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Abstract. At the eastern margin of the Precordillera and close to the boundary with the 24 

Sierras Pampeanas, the Rinconada Formation displays extensional faults, boudinaged 25 

sequences and scarce slump folds whose age are not well constrained. It represents a stacking 26 

of “broken formations” intercalated with scarce debris flows. A calcareous ironrich sample 27 

from the upper levels of the Rinconada Formation yielded 134 conodont elements including 28 

Dapsilodus obliquicostatus, Decoriconus fragilis, Oulodus sp., Pseudooneotodus 29 

beckmanni, P. b. bicornis, Wurmiella excavata along with ozarkodinids of the “Oz.” 30 

bohemica – “Oz.” snajdri lineage. The record of “Oz.” aff. snajdri suggests a late Homerian 31 

– early Gorstian (late Wenlock – early Ludlow) minimum depositional age for the upper 32 

debris flows of the Rinconada Formation. The studied conodont fauna improves the 33 

biostratigraphic correlation of the Rinconada melange to other successions in the 34 

Precordillera and the world as well as it provides clues on the tectonostratigraphic 35 

development of the SW Gondwanan foreland during the Silurian times. 36 

 37 

Keywords: conodonts, biostratigraphy, Rinconada Formation, Silurian, Precordillera, 38 

Argentina. 39 

 40 

Resumen. CONODONTES SILÚRICOS DE LA FORMACIÓN RINCONADA, 41 

PRECORDILLERA ARGENTINA. La Formación Rinconada, situada en el margen oriental 42 

de la Precordillera y próxima al límite con las Sierras Pampeanas, muestra fallas 43 

extensionales, así como pliegues y budines originados por deformación de sedimentos no 44 

litificados. Esta formación, cuya edad no ha sido bien precisada, está constituida por un 45 

apilamiento de “formaciones rotas” intercaladas con escasos flujos de detritos. Una muestra 46 

calcárea rica en hierro de los niveles superiores de la Formación Rinconada brindó 134 47 



3 
 

conodontes, incluyendo Dapsilodus obliquicostatus, Decoriconus fragilis, Oulodus sp., 48 

Pseudooneotodus beckmanni, P. b. bicornis, Wurmiella excavata y ozarkodínidos del linaje 49 

“Oz.” bohemica – “Oz.” snajdri. El registro de “Oz.” aff. snajdri permite sugerir una edad 50 

mínima depositacional Homeriana tardía – Gorstiana temprana (Wenlock tardío – Ludlow 51 

temprano) para los flujos de detritos del tramo superior de la Formación Rinconada. La fauna 52 

de conodontes recuperada de la Formación Rinconada favorece la correlación estratigráfica 53 

con otras sucesiones sedimentarias de la Precordillera y del mundo, así como brinda claves 54 

sobre el desarrollo tectonoestratigráfico del antepaís del suroeste de Gondwana en tiempos 55 

silúricos. 56 

 57 

Palabras clave: conodontes, bioestratigrafía, Formación Rinconada, Precordillera, 58 

Argentina. 59 

 60 
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INTRODUCTION 72 

In the eastern margin of the Argentine Precordillera, the Rinconada melange (Amos, 1954; 73 

Gosen et al., 1995) accounts for a major rearrangement process in the early Palaeozoic 74 

basin nearby the boundary with Sierras Pampeanas. The genesis and age of this melange 75 

are controversial due to the inherent reworked character of its components but they are 76 

essential to decipher the interrelationship between both continental blocks during the 77 

building of southwestern Gondwana (e.g., Gosen et al., 1995; Ramos et al., 1996; Rapela et 78 

al., 2016).  79 

After a multidisciplinary study of the Rinconada Formation committed to decipher its 80 

geological significance, we conducted a systematic conodont sampling along with detailed 81 

structural and sedimentological analysis. We processed 46 rock samples (85 kg total 82 

weight) from carbonatecemented sandstones, conglomerates and blocks included in the 83 

melange, which yielded Early Ordovician, Middle Ordovician (Voldman et al., 2015), and 84 

a unique Silurian conodont fauna that is subject of this contribution.  85 

The Silurian conodont collection proceeds from a calcareous sandstone incorporated in a 86 

debris flow from the upper levels of the Rinconada Formation (Figures 1, 2). The 87 

preservation of the specimens is in general poor, probably related to the slumping forces 88 

that gave rise to the melange, but provided significant biostratigraphic information. In 89 

addition to the longrange simple cones Decoriconus, Dapsilodus and Pseudooneotodus, 90 

the conodont collection includes specimens of the genera Oulodus, “Ozarkodina” and 91 

Wurmiella, which suggests a late Silurian age for the upper levels of the Rinconada 92 

Formation. The purpose of the present contribution is to enhance the biostratigraphic 93 

correlation of the Rinconada Formation to other successions in the Precordillera and basins 94 
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of the world, as well as shed light on the scarcely known Silurian conodont faunas from 95 

SW Gondwana. 96 

[Figure 1] 97 

 98 

Figure 1.1. Geographic location of the Precordillera, Argentina; 2, Location map of the 99 

Rinconada Formation study area, on the eastern flank of the Sierra Chica de Zonda, Eastern 100 

Precordillera; 3, Geographic location of the fossiliferous sample RIN5, Rinconada 101 

Formation, San Juan Province. 102 

GEOLOGICAL SETTING 103 

The Rinconada Formation is a melange located in the Eastern Precordillera, a westverging 104 

imbricate thrust system developed in Silurian times (e.g., Ramos et al., 1996). The 105 

Rinconada melange crops out along the eastern slopes of Sierra Chica de Zonda, Sierra de 106 

Pedernal (Fig. 1), and also in the Sierra de Villicum, where it has been named Mogotes 107 

Negros Formation (Cuerda, 1985; Benedetto et al., 1992; Peralta, 1993). Its geological 108 
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significance is controversial, being considered either as the result of tectonic (Keidel, 1938; 109 

Heim, 1948) or gravitydriven processes (Amos, 1954; Borrello, 1969; Harrington, 1971; 110 

