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1. Introduction 

ABSTRACT 

The Fuentelsaz Section is located in the Castilian Branch of the Iberian Range (Guadalajara, Spain). Its 

exceptional Lower-Middle Jurassic transition outcrops led to its designation as the Global Boundary 

Stratotype Section and Point for the base of the Aalenian. The sediments of the Toarcian-Aalenian transition 

at Fuentelsaz are composed of marls with interbedded limestones in rhythmic alternation. Marls are 

dominant in the Toardan and the Opalinum Zone up to the middle part of the (omptum Subzone. In the 

remaining (omptum Subzone, marly materials are scarce and limestones predominate. Sedimentation at 

Fuentelsaz took place over an extensive marine epeiric carbonate platform that was well connected with the 

open sea. In the Fuentelsaz Section, a total of 43 palynomorph taxa were recorded: 23 spore taxa, 13 pollen 

taxa, 4 acritarchs, 2 prasinophytes and 1 dinoflagellate cyst. The studied sediment samples were always 

dominated by terrestrial allochthonous miospores. In general, miospore assemblages are biased due to the 

transport of pollen from land or islands to the continental platform. Spheripol/enites, Ciassopollis or indeed 

both pollens numerically dominate the assemblages. Other miospores appear in low numbers. Aquatic 

palynomorphs are also scarce; Micrhystridium lymensis is the most common. Five palynological assemblages 

(PA) were distinguished: PAl, PA2 and PA3 are Toarcian in age, PA4 is located at the boundary between the 

Toarcian and the Aalenian and PAS. This latter palynological assemblage which is lower Aalenian in age 

shows a strong reduction in palynomorph diversity and preservation in the (omptum Subzone. 

Palaeoecological analysis of the palynomorphs indicated the presence of calm, oligotrophic sea water. The 

palaeofloral communities of gymnosperms and vascular cryptogams-which grew in subtropical arid 

conditions-were poorly diversified. 

The jurassic palynology of the Iberian Peninsula is little known. 

1991) during this period is almost completely unknown, even 

though a large number of sections have been well studied from 

sedimentological, stratigraphic and palaeontological points of view 

(Vera, 2004; Gamez and Goy, 2005), The palynological study of the 

Spanish Lias has recently begun in sections in Asturias, the Basque

Cantabrian Basin and the Iberian Range (Barron et aL, 1999a, b, 

2006; Gomez et aL, 2007). The few studies that exist on Middle 

jurassic palynomorphs from Spain were performed by Fenton and 

Fisher (1978) and Smelror et al. (1991), and focus on Bathonian to 

Callovian dinoflagellate cyst assemblages from northeastern Spain 

and the Iberian Range. 

The first information was provided by Doubinguer et aL (1970) who 

made a reconnaissance study of the Lower Mesozoic of Europe, 

including the lias of PortugaL Studies of the Portuguese Lias were 

continued by Adloff et aI. (1974), Adloff and Doubinguer (1978), 

Davies (1985) and Veiga de Oliveira et aI. (2007), Palynological 

studies of the Lusitanian Basin, however, have mainly focused on the 

Middle and Upper jurassic (Riley, 1974; Boland, 1986; Van Erve and 

Mohr, 1988; Mohr and Schmidt, 1988; Mohr, 1989; Smelror et aI., 

1991; Mohr and Schultka, 2000; Barron and Azeredo, 2003). 

Little palynological information exists on the Lower jurassic of 

Spain. Indeed, the plant life that reigned in the west of the Southern 

European Province of the Eurosinian Region (sensu Vakhrameev, 

The section of Fuentelsaz was formally stablished as Global 

Boundary Stratotype Section and Point (GSSP) for the base of the 

Aalenian stage in the 31st International Geological Congress (Rio de 

janeiro, Brazil, 2000) by the International Commission on Stratigra

phy. It has been exhaustively studied from litho logical, sedimento

logical, stratigraphic, palaeontological, magn etostratigraphic, 

geochemical, mineralogical and isotopic points of view. Palaeontolo

gical studies include groups such as ammonites, brachiopods, 



ostracods, nannofossils, foraminifers and palynomorphs (Goy and 

Ureta, 1987, 1991; Mart(nez, 1992; Garda-Joral and Goy, 1994; Goy 

et aI., 1994, 1996; Hecceco and Canales, 1997; Pecilli, 1999; Ccesra 

et al, 2001). The richness of successive ammonoid assemblages 

allowed a high resolution biostratigraphic scale to be established, 

which permits detailed correlations be made with other jurassic 

sections (Goy and Vceta, 1987, 1991; Goy et aI., 1994, 1996, 1999; 

Cresta et al., 2001). Biostratigraphic event based in the ammonite 

evolution (the first appearance of the graphoceratid genus Leioceras) 

marks the Lower-Middle jurassic boundary at the base of level 

FZ107 in Fuentelsaz (Goy and Vceta, 1987, 1991; Goy et aI., 1994, 

1996, 1999; Ccesra et aI., 2001). 

To date, only a few short palynological contributions regarding 

Fuentelsaz have been published (Goy et al., 1996, 1999; Cresta et al., 

2001), focusing on assemblages from a few levels near the Toarcian

Aalenian transition. These assemblages, which are dominated by the 

pollen grains of gymnosperms, contain conspicuous amounts of 

acritarchs. Spores of vascular cryptogams and the phycomes of 

prasinophytes are scarce. More recently, Peyrot et al (2007.1) used 

confocal microscopy to study Classopollis in the Fuentelsaz Section. 

The present paper reports a complete study of the palynological 

content of the Late Toarcian-Early Aalenian rocks outcropping in the 

Fuentelsaz Section. Qualitative and quantitative analyses were 

performed in order to identify palynological assemblages, which 

were calibrated using the above ammonoid-based biostratigraphic 

scale. These analyses also allowed the inferred assemblages to be 

compared with contemporaneous counterparts in other parts of 

Europe and North Africa. The palaeoenvironmental conditions 

reflected by the section were also analysed. 

2. Geological setting 

The Fuentelsaz section is situated in the central sector of the 

NW-SE trending Iberian Range which is an intracontinental Alpine 

belt with Variscan basement and Mesozoic and Cenozoic cover. The 

section is located at about 0.5 km north of the Fuentelsaz village, 

Guadalajara province (Fig. lA). It has previously been described 

by Comas-Rengifo and Goy (1983), Goy and Vceta ( 1987, 1991), 

Gaccia-Jocal and Goy (1994), Goy et al. (1994, 1996) and Ccesta et al. 

(2001). 

At Fuentelsaz the Upper Toarcian (Mactra, Aalensis and Buck

mani subzones of the Aalensis Zone) and Lower Aalenian (Opalinum 

and Comptum subzones of the Opalinum Zone) (Fig. lB,C) are re

presented by a (41.5 m of thick) complete succession of alternating 

limestones (mudstones and bioclastic wackestones, occasionally 

packstones) and marls. The lower and middle parts of the section, 

which are markedly marly (levels 1 to 153), correspond to the upper 

part of the Turmiel Formation (Goy et .11., 1976), whereas the upper 

part, which is predominantly calcareous (levels 154 to 205), belongs 

to the lower part of Casinos Formation (C6mez et al., 2003) 

(Fig. 1B). 

The depositional environment at this time correspond to a fault

bounded subsiding block, within in a N-S trending marine epeiric 

carbonate platform well connected with the open sea until the late 

Comptum Biochrone (Fig. 2B). Facies pattern and vertical evolution 

observed in the Fuentelsaz section reveal a striking similarity to many 

others outcrops in the Iberian Range where an important episode of 

extensional faulting has been recognized in the late Early Aalenian. 

