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Resumen

Se presenta el andlisis cualitativo y cuantitativo de las asociaciones palinoldgicas obtenidas de las formaciones Chigua (Devénico) y
Maliman (Mississippiano), aflorantes en la Cuenca Rio Blanco, Precordillera Argentina. La relacion estratigrafica entre ambas unida-
des es mediante una discordancia angular. Una detallada correlacién de ambas palinofloras con otras coetaneas permite su datacion
precisa. La palinoflora de la Formacién Chigua es correlacionable con la Zona C. lemurata-C. magnificus del Givetiano temprano de
Euramerica. El alcance estratigrafico de las especies autctonas halladas en la Formacion Maliman sustentan una edad viséana tem-
prana, aunque la presencia de algunas especies del Tournaisiano tardio sugieren que esta edad podria estar representada en la parte
inferior de la formacion. Esta palinoflora es correlacionada con 1) la Zona Endoculeospora larga del Viséano de Australia, 2) las zonas
CM y Pu del Tournaisiano tardio — Viséano temprano de Euramerica y 3) la palinoflora de la Formacion Itacua atribuida al Viséano tem-
prano presente en el extremo sur de Bolivia. El hiato estratigrafico entre ambas formaciones esta avalado por las distintas edades de
las palinofloras encontradas y por el rango estratigrafico de los palinomorfos retrabajados registrados en la Formacién Maliman. Asi,
se documentan dos periodos de acumulacion de sedimentos durante el Frasniano y probablemente durante el Tournaisiano temprano.
La ausencia de formas retrabajadas del Devénico mas tardio (Famenniano tardio o “Struniano”) sugiere que no habria depositacién
durante este intervalo. Otros palinomorfos retrabajados del Sildrico Tardio y Devdnico Temprano se encuentran en la Formacién Ma-
limén. La mezcla de palinomorfos del Silirico al Tournaisiano temprano se vincula con la erosion penecontemporanea de areas le-
vantadas que habrian conformado la Protoprecordillera, por una combinacién de procesos tecténicos y glacio-eustaticos durante el
Frasniano tardio, Fameniano y Tournaisiano temprano.

Palabras clave: Palinoestratigrafia, Givetiano temprano, Viséano temprano, Retrabajo, Hiato, Argentina.

Abstract

A qualitative and quantitative analysis is presented of palynological assemblages recovered from outcrops of the Chigua (Devonian)
and Maliman (Mississippian) formations, in the Rio Blanco Basin, Precordillera of Argentina. An angular unconformity separates these
two formations. Both units are dated precisely in comparison with palynofloras elsewhere. The Chigua Formation is correlatable with
the early Givetian C. lemurata-C. magnificus Zone of Euramerica. The stratigraphic ranges of the non-reworked taxa in the Maliman
Formation support an early Viséan age. However, the presence of some late Tournaisian species suggests that the lower part of the for-
mation correspond to this age. The palynoflora of the Maliman Formation suggests correlation with 1) the Viséan Endoculeospora larga
Assemblage of Australia, 2) the late Tournaisian — early Viséan CM and Pu zones of Euramerica, and 3) the early Viséan assemblage of
the ltacua Formation of southernmost Bolivia. A hiatus comprising Frasnian to early Tournaisian is confirmed on the basis of the dif-
ferent ages of the two assemblages and the stratigraphic ranges of reworked palynomorphs found in the Malimdn Formation. These,
attest to sedimentation and subsequent erosion of Frasnian and probably also Tournaisian strata. The absence of reworked forms of the
latest Devonian (late Famennian or “Strunian”) suggests a corresponding period of non-deposition. The Maliman Formation also con-
tains reworked palynomorphs of Late Silurian and Early Devonian ages. The reworking of palynomorphs documents the penecontem-
poraneous erosion of uplifted areas that would have conformed the Protoprecordillera, due to late Frasnian, Famennian and early
Tournaisian tectonic and glacio-eustatic processes affecting the area involved.

Key words: Palynostratigraphy, Early Givetian, Early Viséan, Reworking, Hiatus, Argentina.
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1. INTRODUCTION

Several contributions have improved the knowledge of the
Mississippian palynofloras of South America. Earlier stud-
ies are related to the Retama Formation of the Madre de
Dios Basin of Bolivia (Azcuy and Ottone, 1987) and the
Zorritas Formation of Arizaro Basin of Chile (Rubinstein
et al.,, 1996).

In recent years the palynological investigations of Missis-
sippian South American deposits have increased in num-
ber, dealing with the following: Parnaiba and Amazonas
basins, Brazil (Melo and Loboziak, 2000, 2003); Ambo
Formation, Peru (Azcuy and di Pasquo, 2005, 2006);
Llanos Orientales Basin, Colombia (Duefias and Césari,
2006); and the Kaka and Itacua formations of the Madre
de Dios and Tarija basins respectively, Bolivia (Figure 1)
(Fasolo et al., 2006; di Pasquo, 2005, 2007a, b). Palyno-
logical work on the Mississippian deposits of Argentina is
scarcer, Mississippian rocks with palynomorphs occur in
the Precordillera of San Juan Province (Rio Blanco and
Calingasta-Uspallata basins), comprising the Maliman,
Cortaderas and El Ratén formations (Figures 1, 2). Previous
palynological studies consist only partly of publications
with illustrations (Sessarego and Césari, 1989; Césari and
Limarino, 1992, 1995; Césari and Gutiérrez, 2001); an-
other papers does not include figures of palynomorphs,
only lists (Limarino et al., 1996). The most recent contri-
butions are those by Rodriguez Amenabar et al. (2003),
Pérez Loinaze and Césari (2003), Rodriguez Amendbar
and di Pasquo (2004), Pérez Loinaze (2007), Pazos et al.
(2005a, b), Amendbar (2006) and Amenabar et al. (2006,
2007). An exhaustive palynological investigation of the
Chigua, Maliman and El Ratén formations was carried out
by the first author for her Doctoral degree (Amendbar,
2007a).

With reference to the Devonian, rich palynological assem-
blages of different South American basins are known, e.g.
the Amazonas, Parana and Solimoes basins, Brazil (Dino,
1999; Quadros, 1999; Melo and Loboziak, 2003; Rubin-
stein et al., 2005; Grahn, 2005); Madre de Dios Basin, Bo-
livia (Vavrdova et al., 1993, 1996; Ottone and Rossello,
1996; Vavrdova and Isaacson, 1997, 2000); and Tarija
Basin of southern Bolivia and northern Argentina (Blieck
et al., 1996; Ottone, 1996; Limachi et al., 1996; Grahn
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and Gutiérrez, 2001; Grahn, 2002; di Pasquo, 2005,
2007a, b, ¢; Noetinger and di Pasquo, 2007). In contrast,
despite some palynological papers of these strata are
known (Le Hérissé et al., 1997; Rubinstein, 1999, 2000;
Rubinstein and Steemans, 2007; Amendabar, 2007b,
2009), materials from the Precordillera of Argentina have
retrieved poor palynofloras (Figure 1).