Amos and Fernandez, 1977; Peralta, 1990; Gosen et al., 1995).  111 

First fossil findings from the Rinconada Formation were reported by Keidel (1938), who 112 

identified Atrypina acutiplicata (= Harringtonina australis) and Monograptus sp. at its type 113 

locality (La Rinconada). Amos and Fernández (1977) reported the brachiopod Leptocoelia 114 

nunezi (Early Devonian) from an equivalent sequence at Cerro Bola, to the south of the 115 

type section. Cuerda (1981) described from the upper levels of the Rinconada Formation a 116 

graptolitic association composed of Climacograptus cf. minutus, Diplograptus sp. and 117 

Monograptus sp., which referred to the Llandovery, supporting the early ideas of Keidel 118 

(1938) and Heim (1948), who postulated a Silurian age for all or at least parts of the 119 

Rinconada Formation. Benedetto and Franciosi (1998) suggested that the uppermost strata 120 

of the Rinconada Formation may be older than late Wenlock based on the record of the 121 

inarticulate brachiopod Leangella (Leangella) in the Sierra Chica de Zonda. 122 

The age of the base of the Rinconada Formation is less constrained. For instance, Peralta 123 

and Uliarte (1986) recovered middle Darriwilian graptolites from the lower levels of the 124 

Rinconada Formation, which they interpreted as deposited over the San Juan Formation in 125 

transitional contact. Sarmiento et al. (1988) studied a conodont collection from correlative 126 

levels and supported a middle Darriwilian age for the top of the San Juan Formation and the 127 

base of the Rinconada Formation though the samples from the latter unit correspond to 128 

allochthonous blocks. Indeed, carbonate blocks of decametric size as well as limestone 129 

clasts incorporated in polymictic conglomerates yielded Early to Middle Ordovician 130 

conodont specimens as recognized in recent studies (Lehnert, 1995; Voldman et al., 2015). 131 

In the Don Braulio section, situated on the eastern flank of Sierra de Villicum, the 132 
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Rinconada Formation overlies the Don Braulio Formation, which bears graptolites of 133 

Llandovery age (Peralta, 1986). Gosen et al. (1995) suggested that the Rinconada 134 

Formation is Silurian but did not discard an Ordovician age for parts within or at the base 135 

of the melange. 136 

In the Rinconada locality (Sierra de Chica de Zonda), the melange is at least 2500 mthick 137 

and overlies limestones of the San Juan Formation. It is composed mainly of sandstone138 

shale alternations, massive shales, conglomerates and limestone boulders up to kmscale in 139 

length. In most places, these lithostratigrahic units display ubiquitous extensional faults 140 

with variable extension values. There are also boudinaged sequences and scarce slump 141 

folds, which record deformation of not welllithified sediments. Therefore, most of the 142 

Rinconada melange could be regarded as a stacking of “broken formations” sensu 143 

Raymond (1984), intercalated with scarce debris flows that mainly occur in the upper part 144 

of the succession. The arrangement of the deposits suggests submarine masstransport 145 

processes probably at the orogenic wedge front (for a review see Festa et al., 2016). 146 

From the upper levels of the sedimentary succession comes the conodont sample RIN 5 147 

(31°44'39.78"S, 68°36'35.72"W, Figures 1, 2), which is a lenticular reddish calcareous 148 

sandstone with iron oolites, similar to the fossiliferous samples studied by Benedetto and 149 

Franciosi (1998). Successively, the Rinconada Formation is covered through angular 150 

unconformities by Carboniferous and Neogene sedimentary rocks (Heim, 1948; Amos, 151 

1954), which are involved in thrusting and folding related to the Andean orogeny. 152 

[Figure 2] 153 



8 
 

 154 

Figure 2.1. Limestone blocks from the San Juan Formation embedded in debris flows from 155 

the upper levels of the Rinconada Formation, proximate to the Neogene unconformity 156 

(view to the north); 2. Ironrich calcareous level Rin5, which provided the first Silurian 157 

conodont fauna from the Rinconada Formation (for location see figure 1); 3. Debris flow 158 

from the upper levels of the Rinconada Formation showing a cleavaged matrix with pelitic, 159 

siliceous and calcareous intraclasts. Hammer for scale is 33 cm long. 160 

METHODS 161 

The Silurian conodont collection consists of 134 elements (and tens of fragments) that were 162 

obtained after digestion of 4.25 kg of rock in 10% formic acid solution, following the 163 

standard acid etching techniques described by Stone (1987). The conodont elements appear 164 

frequently broken and show a conodont Colour Alteration Index (CAI) 3, which indicates 165 

burial palaeotemperatures ranging from 110–200 °C (Epstein et al., 1977). The abundant 166 

microfractures of the specimens inhibited ultrasonic cleaning, as test specimens resulted 167 

severely damaged. Conodont images were acquired with an Olympus LEXT OLS4000 168 

confocal microscope at the LAMARX (Universidad de Córdoba) and with a Leica M205FA 169 

Microscope of the Servicios CientíficoTécnicos (Universidad de Oviedo). The conodont 170 

elements are housed under repository code CORDMP 50815 up to 50949 in the Museo de 171 

Paleontología, Facultad de Ciencias Exactas, Físicas y Naturales, Universidad Nacional de 172 

Córdoba, Argentina. 173 
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SYSTEMATIC PALAEONTOLOGY 174 

Class CONODONTA Pander, 1856 175 

Order BELODELLIDA Sweet, 1988 176 

Family DAPSILODONTIDAE Sweet, 1988 177 

Genus Dapsilodus Cooper, 1976 178 

Type species. Distacodus obliquicostatus Branson and Mehl, 1933. 179 

Discussion. Dapsilodus has an apparatus composed of laterally compressed coniform 180 

elements characterized by distinctive chevronshaped ornamentation adjacent to the 181 

anterior margin (Cooper, 1976; Barrick, 1977). It includes M elements (acodontiform) and 182 

a symmetry transition series. The Sa elements (modified distacodontiform) are 183 

symmetrical, have a long base, and a lateral costa on each side that may extend behind the 184 

posterior keel. The Sb elements (distacodiform) are slightly twisted whereas the Sc 185 

elements (distacodiform) are strongly twisted. The SbSc elements in Dapsilodus are 186 

morphologically similar to their homologous of the Ordovician genus Besselodus. 187 

