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Devonian deposits in northwestern Argentinawere historically studiedwith stratigraphical purposes, since these
layers conform the source rocks of the producing basins of the region. A fairly well preserved palynomorph as-
semblage, from the Tonono Formation, provides an opportunity to perform the first quantitative analysis to
study the evolution of diversity in the succession. Two associations are here defined by both, stratigraphic distri-
bution of species and cluster analysis, ranging from the lower Eifelian to the lower Givetian. Rarefaction analysis
reveals the existence of a relatively rich miospore population. Species richness increases while there is a drop in
diversity and evenness towards the top of the column. The increment of themarine components towards the lat-
ter section indicates shifts in the shoreline. The influx ofwarmerwater into higher latitudes, as highlighted by the
arrival of the brachiopod Tropidoleptus, could have favored the inception of new spore species in the settled com-
munity. These results add to evidence that some groups build up the number of species in disturbed settings, and
evenness is reduced with each new species introduced.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The Devonian Period, is one of the most important for the history
of plants. It was during this interval when plants, having conquered
the terrestrial environment, underwent a major radiation from
seemingly insignificant monospecific communities to the develop-
ment of nearly all major divisions of vascular plants. A long-term
sea-level rise began in the Middle Devonian (Ronov, 1994; Haq and
Schutter, 2008), resulting in the best known source rocks from the
producing basins of Bolivia and northwestern Argentina (Illich
et al., 1981).

During the Silurian–Devonian, the Tarija Basin reached the north-
west of Argentina, defining the southernmost margin of a greater sedi-
mentary area, whose substantial development was in the center and
South of Bolivia and the northwest of Paraguay. In northwestern
Argentina, Devonian deposits crop out in the eastern part of the Eastern
Cordillera, and extend in the subsurface of both the Sierras Subandinas
and the Chaco-Salteño Plain (Starck et al., 1993). Paleontological records
suggest interconnections between neighboring basins like the Arizaro,
in the North of Chile and the Argentinean Puna, the Madre de Dios, in
northern Bolivia and southern Peru, and additional basins of the West
of Brazil (Fig. 1.A).

For several years, the Tarija basin was geophysically surveyed for oil
exploration. This program included palynological studies, mainly
unpublished, fromwhich several palynostratigraphic schemeswere de-
fined. These proposals consist of lists of species with a few or non-
illustrated specimens included by zone (e.g., Suárez Soruco and Lobo
Boneta, 1983; Suárez Soruco, 1989; Limachi et al., 1996).

There are numerous published palynological systematic works, es-
pecially in northwestern Argentina e.g. Ottone (1996), Antonelli and
Ottone (2006), Noetinger, (2010), Noetinger and di Pasquo (2010,
2011, 2013). Some of these focus on particular groups, such as
chitinozoans (Volkheimer et al., 1983, 1986; Grahn and Gutiérrez,
2001; Grahn, 2003) or acritarchs (Barreda, 1986). From the latter, a
few contain very well preserved palynomorphs of continental origin
that are worth being studied. The combination of information from
bothmarine and terrestrial microfossil assemblages could draw a better
picture of the paleoenvironment and refine previous stratigraphical
propositions (Albariño et al., 2002; Alvarez et al., 2003).

This study presents the first quantitative diversity analysis of a paly-
nological assemblage from the Tonono Formation (Noetinger, 2010),
recovered from the Santa Victoria x-1 well in northwestern Argentina
(Fig. 1.B). The stratigraphical distribution of palynomorph species is an-
alyzed and comparedwith their global ranges for age determination. To
describe the spore community several multivariate statistical analyses
are performed. Diversity is estimated by abundance distribution, rare-
faction and diversity and evenness indices; while the similarity among
samples is tested by cluster analysis. The diversification patterns
are correlated to previous determined paleonvironmental events (e.g.
Isaacson and Sablock, 1990; Fernández-Seveso et al., 1999; di Pasquo
et al., 2009).
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Fig. 1. (A) South America, paleogeographical reconstruction, after Di Pasquo et al. (2009). Rectangle points out the studied area. Basins: 1. Solimôes; 2. Amazon; 3. Parnaíba; 4. Paraná; 5.
Chaco-Paraná; 6. Sierras Australes; 7. Malvinas (Falklands) Islands; 8. South Patagonian; 9. Cuyana or Precordillerana; 10. Arizaro; 11. Tarija; 12. Madre de Dios; 13. Acre; 14. Llanos
Orientales. (B) Location map of the studied area and setting of the studied well (SVx1). Ranges: Santa Victoria (SV), Zenta (Ze), Cinco Picachos (CP), Las Pavas (LP), Calilegua (Cl), San
Antonio (SA) and Aguaragüe (Ag).
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2. Material and methods

The Santa Victoria x-1 borehole (ca. S 22° 10′, W 62° 50′) is located
next to the town of Santa Victoria, Salta Province, in the eastern portion
of the Chaco-Salteño Plain (Fig. 1.A). Barreda (1986) analyzed the
paleomicroplankton content of 24 cuttings between the interval of
1860–2300 meters below ground surface (mbgs), in comparison to
this palynological study comprised of 37 cutting samples selected
from the 1840–2881 mbgs interval (Fig. 2).