Studies on reworked palynomorphs are still required for a
better knowledge of the Devonian and Mississippian pa-
lynofloras, as well as can be used to refine the D/C bound-
ary definition in South America, and to improve the
understanding of palaeogeographic and palaeoclimatic
changes which influenced microfloral evolution in West-
ern Gondwana (di Pasquo and Azcuy, 1997; Vavrdovd and
[saacson, 2000; di Pasquo, 20074, b, c). The present paper
completes two previous contributions (Amenabar et al.,
2006, 2007) on the Chigua (Devonian) and Maliman (Mis-
sissippian) formations cropping out in the Precordillera of
Argentina. Whilst the two first papers deal with the taxo-
nomic description of the microplankton and spores in
these units, the present contribution focuses on a compar-
ison with palynofloras of similar ages in different parts of
South America and elsewhere. This includes an assess-
ment of the age and correlation of both assemblages. Ad-
ditionally, a discussion is presented on the importance of
the recognition of some Late Silurian and Early Devonian
reworked palynomorphs in the Chigua Formation and also
some Devonian and possibly Tournaisian reworked taxa
recorded in the Maliman Formation (not previously men-
tioned by Amendbar, 2006). The palynological data also
allow an estimation and characterisation of the strati-
graphic gap between both formations (Figure 2B-C).

2. GEOLOGICAL SETTING

Palaeozoic deposits crop out in the northwestern part of
the Precordillera Range in San Juan Province, at about 30°
S and 69° W (Figure 2), represented by fossiliferous marine
Devonian and marine/terrestrial Mississippian strata. The
outcrops extend to east of the Rio Blanco, on the western
slope of the Punilla and Volcan ranges. The Devonian Pir-
cas Negras and Chigua formations constitute the Chinguil-
los Group (Baldis and Sarudiansky, 1975). The succeeding
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Figure 1. Main Carboniferous basins of South America (after Azcuy et al., 2007).

Mississippian Maliman and Cortaderas formations form
part of the Angualasto Group (Limarino and Césari, 1993;
Figure 2).

The Chigua Formation (700 m thick) is in tectonic contact
with the Pircas Negras Formation; it underlies the Mal-
imdn Formation with angular unconformity (Figure 2). The
Chigua Formation is subdivided into two members (Fig-
ure 2), viz. the lower Chavela (marine) and the upper Ra-
madita (marine/terrestrial). The Chigua lithology, with
green-brown colours, consists mainly of shales with lime-
stone nodules and lenses, and subordinate sandstone
beds. Fossiliferous layers have yielded marine inverte-
brates including the trilobites Punillaspis argentina Baldis,
Phacops chavelai Baldis and Longobucco and Acan-
thopyge balliviani Kozlowski, also the cephalopods
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Tornoceras baldisii Leanza and Orthoceras sp., the cnidar-
ian Conularia sp., as well as Gastropoda and Pelecypoda
indet. (Baldis and Sarudiansky, 1975; Baldis and Longob-
ucco, 1977). Herbaceous lycopsids “Haplostigma”
furquei Frenguelli, “H.” baldisii Gutiérrez and ?Cy-
clostigma sp. are recorded (Baldis and Sarudiansky, 1975;
Gutiérrez, 1996) from the Chavela Member, whist the Ra-
madita Member contains mainly “Haplostigma” furquei

and less frequent Phacops sp. and Gastropoda indet.

Homoclinal strata of the Maliman Formation (1300 m
thick) are followed conformably by contact with the Cor-
taderas Formation at La Cortadera Valley (Figures 2A, 3).
The Maliman Formation begins with thick-bedded para-
conglomerates with a few intercalated fine-grained sand-
stones and shales with abundant herbaceous lycopsids
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Figure 2. A, Geological map and geographic location of the Quebrada La Cortadera in San Juan Province, Argentina (modified from Baldis and Saru-
diansky, 1975). B, Photograph illustrating the unconformity between the Chigua Formation (to the left of the white line) and the conglomerates of the
basal Maliman Formation. C, Structural cross-section of the Chinguillos Group and Maliman Formation (modified from Baldis and Sarudiansky, 1975).

Bar scale: 50 m.

and pteridosperms (Figure 3); species identified include
Frenguellia eximia (Frenguelli) Arrondo, Césari and Gutiér-
rez, “Eusphenopteris” devonica (Frenguelli) Sessarego and
Césari and Diplothmema bodenbenderi (Kurtz) Césari
(Azcuy et al., 2000). Coarse to medium-grained sand-
stones overlie the conglomerates and contain similar
megaflora remains. They are followed in turn by thick
sandstone beds containing thin conglomerate lenses with
massive organic-rich mudstone intercalations. The latter
contain a marine fauna belonging to the Protocanites scal-
abrini - Azurduya (=Paurorhyncha) chavelensis Zone
(Sabattini et al., 2001) and comprising ammonoids, bra-
chiopods, bivalves, gastropods, conulariids and crinoid
stems (e.g., Gonzalez, 1994; Sabattini et al., 2001). The
stratigraphic section continues upwards with alternating
sandstones and siltstones, with subordinate fine-grained
diamictites. This sandy and muddy section contains the
same plant species present in the basal conglomerate unit,
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together with some pteridosperms (e.g., “Rhodea” sp.,
“Hyenia” sp. and an incertae sedis form named Paulophy-
ton sp.), which are characteristic of the Frenguellia—Paulo-
phyton Phytozone (Carrizo and Azcuy, 1997). The upper
part of the stratigraphic succession is dominated by thick
beds of sandstone and orthoconglomerate (Figure 3). The
Maliman Formation represents mixed deposits with alter-
nating transgressive-regressive cycles (Limarino and
Césari, 1993). New studies carried out by Pazos et al.
(2005b) in different localities, allowed the definition of
various sections with different palaeontological and sedi-
mentological features, thus improving the previous infor-
mation. Pazos et al. (2005b) determinated that the
transgressive-regressive cycles in the Maliman Formation
are due to glacio-eustatic/climatic influences. The unpub-
lished (more detailed) stratigraphic section is presented in
Figure 3.
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Figure 3. Stratigraphic section of the Chigua and Maliman formations at La Cortadera showing the location of palynological samples. Palaeoenviron-
mental interpretation after Pazos et al. (2005 a, b).
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3. COMPOSITION, AGE AND
CORRELATION OF THE
PALYNOLOGICAL ASSEMBLAGES

3.1. Chigua Formation

The palynoflora of the Chigua Formation (Chavela Mem-
ber) was obtained from two shales located at 50 m (BAFC-
Pl 1505) and 30 m (BAFC-PI 1656) below the base of the
Maliman Formation at Quebrada La Cortadera (type lo-
cality, Figure 3). Amendbar et al. (2006, 2007) presented
the identification and the geographic and stratigraphic dis-
tribution of the species found in this unit. Additionally, a
worldwide geographic and stratigraphic ditribution of the
species recorded through the Eifelian to the Frasnian in
South America has been recently presented by di Pasquo
et al. (2009). The palynomorphs are abundant and mod-
erately diverse; some are fragmented and corroded but
they are generally well preserved with diagnostic charac-
ters; their thermal maturity (TAI) varies between 2 and 3
according to the scale of Utting et al. (in Utting and Wie-
lens, 1992). Both levels present quite similar proportions
of major groups of palynomorphs, with the spores domi-
nating slightly over the microplankton (Figure 4). The as-
semblage also includes some possibly reworked species
(Amendbar et al., 2006) that will be discussed subse-
quently in this paper. Spores belonging to the genus Cran-
dispora in both levels are most abundant (e.g., G.
pseudoreticulata) (Figure 4). The species recorded are
listed in Figure 4 and some are illustrated on Plate 1.

