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Abstract

External estuarine facies in Late Sinemurian beds from the base of the Puesto Araya Formation in the Atuel river region,
Mendoza Province, Argentina, contain concentrations of a new species of Cardinioides (a shallow burrowing suspension-feeding
Pachycardiidae bivalve) and a low diversity benthic fauna. These bivalves appear in tidal inlet facies of a wave-dominated estuary
(environment similar to lagoon-barrier island systems), forming bioclastic lags at the channel bases. The taphonomic attributes
(such as shell articulation, degree of fragmentation and abrasion, bioclast size, orientation) change from North to South, from
monospecific concentrations of nearly complete large Cardinioides shells with low degree of fragmentation and abrasion, through
beds with smaller Cardinioides shells associated with a few bivalves from marine environments, to only isolated fragmented
specimens associated with a fully marine biota including not only other bivalves but also brachiopods and ammonoids. This,
together with different palaecoecologic, sedimentologic and stratigraphic attributes at the studied localities are evidence of
southwards changing environmental conditions from marginal marine (brackish) to fully marine on the eastern margin of the
Neuquén basin at that time. From detailed analysis of taphonomic features, size distribution of shells, and the associated fauna at
the different localities, the new species is regarded as a brackish water endemic, possibly a low salinity euryhaline species, which
inhabited well oxygenated waters. Salinity, turbulence levels and food supply were the main limiting factors in the distribution of
the species.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Marginal marine environments comprise a variety of
settings, such as estuaries, deltas, lagoons and tidal flats,
which are characterised by frequent fluctuations in
salinity levels. In such environments, bivalves, and
particularly shallow burrowing infaunal suspension
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feeders, are usually the dominant macrofauna. Another
feature shared by marginal marine faunas is the contrast
between the low species richness versus the great
individual abundance.

Jurassic marginal marine environments and their
faunas are known from many places around the world,
most of them from the northern hemisphere. The better
known examples are from the Hettangian of Germany
(Huckriede, 1967) and France (Freneix and Cubaynes,
1984); Hettangian, Pliensbachian and Bajocian of Japan
(Sugawara and Kondo, 2004; Kondo et al., 20006);
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Bathonian of Scotland (Hudson, 1963a,b; Tan and
Hudson, 1974; Hudson, 1980; Andrews and Walton,
1990; Hudson et al., 1995), France (Fiirsich et al., 1995)
and Morocco (Mongin, 1967); Late Jurassic of Germany
(Huckriede, 1967) and Portugal (Fiirsich et al., 1980;
Firsich, 1981; Firsich and Werner, 1984, 1986), and
Latest Jurassic—Early Cretaceous of England (Morter,
1984) and Tanzania (Aberhan et al., 2002). Although a
number of salinity-controlled mollusc assemblages have
been pointed out in Aberhan’s model (1993, 1994b) for
the South American Jurassic and Cretaceous, none has
been reported from Sinemurian beds.

The Neuquén Basin is a Mesozoic back-arc basin
placed in the western convergent margin of the South
American Plate (Legarreta and Gulisano, 1989) attrib-
uted to the extension that fragmented Gondwana and
opened the South Atlantic Ocean (Uliana and Biddle,
1988). Its infill exceeds 6000 m of marine and non-
marine sedimentary rocks (epiclastics, carbonates, evap-
orites and volcaniclastics) of Late Triassic to Eocene age
(Riccardi et al., 1988; Legarreta and Gulisano, 1989;
Riccardi et al., 1991; Gulisano and Gutiérrez Pleimling,
1994; Riccardi et al., 1997, 2004). The study area is
located to the North of the so-called “Neuquén em-
bayment” of the basin, in one of the original depocenters
of the first rifting episode, where a wave-dominated
estuary developed during Sinemurian times (Lanés,
2002, 2005).

Marine Early Jurassic bivalves from the Neuquén
Basin are relatively well-known from Argentina and
Chile (Damborenea, 1987a,b, 1993; Aberhan, 1994a;
Damborenea, 2002; Damborenea and Manceiido,
2005), but no species restricted to marginal marine
deposits has been described so far. A new species of
Pachycardiidae (see Appendix A), a mainly Mesozoic
family that comprises conspicuously euryhaline genera
ranging from brackish to marine, even freshwater hab-
itats (Cox et al., 1969), has been found in early Jurassic
beds of the upper Atuel river area, Mendoza Province,
Argentina (Damborenea and Lanés, 2003; Lanés, 2005;
Damborenea and Mancenido, 2005; Fig. 1). Excellently
preserved representatives of this species are locally very
abundant in the north-eastern sections here considered
(Codo del Blanco, La Horqueta), where they form
densely packed shell beds suggestive of stressful con-
ditions. Litho-, tapho- and biofacies analysis of these
deposits indicate a marginal marine setting (Lanés, 2002,
2005; Damborenea and Mancenido, 2005). The purpose
of this paper is to provide a detailed analysis of these
beds using an integrated sedimentological and palaeoe-
cological approach, including faunal composition and
species richness, shell morphology and taphonomy.

2. Materials and methods

Several stratigraphic sections were measured and
their geometry, lithology, sedimentary structures and
fauna were used to recognise the contemporaneous
depositional systems and to propose a tectosedimentary
interpretation of this part of the Neuquén Basin (Lanés,
2002, 2005), which is supported by stratigraphic corre-
lations provided by ammonites and other invertebrates
(Riccardi et al., 1991, 1993; Riccardi and Iglesia Llanos,
1999; Riccardi et al.,, 2000, 2004). Three of these
sections contain Cardinioides beds and are referred to
here: La Horqueta, logged by S. Lanés in 2003 (Fig. 2A;
Lanés et al., in press, Fig. 2), Las Chilcas, logged by S.
Damborenea and M. Mancefiido in 1986 (Damborenea,
2004, Fig. 1; Lanés, 2005, Fig. 6; Lanés et al., in press,
Fig. 2) and Codo del Blanco, logged by S. Lanés in 2000
(Lanés, 2005, Fig. 7; Lanés et al., in press, Fig. 2).
Cardinioides beds were very recently found also at the
western margin of Las Chilcas creek.

