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Biostratigraphic significance of the latest
Cambrian-earliest Ordovician agnostoid trilobites
from Northwestern Argentina

M. F. TORTELLO

Departamento Paleozoologia Invertebrados, Museo de La Plata
Paseo del Bosque s/n°, La Plata 1900, Argentina. E-mail: tortello@museo.fcnym.unlp.edu.ar

{ ABSTRACT |

The biostratigraphic significance of the latest Cambrian-earliest Ordovician trilobite agnostoids from northwes-
tern Argentina is summarized. A characterization of the faunas recognized below and above the Cambrian-Ordo-
vician boundary is presented on the bases of information from sierra de Cajas (Jujuy Province, Eastern Cordi-
llera; Lampazar and Cardonal Formations), rio Volcancito (La Rioja Province, Famatina range; Volcancito
Formation) and other localities assigned to the Parabolina frequens argentina Biozone. In addition, the strati-
graphic meaning of each agnostoid species from the P. frequens argentina Zone is updated. The uppermost Cam-
brian is characterized by a distinctive agnostoid assemblage composed of Lotagnostus (Lotagnostus) sp., Lotag-
nostus (Semagnostus) zuninoi (HARRINGTON and LEANZA), Micragnostus vilonii HARRINGTON and LEANZA, M.
calviformis HARRINGTON and LEANZA, Strictagnostus? micropeltis (HARRINGTON and LEANZA), Pseudorhaptagn-
ostus (Machairagnostus) tmetus HARRINGTON and LEANZA, Pseudorhaptagnostus (Machairagnostus) cf. tmetus
HARRINGTON and LEANZA, Pseudorhaptagnostus (Machairagnostus) sp., Gymnagnostus bolivianus (HOEK), Gym-
nagnostus perinflatus HARRINGTON and LEANZA, and Leiagnostus turgidulus HARRINGTON and LEANZA. This fau-
na is commonly recorded together with the polymeroid Beltella ulrichi (KAYSER), Onychopyge HARRINGTON, Pli-
catolina scalpta HARRINGTON and LEANZA, Parabolina frequens argentina (KAYSER), Parabolinella coelatifrons
HARRINGTON and LEANZA, and Angelina hyeronimi (KAYSER). Based on this agnostoid-polymeroid fauna, a
Pseudorhaptagnostus (Machairagnostus) - Gymnagnostus Assemblage Subzone (lower part of the P. frequens
argentina Zone) is formally proposed. Agnostoid diversity drastically declines through the Cambrian-Ordovician
boundary, probably as a consequence of a regional regressive-transgressive event. In the lowest Tremadoc the
agnostoid records are mainly restricted to Trilobagnostus chiushuensis (KOBAYASHI) and some forms described
under open nomenclature (Anglagnostus? sp., Micragnostus sp.). The upper part of the P. frequens argentina
Zone is better defined by polymeroid trilobites. Jujuyaspis keideli KOBAYASHI is its most characteristic species.

KEYWORDS | Trilobita. Agnostida. Latest Cambrian-earliest Ordovician. Northwestern Argentina. Biostratigraphy.

INTRODUCTION graphic schemes have been based on those Cambrian
species that, being preserved in dark limestones and

Occurrences of agnostoid trilobites are restricted to shales, lived on the outer, ocean-facing margins of car-
the Cambrian - Ordovician (late Early Cambrian- bonate bank complexes and outer detrital environments
Ashgillian). Because of their abundance and rapid evolu- (e.g., Shergold, 1981; Shergold et al., 1990). In addition,

tion, the Middle and early Late Cambrian representatives though the agnostoids were less abundant after the Cam-
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stratigraphic and paleobiogeographic potential (e.g.,
Ahlberg, 1989, 1992; Nielsen, 1997).

Agnostoids are represented in the Upper Cambrian-
Tremadoc of the Baltic shield, northern Siberia, and in
cold to temperate areas of the margin of Gondwana
(“Baltic Province”, see Shergold, 1988). This province is
characterized by the cold water “olenid biofacies”, which
is associated with dark shales and limestones representing
bottom conditions low in oxygen, mainly assignable to
outer shelf environments (Fortey, 1975). This facies con-
tains a restricted trilobite fauna which is mainly composed
of olenids. The olenid biofacies can be recognised in the
uppermost Cambrian-lower Tremadoc in northwestern
Argentina, where several formations assigned to the trilo-
bite Parabolina (Neoparabolina) frequens argentina Bio-
zone are essentially composed of shales and subordinated
sandstones (Harrington and Leanza, 1957).