An analysis of the stratigraphic ranges of the species
recognised in the Chigua Formation allows the assignment
of an early Givetian age (Figure 5). The species Dictyotid-
ium venulosum, Crucidia camirense, Polygonium
barredae, Cymatiosphaera perimembrana, Geminospora
lemurata, appear from basal Givetian upwards. Their oc-

currence together with species appearing slightly later,

Figure 4. Quantitative analysis of the assemblage of palynomorphs in
the Chigua Formation. The species are organized by first appearance ac-
cording to two major groups: spores and microplankton, and in alpha-
betical order within groups. Symbols refer to relative abundance
(calculated from counts of ca. 200 specimens per sample): [J (empty
square): <2.5%; B (black square): 2.5-6.4 %; A (triangles): >6.4%. The
species cited and/or illustrated for the first time in Middle Devonian sed-
iments of South America are marked with a single asterisk (*); whilst
species cited for the first time in the Middle Devonian of Argentina with
two asterisks (¥*).
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Verrucirefusispora sp.

samples
SPECIES RECORDED IN THE CHIGUA FORMATION (BAFF‘;.M)
1505|1656

* Bolryococcus sp. n

= * Dictyotidium granulatum Playford in Playford and Dring rn
,9 o Dictyotidium venulosum (Playford in Playford and Dring) Colbath ]
% Estiastra rythidoa Wicander and Woaod [ ]
é Maranhites sp. ]
8 * Polyedryxium lepfum Turner ]
Q o Fulvinosphaeridium trifidum Kiryanov ]
= Quadrisporites granulatus (Cramer) Strother [ ]
Stellinium micropolygonale {Stockmans and Williére) Playford n
Anapiculatisporites sp. A n

** Apiculatisporis grandis Menéndez and Péthe de Baldis r
Apiculatisporis sp. A n

* Apiculiretusispora laxa Amenabar, di Pasquo, Carrizo and Azcuy r

Apiculiretusispora plicata (Allen) Streel n
@ Cymbosporites catilus Allen r
% * Geminospora sp. of. G. tuberculata var. tuberculata McGregor o
5| * Leiotriletes trivialis Naumova o
Leiotriletes sp. B ]

* Punctatisporites glaber (Maumova) Playford ]

* Functatisporites planus Hacquebard ]
Retusotriletes spp. ]
Verrucosisporites tumulentus Clayton and Graham ]
Verrucosisporites sp. n
Cymatiosphaera canadensis Deunff n n

* Cymatiosphaera sp. of. C. subtrita Playford in Playford and Dring rn 0
Dictyotidium munificum (Wicander and Wood) Amenabar, di Pasquo,

Carrizo and Azcuy n
% Duvemaysphaera angelae Deunff ] =]
'; Exochoderma arca Wicander and Wood u] m}
% Hemiruptia legaultii Ottone ] =]
o Leiosphaeridia spp. ] n
8 Navifusa bacilla (Deunff ) Playford ] A
% Polyedryxium decorum Deunff n =]
Polygonium barredae Ottone n n
Pterospermella sp. of. P capifana Wicander rn 0
Quadrisporites variabilis (Cramer) Ottone and Rosello ] n
Veryhachium spp. rn n
** Acinosponites acanthomammillatus Richardson n|n
** Apiculatasporites microconus (Richardson) McGregor and Camfield ] =
** Archaeozonotriletes chulus var. chulus (Cramer) Richardson and Lister| o [m]
** Cymbosporites cyathus Allen ol o
e Dibolisporites sp. cf. D. eifeliensis (Lanninger) McGregor ] A
** Dibolisporites sp. cf. D. quebecensis McGregor ol o
@ e Dictyotriletes emsiensis Morphon Rubinstein, Melo and Steemans ] [m]
& Emphanisporites rotafus McGregor emend. McGregor A L]
9 Geminospora lemurata Balme emend. Playford n ]
@ Grandispora pseudoreticulata (Menéndez and Péthe de Baldis) Ottone | & | =
Grandispora spp. ] L
** | giotriletes balapucensis di Pasquo (= Leiotriletes sp. A in Amenabar,
di Pasquo, Carrizo and Azcuy) n [u}
Functatisporites sp. [ ] L]
Verrucosisporites scurrus (Naumova) McGregor and Camfield ] [m]
[ Verrucosisporites sp. cf. V. polygonalis Lanninger, 1968 ] =]
Arkonites bilixus Legault [m]
Belonechitina sp.
Crucidia camirense (Lobo Boneta) emend. Ottone ]
Cymatiosphaera perimembrana Staplin r
% * Micrhystridium sp. of. M. pentagonale Stockmans and Williére r
g Micrhystridium sp. A r
< ** Onondagaella asymmetrica (Deunff) Playford
% * Orygmahapsis pachyderma Colbath n
% Polyedryxium pharaonis Deunff ex Deunff r
= Polyedryxium sp. [u}
Steliinium octoaster (Staplin) Jarding, Combaz, Magloire, Peniguel and
achey o
Tunisphaeridium caudatum Deunff and Evitt [m]
Veryhachium polyaster Staplin r
Acinospornites lindlarensis Riegel
&1 ™ Dibolisparites varius Tiwari and Schaarschmidt
% Emphanisporites annulaius McGregor r
% | 7 Granulatisporites muninensis Allen r
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e.g. Orygmahapsis pachyderma, Pterospermella capitana
and Geminospora tuberculata var. tuberculata suggest a
level within the lower Givetian. The presence of putative
Frasnian elements such as Micrhystridium pentagonale,
Cymatiosphaera subtrita, Dictyotidium granulatum and
Polyedryxium leptum is not regarded as determinative,
since the two former species are only identified with
doubts, whilst the latter two corresponds to first records
for Argentina (Figure 4, Amenabar et al., 2006) and, there-
fore, not well constrained stratigraphically. A downward
extension of their ranges to early Givetian is regarded as
quite likely, but uncertain. On the other hand, the range
of O. asymmetrica, which is currently known from the Sil-
urian of Argentina (e.g., Rubinstein, 1997; Rubinstein and
Brussa, 1999; Rubinstein and Toro, 2006) must be ex-
tended upwards to the early Givetian in the Precordillera
(Figure 5). The large size of a majority of the spores (80
pm on average) in the Chigua Formation agrees with that
found in other Middle Devonian palynofloras as determi-
nated by Loboziak (1999). Besides, younger Devonian
species such as Samarisporites triangulatus, Verrucosis-
porites bulliferus, Samarisporites spp., Pseudolunulidia im-
peratrizensis, Maranhites spp., Umbellasphaeridium
deflandrei present as reworked elements in the Maliman
Formation due to the recycling of Frasnian deposits
(Amendbar, 2006), are absent in the Chigua palynoflora,
thus reinforcing its attribution to an age not later than Mid-
dle Devonian.

A comparison with selected Devonian palynofloras thro-
rought the world but mainly from South America is pre-
sented in Figure 6. Ottone (1996) described a similar
assemblage from the late Givetian — early Frasnian of the
Tarija Basin in northern Argentina, whilst di Pasquo
(2007a) documented two assemblages from the same
basin in southern Bolivia; i.e. a late Eifelian and a middle
to late Givetian one identified on the basis of key taxa and
relative stratigraphic position. Despite several taxa in com-
mon (especially Grandispora pseudoreticulata along with
other species of the same genus as well as many mi-
croplankton forms), there are compositional differences
which support an early Givetian age for the assemblage
from the Chigua Formation and prevent the exact correla-
tion with either of the assemblages reported from the Tar-
ija Basin. On the other hand, the Chigua assemblage may
be correlated to the early Givetian Verrucosisporites prem-
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Apiculiretusispora plicata
Dictyotriletes emsiensis
*Dibolisporites eifeliensis
Granulatisporites numinensis
Navifusa bacilla
*Verrucosisporites polygonalis
*Dibolisporites quebecensis
Dibolisporites varius
Acinosporites lindlarensis
Emphanisporites annulatus
Cymatiosphaera canadensis
Apiculatasporites microconus
Estiasira rhytidoa

