climate. As an example, first Ericaceae
datum occurs during the Lower Tortonian in the Tagus
Basin (PAIS, 1986) whereas these elements are present
in Aquitaine as Early as Upper Langhian.

In the Atlantic border of Portugal as well as in
Aquitaine coral reefs only occur in Aquitanian and
Lower Burdigalian, although they are present in
Mediterranean area till Middle Miocene (CAHUZAC &

CHAIX, 1993). This suggests warmer conditions
allowing the development of impoverished mangrove
with Avicennia on the coasts, never recorded in
Portugal. In Aquitaine, such occurrence has been
recorded from the Lower Burdigalian (JIMENEZ-MORENO,
2005) from Bordeaux area (Pont-Pourquey).

8. Conclusions
The pollen data from the Sables Fauves Formation
highlight the relations between climate, vegetation and

sea-level change in Southwest France. Warm episodes
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were characterized by an opening in the vegetation
during transgressive phases, whereas cool episodes were
characterized by an increase in the mesothermic forest
cover during regressions.

The Aquitaine Langhian climate appears to be warm
and dry, with near shore vegetation. During the Lower
Serravallian, a transition occurs, from mega-
mesothermic to mesothermic elements, which emphasizes
a climatic cooling, associated with an extent of humid
biotopes. Such a climatic degradation is observed all
over the bordering areas, where a broad decrease of
tropical and megathermic elements is noted at the
Langhian-Serravallian transition. With regard to
Aquitaine deposits, this major event seems to take place
during the first Serravallian regressive phase (unit III,
Lan 2 — Ser 1 cycle). This datum is coherent with
proposed dating, around 14 Ma (Suc & al., 1992;
ANTUNES & al., 1997), corresponding to the Antarctic
glaciations (Monterey cooling event) (KENNETT &
BRUNNER, 1973; KENNETT & al., 1974).
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Plate 1

Fig. 1 — Taxodiaceae x1100 — Couloumet, sample COUS5 (sedimentary unit II)

Fig. 2 — Carya sp. x1100 — Cocut, sample CA1 (sedimentary unit III)

Fig. 3 — Polypodiaceae x1100 — Cocut, sample CA1 (sedimentary unit III)

Fig. 4 — Myrica sp. x1100 — Cocut, sample CA1 (sedimentary unit III)

Fig. 5 — Pterocarya sp. x1100 — Cocut, sample CAS (sedimentary unit [V)

Fig. 6 — Amaranthaceae/Chenopodiaceae x1100 — Cocut, sample CA1 (sedimentary unit I1I)
Fig. 7 — Engelhardia sp. x1100 — Cocut, sample CAS5 (sedimentary unit I'V)

Fig. 8 — Ericaceae x1100 — Couloumet, sample COU5 (sedimentary unit II)
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