Although the Parabolina (Neoparabolina) frequens
argentina Biozone was originally assigned to the early
Tremadoc, subsequent analyses demonstrated that its low-
er part is assignable to the latest Cambrian (e.g. Rushton,
1982: p. 46; Ludvigsen, 1982: p. 150; Aceholaza, 1983;
Salfity et al., 1984). Current interdisciplinary studies aim
to determine the position of the Cambrian-Ordovician
boundary within the unit, as well as to reconsider the bios-
tratigraphic significance of its abundant trilobite faunas.
The importance of this subject was especially pointed out
by Nielsen (1997), who stressed the unsettled exact strati-
graphic position of several agnostoids in the biozone.

Biostratigraphic significances of the latest Cambrian-
earliest Ordovician trilobite agnostoids from northwestern
Argentina are summarised here. Based on information
from representative localities of Jujuy, Salta (Eastern
Cordillera) and La Rioja (Famatina Range), a brief char-
acterization of the faunas recognized below and above the
Cambrian-Ordovician boundary is presented. In addition,
the stratigraphic meaning of each agnostoid species from
the Parabolina frequens argentina Biozone is updated.
Part of the information condensed here is from an unpub-
lished doctoral thesis by the author, and from Tortello and
Acenolaza (1993), Tortello and Esteban (1997, 1999) and
Tortello et al. (1999).

THE Parabolina frequens argentina ZONE AND THE
CAMBRIAN-ORDOVICIAN BOUNDARY

Upper Cambrian in Salta and Jujuy was first men-
tioned by Kayser (1876), who correlated a trilobite fau-
na composed of “Agnostus” tilcuyensis, “Olenus”
argentinus and “Arionellus” hyeronimi, with the Olenus
beds of northern Europe and Canada. On the other hand,
Kayser (1897) assigned to the “Middle Cambrian” a
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FIGURE 1| Location map showing sierra de Cajas (Eastern
Cordillera) and rio Volcancito (Famatina Range) localities.

trilobite fauna (“Arionellus” hyeronimi, “Liostracus”
ulrichi and “Agnostus” iruyensis) from Iruya (Salta).
Later, Kobayashi (1936, 1937) pointed out the Late
Cambrian-earliest Ordovician affinities of the material
of southern Bolivia and northern Argentina previously
studied by Kayser, Lake and Hoek, and examined new
collections obtained by Keidel and Brown (see
Kobayashi, 1937).

Harrington and Leanza (1957: pp. 23-26) defined the
Parabolina frequens argentina Biozone based on the
study of numerous trilobites from northwestern Argentina.
These authors evaluated the stratigraphic significance of
each species of the unit, and pointed out the Tremadocian
affinities of many of them. Although such global evalua-
tion originally led to the assignment of the whole biozone
to the lower Tremadoc, Harrington and Leanza (1957)
clearly indicated the Late Cambrian affinities of several
forms (e.g. Micragnostus tilcuyensis, “Micragnostus”
micropeltis, Machairagnostus tmetus, Plicatolina scalpta,
Parabolina kobayashii).

Subsequent studies pointed out the biostratigraphic
significance of certain faunistic variations recognised
within the biozone. Benedetto (1977) showed that
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FIGURE 2| Simplified stratigraphic column and species ranges of trilobites of sierra de Cajas (Quebrada Azul -Lampazar Forma-
tion- and Quebrada Amarilla -Cardonal Formation). Adapted from Acefolaza, 1968; Tortello and Acefolaza, 1993; Ortega and
Rao, 1995; Rao, 1999; Tortello et al., 1999. Notice the indication (1) of the Pseudorhaptagnostus (Machairagnostus) - Gym-
nagnostus Subzone. T: trilobites; C: conodonts; Km: Kainella meridionalis; Cp: Cordylodus proavus; Cc: Cordylodus caboti; Ci:
Cordylodus intermedius; CI: Cordylodus lindstromi; Ca: Cordylodus angulatus.
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Parabolina frequens argentina (KAYSER) is generally bet-
ter represented in the lower part of the unit, whereas
Jujuyaspis keideli KOBAYASHI characterizes the upper
part. On the basis of a global evaluation of the Lower Pale-
ozoic of South America, Acenolaza (1983) proposed that
the Cambrian-Ordovician boundary could be defined at
the first appearance of J. keideli and Rhabdinopora flabel-
liformis (Graptolithina), meaning that the lower part of the
biozone is assignable to the latest Cambrian (see also Sal-
fity et al., 1984; Moya et al., 1994).