Hemiruptia legaultii
Polyedryxium decorum
Arkonites bilixus

Veryhachium polyaster
Polyedryxium pharaonis
Stellinium octoaster
Punctatisporites glaber
Apiculatisporis grandis
Verrucosisporites Scurmus
Duvemnaysphaera angelae
Grandispora pseudoreticulata
Cymbosporites cyathus
Cymbosporites catillus
Acinosporites acanthomammillatus
Dictyotidium venulosum
Crucidia camirense

Polygonium barredae
Leiotriletes trivialis
Cymatiosphaera perimembrana
Punctatisporites planus
Leiotriletes balapucencis
Geminospora lemurala
Orygmahapsis pachyderma
*Pterospermella capitana
*Geminospora tuberculata var, tuberculata
*Cymatiosphaera subtrita
Dictyotidium granulatum
*Micrhystridium penfagonale
Polyedryxium leptum
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Figure 5. Stratigraphic ranges of species recorded in the Chigua Forma-
tion, after selected literature cited in Amenabar et al. (2006, 2007). The
grey area corresponds to the time interval proposed for the assemblage.
Dashed lines indicate doubtful records. Species marked with an asterisk
are doubtfully indentified (“cf.”).

nus/V. scurrus Zone from Bolivia (Limachi et al., 1996)
due to the common presence of Verrucosisporites scurrus,
Cymatiosphaera canadensis and Arkonites bilixus, and the
scarcity of Maranhites, which is more frequent in the sub-
sequent Samarisporites/Maranhites brasiliensis Zone of
late Givetian to Frasnian age (Figure 6).

The Punta Negra Formation, of the Precordillera in San
Juan Province, Argentina, has yielded two assemblages,
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i.e. A1 of the Middle Devonian (Eifelian-Givetian) and A2
straddling the Givetian/Frasnian boundary (Rubinstein,
1999, 2000). It is difficult to compare these assemblages
with the palynoflora of the Chigua Formation because
they only share non-age-diagnostic species.

The late Eifelian-early Givetian Association 5 from the
Ponta Grossa Formation in the Parana Basin (Dino, 1999)
and the early Givetian Geminospora lemurata-Cheli-
nospora ex gr. ligurata (LLi) Zone of Melo and Loboziak
(2003) from the Amazonas Basin are also comparable. The
first appearance of Geminospora lemurata accompanied
by patinate spores with a prominent verrucate-baculate
sculpture (Cymbosporites catillus, C. cyathus, Cheli-
nospora ex gr. ligurata complex) and Verrucosisporites
scurrus in all those assemblages support their correlation
(Figure 6).

According to the miospore zonation established for the
Old Red Sandstone Continent of Euramerica (McGregor,
1979; Richardson and McGregor, 1986; Streel et al.,
1987; Braman and Hills, 1992) and that of Eastern Europe
(Avchimovitch et al., 1993; Turnau, 1996), the Chigua For-
mation contains an assemblage correlatable with the early
Givetian G. lemurata-C. magnificus and Geminospora ex-
tensa (EX) zones (Figure 6). Shared characters with the Eu-
ramerican palynofloras are the presence of Geminospora
lemurata in conjunction with spores characterised by
highly irregular warts or bacula (Verrucosisporites spp. and
Dibolisporites spp.) as well as diverse patinate spores (Ar-
chaeozonotriletes spp., Cymbosporites spp.). The only
species with a more restricted range in common with the
Eastern Europe assemblages is Geminospora tuberculata;
the other shared elements are long-ranging (Figure 5).

The Middle Devonian assemblages of the Rhadamés and
Ghadamis basins in Libya (Moreau-Benoit, 1989;
Loboziak and Streel, 1989) and the early Givetian paly-
noflora of Saudi Arabia (Breuer et al., 2007) share only
cosmopolitan species with the Chigua Formation (e.g.,
Acinosporites acanthomammillatus, Verrucosisporites
scurrus, V. premnus, Geminospora lemurata, Cym-
bosporites catillus and C. cyathus). Hashemi and Playford
(2005) described three assemblages (I, II, 1ll) from the
Adavale Basin (Australia), of Emsian to early Frasnian ages,
whilst Balme (1988) and Playford and Dring (1981) doc-
umented Frasnian palynofloras from the Gneudna Forma-
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tion in the Carnarvon Basin (Australia). These papers
showed that only a few cosmopolitan species of strati-
graphic importance extend across the Gondwana area
(Figures 5 and 6).

[n summary, the Argentinian assemblage of Givetian age
is composed of many cosmopolitan species (e.g., Di-
bolisporites varius, Geminospora lemurata, Apiculiretusis-
pora plicata,
acanthomammillatus, Verrucosisporites scurrus) occurring

Cymbosporites catillus, Acinosporites

together with endemic elements, such as Grandispora
pseudoreticulata, Leiotriletes balapucensis, Apiculatisporis
grandis and Polygonium barredae. Di Pasquo et al. (2007,

Plate 1. Microplankton and spores from the Chigua Formation. Coordi-
nates after EF (England Finder) graticule. Coordinates of the selected il-
lustrated specimens are prefixed BAFC-PI referring to the repository of
slides in the Palynostratigraphy and Paleobotany Laboratory, Department
of Geology, University of Buenos Aires. Prefix is followed by the slide
number and the reference. Scale bar: B, C, F, G, V, AF, Al =20 pm (x 500),
the remainder =15 pm (x 750).

A, Arkonites bilixus Legault. BAFC-PI 1656 (1): N32/1. B, Crucidia
camirense (Lobo Boneta) emend. Ottone. BAFC-PI 1656 (2): B27. C, Es-
tiastra rhytidoa Wicander and Wood. BAFC-PI 1505 (2): O47/1.

D, £Exochoderma arca Wicander and Wood. BAFC-Pl 1656 (1): S24/1-3.
E, Polyedryxium pharaonis Deunff ex Deunff. BAFC-PI 1656 (2): K23/1.
F-G, Tunisphaeridium caudatum Deunff and Evitt. BAFC-P| 1656 (2):
U36. H, Duvernaysphaera angelae Deunff. BAFC-Pl 1505 (2): W39/3. 1,
Polyedryxium leptum Turner. BAFC-PI 1505 (3): H48/4. J, Cyma-
tiosphaera perimembrana Staplin. BAFC-PI 1656 (1): J26/3. K, Cyma-
tiosphaera canadensis Deunff. BAFC-PI 1656 (1): Z32/4. L, Stellinium
octoaster (Staplin) Jardiné, Combaz, Magloire, Peniguel and Vachey.
BAFC-PI 1656(2): T42/2. M, Orygmahapsis pachyderma Colbath. BAFC-
Pl 1656 (1): M49/4. Arrow shows fields bearing an internal pore.

