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Abstract. This is an exhaustive analysis of the palynomorph assemblages, organic-walled marine phytoplankton and miospores from the Tu-
cunuco Group. This group includes the La Chilca and Los Espejos formations and is exposed in the Central Precordillera of San Juan. Four lo-
calities were included in this study, i.e, Rio Jachal, Rio de las Chacritas, Cerro La Chilca and Quebrada Ancha. Previous data concerning several
fossil groups, such as graptolites, conodonts and brachiopods, suggest a mainly Llandovery—Wenlock? age for the La Chilca Formation and a
Wenlock to locally Lochkovian age for the Los Espejos Formation. Marine palynomorphs are predominant in the two formations in all the studied
sections. Although terrestrial palynomorphs are the minor component, trilete spores are abundant, diverse and biostatigraphically relevant in
the Los Espejos Formation. Correlations using marine palynomorph assemblages and miospore biozones recognized worldwide allow con-
straining the age of the two stratigraphic units. Based on marine phytoplankton, the middle—upper part of the La Chilca Formation is assigned
to the Wenlock. In the Los Espejos Formation, palynomorph assemblages allow the recognition, from the base to the top, of the Wenlock with
doubts, the Ludlow, and the Pridoli. The Lochkovian has been documented exclusively in the northern part of the basin. This confirms the
presence of the Silurian/Devonian boundary in the upper part of the Los Espejos Formation. A north-south correlation panel of the studied
sections is presented.

Key words. Biostratigraphy. Organic-walled phytoplankton. Miospores. Tucunuco Group. Silurian. Devonian. Argentinian Precordillera.

Resumen. NUEVA PROPUESTA BIOESTRATIGRAFICA PARA EL GRUPO TUCUNUCO (PALEOZOICO INFERIOR), PRECORDILLERA DE SAN JUAN,
ARGENTINA, BASADA EN PALINOMORFOS MARINOS Y TERRESTRES. Se realiz6 un analisis exhaustivo de las asociaciones palinologicas (fito-
plancton marino de pared organica y mioesporas) del Grupo Tucunuco, Precordillera Central de San Juan, registradas en las localidades de Rio
Jachal, Rio de las Chacritas, Cerro La Chilca y Quebrada Ancha. Las dataciones previas, provenientes de diversos grupos fasiles como grapto-
litos, conodontes y braquidpodos, sugieren una edad principalmente llandoveriana—wenlockiana? para la Formacion La Chilca y wenlockiana,
hasta localmente lochkoviana, para la Formacion Los Espejos. Se destaca la predominancia de los palinomorfos marinos en ambas unidades
y en todos los perfiles analizados. Si bien los palinomorfos terrestres constituyen el componente minoritario, en la Formacion Los Espejos las
esporas trilete son abundantes, diversas y estratigraficamente relevantes. A partir de la correlacion con asociaciones de palinomorfos mari-
nos y con biozonas de esporas reconacidas en distintas regiones del mundo, se ajustan las edades de ambas formaciones, presentandose un
nuevo esquema estratigrafico. Se confirma la edad wenlockiana para la parte media—superior de la Formacion La Chilca, en base a su conte-
nido fitoplancténico. En la Formacion Los Espejos los palinomorfos permiten distinguir, de base a techo, depésitos posiblemente wenlockia-
nos, ludlovianos, pridolianos v lochkovianos exclusivamente en el perfil mas septentrional estudiado. Se confirma por lo tanto la presencia del
limite Silarico/Devonico en la parte superior de esta formacion. Se propone un esquema de correlacion norte-sur de los perfiles estratigrafi-
cos estudiados.

Palabras clave. Bioestratigrafia. Fitoplancton de pared organica. Mioesporas. Grupo Tucunuco. Sildrico. Devénico. Precordillera argentina.

DurING the Middle—Late Ordovician, the Cuyania Terrane  and Astini et al. (1995) recognized the development of a
collided with the Cambro-Ordovician western margin of  flexural bending which formed the Talacasto-Tambolar arch
Gondwana causing its partial destruction (Benedetto, 1993).  in the Central Precordillera. This arch underwent recurring
This collision produced a drastic change in the basin sedi-  relaxation and contraction events, causing wedging of the
mentary configuration, determining the arrangement of the  stratigraphic units and important interruptions in the sedi-
Silurian—Devonian deposits (Benedetto, 2010). Astini (1992)  mentation process (Astini et al, 1995).
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The Silurian—Devonian deposits of the Precordillera in-
filled a typical foreland basin and reach a maximum thick-
ness of 1100 m in the northern outcrops, decreasing
southwards (Astini et al, 1995). The Silurian of the Central
Precordillera of San Juan Province is represented by the Tu-
cunuco Group (Cuerda, 1969a), which includes the La Chilca
(Cuerda, 1965) and the Los Espejos (Cuerda, 1965) forma-
tions. Its maximum thickness is 500-600 m in the Jachal
area, decreasing southwards down to 200 m in the Sierra
de la Dehenza (Baldis and Peralta, 1999).

Cuerda (1965) studied graptolite assemblages indicating
an Early Llandovery to Early Wenlock age for the La Chilca
Formation at its type locality (Cerro La Chilca). Melendi and
Volkheimer (1982, 1983) found an acritarch assemblage
with no biostratigraphic value in beds near the base of the
unit, at 5.5 m above the basal conglomerate bed in the
Quebrada de Talacasto section. These levels also contain
Llandovery graptolites, such as Climacograptus aff. hughesi
and Monograptus spp.. The basal part of the formation was
assigned to the Hirnantian (Late Ordovician) followed by the
Rhuddanian (Early Silurian), based on the Normalograptus
persculptus and, probably, the Parakidograptus acuminatus
and Atavograptus atavus graptolite zones (Brussa, 1987;
Cuerda et al, 1988; Rickards et al, 1996). On the basis of the
presence of Monograptus priodon, Kerllefievich and Cuerda
(1986) assigned a Llandovery—Wenlock? age to the lower—
middle part (19.4 m below the top of the section) of the La
Chilca Formation exposed near the locality known as Tala-
casto. These authors pointed out that M. priodon had been
recorded worldwide in levels “just below" the Wenlock. At a
later date, P6the de Baldis (1987) studied the palynomorphs
from the upper part of the La Chilca Formation in the Aguada
de Los Azulejitos area. The presence of the acritarch genera
Deunffia and Domasia suggested a Late Llandovery to Early
Wenlock age for this part of the section. Based on the bra-
chiopod fauna Benedetto (1995) confirmed an Early Llan-
dovery age (Rhuddanian) for the lower to middle part of the
La Chilca Formation at the Cerro del Fuerte and Cerro La
Chilca sections. Later, P6the de Baldis (1997) recognized an
acritarch assemblage in a bed near the middle part of the La
Chilca Formation at Quebrada de Talacasto. Because of the
presence of Tylotopalla robustispinosa and Oppilatala eo-
planktonica, the author referred this level as early to middle

Llandovery. Lehnert et al. (1999) recorded conodonts of the
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Distomodus kentuckyensis Zone from the lower part of the
section at the Cerro del Fuerte locality, indicating a middle
Rhuddanian to Aeronian age. Upon review of previous paly-
nological papers, Péthe de Baldis and Peralta (1999) sug-
gested a Late Ordovician—Early Wenlock age for the La
Chilca Formation, but their work needs to be reassessed
since several palynomorphs have been re-dated. Finally,
Rubinstein and Brussa (1999) integrated studies on phyto-
plankton, miospores and graptolites from several sections
of the La Chilca Formation and recognized two palynologi-
cal assemblages. Assemblage 1 occurs near the base of the
stratigraphic unit, in levels assigned to the Normalograptus
persculptus graptolite Zone, which indicates a Hirnantian
age. Phytoplankton in this assemblage was scarce, badly
preserved and whithout stratigraphic value. Assemblage 2
occurs in the lower part of the formation, in levels assigned
to the upper part of the Stimulograptus sedgwickii Zone and
the lower part of the Spirograptus turriculatus Zone, pointing
to a Late Aeronian—Early Telychian age. Tylotopalla caela-
menicutis and Tylotopalla digitifera were identified among
the acritarchs of the Assemblage 2, thus supporting the age
indicated by the graptolites. It is important to note that
the paleontological records come mainly from the lower to
middle part of the La Chilca Formation while they are scarce
in the upper part, which was tentatively assigned to the
Wenlock.

