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Abstraet. A charophyte succession has been established in nineteen sections and eight isolated outcrops 
from the Ebro Basin, ranging from the Priabonian ro the Aquitanian. Most assemblages were recovered 
fmm continuous sections and their abundance and diversity allow to define a new zonal scheme for the 
Upper Eocene-Lower Miocene of Europe. The new zonation includes nine subdivisions, based on the 
distribution of thirty-two species and directly correlated with the mammal standard levels. Changes in 
diversity, occurring mainly in the Middle and Upper Oligocene, have been related to climatíc variations. A 
new species, Chara sp. A. is also described and figured. 

Résumé. Une biozonatÍon basée sur les charophytes esr établie dans le bassin de PEbre, apartir de 19 
coupes et 8 gisements répartis du Priabonien a l' Aquitanien. Les associations représentées proviennent 
pour la plupart de coupes continues; l'abondance et la diversité floristiq ues observées pennettent de dé­
finir une nouvelle biozonation, applicable a l'échelle de l'Europe pour I'intervalle Eocene supérieur­
Miod:ne inférieur. Cette biozonation comprend neuf subdivisions, fondées sur la répartition de 32 especes 
et comparées par corrélations directes avec les niveaux-reperes standard des mammiferes. Les changements 
aHectant la diversité floristique aI'Oligocene moyen et supérieur sont corrélés avec des variations climatí­
queso Du point de vue de la systématique du groupe, une nouvelle Oligocene, Chara sp. A, esr 
décrite cr figurée. 

Zusammenfassung. An Hand von 19 Profilen und 8 zusatzlichen Fundstellen wird im Ebrobeckcn cine 
Biozonicrung nach Charophyten vom Priabonillm bis zum Aquitanium vorgenommcn. Die Florenasso­
ziationen starnmen zumeist aus durchgehenden Profilen. Ihre Haufigkeit und Vielfalt erlauben, ein für 
Europa gültiges Zonierungsschema des Intervalles Ober-Eozan bis Unter-Miozan aufzustellen. Diese 
Biozonierung, die auf den Reichwelten von 32 Arten fulSt, lImfalSt neun Unterteilungen, die direkt mit 
dem Standard der Sauger-Leitniveaus korreliert sind. Fluktuationen in del' Florendiversitat im Mittel- und 
Ober-Oligozan werden auf Klimaschwankungen bezogen. Hinsichtlich der Systematik wird cine neue 
Art aus dem Oligozan, Chara sp. A, beschrieben und abgebildet. 

"'Authors' addresses: MON1QUE FE1ST, Laboratoire de Paléobotanique, Université des Scienees et Techni­

qucs du Languedoc, Plaee Batailloll, F-34C95 Montpellier, Franee. 

PERE ANADÓN, Institut de Ciimces de la Terra a. Almera), CSIC, C. Maní i Frallques S.ll., E-CSC28 

Barcelona, Spaín. 

LLUlS CABRERA, FERRAN COLOMBO, ALBERTO SÁEZ, Dept. Geo!. Dinamica, Geofísica i Paleontología, 

Facultat de Geología, U niversitat de Barcelona, E-08028 Barcelona, Spain. 

S. J. CHOI, Korean lllstitute of Energy and Resources, P.O. Box 5, Daedeck Science Town, Daejeon, 
Korea. 

1 Néw~letters 30 O) 
0078-0421194/003C-0001 $ 7.75 

@ 1994 Gebruder Borntraeger, D~14129 Berlin" D-70i76 Stuttgart 



2 M. FEIST et al. 

I. Introduction 

During the Paleogene, predominantly nonmarine sediments accumulated in the eastern part of 
the Ebro Basin. The carbonate freshwater and brackish deposits have yielded abundant 
charophytes and the assemblages found in conrinuous sections show a f1orizonal succession 
from the Paleocene ro rhe Lower Miocene. As a result of the srratigraphic studies carried out 
in the Paleogene sequences of rhe Ebro Basin (ANADÓN 1978; COLOMBO 1980, 1986; ANADÓN 
& FEIST 1981; CABRERA 1983; SAEZ, 1987), it has be en established that most of the srudied 
charophyte assemblages are distributed through a number of continuous and correlable 
stratigraphic sequences (ANADÓN et al. 1989). This stratigraphic continuity and the quite large 
number of samples have enabled us ro make a local charophyte biozonation. Moreover, this is 
one of the uncommon cases in which a charophyte biozonation established on a continuous 
nonmarine Upper Eocene Lower Miocene stratigraphic sequence can also be referred ro a 
local mammal biozonation based on more than thirty rodent assemblages (AGusTÍ er al. 1987, 
1988; ANADÓN et al. 1987). Our srudy focusses on rhe charophyte assemblages found in rhe 
sections spanning the Upper Eocene-Lower Miocene interval from the Eastern Ebro Basin, 
berween rhe Llobregat Valley, ro the Easr, and the Cinca and Ebro valleys, ro rhe West (Fig. 1). 
These sequen ces are included between the top of rhe marine succession attributed to rhe 
Priabonian (FERRER 1971) and the botrom of the non-marine Neogene. 

Charophyres from rhe Ebro Basin were firsr mentioned by DALLONI (1930) from rhe Sierra 
de Monrclar and in rhe Santa Coloma de Quera]t succession. Later, ROSELL et al. (1966) based 
rhe attribution of rhe nonmarine sequences at 19ualada ro the Upper Luretian on a charophyte 
assemblage identified by L. GRAMBAST which also recognized Harrisichara lineata in rhe 
locality of El Pares (COLOM et al. 1970) which we will discuss below. Among these first 
records, rhe species quoted in rhe explanatíon of the geological maps of Calaf and Cardona 
(RAMÍREZ DEL POZO et al. 1975a & b) should be mentioned, alrhough sorne of them they have 
not been rediscovered sínce. The first comprehensive study was by ANADÓN & FEIST (1981) 
who dated and subdivided rhe succeeding charophyte-bearing sequences of the central part of 
the Eastern Ebro Basin margin from Thanetian to Bartonian. Larer, ANADÓN et al. (1983) 
demonstrated the correlation of the uppermost beds of the Pontils Group at the type section, 
containing Raskyella vadaszi, with rhe standard Mammallevel of La Liviniere and the NP17 
N annoplancton zone. These data have been raken into consideration in rhe Paleo gene 
charophyte biozonation defined by RIVELINE (1986). The charophyte assemblages from the 
eastern part of rhe srudied area have be en partially analyzed by CHOI (1989). 

II. Geological setting 

The Tertiary Ebro Basin is the southern foreland basin of the Pyrenees. Thís basín ís also 
bounded by the Catalan Coastal Ranges to rhe SE and the Iberian Chain ro the SW. In the 
Eastern Ebro Basin (Fig. 1) rhe sedimentar y evolurion has been mainly influenced by rwo 
margins: rhe Pyrenees (a thrust sheet belt, PUIGDEFABREGAS et al. 1986) and the Catalan 
Coastal Range which is mainly relared to a Paleogene strike-slip faulr system (ANADÓN et al. 
1985). The Paleo gene succession in the Eastern Ebro Basin, up ro 2500 m thick, comprises two 
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Pig.2. Schematic stratigraphic cross section of ¡he Upper Priabonian-Lower Aquitanian basin fill in che 
Eastern Ebro B asin. 

imponant marine - non-marine cyelea Iinked to two major transgressive maxima : Ilerdian 
(Early Eocene) and Bartonian (MiddIe - Late Eocene). In the northern areas of the Ebro Basin 
these two cyeles are well recorded whereas in the southern areas non-marine sedimentation 
was continuous throughout the Paleogene. During the Late Eocene a rapid regression took 
place and non-marine conditions spread al! over the Ebro Basin. 

The Upper Eocene - Oligocene basÍn fill Ín the Eastern Ebro BasÍn consists of thick 
sequences formed Ín different Iacustrine systems which developed in the inner basin zones. 
These Iacustrine systems were fed by marginal alluvial systems. The deposits of rhe lacustrine 
systems comprise carbonates, mudstones, sandstones, evaporites and minor, coals. The allu­
vial deposita consist of proximal conglomera tes that pass late rally , basinwards, into sandstone 
and mudstone dominated sequences. AKADÓN et al. (1989) have distinguÍshed five lacuarrÍne 
systems for the Upper Eocene to Upper Oligocene sequen ces of the Eastern Ebro Basin. The 
lacustrine systems must be regarded as "Depositional Groups" or "DeposÍtional Systems" in 
the sense of FrsHER & MCGOWEN (1969) and comprise severa] minor lithostratigraphic units 
with the range of Formation. Figure 2, based on ANADÓN et al. (1989) shows the schematic 
distribution of the lacustrine systems and their relationship with the alluvÍal systems in the 
Eastern Ebro Basin. In the present work, we will only mentÍon the units related wÍrh the 
distribution of the charophytes or units with special srratigraphic interesr. 

