
Received: 21 April 2017 Revised: 28 July 2017 Accepted: 7 September 2017
DO
I: 10.1002/gj.3043
R E S E A R CH AR T I C L E
Lower middle Darriwilian (Ordovician) graptolites and index
conodonts from the Central Precordillera of San Juan Province,
Argentina

Fernanda Serra1 | Nicolás A. Feltes1 | Gladys Ortega2 | Guillermo L. Albanesi1,2
1CICTERRA (CONICET‐UNC), Córdoba,

Argentina

2Museo de Paleontología, CIGEA, FCEFyN,

UNC, CONICET, Córdoba, Argentina

Correspondence

Fernanda Serra, CICTERRA (CONICET‐UNC),

Av. Vélez Sarsfield 1611, Córdoba X5016GCA,

Argentina.

Email: fserra@unc.edu.ar

Funding information

Secretaría de Ciencia y Tecnología

(SECYT‐UNC)

Handling Editor: I. Somerville
Geological Journal. 2018;53:2161–2177.
This study includes 3 localities from the Jáchal area in the Central Precordillera of San Juan Prov-

ince, from north to south: the Oculta creek, Las Aguaditas creek, and Cerro La Chilca sections. We

deal with the graptolite faunas and conodont index species recorded from units that overlie the

carbonate San Juan Formation, spanning the lower part of the Los Azules, Las Aguaditas, and

Gualcamayo formations in their respective areas. The index graptolites and associated species

are reported, which enable the recognition of the Levisograptus dentatus Zone in the Central

Precordillera. The presence of graptolites in the limestones from the top of the San Juan Forma-

tion at the Cerro La Chilca section is documented for the first time. The record of representatives

of the Lenodus variabilis, Yangtzeplacognathus crassus, Eoplacognathus pseudoplanus, Histiodella,

and Periodon lineages recognized in these units, linked with respective graptolite zones, provide

precise information for global correlation purposes. The use of conodont and graptolite zones

from different areas of the Central Precordillera enables the verification of the diachronous con-

tact between the San Juan Formation and overlying units, which spans the lower to middle

Darriwilian, in our investigated sections and classical localities previously documented.
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1 | INTRODUCTION

The geological province of the Precordillera is located inwestern Argen-

tina and covers the La Rioja, San Juan andMendoza provinces (Figure 1).

It includes extensive Paleozoic outcrops that have been studied inmany

years. Conspicuous carbonate successions of shelf environments devel-

oped during theCambrian until themiddleOrdovician. The topmost unit

of the carbonate platform is represented by the San Juan Formation,

which is followed by a diachronous succession that is transitional to

deep‐ramp settings. This transitional succession consists of nodular

marlstones, parted limestones interbedded with black shales through

the lower middle Ordovician (Astini, 2003; Baldis, Beresi, Borbonaro,

& Vaca, 1982; Furque & Cuerda, 1979; Kayser, 1876; Keller, 1999;

Stelzner, 1873). The relative dating of these stratigraphic units indicate

that the carbonate demise occurred diachronously from north to south

in the Precordillera, commencing in the earliest Dapingian until the mid-

dle Darriwilian in the discussed sections (Albanesi, Hünicken, & Barnes,

1998; Hunicken, 1985). The drowning began in the northern part of the

basin (Guandacol and Gualcamayo rivers) where assemblages of the
wileyonlinelibrary.com/jo
Isograptus victoriae maximus graptolite Zone and the Baltoniodus

triangularis–Tripodus laevis conodont assemblage Zone confirm an Early

Dapingian age (Albanesi & Ortega, 2016; Albanesi, Ortega, Barnes, &

Hünicken, 1999; Ortega & Albanesi, 1999). In the Cerro Potrerillo and

Yanso sections, ca. 40 km to the south, the facies transition occurs in

the Periodon gladysae Subzone of the Lenodus variabilis conodont Zone

and in the Levisograptus austrodentatus graptolite Zone (Albanesi,

1998; Albanesi et al., 1998; Ortega & Albanesi, 2000). In the central

areas (Cerro Viejo, Cerro La Chilca, Las Aguaditas Creek, Las Chacritas

River, and Villicum Range) the transgressive event begins in the

Yangtzeplacognathus crassus conodont Zone and in the Levisograptus

dentatus graptolite Zone (Carrera, Fenoglio, Albanesi, & Voldman,

2013; Feltes, Serra, Albanesi, & Voldman, 2014; Mestre, 2013; Ortega,

Albanesi, & Frigerio, 2007; Serra, Albanesi, Ortega, & Bergström, 2015).

The study localities from the Central Precordillera of San Juan

Province, from north east to the south west of Jáchal City, involve the

Oculta Creek, Las Aguaditas Creek, and Cerro La Chilca sections

(Figure 1). In the Jáchal area, the Ordovician System is extensively rep-

resented and has been the subject of many paleontological and
Copyright © 2017 John Wiley & Sons, Ltd.urnal/gj 2161
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FIGURE 1 Location map of the study areas, from north to south of the
Central Precordillera: Oculta Creek, Las Aguaditas Creek and Cerro La
Chilca sections. Reference areas from the Precordillera of San Juan
Province are also shown in the figure [Colour figure can be viewed at
wileyonlinelibrary.com]
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geological monographs. The Las Aguaditas Formation is one of the

scarce remnants of carbonate deposits laid down after the Cambro–

Ordovician carbonate cycle in the entire Precordillera (Astini, 1995).

The Gualcamayo and Los Azules formations overlie the limestones of

the San Juan Formation, with the hardground surface at the contact,

which is interpreted as a paraconformity (Astini, 1995). An alternation

of black shales and carbonate strata characterize the basal part of the

Gualcamayo and Las Aguaditas formations but they are not present in

the Los Azules Formation (Astini, 1993; Ortega et al., 2007). In theCerro

La Chilca, the Gualcamayo Formation is composed of an alternation of

black, tabular marly limestone, dark‐coloured black shale and K‐benton-

ites that bear abundant shelly faunas and graptolites (Astini &

Benedetto, 1992; Mestre, 2012; Ortega, Albanesi, & Zeballo, 2013;

Tortello & Peralta, 2004). The lower member of the Los Azules Forma-

tion, at the Oculta Creek, consists of dark‐brown argillites with yellow-

ish alteration and conchoidal fracture. In these sections, abundant K‐

bentonite beds are recorded from the upper part of the San Juan Forma-

tion to the base of the Gualcamayo, Los Azules, and Las Aguaditas for-

mations. These show explosive volcanism activity in a region close to

the Precordillera terrane, providing the ash–fall deposits (Astini, 2003;

Bergström et al., 1996; Brussa & Astini, 1998; Huff et al., 1997; Huff,

Bergström, Kolata, Cingolani, & Astini, 1998). The diachronic drowning

of the carbonate platform and the variable thickness of the black shales
across and along the platform suggest that facies changes are caused by

local subsidence rather than eustacy (Astini, 2003).