The first paleontological dating of the Los Espejos For-
mation was from the middle part of the unit at the Cerro La
Chilca section, where Cuerda (1969b) recorded Monograptus
uncinatus notouncinatus Cuerda, Monograptus leintwardinen-
sis var. incipiens Elles and Wood, and Monograptus argenti-
nus Cuerda; the author proposed an early Ludlow age for
these beds and a probable Wenlock age for the basal part.
Later, Hinicken and Sarmiento (1988) recorded conodonts
in the middle—upper part of the unit in the Quebrada Ancha
area. The recognition of the Polygnathoides siluricus Zone and
the Pedavis latialata Zone suggested an age no older than
Ludfordian. However, Albanesi et al. (2006) found conodonts
of the Kockelella variabilis variabilis Zone in the middle—upper
part of the Sierra de Talacasto section; these pointed to an
Early Ludlow age (Gorstian). They remarked that the species
recorded by Hinicken and Sarmiento (1988) do not confirm
the proposed age.

Sanchez et al. (1991) and Benedetto et al. (1992) inter-
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preted the age of the Los Espejos Formation on the basis of
the brachiopod fauna from the northern outcrop at Cerro del
Fuerte, near Jachal. These authors recognized four faunas
and assigned them to the Wenlock?, Ludlow, Pridoli and
Early Lochkovian. The youngest age is present only in the
northern outcrops of the Los Espejos Formation. According
to these authors, the lower to middle part of the section
does not contain any biostratigraphically relevant bra-
chiopods. Meanwhile, in the upper part of the unit, the
presence of Coelospira extensa Benedetto and Toro would
indicate a Pridoli age. Additionally, the presence of the
genera Molongella and Australocoelia in the uppermost levels
suggests a Lochkovian age. Rickards et al. (1996) recognized
the Neodiversograptus nilssoni-Lobograptus scanicus grapto-
lite zones. This finding in the upper third of the Los Espejos
Formation, in the Cerro del Fuerte area, would suggest a
maximum Early Ludlow age for these beds. Near the top of
the section there are not graptolites neither palynomorphs
(Rubinstein and Brussa, 1999). Heredia et al. (2007) and Ro-
driguez et al. (2010) analyzed the conodonts in Loma de los
Piojos and Cerro del Fuerte sections. They confirmed that
the upper part of the Los Espejos Formation is Gorstian be-
cause of the occurrence there of Kockelella variabilis vari-
abilis, hence excluding the possibility of younger ages for the
unit even though these authors did not record conodonts in
the upper beds of the section. Pothe de Baldis and Peralta
(1999), in a reassessment of previous palynologycal studies,
proposed a Ludlow-Lochkovian? age for the Los Espejos
Formation. However, the probable Lochkovian age was mis-
interpreted by the latter authors because it was based on
palynological results of Rubinstein (1992), from the Loma
de Los Piojos section, which indicated a probable Pridoli age
for the upper levels of the Los Espejos Formation at this lo-
cality.

Summarizing, the available paleontological information
does not allow constraining the age of the lower part of the
Los Espejos Formation. Contrarily, the middle and upper
parts yielded fossils such as brachiopod faunas that helped
to constrain a more precise age for the unit. This age is
younger in the northern sections and changes throughout
the basin. To date, the Early Devonian age of the uppermost
part of the Los Espejos Formation could not be confirmed
by means of other fossil groups.

The difference in the thickness of both formations (La

Chilca and Los Espejos) throughout the basin, the disconti-
nuity of the strata, the marked diachronism, and the mag-
nitude and extent of the outcrops as well as the lack of
stratigraphically valuable fossils, hinder precise dating
(Rubinstein, 1995). The aim of this contribution is to pro-
pose a new biostratigraphic scheme for the Tucunuco Group
following an analysis of several palynological assemblages
from various stratigraphic sections, thus contributing to
constrain the age of the stratigraphic units.

GEOLOGY

Cuerda (1965) described the La Chilca Formation as
formed by alternation of grey-light-yellow sandstone and
grey-dark green pelites at the type locality in Cerro La Chilca.
Although the author assigned an Early Llandovery to Early
Wenlock age to the formation based on the graptolite fauna,
later works suggested a Hirnantian—Wenlock? age for this
unit, as mentioned above. The La Chilca Formation reaches
a maximum thickness of 128 m in the Jachal area, in the
central-northern part of the Central Precordillera of San
Juan. This thickness decreases to the south-west reaching
25 min the Talacasto area (Sanchez et al, 1991; Astini and
Maretto, 1996). The La Chilca Formation overlies different
Ordovician units, which are generally younger from north to
south. Its upper contact with the Los Espejos Formation is
an erosive hiatus observed throughout the basin (Astini and
Maretto, 1996). Such unconformity was already noted by
Cuerda (1965).

The La Chilca Formation recorded a transgressive to
highstand sea-level history. Above a basal conglomerate
level, a few maximum-flooding events would be indicated
by the occasional presence of dark shaly intervals (Brussa
and Astini, 1995). The maximum shallowing is observed
towards the top of the unit. Its upper contact is represented
by an erosive unconformity, diachronic from north to south,
related to the flexural bending of the foreland basin (Astini
and Maretto, 1996).

Astini and Piovano (1992) recognized two facies asso-
ciations and later Astini and Maretto (1996) identified four
facies associations in the La Chilca Formation, ie., (a) basal
conglomerates, (b) laminate pelites, (c) rhythmically inter-
calated sandstones and pelites, (d) amalgamated quartz-
sandstones. According to Astini and Maretto (1996), the

Silurian stratigraphic units of the Precordillera (La Chilca
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and Los Espejos formations) start with thin-tabular basal
conglomerates with abundant chert and ferruginous oolites,
which indicate erosive periods and mechanic contraction
capable of eliminating the underlying sedimentary record.
Therefore —according to these authors— there would be an
erosive hiatus between both formations.

The Los Espejos Formation was also described by
Cuerda (1965), although its type locality was designated
later at northwestern Cerro La Chilca, in the Rio Los Espe-
jos creek, San Juan Province (Cuerda, 1985). The author
described the formation as mainly composed by olive-green
shales with parallel stratification alternating with green-
grey muddy-sandstone to the top. The outcrops of this unit,
as those of the La Chilca Formation, become thicker to the
north, near the Rio Jachal, reaching about 500-600 m in
the Cerro del Fuerte and the Loma de Los Piojos sections.
Thickness decreases southwards, reaching 50 m at the Rio
San Juan (Sanchez et al, 1991; Astini and Maretto, 1996;
Benedetto et al, 1996).