However, in the latter genus the distacodiform elements are straight, not twisted, and the M 188 

elements are oistodiform (e.g., Nowlan et al., 1988). 189 

Dapsilodus obliquicostatus (Branson and Mehl, 1933) 190 

Figure 3.12 191 

1933. Distacodus obliquicostatus. Branson and Mehl, p. 41, pl. 3, fig. 2. 192 

1978. Distacodus obliquicostatus Branson and Mehl. Rexroad et al., p. 4, pl. 1, fig. 9. 193 

1991. Distacodus obliquicostatus Branson and Mehl. McCracken, p. 78–79, pl. 4, figs. 11, 194 

13–14, 16–28, 30–32, 35, 40. (cum. syn.). 195 

1999. Dapsilodus obliquicostatus (Branson and Mehl). Lehnert et al., pl. 1, figs. 1–8. 196 
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1999. Dapsilodus obliquicostatus (Branson and Mehl). Cockle, p. 119, pl. 4, figs. 13–14, 197 

17–19 (non 15–16). 198 

2009. Dapsilodus obliquicostatus (Branson and Mehl). Mestre, p. 474, 476, figs. 3.12–3.15. 199 

Material. 3 Sa, 16 Sb, 16 Sc elements (CORDMP 5081550849). 200 

Discussion. The studied specimens display the typical oblique striations of the genus in the 201 

anterobasal margin. The base is broad and long, frequently extended to posterior. The 202 

basal cavity is deep and tapers gradually to the point of maximum curvature, with the apex 203 

centrally located. The anterior and posterior margins are keeled along the entire length of 204 

the elements. Soft lateral costae are present near midface. M elements were not recovered. 205 

Dapsilodus obliquicostatus is a widespread and longranging Silurian taxon that inhabited 206 

mainly offshore to oceanic environments (e.g., Aldridge and Jeppsson, 1984; Armstrong, 207 

1990; McCracken, 1991; Zhang et al., 2006). Aldridge and Mabillard (1981) reported a 208 

strikingly high proportion of D. obliquicostatus in the furthest offshore localities across the 209 

Early Silurian shelf of the Wales Borderland area. It is also present in Silurian deposits of 210 

Australia (Cockle, 1999), Austria (Suttner, 2007), China (Lin, 1983), Czech Republic 211 

(Slavík, 2014), Greenland (Armstrong, 1990), Sweden (Bergström and Bergström, 1996; 212 

Dahlqvist and Bergström, 2005), Morocco (Benfrika et al., 2007; Corriga et al., 2014), 213 

North America (Cooper, 1976; McCracken, 1991), Russia (Zhang and Barnes, 2007; Kaljo 214 

et al., 2012), and Spain (Martín Algarra et al., 2009), among other places. 215 

[Figure 3] 216 
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 217 

Figure 3. Silurian conodonts from the Rinconada Formation, sample RIN5, Precordillera 218 

Argentina. 1–4, “Ozarkodina” aff. snajdri (Walliser), 1–2, Pa element, lateral and oral 219 

view, CORDMP 50913; 3–4, Pa element, lateral and oral views, see attached coniform 220 

element on lateral side, CORDMP 50914. 5–6, “Ozarkodina” sp., Pa element, CORDMP 221 

50918, lateral and oral views. 7–8, 11, undetermined "ozarkodinids”, 7, Pa element, 222 

CORDMP 50941, oral view; 8, Sa element, CORDMP 50946, dorsal view; 11, Pb 223 

element, CORDMP50948, lateral view. 9–10, 17, Oulodus sp., 9, Sb element, CORDMP 224 

50920, lateral view; 10, Sb element, CORDMP 50922, lateral view; 17, P element, CORD225 
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MP 50943, dorsal view. 12, Dapsilodus obliquicostatus (Branson and Mehl), Sc element, 226 

CORDMP 50815, lateral view. 13, 15, 19, Wurmiella excavata (Branson and Mehl), 13, 227 

Sa element, CORDMP50921, dorsal (posterior) view; 15, Pa element, CORDMP 50919, 228 

lateral view; 19, Sc element, CORDMP 50923, lateral view. 14, Decoriconus fragilis 229 

(Branson and Mehl, 1933), Sb element, CORDMP 50850, lateral view. 16, 230 

Pseudooneotodus beckmanni (Bischoff and Sannemann), P element, CORDMP 50873, 231 

lateral view. 18, Pseudooneotodus bicornis bicornis (Drygant), P element, CORDMP 232 

50870, lateral view. Scale bar: 0.1 mm. 233 

Order Prioniodontida Donoghue et al., 2008 234 

Suborder Ozarkodinida Donoghue et al., 2008  235 

Remarks. Murphy et al. (2004) provided a major taxonomical revision of late Silurian and 236 

Early Devonian ozarkodinids. They introduced Wurmiella to house taxa related to the 237 

“excavata Group”, Zieglerodina to include the ozarkodinids of the “remscheidensis Group”, 238 

and an informal genus (“Genus W”) to contain the “eosteinhornensis stock”. Their proposal 239 

was rejected by Suttner (2007, 2009), but adopted with some modifications by others (e.g., 240 

Carls et al., 2007; Corriga and Corradini, 2009; Drygant and Szaniawski, 2012; Corriga et 241 

al., 2014; Jarochowska and Munnecke, 2015). Donoghue et al. (2008) verified the 242 

polyphyletic character of the multiple species assigned to Ozarkodina, and pointed out that 243 

“Nicollidina (= Zieglerodina) remscheidensis (Ziegler, 1960)” is closely related to the 244 

Frasnian polygnathid Nicollidina brevis Dzik (2002). On the other hand, “Oz.” bohemica 245 

(Walliser, 1964), “Oz.” crispa, “Oz.” sagitta rhenana (Walliser, 1964), and “Oz.” s. sagitta 246 

(Walliser, 1964), would conform a ‘stem’ group along with Oz.” snajdri and “Oz.” 247 

parasnajdri (Walliser, 1964), given the marked morphological differences of their Pa 248 
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elements (e.g., lack of anterior cockscomb, far posterior extension of basal lobes, fused 249 

denticles) when compared to Ozarkodina s.s. (e.g., Slavík and Carls, 2012; Peavey, 2015).  250 