The Ordovician black shales of the Precordillera are rich in grapto-

lites, whereas the limestones yield abundant conodonts, trilobites, bra-

chiopods, and poriferans, among other common fossils. Graptolites are

present from the upper Tremadocian (Ortega et al., 2014) to the

Hirnantian (Albanesi & Ortega, 2002; Albanesi & Ortega, 2016), and

important Darriwilian assemblages have been identified in diverse

localities characterizing the Levisograptus austrodentatus, Levisograptus

dentatus, Holmograptus lentus, Holmograptus spinosus, Pterograptus

elegans, and Hustedograptus teretiusculus zones (Albanesi & Ortega,

2002; Albanesi & Ortega, 2016; Brussa, Mitchell, Ortega, Maletz, &

Astini, 2003; Kaufmann & Ortega, 2016; Ortega & Rickards, 2003;

Ortega, Albanesi, & Hünicken, 1995; Ortega et al., 2007). The L.

austrodentatus Zone with the Arienigraptus zhejiangensis and

Levisograptus sinicus subzones are present in the Los Sapitos and

Potrerillos creeks, and in the Cerro Potrerillo from the northern sector

of the Precordillera (Albanesi & Ortega, 2002, 2016; Ortega &

Albanesi, 1999; Ortega & Albanesi, 2000). Previous studies have

assigned some graptolite assemblages to the Paraglossograptus

tentaculatus Zone (e.g., Brussa, 1996; Ortega et al., 1995), which cur-

rently correspond to the L. austrodentatus, L. dentatus, or H. lentus

zones (e.g., Brussa et al., 2003; Mitchell, Brussa, & Astini, 1998; Ortega

et al., 2007). The L. dentatus Zone was identified for the first time in

the lower member of the Los Azules Formation at the Cerro Viejo sec-

tion (Mitchell et al., 1998). Two different graptolite associations were

recorded for the L. dentatus Zone: a lower assemblage that includes

Tetragraptus acanthonotus Gurley, Pseudobryograptus parallelus Mu,

and Zygograptus cf. Z. abnormis (Hall) as distinctive elements

(Gualcamayo River, Corridita Creek, Las Plantas Creek, and Cerro

Potrerillo sections) and an upper assemblage characterized by

Arienigraptus angulatus (Mu) and Levisograptus primus (Legg) in the

Cerro Viejo section (Frigerio, 2004; Máspero Castro, Ortega, &

Albanesi, 2003; Ortega et al., 2007; Ortega & Albanesi, 1999).

The present contribution deals with the graptolite faunas recorded

from units that overlie the carbonate San Juan Formation (upper

Tremadocian–lower Darriwilian), spanning the lower part of the Los

Azules, Las Aguaditas, and Gualcamayo formations in their respective

areas. Index graptolite and conodont species are reported and pro-

vided new information regarding the Levisograptus dentatus Zone and

the Periodon macrodentatus and Yangtzeplacognathus crassus zones of

the Central Precordillera.
2 | MATERIALS AND METHODS

A detailed search for graptolites was carried out in Darriwilian

sequences from three study areas of the Precordillera: Oculta Creek,

Las Aguaditas Creek, and Cerro La Chilca. At the same time, conodont

samples were obtained (ca. 2 kg each), which were processed in a 10%

acetic acid solution following Stone (1987). Graptolites were recorded

from 24 samples; the material is abundant and well preserved in most

cases enabling a taxonomic diagnosis for biostratigraphical purposes.

Conodont index species herein identified allow for adjusting the grap-

tolite biostratigraphy. The studied specimens are housed under the

http://wileyonlinelibrary.com
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repository code CORD‐MP for conodonts and CORD‐PZ for grapto-

lites in the Museo de Paleontología, Facultad de Ciencias Exactas,

Físicas y Naturales, Universidad Nacional de Córdoba, Argentina.
3 | STUDY AREAS

3.1 | Oculta Creek

The Oculta Creek section was recently described by Voldman, Ortega,

and Albanesi (2013); it is located on the western flank of the Los

Cauquenes Range, west of the Cerro Viejo de Huaco thrust

(Figure 1). At this locality, the Ordovician is well exposed; the San Juan

Formation is roofed by a hardground surface at the contact with the

Los Azules Formation (226 m in thickness), which is in turn unconform-

ably overlain by Holocene alluvial fan deposits. In the type area of

Cerro Viejo de Huaco, Ortega (1987) recognized three members in

the Los Azules Formation, from the lower Darriwilian to the upper

Sandbian. The lower member of the Los Azules Formation is character-

ized by dark‐brown argillites with yellowish alteration and conchoidal

fracture interbedded with K‐bentonites. The stratigraphic contact

between the lower and middle member is partially covered. The latter

member consists of black‐grey shales, and the upper member of car-

bonate siltstones of dark colour and yellow alterations, with scarce

mudstone strata intercalated (Voldman et al., 2013).

These authors documented the L. dentatus Zone for the lower

member of the Los Azules Formation (lower middle Darriwilian sensu

Bergström, Chen, Gutiérrez‐Marco, & Dronov, 2009), the Pterograptus

elegans and Hustedograptus teretiusculus zones for the middle member

(upper Darriwilian) and the Climacograptus bicornis Zone (upper

Sandbian) for the upper member of the formation.

The study interval is represented by the lower member of the Los

Azules Formation that crops out in this area, where a total of 11 grap-

tolite samples were taken. A diverse graptolite association composed

of Acrograptus sp., Holmograptus bovis Williams and Stevens,

Xiphograptus lofuensis Lee, Pseudobryograptus parallelus Mu,

Pseudotrigonograptus ensiformis (Hall), Tetragraptus reclinatus Elles and

Wood, T. serra (Brongniart), T. quadribrachiatus (Hall), T. bigsbyi (Hall),

T. acanthonotus, Arienigraptus zhejiangensis Yu and Fang, A. cf. A.

geniculatus (Skevington), Isograptus divergens Harris, Parisograptus

caduceus (Salter), Glossograptus sp., Paraglossograptus tentaculatus

(Hall), Levisograptus sinicus (Mu and Lee), L. cf. L. austrodentatus (Harris

and Keble), L. dentatus (Brongniart), and L. cf. L. dentatus was recorded

from this unit (Figure 2). The graptolite composition is similar through-

out the sampled interval, with colonies that tend to cover the bedding

plane surfaces, although they are better preserved in the upper part of

the lower member.

