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INTRODUCTION

The Lower Ordovician deposits are widely represented in the Cordillera Oriental of northwestern
Argentina. Incamayo Creek, in Salta Province, is one of the areas where they are better exposed. In this
area, KEIDEL (1937, 1943) described the Lampazar and Cardonal Formations (Lower Trernadoc), the
SaladilIo Formation (Upper Tremadoc), and the Parcha Formation (Lower Arenig). Later on, HARRINGTON
and LEANZA (1957) provided important biostratigraphic information based mainly on the trilobite faunas
(see also HARRINGTON 1937, 1938). In spite of the paleontological richness, subsequent stratigraphic
studies have not been undertaken . Only VILELA (1956) presented a geological-economic chart, and
SANDR USS (1974) made a geological map of the middle part of the creek.

The objective of this paper is to describe Middle Tremadoc conodont-trilobite assemblage and to
discuss its biostratigraphic significance. Conodonts are described for the first time from Incamayo Creek
thus alIowing for a more precise stratigraphic correlation with trilobite zonation .

The conodont colIection includes 540 elements showing mostly excellent preservation, with a Color
Alteration Index (CAI) of 1.5 to 2. Multielement taxonomy is considered for all described taxa. The
element letter code proposed by JI and BAR NES (1994) is used.

Conodonts are reposited in the Museo de Paleontologia, Facultad de Ciencias Exactas, Ffsicas y
Naturales , Universidad Nacional de C6rdoba (abbr. CORD-MP), C6rdoba city, Argentina. Trilobite ma­
terial is in the Facultad de Ciencias Naturales e Instituto Miguel Lillo, Universidad Nacional de Tucuman
(abbr. PIL), Tucuman city, Argentina.

Ackowledgements. - We are grateful to Dr. Gladys ORTEGA, Dr. Guillermo L. ALBANESI, and Ale­
jandra MAZZONI, who critically read the manuscript. Conodonts were photographed by Alberto Andrada
BARONE with a Scanning Electron Microscope in the LAM ENOA (Laboratorio de Microscopfa Electr6nica
del Noroeste Argentino, Tucuman Province). Sim6n CASTRO copied photographs of trilobites. Financial
support was provided by the Secretarfa de Ciencia y Tecnologfa de la Universidad Nacional de C6rdoba
(SeCyT Project N 176/95). Thanks are due to Dr. John REPETSKI for his constructive suggestions on the
manuscript.

FOSSIL LOCALITY

The fossil localities are on the eastern flank of Cerro Golgota, 4 km north of the Ingeniero Maury locality,
Rosario de Lerma Department, Salta Province (Fig. I) . The studied section (about 140 m thick, Fig. 2) consists
of quartz sandstones, sandy limestones, sandy shales, and siltstones assigned to the Cardonal Formation
(K EIDEL 1937, 1943; HARRINGTON and LEANZA 1957) . The base of the unit is in apparent conformity,
alternatively, in different parts of the studied area , either over the Chalhualmayoc Formation (Upper Cam­
brian) or over the Campanario Formation (Upper Cambrian); and the top is in conformity with the overlying
Saladillo Formation (Upper Tremadoc). Material was collected 82, 90, and 115 m above the base of the
formation (levels I, 2, and 3, respectively) . Rock samples consisting of calcareous nodules (90-750 g in
weight) were taken from sandstone layers and processed using standard analytic techniques.

BIOSTRATIG RAPHY

The studied trilobite fauna can be assigned to the trilobite Kainella meridionalis Zone (upper part of
the lower Tremadoc). This is in agreement with traditional assignation of the Cardonal Formation (HAR­
RINGTON and LEANZA 1957; ACENOLAZA 1968 ; SANDR USS 1974).

Brackebuschia acheila HARRINGTON et LEAN ZA reported here was previously described from the Santa
Rosita Formation at the Santa Victoria locality in northern Argentina, close to the border with Bolivia
(H ARRINGTON and LEANZA 1957). The species occurred in association with Leptoplastides marianus, an
undetermined Geragnostus-Micragnostus, kainellids (Kainella meridionalis KOBAYASHI , Pseudokainella
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Fig. I
Map of the study area (after SANDR USS 1974 ).
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lata (KOBAYAS HI), Apatokeplialus tibicen PRIBYL et VANEK), Asaph ellu s catamarcensis KOBAYASHI, and
Hapal opleura clavata HARRINGTON et LEANZA. This trilobite assemblage was assigned to the Kainella
meridionalis Zone (HARRINGTON and LEANZA 1957: p. 246).

Two other trilobite species have wide geographic and stratigraphic distribution and thus are biostrati­
graphically less signifi cant. Micragnostus chiushuensis (KOBAYAS HI, 1931) has been documented from the
Upper Cambrian-Iowest Ordovician of North Americ a, Mexico and China (see WESTROP 1995). PRATI
(1988) described M. clziuslzuensis (= M. interm ediu s) from northwestern Canada, in levels of the Rabbit­
kettle Formation that correlate with the Kain ella meridionalis Zone of Argentina. Leptopla stides marianus
(HOEK 1912) has been described from the lower and lower upper Tremadoc of Bolivia and from several
localitie s in northwe stern Argentin a (Parabolina fre quens argentina Zone , Kain ella meridionalis Zone
and Bienvillia tetragonalis-Shumardia minutula Zone (e.g., HARRINGTON and LEANZA 1957; HENNING­
SMOEN 1957), including the Cardon al Formation type locality. As is the case for Micragnostus chiushuen­
sis, Leptopla stides marianus has also been documented in the uppermost Cambri an-Tremadoc of Mexico
(ROBISON and PANTOJA-ALOR 1968).

