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Caburé and Rincón formations (upper Lochkovian – Emsian), 
Salta Province, Argentina
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THE DEVONIAN rocks in northwestern Argentina are 
exposed in the Eastern Range, and the western Subandean 
and Santa Barbara ranges, totaling more than 2000 metres 
in thickness and extending into the subsurface of the eastern 
Subandean Range and the Chaco-Salteño Plain. These rocks 
are part of the Tarija Basin that includes central and southern 
Bolivia, and the northwest of Paraguay (Fig. 1). This basin 
was connected to other neighbouring basins like the Arizaro 
Basin, which extends into northern Chile and the Argentinean 
Puna, the Madre de Dios Basin in northern Bolivia and 
southern Peru, and other basins in western Brazil, based 
on common palaeontological records (see Grahn 2005). 
In northwestern Argentina, Devonian facies composed of 
sandstones and mudstones with minor conglomerates were 
mainly deposited in shallow marine environments alternating 
with more continental periods (see Starck 1999; Albariño 
et al. 2002).

This study presents a complete palynological survey 
of an assemblage from the Puesto El Tigre x-1 (PET x-1) 
borehole, formerly investigated by Volkheimer et al. (1986), 
who published only the chitinozoans. The stratigraphic 
distribution of the palynomorph species is analysed and 
compared with their global ranges to assess the age and 
correlation of the associations defined herein. Palynofacies 
are also considered to better understand and corroborate 
previous palaeoenvironmental interpretations (Volkheimer 
et al. 1986; Albariño et al. 2002).

MATERIAL AND METHODS
The PET x-1 borehole (ca. S 22º 42’ 2.42’’, W 63º 6’ 
6.08’’) is located in the Chaco-Salteño Plain (Fig. 1B), and 
was drilled to a total depth of 4320 metres. Volkheimer et 
al. (1986) analysed the chitinozoan content of 17 cutting 

samples whereas our palynological study embraces a 
preliminary report of 37 samples within 2512-3422 metres 
depth presented by Noetinger & di Pasquo (2009) and new 
results from 16 samples (including six core samples) selected 
from the 2512-4243 metre depth interval (Fig. 2).

Standard palynological methods were used to obtain 
organic residues from the samples at the Laboratory of 
Palynostratigraphy and Paleobotany (Department of 
Geology, Natural and Pure Sciences Faculty, University 
of Buenos Aires) in 2008 and di Pasquo processed seven 
selected samples in 2009 to complete the set of studied 
samples. They were first crushed and then treated with 
hydrochloric and then with hydrofluoric acid to remove 
carbonate, silica, and silicates, respectively. The residues 
were then sieved through a 25 µm mesh and mounted on 
slides with glycerine jelly.

Palynofacies analysis was performed on the samples with 
eight types of dispersed organic matter and palynomorph 
groups recognised. These consist of amorphous organic 
matter (AOM); structured phytodebris (SP), characterised 
by identifiable cuticles and wood; unstructured phytodebris 
(USP), known as gelified matter; black phytodebris (BP) 
or opaque clasts; spores (SPO); phytoplankton (PHY), 
comprising acritarchs, prasinophycean and chlorophycean 
algae;  chitinozoans (CHI); and cryptospores (CRY). This 
simplified classification scheme of organic components was 
adapted from Tyson (1995) and the palynomorphs found in 
the analysed assemblages were used to calculate relative 
percentages, and thus to define and identify the different 
palynofacies. A palynological marine index {PMI= [Marine 
Richness (Rm)/Terrestrial Richness (Rt) + 1] x 100: Helenes 
et al. 1998} was also calculated to support the interpretation 
of depositional environments. The values used are those 
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stipulated by de Araujo Carvalho et al. (2006), where the 
marine and terrestrial richness were expressed as number 
of genera per sample. Low values of PMI are interpreted 
as indicative of brackish-water influence, and higher PMI 
values are interpreted as indicative of marine conditions of 
deposition. Because the PMI is based on the palynomorph 
diversity of terrestrial and marine species, it is therefore 
used as a substitute for the typical terrestrial/marine ratio. 

Identification and illustration of palynomorphs was 
undertaken at the Laboratory of Palynostratigraphy and 
Paleobotany (Department of Geology, Natural and Pure 
Sciences Faculty, University of Buenos Aires) using 
transmitted light microscopes with a digital video camera 
(Leitz Orthoplan and Motic 2.0 MB, Nikon Eclipse 80i 
(with DIC objectives) and Pax-it 3.1 MB). The position of 
illustrated specimens in the respective slides quoted with the 
CICyTTP-Pl acronym (Repository), are based on England–
Finder coordinates.

STRATIGRAPHY AND PALEONTOLOGICAL 
RECORDS
Late Silurian and Devonian stratigraphic units included 
between the Ocloyic and Chanic unconformities in northern 
Argentina and southern Bolivia (Tarija Basin), assigned to 
a first interval by Starck et al. (1993) and Starck (1995), 
comprise three supersequences: Cinco Picachos, Las Pavas 
and Aguaragüe (Fig. 3). They are characterised by stacked 
kilometric coarsening shale and sandstone facies, bounded 
by flooding surfaces of the first order. The second interval 
includes the Carboniferous, Permian and mostly Triassic and 
Jurassic deposits. In this study, the first two supersequences 
are briefly described together with the units involved (i.e., 
Copo, Caburé and Rincón formations).