The distribution of charophytes presented Ín this paper is based on sampIes referred to 
stratigraphic secrÍons or mammal sites (Figs. 3-8) which have been correlated by mean of key 
beds in aerÍal photographs and geologic maps. The result of these lithostrarigraphic correla­
tions has been shown Ín TabIes 1 ro 5. The charophyte disrribution of the sampIed sectÍons 
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Fig.3. Stratigraphic logs in the Upper Eocene-Lower Oligocene non-marine deposits of are a 1. See Figs. 
1 and 2 for location and stratigraphic position. See charophyte distribution in Table 1. 
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Fig.4. Stratigraphíc of the Jorba-La Panadella section. Arca 2 In Figs. 1 and 2. See 
distribution in Table 2. 

Fig.5. Composite of the Forés and Sarral sections. Correlation \Virh El Talladell and 
Santa Coloma de sho\Vn. Area 3 in Figs. 1 and 2. See charophyte distribution in 
Table 3. 
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Fig. 6. Stratigraphic in the Oligocene deposits of area 4 (Figs. 1 and 2). See charophyte distribution 
in Table 4. 
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Fig. 7. Stratigraphic logs in the Upper Olígocene deposits of area 5 (Figs. and 2). See charophyte 
distribution in TabJe 5. 

have been grouped in 5 areas (Figs. 1 and 2) which correspond ro stratigraphic record ranges 
that can be correlated arnong thern. In sorne places, a certain degree of conternporaneity exists 
arnong these ranges. 

111. The charophyte species 

In the Upper Eocene - Lower Miocene sequences of the Ebro Basin, we have found thirty­
two charophyte species. Most of these species have been reported previously frorn other areas 
in the nurnerous studies which have been carried out during the last two decades on the 
Cenozoic charophyte floras of Europe. In arder tú sirnplify the following report, we will 
frequently refer to the synoptic study of RrvELlNE (1986) which surns up the papers prior to 

-1 
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8. Stratigraphic logs in the Upper Oligocene deposits of area 5. The correlation corresponds to an 
cross section. This section links ¡he correlation of profiles in Figure 6 wi¡h ¡hose in Figure 7. 
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1984. Moreover, we refer the Paleogene mammallocal biozones to the work of AGUSTÍ et al. 
(1987) and to the correlation charts of the Paleogene European mammal reference levels of 
SCHMIDT-KlTTI.ER (ed. 1987) abbriged MP. The species recognÍzed in the present study, 
documented below, all belong to the Characeae family. 

1. Harrísichara Jineata GRAMBAST 1957 

Distribution and range in the Ebro Basin (arca 1, Fig.1): there is only one record of this 
species, at the locality of El Pares, in the Vic area (COLOM et al. 1970). H. lineata is rep­
resented there by more globular specimens and of higher dimensions than in the Paris Basin, 
but these differences are considered to be within the límits of variatíon of the species. The 
fossiliferous bed is placed in the lagoonal facies of the upper part of the Tossa FormatÍon 
(Lower Priabonian; FERRER 1971), close to the lowermost beds of the non-marine Artés 
FormatÍon. The species ranges from the Upper Bartonian Raskyella vadaszi zone to the Upper 
Priabonian Sphaerochara labellata zone, which is defind in this paper; in Saint-Cannat (South­
em of France), that is its most recent locality, this species is associated with H. tuberculata 
(FEIST-CASTEL (1977b). 

Other occurrences: Upper Bartonian to Middle PriabonÍan of the Paris Basin and $outhem 
of France & RINGEADE 1977; RIVELINE 1986). 

2. Harrisichara tubercuJata (LYELL) GRAMBAST 1957 

Distribution and range in the Ebro Basin (areas 1-3, Figs. 3-5, Tables 1-3): this species occurs 
abundantly in a number of horizons of Upper Priabonian and Lower Stampian age. The dating 
of the Calaf FormatÍon is critical for the upper extension limit of the species and thus for the 
range of the Bembridge zone (CASTEL 1968), or H. tuberrnlata superzone (RIVELlNE 1986). 

The lowermost stratigraphic occurrence of this species is in the San Cugat de Gavadons 
mammal site (Theridomys golpeae local zone, MP 19); the uppermost occurrence is in the 
Conill section, stratigraphically located between the Porguerisses mammal site (Th. calafensis 
local zone, according to Anadón et al. 1987, MP 21-.'vlP 22) and the Timega mammal 5ite (Th. 
major zone, MP 23). 

Other occurrences: the species, widespread in Europe, has never been mentioned in 
localities more recent than Lower Stampian. In particular it is absent in the charophyte and 
mammal locality of Villebramar which is typical of the standard leve! MP 22 (SCHMIDT­
KITTLER (Ed.) 1987). The extension of the species in the Isle of Wight, which is its type area, is 
also significant; H. wberculata extends from the Bembridge Limestone to the Lower Ham­
stead Beds (FEIST-CASTEL 1977a), but ir is absent in rhe superceeding L'pper Hamstead Beds 
(Cerithium Beds, Bouldnor Clif, sample C. 300, UniversÍty of Montpellier II). Outside of the 
Ebro Basin, the range of the species is thus restricted to the Upper Priabonian Lower -
Stampian. However, its presence in the Calaf beds implies that it may extend higher, in the 
time interval corresponding to charophyte biozone 4, during which sorne endemic taxa occur­
red in the Ebro Basin, such as Chara sp. 2 and Nodosochara jorbae (Table 2). 

http:SCHMIDT-KlTTI.ER
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3. Harrisichara vasiformis-tubercuJata 

This informal species name was proposed to designare the transitional forms fram H. 
mis to H. tuberculata 1977a). These forms have been taken as index species for 
the establishment of a Late Eocene zone, due to rheir wide geographic distribution (RrvELINE 
1986). This zone only covers the lower part of rhe species range. 

Distribution and range in rhe Ebro Basin (area 1, Fig. 3, Table 1): the occurrence of the 
species in the Moia section, at the lower part of the Artes Formation, corresponds to its upper 
range, coexisring with the lowest occurrence of H. tuberculata. 

Other occurrences: this form has been reponed from the Isle of Wight, Paris Basin and 
South of France (see RIVELINE 1986). Its range corresponds to the Middle and Late Priabo­
mano 

4. Rhabdochara stockmansi GRAMBAST 1957 

Distribution and range in the Ebro Basin (are as 1-3; Figs. 3-5, Tables 1-3): the species has 
been collected in the Upper Eocene Rocafort de Queralt locality and in the upper part of the 
Calizas de la Panadella Formation at Conill. In additíon, R. stockmansí occurs in the Solsona 
Formatíon, within the Fonollosa section. H. tuberculata is also presem in Conill and its 
association with R. stockmansi is typical of tbe upper pan of rbe H. tuberculata Superzone 

1986; corresponding to rbe previously defined Upper Bembridge zone (CASTEL 
1968; FEIST & RrNGEADE 1977]. In Conill, tbe associatÍon of tbese two species witb Gyrogona 
medicaginula, wbose first occurrence is known to be in rbe Sannoisian Calcaire de Brie 

1962), corresponds to a Lower Stampian or sligbtly younger age. 
Otber occurrences: tbe species bas been reported from a great number of European 

localities (see RIVELINE 1986). Its range is rhe same as H. tuberculata, Upper Priabonian and 
Lower Srampian. 

5. Rhabdochara major GRAMBAST & PAliL 1965 

Distribution and range in the Ebro Basin 3, Fig. 5, Table 3): tbe species has been found in 
tbe Tarrega Formatíon. Its lowest occurrence ís in Solivella, be!ow the El Talladell, also named 
Tarrega mammallocality, referred ro tbe rIJ. major zone (MP 23). Tbe upper occurrence of 
tbis species is aboye tbe Pla de! Pepe mammal site of tbe TIJ. aH. major zone (MI' 25). 

Otber occurrences: R. major has be en reported from Nortbern and Sourhern France, 
Switzerland and Germany (see RIVELINE, 1986). It spans the upper Lower Stampian and 
Upper Stampian. 

6. Rhabdochara praelangeri CASTEL 1967 

Distribution and range in tbe Ebro Basin (Fig. 1, area 5, Table 5): the species bas been found in 
the Bot sectÍon, from beds of the Upper Oligocene F1ix Formation whích bave been correlated 
litbostratigrapbically witb tbe Gandesa beds which are included in the Eomys zitteli mammal 
zone (AGusTÍ et al. 1987, MP 26). 
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Other oeeurrenees: in addition ro the type-loeality near Marseille, the species has been 
reported from numerous loealities in Franee, Germany and Switzerland. It ranges from the 
Upper Stampian ro the Lower Aquiranian (FEIST-CASTEL 1977a; CHELLAl et al. 1982; 
RIVELINE 1986). 