Synsedimentary extensional tectonic activity is documented by a 

drastic increase in the net accumulation rate (12 m/Ma) during the 

latest Comptum Biochrone, and is especially well recorded at the 

Fuentelsaz section (see Garda-Frank et al. 2008). 

3. Materials and methods 

One hundred and two sediment samples from the Fuentelsaz 

Section were examined. All samples were prepared following the 

standard palynological technique (Batten, 1999; Peyrot et al., 2007a). 

Sixty nine samples yielded palynological contents: 66 from the 

Turmiel Formation (from the Insigne to Comptum p.p. Subzones) and 

three from the Casinos Formation (in the Comptum Subzone) 

(Figs. 1B, 3-4). 
To determine the floral turnover in response to palaeoenviron

mental changes, the palynomorphs were organised according to their 

botanical affinities in accordance with the data of Harris (1974), 

Balme (1995), Batten and Dutra (1997) and Abbink (1998) (Table 1). 

Miospores were organised into two groups based on the ecological 

preferences (mainly water needs) of the plants that produced them, 

and the adaptability of these plants to more or less dry environments. 

A synthetic pollen diagram (Fig. 5) was constructed using Tilia and 

Tilia Graph 2.0.b4 and TGView 2.0.2 software (Illinois State Museum, 

Springfield, USA) to determine the quantitative variation of taxa or 

groups of taxa over the succession and the palynological assemblages 

(PA). 

The palynological data was examined using correspondence 

analysis (CA) (Benzecri. 1973). This multivariate ordination method 

has been used with success in many palaeoecological studies of the 

Mesozoic (Mussard et al., 1997; Wagstaff et al., 2006; Herkat, 2007; 

Peyrot et al., 2007b). The CA included all the marine and terrestrial 

taxa documented except for those present only in a single strati

graphic level (Fig. 6); their exceptional nature would only bring noise 

into the analysis. To interpret the significance of the axes generated by 
CA, the taxa with the best quality of representation were determined 

(i.e., those with the highest absolute and relative contributions). 

A second CA (Fig. 7) was undertaken to synthesise the information 

in the terrestrial palynomorph data set with the aim of obtaining 

gradients that would situate the stratigraphic levels as a function of 

the covariance of their taxa. Based on the information in Table 1 seven 

taxa groups were selected. 

To determine the distribution of the abundance of each taxa group 

in the palynological assemblages (PA) throughout the section, 

abundances were divided by the number of levels in which each 

taxa group appeared. Finally, the proportion of the total number of 

miospores of each taxa group represented in each PA was calculated 

(Table 2). All statistical analyses were performed using STATISTICA 6.0 

software (StatSoft Inc., 2001). 

4. Palynological study 

The studied palynomorphs occurred in marls and marly lime

stones. No palynomorphs were seen in the limestone proper of the 

Comptum Subzone (Figs. 3-4), where it is the only type of rock. The 

youngest palynomorphs of Fuentelsaz were recorded in level FZ166. A 

similar pattern is seen in the record for other fossil groups such as 

brachiopods, foraminifera and calcareous nanofossils (Garda-Joral 

and Goy. 1994; Herrero and Canales, 1997; Perilli, 1999). 

A total of 23 spore and 13 pollen types, four acritarchs, two 

prasinophytes and one dinoflagellate cyst were found (Table 1). 

Poorly preserved, undetermined scolecodonts and the organic linings 

of foraminifera were also found at levels FZl09 and FZ29-FZ35 

respectively. Miospores were the primary focus of the study owing to 

their predominance in the analysed samples. A complete systematic 

study of the palynoflora was not contemplated since the recorded taxa 

have been sufficiently treated elsewhere (Eisenack, 1957; Couper, 

1958; Nilsson, 1958; de Jersey, 1960; Briche et al., 1963; Daring, 1965; 

Wall, 1965; Schulz, 1967; Scivastava, 1966; Tcalau, 1968; Pocock, 

Fig. 1. (A) Geological and geographical setting of the Fuentelsaz section: (B) Upper Toarcian-Aalenian lithostratigraphy and biostratigraphy: (C) Dveral1 view of the Toarcian-Aalenian 

transition at Fuentelsaz and details of the Toarcian-Aalenian boundary. 
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Fig. 2. (A) Proposed world palaeogeographic and palaeoc1imatic belts of the Early Jurassic and early Middle Jurassic (modified from Dera et aI., 2(09): (B) Palaeogeographic 

reconstruction of Iberia for the Toarcian and probablythe Aaienian. The current coastline ofIberia is shown with the inferred position of the Fuentelsaz section (modified from Aurell 

et aI., 2003 and GOmez and Goy. 2005): (C) Legend for (A) and (B). 

1970; Guy, 1971; Tralau and Artursson, 1972; Filatoff, 1975; Vigran 

and Thusu, 1975; van Erve, 1977; Boutet. 1981; Guy-Ohlson, 1982; 

Riding, 1983; Davies, 1985; Guy-Ohlson, 1986; Srivastava, 1987; 

Dybkjaer, 1991; Boulter and Windle, 1993; liu, 2000; Peyrot et al. 

2007a). 

The palynological assemblages at the Toarcian-Aalenian transition 

in the studied outcrop are characterised by a low diversity of 

palynomorphs. This is remarkable since acritarchs and dinofiagellate 

cysts are usually common and diverse in European jurassic marine 

rocks (Williams and Bujak, 1985; Stover et al., 1996; Fauconnier, 

1997). Only the species Micrhystridium lymensis (Plate I, Fig. 2) 

appears frequently in almost all levels, whereas Cymathiosphaera ef. 
pachytheca (Plate I. Fig. 1), although present throughout the 

succession, appears only scarcely (Figs. 3-4). In addition, very 

abundant wind-dispersed pollen grains related to gymnosperms 

numerically dominate the assemblages. The species Spheripollenites 

psilatus (Plate 11, Fig. 6) was the most abundant palynomorph in all the 

samples studied. However, its presence is less notable at the base of 

the succession in the Insigne Subzone. Gassopollis torosus is well 

represented in all Toarcian levels and in the Opalinum Subzone of the 

Aalenian, but not in the Comptum Subzone (Peyrot et al., 2007a). The 

percentages of C torosus and those of Circumpolles gen. et sp. indet. 

are notable in the Insigne Subzone, being higher than those of S. 

psilatus. In general, the pollen grains of Cheirolepidiaceae are present 

in percentages higher than 30% in the Insigne, Pseudoradiosa and 

Mactra Subzones as well as in the oldest half of the Aalensis Subzone. 

Similarly they are found in high percentages in the Toarcian-Aalenian 

transition. In contrast, bisaccate, monosaccate, inaperturate and 

monosulcate pollen grains are not well represented throughout the 

succession (Figs. 3-5). 

Aquatic palynomorphs are in low numbers «15%) compared to 

those of the genera Spheripollenites and Classopollis. The highest 

percentages of this group, mainly represented by Micrhystridium 

lymensis, occur in the Aalensis Subzone and at the lower part of the 

Buckmani and Comptum Subzones. Spores of vascular cryptogams 

are always more scarce than pollen grains and aquatic over the 

succession (Fig. 5). Spores are better represented in the Toarcian, 

with 24 species, than in the Aalenian, for which only 12 species were 

recorded. Cyathidites australis (Plate 11, Fig. 3) and C. minor are the 

most abundant species, though Uvaesporites argenteaeformis and 

Kraeuselisporites reissingeri (Plate 11, Fig. 2) are conspicuous in the 

Toarcian. 

