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INTRODUCTION

The Argentine Precordillera is considered to be part of Cuyania, 
a composite terrane that collided with the western Gondwanan 
margin during the early Paleozoic (Ramos et al. 1986; Ramos, 
Dallmeyer and Vujovich 1998; Ramos 2004; Cocks and Torsvik 
2004). Different geodynamical models have been made to 
explain the origin of this microcontinent and its final placement. 
The models are based mainly on the hypothesis that the 
microcontinent had an allochthonous Laurentian origin (Ramos 
et al. 1986; Benedetto 1993; Astini, Benedetto and Vaccari 
1995; Keller 1999; among others) and a para-authochtonous 
Gondwanan origin (Aceñolaza and Toselli 1989; Baldis, Peralta 
and Villegas 1989; Aceñolaza, Miller and Toselli 2002; Finney 
et al. 2003; 2004; Finney 2007).

After two decades of intense research involving many different 
geological disciplines, there is a general consensus that the 
Cuyania microcontinent rifted from the southeast margin of 
Laurentia in the Cambrian, drifted across the southern Iapetus 
Ocean during the Early to Middle Ordovician and collided to 
the western margin of Gondwana in the upper Middle to Late 
Ordovician (Astini, Benedetto and Vaccari 1995; Thomas and 
Astini 1996; 1999; 2003; 2007; Ramos 2004; Rapalini 2012) (text-
figure 1.A). Paleontological data from the Precordillera Basin have 
traditionally been analyzed to contribute to the understanding of 
its biogeographic evolution and the time between its detachment 
from Laurentia until its accretion onto Gondwana (Ramos 1988; 
Benedetto 1993; 1998; 2004; Benedetto et al. 1999; Albanesi and 
Ortega 2002). 

The Middle to Late Ordovician Ocloyic orogeny reflects the 
collision of the Cuyania terrane with the pre-Andean margin of 
Gondwana (Ramos et al. 1986; Astini, Benedetto and Vaccari 
1995; Ramos 2004). The collision event produced a major basinal 
reorganization which influenced the nature, distribution, and 
migration routes of the biota (Benedetto 2004). Study of the Late 
Ordovician units from the eastern Precordillera demonstrates that 
the west-directed Ocloyic thrusting was coeval with the deposition 
of the Las Vacas Conglomerate (Thomas and Astini 2007) (text-
figure 1.B). In the work presented here, the first palynological 
data from the Las Vacas Formation, and associated clastic units, 
are presented in an attempt to better constrain the timing of the 
collision between the Precordillera (Cuyania) terrain and the 
western Gondwanan margin.

GEOLOGICAL SETTING

The Argentine Precordillera is a morpho-structural region 
characterized by the development of a fold and thrust belt in 
response to the Andean orogeny during the Late Neogene (Baldis 
and Chebli 1969; Allmendinger et al. 1983, 1990; Jordan et al. 
1983, 1993; Gosen 1992). The Precordillera has been traditionally 
subdivided in western, central and eastern belts according to 
its morpho-tectonic characteristics (Ortiz and Zambrano 1981; 
Baldis et al. 1982; Ramos et al. 1986). Its complex geodynamic 
history, as part of one of the allochthonous terranes accreted to the 
active western Gondwanan margin during the Phanerozoic, has 
resulted in numerous studies.

The Paleozoic Precordillera Basin includes deposits ranging from 
the Cambrian to the Carboniferous. A complex stratigraphic 
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history is described for the early Paleozoic of the Precordillera, 
as many different vertically and laterally variable depositional 
environments were present (text-figure 2). The stratigraphic and 
structural studies have allowed the recognition of two different 
domains in the early Paleozoic Precordillera deposits: the 
western Precordillera is characterized by deep marine sediments 
and ocean-floor mafic and ultramafic rocks, corresponding to a 
passive margin slope environment; the eastern Precordillera is 
characterized by Cambrian-Ordovician passive margin carbonates, 
overlain by black shales and clastic facies, corresponding to 
synorogenic deposits in a foredeep environment. A forebulge is 

interpreted to have been in the centre of the basin (Astini 1992; 
Astini, Benedetto and Vaccari 1995; Thomas and Astini 2003).

The Los Piojos River area exposes Ordovician clastic units in 
the northernmost San Juan Province near the border with the 
La Rioja Province, southwest of the Guandacol locality (text-
figure 1.B). These deposits, situated in the northern Precordillera 
Basin, belong to the eastern depositional facies (text-figure 
2). They overlie the carbonate platform deposits (San Juan 
Formation) of the pre-orogenic passive margin (Astini 1998b). 
The clastic deposits are assigned to the Gualcamayo Formation 
and Trapiche Group. The Gualcamayo Formation represents 

TEXT-FIGURE 1
A. Geodynamical sketch of the Precordillera (Cuyania) during the Ordovician based on the allochthonous Laurentian hypothesis (redrawn from Ra-
palini 2012). B. Location and geologic map of the Los Piojos River area (modified from Thomas and Astini 2007); 1, 2 and 3. Sampling sites discussed 
in text. The Guandacol locality position and the San Juan (SJ) and La Rioja (LR) provincial limit (dashed line) are indicated on the right.
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an important change in deposition from platform carbonates to 
deep-water black shales. The deposition of this unit started in the 
northeastern Precordillera and progressed diachronously across 
the basin from the Dapingian to the Darriwilian (middle Arenig-
Llanvirn) (Astini 1994). It is interpreted to have been the result of 
oblique convergence during the closure of the basin (Benedetto 
et al. 1999). The Trapiche Group is composed of the Las Vacas 
and Trapiche formations, which are interpreted to have been 
the result of progradation of coarser detritus over the platform 
in a peripheral forebulge environment (Astini, Benedetto and 
Vaccari 1995; Thomas and Astini 2003). The equivalent units 
of the Trapiche Group to the west are considered to have been 
deposited in deeper slope settings in response to tectonic loading 
during the accretion to Gondwana in the upper Middle to Upper 
Ordovician (Thomas and Astini 1996, 2003; Thompson et al. 
2012).

Stratigraphy and biostratigraphy

The Gualcamayo Formation (Furque 1963; 240 m) and the 
Trapiche Group (Furque 1963; emend. Astini 1998b), which 
contains the Las Vacas Formation (330 m) and the Trapiche 

Formation (>800 m), are Ordovician clastic units that are 
characteristic of the eastern deposits of Precordillera (text-figure 
3). The classical sections for study of these units are exposed to 
the southwest of the Guandacol locality where graptolites have 
been extensively described (Cuerda, Caballé and Alfaro 2004, 
and references therein). 