The Cinco Picachos Supersequence is exposed in the 
Cinco Picachos Range along the boundary between the 

Eastern and the Subandean ranges extending up to the Santa 
Bárbara System in Argentina (Fig. 1; Starck 1999). Further 
east, this Supersequence is represented in the subsurface 
by the Caburé Formation, defined in the El Caburé x-1 
borehole of Santiago del Estero Province, as comprising 
mainly indurated fine-grained quartz-sandstones with a 
variable thickness between ca. 400 and 500 metres (Padula 
et al. 1967). It is recognised between two shaly units, the 
Copo (Silurian) and Rincón (mid-Devonian) formations in 
the subsurface of the Chaco-Salteño and Chacoparaná plains 
in Argentina (Chebli et al. 1999; Grahn & Gutiérrez 2001; 
Antonelli & Ottone 2006; Noetinger & di Pasquo 2009) 
and Uruguay (Grahn 2003). In the El Caburé x-1 borehole, 
Antonelli & Ottone (2006) assigned the Caburé Formation 
to the Emsian based on spores and acritarchs whilst Grahn 
(2003) indicated a Ludlow-Pridoli age for the upper Copo 
Formation based on the presence of the chitinozoans 
Fungochitina kosovensis? Paris & Kriz, Angochitina aff. A. 
filosa Eisenack, Ancyrochitina sp. and Cingulochitina aff. C. 
serrata Taugourdeau & de Jekhowsky. F. kosovensis? and A. 
aff. A. filosa also occur in the lower Caburé Formation, and 
Clathrochitina sp. A and Ancyrochitina sp. are new species 
recorded by Grahn (2003) who suggested a Pridoli age for 
the assemblage. Milani & Zalán (1999) compared the Caburé 
Formation to the top of the Furnas Formation in the Paraná 
Basin (Fig. 3), the latter dated as no older than Lochkovian, 
and no younger than early Pragian based on the palynology 
(Loboziak et al. 1995; Grahn et al. 2010a).

The Las Pavas Supersequence crops out in the same 
ranges as the Cinco Picachos Supersequence, and further 
east in the subsurface of the Chaco-Salteño and Chacoparaná 
plains (Starck 1999), where it is represented by the 
Rincón and Michicola formations (Figs 1, 3). The Rincón 
Formation overlies the Caburé Formation and is composed 
of black laminated shales, which are partly fossiliferous 

Figure 1. A, Palaeoenvironmental map of South America during the Lochkovian with the location of the basins of the area: 1, Chacoparaná; 
2, Precordillera; 3, Tarija; 4, Madre de Dios; 5, Solimões; 6, Llanos Orientales; 7, Amazonas; 8, Parnaíba; 9, Jatobá; 10, Paraná (based 
on Melo 1989; Grahn 2003, 2005, Rubinstein et al. 2008, Grahn et al. 2010a; modified from di Pasquo & Noetinger 2008). B. Detail 
of the area and location of the studied well.
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(Padula et al. 1967). These strata include macrofossils such 
as Metacryphaeus sp., Calmonia subcesiva Clarke and 
Australocoelia tourtelotti Boucot & Gill, among others.  
The palaeomicroplankton suggests an Emsian – Givetian 
age (Cuerda & Baldis 1971; Russo et al. 1979; Aceñolaza 
et al. 2000; Grahn & Gutiérrez 2001; Grahn 2003). Grahn 
& Gutiérrez (2001) and Grahn (2003) mentioned Middle 
Devonian chitinozoan species (e.g., Ancyrochitina langei? 
Sommer & van Boekel, Alpenachitina eisenacki Dunn & 
Miller and Ramochitina ramosi Sommer & van Boekel) 
from the Rincón Formation in the Los Horcones-2 and El 
Caburé-1 wells. Antonelli & Ottone (2006) attributed a late 
Emsian – early Eifelian age to the Rincón Formation based 
on the presence of the miospores Dibolisporites echinaceus 
(Eisenack) Richardson, Emphanisporites annulatus 
McGregor, Grandispora spp., Dictyotriletes emsiensis 

(Allen) McGregor and Rhabdosporites langii (Eisenack) 
Richardson. The Michicola Formation is considered a facies 
variation of the Rincón Formation by many authors; in the 
subsurface of the Chaco-Salteño Plain (see Aceñolaza et al. 
2000), it comprises tens of metres of mainly silicified white-
greyish quartz sandstone (Russo et al. 1979).

In the Puesto El Tigre x-1 borehole studied herein, Padula 
et al. (1967, p. 174) defined the Puesto El Tigre Formation 
(ca. 1800 metres thick) as consisting of three members: 
two dark, fissile shaly units at its top and base and a quartz-
sandstone unit in the middle. The Puesto El Tigre Formation  
was rejected by Mingramm & Russo (1972) and Russo et 
al. (1979) because they considered that these members are 
equivalent to the Copo, Caburé, and Rincón formations 
respectively (Fig. 3). We agree with these authors and 
follow the stratigraphy proposed by them. Acevedo (1986) 

Figure 2. Electric log of the PET x-1 borehole with the location of 
the studied samples (CICyTTP-Pl cores are marked with a star), 
stratigraphic distribution of selected species (in last occurrence 
order) and palynomorph associations recognised (PET1, 2, etc.). 
Position of bivalve and gastropod casts in top two cores indicated.
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and Volkheimer et al. (1986), however, followed the first 
stratigraphic proposal for this borehole. Three chitinozoan 
zones were defined in the Puesto El Tigre Formation 
(Volkheimer et al. 1986): the Urochitina loboi Assemblage 
Zone (Lochkovian), the Ramochitina magnifica Assemblage 
Zone (Emsian), and the Ancyrochitina parisi Assemblage 
Zone (latest Emsian), which are recognised in this study, and 
further addressed in the text. Additionally, the latter authors 
referred to the presence at the top of the well, below the 
contact with the Cretaceous–Cenozoic succession, of two 
units, the Michicola and Tonono formations, without samples 
and therefore without any palaeontological information (ca. 
100 metres). Unidentified bivalve and gastropod casts were 
recognised in two cores at the top of the section (see Fig. 2).