The first CA, performed with the 43 documented terrestrial and 

marine taxa, revealed a major direction of variation explaining 77.3% 

of the total variance (Fig. 6). The study of the distribution of the taxa 

and their absolute and relative contributions revealed a first axis 

explaining a gradient of variation between the terrestrial taxa: 

Spheripollenites at the negative extreme, and C. torosus at the positive 

extreme. The second axis accounted for much less of the variance 

(7.9%) and explained only the abundance of the marine taxon 

Micrhystridium lymensis; the stratigraphic levels with a great 

abundance of the acritarch were situated at the extreme negative 

end of the axis. Level IFZ-117, which had a very high negative value on 

the second axis, was that with the greatest abundance of M. lymensis 

(186 specimens). The remaining levels had much lower values on the 

second axis and showed an abundance of M. lymensis, but always 

lower than that of IFZ-117. The levels with negative values on the 

second axis had 20-100 miospores, while those on the positive side 

had 0-20. 

4.1. Palynological assemblages 

Based on changes recorded for the palynological components and 

their proportions, five successive palynological assemblages were 

identified in the studied levels of the Late Toarcian and Early Aalenian. 
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Fig. 3. Stratigraphic succession of the Toarcian of the Fuentelsaz Section. showing the distribution of palynomorphs. 

These assemblages are here described for the first time in the Iberian 

Range. 

The second CA, performed with the terrestrial taxa groups, 

revealed a first axis that accounted for even more of the variance 

than in the first CA (94.8% of variance) (Eg. 7). On this first axis, the 

taxa groups with negative coordinates were Araucariaceae and 

Spheripollenites, while Cheirolepidiaceae, Pteridospermophyta and 

Cyatheaceae/Dicksoniaceae/Dipteridaceae had positive coordinates. 

The hydrophytics, Cycadales/Bennnetittales/Ginkgoales, Selaginella

ceae and bisaccate Coniferophyta lay close to the origin. 

The first axis explains the gradient between Spheripollenites and 

Cheirolepidiaceae, taxa with high absolute and relative contribution 

values. The stratigraphic levels situated at the extreme negative end of 

the first axis show a large abundance of Spheripollenites and low 

abundances of Cheirolepidiaceae-just the opposite to that seen for 

the levels at the positive extreme. The first axis shows a separation of 

the PAs, which are therefore stratified according to this gradient 

(Fig. 7). The second axis explains only 1.6% of the variance and is 

related to the variation gradient between Spheripollenites and 

Cheirolepidiaceae. 
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Table 1 
List of palynomorphs identified in the Toarcian and Aalenian sediments of Fuentelsaz section. 

Aquatic palynomorphs 

Baltisphaeridium cf. micropunctatum Wal11965 

Chlamydophorella sp. 

Cymatiosphaera cf pachytheca EiseOdck 1957 
Micrhystridium intromittum Wall 1965 

Micrhystridium lymensis Wall 1965 

Micrhystridium wattonensis Wall 1965 

Tasmanites sp. 

Miospores 

Spores 

Anapiculatisporites sp. 

Baculatisporites sp. 
Cardioangulina sp. 

Cibotiumsporajurienensis (Balme 1957) Filatoff 1975 

Cingutriletes sp. 

Converrucosisporites sp. 

Cyathidites australis Couper 1953 

Cyathidites minor Couper 1953 
Densoisporites velatus Weyland et Krieger 1953 emend. Dettmann 1963 

Dictyophyllidites hanisii Couper 1958 

Ischyosporites pseudoretirulatus (COuper 1958) Wring 1965 

Ischyosporites variegatus (Couper 1958) S(hulz 1967 

Kraeuselisporites reissingeri (Harris 1957) Morbey 1975 
Leptolepidites macroverrucosus Schulz 1967 

Leptolepidites sp. 

Lycopodiacidites rngulatus (Couper 1958) Schulz 1967 

Retitriletes clavatoides (Couper 1958) Daring. Krutzsch. Mai and Schulz in Krutsch 1963 

Retitriletes semimuris (Danze and Laveine. 1963) Mc Kellar 1974 
Rotverrusporites sp. 

Todisporites minor COuper 1958 

Trachysporites fuscus Nilsson 1958 

Tuberositriltes sp. 

Uvaesporites argenteaeformis (Bolchovitina 1953) Schulz. 1967 

Pollen grains 

Alisporites sp. 

Araucariacites australis Cookson. 1947 

Callialasporites minus (Tralau 1968) Guy 1971 
Callialasporites turbatus (Balme 1957) Schulz 1967 

Classopollis classoides Pflug 1953 emend. Pocock and Jansonius. 1961 

Classopollis torosus (Reissinger 1950) Couper emend. Burger 1965 

Circumpolles gen. et sp. indet. 

Cycadopites sp. 
Perinopollenites elatoides Couper. 1958 

Podocarpidites sp. 

Spheripollenites psilatus Couper 1958 

Undetermined bisaccate pollen grains 

Vitreisporites pallidus (Reissinger 1950) Nilsson 1958 

4.1.1. Palynological assemblage 1 
Palynological assemblage 1 (PAl) coincides with the Insigne 

Subzone, and includes levels FZ3 to FZ15 (Fig. 3). The levels of PAl lie 

at the positive extreme of the first axis of the second CA (Fig. 7), 

indicating them to be characterised by the predominance of pollen of 

Cheirolepidiaceae over Spheripollenites (mainly levels FZ3 to FZll). 

This is the only PA in which this is seen (Fig. 8). In addition, low 

numbers of aquatic palynomorphs and other pollen grains are seen 

(Fig. 5). No taxa group shows its maximum abundance in this PA; 

indeed, Selaginellaceae, CycadalesjBennnetittalesjGinkgoales and 

Araucariaceae are completely absent (Fig. 3; Table 2). The family 

Cheirolepidiaceae is mainly represented in PAl by Classopollis torosus, 

though Circumpolles sp. et gen. indet is conspicuous in levels FZ3, FZ7 

and FZ9. Percentages of Cheirolepidiaceae decrease in levels FZ13-

FZ15, with S. psilatus predominant over the stratigraphic succession 

from the mentioned levels. In contrast to the reducing percentages of 

Cheirolepidiaceae, spore diversity increases progressively but with 

very low numbers of specimens per leveL The spores identified were 

Anapiculatisporites sp., Cyathidites minor, C australis, Dictyophyllidites 

harrisii (Plate I, Fig. 4), Ischyosporites variegatus (Plate I, Fig. 6), 

Botanical affinity 

Acritarcha 

Dinoflagellata 

Prasinophyceae? 
Acritarcha 

Acritarcha 

Acritarcha 

Prasinophyceae 

Lycophyta 

Pteridophyta (Osmundaceae) 
Pteridophyta 

Pteridophyta (Cyatheaceae/Dicksoniaceae) 

Bryophyta 

Pteridophyta (Cyatheaceae/Dipteridaceae) 

Pteridophyta (Cyatheaceae/Dicksoniaceae/Dipteridaceae) 

Pteridophyta (Cyatheaceae/Dicksoniaceae/Dipteridaceae) 
Lycophyta (Pleuromeiaceae/Selaginellaceae) 

Pteridophyta (Dipteridaceae/Matoniaceae) 

Pteridophyta (Schizaeaceae) 

Pteridophyta (Schizaeaceae) 

Lycophyta (Selaginellaceae) 
Lycophyta 

Lycophyta 

Lycophyta 

Lycophyta 

Lycophyta 
Lycophyta (Selaginellaceae) 

Pteridophyta (Osmundaceae) 

Pteridophyta 

Pteridophyta 

Lycophyta (Selaginellaceae) 

Pteridospermophyta (Peltaspermales) 

Coniferophyta (Araucariaceae) 

Coniferophyta (Araucariaceae) 
Coniferophyta (Araucariaceae) 

Coniferophyta (Cheirolepidiaceae) 

Coniferophyta (Cheirolepidiaceae) 

Coniferophyta (Cheirolepidiaceae) 

Ginkgoales/Cycadales/Bennetitales 
Coniferophyta (Taxodiaceae) 

Coniferophyta (Podocarpaceae) 

Unknown Coniferophyta/Bennetitales 

Unknown Coniferophyta 

Pteridospermophyta (caytoniales) 

General ecology 

Brackish-marine 

Marine 

Brackish-marine 
Brackish-marine 

Brackish-marine 
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Leptolepidites macroverrucosus (Plate I, Fig. 8), Leptolepidites sp. (Plate 
11, Fig. 1), Lycopodiacidites rugulatus (Plate 11, Fig. 4), Retitriletes 

clavatoides, Trachysporites fuscus and Tuberosistriletes sp. Among the 

bisaccate pollen grains identified in this assemblage, only the genus 

Alisporites could be determined at level FZ3. 