Standard palynological methods (Playford, 1977) were per-
formed, to obtain organic residues from the samples. The residues
were sieved through 25 and 107 μm meshes and then mounted on
standard microscope slides with glycerine jelly. The identification
and illustration of palynomorphs was undertaken at the Laboratory
of Paleopalynology (Paleontology Section, Museo de Ciencias
Naturales “Bernardino Rivadavia”) using both transmitted light and
scanning electron microscopes. Some of the measurements were
carried out through the software “AnalyzingDigitalImages v. 11”.
The position of illustrated specimens in the respective slides quoted
with the BA Pal ex CIRGEO acronym (Repository), are based on En-
gland–Finder coordinates. The thermal alteration index (TAI) of
the organic material was stipulated following Utting et al. (1989)
in Utting and Wielens (1992).

The relative percentage of different groups of palynomorphs, such as
miospores, acritarchs (including prasinophytes and chlorophytes) and
chitinozoans, was calculated. Between 166 and 326 miospore speci-
menswere counted, one slide per level to keep a constant sample effort,
to determine the relative abundance of the species. Statistical analyses,
using R version 3.0.1 (R development Core Team, 2013),was carried out
to identify and support differences in the composition of the assemblage
within the studied section.

To standardize the counting ofmorphospecies in a given sample (see
Jaramillo, 2008 and references therein), rarefaction analysis was per-
formed. Additional measures such as similarity and diversity, were
also calculated, using the packages vegan 2.0-8 (Oksanen, 2013). Diver-
sity indices provide more information than richness index since
measure both, the number of species and their relative abundance
(Margalef, 1968; Washington, 1984).

The abundance matrix was transformed as in Jaramillo (2008), by
taking the square root of each value tominimize the effect of over abun-
dant species. Two similarity indices were calculated, Morisita, for
counts, and Horn for frequencies. These indices were used since they
are not influenced by species richness nor sample size (Magurran,
2004; Mullins et al., 2004). Hierarchical Cluster analysis was conducted
by the R base package testing three different algorithms (UPMGA, Com-
plete Linkage and Ward's) and package pvclust 1.2-2 which includes
clusters with p-values (Ward's algorithm and Euclidean distance mea-
sures). The package rioja 0.8-5 (Juggins, 2012) was used to perform a
constrained cluster analysis (CONISS algorithm, Horn dissimilarity
index). The arrays were tested with different abundance distribution
models. Ranking species from the most abundant to the least, provides
another useful way to visualize community data.

3. Results

3.1. Composition, age and correlation

The analyzed association comprises a variety of miospores,
acritarchs, chlorophycean algae and chitinozoans. The general preserva-
tion of the group of miospores recovered, varies from excellent (TAI
2) to moderate (TAI 3). The assemblage is composed of 75 spore and
cryptospore species, some of which are left in open nomenclature. The
stratigraphic distribution and global ranges of several key species, sup-
port the definition of two assemblages and their associated ages
(Fig. 2). Since all the studied samples are from ditch cuttings, the first
down-hole occurrence (FDO) was used to define the associations, in
order to minimize the effect introduced by caving.

3.1.1. SV1 association (1840–2361 mbgs)
A late Eifelian–early Givetian age is likely for this section.

Biharisporites parviornatus is recognized as a ?late Eifelian–mid-late
Givetian taxon in South America (Di Pasquo, 2007). Other global key
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Fig. 2. Stratigraphic distribution of selected species (in last occurrence order) in the analyzed section and the attributed assemblages (SV1, SV2).
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species that have their inception in the late Eifelian, includeGrandispora
mammillata, Chelinospora timanica andGeminospora lemurata. The latter
is an important cosmopolitan marker for the late Eifelian–early
Givetian, agreeing with the base of the ensensis obliquimarginatus cono-
dont zone sensu Weddige (1984; see Loboziak and Streel, 1995). These
taxa co-occur with Acinosporites ledundae which is Givetian in age in
southwestern Gondwana (Ottone, 1996; Di Pasquo, 2007; Noetinger,
2010; Noetinger and di Pasquo, 2011) and Ambitisporites avitus whose
last appearance is in the Eifelian (Breuer, 2007). Dibolisporites
quebecensis is also known for its last appearance in the early Givetian
(Di Pasquo, 2007; Noetinger and di Pasquo, 2011).

Other species in the SV1 assemblage are Grandispora permulta,
Emphanisporites annulatus, Dibolisporites farraginis, among others
(Fig. 2). Melo and Loboziak (2003) defined the Grandispora permulta In-
terval Zone (Per) based on the first occurrence bio-horizon (FOB) of hom-
onymous species, from the Eifelian of north and southwestern Gondwana
(Fig. 3), with some other concurring taxa with SV1, such as
Camarozonotriletes? concavus and Verrucosisporites premnus. Some spe-
cies in the association, including Geminospora lemurata, Chelinospora
timanica, Grandispora mammillata and Verrucosisporites scurrus also
occur in the succeeding Lli Zone (lower Givetian; Melo and Loboziak,
2003). Suárez Soruco et al. in Limachi et al. (1996) established the
Grandispora pseudoreticulata Zone for Bolivia, of Eifelian age (Fig. 3),
based on a series of long-ranging miospores, some of which are also
present in this assemblage (e.g. Dibolisporites bullatus, D. echinaceus,
Grandispora brevizonata, G. pseudoreticulata, Grandispora. cf. inculta).
Breuer and Steemans (2013) defined the Scylaspora rugulata–Grandispora
libyensis Assemblage Zone in northwestern Gondwana (Fig. 3), covering
the upper Eifelian–lowermost Givetian. Its lower boundary is defined by
the lowest occurrence of the species Camarozonotriletes concavus,
Chelinospora timanica, Grandispora stolidota and Verrucosisporites
premnus. The latter are also present in SV1, among others. Both assem-
blages share the main component, Verrucosisporites scurrusMorphon.