The base of the Los Espejos Formation is a thin con-
glomerate, rich in iron veneer and phosphate, followed by
muddy shelf deposits with no influence of wave action. It
changes upwards into a storm-wave-dominated shelf and
shoreface facies, culminating the regressive cycle (Sanchez
etal, 1991; Astini and Piovano, 1992). The lower third of the
unit is dominated by shales, the middle third is characterized
by shales and sandstones, and an increase of the number
and thickness of sandstone beds are observed towards the
top (Sanchez, 1991). The Los Espejos Formation has been
interpreted as a highstand sequence with an upward thick-
ening and coarsening trend (Sanchez et al, 1993; Astini and
Maretto, 1996).

Astini and Piovano (1992) recognized three facies asso-

ciations in the Los Espejos Formation and later Astini and
Maretto (1996) identified seven facies associations, i.e., (a)
ferruginous conglomerates, (b) green-purple pelites, (c) thin
tabular rhythmites, (d) thin heterolithic, (e) thick heterolithic,
(f) amalgamated sandstones and (g) deformed heterolothic
complex. In the middle and northern parts of the basin,
where the formation reaches its youngest age, the facies
association of deformed heterolothic complex is interpret
as a result of liquefaction and fluence triggered by seismic
activity. According to Astini and Maretto (1996), the seismic
activity is related to the Precordillerana diastrophic phase,
which could have caused the remarkable hiatus between
this unit and the overlying Talacasto Formation (Astini and
Maretto, 1996).

MATERIALS AND METHODS

This study includes palynomorph assemblages from 63
productive levels of the La Chilca and Los Espejos forma-
tions. The marine palynomorphs comprise acritarchs and
clorophyte algae and the terrestrial palynomorphs include
cryptospores and trilete spores. The studied sections are
Rio Jachal, Rio de las Chacritas, Cerro La Chilca and Que-
brada Ancha (Tab. 1, Fig. 1.1 and 1.2). These stratigraphic
sections were selected after considering major changes in
the basin, in a north to south transect, with special empha-
sis on the lower and upper stratigraphic limits of both units.

The samples were prepared in the Palynology Labora-
tory of Liége University, Belgium, and in the Paleopaly-
nology Laboratory of the Instituto Argentino de Nivologia,
Glaciologia y Ciencias Ambientales, Centro Cientifico Tec-
nologico CONICET Mendoza. The studied slides were those
processed in Liége University except for the ones from the
Rio de las Chacritas section, which were wholly processed

TasLe 1 - Localities and samples studied per formation.

Formation Locality Samples collected Palyniferous samples
Cerro La Chilca 7 1
La Chilca
Quebrada Ancha 24 23
Rio Jachal 9 9
Cerro La Chilca 7 7
Los Espejos
Rio de las Chacritas 19 9
Quebrada Ancha 18 14
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in the laboratory of IANIGLA. The methods applied in both
laboratories were similar, using standard palynological
HCI-HF-HCI acid maceration techniques. The oxidation in
IANIGLA was carried out with NOH5 for 2 minutes and, in
Liege University, with "low-grade” Schulze solution (with
65% NOHj3) for 2 hours. The organic residues were then
screened on a 12 pm sieve. The preparation technique used
for the Rio de las Chacritas samples is further detailed in
Rubinstein and Garcia Muro (2011).

The palynological slides are housed in the palynological
collection of the IANIGLA, CCT CONICET Mendoza, Argentina.

Specimen locations are referred using England Finder coor-

dinates. The complete list of recorded palynomorphs has
been provided by Rubinstein and Garcia Muro (2011), Garcia
Muro et al. (2014a,b) and Garcia (2014).

The proposed ages for the studied sections are based
on coeval trilete spore biozones established for different
regions in different palaeocontinents (Garcia Muro et al,
2014a) and on the worldwide stratigraphic distribution of
the organic-walled phytoplankton, particularly those taxa

with recognized biostratigraphic value.

RESULTS
The marine phytoplankton is the most diverse in the
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studied sections in both formations, representing 35-66%
of the total palynomorph taxa, in coincidence with the ma-
rine environment previously described. Even though terres-
trial palynomorphs —particularly the trilete spores— are less
diversified than the marine palynomorphs, they show a clear
increase in diversity and abundance toward the younger
beds. The total number of species of all palynomorph groups
recorded per stratigraphic unit, section and level, are de-
tailed in Garcia (2014). In this contribution, the species of
recognized biostratigraphic significance are specially taken
into account.

A single productive level (6-61052) at the type locality of
the La Chilca Formation yielded badly preserved and poorly
diversified palynomorphs. Fragmented palynomorphs con-
stituted 80% of the assemblage, thus rendering very diffi-
cult any positive taxonomic indentification. In the same
formation but in the Quebrada Ancha section, 23 produc-
tive levels yielded 100 palynomorph species. Marine phy-
toplankton is predominant in all of them, whereas the
terrestrial palynomorphs are less than 3% of the paly-
nomorph assemblage. Terrestrial palynomorphs only in-
clude cryptospores such as Gneudnaspora divellomedia and
few specimens of the genus Hispanaediscus. Among the

phytoplankton, the presence of species such as of Multipli-

cisphaeridium bifurcatum, Tylotopalla caelamenicutis, T. digi-
tifera, Schismatosphaeridium guttulaferum, Crassiangulina
variacornuta, Stellinium rabians, Percultisphaera incompta
and P. cf. stiphrospinata may be highlighted (Fig. 2).

The palynomorph assemblage in the Los Espejos For-
mation is characterized by the abundance and diversity of
the marine organic-walled phytoplankton, with some ex-
ceptions in certain levels (ie, 2-61161, 9-61063 in Rio
Jachal, 14-60982 in Quebrada Ancha). Many species of
stratigraphic value were recorded and their implications
are discussed below.

In the northern locality, Rio Jachal, the abundance of
trilete spores increases towards the upper levels, reaching
up to 50% of the palynological assemblage. Nevertheless,
miospore diversity is lower than phytoplankton diversity,
with 36 miospore species and 47 phytoplankton species.
Biostratigraphically relevant species were identified among
the trilete spores, such as Chelinospora cf. cantabrica, cf.
Streelispora newportensis and Cymbosporites paulus? in
Wellman 1993a. The most useful species of phytoplankton
were cf. Thysanoprobolus polykion, Polyedrixium? asperum and
Polyedryxium condensum (Fig. 2). A comprehensive analysis
of this section was provided by Garcia Muro et al. (2014b).