RESULTS
Composition, age and correlation
A variety of spores, acritarchs and chlorophycean algae, 
along with chitinozoans, were recovered, including many of 
the same taxa recognised by Volkheimer et al. (1986) (Figs 
2, 4-6; see Taxa Identified section below). Even though the 
general preservation of the palynomorphs is very poor, with 
high thermal maturity (4– to 4) (Utting et al. in Utting & 
Wielens 1992), it was still possible to recognise key species 
that suggest an age range from late Lochkovian to latest 
Emsian. 

The palynomorph assemblage comprises 41 spore 
and cryptospore species, some of which are left in 

open nomenclature, as well as 27 species of acritarchs, 
prasinophycean and chlorophycean algae, and 12 species 
of chitinozoans. Most of the palynomorph species recorded 
herein are well known and adequately circumscribed in 
previous palynological literature; hence the taxa are listed 
(see below) and only the most stratigraphically representative 
species and those in open nomenclature are illustrated (Figs 
4-6). 

The stratigraphic distribution and the analysis of the global 
ranges of several key species (Figs 2, 7) support the definition 
of five assemblages and their ages. Although the last 
occurrence in cutting samples is considered the most accurate 
appearance of each taxon, to establish the boundaries of the 
assemblages here defined, we also considered the total ranges 
of important taxa within the succession in combination with 
the information provided by core samples, when available. 
Because mixtures of taxa with different stratigraphic ranges 
or other kinds of inconsistencies were not recognised, their 
stratigraphic distribution throughout the section (Fig. 2) 
seems to be trustworthy, although some subtle caving cannot 
be discounted.

PET1 Association (3872 – 4243 m). The presence of 
key species such as Urochitina loboi and Sphaerochitina 
densibaculata, along with several long-ranging species 
(e.g., Cingulochitina spp., Onondagaella asymmetrica, 
Archaeozonotriletes chulus var. chulus and Verhyachium 
valiente) characterise this assemblage. Volkheimer et al. 

Figure 3. Stratigraphic correlation of the local units with others from northern Argentina, southern Bolivia, Brazil and Uruguay. 
References: (1) Starck et al. 1993; (2) Starck 1999; (3) Suárez Soruco 2000; (4) Grahn et al. 2010a, 2010b; (5) Grahn & Melo 2003; 
Melo & Loboziak 2003 (6) Grahn et al. 2003; Breuer & Grahn 2011.

Figure 4 (opposite). A, Ammonidium sp., CICyTTP-Pl 376 (1) B1/1. B, Bimerga bensonii, CICyTTP-Pl 381 (1) J33/3. C, Michrystridium 
sp., CICyTTP-Pl 394 (1) Z56/4.D, Cymatiosphaera hermosa, CICyTTP-Pl 381 (1) S27. E, Dictyotidium variatum, CICyTTP-Pl 
396 (2) Z45/4. F, Exochoderma irregulare, CICyTTP-Pl 366 (1) S28. G, Micrhystridium salopiense, CICyTTP-Pl 33 (2) X48/2. 
H, Multiplicisphaeridium intonsurans, CICyTTP-Pl 33 (1) M45/1. I, ?Neoveryhachium carminae, CICyTTP-Pl 380 (2) 20/101. 
J, Onondagella asymmetrica, CICyTTP-Pl 374 (1) A54/1. K, Palacanthus ledanoisii, CICyTTP-Pl 30 (1) D47/4. L, Polyedryxium 
evolutum, CICyTTP-Pl 383 (1) E26/1. M, Polyedryxium? tetraedroide, CICyTTP-Pl 33 (6) B48. N, Pterospermella reticulata, CICyTTP-
Pl 31 (3) S54. O, Stellinium rabians, CICyTTP-Pl 27 (1) K49/2. P, Triangulina aspera, CICyTTP-Pl 388 (1) Y39. Q, Tunisphaeridium 
caudatum, CICyTTP-Pl 380 (1) W22. R, Veryhachium (Tetraveryhachium) valiente, CICyTTP-Pl 376 (1) H29/3. S, Quadrisporites 
granulatus, CICyTTP-Pl 356 (1) G27/1. T, Veryhachium (Veryhachium) trispinosum, CICyTTP-Pl 378 (1) N48/1.  Scale: A, B, E, F, 
M, P= 20 µm; C, D, G, I, J, L, N, Q-T= 15 µm; H, K, O= 10 µm.
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(1986, p. 245) defined the Urochitina loboi Association 
Zone as “pre-Emsian” age in the same borehole based on 
the same chitinozoan species here recorded except that 
Cingulochitina striata Volkheimer et al. was not present in 
our samples. Le Hérissé et al. (1997) recorded Urochitina 
cf. U. loboi and Cingulochitina serrata from the Talacasto 
Formation in the Argentinian Precordillera. In Bolivia, 
Limachi et al. (1996) defined a biozone with U. loboi and 
Sphaerochitina densibaculata from the top of the Tarabuco 
and Santa Rosa formations, together with Cingulochitina 
sp. and Hoegisphaera sp., the last being absent in PET x-1. 
Finally, Grahn (2005) characterised the Urochitina loboi 
Interval Zone for western Gondwana, and restricted it to 
the upper Lochkovian based on the first appearance of the 
eponymous species up to the first appearance of Ramochitina 
magnifica in the ?uppermost Lochkovian. Sphaerochitina 
densibaculata is among the species included in this zone 
(see Grahn 2002, 2005). Melo (2005) established the range 
of U. loboi as upper to uppermost Lochkovian and that of 
R. magnifica as Pragian-lowest Emsian for Brazilian basins. 
Recently, a well preserved and diverse assemblage with both 
terrestrial and marine palynomorphs containing Urochitina 
loboi was identified in the Apillapampa section in Bolivia, 
and assigned to the upper Lochkovian (di Pasquo et al. 2009). 
In agreement with Grahn (2005), a late Lochkovian age is 
assigned to this assemblage (Figs 2, 7).