7. Rhabdochara langeri (ETTINGSHAUSEN) MADLER 

Distribution and range in the Ebro Basin: (areas 4, 5; Figs. 6, 7; Tables 4, 5): the speeies is 
present in the Upper Oligoeene sequenees of the Margalef Formation and of the Granja 
d'Escarp Lutites, in the Mas de Maials and Aspa areas. Its lowest occurrence is in beds 
correlated from stratigraphical position with E. major zone (MP 27). The upper oeeurrence of 
the species is in beds referred to the E. aH. major zone, equivalent to the MP 27 and MP 28. 

Other occurrences: R. langeri is widespread in Europe, in the Upper Chattian and Aquita­
nian (FmsT & RINGEADE 1977; RIVELINE 1986). 

8. Rhabdochara aff. altilis FEIST-CASTEL 1977a 

Specimens from the Ebro Basín desígnated under this name differ from the typical R. altilis in 
lacking a basal funnel and presenting a rounded, instead of truncated, apex (CHor 1989). 

Distribution and range in the Ebro Basin (area 1, Fíg.3, Table 1): rhis form is represented 
in the Artés Formation. Its lowest occurrence ís in the lower part of the Calaf and Moia 
sections, in beds several ten s of metres stratigraphically aboye the Sant Cugat mammal site 
(Th. golpeae zone) which can be referred indifferently to the Th. golpeae or to the Th. aH. 
aquatilis zones (MP 19120 or MP 21). The upper occurrences of this form is in the Santpedor 
mammallocality attributed to the Lower Oligocene Th. aH. aquatilis zone (AGUSTÍ et al. 1987, 
MP 21). From Rodent evidence, this form extends, in the Ebro Basin, from the Lower 
Priabonian ro the Lower Stampian. 

Oeeurrences of Rh. altilis: typical representatives of the species have been reported from 
two localities of the Mormoiron Basin, in Southern France, both of Upper Priabonian age 
(FErsT-CAsTEL 1977a). 

9. Rhabdochara aff. raibocarpa FEIST-CASTn 1977a 

Close to R. raibocarpa in general shape and apical structure of the gyrogonites, the catalan 
form differs clearly in its smaller dímensions. 

Distribution and range in the Ebro Basin (areas 1,2; Figs. 3,4; Tables 1,2): this form occurs 
abundantly in some levels of rhe Artes, Súria and Solsona Formations. Its lowest occurrence is 
stratigraphícally located between the Sant Cugat de Gavadons and Santpedor mammal sites, 
respectively reported ro the Th. golpae (MP 19) and Th. aH. aquatilis (MP 21) zones. The 
highest occurrence of the species is in the Fonollosa mammal site, referred ro the Th. calafensis 
zone (MP 21-MP 22). 

Occurrences of R. raibocarpa: The species has been reported only from the type locality, in 
the MormoÍron Basin (South of Franee). 
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10. Stephanochara aH. vectemis (GROVES) GRAMBAST in RIVELINE 1986 

Two different forms are grouped under this denomination: a) In Bed 2 of the Fores section. 
specimens closely allied to S. vectensis but with a more conical shapc and a slightly more 
prominent basal part; the dimensions do not differ significantly. b) In beds O and 1 of the 
Sarral section, the form represented differs from typical representatives of the species only by 
their distinctly smaller dimensions. 

Distribution and range in the Ebro Basin (area 3, Fig. 5, Table 3): the lowest occurrence of 
S. aH. vectensis is in the Upper Priabonian Rocafort de Queralt mammal site, referred to the 
Th. golpae zone (MP 19). lts highest occurrence is aboye bed 2 in the Forés section, attributed 
the Th. calafensis zone (MP 21-MP 22). 

Occurrences of Stephanochara 'vectensÍ5: the species has been reported from the Upper 
Priabonian of the Paris Basin and from the uppermost Bembridge Marls of the lsle of Wight. 
Reexamination of material from the Bembridge Limestone did not confirm the presence of S. 
'vectensis, notably the specimens collected by Professor D. CURRY at Hamstead Ledge (e. 313, 
Professor GRAMBAST charophyte colIection, Montpellier University) and Gurnard Bay (e. 
315). Further collectings at Whitecliff Bay (e. 2685c in PElST-CASTEL 1977a) were also nega­
tive. The species is absent, too, in the Bembridge Oyster Beds, twelve metres aboye the 
Bembridge Limestone (e. 316). Our research has shown that the range of this form, which is 
the index-species of a charophyte biozone, is restricted, in the Isle of Wight, to the Insect 
Limestone of the Bembridge Marls (specimens V. 18335, Natural History Museum, London). 

11. Stephanochara aff. pinquis GRAMBAST in RIVELINE 1986 

The forms of rhe Ebro Basin allied to S. pinquis show similar general shape and dimensions but 
they differ in the less prominent apical nodules. This difference does nor seem to be a result of 
a lower degree of calcificaríon, as the spiral cells are clearly convex and thus well calcified. 

Distribution and range in the Ebro Basin (area 3, Fig. 5, Table 3): S. aff. pinquis occurs in 
the Tarrega Formation, in the uppermost beds of the Fores and El Talladel sections, attributed 
ro rhe Upper Stampian Th. major zone (MP 23), on mammal cvidence. 

Occurrences of S. pinquis: this species is restricted to the Lower Stampian (RIVELINE 1986). 
In particular, in the Sierra Palomera (Teruel Province, Spain) ir is associated with the Rodent 
Theridomys aquatilis (ADROVER et al. 1983), attributable to the MP 21. 

12. Stephanochara lychnothamnoides FEIST in FElST & RINGEADE 1977 

Distribution and range in the Ebro basin (area 1, Fig.3, Table 1): this species occurs only in 
the uppermost beds of the Calaf section which are attributed ro the Th. calafensis zone (MP 
21-MP 22). 

Other occurrences: S.lychnothamnoides has previously been reported from rhe Upper 
Eocene of the Aquitaine Basin, France (FEIST & RINGEADE 1977) and from the Lower 
Oligocene of the Western Iberian Chains (ADROVER et al. 1983). 
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13. Stephanochara aH. edwardsií GRAMBAST in RIVELINE 1986 

This form closely resembles typical represenrarives of rhe specÍes, apart from its smaller 
dimensions. It shows little variation in its different occurrences in the Ebro Basin. 

Distribution and range in Ebro Basin (area 1, Fig.3, Table 1): S. aff. edwardsii occurs in 

several horizons of the Artes, Súria and Solsona Formations, notably in the Sant Cugat de 
Gavadons, Santpedor and Fonollosa mammal ocalities. Ir ranges from the Th. golpeae ro the 

Th. calafensis zones (MP 19 to MP 21-MP 22), thus from the Upper Priabonian to the Lower 

Stampian and lower Upper Stampian. 
Occurrences of S. edwardsii: rhe species was previously recorded only from the Paris Basin 

and from rhe Isle of Wight where its extension is restricted ro the Lower Priabonian ("Lower 

Ludian"; RIVELlNE 1986). 

14. Stephanochara ungeri FEIST-CASTEL 1977b 

Extension and range in rhe Ebro Basin (arca 5, Fig. 7, Table 5): rhe species occurs in several 

secrions of rhe Mequinenza area. Irs lowesr occurrence is in the Upper Oligocene Fraga B-7 
locality, related to rhe E. aH. m,¡jor zone (MP 27). The species extends into the Lower 

Miocene, deduced from rhe stratigraphic position of beds 24 to 39 in the Vellila de Cinca 
section, 20 ro 40 m above the mamma! sire referred ro the Rhodanomys schlosseri zone (MN 1). 

Orher occurrences: the species is widespread in the Gpper Oligocene and Lower .Miocene 

(FEIST-CASTEL 1977b) and, according to PAPP (1951), persists until rhe Tortonian. S. ungeri is 
recorded under its former invalid name "Croftiella escheri" by FEIST & KISSLlNG (in K1SSLING 

1974), from the Lower Chattian onward and by BERGER (1986) under the name "gr. ungeri" in 
the S. ungeri zone, parallelized wirh rhe Aarwangen Mammal zone, also referred to the MP 27. 

We thus see rhat rhe first appearance of S. ungeri occurs simultaneously in the Ebro Basin and 
in the Swiss ~lolassic Basin. This fact strengthens the value of the species as zonal indicator. 

