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Three different species of the Ordovician genus Erraticodon Dzik are described and illustrated. Erraticodon
patu Cooper is reported from the Lower—Midde Ordovician strata of the Acoite and Alto del Condor
formations. E. cf. Erraticodon balticus and Erraticodon hexianensis from Middle Ordovician carbonate
deposits of the San Juan Formation are analyzed and compared to specimens of these species from

Keyworc?s: Australia, China, Newfoundland, and Baltica. E. patu and E. hexianensis are recorded for first time in the
Ordovician San Juan Formation of Precordillera. The elements of E. cf. E. balticus resemble closely E. balticus Dzik but
gf:;?fggg; lack the important denticle on the posterior process of the S elements. An evaluation of the stratigraphic
Argentina occurrences of these species relative to those of key Lower and Middle Ordovician conodont species such

as Trapezognathus diprion Lindstrém, Oepikodus intermedius Serpagli, Baltoniodus triangularis (Lind-
strdm), Baltoniodus navis Lindstrom, Yangtzeplacognathus crassus (Chen and Zhang) and Eoplacognathus
pseudoplanus (Viira) indicates they value for biostratigraphic correlation.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Hyaline conodonts of the genus Erraticodon belong to the Family
Chirognathidae Branson and Mehl (1944), within the Order Prio-
niodinida Sweet (1988). The genus Erraticodon has been recorded in
Floian to Darriwilian strata of Australia, Baltica, Midcontinent USA,
South-Central China and Argentina (Zhen et al., 2003; Stouge, 1984;
Zhang, 1998; Rasmussen, 2001; Albanesi, 1998; Lehnert, 1995;
Mestre, 2010; Carlorosi, 2012). Therefore, it is present in several
biogeographical conodont provinces. Zhen et al. (2003) analyzed
the global distribution of Erraticodon and concluded that Erratico-
don patu (then regarded as an exclusively Australian conodont) is
the oldest species of the group, but also suggested that some
specimens assigned to E. patu require further study. Erraticodon is
interpreted to have had thrived in shallow and warm sea waters
with sandy sea floors, because it is abundant in sandy beds with
disarticulated macrofauna (Sweet, 1981; Stouge, 1984; Albanesi
et al., 2005; Carlorosi, 2012).

Elements of the genus Erraticodon are not common in Ordovi-
cian conodont faunas of Argentina. They have been mentioned by
Lehnert (1995), Albanesi (1998), Albanesi and Vaccari (1994),
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Sarmiento (1990), Mestre (2010), among others. Carlorosi (2012)
described and illustrated E. patu Cooper from Floian-Dapingian
strata in the Andean Basin (Eastern Cordillera).

The purpose of this paper is to report and illustrate the species
of the genus Erraticodon that occur in several Ordovician forma-
tions of Argentina. Previous records are evaluated and reviewed
following the taxonomic concepts of Zhen et al. (2003), Zhen et al.
(2007) and Zhen and Pickett (2008).

2. Geological settings and previous investigations

The material examined in this study is derived from two
different geological provinces in Argentina, the Andean Basin and
the Precordillera, where Lower and Middle Ordovician strata are
classical outcrops. Conodonts were collected from the following
sections: Chamarra Creek (Los Colorados, Jujuy), Talacasto Creek
(Sierra de Talacasto, San Juan), La Chilca (La Chilca Hill, San Juan)
and Del Aluvién Creek (Viejo Hill, San Juan) (Fig. 1).

2.1. Andean Basin

The Lower Paleozoic Central Andean Basin covers a large area in
southern Pert and the Eastern Cordillera and Subandean areas of
Bolivia and Argentina. It is represented lithologically by a highly
fossiliferous succession of strata of sandstone and shale, which has
been considered as the most prominent Ordovician sequence
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Fig. 1. Regional and location maps. A — Geological provinces of Argentina. B — Eastern Cordillera with Ordovician outcrops in grey color, study area mentioned in text. C — Pre-

cordillera with Ordovician outcrops in grey color, areas of study are mentioned in text.

worldwide, with over 10 km in thickness (Suarez Soruco, 1992;
Erdtmann et al., 1995; Egenhoff, 2000) (Fig. 1).

Shallow marine sequences characterize the whole region and
were deposited on a general deepening in a westward basin. This
Ordovician basin is bounded by the Brazilian Shield to the east and
the Pampean shield to the south—east. Lower and Upper Ordovician
formations are chronostratigraphically resolved by abundant fossils,
with conodonts of particular importance for correlation. During the
last 20 years an important amount of data has been put together and,
nowadays, a fairly acceptable general picture of the strata, fossils,
and ages is available (Gagnier et al., 1996; Suarez Soruco, 2000;
Acefiolaza et al.,, 2002; Benedetto, 2003; Egenhoff et al., 2004;
Erdtmann et al,, 1995). Among the different paleontological ele-
ments, conodonts have to be highlighted due to their importance in
the studies of the Cambrian and Ordovician strata in South America.