PET2 Association (3834 - 3454 m). This is characterised 
by the last occurrence of such long-ranging species 
as Dictyotriletes emsiensis morphon, Dibolisporites 
quebecensis and Bimerga bensonii, and the absence of 
Urochitina loboi and Sphaerochitina densibaculata. The first 
two species are recorded globally from the upper Lochkovian 
whilst the third species occurs after the Pragian (see Fig. 
7; Melo 2005; di Pasquo et al. 2009 and its supplementary 
online information). Hence, an early Pragian age is attributed 
to this assemblage (Figs 2, 7).

PET3 Association (3422 - 3304 m). This association is 
defined by the range (FOD-LOD occurrence) of Ramochitina 
magnifica. Triangulina aspera and Ancyrochitina parisi 
appear in CICyTTP-Pl 385 and 33 respectively (Fig. 
2) and a few long-ranging species also occur in this 
assemblage (Ambitisporites avitus, Perotrilites caperatus?, 
Cymbohilates heteroverrucosus, Cymatiosphaera hermosa 
and Polyedryxium evolutum). Grahn (2005) delimited the 
base of the Ramochitina magnifica Interval Zone at the first 
occurrence (FO) of the eponymous species and the top at the 
FO of Ancyrochitina pachycerata, in the Pragian. However, 
this biozone seems to have different ages depending on the 
locality. Ramochitina magnifica occurs in the basal Fox 
Bay Formation in the Falkland Islands and was listed as 
Angochitina sp. A. in the Horlick Formation of Antarctica 

by Troth et al. (2011). It also appears in the Si Zone of the 
MN Zone, in the Paraná Basin (Rubinstein et al. 2005), as 
well as in the base of the Ponta Grossa Formation of late 
Pragian – early Emsian age (Grahn et al. 2010a). 

In Paraguay, Ramochitina magnifica occurs in a spore 
association dated as Lochkovian – early Pragian in the 
Santa Elena Formation (Pereira 2000); in Bolivia, it is 
recorded together with Pragian spores (Vavrdová et al. 
1996; Melo 2000), and in Uruguay it was recorded in the 
Cordobés Formation of Early Devonian age (see Daners & 
Verde 2008). Volkheimer et al. (1986) recorded this species 
above Urochitina loboi and it was selected to define the 
Ramochitina magnifica Association Zone of late Emsian age. 
Isolated occurrences of Ancyrochitina parisi, together with 
Ramochitina magnifica, were also noted by Volkheimer et 
al. (1986) in the PET x-1 well. Although the effect of caving 
cannot be discounted in this well, Grahn et al. (2010b) found 
Ancyrochitina parisi in the Pow (Su) Zone of Pragian – 
early Emsian age in Brazil  Hence, the Pragian - earliest 
Emsian range of R. magnifica (Melo 2005), together with 
Perotrilites caperatus? and Triangulina aspera from the 
Lochkovian - Emsian, and Cymbohilates heteroverrucosus 
from the Emsian of northwestern Gondwana, suggest an 
age range from the early Pragian to the late Pragian-?early 
Emsian (see Figs 2, 7).

 
PET4 Association (2712 – 3290 m). This thick interval is 
defined by a continuous record of Ancyrochitina parisi up 
to its appearance (FO) at a depth of 2,712 m (Fig. 2). This 
association is divided in two, the lower PET4a and upper 
PET4b based on the range (FO-LO) of Dibolisporites 
eifeliensis, which appears at the base of the PET4b in the 
core sample CICyTTP-Pl 370 (3042 - 3048 m). PET4a is 
characterised by long-ranging species such as Acinosporites 
lindlarensis, Ambitisporites avitus, Dibolisporites 
quebecensis and Palacanthus ledanoisi, and by the first 
occurrence of Onondagaella asymmetrica, Dibolisporites? 
nodosus and Archaeozonotriletes chulus var. chulus. PET4b 
is also characterised by the appearance of Retusotriletes 
maculatus and Emphanisporties annulatus at the base, the 
continuous presence of Emphanisporites epicautus and the 
first occurrence of Bimerga bensonii. Leiotriletes pagius, 
Lophotriletes devonicus and Grandispora douglastownense 
are exclusively recorded at the top of this section with the first 
appearance of ?Perotrilites caperatus and Emphanisporites 
epicautus. Grahn (2005) assigned the Ancyrochitina parisi 
Interval Range Zone to the late Emsian (possibly including 
late early Emsian and earliest Eifelian) for the upper Ponta 
Grossa - lowermost São Domingos formations, based on its 
FO. This assessment is supported by miospores (Loboziak 
& Melo 2000) and megafossils (Melo 1989). Grahn et al. 
(2010b) documented the FO of this species from the late 
Pragian - early Emsian Ancyrochitina pachycerata Zone 