The sierra de Cajas (Eastern Cordillera) and rio Vol-
cancito (Famatina Range) have proved to be outstanding
localities from the Cambrian-Ordovician transition interval
of Argentina (Figs. 1-3). In the sierra de Cajas, an excellent
stratigraphic section crops out at the quebrada Azul and
quebrada Amarilla, comprising the Lampazar (shales and
subordinated sandstones) and Cardonal (sandstones,
quartzites, and interbedded shales and limestones) Forma-
tions (Acenolaza, 1968). There, a remarkable conodont
biostratigraphic succesion, composed of the Cordylodus
proavus, C. caboti, C. intermedius, C. lindstromi and C.
angulatus Zones, was described by Rao and Hunicken
(1995) and Rao (1999). The Cambrian-Ordovician bound-
ary is at the base of the C. lindstromi Zone (Rao, 1999),
close to the FAD of Jujuyaspis keideli, in the lower part of
the Cardonal Formation (upper levels of the Lampazar For-
mation sensu Rao and Hunicken, 1995; Rao, 1999) (Orte-
ga and Rao, 1995; Tortello et al., 1999). Above these lev-
els, graptolites from the Assemblage Zones 1 (early
Tremadoc) and 3 (middle Tremadoc) sensu Erdtmann
(1988) have been recorded by Ortega and Rao (1995).

The rio Volcancito succession, belonging to the “Low-
er Member” of the Volcancito Formation (marls, muddy
sandstones and shales), bears a succession of conodont
zones comparable to those from sierra de Cajas (Cordylo-
dus proavus, C. caboti, C. “intermedius”, C. lindstromi,
lapetognathus and Cordylodus angulatus Zones) (Albane-
si et al., 1999; Esteban, 1999). The Cambrian-Ordovician
boundary is established at the Ilapetognathus Zone
(Albanesi et al., 1999; Esteban, 1999), a few meters below
the first records of Jujuyaspis keideli and Rhabdinopora
flabelliformis (Tortello and Esteban, 1997, 1999; Esteban,
1999, this volume; Esteban et al., 1999).

Other outcrops from the Parabolina frequens argentina
Biozone of northwestern Argentina provide complementary
stratigraphic information. According to data from Harring-
ton and Leanza (1957), the classical section of the rio San-
ta Victoria (Salta, Santa Rosita Formation) encloses the
Cambrian-Ordovician transition interval. In addition, other
sequences represent intervals assignable either to the late
Late Cambrian (e.g. cerro Colorado, Harrington and Lean-
za, 1957; quebrada de La Huerta, Manca, 1992) or the ear-
liest Tremadoc (e.g. Purmamarca, Aceholaza, 1996).

Latest Cambrian-Ordovician agnostoids from NW Argentina

AGNOSTOID FAUNAS OF THE Parabolina frequens
argentina ZONE

Most of the agnostoid species of the Parabolina fre-
quens argentina Zone were described in great detail by
Harrington and Leanza (1957). Additional information
was provided by Manca (1992), Tortello and Acefiolaza
(1993), Moya et al. (1993), Tortello and Esteban (1999),
and Tortello et al. (1999). The precise stratigraphic posi-
tion (above or below the Cambrian-Ordovician boundary)
of most of them can be settled in sierra de Cajas and rio
Volcancito sections (Figs. 2-3). Taking these sections as a
reference, it is also possible to discuss the biostratigraphic
significance of material described from other localities of
the Eastern Cordillera (Fig. 4). On the other hand, the lat-
est Cambrian-earliest Tremadoc agnostoids described
from southern Bolivia, as well as some species from
Argentina [Micragnostus tilcuyensis (KAYSER), “Cicerag-
nostus” iruyensis (KAYSER)], are not included in this
review.

Latest Cambrian

The lower part of the P. frequens argentina Zone is
characterized by a distinctive agnostoid assemblage
composed of Lotagnostus (Lotagnostus) sp., Lotagnostus
(Semagnostus) zuninoi (HARRINGTON and LEANZA),
Micragnostus vilonii HARRINGTON and LEANZA, M. calvi-
formis HARRINGTON and LEANZA, Strictagnostus? micro-
peltis (HARRINGTON and LEANZA), Pseudorhaptagnostus
(Machairagnostus) tmetus HARRINGTON and LEANZA,
Pseudorhaptagnostus (Machairagnostus) cf. tmetus HAR-
RINGTON and LEANZA, Pseudorhaptagnostus (Machairag-
nostus) sp., Gymnagnostus bolivianus (HOEK), Gymnag-
nostus perinflatus HARRINGTON and LEANZzA, and
Leiagnostus turgidulus HARRINGTON and LEANZA. This
particular fauna is associated with polymeroids which
seem to be restricted to the lower part of the Zone [Bel-
tella ulrichi (KAYSER), Onychopyge, Plicatolina scalpta
HARRINGTON and LEANZA] and, also, with olenids which
range throughout the whole unit [e.g. Parabolina fre-
quens argentina (KAYSER), Parabolinella coelatifrons
HARRINGTON and LEANZA, Angelina hyeronimi (KAYSER)].
Based on this agnostoid-polymeroid fauna, the
Pseudorhaptagnostus (Machairagnostus) - Gymnagnos-
tus assemblage Subzone (Lower part of the P. frequens
argentina Zone, late Late Cambrian) is formally pro-
posed.

