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Abstract. The Arroyo Malo Formation at Alumbre Creek, on the
northern bank of the Atuel River, west central Argentina, comprises a
¢. 300 m thick continuous marine succession across the Triassic-Jurassic
System boundary, consisting of massive and laminated pelites indicative
of a slope depositional environment. Late Triassic invertebrates, includ-
ing ammonoids, nautiloids, bivalves, gastropods, brachiopods and corals
are restricted to the lower 150 m. Beds between 125-135 m from the bot-
tom yield Choristoceras cf. marshi Hauer, a species found in the Marshi/
Crickmayi Zone of Europe and North America, together with loose
fragments of Psiloceras cf. pressum Hillebrandt, coeval with the lower
to middle part of the Hettangian Planorbis Zone. About 80 m higher
are beds yielding Psiloceras cf. rectocostatum Hillebrandt, a species that
gives name to an Andean biozone partially coeval with the Johnstoni and
Plicatulum Subzones, upper Planorbis Zone. Other fossils recorded in
the Rhaetian strata of this section are foraminifers, ostracods and plant
remains identified as Zuberia cf. zuberi (Szaj.) Freng. and Clathropteris
sp. The section was also sampled for conodonts and radiolarians, thus
far with negative results. A palaecomagnetic study is underway.

Riassunto. La Formazione Arroyo Malo ad Alumbre creek, sul-
la sponda settentrionale del fiume Atuel, Argentina centro-occiden-
tale, comprende una successione marina continua spessa circa 300 m
attraverso il limite Triassico-Giurassico, ed & costituita da peliti massi-
ve e laminate indicative di un ambiente deposizionale di scarpata. Gli
invertebrati del Triassico superiore, che includono ammonoidi, nauti-
loidi, bivalvi, gasteropodi, brachiopodi e coralli sono limitati ai primi
150 m. Gli strati fra i 125-135 m dalla base hanno dato Choristoceras
cf. marshi Hauer, una specie trovata nella Zona a Marshi/Crickmayi di
Europa e Nord America, insieme con frammenti sparsi di Psiloceras cf.
pressum Hillebrandt, coeva con la parte mediana della Zona a Planor-
bis dell’Hettangiano. Circa 80 m pii in alto ci sono strati contenenti
Psiloceras cf. rectocostatum Hillebrandt, una specie che da il nome ad
una biozona andina parzialmente coeva con le Sottozone a Johnsto-
ni e Plicatulum, Zona a Planorbis superiore. Altri fossili documentati
negli strati del Retico di questa sezione sono foraminiferi, ostracodi e
resti di piante identificati come Zuberia cf. zuberi (Szaj.) Freng. e Cla-

thropteris sp. La sezione & stata anche campionata per quanto riguarda
conodonti e radiolari, finora con risultati negativi. Uno studio paleo-
magnetico & In corso.

Introduction

Until quite recently all evidences indicated that in
Argentina the Triassic was only represented by continen-
tal strata (Stipanicic 1983 and references therein). Previ-
ous records (Groeber 1924, 1929) of marine Triassic were
based on some bivalves and brachiopods found in west-
central Argentina, which were subsequently dated as Early
Jurassic (Leanza 1948; Frenguelli 1948). Until 1986 the
oldest recorded Mesozoic marine strata — dated as Sine-
murian — were located on the northern bank of the Atuel
River, within a succession studied by different authors
since Bodenbender 1892 (see also Burckhardt 1900, 1903;
Gerth 1925; Groeber 1947; Stipanicic 1969; Volkheimer
1970, 1978; Hillebrandt 1989). In other areas of west cen-
tral Argentina the base of the marine Mesozoic was dated
as late Early Pliensbachian.

In 1986 a field trip aimed at locating the oldest ma-
rine beds in the rio Atuel area, resulted in the first record
of Hettangian ammonites for west-central Argentina (Ric-
cardi et al. 1988, 1991). Furthermore, a succession c. 300
m thick below the oldest ammonites prompted Riccardi
etal. (1988) to suggest the possible occurrence of marine
Triassic in those ‘unfossiliferous’ beds. From these levels
Ballent (1994) recorded some microfossils, and indicated
its possible significance for future research on the Trias-
sic-Jurassic boundary.

Undoubtedly Triassic marine invertebrates and plant
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remains were found in the same area during successive
field trips carried out during 1994-1999 (Riccardi et al.
1997a-b; Riccardi & Iglesia Llanos 1999). Late Triassic
invertebrates are restricted to the lower 150 m (Riccardi
et al. 1997a-b, Damborenea & Mancenido 1998; Riccardi
& Iglesia Llanos 1999).

As there are very few sections world-wide where the
marine Triassic-Jurassic transition is exposed, the investi-
gation of this new section could add significantly to the
study and correlation of the system boundary. Therefore,
it is currently being the subject of a multidisciplinary re-
search project aimed at that end.