The Gualcamayo Formation is composed by graptolite-rich 
black shales deposited during the subsidence of a foreland 
basin by tectonic loading (Astini, Benedetto and Vaccari 1995; 
Thomas and Astini 2007). It records graptolite zones ranging 
from the Isograptus victoriae maximus to the Pterograptus 
elegans (middle Dapingian-middle Darriwilian) (Ortega, Toro 
and Brussa 1993; Ortega and Máspero Castro 2002). The first 
chitinozoan data from the Ordovician of South America comes 
from the basal Gualcamayo Formation, which crops out in the 
Potrerillos Creek, in the Los Piojos River area (Volkheimer, 
Cuerda and Melendi 1980) (text-figure 1.B). The association 
mainly yielded Conochitina sp. A and Cyathochitina sp. cf. C. 
dispar Benoit and Taugourdeau, 1961 (Volkheimer, Cuerda and 
Melendi 1980).

TEXT-FIGURE 2
Stratigraphy of the Cambrian and the Ordovician of the Precordillera (modified from Astini 1998a and Thomas and Astini 2003). C (Las Chacritas 
Formation), A (Las Aguaditas Formation), and S (Sassito Formation) represent remnant carbonates and related strata. The Los Piojos area location 
is marked with dotted lines; the relative position of chitinozoan (CH) and graptolite (G) data are indicated. Ordovician stages are from Bergström et 
al. (2009).
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The Las Vacas Formation conglomeratic deposits overlie the 
Gualcamayo Formation or the San Juan Formation through 
an erosive contact. However, in the Los Piojos River area, a 
transitional contact between the Gualcamayo Formation and 
the Las Vacas Formation is exposed. The Las Vacas Formation, 
which has an upward-coarsening basal sandy succession 
containing conglomerate lenses, is characterized by the presence 
of large olistoliths from the intrabasinal deposits of the San 
Juan and Gualcamayo formations mixed with extrabasinal 
orogenic detritus (Astini 1998b; Thomas and Astini 2003). 
Several mechanisms have been proposed to explain its origin 
(see Thomas and Astini 2007). The stratigraphy and graptolite-
based biostratigraphy of the Las Vacas Formation have been 
described in detail by Astini (1998b) and by Cuerda, Caballé 
and Alfaro (2004). The Nemagraptus gracilis Zone occurs in 
the lower part of this formation (Cuerda, Caballé and Alfaro 
2004) and the middle levels of the Las Vacas Formation contain 
the Climacograptus bicornis Zone (Astini and Brussa 1997). In 
some outcrops, silty shales with limestone lenses containing a 
rich shallow marine fauna assigned to the Las Plantas Member 
transitionally overlie the conglomeratic facies (Astini, Benedetto 
and Carrera 1986). The C. bicornis Zone is recorded in this 
member (Ortega and Brussa 1990), although it has also been 
assigned to the N. gracilis Zone (Cuerda, Caballé and Alfaro 
2004). The upper member of the Las Vacas Formation is 

composed of stratified conglomerate. It overlies the Las Plantas 
Member through an erosive contact with the lower member of 
the Las Vacas Formation. The upper member of the Las Vacas 
Formation contains the C. bicornis Zone (Cuerda, Caballé 
and Alfaro 2004) in its lower part. Therefore, a Sandbian age 
(gracilis-bicornis zones), is assigned to the Las Vacas Formation. 
The Las Vacas and Trapiche formations are separated by an 
angular unconformity. 

The Trapiche Formation is composed of quartzose sandstone 
turbidites. Its age remains controversial. Unknown biostratigraphic 
relationships and the lack of diagnostic graptolite faunas from the 
Trapiche Formation have not allowed precise age determinations 
of this unit (Peralta and Finney 2003). Towards the south of the 
Guandacol area, this unit is assigned to the Katian (late Caradoc-
earliest Ashgill) because of the presence of Amorphognatus aff. 
superbus (Albanesi, Hünicken and Ortega 1995) recovered from 
a 50-60 m-thick interval of debris flows, and it likely extends 
into the Hirnantian, based on the presence of Trucizetina sp. 
(Benedetto and Herrera 1987; Benedetto 1999). The Trapiche 
Group is overlain by Carboniferous deposits through an angular 
unconformity to the north and south of the Los Piojos River area.

MATERIAL AND METHODS

Nine samples were taken from the Las Vacas Formation (8) 
and Trapiche Formation (1). This palynological sampling was 
carried out as a preliminary study to test the usefulness of 
palynomorphs for constraining the age of the units representing 
the post-orogenic sedimentation in the Late Ordovician of the 
northeastern Precordillera Basin. 

Samples were processed using HCl-HF-HCl acid maceration 
techniques. The organic residue was sieved using a 10μm sieve 
to remove fine organic particles. The phytoplankton and spores 
were mounted in Glycerin jelly as permanent palynological slides 
and examined using light microscopy with interference contrast. 
The chitinozoans were hand-picked and mounted on stubs for 
scanning electron microscope (SEM) examinations according to 
the technique described by Paris (1981). 

The phytoplankton and spores photomicrographs were taken 
using a digital camera (Go-3) and the SEM photomicrographs 
were taken using a JEOL (JSM-6490LV) SEM at the MEByM 
(Microscopía Electrónica de Barrido y Microanálisis con EDS), 
CCT, Mendoza. Illustrated specimens are located with England 
Finder coordinates.

The palynological slides are housed in the collection of the 
Paleopalynology Unit, IANIGLA, CCT, Mendoza, labeled MPLP 
(Mendoza- Paleopalinoteca-Laboratorio de Paleopalinología). 

PALYNOLOGICAL DATA

The palynological data are from the outcrops exposed along 
the Los Piojos River area in San Juan province, southwest of 

TEXT-FIGURE 3
Generalized stratigraphic column of the Las Vacas Formation from Los 
Piojos River area with palynological data (modified from Cuerda, Ca-
ballé and Alfaro 2004 and Thomas and Astini 2007). Ordovician stages 
are from Bergström et al. (2009); ages based on chitinozoan data are 
indicated in gray.

TABLE 1
Values calculated on 119 individuals of Spinachitina bulmani from 
samples 9921, 9922 and 9923. 
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Guandacol locality (text-figures 1B and 3). Two samples (10201 
and 10202) are from the lowermost part of the Las Vacas 
Formation (transitional contact with the underlying Gualcamayo 
Formation) (text-figure 1.B, site 1); 3 samples (10198, 10199 and 
10200) are from the middle part of the Las Vacas Formation 
(transitional contact with the Las Plantas Member) (text-figure 
1.B, site 2); 3 samples (9923, 9922 and 9921) are from the upper 
member of the Las Vacas Formation (text-figure 1.B, site 3); and 
1 sample (9924) is from the overlying Trapiche Formation (text-
figure 1.B, site 3). One of the samples from the lowermost part 
of the Las Vacas Formation and two from its middle part (10198, 
10199, 10200 and 10201) are barren of palynomorphs. 