15. Stephanochara berdotensis FEIST in FEIST & RINGEADE 1977 

Extension and range in the Ebro basin (area 5, Fig.7, Table 5): rhe species oecurs in several 
horizons of the Upper Oligocene sequences of the La Cuesta de Fraga Lutites and in the 

Lower Aquitanian Torrente de Cinca-68 mammallocality. The appearanee of S. berdotensis 
slightly below the Upper Oligocene Fraga W -7 locality, referred ro the R. transiens zone 
(ACUSTÍ et al. 1987, 1988; MP 30: SCHMIDT-KITTLER 1987) eonsiderably extends its range, 
previously known as restricted to the Upper Aquitanian and thus rhe eharophyte zone based 
on its lowest oceurrenee is no longer defined. 

Other occurrences: this species was recorded previously from the Upper Aquitanian of the 

Aquitaine Basin, which is its type area, and from severallocalities of the same age in rhe Swiss 
Molassic and París Basins (see RIVELlNE 1986). 

16. L)"chnothamnus longu.5 CHOI 1989 

Extension and range in the Ebro Basin (are as 1-3; Figs.3-5; Tables 1-3): L. longus occurs 
abundandy in the Artés Formation and lateral equivalenr successions as well as in the La 



15 Upper Eocene - Lowermosr Miocene charophyte succession in the Ebro Basin (Spain) 

Panadel1a Montmaneu Limestone, referred to the Th. calafensis one, but it does not persist in 
the overlying Tarrega Limestone. lt thus occurs in the Upper Eocene and Lower Oligocene. 
The lowest occurrence of this species is in the lowest Calaf bed and in the Moia section. Both 
sites are placed stratigraphically between the Sant Cugat de Gavadons and the Santpedor 
mammal sÍtes (Th. golpeae Th. aH. aql,atilis biozones; MP 19-MP 21). lts uppermost 
occurrence Ís sÍtuated between the Porquerisses and Tarrega mammal sites, referred to the Th. 
calafensis (MP 21-MP 22) and Th. major zones (MP 23), respectively. 

Orher occurrences: L. langl's has not yet been recorded from elsewhere. 

17. Nodosoch.Wl jorbae CHOI 1989 

Extension and range in the Ebro basin (areas 1,2; Figs.3,4; Tables 1,2): this species is well 
represented in the Artés Formation and lateral equivalent successions. It is particularly abun­
dant in the Th. aH. aquatilis zone (MP 21). Its possible occurrence in the Th. galpeae (MP 19) 
and Th. calafensis (MP 21-MP 22) zones can not be disregarded. 

Other occurrences: the species is presently known only from the Ebro Basin. 

18. Gyrogona caeJata (REID & GROVES) GRAMBAST 1956 

Extension and range in the Ebro Basin (areas 1, 2; Figs.3, 4; Tables 1,2): the species is well 
represented in the Jorba La Panadella, Súria and Fonollosa sectÍons as well as in the Artes 
Formation and equivalent sequences, until the base of La Panadella Limestone. Its lowest 
occurrence is situated between the mammal sites of Sant Cugat de Gavadons (MP 19) and 
Santpedor (MP 21). The uppermost occurrence of G. caelata in the upper part of the Fonollosa 
section referred to the Th. calafensis zone (MP 21-MP 22) extends its range a few higher rhan 
the Lower Stampian. 

Other occurrences: G. caelata is widely distributed in Europe, from the Upper Lutetian 
(GRI\MBAST 1958) to the Lower Stampian (FEIST-CASTEL 1971, RIVELlNE 1986). 

19. Gyrogona medicaginula LAMARCK 

Extension and range in the Ebro Basin (area 2, Fig.4, Table 2): this species has been found 
only in the locality of Conill. The Conill beds are stratigraphically located between the 
mammal si tes of Porquerisses (Th. calafensis zone, MP 21-MP 22) and Tarrega (Th. majar 
zone, MP 23). Thus, up to date the exact mnge of this species in the Ebro Basin remains 
uncertain in relation to the mammal biozones. 

Other occurrences: The species was previously known from the Lower to Upper Stampian 
of the Belgium and Paris Basin (RIVELlNE 1986) as well as from the Bavarian Untere Süsswas­
ser Molasse (BAUMGARTNER 1985). 

20. Chara sp. 1 CHOI 1989 

Distribution and range in the Ebro basin (area 1, Fig. 3, T able 1): this form occurs scarcely in 
the U pper Eocene and Lower Oligocene beds of the Súria and Tora sections. The stratigraphic 

http:Nodosoch.Wl
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Fig. 9. Chara sp. A, lateral view, X80. From the Aspa section, 
bed 4; Upper Oligocene. 

range of this species cannot be precisely determined due to its scarcity and its absence in well 
dated localities. 

21. Chara sp. 2 CHOI 1989 

Distribution and range in the Ebro Basin: (arcas 1, 2; Figs. 3, 4; Tables 1,2): this form has been 
found in beds of the Artés and La Panadella Formations and lateral equivalent sequences. Its 
lowest occurrence is in levels stratigraphically situated between the mammal sites of Sant 
Cugat de Gavadons (Th. golpeae zone, MP 19) and Santpedor (Th. aH. aquatilís zone, MI' 21). 
The uppermost occurrence is in beds overlying the Porquerisses mammallocality (Th. calafen­
sis, MP 21-MP 22). 

22. Chara microcera GRAMBAST & PAUL 1965 

Distribution and range in rhe Ebro Basin (areas 3-5; Figs. 5-7; Tables 3-5): this species occurs 
in a number of localities, from the Upper Stampian to the Lower Aquitanian. Its occurrence in 
bed 3 of the Solivella section, reterred to the Th. majar zone (MP 23) extends its range, which 
was previously known as starting in the Heimersheim (MI' 24) biozone (CHELLAI et al. 1982). 

Orher occurrences: Chara micracera is widcspread in Europe, where it spans the Upper 
Oligocene and the Lower Miocene. 

23. Chara notata GRAMBAST & PAUL 1965 

Distribution and range in the Ebro Basin (areas 4,5; Figs. 6,7; Tables 4,5): the speeies occurs 
in the upper sequences studied here, in the Late Oligocene and at the Oligocene-Miocene 
transition. Its lower occurrence is in the Aspa section, referred to the E. majar zone (MP 27) 
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this fact resulting in a noticeable larger, lower extension of its range. Its uppermost occurrence 
is in the Velilla de Cinca Seetion, in beds corresponding to the Early Aquitanian Rh. sclosserí 
zone. 

Other occurrences: this species is widespread in the Aquitanian and rarer in the Upper 
Oligocene. In the Swiss Molassic Basin, C. notata appears in the Rickenbach mammal horizon 
(BERGER 1986), attributed to the MP 29 standard leve!. 

24. 	 Chara sp. A (Fig.9) 

This form shows new conjunction of characters, but the diagnosis of a new species is not 
possib1e due to the small number of specimens found so faro The specimen represented (Fig. 9) 
shows a charoid apex and a pointed basal part that would characterize the genus Homichara 
but, in addition to the fact that the spiral cells are provided with a Chara-like ornamentation, 
the population of Chara notata from the Aspa-4 bed includes speeimens with a basal stalk and 
could be interpreted as transitional with the new form, that would question the validity of a 
new taxon. 

Distribution and range in the Ebro Basin (area 4, Fig. 6, Table 4): Chara sp. A has been 
found in the Mas de Maials and Sarroca sections, in beds correlated with the Upper Oligocene 
E. aH. major zone (MP 27 and MP 28). 

25. 	 Hornichara Jagenalis (STRAVB) HVANG & Xu in WANG, HUANG, YANG & LEE 1978) 

Distribution and range in the Ebro Basin (area 5, Fig. 7, Table 5): this species only occurs in 
sorne Upper Oligocene beds of the Mequinenza area. lts !owest occurrence is in bed Fraga 
B-5, that is placed few metres above the Fraga B-2 mammal site, attributed to the E. major 
zone (MP 26-27). The uppermost occurrence of H. lagenalis is in the Fraga W -4 mammal site, 
also included in the E. aH. majar zone. 

Other occurrences: H. lagenalís was reported from the Upper Oligoeene and Lower 
Miocene of the Swiss ami German molassic Basins (STRAUB 1952, FEIST-CASTEL 1977c) as well 
from Aquitaine & RINGEADE 1977). However, previous Miocene records are now to be 
reconsidered and the species probably extends in fact from the Wynau (MP 27) to the Ricken­
bach (MP 29) mammallevels (BERGER 1986) and is thus restricted to the Oligocene, as it does 
in the Ebro Basin. 

26. 	 NitelJopsis (Tectochara meriani (L. & N. GRAMBAST) GRAMBAST & SouLlÉ-MARSCHE 
1972 

Distribution and range in the Ebro Basin (areas 2, 4,5; Figs. 4, 6, 7; Tables 2, 4, 5): the species is 
wcll represented, from the Lower Stampian onward. Its lowest occurrence ís in bed 21 of the 
Jorba-La Panadella section, 40 m below the Porquerisses mammal site (bed 24, Th. calafemis 
zone, MP 22), which is 20 m below bcd 27, eontaining the last representatives of H. tuberculata. 