Stratigraphy

In the northern bank of the Atuel River the marine
Triassic-Jurassic transition is exposed on the right bank of
arroyo Alumbre, a small tributary of arroyo Malo, about 5
km north of its junction with the Atuel River (Fig. 1).

The section is exposed on the west limb of a north-
south striking anticline. The lower part of the section con-
sists of 286 m of massive and laminated pelites and tur-
bidites with massive pebbly mudstones, intraformational
breccias, clast supported conglomerates with normal gra-
dation and cross-bedded sandstone lenses (Fig. 2). Synsedi-
mentary folding and slump structures are quite common.
The sedimentological features indicate a shallowing up-
wards sequence related to a continental slope fan delta.

Between 50 and 150 m there are several fossiliferous
levels containing rather poorly preserved representatives
of Triassic ammonoids, nautiloids, brachiopods, bivalves

and corals, as well as plant fragments. At 230 m the first
Hettangian ammonites occur. This succession, included
in the Arroyo Malo Formation, is conformably covered
by 5-20 m thick cross bedded and imbricated polymictic
conglomerates grading upwards into coarse massive sand-
stones, the El Freno Formation. Above follows, conform-
ably, a coarsening-upward succession of ¢. 800 m of well-
stratified pelites and sandstones, the El Cholo Formation,
bearing Hettangian and Sinemurian ammonites.

Palaeontology

As mentioned, the Arroyo Malo Formation con-
tains microfauna (foraminifers and ostracods), and in or-
der of decreasing importance bivalves, gastropods, bra-
chiopods, ammonoids, cnidarians and nautiloids (Fig. 3;
complete list in Appendix). Samples studied for cono-
donts (G. L. Albanesi) and radiolarians (E. Carter) were
reported as barren.

A report on the microfossils was given by Ballent
(1994). She recorded the presence of poorly preserved,
infilled and often broken, small foraminifera, consisting
of coiled Haplophragmoides-like agglutinated tests and
nodosariids. A few ostracods included healdiids such as
Ogmoconchella and cytheraceans.

Bivalves are the most numerous and diverse group
represented in the Triassic part of the Arroyo Malo For-
mation, with at least a dozen species belonging to almost
as many families (see stratigraphic distribution in Fig. 2).
Despite intensive sampling, the material is very scarce in
the succession, and preservation is generally poor, though
it differs according to lithology. The dark shales contain
scattered complete (articulated or disarticulated) shells
of relatively large specimens. The best specimens are pre-
served as external moulds in nodular local shell concen-
trations. These contain a very diverse fauna, but some
size sorting appears to have taken place, since most shell
pieces are less than 1 cm across. The few complete spec-
imens are small-sized individuals of all species. The pre-
servation of delicate ornamentation details, the presence
of articulated bivalves, and the lack of abraded fragments
indicate short transport, probably only minor local win-
nowing allowing size-selection.

No bivalves have been found in beds from the earli-
est Hettangian (Fig. 2). After the boundary beds, the first
bivalves appear in beds with ammonites of the “Waehn-
eroceras-Schlotheimia” Zone, separated by about 150 m
of sediments from the last Triassic bivalve. The only bi-
valve species which appears both below and above the
boundary is Praechlamys cf. valoniensis (Defrance) (Fig.
3t), which was found near the level with Choristoceras cf.
marshi and extends to the Late Sinemurian “Epophiocer-
as Zone” (Damborenea 2002a). This species has a similar
stratigraphical distribution across the boundary in other
parts of the world (McRoberts et al. 1997; Tvimey-Cook
etal. 1999). All other bivalve species are restricted either
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Fig.2 - Stratigraphic section with lo-
cation of samples (modified
from Riccardi et al. 1997)
and distribution of bivalve
species. Stippled portion in-
dicates the absence of bios-
tratigraphically useful fossils,
in which the Triassic-Jurassic
boundary should be located.

Tutcheria aff. densestriata
Septocardia cf. peruviana
Bivalvia indet. 2
Septocardia? sp.

Otapiria? sp.
}Praechlamys cf. valoniensis

@) Other Bivalvia

to Triassic or Jurassic deposits. At the generic level Cas-
sianella, Minetrigonia, Palaeocardita and Septocardia do not
extend after the Rhaetian worldwide. The earliest Jurassic
bivalve faunas at Arroyo Malo contain instead Palmoxyto-
ma cf. cygnipes (Young and Bird), Camptonectes? cf. subu-
latus (Miinster), Eopecten cf. velatus (Goldfuss) and Prae-
chlamys wvaloniensis (Defrance) (see Damborenea 2002;
Fig. 3u), and also Gryphaea sp., undetermined oysters,

Plagiostoma? sp., Pinna sp., Astartidae gen. et sp. indet.,
and Plewromya sp.