2.1.1. Chamarra Creek section (Eastern Cordillera)

The entire succession is composed by the clastic Acoite and Alto
del Céndor formations. The uppermost part of the Acoite Formation
is almost 300 m thick and the entire Alto del Condor Formation is
120 m thick. The coordinates at the base of the measured section
are 23°31/56, 4” S and 65°40'04, 3” W (Figs. 1 and 2). Astini et al.
(2004) described the basal part of the Acoite Formation as a

heterolithic succession composed by alternating green shale and
grey sandstone. At the top, sandstone beds are thicker than shale
beds and usually contain bioclastic levels. Astini and Waisfeld
(1993) defined these strata as a sandy member in the upper part
of the Acoite Formation. Sampled beds have fragments of bra-
chiopods and trilobites. The age of the upper part of this formation
is restricted to the uppermost Floian by the record of the Tra-
pezognathus diprion Zone (Lower Ordovician) (Carlorosi, 2012).

The Alto del Céndor Formation is comprised of pale yellow
sandstone for the lower member, and green siltstone and red
sandstone for the upper member. The age is given by conodonts of
the Baltoniodus triangularis Zone as earliest Dapingian (Middle
Ordovician) (Carlorosi, 2012).

Elements of the genus Erraticodon were recovered from the
upper beds of the Acoite Formation and the lower and upper
members of the Alto del Céndor Formation.

The following species are present in the T. diprion Zone: Drepa-
nodus arcuatus Pander, Drepanoistodus basiovalis (Sergeeva), Drepa-
noistodus costatus (Abaimova), Erraticodon patu Cooper, Gothodus
costulatus Lindstrém, Trapezognathus diprion (Lindstrém), Baltonio-
dus sp. cf. B. triangularis (Lindstrém), Oistodus sp., and Triangulodus sp.

The following species are present in the B. triangularis Zone:
Baltoniodus triangularis (Lindstrdm), Drepanoistodus basiovalis,
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Fig. 2. Section of Acoite and Alto del Céndor formations at the Chamarra Creek, Los
Colorados region (Jujuy province) with vertical distribution of E. patu Cooper.

Erraticodon patu, Gothodus costulatus, T. diprion, Trapezognathus
quadrangulum Lindstrém, Baltoniodus sp. cf. B. triangularis, Drepa-
nodus sp., Oistodus sp., and Triangulodus sp. among others.

2.2. Precordillera

The Precordillera (Fig. 1) is part of a larger region, the Cuyania
terrane (Ramos, 1995; Ramos et al., 1998), which is interpreted as
allochthonous and did not occupy its present geographic position
until mid Ordovician time (Astini, 1998; Astini and Thomas, 1999) or
Devonian time (Acefiolaza et al., 2002; Finney, 2007). The Lower-
Middle Ordovician carbonate succession of the Precordillera,
comprising the La Silla and San Juan formations, is developed along
a length of 400 km N—S with a width of 150 km E—W. Although
these stratigraphic successions indicate the stability of the platform
sedimentation, Middle and Upper Ordovician strata of largely sili-
ciclastic facies show great vertical and lateral heterogeneity that has
been taken as a record of tectonic and paleogeographic upheaval.

The conodont genus Erraticodon was mentioned previously in
the San Juan Formation by several authors (Sarmiento, 1990;
Lehnert, 1995; Albanesi, 1998; Mestre, 2010) and new elements of
this genus were recovered in this study. Different species of Erra-
ticodon were recovered from Talacasto Creek, La Chilca Hill and Del
Aluvién Creek sections, where the San Juan Formation has good
exposure (Fig. 1).

2.2.1. Talacasto locality
This well known and classical sector of the San Juan Pre-
cordillera was poorly studied on Ordovician conodonts, only

mentioning the Oepikodus evae Zone (Hiinicken, 1982) in the
eastern outcrops of the Talacasto Creek and the Lenodus variabilis
Zone for the uppermost San Juan Formation (Albanesi et al., 2007)
in Talacasto Range.