The material contains mostly chitinozoans, and is characterized 
by low diversity assemblages. Chitinozoans are described and 
analyzed in the following sections of this work. Scolecodonts are 
also present. The lower part of the Las Vacas Formation contains 
unidentifiable acritarchs and possible marine chlorophytes. 
Acritarchs from the upper part of the Las Vacas Formation 
are poorly preserved and the few recognized genera are not 
biostratigraphically significant. Cryptospores, represented by 
simple tetrads, suggest proximity to the coastline for the lower-
upper part of the unit (Plate 6, figs. 1, 2). This cryptospore 
finding contributes to completing the record of spores in the 
Ordovician of Argentina, previously reported for the Dapingian, 
Darriwilian and Hirnantian (Ottone et al. 1999; Rubinstein and 
Vaccari 2004; Rubinstein et al. 2010; Rubinstein, Vecoli and 
Astini 2011). The sample (9924) from the Trapiche Formation 
contains a few poorly preserved acritarchs and algae such as cf. 
Gloeocapsomorpha sp. (Plate 6, fig. 7) and fragments of likely 
coenobial algae (Plate 6, fig. 8). This palynological association 
indicates a marine environment. However, it scarcity and the lack 
of reliable stratigraphic and paleoecological markers prevents 
going further with its interpretation.

Even though the single algal specimen identified from the 
Trapiche Formation could be assigned to the genus Botryococcus, 
taking into account the structure and layering of the cells of 
the figured colony, that are quite similar to Gloecapsomorpha 
Zalessky 1917, we prefer to classify the Precordillera specimen 
as cf. Gloecapsomorpha (see Tappan 1980; Colbath and Grenfell 
1995; Wicander, Foster and Reed 1996; Derenne et al. 2000; Guy-
Ohlson 1992; Lille 2003 and references therein). This is the first 
record of this colonial species (green or blue-green alga, according 
to different authors) for the Ordovician of Argentina with such 
preserved structure of cells.

Chitinozoans

Chitinozoans from the Las Vacas Formation show a low 
diversity (text-figure 3; Plates 1-5). The lowermost part of the 
Las Vacas Formation (member A) into its transitional contact 
with the underlying Gualcamayo Formation is characterized by 
Lagenochitina sp. cf. L. baltica Eisenack 1931 and Lagenochitina 
spp. The assemblages from the upper part of the Las Vacas 
Formation (member D) contain mainly Spinachitina bulmani 

(Jansonius 1964), Cyathochitina sp. cf. kuckersiana (Eisenack 
1934), Cyathochitina sp. aff. macastyensis Achab 1978a, and 
Desmochitina minor form typica Eisenack 1958. The oldest 
sample from the upper part of the formation also yields Kalochitina 
multispinata Jansonius 1964 and Belonechitina sp. The sample 
from the basal Trapiche Formation contains a few damaged 
chitinozoans, which can be related to the Cyathochitininae, 
Conochitininae and possibly Spinachitininae sub-families, not 
included in the taxonomic study.

Chitinozoan biostratigraphy

Lagenochitina sp. cf. L. baltica from the transitional contact 
between Gualcamayo and Las Vacas formations is considered 
very similiar to the L. sp. cf. L. baltica described in the late 
Darriwilian (Middle Member of the Los Azules Formation) of 
the central Argentine Precordillera (Ottone et al. 2001). They 
are also comparable with Lagenochitina sp. A of Achab 1984, 
recorded in the late Darriwilian-early Sandbian of eastern 
Canada (Achab 1984; 1986).

Spinachitina species described from the Late Ordovician-lower 
Silurian are characterized by subtle differences. Their taxonomic 
assignments are frequently difficult to carry out and there is 
not a general consensus about their lineage or biostratigraphic 
potential. S. bulmani from the upper part of the Las Vacas 
Formation resembles the eastern Canada specimens recorded in 
the middle-late Katian (Achab 1977; 1987), characterized by a 
cylindrical neck and straight flanks. In Laurentian Spinachitina, 
the flexure becomes gradually less distinctive from the Katian to 
the Hirnantian (Vandenbroucke et al. 2003).

Cyathochitina sp. aff. macastyensis is recorded in the upper 
part of Las Vacas Formation and these specimens are also 
comparable with Cy. kuckersiana patagiata. Cy. macastyensis 
and Cy. k. patagiata are common components of the basal 
Katian of eastern and northern Canada (Martin 1975; 1983; 
Asselin, personal communication 2013). 

Cy. kuckersiana is a long-range species but it is usually associated 
with S. bulmani and K. multispinata in the Katian of eastern 
Canada (Achab 1987) and, probably, northwestern Argentina (de 
la Puente and Rubinstein 2012).

D. minor form typica, a frequent component from the Middle to 
Upper Ordovician of the main paleocontinents, is observed from 
the Darriwilian to the Hirnantian in Argentina (Ottone et al. 2001; 
de la Puente and Rubinstein 2012).

Kalochitina multispinata, a common Laurentian species, has 
been recorded to be associated with Cy. macastyensis in the 
early Katian and S. bulmani in the middle-late Katian of eastern 
Canada (Achab 1978a). In central Precordillera of Argentina, K. 
multispinata is described in the Sandbian according to its record 
in the C. bicornis and Amorphognathus tvaerensis zones (Ottone 
et al. 2001).

TABLE 2
Values calculated on 7 individuals of Lagenochitina sp. cf. baltica from 
sample 10202. 

TABLE 3
Values calculated on 7 individuals of Cyathochitina sp. cf. Cy. kucker-
siana from samples 9921, 9922 and 9923.
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The Laurentian affinities observed in the chitinozoan assemblages 
for the Sandbian in the central Precordillera (Ottone et al. 2001) can 
also be suggested for the Katian in the northeastern Precordillera 
area. According to the chitinozoan biotopes established for 
the early Sandbian, Lagenochitina sp. A of Achab 1984 and K. 
multispinata indicate a Subtropic Biotope (25°–35° south), which 
is defined for Québec, Anticosti Island, Gaspé and Precordillera 
(Vandenbroucke et al. 2010).  

SYSTEMATIC PALEONTOLOGY

Chitinozoa are described using the taxonomic and morphological 
terminology proposed by Paris et al. (1999). Measurements 
are given in micrometers and correspond to: L = length; Lp = 
chamber length; Ln = oral tube length; Dp = chamber diameter; 
da = oral tube diameter; dn = neck diameter; dcoll = collarette 
diameter; lcoll = collarette length; lcar = carina length; lsp = 
spine length. No correction factor has been applied to compensate 
for the flattening.