Ammonoids in the Triassic part of the section are
quite rare and so far only part of a whorl and several ex-
ternal moulds have been found. They are referred to Chor-
istoceras sp. (Fig. 3b) and Choristoceras cf. marshi Hauer
(Fig. 3a), the latter indicative of the Marshi/Crickmayi
Zone, Late Rhaetian. The first record of in situ Hettang-
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ian ammonoids is from 80 m higher, where are present
the first specimens comparable with material from Chile
included by Hillebrandt (2000) in Psiloceras cf. calliphyl-
loides Pompeckj and Psiloceras rectocostatum Hillebrand,
of the Rectocostatum Andean Zone, which is partially
equivalent to the Johnstoni and Plicatulum Subzones,
Planorbis Zone. Between the levels with Choristoceras cf.
marshi and P cf. rectocostatum, no other ammonoids have
been found thus far. These levels should be equivalent to
the lower part of the Planorbis Zone, i.e. Primocostatum
and Tilmanni Zones of the Andean zonation. Significantly
enough, loose material from the same levels where Choris-
toceras cf. marshi was found, is comparable with Psiloceras
erugatum Buckman and P pressum Hillebrandt, species in-
dicative of the lower to middle part of the Planorbis Zone
(see Bloos & Page 2000; Hillebrandt 2000). On top of the
levels with Psiloceras cf. rectocostatum follows a fossilifer-
ous succession with Early-Late Hettangian and Early Sine-
murian ammonites (Riccardi et al. 1988, 1991).

Brachiopods are likewise rare, apparently absent
from the key interval spanning the system boundary. Nev-
ertheless, it is worth reporting a significant faunal change
from the faunule bearing Zugmayerella? cf. koerneri Sandy
(Riccardi et al. 1997a; Damborenea & Mancenido 1998;
Riccardi et al. 2000b; Mancenido 2002; Fig. 3e-g) occurring
about 30 m below the level with Choristoceras cf. marshi,
and the next assemblage present circa 215 m above it,
characterized by Furcirhynchia cf. trechmanni MacFarlan,
1992 (Mancenido 1994; Riccardi et al. 2000a-b; Mancefi-
do, 2002; Fig. 3h-1).

Representatives of the spiriferinid genus Zugmay-
erella are widely distributed in Norian-Rhaetian deposits
world-wide, and their alleged persistence in Early Jurassic
beds is in need of further confirmatory evidence (Riccardi
etal. 1997; Carter et al. 1994). The incoming of the rhyn-
chonellid genus Furcirhynchia in the Hettangian is a re-
markable feature in such distant geographical areas as the
Alps, New Zealand and the Andes (Mancefido 2000).

Palaeoecology and palaeobiogeography

Two main faunal types may be recognized from a
general survey of Late Triassic bivalve faunas from South
America. The geographical distribution of these as two
“belts” roughly parallel to the palacoshore, each along a
wide latitudinal range, suggests a strong palaeoecologi-
cal control. The Arroyo Malo bivalve fauna belongs to
the “inner belt”. It is similar to lower latitude faunas
from the following areas of Chile and Pert: Domeyko
(Hayami et al. 1977; Chong & Hillebrandt 1985), Junin-
Cerro de Pasco (Jaworski 1922; Steinmann 1929; Cox
1949; Boit 1966; Maeda et al. 1983), Huairas (Jaworski
1922) and Acrotambo (Kérner 1937). This “inner belt”
spans nearly 30° in latitude. On the other hand, this fau-
na has no element in common with those from equiva-

lent present latitudes at Curepto and Los Molles (Chile)
(Fuenzalida-Villegas 1937; Thiele-Cartagena 1967; Cecioni
& Westermann 1968), which belong to the “outer belt”.
Goodwin (1997) analysed a similar case in the North-
ern Hemisphere: Norian faunas from Sonora (Mexico)
are very close to those from Nevada and Oregon (USA)
despite latitudinal differences in present day location.
He proposed that the situation could be explained ei-
ther suggesting important terrane displacements or as
a consequence of independent response to similar envi-
ronmental conditions. It is interesting to note that those
Northern Hemisphere faunas (described among others
by Newton 1986; Newton et al. 1987; Tamura & McRob-
erts 1993; Stanley et al. 1994; Stanley & Gonzilez-Leén
1995; Damborenea & Gonzalez-Ledn 1998) are also very
close to those from the South American “inner belt”.

The Triassic bivalve fauna contains both shallow in-
faunal and epifaunal suspension feeders. Cassianella was
probably a reclining suspension feeder (Fiirsich & Wendt
1977; Laws 1982; Newton et al. 1987); Liostrea was a per-
manently cemented oyster; Chlamys and Otapiria were
epibyssate shells; and Minetrigonia, “Astarte”, Palaeocar-
dita, Septocardia and Tutcheria were all shallow burrowers
(Newton et al. 1987). They indicate a shallow subtidal,
well-oxygenated environment of normal salinity.