The conodont assembl age (Fig. 2) is composed of Cordylodus angulatus PANDER, 1856, C. intermediu s
FURNISH , 1938, C. cf. proavu s MULLER, 1959, Cristodus'l sp., Drepan odus sp. s.f., Drepanoistodu s sp.
n. A, Monocostodus sev ierensis (MILLER, 1969), Plzakelodus elongatus (AN, 1983), Striatodontus sp.,
Ter idontu s obes us JI et BARNES, 1994, Utahconus aff. longipinnatus JI et BARNES. 1994, and Gen . et sp.
indet. The assemblage is dominated by Monocostodus sevierensis (53%), followed by Utahconus aff.
longipinn atus (32%) and Teridontus obes us (6%). These species are characteristic of the Midcontinent
paleobiogeographic Realm. The representati ves of the genera Cordylodus, Drepanoistodus, and Drepan­
odus constitute the remaining 8%.

The occurrence of Cordylodus angulatus PANDER together with the associated conodont fauna indicates
that the studied level s of the Cardonal Formation can be assigned to the C. angulatus Zone (Middle
Tremadoc) . This zone has a wide geographic distribution (see LOFGREN 1996). In Argentina it was also



34 RAQUEL I. RAO and M. FRANCO TORTELLO

~ sandy limestone

ChF Chalhualmayoc Formation

SF Saladi llo Formation

B quartz sandstone

I::::Isandy shale

B siltst one

CONODONTS TRILOBITES

( 1
• • • • • • • • • •
(/)

~
ci. - ~ (jj .!!2 s Q) ~~ (/) en (/) "0

-S!
~

"0 c:: c:: .£
Q)

::J Q) CUi ci. .£ Q) .~ s
g> E -5

en
ci.

::J
11l ci. 11l(/) 0 ..c::

~ -5 Qi en
.~ E (/) .S111l .8.s Q) (/) Q) i3

~
.[q 0

~ i3 ~(/) () c:: C C ~0 -5 11l Q) (/) :0:: Q)

"S., 2- Qi 0 ~
(/) Cl .c

12 -2 '" .:>c:: -S! Q) ~-S Cl 11l ~ 11l

<3 et c:: ;g ~>;:;
Ol• <3 ~ 5} Qi CO

~
-J C

' (ij
~
C'.

.!!2 s ~
ci. « (/)

(/) en
C ~c:: ~ 11l (/)

~ 11l.c c:: ~ ci. e
.~ 0 .S c:: en

(/) .9- .g (/)
Q..

Q) ~ g> .8 -5 'ti(/) c::

~
.g -2

~ .8
~:t::: .!!2';:: Cl) 0 0

.8 ~ 11l c:: "S.,
~ ~ 11l 12
\.} c:: 2- <30 8 '"c:: Cl

~
..c::
~
:;)

.3

.2

• 1

LL.en

f------- . i-
·1

- - -

- 0 - - -

0 - - -
. .J
r

~':-::1· .

,+'-I

Z - - - I

0 - - - 0

I-
0 - -

=1« 0 - - -::
a:: ,:-:-: -: :--:-i
0 - - --=- --=--=---=-, L __
LL. ... " 8--- - - -
..J ~ ~ : ~ :[~
«
z - - - - I

0 - - - - - I
C
a::
« =====bo .. .. ..

~ ~ _~ ~ ~: '=:J
":.-.=---=-=---:J.· ·· · ·C~.:..- .:.-~

- -- =3
f ---I~
~'-'.-::
- - - --I

'3· .
- - - ·.-

~~· .
- - - -

-~..
- - - - -

-":1

- - - -
I- - - -

- - - -
LL. 1
J: Io

Fig. 2
Stratigraphic column of the studied unit, showing the location of the fossiliferous horizons and the position of the samples.

found in the Sierra de Cajas, Jujuy Province (SUAREZ RIGLOS et al. 1982; RAO 1994; RAO and HONICKEN
1995).

Monocostodus sevierensis (MILLER) was previously reported from the Santa Rosita Formation (Lower
and Upper Tremadoc) in the Purmamarca area, in northw estern Argentina (RAO et al. 1994 ; RAO and
HONICKEN 1995). MILLER (1980) described M. sevierensis as a multi element coniform apparatus from the
Notch Peak Limestone in Utah and discussed its distribut ion.
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Teridontus obesus JI and BARNES was mentioned from the Parcha Formation at its type locality,
Cordillera Oriental, Salta Province (Argentina), in the Paroistodus proteus Zone (ALBANESI et al. 1997).
T. obesus and Utahconus longipinnatus JI et BARNES were described from the Watts Bight and Boat
Harbour formations , in western Newfoundland (JI and BARNES 1994) in the Cordylodus angulatus Zone
(Middle and lower Upper Tremadoc).

Striatodontus sp. and Utahconus aff. longipinnatus are described for the first time from Argentina;
they belong to genera that are well known in the Laurentian North America (11 and BARNES 1994).

SYSTEMATIC NOTES

The notes are limited to those taxa for which new observations can be presented.

CONODONTS

Genus Cristodus REPETSKI, 1982

Type species: Cristodus loxoides REPETSKI, 1982.