In Euramerica, the Per Interval Zone is equivalent to the upper part of
the Calyptosporites velatus–Rhabdosporites langii (Fig. 3) and the entire,
middle Eifelian to lower Givetian, Densosporites devonicus–Grandispora
naumovii Assemblage Zone (Richardson and McGregor, 1986). Within
the latter there are several species that are present in the SV1 as well
e.g. Grandispora inculta, G. mammillata, Lophotriletes devonicus,
Verrucosisporites premnus and V. scurrus.

3.1.2. SV2 association (2380–2881 mbgs)
This association is characterized by the FDOofDibolisporites eifeliensis,

whose youngest record is in the early Eifelian (Moreau-Benoît, 1989;
Al-Ghazi, 2007; Filipiak, 2011). Geminospora svalbardiae, Acinosporites
acanthomammillatus, Grandispora cassidea, G. gabesensis and G. velata,
species characteristic of the lower Eifelian, Geminospora svalbardiae–
Samarisporites eximius Assemblage Zone (Fig. 3; Breuer and Steemans,
2013), are also present. Additionally there are Acinosporites apiculatus,
Grandispora douglastownensis and G. protea. The latter, first appear in
the GS Zone (upper Emsian to the lower Eifelian), and are known to
range to the succeeding Per and Lli zones in Brazil (Fig. 3; Melo and
Loboziak, 2003).

3.2. Paleoenvironmental considerations

The palynofacies, particularly the deepest two thirds of the section
appear to be homogeneous, with minor variations in the component
abundance (Fig. 4). Bothmarine and continental elements define amar-
ginal marine depositional setting, with presumably minor shoreline
shifts.

The shallowest third of the section is characterized by a gradual in-
crement of the marine components, which end up dominating the as-
semblage at the top of the column. This is in agreement with the
model which represents a transgressive and high stand systems tracts
of a second order eustatic cycle, as suggested by Fernández-Seveso
et al. (1999) for the Middle and Upper Devonian of Bolivia and north-
western Argentina. A coeval maximum flooding surface was also recog-
nized in the neighboring Paraná and Parnaiba basins (Breuer andGrahn,
2011). In Bolivia, Troth et al. (2011) proposed the Evittia sommerii
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Fig. 3. Correlation chart of themost popular biozoneswith the position of the assigned assemblages in this study SV1 and SV2. Paleoregions: SEA, southern Euramerica; EG, eastern Gond-
wana; SWG, southwestern Gondwana; NWG, northwestern Gondwana. References: Euramerica: Richardson and McGregor, 1986; Streel et al., 1987. Russia: Avchimovitch et al., 1988,
1993; Byvscheva, 1997. Australia: Playford, 1985, 1991; Young, 1996. Brazil: Melo and Loboziak, 2003. Bolivia: Suárez Soruco and Lobo Boneta, 1983; Limachi et al., 1996. Saudi Arabia/
Africa: Breuer and Steemans, 2013. Abbreviations: (Russia) OK, C. optivus–S. krestovnikovii; SD, G. semilucensa–P. donensis; OG, A. ovalis–V. grumosus; DE, C. deliquescens–V. evlanensis;
VV, C. vimineus–V. evlanensis; CZ, C. cristifer–D. zadonica; VF, D. versabilis–G. famenensis; LV, R. lepydophyta–A. verrucosa; LL, R. lepydophyta–K. literatus; LM, R. lepydophyta–T. mirabilis;
PLE, V. pusillites–R. lepydophyta–I. explanatus; PM, V. pusillites–T. malevkensis. (Saudi Arabia/Africa) rug–lib, rugulata–libyensis; lem–lan, lemurata–langii; tri–cat, triangulatus–catillus.
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epibole in the basal Los Monos Formation (upper Eifelian–lower
Givetian) and correlated it to the Kačák Event. The association studied
herein is mainly dominated by spores, but upper in the section, when
the phytoplankton are far more abundant than spores (Sample BA Pal
ex CIRGEO 739), E. sommerii is not present (Barreda, 1986).