The fossil material described here was collected by the
authors and colleagues during several field trips. Fossil
specimens are housed in the collections of the Invertebrate
Palacontology Department at Museo de Ciencias Natur-
ales La Plata, Argentina (MLP). Qualitative macroinver-
tebrate data were obtained in the field, together with
relevant taphonomic observations (such as shell articula-
tion, degree of fragmentation and abrasion, bioclast size,
orientation, encrustation and bioerosion). Descriptions
of the taphonomic features follow the semi-quantitative
criteria published by Kidwell (1991) and Kidwell and
Holland (1991). The systematic, palacoecologic and pa-
laeobiogeographic analysis forms part of a comprehen-
sive research programme on Early Jurassic bivalves from
Argentina (S.D.).

3. Geological setting

The Neuquén basin originated from a series of
unconnected asymmetric north—south trending halfgra-
bens (Riccardi, 1983; Uliana and Biddle, 1988; Manceda
and Figueroa, 1993, 1995; Vergani et al., 1995; Tankard
et al., 1995) after the first rifting occurred during the
Middle Triassic—Sinemurian (Ramos, 1992; Manceda and
Figueroa, 1995), when non-marine siliciclastics and
volcanics filled the unconnected halfgrabens at the basin
margins while the basin center was rapidly transgressed by
nearshore sandstones and offshore shales (Legarreta and
Gulisano, 1989). The former topography of faulted blocks
led to a partial synchroneity between the non-marine and
marine transgressive successions and locally controlled
the precise start of the transgression (Gulisano, 1981).
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Fig. 1. Location map within the Neuquén Basin (palacogeographic map for Hettangian—Early Pliensbachian simplified from Legarreta and Uliana,
2000) and general stratigraphic sections at the three main localities, levelled to the base of the Tropidoceras Zone, showing the distribution of broad
facies associations, data from S. Lanés. Arrows point to beds containing Cardinioides lanesae Damborenea. See Table 1 for the local zonation.

The study area (S 34°39’ to 34°56’; W 69°41’ to
69°54’, Fig. 1) lies in the northern margin of the Atuel
river valley, northern Neuquén Basin, in the Atuel-
Valenciana halfgraben (Manceda and Figueroa, 1995),
one of the initial depocenters of the first rifting episode.
Here the transgression began in the Late Triassic
(Riccardi et al., 1997, 2004) though most of the basin
was transgressed later, during the Latest Sinemurian to
Early Pliensbachian (Damborenea, 2002), when the
unconnected halfgrabens coalesced due to the combined

regional sag and eustatic sea level rise (Legarreta et al.,
1993). In the study area the well-bedded transgressive
succession comprises two units (Table 1). The basal one
is a coarsening- and thickening-upwards succession of
fan delta shales, sandstones and minor conglomerates of
Rhaetian to Late Early Sinemurian age, outcropping
only at the western localities of Malo and El Pedrero
creeks (Arroyo Malo Formation and lower Puesto Araya
Formation, synrift phase). The top unit (Late Early
Sinemurian—Toarcian) is a fining- and thinning-upwards
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Fig. 2. A: Simplified section of the Early Sinemurian—Toarcian cycle in La Horqueta, data from S. Lanés. J7, J8, J9 and J10: facies associations of
Fig. 1. B: Close-up of facies association J7, arrows point to Cardinioides lanesae shell-lags (hosted in taphofacies LC2 in Lanés, 2002).

shelf, showing a retrogradational pattern and a wider
depositional area (upper Puesto Araya Formation, sag
phase).

succession of sandstones and shales. According to
Lanés (2002) these were deposited in a wave-dominated
estuary and a deepening-upwards storm-dominated
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Table 1

Local biostratigraphic framework (adapted from Riccardi et al., 2000) and general stratigraphic arrangement of early Jurassic lithostratigraphic units
in western and eastern areas of the Atuel river region (modified from Lanés, 2002; Bechis et al., 2005)

Stage Ammonites Bivalves

Brachiopods

Western area Eastern area

Dumortieria
Phlyssogrammoceras fenuicostatum

Meleagrinefla {} Rhynchonelloidea cf. ruthenensis ﬁ

Phymatoceras Prianorhy

hia? cf. rubri

Collina chilensis Par cf. | l
Peronoceras pacificum
Peronoceras largaense
Dactylioceras hoelderi

Toarcian

Rhynchonelioidea lamberti

Ter Fosidonotis cancellata

disciforme I Al

Fanninoceras Tanmin Radulonectites

behrendseni

Dubariceras

lloidea burckhardti

Tropidoceras

Miltoceras

Olapiria neuqguensis i

Epophioceras Cardinia cf. listan

Gibbirhynchia dereki

“Agassiceras”

Sinemurian| Pliensbachian

Otapiria pacifica

“Vermiceras”

Badouxia canadensis

cf.

oceras-sch

=
=
4
b4
o
n

"Psiloceras”
Psiloceras reclocostatum

Palmoxytoma cf. cygnipes

Hettangian

The western area comprises the Arroyo Malo and El Pedrero creeks, see map in Fig. 1. The asterisk marks the position of the beds described in this

paper.

Considering the Upper Triassic—Lower Jurassic
transgressive succession of the study area as a whole,
it shows an abrupt eastwards lateral change of facies and
age (Riccardi et al., 1988, 1991; Reijenstein, 1967). In
particular, its base becomes younger eastwards from
Late Triassic at Malo creek (Riccardi et al., 1997) to
Late Early Sinemurian at Las Chilcas creek (Riccardi
et al., 1988, 1991) and Early Pliensbachian at Puesto
Araya (type locality, Fig. 1). Simultaneously the marine
fine-grained siliciclastics coarsen and the underlying
fluvial conglomerates become thicker and coarser east-
wards. These trends and the areal distribution of con-
temporaneous depositional systems show the influence
of two ancient normal faults located near the present
Alumbre and El Freno creeks (Fig. 1), which limited
several faulted blocks downstepping westwards and
northwards (Lanés, 2002, 2005; Giambiagi et al., 2005;
Bechis et al., 2005; Table 1 here).