Figure 5. A, Acinosporites lindlarensis, CICyTTP-Pl 371 (1) S57/4. B, Ambitisporites avitus, CICyTTP-Pl 374 (1) A52/1. C, 
Amicosporites streelii, CICyTTP-Pl 386 (1) H51/2. D, Apiculiretusispora brandtii, CICyTTP-Pl 371 (1) F59. E, Apiculiretusispora 
densiconata, CICyTTP-Pl 361 (1) L43/1. F, Apiculiretusispora plicata, CICyTTP-Pl 355 (1) G52. G, Corystisporites multispinosus 
var. multispinosus, CICyTTP-Pl 356 (1) A62/2. H, Cymbohilates heteroverrucosus, CICyTTP-Pl 33 (6) E58/2. I, Cymbohilates sp., 
CICyTTP-Pl 383 (1) C58/3. J, Dibolisporites eifeliensis, CICyTTP-Pl 361 (1) B40/1. K, Dibolisporites? nodosus, CICyTTP-Pl 33 (6) 
S59/1. L, Dibolisporites quebecensis, CICyTTP-Pl 360 (1) A53/1. M, Dibolisporites uncatus, CICyTTP-Pl 356 (2) Q38. N, Dictyotriletes 
emsiensis morphon, CICyTTP-Pl 383 (1) U53/2. O, Emphanisporites annulatus, CICyTTP-Pl 370 (1) V29. P, Emphanisporites 
epicautus, CICyTTP-Pl 370 (1) N48/1. Q, Grandispora douglastownense, CICyTTP-Pl 362 K27/3. R, Leiotriletes sp. cf. L. bonitus, 
CICyTTP-Pl 359 (2) C51/3. S, Lophotriletes devonicus, CICyTTP-Pl 361 (1) A52/2. T, Perotrilites caperatus?, CICyTTP-Pl 381 (1) 
W48. U, Retusotriletes maculatus, CICyTTP-Pl 356 (2) A33/1. V, Verrucosisporites sp. A, CICyTTP-Pl 359 (1) D46/4. Scale: A, H-P, 
S-V= 15 µm; D, E, G, Q, R= 20 µm; B, C, F= 10 µm.
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up to the early Eifelian (see also Melo 2005). On the other 
hand, Emphanisporites annulatus is recognised as a marker 
of the base of the Emsian especially in South America (Melo 
2005; Troth et al. 2011). Hence, we suggest a latest Pragian 
to Emsian age for the whole assemblage (see Figs 2, 7). 

PET5 Association (2512 – 2710 m). This association is 
characterised by the first appearance of Ambitisporites avitus, 
Dictyotriletes emsiensis morphon and Emphanisporites 
annulatus, and the exclusive appearance of Corystisporites 
multispinosus var. multispinosus and Dibolisporites uncatus 
in two core samples (see Fig. 2). The last two species are 
known from the late Emsian in the AP and DE Zones 
(Richardson & McGregor 1986, Streel et al. 1987), and 
Dictyotriletes emsiensis morphon is known to occur up to 
the late Emsian (Fig. 7). The Interval Zone Grandispora/
Samarisporites spp. (GS) of late Emsian – early Eifelian 
age, defined for the Amazonas Basin by Melo & Loboziak 
(2003) share few species (e.g., Acinosporites lindlarensis, 
Emphanisporites annulatus) with this assemblage. Moreover, 
the absence of Ancyrochitina parisi and Alpenachitina 
eisenacki Dunn & Miller and other key taxa of the Eifelian 
(Grandispora spp., Acinosporites spp., Craspedispora spp.), 
which are characteristic of the AD Pre-Lem zone (Europe) 
and Per (Brazil), support a late Emsian age for the top of 
this succession (see Figs 2, 7).
 
Palaeoenvironmental considerations
The palynofacies throughout the section seem to be 
homogeneous in character although the PMI index together 
with the variation in AOM (Fig. 8) allowed the recognition 
of palynofacial changes that are helpful in the environmental 
reconstruction of the succession. As a general rule, the 
sequence boundaries are recognised at intervals with upward-
decreasing PMI values, whereas a maximum flooding surface 
(MFS) usually will be near the maximum values of PMI 
in each sequence (Helenes et al. 1998). There were four 
marine flooding episodes and four marine regression events, 
represented by third order cycles during the Devonian (see 
Fernández-Seveso et al. 2000), in several sectors of the 
Tarija Basin (Fig. 1), some of which are reflected by the 
palynological data (Fig. 8), presented here. According to 
Albariño et al. (2002), during the Lochkovian-Pragian and 
Pragian-Emsian transitions, there occurred transgressive 
events recognised herein as a set of peaks of PMI with the 
highest values of AOM mainly in the PET1-PET3 interval 
(Fig. 8). The samples CICyTTP-Pl 358, 359 and 360 show 
high input of AOM, with low values of SPO as well as a low 
PMI index, likely product of the poor preservation of these 
particular samples. The samples CICyTTP-Pl 355 and 356 at 
the end of the PET5 interval record the highest values of the 
relative percentage of spores (e.g., the lowest values of PMI) 
and the lowest values of AOM (Fig. 8). These samples could 
reflect the sequence boundary (SB) recorded by Fernández-
Seveso et al. (2000) at the end of the Emsian, and this is also 
supported by a high supply of terrigenous phytodebris and 
spores known from several localities of the Subandean Range 
and the Chaco-Salteño Plain (Noetinger 2010; Noetinger 

& di Pasquo 2010, 2011). At the beginning of the Eifelian, 
Albariño et al. (2002) interpreted a new trangressive event; 
however, the lack of the remaining Devonian column in this 
borehole prevents a more accurate age for the top of PET5 
association (Figs 2, 7), as well as its palaeoenviromental 
evolution.

TAXA IDENTIFIED
The identified palynomorph taxa are reported by major groups 
and in alphabetical order. Only those previously not recorded 
or that merit particular comment are described below. The 
species described in open nomenclature are generally 
represented by few specimens, are poorly preserved, or have 
questionable affinity. Nevertheless, they are included in the 
stratigraphic distribution of the assemblages (Fig. 2), and 
some of them are illustrated in Figures 4-6. Note that taxon 
authors are not included in the References.