3.3. Cluster, distribution and diversity analysis

The constrained hierarchical clustering (CONISS algorithm) was
conducted with the dissimilarity matrix based on the Horn index (pre-
viously transformed, as in Jaramillo, 2008), resulting in two main
groups, A and B (Fig. 5). These ones almost coincide with the division
of the lower Eifelian (SV2) and the upper Eifelian–lower Givetian
(SV1). The exception, is the sample BA Pal ex CIRGEO 763, which is in-
cluded in the “older” cluster, and diverges from the group, with the
highest dissimilarity index. The deviation of the latter may be due to
Fig. 4. Abundance (absolute counts square root transformed) of the main groups of
palynomorphs involved in the palynofacies.
the low proportion of the genus Verrucosisporites, in comparison to the
rest of the samples grouped in cluster A. A Q-mode cluster analysis,
using the Horn dissimilarity index with different algorithms (see
above), clearly recognizes two groups of samples, as well, with similar
composition (Supplementary Fig. 1). The break separates the younger
(1840–2141 mbgs, cluster A) from the older samples (2200–
2881 mbgs, cluster B). Both groups are tested with a few distribution
models to see which one fits best (Fig. 6). The steeper curve of Cluster
A indicates an uneven distribution of relative abundance of species.
Fig. 5.Constrained cluster by sample order dendogramplot derived from theHorn dissim-
ilarity index using CONISS algorithm. Dashed line represents the break in between associ-
ations SV1 and SV2, defined by occurrences of some key species.
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Fig. 6. Species abundance distribution compared to five abundance models. (a) Cluster A has a better fit into Zip (AIC: 76.4538) and (b) cluster B into Log normal distribution
(AIC: 121.951).
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This slope fits into a Zipf distribution (AIC: 76,4538) while Cluster B
shows a closest fit into a Log normal distribution (AIC: 121,951). How-
ever the Zipf (AIC: 122,234) and the Mandelbrot (AIC: 123,774), cannot
be discounted. The flatter slope of this graph is an evidence of a more
even community.

The rarefaction values (Fig. 7) show a gradual increase of spore spe-
cies richness towards the top of thewell, in coincidencewith the contin-
uous rise of the phytoplankton abundance (Fig. 4). Both the Simpson
and Shannon–Wiener diversity indices, and the Pielou and Hurlburt's
evenness measures (Fig. 8) show a decline in the biodiversity towards
the top of the studied section, which also includes the samples assem-
bled in cluster A (Fig. 5).
4. Discussion

The palynomorph association recovered from the Santa Victoria x-1
well, suggests an age span from the early Eifelian to the early Givetian,
for the studied interval. Previous studies based on paleomicroplankton
(Barreda, 1986) proposed a younger age, such as Givetian–Frasnian
for the section. Most of the marine elements encountered by Barreda
and later acknowledged by this study have long stratigraphic ranges. Al-
though some of the species were suggested to be exclusively from the
Upper Devonian in her work, such as Cymatiosphaera labyrinthica and
C. velicarina, these taxa have scarce occurrences and cannot provide a
Fig. 7. Species richness standardized through rarefaction. It is noticeable the increment
along the younger samples and the drop in the top of the section, in coincidence with
the change of the rate of the continental and marine palynomorphs.
reliable biochron. The latter have been quoted also from the Silurian
Espejos Formation in Argentina (Rubinstein and García Muro, 2011).
Another species in the Santa Victoria x-1 well is Crassiangulina tessellita,
a species known to occur in the Strunian, the Silurian (Le Hérissé et al.,
2001), and was recently found in sediments assigned to the Hirnantian
(Ghavidel-syooki et al., 2011). Finally, Umbellasphaeridium deflandrei,
which occurs from the Emsian (see Noetinger and di Pasquo, 2011
and references therein) and Lunulidia micropunctata, found in stressed
environments from the Paraná Basin after the latest Emsian (Bosetti
et al., 2010).

The previous records of coeval Eifelian–Givetian assemblages, from
northwestern Argentina (Noetinger, 2010; Noetinger and di Pasquo,
2011) are dominated by continental elements and do not show an incre-
ment of the phytoplankton until the late Givetian–early Frasnian. It con-
sequently appears that eastern andwestern occurrences are diachronous
throughout northwestern Argentina due to a transgression coming from
the East. This transgression corresponds to the Taghanic onlap of North
America (Johnson, 1970), representing a second order transgression as
part of the Kaskaskia sequence. It also reflects the tectonic Gamma
cycle of Soares et al. (1978). The latter, together with the Delta cycle,
comprise the most complete stratigraphic record in Brazil. The marine
transgression is represented in both the Parnaíba and Paraná basins by
the Pimenteira (Soares et al., 1978) and the shales of the top of the São
Domingos formations, respectively (Grahn et al., 2013). Therefore, ma-
rine systems reach the western localities (e.g. Noetinger, 2010;
Noetinger and di Pasquo, 2010, 2011) later than the eastern ones (see
Breuer and Grahn, 2011 and references therein), which have a longer re-
cord of marine deposition in the Emsian–Eifelian time frame. These con-
ditions provide a scenario of a stressed environment, during the late
Eifelian–early Givetian, that would have led to the change in flora com-
position. Besides the conventional wisdom that species-rich communi-
ties evolved over long periods of physical stability (Fischer, 1960),
there is evidence that some groups build up the number of species in dis-
turbed settings (see Abele and Walters, 1979 and references therein). It
has been hypothesized that richness fundamentally regulates the varia-
tion in the evenness and diversity statistics, where the three should be
positively correlated (Hill, 1973). Whether richness or evenness has a
larger influence on diversity may relate to the structure and controls
that occur in the community. Wilsey and Stirling, (2007) showed a neg-
ative correlation between richness and evenness in plant populations.
They state that “in situations where communities are regulated by dis-
persal andmigration, evenness should be reducedwith each new species
detected as long as it remains rare” (Wilsey and Stirling, 2007, p. 260).
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Fig. 8.Diversity and evenness curves. (A) Simpson, (B) Shannon, (C) Pielou, (D)Hurlburt. Thesemeasures display a clear tendency to decrease after sample BAPal ex CIRGEO 754 up to the
top of the studied section. The samples involved are also grouped in cluster A.

