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ABSTRACT:

A conodont assemblage recovered from the middle part of the Santa Rosita Formation at Pantipampa (Iruya area, northwestern
Argentina) is described herein. It includes Cordylodus angulatus Pander, C. cayesi Druce and Jones, C. lindstromi Druce and
Jones, C. hastatus Barnes, Furnishina furnishi Miiller, Kallidontus gondwanicus Zeballo and Albanesi, Phakelodus elongatus An,
Phakelodus tenuis (Zhang), Proconodontus muelleri Miller, Semiacontiodus sp. and Teridontus nakamurai Nogami, which are
characteristic of the Cordylodus angulatus Zone (upper lower Tremadocian). In the Iruya area, the C. angulatus Zone correlates
with the trilobite Kainella meridionalis Zone and the lower part of the Kainella teiichii Zone. Taxonomic diversity and relative
frequency of conodont species enables the recognition of the Semiacontiodus-Teridontus community, which is characteristic of
shallow marine environments.

KEYWORDS: Conodonts, Tremadocian, Santa Rosita Formation, Iruya, Argentina.

1. INTRODUCTION

The Cordillera Oriental, northwestern Argentina (Fig. 1A and B) is characterized by large thrust belts
of lower Paleozoic rocks that include late Furongian-late Tremadocian highly fossiliferous sandstone and
shale of the Santa Rosita Formation (Turner, 1960) (Fig. 1C). Trilobites, graptolites and conodonts of this
formation led to a biostratigraphic chart which, since the original proposal of Harrington and Leanza (1957),
has constantly been improving (e.g., Ortega and Albanesi, 2005; Albanesi et al., 2008; Waisfeld and Vaccari,
2008; Vaccari et al., 2010; Zeballo and Albanesi, 2013).

Biostratigraphically well-constrained Tremadocian fossil sites include the Santa Victoria, Nazareno, El
Perchel, Tilcara and Purmamarca areas (Fig. 1B).

In addition, Tortello and Esteban (2016) recently described a Tremadocian succession from the
Pantipampa locality (Iruya area, Salta Province) (Fig. 1C) in which the trilobite Kainella meridionalis and
K. teiichii zones are well exposed. Trilobites are abundant throughout this succession, whereas graptolites
(Rhabdinopora Eichwald, 1855) and conodonts were reported only from the lower and middle parts of
the section, respectively. The aims of this paper are to describe in detail the conodont faunas from the
Santa Rosita Formation at Pantipampa, and to refine the age assignment and correlations with other Lower
Ordovician localities from the Cordillera Oriental and the world.
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2. GEOLOGICAL SETTING

The Cordillera Oriental is a high relief thrust system that is delimited to the east by the Sierras Subandinas
and to the west by the Puna (Fig. 1B). Lower Paleozoic rocks are well represented in the mountain ranges
of this geological province, including Cambrian quartzite of the Mesén Group and late Furongian-Early
Ordovician shales and sandstones of the Santa Victoria Group (Santa Rosita and Acoite formations and
equivalents), which are juxtaposed on Neoproterozoic-early Cambrian slates and meta-graywackes of the
Puncoviscana Formation (e.g., Harrington and Leanza, 1957; Turner, 1960; Turner and Mon, 1979;
Moya, 1988, 1999; Ramos, 1999, 2008; Astini, 2003). The Santa Rosita Formation (upper Furongian-
Tremadocian) is highly fossiliferous and includes an extensive range of sedimentary facies (Buatois and
Mingano, 2003; Moya et al., 2003; Buatois et al., 2006; Esteban et al., 2016).

The Pantipampa locality is about 5 km north of Iruya town (Iruya Department, Salta Province) (Fig.
1C). There, shale and sandstone of the Santa Rosita Formation constitute narrow thrust belts (in ligth grey
in figure 1C) which unconformably overlie the Cambrian quartzite of the Mesén Group (Turner, 1960),
and are unconformably overlain by the Upper Cretaceous-Paleogene continental sandstone of the Salta
Group (Turner, 1959) and Quaternary alluvial deposits (Turner, 1964; Figueroa Caprini, 1955; Vilela,
1960; Turner and Mon, 1979). As stated above, Tortello and Esteban (2016) described a stratigraphic
section from Pantipampa containing high-diversity trilobite assemblages of the Kainella meridionalis and K.
teiichii zones (upper lower Tremadocian) (Figs. 2 and 3).