Though most of the bivalve genera present at Ar-
royo Malo are cosmopolitan in distribution, at species level
the fauna has clear east-Pacific affinities (from Oregon to
Chile, references already mentioned), and is very different
from contemporary Tethyan faunas (Damborenea 2002b).
From the 12 Triassic bivalve species, 6 are comparable to
species from Pert and Chile, one is cosmopolitan and the
others were not determined at species level. With regard to
brachiopods, the material assigned to Zugmayerella shows
affinities with East Pacific and Maorian faunas, as pointed
out by Mancenido (2002).

Magnetostratigraphy

Although magnetostratigraphic studies have been
carried out in the Lower Jurassic of the area, the low-
est levels studied are above the Triassic-Jurassic transi-
tion and well within the Hettangian. Samples from these
levels carried a reversed polarity indicating that the beds
assigned to the “Psiloceras Zone”, and considered equiv-
alent to the boundary between the Planorbis and Liasi-
cus Standard Zones (Iglesia Llanos & Riccardi 2000), are
at least equivalent to the uppermost Planorbis Zone and
most probably to the Liasicus Zone, as indicated by Hil-
lebrandt (2000), who placed the ammonite fauna in the
Bayoensis Zone of the Andean zonation.

New magnetostratigraphic information is expected
in the near future, as study of samples coming from levels
where the Triassic-Jurassic transition is most probably lo-
cated 1s in progress (by M.P Iglesia Llanos).
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Fig. 3

- a) Choristoceras cf. marshi Hauer, MLP 28536, x1; b) Choristoceras sp., MLP 28537, x1; ¢) Psiloceras cf. pressum Hillebrandt, Hettang-

ian, MLP 30823, x1; d) Psiloceras cf. rectocostatum Hillebrandt, Hettangian, MLP. 30824, x1; e-g) Zugmayerella? sp. cf. koerneri Sandy,
Rhaetian, MLP 27763, ventral, lateral and anterior views, x1; h-i) Furcirbynchia cf. trechmanni Mac Farlan, Hettangian, dorsal and ventral
views, MLP 30826, x2; j-k) Palacocardita cf. peruviana Cox, Rhaetian, left valve with an epizoic coral, MLP 27770, anterior and lateral
views, x1; I-m) Liostrea sp., Rhaetian, MLP 27766, right valve, internal mould and latex cast, x2; n-0) “Astarte” cf. incae Jaworski, Rha-
etian, MLP 27767, latex cast, dorsal and left valve views, x3; p) Septocardia? sp., Rhaetian, left valve fragment, MLP 27762, x1.5; q) Mi-
netrigonia? multicostata (Kérner), Rhaetian, latex cast of right valve fragment, MLP 27765, x3; r-s) Cassianella cf. pernana Korner, Rha-
etian, MLP 27766, internal moulds of two left valves, x3; t), Praechlamys cf. valoniensis (Defrance), Triassic/Jurassic boundary beds, right
valve internal mould, MLP 30825, x2; u) Praechlamys cf. valoniensis (Defrance), Hettangian, right valve internal mould, MLP 25010-b, x2.
All figured specimens are housed in the Invertebrate Palacontology Department collection, La Plata Natural Sciences Museum (MLP).

The Triassic-Jurassic boundary

In the Arroyo Malo section levels with Choristoceras
ct. marshi and Psiloceras cf. rectocostatum are separated by a
c. 80 m thick succession, where thus far no ammonites have
been found. As in the Andean zonation (Hillebrandt 2000)
the Psiloceras rectocostatum Zone overlies the Primocostatum
and Tilmanni Zones and these two zones are equivalent to
the lowermost Jurassic, it is thus possible that most of the
intervening unfossiliferous strata may belong in the Primo-
costatum and Tilmanni Zones as attested by loose fragments
of P cf. pressum, a species of the Primocostatum Zone. If
this assumption is correct the Triassic-Jurassic boundary
should be close to the levels where the Choristoceras speci-
mens were found. It is expected that new fieldwork could
yield evidence in support of this assumption.

Conclusions

The Arroyo Malo section is a new addition to the
few marine sections depicting the Triassic-Jurassic bound-
ary.

The boundary is located in an apparent lithological-
ly continuous succession, where no evident hiatus exists.
The record of ammonites appears to be rather poor, but
the section is very well exposed and offers good prospects
for finding more fossil material, especially within levels
that probably represent the lowermost Hettangian. Fur-
ther biostratigraphic studies are planned, both for macro
and microfauna.

This research project, in progress, also includes a
detailed sedimentological study by S. Lanés, which is near
completion. A stable isotope study is also planned.



