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Conodont biofacies structure was recognized throughout detailed stratigraphic sampling at three localities from
the Central Precordillera of Argentina; from north to south: Las Aguaditas Creek, Las Chacritas River and Cerro La
Chilca sections. A total of 50 carbonate samples yielded over 9900 identified specimens, including a new cono-
dont species, Fahraeusodus jachalensis, which is described due to its paleoecological connotations. The
Yangtzeplacognathus crassus – Eoplacognathus pseudoplanus and Periodon macrodentatus zones are dominated
by the ubiquitous species Periodon macrodentatus and Paroistodus horridus at the three study areas. This enables
the recognition of the Periodon–Paroistodus biofacies in the Central Precordillera. Numerical cluster methodology
allowed the identification of conodont sub-biofacies: the Protopanderodus–Semiacontiodus sub-biofacies in the
Las Aguaditas Creek, the Protopanderodus–Parapaltodus sub-biofacies in the Las Chacritas River, the Parapaltodus
sub-biofacies at the Cerro La Chilca and the Fahraeusodus–Ansella sub-biofacies in all of the study sections. These
sub-biofacies present distinctive attributes, which are correlative with changes in the depositional environment.
The diverse Protopanderodus–Parapaltodus sub-biofacies developed with a shallowing of the basin while the
Fahraeusodus–Ansella sub-biofacies is characteristic of deep environments. Shallower water settings resulted in
higher species richness, diversity, and evenness of conodont communities, the eustatic change that led to the
drowning of the carbonate platform produced a shift to deeper, anoxic benthic conditions that in turn induced
a change in the taxonomic composition of the fauna, and affected the diversity of the conodont communities.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The paleoecology of conodonts has received much attention after
the pioneering works of Barnes et al. (1973, 1996), Clark et al. (1981),
Aldridge (1988) and Sweet (1988). Seddon and Sweet (1971) proposed
a paleoecological model in which conodonts were pelagic animals and
species were vertically segregated. An alternative model suggested
that conodonts were nektobenthic organisms and were laterally segre-
gated by environmental factors such as temperature, salinity, oxygen,
physical and chemical conditions of the sea bottom and water turbu-
lence (Barnes and Fåhraeus, 1975). More recently, the high diversity
of Ordovician conodonts was used to suggest a combined ecological
model, in which conodonts occupied a variety of available ecological
niches with different modes of life (Zhen and Percival, 2003).

The distribution of conodonts was controlled by physical factors
summarized by Seddon and Sweet (1971). Barnes and Fåhraeus
(1975) noted that the spatial distribution of most conodonts was
C), Av. Vélez Sarsfield 1611,
environmentally controlled and their depositional settings could be pre-
dicted. A recurring theme in conodont paleoecology in recent years has
been the effect of eustatic sea level change on conodont community
structure (Sweet and Bergström, 1984; Rasmussen and Stouge, 1995;
Mellgren and Eriksson, 2010; Wu et al., 2010, 2014). For example, pat-
terns of Middle Ordovician conodont diversity change, in the Argentine
Precordillera, were attributed mostly to oscillations in the sea level
(Albanesi and Bergström, 2004, 2010).

Conodont biofacies and concomitant communities can be discrimi-
nated at different taxonomic levels; however, most studies recognize
conodont communities at a generic-level since the diversity patterns
of conodont genera do not significantly distort species level trends (Ji
and Barnes, 1994; Albanesi and Bergström, 2004; Wu et al., 2014). Yet,
some studies define conodont communities at species level in order to
utilize more rigorous statistical and numerical methods (Zhang and
Barnes, 2002, 2004; Zeballo and Albanesi, 2012).

The aim of this study is to identify and characterize Ordovician cono-
dont biofacies through themiddle Darriwilian, spanning the Y. crassus –
E. pseudoplanus zones (sensu Löfgren and Zhang, 2003) (or the coeval P.
macrodentatus Zone sensu Stouge, 2012) in the Argentine Precordillera.
The biofacies are defined according to the predominant genera in
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selected sections, and to the fact that certain species tend to co-occur in
particular lithologies and environments. These associations of taxa, ver-
ified through cluster analysis, define sub-biofacies and are namedby the
more abundant conodont genera (cf. Ludvigsen et al., 1986). Samples
with a similar taxonomic composition are grouped into clusters and
represent particular environments. Detailed stratigraphic sampling for
conodonts in three correlative localities allows the conodont communi-
ties to be examined through time. The resultingdataset provides the op-
portunity to investigate the community structure and relationships of
conodont assemblages collected among different depositional
environments.

2. Geological setting

The Precordillera of western Argentina extends 110 km zonally and
450 kmmeridionally, bounded by the Sierras Pampeanas to the east and
the Cordillera Frontal to thewest. The Precordillera is characterized by a
thick Cambro-Ordovician succession (ca. 2200m) of marine limestones
that interdigitate with clastic slope deposits towards the west (Keller et
al., 1993; Astini, 1995). Spanning a range of depositional environments,
from shallow intertidal to marginal shelf and deep ramp settings
(Cañas, 1999), the Precordillera is the only South American lower Paleo-
zoic basin with a carbonate platform. The drowning of the carbonate
platform associated with a rapid sea level rise led to thewidespread de-
position of graptolitic black shales during the early Middle Ordovician
(e.g., Gualcamayo and Los Azules formations). The Las Chacritas, Sassito
and Las Aguaditas formations are the only remnants of carbonate de-
posits in the entire Precordillera after the Cambro-Ordovician carbonate
cycle, and the Las Aguaditas Formation is the only unit that shows a
transition from platform to slope depositional environment that oc-
curred in the Middle Ordovician (Keller et al., 1993; Astini, 1995).

Three localities in the area surrounding Jáchal City (Fig. 1) provide a
robust dataset from different depositional settings, which is ideal for
studying conodont paleoecology. The Las Aguaditas and the Las
Chacritas formations are remnants of carbonate deposits laid down
after the Cambro-Ordovician carbonate cycle in the Precordillera
(Astini, 1995). The Gualcamayo Formation conformably overlies the
San Juan limestones and is characterized by black shales interbedded
with calcareous strata, deposited on the outer platform (Astini, 1994).

2.1. Las Aguaditas Creek section

The type section of the Las Aguaditas Formation is located on the
eastern flank of the Los Blanquitos Range, in the Central Precordillera
Fig. 1. Location map of the study areas. From north to south of the Central Precor
of San Juan Province, 10 km to the southwest of Jáchal City (Fig. 1).
Baldis and Blasco (1974) recognized and described four members,
which comprise marlstone, limestones, and reef limestones, with a
characteristic yellowish weathering color; posteriorly, Baldis et al.
(1982) formally defined Las Aguaditas Formation. This formation con-
formably overlies the San Juan Formation that ends up with nodular
limestones facies (Baldis et al., 1982), and its top conforms a regional
hardground surface (Astini, 1995). Baldis and Blasco (1974) recognized
a stratigraphic gap between the uppermember of the Las Aguaditas For-
mation and the overlying La Chilca Formation of Late Ordovician to Silu-
rian age.