Othcr occurrenees: N. meríani is widely distributed in Europe, from the Lower Oligocene 
to the Upper Tortonian. lt5 known lowest occurrences were reported by FEIST & RINGEADE 
(1977) from the mammallocalities of Ruch and Pouquette, in the Aquítaine Basin, which are 
rcferred to the MP 21 standard level (RINGEADE 1987). 
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27. 	 Lamprothamnium sp. 

The presence of this genus is interesting in its palaeoecological significance; Lamprothamnium 
is asure indicator of present and past saline lakes. Recent analogs of sueh environments in the 
Coorong arca (south of Australia) are interpreted by BURNE et al. (1980) as being affected by 
seasonally varying salinities under semi-arid eonditions. 

Extension and range in the Ebro Basin (arca S, Fig. 7, Table S): this form has been found in 
sorne beds of the La Panadella, Fraga and Torrente de Cinca sequences dated from the Upper 
Oligocene by other fossil assemblages. 

28. 	 Sphaerochara subglobosa (GRoVES) HORN of RANTZIEN 1959 

Distribution and range in the Ebro Basin (area 3, Fig. S, Table 3): the speeies was only found in 
the lower part of the Fod:s seetion, attributed to rhe Th. calafensis zone (MP 21-MP 22). 

Other oeeurrenees: S. subglobosa was recorded from rhe Hampshire and Lower Saxonian 
Basins as well as from two localities in Southern Franee (see RIVELINE 1986). Taking in 
account the oeeurrences in the Ebro Basin, the species extends from the Upper Priabonian ro 
the Lower Stampian. 

29. 	 Sphaerochara aH. subglobosa 

Specimens incompletely ealcified or not well preserved resembling S. subglobosa in their 
general shape, apex strueture and ornamentarÍon are doubtfully attributed to this species 
(CHOI 1989). 

Distribution and range in the Ebro Basin (area 1, Fig.3, Table 1): rhis form occurs in the 
Moia, Calaf and Fonollosa sections, from the Upper Priabonian to the Lower Stampian. Its 
lowest oeeurrence is stratigraphically placed between the Sant Cugat de Gavadons and Sant­
pedor mammallocalities (Th. golpeae and Th. aH. aquatilis zones), its uppermost occurrenee 
in the uppermost Calaf mammal site (Th. calafensis zone). 

30. 	 Sphaerochara Jabe/Jata FEIST in FEIST & RINGEADE 1977 

Distribution and range in the Ebro Basin (arca 3, Fig. S, Table 3): the species is only repre­
sented in rhe Upper Priabonian mammalloeality of Rocafort de Queralt attributed to rhe Th. 
golpeae zone (MP 19). 

Other oceurrences: S. labellata was previously recorded from the Baby-2 locality, in 
Aquitaine, attributed ro rhe Upper Priabonian MP 20 mamma! standard leve! (RINGEADE, 
1987). 

31. 	 Sphaerochara hirmeri (RASKY) MADLER, emend. HORN af R!\.NTZIEN & GRAMBAST 
1962 

Disrriburion and range in the Ebro Basin (arcas 4, 5; 6, 7; Tables 4, S): early represen­
tatives of rhe species occur in bed 4 of Pla de! Pepe section, whieh is corre!ated with the Th, 
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aH. major zone (MP The species was also found in bed 19 of the Torrente de Cinca 
section, just aboye the TC-18 mammallocality, referred to the Eomys aH. major zone (MP 27). 

Other occurrences: S. hirmeri is widespread in the Upper Oligocene of the European 
Basins but accordíng to RIVELlNE (1986), the species occurs in the Late Eocene Bembridge 
Marls of the Isie of Wight and its persistance into the Miocene is doubtful. Apart from the 
isolated record of the species in the Late its first occurrence is from the 
Stampian locality of Saínt-Vincent-de-Barbeyrargues (Languedoc; GRAMBAST 1962), referred 
to the MP 25 mammal standard level, thus quite simultaneously as in the Ebro Basin. 

32. Sphaerochara ulmensÍs (STRAUB) GRAMBAST 

Distribution and range in the Ebro Basin (areas 4, 5; Figs.6, 7; Tables 4, 5): the lowest 
occurrence of the species is in Aspa-4, which is tentatively referred to the E. major zone (MP 

Its uppermost occurrence is in parts of the Torrente de Cinca and Vellila de Cinca sections 
attributed to the Rh. transiens zone (MP 30). As reported below, records from other areas 
confirm this attribution. 

Other occurrences: S. ulmensis was recorded, in Europe, from the Upper Stampian to 
Tortonian in Switzerland, from the Chattian and Aquitanian of Germany (MADLER 1955) and 
from the Aquitanian of Southern France (FEIST-CASTEL 1977a). The species is widely distri­
buted as it was also reported from the Upper Oligocene of China (HUANG 1978, PI. 9, 
Figs. 1-5). The lowest occurrences of the species is in the Aarwanger Molasse of Switzerland 
(HORN AF RANTZIEN 1959), referred to the MP 27 mammal standard level. 

IV. Charophyte biozonation of the Upper Eocene-Upper Oligocene sequences 

The wide geographical extension and relatívely short ranges of charophyte species on 
subdividing and correlating Cretaceous and Paleogene non-marine sequences. With regards to 

the Paleogene of Europe, after the pioneer studies of CASTEL (1968) and GRAMBAST (1972), 
RIVELINE (1986) defined 20 zones based on the first occurrences of charophyte index species 
and on their assemblages. Our study on Paleo gene Mesogena floras gives us the opportunity 
to update this biozonatíon with definíng new zones and delimitating others more precisely. 
We will first determine the succession of the local zones established in the Ebro Basin with the 
species represented (Table 6), rhen we will place them in rhe context of the whole Paleogene 
Zonal succession of the European Basins (Table 7), with the inferred modifications (Table 7). 

A. Charophyte succession in the Ebro Basin 

Local biozone 1 

Definition: interval defined by the presence of I-larrisichara lineata. This species occurs, in the 
Vic area (COLOM et aL 1970), at rhe upper part of rhe Lower Priabonian Tossa Formation 
(FERRER 1971, LUTERBAcHER et al. 1973). The ranging up to the Upper Priabonian 
Sphaerochara labellata zone, its datarion cannor be esrablished precisely. 
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Table 2 Charophyte distribution in the stratigraphic sections of Area 2 4). 
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SI. aH. edwardsií . . · . -. . . . . • L.longus~.. . . . · . N. jorbae 
G. caelata.--. ..... .. . . . Chara sp 11 (Choi 1984) 
R. aff. raibocarpa • 
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.....,-. Lamprothamniumsp . . Rh. stockmansi 
• G. medicaginula 
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I LOCAL 
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~ I __ J 

(1) ~ » cn~-nz ~ -s:::Oo ..,;)-l -c»"ti r o ~s:::~ cn»­m » .o rr 
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Th. aff. aquatiliJ "-
(f> '\'\ 

.',) LOCAL MAMMAL BIOZONES Th. calafensis biozone '\biozone "­
\ .11: v STANDARD MAMMAL

~I: LEVELS "N ..,,,... .., 

Local biozone 2 

Definitíon: ínterval between the first occurrence of Sphaerochara labellata and the fírst oc­
currence of Lychnothamnus longus in the Ebro Basin. forms of S. labellata occur in the 
Rocafort de Queralt sequences exposed at the locality with the same name. This zone is also 
developped in the Moia and Sant Cugat de Gavadons sections. 

Important species: H. tuberculata and S. aH. vectensis and R. stockmansi which appear 
simultaneously with S. labellata. 

Zonal attribution: Sphaerochara label/ata zone. This newly defined zone corresponds to 
the lower part of the Stephanochara vectensis zone of RrvELINE (1986). Correlation of S. 
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Table 3 Charophyte distributÍon in the stratigraphic sections of Area 3 (Fig. 5). 
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labe/lata zone wi th the MP 19-MP 20 mammal standard levels is based on common localiries 
of charophytes and mammals in the Aquitaine and Ebro Basins. This zone is widely repre­
sented, in particular in the Calcaire d'Issigeac, in Aquiraine, and in rhe Bembridge Limestone 
of the Isle of Wighr (FEIST & RINGEADE 1977; FEIST-CASTEL 1977a). 