N, Dictyotidium venulosum (Playford) Colbath. BAFC-PI 1505 (3): D22.
O, Dictyotidium granulatum Playford in Playford and Dring. BAFC-PI
1505 (1): R38/1. P, Dictyotidium munificum (Wicander and Wood)
Amendbar, di Pasquo, Carrizo and Azcuy. BAFC-PI 1505(5): Z24/2. Q,
Hemiruptia legaultii Ottone. BAFC-Pl 1656 (1): D35. R, Quadrisporites
variabilis (Cramer) Ottone and Rosello. BAFC-Pl 1656 (2): L45. S,
Quadrisporites granulatus (Cramer) Strother. BAFC-PI 1505 (3): R43/2.
T, Polyedryxium decorum_Deunff. BAFC-PI 1656 (2): D31/3. U,
Botryococcus sp. BAFC-Pl 1505 (1): W50/1. V, Leiotriletes balapucensis
di Pasquo BAFC-PI 1505 (2): B37. W, Apiculatisporis grandis Menéndez
and Pothe de Baldis. BAFC-PI 1505 (1): R52/1. X, Verrucosisporites
scurrus (Naumova) McGregor and Camfield. BAFC-PI 1505 (5): 47/1.Y,
Apiculatasporites microconus (Richardson) McGregor and Camfield.
BAFC-PI 1505 (3): H29/3. Z, Dibolisporites varius Tiwari and
Schaarschmidt. BAFC-PI 1656 (1): J29/3. AA, Emphanisporites annulatus
McGregor. BAFC-PI 1656 (1): Z24. AB, Emphanisporites rotatus
McGregor emend. McGregor. BAFC-PI 1656 (1): V27. AC-AD,
Acinosporites.acanthomammillatus Richardson. BAFC-Pl 1656 (1): R35,
AC, proximal face showing a labiate trilete mark; AD, distal face showing
the rugulae pattern. AE, Cymbosporites catillus Allen. BAFC-PI 1505 (2):
G38/2. AF, Cymbosporites cyathus Allen. BAFC-PI 1505 (3): C37/3. AG
Geminospora lemurata Balme 1962 emend. Playford. BAFC-PI 1505 (5):
D28/2. AH, Geminospora sp. cf. G. tuberculata var. tuberculata
McGregor. BAFC-PI 1505 (2): P52/4. Al, Grandispora pseudoreticulata
(Menéndez and Pothe de Baldis) Ottone. BAFC-PI 1656 (1): F24/1.
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2009) suggest that such endemisms among Middle De-

vonian palynofloras of South American and elsewhere jus-

tifies the definition of an Afro-South American Subrealm,

due most likely, to palaeolatitude/paleoclimate as well as

the palaeogeographical configuration (i.e. distribution of

land and sea areas).

3.2. Maliman Formation

The palynoflora of the Maliman Formation was obtained

from ten claystone and siltstone samples and one from

fine-grained sandstone, collected from the lower and mid-

dle portions of the stratigraphic section in Quebrada La

REGION
GEOCHRONOLOGY
EURAMERICA RUSSIA AUSTRALIA BRAZIL BOLIVIA BOL-ARG| ARG
avatem| 308 STAGE A B Cc D E F G
sERPUKHOVIAN] S tiangulatus-R. knoxi
w
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Figure 6. Correlation chart of the assemblages studied (G) and other biozones or assemblages of the Devonian and Mississippian. Literature references
given after geography: (A) Western Europe and North America, (B) Eastern Europe, (C) Australia, (D) Brazil, (E) Bolivia, (F) Bolivia-Argentina. A: Richard-
son and McGregor (1986), Higgs et al. (1988); B: Avchimovitch et al. (1988, 1993), Byvsheva (1997); C: Playford (1985, 1991); Young (1996); D: Melo
and Loboziak (2003); E: Sudrez Soruco and Lobo Boneta (1983); Limachi et al. (1996); F: di Pasquo (20074, b).
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Cortadera. The upper part of the section is predominantly
coarse-grained (sandstones and conglomerates), and
therefore, is likely to be barren of palynomorphs (Figure
3). The taxonomic analysis and distribution of the species
registered in the sampled unit were presented by
Amenabar et al. (2006, 2007). Recovered palynomorphs
are of moderate diversity and quality of preservation; their
thermal maturity (TAI) varies between 2 and 4 on the scale
of Utting et al. (in Utting and Wielens, 1992). Due to their
dark colour, some specimens could not be identified
specifically. Two different groups of palynomorphs may be
distinguished on the basis of their quantitative distribution
along the outcrop section, taphonomical characteristics,
and their stratigraphic range. One comprises 79 spore
species (acavate, cavate, pseudosaccate and cingulizonate
forms) and 10 microplankton taxa (Amendbar et al., 2006,
2007), all considered to be autochthonous elements (Fig-
ure 7A-B). The other group consists of evidently reworked
spores, acritarchs and prasinophytes (Amendbar, 2006;
Amenabar et al., 2007). A likely provenance for most of
the reworked palynomorphs originating from Upper Sil-
urian through Mid-Devonian units in the Precordillera was
discussed by Amenabar (2006). The significance of cer-
tain species known to characterise late Famennian (“Strun-
ian”) to Tournaisian is considered in the present paper.
Average percentages of spores and microplankton are
shown in Figure 7A-B, and selected specimens are illus-
trated on Plate 2. Selected biozones or palynofloras of the
Mississippian in South America and elsewhere are com-
pared to the assemblage of the Maliman Formation, while
the correlation age of the assemblage shown in Figure 6,
are briefly discussed as follows.

Remarkable similarities exist between the Maliman assem-
blage and recently described palynofloras from the late
Tournaisian-early Viséan in Colombia (Duenas and Césari,
2006) and the Itacua Formation in southernmost Bolivia
(di Pasquo, 2005, 2007b) (Figure 6). Moreover, the cos-
mopolitan index Schopfites claviger is shared also with the
middle Tournaisian Spelaeotriletes pretiosus-Colatisporites
decorus (PD) Interval Zone of Melo and Loboziak (2003)
in the Amazonas Basin, Brazil (Figure 6). However, these
authors have recognised a hiatus between the latter and
the late Viséan C. magnidictyus (Mag) Zone that could ex-
plain the presence of certain Viséan taxa in the Maliman
Formation not found in the Brazilian assemblages men-
tioned (Figure 8).
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Several species are also shared with Western European as-
semblages (e.g., Clayton et al., 1977; Higgs et al., 1988).
The age of the Mississippian miospore zonation in Ireland
is calibrated with the aid of conodonts (see Higgs et al.,
1988). Turnau et al. (1997) and Utting and Giles (2004)
discussed the correlation between the Tournaisian-Viséan
biozones of Western Europe and Atlantic Canada, where
the base of the Viséan is marked by the incoming of the
genus Lycospora found throughout Europe. This is linked
to the first occurrence of Densosporites columbaris and
Vallatisporites ciliaris in Canada. None of these species re-
garded as determinative are present in the Maliman as-
semblage. On the other hand, although Colatisporites
decorus, Raistrickia clavata and Crassispora trychera of the
late Tournaisian PC Zone, and Schopfites claviger and
Anapiculatisporites hystricosus of the CM Zone (Higgs et
al., 1988), are all present in the Maliman Formation, they
persist into later assemblages of Viséan age (Pu Zone; Fig-
ures 4 and 6).

The palynoflora of the Maliman Formation shows a certain
affinity with Mississippian assemblages from Australia,
with which it has a number of common species (Figure 6).
The latter do not contain reworked specimens (Dino and
Playford, 2002). It is particularly close to the Viséan En-
doculeospora larga Assemblage (E. larga (Playford) di
Pasquo, 2007b) of Australia (Kemp et al., 1977), showing
the presence of Schopfites claviger together with earlier
species such as Apiculiretusispora semisenta, Grandispora
spiculifera, Velamisporites perinatus, Dibolisporites
medaensis, Crassispora invicta and C. scrupulosa (Play-
ford, 1985, 1991). Jones and Truswell (1992) suggested
later that the E. larga Assemblage would extend from the
Tournaisian-Viséan boundary into the Serpukhovian in the
Bonaparte, Canning and Drummond basins. They based
their opinion on a comparison between Australian paly-
nofloras and the British ones and a calibration provided by

faunal remains in the Australian basins (Playford, 1971).