The Talacasto section shows good and continuous exposure of
the San Juan Formation. It consists of highly fossiliferous shallow-
water limestone which varies from glauconitic wackestone-
packstone with k-bentonites (0. evae Zone) to tempestitic grain-
stone with k-bentonites (Oepikodus intermedius Zone), including
several firmgrounds to the top of the biozone, followed by non-
fossiliferous rich chert limestone. Ten meters from the top, lime-
stone beds contain well preserved Darriwilian fossils (Fig. 2). Few
elements of Erraticodon were obtained from beds of the
0. intermedius Zone, representing the first record of the genus in
strata of such age in the Precordillera. The following species are
present in the O. intermedius Zone: Ansella jemtlandica (Lofgren),
Bergstroemognathus extensus Serpagli, Erraticodon patu, Juanogna-
thus variabilis Serpagli, O. evae (Lindstrom), O. intermedius (Serpa-
gli), Periodon flabellum (Lindstrém), Protopanderodus leonardii
Serpagli, Protopanderodus elongatus Serpagli, Protopanderodus gra-
datus Serpagli, Rossodus barnesi Albanesi, Reutterodus andinus Ser-
pagli, and Scolopodus krummi (Lehnert).

2.2.2. La Chilca Hill section

Lehnert (1995) mentioned the first conodont fauna from La
Chilca section including Erraticodon balticus. Mestre (2010, 2012)
recorded the Eoplacognathus pseudoplanus Zone for the last me-
ter of San Juan Formation in this section. Recently, the record of
the key conodonts Lenodus variabilis Sergeeva, Yangtzeplacogna-
thus crassus (Chen and Zhang), and Eoplacognathus pseudoplanus
(Viira) in this section by Heredia and Mestre (2011), Mestre and
Heredia (2012), and Mestre (2012) allows modifications on the
Darriwilian conodont chart zonation for the Precordillera. The
Ordovician carbonates exposed in the La Chilca section are
composed of grey to dark grey carbonates, marls and mixed car-
bonate/siliciclastic beds deposited in a ramp setting (Carrera, 1997;
Mestre, 2010). The section begins with the Lower — Middle
Ordovician San Juan Formation, composed mainly of fossiliferous
limestone and marly limestone, 380 m thick (Keller, 1999). The San
Juan Formation is conformably overlain by thin- to medium-
bedded marly limestone and black shale of the Los Azules For-
mation, which correlates with the Middle to Upper Ordovician.
The contact between the San Juan and Los Azules Formations is
transitional, and the first level of black shale marks the boundary
between these two units (Fig. 3).

From the Y. crassus Zone (Fig. 3) few elements of Erraticodon
hexianensis and E. cf. E. balticus were recovered associated with: A.
jemtlandica, Cornuodus longibasis (Lindstrém), Drepanoistodus
basiovalis, Fahraeusodus marathonensis (Bradshaw), Histiodella hol-
odentata Ethington and Clark, Lenodus variabilis, Paroistodus horri-
dus (Barnes and Poplawski), Periodon macrodentatus (Graves and
Ellison), Protopanderodus rectus (Lindstrom), Pteracontiodus cryp-
todens (Mound), Rossodus barnesi, Scolopodus oldstockensis Stouge,
Y. crassus, “Bryantodina” aff. “B”. typicalis (Stauffer), among others.

From the E. pseudoplanus Zone (Fig. 3), elements of E. cf.
E. balticus were obtained along with the following species: A.
jemtlandica, Baltoniodus medius (Dzik), Cornuodus longibasis, Cos-
ticonus ethingtoni Fahraeus, Drepanoistodus basiovalis, Drepanois-
todus bellburnensis Stouge, Drepanoistodus costatus, Eoplacognathus
pseudoplanus, Fahraeusodus marathonensis, Histiodella holodentata,
Histiodella kristinae Stouge, Protopanderodus calceatus Bagnoli and
Stouge, Protopanderodus graeai (Hamar), Parapanderodus sim-
plicissimus Stouge, Paroistodus horridus, Periodon macrodentatus,
Rossodus barnesi, Scolopodus oldstockensis and Microzarkodina cf.
M. ozarkodella Lindstrém, and “Bryantodina” aff. B. typicalis.
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Fig. 3. Sections of San Juan Formation at Talacasto Creek, La Chilca Hill and Del Aluvién Creek (San Juan province) with vertical distribution of E. patu Cooper, E. hexianensis An and

Ding, and E. cf. E. balticus Dzik.

2.2.3. Del Aluvién section

This section is located on the western flank of the Huaco anti-
cline about 4 km southeast from La Ciénaga village (Fig. 1). There,
the San Juan Formation crops out in a north-south belt with several
well studied sections that cut off this belt. The most northward
section of this classical site is located on Del Aluvién creek.