Fig. 9.Abundance (absolute counts squared root transformed) distribution of pioneer spe-
cies and pre-existent species between 1840–2141 mbgs (cluster A samples).
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The rank abundance curves fit into two dominance/diversity models
based on statistical theory. Whether or not there is sufficient or consis-
tent information regarding the ecological interpretation of thesemodels
(see Barangé and Campos, 1991 and references therein) they explain
structures in diverse biological communities (e.g. Pearson, 1975;
Magurran, 2004; Spatharis and Tsirtsis, 2013). Some authors assume
that undisturbed, equilibrated communities would fit into a Log Normal
distribution. This pattern illustrates the result of many environmental
factors and cohabitants acting simultaneously on the species whereas
the Zipf–Mandelbrot model can be seen as many factors acting sequen-
tially (Bastow, 1991). In the latter, the presence of species are
dependent on previous physical conditions and previous species
presences. The theory behind the Zipf–Mandelbrot's model predicts a
“reduction in the number of alternatives supported by the environ-
ment” (Barangé and Campos, 1991, p. 296). Pioneer species require
few prior conditions while late successional species need a more orga-
nized ecosystem before they can invade, so they will be rare (Frontier,
1985). Pearson (1975), analyzing the development of a soft-bottom
benthic community recorded a reduction in the diversity of the system
after a change in the environment. The community was colonized by
more opportunistic, less demanding species.

Cluster A contains the FOD of species such as Acinosporites ledundae,
Auroraspora minuta, Convolutispora subtilis, Emphanisporites laticostatus,
Geminospora lemurata, Grandispora mammillata, G. cristata, G. gabesensis
and Granulatisporites muninensis (Fig. 2). Upon the distribution analysis
of these new species (Fig. 9), the peak around 2040 mbgs (BA Pl ex
CIRGEO 749) coincides with a rise in abundance of the phytoplankton
and drop of the relative percentage of the total spores (Fig. 4). Within
the time frame, there is evidence, in neighboring basins, of the collapse
of the Malvinokaffric shelly fauna (Isaacson, 2007; Bosetti et al., 2010).
One cause that has been historically hypothesized, is the influx ofwarm-
er water during theMiddle Devonian as testified by the inception of the
extra-Malvinokaffric articulate brachiopod Tropidoleptus (Isaacson,
2007; Di Pasquo et al., 2009; Troth et al., 2011). These new conditions
could have resulted in the environmental scenario that would have
allowed the establishment of new immigrant species, such as the
globally known Geminospora lemurata, with recognized affinity with
archaeopteridalean progymnosperms, in the existing flora.
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Appendix A