Microplankton and Incertae sedis
Ammonidium sp. (Fig. 4A) (5 specimens). Vesicle 

subspherical, psilate wall with numerous homomorphic 
subcylindrical processes that are in free communication 
with the vesicle, and regularly distributed across the 
vesicle surface. Tips of processes are variably digitate 
(bifurcate - quadrifurcate). Diameter: 25-30 µm. 
Processes: 5-10 µm long.

Bimerga bensonii Wood, 1995 (Fig. 4B)
Cymatiosphaera hermosa Cramer & Diez, 1976 (Fig. 4D)
Dictyotidium variatum Playford, 1977 (Fig. 4E)
Dorsennidium (Dorsennidium) minutum (Downie) Sarjeant 

& Stancliffe emend. Stancliffe & Sarjeant, 1996 
Dorsennidium (Dorsennidium) raczii (Cramer) Sarjeant & 

Stancliffe, 1994 
Estiastra sp. 
Exochoderma irregulare Wicander, 1974 (Fig. 4F)
Exochoderma triangulata Wicander & Wood, 1981
Micrhystridium salopiense (Lister) Dorning, 1981 (Fig. 4G)
Michrystridium sp. (Fig. 4C) (1 specimen). Spheroidal 

vesicle densely covered by thin, filiform, processes with 
expanded bases and of uniform length that is 1/3 the total 
diameter of the vesicle. Observations: Comasphaeridium 
intonsum (Loeblich & Wicander) Sarjeant & Stancliffe 
has spines that are 50% as long as the diameter of the 
vesicle. Diameter: 26 µm. Processes: 7-13 µm long. 
Bases: 1.6-2.4 µm wide.

Multiplicisphaeridium intonsurans (Lister) Sarjeant & 
Stancliffe, 1994  (Fig. 4H) (1 specimen). Remarks: The 
processes are incomplete but their furcation is evident.

Multiplicisphaeridium ramusculosum Deflandre emend. 
Lister 1970

Neoveryhachium carminae? (Cramer) Cramer , 1970  (Fig. 
4I)

Onondagaella asymmetrica (Deunff ex Deunff) Cramer 
emend. Playford, 1977 (Fig. 4J)

Palacanthus ledanoisii Deunff emend. Playford, 1977 (Fig. 
4K)

Polyedryxium evolutum Deunff, 1955 (Fig. 4L)
Polyedryxium? tetraedroide (Cramer) Deunff, 1971 (Fig. 

Figure 6. A, Ancyrochitina sp. cf. A. asterigis, CICyTTP-Pl 370 (1) U31. B, Ancyrochitina  parisi, CICyTTP-Pl 27 (1) O33/3. C, 
Saharochitina sp., CICyTTP-Pl 370 (1) Q57/2. D, Ancyrochitina sp., CICyTTP-Pl 370 (1) X43. E, Angochitina sp. A, CICyTTP-Pl 
365 (2) P26. F, Angochitina sp. B, CICyTTP-Pl 396 (2) W45/4. G, Belonechitina sp., CICyTTP-Pl 366 (2) X43/3. H, Cingulochitina 
sp. CICyTTP-Pl 396 (2)B45/1. I, Conochitina sp., CICyTTP-Pl 366 (2) Y53/4. J, Ramochitina magnifica, CICyTTP-Pl 381 (1) L54/1. 
K, Sphaerochitina densibaculata, CICyTTP-Pl 396 (2) E45/1. L, Urochitina loboi, CICyTTP-Pl 396 (1) C19. Scale: A, B, D, F, G, I, 
L= 35 µm; C, E, H, J, K= 20 µm.
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Figure 7. Biostratigraphic correlation of the PET x-1 assemblages with selected biostratigraphic schemes of the world and regional 
assemblages (A, Richardson & McGregor 1986, Streel et al. 1987, Steemans 1989; B, Melo & Loboziak 2003; C, Grahn 2005; D, Limachi 
et al. 1996; E, Grahn 2002; F, Volkheimer et al. 1986; G, Noetinger & di Pasquo 2011) and stratigraphic ranges of selected taxa (listed in 
main groups and in alphabetical order) based on selected literature: Achab et al. 1997; Al-Ghazi 2007; Antonelli & Ottone 2006; Bosetti 
et al. 2011; Breuer 2007 (and references therein); di Pasquo 2007 (and references therein); Ghavidel-Syooki 1995, 2003; Grahn 2002, 
2005; Grahn et al. 2000, 2003, 2005, 2010a,b; Gaugris & Grahn 2006; Lazar 2008; Noetinger 2011 (and references therein); Rubinstein 
1995, 2002; Servais et al. 2007; Spina & Vecoli 2009; Steemans et al. 2009; Ville de Goyet et al. 2007; Volkheimer et al. 1986; Zhu 
et al. 2008. Abbreviations: Euramerica (EuAm) (A): N, S. newportensis; R, C. retorrida; M, E. micrornatus var. micrornatus; Si, E. 
zavallatus var. sinuosus; G, E. zavallatus var. gedin.; Z, E. zavallatus var. zavallatus; PoW, V. polygonalis–D. wetteldorfensis; AB, E. 
annulatus–B. bellatulus; FD, E. foveolatus–V. dubia; AP, A. apiculatus–C. proteus; AD, A. acanthomammillatus–D. devonicus; TA, 
S. triangulatus-A. ancyrea var. ancyrea; Tco, S. triangulatus-C. concinna; BJ, V. bulliferus-C. jekhowskyi; BM, V. bulliferus-L. media. 
MN, E. micrornatus-S. newportensis; BZ, B. breconensis-E. zavallatus; PE, V. polygonalis-D. emsiensis; AS, E. annulatus-C. sextantii; 
DE, G. douglastownense-A. eurypterota; VL, C. velatus-R. langii; DN, D. devonicus-G. naumovii; LM, G. lemurata-C. magnificus; OT, 
C. optivus-C. triangulatus; OB, A. ovalis-V. bulliferus. Brazil (B): NsZ, Non-spinose zonates; Ems, D. emsiensis; GS, Grandispora/ 
Samarisporites spp.; Per, G. permulta; LLi, G. lemurata-C. ex gr. ligurata; Trg, S. triangulatus; BP, V. bulliferus-G. piliformis.  (C): 
Prae, A. praedensibaculata; Stri, A. strigosa; L, U. loboi; M, R. magnifica; pach, A. pachycerata; P, A. parisi; E, A. eisenacki; S, R. 
stiphrospinata; MT, F. microspinosa-A. taouratinensis; G, H. glabra. Bolivia (D): SD, Dictyotriletes-S. saharica/ S. pilosa; SA, E. 
annulatus/E. sommeri; Pseu, G. pseudoreticulata; PS, V. premnus/ V. scurrus; MS, Samarisporites/ M. brasiliensis. (E): B, E. cf. E. 
bohemica; L, U. loboi; M, R. magnifica; A, Ancyrochitina sp. A.; P, A. parisi; R, R. ramosi; E, A. eisenacki; T, A. taouratinensis; LPi, 
A. langei-F. pilosa; Pi, F. pilosa. Argentina (F): L, U. loboi; M, R. magnifica; P, A. parisi; Pi, F. pilosa.