The Pantipampa section is interpreted as having formed in a wave-dominated shelf with influence of
storm activity (Tortello and Esteban, 2016; Esteban et al., 2017). Three sedimentary facies are recognized
throughout the succession. Facies 1 is characterized by dark and greenish gray, massive to thinly laminated
shale, mudstone and silty mudstone, which are irregularly interbedded with gray, massive, very fine-grained
silty sandstone in sharp-based, tabular beds 1-3 cm thick (Facies 2). Many trilobites were collected from
Facies 1, in association with brachiopods, gastropods, bivalves, cephalopods and echinoderms. Dark gray to
greenish gray, fine to very fine sandstone and calcareous sandstone beds containing bioclastic concentrations
characterize Facies 3. Bioclastic concentrations consist mainly of fragmented brachiopods and trilobites, and
generally appear at the bases of the calcareous sandstone beds, constituting lenses and layers up to 4 cm thick.
Occasionally, concentrations occur at the tops of the sandstone beds. These beds were sampled for conodonts
and two levels have produced positive results (Fig. 2).

3. MATERIAL AND METHODS

A total of 882 conodonts were obtained from the Santa Rosita Formation in the Pantipampa locality.
The samples were processed in the INSUGEO laboratory by using standard acid etching techniques
(Stone, 1987). The conodonts were photographed with scanning electron microscopes of CCT-Mendoza
and CIME-Tucumin (Argentina). Specimens are in the Collection Lillo-microvertebrates/Conodonts
of the Instituto Superior de Correlacién Geoldgica - INSUGEO (CONICET-Universidad Nacional de
Tucumadn), under the code MLC-C (2000-2882).

The assemblage studied comprises paraconodonts and euconodonts (Figs 4-5). Although the faunal
diversity is low, the identified species are biostratigraphically significant.

The cordylodontid elements are well preserved, showing entire cusps and denticles with visible white
matter, and a Color Alteration Index (CAI) degree of 1°-1.5° (Epstein et al., 1977). These elements are
regarded as autochthonous and therefore provides essential information about the age of the assemblage.

On the other hand, simple cone elements (para and protoconodonts) show clear indications of abrasion
(Fig. 5.L-O, Q) and high CAlI values (4°-5°), so they may have been redeposited from older strata. Conodont-

bearing sediments of the studied section were deposited in moderately high-energy conditions above storm
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wave base, in a favourable environment for conodont element reworking (e.g., Lofgren et al., 2005; Viira
et al,, 2006). Other taphonomic processes that affected the cone elements include partial dissolution of the
basal margins and walls, as well as basal filling and mineral coating. The walls of some elements show small
circular holes, which may have been produced by bioerosion.

The high CAlIvalues of the simple cones could be attributed to the presence of a high carbon content which
may have been transferred to the elements from the dark, organic-rich carbonate sandstone in which they
were originally preserved; therefore, the CAI of these cones would not reflect the thermal history of the rocks
that contain them (Epstein et al., 1977; Rejebian et al., 1987; Nowlan and Barnes, 1987). In addition, these
high CAI values could be partially explained by the effect of lithostatic charge, attributed to a sedimentary
cover ranging from 9,000 to 10,000 m in thickness (Epstein et al., 1977). Pressures of this magnitude are
commonly associated with regional metamorphism which, in the case of the Iruya area, is of low-grade (Vilela,

1960).
4. SYSTEMATIC PALEONTOLOGY

Systematic descriptions of euconodonts follow conventional notation (Sweet, 1981, 1988), which defines
spatial positions of M, S and P, from the front end to the rear end of the multi-elemental apparatus.

Class Conodonta Pander, 1856

Order Paraconodontida Miiller, 1962

Genus Furnishina Miiller, 1959

Type species. Furnishina furnishi Miller, 1959.