The bivalves reported here (Cardinioides lanesae
Damborenea n. sp., see Appendix A) appear only in
the estuarine deposits (facies association J7, Figs. 1
and 2A-B; lithofacies Stb and taphofacies LC2 in
Lanés, 2005). The interpreted estuary at the study area is
of the wave-dominated type (Dalrymple et al., 1992)

with types and distribution pattern of facies that resem-
ble those of lagoon-barrier island systems. It includes
deposits of multiepisodic tidal inlets, subtidal sand
waves, minor washover fans, shales of the central la-
goon together with sandstones and amalgamated tem-
pestites deposited above fair-weather wave-base (Lanés,
2002, 2005). Among the three studied localities (Las
Chilcas, Codo del Blanco and La Horqueta sections) a
preferential distribution of the estuarine facies exists
with lagoonal shales and washover fan deposits
developed in La Horqueta and Codo del Blanco sections
but lacking in Las Chilcas section; while fair-weather
wave and storm deposits of the outer estuary sandy
complex predominate in the Codo del Blanco section.
Evidence from detailed biostratigraphic correlation and
facies distribution of the contemporaneous depositional
systems supports an estuary opening to the north and
west, dipping gently northwards.

Beds containing C. lanesae (Figs. 1 and 2) are Late
Sinemurian in age, corresponding to the Epophioceras
Zone of the local ammonite zonation, and the approx-
imately equivalent Cardinia cf. listeri faunule and
Gibbirhynchia dereki Zone of the local bivalve and
brachiopod zonations (Table 1; Riccardi et al., 2000).
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4. Taphonomy

C. lanesae is found in the lower part of the Puesto
Araya Formation forming basal shelly lags in the tidal
inlet deposits, but showing different palaecoecologic,
taphonomic and sedimentologic attributes among the
three localities, as is shown below (see also Table 2,
Fig. 3).

These shell lags are lensoidal, with erosive bases and
gradational tops, up to 20 m wide and up to 0.5 m thick
but showing different dimensions among the sec-
tions (Table 2). They are always placed at the base of
medium-grained sandstone lenses with herringbone
trough-cross bedding successively overlain by planar
lamination, parting lineation and swash cross-stratifica-
tion at the top (Fig. 4B and C), which were interpreted as

Table 2

tidal inlet fillings of the outer part of a wave-dominated
estuary (Lanés, 2002, 2005, see Fig. 2B here). Lensoidal
shell lags have simple organization appearing as
massive or normally graded shell beds, with a varying
packing density ranging from dense to dispersed
(bioclast- to matrix-supported, respectively). They also
show different degrees of articulation, fragmentation
and abrasion among the different localities. Incrustation
is almost absent, only occurring in some specimens in
the Las Chilcas section. Variation of the taphonomic
features amongst the studied localities is detailed below.

1. At La Horqueta section (Figs. 2 and 4A) Cardinioides
specimens form almost monospecific (monotypic
sensu Kidwell et al., 1986) bioclast-supported,
normally graded shell lenses, 0.3 to 0.5 m thick and

Palaeoecologic, sedimentologic, taphonomic and stratigraphic features of the Cardinioides beds at the three localities (criteria modified from

Kidwell, 1991)

Features La Horqueta

Codo del Blanco Las Chilcas

Palacoecologic  Taxonomic composition Cardinioides lanesae,

(see also Table 3)

Life habits Shallow burrowers,

epibyssate and cemented forms

Trophic groups Suspension feeders
Age spectrum
Sedimentologic Matrix
Hydraulic behaviour

Complete
Fine-grained sand, scarce
More mobile than shells

of matrix
Shell packing Dense, bioclast-supported
Matrix size sorting Good
Associated structures Grading
Taphonomic Articulation High
Fragmentation Low
Orientation (on plane)  None

Concordant, sometimes
in life position

Orientation (on section)

Abrasion Low
Encrustation Absent
Bioerosion Absent
Shell size Large
Bioclast size sorting Poor
Stratigraphic Thickness 0.3 to 0.5 m
Lateral extension 15 to 20 m
Geometry Lenses

Stratigraphic contacts

Internal complexity
Host lithofacies

Simple (graded)

Gervillella araucana and oysters

Erosional base, gradational top

Cardinioides lanesae,
stenohaline bivalves, brachiopods,
ammonoids, gastropods

Shallow and deep burrowers,
cemented, reclining, epibyssate,
endobyssate, nektobenthic forms
Suspension feeders,

carnivores, herbivores

Complete

Fine- to medium-grained sand
More mobile than shells

Cardinioides lanesae,
a few bivalves and Spiriferina

Shallow and deep burrowers,
cemented, epibyssate

and reclining forms
Suspension feeders

Complete

Fine- to medium-grained sand
More mobile than shells
Dense, bioclast-supported Bioclasts dispersed,
matrix-supported

Moderate Moderate
Grading Massive
Medium Low
Moderate High
None None

Convex-up or -down shells,
sometimes nested

Convex-up or -down,
edgewise shells

Low High
Absent Present
Absent Present
Medium to small Small

Poor Poor

Upto 0.35m Up to 0.3 m
5t020m 5to 10 m
Lenses Lenses

Erosional base,
gradational top
Simple (graded)

Erosional base, gradational top

None (homogeneous)

Lenses of herringbone
cross-bedded, medium-grained
sandstones where the shell
beds drape the base

Lenses of herringbone
cross-bedded, medium-grained
sandstones where the

shell beds drape the base

Lenses of herringbone
cross-bedded, medium-grained
sandstones where the shell
beds drape the base
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La Horqueta

associated with few
species from brackish
environments

Composition nearly monospecific
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Fig. 3. Diagram summarising some of the palaeoecological, taphonomic, and sedimentologic features of Cardinioides beds at the three localities, and
the inferred possible relations with energy and salinity levels. The faunal composition is given at generic level in the pie diagrams (percentage of
specimens). See Table 3 for complete species list.