4M)
Pterospermella reticulata (Brito) Loeblich & Wicander, 

1976 (Fig. 4N)
Quadrisporites granulatus (Cramer) Ströther 1991 (Fig. 4S)
Stellinium rabians (Cramer) Eisenack, Cramer & Diez, 

1976 (Fig. 4O)
Triangulina aspera Pöthe de Baldis, 1977 (Fig. 4P)
Tunisphaeridium caudatum Deunff & Evitt, 1968 (Fig. 4Q)
Veryhachium (Tetraveryhachium) longispinosum Jardiné et 

al. emend. Stancliffe & Sarjeant, 1994
Veryhachium (Tetraveryhachium) valiente Cramer emend. 

Stancliffe & Sarjeant, 1994  (Fig. 4R)
Veryhachium (Veryhachium) centrigerum Deunff, 1957
Veryhachium (Veryhachium) trispinosum (Eisenack) 

Stockmans & Willière emend. Stancliffe & Sarjeant, 
1994  (Fig. 4T)

Spores and cryptospores
Acinosporites lindlarensis Riëgel, 1968 (Fig. 5A)
Ambitisporites avitus (Hoffmeister) Steemans, Le Hérissé 

& Bozdogan, 1996 (Fig. 5B)
Amicosporites streelii Steemans, 1989 (Fig. 5C)
Apiculiretusispora brandtii Streel, 1964 (Fig. 5D)
Apiculiretusispora densiconata Tiwari & Schaarschmidt, 

1975 (Fig. 5E)
Apiculiretusispora  plicata  (Allen) Streel, 1967 (Fig. 5F)
Archaeozonotriletes chulus (Cramer) Richardson & Lister 

var. chulus Richardson & Lister, 1969
Biornatispora sp. cf. B. salopiensis (Richardson & Lister) 

Steemans, 1981 
Camptotriletes sp. in McGregor, 1984
cf. Dictyotriletes craticulus Clayton & Graham, 1974 
Corystisporites multispinosus Richardson var. multispinosus 

McGregor & Camfield 1982 (Fig. 5G)
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?Corystisporites sp. 
Cymbohilates heteroverrucosus Breuer, Al-Ghazi, Al-

Ruwaili, Higgs, Steemans & Wellman, 2007 (Fig. 5H)
Cymbohilates sp. (Fig. 5I) (4 specimens). Cryptospore hilate 

proximally. Circular to subcircular amb. Exospore wall 
subequatorially and distally sculptured with grana, spines, 
verrucae, baculae or biform elements between 1 – 3 µm 
high, densely distributed, and which may or may not be 

fused. Contact area sculptured as well, and delimited by 
a more or less circular scar. Remarks: The densitiy of 
the ornamentation varies from specimen to specimen. 
Diameter of each monad: 39 - 56 µm.

Cymbosporites sp. McGregor, 1984
Dibolisporites eifeliensis (Lanninger) McGregor, 1973 

(Fig. 5J)
Dibolisporites? nodosus Turnau, 1986 (Fig. 5K)

Figure 8. A, PMI values. B, Relative percentage abundance of AOM. C, Relative percentage abundance of spores. The relative percentage 
abundance is based on the total composition of the palynofacies. 
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Dibolisporites quebecensis  McGregor, 1973 (Fig. 5L)
Dibolisporites sp. cf. D. gibberosus (Naumova) Richardson 

1965 in McGregor, 1974
Dibolisporites uncatus (Naumova) McGregor & Camfield, 

1982 (Fig. 5M)
Dictyotriletes emsiensis morphon Rubinstein, Melo & 

Steemans, 2005 (Fig. 5N)
Dyadospora murusattenuata morphon Ströther & Traverse 

1979 sensu Steemans, Le Hérissé & Bozdogan, 1996
Emphanisporites annulatus McGregor, 1961 (Fig. 5O)
Emphanisporites epicautus Richardson & Lister, 1969 (Fig. 