Furnishina furnishi Miiller, 1959

Fig. SL

1959 Furnishina furnishi Miller, p. 452, pl. 11, figs. 5, 6, 9, 11-13, 15; fig. 6D.

1991 Furnishina furnishi. Miiller and Hinz, p. 17-20, pl. 13, figs. 4, 12.

1999 Furnishina furnishi. Rao, p. 29-30, pl. 3, figs. 4, 7.

2015 Furnishina furnishi. Albanesi et al., p. 240, pl. 2, figs. 3, 11.

Description. Simple cone element laterally compressed, with a thin, slightly reclined cusp. Element widens
toward the base, which is broad and oval. The margins have well-marked ribs. Basal cavity broad and deep,
occasionally filled. Outer surface with faint annulations.

Remarks. Albanesi et al. (2015) recognized two types of elements for this taxon: rounded ones and
bilaterally compressed ones. In our collection from Pantipampa, only the bilaterally compressed elements
have been found.

Material. Three elements, CML-C 2006 (1-3).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Genus Phakelodus Miller, 1984

Type species. Oneotodus tenuis Miiller, 1959.

Phakelodus elongatus (Zhang in An et al., 1983)

Fig. SP

1983 Proconodontus elongatusZhang in An et al., p. 125, pl. 5, figs. 4-5.

1991 Phakelodus elongatus. Miiller and Hinz, p. 32-33, pl. 1, figs. 1-5, 7-9, 12-14, 22 (cum syn.).

1999 Phakelodus elongatus. Rao, p. 30, pl. 1, figs. 1, 3, 4.

2007 Phakelodus elongatus. Landing et al., fig. 6u.

2013 Phakelodus elongatus. Voldman et al., p. 317.

2015 Phakelodus elongatus. Albanesi et al., p. 241, P1. 2, figs. 10, 17.
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Description. Elongated and thin simple elements with some curvature toward inner side. Outer side
slightly concave and inner side convex. Element cross section is rounded a short distance of the cusp, and it
is spheroidal close to the base due to a delicate rib running through inner margin. Basal cavity deep. Element
outer surface smooth.

Material. Six elements, CML-C 2007 (1-6).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Phakelodus tenuis (Miiller, 1959)

Fig. 5Q

1959 Oneotodus tenuis Miiller, p. 457, pl. 13, figs. 13, 14, 20.

1991 Phakelodus tenuis. Miiller and Hinz, p. 33-34, pl. 1, figs. 6, 10-11, 15-21, 23, pl. 2, figs. 1-24 (cum
syn.).

1999 Phakelodus tenuis. Heredia, p. 353, fig. 6.F-G.

1999 Phakelodus tenuis. Rao, p. 30-32, pl. 1, fig. 5 (cum syn.).

2007 Phakelodus tenuis. Landing et al., fig. 6.s.

2013 Phakelodus tenuis. Voldman et al., p. 317-318, pl. 2, fig. 22.

2015 Phakelodus tenuis. Albanesi et al., p. 242, pl. 2, fig. 13.

Description. Element long and thin, flattened laterally. Inner and outer sides rounded. Cross section a
short distance of cuspide rounded. Basal cavity deep. Elements with a smooth outer surface or with oblique
ribs that form a fishbone structure on the posterior side.

Material. Eigth elements CML-C 2008 (1-8).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Euconodonts

Orden Proconodontida Sweet, 1988

Family Cordylodontidae Lindstrém, 1970

Genus Cordylodus Pander, 1856

Type species. Cordylodus angulatus Pander, 1856

Discussion. Nicoll (1990) emended the diagnosis of this genus and identified six morphotypes in the
structure of the apparatus; concepts that are followed herein.

Cordylodus angulatus Pander, 1856

Fig. 4A-G

1856 Cordylodus angulatus Pander, p. 33, pl. 2, figs. 28-31, pl. 3, fig. 10.

1856 Cordylodus rotundatus Pander, p. 33, pl. 2, figs. 32-33.

1990 Cordylodus angulatus. Nicoll, p. 536-543, fig. 3 (4a-c), 5-12 (cum syn.).

1999 Cordylodus angulatus. Rao, p. 34, pl. 8, figs. 7-10.

2005 Cordylodus angulatus. Zeballo et al., p. 3-4, fig. 3.G (cum syn).

2015 Cordylodus angulatus. Albanesi et al., p. 243, text-fig. 4 (3, 7).

Description. Although only a few elements were recovered from Pantipampa, they broadly agree with the
description of Cordylodus angulatus provided by Nicoll (1990):