15 to 20 m wide. They are exclusively composed of
C. lanesae that are usually articulated and with low
levels of fragmentation and abrasion, and with poor
size-sorting. In addition, locally one can find scarce
complete valves of Gervillella araucana Damborenea
and a few shell fragments possibly belonging to an
ostreoid bivalve (Table 3A, Fig. 4A). Shells are
randomly oriented, laying concordant (either convex-
up or -down) and are poorly size-sorted, ranging
between 20 and 74 mm (Fig. 5). The biofabric is
densely-packed, the very scarce fine-sandy matrix is
also graded, becoming siltier towards the top.

2. Cardinioides-shell beds at Codo del Blanco

(Fig. 4B-D) consist of several nearly monospecific
bioclast-supported shell lenses up to 0.35 m thick
and 5 to 20 m wide, made up of medium- to small-
sized C. lanesae, sometimes articulated, moderately
fragmented and unabraded occurring together with a
few euryhaline bivalves (Table 3B). Cardinioides
shells are both articulated and disarticulated but
mostly complete, poorly size-sorted, and ranging
from 8 to 45 mm long (Fig. 5). Articulated shells are
not current-oriented, usually concordant to bedding,
and are seldom oriented with the commissural plane
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Fig. 4. A: Densely packed Cardinioides beds at La Horqueta, note abundance of complete articulated, large specimens (white line contours). B—D:
Codo del Blanco section: B, shell-lag concentrations at the base of tidal inlets, arrow points to lag base, hammer length 40 cm; C, detail of one of the
thin shell lags; D, detail of a graded and poorly sorted Cardionioides lanesae concentration (A, B and D: photographs S. Lanés; C: photograph
S. Damborenea).

vertical (edgewise semsu Kidwell and Holland,
1991). Disarticulated shells lie either convex-up or
-down and are occasionally nested. Biofabric is
densely-packed, and skeletal elements are graded
(Fig. 4D) but poorly size-sorted. The very scarce
fine- to medium-grained sandy matrix is also fining
towards the top.

. At Las Chilcas only very small, isolated specimens of
C. lanesae are associated with a fully marine biota
including not only other stenohaline bivalves but also
brachiopods and ammonoids (Table 3C). All of them
form massive, matrix-supported shell lenses up to
0.3 m thick and 5 to 10 m wide. There C. lanesae

occurs as dispersed, minute specimens predominant-
ly disarticulated, fragmentated and abraded. Biofab-
ric is massive, loosely-packed to dispersed, with
abundant fine—sandy matrix. Only few fully marine
shells are incrusted.

Increase of disarticulation, fragmentation, abrasion
and successive replacement of densely-packed mono-
specific shell beds at La Horqueta with densely-packed
almost monospecific ones at Codo del Blanco and then
with loosely-packed poly-specific shell lags at Las
Chilcas evidence increasing hydrodynamic transport

(Fig. 3).
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Table 3

A-D: Faunal composition of early Late Sinemurian beds (Epophioceras Zone) at different localities of the Atuel river region, taxa arranged by relative

abundance. To the right of the locality name, the total number of specimens is indicated

A La Horqueta 233 D Fully marine beds {(Las Chilcas) 374
| Cardiniaides lanesae Damborenea 97% | Entofium cf. lunare {Roemer) 13%
Gervillelia araucana Damborenea 2% Peristerothyris reijensteini Mancehido Q%
Fragments of Ostregidea indet. 1% Gibbirtiynchia dereki Nancefido 8%
Weyla alata alata (von Buch) 7%
Gryphaea aff. cymbium Lamarck 6%
B Codo del Blanco 165 Asoelfa asapha (Leanza) 6%
Gryphaea darwini Forbes 5%
| Cardinioides lannesae Damborenea 92% Epophicceras cf. cognifum Gu.Fr. 5%
Gervillefla araucana Damborenea 4% Lywea unca (Philippi) 4%
Spiriferina? sp. indet. 204 Frenguellielia cf. pouftoni Leanza 3%
Frenguellielta of. pouttoni Leanza 1% Protocardia? sp- 3%
Fragments of Ostreoidea indet. 1% Pholadomya sp. C 2%
Pleuromya sp. 2%
Cardinia cf. listeri (J. Sowerby) 2%
C Las Chilcas as e 1%
Lycettia sp. 1%,
Asoefla asaphs (Leanza) 2804 Grammatodon sp. 194,
Gervillefla araucana Damborenea 25% Pseudofimea sp. 19,
| Cardiniaides farnesae Damborenea 12% Lucinoidea indet. 1%
Epophioceras? sp. 9% Goniomya sp. 1%
Pinna cf. folium Y. and B. 4% Groeberefia neuquensis {Groeber) 1%
Frenguelliella cf. poultoni Leanza 4% Phofadomya sp. B 1%
Gibbirhynchia dereki Mancefido 4% Gastropoda sp. indet. C 1%
Gryphaea aff. cymbium Lamarck 2% Ammonitina indet. A 1%
Entolium of. lunare (Roemer) P Praechfamys cf. valoniensis (Defr) 1%
Praechiamys of. vaioniensis (Defr.) 2% ‘Chiamys” textoria {Schiotheim) 1%
Groeberella neuguensis (Groeber) 2% Kf}fymonectes S . 195
Goniomya sp. S04 Lithotrochus hu;anfdrf (von B‘-uch) 1%
Kia R liRa e S0y of Amberisya americana Méricke 1%
Gastropoda indet. A 204 Spiriferina cf. ongleyi Marwick 104
cf. Labathyris sp. 1%
Cosmetodon sp.
E Phofadomya sp. A
Gressiya? sp.
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Fig. 5. A: Shell length versus shell height relationships of specimens of Cardinioides lanesae Damborenea n. sp. from the three studied localities.

B: Distribution of shell size at La Horqueta and Codo del Blanco.