In the Rio de Las Chacritas section, Chelinospora verru-

Figure 2. 1, Helosphaeridium sp. A in Mullins, 2001, 6-61052 (L43), La Chilca Formation, Cerro La Chilca; 2, Multiplicisphaeridium cf. bifurcatum
Staplin, Jansonius and Pocock, 1965, 1-60975 (T40), La Chilca Formation, Quebrada Ancha; 3, Tylotopalla caelamenicutis Loeblich, 1970, 2-
60973 (M36 /1), La Chilca Formation, Quebrada Ancha; 4, Tylotopalla digitifera Loeblich, 1970, 2-60973 (V36), La Chilca Formation, Quebrada
Ancha; 5, Schismatosphaeridium guttulaferum Le Herissé 1989, 3-60972 (X48 /1), La Chilca Formation, Quebrada Ancha; 6, Crassiangulina
variacornuta Wauthoz, Dorning and Le Hérissé,2003, 4-60971 (L50 /1), La Chilca Formation, Quebrada Ancha; 7, Melikeriopalla polygonia
(Staplin, 1961) Mullins, 2001, 8-60805 (R34), La Chilca Formation, Quebrada Ancha; 8, Percultisphaera incompta Richards and Mullins, 2003,
9-60803 (P46 /4), La Chilca Formation, Quebrada Ancha; 9, Nanocyclopia sp., 14-60737 (G46 /1), La Chilca Formation, Quebrada Ancha; 10,
Stellinium rabians (Cramer, 1964) Eisenack, Cramer and Diez, 1976, 10-60801 (J43 /2), La Chilca Formation, Quebrada Ancha; 11, Domasia
trispinosa Downie, 1960, 10-60801 (G44 /1), La Chilca Formation, Quebrada Ancha; 12, Percultisphaera cf. stiphrospinata Lister, 1970, 14-
60737 (G34 /2), La Chilca Formation, Quebrada Ancha; 13, cf. Crassiangulina tesselita Jardiné, Combaz, Magloire, Peniguel and Vachey, 1972,
23-60701 (W38); 14, Chelinospora cf. cantabrica Richardson, Rodriguez and Sutherland, 2001, 1-61161 (M26 /1), Los Espejos Formation, Rio
Jachal; 15, cf. Streelispora newportensis (Chaloner and Streel, 1968) Richardson and Lister, 1969, 6-61118 (F42 /4), Los Espejos Formation, Rio
Jachal; 16, cf. Thysanoprobolus polykion Loeblich and Tappan, 1970,4-61120, Los Espejos Formation, Rio Jachal; 17, Schizocystia pilosaJardiné,
Combaz, Magloire, Peniguel and Vachey, 1972, 6-61118 (L43) , Los Espejos Formation, Rio Jachal; 18, Amicosporites streelii Steemans, 1989,
10-61063 (L39 /3); 19, cf. Dictyotriletes emsiensis Morphon Rubinstein, Melo and Steemans, 2005, 8-61116 (F21), Los Espejos Formation, Rio
Jachal; 20, Cymbosporites paulus? in Wellman, 1993a, 6-61118 (T41 /2), Los Espejos Formation, Rio Jachal; 21, Amicosporites streelii Steemans,
1989, 13-60984 (529 /1), Los Espejos Formation, Quebrada Ancha; 22, Chelinospora cf. hemiespherica in Richardson, Rodriguez and Suther-
land, 2001, MPLP 10-4733B (K35 /1), Los Espejos Formation, Rio de las Chacritas; 23, Schismatosphaeridium algerense Cramer and Diez, 1976,
1-61065 (G27 /4), Los Espejos Formation, Cerro La Chilca; 24, Hispanaediscus lamontii Wellman, 1993b, 4-61059 (L44 /1), Los Espejos For-
mation, Cerro La Chilca; 25, Coronaspora cromatica (Rodriguez, 1978) Richardson, Rodriguez and Sutherland, 2001, 4-61059 (Q28), Los Espe-
jos Formation, Cerro La Chilca; 26, Opilatalla insolita (Cramer and Diez, 1972) Dorning, 1981, 4-61059 (049 /2), Los Espejos Formation, Cerro
La Chilca; 27, Fimbriaglomerella divisa Loeblich and Drugg, 1968, 4-61059 (G49 /2), Los Espejos Formation, Cerro La Chilca; 28, Chelinohilates
lornensis Wellman and Richardson, 1996, 1-60667 (N50 /1), Los Espejos Formation, Quebrada Ancha; 29, Ozotobrachion palidodigitatus
(Cramer, 1966 emend. Cramer, 1970) Playford, 1977, 7-60736 (P48 /4), Los Espejos Formation, Quebrada Ancha; 30, Chelinospora verrucata
var. verrucata Morphon Garcia Muro, Rubinstein and Steemans, 20143, 2-60704 (V37 /2), Los Espejos Formation, Quebrada Ancha. The bars
represent 20 pm.
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catavar. verrucata Morphon and Chelinospora cf. hemiesferica
were recorded among the trilete spores. Polyedryxium hele-
naster, Fimbiraglomerella divisa, Stellinium rabians and the
genus Ozotobrachion are the most interesting marine taxa
from a biostratigraphic point of view. A detailed analysis of
this section was published by Rubinstein and Garcia Muro
(2011).

The Cerro La Chilca section yielded phytoplankton
species such as Schismatosphaeridium algerense, Fimbria-
glomerella divisa and Ozotobrachion palidodigitatus. Terres-
trial palynomorphs include Hispanaediscus lamontii, Cheli-
nospora cf. cantabrica (Fig. 2) and C. sanpetrensis.

The southernmost studied section, Quebrada Ancha,
yielded the highest diversity of trilete spores, including 43
species. The most relevant taxa from the lower part of the
section are Coronaspora cromatica (Fig. 2), Emphanisporites
sp. D in Richardson et al, 1981, Stellatispora inframurinata
var. inframurinata, Chelinospora cf. hemisferica, Brochotriletes
foveolatus, Leonispora argovejae (Fig. 3) and Cymbosporites

cf. catillus in Richardson and Lister 1969. The presence of

Synorisporites verrucatus, Amicosporites cf. streeliiand Em-
phanisporites cf. splendens (Fig. 3) can be highlighted in the
upper part of the section. Moreover, marine phytoplankton is
represented by 120 species, with the noteworthy presence
of Melikeriopalla polygonia, Fimbriaglomerella divisa, Schis-
matosphaeridium perforatum and Leiofusa bernesga. The
exhaustive analysis of the trilete spores from the Quebrada
Ancha section and its correlation with coeval worldwide
miospore zones was published in Garcia Muro et al. (2014a).

DISCUSSION

The La Chilca Formation has been considered Hirnantian—
Wenlock based on several fossil groups, such as graptolites,
phytoplankton, conodonts and brachiopods (e.g, Kerlefe-
vich and Cuerda, 1986; Pothe de Baldis, 1987; Benedetto,
1995; Rubinstein and Brussa, 1999; Albanesi et al, 2006).

At the type locality of the La Chilca Formation, Cerro La
Chilca, the palynomorphs are badly preserved. However,
some genera such as Leprotolypa and Micrhystridium, be-

sides a few specimens of Veryhachium and Helosphaeridium

Figure 3. 1, Stellatispora inframurinata var. inframurinata (Richardson and Lister) Burgess and Richardson,1995, 3-60659 (528 /0), Los Espe-
jos Formation, Quebrada Ancha; 2, Breconisporites sp. B in Richardson, Rodriguez and Sutherland, 2001, 3-60659 (T28 /1), Los Espejos For-
mation, Quebrada Ancha; 3, Synorisporites tripapillatus Richardson and Lister, 1969, 7-60736 (032), Los Espejos Formation, Quebrada Ancha;
4, Chelinospora cf. hemiesferica in Richardson, Rodriguez and Sutherland, 2001, 8-60677 (K33 /3), Los Espejos Formation, Quebrada Ancha;
5, Brochotriletes foveolatus Naumova, 1953, 9-60664 (H27 /1), Los Espejos Formation, Quebrada Ancha; 6, Leonispora argovejae Cramer and
Diez, 1975, 9-60664 (E26 /4), Los Espejos Formation, Quebrada Ancha; 7, Emphanisporites sp. D in Richardson, Rasul and Al-Ameri, 1981, 7-
60736 (M31 /1), Los Espejos Formation, Quebrada Ancha; 8, Emphanisporites cf. splendens Richardson and loannides, 1979, 13-60984 ()47 /1),
Los Espejos Formation, Quebrada Ancha; 9, Oppilatala ramusculosa (Deflandre, 1945) Dorning, 1981, 7-60736 (N37 /4), Los Espejos Forma-