The most abundant species belong to Tetragraptus, Arienigraptus,

and Levisograptus. The absence of Arienigraptus angulatus Mu, and

the abundant stipes belonging to T. acanthonotus and some colonies

of Pseudobryograptus parallelus allow for recognizing the lower L.

dentatus Subzone in the lower member of the Los Azules Formation.

Typical conodonts of the Yangtzeplacognathus crassus Zone, as

defined in South China (Zhang, 1998) and Scandinavian sections

(Löfgren & Zhang, 2003), and the Periodon macrodentatus Zone‐H.
holodentata Subzone, following the biozonal scheme for Tarim (Du

et al., 2005; Stouge, Du, & Zhao, 2011) and Newfoundland (Stouge,

2012), were recorded at the top of the San Juan Formation, immedi-

ately underlying the Los Azules Formation (Voldman et al., 2013).

Accordingly, we suggest that the L. dentatus Zone begins in the San

Juan Formation and continues through the base of the Los Azules For-

mation. In this study, few conodonts were recorded from the latter

unit; some ramiform elements of P. macrodentatus (Graves and Ellison)

and one Pa element of H. holodentata Ethington and Clark were found

on bedding plane surfaces from the upper strata of the lower member

of the Los Azules Formation in association with the rich graptolite

fauna mentioned above.
3.2 | Las Aguaditas Creek

The Las Aguaditas Formation crops out in the eastern flank of the

Los Blanquitos Range, in the Central Precordillera of San Juan Prov-

ince, and extends to the west of the La Trampa Range (Figure 1).

The type section is located at the Las Aguaditas Creek, 10 km to

the southwest of Jáchal City, as defined by Baldis et al. (1982). At

this locality, the Las Aguaditas Formation is ca. 280 m thick and

overlies paraconformably the San Juan Formation, with the contact

marked by a regional hardground surface (Astini, 1995). The La

Chilca Formation, latest Ordovician–early Silurian in age (Baldis &

Blasco, 1974), unconformably overlies the upper member of the

Las Aguaditas Formation. Baldis and Blasco (1974) described four

members in the Las Aguaditas Formation; namely, a 54‐m‐thick

lower member, a 110‐m‐thick platy member, a 40‐m‐thick middle

member, and an 80‐m‐thick upper member. Later, Astini (1995) dis-

tinguished three transgressive and regressive cycles and described

two types of facies associations that replace each other through

the formation, a distal ramp to slope–basin facies transition, and an

upper to middle slope facies. The top part of the San Juan Forma-

tion represents a distal ramp environment with minor storm influ-

ence. The basal part of the lower member of the Las Aguaditas

Formation comprises carbonate‐pelitic deposits, reflecting the

change of depositional regime interpreted as caused by a flooding

event over the platform (Astini, 1995; Carrera & Astini, 1998; Keller,

Eberlein, & Lehnert, 1993).

There are many studies on fossils from the Las Aguaditas Formation

such as, bryozoans, brachiopods, nautiloids (Carrera, 1997; Carrera &

Ernst, 2010), trilobites (Waisfeld, Vaccari, Edgecombe, & Chatterton,

2011), and ostracods (Salas, 2007). The first graptolites recorded from this

unit were Dicellograptus divaricatus salopiensis Elles and Wood in associa-

tion with Dicranograptus nicholsoni Hopkinson (Blasco & Ramos, 1976).

Later, Hustedograptus teretiusculus (Hisinger) and Nemagraptus gracilis

(Hall) were reported (Baldis & Beresi, 1981) from unspecified stratigraphic

levels. The first graptolite fauna documented from the lower member

(Baldis, Shergold, & Peralta, 1994) consists of P. tentaculatus,

“Oelandograptus” austrodentatus americanus (Bulman), Eoglyptograptus cf.

E. dentatus (Brongniart), Azygograptus sp., Pseudotrigonograptus sp., and

Ptilograptus sp. Brussa (1996, 1997) provided new information for the

Las Aguaditas Formation, identifying the upper part of the

Paraglossograptus tentaculatus Zone for the lower member, and the



FIGURE 2 Stratigraphic column showing graptolite species ranges of the lower member of the Los Azules Formation in the Oculta Creek section
[Colour figure can be viewed at wileyonlinelibrary.com]
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Nemagraptus gracilis Zone for the rest of the unit. Several studies on

conodonts were carried out in the section (Albanesi et al., 2013; Eberlein,

1990; Keller et al., 1993; Lehnert, 1995). Albanesi and Ortega (2002) pro-

posed a lower middle Darriwilian age for the top of the San Juan Forma-

tion at the Las Aguaditas Creek section based on the identification of the

Lenodus variabilis Zone. Recently, this record was updated to the

Yangtzeplacognathus crassus Zone in the contact interval between the

San Juan and the Las Aguaditas formations (Albanesi & Ortega, 2016;

Feltes, Albanesi, & Bergström, 2016; Feltes et al., 2013).

In this study, graptolites were recorded from the basal 10 m of the

lower member of the Las Aguaditas Formation (ca. 43 m; Figure 3). In

the lower part of the formation, incomplete preserved tubaria
belonging to Levisograptus sp. and Xiphograptus? sp., together with

fragmented stipes of Acrograptus sp. and Holmograptus sp. were found

in a K‐bentonite bed. A few meters above these levels, at 6 and 8 m

from the base of the formation, the diversity in the record increases

with a graptolite association that includes Acrograptus sp., H. bovis,

Holmograptus sp., Jiangshanites? sp., Xiphograptus sp., Tetragraptus

bigsbyi (Hall), T. cf. serra, T. quadribrachiatus, Pseudophyllograptus sp.,

Cryptograptus antennarius (Hall), P. tentaculatus, Parisograptus caduceus,

Arienigraptus zhejiangensis, Arienigraptus sp., and Levisograptus sp.

(Figure 3). The genera Paraglossograptus and Tetragraptus dominate

the graptolite fauna in all samples from the lower member of the Las

Aguaditas Formation.

http://wileyonlinelibrary.com
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Although the guide species Levisograptus dentatus cannot be

recognized, some taxa such as A. zhejiangensis suggest that this assem-

blage precedes the H. lentus Zone. Also, conodonts from the Periodon

macrodentatus Zone—H. sinuosa Subzone and from the Lenodus variabilis

Zone (San Juan Formation) and from the P. macrodentatus Zone—H.

holodentata Subzone and Yangtzeplacognathus crassus Zone (contact

between the San Juan and Las Aguaditas formations and lower part of

the latter unit), including the eponymous species were recorded. Species

of the Histiodella lineage are well documented, with abundant specimens

recovered (400 Pa elements). Therefore, it is now evident that the base

of the Las Aguaditas Formation, previously referred to the P. tentaculatus

Zone, and probably the top of the San Juan Formation, correspond to

the L. dentatus Zone (lower middle Darriwilian) following the scheme

by Maletz (1997) for Lévis, Quebec (see also Maletz, 2011).