Dense packing of Cardinioides-shell lags in La
Horqueta and Codo del Blanco suggests winnowing of
the sandy matrix by current flows unable to redistribute
the shells (in the case of La Horqueta near-monospecific
shell beds) or transport the shells for long distances (as
in the non-monospecific shell lags of Codo del Blanco).
The loosely-packed, matrix-supported biofabric and
small sizes of C. lanesae shells at Las Chilcas section
evidence currents strong enough to transport the shells
together with the medium to fine-grained sand (Fig. 3).

Originally aragonitic bivalve shells at La Horqueta
and Codo del Blanco show replacement and almost
complete destruction of original shell microstructure.
This mode of preservation significantly differs from the
usual preservation of aragonitic shells at other localities
of the Atuel river region, where only internal, external
and composite moulds are present. In normal marine
facies of this region only some calcitic shells (oysters,
some pectinids, brachiopods) are preserved with a
slightly altered shell microstructure. The possible causes
of this phenomenon are discussed below.

5. Palaeoecology

The shallow infaunal suspension-feeding habit of
C. lanesae suggests its preference for stable sandy
bottoms and agrees well with the interpretation of the
sediment as part of the outer sandy complex at the mouth

of a wave-dominated estuary (Fig. 6). The mixture of
C. lanesae with stenohaline benthic fauna typical of
normal marine shoreface in the shell beds of the Codo del
Blanco section correlates with the increased thickness of
outer estuary sandstone beds at that locality (Fig. 1).

The low diversity together with great individual
abundances in the molluscan assemblages are features
characteristic of brackish water faunas (Schmidt, 1951;
Ekman, 1953; Parker, 1959; Hallam, 1976). Possible
alternative causes to explain these conditions, such as
biological stress due to oxygen deficiency, or extreme
water turbulence or temperature, can be dismissed by the
analysis of the regional geological setting. Other
palacoecological indicators of brackish-water biota are
the absence of marine stenohaline species, the systematic
composition of the fauna (belonging to families with
freshwater or brackish water representatives) and the
presence of certain characteristic morphotypes. All these
conditions are met by the Cardinioides concentrations, as
discussed below.

5.1. Low species richness and high abundance

Damborenea and Manceifiido (2005) recognised a
low diversity faunal association, the Cardinioides asso-
ciation in these sediments, which has a very simple
structure, such as those typical of high-stress environ-
ments. It is interesting to note that epi- and endobionts

Notes to Table 3:

Total number of specimens to the right of the locality name. See also discussion in text. A—C: Beds with Cardinioides at the three localities, D:
fauna from fully marine beds at Las Chilcas. E: Species richness curve for beds of the Epophioceras Zone at the three localities.
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Estuarine deposits

Shoreface deposits
sl Tidlal inlet

== Possible
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habitats

Fig. 6. A: Palacoenvironmental framework of the Cardinioides beds of the Atuel river region, based on data from S. Lanés (2002). B: Detail of

possible Cardinioides habitats.

are lacking altogether. Species richness increases from
a minimum at La Horqueta, to low values at Codo del
Blanco, and to slightly higher values at Las Chilcas
(Table 3; Fig. 3). One of the beds with C. /lanesae at
La Horqueta contains also few but well-preserved,
large specimens of G. araucana Damborenea and frag-
ments of oysters, both epifaunal taxa. At Codo del
Blanco at least three of the Cardinioides beds bear a
few scattered but nearly complete, small specimens of
G. araucana and oyster fragments, and one of them
also contains Frenguelliella cf. poultoni Leanza, and
Spiriferina? sp. indet. At Las Chilcas no Cardi-
nioides-dominated beds have been recognised, and
this bivalve occurs scattered in beds with a variety of
benthic fauna. Fully marine beds of the same age and
from neighbouring areas have a much greater species
richness (Table 3).

The Cardinioides association, which only occurs in
estuarine deposits (Damborenea and Manceiido, 2005)
interpreted through facies analysis (J7 in Lanés, 2002,
2005), has thus a high facies fidelity. As discussed
below, some preservational features of the shells point
to frequent marine conditions in the outer part of the
estuary, probably with cyclic (?) and significant changes
of salinity. Although the coeval freshwater biota of the
region is still unknown, the monospecific Cardinioides
beds at La Horqueta most likely represent the diversity
minimum in Remane’s (1958) salinity gradient curve
(Table 3E), and can be referred to the oligohaline sali-
nity regime (according to Oertli, 1964, classification of
marine waters based on salinity). This setting is similar
to that proposed for the Neomiodon association of the
Bathonian Great Estuarine Group of Scotland, assigned
to the “species minimum” salinity range (5%o to 9%o)

Fig. 7. Cardinioides lanesae Damborenea n. sp. All specimens figured at natural size. Graphic scale at the upper left corner. All specimens from La
Horqueta except where otherwise indicated. 1-2, right valve and dorsal view of complete large specimen, paratype MLP 13507; 3—5, dorsal, external
and internal views of complete right valve, holotype, MLP 13505; 67, external and internal views of complete left valve, paratype MLP 13503; 8-9,
left and right valve internal views of a young specimen, paratype MLP 28973, Codo del Blanco; 10-12, anterior, left valve and dorsal views of
complete specimen, MLP 13510; 13—14, anterior and internal views of nearly complete right valve, paratype MLP 13504; 15, anterior view of
complete specimen, paratype MLP 13508; 16, dorsal view of complete specimen, showing long strong nymphs, paratype MLP 13512; 17-19, dorsal,
right lateral and anterior views of complete specimen, MLP 13511; 20, internal view of a nearly complete young right valve, paratype MLP 28967,
Codo del Blanco; 21, anterior view of small specimen with valves widely gaping, paratype MLP 13530, Las Chilcas; 2224, anterior, dorsal and left

valve external views, MLP 13522.
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by Hudson (1963a,b, 1980; Hudson et al., 1995), and to (Fiirsich et al., 1995). Similarly, nearly monospecific
the Eomiodon angulatus and Neomiodon ruthenensis beds with the anthracosiid Unionites brevis (von
associations from the Bathonian of the Causses, France Schauroth) in the Ladinian of southwest Germany are
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interpreted as short-term, brackish intervals (Geyer
et al., 2005). The nearly monospecific shell-beds of the
late Triassic Trigonodus—Isocyprina assemblage from
the Lhasa block (Tibet) described by Yin and Grant-
Mackie (2005) have been interpreted as deposited in
brackish to shallow marine environments with fluctu-
ating salinity.