Group CHITINOZOA Eisenack 1931
Order PROSOMATIFERA Eisenack 1972
Family CONOCHITINIDAE Eisenack 1931 emend. Paris 1981
Subfamily SPINACHITININAE Paris 1981
Genus Spinachitina Schallreuter 1963 emend. Paris, Grahn, Nestor and 
Lakova 1999 
Type Species: Conochitina cervicornis Eisenack 1931

Spinachitina bulmani (Jansonius 1964) 
Plate 1, figures 1-6; Plate 2, figures 1-7 

Conochitina bulmani JANSONIUS 1964, p. 907, pl. 1, figs. 3-4.
Spinachitina bulmani (Jansonius) – ELAOUAD-DEBBAJ 1984, p. 61-

62; pl. 3, fig. 6, 7?, 8, 10, 12 (with complete synonymy). – ACHAB 
1987, p. 1228, pl. 4, figs. 5-14. – VANDENBROUCKE, VERNIERS 
and CLARKSON 2003, p. 127; fig. 9, f-k.

Material: A hundred-twenty flattened specimens; necks are 
usually broken; spines frequently damaged. 61 individuals are 
from sample 9921, 21 from sample 9922 and 38 from sample 
9923.

Description: Small Spinachitina specimens with conical 
chamber and cylindrical neck, usually flattened. The neck length 
is a one half to one fifth of the chamber length (a quarter mostly). 
The maximum diameter occurs on the basal margin or slightly 
above it. The base is convex (Plate 1, fig. 1) or folded inside the 
chamber by flattening (Plate 2, fig. 5). The flanks are straight to 
sligthly convex and the flexure is inconspicuous. The cylindrical 
neck slightly flares to the aperture (Plate 1, figs. 1, 6). In some 
cases, the collarette is finely denticulated (Plate 1, fig. 2). The 
chamber and neck surfaces are smooth and the rounded basal 
margin bear a crown of spines. The spines are highly variable 
according to their number (14-28) and shape. They are frequently 
broken or lost. Some spines are conical and sharp (Plate 1, fig. 
1b) and some have irregular shape and length (Plate 1, fig. 2b), 

but all are simple, short (maximum length 8µm), and directed 
away from the aperture (Plate 1, fig. 6b).

Dimensions: See Table 1.

Remarks: Specimens from Las Vacas Formation show a 
cylindrical neck and straighter flanks than those illustrated 
by Jansonius in the definition of the species (Jansonius 1964, 
Pl.1, figs. 3 and 4). They are very close to the specimens from 
eastern Canada described by Achab (1977; 1987), which also 
have a cylindrical neck, straight or slightly convex flanks and 
denticulated collarette, although they have longer spines. The 
general shape (especially the L/Ln ratio) and ornamentation 
observed in these specimens is similar to S. bulmani described 
in the early Hirnantian from the Moroccan Anti-Atlas (Elaouad-
Debbaj 1984, pl. 3, figs. 6-8, 10, 12) and considered to be S. 
oulebsiri (Vandenbroucke et al. 2009b). Vandenbroucke et 
al. (2003) observed that the flexure between the neck and the 
chamber gradually disappears from the Katian to the Hirnantian 
in Laurentian sections. S. oulebsiri Paris, Bourahrouh and Le 
Hérissé 2000, defined in the Hirnantian of Gondwana, has an 
inconspicuous flexure and a short neck compared with Las 
Vacas Formation individuals. S. fragilis (Nestor 1980) from the 
Rhuddanian is slender and big, has a sharp basal margin, the 
neck is usually not distinct from the chamber, and the spines 
are simple, subcylindrical with blunt distal ends, while spines 
in S. bulmani from Precordillera are sharp, conical and more 
numerous. Some specimens illustrated as S. fragilis in the 
early Llandovery from Jordan (Butcher 2009) have a similar 
general shape, but are bigger and have more convex flanks, 
slightly higher L/D ratio and a more developed flexure than the 
specimens from the Las Vacas Formation. S. sp. aff. bulmani 
from northwestern Argentina has similar ornamentation than the 
Las Vacas Formation specimes but they are incomplete (de la 
Puente and Rubinstein 2012; de la Puente unpublished data).

Occurrence: Spinachitina bulmani is described in the Katian 
of Girvan area, Scotland (Jansonius 1964; Vandenbroucke et al. 
2003) and Shropshire, England (Jenkins 1967; Vandenbroucke 
et al. 2009a). It is well documented in the middle-late Katian 
of eastern Canada (Martin 1975; Achab 1977; 1978a; 1987) and 
Northern Gondwana (Paris 1990), although in the latter it has also 
been recorded from the early to late Katian (upper tanvillensis-
nigerica zones) (Paris et al. 2007) and the early Hirnantian 
(Tanuchitina elongata Zone) (Elaouad-Debbaj 1984). S. sp. aff. 
bulmani is observed in the Katian of the Central Andean Basin 
in northwestern Argentina (de la Puente and Rubinstein 2012).

Family LAGENOCHITINIDAE Eisenack 1931 emend. Paris 1981
Subfamily LAGENOCHITININAE Paris 1981
Genus Lagenochitina Eisenack 1931 emend. Paris, Grahn, Nestor and 
Lakova 1999
Type Species: Lagenochitina baltica Eisenack 1931

Lagenochitina sp. cf. baltica Eisenack 1931  
Plate 3, figures 1-6

TABLE 4
Values calculated on 11 individuals of Cyathochitina sp. aff. Cy. ma-
castyensis from samples 9922 and 9923.

TABLE 5
Values calculated on 6 complete individuals of Desmochitina minor 
form typica from samples 9921 and 9923. 
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Material: Seven usually flattened specimens from sample 10202.

Description: Lagenochitinidae with an ovoid to cylindrical 
chamber. The cylindrical neck is around one third of the total 
length. The flexure is conspicuous and the basal margin is 
rounded. The base is flat (Plate 3, fig. 4) to convex (Plate 3, fig. 
3), or folded inside the chamber (Plate 3, figs. 1, 2). The base is 
usually flattened, therefore no structure can be observed (Plate 3, 
fig. 6b). The maximum width  is near the shoulders (Plate 3, fig. 4) 
or near the basal margin (Plate 3, fig. 5), and is sometimes affected 
by deformation. The specimen are poorly preserved, but a slight 
granulate ornamentation is observed (Plate 3, figs. 3b, 6b).

Dimensions: See Table 2.

Remarks: The total length of these Lagenochitinidae (200-355 
µm) is a little longer than the original description of Lagenochitina 
baltica (200-250 µm) but similar to other descriptions, such as 
the Sweden specimens (Laufeld 1967), although they are less 
wide. The typical Lagenochitina baltica has also a conspicuous 
shoulders. These Lagenochitina are very similar to the specimens 
described as Lagenochitina sp. cf. L. baltica from Los Azules 
Formation in the Precordillera Argentina (Ottone et al. 2001). As 
Ottone et al. (2001) noted, these Lagenochitina are similar to some 
Lagenochitina sp. A illustrated by Achab (1986, pl. V, fig. 6). They 
are also comparable with some specimens of ? Lagenochitina sp. 
A of Achab 1984 (pl. VI, figs. 4-7), included later in Lagenochitina 
sp. A by Achab (1986).