Cristodus? sp.
(PI. 2: 18)

Material. - One element. CORD-MP 1371. Level 3.
Description. - Laterally compressed, albid bladelike element with seven small denticles laterally

fused; they are posterioriy erect but progressively incline towards the anterior margin. Element with low
base and narrow, shallow basal cavity. No conspicuous cusp is present. Smooth exterior surface.

Remarks. - General morphology of the only recovered specimen suggests that it should be assigned
to the genus Cristodus REPETSKI, 1982. However, it roughly resembles also some forms of Loxodus
FURNISH, 1938 and lumudontus COOPER, 1981.

Genus Drepanodus PANDER, 1856

Type species: Drepanodu s arcuatus PANDER, 1856.

Drepanodus sp . s.f.
(PI. 1: 5)

Material. - One element. CORD-MP 1378. Level 3.
Description. - Drepanodiform, laterally compressed element. Cusp recurved. White matter present.

Anterior and posterior edges sharp. Both sides rounded on the cusp and flat on the base. Basal cavity
relatively deep.

Genus Drepanoistodus LINDSTROM, 1971

Type species: Oistodus f orceps LI NDSTROM, 1955.

Drepanoistodus sp. n. A
(PI. 1: 8-12)

Material. - Twenty-two elements, 6 a elements and 16 e elements. CORD-MP 1379/1-18 and 1380/1­
4. Levels 2 and 3.

Description. - A species of Drepanoistodus with two element morphotypes: a subrounded drepan­
odiform and e compressed oistodiform. White matter in all elements, beginning in the upper part of the
base and continuing as a filament in the cusp .

a element: Drepanodiform morphology with a long recurved cusp and short base. Sharp anterior and
posterior edges. Sides of the cusp slightly convex, base with flat face. Relatively deep basal cavity. Apex
of the basal cavity of some elements pointed slightly anteriorly.
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e element: Oistodiform, laterally compressed with a long, reclined cusp and short base, posteriorly
extended. Cusp twisted inwardly with keeled anterior and posterior edges and an outer face slightly convex
to flat. A weak carina on the inward side of the cusp (becomes prominent toward the base). A shallow
groove adjacent posterior to the carina. Moderately deep basal cavity with the apex situated anteriorly.

Both elements show a wide range of variability mainly in the outline of the base and the basal cavity.
Remarks. - This species is similar to Drepanoistodus concavus (BRANSON et MEHL 1933) but differs

from the latter by slightly recurved cusp in the a element and a more reclined cusp in the e element.
Drepanoistodus sp. n. A is similar also to D. nowlani JI et BARNES (1994), but it can be distinguished
from it by more rounded and asymmetrical drepanodiform elements.

Genus Monocostodus MILLER, 1980

Type species: Acodus sevierensis MILLER, 1969.

Emmended diagnosis. - Monocostodus apparatus includes three element morphotypes: a - rounded
to subrounded, b - transitional, asymmetric, slightly laterally compressed, and e - asymmetric, laterally
compressed. All elements have a sharp-posterior edge ("costa" sensu MILLER, 1980) that extends
throughout the cusp. They are weakly covered by fine striations.

Remarks. - MILLER (1980) established the genus Monocostodus as "apparatus consisting of sym­
metry-transition series with slender, erect to reclined simple cones; dextral, sinistral, and rare bilaterally
symmetrical symmetry-trasition variants produced by changes in position of narrow, sharp costa beginnig
near of cusp and extending to tip; costa usually on right or left side, rarely posterior" . However, the
illustrations of MILLER (1980: fig. 4U and pI. 2: 8, 9) clearly show that this costa is a sharp-posterior edge.
Specimens illustrated by MILLER (1980) do not show real costa on the right or left side. It is also not
observed in the elements figured by AN et al. (1983 : pI. 6: 19-23) and in those figured by NOWLAN (1985:
pI. 5: 33-35) and AN (1987 : pI. 5: 30, 32 and pI. 7: 17).

Monocostodus differs from the genus Semiacontiodus as defined by JI and BARNES (1994: p. 59) in
having a and b elements with a sharp posterior edge without lateral costa.

Monocostodus is similar to Teridontus, but differs in having the a and b elements with a sharp posterior
edge.

JI and BARNES (1994: pp. 65, 66) included tentatively Monocostodus sevierensis MILLER in the
synonymy list of Teridontus gracillimus as the e element. However, this morphotype has posterior costa
and a rounded anterior edge (MILLER 1980, see fig. 4U) whereas the same morphotype described by JI
and BARNES (1994: p. 64) has an anterior knife-edge and a posterior sharp edge.

Considering the above discussion, the specimens of M. sevierensis (MILLER) illustrated by NOWLAN
(1985) and AN et al. (1983) should not be in the synonymy of Teridontus nakamurai, as proposed by JI
and BARNES (1994).

Monocostodus sevierensis (MILLER, 1980)
(PI. I: 13-18; Fig. 3)

1969. Acodus sevierensis sp. nov.; MILLER : p. 418; pI. 63: 25-28.
1980. Monocostodus sevierensis (MILLER); MILLER: p. 27; fig. 4 U; pI. 2: 8,9 (see for synonymy) .

1983. Mono costodus sevierensis (MILLER); A N et al.: p. 108; pI. 6: 19,23.

1985. Mono costodus sevierensis (MILLER);. NOWLAN: p. 113; figs 5.33-5.35.
1987. Monocostodus sevierensis (MILLER); AN: p. 158; pI. 5: 30, 32; pI. 7: 17.