“Ozarkodina” aff. snajdri (Walliser, 1964) 251 

Figures 3.1–3.4, 3.6, 4.1–4.4 252 

Material. 5 Pa elements (CORDMP 5091350917). 253 

Remarks. The Pa elements attributed to “Ozarkodina” aff. snajdri include transitional forms 254 

of the “Oz.” bohemica–snajdri group (Figs. 3.1–3.4, 4.1–4.4). They have denticles of 255 

subequal size, stout, fused except for discrete tips, and slightly tilted ventrally. Denticles 256 

located above the aboral cavity are completely fused so conform a crenulated ridge. The 257 

platform is spearshaped, unornamented and weakly asymmetrical, with the halves on both 258 

sides of the blade slightly offset from each other. It extends approximately from the centre 259 

of the blade to just before its dorsal edge. The basal margin profile is stepped, with the 260 

anterior section slightly bowed. The anterior process has a steeply curved termination, with 261 

a distal denticle approximately half way up blade (Figs. 3.1, 3.3). The posterior process also 262 

reduces rapidly in size at its end. White matter concentrates at the tip of the denticles and 263 

gradually diffuses toward the blade whereas the basal cavity tip is not discernible due to the 264 

opaque aspect of the elements. 265 

Helfrich (1975) introduced Spathognathus tillmani from the lower Wills Creek Formation, 266 

central Appalachian Mountains, to include specimens grossly similar to S. sagitta bohemicus 267 

and S. snajdri, but with a slightly longer blade and the basal platform more posteriorly 268 

located. Helfrich's illustrations of “Oz. tillmani” include Pa elements very similar to elements 269 

of this study, but differ in the more developed denticulation. “Oz. tillmani” was subsequently 270 

considered a nomem dubium because the systematics appeared on microfiche (Cooper, 1980) 271 

and regarded as a junior synonym of “Oz.” bohemica (Calner and Jeppson, 2003). Currently, 272 
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“Oz.” bohemica s.l. encompass a group of forms with considerable variability, even within 273 

collections, that are frequently described as morphotypes or subspecies (Schönlaub in Kříž 274 

et al., 1993; Viira and Aldridge, 1998; Calner and Jeppson, 2003). 275 

In particular, “Oz.” aff. snajdri is distinguished from typical representatives of “Oz.” snajdri 276 

by having a blade of more uniform height and a less expanded, more symmetrical, and 277 

centrally located basal cavity. Notwithstanding that, specimens attributed to “Oz.” snajdri 278 

with a relatively small basal cavity and a straight upper margin are included in the literature 279 

(e.g., Miller, 1995; Viira and Aldridge, 1998). “Oz.” aff. snajdri also shows resemblance to 280 

Oz. bohemica morphotype 3 of Schönlaub and the coeval Oz. bohemica longa (Calner and 281 

Jeppsson, 2003; Slavík, 2014), but differ in the more centrally located basal expansion, the 282 

gently convex anterior and posterior edges, and the shorter blade length. On the other hand, 283 

Oz. inflata (Walliser, 1964) is distinct as it possesses the oral margin convex, lacks denticle 284 

fusion, and the basal lobes are more symmetrical. The transitional character of the “Oz.” 285 

snajdri lineage and the scarce number of specimens recovered from the Rinconada Formation 286 

inhibits a further refinement of the taxonomic designation. Eventually, more records of “Oz.” 287 

tillmani and of “Oz.” aff. snajdri would help determine if they are conspecific. 288 

 “Ozarkodina” sp. 289 

Figures 3.5–3.6, 4.5–4.6 290 

Material. 1 Pa element (CORDMP 50918). 291 

Remarks. “Ozarkodina” sp. is characterized by having a small basal cavity relatively 292 

centrally located and the oral margin adenticulated. The basal cavity lips prolong up to the 293 

posterior tip of the blade, whereas they continue as a narrow groove towards the anterior 294 

edge. The anterior and posterior margins of the blade are fairly straight. 295 
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“Ozarkodina” sp. resembles “Oz.” parasnajdri (Viira and Aldridge, 1998) in the 296 

adenticulated oral margin and in the basal cavity position, though it lacks the large basal 297 

cavity that characterizes the representatives of the “Oz.” snajdri–parasnajdri group. It is 298 

also morphologically similar to “Oz.” b. longa, but it has the basal cavity more centrally 299 

located. Moreover, in “Oz.” b. longa the fused ridges of denticles occur mainly in mature to 300 

gerontic elements, thought they are more frequent in the younger populations (Calner and 301 

Jeppsson, 2003). 302 

Genus Wurmiella Murphy et al., 2004 303 

Type species. Ozarkodina excavata subspecies tuma Murphy and Matti, 1983 304 

Wurmiella excavata (Branson and Mehl, 1933) 305 

Figures 3.13, 3.15, 3.19, 4.8, 4.9 306 

1933. Prioniodus excavatus Branson and Mehl, p. 45, pl. 3, figs. 7, 8. 307 

2005. Ozarkodina excavata (Branson and Mehl). Bitter and Purnell, textfigs. 2–3, pl. 1–3. 308 

2006. Ozarkodina excavata excavata (Branson and Mehl). Albanesi et al., pl. 5, figs. MY. 309 

2009. Wurmiella cf. excavata Branson and Mehl. Mestre, p. 474, fig. 3: 4–6. 310 

2016. Wurmiella excavata (Branson and Mehl 1933). Sullivan et al., fig. 4: 3–12. 311 

2016. Ozarkodina excavata (Branson and Mehl). Mathieson et al., p. 624, 626, figs 20, 312 

30W, X, 32L–Q (cum. syn.). 313 

Material. 17 Pa, 1 Pb, 1 Sa, 2 Sb, 1 Sc elements (CORDMP 5091950940). 314 

Discussion. Wurmiella excavata is frequently reported in many Silurian – Lower Devonian 315 

collections, yet there is a large uncertainty surrounding its type specimens (Murphy et al., 316 

2004). In addition, it exhibits significant morphological variations through time probably 317 

associated with variations in diet (Jones and Purnell, 2007). Donoghue et al. (2008) suggested 318 

that Wurmiella may not be its appropriate taxonomic home, but awaits further phylogenetic 319 
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evidence to establish it. The specimens from the Rinconada Formation fit well with respect 320 

to the typical material from the Bainbridge Limestone (Branson and Mehl 1933).  321 