The San Juan Formation consists of carbonate deposits with a
thickness of 330 m (Keller, 1999), assigned to a shallow ramp
depositional settings, developing crinoidal barriers, hardgrounds,
and several exposure surfaces in the upper part (Cafias and Aguirre,
2005 with references herein). A well-known hardground is at the
top of the unit where nautiloids with giant phragmacones are
present. The Los Azules Formation overlies the San Juan Formation
with a contact that has been interpreted as paraconformable
(Astini, 1994) (Fig. 3). Ortega et al. (2007) mentioned the presence
of conodonts from the upper part of the San Juan Formation
belonging to the Lenodus variabilis Zone that provides a Middle
Ordovician (Darriwilian) age for this these outcrops. Mestre (2010)
recorded the Y. crassus Zone for the uppermost beds of the San Juan
Formation on the Del Aluvién creek. From the Y. crassus Zone
(Fig. 3) few elements of E. hexianensis and E. cf. E. balticus were
recovered together with A. jemtlandica, Cornuodus longibasis, Dre-
panodus arcuatus, Drepanoistodus basiovalis, Drepanoistodus bell-
burnensis, Drepanoistodus tablepointensis Stouge, Drepanoistodus

costatus, Fahraeusodus marathonensis, Parapanderodus elegans
Stouge, Paraistodus originalis (Sergeeva), Periodon macrodentatus,
Protopanderodus rectus, Pteracontiodus cryptodens, Rossodus barnesi,
Scolopodus oldstockensis, Strachagnathus parvus Rhodes, and Y.
crassus, among others.

3. Materials and methods

Seventy-three samples (average 1.5 kg) collected in sections
mentioned above yield conodonts. Laboratory procedures were the
usual ones described by Stone (1987). All photographic illustrations
(Figs. 4—6) are SEM digital photomicrographs. Conodont elements
have different CAI grades (for explanation of CAl, see Epstein et al.,
1977) depending the location of the section in the basin, which will
be discussed later. The illustrated elements are deposited in col-
lections of the INGEO at Universidad Nacional de San Juan under
the code INGEO-MP and the Collection of Microvertebrates Lillo-
Conodonts under the code CML-C.

The synonymy lists are condensed, mostly containing only the
original citations of species names incorporated in each multiele-
ment taxon and mentions for Argentina. In the descriptions, we
have used the conventional orientational terms — anterior, poste-
rior and lateral — noting that these do not relate to the anatomical
orientation of elements (see Purnell et al., 2000).
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Fig. 4. Microphotograph of scanning electron microscope of Erraticodon hexianensis
(An and Ding, 1985). The bar indicates 0.1 mm. Figured elements belong to Darriwilian
beds of the Precordillera. A — lateral view of Pa element, sample DA2, Del Aluvién
Creek, INGEO-MP 436 (1). B — lateral view of Sa element, sample DA3, Del Aluvién
Creek, INGEO-MP 437 (1). C — lateral view of M element, sample DA3, Del Aluvién
Creek, INGEO-MP 437 (2).

4. Systematic palaeontology

Class Conodonta Pander, 1856

Order Prioniodinida Sweet, 1988

Family Chirognathidae Branson and Mehl, 1944
Erraticodon Dzik, 1978

Type species. Erraticodon balticus Dzik, 1978

Diagnosis. Septimembrate or octomembrate apparatus with a
ramiform structure including digyrate P, makellate M, alate Sa,
bipennate Sb and Sc and tertiopedate Sd. Hyaline elements with
long and prominent cusp, discrete denticles on the processes, and a

shallow basal cavity. In this work we follow criteria applied by Zhen
et al. (2003) on the element diagnosis.

Seven named species are ascribed to Erraticodon. Worldwide
these include E. balticus Dzik, E. fengxiangensis Ni, E. gratus (Mos-
kalenko), E. hexianensis An and Ding, E. patu Cooper, and
E. tangshanensis Yan and Xu, and E. tarimensis Zhen et al. (2007).

Erraticodon hexianensis An and Ding, 1985

Fig. 4, A—C.

1984 Erraticodon balticus Dzik, Stouge, p. 84—85, pl. 17, Figs. 10,
15,18.

1998 Erraticodon balticus Dzik, Zhang, p.126, pl. 9, Figs. 8,10?—117.
2007 Erraticodon hexianensis An and Ding, Zhen et al., p. 149—
158, Figs. 4—9 with synonymy herein.

Material. 3 Pa, 4 Sa, 1 Sb, 1 Sc, 1 Sd, 1 M; CHLB: INGEO-MP1090
(1); CHL 3: INGEO-MP 1091 (1-3); DA1: INGEO-MP 435 (1); DA2:
INGEO-MP 436 (1—3); DA3: INGEO-MP 437 (1-3).

Description. We describe Pa, M and Sa elements which are
illustrated (Fig. 4). Preservation is poor in the others elements.

Pa element digyrate with a long cusp rounded in cross section.
The sinuously curved lateral process has peg-like denticles on it and
the short inner lateral process has three small denticles on it. The
lateral process bears six denticles, two short denticles proximal to
the cusp, follow by two long denticles and the rest of the denticles
shorter distally from the cusp.