Pa element: Dolobrate ramiform element with recline cusp of oval cross section and sharp edges. The
posterior process carries three long denticules with sharp edges, these denticules are located on the external
margin of the process and are directed backwards, the cusp is twisted towards the inner face of the element.
The base of the cuspid widens close to the union with the base forminga small platform that becomes thinner
towards the end of the process. In an internal lateral view is evident one of the characteristics that defines the
species, named by Lindstrom (1955) Phrygian cap. The basal margin is broad below the cusp and narrowed
towards the process.
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Pb element: Ramiform element, with reclined cusp of oval cross section and sharp edges. The posterior
process carries three long denticules with sharp edges; these denticules are located on the external margin of
the process. The denticules and the cusp are curved towards the inner side. The anterior margin of the basal
cavity is concave; the small platform is less developed than in the element Pa. The basal cavity is oval and
extended along the element. The apex of the basal cavity reaches only the base of the cusp and is centrally
located.

Sa element: Symmetrical elements laterally compressed with long cusp with rounded edges and sharply-
edges. The outer margin of the cusp is concave and extends like a small keel beyond the basal cavity. The
cusp is broad near its posterior end. The posterior process is thin and carries two denticles directed towards
posterior, they are quite spaced apart. The basal cavity is wide below the cusp but it is slimming towards its
anterior and posterior margins.

Sb element: Asymmetrical ramiform element. The cuspid is elongated and compressed of oval cross
section, slightly curved towards interior, the anterior margin of the cusp is sharp and its basal part presents
a rounded salient. The posterior process is long and carried out 4 to 6 denticles, which are located on the
internal margin of the process. An inner lateral rib develops from the base of the cusp and extends laterally
to form a protoprocess; this in conjunction with the posterior process and the basal margin give a triangular
shape to the element.

Scelement: Itisa fragment which is interpreted as a Sc element, and classified based on the anterior margin
of the cusp which is keeled. This is an asymmetric element with an inwardly twisted cusp. The posterior
process is fragmented but two denticles are evident.

No elements of the M and Sd morphotypes have been recovered.

Material. Two Pa elements CML-C 2000 (1-2), three Pb elements CML-C 2001 (1-3), two Sa elements
CML-C 2002 (1-2), one Sb element CML-C 2003 (1), one fragment of Sc element CML-C 2018 (1) and
two P elements CML-C 2019 (1-2).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Cordylodus caseyi Druce and Jones, 1971

Fig. 4H

1971 Cordylodus caseyi Druce and Jones, p. 67-68, pl. 2, figs. 9-12; text-fig. 23d, e.

1990 Cordylodus caseyi. Nicoll, p. 543-545, figs. 3 (a-c), 13-15 (cum syn.).

1999 Cordylodus caseyi. Rao, p. 36, pl. 9, fig, 8.

2005 Cordylodus caseyi. Albanesi et al., fig. 7.J.

2007 Cordylodus caseyi. Landing et al., fig. 5.m-t.

Description. A single element collected from Pantipampa is regarded as a Sb element of the apparatus of
Cordylodus caseyi (see Nicoll, 1990). The cusp is compressed with an oval cross section and sharp anterior
and posterior margins; it is twisted with respect to the posterior process, and does not have ribs or carenas.
Its anterior margin is projected on a small keel. The posterior process is long and arched carrying three large
denticles directed towards posterior. The cavity tip is near the anterobasal corner.

Material. One Sb element, CML-C 2017 (1).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Cordylodus hastatus Barnes, 1988

Fig. 4]

1971 Cordylodus prionLindstrom, Druce and Jones, p. 70, pl. 2, fig. 4.

1988 Cordylodus hastatus Barnes, p. 411, 412, figs. 13 s-x, 14d (cum syn.).

2005 Cordylodus hastatus. Albanesi et al., fig. 7A.

2013 Cordylodus hastatus. Giuliano et al., p. 40, fig. 3.31.
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2015 Cordylodus hastatus. Albanesi et al., p. 243-244, pl. 3, fig. 4.