tion, Quebrada Ancha. The bars represent 20 pm.
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(Fig. 4.1), could be recognized. Noteworthy is the presence Phytoplankton is better preserved and more diversified

of Helosphaeridium sp. A in Mullins (2001), of which the only  in the same formation in the Quebrada Ancha area. A single

previous record was in the Wenlock of the United Kingdom.  specimen doubtfully assigned to Multiplicisphaeridium bi-
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furcatum occurs in the first level (1-60975). This is a cos-
mopolitan Upper Ordovician species (e.g, Staplin et al, 1965;
Rubinstein and Vaccari, 2004; Ghavidel-Syooki, 2000).
Its occurrence would support a Late Ordovician age for the
basal part of the section, thus agreeing with the age based
on the graptolite fauna (Brussa, 1987; Cuerda et al, 1988;
Rickards et al, 1996).

Several specimens of Tylotopalla caelamenicutis and T.
digitifera first occur in level 2-60973. Even if T. caelameni-
cutis first appears in the Late Hirnantian (Masiak et al,
2003), T. digitifera has its first worldwide appearance in the
Aeronian (Loeblich, 1970). Therefore, an Early Llandovery
age can be inferred for this level. The same level also yielded
Dictyotidium faviforme, D. biscutulatum and D. stellatum, which
first appear in the Llandovery (Schultz, 1967; Kiryanov, 1978;
Le Hérissé, 1989; Wauthoz, 2005).

Schismatosphaeridium guttulaferum (Fig. 4.2) was iden-
tified in level 3-60972. This species was described for the
first time in the Visby Formation (Llandovery—Wenlock
boundary) and the Mulde Formation (Wenlock), both in
Gotland, Sweden (Le Hérissé, 1989).

Crassiangulina variacornuta occurs in the level 4-60971.
This species is considered a Late Aeronian—Telychian bios-
tratigraphic marker in Gondwana and Baltica, but has never
been recorded in Laurentia (Wauthoz et al, 2003; Rubinstein
and Toro, 2006). Also still present are Tylotopalla caelameni-
cutisand T. digitifera, both frequent until level 5-60970. The
presence and abundance of these two species in the lower
part of the La Chilca Formation were already noted by Ru-
binstein and Brussa (1999). These authors assigned a Late
Aeronian—Early Telychian age to these levels. Such an age
is also supported by the graptolites of the Stimulograptus
sedgwickii (upper part) - Spirograptus turriculatus (lower part)
zones.

Upwards in the section, levels 5-60970 to 7-60967
yielded species having a long stratigraphic range such as
Diexallophasis remota Group, Veryhachium trispinosum Group,
Ammonidium microcladum, Lophosphaeridium parverarum,
Dorsennidium europaeum and Tylotopalla robustispinosa.
Results obtained herein, up to the level 7-60967, corrobo-
rate those of Benedetto (1995) and Lehnert et al. (1999),
who proposed an Early—Middle Llandovery age for the lower
part of the La Chilca Formation based on brachiopods,

conodonts and graptolites.
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The prasinophyte Melikeriopalla polygonia occurs in level
8-60805; its first worldwide appearance is in the Wenlock
(Tappan and Loeblich, 1971). Other species found in this
level do not wholly confirm the age. Therefore, this record
alone is not enough to date the level with certainty.

The following level, 9-60803, yielded Cymatiosphaera
aff. ledburica, described by Mullins (2001) for the Wenlock—
Ludlow of the United Kingdom. Also recorded was Percultis-
phaera incompta, described by Richards and Mullins (2003)
for the Ludlow of the United Kingdom. The age of this level
as suggested by the phytoplankton disagrees with the age
based on graptolites corresponding to the Stimulograptus
sedgwickii-Spirograptus turriculatus Zone (Rubinstein and
Brussa, 1999). Besides, this level yielded Monograptus cf.
Priodon (Rubinstein et al, unpublished data). The graptolite
fauna points to an Early Aeronian—Late Telychian age, older
than the age suggested by the palynomorphs. Therefore, a
Telychian age is proposed up to level 9-60803, at 18.5 m
below the top of the La Chilca Formation. This age agrees
with the one previously proposed by Kerllenevich and
Cuerda (1986) for the Talacasto area.

Stellinium rabians first appears in the section at level 10-
60801. Its oldest worldwide record is from the Ludlow
(Cramer, 1964; Jardiné et al, 1972; Rubinstein et al, 2008).
Rubinstein and Brussa (1999) recorded S. rabians in the
Assemblage A3 of the Los Espejos Formation, indicating
that it could not be older than Homerian even though this
age has not been confirmed by graptolites. Significantly, Do-
masia trispinosa, that ranges from the Llandovery to the
Lower Ludlow (e.g Thusu, 1973; Le Hérissé, 1989; Cardoso,
2005; Rubinstein and Brussa, 1999), is also present in this
level.

Percultisphaera incompta, previously unknown in beds
older than Ludlow, occurs in the La Chilca Formation in levels
dated as Llandovery (Late Aeronian—Early Telychian) based
on graprolites. Likewise, the range of Stellinium rabians —
whose previous older records were Gorstian (Rubinstein and
Brussa, 1999; Tappan and Loeblich, 1971)- seems to locally
reach down to the Sheinwoodian, because of its presence
in the middle part of the La Chilca Formation in the studied
section.

No biotratigraphically relevant species was found in
levels 11-60800 to 13-60798. Percultisphaera cf. stiphrospi-
nata was identified from level 14-60737 at 11 m below the
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top of the section; its first worldwide appearance is in the
Homerian (Molyneux et al, 1996; Higgs and Williams, 2011).
b. cf. stiphrospinata and P. imcompta are still present in
levels 16-60733 and 17-60732. Thus, a Homerian age is
assigned to the uppermost 11 m of the La Chilca Formation
in the Quebrada Ancha section.

Although the following levels (18-60730 to 22-60694)
do not present biotratigraphically useful species, the as-
semblage includes Cymatiosphaera aff. multisepta, V. trispino-
sum Group, Lophosphaeridium sp., Percultisphaera imcompta
and Nanocyclopia sp.

Tylotopalla caelamenicutis and Domasia trispinosa, the
youngest records of which are in the Wenlock and Early
Ludlow respectively, were also recognized in the uppermost
levels (23-60701 and 24-60675). A single specimen of
Crassiangulina cf. tesselitais presentin level 23-60701. This
species is frequent in the Devonian, but it has been recorded
recently in the Upper Ordovician (Jardiné et al, 1972; Le
Hérissé et al, 2001; Ghavidel-Syooki et al, 2011).