74 A. C. Riccardi, S. E. Damborenea, M. O. Mancenido & M. P Iglesia Llanos

Acknowledgements. We thank the following colleagues who par-
ticipated in some of the field trips and collected part of the studied ma-
terial: S.C. Ballent (La Plata Museum), H. Vizdn, S. Lanés, R. Scasso
(Buenos Aires University) and G. Gonzdlez Bonorino (Salta Univer-
sity). We are grateful to G. Albanesi and E. Carter for the processing
of samples in search of conodonts and radiolarians respectively, and to
PN. Stipanicic for the identification of the plant fossils. This project

was financed with grants from the Consejo Nacional de Investigaciones
Cientificas y Técnicas (CONICET) and the Agencia Nacional de Pro-
mocion Cientifica y Tecnolégica, Argentina. This is a contribution to
IGCP Project 458 “Triassic-Jurassic boundary events”

The authors would also like to thank the reviewers G. Bloos
and K. Page for their critical reviews and suggestions that improved
the manuscript.

REFERENCES

Ballent S. C. (1994) - New marine microfaunas from the Trias-
sic-Jurassic boundary in the Atuel river area (Mendoza,
Argentina). 4" International Congress on Jurassic Stratig-
raphy and Geology, Abstracts: 55, Mendoza.

Bloos G. & Page K. N. (2000) - The basal Jurassic ammonite
succession in the North-West European Province — Re-
view and new results. GeoResearch Forum, 6: 27-40. Trans-
Tech Publications, Zurich.

Bodenbender G. (1892) - Sobre el terreno Juridsico y Cretaceo en
los Andes argentinos entre el rio Diamante y el rio Limay.
Bol. Acad. Nacion. Ciencias, 13: 5-44, 2 lams., Cordoba.

Boit B. (1966) - Fauna de la facies occidental del Noriano al
oeste de Colquijirca (Cerro de Pasco). Museo de Historia
Natural “Javier Prado”, Univ. Nac. Mayor de San Marcos,
serie C, Geologia 11: 1-11, Lima.

Burckhardt C. (1900) - Profils géologiques transversaux de la Cor-
dillere Argentino-Chilienne. Stratigraphie et tectonique.
An. Mus. de La Plata, Sec. Geol. Min., 2: 1-136, La Plata.

Burckhardt C. (1903) - Beitrige zur Kenntnis der Jura- und
Kreideformation der Cordillere. Palacontographica, 50:
1-144, Stuttgart.

Carter J.L., Johnson J.G., Gourvennec R. & Hou H-F. (1994)
— A revised classification of the spiriferid brachiopods.
Ann. Carnegie Mus., 63: 327-374, Pittsburgh.

Caumont A. de (1825) - Sur quelques terrains de la Normandie.
Mém. Soc. Linnéene Calvados, 2: 447-597, Caen.
Cecioni G. & Westermann G. E. G. (1968) - The Triassic/
Jurassic marine transition of coastal Central Chile. Pa-

cific Geo[ogv 1968: 41-75, Tokyo.

Chong D. G. & Hillebrandt A. von (1985) - El Tridsico preand-
ino de Chile entre los 23730” v 26° 00" de lat. Sur. 4 Con-
greso Ge()/(igz'co Chileno, Actas 1: 162-210, Antofagastu.

Cox L. R. (1949) - Moluscos del Tridsico superior del Pert (Up-
per Triassic Mollusca from Perd). Bol. Inst. Geol. Perii,
12: 1-50, Lima.

Damborenea S. E. (2002a) - Early Jurassic bivalves of Argentina.
Part 3: Superfamilies Monotoidea, Pectinoidea, Plicatuloidea
and Dimyoidea. Palacontographica A 265: 1-119, Stuttgart.

Damborenea S. E. (2002b) — Jurassic evolution of Southern
Hemisphere marine palacobiogeographic units based on
benthic bivalves. In: Monegatti P, Cecca F. & Raffi S.
(Eds.) - Proc. International Conference Paleobiogeogra-
phy and Paleoecology 2001, Piacenza & Castell “Arquato.
Geobios 35, Mém. Spéc. 24: 51-71, Lyon.

Damborenea S. E. & Gonzilez-Leén C. M. (1998) - Late Trias-
sic and Early Jurassic bivalves from Sonora, Mexico. Rev.
Mex. Cien. Geol., 14: 178-201, Mexico.

Damborenea S. E. & Manceinido M. O. (1998) - Bivalvos y
braquiépodos del Tridsico superior marino del Sur de
Mendoza. Rev. As. Geol. Argentina, 53: 12, Buenos Aires.

Frenguelli J. (1943) - Resefia critica de los géneros atribuidos a
la “Serie de Thinnfeldia”. Rev. Museo de La Plata (N.S.),
2, Paleontologia 12: 225-342, La Plata.