Material. - 279 elements (205 a elements, 32 b elements and 42 e elements). CORD-MP 1382/1-256,
1383/1-18, and 1384/1-5. Levels 1,2, and 3.

Description. - a element: The elements show a symmetry transition series of rounded to subrounded
forms . The subrounded elements are slightly compressed laterally. Cusp long and slender, slightly reclined
to proclined. The anterior edge rounded and the posterior one sharp, with costa that extends from the apex
to the middle part of the element. Short base, 1/3 to 1/4 of the length of the cusp. The basal cavity relatively
deep with its apex located at the level of the strongest curvature. The basal outline oval to circular with
a drop-shaped cross-section.

b element: Laterally compressed and asymmetrical element with a long, suberect and slender cusp,
slightly deflected laterally. The anterior edge rounded. The posterior edge has one costa that extends to
the upper of the basal margin. The base short, 1/4 of the length of the cusp. The basal cavity shallower
than in a element. Rounded basal outline.
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Fig. 3
Elements of Monocostodus sevie rensis (M ILLER); the base and cusp cross-sections of the a , b and e morphotypes.

e eleme nt: Asymmetrical and laterally compressed e lement. Long, suberect to proclined and slender
cusp. Rounded anterior edge and sharp posterior one. The posterior co sta extends from the apex to the
middle part of the element. A smooth groove near the anterior margin of the base on the flat side. The
other side convex . Th e basal cavity shallow and the basal outline asymmetrically rounded.

Remarks. - MILLER (1980) es tablished the genus Monocostodus as an apparatus consisting of a sy m­
metry tran sition series of slende r, erect to reclined , s imple cones. JI and BARNES (1994) considered M.
sevierensis to be the e element of Teridontus. Specimens from Incamayo Creek show resemblance with
tho se Of Teridontus grac illimus JI et BARNES, but all morphotypes (not only the e element) have a sharp­
-posterior edge. Because of thi s feature they are reassign ed to Monocostodus se viere nsis .

Genu s Striatodontus JI et BARNES, 1994

Type species: Stria todontus prolificus JI et B ARNES, 1994 .

Striatodontus sp.
(PI. 2: 13)

Material. - Three elements. CORD-MP I389/l , 2, and 1390. Le vels I and 3.
Description. - Simple proclined cone with sma ll, slightly twi sted cu sp , and a long base. Two promi­

nent postero-Iateral carinae exte nd from the middle part until the apex of the element. Each carin a bounded
by an anterior groove. Eleme nt with a convex anterio r face and a triangul ar groove located in the middle
upper part of the posterior side. The posterior side convex in the middle lower part. Deep and con ical
basal cavit y.

Remarks. - As it was observed by JI and BARNES (1994: p. 57), the ge nus St riat odontus di ffer s from
Scolopodu s by albid element s with fine striations and a posterior groove. JI and BARNES (1994) diagn osed
thi s genus for the Lower Areni g of Newfoundland, Canada. Our specimens are similar to the species
described by JI and BARNES but probably represent an older species.

Genus Teridontus MILLER, 1980

Type species: Oneo todus nakam urai NOGAMI, 1967.

Teridontus obes us JI et BAR NES, 1994
(PI. 2: 1-7)

1994. Teridontus obesus sp. nov.; JI and B ARNES: pp. 65-66, pI. 24: 10-17, text- fig. 37B (see for synonymy ).

Material. - Thirty two elem ents, 19 a e lements, 2 b elements, 3 c elements, and 8 e e lements.
CORD-MP 1375/l-25, 1376, and 1377/1-8. Levels 1, 2,3 .
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Remarks. - JI and BARNES (1994) defined Teridontus obesus as a multielement species with a
(subrounded), b (transitional), c (suberect) and e (compressed) elements. The albid elements of our
collections showa shorter cusp, and some c elements have smooth posterior costa. These features are
attributed to intraspecific changes in T. obesus.

Genus Utahconus MILLER, 1980

Type species: Paltodus utahensis MILLER, 1969.

Utahconus aff. longipinnatus JI et BARNES, 1994
(PI. 2: 8-12)

aff. 1994. Utahconus longipinnatus sp. nOY. ; 11 and BARNES : pp. 66-67; pi. 25: 1-8, text-fig. 38A (see for synonymy).

Material. - 178 elements, 16 a elements (asymmetric), 54 a elements (subsymmetric) and 108 e
elements. CORD-MP 138611-161, 138711-13, and 1388/1-4. Levels 1,2, and 3.

Description. - a element: Laterally compressed, subsymmetrical, and postero-laterally compressed
asymmetrical elements. All characterized by a long cusp and a short base. The cusp proclined to erect,
filled with white matter. The asymmetrical elements with a sharp or keeled posterior side and smooth
anterolateral carina on anterior face and edge. The cross-section tear-shaped. The subsymmetrical elements
with rounded anterior and sharp posterior edges, slightly deflected. Flanks slightly convex. Basal cavity
moderately deep, with a narrow anterior margin.

e element: Bicostate and posterolaterally compressed elements. The lateral costae reach near the basal
margin. The anterior face smoothly rounded, the posterior one concave and with a weak central carina
more prominent toward the point of major curvature. The carina bounded by a shallow groove at each
side, is better developed near the base. Short, posterolaterally extended base with a basal cavity deeper
than in the a elements; apex of the cavity situated at the anterior side. The basal profile tear-shaped.