5.2. Absence of marine stenohaline species

Marine stenohaline higher taxa such as diverse
brachiopods, ammonites and corals, which are common
at other, nearby localities of the same age (Table 3D), are
absent at La Horqueta, limited to one bed at Codo del
Blanco, and scarce in the Las Chilcas Cardinioides-
bearing beds. This pronounced impoverishment and
eventual exclusion of marine stenohaline taxa is, in
itself, a strong indication of at least temporary salinity
reductions or fluctuations (Hallam and El Shaarawy,
1982; Firsich and Werner, 1984; Hudson, 1990).

5.3. Systematic composition of the fauna

The Pachycardiidae is a mainly Mesozoic family that
comprises conspicuously euryhaline genera ranging
from brackish to marine, even freshwater habitats
(Cox et al., 1969). According to Hayami (1961), in
Japan Cardinioides appears in lagoonal facies with fine-
to medium-grained sand in local shell concentrations
with almost no other accompanying fauna. They have
been interpreted as environmental stress-controlled
faunas (Kobayashi and Ichikawa, 1952).

The accompanying bivalves at La Horqueta and Codo
del Blanco (Table 3), namely G. araucana, Frenguel-
liella cf. poultoni and ostreoids, all belong to groups
which have well-known euryhaline members that
tolerate salinity fluctuations and are common in mixed
marine/brackish environments (e.g., Huckriede, 1967,
Tamura, 1980; Freneix and Cubaynes, 1984; Fiirsich and
Werner, 1984; Fiirsich and Kauffman, 1984; Yin, 1989;
Fiirsich et al., 1995; Sugawara and Kondo, 2004; Geyer
et al., 2005; Kondo et al., 2006). But on the whole, this
cannot be regarded as merely an impoverished marine
fauna, since it contains taxa which are absent from fully
marine beds of the same region and age. It is interesting
to note that the torted pterioid G. araucana has not yet
been found at Las Chilcas or other Sinemurian fully
marine beds of the region, but occurs in marine facies in
the Pliensbachian of Argentina (Damborenea, 1987b) and
Chile (Aberhan, 1994a). This was probably a euryhaline
taxon which was able to extend its distribution to brackish
environments. In the study area the relative abundance of

G. araucana increases towards the West and South (see
pie diagrams in Fig. 3).

The assemblage at Codo del Blanco contains a few
small specimens of Spiriferina? sp. indet. Although
articulate brachiopods are usually regarded as strictly
stenocuhaline, several examples from brackish environ-
ments are known from the Palacozoic fossil record
(Fiirsich and Hurst, 1980) and experiments with living
species have shown that some tolerate salinity fluctuations
(Thayer, 1981). Nevertheless, very little is known about
Mesozoic brachiopods in this context. Brachiopod diver-
sity increases considerably towards fully marine facies in
the area, which contain at least four species but where the
same species of Spiriferina? was not found (Table 3D).

5.4. Characteristic morphotypes

The type of high stress environment, suggested by the
sedimentological analysis and these broad palaeoecolo-
gical indicators, is usually colonised by organisms which
can cope with frequent changes in salinity. The known
history of such environments has shown that these faunas
are long-ranging and conservative, morphologically
generalized. C. lanesae has a trapezoidal globose shell
with posterior umbonal carina and a truncated posterior
margin. These characters, together with the strong
dentition, external parivincular ligament supported by
nymphs, and presence of lunule, indicate that this
suspension-feeder was an active shallow burrower,
which is the most common guild present in marginal
marine environments. Fiirsich (1994) recognised six
morphotypes characteristic of salinity-controlled envir-
onments, which remained constant since the Mesozoic,
although species composition changed through time. C.
lanesae clearly belongs to one of these morphotypes,
represented by medium-sized to large, smooth and thick-
shelled bivalves, trapezoidal—triangular in outline with
external parivincular ligament and robust dentition (Figs.
7 and 8). According to Fiirsich (1994, Fig. 24), this
morphotype is mainly represented by Anthracosiidae in
the Triassic, Neomiodontidae in the Jurassic, Corbiculi-
dae in the Cretaceous to Recent, and Mactridae in Tertiary
to Recent biotas. Added to this list should be Pachycar-
diidae in the Late Triassic—Early Jurassic (see Discussion
below), and Pachydontinae corbulids in the Tertiary (cf.
Nuttall, 1990). Many marginal marine Mesozoic com-
munities are dominated by bivalves belonging to this
morphotype, such as the Neomiodontidae Neomiodon in
the Bathonian of Scotland (Hudson, 1963a,b, 1980;
Hudson et al., 1995), Eomiodon and bakevelliids in
brachyhaline and mesohaline environments in Portugal
(Fiirsich and Werner, 1984) and in tidal flat and coastal
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Fig. 8. Cardinioides lanesae Damborenea n. sp. Left and right valve hinges of adult (1-2, 6) and young specimens (3—5). 1—4 sketched to the same
scale; 5—6 with grid to show different growing rates at different parts of the shell.

plain communities in the Late Jurassic of Tanzania
(Aberhan et al., 2002), the corbiculid Veloritina in the
Albian of Wyoming (Fiirsich and Kauffman, 1984), and
Unionites in monospecific mass-occurrences, which are
interpreted as short-term brackish intervals, in the
Ladinian of Germany (Geyer et al., 2005).

6. Discussion

The main stress factors in marginal marine environ-
ments are salinity, temperature, oxygen content, grain-
size and water turbulence. As all these factors are highly
variable, it is commonly difficult to evaluate which of
them had the greatest influence on the faunal distribu-
tion (Hudson, 1990; Fiirsich et al., 1995).