Wurmiella excavata is a very successful component of conodont communities, showing large 322 

resistance against palaeoenvironmental changes. It has a wide paleobiogeographic 323 

distribution, with records in the Carnic Alps (Walliser, 1964; Corradini et al., 2015), North 324 

America (Branson and Mehl, 1933; von Bitter and Purnell, 2005), Northern Australia 325 

(Simpson, 2000), Bohemia (Slavík et al., 2010), Central Iran (Männik et al., 2013), as well 326 

as in the Los Espejos Formation (Albanesi et al., 2006) and the Tambolar Formation (Mestre, 327 

2009) in the Precordillera. 328 

[Figure 4] 329 

 330 

Figure 4. Lineart drawings of selected specimens from sample RIN5. 1–4, “Ozarkodina” 331 

aff. snajdri, 1–2, Pa element, lateral and oral view, CORDMP 50914; 3–4, Pa element, 332 

lateral and oral views, see attached coniform element on lateral side, CORDMP 50913. 5–333 

6, “Ozarkodina” sp., Pa element, CORDMP 50918, lateral and oral views. 7, undetermined 334 

"ozarkodinid”, Pa element, CORDMP 50941, oral view. 8–9, Wurmiella excavata (Branson 335 
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and Mehl), 8, Pa element, CORDMP 50919, lateral view; 9, Sa element, CORDMP50921, 336 

dorsal (posterior) view. 10, undetermined "ozarkodinid”, Sa element, CORDMP 50946, 337 

dorsal view. Scale bar: 0.1 mm. 338 

Order Prioniodinina Donoghue et al., 2008 339 

Family PRIONIODINIDAE Bassler, 1925 340 

Genus Oulodus Branson and Mehl, 1933 341 

Type species. Cordylodus serratus Stauffer, 1930 342 

Oulodus sp. 343 

Figures 3.9, 3.10, 3.17 344 

Material. 1 P, 2 Sb, 1 S (CORDMP 5094350945). 345 

Discussion. We follow here the diagnosis of Oulodus given by Sweet and Schönlaub (1975), 346 

which implies a conservative apparatus composition through the Middle Ordovician and 347 

Devonian. Slavík et al. (2010) adopted the genus name Delotaxis rather than Oulodus for the 348 

late Silurianearly Devonian taxa with digyrate apparatuses and five pairs of different 349 

elements. However, the upper Silurian species have seximembrate apparatuses, so belong to 350 

Oulodus (C. Corradini, written com.). Besides, Donoghue et al. (2008) observed that a 351 

definition of sexi and septimembrate apparatus in Prioniodinina is meaningless due to the 352 

architectural stability of the apparatus within Ozarkodinida. Thus, the number of elements in 353 

the apparatus may reflect the subjective assessment of the morphological boundaries between 354 

element morphotypes. 355 

The collection from the Rinconada Formation includes rather few fragmented elements that 356 

complicate the specific determination. These exhibit subcircular cusps and discrete denticles 357 

of similar height and round cross sections consistent with the morphological characteristics 358 
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of Oulodus. The record of two Sb elements with the anterior process with different angles of 359 

curvature imply, eventually, the presence of two different species.  360 

Order ?PROTOPANDERODONTIDA Sweet, 1988 361 

Family ?PROTOPANDERODONTIDAE Lindström, 1970 362 

Genus Decoriconus Cooper, 1975 363 

Type species. Paltodus costulatus Rexroad, 1967. 364 

Discussion. Decoriconus includes small, generally striated and laterally compressed 365 

coniform elements. The lineage can be traced back up to the Tremadocian with D. 366 

peselephantis (Lindström) and it extends up to the Devonian with D. fragilis (e.g., Löfgren, 367 

1998; Drygantand Szaniawski, 2012). Cusps and keels are albid whereas hyaline material 368 

surrounds the basal cavity. The abrupt transition between hyaline and albid material conforms 369 

a straight line that meets the anterior margin of the cusp at an angle of ca. 90º in Ordovician 370 

elements, which reduces to ca. 60º in the Silurian specimens (Löfgren, 1998).  371 

Decoriconus fragilis (Branson and Mehl, 1933) 372 

Figure 3.14 373 

1933. Paltodus fragilis Branson and Mehl, p. 43, pl. 3, fig. 6. 374 

1978. Decoriconus? fragilis (Branson and Mehl). Rexroad et al., p. 4, pl. 1, fig. 10. 375 

1991. Decoriconus fragilis (Branson and Mehl). McCracken, p. 79–80, pl. 4, figs. 33, 39. 376 

2002. Decoriconus fragilis (Branson and Mehl). Zhang and Barnes, p. 11–12, gs. 15.25–377 

15.31. 378 

2007. Decoriconus fragilis (Branson and Mehl). Zhang and Barnes, p. 505, figs. 9.10–9.15. 379 

2007. Decoriconus fragilis (Branson and Mehl). Suttner, p. 19–20, pl. 7, figs. 12–21 (cum. 380 

syn.). 381 
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2015. Decoriconus fragilis (Branson and Mehl). Jarochowska and Munnecke, fig. 7: O–S, 382 

fig. 8: M–Q. 383 

Material. 1 Sa, 18 Sb, 1 Sc elements (CORDMP5085050869). 384 

Discussion. Branson and Mehl (1933) defined Paltodus fragilis with specimens recovered 385 

from shales of the Bainbridge Formation in southeastern Missouri. Cooper (1976) 386 

reconstructed the oral apparatus of D. fragilis including acontiodontiform, paltodontiform 387 

and drepanodontiform elements. Barrick (1977) referred to them as Sa, Sb, and Sc elements, 388 

respectively, because they bear little resemblance to the shapes represented by the original 389 

genera, following the alphabetic locational scheme of Sweet and Schönlaub (1975). 390 

McCracken and Barnes (1981) included an Sc element in the apparatus reconstruction of D. 391 

costulatus, whose lack was previously attributed to a different apparatus composition. Based 392 

on this record, Zhang and Barnes (2002) suggested that D. costulatus is a junior synonym of 393 