M element makellate with an outer lateral process bearing five
denticles. Prominent cusp curved posteriorly. Basal cavity shallow,
in basal view is triangular.

Sa element alate has short lateral processes bearing a single
prominent, posteriorly curved short denticle. The cusp is robust and
posteriorly curved with sharp costa along the posterior margin.
Posterior denticulate process. The base below the lateral processes
is extended downwardly.

Remarks. The Erraticodon hexianensis was introduced by An and
Ding (1985) from the late Dawanian to early Darriwilian of South
China. Zhen et al. (2007) revised this species of Erraticodon with an
octomembrate ramiform—ramiform apparatus including M, Sa, Sb,
Sc, Sd, Pa, Pb and Pc. The Pa element of E. hexianensis is comparable
in shape and angles relation of the processes and the cusp to the
corresponding element illustrated by Zhen et al. (2007). Compari-
sons to E. cf. E. balticus are made in remarks section of such species.

The recovered elements are comparable to those obtained from
the Guniutan Formation, Yangtze Platform, south-central China
(Zhang, 1998; pl. 9, Figs. 8, 10? —117?). Stouge (1984) illustrated el-
ements of “Erraticodon balticus” that we propose to refer to
E. hexianensis (pl. 17, Figs. 10, 15, 18).

Occurrence in the sections. E. hexianensis is restricted to the
Precordillera, in the San Juan Formation, Y. crassus Zone (Del Alu-
vion Creek and La Chilca Hill).

Erraticodon patu Cooper, 1981

Fig. 5, A—I; Fig. 6, A—C.

1981 Erraticodon patu Cooper, p.166, pl. 32, Figs. 1-6, 8.

1987 Erismodus quadridactylus (Stauffer), Sarmiento and Rao, p.
9091, pl. 1, Figs. 2—4, 7, 9, 12; pl. 2, Figs. 1-6.

1994 Erraticodon patu Cooper, Albanesi and Vaccari, p. 137, pl. 1,
Figs. 11-16.

2007 Erraticodon balticus Dzik, Albanesi et al., p. 46, text. Fig. 3 A,
B, C, D.

2012 Erraticodon patu Cooper, Carlorosi, p. 112—116, pls. 2, 3, 27
(A, F), 28 (D).

Material. Eastern Cordillera: 44 Pa, 6 Pb, 55 Sa, 154 Sb, 88 Sc,
67 Sd y 26 M, Acoite Formation, Samples AC1: CML-C 5038 (1—
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Fig. 5. Microphotograph of scanning electron microscope of Erraticodon patu (Cooper, 1981). The bar indicates 0.1 mm. Figured elements belong to Dapingian beds of the Eastern
Cordillera. A — posterior view of Pa element, sample MS4, Alto del Condor Formation, CML-C 5084(1). B, C — oral and lateral views of Pb element, sample MS4, Alto del Condor
Formation, CML-C 5084(45). D, E — antero-lateral and postero-lateral views of M elements, sample MS4, Alto del Céndor Formation, CML-C 5084(47—48). F — posterior view of Sa
element, sample MS4, Alo del Condor Formation, CML-C 5084(73). G — lateral view of Sb element, sample MS4, Alto del Condor Formation, CML-C 5084(119). H — lateral view of Sc
element, sample MS4, Alto del Céndor Formation, CML-C 5084(248). I — postero-lateral view of Sd element, sample MS4, Alto del Céndor Formation, CML-C 5084(320).

8); AC2: CML-C 5047 (1-5), AC3: CML-C 5054 (1-6), AC4: CML-C
5058 (1-5). Alto del Céndor Formation, samples MI1: CML-C
5060 (1-5), MI2: CML-C 5063 (1-7), MI3: CML-C 5065 (1),
MiI4: CML-C 5067 (1-3), MS1: CML-C 5072 (1-3), MS2: CML-C
5076 (1-6), MS3: CML-C 5077 (1-3), MS4: CML-C 5084 (1—

393) (39 Pa, 6 Pb, 25M, 45Sa, 129Sb, 82Sc, 67Sd). Preservation is
fair but many elements are fragmented due to peculiar shape of
the elements.

Precordillera: 1 Sa, 1Sb and 1Sc, San Juan Formation, Sample
T15: INGEO-MP 1815 (1-3).