This new biostratigraphic unit is based on two strato-
types: the quebrada Azul (sierra de Cajas, Fig. 2), where
the subzone ranges throughout the lower 130 m of the
Lampazar Formation (Aceholaza, 1968: p. 211; Tortello
and Acehnolaza, 1993: p. 179, Fig. 1); and the rio Vol-
cancito section (Fig. 3), comprising the lower 8 m of the
“Lower Member” of the Volcancito Formation (Tortello
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and Esteban, 1999: pp. 373-376, fig. 3; Esteban, this vol-
ume). The subzone is also well documented at the cerro
Colorado locality (Salta; lower levels of the Santa Rosita
Formation) (Harrington and Leanza, 1957: pp. 238-239).

Earliest Ordovician

Agnostoid diversity drastically declines in the beds
very close to the Cambrian-Ordovician boundary in north-
western Argentina. Trilobagnostus chiushuensis (KOBA-
YASHI) crosses the boundary in the classical section of
sierra de Cajas (Fig. 2; Tortello et al., 1999). Moreover, in
the lowest Tremadoc the agnostoid records are mainly
restricted to 7. chiushuensis (Tortello et al., 1999; Tortello
and Rao, 2000) and some forms described in open nomen-
clature (Anglagnostus? sp., Micragnostus sp.) (Tortello
and Acefolaza, 1999). Definitely, the upper part of the P.
frequens argentina Zone is better defined by polymeroid
trilobites, being Jujuyaspis keideli keideli its most charac-
teristic taxon (Aceholaza, 1983). Following Aceholaza
and Baldis (1987), these levels can be assigned to the
“Jujuyaspis keideli Subzone”.

DISCUSSION

Agnostoids from the Pseudorhaptagnostus (Machair-
agnostus) - Gymnagnostus Subzone are more diverse than
those described from other typical sequences of the Cam-
brian-Ordovician boundary interval in the Baltic Province
(e.g. North Wales, Rushton, 1982; southern Norway, Bru-
ton et al., 1982, 1988; Newfoundland, Fortey et al., 1982;
Mexico, Robison and Pantoja-Alor, 1968). Precise inter-
national correlation of the unit is difficult because most of
its agnostoid species are confined to the Bolivian-Argen-
tinian basin, and many olenid species are rather long-rang-
ing. Nevertheless, the occurrences of different agnostoid
taxa indicate a Late Cambrian age.

The widespread subgenus Lotagnostus (Lotagnostus)
has proved to have great biostratigraphic value as a guide
for the Late Cambrian. It has been reported from the Upper
Cambrian of China, Australia, Kazakhstan, Sweden, North
America, Great Britain and Argentina (e.g. Whitehouse,
1936; Jago, 1972; Lu and Lin, 1984; Shergold et al., 1990).
Specimens of Gymnagnostus bolivianus from Argentina
closely resemble those of Gymnagnostus from the upper-
most Cambrian of Mexico (Cordylodus proavus Zone)
(Robison and Pantoja-Alor, 1968) and western Newfound-
land (Missisquoia typicalis Zone) (Fortey et al., 1982). Sim-
ilarly, Pseudorhaptagnostus (Machairagnostus) sp. from
the Volcancito Formation is most similar to specimens from
the Late Cambrian (Mictosaukia Zone) of China.
Pseudorhaptagnostus (Machairagnostus) also occurs in the
uppermost Cambrian of Korea (Sohn et al., 2000) and the
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FIGURE 4 | Distribution of the Late Cambrian-early Tremado-
cian agnostoids from northwestern Argentina. Middle and
late Tremadocian species originally assigned to the P. fre-
quens argentina Zone are also shown.