Description. Element robust, laterally compressed. The cusp is fragmented, proclined to erect with sharp
flank. The anterior margin of the cusp ends in a small keel. The posterior process is also fragmented and shows
two fused denticules at the base of the upper margin. The first denticule forms an angle of about 45° with
the posterior margin of the cusp.

Discussion. Compared with other recovered elements of Cordylodus, this element is proportionately large
and has a high CAI value.

Material. One fragment, CML-C 2005 (1).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Cordylodus lindstromi Druce and Jones, 1971

Fig. 41

1971 Cordylodus lindstromi Druce and Jones, p. 68, text-fig. 23h, pl. 1, figs. 7-9, pl. 2, fig. 8.

1994 Cordylodus lindstromi. Ji and Barnes, p. 32, pl. 5, figs. 19-22 (cum syn.).

2005 Cordylodus lindstromi. Albanesi et al., fig. 7.H, K.

2015 Cordylodus lindstromi. Albanesi et al., p. 244, pl. 3, figs. 13, 17-20, Text-figs. 4, 1-2.

Description. The recovered element corresponds to the morphotype Sc described by Nicoll (1990),
characterized by having a basal cavity (biapical) which extends into the first denticle of the posterior process.
Element asymmetric, with inner side flattened and outer side convex. The cusp is broken and slightly twisted
to the inner side; margin of cusp keeled, with its inner side extended on an inner lateral protoprocess, and
the outer side with a delicate rib. Posterior process slightly arched, carrying three denticles of which the first
is very close to the inner face of the cusp.

Discussion. This element differs from Cordylodus prolindstromi because the latter exhibits a truncate
second basal cavity.

Material. One Sc element, CML-C 2004 (1).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Family Fryxellodontidae Miller, 1980

Genus Kallidontus Pyle and Barnes, 2002

Type species. Kallidontus serratus Pyle and Barnes, 2002

Kallidontus gondwanicus Zeballo and Albanesi, 2013

Fig. 50O

21999 Distacodus sp. Rao, p. 29, pl. 2, figs. 5-6.

1999 Muellerodus? cf. hunjiangensis Chen and Gong. Albanesi et al., p. 524, fig. 5.

2005 Coelocerodontussp. Zeballo et al., p. 50, 52, ig. 4.AH.

2013 Kallidontus gondwanicus Zeballo and Albanesi, p. 175-177, figs. 7V-Z, 9AC-AH.

2013 Kallidontus gondwanicus. Voldman et al., p. 314-315, pl. 2, figs. 2-4.

Description. Cusp small, subtriangular as the general form of the element, with three sharp lateral keels;
posterior side slightly concave and anterior side convex. Basal cavity excavated. The main characteristic of
this species is the presence of equidistant rings that are parallel to the base of the element.

Discussion. Although the recovered elements are very small and not well preserved, they accord with the
Pb element of Kallidontus gondwanicus (see Voldman et al., 2013, p. 314-315).

Material. Three P elements, CML-C 2009 (1-3).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Order Proconodontida Sweet, 1988

Superfamily Distacodontacea Bassler, 1925
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Family Proconodontidae Lindstrom, 1970

Genus Proconodontus Miller, 1969

Type species. Proconodontus muelleri Miller, 1969

Proconodontus muelleri Miller, 1969

Fig. SM-N

1969 Proconodontus muelleri muelleri Miller, p. 437, pl. 66, figs. 34-40, fig. Sh, non pl. 66, figs. 312, 32, 33.

1980 Proconodontus muelleri. Miller, p. 2931, pl. 1, fig. 7, text-fig. 4C.

1991 Proconodontus muelleri. Miiller and Hinz, p. 56, pl. 42, figs. 1, 3-9, non pl. 42, figs. 22,102, 11, 14,
15, 162 (cum syn.).

1998 Proconodontus muelleri. Szaniawski and Bengtson, p. 17, pl. 2, figs. 4-17, fig, 4.g-k.

2002 Proconodontus muelleri. Pyle and Barnes, p. 57, pl. 12, figs. 21-22.

2016 Proconodontus muelleri. Jahangir et al., p. 234, fig. 4.A-B.

Description. Szaniawsky and Bengtson (1998) described the apparatus of Proconodontus muelleri as
containing three elemental morphotypes. In our collection from Pantipampa, only compressed simple cone
elements were recognized. They are laterally compressed with sharp, keeled anterior and posterior margins
and smooth lateral faces. Anterior side slightly convex and posterior side concave. Cusp reclined to recurved.
Basal cavity deep, reaching tip of the cusp. Base with oval cross section. An oblique striation can be observed
along the element.