The uppermost part of the San Juan Formation represents a distal
ramp environment without storm influence. The transition between
this unit and the overlying Las Aguaditas Formation is characterized
by calcareous-pelitic deposits, whose depositional regime is interpreted
to have been caused by a flooding event on the platform, since there is
no evidence of a significant stratigraphic gap at the contact (Keller et
al., 1993; Carrera and Astini, 1998). This local event led to a facies
change with the deposition of hemipelagic limestones at the transition
to the Las Aguaditas Formation (Keller et al., 1993). In the Las Aguaditas
Formation, three transgressive and regressive cycles were distinguished
by Astini (1995). This author also described two types of facies associa-
tions that replace each other through the formation, a distal ramp to
slope-basin facies transition, and an upper to middle slope facies. The
Las Aguaditas Formation is interpreted as deposited on structural
heights (horsts) and slopes within the basin (Astini, 1995, 1997).

In this study we analyze the upper part of the San Juan Formation
and the lower member of the Las Aguaditas Formation of middle
Darriwilian age. A hiatus that spans the upper Darriwilian and the
basal Sandbian separates the lower and middle members. It is indi-
cated by the presence of the index graptolite Nemagraptus gracilis
(Hall) and the index conodonts Pygodus anserinus (Lamont and
Lindström) and Baltoniodus variabilis (Bergström) close to the base
of the middle member (Brussa, 1996; Albanesi et al., 2013; Feltes
et al., 2016).

The environmental changes recognized through the lithology are as-
sociated with faunal turnovers between the San Juan and the Las
Aguaditas formations. Sponge remnants dominate the top of the San
Juan limestone, while bryozoans dominate the Las Aguaditas Formation
(Carrera, 1997; Carrera and Ernst, 2010). The outer-shelf deposits of the
San Juan Formation and those of deeper water from the base of the Las
Aguaditas Formation exhibit a high diversity of conodonts reflecting nu-
trient enrichment by upwelling currents and shallow to deep-water
faunal exchange (Albanesi et al., 2006).
dillera: Las Aguaditas Creek, Las Chacritas River, and Cerro La Chilca sections.
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2.2. Las Chacritas River section

The Las Chacritas Formation crops out in the northern La Trampa
Range (Fig. 1). In this area, the Lower toMiddle Ordovician San Juan For-
mation is conformably overlain by the middle Darriwilian Las Chacritas
Formation. In the present study we analyze the northern section of the
Las Chacritas river area, where the Las Chacritas Formation is
paraconformably overlain by the lower Sandbian Las Aguaditas Forma-
tion (Carrera and Astini, 1998; Albanesi and Ortega, 1998), and part of
middle to upper Darriwilian strata are missing.

The Las Chacritas Formation is a 55 m thick succession made up of
fine-grained siliciclastic and carbonate sediments deposited on a conti-
nental shelf setting (Peralta et al., 1999; Carrera, 1997). The Las
Chacritas Formation is divided into two members; the lower member
is a 38 m thick series of tabular strata of thin to medium bedded fossil-
iferous, dark mudstones, nodular wackestones and packstones (Peralta
et al., 1999). The 17 m thick upper member is comprised of thinly bed-
ded mudstones and wackestones, with increasing bioclastic compo-
nents towards the top of the unit (Carrera and Astini, 1998; Peralta et
al., 1999). Astini (1995, 1997) suggested that it was deposited on struc-
tural heights (horsts) within the basin, which served as a reservoir of
carbonate remnants. The Las Chacritas Formation is paraconformably
overlain by the Las Aguaditas Formation expressing further drowning
and cessation of carbonate deposition on the platform (Peralta et al.,
1999).

The study published by Albanesi et al. (2013) demonstrates the oc-
currence of the middle Darriwilian Isotope Excursion Event (MDICE)
in the Las Chacritas Formation at the E. suecicus Zone, which allows for
precise global correlation by means of an independent method. The re-
cord of this event was in turn verified by means of conodont-graptolite
biostratigraphy, within the expected chronostratigraphic time slice of
Bergström et al. (2009).

2.3. Cerro La Chilca section

The Cerro La Chilca is located 18 kmwest of Tucunuco, a road refer-
ence in the San Juan Province (Fig. 1). This section comprises a succes-
sion of shales and siltstones overlying the San Juan Formation
(Stappenbeck, 1910). Astini and Benedetto (1992) referred to these
shales as the Gualcamayo Formation based on regional correlations,
and interpreted them as the beginning of a transgressive event. At this
locality, the Gualcamayo Formation is a 12.5 m thick transitional inter-
val characterized by shales and dark gray laminated calcipelites
(Astini and Benedetto, 1992). The Gualcamayo Formation is
paraconformably overlain by the Nemagraptus gracilis bearing black
shales of the Los Azules Formation (Cuerda and Furque, 1985).

In later works, Peralta (1998, 2003) and Tortello and Peralta (2004)
described the Gualcamayo Formation in this section as a ca. 4.5 m se-
quence, which consists of an alternation of thin to medium layers of
black, tabular marly limestones, and dark laminated shales, with beds
of 5 to 28 cm in thickness.

3. Materials and methods

A total of 64 limestone samples were collected from the Las
Aguaditas Creek, Las Chacritas River and Cerro La Chilca sections. The
samples (2 kg each) were processed using 10% acetic acid and insoluble
residues were hand-picked for conodonts, with a total collection of
17,300 elements recovered. Only samples that yielded conodonts from
the Y. crassus – E. pseudoplanus and Periodon macrodentatus zones
were used in this study (50 samples and 9927 elements in total)
(Table 1, Fig. 2). The taxonomic databases used herein were carefully
developed as part of the PhD theses of the authors Serra, F and Feltes,
N (partly published by Feltes et al., 2016; Serra et al., 2015a).

Quantitative analytical methods are introduced to differentiate co-
nodont biofacies and sub-biofacies occurring in the successions. These
analyses were based on abundance data of species obtained from the
samples. In particular, data were analyzed using Hierarchical Cluster
Analysis (HCA) to distinguish biofacies and their faunal composition,
and Detrended Correspondence Analysis (DCA) was used to elucidate
environmental gradients among the assemblages. Clustering was con-
ducted using the average linkage method and the Morisita similarity
indexwas used tomeasure similarity. Moreover, we performed an anal-
ysis of similarities (ANOSIM) to statistically examine significant differ-
ences between the associations recognized by the HCA. Finally, a
series of diversity indices were determined in order to characterize
the conodont associations identified by theHCA: richness (S), evenness,
Shannon (H) and Effective numbers of species (ENS).