Occurrence: Lagenochitina baltica is recorded in the Upper 
Ordovician (Katian) of Baltoscandia (Grahn 1982), Estonia 
(Eisenack 1962), Sweden (Laufeld 1967), the Welsh Borderland 
(Jenkins 1967), Portugal (Paris 1979), and Anticosti Island, 
Canada (Achab 1977). It is recorded in the Middle Ordovician 
(Darriwilian) of Newfoundland (Neville 1974; Martin 1978) and 
the subsurface of Alaska (Carter and Laufeld 1975). It occurs 
in the lower Middle Ordovician of the upper Lenoir Limestone 
at Pratt Ferry and Little Oak Limestone at Pelham, southern 
Appalachians, USA (Grahn and Bergström 1984). Lagenochitina 
sp. A of Achab 1984 is recorded in the late Darriwilian-early 
Sandbian (Llandeilian-early Caradoc) of the subsurface of 
Anticosti (NACP N° 1 well) and the Mictaw Group, Clemville, 
eastern Canada (Achab 1984; 1986). In the central Argentine 
Precordillera, Lagenochitina sp. cf. L. baltica is described in the 
late Darriwilian (late Llanvirnian) of the Middle Member of the 
Los Azules Formation (Ottone et al. 2001).

Subfamily CYATHOCHITININAE Paris 1981
Genus Cyathochitina Eisenack 1955 emend. Paris, Grahn, Nestor and 
Lakova 1999
Type Species: Conochitina campanulaeformis Eisenack 1931

Cyathochitina sp. cf. Cy. kuckersiana (Eisenack 1934)  
Plate 4, figures 1-2

Material: Seven distorted specimens; necks and carina are 
usually broken. 2 individuals are from sample 9921, 4 from 
sample 9922 and 1 from sample 9923.

Description: the chamber, generally folded, is conical and the 
neck cylindrical to sligthly flaring toward the aperture. The 
flanks are straight and the base flat but usually folded inside the 
chamber. The carina is frequently broken. The surface wall is 
smooth.

Dimensions: See Table 3. 

Remarks: Specimens from the Las Vacas Formation show 
a narrower aperture angle of the flanks than Cyathochitina 
kuckersiana and, therefore, the chamber is higher than it is wide.

Occurrence: Cyathochitina kuckersiana (Eisenack 1934) 
has a world-wide record ranging from the Middle Ordovician 
to the early Silurian. It is associated with S. bulmani and K. 
multispinata in the Katian of eastern Canada (Achab 1987). 
In the Central Andean Basin of northwestern Argentina it is 
observed in the lower part of the Upper Member of the Salar del 
Rincón Formation assigned to the Upper Ordovician (probably 
middle-late Katian) associated with S. sp. aff. bulmani (de la 
Puente and Rubinstein 2012).

Cyathochitina sp. aff. Cy. macastyensis Achab 1978a  
Plate 4, figures 3-6

Material: Eleven flattened specimens; necks are usually broken. 
5 individuals are from sample 9922 and 6 from sample 9923.

Description: Cyathochitina species of variable size, with a 
conical chamber and cylindrical neck. The neck length is arround 
1/3 of the total length. The chamber is longer than wide. The 
flexure is conspicuous. The flanks are convex (Plate 4, figs. 3-6) 
due to flattening of the chamber, but become parallel toward the 
base. The aperture angle of the flank is ≤ 40°. The wall surface 
is smooth to slightly granulate (Plate 4, figs. 3, 6). The basal 
margin is rounded. The maximum diameter is above the basal 
margin. The base is flat but usually convex (Plate 4, fig. 5) or 
folded inside the chamber (Plate 4, figs. 4, 6) due to flattening. 
The carina is short (< 16 µm) and thick in some cases (Plate 4, 
fig. 6). 

Dimensions: See Table 4.

Remarks: The variable shape, size and age of these chitinozoans 
and their transitional forms complicate the taxonomic and 
biostratigraphic studies. Cyathochitina sp. aff. Cy. macastyensis 
from the Las Vacas Formation are similar to the description 
of Cyathochitina macastyensis, although they are slightly 
shorter and bear a longer carina. Specimens illustrated in the 
basal Katian of Québec by Achab (1987, pl. 9, figs. 17, 18) as 
Cyathochitina cf. Cy. macastyensis are similar to the Las Vacas 
Formation small individuals. These Cyathochitina species 
differ from Cyathochitina caputoi da Costa (1971) by its higher 
size, the conical but cylindrical flanks toward the base, the 
rounded basal margin and thick carina (carina is not described 
in the definition of the species). It differs from Cyathochitina 
kuckersiana (Eisenack 1934) mainly by the aperture angle of 
the flanks although it can also be compared with the subspecies 
Cyathochitina kuckersiana patagiata Jenkins 1969, which has a 
short carina (4-12 µm). 

Occurrence: Cyathochitina macastyensis is described in the 
Katian Macasty Formation (NACP N° 1 well) of Anticosti, 

TABLE 6
Values calculated on 12 individuals of Kalochitina multispinata from 
sample 9923. 



236

G. Susana de la Puente and Claudia V. Rubinstein:  New palynological data from the Upper Ordovician of the Precordillera Basin, Argentina

Canada (Achab 1978a). Cyathochitina cf. Cy. macastyensis has 
been recorded in the earliest Katian of Québec, Canada (Bald 
Mountain Saint-Roch N° 1 well) (Achab 1987). Cy. kuckersiana 
patagiata has been described in the Katian of Shropshire (Jenkins 
1967) and the Viola Formation of Oklahoma (Jenkins 1969). Cy. 
macastyensis and Cy. k. patagiata are present in the basal Katian 
(Chatfieldian-lower Edenian) of eastern and northern Canada 
(Martin 1975; 1983; Asselin, personal communication 2013). 

Order OPERCULATIFERA Eisenack 1931
Family DESMOCHITINIDAE Eisenack 1931 emend. Paris 1981
Subfamily DESMOCHITININAE Paris 1981
Genus Desmochitina Eisenack 1931
Type Species: Desmochitina nodosa Eisenack 1931

Desmochitina minor form typica Eisenack 1958 
Plate 4, figures 7-9

Desmochitina minor f. typica EISENACK 1958, p. 398, Pl. 2, fig. 29. 
– PARIS 1981, p. 123 (with complete synonymy). – MARTIN 1983, 
p. 16; pl. 5, figs. 22, 30 (with complete synonymy). – AL-HAJRI 
1995, p. 39; pl. IV, fig. 5, pl. V, figs. 9-10. – OTTONE et al. 2001, pl. 
1, figs. 7, 11. – PARIS et al. 2007, pl. 1, fig. 8, pl. 3, fig. 3. – GHAVI-
DEL-SYOOKI 2008, p. 130; pl. VI, fig. 4.  – DE LA PUENTE and 
RUBINSTEIN 2012, p. 8, pl. 2, fig. 1.