In view of the above considerations, some qualitative dif-
ferences may be noted among these palynofloras and oth-
ers elsewhere. In agreement with Dino and Playford
(2002), such differences may be attributed to various fac-
tors, like the scarcity of palynological studies, the effects
of floral distribution through migration patterns, local or
regional palaeoenvironmental variations, and taxonomi-
cal imprecision and/or incorrect dating of palynomorph
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assemblages. An accurate correlation between the early
Viséan Euramerican and Argentinean assemblages is im-
peded due to the absence of Lycospora in Argentina and
Australia (Playford, 1991) and throughout most of South
America (abstraction made of some patchy occurrences
could be found in the Amazonas Basin after Melo and
Loboziak, 2003). Schopfites claviger is used as a marker
for the base of the Viséan in the Australian palynozona-
tion and for the late Tournaisian in Euramerican assem-
blages (Higgs et al., 1988). Hence, even though a late
Tournaisian age is possible for the lower part of the Mal-
iman Formation, an early Viséan age is most likely for
most of this unit due to the occurrence of many species
known to appear in the early Viséan (Figures 4 and 6). The
compositional differences (i.e., index species) between the
assemblages of the late Viséan Cortaderas (Pérez Loinaze,
2007) and Maliman formations from the same basin (Fig-
ure 2A) support a late Tournaisian to early Viséan age for
the Maliman Formation (Figures 1D and 4). Besides, the
presence of Cordylosporites magnidictyus (Playford and
Helby) Melo and Loboziak and Schopfipollenites ellip-
soides (Ibrahim) Potonié and Kremp which characterises
the Mag Zone of Melo and Loboziak (2003) in Brazil and
Pert (Azcuy and di Pasquo, 2005), prevents the correla-
tion with the Malimdn Formation.

Finally, an abundance of specimens of Cristatisporites,
some of which are identified at specific level (Figure 7A-
B), is recorded in the Maliman Formation (Amenabar et
al., 2007). Several index taxa along with species of Crista-
tisporites are shared with the assemblage obtained from
the Lower Member of the El Ratén Formation (cropping
out next to Calingasta, Km 114-117), supporting the cor-
relation of these two units (Amenabar, 2007a; Amenabar
and di Pasquo, 2009). Also, Cristatisporites matthewsii,
which was defined in the late Tournaisian of Ireland (CM
Zone, Figure 6, Plate 2), is well-preserved and recorded
frequently in the assemblage of the Maliman Formation
(Figure 7A-B; Amenabar et al., 2007). In the Tournaisian-
early Viséan of Scotland a very similar spore was illus-
trated as Acanthotriletes cf. macrogaleatus Phillips and
Clayton by Stephenson et al. (2004 in figure 9A-L). This is
regarded as part of C. matthewsii since there is intergrada-
tion between these two taxa (Stephenson et al., 2004).
Therefore, an extension of its stratigraphic range into the
early Viséan is proposed here.
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4. ANALYSIS OF REWORKED SPECIES

Reworked palynomorphs were mainly interpreted on the
recognition of species that are known to be recorded in
older chronostratigraphic intervals than the age of the host
unit. Other features such as frequency, preservation and
taphonomy (e.g. thermal maturity, fragmentation, corro-
sion) and palaeoecology (e.g. marine or continental ori-
gin) of palynomorphs are also taken into consideration.
The recognition of reworked palynomorphs may be ap-
plied to solve or improve chronological, diastrophic and
palaeoenvironmental questions and to prevent an unwar-
ranted extension of stratigraphic ranges. It is especially
useful when the contact between stratigraphic units is a
paraconformity, condensed section, or generally different
to appreciate on field evidence (di Pasquo and Azcuy,
1997). The chronological meaning of such reworked
species recorded in the Chigua and Maliman formations
is discussed below.

4.1. Reworking in the Chigua Formation

The acritarch Pulvinosphaeridium trifidum, registered in
the Chigua Formation, is well-known from the Late Sil-
urian-Early Devonian deposits of Ukraine (Kiryanov,
1978). This species, which is rarely mentioned in the lit-
erature, was recorded in an early Serpukhovian paly-
noflora from northern Bolivia (Fasolo et al., 2006),
illustrated as Pulvinosphaeridium sp. in Azcuy and Ottone
(1987, p. 249, plate lll, fig. 6). It was regarded as derived
from Devonian rocks together with some other species
(e.g., Retispora lepydophyta). The spore Verrucosisporites
polygonalis characterises the V. polygonalis-D. emsiensis
Zone of the Pragian-Emsian in Europe (Richardson and
McGregor, 1986). Archaeozonotriletes chulus var. chulus
has been recorded from the Lochkovian to basal Eifelian
in the Old Red Sandstone (e.g. Richardson and McGre-

Figure 7. Quantitative analysis of the autochthonous palynomorphs
found in the Maliman Formation. Spore species organised in order of
first appearance. Symbols refer to relative abundance, based on counts
of ca. 300 specimens per sample: [J (empty square): <1%; B (black
square): 1-5.6 %; A (triangles): >5.6%. Species cited and/or illustrated
for the first time in Mississippian sediments of South America are marked
with single asterisk (¥); species cited for the first time in the Mississippian
of Argentina are marked with two asterisks (**).
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gor, 1986), whilst Dictyotriletes emsiensis Morphon (Ru-
binstein et al., 2005) ranges from Lochkovian to early Em-
sian (NP to AB zones of Steemans, 1989). These three
spores are also known from the Early Devonian of Bolivia
(McGregor, 1984; Limachi et al., 1996) and Brazil (Dino,
1999; Melo and Loboziak, 2003; Rubinstein et al., 2005;
see also Figure 7A-B). A comparison between the assem-
blage of the Chigua Formation and Early Devonian paly-
nofloras from the Precordillera of Argentina is fraught with
difficulty because of the scarcity of productive assem-
blages in this region. The palynoflora of the Talacasto For-
mation, which is attributed to early Lochkovian-Emsian,
has yielded only few palynomorphs (Le Hérissé et al.,
1997). Among these, the only common species is Ar-
chaeozonotriletes chulus (Figure 5). A recently docu-
mented palynoflora from the Villavicencio Formation in
Mendoza Province is dated as late Pragian to early Em-
sian (Rubinstein and Steemans, 2007). It only has Api-
culiretusispora plicata in common with the Chigua
Formation (Figure 5). Therefore, the stratigraphic informa-
tion on Verrucosisporites polygonalis, Dictyotriletes em-
siensis, Archaeozonotriletes chulus and
Pulvinosphaeridium trifidum suggests that these are re-
worked elements from the eroded Lower Devonian, a
conclusion which is supported by their low frequency
(Figure 4). The presence of these Early Devonian reworked
forms in the Chigua Formation suggests an imput of fine
sediment from a nearby source area composed of Upper
Silurian and Lower Devonian strata. The evidence of up-
lift is in agreement with Astini’s (1996) proposal regard-
ing a compressional interval, called the Precordilleran
Orogeny, occurring during Early to Mid Devonian times.
However, it is also possible to assume that regressive-
transgressive cycles within the Devonian might have con-
tributed to a partial reworking of palynomorphs as
suggested by Bustos and Astini (1997).