A.1. Systematic paleontology

The recognized taxa are listed alphabetically within each group. Species
that merit particular comment or are in open nomenclature are de-
scribed below. Species marked with an asterisk are first records in
Argentina.
Chitinozoans
?Angochitina sp.
Fig. 10.1
Description. Vesicle with ovoid shape, cylindrical neck and aperture
slightly flaring towards the apertural pole. The vesicle surface is dark-
ened but there are structures near the apex and by the aperture that re-
semble the base of broken processes.
Dimensions. Total length: 178 μm, maximum width: 94 μm, neck
length: 39 μm, aperture: 45 μm. 1 specimen measured.
?Ramochitina sp.
Fig. 10.2
Description. Vesicle with a cylindric-conical shape, cylindrical neck and
rounded base. Shoulder absent, flexure slightly discernible. Vesicle sur-
face covered with simple spines that range from 4-14 μm long.
Dimensions. Total length: 134 μm, maximum width: 73 μm, neck
length: 32 μm, aperture: 38 μm. 1 specimen measured.
Remarks. The specimen is assigned doubtfully to the genus Ramochitina
since its diagnostics crests (Paris et al., 1999) are not observable. It re-
sembles Belonechitina holfeltzii Ottone but the latter has distally
branched spines projections and are remarkably bigger.
Fungochitina pilosa Collinson and Scott 1958 (Fig. 10.3)
Chlorophytes
Chomotriletes vedugensis Naumova 1953 (Fig. 10.4)
Cryptospores
*Artemopyra recticosta Breuer, Al-Ghazi, Al-Ruwaili, Higgs, Steemans
and Wellman 2007 (Fig. 10.5)
Cymbohilates sp. A
Fig. 10.6
Description.Monad hilated proximally. Circular amb, the curvaturae de-
fine an hilum which is laevigated. Wall sculptured sub equatorial and
distally homogeneously with strong acuminated spines 2–4 μm high
and 1–1.6 μm wide at the base.
Dimensions. 64–78 μm. 2 specimens measured.
Remarks. Cymbohilates comptulus Breuer et al. is smaller and has bacula,
coni and spinae. The few elements encountered prevent a formal
designation.
?Dyadospora murusattenuata Morphon Strother and Traverse sensu
Steemans Le Hérissé and Bozdogan 1996 (Fig. 10.7)
Remarks: The specimens studied herein are assigned apprehensively
to the morphon since Gneudnaspora divellomedia var. minor are the
detached components of Dyadospora murusdensa–murusattenuatta
Morphon, which can also be encountered as loosely attached dyads
(Steemans et al., 2012). This study considers both genera taking in
consideration that along the section there are numerous specimens
of both Gneudnaspora spp. and these dyads.
Gneudnaspora divellomedia (Tchibrikova) Balme 1988
Spores
Acinosporites acanthomammillatus Richardson 1965 (Fig. 10.8)
Acinosporites apiculatus (Streel) Streel 1967
Acinosporites ledundae Ottone, 1996 (Fig. 10.9)
Acinosporites lindlarensis Riegel 1968
Acinosporites lindlarensis Riegel var.minorMcGregor and Camfield 1976
Acinosporites macrospinosus Richardson 1965
Acinosporites mcgregorii Di Pasquo and Noetinger 2008
Acinosporites sp. cf. A. macrospinosus Richardson 1965 (Fig. 10.10)
Remarks. It is not observable the apical prominence of the trilete mark.
Ambitisporites avitus (Hoffmeister) Steemans, Le Hérissé and Bozdogan
1996 (Fig. 10.11)
Apiculiretusispora densiconata Tiwari and Schaarschmidt 1975
Apiculiretusispora plicata (Allen) Streel 1967
*Auroraspora minuta Richardson 1965 (Fig. 10.12)
Biharisporites parviornatus Richardson 1965 (Fig. 10.13)
Biharisporites sp. A
Fig. 10.14
Description. Megaspore, amb circular to oval presenting compressional
folds. Laesura accompanied by labra 10 μm wide. Curvaturae not easily
recognizable, contact areas smooth to slightly scabrated. Equatorial
and distal face ornamented with grana and coni 2–4 μm wide at base
and 3–4 μm high.
Dimensions. 69-166 μm. 9 specimens measured.
Remarks. Biharisporites sp. A resembles Biharisporites simplexMortimer
and Chaloner, but these specimens are remarkably smaller and the
trilete mark is accompanied by lips.
?Biornatispora sp.
Fig. 10.15
Description. Trilete spore, sub circular amb. Distal and equatorial exo-
spore ornamented with coni with rounded and pointed apices, 4.4 μm
wide at base and 3–4.3 μm high. The elements are interconnected by
ridges 1–1.3 μm high.
Dimensions. 50 μm. 1 specimen measured.
*Camarozonotriletes? concavus Loboziak and Streel, 1989 (Fig. 11.1)
*Chelinospora timanica (Naumova) Loboziak and Streel, 1989 (Fig. 11.2)
Convolutispora subtilis Owens 1971
Corystisporites multispinosus Richardson var. spinulosus McGregor and
Camfield 1982
*Corystisporites undulatus Turnau 1996 (Fig. 11.3)
Craspedispora sp.
Fig. 11.4
Description. Trilete spore, sub circular amb. Laesurae straight accompa-
nied by lips 4 μmwide. Exospore infra granulated, which extends into a
zona 3–5 μmwide covered by 1–2 μm of height spines. Curvatural folds
present.
Dimensions. 59 μm. 1 specimen measured.
Remarks. The specimen resembles Craspedispora crapeda Allen but the
latter is smaller and the zona is laevigated to infra granulated.
Craspedispora ghadamesensis Loboziak and Streel is bigger.
Cymbosporites catillus Allen 1965
Cymbosporites cyathus Allen 1965
Dibolisporites echinaceus (Eisenack) Richardson 1965
Dibolisporites eifeliensis (Lanninger) McGregor 1973 (Fig. 11.5)
Dibolisporites farraginis McGregor and Camfield 1982
Dibolisporites gaspiensis (McGregor) Breuer and Steemans, 2013
Dibolisporites quebecensisMcGregor 1973 (Fig. 11.6)
*Dibolisporites tuberculatus Breuer and Steemans, 2013 (Fig. 11.7)
Dibolisporites uncatus (Naumova) McGregor and Camfield 1982
Emphanisporites annulatus McGregor 1961 (Fig. 11.8)
Emphanisporites epicautus Richardson and Lister 1969
*Emphanisporites laticostatus Breuer and Steemans, 2013 (Fig. 11.9)
*Emphanisporites radiatus Schultz 1968 (Fig. 11.10)
Emphanisporites rotatusMcGregor 1973
*Emphanisporites spinaeformis Schultz 1968 (Fig. 11.11)
Geminospora lemurata Playford 1983 (Fig. 11.12)
*Geminospora punctata Owens 1971 (Fig. 11.13)
Geminospora sp.(Fig. 11.14)
Description. Camerate spore with subcircular amb. Laesurae straight
that reach the equator. Exospore 2 μm thick presenting folds. Proximo-
equatorial and distal regions bearing biform elements 1.5–3 μm wide
at base and 1.5–2.5 μm high. Some of the elements are surmounted by
hair like process. Contact faces with scattered subcircular verrucae up
to 3 μm wide at base.
Dimensions. 62 μm. 1 specimen measured.
Remarks. The specimen resembles Geminospora libyensis Moreau-
Benoît but the sculpture elements are not as dense as in the latter.
G. svalbardiae has coni, spina and bacula.