Concerning terrestrial palynomorphs, cryptospores such
as Gneudnaspora divellomedia are recorded in low percent-
ages. Given the fact that the oldest record of trilete spores
corresponds to the Katian of Saudi Arabia (Steemans et
al., 2009), their absence in the La Chilca Formation is re-
markable. Moreover, trilete spores are known to occur in
South America since the Hirnantian in the Cordillera Orien-
tal, northwestern Argentina (Rubinstein, unpublished data)
and since the Llandovery in Brazil (e.g, Gray et al, 1992;
Steemans and Pereira, 2002).

Based on the analysis of the palynological assemblages
of the La Chilca Formation, a local biostratigraphic scheme
is proposed mainly based on the first records of the most
relevant phytoplankton species (Fig. 4.2).

The most significant occurrences in the Los Espejos For-
mation are detailed below, from the northernmost localities
near Jachal to the southernmost Quebrada Ancha section.

In the Rio Jachal section, the lower levels yielded trilete
spores such as cf. Chelinospora cantabrica and Chelinospora
verrucata var. verrucata Morphon. These spores are found in
the reticulata-sanpetrensis (RS) Biozone (Richardson et al,
2001), consequently suggesting a Ludlow—Early Pridoli?
age. Species that first appear in younger strata were
recorded further up the section. Among them, cf. Streelispora

newportensis, Chelinospora retorrida, Cymbosporites paulus?
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Figure 5. Stratigraphic distribution of the most relevant species of the
Los Espejos Formation, Rio Jachal section. Lines and arrows point out
the known biocron for the species, black circle on them indicate the
presence of the species in the level. LD= Lower Devonian; Lochkov.=
Lochkovian.

and Dictyotriletes cf. emsiensis Morphon allow recognizing
the micrornatus-newportensis (MN) Biozone (Richardson and
McGregor, 1986). This would indicate a Lochkovian age for
the uppermost beds of the Los Espejos Formation in the
studied section. Besides, the presence of phytoplankton
species such as cf. Tysanoprobolus polykion, Schizocystia pi-
losaand Fulgisphaeridium? sp. supports the age indicated by
the spores (Fig. 5). Therefore, the palynological data from
the upper part of the Los Espejos Formation allows the
identification of the Lower Devonian (Lochkovian), previ-
ously recognized only by the brachiopod fauna (Sanchez et
al, 1991; Benedetto et al, 1992). Consequently, the Silurian/
Devonian boundary would lay at approximately 6 m below
the top of the Los Espejos Formation in the Rio Jachal sec-
tion (Garcia Muro et al, 2014b).

The Rio de Las Chacritas section yielded typical Ludlow
phytoplankton and miospores. A detailed and complete
palynological study has been already published (Rubinstein
and Garcia Muro, 2011). Amicosporites cf. streelii, with its
Silurian characteristic shape (Steemans, 1989; Garcia Muro
et al, 2014a), and C verrucata var. verrucata Morphon are
the most significant miospores. Biostratigraphic markers
such as Fimbriaglomerella divisa and Ozotobrachion pali-
dodigitatus are among the phytoplankton species. The up-
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permost productive sample, 10-4733, yielded Chelinospora
cf. hemiesferica, which is typical of the hemiesferica (H) Bio-
zone (Richardson et al, 2001), thus suggesting a probable
Pridoli age for the bearing level (Fig. 6).

In the lowermost level, 1-61065, of the Cerro La Chilca
section, the phytoplankton species Schismatosphaeridium
algerense was recorded (Fig. 7). It ranges from the Llandovery
to the Late Wenlock in USA and Sweden (Cramer and Diez,
1976; Le Hérissé, 1989). It co-occurs with the cryptospore
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Hispanaediscus lamontii, which first appears in the middle
Homerian of the UK (Burgess and Richardson, 1991). These
taxa would indicate a probable Wenlock age for the basal
bed of the Los Espejos Formation in the Cerro La Chilca sec-
tion. Because of the presence of Early Ludlow graptolites in
the middle part of the section, at the same locality, Cuerda
(1969b) already proposed a Wenlock age for the lower part
of the formation.

The following level, 2-61057, yielded Fimbiraglomerella
divisa, whose first global appearance is immediately
above the Wenlock/Ludlow boundary (Rubinstein, 1993).
The presence of miospores such as Synorisporites verruca-
tus, unknown in beds older than Late Ludlow (Rubinstein and
Steemans, 2002), supports a Ludlow age.

Ammonidium ludloviense occurs for the first time in the
overlying level, 3-61058, although its first appeareance is
in the Wenlock (Lakova and Gonclioglu, 2005 and references
therein). Ozotobrachion palidodigitatus, which first appears
in the Ludlow (Rubinstein, 1997), is also present. The paly-
nological assemblage of this level is badly preserved and,
consequently, other species of stratigraphic value have not

been identified.
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Level 4-61059 is characterized by the abundance of
polygonomorphitic acritarchs (e.g, Veryhachium, Dorsenni-
dium) and netromorphitic acritarchs (e.g, Leiofusa, Eupoikilo-
fusa) with exceptionally preserved long processes. The
most relevant terrestrial palynomorphs in this level are
Chelinospora verrucata var. verrucata Morphon, Emphanis-
porites rotatus and Coronaspora cromatica. The latter species
occurs in the RS Biozone in Spain, thus indicating a Lud-
fordian age (Richardson et al, 2001). In addition, there are
several species of the genus Oppilatala such as 0. insolita,
hence supporting the age inferred from the trilete spores.

Meaningfully, Chelinospora cantabrica occurs in level
5-61061. Its oldest record is Ludfordian and it occurs in the
RS Biozone (Richardson et al, 2001). Taxa recorded from
level 6-61061 are not interesting from a stratigraphic point
of view. In level 7-61062, the presence of Chelinospora san-
petrensis, which also belongs to the RS Biozone, indicates a
Ludfordian age for this part of the section (Fig. 7).

The palynological assemblage recovered from the

southernmost studied section of the Los Espejos Formation
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(Quedrada Ancha), proved to be the best preserved and
most abundant from all the studied sections. The miospore
assemblages were exhaustively studied and published
(Garcia Muro et al, 2014a). The sampling was focused on
the lower and upper parts of the stratigraphic unit in order
to constrain its age and its relationships with the underlying
and overlying formations (La Chilca and Talacasto respec-
tively). The first level, 1-60667, vielded Chelinospora verru-
catavar. verrucata Morphon, whose first appearance belongs
to the libycus-poecilomorphus (LP) Biozone (Richardson and
McGregor, 1986), therefore hinting at an age not older than
Gorstian (Fig. 8). It is interesting that the cryptospore Cheli-
nohilates lornensis was recorded here, as it has only been
mentioned from the Lochkovian of Scotland (Wellman and
Richardson, 1996). However, the poorly known stratigraphic
range of Chelinohilates lornensis hamper its value as an age
constrainer.

In the next level, 2-60704, phytoplankton species such
as Fimbiraglomerella divisa suggest a Ludlow age. Among the

recognized terrestrial palynomorphs, are Coronaspora cro-
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matica, Emhanisporites sp. D and Stellatispora inframurinata
var. inframurinata. Coronaspora cromatica belongs to the RS
Biozone from the Ludlow. S. inframurinata var. inframurinata
is the eponym species of the sub-biozone proposed by
Burgess and Richardson (1995), equivalent to the upper part
of the RS Biozone, thus indicating a Ludfordian to Early
Pridoli? age. Therefore, an age not older than Ludfordian is
proposed for this level.