Fig. 6. Microphotograph of scanning electron microscope of Erraticodon patu Cooper. The bar indicates 0.1 mm. Figured elements belong to Floian beds of the Precordillera. A —
postero-lateral view of M element, sample 15b, Talacasto Creek, INGEO-MP 1851 (1). B — lateral view of Sb element, sample 15b, Talacasto Creek, INGEO-MP 1851 (2). C — lateral-

posterior view of Sd element, sample 15b, Talacasto Creek, INGEO-MP 1851 (3).
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Fig. 7. Microphotograph of scanning electron microscope of Erraticodon cf. Erraticodon balticus (Dzik, 1978). The bar indicates 0.1 mm. Figured elements belong to Darriwilian beds
of the Precordillera. A — anterior view of Pb element, sample DA3, Del Aluvién Creek, INGEO-MP 413 (1). B — lateral view of Pa element, sample CHL4, La Chilca Hill, INGEO-MP 1010
(1). C — posterior view of Pb element, sample CHL4, La Chilca Hill, INGEO-MP 100 (2). D — lateral view of Sc element, sample DA3, Del Aluvién Creek, INGEO-MP 413 (1). E — lateral
view of Sa element, sample CHL5, La Chilca Hill, INGEO-MP 1025 (2). F — lateral view of Sb element, sample DA3, Del Aluvién Creek, INGEO-MP 413 (2). G — lateral view of M
element, sample DA3, Del Aluvién Creek, INGEO-MP 413 (3).
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Description. Pa element: Thin and elongated cusp where three
processes appear. The anterior and posterior are arranged upright
with respect to the cusp but are directed downwards. The lateral
process follows the anterior process at an angle of 60°, all three
processes bearing denticles. The base is deep and excavated and
expands each of the processes.

Pb element: Cusp slender, straight with sharp edges like small
ribs which continue laterally as processes. The internal lateral
process is short and has a horizontal direction with respect to the
cusp, the outer lateral process is longer and is directed downwards
at an angle to the cusp of about 130°, both processes have two to
three anteroposterior compressed thin denticles with sharp edges
and curving back. Denticle sizes range from short in the internal
lateral process to long in length to the cusp above the lateral pro-
cess. The basal margin is extended and bent in the case of anterior
lateral process. Basal cavity is reduced to a small pit below the apex
and extends as an imperceptible groove in the all processes.

M element: This element has a long, robust, sharp margin,
anteroposteriorly compressed cusp facing back, and from it
emerges two processes, a small anterior process that usually carries
a denticulate and a longer posterior process bearing two denticles.
The denticles are short and compressed in the front to back. The
basal cavity is small, excavated and extends only under the poste-
rior process.

Sa element: Symmetrical alate element. The cusp is long and
thin facing back and acute flanks. The lateral processes emerge
straight from the top and carry denticles in numbers between two
and four of which also have sharp margins. A short posterior pro-
cess bears a denticle. The basal margin is formed by deep arches on
each lateral process, whereas the basal cavity is excavated under-
neath the cusp.

Sb element: robust and strongly recurved cusp which is directed
toward posterior, we can distinguish three well-marked ribs, two of
which are continuing in lateral processes directed downward,
forming at a closed arc between them, each carrying thin denticles
compressed in the anterior. In the case of the denticles of the
anterior lateral process they are directed backwards. The posterior
process is short. The basal cavity is excavated and extends deeply in
the interior of the processes.

Sc element: The cusp is enlarged near the base and tapers to-
ward its apex, generally suberect, with sharp edges. The anterior
face is concave while the back is flat, and is characteristically
directed toward posterior lateral flank. From it arise two curved
lateral processes carrying three downward denticles. In the case of
posterior lateral process the first denticle is attached to the apex
while the anterior lateral is free. The basal cavity is widely exca-
vated and goes to each process.

Sd element: Slender and long cusp, straight to suberect. The
element has three processes, two lateral and posterior bearing
denticles. Both lateral processes are curve downwards at an angle
of 40°.

Remarks. Originally defined by Cooper (1981) on the basis of
specimens from the Horn Valley Siltstone, the Tabita Formation at
Mount Arrowsmith and unnamed unit at Koonenberry Gap; sub-
sequently subjected to review by Zhen et al. (2003). According to
this last author the elements are ramiforms digyrate P, makelate M,
alate Sa, Sb and Sc bipennate, and Sd tertiopedate. Zhen et al.
(2003) recorded E. patu from the early Ordovician from New
South Wales (Australia) which were especially used for comparing
our material. Albanesi and Vaccari (1994) mentioned E. patu in
Dapingian strata, that cropping out in Chaschuil (Famatina range).
On the other hand, elements figured as Erismodus quadridactylus
(Stauffer) by Sarmiento and Rao (1987) are interpreted as E. patu.
Also, several elements assigned as E. balticus by Albanesi et al.
(2007) are suggested as E. patu.

Occurrence in the sections. E. patu is recorded in the Acoite
(upper Floian, Trapezognathus diprion Zone) and Alto del Céndor
formations (Dapingian, Baltoniodus triangularis Zone) in the Andean
Basin (Carlorosi, 2012; Carlorosi et al., 2013). From the Talacasto
Creek (Central Precordillera) few elements of E. patu have been
recovered in the O. intermedius Zone from the San Juan Formation.