Although Brussa (1996) identified a few taxa (“Undulograptus

austrodentatus”, Isograptus sp., and P. ensiformis) in the upper part of the

lower member of the Las Aguaditas Formation, we have not recovered

graptolites at these levels. Recently, Feltes et al. (2016) studied conodonts

from this interval and determined the Periodon zgierzensis Zone (sensu

Stouge, 2012) and the Eoplacognathus pseudoplanus Zone (sensu Löfgren

& Zhang, 2003), with the first appearance datum of the significant taxon

Histiodella kristinae. This suggests the presence of the H. lentus Zone or a

younger graptolite biozone (e.g., Holmograptus spinosus Zone).
3.3 | Cerro La Chilca

The Cerro La Chilca section is located 18 kmwest of Tucunuco in the San

Juan Province (Figure 1). The Ordovician succession exposed in this area

consists of the San Juan (Tremadocian‐Lower Darriwilian), Gualcamayo

(Darriwilian), Los Azules (lower Sandbian), and Don Braulio (Hirnantian)

formations (Peralta, 2003). The succession of shales and siltstones over-

lying the San Juan Formation was referred to the Gualcamayo Formation

and interpreted as a transgressive event by Astini and Benedetto (1992).

In its type area of Guandacol and Gualcamayo rivers, the Gualcamayo

Formation was divided into three members (Astini, 1994b), which span

the lower Dapingian to the upper Darriwilian.

Above this unit, black shales with thin mudstones strata, bearing

the Nemagraptus gracilis fauna, were referred to the Los Azules Forma-

tion by Cuerda and Furque (1985). In subsequent contributions,

Peralta (1998) and Tortello and Peralta (2004) interpreted the

Gualcamayo Formation as a 4.5‐m succession characterized by an

alternation of black, tabular marly limestones and dark laminated

shales. Strata of K‐bentonites, usually a few centimetres thick, are

present in the upper part of the San Juan Formation and in the

Gualcamayo Formation (Ortega et al., 2013).

Mestre (2012) recognized the presence of Eoplacognathus

pseudoplanus (Viira), Histiodella kristinae Stouge, and Microzarkodina

sp. cf. M. ozarkodella Lindström, suggesting the presence of the upper

part of the E. pseudoplanus Zone in the upper 4 m of the San Juan For-

mation and the overlying Gualcamayo Formation. This was later

revised by Ortega et al. (2013), who verified an older age and reported

the upper subzone of the Lenodus variabilis Zone in the uppermost

strata of the San Juan Formation. The overlying Gualcamayo Forma-

tion bears a rich graptolite fauna assigned to the Levisograptus

austrodentatus‐L. dentatus Zone (lower middle Darriwilian; Cuerda,
1986; Peralta, 2003). Many other paleontological studies have been

carried out in this section; for example, regarding brachiopods (Astini

& Benedetto, 1992), sponges, bryozoans (Carrera, 1997), trilobites

(Tortello & Peralta, 2004), and machaeridians (Benedetto, 2010;

Ortega, 2010; Ortega et al., 2013).

Abundant graptolites were recovered from the Gualcamayo Forma-

tion. Pendent tubaria belonging to P. parallelus is the principal component

of the graptolite fauna in the lower part of the unit and decreases to the

top, where Levisograptus becomes the dominant genus. The graptolite

assemblage consists of Acrograptus sp., H. bovis, Holmograptus sp., P.

parallelus, X. lofuensis, Xiphograptus sp., Thamnograptus? sp., Jiangshanites?

sp., Pseudophyllograptus sp., T. bigsbyi, T. quadribrachiatus, A. zhejiangensis,

Arienigraptus sp., P. caduceus, P. tentaculatus, L. austrodentatus, L. dentatus, L.

cf. dentatus, L. primus, L. sinicus, and Levisograptus sp. (Figure 4).

Graptolites are documented for the first time in the uppermost part

of the San Juan Formation, ca. 1 m below its contact with the Gualcamayo

Formation. Some specimens that belong to L. primus were identified, as

well as fragmented stipes of sinograptids (Figures 5 and 6). Some speci-

mens are poorly preserved and could not be defined taxonomically.

An abundant conodont fauna was recovered from this section;

among the index species, Y. crassus (Chen and Zhang), P. macrodentatus

(Graves and Ellison), and H. sinuosa (Graves and Ellison) were docu-

mented for the top stratum of the San Juan Formation and P.

macrodentatus and H. holodentata in the Gualcamayo Formation. The

recorded conodont fauna allows the identification of the Y. crassus

Zone and the P. macrodentatus Zone, H. sinuosa Subzone, for the San

Juan Formation and the P. macrodentatus Zone, H. holodentata Sub-

zone for the Gualcamayo Formation (Figure 7).

The graptolite L. primus appears in the upper subzone of the L.

austrodentatus Zone and ranges up to the L. dentatus Zone (Maletz,

1997); although, based on the co‐occurrence of L. primus with Y. cras-

sus, the graptolite association herein documented can be referred to

the base of the L. dentatus Zone. The L. dentatus Zone is identified in

the Gualcamayo Formation at the Cerro La Chilca section as well.

The graptolite assemblage documented in the Gualcamayo Formation

at this section could be referred to the lower assemblage of the L.

dentatus Zone (L. dentatus Subzone; Figure 4).
4 | DISCUSSION ON CLASSICAL
LOCALITIES FROM CENTRAL
PRECORDILLERA

4.1 | Cerro Potrerillo

The study area is located in the northern sector of the Potrerillo‐Perico

Range, 40 km to the northeast of Jáchal City; where an importantOrdo-

vician succession crops out (Figure 1). The Gualcamayo Formation, ca.

76 m thick, paraconformably overlies the San Juan Formation and is

unconformably covered by the pelites and calcipelites of the Las

Plantas Formation. The record of graptolites of the Pterograptus elegans

Zone in the upper part of the Gualcamayo Formation and assemblages

of the Climacograptus bicornis Zone in the Las Plantas Formation indi-

cates that a hiatus spanning the upper Darriwilian to the lower

Sandbian interval is present in this section (Ortega & Albanesi, 2000).