2lower Tremadoc of Kazakhstan (Nielsen, 1997); and Stric-
tagnostus is well known from the uppermost Cambrian of
Australia (Shergold, 1975) and the Cambrian-Ordovician
transition of North America (Winston and Nicholls, 1967).
On the other hand, Leiagnostus, Micragnostus and
Trilobagnostus have stratigraphic ranges from the Upper
Cambrian to the Lower Ordovician. Since the trilobite fau-
na from the Pseudorhaptagnostus (Machairagnostus) -
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Gymnagnostus Subzone appears associated with, or imme-
diately below conodonts from the Cordylodus proavus Zone
(Latest Cambrian, see Rao, 1999; Albanesi et al., 1999), it
could be equivalent to that from the lower part of the Tifiu
Formation (Oaxaca, Mexico; Robison and Pantoja-Alor,
1968).

The proposed subzone seems to be environmentally
restricted. Both in Sierra de Cajas and rio Volcancito sec-
tions, this fauna is better represented in dark shales and
limestones which denote a low oxygen environment and
presumably cold water facies. According to Nielsen
(1997), Cambrian-Early Ordovician representatives of the
Agnostidae (e.g. Lotagnostus, Micragnostus) and
Pseudagnostidae (e.g. Pseudorhaptagnostus) are charac-
teristic of low-oxygen realms.

The faunal impoverishment documented in the upper
part of the Parabolina frequens argentina Zone could be
attributed to the world-wide regressive-transgressive
events that characterized the Cambrian-Ordovician transi-
tion interval (e.g. Miller, 1995). A regressive event was
recorded in sierra de Cajas and rio Volcancito below the
Cambrian-Ordovician boundary (Rao, 1999; Esteban,
1999; Tortello and Esteban, 1999). Trilobagnostus
chiushuensis is well represented in the Cardonal Forma-
tion (Eastern Cordillera). Following the synonymy pro-
posed by Dean (1989), Sun (1989) and Westrop (1995),
this species has a wide geographic distribution (SE and N
China, Alaska, Canada, United States, Mexico and
Argentina) and a stratigraphic range from the Late Cam-
brian to the middle Tremadoc (see Tortello et al., 1999).
On the other hand, the agnostoids Micragnostus sp. and
Anglagnostus? sp. have been recorded assembled with
Jujuyaspis keideli KOBAYASHI (Olenidae) at Purmamarca
(Jujuy). Anglagnostus has been previously described from
England, France, Germany and China, and it has a strati-
graphic range from the lower Tremadoc to the upper
Tremadoc (e.g. Shergold et al., 1990; Nielsen, 1997). The
biostratigraphic value of Jujuyaspis as a guide for the low-
ermost Tremadoc has been pointed out by Aceholaza and
Acenolaza (1992).

UPDATED BIOSTRATIGRAPHIC POSITION OF THE
AGNOSTOID SPECIES

Updated occurrences and biostratigraphic ranges of the
agnostoids from the Parabolina frequens argentina Bio-
zone (latest Cambrian-Early Ordovician) are summarized
below.

Lotagnostus (Lotagnostus): the occurrences of this
subgenus in the basal part of the Volcancito Formation
(Tortello and Esteban, 1999: fig. 5A), the Lampazar For-

Latest Cambrian-Ordovician agnostoids from NW Argentina

mation, and the lower portion of the Santa Rosita Forma-
tion (quebrada de La Huerta, Eastern Cordillera; Manca,
1992: fig. 2) provide important evidence in support of a
Late Cambrian age for the lower part of the Parabolina
[frequens argentina Zone.

Lotagnostus (Semagnostus) zuninoi (HARRINGTON
AND LEANZA): Nielsen (1997) designated this taxon as the
type species of L. (Semagnostus). Based on Harrington
and Leanza (1957: figs. 19, 21:6a-c) and Tortello and
Acefolaza (1993: lam. 1, fig. 12), Nielsen (1997) indi-
cated a ?Late Cambrian-early Tremadoc age for the
species. Lotagnostus (S.) zuninoi has been described
from sierra de Cajas (Tortello and Acefiolaza, 1993), cer-
ro Colorado (Harrington and Leanza, 1957, loc. S.Iru-
3.C) and Santa Victoria (ibidem, loc. S.Vic-1.D) (Eastern
Cordillera), being part of an assemblage which, accord-
ing to the scheme proposed here, is indicative of the Late
Cambrian.

Micragnostus calviformis HARRINGTON and LEANZA: up
to the present, M. calviformis has been described only
from the basal part of the Volcancito Formation (Late
Cambrian) (Harrington and Leanza, 1957: figs. 16, 17: 3a-
b; Tortello and Esteban, 1999: figs. 5B-D).