4.1.2. Palynological assemblage 2 
Palynological assemblage 2 (PA2) comprises the Pseudoradiosa 

and the Mactra Subzones as well as the lower half of the Aalensis 

Subzone between levels FZ19 and FZ73 (Fig. 3). The levels of this PA 

lie in an intermediate position on the first axis of the second CA 

(Fig. 7). This indicates this assemblage to be numerically dominated 

by S. psilatus, though Cheirolepidiaceae (mainly C torosus) usually 

accounts for more than 20% of the palynomorphs present, reaching 

50% in the Pseudoradiosa Subzone (Fig. 5). The aquatic palynomorphs 

slightly increase their presence due to M. lymensis. The other pollen 
grains increase in proportion slightly through the contribution of 

Cycadopites sp., Perinopollenites elatoides and undetermined bisaccate 

pollen grains. CycadalesjBennetittalesjGinkgoales show their 
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Fig. 5. Synthetic pollen diagram of the Fuentelsaz Section. See text for details. 

maximum abundance values in this association (Table 2). The spores 

of vascular cryptogams show percentages similar to those seen in PAl. 

An increase in diversity can be seen over PA2. The aquatic paly

nomorphs Chlamydophorella sp. (Plate I, Fig. 3) and Tasmanites sp. are 

present in small amounts. Concretely, the Chlamydophorella dinocysts 

resemble to the Cretaceous species C. ambigua Deflandre and C. discreta 

Clarke and Verdier (Qarke and Verdier, 1967; Fauconnier and Masure, 

2004). 

The number of spores in PA2 is greater than in PAl and includes all 

those recorded in PAl plus Cardioangulina sp., Cibotiumspora 

jurienensis, Cingutriletes sp., Densoisporites velatus, Ischyosporites 

pseudoreticulatus, Kraeuselisporites reissingeri (Plate 11, Fig. 2), Reti

triletes semimuris, Rotverrusporites sp., Todisporites minor and Uvae

sporites argenteaeformis. The greatest presence of spores in the 

succession is seen in the transition of the Mactra and the Aalensis 

Subzones, owing to the abundance of Cyathidites australis (Plate 11, 
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Fig. 6. Correspondence analysis (CA) performed with all the taxa (marine and terrestrial) present in more than one stratigraphic level. The solid circles indicate the positions of the 

levels on axes I and H. Also included are those taxa with the best quality of representation on each axis. 

Fig. 3), K reissingeri and U. argenteaeformis. The last occurrences of the 

species Retitriletes clavatoides and C jurienensis are recorded in the 

Mactra Subzone. The single occurrence of Rotverrusporites sp. is 

restricted to the top of the Pseudoradiosa Subzone, whereas Micrhy

stridium intromittum (Plate I, Fig. 7), Cingutriletes sp., 1. pseudoreticu

latus and R. semimuris only occur in the Aalensis Subzone. Coinciding 

with the Pseudoradiosa Subzone, Cycadopites sp. and Perinopollenites 

elatoides are recorded for the first time. Araucariacites australis 

appears from the Mactra Subzone to the top of the succession, and 

Callialasporites minus, C turbatus (Plate 11, Fig. 5) and Vitreisporites 

pallidus (Plate 11. Fig. 7) have their first appearances in the Aalensis 

Subzone. 

4.13. Palynological assemblage 3 
Palynological assemblage 3 (PA3) is developed within the upper half 

of the Aalensis Subzone and throughout most of the Buckmani Subzone, 

between levels FZ75 to FZ101 (Fig. 3). PA3 shows percentages of 

S. psilatus of over 85% in all levels. The pollen of Cheirolepidiaceae 

decreases to below 10%. Thus, this association lies at the negative 

extreme of the first axis of the second CA (Figs. 7-8). No taxa group 

shows its maximum abundance in this PA, and Cheirolepidiaceae shows 

only a very small presence (Fig. 3; Table 2). The aquatic palynomorphs 

slightly increase their presence at the boundary between the Aalensis 

and the Buckmani Subzones (Fig. 5). This assemblage is also 

characterised in the Buckmani Subzone by the occurrence of Baculatis

porites sp., the first record of Podocarpidites sp., and the last occurrences 

of Callialasporites turbatus (Plate IL Fig. 5), Chlamydophorella sp. (Plate I. 
Fig. 3), Converrucosisporites sp., Perinopollenites elatoides and Vitreispor

ites pallidus (Plate 11, Fig. 7). 

4.1.4. Palynological assemblage 4 
Palynological assemblage 4 (PA4) is represented at the boundary 

between the Buckmani and Opalinum Subzones as well as through

out the Opalinum Subzone (which includes levels FZ103 to FZ111) 
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Fig. 7. Correspondence analysis (CA) performed with the taxa groups and levels (axes I and I1). The palynological assemblage (PA) of each level is represented. Taxa groups: 
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Schizaeaceae) and pollen of Taxodiaceae. (iv) CycadalesjBennetittalesjGinkgoales. (v) Araucariaceae. (vi) Spheripol/enites. Cheirolepidiaceae. (vii) Bisaccate Coniferophyta (non

Pteridospermophyta) and (viii) Pteridospermophyta. 



Table 2 
Proportion of the total number of miospores of each taxa group represented in each PA:· 

PA 1 PA 2 

Selaginellaceae + 
Cyatheaceae/DicksoniaceaejDipteridaceae + 
Hydrophytic plants + + 
CycadalesjBennnetittalesjGinkgoales .. 
Araucariaceae + 
Spheripol/enites 

Cheirolepidiaceae • + 
Pinaceae + Podocarpaceae 

Pteridospermophyta • 

(Figs. 3-4). The levels of this group lie in an intermediate position on 

the first axis of the second CA. Although the abundance of 

Spheripollenites is maintained at the level seen in PA3, and in fact 

remains dominant, there is a considerable increase in the presence of 

Cheirolepidiaceae (Figs. 7-8). All the taxa groups are present in this 

PA, which is home to the Toarcian-Aalenian boundary, and all reach 

their maximum abundance except for CycadalesjBennnetittalesj 

Ginkgoales (Table 2). Some 70% of all bisaccate Coniferophyta 

miospores were found in this PA Aquatic palynomorphs become 

less common. A very small increase in other pollen grains occurs, 

mainly undetermined bisaccate pollen grains. The species Micrhystri

dium wattonensis is only recorded in PA4. This assemblage shows the 

last occurrences of Anapiculatisporites sp., Cardioangulina sp. and 

Tuberositriletes sp. in the Buckmani Subzone, as well as those of 

Alisporites sp., Classopollis classoides, Densoisporites velatus, Tasmanites 

sp. and Todisporites minor in the Opalinum Subzone. 