Erraticodon cf. E. balticus Dzik, 1978

Fig. 7, A—G.

1978 Erraticodon balticus sp. n. Dzik, p. 66, pl. 15: 2, 5 only; Fig. 6
b—d only.

1984 Erraticodon balticus Dzik, Stouge, p. 84—85, pl. 17, Figs. 9,
11-14,16, 17, 19 only.

1991 Erraticodon balticus Dzik, Sarmiento, p. 120, pl. 2, Figs. 1-2.
1995 Erraticodon balticus Dzik, Lehnert, p. 87—88, pl. 10, Figs. 13,
16.

1995 Erraticodon patu Cooper, Lehnert, pl. 10, Figs. 4, 11, 17.
1995 Erismodus? sp., Ortega et al., pl. 6, Figs. 1-3.

1995 Erraticodon aff. balticus Dzik, Albanesi et al., pl. 4, Figs. 1-3.
1998 Erraticodon balticus Dzik, Albanesi, p. 176, pl. 4, Figs. 16—18.
1998 Erraticodon balticus Dzik, Zhang, p. 126, pl. 9, Figs. 6—7, 13
only.

2007 Erraticodon balticus Dzik, Ortega et al., Fig. 6 F, G.

2008 Erraticodon balticus Dzik, Zhen and Pickett, Fig. 8 only.
2010 Erraticodon balticus Dzik, Mestre, p. 315, pl. 3, Figs. A—D.

Material. 5 Pa; 5 Pb; 3 Sa; 5 Sb; 5 Sc; 5 M elements. CHL 3:
INGEO-MP 1100 (1-3), CHL A: INGEO-MP 1101 (1); CHL4: INGEO-
MP 1010 (1—-18), CHL5: INGEO-MP 1025 (1—4), CHL6: INGEO-MP
1036 (1), DA3: INGEO-MP 413 (1—4). They occur in the upper part
of the San Juan Formation.

Description. Pa has a less prominent cusp with rounded in cross
section with a sharp lateral costa on each side and basal cavity
shallow, pit underneath the cusp. A long sinuously curved inner
lateral process, and a long, anteriorly twisted outer lateral process,
denticles on both processes also rounded.

Pb element has a slender and recurved cusp, with a sharp
anterior margin with lateral costa on each side, short anterior
process which bears four denticles, lateral processes on each side
with denticles.

S elements: the species of E. balticus is characterized by having
an important denticle on the posterior process of the Sa, Sb and Sc
elements (Dzik, 1991; Fig. 12A). The recovered S elements from the
Precordillera have not the diagnostic denticles.

Sa element alate has a large cusp with a sharp costa along its
posterior margin, and long and thin denticles on the posterior
process. Short lateral process on each side with a single denticle
which diverge from the aboral margin of the base. Basal cavity
shallow and small.

Sb element bipennate, asymmetrical, has a long cusp, with two
lateral processes and a long posterior process with denticles keeled
and reclined.

Sc element bipennate has a long and prominent recurved cusp,
and anterior and posterior processes. The inner laterally curved
anterior process bearing two to five reclined denticles. The poste-
rior process bears four thin and separately spaced denticles. The
basal cavity is shallow.

M element makellate has a robust cusp with a sharp costa along
the inner lateral face without anti-cusp. The basal cavity is shallow.
The outer lateral process bearing four to five separated or isolated
and pointed denticles, being the second and third longer than the
others; the first denticle is attached to the base of the cusp.

Remarks. The type specimens of E. balticus were recovered from
aQuaternary glacial boulder of Baltic origin in Poland (Dzik, 1978; pl.
15:1-3,5,6; Fig. 6 a—e) among conodonts from the E. robustus
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Subzone, Pygodus serra Zone. Our material is comparable in shape,
angles and number of denticles to these type specimens but a
detailed comparison shows that our material lack of the distinctive
larger denticle on the posterior process of the S elements. Also it is
broadly comparable with the elements of “E. balticus” from the
Table Head Formation, Newfoundland (Stouge, 1984; pl. 17, Figs. 9,
11—14,16—17,19), and P elements of E. balticus from the Goonumbla
Volcanics Formation, Central New South Wales, Australia (Zhen and
Pickett, 2008; Figs. 6—8). These last authors described M elements of
E. balticus with the long outer lateral process bearing four to seven
pointed denticles which are more closely spaced than those
observed in our material or compared to those described by Dzik
(1978).