FIGURE 3 Stratigraphic column showing graptolite and key conodont species ranges of the lower member of the Las Aguaditas Formation in the
Las Aguaditas Creek section [Colour figure can be viewed at wileyonlinelibrary.com]
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The carbonate strata from the lower member of the Gualcamayo

Formation, ca. 10 m thick, bear conodonts from the Lenodus variabilis

Zone, Periodon gladysae, and Paroistodus horridus subzones (Albanesi

et al., 1998), whereas the shelly sequence contains a graptolite associ-

ation referred to the L. austrodentatus Zone (Ortega & Albanesi, 2000;

Figure 8). This zone continues through the middle member of the

Gualcamayo Formation, but the graptolite fauna increases in diversity

and abundance with graptolites covering the stratigraphic plane sur-

faces. In the upper part of the unit, typical graptolites of the

Pterograptus elegans Zone are documented (Ortega & Albanesi, 2000).

The graptolite association of the lower member consists of P.

tentaculatus, L. austrodentatus, dichograptid stipes, and few tubaria of
Isograptus sp., with a rather poor preservation. The first 5 m of the mid-

dle member exhibits a richer graptolite fauna: Acrograptus? sp.,

Etagraptus? sp., Zygograptus sp., P. parallelus, X. lofuensis, Tetragraptus

serra, T. bigsbyi, T. headi (Hall), T. quadribrachiatus, P. ensiformis, C.

antennarius, P. tentaculatus, P. tricornis (Mu, Geh, and Yin), I. divergens,

P. caduceus, L. sinicus, and L. austrodentatus.

Albanesi et al. (1998) described the conodont fauna from this

interval and defined the Lenodus variabilis Zone. According to the co‐

occurrence of L. variabilis (Sergeeva) with P. gladysae Albanesi in the

uppermost strata of the San Juan Formation and with Paroistodus

horridus (Barnes and Poplawski) in the upper lower member of the

Gualcamayo Formation, the L. variabilis and Y. crassus zones can be
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FIGURE 4 Stratigraphic column showing graptolite and key conodont species ranges of the base of the Gualcamayo Formation in the Cerro La
Chilca section [Colour figure can be viewed at wileyonlinelibrary.com]
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identified, respectively (following Carrera et al., 2013). In the upper

middle member of the Gualcamayo Formation, Ortega et al. (1995)

and Albanesi et al. (1998) recognized the upper subzone of the E.

suecicus Zone by the presence of Pygodus anitae.
4.2 | Cerro Viejo of Huaco

The Cerro Viejo is located west of Huaco Village, San Juan Province

(Figure 1). On the western flank, the shaly succession of the Los Azules
Formation crops out (Furque, 1979), which paraconformably overlies

the San Juan Formation through a hardground surface (Astini,

1994a). Graptolites are the most abundant fossils of the Los Azules

Formation. The Levisograptus dentatus Zone, Arienigraptus angulatus

Subzone, and Holmograptus lentus Zone were identified in the lower

member (10.85 m thick) of the Los Azules Formation (Brussa et al.,

2003; Ortega, 1995; Ortega et al., 2007; Ortega & Rickards, 2003),

as well as the correlative Lenodus variabilis to the Eoplacognathus

suecicus conodont zones (Ortega et al., 2007).

http://wileyonlinelibrary.com
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Considering the cited authors in the Cerro Viejo section, the grap-

tolite assemblage of the L. dentatus Zone contains Pseudobryograptus

sp., Acrograptus spp., H. bovis, Holmograptus sp., Thamnograptus sp.,

Jiangshanites? sp., Loganograptus logani (Hall), X. lofuensis, P. ensiformis,

T. serra, T. bigsbyi, T. quadribrachiatus, T. headi, Pseudophyllograptus sp.,

Brachiograptus etaformis Harris and Keble, I. divergens, P. caduceus,

Glossograptus sp., P. tentaculatus, P. cf. tricornis, C. antennarius, A.

zhejiangensis, A. angulatus, Arienigraptus sp., L. austrodentatus, L.

dentatus, L. sinicus, L. primus, L. cf. dicellograptoides Maletz, and L. cf.

cumbrensis (Bulman). The co‐occurrence of A. angulatus and L. dentatus

allows the graptolite‐bearing strata to be referred to the upper part of

the L. dentatus Zone (Figure 8).

4.3 | Las Chacritas River

The Las Chacritas River section is located at La Trampa Range, 50 km

southwest of Jáchal City (Figure 1). In this area, an important middle

Ordovician section is exposed. Upper lower and lower middle

Ordovician rocks of the San Juan Formation are paraconformably

overlain by the Las Chacritas Formation of middle Darriwilian age.

Peralta, Heredia, and Beresi (1999) defined the Las Chacritas Forma-

tion as a 55‐m‐thick sequence made up of fine‐grained siliciclastic

and carbonate sediments deposited in a continental shelf setting

(Astini, 1994b; Carrera, 1997). The conodont fauna from the San Juan

and Las Chacritas formations were studied by several authors (Albanesi

et al., 2013; Albanesi & Astini, 1994, 2000; Heredia, Beresi, & Mestre,

2011; Heredia, Beresi, & Peralta, 2005; Mestre & Heredia, 2013; Serra,

Albanesi, & Bergström, 2013). Recently, Serra et al. (2015) docu-

mented and described the biostratigraphy of this area based on the

North American P. macrodentatus‐P. zgierzensis zones and the Baltic Y.

crassus, E. pseudoplanus, and E. suecicus zones, which are well repre-

sented along the unit.

In the Las Chacritas River section, elements of L. variabilis and P.

horridus were recovered from the upper part of the San Juan Forma-

tion, and scarce graptolite remains were identified in the overlying
FIGURE 5 Scale bar 1 mm. A, J, T, W. Pseudobryograptus parallelus mu: A. C
Cerro La Chilca section; J. CORD‐PZ 25779, 1.5 m above the base of the
22194, 0.5 m above the base of the Gualcamayo Formation at the Cerro L
Gualcamayo Formation at the Cerro La Chilca section. B, P. Levisograptus a
Gualcamayo Formation at the Cerro La Chilca section; P. CORD‐PZ 25693,
at the Oculta Creek section. C‐D. Levisograptus primus (Legg), 1 m below th
CORD‐PZ 25727; D. CORD‐PZ 25724. E. Paraglossograptus tentaculatus (H
Formation at the Las Aguaditas Creek section. F. Levisograptus dentatus (Br
Formation at the Cerro La Chilca section. G, R. Levisograptus cf. L. dentatus
Gualcamayo Formation at the Cerro La Chilca section; R. CORD‐PZ 22347
Chilca section. H. Tetragraptus acanthonotus (Gurley), CORD‐PZ 36654, 3.2
the Oculta Creek section. I, M. Arienigraptus zhejiangensisYu and Fang: I. CO
the Las Aguaditas Creek section;M. CORD‐PZ 25692, 3.2 m above the base
section. K. Levisograptus sinicus (Mu and Lee), CORD‐PZ 25664, 0.5 m abo
Oculta Creek section. L. Tetragraptus quadribrachiatus (Hall), CORD‐PZ 345
Aguaditas Creek section. N. Parisograptus sp. CORD‐PZ 22316, 2.5 m above
O. Isograptus divergens Harris, 4 m above the base of the lower member of
(gen. sp. indet.), CORD‐PZ 25726, 1 m below the top of the San Juan Form
Stevens, CORD‐PZ 25503, 10 m above the base of the Las Aguaditas Form
CORD‐PZ 34533, 7.5 m above the base of the Las Aguaditas Formation at th
25739, top of the lower member of the Los Azules Formation at the Oculta
carbonate beds of Las Chacritas Formation (Serra et al., 2015). Incom-

plete stipes and siculae were recorded in the K‐bentonite layers from

the base of the latter formation. Mature colonies of Tetragraptus sp.