4.1.5. Palynological assemblage 5 
Palynological assemblage S (PAS) lies in the Comptum Subzone 

and includes levels FZl13 to FZl66 (Fig. 4). This assemblage shows 

poorly preserved palynomorphs and is characterised by very high 

percentages of S. psilatus (over 9S% in most levels). The members of 

Cheirolepidiaceae are scarce (generally under 2%). Thus, all the levels 

of this PA lie at the negative extreme of the first axis of the second CA 

(Fig. 7). Aquatic palynomorphs become more abundant at levels 

FZl17, FZ123 and FZ166 (Fig. 5). PAS is the only assemblage with the 

acritarch Baltisphaeridium cf. micropunctatum (Plate I, Fig. 5). Spores 

are at their lowest diversity in the succession with only 10 species 

represented. 

The poor preservation of the microfossils (see also Herrero and 

Canales, 1997; Perilli, 1999) and general impoverishment of 

assemblage PAS could be due to diagenetic action of the marly 

limestones and limestones. Indeed, a change from marly to 

limestone facies occurs in the Comptum Subzone (Figs. lB, 4). 

Traverse (2007) indicates that alkaline environments are not the 

most suitable for the preservation of palynomorphs. The very 

scarce presence of palynomorphs other than S. psilatus in PAS 

meant their percentage representations could not be reliably 

calculated (fig. 5). 
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5. Discussion 

5.1. Biostratigraphic features 

The inferred assemblages from the Fuentelsaz succession show 

temporally long-ranging palynomorphs according to the stratigraphic 

ranges reported in previous research (Wall, 1965: DOring, 1965; Filatoff, 

1975; Schuurman, 1977; van Erve, 1977; Boutet, 1981; Davies, 1985; Lund 

and Pectersen, 1985; Guy-Ohlson, 1986; Srivastava, 1987; Guy-Ohlson, 

1990; Rauscher and Schmitt, 1990; Dybkjaer, 1991; Batten and 

Koppelhus, 1996; Bucefalo-Palliani, 1997; van de Schootbrugge et al., 

2005; Peyrot et al., 2007a). The species Araucariadtes australis, Cibotium

spora jurienensis, Classopollis classoides, C torosus, Grcumpolles gen. et sp. 

indet, Cyathidites australis (Plate 11, Fig. 3), Micrhystridium lymensis (Plate I. 

Fig. 2), Perinopollenites elatoides, Retitriletes clavatoides, Spheripollenites 

psilatus (Plate 11, Fig. 6), Uvaesporites argenteaeformis and Vitreisporites 

pallidus (Plate 11, Fig. 7) seem to have existed from the Triassic to the 

Cretaceous. Other species also appear to have existed lll1til the Cretaceous, 

e.g., Dictyophyllidites harrisii (Plate I, Fig. 4), Cyathidites minor, Densoispor

ites velatus and lschyosporites variegatus (Plate I, Fig. 6) which first 

appeared in the Hettangian, Todisporites minor which first appeared in the 

Pliensbachian, and Callialasporites turbatus (Plate 11, Fig. 5), Chlamydo

phorella sp. (Plate I, Fig. 3) and Leptolepidites macroverrucosus (Plate I, 
Fig. 8) which first appeared in the Toarcian (Fig. 9). 

A Toarcian-Aalenian age for the palynological assemblages of 

Fuentelsaz (Fig. 9) is indicated by (i) a first group of taxa including 

Kraeuselisportes reissingeri and Trachysporites fuscus, the temporal 

ranges of which begin in the Upper Triassic and end in the Aalenian 

(Batten and Koppelhus, 1996), and (ii) a second group composed of 

Callialasporites minus, C. turbatus, Chlamydophorella sp., Ischyosporites 

pseudoreticulatus and Leptolepidites macroverrucosus, which first 

appears in the Toarcian (Boutet, 1981; Davies, 1985; Batten and 

Koppelhus, 1996). 

The biostratigraphic ranges of the acritarchs Micrhystridium watto

nensis, M. intromittum (Plate I, Fig. 7) and Baltisphaeridium cf. 

micropunctatum (Plate I, Fig. 5), and those of Cymathiosphaera cf. 

pachytheca (Plate I, Fig. 1) are scarcely known outside the Lower jurassic 

(Eisenack, 1957; Wall, 1965; van Erve, 1977; van de Schootbrugge et al., 

2005). The occurrence of four species in the Aalenian increases their 

record in the jurassic. 

Plate I. Aquatic palynomorph and trilete spore types of the Toarcian and Aalenian of the Fuentelsaz Section: 

1, Cymathiosphaera cf. pachyheca Eisenack 1957, level FZ63, assemblage PA2, base of Aalensis Subzone, late Toarcian; 

2, Micrhystridium lymensis Wall 1965, level FZ107, assemblage PA4, base of Opalinum Subzone, lowermost Aalenian; 

3, Chlamydophorel/a sp" level FZ63, assemblage PA2, base of Aalensis Subzone, Late Toarcian; 

4, Dictyophyl/idites hanisii COuper 1958, level FZ15, assemblage PAl, top of Insigne Subzone, Upper Toarcian; 

5, Baltisphaeridium cf, micropunctatum Wall 1965, level FZ156, assemblage PAS, Comptum Subzone, Early Aalenian; 
6, Ischyosporites variegatus (Cooper, 1958) Schulz 1967, level FZ97, assemblage PA3, Buckmani Subzone, Late Toarcian; 

7, Micrhystridium intromittum Wall 1965, level FZ65, assemblage PA2, Aalensis Subzone, Late Toarcian; 

8. Leptolepidites macroverrucosus Schulz 1967, level FZ71, assemblage PA2, Aalensis Subzone, Late Toarcian, Bar= 20 Jll1l, 
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From a qualitative point of view, no important changes in the 

assemblages can be seen at the Toarcian-Aalenian boundary (the 

transition from the Buckmani to Opalinum Subzones). Although 

Micrhystridium wattonensis is recorded for the first time in the final 

part of the Buckmani Subzone, and Cardioangulina sp. and Tuberosi

triletes sp. disappeared at this time from the Fuentelsaz Section 

(Fig. 3), the inferred palynostratigraphic distribution agrees with that 

reported by Schulzand Mai (1966) and van Erve (1977), who indicate 

that the palynological assemblages of the earliest Middle Jurassic are 

very similar to those of the Toarcian, and that it is not yet possible to 

distinguish between the Toarcian and the lowermost Middle Jurassic 

by means of palynomorphs. 

The inferred assemblages are very different to those included in the 

Crassitudisporites problematicus Oppel-zone in the Late Toarcian

Aalenian of the Portuguese sections of Zambujal and Brehna (Davies, 

1985). In the latter Oppel-zone, the majority of the taxa identified are not 

present at Fuentelsaz. In addition, a few of the coincident taxa show 

different times of appearance and disappearance. For example, Kraeu

selisporites resissingeri which is present in the Aalenian of Fuentelsaz, 

(Fig. 4), has its last occurrence during the Toarcian in Portugal. 

5.2. Palaeoenvironmental features 

The Early and Middle Jurassic epochs were characterised by few 

differentiated climates. Only five major global climate zones or 

biomes have been identified by multivariate statistical analysis 

exploring the foliar morphology/climate relationship (Rees et al., 

2000). The lands that today form the Iberian Peninsula were then also 

in the northern hemisphere, in the north of the subtropical desert belt 

near to the seasonally dry (winterwet) belt (Fig. 2A). As the presence 

of evaporites indicates, there is no geological evidence for tropical 

everwet conditions at latitudes 20-30'N in the Western Tethys area 

near the Iberian Massif (Hallam, 1984). Rather, a markedly drier 

climate developed in this area. 