D. fragilis. 394 

According to the description of Barrick (1977), the Sa element is strongly compressed, nearly 395 

symmetrical and slightly twisted. The anterior margin is keeled and merges smoothly into 396 

the lateral faces. The posterior margin is also keeled but surrounded by a lateral groove on 397 

each side. The Sb element is asymmetrical, twisted inwardly and recurved near midheight. It 398 

has a moderately flaring base and sharp anterior and posterior keels. The latter is separated 399 

from the lateral faces by narrow grooves. The distinct Sc element is sharply incurved, with 400 

the anterior margin of the base extended as an anticusp of variable lengths.  401 

The collection D. fragilis from the Rinconada Formation include Sa and Sb elements with 402 

welldeveloped keels on both anterior and posterior margins, even on the base, associated 403 

with relatively shallow grooves. In contrast, the recovered Sc element presents the anterior 404 
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margin keeled and the posterior one subrounded, which is consistent with some previous 405 

reports (e.g., Kleffner, 1987, fig. 6.20).  406 

Decoriconus fragilis is common in outer shelf to basin environments, in some cases more 407 

than 100 m deep (e.g., Aldridge and Mabillard, 1981; Aldridge and Jeppsson, 1984; 408 

Armstrong, 1990; Zhang and Barnes, 2002; Dahlqvist and Bergström, 2005). It is frequently 409 

the dominant species along with D. obliquicostatus and Aspelundia in the Silurian outer shelf 410 

and upper slope communities of Australia (Farrell, 2006), Austria (Suttner, 2007), Greenland 411 

(Armstrong, 1990), North America (McCracken, 1991; Zhang and Barnes, 2002), Russia 412 

(Zhang and Barnes, 2007) and Sweden (Bergström and Bergström, 1996).  413 

Genus Pseudooneotodus Drygant, 1974 414 

Type species. Oneotodus? beckmanni Bischoff and Sannemann, 1958 415 

Discussion. Pseudooneotodus consists of short phosphatic cones arranged in an unimembrate 416 

apparatus, whose suprageneric classification is not clearly defined (see Corradini, 2008, for 417 

a recent discussion of the genus). It is made up of a lamellar cap underlain by a spherulitic 418 

basal tissue characteristic of conodonts (Sanson, 1996). The different species of 419 

Pseudooneotodus are classified according to the shape and number of apical tips and the 420 

outline of the basal margin.  421 

Pseudooneotodus is widely distributed in Middle Ordovician to Lower Devonian rocks all 422 

over the world. In particular, Corradini (2008) observed that the occurrence of Ps. beckmanni 423 

and Ps. bicornis is very irregular, even in successive beds in the same section, suggesting 424 

that they were ecologically controlled to a higher degree than coeval conodont taxa. Both 425 

species are typical from openmarine, offshore shelf environments. 426 

Pseudooneotodus beckmanni (Bischoff and Sannemann, 1958) 427 

Figure 3.16 428 
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1958. Oneotodus? beckmanni Bischoff and Sannemann, p. 98, pl. 15, figs. 22–25. 429 

1988. Pseudooneotodus beckmanni (Bischoff and Sannemann). Hünicken and Sarmiento, p. 430 

228, pl. 1, figs. 7ab, pl. 3, figs. 10ab. 431 

2008. Pseudooneotodus beckmanni (Bischoff and Sannemann). Corradini, p. 142, pl. 1, 432 

figs. 17.  433 

2011. Pseudooneotodus beckmanni (Bischoff and Sannemann). Sumrall et al., fig. 4: F. 434 

2016. Pseudooneotodus beckmanni (Bischoff and Sannemann). Mathieson et al., p. 597–435 

598, fig. 8: Q–S (cum. syn.). 436 

Material. 40 P elements (CORDMP 5087350912). 437 

Discussion. The squat, single apical, conical elements from the Rinconada Formation fit 438 

well with the described and illustrated specimens of Ps. beckmanni by Corradini (2008), 439 

who thoroughly analysed the species.  440 

Pseudooneotodus bicornis bicornis (Drygant, 1974) 441 

Figure 3.18 442 

1974. Pseudooneotodus bicornis Drygant, p. 67, pl. 2, figs 40–48. 443 

2008. Pseudooneotodus bicornis bicornis (Drygant). Corradini, p. 144, 146, pl. 1, figs. 8–444 

17. 445 

2015. Pseudooneotodus bicornis Drygant, Jarochowska and Munnecke, fig. 7: J? 446 

2016. Pseudooneotodus bicornis Drygant. Sullivan et al., fig. 4: 15–16. 447 

Material. 3 P elements (CORDMP 5087050872). 448 

Discussion. Corradini (2008) split Pseudooneotodus bicornis in two subspecies, Ps. 449 

bicornis bicornis and Ps. bicornis contiguus, based on the distance between the discrete 450 

tips. The studied material consists of squat cones with subtriangular basal outline. It 451 
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exhibits two discrete tips in the apical part, separated by a depression, consistent with the 452 

diagnosis of Ps. bicornis bicornis. (Corradini, 2008). 453 

BIOSTRATIGRAPHY 454 

In the absence of index fossils, the coniform specimens recovered from the Rinconada 455 

Formation provide some general biostratigraphic information (Figure 5). For instance, Ps. 456 

beckmanni ranges from the Ordovician up to the Emsian, but starts to occur in large numbers 457 

in the Ludfordian, with two acme intervals during the Lochkovian and the Pragian, as 458 

observed in Sardinia and the Carnic Alps (Corradini, 2008). Ps. bicornis bicornis is more 459 

frequent during the upper Llandovery and Wenlock instead, uncommon in the Gorstian, and 460 

it reappears in the Ludfordian, with its LAD in the Lower Oulodus elegans detortus Zone 461 

(Corradini, 2008). The species D. obliquicostatus extends for nearly the entire Silurian, while 462 

its LAD marks the lower boundary of the Upper Oulodus e. detortus Zone in Sardinia and 463 

the Carnic Alps (Corradini and Corriga, 2012). Conversely, D. fragilis transits across the 464 

terminal Ordovician mass extinction (Bergström et al., 2012), ranging up to middle Pragian 465 

in the Austrian Carnic Alps (Suttner, 2007). 466 

[Figure 5] 467 
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 468 

Figure 5. Comparison of late Wenlock – Pridoli conodont zones from Estonia (Männik, 469 