Frenguelli J. (1948) - Estratigrafia y edad del llamado “Rético”
en la Argentina. Rev. Soc. Argentina Est. Geogr. GAEA,
8: 159-309, Buenos Aires.

Fuenzalida-Villegas H. (1937) - Las capas de Los Molles. Bol.
Museo Nac. Hist. Nat., 16: 66-98, Santiago de Chile.

Fiirsich F. T. & Wendt J. (1977) - Biostratinomy and palacoecol-
ogy of the Cassian Formation (Triassic) of the South-
ern Alps. Palaeogr., Palacoclim., Palaeoec., 22: 257-323,
Amsterdam.

Gerth E. (1925) - Contribuciones a la estratigrafia y paleon-
tologia de los Andes argentinos. I. Estratigrafia y dis-
tribucién de los sedimentos mesozoicos de los Andes ar-
gentinos. Actas, Acad. Nac. de Ciencias, 9: 5-55, Cérdoba.

Goodwin D. H. (1997) - The importance of paleoecology in
assessing paleogeographic relationships of the Antimo-
nio Formation. In: Gonzilez-Leén C. M. & Stanley G.
D. jr. (eds.) - US-Mexico Cooperative Research — Inter-
national Workshop on the Geology of Sonora memoir.
Univ. Nac. Auténoma México, Inst. Geol., Estacion Reg.
del Noroeste, Publ. Ocas. 1: 36-38, Mexico.

Groeber P (1924) - Descubrimiento del Tridsico marino en la
Republica Argentina. Com. Mus. Hist. Nat. Buenos Aires,
2: 87-94, Buenos Aires.

Groeber P (1929) - Lineas fundamentales de la geologia del Neu-
quén, sur de Mendoza y regiones adyacentes. Direc. Gen.
Minas, Geol. ¢ Hidr., Publ., 58: 1-109, Buenos Aires.

Groeber P (1947) - Observaciones geoldgicas a lo largo del
meridiano 70, 2. Hojas Sosneao y Maipo. Rev. Soc. Geol.
Argentina, 2: 141-176, Buenos Aires.

Haas, O. (1953) - Mesozoic invertebrate faunas of Peru. Bull.
Am. Mus. Nat. Hist., 101: 329 pp., New York.

Hayami 1., Maeda S. & Ruiz Fuller C. (1977) - Some Late Tri-
assic bivalvia and gastropoda from the Domeyko range
of north Chile. Trans. Proc. Palacont. Soc. Japan, N.S.,
108: 202-221, Tokyo.

Hillebrandt A. von (1989) - The lower Jurassic of the rio Atuel re-
gion, Mendoza Province, Argentina. 5° Congreso Argentino
de Paleontologia y Bioestratigrafia, Actas 4: 39-44, Mendoza.

Hillebrandt A. von (2000) - Die Ammoniten-Fauna des siidame-
rikanischen Hettangium (basaler Jura). Palacontographica
A, Teil 1, 257: 85-189; Teils II-111, 258: 1-116, Stuttgart.



Triassic/ Jurassic boundary in the Andes of Argentina 75

Iglesia Llanos M. P & Riccardi A. C. (2000) - The Neuquén com-
posite section: magnetostratigraphy and biostratigraphy of
the marine lower Jurassic from the Neuquén basin (Argen-
tina). Earth Planet. Sci. Lett., 181: 443-457, Amsterdam.

Ivimey-Cook H. C., Hodges P, Swift A. & Radley J. D. (1999)
- Bivalves. In: Swift A. & Martill D. M. (eds.) - Fossils of
the Rhaetian Penarth Group. Palaeontological Association
Field Guides to Fossils, 9: 83-127, London.

Jaworski E. (1922) - Die marine Trias in Siidamerika. In: Stein-
mann, G. (Ed.) - Beitrige zur Geologie und Paliontolo-
gie von Stidamerika. N. Jahrb. Min., Geol. Paliont., B.B.
47 (supplement): 93-200, Stuttgart.

Kérner K. (1937) - Marine (Cassianer-Raibler) Trias am Ne-
vado de Acrotambo (Nord-Peru). Palaeontographica A,
86: 145-237, Stuttgart.

Laws R. A. (1982) - Late Triassic depositional environments and
molluscan associations from west-central Nevada. Palaeo-
geogr., Palaeoclim., Palaeoec., 37: 131-148, Amsterdam.

Leanza A. F. (1948) - Elllamado Tridsico marino de Brasil, Para-
guay, Uruguay y la Argentina. Rev. Asoc. Geol. Argentina,
3:219-244, Buenos Aires.

MacFarlan D. A. B. (1992) - Triassic and Jurassic Rhynchonel-
lacea (Brachiopoda) from New Zealand and New Cale-
donia. Bull. R. Soc. New Zealand, 31: 1-310, Wellington.