The c morphotype has not been recovered.
Remarks. - This species is similar to Utahconus longipinnatus JI et BARNES, but in our specimens

the a elements are both subsymmetric and symmetric, and the outline of the basal cavity is rounded. In
the e element, the basal margin is narrower than in U. longipinnatus. Utahconus aff. longipinnatus differs
from U. utahensis by having a long cusp and a short base.

Gen. et sp. indet.
(PI. 2: 14, 15)

Material. - Two elements. CORD-MP 139311, 2. Level 3.
Description. - The elements with a short base, shallow basal cavity, and small cusp with the apex

broken that forms a braid. One of the elements bears a prominent carina at the base.

TRILOBITES

Order Agnostida SALTER, 1864
Family Agnostidae M'Coy, 1849

Genus Micragnostus HOWELL, 1935

Type species: Agnostus calvus LAKE, 1906.

Micragnostus chiushuensis (KOBAYASHI, 1931)
(Fig.4A-F)

1931. Agnostus chiushuensis sp. nov.; KOBAYASHI: pp . 173-174; pi. 22: 1-5.
71993. Geragnostus sp. aff. G. intermedius PALMER; MOYA et al.: pp. 24-25; pi. 1:1.

1995. Micragnostus chiushuensis (KOBAYASHI); WESTROP: pp. 15-16; pi. 1: 14-16 (see for synonymy).

Material. - Sixteen cephala and six pygidia, PIL 13930-13939, 13941-13946, 13948-13951. Level 3.
Remarks. - Recently, WESTROP (1995) discussed the synonymy of this widespread and variable

species . A fragmentary cephalon from the Lower Ordovician of La Puna in northwestern Argentina,
tentatively assigned by MOYA et al. (1993: pI. 1: 1) to Geragnostus sp. aff. G. intermedius, is probably
conspecific.
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Fig. 4
A-F. Micragnostus chiushuensis (KOBAYASHI). Cephalon, PIL 13936, x 9 (A) ; cephalon, PIL 13937 , x 10.4 (B); cephalon,
PIL 13940 , x 10.4 (C ); cephalon, PIL 13951 , x 12.6 (D); pygidium, PIL 13941 , x 16 (E); pygidium, PIL 13932, x 11.6 (F) .
G-J. Leptoplastides marianus (HOEK). Cranidium, PIL 13949, x 7 (G); Iibrigena, PIL 13936, x 3.4 (H); fragmenta ry
Iibrigena, PIL 14085, x 5 (I) ; libr igena , PIL 14089, x 6.4 (J). K. ?Kainellidae indet. , fragmentary libr igena, PIL 13931, x 7.7.
L-N. Brackebuschia acheila HARRI NGTONet LEANZA. Fragmentary cranidium, PIL 14085, x 14 (L) ; fragmentary cranidium,

PIL 14085, x 14.1 (M) ; pygidium, PIL 14087, x 15.5 (N).

Order Ptychopariida SWINNERTON, 1915
Suborder Olenina BURMEISTER, 1843
F amily Olenidae BURMEISTER, 1843

Subfamily Pelturinae HAWLE et CORDA, 1847
Genus Leptoplastides RAw, 1908

Type species : Conocoryphe salteri CALLAWAY, 1877 .

Remarks. - Generic concepts of H ENNINGSMOEN (1957: pp. 264-265) are followed here (see also
FORTEY and O WENS 1989).

Leptoplastides marianus (HO EK, 1912)
(Fig. 4G- J)

1912. Parabolinopsis mariana sp. nov.; HOEK in STEI NMANN and HOEK: p. 226 ; pI. 7: 1-3.

1957. Parabolinopsis mariana HOEK; HARRINGTON and LEANZA: pp. 89- 93; figs 29, 30: 1-10.
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1957 . Leptop las tides marianus (HOEK); HENNINGSMOEN: 266 (see for synonymy) .

1968. Leptoplastides marian us (HOEK); ROBISON and PANTOJA-A LOR: pp. 79 1-792; pI. 100: 8,9, 11 -14.

1977 . Parabo linopsis mariana HOEK; ACENOLAZA and GONZALEZ: pp. 132-1 33, fi g. 2.

1980 . Leptoplastides marianus (HOEK); PRIBYL and V ANEK : pI. 7: 4, 5; pI. 10: 7-9.

Material. - Thirteen cranidi a and 43 librigen ae, PIL 13930-1 3939, 13941 -1 3945 , 13949-13951 ,
14085 , 14086, 14088, 14089 . Lev el 3.

Remarks. - HARRI NGTON and LEANZA ( 1957) described in detail numerou s spec imens of Leptoplas­
tides marianus fro m northwestern Arge ntina . Based on materi al from the uppermost Ca mbrian-Trem adoc
of Mexico, ROBISON and PANTOJA-A LOR (1968) ide ntified variat ion s related to the ontogeny whi ch is al so
noti ceabl e in the materi al stud ied here (e.g. sma ll cra nidia have bett er develop ed lat eral glabe lla r furro ws).

Th e ce pha lon of L. marianus differs from the ce pha lon of the type spec ies , Leptoplastides sa lteri
(CALLAWAY), from the Trem adoc of Great Brit ain (see FORTEY and OWENS 1991 : fig. 8c-j), mainl y by
havin g wider pleural reg ions and more posteri orly situated ge na l spi nes (cf. HENNI NGSMOEN 1957 ).