Conodont specimens were taxonomically identified at species level.
Prior to the HCA, the species abundances were log-transformed in order
to down-weight taxawith high abundances. Samples comprised of only
one taxon and taxa occurring only in a single sample (considered rare
species) were excluded from the analyses. With these exclusions, sev-
enteen samples from the Las Aguaditas Creek section were analyzed,
eight from the upper 17 m of the underlying San Juan Formation and
nine samples from the first 23.5 m of the lower member of the Las
Aguaditas Formation, with a total of 5445 elements corresponding to
45 species. Twenty-two samples were used from the Las Chacritas
River section, 5 from the top 24 m of the San Juan Formation and 17
from the first 52.5 m of the Las Chacritas Formation. These samples
yielded 3570 elements corresponding to 43 species. Finally, four sam-
ples corresponding to the upper 4.6 m of the San Juan Formation and
7 samples corresponding to the Gualcamayo Formation from the Cerro
La Chilca section were used, providing 912 elements corresponding to
32 species.

TheHCA, DCA and ANOSIMwere performedusing the PAST program
(Hammer et al., 2001; Hammer and Harper, 2006).

4. Remarks on the biostratigraphy of the study sections

Comprehensive biostratigraphic studies for the interval spanning
the contact between the San Juan Formation and Ordovician overlying
units at the study areas were carried out by Serra et al. (2015a) and
Feltes et al. (2016). In these papers, the records of species are illustrated
in stratigraphic columns with their respective ranges and the conodont
zonation is depicted. Accodingly, the following zones were determined
in the Las Aguaditas Creek section: the Lenodus variabilis Zone, with the
Paroistodus horridus Subzone following the Precordilleran scheme
(sensu Albanesi and Ortega, 2002); the Yangtzeplacognathus crassus,
and the Eoplacognathus pseudoplanus Zones according to the Scandina-
vian scheme (sensu Löfgren and Zhang, 2003); the Periodon
macrodentatus Zone with the Histiodella sinuosa, H. holodentata and H.
cf. holodentata Subzones, and the Periodon zgierzensis Zone with the
Histiodella kristinae Subzone (sensu Stouge, 2012) that correlate with
the North American scheme (Feltes et al., 2016). These biozones were
identified in the Las Chacritas area, where the Eoplacognathus suecicus
Zone and the Histiodella bellburnensis Subzone (P. zgierzensis Zone)
were also recognized (Serra et al., 2015a). The Y. crassus Zone and the
Periodon macrodentatus with the Histiodella sinuosa and H. holodentata
Subzones were documented in the Cerro La Chilca locality (Carrera et
al., 2013; Serra et al., 2015b). The standard conodont biozonation of
the Precordillera was reviewed thoroughly in a recent contribution by
Albanesi and Ortega (2016).

5. Cluster analysis: recognition of biofacies and sub-biofacies

The analyzed conodont zones are dominated by the ubiquitous spe-
cies Periodon macrodentatus (Graves and Ellison) and Paroistodus
horridus (Barnes and Poplawski) in the three study areas (the distribu-
tion and abundance of conodont species are represented in Fig. 3). This
enables the recognition of the Periodon–Paroistodus biofacies in the Cen-
tral Precordillera. In addition, Q-mode clustering of the samples from



Table 1
Conodont database. Abundance of conodont elements per species are specified in each sample taken from Las Aguaditas Creek, Las Chacritas River and Cerro La Chilca sections.

Las Aguaditas Creek section
Meters from the base of the Las Aguaditas Fm 30 29 27 21 20 8,1 6,1 1,3 0 1 3,2 6,5 9,4 12 19 34 42

ASJ7 ASJ6 ASJ5 ASJ4 ASJ3 ASJ2 ASJ1 ASJ0 A0 A1 A3 A6 A8 A10 A15 A22 A25

Ansella jemtlandica 32 2 21 18 81 43 19 60 2 0 1 0 0 0 0 3 5
Ansella sinuosa 26 5 0 8 40 30 12 34 0 0 0 0 0 0 0 0 0
Baltoniodus clavatus 6 1 0 0 3 7 2 3 0 0 0 0 0 0 0 1 0
Baltoniodus medius 0 0 0 0 0 4 0 1 0 0 0 0 0 0 0 0 0
"Bryantodina" aff. typicalis 2 1 0 2 0 2 3 3 0 0 0 0 0 0 0 0 0
Coelocerodontus bicostatus 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0
Coelocerodontus trigonius 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0
Cornuodus longibasis 4 1 1 4 12 8 2 6 0 0 0 0 0 0 0 3 0
Costiconus costatus 2 8 0 0 3 5 11 9 0 0 0 0 0 0 0 0 0
Drepanodus arcuatus 7 8 0 2 22 13 2 15 0 0 0 0 0 0 0 0 0
Drepanodus reclinatus 0 0 0 0 2 3 8 0 0 0 0 3 0 0 0 0 0
Drepanoistodus species 51 41 2 16 103 92 16 22 0 0 0 0 0 0 0 2 9
Erraticodon alternans 3 3 6 0 13 14 7 12 0 0 0 1 0 0 0 2 1
Fahraeusodus jachalensis 13 1 8 12 54 25 2 9 1 1 2 0 0 0 0 41 12
Histiodella sinuosa 0 1 0 7 68 26 1 0 0 0 0 0 0 0 0 0 0
Histiodella serrata 0 0 0 4 26 4 1 0 0 0 0 0 0 0 0 0 0
Histiodella holodentata 0 0 0 0 74 48 0 4 0 0 0 0 0 0 0 0 0
Juanognathus jaanussoni 8 39 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0
Lenodus variabilis 12 16 8 3 1 1 1 1 0 0 0 0 0 0 0 0 0
Microzarkodina hagetiana 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 5 1
Oistodella pulchra 0 3 0 1 14 1 5 6 0 0 0 0 0 0 0 0 0
Paltodus jemtlandicus 0 0 0 0 4 1 0 2 2 0 0 0 0 0 0 0 0
Parapaltodus simplicissimus 26 22 15 8 79 62 25 34 0 0 1 0 0 0 0 1 1
Parapanderodus paracornuformis 11 0 0 0 3 1 0 1 0 0 1 0 0 0 0 0 0
Paroistodus horridus 31 9 44 29 152 110 27 71 18 11 13 0 1 2 1 85 79
Paroistodus originalis 14 0 5 2 34 17 7 29 0 0 1 0 0 0 0 1 5
Periodon macrodentatus 169 94 206 20 264 284 130 275 2 2 2 0 1 2 1 28 15
Polonodus galerus 2 0 0 1 0 3 1 0 0 0 0 0 0 0 0 0 1
Protopanderodus gradatus 32 3 12 13 63 94 19 72 1 0 0 5 0 2 0 2 1
Protopanderodus robustus 9 0 4 0 20 18 8 18 0 0 0 1 0 0 0 0 2
Protoprioniodus simplicissimus 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0
Pteracontiodus cryptodens 12 68 2 3 36 4 0 5 0 0 0 0 0 0 0 0 0
Rossodus barnesi 9 5 13 9 168 12 20 13 0 0 0 0 0 0 0 0 0
Semiacontiodus potrerillensis 153 86 9 3 37 12 1 5 3 0 0 0 0 0 0 0 0
Scolopodus striatus 0 0 1 7 2 7 15 9 0 0 0 0 0 0 0 0 0
Spinodus spinatus 0 0 0 0 1 2 0 1 0 0 0 1 0 0 0 0 0
Venoistodus balticus 11 3 0 0 0 4 0 0 0 0 1 0 0 0 0 0 0
Yangtzeplacognathus crassus 0 0 1 0 0 15 12 16 0 0 0 0 0 0 0 0 0