Desmochitina? minor EISENACK 1931, p. 93; pl. 3, figs. 10-11. –
ACHAB 1978b, pl. 2, fig. 6. – GRAHN 1982, p. 49, fig. 15, C-D 
(with complete synonymy). – ACHAB 1986, p. 280; pl. III, figs. 
9-10. –ACHAB 1987, p. 1220; pl. 10, figs.1-5. – PARIS, VERNIERS 
and AL-HAJRI 2000, p. 39; pl. 1, fig. f. – MALO et al. 2001, pl. 1, 
fig. 11. – TAMMEK.ND, HINTS and N.LVAK 2010, fig. 3, E.

Desmochitina (Pseudodesmochitina) minor Eisenack - 
ELAOUAD-DEBBAJ 1984, p. 57; pl. 1, figs. 3, 16, 20, pl. 2, figs. 
9, 14, 18. – ELAOUAD-DEBBAJ 1986, p. 42; pl. 3, figs. 3, 4. –
ELAOUAD-DEBBAJ, DESTEUCQ and FOURNIER-VINAS 1987, 
pl. II, figs. 11, 16.

Material: Six flattened specimens. 1 individual is from sample 
9921 (middle part of the Las Vacas Formation), and 5 from 
sample 9923 (upper part of the Las Vacas Formation).

Description: Desmochitinidae with spherical to ovoid chamber 
(L/D mean 1.1). The collarette flares from the smooth vesicle 
wall. The operculum is observed (Plate 4, fig. 8).

Dimensions: See Table 5. 

Occurrence: Desmochitina minor form typica is widely 
recorded from the Middle to Upper Ordovician (Darriwilian 
to Hirnantian) of the main paleocontinents (e.g. Jenkins 1969; 
Grahn 1982; Achab 1986; Soufiane and Achab 2000; Paris et 
al. 2012). It has been reported in the Darriwilian (Pterograptus 
elegans and Hustedograptus teretiusculus zones and the upper 
part of Eoplacognathus suecicus and Pygodus serra zones) of 
the middle part of the Los Azules Formation of central Argentine 
Precordillera (Ottone et al. 2001). In the Central Andean Basin 

of northwestern Argentina, D. minor form typica is recorded in 
the Hirnantian glacial Zapla Formation of the Capillas River 
area in the Sierra de Zapla and equivalent levels from the 
Sierra de Zenta (de la Puente and Rubinstein 2012; de la Puente 
unpublished data).

Subfamily EISENACKITININAE Paris 1981
Genus Kalochitina Jansonius 1964
Type Species: Kalochitina multispinata Jansonius 1964

Kalochitina multispinata Jansonius 1964   
Plate 5, figures 1-10

Kalochitina multispinata JANSONIUS 1964, p. 196-197; pl. 2, figs. 
21-22. – ACHAB 1978a, p. 308, 310; pl. III, figs. 2-5 (with complete 
synonymy). – MARTIN 1983, p. 19; pl. 1, fig. 10; pl. 4, fig. 10; pl. 
5, figs. 8-9, 31. – ACHAB 1986, p. 280-281; pl. I, figs. 7-9. – ACH-
AB and ASSELIN 1995, pl. III, fig. 8. – SOUFIANE and ACHAB 
2000, pl. III, fig. 14.  – MALO et al. 2001, p. 34; pl. 1, figs. 9-10. – 
OTTONE et al. 2001, p. 100; pl. 1, fig. 8.

Material: Eleven poorly preserved specimens; spines frequently 
damaged. 11 individuals are from sample 9923.

Description: Small chitinozoans poorly preserved with short and 
subcylindrical neck. The chamber is conical to hemispherical. 
The flanks are convex (Plate 5, figs. 1-6) to conical (Plate 5, 
fig. 7) and the flexure more or less marked. The base is slightly 
convex and the basal edge broadly rounded. The collarette length 
is 1/5 to 1/9 of the total length. It is usually broken. The vesicle is 
covered by bi (lambda-shaped), multirooted spines, < 10 µm in 
length. They seem to be arranged, forming some discontinuous 
crests of connected spines (Plate 5, fig. 9).

Dimensions: See Table 6.

Remarks: The Las Vacas Formation specimens are very similar 
to those illustrated by Achab (1978a, pl. IV, figs. 8-10), associated 
with Cy. macastyensis in the Macasty Formation and S. bulmani 
in the Vauréal Formation from eastern Canada. K. multispinata 
described in the Sandbian of the central Precordillera of Argentina 
(Ottone et al. 2001) are also close to Las Vacas Formation 
individuals. 

Occurrence: The Kalochitina genus is restricted to the Upper 
Ordovician (Paris et al. 1999). Kalochitina multispinata is 
frequent from the upper Sandbian to the Katian (from Turinian 
to Richmondian) of eastern Canada (Jansonius 1964; Martin 
1975; 1983; Achab 1978a; 1987; Malo et al. 2001) and Oklahoma 
(Jenkins 1969; 1970). It reaches the early Hirnantian in central 
Nevada and northern Canada (Soufiane and Achab 2000). It is also 
recorded from the Upper Member of the Los Azules Formation of 
the central Precordillera of Argentina, assigned to the Sandbian 

PLATE 1
Upper Ordovician chitinozoans from the eastern Argentine Precordillera.  

Scale bar represents 50μm for 1a-3a, 4, 5a-6a. Details= 10μm except 6b = 5μm.

          Spinachitina bulmani (Jansonius 1964)

1-6     �Sample 9921; upper part of the Las Vacas Formation (Member D).
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based on chitinozoan, graptolite and conodont zones (Ottone et 
al. 2001). 

CONCLUSIONS

The first palynological data from Late Ordovician units of the 
eastern Precodillera (Los Piojos River area) are presented herein 
and the chitinozoans recovered from the Las Vacas Formation 
show a low diversity. They are from the lowermost and uppermost 
parts of the Las Vacas Formation, which have not been previously 
well-dated. The basal Las Vacas Formation, in its transitional 
contact with the underlying Gualcamayo Formation, contains 
Lagenochitina sp. cf. L. baltica, which has been recorded in the 
late Darriwilian (Middle Ordovician) of the central Argentine 
Precordillera and the late Darriwilian-early Sandbian (Middle-
Upper Ordovician) of eastern Canada. The assemblages from its 
upper part contain mainly Spinachitina bulmani, Cyathochitina 
sp. cf. kuckersiana, Cyathochitina sp. aff. macastyensis, 
Desmochitina minor form typica, and Kalochitina multispinata 
exclusively in the lower-upper part. The Las Vacas Formation 
records the Sandbian (gracilis-bicornis zones), however its 
depositional timing in the northeastern Precordillera can be dated 
from the late Darriwilian-early Sandbian to the Katian, based on 
chitinozoan assemblages.