Order Asaphida S ALTER, 1864 emend. F ORTEY et CHATTERTON, 1988
Suborder Asaphina S A LTER, 1864 emen d . F ORTEY et CHATTERTON , 1988

F amily ?Kainellidae U L RICH et R ESSER, 1930
Ge n. et sp. inde t.

(Fig . 4 K)

MateriaL-Three frag mentary libri gen ae, PIL 13931,1 3946,1 4087. Level 3.

Remarks. - Th e frag me nta ry character of the materi al prevent s a preci se ident ificati on. Th e librige­
nae of kainell id type, are charac ter ize d by a granulated orna me ntatio n. In general, they resemble Pseudo­
ka ine lla lata (KOBAYAS HI) (see HARRI NGTON and LEANZA 1957 : figs 53, 54 : 1- 9), a species wide ly
distr ibuted in the upp er part of the lower Tre madoc of northwestern Arge ntina .

Addi tiona lly, lib rigen ae ass igned to Pseudokainella sp. fro m the Cambrian-Ordov ic ian bou ndary
interval in Antarc tica (WRIG IIT et al. 1984: fig . 2J, K), and to Pseudoka inella variagranu la (ROB ISON et
PANTOJA-ALOR 1968: pI. 104 : 5- 11) fro m the uppermost Ca mbrian-Tre mado c of Mexico, are s imi lar to
the mater ial studied here, but have slightly more advance d ge na l ang les. Apa tokepha lus tibi cen PRIB YL et
VANEK ( 1980: pI. 12 : 3,4; see also HARRI NGTON and LEANZA 1957: fig. 56: 1-1 0) and Apatokepha lus
exiguus HARRI NGTON et LEANZA (1957: figs 57, 58: 1-5) fro m the Tr em ad oc of north western Argen tin a,
and Pseu dokain ella variag ranula fro m the up permost Cambrian- Trem ad oc of Mexico , have fac ial sutures
more divergent in fron t of the eyes .

Order e t F amil y Uncertain

Gen us Brackebuschia HARRI NGTON et LEANZA, 1957

Type species: Brackebuschia ach eila HARRI NGTON et LEAI\I.A, 1957.

Brackebusch ia ac hei la HARRINGTON et LEANZA, 1957
(F ig.4L-N)

1957 . Brackebusch ia achei la sp. nov.: HARRI NGTON and LEANI.A: p. 226: fig. 124: l a- cl.

Material. - Four incomplete cranidia and 10 pygidi a, PIL 13935, 13936, 14085-1 4087,14089. Level 3.

Remarks. - Th e co llected cranid ia are fragmentary. They are cha rac terize d by a lon g, pa ralle l side d,
ante rio rly subtrunca ted glabe lla , with very faint indi cati on s of four lateral glabe llar furrows; and a de­
pressed frontal area, witho ut anter ior border. Pygidi a tr ansver sel y e longated, having a co nvex, tap ered
ax is, with four well defin ed rings and a terminal piece. Pleural fields have indi cat ion s of two or th ree rib s,
and the pygidia1 border furrow is abse nt. These ch aracters resemble those of Brackeb usch ia ac hei la ,
a spec ies previously described fo r the upper part of the lower Trem adoc of the Santa Victori a area (no rthe rn
Co rd ille ra Ori ent al of Arge ntina) (HARR INGTO N and LEANZA 1957).



TR EMADOC CONODONTS AND TRILOBITES FROM ARG ENTI NA

REFERENCES

4 1

ACENOLAZA, F.G . 1968. Geologfa estratigr:ifica de la regi on de la Sierra de Cajas , Dpto . Humahuac a (Pro vincia de Jujuy).
- Re vista de la Asocia cion Geo logica Argentina 23 , 207-222.

ACENOLAZA, F.G . and GONZALEZ, O .E. 1977 . El Ordovfcic o de la zo na de Arroyo Volcan. en la sierra de Santa Barbara,
Provincia de Jujuy . - Revista dellnstituto Geol ogico Min ero 2, 125- 137 .

ALBANESI, G.L. , O RTEGA G., TORTELLO, M .F., and ACENOLAZA, G.F . 1997. Conodontes, grapto litos y tril obites de la
Formaci6n Parcha en la Cordillera Oriental de Salt a, Republica Argentina . Resumen . - A meghiniana 34. 114 .

A N. TX. 1987 . The Low er Pal eozoic Conodont s of So uth China . 271 pp . Peking Uni ver sit y Press.
AN, T .X .. ZHANG, F., XIANG. W .. ZIl ANG, Y., X U. W .. ZIlANG, H. , JIANG. D.. YANG. C; LiN, L. , C UI. Z.. and YANG. X. 1983 .