The inferred assemblages were obtained in sediments deposited 

on an extensive marine epeiric carbonate platform that was well 

connected with the open sea (Cresta et al., 2001). The palaeogeo

graphic maps of Rees et al. (2000), which take into account both floral 

and lithological data, and those of G6mez et al. (2008), which show 

palaeogeographic features, indicate the study area corresponded to an 

epicontinental sea. The marine deposit zone was not far from land 

where a semiarid desert-like climate prevailed (Fig. 2B). 
The microplanktonic assemblages of this ancient sea are rich in 

calcareous nanoplankton, represented by 46 species (Perilli, 1999). 

The acanthomorph acritarchs are the next most abundant planktonic 

microfossil, although these are represented by just five species 

(Table 1). The proliferation of acanthomorph acritarchs, mainly 

Micrhystridium, indicates a partly enclosed, shallow, inshore environ

ment (Warrington and Harland, 1975; Courtinat, 2000; Schrank, 

2003). According to Wall (1965), the dominance of a single species of 

acanthomorph acritarch (Micrhystridium lymensis in the studied 

assemblages) corroborates inshore conditions. The same author also 

suggests that long-spined acanthomorph acritarchs preferred quiet, 

low energy conditions. 

The finding of a single species of dinoflagellate cyst (Chlamydo

phorella sp.), although very rare in the Fuentelsaz assemblages 

(Fig. 3), indicates oligotrophic waters existed during the Toarcian-

Aalenian, since dinoflagellates are associated with mesotrophic 

conditions (Martin, 1996). An abundance of acritarchs, in contrast, 

generally indicate stable, stratified, low-nutrient surface waters. In 

addition, the genus Chlamydophorella includes chorate dinocysts of 

Tethyan affinity (Bucefai(}-Palliani and Riding, 1998) that also indicate 

an inshore environment. 

Considering all the palynomorphs together, the aquatic types 

appear throughout the succession in low percentages (Fig. 5). Small 

increases in aquatic palynomorphs are seen after the Cheirolepidia

ceae fall to below 10% in the upper part of the Aalensis Subzone (PA3) 

and in the lower part of Comptum Subzone (PAS; Fig. 5); this could be 

related to periods of better communication with the open sea. This is 

supported by the development of deepening sequences and the 

sudden arrival of marls in the basin (G6mez and Goy, 2005). 

The studied assemblages all contain large amounts of wind

transported pollen belonging to xerophilous gymnosperms-plants 

that produced huge numbers of pollen grains (Fig. 5). In contrast, 

these same assemblages show low numbers of cryptogamma spores. 

In general, miospore assemblages are composed of mixtures of pollen 

of local, regional and extra-regional origin (sensu Jacobson and 

Bradshaw, 1981; Prentice, 1988). Consequently they are composed 

of allochthonous elements from a taphonomic point of view. 

The best represented miospore in the Fuentelsaz Section is the 

pollen Spheripollenites psilatus (Fig. 5), which was usually related to 

the coniferous families Taxaceae, Cupressaceae, Taxodiaceae and 

Cephalotaxaceae (Couper, 1958; Reyre, 19(8). Nevertheless, studies 

on its exine ultrastructure suggest this relationship cannot be 

supported (Batten and Dutta., 1997). Abbink (1998) indicates that 
Spheripollenites are inner bodies (nexine) of coniferous pollen such as 

Classopollis and Perinopollenites, but these data are not confirmed by 

ultrastructural studies. Harris (1974) found pollen grains very similar 

to S. psilatus in the bennettitalean species WilIiamsoniella lignieri. 

Courtinat (2000) indicates that Spheripollenites belongs to the 

Cheirolepidiacean-Taxodiacean conifers, inhabitants of swamp envir

onments comparable to mangroves. 

Several authors also identified Spheripollenites with algal cysts or 

metanotrophic bacteria due to it is difficult to differentiate them 

under transmitted light microscopy (Prauss et al., 1991; Bucefalo

Palliani and Riding, 2000; Bucefalo-Palliani et al., 2002). However, 

tetrads of meiospores usually occur in Fuentelsaz as well as 

pseudoporate grains scarcely ornamented with Ubisch bodies which 

suggest a relationship with gymnosperms. 

Classopollis, the second best represented miospore in the Fuentelsaz 

Section, was produced by an extinct arboreal or bushy conifer of the 

family Cheirolepidiaceae. The species of this family were common 

components of many Toarcian and Aalenian ecosystems, as reflected by 

their predominance in a large number of palynological assemblages in 

both hemispheres (see Antonescu, 1973; Hemgreen and de Boer, 1974; 

Filatoff, 1975; van Erve, 1977; Tasch and Lammons, 1978; Dndilier 

et aI., 1982; Guy-Ohlson, 1986; Bucefalo-Palliani and Riding, 1998; 

Mart(nez et al., 2001; Wang et al., 2005). Traditionally, plants attributed 

to Cheirolepidiaceae are assumed drought-resistant and adapted to 

different arid environments, including coastal and saline environments 

(Alvin, 1982; Watson, 1988; Nguyen Tu et aI., 1999; Thevenard et aI., 

2005). An abundance of 60-90% of Classopollis indicates arid conditions 

(Vakhrameev, 1991); these might have developed during the deposi

tion of the levels corresponding to PAl (Figs. 3, 5). According to Alvin 

Plate 11. Trilete spore and pollen types of the Toarcian and Aalenian of the Fuentelsaz Section: 

1. Leptolepidites sp .. level FZ89. assemblage PA3. Buckmani Sub zone. Late Toarcian; 

2. Kraeuselisporites reissingeri (Harris 1957) Morbey 1975. level FZ63. assemblage PA2. base of Aalensis Subzone. Late Toarcian; 

3. Cyathidites australis Couper 1953. level FZ43. assemblage PA2. base of Mactra Subzone. Late Toarcian; 

4. Lycopodiacidites rngulatus (COuper, 1958) Schulz 1967, level FZ107, assemblage PA4, base of Opalinum Subzone, lowermost Aalenian; 
5. Callialasporites turbatus (Balme 1957) Schulz 1967, level FZ89, assemblage PA3, Buckmani Subzone, Late Toarcian; 

6. Spheripol/enites psilatus Couper 1958, level FZ43, assemblage PA2, base of the Mactra Subzone, Late Toarcian; 

7. Vitreisporites pallidus (Reissinger 1950) Nilsson 1958, level FZ101, assemblage PA3, Aalensis Subzone, Late Toarcian. Bar= 20)JlTI.. 
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(1982) and Mohr (1989), the occurrence of huge amounts of 

Spheripollenites together with large numbers of Classopollis indicates a 

strongly developed annual dry season; this could have been important 

in the Fuentelsaz area during the deposition of the levels corresponding 

to PA2 and PA4 (Fig. 5). 

The remaining pollen grains in the different levels of the 

succession are very scarce (Fig. 5) and always show an anemophilous 

nature. Bisaccate pollen grains of unknown Coniferophyta are always 

present in small numbers in PAl, PA2 and PA4 (Figs. 3-4). PA2 is also 

characterised by representatives of Pteridospermophyta and Cycado

pites (Fig. 3). The family Araucariaceae is present from level FZ-43 to 

the top of the succession. This family is better represented in PA3 than 

in the other assemblages, except for PAS (Figs. 3-....4). 