4.2. Reworking in the Maliman Formation

Amendbar (2006) presented a preliminary list of reworked
taxa in the Maliman Formation and discussed their prove-
nance on the basis of their stratigraphic range and fre-
quency of occurrence in the Carboniferous samples. She
recognized two groups representing Early Devonian (Em-
sian) and Middle-Late Devonian (Givetian-early Famenn-
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ian), respectively. A third group comprised scarce forms
of a probable Late Silurian age. Based on a comparison
with Silurian and Devonian palynofloras of Argentina and
taking into account the palaeogeographic reconstructions
of the Mississippian in South America, the Precordillera
was interpreted as the main source area. Additional re-
worked palynomorphs as identified by Amendbar et al.
(2007) include the Givetian-Frasnian spore species Hystri-
cosporites sp. cf. H. gravis Balme, Hystricosporites sp. cf.
H. porrectus (Balme and Hassell) Allen and Corys-
tisporites sp., as well as the Early Devonian acritarch Esti-
astra improcera Loeblich and the Givetian acritarch
Petalosphaeridium ancorum (Wicander and Loeblich) Sar-
jeant and Vavrdova.

Long-ranging spore species (Late Devonian to Viséan)
recorded in the Maliman Formation (Figure 8) include Au-
roraspora macra, A. solisorta, Bascaudaspora submar-

Plate 2. Autochthonous spores from the Maliman Formation. Scale bar:
All 15 pm (x 750). A, Anapiculatisporites hystricosus Playford. BAFC-PI
1654 (2): A28/3. B, Anapiculatisporites ampullaceus (Hacquebard) Play-
ford. BAFC-PI 1655 (2): S32/2. C, Anapiculatisporites amplus Playford
and Powis. BAFC-PI 1655 (2): Y50. D, Bascaudaspora submarginata
(Playford) Higgs, Clayton and Keegan. BAFC-PI 1506 (4): A39/2. E, Co-
latisporites decorus (Bharadwaj and Venkatachala) Williams in Neves,
Gueinn, Clayton, loannides, Neville and Kruszewska. BAFC-PI 1501 (1):
R38/3. F, Convolutispora varicosa Butterworth and Williams. BAFC-PI
1655 (2): R31/2. G, Convolutispora insulosa Playford. BAFC-PI 1508 (1):
V22. H, Convolutispora tuberculata (Waltz) Hoffmeister, Staplin and
Malloy. BAFC-PI 1504 (2): Q39/2. 1, Convolutispora sp. cf. C. clavata (Is-
chenko) Hughes and Playford. BAFC-PI 1506 (1): Q35. ), Crassispora in-
victa Playford. BAFC-PI 1508 (1): W36. K, Crassispora trychera Neves
and loannides. BAFC-PI 1508(2): F49/4. L, Crassispora scrupulosa Play-
ford emend. Playford and Satterthwait. BAFC-Pl 1508(4): F23/2-4. M,
Cristatisporites indolatus Playford and Satterthwait. BAFC-Pl 1506(5):
D50/1. N, Cristatisporites matthewsii Higgs, Clayton and Keegan. BAFC-
Pl 1655 (2): B40/1. O, Cristatisporites indignabundus (Loose) Potonié
and Kremp emend. Staplin and Jansonius. BAFC-Pl 1506 (2): K24/4. P,
Dibolisporites medaensis (Playford) Playford. BAFC-Pl 1506 (1): R25/2.
Q, Dibolisporites microspicatus Playford. BAFC-PI 1655 (2): R31/2. R,
Cristatisporites peruvianus Azcuy and di Pasquo. BAFC-PI 1506(4): Z50.
S, Densosporites anulatus (Loose) Schopf, Wilson and Bentall. BAFC-PI
1506 (3): Y48. T, Grandispora notensis Playford. BAFC-Pl 1508 (4):
751/1. U, Grandispora spiculifera Playford. BAFC-PI 1508 (1): Z27/3.V,
Lophotriletes severus Playford and Satterthwait. BAFC-PI 1504 (3): A53/1.
W, Grandispora debilis Playford. BAFC-PI 1508 (3): K28/1. X, Verrucosis-
porites microtuberosus (Loose) Smith and Butterworth, BAFC-Pl 1508
(1): U30/1. Y, Apiculatisporis castanea (Butterworth and Williams)
Amendbar, di Pasquo, Carrizo and Azcuy. BAFC-PI 1503 (2): J27/1. Z,
Pustulatisporites gibberosus (Hacquebard) emend. Playford. BAFC-PI
1503 (1): V25/2. AA, Raistickia clavata Hacquebard emend. Playford.
BAFC-PI 1501 (1): P27. AB, Schopfites claviger (Sullivan) emend. Higgs,
Clayton and Keegan. BAFC-PI 1504 (2): D33/2. AC, Raistrickia gem-
mifera Playford and Satterthwait. BAFC-Pl 1508 (4): Y42/4. AD, Verruco-
sisporites morulatus (Knox) Smith and Butterworth. BAFC-Pl 1502 (2):
P42.
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ginata, Pustulatisporites gibberosus, Crassispora scrupu-
losa, Cordylosporites marciae, C. spathulatus, Raistrickia
clavata, Vallatisporites pusillites, Spelaeotriletes obtusus,
Grandispora facilis (= G. notensis) and Grandispora spi-
culifera. Although these taxa are widespread, being recog-
nised in Brazil (Melo and Loboziak, 2003), Chile
(Rubinstein et al., 1996), northern Bolivia (Vavrdova et al.,
1996) and Australia (Playford, 1976), they are useless bios-
tratigraphically. In the assemblage from the Maliman For-
mation, they may be reworked or
autochthonous. In this respect the present writers agree
with di Pasquo (2007b, c) who proposed a re-evaluation
of certain latest Devonian assemblages, mainly from Bo-

livia, so as to verify their ages, in this case because the

indistinctly

Devonian/Carboniferous boundary strata in the Tarija
Basin proved to contain quite important mixtures of au-
tochthonous and reworked palynomorphs as result of tec-
tonic and glacial processes which affected the western
region of Gondwana (see also di Pasquo and Azcuy, 1997;
Streel et al., 2000).

Species recorded with a very low frequency in the Mal-
iman Formation, i.e. Cordylosporites marciae, Emphanis-
porites hibernicus, Raistrickia sp. cf. R. condylosa, C.
spathulatus, Dictyotriletes trivialis, Spelaeotriletes obtusus,
Vallatisporites pusillites, Pustulatisporites dolbii and Gor-
gonispora sp. cf. C. crassa (Figures 7A-B and 8; Amenabar
et al., 2006, 2007), may have been derived from the re-
working of upper Famennian and/or part of the Tour-
naisian strata although the physical evidence of strata of
these ages seems absent from the Precordillera of Ar-
gentina. Hence, there is no incontrovertable proof as yet.