The Co nodo nts of No rth China and the Adjacent Regions. 22 3 pp . Science Pre ss, Beijing .
FORTEY, R.A . and OWENS. R.M. 1989 . The early Ordovi cian trilobite Beltel/a . - Proceedings of the Bri stol Natura lists

Society 49 ,69- 79 .
FORTEY. R.A . and OWENS. R.M . 1991 . A tril obite fauna from the highest Shineton Sh ale s in Sh rop sh ire . and the correlati on

of the late st Tremadoc . - Geo log ical Ma garine 128, 437 --464 .
HAR RINGTON. HJ. 193 7 . On so me Ordovi ci an fossil s from Northern Argentina. - Geologi ca l Ma ga zin e 74 . 97-124.
HARRINGTO N, HJ . 1938 . Sobre !as faunas del Ordovfcico Inferior del Nort e Argentino. - Revista del Mu seo de La Plata,

Nu eva Seri e (S eccion Paleont ologia ) 1, 109- 289 .
HARRI NGTO N, HJ . and LEANZA, A .F. 1957. Ordovician tri lobites of Argentina. - Unive rs ity of Kan sas Press. Special

Publica tion 1. 1- 276.
HENNI NGSMOEN, G. 1957. Th e trilobite fami ly Olenidae . - Sk rifte r Det Norske Videllskaps-Akademi I Oslo. Mat ematisk ­

naturvidenskapelig kla sse 1. 1- 30 3.
JI. ZAILlANG and BARNI'S. C. R. 1994 . Lower Ordovician co nodo nts of the St. George Group, Port au Port Peninsu la, We stern

Newfoundland . Ca nada . - Palaeontographica Canadiana 11. 1-149.
KEIDEL. J. 193 7 . La Prepuna de Sa lta y Jujuy . - Revista del Centra de Estudios Doctorales ell Ciencias Naturales, Buenos

Aires 1. 125- 154 .
KEIDEL. J. 194 3. El Ordovfcico Inferior en los Andes del nort e argentino y sus depositos marinos-gla ciares. - Boletin de la

Academic Nacio nal de Ciencias de Cordoba 36. 140- 229 .
KORAYASHI . T . 193 1. Studies on the st ra tigraphy and palaeont o logy of the Cambro-Ordovic ian formation s of Hualienchai

and Niuhsintai , so uth Manchuria. - Japanese Journal of Geo logy and Geography 8, 131-1 89 .
LOI'GREN, A. 1996 . Low er Ordovic ian co nodonts , reworking , and biostr ati graphy of the Orrho lmen quarry . Vastergotland ,

so uth-ce ntra l Sw eden . - Geo log iska For eningens i Stockholm Forhandlingar 118 , 169- 183.
MILLER. J .F . 1969 . Conodo nt fauna from the Notch Peak Lim eston e (Carnbro-Ordovician) , Hou se Ran ge, Utah. - Journal

of Pal eontology 43. 4 13--439.
MILLER. J .F . 1980 . Taxonom ic rev is ion s of so me Upper Ca mbr ian and Low er Ordovician co nodo nts with co mments on their

evoluti on . - University ()f Kan sas Paleontological Contributions, Pap er 99 , 1-39 .
MOYA. M .C. . MALANCA. S.. HONC; N. F.D.. and BAIlLBURG. H. 1993. El Trernadoc tempran o en la Pun a Occident al arge ntina .

- XII Congreso Geo log ico Argent ina y 11Cong reso de Exp loracion de Hidrocarburo s, Mendo;a. Aetas 2. 20- 30 .
NOWLAN. G .S. 1985 . Ca mbrian- Ordovic ian co nodo nts fro m the Franklini an miogeosyncline. Ca nadia n Arctic Isl and s. ­

Journal of Paleont ologv 59 . 96- 122.
PANDER. C. H. 185 6. Monographic del' foss ilen Fisch e des silurischen Sys tems del' russisch-baltischen Go uve rnements, 1-91.

Akademi e der Wi ssen sch aft en . St. Petersburg.
PRATT, B .R. 1988. An Ibexian (Early Ordovician) tril obit e faunula from the type section of the Rabbitkett le Formation

(southem Mack en zie Mountain s, Northwest Territories) . - Canadian Journal of Earth Sc iences 25 , 1595-1607.
PRIBYL, A . and V ANEK. J . 1980 . O rdovician tril obites of Bo livia. - Rozpra vy Ces kos lovenske Akademi e Ved 90 ,2, 1-90.
RAo , R.I. 1994. Los conodo ntes ordovicicos de la sierra de Ca jas y del Esp inazo del Diablo, departament o Humahuaca,

p rovincia de Juju y, Republica A rgentina. Do ctoral thesi s. 33 2 pp . Facultad de C iencias Exac tas, Ffsica s y Nat ura les.
U nivers idad Nacion al de Cordo ba .

RAo. R.I. and HONICKEN. M.A. 1995 . Co nodo nt biostr ati g raph y of the Cambria n- O rdovic ian boundary in northwestern
A rge ntina , 125-1 28. Seventh International Symposium O il the Ordo vician Sys tem. Las Vega s.

RAO. R.I.. HONICKEN. M .A.. and ORTEGA. G . 1994 . Co nodo ntes y gra pto litos del Ordovfcico Inferior (T rema doc iano-Arenigi­
ano) en el area de Purmamarca, Provincia de Jujuy. Argentina. - Academia Brasileira de Ciencias, Anais 66 , I. 1- 25 .

ROBISON. R.A . and PANTOJA-A LOR. J . 1968. Trem ad ocian tril obites from the Nochixtlan reg io n. Oaxaca. Me xico. - Journal
of Pal eontology 42 . 767-800 .

SANDRUSS. A.E. 1974 . Geo logfa del a rea de Ingeni ero Maury, departamento Rosari o de Lerma, Sa lta . Repub lica A rgentina.
- Trab ajo de Licenciatura. Facu ltad de Ciencias Nat ura les, Univers ida d Nacional de Tucumtin (unpublished). 1-1 13.

STEINMANN. G. and HOEK. H. 19 12. Da s S ilur und Cambrium des Hochl and es vo n Boli via und ihre Fa una . - Neues Jahrbuch
f iir Min eralogie, Geologi c und Paldontologie 34, 176- 252.