Las Chacritas River section
Meters from the base of the Las Chacritas Fm 24 13 8 4 0,1 0 2,3 4,6 6,9 13 15 18 20 24 28 30 35 37 39 45 49 52

CSJ-6 CSJ-3 CSJ-2 CSJ-1 CSJ0 C0 C1 C2 C3 C4 C5 C6 C6,5 C7 C8 C9 C10 C11 C12 C14 C16 C17

Ansella jemtlandica 0 0 0 0 0 0 11 0 0 2 0 5 10 0 1 0 0 0 0 25 29 16
Ansella sinuosa 0 3 14 15 6 0 0 0 0 0 0 0 0 0 0 0 0 6 10 0 8 18
Baltoniodus clavatus 1 0 0 3 0 0 0 0 0 1 0 0 0 0 1 0 0 3 0 11 4 11
"Bryantodina" aff. typicalis 0 0 3 0 0 0 1 0 0 0 0 0 6 0 1 1 1 1 6 70 3 0
Coelocerodontus sp. 0 0 4 8 0 0 1 0 0 0 0 0 0 0 0 0 0 0 5 13 36 8
Cornuodus longibasis 1 0 1 1 0 0 0 0 0 0 0 0 8 1 0 0 0 0 1 64 36 13
Costiconus costatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 9
Decoriconus pesequus 0 1 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 1 4 1 0 0
Drepanoistodus sp. 2 6 2 8 3 1 0 1 0 0 0 1 14 0 0 1 0 21 13 58 34 35
Drepanodus arcuatus 0 0 3 8 0 0 1 0 0 0 0 0 0 1 0 0 0 1 1 36 0 0
Drepanodus reclinatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 17 11
Eoplacognathus pseudoplanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 1 0 9
Erraticodon alternans 0 0 4 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Fahraeusodus jachalensis 2 0 0 0 7 1 18 2 2 7 1 9 1 5 3 6 0 9 18 10 15 5
Histiodella holodentata 0 0 1 2 1 0 0 0 0 0 1 0 2 0 0 0 1 0 5 15 14 58
Juanognathus jaanussoni 21 2 4 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 2 6 2 3
Microzarkodina hagetiana 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 2 0 2 1 9 0 0
Paltodus jemtlandicus 0 3 0 4 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 3 5 4
Parapaltodus simplicissimus 7 0 2 17 4 1 1 0 1 1 0 1 16 2 0 1 0 31 22 69 33 52
Paroistodus horridus 2 2 7 23 12 6 54 6 1 10 1 2 6 1 7 11 5 20 22 65 117 645
Paroistodus originalis 0 0 0 0 2 0 1 0 0 1 0 0 0 0 0 0 0 0 1 3 7 4
Periodon macrodentatus 2 8 15 52 12 2 15 0 0 0 0 0 30 5 12 16 3 56 74 175 189 103
Protopanderodus gradatus 0 0 11 0 0 0 1 0 0 0 0 1 4 0 0 0 0 3 9 70 39 37
Rossodus barnesi 2 4 4 8 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 0 1 4
Semiacontiodus potrerillensis 4 8 12 6 0 0 0 0 2 0 0 0 7 2 0 0 0 7 10 20 9 8
Scolopodus striatus 0 0 3 7 0 0 0 0 0 0 0 0 0 0 0 0 0 6 4 6 2 0
Venoistodus balticus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7 0 3 7
Yangtzeplacognathus crassus 0 0 3 7 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

La Chilca Hill section
Meters from the base of the Gualcamayo Fm 4,6 3,6 1,6 1 0 0,5 1 1,6 2,1 3,3 4
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Table 1 (continued)

La Chilca Hill section
Meters from the base of the Gualcamayo Fm 4,6 3,6 1,6 1 0 0,5 1 1,6 2,1 3,3 4

SJ-3 SJ-2 SJ-1 E G0 G1 G2 G3 G4 G6 G7

SJ-3 SJ-2 SJ-1 E G0 G1 G2 G3 G4 G6 G7

Ansella jemtlandica 0 0 0 0 0 0 1 0 0 23 7
Ansella sinuosa 1 0 10 8 0 0 0 0 0 0 0
Baltoniodus clavatus 0 0 1 0 0 1 2 0 0 2 0
"Bryantodina" aff. typicalis 0 0 1 0 0 0 0 0 0 4 1
Cornuodus longibasis 1 0 1 2 0 0 0 0 0 0 0
Drepanodus arcuatus 0 0 6 0 1 0 1 0 0 2 2
Drepanoistodus species 0 0 9 5 1 0 0 0 3 2 1
Erraticodon alternans 0 0 1 0 0 0 1 0 0 1 1
Fahraeusodus jachalensis 1 0 6 1 0 0 7 0 1 35 15
Histiodela holodentata 0 0 0 0 0 0 1 1 0 0 2
Microzarkodina hagetiana 0 0 1 0 0 0 2 0 0 5 0
Parapaltodus simplicissimus 2 0 43 8 1 0 0 0 0 2 1
Paroistodus horridus 5 1 38 7 2 1 52 12 41 202 106
Paroistodus originalis 0 0 7 1 0 0 0 0 1 1 0
Periodon macrodentatus 3 1 39 11 0 0 13 0 24 36 24
Protopanderodus gradatus 1 1 5 1 1 0 0 0 0 8 0
Pteracontiodus cryptodens 1 0 2 0 0 0 0 0 1 1 0
Scolopodus striatus 0 0 9 0 0 0 0 0 0 0 0
Venoistodus balticus 0 0 0 0 0 0 1 0 0 2 12
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the study sections allowed the identification of conodont sub-biofacies:
the Protopanderodus–Semiacontiodus sub-biofacies in the Las Aguaditas
Creek, the Protopanderodus–Parapaltodus sub-biofacies in the Las
Chacritas River, the Parapaltodus sub-biofacies at the Cerro La Chilca
and the Fahraeusodus–Ansella sub-biofacies in all of the study sections
(Fig. 4). These associations were named after the genera that follow
Periodon and Paroistodus in abundance.

5.1. Las Aguaditas Creek section

The Q-mode cluster analysis enables the recognition of two sub-
biofacies, the Protopanderodus–Semiacontiodus and Fahraeusodus–
Ansella sub-biofacies (Fig. 4a). The ANOSIM applied to test for significant
differences between the identified clusters resulted in anR coefficient of
0.80 and p value of 0.0004*, providing a significant difference between
the sub-biofacies identified, which supports the results of the HCA.