Micragnostus vilonii HARRINGTON and LEANZA: this
species was described from the uppermost Cambrian of
sierra de Cajas (Tortello and Aceholaza, 1993: 1am. 1, figs.
1-4) and rio Volcancito (Tortello and Esteban, 1999: figs.
5E-F). In addition, Harrington and Leanza (1957: figs. 12
and 13:7-8) described it from three other localities of the
Eastern Cordillera: Santa Victoria (ibidem, loc. S.Vic-1.F,
S.Vic-18.V0O2), cerro Colorado (ibidem, loc. S.Iru-3.C)
and La Caldera (ibidem, loc. S.Cal-2, S.Cal-5). Santa Vic-
toria and cerro Colorado assemblages seem to be assigna-
ble, according to the scheme proposed here, to the Late
Cambrian. On the other hand, specimens from La Caldera
are associated with a typical fauna of the Kainella merid-
ionalis Zone (Early Ordovician) (see Harrington and
Leanza, 1957).

Gymnagnostus bolivianus (HOEK): although the
records of this species are confined to the northwestern
Argentina-southern Bolivia basins, forms very similar to
G. bolivianus were described from the uppermost Cambri-
an of Mexico (Robison and Pantoja-Alor, 1968) and New-
foundland (Fortey et al., 1982). In Argentina, the occur-
rences with major biostratigraphic control correspond to
the uppermost Cambrian of sierra de Cajas (Tortello and
Acefiolaza, 1993: lam. 1, figs. 5-6) and rio Volcancito
(Harrington and Leanza, 1957; Tortello and Esteban,
1999: figs. 5SN-O). In addition, Harrington and Leanza
(1957: figs. 21:2a-b) described G. bolivianus from Santa
Victoria (ibidem, loc. S.Vic-1.F, S.Vic-19.A48), Oran (ibi-
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11 12 13 14

FIGURE 5| Selected Gymnagnostus and Pseudorhaptagnostus (Machairagnostus) taxa from the uppermost Cambrian [P. (Machai-
ragnostus) - Gymnagnostus Subzone] of northwestern Argentina. The material is housed in the paleontological collections of
Universidad Nacional de Tucuman (PIL) and Museo de La Plata (MLP). 1-3. Gymnagnostus bolivianus (HOEK), 1, complete spe-
cimen, PIL 13846 (x 6.6), from sierra de Cajas; 2, complete specimen, PIL 13847 (x 6.7), from sierra de Cajas; 3, cepha-
lon, PIL 13926 (x 10.3), from rio Volcancito. 4. Gymnagnostus perinflatus (HARRINGTON and LEANZzA), pygidium, PIL 14081 (x
6.6), from sierra de Cajas. 5-6, 9-10, 12-14. Pseudorhaptagnostus (Machairagnostus) cf. tmetus HARRINGTON and LEANZA, 5,
pygidium, PIL 13844 (x 6.3), from sierra de Cajas; 6, cephalon, PIL 11394 (x 7.9), from rio Volcancito; 9, cephalon, PIL
13971 (x 13), from sierra de Cajas; 10, cephalon, PIL 13972 (x 7), from sierra de Cajas; 12, pygidium, PIL 13984 (x 5.8),
from sierra de Cajas; 13, incomplete pygidium (external mould), PIL 13983 (x 6.7), from sierra de Cajas; 14, cephalon, PIL
13975 (x 6.4), from sierra de Cajas. 7-8. Pseudorhaptagnostus (Machairagnostus) tmetus HARRINGTON and LEANZzA, from sierra
de Cajas; 7, cephalon, PIL 13967 (x 10); 8, pygidium, PIL 13969 (x 10.4). 11. Pseudorhaptagnostus (Machairagnostus) sp.,
pygidium, MLP 28268 (x 8.1), from rio Volcancito.

dem, loc. S.Ora-2, S.Ora-5), Nazareno River (ibidem, loc. Kainella meridionalis, respectively. According to all these
S.Iru-5.54) and Tilcara (ibidem, loc. J.Til-2) (Eastern data, the species seems to have a stratigraphic range from
Cordillera). Some of the latter localities would be assign- the Late Cambrian to the Early Tremadoc.

able to the Lower Ordovician: in Santa Victoria River and

Nazareno River, Harrington and Leanza (1957) cited G. Gymnagnostus perinflatus (HARRINGTON and LEANZA):

bolivianus in association with Jujuyaspis keideli and up to the present, G. perinflatus has been described from
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the basal parts of the Volcancito and Lampazar Formations
(Late Cambrian) (Harrington and Leanza, 1957: fig. 21:3;
Tortello and Esteban, 1999: figs. 5P-T; Tortello, unpub-
lished doctoral thesis1995).