S UAR EZ RIGLOS, M .. SARM IENTO. G.N.. and HONICKEN. M.A . 1982. La Zon a de Cordylodu s an gulatus (Conodonto, Trema­
doci ano Inferior) en la s ierra de C aj as , provincia de Jujuy, Arge ntina. - V Con gr eso Latin oain er ican o de Geo logia,
Buenos Aires. Aetas 1. 77 5-778.

VILELA, C.R . 1956 . Descripcion geolog ica de la Hoj a 7d. Rosar io de Lerma (Pro vinc ia de Salt a). - Boletin de la Direccion
Nac ional de Geologic y Min eria 84 . 7-58.

W ESTROP. S.R. 1995 . S unwa pta n and Ibexian (U ppe r Cambrian-Lower Ord ovician) tril obites of the Rabbitkettle Formati on ,
Mountain River regi on . northern M ack en zie Mountain s. northwest Can ada . -i-Pataeo ruogruphica Ca nadiana 12 , 1- 75 .

W RIGIlT. T.O.. Ro ss. RJ . Jr .. and REPETSKI . lE. 1984 . Newly discovered youngest Cambri an or old est Ord ovici an fossil s
from the Robertson Bay terrane (fo rmerly Prec ambrian ). northern Victori a Land. A ntarctica . - Geology 12. 30 1-305 .



42 RAQUEL I. RAO and M. FRANCO TORTELLO

TREMADOC CONODONTS AND TRILOBITES FROM THE CARDONAL FORMATION,
INCAMAYO CREEK, SALTA PROVINCE. NORTHWESTERN ARGENTINA

PLATE I

Cordylodus angulatus P ANDER, 1856 ..

I. Co mpresse d element, lateral view. CORD-MP 1372/1 . x 200 .
2. Rounded element, lateral view. CO RD-MP 1372/2, x 150.
3. Co mpressed element, lateral view. CO RD-MP 1372/3, x 180.
6. Rounded element. lateral view. CO RD-MP 1372/4. x 200 .

Cordylodus cf. proavus M ULLER, 1959

4. Rounded element. lateral view. CORD-MP 1374 . x 200.

Drepanodu s sp. s.f. .

5. Drepanod iform element. lateral view. CORD-MP 1378. x 160.

Cordylodus intermedius F URNISH, 1938

7. Rounded element, lateral view. CORD-MP 1373/1, x 160.

Drepanoistodus sp. n. A ... .

8. e element, lateral view. CO RD-M P 1379/1. x 150.
9. e element. lateral view. CO RD-M P 1379/2. x lOO.

10. a element. lateral view . CO RD-M P 1379/3 . x lOO.
11. a element, lateral view. CO RD- MP 1379/4, x 100.
12. a element, lateral view . CO RD- MP 1379/5, x 150.

33

33

35

33

35

Mon ocostodus sevierensis (M ILLER,

13a. a element, lateral view. CO RD-MP 1382/1 , x 200.
13b . Detail of the a e lement show n on 13a. x 2000.
14. b element, posterior view. CORD-MP 1382/2, x 110.
15. a element, posteri or view. CO RD-MP 1382/3, x 110.
16. b element, later al view. CORD-MP 1382/4, x 130.
17. a element. poste rior view. CORD-MP 1382/5 , x 130 .
18. e element, lateral view. CORD-MP 1382/6. x 130 .

1980) . 36
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TREMADOC CONODONTS AND TRILOBITES FROM THE CARDONA L FORMATION.
INCAMAYO CREEK, SALTA PROVINCE, NORTHWESTE RN ARGENTINA

PLATE 2

Teridontus obesus JI et B ARNES, 1994

I. a element, lateral view. CORD-MP 1375/1 , x 100.
2. h element, lateral view. CORD-MP 1375/ 2. x 100.
3. c e lement, postero-lateral view. CO RD-MP 1375/3, x 150.
4. c element, postero-lateral view. CO RD-MP 1377/1, x 86 .
5. e element, lateral view. CORD-MP 1377/ 2, x 86.
6. b element, lateral view. CORD-MP 1375/4, x 130.
7. a element, lateral vie w. CORD-MP 1377/3, x 120.

Utahconus aff. longip innatus JI et B AR NES, 1994

8. a element (s ubsy rn met ric) , lateral view. CORD-MP 1386/1 , x 100.
9. e e lement, postero-lateral view. CO RD-MP 1386/2. x 11 0.

10. a element (asy mme tric) , lateral view. CORD-MP 1386/3. x 100.
11 . e e lement, postero-lateral view. CO RD-MP 1386/4, x 100.
12. e elemen t, postero-lateral view. CO RD-MP 1386/5, x 100.

Striatodon tus sp. . .

13a. Postero-lateral view. CORD-M P 1389/1, x 189.
13b. Detail of the element shown 0 11 13a. x 1300.

Gen. et sp. indet.

14. Lateral view. CO RD-MP 1393/1 . x 180.
15. Lateral view. CO RD-MP 1393/2. x 180.

Phakelodu s elongatus (AN)

16. Latera l view. CO RD-MP 1370/1 . x 260 .
17. Lateral vie w. CO RD-MP 1370/2. x 260 .

Cristodus'l sp. . . . ..

18. Inner-lateral view. CO RD-MP 1371, x 200.

37

38

37

38

33

35
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