2014), the Carnic Alps (Corradini et al., 2015), the Prague Synform (Slavík and Carls, 2012; 470 

Slavík, 2014), and the Precordillera (this study in grey background), with previous conodont 471 

zones of Albanesi et al. (2006), Mestre (2009) and Sumrall et al. (2013). 472 

The ramiform species W. excavata spans at least from the late Llandovery (e.g., Cockle, 473 

1999) up to the Emsian, with a wide paleobiogeographic distribution. It is frequently one of 474 

the dominant species in the “Oz.” b. longa, P. siluricus, “Oz.” crispa and “Oz.” 475 

eosteinhornensis zones (e.g., Jeppsson, 1974; Mannik, 2007; Corriga and Corradini 2009; 476 

Fig. 5).  477 

“Oz.” aff. snajdri offers a distinct morphology that serves us to improve the biostratigraphic 478 

information. Walliser (1964) included in his first Silurian biozonal scheme an Oz. snajdri479 
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horizon, which included in the upper part of the P. siluricus Zone. Subsequent studies from 480 

Gotland and Estonia recognized that “Oz.” snajdri appeared earlier in the Gorstian (early 481 

Ludlow) (Jeppsson et al. 1994; Viira and Aldridge, 1998; Jeppsson, 2005). “Oz.” snajdri 482 

becomes extinct in the Cellon Section of the Carnic Alps at the top of the “Oz.” crispa Zone 483 

(Corradini et al., 2015), whereas at the Passo Volaia area of the Carnic Alps the LAD locates 484 

proximate to the base of the lower O. e. detortus Zone (Corradini and Corriga 2010; Corradini 485 

and Corriga, 2012).  486 

The “Oz.” snajdri Zone aka “Oz.” snajdri Interval Zone involves the biostratigraphic interval 487 

between the LAD of Polygnathoides siluricus and the FAD of “Oz.” crispa (e.g., Corradini 488 

and Serpagli, 2009; Cramer et al. 2011; Slavík and Carls, 2012; Figure 5). According to 489 

Jeppsson et al. (2007), the base of the “Oz.” snajdri Zone is marked by an abrupt major 490 

conodont faunal change associated to the improvement of the environmental conditions 491 

directly after the Lau event. The lower part of the “Oz.” snajdri Zone is characterized by the 492 

icriodontid Pedavis latialata (Walliser) and the upper part by “Oz.” snajdri. Corradini et al. 493 

(2015) renamed the “Oz.” snajdri Interval Zone as Pedavis latialata – Ozarkodina snajdri 494 

Interval Zone for the Cellon Section, considering the two most characteristic species, which 495 

cooccur in a short stratigraphic interval. 496 

Helfrich (1975) defined the Spathognathus tillmani Zone in the lower Wills Creek Formation 497 

from the Appalachians based on the occurrence of S. tillmani in association with S. primus 498 

multidentatus Helfrich, Ozarkodina sinuosa Helfrich, and O. typica intermedia Helfrich, and 499 

tentatively correlated it with the Icriodus latialatus Zone of Walliser (1964). Calner and 500 

Jeppsson (2003) regarded Oz. tillmani and S. primus multidentatus as synonyms of Oz. 501 

bohemica and of Oz. confluens densidentata (S. primus densidentatus Viira, 1982), 502 

respectively. Accordingly, “Oz.” tillmani would be coeval with Oz. b. longa, which ranges 503 
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from the base of the Oz. b. longa Zone and through the C. murchisoni Zone, though they are 504 

not necessarily conspecific (Calner and Jeppsson, 2003). 505 

On the other hand, Viira and Einsnato (2003) noticed that the conodont fauna from the 506 

Wenlock–Ludlow transition of Saaremaa is comparable with the faunas described by 507 

Helfrich (1975) from the Mifflintown and Wills Creek formations, particularly for the species 508 

Oz. bicornuta and Oz. tillmani. Conodonts from the middle part of the Wills Creek Formation 509 

at Pinto, Maryland, merely indicate a Ludlow age (Harris et al, 1994). Successively, the upper 510 

part of the Wills Creek Formation and the overlying Tonolway Formation include the index 511 

fossil “Oz.” crispa, which indicates a late Ludlow age (Helfrich, 1975).  512 

Following previous studies, “Oz.” aff. snajdri would correspond to a transitional form of the 513 

“Oz.” bohemica – “Oz.” snajdri lineage. The record of “Oz.” aff. snajdri along with W. 514 

excavata, Ps. beckmanni, Ps. bicornis bicornis suggest a late Homerian – early Gorstian (late 515 

Wenlock – early Ludlow) minimum depositional age for the upper debris flows of the 516 

Rinconada melange. 517 

TECTONOSTRATIGAPHIC IMPLICATIONS 518 

Silurian deposits of the Precordillera show considerable local and regional variation in 519 

thickness and lithology (e.g., Astini and Maretto, 1996; Peralta, 2006, 2007). In the Central 520 

Precordillera, the Silurian deposits are widely represented in the La Chilca and Los Espejos 521 

Formation of the Tucunuco Group (Cuerda, 1965, 1969), and its lateral equivalent, the 522 

Tambolar Formation, which crops out to the south in the Pachaco – San Juan River area 523 

(Heim, 1952). Further south and west, Silurian strata are less biostratigraphically constrained. 524 

The La Chilca Formation presents in the lower part conodonts from the Distomodus 525 

kentuckyensis Zone (Llandovery, Lehnert et al., 1999), whereas the upper levels include 526 

graptolite and acritarch associations assigned to the late Llandovery – early Wenlock 527 
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(Kerlleñevich and Cuerda, 1986; Pöthe de Baldis, 1987; Albanesi et al., 2006). The Los 528 

Espejos Formation paraconformably overlies the La Chilca Formation through a ferruginous529 

rich basal conglomerate of regional extension. It is succeeded by green sandstone and 530 

siltstone packages arranged in a thickeningupward sequence whose thickness ranges 531 

between 25 m to 510 m (Cuerda, 1969; Benedetto et al., 1992; Astini and Piovano, 1992). 532 

The middleupper parts of the Los Espejos Formation include in the Jáchal area monospecific 533 

associations of Saetograptus argentinus (Cuerda) and Monograptus uncinatus notouninatus 534 