In the level 3-60659 there are no marine palynomorphs
of any particular stratigraphic value. Regarding the trilete
spores, the presence of Breconisporites sp. B in Richardson
et al, 2001 and Breconisporites sp. should be highlighted
as this genus first appears in the Pridoli (Richardson et al,
2001; Rubinstein and Steemans, 2002). This level also con-
tains Concentricosisporites agradabilis, which first appears
within the RS Biozone in Spain (Richardson et al, 2001) and
is an accessory species of the tripapillatus-spicula (TS) Bio-
zone (Richardson and McGregor, 1986) dated as Ludlow—
Pridoli.

Chelinospora cf. hemiesferica in Richardson et al. (2001)
and Chelinospora cf. cantabrica were recorded in level 4-
62521. As mentioned above, C. cf. hemiesfericafirst occurs in
the H Biozone and Chelinospora cantabricain the RS Biozone.
Consequently, a maximum Ludfordian age is proposed for
this level.

The next two levels, 5-62523 and 6-60662, yielded no
biostratigraphically helpful species, as the marine and
terrestrial palynomorph assemblages were poor in diversity
and preservation.

Level 7-60736 displayed a highly diversified and abun-
dant assemblage with exceptionally well preserved paly-
nomorphs. It exhibited many new occurrences for the sec-
tion, including Cymatiosphaera octoplana, Pterospermella
pertonense, Pterospermella bernardinae, Pterospermella
martinii, Muraticavea wenlockia, Carminella maplewoodensis
and several species of Oppilatala. On the contrary, terres-
trial palynomorphs did not display new records except for
the presence of Synorisporites tripapillatus, an eponym
species of the TS Biozone (Richardson and McGregor, 1986;
Burgess and Richardson, 1995). Accordingly, a Ludfordian
age is suggested up to this level.

Level 8-60677 vielded a less diversified but well pre-
served assemblage. Cymatiosphaera lawsonii and Cymatios-

phaera acuminata occur for the first time. Their younger
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stratigraphic records, albeit scarce, are considered as Lud-
low (Le Hérissé, 1989; Mullins, 2001; Cardoso, 2005). Among
miospores, Breconisporites sp., C. verrucata var. verrucata
Morphon and C. cf. hemiesferica are relevant to constrain the
age. Chelinohilates lornensisis also present; nevertheless, it is
not useful for biostratigraphy because it is only known from
the Lochkovian of Scotland (Wellman and Richardson, 1996).

In the following level, 9-60664, the presence of Leonis-
pora argovejae and Cymbosporites cf. catillus —unknown in
beds older than Lochkovian— is significant. L. argovejae is the
eponym species of the newportensis-argovejae sub-bio-
zone (Richardson et al, 2001), thus pointing to an early (not
basal) Lochkovian age. The presence of Brochotriletes foveo-
latus in this level is also relevant. This species, previously
unknown from beds older than Early Devonian, was found in
strata assigned to the Early Pridoli of Brazil, independently
dated by chitinozoans (Steemans et al, 2008). Thus, it is
possible that the oldest records of C catillus and L. argovejae,
as B. foveolatus in Brazil, are from Gondwana. This would
allow assigning this level to the Pridoli (Fig. 8).

The palynological assemblage of level 10-60673 is poor
and badly preserved. It does not contain relevant biostrati-
graphic species.

Fimbiraglomerella divisa and Leiofusa bernesgae occur in
level 11-61020, at 11 m below the top of the section. Both
species of phytoplankton are frequent in the Ludlow and
Pridoli (Rubinstein and Garcia Muro, 2011 and references
therein). Terrestrial palynomorphs are a minor component
and have no stratigraphic value. Level 12-60986 vyielded
more diversified and better preserved miospores. Especially
relevant among them, are Coronaspora cromatica, Cheli-
nospora verrucata var. verrucata Morphon, Emphanisporites
sp. D and Synorisporites verrucatus. These taxa have prior
Pridoli records in coincidence with the age proposed for the
previous levels.

The following level, 13-60984, yielded a poor phyto-
plankton assemblage. Marine palynomorphs are mainly
represented by Dictyotidium sp., Micrhystridium sp. and the
Veryhachium trispinosum Group; all of them with no strati-
graphic value. On the other hand, miospores include some
interesting species such as Emphanisporites sp. D, Amicos-
porites cf. streelii and Emphanisporites cf. splendens (e.g.,
Richardson et al, 1981; Steemans, 1995; Steemans et al.,
2008).
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Figure 9. Stratigraphic distribution of the most relevant species of the
Los Espejos Formation, upper part of the Quebrada Ancha section.
Lines and arrows point out the known biocron for the species, black
circle on them indicate the presence of the species in the level. G.=
Gorstian; L.= Ludfordian; Pri.= Pridoli.

Palynomorphs from the uppermost productive level
of the Quebrada Ancha section, 14-60982, located 5.5 m
below the top of the section, show low diversity and poor
preservation. Therefore, these were not useful to confirm
the age. Without new elements, a similar age as the previ-
ous level is inferred (Fig. 9).

Consequently, a more accurate age and a new correla-
tion scheme between the four sections of the Los Espejos
Formation are proposed, based on the palynostratigraphic
analysis (Fig. 10). The scarcity of palynological assem-
blages from the La Chilca Formation, particularly at the type
locality, prevents the correlation between different strati-

graphic sections.

CONCLUSIONS

The marine and terrestrial palynological assemblages of
the La Chilca and Los Espejos formations, which constitute
the Tucunuco Group in the Central Precordillera of San Juan,

were analyzed. Even though the organic-walled phyto-

plankton was predominant in both formations in almost all
the studied levels, the terrestrial palynomorphs, especially
the trilete spores, prove very useful to determine ages.
Based on the first record of certain palynomorph species of
recognized stratigraphic value and on comparisons with
miospore zones established for other regions, a new corre-
lation scheme for the Tucunuco Group is proposed, with re-
viewed and adjusted ages for its two formational units.

The palynomorphs from the La Chilca Formation in the
Quebrada Ancha section suggest a Hirnantian age for the
base of the section. The Aeronian and afterwards the Late
Aeronian—Telychian could be identified further up in the
section, based mainly on the presence of Crassiangulina
variacornuta. This age is supported by graptolites of the
Stimulo-graptus sedgwickii (upper)-Spirograptus turriculatus
(lower) zones (Rubinstein and Brussa, 1999). The age of the
middle—upper part of the formation has been subject to
several discussions based on its fauna. Herein, a Wenlock
age would be assigned to the middle—upper part of the
section because of the presence of Percultisphaera cf.
stiphrospinata —which first appeared in the Homerian—
together with Stellinium rabians and Melikeriopalla polygo-
nia. Terrestrial palynomorphs are barely represented in
this formation and do not help pinpointing the age.

The palynomorphs recorded from the Los Espejos For-
mation at four localities distributed from north to south in-
dicate a mostly Ludlow age for the unit. A probable Wenlock
age is proposed for the basal part of the Cerro La Chilca sec-
tion mainly because of the presence of Schismatosphaeri-
dium algerense. In the Ludlow, both stages could be distin-
guished, i.e, the Ludfordian and doubtfully the Gorstian. The
Pridoli is confirmed in Quebrada Ancha, the southernmost
locality. In the northernmost studied section, Rio Jachal, the
terrestrial palynomorph assemblage was the most diversi-
fied, thus allowing recognition of the Ludfordian—Pridoli?
interval. The presence of cf. Streelispora newportensis, Cheli-
nospora retorrida, Cymbosporites paulus? and Dictyotriletes
cf. emsiensis Morphon confirms a Lochkovian age for the
uppermost levels of the Los Espejos Formation. This finding
suggests the occurrence of the Silurian/Devonian boundary
in the upper part of the unit.