Acritarchs are poorly preserved and the few recognized genera 
are not biostratigraphically significant. Cryptospore findings 
constitute the first evidence of land plants for the Katian of 
Argentina. Land-derived palynomorphs suggest that the upper 
part of the unit was closed to the land. The lower part of the 
Trapiche Formation contains a poorly preserved and probably 
reworked marine assemblage of chitinozoans, acritarchs and 
algae, not allowing a precise age assignment. Although detailed 
studies are still required on the base of the Las Vacas Formation 
and the Trapiche Formation, palynological results prove to be 
a useful tool to contribute to the biostratigraphic knowledge of 
controversial terrains, such as the Precordillera.

ACKNOWLEDGMENTS  

Financial support for this study was provided by the FONCYT 
(PICT 2010–2784; PICT 2006–1272) and CONICET (PIP 
2010 No. 11220090100921). Authors thank Oscar Limarino 
(Universidad de Buenos Aires, Argentina) who provides the 
first palynological samples analyzed from the Los Piojos River. 
C.V. Rubinstein is especially grateful to Cecilia Amenábar 
(Universidad de Buenos Aires) and Reed Wicander (Central 
Michigan University, USA) for their valuable advices about 
acritarchs and algae. We also thank Glenn Schlereth and Dr. 
Jennifer M.K. O’Keefe (Morehead State University, USA) for 
reviewing English and suggesting improvements to the language 
prior to submission. We acknowledge the anonymous reviewer, 

and especially Esther Asselin (Geological Survey of Canada, 
Canada) for the constructive and helpful comments in her 
review, as well as the guest editor, Bradley Cramer (University 
of Iowa, USA). This work is a contribution to the International 
Geoscience Programme (IGCP) Project 591 – The Early to 
Middle Paleozoic Revolution.

REFERENCES  

ACEÑOLAZA, F. G. and TOSELLI, A. J., 1989. El Sistema de Fama-
tina, Argentina. Su interpretación como orógeno de margen conti-
nental activo. In: Aceñolaza, E. G. and Lech, R. A., Eds., Eventos 
del Paleozoico inferior en Latinoamerica, 35–44. San Miguel de 
Tucumán: Universidad Nacional de Tucumán. Facultad de Ciencias 
Naturales e Instituto Miguel Lillo, Serie Correlación Geológica, 5. 

ACEÑOLAZA, F. G., MILLER, H. and TOSELLI, A. J., 2002. Protero-
zoic–Early Paleozoic evolution in western South America: a discus-
sion. Tectonophysics, 354: 121–137. 

ACHAB, A., 1977. Les chitinozoaires de la zone à Climacograp-
tus prominens elongatus de la Formation de Vauréal (Ordovicien 
supérieur), Ile d’Anticosti, Québec. Canadian Journal of Earth Sci-
ences, 14: 2193–2212. 

–––––, 1978a. Sur quelques chitinozoaires de la Formation Vauréal et de 
la Formation Macasty (Ordovicien Supérieur), Ile d’Anticosti, Qué-
bec, Canada. Review of Palaeobotany and Palynology, 25: 295–314. 

–––––, 1978b. Les chitinozoaires de l’Ordovicien Supérieur–Forma-
tions de Vauréal et d’Ellis Bay de l’Ile d’Anticosti, Québec. Palino-
logia, núm. extraord., 1. 

–––––, 1984. Chitinozoaires de l’Ordovicien Moyen de subsurface de 
l’Ile Anticosti. Review of Palaeobotany and Palynology, 43: 123–
143.   

–––––, 1986. Succession des assemblages de chitinozoaires dans l’Or-
dovicien Moyen du Québec et de l’est du Canada. Review of Palaeo-
botany and Palynology, 48: 269–294. 

–––––, 1987. Chitinozoaires du Caradoc supérieur–Ashgill inférieur du 
Québec, Canada. Canadian Journal of Earth Sciences, 24: 1212–
1234. 

 ALBANESI, G. L. and ORTEGA, G., 2002. Advances on conodont–
graptolite biostratigraphy of the Ordovician System of Argentina. 
In: Aceñolaza, F. G., Ed., Aspects of the Ordovician System in Ar-
gentina, 143–166. San Miguel de Tucumán: Universidad Nacional 
de Tucumán. Facultad de Ciencias Naturales e Instituto Miguel Lil-
lo, Serie Correlación Geológica, no. 16. 

ALBANESI, G. L., HÜNICKEN, M. A. and ORTEGA, G., 1995. Amor-
phognatus aff. superbus (Conodonta) en la Formación Trapiche (Or-
dovícico Superior), Cerro Potrerillo, Precordillera Argentina. Bo-
letín de la Academia Nacional de Ciencias, Córdoba, 60: 461–468. 

PLATE 2
Upper Ordovician chitinozoans from the eastern Argentine Precordillera.  

Scale bar represents 50μm for 1a-2a, 3, 4a-7a. Details= 10μm.

          Spinachitina bulmani (Jansonius 1964)

1-2     �Sample 9922; upper part of the Las Vacas Formation (Mem-
ber D).

3-7     �Sample 9923; upper part of the Las Vacas Formation (Mem-
ber D).



239

Plate 2G. Susana de la Puente and Claudia V. Rubinstein

stratigraphy, vol. 10, no. 4, 2013



240

G. Susana de la Puente and Claudia V. Rubinstein:  New palynological data from the Upper Ordovician of the Precordillera Basin, Argentina

ALLMENDINGER, R. W., FIGUEROA, D., SNYDER, D., BEER, 
J., MPODOZIS, C. and ISACKS, B. L., 1990. Foreland shortening 
and crustal balancing in the Andes at 30° S latitude. Tectonics, 9: 
789–809. 

ALLMENDINGER, R. W., RAMOS, V. A., JORDAN, T. E., PALMA, 
M. A. and ISACKS, B. I., 1983. Paleogeography and Andean struc-
tural geometry, northwest Argentina. Tectonics, 2: 1–16. 

ASTINI, R. A., 1992. Tectofacies ordovícicas y evolución de la cuenca 
eopaleozoica de la Precordillera Argentina. Estudios Geológicos, 
48: 315–327. 

–––––, 1994. Análisis secuencial y paleoambientes de las pelitas ne-
gras (aloformación Gualcamayo) que suprayacen a las sucesiones 
carbonáticas eo–ordovícicas en la Precordillera argentina. Revista 
de la Asociación Geológica Argentina, 49: 71–84. 

–––––, 1998a. Stratigraphical evidence supporting the rifting, drifting 
and collision of the Laurentian Precordillera terrane of western Ar-
gentina. In: Pankhurst, R. J. and Rapela, C. W., Eds., The proto-An-
dean margin of Gondwana, 11–33. London: The Geological Society. 
Special Publication 142. 

–––––, 1998b. El Conglomerado de Las Vacas y el Grupo Trapiche: 
tectónica distensiva en el Ordovícico Tardío. Revista de la Asocia-
ción Geológica Argentina, 53: 489–503. 