and fragmented stipes probably belonging to Acrograptus? sp. together

withY. crassus are present in the lower and middle parts of the unit. In

the middle and upper part of this formation, fragmented tubaria of

Levisograptus? sp. were identified together with E. pseudoplanus.

In this section, index graptolites were not found for correlation;

however, a well‐represented and continuous record of conodonts from

the Histiodella lineage is documented (130 elements). Specimens of H.

sinuosa are recorded together with P. macrodentatus in the upper 24 m

of the San Juan Formation. Abundant specimens of H. holodentata are

documented from the top strata of the San Juan Formation up to the

level 53.5 m from the base of the Las Chacritas Formation. At this

level, H. kristinae Stouge appears (ranging from 53.5 to 56 m); in turn,

the first appearance datum of H. bellburnensis Stouge occurs at the

top strata of the latter unit.

According to the tie between Histiodella species and the graptolite

zones provided by Maletz (2009) and Stouge (2012), a chrono-

stratigraphic interval equivalent to the transition of the L.

austrodentatus–L. dentatus zones is suggested for the top of the San Juan

Formation and through the L. dentatus, H. lentus, H. spinosus, and N.

fasciculatus zones for the complete Las Chacritas Formation (Figure 8).
5 | CORRELATION

The L. austrodentatus Zone was described in detail by Chen et al.

(1995) and Mitchell and Maletz (1995), the first authors dividing this

biozone into the A. zhejiangensis and L. sinicus subzones. The L.

austrodentatus Zone was recognized in different sections of the central

and northern Precordillera. Brussa, Mitchell, and Astini (1998)

recorded the A. zhejiangensis and U. sinicus subzones in the Nazareno

Creek, between Las Plantas and Potrerillos creeks, Brussa and Astini

(1998) identified the L. sinicus assemblage in the lower part of the
ORD‐PZ 22202, 1 m above the base of the Gualcamayo Formation at
Gualcamayo Formation at the Cerro La Chilca section; T. CORD‐PZ
a Chilca section. W. CORD‐PZ 22179, 1 m above the base of the
ustrodentatus (Harris and Keble); B. CORD‐PZ 25728, top of the
3.2 m above the base of the lower member of the Los Azules Formation
e top of the San Juan Formation at the Cerro La Chilca section; C.
all), CORD‐PZ 34533, 7.5 m above the base of the Las Aguaditas
ongniart), CORD‐PZ 25779, 1.5 m above the base of the Gualcamayo
(Brongniart): G. CORD‐PZ 22350, 3.5 m above the base of the
, 3.5 m above the base of the Gualcamayo Formation at the Cerro La
m above the base of the lower member of the Los Azules Formation at
RD‐PZ 25502, 10 m above the base of the Las Aguaditas Formation at
of the lower member of the Los Azules Formation at the Oculta Creek
ve the base of the lower member of the Los Azules Formation at the
26, 7.5 m above the base of the Las Aguaditas Formation at the Las
the base of the Gualcamayo Formation at the Cerro La Chilca section.
the Los Azules Formation at the Oculta Creek section. Q. Sinograptid
ation at the Cerro La Chilca section. S. Holmograptus bovis Williams and
ation at the Las Aguaditas Creek section. U. Tetragraptus bigsbyi (Hall),
e Las Aguaditas Creek section. V. Xiphograptus lofuensis Lee, CORD‐PZ
Creek section [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 6 Important graptolite species from the study areas. A, C–D. Levisograptus dentatus (Brongniart): A. CORD‐PZ 22354, uppermost strata of
the Gualcamayo Formation at the Cerro La Chilca section; C. CORD‐PZ 22443, 3 m above the base of the Gualcamayo Formation at the Cerro La
Chilca section; D. CORD‐PZ 36657, base of the lower member of the Los Azules Formation at the Oculta Creek section. B, P. Levisograptus
austrodentatus (Harris and Keble): B. CORD‐PZ 25728, uppermost strata of the Gualcamayo Formation at the Cerro La Chilca section; P. CORD‐PZ
22216, 2 m above the base of the Gualcamayo Formation at the Cerro La Chilca section. E‐F. Levisograptus primus (Legg), 1 m below the top of the
San Juan Formation at the Cerro La Chilca section: E. CORD‐PZ 25724; F. CORD‐PZ 25725. G. Sinograptid (gen. et sp. indet.), CORD‐PZ 25726,
1 m below the top of the San Juan Formation at the Cerro La Chilca section. H. Arienigraptus cf. A. zhejiangensis Yu and Fang, CORD‐PZ 25729,
uppermost strata of the Gualcamayo Formation at the Cerro La Chilca section. I‐J, N, R. Levisograptus sp.: I.CORD‐PZ 22415, 3.5 m above the base
of the Gualcamayo Formation at the Cerro La Chilca section; J. CORD‐ PZ 25730, uppermost strata of the Gualcamayo Formation at the Cerro La
Chilca section; N. CORD‐PZ 22410, 3 m above the base of the Gualcamayo Formation at the Cerro La Chilca section; R. CORD‐PZ 25732,
uppermost strata of the Gualcamayo Formation at the Cerro La Chilca section. K. Acrograptus sp. CORD‐ PZ 25731, uppermost strata of the
Gualcamayo Formation at the Cerro La Chilca section. L. Tetragraptus acanthonotus (Gurley), CORD‐PZ 25737, 4.5 m above the base of the lower
member of the Los Azules Formation at the Oculta Creek section. M. Levisograptus cf. L. dentatus (Brongniart), CORD‐PZ 36664, base of the lower
member of the Los Azules Formation at the Oculta Creek section. O. Arienigraptus zhejiangensis Yu and Fang, CORD‐PZ 25738, top of the lower
member of the Los Azules Formation at the Oculta Creek section.Q. Acrograptus? sp. CORD‐ PZ 36523, 4.5 m above the base of the lower member
of the Los Azules Formation at the Oculta Creek section. S. Holmograptus bovis Williams and Stevens, CORD‐PZ 25733, uppermost strata of the
Gualcamayo Formation at the Cerro La Chilca section. T, W. Arienigraptus sp. CORD‐PZ 36506, top of the lower member of the Los Azules
Formation at the Oculta Creek section. U. Parisograptus caduceus (Salter), CORD‐PZ 36502, top of the lower member of the Los Azules Formation
at the Oculta Creek section. V. Pseudobryograptus parallelusMu, CORD‐PZ 22185, 0.5 m above the base of the Gualcamayo Formation at the Cerro