Material. Three elements, CML-C 2021(1-3).

Discussion. As stated above, the nearly geniculate and rounded specimens reported for Proconodontus
muelleri (Szaniawsky and Bengtson, 1998) were not recovered from the sample studied.

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), sample Pan 6*. Santa Rosita
Formation, upper lower Tremadocian.

Order Protopanderodontida Sweet, 1988

Family Scolopondidae Bergstrom, 1981

Genus Semiacontiodus Miller, 1969

Type species.Acontiodus (Semiacontiodus) nogamii Miller, 1969.

Semiacontiodus sp.

Fig. SA-I

cf. 2005 Semiacontiodus striatus Zeballo et al., p. 58, fig. 4.u, v, x.

Description. Simple cone element robust, with long cuspid and short base in relation to the length of the
cusp. Cusp straight, reclined or slightly curved posteriorly, laterally compressed, with sharp edges. Element
surface microstriated (except basal margin, which is smooth and thick-walled). The number of ribs is variable;
in some elements, a strong lateral rib that runs throughout the cusp causes torsion towards the inner side,
giving the element a strong asymmetry; other 2 or 3 small ribs are present on the inner face, between the base
and the beginning of the cusp.

Discussion. Based on the reconstruction of the apparatus of Semiacontiodus cornuformis provided by
Lofgren (1999), the elements recovered from Pantipampa are regarded as two P elements (Pa and Pb) which
present a short basal cavity with a wide and wavy basal margin. The material studied mostly resembles S.
striatus Zeballo et al. (2005), from the Lower Ordovician (Cordylodus angulatus Zone) of the Cordillera
Oriental, although the former seems to have a stronger ornamentation.

Material. six hundred ninety-cight (698) elements CML-C 2020 (1-698).

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), samples Pan 6* and 6. Santa
Rosita Formation, upper lower Tremadocian.

Incertae Familiae

Genus Teridontus Miller, 1980

Type species. Oneotodus nakamurai Nogami, 1967
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Teridontus nakamurai (Nogami, 1967)

Fig. 5K

1967 Oneotodus nakamurai Nogami, p. 216-217, pl. 1, figs. 9, 12, text-fig. 3.A, B.

1980 “Oneotodus” nakamurai. Landing et al., p. 28-31, fig. 8 A-C (cum syn).

1994 Teridontus nakamurai. Ji and Barnes, p. 64-65, pl. 24, figs. 1-9, text.-fig. 37.C (cum syn).

1994 Teridontus nakamurai. Nicoll, p. 371-377, figs. 3-15 (cum syn).

2002 Teridontus nakamurai. Pyle and Barnes, p. 71, pl. 15, figs. 17-19.

Description. The recovered elements agree with the description of T. nakamurai provided by Nicoll
(1994). The P and S elements were compared with those illustrated by this author and classified mainly
in terms of the basal contour and the length of the basal cavity. Cusps have diverse inclinations. Elements
lack grooves, keels and carinae. Fine striations have been noted on the surface of well-preserved specimens,
although they are absent near the basal margin. The distribution of white matter could not be observed due
to a high CAI degree (4-5).

Material. Fourty elements CML-C 2010(1-40). Distributed in 22 P elements and 18 S elements.

Occurrence. Pantipampa locality (Iruya area, northwestern Argentina), samples Pan 6* and 6. Santa
Rosita Formation, upper lower Tremadocian.