The scarcity of heterogeneous groups of other pollen grains (Fig. 5) 

in the studied assemblages could be due to: (i) their being 

allochthonous in the assemblages, being produced in continental 
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locations far away the place of fossilization, (ii) by their being less 

productive and having a lower wind transport capacity than either 

Spheripollenites and Classopollis (the case of Cycadopites and Araucar

iacites), or, (iii) given the arid conditions of the region, their being 

produced by plants that lived in wet places (the case of Perinopolle

nites and some Pteridospermophyta). 

The spores of vascular cryptogamma are present throughout the 

succession but in small numbers (Fig. 5). Omamented spores of the 

species Kraeuselisporites reissingeri and Uvaesporites argenteaeformis, 

and psilate spores of Cyathidites australis and C. minor, are the most 

conspicuous (Figs. 3-4). Generally, vascular cryptogamma need a 

humid environment to reproduce. However, some of them adapted to 

grow under much drier and stressed conditions, especially during the 

Mesozoic (Abbink, 1998). The first two mentioned species are related 

to members of the family Selaginellaceae, the representatives of 

which nowadays occupy a wide range of habitats from rainforests to 

deserts (Webster, 1992). Due to the general arid conditions that 

existed in the study zone, it is possible that their sellaginellous 

producers were adapted to resist dry environments. 

The common occurrence of Cyathidites also supports the existence of 

high-stress environments. Ferns of the families Dicksoniaceae and 

Dipteridaceae showing noteworthy protection of their sporangia and 

coriaceous fronds indicative of adaptation to stressful environments, 

have been recorded at several Mesozoic sites (Oieguez and Meh�IKlez. 
2000; Van Konijnenburg-Van Cittert, 2002). In contrast, the spores of 

Lycophyta (Densoisporites velatus, Leptolepidites spp., Lycopodiacidites 

rugulatus, Lycopodiumsporites semimuris, Retitriletes spp.) and Pterido

phyta (Baculatisporites sp., Ischyosporites spp. and Todisporites minor) 

indicate plants that required hygrophilous, wet habitats such as coastal 

swamps or ponds. Possibly, the lack of Sphenophyta spores in the studied 

assemblages is a reflection of desert-like conditions since this group is 

always associated with pre-humid freshwater-containing places. 

Spores are relatively well represented in PA3, coinciding with the 

greatest presence of Araucariaceae (Fig. 5). This would appear to 

indicate the presence of more humid environmental conditions. The 
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Fig. 9. Composite range chart showing selected species of biostratigraphic interest identified in the Toarcian and Aalenian sediments of the Fuentelsaz Section. 



scant presence of spores in PAl, PA2 and PA4 coincides with high 

percentages of Cheirolepidiaceae (Figs. 3, 5), except in level FZ43. This 

level is dominated by S. psilatus; the remaining palynomorphs are 

poorly preserved and in very small numbers. 

In general, the data provided by the present miospore study agree 

with the composition of the Early and Middle jurassic floras of the 

Eurosinian region inferred from the study of plant mega- and 

micro remains. These floras were mainly composed of horsetails, 

ferns, seed ferns, cycads, Bennettitales, cycadophytes of unestablished 

systematics, Ginkgoales and conifers (Vakhrameev, 1991). 

The vegetation of the Fuentelsaz area during the Lower-Middle 

jurassic transition may have been mainly represented by gymnos

perms growing in a subtropical arid climate. These gymnosperms 

possibly formed scrub dominated by Cheirolepidiaceae, and coastal 

forest belts where the unknown producer of S. psilatus grew. Here, 

other gymnosperms such as Araucariaceae would also have been able 

to grow. Sellaginellous cryptogams and ferns adapted to dry 

environments would have developed in the undergrowth of these 

formations. This would appear to be confirmed by the results of the 

second CA (Eg. 7). Several places with wetter habitats, perhaps 

swamps or ponds, would have allowed the development of other 

lycophytic and fern communities within this generally arid context, 

but without such a clear marine influence as the taxa groups might 

suggest, appearing as they do with negative values on the first axis of 

the second CA 
The little information that exists on Southern European Liassic 

megaflora seems to corroborate the existence of arid conditions in the 

study zone. The Toarcian megaflora of Budoshi in Chernogoria 

(Montenegro) seems to represent an island flora; a humid belt 

would have existed along the shore, while coniferous vegetation 

would have prevailed in the drier interior (Pan tic, 1981). 

The dominance of S. psilatus begins in PA2, and even increases in 

PA3 and PAS (Fig. 5). This pollen increases the number of grains per 

level from the top of the Mactra Subzone in PA2. Possibly, the 

gymnosperm that produced Spheripollenites lived alongside conifers 

related to Classopollis, the former dominating when the climate was 

more humid. Increases in humidity may have been related to the 

development of better communications with the open sea. Conse

quently, when S. psilatus begins to appear in large numbers in the 

assemblages, spores and other types of pollen grains become more 

diverse. This can be seen in PA2, in which the diversity of miospores 

increases (Fig. 3), and very clearly in PA3, in which Cheirolepidiaceae 

is represented in low numbers (Fig. 5). PA3 also shows conspicuous 

amounts of spores and Araucariacean pollen. 

The boundary between the Toarcian and the Aalenian in PA4 is 

characterised by an increase in the presence of Cheirolepidiaceae and 

a reduction in S. psilatus (Fig. 5). A conspicuous reduction in spore and 

pollen grain diversity is also seen, indicating an increase in aridity 

during this period. Although PAS contains members of the Cheir

olepidiaceae in low numbers, poor preservation prevents the making 

of any inferences regarding vegetation patterns (Figs. 4, 5). 

In general, the importance of the producers of Spheripollenites and 

Classopollis in terrestrial ecosystems may have alternated in the Late 

Toarcian and Early Aalenian in the Fuentelsaz area, depending on 

regional climatic or/and environmental factors, which in turn 

depended of the communication of the basin with the open sea. 

5.3. Comparison of assemblages 

Generally, jurassic palynological assemblages contain species with 

a more or less cosmopolitan distribution, facilitating the comparison 

of widely separated parts of the world (Visscher et al., 1980). This 

generalisation holds for the assemblages of Fuentelsaz. However, 

despite the taphonomic bias they show, they have compositions 

different to those of their contemporaneous counterparts in other 

areas of Europe. Generally, Classopollis dominates European Toarcian-

Aalenian assemblages which usually also contain dinoflagellate cysts 

(Antonescu, 1973; Candilier et al., 1982; Davies, 1985; Guy-Ohlson 

and Malmquist, 1985; Guy-Ohlson, 1986; Bucefalo-Palliani and 

Riding, 1998, 2000; Feist-Burkhardt and Pross, 2010). Other palyno

morphs such as spores and bisaccate and/or inaperturate pollen grains 

characterise the assemblages of this interval in some parts of Europe 

(Couper, 1958; Danze and Laveine, 1963; Schulz, 1967; Herngreen 

and de Boer, 1974; Riding, 1984; Hoelstad, 1985; Bucefalo-Palliani 

and Riding, 1998). The reasons for the different composition seen in 
the Fuentelsaz succession may be related to the palaeogeography of 

the western margin of the peri-Tethyan basin, since this area 

comprised a system of shallow platforms that developed on the 

progressively submerging Iberian block (G6mez and Goy, 2005). 

However, it could also be due to the latitude of this basin, which 

would have facilitated the emerged areas adopting a more subtropical 

desert nature (Ziegler et aI., 1993). 

The Toarcian Age witnessed a transgression in Western and 

Southern Europe. Therefore, continental deposits from this time are 

virtually non-existent in these territories (Vakhrameev, 1991). This 

may be one of the reasons for the lack of palaeobotanical data 

available, emphasising the importance of the study of Fuentelsaz. 