Teske and Wooldridge (2003) argued that the nature
of sediment is more important than salinity in limiting
the distribution of macrobenthos in South African
estuaries, but sedimentary similarities of the Cardi-
nioides-bearing beds among the studied sections enable
us to discard the nature of the host sediment as a major
control on bivalve distribution in this case.

The sedimentologic and taphonomic analysis indi-
cates that the studied estuary was well oxygenated, and

thus this factor can be dismissed as well. It is more
difficult to single out the possible influence of
temperature changes, which may have had a secondary
role. Ample food supply is suggested by the high local
abundance and large size of C. lanesae, which together
with sedimentologic features of these deposits indicate
high energy levels and deposition in tidal inlets (Fig. 6).
Estuaries are usually nutrient traps and thus show high
fertility despite the environmental stress. Estuary tidal
inlets are known to be migrating routes for larvae of
species which use low energy central estuary waters as
breeding places (Smith, 1988; Eggleston et al., 1998)
and this may be a source of abundant food supply for
these suspension-feeding bivalves.

Salinity and water turbulence were probably the
main factors controlling the distribution of this species.
Fresh-water bivalves, such as unionids, are absent. So-
lution pits on the shell surface, clear indicators of long
exposure to freshwater, even during the bivalve’s life-
time (Firsich, 1994), were not observed. Lacking dis-
solution features together with the preservation of the
aragonitic shells at La Horqueta and Codo del Blanco
sections are evidence of a long-term contact with nor-
mal marine pore waters. Ion concentration of shallow
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tropical marine waters makes them supersaturated with
respect to, and prevents the dissolution of, aragonite
(Canfield and Raiswell, 1991). Conversely, the shallow
temperate marine waters of mid and high latitudes are
undersaturated with respect to all carbonates, which are
totally dissolved (Tucker and Wright, 1990). Then a
freshwater environment at the La Horqueta and Codo
del Blanco sections can be ruled out. This is consistent
with the interpretation of Cardinioides-bearing deposits
as tidal inlet facies of the outer part of a wave-
dominated estuary. On the other hand, such type of
estuary usually has a stratified water column resulting
from the formation of a “salt wedge” (sensu Pritchard,
1955; Cameron and Pritchard, 1963) whereby fluvial
freshwater, less dense, usually flows over the denser
marine water. The development of this estuarine
circulation pattern may vary depending on fluvial
discharge, climate, tidal range and geometry of the
estuary, among other factors. The possible development
of a salt wedge can also explain the absence of a
freshwater environment at La Horqueta and Codo del
Blanco sections; and it also points to a possible marine
environment with cyclical (?) and significant changes of
salinity, possibly related to tides and/or climatic-
induced fluctuations of the fluvial discharge.

Among the three localities (Las Chilcas, Codo del
Blanco and La Horqueta sections) a preferential facies
distribution exists showing mudstones of the central
estuary at the La Horqueta and Codo del Blanco sections
but not at Las Chilcas. In contrast, the fair-weather wave
and storm deposits of the outer estuary sandy complex
predominate at the Codo del Blanco section. Detailed
biostratigraphic correlation and facies distribution of the
contemporaneous depositional systems point to an es-
tuary open to the north and west, dipping more gently
northwards than westwards.

Precise salinity regimes (such as those proposed by
Yin, 1989 for the Middle Jurassic of Qinghai; or by
Fiirsich et al., 1995 for the Middle Jurassic of France)
cannot yet be proposed, as the detailed study of the lateral
and stratigraphic relationships of these faunas is still
pending. Further studies in the area will probably enable
this to be explored, considering that the Cardinioides
association is most probably a brackish-water fauna and its
distribution was controlled mainly by salinity variations.

In variable salinity environments, the conditions under
which individuals attain their species maximum size are
an indication of optimal living conditions (Hallam, 1965;
Fiirsich and Kauffman, 1984; Powell and Stanton, 1996).
For this reason, when dealing with marine euryhaline
species, size and thickness of shells decrease towards
brackish or hypersaline conditions (see examples in

Fiirsich, 1994), i.e., towards decreasing diversity of the
biota. The opposite applies to the Cardinioides assem-
blage studied here. Not enough quantitative data are yet
available to study in detail the size frequency distribution.
However, from a broad analysis of shell sizes and species
richness at the different localities (Figs. 3 and 5), together
with other evidence, it is clear that the ecological opti-
mum for C. lanesae was within the low salinity range of
the estuarine environments. This is a strong indication
that this species was a “brackish water endemic” (in the
sense of Boesch, 1977), which grew to maximum size in
oligo- or mesohaline environments, and became scarce
and small-sized where fully marine conditions were
prevailing, as attested by the presence of brachiopods,
ammonites and other marine stenohaline bivalves.

This seems to apply largely to G. araucana too,
though probably this species had somewhat different
ecological requirements, as shown by its distribution in
the sections (Fig. 3), which suggests that it thrived in a
slightly higher salinity range than Cardinioides.

C. lanesae is also occasionally found in the shallow-
water Weyla—Gryphaea association (Damborenea and
Manceiiido, 2005), yet it remains to be ascertained whether
such occurrences may represent an extreme position within
the broad range of salinity tolerance of the species, and/or
to transport or to time-averaging within an environmental
setting subject to strong, short-term, salinity fluctuations.
In either case, C. lanesae can be regarded as a low-salinity
euryhaline opportunist. The species is not known from
other localities of the extensive Neuquén Basin.

The precise biostratigraphic position of the Cardi-
nioides beds can be inferred by the accompanying fauna
as Late Sinemurian. At Las Chilcas the beds contain a few
ammonites of the Epophioceras Zone (Late Sinemurian),
but there are no ammonites in the Cardinioides beds at La
Horqueta and Codo del Arroyo Blanco outcrops, as one
would expect from such environments. In these last two
localities, though, the Cardinioides beds are overlain by
marine facies containing ammonites and other fauna of
the Epophioceras Zone.