The presence of some Homerian sediments in the upper
part of the La Chilca Formation in the Quebrada Ancha sec-

tion and the lower part of the Los Espejos Formation in the
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Figure 10. North-south correlation scheme of the studied sections in the Los Espejos Formation, based on the phytoplankton and miospores

= Pridoli?; W= Wenlockian.

assemblages. P
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Cerro la Chilca section would suggest that the hiatus be-
tween both units could be less important than previously
proposed, being limited to part of the Wenlock.
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APPENDIX

List of species mentioned in the text

Miospores

Amicosporites streelii Steemans 1989 (Fig. 2.18)

Amicosporites cf. streelii Steemans 1989 (Fig. 2.21)

Breconisporites sp. B in Richardson, Rodriguez and Sutherland 2001
(Fig. 3.2)

Brochotriletes foveolatus Naumova 1953 (Fig. 3.5)

Chelinospora cf. cantabrica Richardson, Rodriguez and Sutherland
2001 (Fig. 2.14)

Chelinospora cf. hemiesferica (Cramer and Diez 1975) in Richardson,
Rodriguez and Sutherland, 2001 (Fig. 2.22, Fig. 3.4)

Chelinohilates lornensis Wellman and Richardson 1996 (Fig. 2.28)
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Chelinospora retorrida Turnau 1986

Chelinospora sanpetrensis (Rodriguez 1978) Richardson, Rodriguez
and Sutherland 2001

Chelinospora verrucata var. verrucata Morphon Garcia Muro, Rubins-
tein and Steemans, 2014 (Fig. 2.30)

Concentricosisporites agradabilis (Rodriguez 1978) Rodriguez 1983
Coronaspora cromatica (Rodriguez 1978) Richardson, Rodriguez and
Sutherland 2001 (Fig. 2.25)

Cymbosporites cf. catillus in Richardson and Lister, 1969
Cymbosporites paulus? in Wellman, 1993a (Fig. 2.20)

Dictyotriletes cf. emsiensis Morphon Rubinstein, Melo and Steemans,
2005 (Fig. 2.19)

Emphanisporites cf. splendens Richardson and loannides 1979 (Fig. 3.8)
Emphanisporites rotatus (McGregor 1961) McGregor 1973
Emphanisporites sp. D in Richardson, Rasul and Al-Ameri, 1981 (Fig. 3.7)
Gneudnaspora divellomedia (Gneudnaspora divellomedia Chibrikova
1959) Balme 1988 var. minor Breuer, Al-Ghazi, Al-Ruwaili, Higgs,
Steemans and Wellman 2007

Hispanaediscus lamontii Wellman 1993b (Fig. 2.24)

Hispanaediscus sp. B in Burgess and Richardson, 1995

Leonispora argovejae Cramer and Diez 1975 (Fig. 3.6)

Stellatispora inframurinata var. inframurinata (Richardson and Lister
1969) Burgess and Richardson 1995 (Fig. 3.1)

cf. Streelispora newportensis (Chaloner and Streel 1968) Richardson
and Lister 1969 (Fig. 2.15)

Synorisporites tripapillatus Richardson and Lister 1969 (Fig. 3.3)
Synorisporites verrucatus Richardson and Lister 1969

Phytoplankton

Ammonidium ludloviense Lister 1970 ex Dorning 1981 emend. Mullins
2001

Ammonidium microcladum (Downie 1963) Lister 1970

Carminella maplewoodensis Cramer 1968

cf. Crassiangulina tessellita Jardiné, Combaz, Magloire, Peniguel and
Vachey 1972 (Fig. 2.13)

Crassiangulina variacornuta Wauthoz, Dorning and Le Hérissé 2003
(Fig. 2.6)

Cymatiosphaera acuminata Mullins 2001

Cymatiosphaera aff. ledburica Mullins 2001

Cymatiosphaera lawsonii Mullins 2001

Cymatiosphaera aff. multisepta Deunff 1955 in Mullins, 2001
Cymatiosphaera octoplana Downie 1959 emend. Mullins 2001
Dictyotidium faviforme Schultz 1967

Dictyotidium stellatum Schultz 1967

Diexallophasis remota Group (Deunff 1955) Playford 1977
Domasia trispinosa Downie 1960 (Fig. 2.11)

Dorsennidium europaeum (Stockmans and Williére 1960) Sarjeant
and Stancliffe 1994 emend. Mullins 2001

Fimbriaglomerella divisa Loeblich and Drugg 1968 (Fig. 2.27)
Fulgisphaeridium sp.

Veryhachium trispinosum Group Servais, Vecoli, Li, Molyneux, Ra-
evskaya and Rubinstein, 2007

Helosphaeridium sp. A in Mullins, 2001 (Fig. 2.1)

Helosphaeridium sp.

Leiofusa bernesga Cramer 1964

Leprotolypa sp.

Lophosphaeridium parverarum Stockmans and Williére 1963
Melikeriopalla polygonia (Staplin 1961) Mullins 2001 (Fig. 2.7)
Micrhystridium sp.

Multiplicisphaeridium cf. bifurcatum Staplin, Jansonius and Pocock
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1965 (Fig. 2.2)

Muraticavea wenlockia Dorning 1981

Nanocyclopia sp. (Fig. 2.9)

Oppilatala eoplanktonica (Eisenack 1955) Dorning 1981

Oppilatala insolita (Cramer and Diez 1972) Dorning 1981 (Fig. 2.26)
Oppilatala ramusculosa (Deflandre 1945) Dorning 1981 (Fig. 3.9)
Ozotobrachion palidodigitatus (Cramer 1966 emend. Cramer 1970)
Playford 1977 (Fig. 2.29)

Percultisphaera cf. stiphrospinata Lister 1970 (Fig. 2.12)
Percultisphaera incompta Richards and Mullins 2003 (Fig. 2.8)

cf. Polyedrixium asperum Cramer 1964

Polyedryxium condensum Deunff 1971

Polyedryxium helenaster Cramer 1964

Pterospermella bernardinae (Cramer 1964) Eisenack, Cramer and
Diez 1973

Pterospermella martinii (Cramer 1966) Eisenack, Cramer and Diez
1973

Pterospermella pertonense Dorning 1981

Schismatosphaeridium algerense Cramer and Diez 1976 (Fig. 2.23)
Schismatosphaeridium guttulaferum Le Herissé 1989 (Fig. 2.5)
Schismatosphaeridium perforatum Staplin, Jansonius and Pocock
1965

Schizocystia pilosa Jardingé, Combaz, Magloire, Peniguel and Vachey
1972 (Fig. 2.17)

Stellinium rabians (Cramer 1964) Eisenack, Cramer and Diez 1976
(Fig. 2.10)

Tylotopalla caelamenicutis Loeblich 1970 (Fig. 2.3)

Tylotopalla digitifera Loeblich 1970 (Fig. 2.4)

Tylotopalla robustispinosa (Downie 1959) Eisenack, Cramer and Diez,
1973 emend. Mullins 2001

cf. Thysanoprobolus polykion Loeblich and Tappan 1970 (Fig. 2.16)
VVeryhachium sp.
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