Local biozone 3 

Definiríon: inrerval between the first oceurrence of Lychnothamnus longus and the first oc­
currenee of Nítellopsis meTiani. Early forms of L longus occur in the Calaf and ín rhe Espelt 
sections and the zone is developped in the lower part of the Arrés Formation exposed in these 
sections, as well as in the Fores section. 
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Table 4 Charophyte distribution in the stratigraphic sections of Area 4 (Fig. 6 l. 
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Important species: N. jorbae, which appears within local zone 3; H. tuberculata, S. aH. 

vectensis and R. stockmansi persist from local zone 2. 
Zonal attribution: local zone 3 is correlable in its assemblage with the Stephanochara 

vectensis zone of RIVELINE (1986), which must be revised from new informarion on rhe range 
of the index species in rhe Isle of Wight. In rhe Ebro Basin, S. aff. vectensis shows the same 
range and distribution than H. tuberculata. Local zone 3 is idenrified in rhe Bembrige Marls of 
the Tsle of Wight as well as in the Lower Mo!asse du Fronsadais, exposed at Baby-2 and Saint­
Capraise localities of the Aquitaine Basin, which are reterred to the MI' 20 mammal standard 
leve!. In the Ebro Basin, the top of local zone 3, which is placed in the Lower Stampian MI' 
21-MI' 22 standard levels, does not correspond to the upper limit of the Stephanochara 
vectensis zone that is restricted ro the Late Eocene. 
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Table 5 Charophyte distriburion in the stratigraphic sections of Area 5 (Figs. 7 and 8). 


_. c.-I 

LlTHOSTRATIGRAPHICx· S. "Tl ffi <DO~;~r~o~ 3'"0 

~ ~¡. UNITSS~r3.~ Granja d·Escarp Lutitas g¡ <g o; ~Dl<D 

~ EL CAMPILLO 

BALLOBARo~ 

VELILLA OE CINCA"''''''''" El .. ~'" ::;;::;; ::;;::;; ..., FRAGA (B+W)~ B'" "'oEl'" ......~[] ~N'" TORRENTE OE CINCA",...,0> ~"'N'" 
~ M: MEQUINENZA 

;;; MONTMENEU'" 

o 
 LGE:GRANJA O·ESCARP 

~ MM: MAS OE MAIALS'" 
~ COLL O·EN GRAU 

~ BOT . o o o Lampmthamnium sp 
0 ____ 0 e_ •• o 0--0-0 N. (T.) meriani 

o •• _e_e __ o_o o o o __ e_e_e_. o o oo Ch. microcera 
•• e-e • ___ 0 o o Ch. notata 

o Rh. praelangeri 
0--0 Sphae. ulmensis 

1"-:;:--0--0--00-0-0 o o Stephan.ungeri 
Hornich. lagenalis ~ 
Rh.langerio 

o Chara sp.A 
Sph. himeri o 

1'-: o o o-o o-o Steph. berdotensis 

LOCAL ., CHAROPHYTE... ...'" ZONES 

b I 
r ¡f f :;::" ~ ro :~ c. ::;; ~I Cfl»(J~ ro ~ro ::¡:;::Cflc. I 

I 

'" " 0>0 ~Ii .lgl " 
ro 

m:;::Cfl~ " ~ I"~ 5· el " ~ " ~~ Cfl»­
O I I rrI i> O 

" " ~ " I 
E. aft. major I Rh. transiens MAMMAL BIOZONESschlosseriziieli I mi·or I I 

Rh. 

!: !:'----------v--- '!: 
I 

!: STANDARD MAMMAL~ ~ ~ ~ !: z 
LEVELS.." .. .." ..... .," 

V 

... !!! " 
'" '" 

~ 

Local biozone 4 

Definition: interval between the first occurrence of Nitellopsis meriani and last occurrence of 
Harrisichara tuberculata. Early forms of N. meriani occur in the Jorba-La Panadella section 
and the zone is deve!opped in the Calaf, Súria, Fonollosa and Santpedor sections (Artes 
Formation). The base of zone 4 is placed within the Th. calafensis zone as it does in the Jorba­
La Pana della section which includes its lowest occurrence. 

Important species: early forms of G. medicaginula; last occurrences of H. tuberculata, R. 
stockmansi, S. subglobosa, L. longus, and S. lychnothamnoides. 

Zonal attribution: local zone 4 corresponds in its assemblage to the Stephanochara pinquis 
zone of RIVELINE (1986). This zone can be referred to the MP 21 mammal standard leve!, by 
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correlation with mammal and charophyte associations of Soumailles, Ronzon and Hoogbutsel 
localities. The indexspecies has not been found in the Catalan localities. In the Ebro Basin, 
data from the Calaf mammal faunas imply the place the upper limit of the S. pinquis zone in 
the Mp21-MP 22. This attribution is not however consistent with the extension of the taxa 
which compose the assemblage of the S. pinquís zone, in particular the genus Harrísichara, 
which was never reported from the Rhabdochara major zone, correlated with the MP 22 
standard level. 

Undefined local biozone 5 

Interval between the last occurrence of Harrísichara tuberculata and the first occurrence of 
ChaTa micracera. The uppermost part of the Jorba-La Panadella section, including bed 38, 
corresponds to this interval, which is also present in rhe Fores-Sarral section. 

Zonal attribution: Rhabdachara majar zone (RIVELINE (1986). 

Local biozone 6 

Definition: interval between the first occurrences of Chara microcera and Hornichara 
lagenalis. Early forms of C. micra cera occur in the Tarrega Formarion, in SolivelIa-3 and 
Montblanquet-3. The zone is also developped in the Fod~s and El Talladel sections. 

Important species: S. hirmeri; R. meljor, whose presenee in this imerval eorresponds tO the 
upper part of its range. 

Zonal attribution: local zone 6 eorresponds to the lower part of the C. microcera zone of 
RIVELINE 1986 with an earlier lower the spceies appearing in an horizon referred to the 
MP 23 standard level, instead of MP 24 as previously known et al. 1982). This newly 
redefined C. mícrocera zone is eorre!ated with the Argiles des :\-1illes and with the Argiles de 
Saint-André (Somh of Franee), the latter correlated with the :\-lP 26 standard leve!. 

Local biozone 7 

Definition: interval between the first oceurrences of Hornichara lagenalis and Stephanochara 
ungeri. Early form of H. lagenalis occur in the Flix Formation, in bed 5 of the Frage B section, 
correlated with the E. majar zone, attributed to the :MP 27 mammal standard leve!. This zone 
is developped in the lower portion of the Mequinenza Limestone, appearing in the Fraga 
Section. 

Important species: Chara micro cera , persistant from zone 6. 
Zonal attribution: Hornichara lagenalis zone corresponds to the Upper pan of the Chara 

micro cera zone previously defined by RIVELINE (1986). Out of the Ebro Basin, the new zone is 
identified in the Lower part of the "Molasse rouge" of the Geneva Basin (BERGER et al. 1986); 
thus in the SPM5 Borehole, the !owest occurrence of H. lagenalis is below the S. ungeri one, as 
reported in the Ebro Basin. 
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Local biozone 8 

Definirion: interval between the firsr occurrences of Stephanochara ¡mgeri and Stephanochara 
berdotensis. Early form of S. ungeri occurs in the Frage-7 horizon, referred to the E. aH. major 
zone, attributed to the MP 27 mammal standard leve!. This zone is represented in the Fraga, 
Velilla de Cinca and Mequinenza sections. 

Importanr species: early forms of R. langeri, Chara sp. 1 and of S. ulmensis occur within 
local zone 8; C. microcera. 

Zonal attribution: zone 8 corresponds to rhe S. ungeri zone of RIVELINE (1986) and 
BERGER (1986). Out of the Ebro Basin, this zone is identified in the Pelarda Formation, at the 
Vive! del Rio and Villanueva del Rebollar mammallocalities (Teruel Basin; ADROVER et al. 
1982), attributed to the MP 28 and MP 29, respectively; In Aquitaine, local zone 8 is develop­
ped in rhe upper part of the Molasse de l' Agenais, ar the La Milloque locality & 

RINGEADE 1977), referred to the MP 29; in the Swiss Molasse, from the Wynau to Rickenback 
mammallevels (KISSLING 1974; BERGER 1986), thus from MP 27 to MP 29. 

Local biozone 9 

Definition: base of zone 9 is based on the lowest occurrence of Stephanochara berdotensis. 
Early form of S. berdotensis occurs in bed 48 in the Torrente de Cinca section, referred to the 
Rh. transiens mammal zone, attributed to the MP 30. Top of zone 9 is not defined due to rhe, 
up to date, not recorded occurrence of the Lower Aquitanian markers (Rantzieniella nitida 
GRAMBAST, Sphaerochara davidi FEIST-CASTEL). 

Important species: Chara notata, R. langeri, and Chara sp. A., persisting from lower 
leve!s. 

Zonal atrribution and resulting changes in the general biozonarion: local biozone 9 is 
partíally equivalent to the Chara notata biozone of RIVELINE (1986) which is no longer 
defined, due to the new range of the index-species determined in the Ebro Basin (see aboye, 
Part lII, Chara notata); the Rantzienella nitida biozone, not identified in the Ebro Basín, will 
be placed over the S. berdotensis biozone, with its new definition. 