5. Biostratigraphic and paleoenvironmantal implications

Conodonts from the Santa Rosita Formation of Pantipampa include Cordylodus angulatus, C. caseyi, C.
lindstromi, C. hastatus, Furnishina furnishi, Kallidontus gondwanicus, Phakelodus elongatus, Phakelodus
tenuis, Proconodontus muelleri, Semiacontiodus sp. and Teridontus nakamurai. Although this fauna is
low-diverse, Cordylodus angulatus is a biostratigraphically important species that characterizes the upper
lower Tremadocian eponymous zone. Cordylodus angulatus has been reported from both the Atlantic and
the Midcontinent Realm (e.g., Ji and Barnes, 1994; Lofgren, 1997). The geographic distribution of the C.
angulatus Zone is truly wide, including Mexico (Robison and Pantoja-Alor, 1968; Repetski, 1982), USA
(Orndoff; 1988; Harris et al., 1995), Canada (Nowlan, 1985; Bagnoli et al., 1987; Ji and Barnes, 1994),
Russia (Pander, 1856), Sweden (Lindstrém, 1971; Van Wamel, 1974; Lofgren, 1996), Australia (Druce and
Jones, 1971; Nicoll, 1990), Iran (Miiller, 1973) and China (An, 1987).

In addition, this zone has been reported from several localities of the Argentinian Cordillera Oriental
(e.g., see compilations of Albanesi and Ortega, 2016; Ortega and Albanesi, 2005; Zeballo and Albanesi,
2007, 2013; Albanesi et al., 2008; Zeballo et al., 2008). Conodont assemblages are relatively diverse and
comprise a high percentage of endemic species such as Acanthodus raqueli, Kallidontus gondwanicus and
Variabiloconus crassus (Zeballo and Albanesi, 2007, 2013). Well-constrained sections of the Santa Rosita
Formation and equivalents include Sierra de Cajas (Hiinicken et al., 1985; Rao and Hiinicken, 1995; Rao,
1999; Albanesi et al., 2015), El Perchel area (Zeballo et al., 2011), Alfarcito (Zeballo et al., 2005; Zeballo
and Albanesi, 2013), Angosto del Moreno (Moya and Albanesi, 2000; Moya et al., 2003), Angosto de La
Quesera (Carlorosi et al., 2011) and the Incamayo area (Rao and Tortello, 1998; Tortello and Rao, 2000).
Besides, the C. angulatus Zone also occurs in the Famatina Range (Volcancito Formation) (Albanesi et al.,
1999) and the Precordillera of San Juan (La Silla Formation) (Lehnert, 1995).

Conodonts from Pantipampa come from two levels that are assignable to the uppermost part of the
trilobite Kainella meridionalis Zone sensu Vaccari et al. (2010) and the lowest part of the K. teiichii
Zone Vaccari et al. (2010), respectively (Tortello and Esteban, 2016). In the former level, the trilobite
assemblage is composed of Kainella meridionalis Kobayashi, 1935, Leptoplastides marianus (Hoek in
Steinmann and Hoek, 1912) (=Andesaspis argentinensis Kobayashi, 1935) and Asaphellus catamarcensis
Kobayashi, 1935, whereas the upper level contains the index species K. teiichii Vaccari and Waisfeld, 2010 in
association with diverse olenids, asaphids, ceratopygids, richardsonellids, nileids, shumardids, hapalopleurids
and agnostoids (Tortello and Esteban, 2016). Other occurrences of conodonts of the C. angulatus Zone
associated with Kainella, Leptoplastides marianus and Asaphellus catamarcensis were previously reported
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from the Incamayo area (Rao and Tortello, 1998; Tortello and Rao, 2000; Albanesi et al., 2008). Similarly,
a correspondence between the C. angulatus and the “Kainella zones” were also indicated by Zeballo et al.
(2011) for the Alfarcito region.

Analysis of the taxonomic diversity and relative frequency of conodont species from Pantipampa reveals
that Semiacontiodus sp. (61.5%) largely dominates the assemblages, followed far behind by Teridontus
nakamurai (4.53%) and Cordylodus angulatus (1.13%), while indeterminate fragments (8.84%) and
remaining species represent a very low percentage of the total fauna. This enables the recognition of the
Semiacontiodus-Teridontus community, which is characteristic of shallow marine environments (Ji and
Barnes, 1994; Lofgren, 1999). According to Tortello and Esteban (2016) and Esteban et al. (2017), the
Pantipampa section represents a storm- and wave-dominated shelf. The conodont samples were recovered
from Facies 3, which reflects sedimentation above storm wave base and moderately high-energy conditions.