The S and M elements of E. hexianensis recovered for this study
were compared to those of E. cf. E. balticus. The M element of
E. hexianensis resembles M element of E. balticus and E. cf. E. balticus
except that the first denticle of the outer lateral process is not
attached to the cusp and the denticles are smaller. Sa element
shows strong morphological differences with Sa elements of E. cf.
E. balticus, mainly in the shape and size of the lateral processes and
of the denticles that they bear.

After comparison the biostratigraphical distribution of Erratico-
don cf. E. balticus (Y. crassus and Eoplacognathus pseudoplanus zones)
from the San Juan Formation (Lehnert, 1995; Albanesi, 1998; this
contribution, among others), and those from the Table Head For-
mation (Stouge, 1984) to E. balticus described from Baltica by Dzik
(1978) and Australia by Zhen and Pickett (2008), is possible to pro-
pose that the first ones could represent the ancestors of E. balticus.

Lehnert (1995) distinguished E. patu and E. balticus at the top of
San Juan Formation (E. patu pl. 4; Figs. 4, 11,15 and 17; E. balticus, pl.
4, Figs. 13, 16); we assigned all these elements to E. cf. E. balticus.
E. balticus described and illustrated by Sarmiento (1990), Albanesi
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(1998), Ortega et al. (2007) and Mestre (2010) are included in E.
cf. E. balticus until large collections allows better studies on this
species.

The elements studied here show a partial Erraticodon apparatus
represented by 4 Pa, 5 Pb, 3 Sa, 5 Sb, 5 Sc, and 5 M elements except
the Sd element which has not been recovered.

Occurrence in the sections. E. cf. E. balticus is restricted to the
Precordillera, in the San Juan Formation, Y. crassus Zone (Del Alu-
vion Creek and La Chilca Hill) and Eoplacognathus pseudoplanus
Zone (La Chilca Hill).

5. Conodont ecology and biogeography

Erraticodon patu elements Floian Acoite Formation fossil as-
semblages are small and fragile. The Dapingian E. patu assemblages
yield complete sets of ontogenetic stages (juvenile, adult and
mature elements) mostly by large and robust elements. It seems
that E. patu ranges from Floian (O. evae Zone) to early Dapingian
(Baltoniodus triangularis — Baltoniodus navis zones) (Fig. 8).

Darriwilian species of Erraticodon probably were not strongly
controlled by the environment like Floian Erraticodon species
because the first occupied shallow and middle ramp environments.
Comparisons of Erraticodon specimens from these environments of
the carbonate ramp (Y. crassus Zone) suggests that shallower set-
tings are inhabited by robust forms of Erraticodon (both species)
and in middle ramp settings these are smaller and delicate.
E. hexianensis is apparently restricted to Lenodus variabilis — Y.
crassus zones, meanwhile E. cf. E. balticus shared this interval
extending its presence until upper Darriwilian times (Fig. 8).

Benedetto (2003) pointed out a more or less continuous biotic
exchange during early Ordovician times along the Gondwana
margin, from Australasia to North Africa and related south
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Fig. 8.

Ordovician Conodont biostratigraphic chart with vertical distribution of the genus Erraticodon Dzik in Argentina.
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European peri Gondwanan fragments following Jell et al. (1984).
More evidence supporting connections between Australian,
Famatinian and North Western Argentinean faunas is also pre-
sented in Benedetto (2003).

The finding of the conodont E. patu in Lower to early Middle
Ordovician deposits in the Andean basin (Eastern Cordillera) and
the Famatina range (Albanesi and Vaccari, 1994) confirms strong
ties with the Australian plate. However, the presence of E. patu in
Lower Ordovician (O. intermedius|T. diprion Zone) strata of the San
Juan Formation is of great interest in connection with the Pre-
cordillera microplate because of its suspected isolation during this
time, following interpretation of Astini and Thomas (1999),
Benedetto (2003) and citations herein. Benedetto (2003) suggested
that for Floian-Dapingian times the Precordillera was not adjacent
to Gondwana due to the absence of typical Gondwanan faunas,
except for the brachiopod Niquivilia. The presence of E. patu in
limestone beds in the Precordillera during the late Floian suggests
earlier links with Gondwana, especially with the Andean basin,
contrary to the scenario what these authors proposed.

We record for first time elements of E. hexianenesis which
occurred with E. cf. E. balticus in Darriwilian deposits of the Pre-
cordillera in the Y. crassus Zone. Meanwhile, E. cf. E. balticus is
occurred up until E. pseudoplanus Zone.

In Darriwilian times several conodont species suggest fluent
connections with Newfoundland and South-Central China due to
the record of E. cf. E. balticus and E. hexianensis, along with elements
of Y. crassus, E. pseudoplanus and several species of Dzikodus
(Mestre, 2010; Heredia and Mestre, 2011; Mestre, 2012).
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