La Chilca section
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FIGURE 7 Scale bar 0.1 mm. A. Histiodella kristinae Stouge, CORD‐MP 35194, recovered at 43 m above the base of the Las Aguaditas Formation
at the Las Aguaditas Creek section. B. Histiodella cf. H. holodentata CORD‐MP 35190, recovered at 43 m above the base of the Las Aguaditas
Formation at the Las Aguaditas Creek section. C, E. Histiodella holodentata Ethington and Clark; C. CORD‐MP 35150, recovered at 43 m above the
base of the Las Aguaditas Formation at the Las Aguaditas Creek section; E. CORD‐MP 35078, recovered at 11.3 m below the top of the San Juan
Formation at the Las Aguaditas Creek section. D, H. Yangtzeplacognathus crassus (Chen et Zhang), recovered at 1 m below the top of the San Juan
Formation at the Cerro La Chilca section, D. CORD‐MP 44002, Pa element; H. CORD‐MP 44003 Pb element. F. Histiodella sinuosa (Graves and
Ellison), CORD‐MP 44001, recovered at 1 m below the top of the San Juan Formation at the Cerro La Chilca section. G, I. Periodon macrodentatus
(Graves and Ellison); G. CORD‐MP 36741, recovered at 0.7 m below the top of the San Juan Formation at the Las Aguaditas Creek section; I.
CORD‐MP 18518, recovered from the top stratum of the San Juan Formation at Las Chacritas River section. J. Periodon zgierzensisDzik, CORD‐MP
38934, recovered at 43 m above the base of the Las Aguaditas Formation at the Las Aguaditas Creek section [Colour figure can be viewed at
wileyonlinelibrary.com]
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Gualcamayo Formation exposed at Gualcamayo River section. The

occurrence of L. sinicus with conodonts of the L. variabilis Zone (P.

gladysae and Paroistodus horridus subzones) in the lower member of

the Gualcamayo Formation at Cerro Potrerillo suggests the presence

of the L. sinicus Subzone and the records of H. sinuosa in the same

strata confirms an early Darriwilian age for these levels (Albanesi

et al., 1998). The lower A. zhejiangensis Subzone and upper L. sinicus

Subzone are present in the lower and middle member of the

Gualcamayo Formation at the Los Sapitos Creek, Guandacol River

(Ortega & Albanesi, 1999). These graptolite assemblages enable the

recognition of an early Darriwilian age for the bearer strata. To the

south, at the La Corridita Creek, Gualcamayo River area, Brussa and

Astini (2001) assigned graptolites collected from the lower part of

the Gualcamayo Formation to the A. zhejiangensis Subzone. Caballé,

Alfaro, and Uriz (2005) described a graptolite fauna of the L. sinicus

subzone from a section near the Los Celestitos Creek, Los Piojos River.

The L. austrodentatus Zone from northern Precordillera can be cor-

related with the L. austrodentatus Zone (Da1) of Australasia, and equiv-

alent strata from China, Baltoscandia, Britain, and Russia (e.g., Bulman,

1963; Chen et al., 1995; Erdtmann, Maslov, Maletz, & Paalits, 1998;

Fortey & Owens, 1987; Maletz, 1997; Mitchell et al., 1997; Mitchell

& Maletz, 1995; VandenBerg & Cooper, 1992).

The L. dentatus Zone was introduced by Maletz (1997) who recog-

nized its lower and upper subzones in the Lévis area, Quebec. The

lower subzone is marked by the entrance of L. dentatus and the upper
subzone by the appearance of A. angulatus, two key species that were

used later to designate both subzones (Maletz, 2011).

A diverse fauna from the L. dentatus Zone, including the lower

and upper associations, was reported in the Precordillera by Ortega

et al. (2007). These authors identified a lower association repre-

sented in the northern sections (e.g., Corridita Creek, Gualcamayo

River, Las Plantas Creek, and Cerro Potrerillo), which comprise some

characteristic taxa, such as T. acanthonotus, P. parallelus, and Z. cf.

abnormis. The upper association, recorded at the La Corridita Creek

(Gualcamayo Formation) and the Cerro Viejo (Los Azules Formation),

is distinguished by A. angulatus and L. primus. The H. lentus Zone is

identified by the appearance of the nominal taxon in the La Corridita

Creek (Máspero Castro et al., 2003) and by the entrance of

Archiclimacograptus and a conspicuous change in the graptolite fauna

from the lower member of the Los Azules Formation at Cerro Viejo

(Ortega et al., 2007).

In the Cerro Potrerillo succession, the L. dentatus Subzone is

recorded in the lowermost middle member of the Gualcamayo

Formation, above graptolite records of the L. sinicus Subzone (L.

austrodentatus Zone) and conodonts referable to the H. sinuosa

Subzone.

In the Cerro Viejo section, the lower member of the Los Azules

Formation contains a rich graptolite fauna corresponding to the upper

L. dentatus Zone (A. angulatus Subzone) including the presence of both

guide taxa. Conodonts of the L. variabilis Zone in the upper part of the
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FIGURE 8 Darriwilian stratigraphic chart showing correlations between graptolite and conodont zones (adapted from Serra et al., 2015; Feltes
et al., 2016; Albanesi & Ortega, 2016; and this study). A scheme for the interpretation of the diachronism in the Precordillera is included (right).
Letters indicate the study sections: A. Las Chacritas River section; B. Las Aguaditas Creek section; C. Cerro La Chilca section; D. Cerro Viejo de
Huaco section; E. Oculta Creek section; F. Cerro Potrerillo section. The diagonal lines represent covered strata. Abbreviations: Grapt. Zones:
Graptolite Zones; L. austr.: L. austrodentatus; P. g.: Periodon gladysae; P. hor.: Paroistodus horridus; M. oz.: Microzarkodina ozarkodella; P. an.: Pygodus
anitae; H. cf. hol.: Histiodella cf. H. holodentata; Gualc. Fm: Gualcamayo Formation; L. M.: Lower member; M. M.: Middle member
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underlying San Juan Formation range throughout the lower part of the

lower member of Los Azules Formation (Ortega et al., 2007).