Strictagnostus’? micropeltis (HARRINGTON and LEANZA):
as Micragnostus calviformis, this taxon has been
described only from the basal part of the Volcancito For-
mation (Late Cambrian) (Harrington and Leanza, 1957:
figs. 13:6 and 15; Tortello and Esteban, 1999: figs. 5G-I).
Tortello and Esteban (1999) reassigned the species to
IStrictagnostus SHERGOLD. As the type species Strictag-
nostus chronius SHERGOLD, from the Chatsworth Lime-
stone at Black Mt. (Queensland, Australia) (Shergold,
1975: text-fig. 21, pl. 13, figs. 1-6), S.? micropeltis is Late
Cambrian in age.

Pseudorhaptagnostus (Machairagnostus) tmetus HA-
RRINGTON and LEANZA: this species was described from
several localities of the Eastern Cordillera and Famatina
(Harrington and Leanza, 1957: figs. 6 and 7:1-5). The
assemblages from Yavi (ibidem, loc. J.Yav-2.L2), Santa
Victoria (ibidem, loc. S.Vic-17.VP5, S.Vic-18.VO2) and
cerro Colorado (ibidem, loc. S.Iru-2, S.Iru-3) are very sim-
ilar to those from the uppermost Cambrian of sierra de
Cajas (Tortello and Acefiolaza, 1993: p. 179) and rio Vol-
cancito (Harrington and Leanza, 1957; Tortello and Este-
ban, 1999: fig. 5J). Apparently, this species does not range
above the Late Cambrian.

Pseudorhaptagnostus (Machairagnostus) cf. tmetus
HARRINGTON and LEANZA: this taxon is a characteristic ele-
ment of the lower part of sierra de Cajas and rio Volcanci-
to sections (Tortello and Acefiolaza, 1993: lam. 1, figs. 8-
11; Tortello and Esteban, 1999: figs. 5K-L) (Late
Cambrian). According to Tortello and Esteban (1999: pp.
381-382), P. (M.) cf. tmetus is strongly similar to both P.
(M.) tmetus and P. (M.) corrugatus, from southern Bolivia
(Suédrez Soruco, 1975: pl. 1, fig. 5). Further systematic
studies are necessary in order to establish the specific
affinities of this taxon.

Pseudorhaptagnostus (Machairagnostus) sp.: this taxon
was described on the basis of two pygidia collected from the
basal part of the Volcancito Formation (uppermost Cambri-
an) (Tortello and Esteban, 1999: fig. SM). The specimens
closely resemble species fom the uppermost Cambrian of N
and NE China (Tortello and Esteban, 1999).

Leiagnostus turgidulus HARRINGTON and LEANZA:
Leiagnostus turgidulus was originally erected on the
basis of a complete specimen from cerro Colorado (Har-
rington and Leanza, 1957: p. 76; loc. S.Iru-3.C), three
cephala from rio Iturbe (ibidem, loc. J.Hum-6.A8), and
a complete specimen from the quebrada de Pingliyal
(southern Mojotoro Range) (ibidem, loc. Cer-1.PG37).
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Later, Tortello and Acenolaza (1993) added material
from the lower part of the sierra de Cajas section.
Recently, Tortello (1998) has reconsidered the identity
and the statigraphic position of the specimen from que-
brada de Pinguiyal (=Leiagnostus ceibalitensis TOR-
TELLO, early late Tremadoc), and has regarded unassign-
able the cephala from rio Iturbe (lower upper Tremadoc,
Shumardia minutula-Bienvillia tetragonalis Zone). Thus,
Leiagnostus turgidulus is here considered to be based on
material from sierra de Cajas (Tortello and Aceholaza,
1993: 1am. 1, fig. 7) and cerro Colorado (Harrington and
Leanza, 1957: fig. 21:1a). In both localities, L. turgidu-
lus occurs as part of an assemblage assignable to the Late
Cambrian.

Trilobagnostus chiushuensis (KOBAYASHI): in Argenti-
na, the Cambrian occurrences of this taxon are restricted to
the basal part of the Cardonal Formation in sierra de Cajas
(Tortello et al., 1999: figs. 3A-C). Besides, T. chiushuen-
sis is better documented in the Tremadoc; it was described
from the lower Tremadoc (upper part of the Parabolina
[frequens argentina Zone - Kainella meridionalis Zone) of
sierra de Cajas (Tortello et al., 1999: figs. 3A-C) and the
Angosto de Lampazar (Tortello and Rao, 2000, figs. 3A-
C); and from the upper lower Tremadoc (Kainella merid-
ionalis Zone) of the cerro Golgota (Incamayo Creek,
Salta) (Rao and Tortello, 1998: figs. 4A-F). A fragmentary
cephalon from the Lower Ordovician of the Puna, tenta-
tively assigned to Geragnostus sp. aff. G. intermedius
(Moya et al., 1993: 1am. 1, fig. 1), is probably conspecif-
ic.