5P)
Emphanisporites micrornatus Breuer, Stricanne & Steemans, 

2005
Emphanisporites rotatus McGregor emend. McGregor, 1973
Gneudaspora divellomedia (Chibrikova) Balme 1988 var. 

minor Breuer, Al-Ghazi, Al-Ruwaili, Higgs, Steemans 
& Wellman, 2007

Grandispora douglastownense Loboziak, Streel & Burjack, 
1989 (Fig. 5Q)

Leiotriletes pagius Allen, 1965
Leiotriletes sp. cf. L. bonitus Cramer, 1966 (Fig. 5R) (1 

specimen). Trilete spore of triangular outline. Psilate 
exine which appears to be infragranulated due to the 
preservation. Straight to slightly sinuous trilete mark, 
accompanied by fine lips. Darkened zone along the margin 
of the distal face. Remarks: The specimen is larger than 
the one of Cramer (1966) and lacks the shaded areas along 
the mark. Diameter: 70 µm.

Lophotriletes devonicus (Naumova ex Chivrikova) 
McGregor & Camfield, 1982 (Fig. 5S)

Perotrilites caperatus? (McGregor) Steemans, 1989 (Fig. 
5T) (6 specimens). Spore with subcircular amb. Trilete 
mark not discernible. The exine forms a veil, with radial 
folds, that represents normally 10-20% of the central body. 
Distal face with verrucae or rugulae. Remarks: All of 
the recovered specimens are incomplete and very poorly 
preserved. Diameter: 52 - 78 µm.

Phyllothecotriletes densicorpus Tiwari & Schaarschmidt, 
1975

Punctatisporites scabratus McGregor, 1960
Retusotriletes maculatus McGregor & Camfield, 1976 (Fig. 

5U)
Streelispora granulata Richardson & Lister, 1969 
Synorisporites lybicus Richardson & Ioannides, 1973 in 

McGregor, 1984
Vermiverruspora sp.
Verruciretusispora sp.
Verrucosisporites sp.
Verrucosisporites sp. A (Fig. 5V) (2 specimens). Spore 

with indistinct trilete mark. Circular to subcircular amb. 
Ornamentation on distal face consists of verrucae and 
coni densely packed. Verrucae are 1.5 – 2 µm in height 
forming rugulae. Diameter: 46 – 57 µm.

Chitinozoans
Ancyrochitina parisi Volkheimer, Melendi & Salas 1986 

(Fig. 6B)
Ancyrochitina sp. cf. A. asterigis Paris 1981 (Fig. 6A) (1 

specimen). Ovoid vesicle. Cylindrical neck. Psilate wall. 
There are at least two broad processes emerging at the 
base of the vesicle, each with a base of ca. 20 µm, which 
end up with several levels of branches. Remarks: The 
specimen is larger than the original species. Dimensions: 
Total length, 209 µm; Maximum width, 97 µm; Aperture, 

36 µm; Ratio neck/total length, 1/3. 
Ancyrochitina sp. (Fig. 6D) (1 specimen). Ovoid vesicle. 

Cylindrical neck. Psilate wall. There are two, barely 
discernible, incomplete processes emerging at the base 
of the vesicle. Remarks: Ancyrochitina sp. resembles 
Ancyrochitina sp. C of Gaugis & Grahn (2006) but 
the poor preservation of the only specimen prevents a 
confident assignment. Dimensions: Total length, 263 µm; 
Maximum width, 68 µm; aperture, 36 µm; ratio neck/total 
length, 1/2; length processes (incomplete), 12-14 µm. 

Angochitina sp. A (Fig. 6E) (1 specimen). Vesicle in the shape 
of an amphora, flexure and shoulder poorly defined. The 
neck expands briefly towards the aperture. The vesicle 
wall and neck are covered by strong simple spines 7-23 
µm long. Dimensions: Total length, 162 µm; maximum 
width, 63 µm; aperture, 41 µm; ratio neck/total length, 1/2. 

Angochitina sp. B (Fig. 6F) (1 specimen). Ovoid vesicle, 
flexure and shoulder poorly defined. Cylindrical neck. 
Wall of the vesicle and neck densely covered by strong 
simple spines 8-29 µm long. Dimensions: Total length, 
174 µm; maximum width, 76 µm; aperture, 41 µm; ratio 
neck/total length, 1/3. 

Belonechitina sp. (Fig. 6G)
Cingulochitina sp. (Fig. 6H)
Conochitina sp. (Fig. 6I)
Ramochitina magnifica Lange, 1967 (Fig. 6J)
Saharochitina sp. (Fig. 6C) (1 specimen). Lenticular vesicle. 

Cylindrical neck. Wall of the vesicle and neck glabrous. 
Dimensions: Total length, 154 µm; maximum width, 80 
µm; aperture, 35 µm; ratio neck/total length, 2/3. 

Sphaerochitina densibaculata Volkheimer, Melendi & Salas, 
1986 (Fig. 6K)

Urochitina loboi Volkheimer, Melendi & Salas, 1986 (Fig. 
6L)

CONCLUSION
Despite the poor retrieval of palynomorph species due to the 
conspicuous thermal alteration shown throughout the section, 
it was nevertheless possible to recognise several elements, 
including spores, cryptospores, acritarchs, prasinophycean 
and chlorophycean algae in addition to the earlier published 
chitinozoan association. This allowed the erection of five 
assemblages ranging from late Lochkovian to latest Emsian 
in age. These associations reflect palaeoenvironmental 
changes related to transgressive-regressive cycles registered 
for the time span in agreement with previous studies. The 
assemblages suggest a late Lochkovian age for the upper? 
Copo and lower Caburé formations (PET1), a Pragian age 
for the Caburé Formation (PET2 and early PET3), and latest 
Pragian to late Emsian for the Rincón Formation (PET3-5). 
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