6. CONCLUSIONS

Based on its conodont faunas, a part of the Santa Rosita Formation in Pantipampa is assigned to the
upper lower Tremadocian Cordylodus angulatus Zone and correlated with other localities of the Cordillera
Oriental and the world. In the studied area, the C. angulatus Zone is partially equivalent to the trilobite
Kainella meridionalis Zone (uppermost part) and the Kainella teiichii Zone (lowest part). Taxonomic
diversity and relative frequency of conodont species enables the recognition of the Semiacontiodus-
Teridontus community, which is characteristic of shallow marine environments.

T T

¢ B e 65°
AN I'>N-N BOLIVIA
§ SS A P =

S \\ Sa J / R

N RI & ~
gj SSRS\‘ S g I~ g Q(b

: é S Eamnl B S N h! 0? 237

% Undifferentiated | Quaternary N Meson Group | middle-upper
B s Grou | Upper Cretaceous- Cambrian
s elbestl . ‘m Puncoviscana |Neoproteroz_oic-
[ ] santa Rosita Formation | Upper Furongian- Formation lower cambrian
Tremadocian
Fig. 1.

Fig. 1. Location map (A and B) and geologic framework of the Iruya area, northwestern Argentina (C), with
the location (asterisk) of the Pantipampa locality (after Figueroa Caprini, 1955; Vilela, 1960; Turner, 1964;
Astini, 2003). The Santa Rosita Formation is in ligth gray (Modified from Tortello and Esteban, 2016).
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Fig. 2.

Fig, 2. Stratigraphic section of the middle part of the Santa Rosita Formation at Pantipampa (Iruya area, northwestern
Argentina) displaying facies succession and provenance of conodont samples (6” and 6*; based on Tortello and Esteban, 2016).
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Fig. 3. Correlation chart of the Lower and Middle Tremadocian trilobite and conodont zones of northwestern
Argentina. The interval studied in this paper is highlighted (modified from Tortello and Esteban, 2016).
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Fig. 4.

Fig. 4. Species of Cordylodus recovered from the Pantipampa locality, Iruya area, northwestern Argentina. A-G. Cordylodus
angulatus Pander; A. Pa element, lateral view, CML-C 2000 (1); B-C. Pb elements, inner lateral views, CML-C 2001 (1-2);
D-E. Sa elements, lateral views, CML-C 2002 (1-2); F. Sb element, inner lateral view, CML-C 2003 (1); G. fragment of
Sc element, lateral view, CML-C 2018 (1). H. Cordylodus caseyi Druce and Jones, Sd element, lateral view, CML-C 2017
(1). L. Cordylodus lindstromi Druce and Jones, Sc element, lateral view, CML-C 2004 (1). ]. fragment of Cordylodus
hastatus Barnes, lateral view, CML-C 2004 (1). K-L. Cordylodus sp., lateral views, CML- C 2019 (1-2). Scale bars=100 pm.
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Fig. 5.
Fig. 5. Association of simple-cone elements recovered from the Pantipampa locality, Iruya area, northwestern Argentina. A-

L. Semiacontiodus sp., possible apparatus; A-B. Pa elements, lateral views, CML-C 2020 (1-2); C. Pb element, lateral view,
CML-C 2021 (1); D-E. Sa elements, lateral views, CMI-C 2022 (1-2); F. Sb element, lateral view, CML-C 2023 (1); G, Sc
element, lateral view, CML-C 2024 (1); H-I. Sd elements, lateral views, CML-C 2025 (1-2); ]-K. Teridontus nakamurai Nogami;
J. Pa? element, latero-basal view, CML-C 2011 (1); K. Sd element, lateral view, CML-C 2015 (1); L. Furnishina furnishi
Miiller, lateral view, CMI-C 2006 (1); M-N. Proconodontus muelleri Miller, lateral views, CMI-C 2016 (1-2); O. Kallidontus
gondwanicus Zeballo and Albanesi, antero-lateral view, CML-C 2009 (1); P. Phakelodus elongatus Zhang in An et al,, lateral
view, CMI-C 2007 (1); Q. Phakelodus tenuis Miiller, lateral view, CML-C 2008 (1). Scale bars=100 pum except N=20 pm.
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