Fig. 10. Selected taxa from the studied borehole. For each illustration, sample and England Finder coordinates are specified. 1. ?Angochitina sp., BA Pal ex CIRGEO 777, S29; 2. ?Ramochitina
sp., BA Pal ex CIRGEO 748, O35; 3. Fungochitina pilosa, BA Pal ex CIRGEO 739, D37/2; 4. Chomotriletes vedugensis, BA Pal ex CIRGEO 760, U30/3; 5. Artemopyra recticosta, BA Pal ex CIRGEO
752, V37/4; 6. Cymbohilates sp. A, BA Pal ex CIRGEO 752, H40; 7. ?Dyadospora murusatenuatta, BA Pal ex CIRGEO 766, F52/4; 8. Acinosporites acanthomammillatus, BA Pal ex CIRGEO 766,
D41/2; 9. Acinosporites ledundae, BA Pal ex CIRGEO 739, R45/3; 10. Acinosporites sp. cf. A. macrospinosus, BA Pal ex CIRGEO 746, R35/1; 11. Ambitisporites avitus, BA Pal ex CIRGEO 749, G48;
12. Aurorasporaminuta, BA Pal ex CIRGEO 752, U51/3; 13. Biharisporites parviornatus, BA Pal ex CIRGEO 745, U39/3; 14. Biharisporites sp. A, BA Pal ex CIRGEO 782, N36/4; 15. ?Biornatispora
sp., BA Pal ex CIRGEO 749, 56/3.
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Fig. 11. Selected taxa from the studied borehole. For each illustration, sample and England Finder coordinates are specified. 1. Camarozonotriletes? concavus., BA Pal ex CIRGEO 749, U30/3;
2. Chelinospora timanica, BA Pal ex CIRGEO 761, E50/2; 3. Corystisporites undulatus, BA Pal ex CIRGEO 751, V32/1; 4. Craspedispora sp., BA Pal ex CIRGEO 765, Q37/3; 5. Dibolisporites
eifeliensis, BA Pal ex CIRGEO 766, W28; 6. Dibolisporites quebecensis, BA Pal ex CIRGEO 771, T25/1; 7. Dibolisporites tuberculatus, BA Pal ex CIRGEO 752, F40; 8. Emphanisporites annulatus,
BA Pal exCIRGEO748, Q38/2; 9. Emphanisporites laticostatus, BA Pal exCIRGEO750, E41; 10. Emphanisporites radiatus, BA Pal exCIRGEO778, T31/3; 11. Emphanisporites spinaeformis, BA Pal
ex CIRGEO 748, S35/2; 12. Geminospora lemurata, BA Pal ex CIRGEO 750 MEB, V37/2; 13. Geminospora punctata, BA Pal ex CIRGEO 749, Q38/3; 14. Geminospora sp., BA Pal ex CIRGEO 763,
H28; 15. Geminospora sp. 1 in Breuer and Grahn, 2011, BA Pal ex CIRGEO 757, X52/1.; 16. Geminospora svalbardiae, BA Pal ex CIRGEO 748, F33.
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*Geminospora sp. 1 in Breuer and Grahn, 2011 (Fig. 11.15)
*Geminospora svalbardiae (Vigran) Allen 1965 (Fig. 11.16)
Grandispora brevizonata (Menéndez and Pöthe de Baldis) Di Pasquo,
2005 (Fig. 12.1)
*Grandispora cassidea (Owens) Massa and Moreau-Benoît 1976
(Fig. 12.2)
*Grandispora cristata (Menéndez and Pöthe de Baldis) nov. comb.
Basionym. Hymenozonotriletes cristatus Menéndez and Pöthe de Baldis,
1967, p. 168, pl. I, fig. J. (Fig. 12.3)
Genus GrandisporaMcGregor, 1973
Type species: Grandispora spinosa Hoffmeister Staplin and Malloy, 1955
Grandispora delicata sp. nov.
Fig. 13.1–2a,b
Holotype: Fig. 13. 1. Sample BA Pal ex CIRGEO 750 (2060–2061 mbgs).
England Finder: U29/3.
Paratype: Fig. 13.2a,b. Sample BA Pal ex CIRGEO 750 MEB-1 (2060–
2061mbgs). England Finder: U39/3.
Derivation of the name: the nature of the endospore which is delicate.
Diagnosis: Camerate radial spore, trilete. Subcircular to subtriangular
amb. Laesurae straight to slightly sinuous accompanied with labra be-
tween 1.5–6 μm wide. Inner body to overall equatorial diameter ratio
3/5. Exospore thin, generally laevigate proximally, some specimens
can present a slightly infragranulated one. The proximo-equatorial re-
gion display scattered spines, while the distal polar zone is sculptured
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Fig. 12. Selected taxa from the studied borehole. For each illustration, sample and England Finder coordinates are specified. 1. Grandispora brevizonata., BA Pal ex CIRGEO 750, G27; 2.
Grandispora cassidea, BA Pal ex CIRGEO 745, Q31/1; 3.Grandispora cristata nov. comb, BA Pal ex CIRGEO 750, Y47/2; 4. Grandispora gabesensis, BA Pal ex CIRGEO 749, D48/3; 5. Grandispora
macrotuberculata, BA Pal ex CIRGEO 769, V29/3; 6. Grandispora mammillata, BA Pal ex CIRGEO 749, R45/2; 7a. Grandispora pseudoreticulata, BA Pal ex CIRGEO 751 MEB, Q55/1; 7b.