Maeda S., Ishikawa H., Kawabe T. & Morales Serrano L. G.
(1983) - Some Triassic Trigoniids from Peru. Bull. Fac.
Education, Chiba University, 32: 47-57.

Mancenido M. O. (1994) - Jurassic brachiopod biostratigraphy
of western Argentina: overview and relations. 4” Inter-
national Congress on Jurassic Stratigraphy and Geology,
Abstracts: 28-29, Mendoza.

Mancenido M.O. (2000) — A systematic summary of the strati-
graphic distribution of Jurassic rhynchonellide genera
(Brachiopoda). GeoResearch Forum, 6: 387-396. Trans-
Tech Publications, Zurich.

Mancenido M. O. (2002) - Paleobiogeography of Mesozoic bra-
chiopod faunas from Andean-Patagonian areas in a global
context. In: Monegatti P, Cecca F. & Raffi S. (Eds.) - Pro-
ceedings of the International Conference Paleobiogeogra-
phy and Paleoecology 2001, Piacenza & Castell"Arquato.
Geobios 35, Mém. Spéc., 24: 176-192, Lyon.

McRoberts C. A., Furrer H. & Jones D. S. (1997) - Palacoenvi-
ronmental interpretation of a Triassic-Jurassic boundary
section from Western Austria based on palacoecological
and geochemical data. Palaeogeogr., Palaeoclim., Palaeoec.,
136: 79-95, Amsterdam.

Newton C. R. (1986) - Late Triassic bivalves of the Martin
Bridge Limestone, Hells Canyon, Oregon: taphonomy,
paleoecology, paleozoogeography. U.S. Geol. Surv. Prof.
Paper, 1435: 7-21, Washington.

Newton C. R., Whalen M. T., Thompson J. B., Prinz N. & De-
lalla D. (1987) - Systematics and paleoecology of Norian
(Late Triassic) bivalves from a tropical island arc: Wal-
lowa Terrane, Oregon. Paleont. Soc. Mem., 22 (Journal
of Paleontology 61, 4, suppl.): 1-83, Tulsa.

Riccardi A. C. & Iglesia Llanos M. P (1999) - Primer hallazgo
de amonites en el Tridsico de la Argentina. Rev. Asoc.
Geol. Argentina, 54: 298-300, Buenos Aires.

Riccardi A. C., Damborenea S. E., Manceniido M. O. & Ballent
S. C. (1988) - Hettangiano y Sinemuriano marinos en
Argentina. 5° Congreso Geoldgico Chileno, Actas 2: 359-
373, Santiago de Chile.

Riccardi A. C., DamboreneaS. E., Mancenido M. O. & Ballent S.
C. (1991) - Hettangian and Sinemurian (Lower Jurassic)
biostratigraphy of Argentina. J. South Am. Earth Sc., 4:
159-170, Oxford.

Riccardi A. C., DamboreneaS. E., Mancenido M. O., Scasso R.,
Lanés S. & Iglesia Llanos M. P (1997a) - Primer registro
de Tridsico marino fosilifero de la Argentina. Rev. Asoc.
Geol. Argentina, 52: 228-234, Buenos Aires.

Riccardi A. C., Scasso R., Iglesia Llanos M. P, Lanés S.,
Damborenea S. E. & Mancenido M. O. (1997b) - Hallaz-
go de Tridsico marino fosilifero en la Argentina. 8° Con-
greso Geoldgico Chileno, Actas 1: 578-579, Antofagasta.

Riccardi A. C., DamboreneaS. E., Mancenido M. O. & Ballent S.
C. (2000a) - Bioestratigrafia. In: Riccardi A. C. (coord.) -
El Jurdsico y Cretdcico de la Cordillera Principal y la Cuen-
ca Neuquina. In: Caminos R. (ed.) - Geologia Argentina.
An. Serv. Geol. Min. Argentino, 29: 419-432, Buenos Aires.

Riccardi A. C., Leanza H. A., Damborenea S. E., Mancenido M.
O., Ballent S. C. & Zeiss A. (2000b) - Marine Mesozoic
biostratigraphy of the Neuquén Basin. Zeitsch. Angew.
Geol. Sonderbeft, 1: 103-108, Hannover.

Sandy M. R. (1994) - Triassic-Jurassic articulate brachiopods
from the Pucara Group, central Peru and description of
the brachidial net in the spiriferid Spondylospira. Palae-
ontographica A, 233: 99-126, Stuttgart.

Stanley D. D. jr. & Gonzilez-Leén C. M. (1995) - Paleogeo-
graphic and tectonic implications of Triassic fossils and
strata from the Antimonio Formation, northwestern So-
nora. Geol. Soc. Am., Spec. Paper, 301: 1-16, Boulder.