B. Comparison of the Charophyte and MammaJ successions 

The charophyte-mammal correlations established in the European Basins are based on a 
number of common localities, from the Lower Eocene onward 1968; FEIST-CASTEL 
1977a; FEIST & RINGEADE 1977; RIVELINE 1986; BERGER 1986; TAMBAREAU et al. 1989). 

In the Ebro Basin, the identificatian of the Upper Priabonian Sphaerochara labellata and 
Stephanochara vectensis zones in the lawer sequences is compatible with data fram Vertebrate 
faunas. In contras!, some differences appear between the two groups with regard to the 
identificaiton of the Lower Oligocene: the Eocene-Oligocene boundary based on the mam­
mals is spanned without any change by the charophytes and the Lower Oligocene 
Stephanochara pinquis zone is developped in the Theridomys calafensís mammal zone, corre­
lated with the Villebramar reference level. With regards to the previous charophyte records in 
this period, we admit that the S. pirlquis zone may extend higher than its previous range, 
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restricted ro the Ronzon-Hoogbutsel-Lower Hamstead leve!. With regard ro the Middle 
Stampian, only undefined local zone 5, starting with the estinction of H. tuberculata and 
finishíng with the first Chara micro cera, could be referred ro the Rhabdochara major zone. 
Charophyte and mammal indications are concordant for the Upper Stampían, Upper 
Oligocene and Lower Miocene sequences; the unabilíty of charophytes in defining the basal 
Aquitanian ís due ro the local absence of stratigraphically significant markers. 

C. 	 The Ebro Basin Charophyte succession in the framework of the standard European 
biozonation (Table 7) 

The zonation established in the Ebro Basín is based on contÍnuous sectíons correlated one 
with each others inside a same area. The precision obtained in de!imitating the species ranges 
and the composition of the successive assemblages leads to deeply modify the previous zona­
tions. With regard with the more recem one, from RIVELINE (1986), the main changes consist 
in: 1) the suppression of two zones, which became invalid following the lengthen of the index 
species ranges; 2) a new definiríon of the Stephanochara vectensis and Chara mio'ocera ZOnes; 
3) the adjonction of two new zones, the Sphaerochara labellata zone in the Lower Stampían 
and rhe Hornichara lagenalis zone in the U pper Stampian. On the orher hand, data fram 
micromammals lead to extend the range of the assemblage characterizing the Stephanochara 
vectensis bíozone higher than the MP-20 (Saínt Capraise) leve! and the Stephanochara pinquis 
zone higher rhan the Ronzon leve!, thus between the Ronzon and Villebramar mammal 
standard leve!s. 

V. 	 Oligocene extinction event in Charophytes 

Table 6 shows that the charophyte assemblages succeed regularly in the of the Ebro 
Basin. It is evident, however, that the species number varies from twemy for the three zones 
representing the Priabonian and Lower Stampian imerval, corresponding to about five million 
years, to only twelve species for rhe whole younger zones during the same duration. 
Considering the assemblages represented in zone 4, we note that the extinctions of species are 
increasing in ZOne 4, fram base to summit (T ables 1 and 2). These disparitions, not compensed 
by the recovery of new species, lead ro a drastic ímpoverishment of the charophyte phylum 
during the Lower-Middle Oligocene transition. 

The impoverishment of the group seems a general phenomenon derived from the exdnc­
tions occuring between the Stephanochara pinquis and Rhabdochara major zones. Charophy­
tes beÍng direcdy influenced by potendal calcium carbonate precipitarion, which is tempera­
ture-contralled, the Middle Oligocene cooling (KEIGWIK & KELLER 1984) may be evocated as 
major factor of extinctions. This hypothesis is supported by the conrrasting evem of speciation 
during the Upper Oligocene, coinciding with the general warming which seems to have 
occurred during this period (MILLER & FATRBANKS 1985; VIANEY-LIAUD 1991). 

VI. 	 Conclusions 

As a main result of the present paper, a new charophyte zonal scheme, based on the Ebro 
Basin succession, is proposed for the Eocene-Lower Miocene interva!. Mosr species 
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Table 6 Upper Eocene - Lower :'v1iocene charophyte zones in the Eastern Ebro Basin and correla­
tion with me standard mammallevels. (1) from ACUSTÍ et al. (1987) and SCHMlDT- KITTLER 

el al. (1987). (2) from HAQ el al. (1987). 
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Table 7 	 Correspondence between the Ebro Basin charophyte zonation (4), the charophyte zona­
tion (3) oí RIVELINE (1986) and the proposed, new charophyte biozonatíon (7) for Western 
Europe (Late Eocene to Late Thís rabie also shows rhe correspondence of the 
R¡VEL¡::\E (1986) charophyre biozonarion wíth the mammallevels (2), ¡he mammallocal 
biozones for the Ebro Basin (S) based on AGUSTÍ et al. (J987) and the mammal reference 
levels (6) of SCHMJDT-KITTLER ed. (1987). Note the chronostrarígraphic attributíon of the 
RIVELINE (1986) zones (column J) and the present chronostratigraphic attríbution (8). The 
differences between rhe chronostratigraphic correspondences of the charophyte bíozona­
tions are due to changes in rhe chronostratigraphíc attributions of several charophyte index 
species. 
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being widely distributed, the new zonal scheme is applicable to the whole Western Europe. 
\X1ith distant areas, only broad correlations, based on rare common species, can be presently 
cstablished . .Kotably, such correlations can be established with Asia (China, India). 

On the other hand, the comparison of the charophyte and mammal zonations shows that, 
from the Lower Oligocene onward, the latter is twice more precise, in contrast with the 
previous periods: the number of Eocene zones is similar in charophyte and mammals zona­
tions and, for the Cretaceous, eighreen zones subdivide the Cretaceous but none has been 
defined sofar in the vertebrares, al' least in the old world. 

Finally, relations between the change in generic and specific diversity and the general 
climatic changes have been evidenced: decreasing diversity corresponding ro the Middle 
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Oligocene cooling and, contrastingly, recovering of diversity during the Upper Oligocene 
warming phase. We expect, from current isotopic studies, more precise data on rhe rem­
peratures that prevailed, during the Oligocene, in the Ebro Basin. 

Acknowledgements. We are grateful ro F. S. LEGENDRE and M. VIAKEY-LIAUD for 
fruitful discussions and constructive remarks on the manuscript. These investigations have 
been partially been supported a gram of the Centre National de la Recherche Scientifique 
(DBT2) "Changement de l'environment global" nO 545 and ISEM contribution n° 93~014). 

References 

ADROVER, R., M. FElST, M. HUGUENEY, P. MEIN & E. MOISSENET (1983): Les formatÍons continentales 
paléogenes de la Sierra Palomera de Teruel, et leur place dans la biostratigraphie 
tertíaíre des Chaínes Orientales. Bu!!' Soco Franee. (7) 25: 421-431, París. 

AGusTÍ, J., P. ANADÓ:-.l, S. ARBIOL, LL CABRERA, F. COLOMBO & A. SÁEZ (1987): Biostratigraphical 
characteristics of the sequences of :--.rorth-Eastern Spain (Ebro and Campins Basins). ~ 
Münchn. Geowiss. Abh. (A)., 10: 35-42, München. 

AGUSTí, J., LL CABRERA, P. ANADÓN & S. ARBIOL (1988): A late Oligocene-Early Miocene rodent 
biozonation from the SE Ebro Basin (NE Spain): A potential mammal stage stratotype. ~ :--.rewsl. 
Stratigr., 18: 81~97, Gebrüder Stuttgart/Berlin. 

ANADÓN, P. (1978): El Paleógeno anterior a la transgresión biarritziense (Eoceno medio) entre 
los rios Gaia y Ripoll (privineias de y Barcelona). ~ Estudios Geo!., 34: 431-440. 

ANADÓN, P. & M. FElST (1981): Charophytes et Biostratigraphie du Paléogene inférieur du bassin de 
1'Ebre oriental. B, 178: 143~168, Stuttgart. 

ANADÓN, P., M. FEIST, J.-L. C. MÜLLER & J. VILLALTA-COMELLA (1983): Un exemple 
de corrélation entre éehelles marines et continentales dans I'Éocene: La coupe de 
Pontils (Bassin de l'Ebre, Bull. Soco Géo!. France, 7, 25: 747-755, Paris. 

ANADÓN, P., LL. CABRERA, J. & P. SANTANACH (1985): Paleogene strike-slip deformation and 
sedimentation the sourheastern margin of the Ebro Basin. - In: BIDDLE, K. & N. CHRISTIE­
BUCK deformation, basin formarÍon and sedimentation. Spec. Pub!. Soco Econ. 
Paleont. 37: 303-318. 