Cuerda, both indicating a Ludlow age (Cuerda, 1969, 1971), and contain conodonts from the 535 

Kokelella v. variabilis Zone (Gorstian) in the Cerro del Fuerte and the Talacasto areas 536 

(Albanesi et al., 2006; Sumrall et al., 2013). GarcíaMuro and Rubinstein (2015) proposed 537 

that the middleupper part of the La Chilca Formation is Wenlock and that the Los Espejos 538 

Formation is Wenlock (?), Ludlow to Pridoli, based on palynomorph assemblages and 539 

miospore biozones. 540 

The ironrich basal conglomerate, the lithologic contrast and the fossiliferous content suggest 541 

the presence of a hiatus between the La Chilca and the Los Espejos formations, involving the 542 

late Llandovery – early Wenlock up to the early Ludlow (Peralta, 1993; Astini and Maretto, 543 

1996).  544 

According to the new conodont fauna from the Rinconada Formation, the hiatus in the 545 

Central Precordillera is broadly contemporaneous with destabilization of the eastern 546 

Precordilleran platform, accompanying the westverging thrusting of the Famatinean 547 

basement (e.g., Ramos et al., 1996; Mulcahy et al., 2011), 548 

CONCLUSIONS 549 

We analyse here the first Silurian conodont fauna from the Rinconada Formation, proximate 550 

to the eastern boundary of the Precordillera. It proceeds from a debris flow from the upper 551 
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levels of the melange, close to the Neogene disconformity. The conodont association includes 552 

the longranging species Dapsilodus obliquicostatus, Decoriconus fragilis, Pseudooneotodus 553 

beckmanni, P. b. bicornis, Wurmiella excavata along with ozarkodinids of the “Oz.” 554 

bohemica – “Oz.” snajdri lineage. The transitional character of “Oz.” aff. snajdri provides a 555 

minimum depositional age for the upper debris flows of the Rinconada Formation, probably 556 

within the late Homerian – early Gorstian stages. Therefore, the deposition of the upper levels 557 

of the Rinconada melange is possibly coeval with the hiatus involved between the La Chilca 558 

and Los Espejos formations in the Central Precordillera, and the Silurian deformation in the 559 

evolving inner Gondwanan foreland. 560 
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 894 

EPIGRAPHS 895 

 896 

Figure 1.1. Geographic location of the Precordillera, Argentina; 2, Location map of the 897 

Rinconada Formation study area, on the eastern flank of the Sierra Chica de Zonda, Eastern 898 

Precordillera; 3, Geographic location of the fossiliferous sample RIN5, Rinconada 899 

Formation, San Juan Province. 900 

 901 

Figure 2.1. Limestone blocks from the San Juan Formation embedded in debris flows from 902 

the upper levels of the Rinconada Formation, proximate to the Neogene unconformity 903 
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(view to the north); 2. Ironrich calcareous level Rin5, which provided the first Silurian 904 

conodont fauna from the Rinconada Formation (for location see figure 1); 3. Debris flow 905 

from the upper levels of the Rinconada Formation showing a cleavaged matrix with pelitic, 906 

siliceous and calcareous intraclasts. Hammer for scale is 33 cm long. 907 

 908 

Figure 3. Silurian conodonts from the Rinconada Formation, sample RIN5, Precordillera 909 

Argentina. 1–4, “Ozarkodina” aff. snajdri (Walliser), 1–2, Pa element, lateral and oral 910 

view, CORDMP 50913; 3–4, Pa element, lateral and oral views, see attached coniform 911 

element on lateral side, CORDMP 50914. 5–6, “Ozarkodina” sp., Pa element, CORDMP 912 

50918, lateral and oral views. 7–8, 11, undetermined "ozarkodinids”, 7, Pa element, 913 

CORDMP 50941, oral view; 8, Sa element, CORDMP 50946, dorsal view; 11, Pb 914 

element, CORDMP50948, lateral view. 9–10, 17, Oulodus sp., 9, Sb element, CORDMP 915 

50920, lateral view; 10, Sb element, CORDMP 50922, lateral view; 17, P element, CORD916 

MP 50943, dorsal view. 12, Dapsilodus obliquicostatus (Branson and Mehl), Sc element, 917 

CORDMP 50815, lateral view. 13, 15, 19, Wurmiella excavata (Branson and Mehl), 13, 918 

Sa element, CORDMP50921, dorsal (posterior) view; 15, Pa element, CORDMP 50919, 919 

lateral view; 19, Sc element, CORDMP 50923, lateral view. 14, Decoriconus fragilis 920 

(Branson and Mehl, 1933), Sb element, CORDMP 50850, lateral view. 16, 921 

Pseudooneotodus beckmanni (Bischoff and Sannemann), P element, CORDMP 50873, 922 

lateral view. 18, Pseudooneotodus bicornis bicornis (Drygant), P element, CORDMP 923 

50870, lateral view. Scale bar: 0.1 mm. 924 

 925 

Figure 4. Lineart drawings of selected specimens from sample RIN5. 1–4, “Ozarkodina” 926 

aff. snajdri, 1–2, Pa element, lateral and oral view, CORDMP 50914; 3–4, Pa element, 927 



43 
 

lateral and oral views, see attached coniform element on lateral side, CORDMP 50913. 5–928 

6, “Ozarkodina” sp., Pa element, CORDMP 50918, lateral and oral views. 7, undetermined 929 

"ozarkodinid”, Pa element, CORDMP 50941, oral view. 8–9, Wurmiella excavata (Branson 930 

and Mehl), 8, Pa element, CORDMP 50919, lateral view; 9, Sa element, CORDMP50921, 931 

dorsal (posterior) view. 10, undetermined "ozarkodinid”, Sa element, CORDMP 50946, 932 

dorsal view. Scale bar: 0.1 mm. 933 

 934 

Figure 5. Comparison of late Wenlock – Pridoli conodont zones from Estonia (Männik, 935 

2014), the Carnic Alps (Corradini et al., 2015), the Prague Synform (Slavík and Carls, 2012; 936 

Slavík, 2014), and the Precordillera (this study in grey background), with previous conodont 937 

zones of Albanesi et al. (2006), Mestre (2009) and Sumrall et al. (2013). 938 