The Protopanderodus–Semiacontiodus sub-biofacies is represented in
the upper 15 m of the San Juan Formation (samples ASJ0, ASJ1, ASJ2,
ASJ3, ASJ4, ASJ5, ASJ6 and ASJ7) at the Las Aguaditas Creek section.
This sub-biofacies shows a high conodont diversity (H = 2.9), with 44
species representing a community that integrates 18 equally distributed
species (Table 2). It is mainly composed of P. macrodentatus and P.
horridus, which denote 28% and 7% of the total abundance, respectively
(Fig. 5a). Protopanderodus gradatus Serpagli and Semiacontiodus
potrerillensis Albanesi follow in abundance contributing with 6% each,
and the remaining 40 species have a minor participation, summing up
to 53% in total.

The Fahraeusodus–Ansella sub-biofacies is represented in the Las
Aguaditas Formation (samples A0, A1, A3, A8, A10, A15, A22 and A25)
at the Las Aguaditas Creek. It consists of 21 species corresponding to
17 genera and exhibits low diversity (H= 1.6), equivalent to a commu-
nity of 6 equally distributed species (Table 2). This association is domi-
nated by P. horridus (55%) and P. macrodentatus (14%). Fahraeusodus
jachalensis n. sp. and Ansella jemtlandica (Löfgren) represent this
biofacies as the next most abundant taxa, 15% and 3%, respectively
(Fig. 5b). The remaining 7 species contribute 13% of the conodont fauna.

5.2. Las Chacritas River section

Two sub-biofacies, the Protopanderodus-Parapaltodus sub-biofacies
and the Fahraeusodus-Ansella sub-biofacies are recognized by Q- mode
cluster analysis (Fig. 4b). The ANOSIM applied to test for significant dif-
ferences between the identified clusters resulted in an R coefficient of
0.82 and p value of 0.0001*. This provides a significant difference be-
tween the identified sub-biofacies and supports the results of the HCA.

The Protopanderodus-Parapaltodus sub-biofacies is identified in the
upper strata of the San Juan Formation (samples CSJ-1 and CSJ-2) and
in the middle-upper part of the Las Chacritas Formation (samples
C6.5, C11, C12, C14, C16 and C17) at the Las Chacritas River section.
The sub-biofacies is characterized by 43 species and exhibits a high co-
nodont diversity (H = 2.7), equivalent to a community of 15 equally-
common species (Table 2). Themost abundant species are Parapaltodus
simplicissimus Stouge and P. gradatus which represent 14% of the total
abundance; although, the dominating species are P. horridus and P.
macrodentatus, which cover 47% of the total abundance (Fig. 6a). The re-
maining 38 species are represented in a lower amount reaching up to
39%.

The Fahraeusodus–Ansella sub-biofacies spans the uppermost San
Juan Formation and the lower-middle part of the Las Chacritas Forma-
tion (samples CSJ0, C0, C1, C2, C4, C5, C6, C8, C9 and C10) at the Las
Chacritas River. This sub-biofacies has a richness of 17 species that cor-
responds to 14 genera and a low diversity (H = 1.8) equivalent to a
community that integrates 6 species. Within this interval, P. horridus
(35%) and P. macrodentatus (28%) also dominate the association and
are followed by F. jachalensis and A. jemtlandica, representing 16% and
6% of the total conodont fauna respectively (Fig. 6b), the remaining 13
species represent 15%.
5.3. Cerro La Chilca section

The Q- mode cluster analysis enables the identification of the
Parapaltodus sub-biofacies and the Fahraeusodus–Ansella sub-biofacies
(Fig. 4c). The ANOSIM applied to test for significant differences between
the identified clusters resulted in an R coefficient of 0.75 and p value of
0.029*. This provides a significant difference between the identified
biofacies and supports the results of the HCA.

The Parapaltodus sub-biofacies is recorded through uppermost strata
of the San Juan Formation (samples GSJ-3, GSJ-1, GE) at the Cerro La
Chilca section. It presents a richness of 26 species, belonging to 22 gen-
era, and its diversity is equivalent to a community with 12 species
equally distributed (Table 2). The most abundant species are P.
macrodentatus and P. simplicissimus representing 38% of the total
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fauna, and P. horridus follows with 17.5% (Fig. 7a). The remaining 23
species contribute 44.5% to the total conodont fauna.

The Fahraeusodus–Ansella sub-biofacies is identified in the
Gualcamayo Formation (samples G2, G4, G6 and G7) at the Cerro La
Fig. 2. Stratigraphic columns of the LasAguaditas Creek, Las Chacritas andCerro La Chilca section
which they belong.
Chilca section. This sub-biofacies has a richness of 23 species belonging
to 19 genera and its diversity is equivalent to a community composed of
4 species (Table 2). Paroistodus horridus dominates the association,
representing 61% of the total abundance; P. macrodentatus, F. jachalensis
s fromCentral Precordillera, showing the sampled strata and the zones and sub-biofacies to



Fig. 3. Results of Q- and R-mode cluster analysis of 42 conodont-bearing samples from the Las Aguaditas Creek (samples ASJ and A), Las Chacritas River (samples CSJ and C) and Cerro La
Chilca sections (samples GSJ andG). Samples are inQ-mode clustering order and taxa are inR-mode clustering order. Species abundance is expressed as a graded series of dots. Thedefined
Periodon–Paroistodus biofacies for this area is marked in bolded letters.
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and A. jemtlandica followwith 15%, 9% and 5%, respectively (Fig. 7b). The
remaining 11% is represented by 19 species. This sub-biofacies presents
a low conodont diversity, H = 1.5 (Table 2).

6. Conodont paleoecology

The Periodon-Paroistodus biofacies recognized herein was first iden-
tified in Middle Ordovician successions of western Newfoundland by
Stouge (1984) as characteristic of deep, open-sea biotopes and occupy-
ing upper to lower slope environments (upper slope as the preferred
environment). Since then, this biofacies has been recognized in other re-
gions of the world (Stouge, 1981, 1984; Bergstrom, 1979; Zhang, 1998;
Feltes and Albanesi, 2013; Serra and Albanesi, 2013; Wu et al., 2014).
The Fahraeusodus–Ansella sub-biofacies was documented in all of
the localities of this study and the Protopanderodus–Semiacontiodus,
Protopoanderodus–Parapaltodus and Parapaltodus sub-biofacies
were documented at the Las Aguaditas, Las Chacritas and Cerro La
Chilca sections, respectively. The later mentioned sub-biofacies are
recognized in equivalent paleoenvironments and exhibit similar at-
tributes such as the species composition, richness and diversity. For
this reasons, they are referred to as the Protopanderodus-
Parapaltodus sub-biofacies hereafter.