The L. dentatus Zone recognized in different areas of the

Precordillera is comparable to the L. dentatus Zone as described at

Lévis, Quebec, and Western Newfoundland, and the D. hirundo Zone

from Scandinavia (Maletz, 1995; Maletz, 1997; Figure 9).

Histiodella species have great potential for global correlation;

they are documented in middle Ordovician successions from New

Zealand (e.g., Zhen, Percival, Cooper, Simes, & Wright, 2009), West-

ern Newfoundland (e.g., Stouge, 2012), Argentine Precordillera (e.g.,

Feltes et al., 2016; Mestre & Heredia, 2012; Serra et al., 2015), North

China (e.g., Jing, Zhou, & Wang, 2016), Tarim Basin (e.g., Du et al.,

2005; Stouge et al., 2011; Zhen et al., 2011), Yangtze Platform (e.g.,

Chen, Zhang, Bergström, & Xu, 2006), and Scandinavia (e.g., Löfgren

& Zhang, 2003; Mellgren & Eriksson, 2010). Associated conodonts

and graptolites occur at the same strata in the Lévis Formation, Que-

bec (Maletz, 2009; Stouge, 2012). The H. sinuosa Subzone correlates

with the L. austrodentatus Zone, the H. holodentata Subzone is
equivalent to the L. dentatus and H. lentus zones, and the “H. cf.

holodentata” Subzone to the Holmograptus spinosus Zone. The H.

kristinae Subzone and lower part of H. bellburnensis Subzone of the

P. zgierzensis Zone correspond to the N. fasciculatus Zone (Stouge,

2012), providing a high‐resolution biozonal scheme for the correlation

of a wide variety of environments.

Abundant specimens of the conodont genus Histiodella in the

Precordillera provide a good tie with the Darriwilian graptolite zones as

suggested by Maletz (2009). In the investigated sections, it is possible to

correlate precisely the graptolite assemblages with the referred conodont

zones. Several index species were documented from the top of the San

Juan Formation, at the Cerro La Chilca section. Numerous specimens of

H. sinuosa and P. macrodentatus were recovered allowing for the recogni-

tion of the H. sinuosa Subzone (P. macrodentatus Zone) as defined for

Newfoundland (Stouge, 2012); whereas the record of Y. crassus enables

a correlation with the Baltic scheme (Löfgren & Zhang, 2003). Further-

more, the presence of specimens of L. primus in the upper part of the

San Juan Formation provide new information, and the co‐occurrence with



FIGURE 9 Biostratigraphic chart of the middle–upper Ordovician showing conodont and graptolite zones from Baltoscandia (modified from
Löfgren & Zhang, 2003), Western Newfoundland (modified from Stouge, 2012; Maletz, 2009; Maletz, 2011), Argentine Precordillera (adapted
from Serra et al., 2015; Feltes et al., 2016; Albanesi & Ortega, 2016) and the study area. Abbreviations: Zo.: Zone; Sz.: Subzone; Grp.: Group; E.
suec.: E. suecicus; P. lunn.: P. lunnensis; L. austrodent.: L. austrodentatus [Colour figure can be viewed at wileyonlinelibrary.com]
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H. sinuosa and Y. crassus suggests the base of the L. dentatus Zone for

these strata. The calcipelitic succession of the Gualcamayo Formation

at this study area contains a graptolite assemblage presumably referable

to the lower part of the L. dentatus Zone, which is reinforced by the

record of conodonts of the H. holodentata Subzone.

Graptolites of the lower member of the Las Aguaditas Formation,

originally referred to the upper P. tentaculatus Zone (Brussa, 1996) indi-

cate the L. dentatus Zone, which is supported by the presence of the

index conodont H. holodentata in the same stratigraphic interval. The

upper part of the lower member is characterized by scarce graptolites.

In this part, late forms of Histiodella holodentata (with intermediate mor-

phology betweenH. holodentata and H. kristinae as suggested by Stouge,

2001, 2012) andHistiodella kristinaewere recorded, whose ranges corre-

late with the Holmograptus spinosus and Nicholsonograptus fasciculatus

zones of the Newfoundland and Quebec schemes (Maletz, 2009).

The graptolite fauna studied in the Oculta Creek shares taxa, such

as T. acanthonotus and P. parallelus with the L. dentatus Zone, as

described by Ortega and Albanesi (2000) for the Cerro Potrerillo. This

assemblage can be assigned to the lower part of the L. dentatus Zone,

which develops above the carbonate strata of the top of the San Juan

Formation. The latter formation, in its uppermost part, bears

conodonts of the H. holodentata Subzone (P. macrodentatus Zone)

and Y. crassus Zone (Voldman et al., 2013).

Similar records occur at the Las Chacritas River section, where the

presence of H. sinuosa in the top levels of the San Juan Formation and

of H. holodentata, H. kristinae, and H. bellburnensis, consecutively,

throughout the Las Chacritas Formation allows the correlation of these

units with the L. austrodentatus, L. dentatus, H. lentus, Holmograptus

spinosus, and Nicholsonograptus fasciculatus zones from the mentioned

schemes (Serra et al., 2015).
6 | CONCLUSIONS

A lower graptolite assemblage of the Levisograptus dentatus Zone is

verified in the Las Aguaditas Formation (lower member) at the Los
Blanquitos Range, Los Azules Formation (lower member) at the Los

Cauquenes Range, and Gualcamayo Formation (lower member) in the

Cerro La Chilca, Central Precordillera. It is consistent with the occur-

rence of L. dentatus and the absence of Arienigraptus angulatus in our

collections.

The presence of the L. dentatus Zone is also inferred for the lower

part of the Las Chacritas Formation in correspondence with the record

of typical conodonts from the Yangtzeplacognathus crassus Zone.

The record of graptolites (Levisograptus primus and sinograptid

stipes) is documented for the first time from the uppermost San Juan

Formation at Cerro La Chilca section, consistent with the presence of

the conodont index species Y. crassus and Histiodella sinuosa, suggest-

ing the lower part of the L. dentatus Zone.

Histiodella sinuosa and H. holodentata are documented in associa-

tion with graptolites of the L. dentatus Zone in the Las Aguaditas

Creek, Las Chacritas River, and Cerro La Chilca sections.

The use of conodont and graptolite zones enables the verification

of the continuous diachronous contact between the San Juan Forma-

tion and overlying units, which spans the lower to middle Darriwilian,

in the investigated sections of the central and northern regions of

the Argentine Precordillera.
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