ASTINI, R. A. and BRUSSA, E. D., 1997. Dos nuevas localidades 
fosilíferas en el Conglomerado de Las Vacas (Caradociano) en la 
Precordillera Argentina: Importancia cronoestratigráfica. Ameghin-
iana, 34: 114. (Reunión de Comunicaciones Paleontológicas, Asoci-
ación Paleontológica Argentina).

ASTINI, R. A., BENEDETTO, J. L. and CARRERA, M., 1986. La fau-
na de trilobites de la Formación Las Plantas (Ordovícico), Precor-
dillera de La Rioja, Argentina. In: Volkheimer, W., Ed., IV Congre-
so Argentino de Paleontología y Bioestratigrafía, Actas 1, 81–88. 
Mendoza.

ASTINI, R. A., BENEDETTO, J. L. and VACCARI, N. E., 1995. The 
Early Palaeozoic evolution of the Argentine Precordillera as a rifted, 
drifted and collided terrane: a geodynamic model. Geological Soci-
ety of America Bulletin, 107: 253–273. 

BALDIS, B. A. and CHEBLI, G. A., 1969. Estructura profunda del área 
central de la Precordillera Sanjuanina. In: Asociación Geológica 
Argentina, Eds., IV Jornadas Geológicas Argentinas Mendoza, Ac-
tas 1, 47–65. Buenos Aires (1970). 

BALDIS, B. A., PERALTA, S. H. and VILLEGAS, R., 1989. Esque-
matizaciones de una posible transcurrencia del terrane de Precor-
dillera como fragmento continental procedente de áreas pampeano–
bonaerenses. In: Aceñolaza, E. G. and Lech, R. A., Eds., Eventos 
del Paleozoico inferior en Latinoamérica, 81–100. San Miguel de 
Tucumán: Universidad Nacional de Tucumán. Facultad de Ciencias 
Naturales e Instituto Miguel Lillo, Serie Correlación Geológica, no. 5. 

BALDIS, B. A., BERESI, M. S., BORDONARO, L. O. and VACA, 
A., 1982. Síntesis evolutiva de la Precordillera Argentina. In: [ED-
ITORS??], Eds., 5° Congreso Latinoamericano de Geología, Actas 
4, 399–445. Buenos Aires.

BENEDETTO, J. L., 1993. La hipótesis de la aloctonía de la Precordil-
lera Argentina: un test estratigrágico y biogeográfico. In: Asocia-
ción Geológica Argentina, Eds., 12° Congreso Geológico Argenti-
no, Actas 3, 375–384. Mendoza. 

–––––, 1998. Early Palaeozoic brachiopods and associated shelly faunas 
from western Gondwana: its bearing on the geodynamic history of 
the pre-Andean margin. In: Pankhurst, R. J. and Rapela, C. W., Eds., 
The proto-Andean margin of Gondwana, 57–83. London: The Geo-
logical Society. Special Publication 142. 

–––––, 1999. Braquiópodos de la Formación Trapiche, Ordovícico tar-
dío de la Precordillera de San Juan y La Rioja, Argentina. Amegh-
iniana, 36: 327–341. 

–––––, 2004. The allochthony of the Argentine Precordillera ten years 
later (1993–2003): A new paleobiogeographic test of the microcon-
tinental model. Gondwana Research, 7: 1027–1039. 

BENEDETTO, J. L. and HERRERA, Z. A., 1987. Primer hallazgo de 
braquiópodos y trilobites en la Formación Trapiche (Ordovícico tar-
dío), Precordillera Argentina. In: Asociación Geológica Argentina.  
Eds., 10º Congreso Geológico Argentino, Actas 3, 73–76. San Mi-
guel de Tucumán.

BENEDETTO, J. L., SÁNCHEZ, T. M., CARRERAS, M. G., BRUS-
SA, E. D. and SALAS, M. J., 1999. Paleontological constraints 
on successive paleogeographic positions of Precordillera terrane 
during the early Paleozoic, In: Ramos, V.A. and Keppie, J.D., Eds., 
Laurentia-Gondwana connections before Pangea, 21–42 Boulder, 
Colorado: Geological Society of America. Special Paper 336. 

BERGSTRÖM, S. M., CHEN, X., GUTIÉRREZ–MARCO, J. C. and 
DRONOV, A., 2009. The new chronostratigraphic classification of 
the Ordovician System and its relations to major regional series and 
stages and to δ13C chemostratigraphy. Lethaia, 42: 97–107. 

BUTCHER, A., 2009. Early Llandovery chitinozoans from Jordan. Pa-
laeontology, 52: 593–629. 

CARTER, C. and LAUFELD, S., 1975. Ordovician and Silurian fossils 
in well cores from the North Slope of Alaska. American Association 
of Petroleum Geologists Bulletin, 59: 457–464. 

COCKS, L. R. M. and TORSVIK, T. H., 2004. Major terranes in the 
Ordovician. In: Webby, B. D., Paris, F., Droser, M. L. and Percival, I. 
G., Eds., The great Ordovician biodiversification event, 61–67. New 
York: Columbia University Press. 

COLBATH, G. K. and GRENFELL, H. R., 1995. Review of biological 
affinities of Paleozoic acid-resistant, organic-rich eukaryotic algal 
microfossils (including “acritarchs”). Review of Palaeobotany and. 
Palynology, 86: 287–314. 

PLATE 3
Middle to Upper Ordovician chitinozoans from the eastern Argentine Precordillera. Scale bars represent 50μm.

         Lagenochitina sp. cf. baltica Eisenack 1931 

1-6    �Sample 10202; lower part of the Las Vacas Formation 
(Member A).
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    2    �Sample 9922; upper part of the Las Vacas Formation (Mem-
ber D).

        Cyathochitina sp. aff. Cy. macastyensis Achab 1978a

3, 6    �Sample 9922; upper part of the Las Vacas Formation (Mem-
ber D).
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Upper Ordovician chitinozoans from the eastern Argentine Precordillera. Scale bars represent 50μm for 1-11 and 12.
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1-10. �Sample 9923; upper part of the Las Vacas Formation (Mem-
ber D).

        Belonechitina sp.

   11. �Sample 9923; upper part of the Las Vacas Formation (Mem-
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D)
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PLATE 6
Upper Ordovician phytoplankton and spores from the eastern Argentine Precordillera. Scale bar represents 20μm.
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man and Richardson 1993. 3C- S40-4

2- cf. Rimosotetras problematica Burgess 1991. 3C-M29-2-1

3- Tetrad sp. 3A- X38-3

4- Leiosphaeridia sp. 3E-F27-0

5- cf. Veryhachium sp. 3B-Y29-3

   6- Acritarch indet. 3E-X27-0-1

   7- cf. Gloeocapsomorpha sp. A-V30-0

   8- Fragment of a coenobial algae? C-D23-0

1-6. �Sample 9923; upper part of the Las Vacas Formation (Mem-
ber D).

7-8. Sample 9924; Trapiche Formation.
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