The most frequent genera from the Protopanderodus-Parapaltodus
sub-biofacies include Protopanderodus, Parapaltodus, Semiacontiodus,
Cornuodus, Histiodella and Rossodus. These taxa are representative of
deep subtidal settings and, with the exception of Histiodella, are
interpreted as epipelagics (Pohler, 1994). According to Stouge (1984),
this fauna is found in off shore and relatively deep environments.
Other common genera, such as Rossodus and Yangtzeplacognathus, are
thought to have inhabited relatively deep waters (Albanesi and
Bergström, 2004; Mellgren and Eriksson, 2010). The latter is represent-
ed in this association by Y. crassus in the San Juan Formation (at Las
Aguaditas, Las Chacritas and Cerro La Chilca sections) and the younger
Yangtzeplacognathus sp. B. (Stouge, 2012) in the upper part of the Las
Chacritas Formation. The presence of P. simplicissimus in high abun-
dances was suggested to represent an open shelf environment
(Stouge, 1984). The taxa Cornuodus and Semiacontiodus are related
with the shallowest environments in Central Baltoscandia (Löfgren,
1999, 2004); accordingly, their presence in the Protopanderodus-
Parapaltodus sub-biofacies suggests shallower settings.

The Fahraeusodus–Ansella sub-biofacies appears with the environ-
mental change shown by the replacement of the San Juan Formation
carbonate facies to the mixed calcareous-pelitic strata at the base of
the Las Aguaditas, Las Chacritas and Gualcamayo formations. Ansella,
Drepanoistodus and Fahraeusodus are the most abundant genera in this
association. Stouge (1984) proposed for the Table Head Formation in
Newfoundland that Ansella and Drepanoistodus in association with
Periodon represent deep, proximal to distal slope environments.
Cornuodus longibasis (Lindström) and S. potrerillensis are absent in the
Fahraeusodus–Ansella sub-biofacies, with the exception of sample A22
from the Las Aguaditas Formation where C. longibasis reappears after
the adverse conditions of the lower part of the unit, indicating a
shallowing pulse, which could be related to the sudden increase in di-
versity as well.



Fig. 4. Q-clusters form each section showing the sub-biofacies identified. (a) Protopanderodus-Semiacontiodus and Fahraeusodus–Ansella sub-biofacies from the Las Aguaditas Creek. (b)
Protopanderodus-Parapaltodus and Fahraeusodus–Ansella sub-biofacies from the Las Chacritas River; (c) Fahraeusodus–Ansella sub-biofacies from the Cerro La Chilca section.
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The generaDrepanoistodus andDrepanodus are distributed along the
different lithofacies and present in both sub-biofacies, which suggest
pelagic habits. Other taxa such as Baltoniodus medius (Dzik), C.
longibasis, Costiconus costatus (Dzik), Juanognathus jaanussoni Serpagli,
Oistodella pulchra Bradshaw, Polonodus spp. Rossodus barnesi Albanesi,
S. potrerillensis and Scolopodus striatus Pander were only recorded in
the carbonate samples that compose the Protopanderodus-Parapaltodus
Table 2
Diversity indexes calculated for the identified sub-biofacies of the Las Aguaditas Creek, Las
Chacritas River and Cerro La Chilca sections. Abbreviations, P-S: Protopanderodus-
Semiacontiodus sub-biofacies; F-A: Fahraeusodus-Ansella sub-biofacies; P-P:
Protopanderodus-Parapaltodus sub-biofacies; P.: Parapaltodus sub-biofacies.

Las Aguaditas
Creek

Las Chacritas
River Cerro La Chilca

P-S F-A P-P F-A P F-A

Richness (S) 44 21 43 17 26 23
Abundance 5063 382 3036 328 274 664
Evenness 0,4 0,2 0,3 0,4 0,2 0,5
Shannon (H) 2,9 1,6 2,7 1,8 2,5 1,5
ENS (expH) 18 5 15 6 12 4
sub-biofacies in the three study areas. Water depth seems to be a con-
trolling factor for their distribution, with a preference to shallower set-
tings. These species appear to be influenced by bottom conditions and
their absence from the deeper Fahraeusodus-Ansella sub-biofacies indi-
cates intolerance to deep, anoxic environments. The remaining species
are documented in both sub-biofacies, although they are more abun-
dant in the shallower Protopanderodus-Parapaltodus sub-biofacies. This
suggests that they are more tolerant to a wide range of water depths,
but prefer relatively more shallow water conditions.

The abundant genera documented in this study, such as Periodon,
Paroistodus, Protopanderodus, Parapaltodus, Ansella, Fahraeusodus,
Histiodella and Drepanoistodus, constitute an association that typically
occurs in relatively deep environments at distal ramp to upper slope
settings in different areas from North America (Bradshaw, 1969;
Uyeno and Barnes, 1970; Barnes and Poplawski, 1973; Stouge, 1984).
Polonodus, Dzikodus and Periodon, also recorded in our study area, are
common genera from Baltica, North China, and South-Central China
representing lower slope to open ocean settings with low diversity
(Löfgren, 1978, 2000; Bergstrom, 1983; An and Zheng, 1990; Stouge
and Bagnoli, 1990; Bagnoli and Stouge, 1997; Zhang, 1998;
Rasmussen, 2001). In consistency with our interpretations, the



Fig. 5. (a) Relative abundance patterns of Paroistodus horridus, Periodon macrodentatus,
Protopanderodus gradatus and Semiacontiodus potrerillensis from the Protopanderodus-
Semiacontiodus sub-biofacies; (b) Relative abundance patterns of Paroistodus horridus,
Periodon macrodentatus, Fahraeusodus jachalensis and Ansella jemtlandica from the
Fahraeusodus–Ansellla sub-biofacies.

Fig. 7. (a) Relative abundance patterns of Paroistodus horridus, Periodonmacrodentatus and
Parapaltodus simplicissimus from the Parapaltodus sub-biofacies; (b) Relative abundance
patterns of Paroistodus horridus, Periodon macrodentatus, Fahraeusodus jachalensis and
Ansella jemtlandica from the Fahraeusodus–Ansella sub-biofacies.
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Protopanderodus, Paroistodus and Periodon biofacies from the South
China paleocontinent represent relatively deep settings (Wu et al.,
2014), although the Protopanderodusbiofacies indicatemid-subtidal en-
vironments, and a preference to shallower waters than Periodon
(Pohler, 1994; Bagnoli and Stouge, 1996; Wu et al., 2014). A similar co-
nodont assemblage to the one documented herein was recorded from
the Wuhai area and Laoshidan section in North China, where Ansella,
Drepanoistodus, Histiodella, Coelocerodontus, Costiconus, Periodon,
Protopanderodus, Spinodus and Venoistodus are abundant common
Fig. 6. (a) Relative abundance patterns of Paroistodus horridus, Periodon macrodentatus,
Protopanderodus gradatus and Parapaltodus simplicissimus from the Protopanderodus-
Parapaltodus sub-biofacies; (b) Relative abundance patterns of Paroistodus horridus,
Periodon macrodentatus, Fahraeusodus jachalensis and Ansella jemtlandica from the
Fahraeusodus–Ansella sub-biofacies.
genera (Jing et al., 2016a,b). Accordingly, in our study Spinodus spinatus
(Hadding) is a rare species, only occurring in some samples from the Las
Aguaditas and Las Chacritas sections in low frequencies; on the other
hand, Periodon and Protopanderodus are abundant in the shallower
sub-biofacies of the Precordillera.