As mentioned above, the assemblages of the Toarcian-Aalenian 

interval in Fuentelsaz are dominated by Spheripollenites psilatus or/ 

and Classopollis. Spheripollenites is important in the assemblages of 

Northern Europe from the Upper lias onward (Dybkjaer, 1991). This 

might be related to the anoxic event that happened in the early 

Toarcian (G6mez et al., 2008). This genus commonly appears in the 

Early Toarcian ofjameson Land in eastern Greenland (assemblage B) 
(Lund and Pedersen, 1985) and the Fjerritslev Formation (Spher

ipollenites-Leptolepidites zone, Danish sub-basin) (Dybkjaer, 1991), 

and in the Toarcian of Lincolnshire and Yorkshire (England) (Wall, 

1965), of Anholt Island (Norway) (Seidenkrantz et aI., 1993), of 

0resund (Spheripollenites-Leptolepidites zone, Denmark) (Koppelhus 
and Batten, 1996), and in the Aalenian of Scania (Sweden) (Guy

Ohlson, 1986). However, these assemblages generally show higher 

numbers and more diverse spores and pollen grains than found at 

Fuentelsaz. This may well be due to the influence of latitude and the 

temperate and wetter climates of the more northerly regions. Upper 

Liassic assemblages dominated by Spheripollenites, various inapertu

rate pollen types and Classopollis have been recorded in Algeria and 

Tunisia (Reyre, 1967, 1973). These assemblages which show an 

increase in the number of spores from the Dogger onwards, reveal 

forest and diverse plant commlll1ities very different to those of 

Fuentelsaz. 

The genus Classopollis was a pollen type of worldwide distribution 

during the Lower-Middle jurassic (Srivastava, 1966; Filatoff, 1975; 

Bujak and Williams, 1977; Tasch and lammons, 1978; Vakhrameev, 
1991; !iu, 2000; Martinez et aI., 2001; Wang et aI., 2(05). In Southern 

Europe it dominates the Toarcian of the Vicentinian Alps (Italy) (van 

Erve, 1977), the upper Toarcian of Zambujal (Portugal) (Davies, 

1985), the Toarcian-Aalenian of Cristian (Romania) (Antonescu, 

1973), and the Toarcian-Aalenian of Gresigne-Sud Quercy (France) 

(Boutet, 1981). Generally, these palynofloras of France and Portugal 

show greater numbers of spores and dinoflagellate cysts. However, 

the percentages of Spheripollenites, and those of Classopollis, psilate 

spores, Uvaesporites argenteaeformis and acritarchs recorded in zones 

6 and 7 of Gresigne-Sud Quercy by Boutet (1981), are similar to those 

seen in the assemblages of Fuentelsaz. 

Filatoff (1975) proposed correlations be sought between the 

jurassic Australian basins and other well-defined jurassic basins 

around the world, and for this defined six groups of miospores based 

on their botanical affinities: (I) Classopollis spp., (11) other small, 

inaperturate or pseudoporate pollen (Cupressaceae;Taxaceae;Taxo

diaceae type), (Ill) lentoid, commonly cavate pollen (Araucariaceae 

type), (N) di- and trisaccate pollen, (V) spindle-shaped, monosulcate 

pollen or polyplicate pollen, and (VI) spores. Representatives of all 



these six groups are found in the Fuentelsaz Section. The best 

represented group in the Insigne Subzone is group I, though its 

importance gradually decreases beyond the uppermost part of this 

subzone (Fig. 5). The rest of the succession is numerically dominated 

by miospores of group 11 or co-dominated by those of I and 11 (Fig. 5). 

Group 11 gradually became more important in the palynofloras of 

Western Europe at the beginning of the Toarcian, before becoming 

predominant in the miospore assemblages of the Aalenian. This 

increase can be seen in the Strangewaysi Subzone of the Lower 

Toarcian in the Iberian Range (Barron et al., 1999a). Group III is well

characterised in Western Europe from the early Toarcian (Batten and 

Koppelhus, 1996). Guy-Ohlson (1988) indicates a sudden prolifera

tion of Araucariaceous pollen in the Toarcian, detectable all around 

the world. However, the representatives of group III at Fuentelsaz are 

in very low number (as seen in Eastern Europe), while groups IV, V 

and VI are scantily represented at Fuentelsaz but in a manner similar 

to that inferred for the Toarcian-Aalenian of Western Europe. The lack 

of palynological data for southwestern Europe prevents the making of 

any correlation with the vertical variability diagrams presented by 

Filatofffor Western and Eastern Europe. The scarcity of groups Ill, IV, V 

and VI in Fuentelsaz is surely due to a taphonomical bias due to 

differential transport, and the existence of less diverse plant 

communities than in more northerly latitudes. If the variation of 

percentages of groups I and 11 are considered alone, the Fuentelsaz 

assemblages can be related to those of both Western and Eastern 

Europe (see Filatoff, 1975, text-Fig. 9) due to their similar importance 

in these regions at the Toarcian-Aalenian boundary. 

6. Conclusions 

The palynological study of the Fuentelsaz Section, the GSSP for the 

base of the Aalenian, led to the identification of 43 palynomorph taxa, 

most with long stratigraphic ranges, and five successive assemblages 

characterised by the over-representation of miospores and the scarcity 

of aquatic palynomorphs. PAl corresponds to the Insigne Subzone and is 

characterised by the dominance of Classopollis. PA2 is found in the 

Pseudoradiosa and Mactra Subzones and in the lower halfofthe Aalensis 

Subzone, and shows Classopollis and Spheripollenites to alternate in 

importance. PA3 lies in the upper half of the Aalensis Subzone and most 

of the Buckmani Subzone; it shows high percentages of Spheripollenites 

and a conspicuous presence of spores and araucariaceous pollen grains. 

PA4 is represented at the boundary between the Toarcian (Buckmani 
Subzone) and the Aalenian (Opalinum Subzone), where a new increase 

in Classopollis is seen. The disappearance from PA4 of Alisporites sp., 

Classopollis classoides, Densoisporites velatus, Tasmanites sp., Todisporites 

minor and Tuberositriletes sp., does not indicate a great change in the 

ecological or sedimentological conditions during the Toarcian-Aalenian 

transition. In fact, these taxa are of little biostratigraphic value. The 

species Micrhystridium wattonensis is only recorded in this assemblage. 

PAS is found in the Comptum Subzone and contains poorly preserved 

palynomorphs, although it shows high percentages of Spheripollenites. 

This may be related to alkaline diagenetic conditions produced in 

the predominantly carbonatic sedimentation environment. PA5 

is the only assemblage to show the acritarch Baltisphaeridium ct: 

micropunctatum. 

The conspicuous presence of the acritarch Micrhystridium lymensis 

indicates the area was probably an inshore environment with shallow 

water and low energy conditions. On the land, subtropical plant 

communities characterised by gymnosperms and vascular crypto

gams adapted to arid conditions. In the driest periods a scrub of 

Cheirolepidiaceae probably dominated the landscape. 

Periods coinciding with the development of deep sequences and 

the arrival of marls in the basin were times when the communication 

with the open sea was better. During such times, the climatic 

conditions were less arid and communities with gymnosperms that 

produced Spheripollenites were probably common along the shores. 

The periods dominated by Spheripollenites may have been richer in 

cryptogams and conifers (such as Araucariaceae) than in Cheirolepi

diaceous times. 

In general, the five assemblages identified show similarities to zones 

6 and 7 of the Toarcian and Aalenian of Gresigne-Sud Quercy, France. 
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