A?>ADÓN, P., F. COLOMBO, :\1. ESTABAN, M. MARZO, S. ROBLES, P. SANTANACH & L. SOLÉ SUGRAÑES 
(1979): Evolución de los Catalánides. - Acta Geo!. Hispanica, 14: 242~270. 

ANADÓN, P., M. VIANEy,LIAUD, LL. CABRERA & J. L. HARTENBERGER (1987): Gisements ia vertébrés du 
,al!:"'"!:!l, de la zone oriental e du basin de l'Ebre et lcur apport ala stratigraphie. - Paleont. i EvoL, 21: 
117-131. 

ANADÓN, P., L. CABRERA, B. COLLDEFORNS & A. SÁEZ (1989): Los sistemas lacustres del Eoceno superior 
y del sector oriental de la Cuenca del Ebro. - Acta Geol. Hispanica, 24: 205·230. 

BAUMGARTNER, K. (1985): Erstnachweis von Gyrogona medícaginula Lamarck (Characeae) aus der Unte 
ren Süsswassermolasse Bayerns. Münchner Geowiss. Abh. (A), 6: 45-50. 

BERGER, (1986): Biozonation préliminaire des charophytes oligocenes de Suisse occidentale. Eclo­
gae Helv., 79: 897~912. 

BUR:-.IE, V., J. BAULD & P. DE DECKER (1980): Saline lake charophyres and their geological 
J. Sedim. Petro!., 50: 281-293. 

CABRERA, L. (1983): y sedimentología de las formaciones lacustres del tránsito VlllLU',,"':J.W-

Mioceno del SE de la del Ebro. - Tesis doctoral. Univ. de Barcelona, 443 pp. Inédito. 
CASTEL, 	M. (1968): Zones de charophytes pour l'Oligocene d'Europe oecidentale. C. R. somm. Soco 

Fr., 4: 121~122. 

http:BUR:-.IE


31 Upper Eocene - Lowermost Miocene charophyte succession in the Ebro Basin (Spain) 

CHELLA!, EL H., S. BAUDELOT, B. CROCHET, M. FEIST & M. DURAND-DELGA (1982): Preuves paléonto­
logiques de l'antérioríté des de la Grésigne (Eocene supéríeur) par rapport ala Molasse 
oligocene de l'Albígeoís (Tarn). C. R. Acad. Sci. París, 295: sér. 2: 683-690. 

CHOI, S. J. (1989): Les charophytes du bassin potassique catalan (Nord-est de l'Espagne) a la limite 
Eocene-Oligocene. Paléobiologie continental e, 26: 1-67. 

COLOM, G., L. VIA & S. REGUA1'iT (1970): de Han'isicham lineata Grambast en el yacimiento 
del Parés (Sant Boi del Vie). Hispanica, 5: 65-66. 

COLOMBO, F. (1980): del Terciario inferior continental de los Catalánides.­
Tesis doc. Univ. de 

- (1986): Estratigrafía y 'CU'llHCIllVl~'~i" 
Catalánides (Provincia de Torro,mno. 

DALLONI, M. (1930): Etudes 
FEIST-CASTEL, M. (1971): Sur 

Lyon. 
- (1977a): Evolution of the floras in the Upper Eocene and Lower Oligocene of the Isle of 

Wight. Palaeontology, 20, 1: 143-157, London. 
- (1977b): Etude floristique et biostratigraphique des charophytes dans les séries du Paléogene de 

Provence. Géo!. Médit., 4: 109-138, Marseille. 
- (1977c): Description du nouveau genre Krassavinella (Charophytes, Characeae) et répartition de K. 

lagenalis dans supérieur de la Molasse Suisse. - Ec!. geo!. He/v., 70: 771-775, 
Base!. 

FEIST, M. & M. RINGEADE (1977): Etude biostratigraphique et paléobotanique (charophytes) des forma­
tions continentales de l'Eocene supéríeur au Míocene inférieur. - Bull. Soco Fr., 7, 
19: 341-354. 

FERRER, J. (1971): El Paleoceno y Eoceno del borde sur-oriental de la depresión del Ebro (Cataluña). -
Mém. Suíss. Paléont., 90: 1-70. 

F¡SCHER, W. L. & J. H. MCGOWEN (1969): Depositional systems in the \í;7ilcox Group (Eoccne) of Texas 
and their relationship to occurrence of oil and gas. - Am. Ass. Petro!. Geo!. Bul!., 65: 653-673. 

GRAMBAST, L. (1962): Sur l'intéret stratigraphique des Charophytes fossiles: exemples d'application au 
Tertíaire parisien. C. R. somm. Soco géol. Fr., 7: 207-208. 

GRAMBAST, L. (1972): Príncipes de l'utílisaúon straúgraphique des charophytes. Applications au Paléo­
d'Europe occidentale. Mém. Bur. Rech. géol. Min., 77: 319-328, Paris. 

GROVES, J. (1926): Charophyta. In: REID, E. M. & M. E. CHANDLER: The Bembridge Flora. - Brit. Mus. 
Cat. Cainoz. Plants 1, 206 p, London. 

HAQ, B. U. & F. W. B. VAN EYSINGA (1987): Geological time tableo Elscvier, Amsterdam. 
HORN, AF MNTZIEN, H. (1959): Morphological types and organ-genera of Tertíary charophyte íructifíca­

tiom. Stockholm Contrib. Geo!., 4: 45-197. 
KEIGWIN, L. & G. KELLER (1984): Míddle Oligocene cooling írom equatorial Pacific DSDP site 77B. 

12: 16-19. 
MILLER, K. & R. G. FAIRBANKS (1985): Cainozoíc 6'80 record of climate and sea leve!. - South Afr. JI. 

Sci., 81: 248-249. 
PAPP, A. (1951): Charophytenreste aus dem Jungtertiar Osterreichs. - Osterr. Akad. Wiss. Math. Nat. K!. 

160: 279-293, Wien. 
A. MuÑoz & M. MARZO (1986): Thrust belt development in the Eastern Pyrenees 

sequences in the southern íoreland basin. - In: PH. ALLEN & P. HOMEWOOD 
(eds.): basins. Spec. Pub!. LA.S., 8: 229-246. 

RAMíREZ DEL Pozo, J., O. RIBA & A. MALDONADO (1975a): Mapa Geológico de España, E. 1: 50,000. 
Hoja n. 362: Calaí. Servo Pub!. Min. Industria. 

RAMÍREZ DEL POZO, J., O. RIBA & A. MALDONADO (1975b): Mapa Geológico de España, E. 1: 50,000. 
Hoja n. 330: Cordona. - Servo Pub!. Min. Industria. 

RIVELINE, J. (1986): Les Charophytes du Paléogéne et du Miocéne inférieur d'Europe Occidentale. 
Cahiers de Paléontologie. Editions du CNRS., 227 pp, 38 pI. 



32 M. FEIST er al. 

ROSELL, R. JULIA & J. FERRER (1966): Nora sobre la estratigrafís de unos niveles con carófitas existentes 
tramo rojo de la base del Eoceno al S. de los Catalán id es (provincia de Barcelona). - Acta Geol. 

lJ>","'Cl1~d, 1: 17-28. 
Estratigrafía y sedimentología de las formaciones lacustres del tránsito Eoceno-Oligo­

ceno de la Cuenca del Ebro. - Tesis doctoral, Universidad de Barcelona. Servei de Publicaríons 
de la Univ. de Barcelona, ed. microficha, 353 pp. 

SCHMIDT-KITTLER, N. (1987): European reference levels and correlation tables. International Sympo­
sium on Mammalian Biostratigraphy and of the European l'aJlco'gene, Mainz, February 
18th 21st 1987. Münchner Geowiss. Abh. (A), 10: 15-19. 

STRAUB, E. W. (1952): MikropaHiontologische Untersuchungen im Terríar zwischen Ehingen und Ulm an 
der Donau. - Geol. Jb., 66: 433-524, Hannover. 

TAMBAREAU, Y., M. FElST, e GRUAS-CAVAGNETTO & M. MURRU (1989): CaractérisatÍon de l'Ilerdien 
continental dans le domaine ouest-méditerranéen. eR. Acad. Sei. Paris, 308: 689-695. [Engl. abr. 
version1 

VIANEY-LIAUD, M. (1991): Les de I'Eocime terminal et de l'Oligocéne d'Europe comme indiea­
tuers de lcur environnement. Palaeoclim., Palaeoecol., 85: 15-28. Elsevier, Amsterdam. 

XlN LUN, IN WANG, HUANG, YANG & (1978): Early Tertiary charophytes from coastal region of 
Bohai, 49p, 23 pI., Nanjing. [In Chinese, Engl. Abstraer] 

vn,'W'!'mr received 13. 11. 1992 