The conodont association described in this study has been previous-
ly recognized in several localities of the Precordillera. At the Cerro Viejo
de Huaco section, the Periodon-Pygodus biofacies is recognized, which is
characteristic of slope environments (Albanesi and Ortega, 1998), also a
diverse conodont fauna was documented in the San Juan and
Gualcamayo formations at the Cerro Potrerillo section (Albanesi,
1998) and in the San Juan Formation at the Los Cauquenes Range
(Voldman et al., 2013) and Cerro La Chilca section (Carrera et al.,
2013). In a previous study at the Las Aguaditas Creek section, the
Periodon biofacies was recognized at the top of the San Juan Formation
and the upper part of the lower member of Las Aguaditas Formation
and the Paroistodus biofacies at the base of the Las Aguaditas Formation
(Feltes and Albanesi, 2013). Furthermore, Serra and Albanesi (2013)
documented the Periodon-Paroistodus biofacies at the top of the San
Juan Formation and Las Chacritas Formation and the Ansella-
Fahraeusodus sub-biofacies in the middle part of the Las Chacritas For-
mation at a different outcrop from the Las Chacritas River section
(300m south from the present study section). However, the recognition
of these biofacies by Feltes and Albanesi (2013) and Serra and Albanesi
(2013) were interpreted conceptually since the authors did not apply
multivariate methods for their identification.

7. Conodont biofacies and sea level change

Stouge (1984) suggested that Periodon, a nekto-benthic genus, was
mainly oceanic and only appeared sporadically on the shelf as well as
Paroistodus, although the latter was probably pelagic. An antithetical re-
lationship between these species occurs at the three sections (Fig. 8). Al-
though both taxa are typical of deep, proximal to distal slope
environments, Paroistodus represents a biotope constrained to lower
temperatures or deeper conditionswhen compared to Periodon. Marked
changes in the abundance of Periodon in relation to Paroistodus are evi-
dent (Fig. 8); indicating local fluctuations in sea level, in accordance



Fig. 8. Relative abundance patterns of Periodon macrodentatus and Paroistodus horridus along the study units in the respective sections.
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with the lithology. The species P. macrodentatus seems to dominate the
conodont fauna in the upper part of the San Juan Formation and in the
upper beds of the Las Chacritas Formation at the Las Chacritas River sec-
tion, which also exhibits the greatest diversity of conodont species. In
the uppermost strata of the San Juan Formation a decline in abundance
of P. macrodentatus is observed and within the overlying units, at all lo-
calities, P. horridus increases and outnumbers the former species and is
accompanied by a decrease in conodont diversity. This change is
reflected in the conodont associations, where the Protopanderodus-
Parapaltodus sub-biofacies are characterized as having diverse conodont
communities while the Fahraeusodus-Ansella sub-biofacies exhibits a
decrease in species richness and abundance. At the Las Aguaditas
Creek section, P. gradatus and S. potrerillensis, also showa slight antithet-
ical relation in the Protopanderodus-Semiacontiodus sub-biofacies
(Fig. 5a). The same trend is observed at the Las Chacritas River section
with P. gradatus and P. simplicissimus, except in the highest stratigraph-
ical samples where both species decrease in abundance. In these sam-
ples (C16 and C17), P. horridus outnumbers P. macrodentatus for the
first and only time in the biofacies suggesting an unfavorable increase
in water depth for these species (Fig. 6a). This is not the case for A.
jemtlandica and F. jachalensis that represent the most abundant taxa of
the second sub-biofacies; the fluctuation of their abundance curves in



Fig. 9. DCA (Detrended Correspondence Analysis) of the conodont fauna from the Las Aguaditas Creek, Las Chacritas River, and Cerro La Chilca sections.
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the different study areas show similar responses to environmental
changes (Figs. 5b, 6b).

The DCA shows a trend for conodont associations extending from
the Protopanderodus -Parapaltodus sub-biofacies to the Fahraeusodus-
Ansella sub-biofacies (Fig. 9), also these changes correspond with litho-
logic changes. The San Juan Formation consists of nodular limestones
and grainstones deposited on a distal platform below the wave base.
This facies represents shallower environments suitable for the develop-
ment of a wide variety of conodont taxa with diverse lifestyles. The di-
verse Protopanderodus-Parapaltodus sub-biofacies occurs within these
shallower environments. The lower part of the Las Aguaditas, the Las
Chacritas and Gualcamayo formations consist of lime-mudstones,
which are characteristic of deep-water environments. The
Fahraeusodus-Ansella sub-biofacies is represented in this deeper water
setting. Species typical of deeper water conditions, such as P. horridus,
P. originalis, F. jachalensis, A. jemtandica and pelagic species belonging
to the Drepanodus and Drepanoistodus genera were recovered from
these deeper water environments; moreover, faunas associated with
deep-water, such as that of graptolites were also documented in the
Las Aguaditas Creek, Las Chacritas River and Cerro La Chilca sections
(Serra et al., 2015b). In the case of the Las Chacritas River section, a
shallowing event is recorded by a change in the lithology from
wackestones to grainstones, aswell as an increase inmacro- andmicro-
fossils towards the middle and upper parts of the Las Chacritas Forma-
tion. This shallowing event causes the Protopanderodus-Parapaltodus
association to reappear in the middle and upper parts of the unit at
this section.

Local environmental changes in the Precordillera had varied effects
on the diversity of conodonts within the Periodon-Paroistodus biofacies.
Our results indicate that the diversity in the Protopanderodus-
Parapaltodus sub-biofacies is higher than the Fahraeusodus-Ansella
sub-biofacies in all of the study sections. The former not only has a
greater number of species present, but the individuals are distributed
more equitably among these species. The environmental shift to deeper,
anoxic conditions induced changes in the taxonomic composition and
affected the diversity of conodont communities, while shallower set-
tings represented more favorable environments for the development
of conodont communities during the study interval recorded in the
Precordillera. These positive effects in the conodont fauna seem to be
a generalized phenomenon across the Precordillera during the mid-
dle-Darriwilian, or at least at the Las Aguaditas Creek, Las Chacritas
River and Cerro La Chilca sections. Consequently, we conclude that the
conodont diversity and faunal dynamics in the study area of the Argen-
tine Precordillera was mainly controlled by regional fluctuations of the
sea-level.
8. Systematic paleontology

The conodont taxa from our database are identifiable with species
that have been adequately described in numerous publications. There-
fore, the definition and description of one new species with important
paleoecological implications for this study is considered. All specimens
of this study are stored at theMuseo de Paleontología of theUniversidad
Nacional de Córdoba.