Practically all the microplankton species registered in the
Maliman Formation are known to occur in Devonian
strata. It is noted that they are found together with Devon-
ian spores (e.g., Archaeozonotriletes chulus, Emphanis-
porites  rotatus,  Grandispora  pseudoreticulata,
Verrucosisporites scurrus) in the Chigua Formation (Fig-
ures 5 and 7A-B). Therefore, the proposal of Césari and
Limarino (1992, 1995) of considering acritarchs, prasino-
phytes and chitinozoans as autochthonous in the Maliman
and Cortaderas formations, is ruled out here. A remark-
able fact supporting the idea that most of the microplank-

ton registered in the Maliman Formation is recycled, is the
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massive extinction noted in the marine realm near the De-
vonian/Carboniferous boundary, where a phytoplankton
collapse occurred (e.g., Algeo et al., 1995; Streel et al.,
2000; Filipiak, 2005). The expansion of a dense terrestrial
vegetation coverage during the Late Devonian when the
first leafy forests developed, may have caused the progres-
sive retention of carbon, nitrogen and phosphorous in ter-
restrial environments. These elements constituting
important nutrients in marine ecosystems were largely se-
questered in the terrestrial environments, thus not being
available for phytoplankton and producing a great plank-
tonic crisis (Tappan, 1986). So, low planktonic diversity
and scarce primary productivity, the so-called “phyto-
planktonic blackout” (Riegel, 1996) characterised latest
Famennian/Tournaisian times, during which only few op-
portunistic acritarchs and prasinophytes managed to sur-
vive. Thus, the autochthonous phytoplankton assemblages
of Mississippian times throughout the world, were poor
diversified, with species of the opportunistic genera Very-
hachium and Micrhystridium being most dominant (e.g.,
Wicander, 1974; Streel, 1999). An example of this strong
decrease in the diversity and abundance of microplankton
was documented for Late Devonian and Mississippian as-
semblages of central Poland by Filipiak (2005). Only a few
species from the long-ranging genera Cymatiosphaera,
Hemiruptia, Leiosphaeridia, Tasmanites, Dictyotidium, Mi-
crhystridium and Veryhachium are present in the upper
Viséan. A careful analysis of the microplankton found in
the Maliman Formation has shown the presence of well-
preserved species identified as Veryhachium sp. cf. V.
trispinosum, Dictyotidium torosum, and specifically
unidentificable forms of Dictyotidium, Cymatiosphaera,
Micrhystridium and Tasmanites (Figure 7A-B). These were
described and illustrated by Amenabar et al. (2007). They
were obtained from marine and littoral strata (Figure 3)
where they occurred together with several species of
Quadrisporites, and could well represent autochthonous
microplankton linked to a generalised Mississippian trans-
gression. Instead, some other taxa (e.g., Synsphaeridium
sp., scolecodonts indet.) are regarded of doubtful origin.
[t is clear that the use of acritarchs for palaeoenvironmen-
tal interpretations or biostratigraphy is valid only when
their autochthonous nature is beyond doubt.
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On the other hand, Astini (1996) suggested that this colli-
sion would have occurred earlier, i.e. in Middle Devonian
times. He adduced structural, palaeontological as well as
stratigraphic evidence. Astini’s interpretation finds support
in the presence of reworked Late Silurian-Early Devonian
palynomorphs in the Chigua Formation discussed in the
present paper. Astini (1996) stated that the uplift taking
place in Late Devonian times would probably be linked to
extension, an interpretation which is different from that of
Ramos (1984, 2004), who suggested a strongly compres-
sional phase near the end of the Devonian (Chanic
Orogeny) as a result of the accretion of “Chilenia”, as
mentioned before. According to Gonzalez Bonorino
(1990) and Astini (1996), the unconformity has a strong
erosional component related to glaciation affecting the
western margin of Gondwanaland during the Late Devon-
ian/Carboniferous. Scotese et al. (1999) referred to a Late
Devonian (Famennian)-Early Permian Ice House divided
into two Ice House intervals, separated by a warmer one.
The first interval was assigned to the Tournaisian. How-
ever, the ice cap of Tournaisian times would be only of
limited extent. Althought they mentioned that this infer-
ence is based mainly on the occurrence of glendonite in
shales from western Alberta, the hypothesis is in agree-
ment with the record of glacial deposits in South America
(Bolivia and Brazil) and Niger during the latest Famennian
(“Strunian”); this are supposed to be related to palaeoe-
quatorial cyclothems in North America and Europe (e.g.,
Isaacson et al., 1999; Streel et al., 2000; Isbell et al.,
2003). Hence, the contemporaneous shallow and mar-
ginal marine deposits in Gondwana such as the Pre-
cordillera of Argentina would have been affected.

The geological history of the Precordillera is obviously
quite complex. Data presented in this paper strongly sug-
gest that sediments accumulated during the Frasnian and
probably also during the early Tournaisian. Indeed the
stratigraphic ranges of some reworked species recorded
in the Maliman Formation (Figures 6 and 8) point in this
direction. The uppermost Devonian (late Famennian or
“Strunian”) may have been a time of non-deposition since
cosmopolitan taxa restricted to this time are notably ab-
sent (e.g. Retispora lepidophyta and Umbellasphaeridium
saharicum, see Vavrdova and lsaacson, 1999), whilst other
reworked species corresponding to those times also occur
in the Tournaisian assemblages elsewhere (Figure 8).
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Hence, the presence of late Famennian species among the
reworked taxa cannot be confirmed for the palynoflora of
the Maliman Formation. The absence of Famennian de-
posits may be due to a combination of tectonics and
glaciation, but this is conjectural. The tectonic effect might
be due to the accrection of a “Chilenia” terrane in Late
Devonian times, while glaciation refers to a lowering of
sea level as the result of an ice cap covering an area lo-
cated around 60° S lat. (after Scotese, 2003). However, a
general lack of information of this time span in the Pre-
cordillera (Azcuy et al., 2000, 2007) prevents an exact as-
sessment.

In summary, the mixture of reworked palynomorphs with
different stratigraphic ranges (Late Silurian to early Tour-
naisian), occurring together in the same assemblage with
late Tournaisian-early Viséan authochtonous miospores,
shows that older areas of uplift were being eroded (e.g.,
Protoprecordillera). This helps to complete part of the
complex D/C geological history of erosion and sedimen-
tation in the Rio Blanco Basin.

6. CONCLUSIONS

The palynological data analysed in this paper provide a
more accurate dating and correlation of Devonian and
Mississippian strata of the Precordillera in Western Ar-
gentina.

An early Givetian age is postulated here for the Chigua
Formation (Chavela Member) at Quebrada La Cortadera,
based on the stratigraphic ranges of several species. The
Maliman Formation is assigned a late Tournaisian to early
Viséan age on the basis of the stratigraphic ranges of 72
autochthonous spore species. A comparison with other as-
semblages in the world confirmes that South American,
Australian and Euramerican affinities exist. The absence
of a few key taxa such as Lycospora, and the appearance
of others (e.g., Schopfites claviger) suggest a late Tour-
naisian age for the lower part of the Maliman Formation.
This palynoflora is here correlated to the Endoculeospora
larga Assemblage defined in Australia, and recently found
in the Itacua Formation of southernmost Bolivia, and also
with the CM and Pu Zones of Euramerica.
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The palynological analysis presented here confirmes the
conclusion published by Amendabar (2006) about the ex-
tention of the hiatus between the two formations analysed,
and which ranges from Frasnian to early Tournaisian. The
detailed analysis of stratigraphic ranges of taxa recong-
nised as reworked elements has prevented an erroneous
assumption of extended ranges for certain key-species and
of unnecessary palaeoenvironmental interpretations.
Some microplankton taxa with a restricted position in the
Maliman Formation are recognised as autochthonous in
the present paper, and this has allowed distinguishing a
Mississippian microplankton assemblage which was still
poorly known worldwide. The stratigraphic analysis of re-
cycled palynomorphs in the Maliméan Formation allowed
the recognition of two intervals of sediment accumulation
during the Frasnian and probably also during the early
Tournaisian. No index species of uppermost Devonian
(late Famennian or “Strunian”) have been detected, thus
suggesting a corresponding interval of non-deposition. The
presence of reworked palynomorphs in both the Chigua
and Maliman formations suggests that erosion of older up-
lifts areas took place (e.g., Protoprecordillera). Transgres-
sive-regressive events during the Middle Devonian in this
region may have been at least partially responsible for the
reworking, but extensional tectonic processes may have
been involved as well. Alternatively, reworking during late
Tournaisian to early Viséan times might be due to a com-
bination of both tectonics processes and glaciation.
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