Anglagnostus? sp.: this taxon was described on the
basis of a few specimens collected from the Purmamarca
Shales (Purmamarca, Jujuy Province) (Tortello and
Acenolaza, 1999: figs. 2A-B). The co-occurrence of
Jujuyaspis keideli supports a basal Tremadoc age.

Micragnostus sp.: this taxon was described associated
with Anglagnostus? sp. at Purmamarca (Tortello and
Acenolaza, 1999: figs. 2C-D) (see above).

MIDDLE AND LATE TREMADOCIAN AGNOSTOIDS
ORIGINALLY ASSIGNED TO THE P. frequens argenti-
na ZONE

Some agnostoids originally assigned to the P. fre-
quens argentina Zone have proved to be middle and late
Tremadoc in age, as follows: Geragnostus nesossii HA-
RRINGTON and LEANZA (= Geragnostus neumanni, see
Tortello, 1996): Harrington and Leanza (1957: figs. 9:1-5,
10) originally described G. nesossii based on material
from both the headwater region of the quebrada de Lam-
pazar (Saladillo Formation, Kainella meridionalis and
Bienvillia tetragonalis-Shumardia minutula Zones; loc.
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S.Ros-12.P14) and the quebrada de Pingtiyal (southern
Mojotoro Range, “Pingiiiyal shales”, loc. S.Cer-1). Sub-
sequently, Tortello (1996) described specimens from the
Notopeltis orthometopa Zone of the quebrada de Acoite
(Santa Victoria region; upper part of the Santa Rosita For-
mation) and quebradas de Coquena and Chalala (Purma-
marca area; “Coquena shales”). Harrington and Leanza
(1957) assigned the material from tha quebrada de
Pingtiiyal to the Parabolina frequens argentina Zone
(lower lower Tremadoc). Nevertheless, Gonzalez (1983;
see also Tortello, 1996, 1998) reassigned a part of the
“Pinguiiyal shales”, bearing Geragnostus nesossii, G.
maurii HARRINGTON and LEANZA, Parabolinella argenti-
nensis KOBAYASHI, Bienvillia tetragonalis (HARRINGTON),
Apatokephalus exiguus HARRINGTON and LEANZA, and
Illaenopsis stenorhachis (HARRINGTON), to the Bienvillia
tetragonalis-Shumardia minutula Zone (lower upper
Tremadoc).

Geragnostus maurii HARRINGTON and LEANZA: this
species was collected associated with Geragnostus nesos-
sii in the quebrada de Pinguiyal (southern Mojotoro
Range) (Harrington and Leanza, 1957: figs. 8, 9:6; loc.
S.Cer-1), from levels of the “Pinguiiyal Shales” reassigned
to the lower upper Tremadoc (Bienvillia tetragonalis-Shu-
mardia minutula Zone; Gonzalez, 1983; Tortello, 1996;
see G. nesossii).

CONCLUSIONS

The uppermost Cambrian of northwestern Argentina is
characterized by a distinctive agnostoid fauna and associ-
ated polymeroids. Based on this trilobite assemblage, the
lower part of the Parabolina (Neoparabolina) frequens
argentina Zone is assigned to the Pseudorhaptagnostus
(Machairagnostus) - Gymnagnostus Subzone (late Upper
Cambrian).

The proposed stratotypes of the subzone (quebrada
Azul, sierra de Cajas; rio Volcancito, sierra de Famatina)
are suitable references for regional correlation with other
sections from Eastern Cordillera of Bolivia and Argentina.
Although the described agnostoid species seem to be con-
fined to southwestern Gondwana, the occurrences of
Lotagnostus, Pseudorhaptagnostus (Machairagnostus),
Gymnagnostus and Strictagnostus provide a basis for
intercontinental correlation.

Agnostoid diversity drastically declines through the
Cambrian-Ordovician boundary probably as a conse-
quence of a regional regressive-transgressive event. The
upper part of the P. frequens argentina Zone is better
defined by polymeroid trilobites, being Jujuyaspis keideli
its most characteristic species (J. keideli Subzone).
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