GENUS Fahraeusodus Stouge and Bagnoli, 1988.
Type species.? Microzarkodina adentata McTavish, 1973.
Fahraeusodus jachalensis Feltes and Albanesi n. sp.
Synonymy. - Fahraeusodus marathonensis (Bradshaw) Albanesi,

1998, pl. 4, fig. 19–23; Serra and Albanesi, 2013, p. 107, fig. 3. 6; Feltes
and Albanesi, 2013, p. 20., fig. 3. 4, 18; Serra et al., 2015a,p. 819, fig. 4.
v. Fahraeusodus n. sp. Feltes et al., 2016, table 1; Albanesi and Ortega,
2016, fig. 7.5.

Derivation of name. - The specific name derives from the Jáchal local-
ity, San Juan Province.

Type locality. - Las Aguaditas Creek, Las Chacritas River, and Cerro La
Chilca sections, Precordillera of San Juan, Argentina.

Type stratum. - Lower member of the Las Aguaditas Formation, sam-
ple LAF33, Eoplacognathus pseudoplanus Zone (middle Darriwilian).

Holotype. - CORD-MP 34853 (Fig. 10e), Pa element.
Diagnosis. - The Pa element is dolobrate to carminatewith erect cusp

and posterior denticles with sharp edges. The anterobasal margin de-
velops as an anticusp slightly flexed to anterior, andmay carry incipient
denticles. The posterior process is arcuate, fully denticulated. Denticles
have sharp edges and are basally fused with free spiny apexes that pro-
gressively decrease in height to the posterior end. The cusp is always
higher than the posterior denticles, and both are ornamented with a
strong lateral costa on each side. In theM element, the posterior process
is longer than the cusp.

Description. - The P element has a relatively short posterior, fully
denticulated process that bears up to 12 compressed and apically free
denticles. The denticles are always shorter than the cusp in descending
order of height. The basal margin is arcuate and exhibits a wide basal
cavity. The cusp is 350 μm in height and 67 μm wide measured at its
base in adult specimens. The basal margin at its wider part is 100 μm
and the posterior process is 170 μm long. The anterobasal margin of
the Pa element develops as an anticusp slightly flexed to anterior, and
may carry incipient denticles. This character differs from the Pb element
in which the anticusp forms a right angle with the basal margin poste-
rior process.

The S elements share similar morphologies as those described for
Fahraeusodus marathonensis (see Bradshaw, 1969; Ethington and



Fig. 10.Conodontmorphotypes of the Fahraeusodus jachalensisn. sp. apparatus (a–g, l) sampled at 43m from thebase of the LasAguaditas Formation at the Las Aguaditas Creek section; (a)
M element, lateral view, CORD-MP 34849; (b) Sd element, lateral view, CORD-MP 34850; (c) Sc element, lateral view, CORD-MP 34851; (d) Pb element, lateral view, CORD-MP 34852; (e)
Pa element, lateral view, CORD-MP 34853 (Holotype); (f) Sb element, lateral view, CORD-MP 34854; (g) Sa element, lateral view, CORD-MP 34855; (l) Sd element, lateral view, CORD-MP
34856; (h–k) sampled at 3.3m from thebase of theGualcamayo Formation at the Cerro La Chilca section; (h) Sc element, lateral view, CORD-MP 44001; (i) Pa element, lateral view, CORD-
MP 44002; (j)M element, lateral view, CORD-MP 44003; (k) Sa element, lateral view, CORD-MP 44004; (m) Pa element, lateral view, CORD-MP 34021, sampled at 39.3m from the base of
the Las Chacritas Formation at the Las Chacritas River section.
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Clark, 1981; Repetski, 1982; Stouge and Bagnoli, 1988; Smith, 1991;
Albanesi, 1998). The ramiform elements of the transition series exhibit
a fully denticulated porterior process. The Sc element presents cusp
and denticles reclined. It bears a prominent anticusp longer than the
cusp. The second and the third denticles are longer than the cusp. The
Sb element is themore robust, with the third denticle wider and longer
than the cusp. The cusp bears a lateral costa in a lateral face. The Sa is the
symmetric element with two lateral processes that start up as a pro-
nounced keel in the cusp and continues aborally as a non denticulated
process. This element bears a fully denticulated posterior process with
apically free denticles that are shorter than the cusp. The Sd element
has two asymmetrical lateral processes that extend posteriorly. Similar
to the Sa element, the denticles are shorter and more slender than the
cusp. TheMelement is coniform and geniculated. The cusp is slightly re-
clined. A short anticusp develops from the base. The posterior process is
longer than the cusp.

Remarks. - The multielemental apparatus of this species resembles
Fahraeusodus marathonensis (Bradshaw), except for the P and M ele-
ments, which are diagnostic at species level. All of the P andM elements
recovered from the study localities of the Precordillera share the same
morphologic characteristics. The stratigraphic range of the species ex-
tends throughout the study interval (upper part of the San Juan Forma-
tion and the overlying shaly-calcareous units). The Pa element of
Fahraeusodus jachalensis differs from the homologous of Fahraeusodus
mirus Stouge and Bagnoli in bearing up to 12 compressed and apically
free denticles, rather than a maximum of 6 in the posterior process.
Fahraeusodus marathonensis does not bear incipient denticles close to
the antero-basal margin of the anticusp, which are diagnostic of the
new species (cf. Stouge and Bagnoli, 1988). Fahraeusodus adentatus
(McTavish) does not present a well-developed anticusp, but an acute
antero-basal margin (Ethington and Clark, 1981). The M element of F.
jachalensis differs from that of F. marathonensis illustrated in Bauer
(2010, pl.1, fig.13) in having a posterior process that is longer than the
cusp. These elements lack the indention above the antero-basal corner,
which is typical in F. mirus.

Discussion. - This species was identified as F. marathonensis
(Bradshaw, 1969) in previous studies from the Las Aguaditas Creek
(Feltes and Albanesi, 2013) and Las Chacritas River (Serra and
Albanesi, 2013; Serra et al., 2015a) localities. More recently, Feltes et
al. (2016) recognized the differences in the Pmorphotypes and referred
it as Fahraeusodus n. sp. The fully reconstructed apparatus presented
herein enables the definition of the new species. The M element illus-
trated in Albanesi (1998) as F. marathonensis, actually belongs to F.
jachalensis, according to the length of the posterior process in relation
to the cusp. Another differencewith F.marathonensis, its closest relative,
is observed on the flanks of the elements which present a remarkable
ledge in this species, instead of in F. jachalensis where this character is
rather faint.

Occurrence. - Upper 25 m of the San Juan Formation, lower member
of the Las Aguaditas Formation at the Las Aguaditas Creek, Las Chacritas
Formation at Las Chacritas River and Gualcamayo Formation at Cerro La
Chilca.

Material. - 644 elements (Las Aguaditas Creek); 119 elements (Las
Chacritas River); 66 elements (Cerro La Chilca).
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