Stanley G. D. jr., Gonzilez-Leén C., Sandy M. R., Senowbari-
Daryan B., Doyle P, Tamura M. & Erwin D. H. (1994)
- Upper Triassic Invertebrates from the Antimonio For-
mation, Sonora, Mexico. Paleont. Soc. Memoir 36 (Jour-
nal of Paleontology 68, 4, suppl.): 1-33, Tulsa.

Steinmann G. (1929) - Geologie von Pert. C. Winters Univ,,
448 pp. Heidelberg.

Stipanicic P N. (1969) - El avance en el conocimiento del Ju-
rasico argentino a partir del esquema de Groeber. Rev.
As. Geol. Argentina, 24: 367-388, Buenos Aires.

Stipanicic P N. (1983) - The Triassic of Argentina and Chile. In:
Moullade M. & Nairn A. E. M. (eds.) - The Phanerozoic
Geology of the World II. The Mesozoic, B. Elsevier, pp.
181-199. Amsterdam.

Szajnocha L. (1889) - Uber fossile Pflanzenreste aus Cacheuta
in der Argentinischen Republik. Sitz. Kaiserl. Ak. Wiss.,
mat.-naturwiss. Classe, 97, 6: 219-246, Wien.

Tamura M. & McRoberts C. (1993) - A new species of Myoph-
origonia from the Upper Triassic Martin Bridge Forma-
tion, Wallowa Mountains, Oregon, U.S.A. with reference
on the Minetrigoniidae of the Circum-Pacific. Mem. Fac.
Ed., Kumamoto Univ., Nat. Sc. 42: 29-34, Kumamoto City.

Thiele-Cartagena R. (1967) - El Tridsico vy Jurisico del Departa-
mento de Curepto en la provincia de Talca. Publ., Univ.
Chile, Fac. Cienc. Fis. Mat., Dep. de Geol., 28: 27-46,
Santiago de Chile.

Volkheimer W. (1970) - Neuere Ergebnisse der Anden-Stratigra-
phie von Siid-Mendoza (Argentinien) und benachbarter
Gebiete und Bemerkungen zur Klimageschichte des stidli-
chen Andenraums. Geol. Rund., 59: 1088-1124, Stuttgart.

Volkheimer W. (1978) - Descripcion geoldgica de la Hoja 27b,
Cerro Sosneado, Provincia de Mendoza. Bol. Serv. Geol.
Nac., 151: 1-85, Buenos Aires.



76 A. C. Riccardi, S. E. Damborenea, M. O. Manceriido & M. P. Iglesia Llanos

Appendix
List of Late Triassic fossils from arroyo El Alumbre, Atuel river region, southern Mendoza.

Cephalopoda

Nautiloidea indet.

Choristoceras cf. marshi Hauer, 1865 (Fig. 3.a) (also figured in Riccardi and Iglesia Llanos 1999, p. 298-299, fig. 2a)
Choristoceras sp. (Fig. 3.b) (also figured in Riccardi and Iglesia Llanos 1999, fig. 2b)

Bivalvia

Cassianella cf. peruana Korner 1937 (Fig. 3r-s) (also figured in Riccardi et al. 19974, fig. 3.4)
Otapiria? sp. (figured in Riccardi et al. 1997a, fig. 3.1)

Praechlamys cf. valoniensis (Defrance in Caumont, 1825) (Fig. 3t)

Limidae gen. et sp. indet.

Liostrea sp. (Fig. 31-m)

Minetrigonia? multicostata (Korner, 1937) (Fig. 3q) (also figured in Riccardi et al., 1997a, fig. 3.5)
Astarte cf. incae Jaworski 1922 (Fig. 3n-0) (also figured in Riccardi et al. 19974, fig. 3.7a-b).
Palaeocardita cf. peruviana Cox, 1949 (Fig. 3j-k) (also figured in Riccardi et al. 1997, fig. 3.2a-b)
Tutcheria aff. densestriata (Kérner, 1937)

Septocardia peruviana? (Cox, 1949) (also figured in Riccardi et al. 19974, fig. 3.6)

Septocardia? sp. (Fig. 3p)

Bivalvia gen. et sp. indet. 1

Bivalvia gen. et sp. indet. 2

Gastropoda

cf. Guidonia ? sp.

Omphaloptycha cf. jaworskii Haas, 1953
Gastropoda gen. et sp. indet.

Brachiopoda
Zugmayerella? sp. cf. koerneri Sandy 1994 (Fig. 3e-g) (figured in Riccardi et al. 1997a, fig. 3.3a-c; Mancenido 2002, fig. 6.1b-d)

Foraminiferida (Ballent, 1994)
Haplophragmoides-like
Nodosariids

Ostracoda (Ballent, 1994)
Ogmoconchella sp.
Cytheraceans

Plants (Stipanicic in Riccardi et al. 1997a)
?Zuberia cf. zuberi (Szajnocha, 1889) Frenguelli, 1943 (figured in Riccardi et al. 19974, fig. 3.8)
Clathropteris sp.