Grandispora pseudoreticulata SEM; 8. Grandispora stolidota, BA Pal ex CIRGEO 745, L25; 9a. Grandispora variospinosa, BA Pal ex CIRGEO 750 MEB-2, L36/4; 9b. Grandispora variospinosa
SEM; 10. Grandispora velata, BA Pal ex CIRGEO 770, G47/4.
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Fig. 13. Selected taxa from the studied borehole. For each illustration, sample and England Finder coordinates are specified. 1.Grandispora delicata sp. nov. holotype, BA Pal ex CIRGEO 750,
U29/3; 2a. Grandispora delicata sp. nov. paratype, BA Pal ex CIRGEO 750 MEB-1, U39/3; 2b. Grandispora delicata SEM paratype; 3. Leiotriletes balapucensis, BA Pal ex CIRGEO 749, F46/2; 4.
Raistrickia aratra, BA Pal ex CIRGEO 749, F30; 5. Retusotriletes albarinii, BA Pal ex CIRGEO 751, F40; 6. Retusotriletes ottonei, BA Pal ex CIRGEO 749, K52/4; 7. Retusotriletes triangulatus, BA Pal
ex CIRGEO 739, T40/2; 8. Rhabdosporites langii, BA Pal ex CIRGEO 753, J32; 9. Verruciretusispora ornata, BA Pal ex CIRGEO 771, G34/3.; 10. Verrucosisporites premnus, BA Pal ex CIRGEO 739,
F54. 11. Verrucosisporites scurrus, BA Pal ex CIRGEO 749, Y32/1.
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with spines and biform elements, more densely distributed in the equa-
torial area of the inner body. The endospore, clearly thin, has a thicken-
ing in the equatorial perimeter. Ornamentation include both, spines,
with blunt and pointed recurved apices, and biform elements with bul-
bous bases or expanded apices, 1–5 μm wide at base, 1–16 μm high.
Dimensions: 82 (97,2) 120 μm(mode: 100 μm;27 specimensmeasured)
Description of holotype: Trilete camerate spore, subcircular amb.
Laesurae straight, accompanied with labra 3 μm wide. Inner body to
overall equatorial diameter ratio 7/10. Proximal region laevigate, equa-
torial and distal exospore sculptured with scattered spines with blunt
and pointed apices and biform elements with bulbous bases 3–6.4 μm
high and 1.3–3.5 μm wide at base.
Dimensions: Overall equatorial diameter, 82 μm; inner body equatorial
diameter 55 μm.
Comparison: Grandispora pseudoreticulata (Menéndez and Pöthe de
Baldis) Ottone has sculptured elements which are fused on the base
and form ridges. Grandispora protea (Naumova) Moreau-Benoît 1980
can be bigger and has rounded coni or biform spinae as
ornamentation. Grandispora velata (Richardson) McGregor is bigger
and has spines with acute apices and coni as ornamentation.
Grandispora douglastownensis Loboziak, Streel and Burjack 1989
Grandispora gabesensis Loboziak and Streel 1989 (Fig. 12.4)
Grandispora inculta Allen 1965
*Grandispora macrotuberculata (Arkhangelskaya) McGregor 1973
(Fig. 12.5)
Grandispora mammillata Owens 1971 (Fig. 12.6)
Grandispora permulta (Daemon) Loboziak, Streel and Melo 1999
Grandispora protea (Naumova) Moreau-Benoît,1980
Grandispora pseudoreticulata (Menéndez and Pöthe de Baldis) Ottone,
1996 (Fig. 12.7a,b)
*Grandispora stolidota (Balme) Breuer and Steemans, 2013 (Fig. 12.8)
*Grandispora variospinosa McGregor and Camfield 1982 (Fig. 12.9a,b)
*Grandispora velata (Richardson) McGregor 1973 (Fig. 12.10)
Granulatisporites muninensis Allen 1965
Leiotriletes balapucensis Di Pasquo, 2007 (Fig. 13.3)
Leiotriletes pagius Allen 1965
Lophotriletes devonicus (Naumova ex Chivrikova) McGregor and
Camfield 1982
Punctatisporites spp.
Raistrickia aratra Allen 1965 (Fig. 13.4)
Retusotriletes albarinii Di Pasquo and Noetinger 2008 (Fig. 13.5)
Retusotriletes ottonei Noetinger and di Pasquo, 2011 (Fig. 13.6)
Retusotriletes simplex Naumova 1953
*Retusotriletes triangulatus (Streel) Streel 1967 (Fig. 13.7)
*Rhabdosporites langii (Eisenack) Richardson 1960 (Fig. 13.8)
Verruciretusispora ornata (Menéndez and Pöthe de Baldis) Pasquo 2005
(Fig. 13.9)
Verrucosisporites premnus Richardson 1965 (Fig. 13.10)
Verrucosisporites scurrus (Naumova) McGregor and Camfield 1982
(Fig. 13.11)
Verrucosisporites tumulentus Clayton and Graham 1974

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.palaeo.2014.10.027.
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