7. Conclusions

We use a combined interdisciplinary approach (in-
cluding sedimentology, taphonomy, palacoecology and
systematic palacontology) to propose an environmental
model for the lower part of the Puesto Araya Formation in
the Atuel river region, northern Neuquén basin. The
faunal assemblages discussed here provide evidence of
environmental conditions changing from marginal marine
(brackish) to fully marine on the eastern margin of the
Neuquén Basin during Sinemurian times. These changes
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can be followed laterally for beds of the same age and also
vertically in some sections. Jurassic marginal marine
environments were previously poorly known in this basin.

C. lanesae Damborenea was an endemic brackish
species, probably living in oligo- to mesohaline environ-
ments, but occasionally present in euhaline habitats as
well. It can also be characterised as a low salinity
euryhaline species.

Salinity and turbulence (together with food supply)
were the main limiting factors in the distribution of the
species in this marginal marine setting, and we suggest
that its ecological optimum was near tidal inlets in a
wave-dominated estuary.

Since sediments do not usually reflect subtle salinity
fluctuations, brackish environments are very difficult to
recognise on sedimentary features alone, and faunal
characters are sometimes the only reliable source of
evidence. Data on the salinity range of bivalves can be
useful to complete the facies and basin analysis of the
Neuquén Basin, providing an extra tool to study in detail
the distribution of marginal marine environments.

One of the issues still pending is to separate the
influence of absolute salinity levels from that of salinity
fluctuations, which depend largely on the particular
environment. Using fossils is a promising tool, because
detailed enough palacoecological data can help distin-
guish between estuary (with rapid and frequent salinity
changes) and lagoonal settings (with more stable salinity).
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Appendix A. Systematic palacontology
(by S. Damborenea)

Al

Order Unionoida Stoliczka, 1870
Superfamily Unionoidea Fleming, 1828

Family Pachycardiidae Cox, 1961
Genus Cardinioides Kobayashi and Ichikawa, 1952

TBype species. Cardinioides japonicus Kobayashi and
Ichikawa, 1952, by original designation, Carnian, Japan.

The affinities of the genus Cardinioides are not yet
clear. It was first described from the Late Triassic
(Carnian) of Japan by Kobayashi and Ichikawa (1952).
Later on Hayami (1957) described some species from the
Early Jurassic (Pliensbachian or thereabouts) also from
Japan. The genus was initially referred to the Cardiniidae
by these authors, but subsequently Hayami (1961,
p. 258) transferred it to the Pachycardiidae, and it was
placed in this last family with a query by Cox et al.
(1969) and later authors (Hayami, 1975; Kondo et al.,
2006). The genus differs from the externally similar
Jurassic—Cretaceous Neomiodontidae (Casey, 1955) by
the absence of true lateral teeth, a different hinge formula
and presence of lunule and escutcheon in some species.

Hayami (1975) provided an extended diagnosis of
the genus and confirmed its reference to the Pachycar-
diidae. External homoeomorphism is common within
this family and also among other smooth, trapezoidal
globose bivalves (such as the Neomiodontidae), which
makes taxonomic treatment and proper comparisons
very difficult when internal features cannot be observed.
Fortunately, the Argentine material is very well
preserved and thus the hinge can be studied in detail.

Cardinioides is known from Carnian to lower
Jurassic beds from circum-Pacific localities. It was
regarded as an endemic genus during the Late Triassic
and Early Jurassic, restricted to the NW palaeoPacific
(mainly Japan). Furthermore, Hayami (1961, p. 291)
regarded it as endemic to the Kuruma faunal province
during the Early Jurassic and to the Japanese Inner Zone
in Late Triassic times. It is interesting to note that the other
bivalve genus regarded by Hayami as endemic to Kuruma
was Radulonectites, which is also abundantly present in
the Atuel river region and many other Argentine localities
(Damborenea, 1993, 2002). Since its first description,
the genus Cardinioides was recorded from late Triassic
beds in eastern Siberia (Kurushin, 1990), western USA
(Newton et al., 1987), northern Mexico (McRoberts,
1998), and early Jurassic beds from Thailand (Kobaya-
shi et al., 1963) and now in western Argentina
(Damborenea and Manceiido, 2005).

The genera referred to this family are very similar in
external appearance, and thus identification is almost
impossible if hinge details are not observable. Cardi-
nioides can be distinguished from Pachycardia Hauer by
the presence of an escutcheon and only an ill-defined
lunule, a right valve with two cardinal teeth instead of
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one, and weaker lateral “teeth” (hinges illustrated,
among others, by Broili, 1904; Waagen, 1907). Some
species of Trigonodus Sandberger have also a similar
shell shape but have stronger posterior lateral teeth and a
right valve with only one cardinal tooth (see hinge il-
lustrations in Wohrmann, 1893; Waagen, 1907; Schmidt,
1928; Chen, 1976).

A.2. Cardinioides lanesae Damborenea n. sp.

Figs. 7 and 8 (figured as Cardinioides n. sp. in
Damborenea and Manceiido, 2005, Fig. 9.B—E).

A.2.1. Material

Holotype: Complete right valve, MLP13505
(Fig. 7.3-5) from La Horqueta. Paratypes: one nearly
complete specimen, with both valves showing internal
characters (MLP 28973), three closed complete speci-
mens (MLP 18371, 18372), five left valves (MLP 18362,
18364, 18366, 18368, 28966) and five right valves (MLP
18361, 18363, 18365, 28967), from Codo del Blanco;
one right valve (MLP 13504), one left valve (MLP
13503), three complete specimens with the valves closed
(MLP 13507, 13508, 13512) from La Horqueta, and one
complete specimen with the valves slightly open (MLP
13530) from Arroyo Las Chilcas. Other material: 118
specimens with both valves, 25 right valves, 30 left
valves, 1 steinkern and some fragments, all from upper
Sinemurian beds (Epophioceras Zone) of the river Atuel
area (Arroyo Las Chilcas, west of Arroyo Las Chilcas,
Codo del Blanco and La Horqueta), MLP 13351, 13506,
13509 to 13511, 13513 to 13529, 13531, 13532, 18367,
18369, 18370, 18373 to 18381, 18447 to 18459, 28968
to 28972, 28974 to 28982.

A.2.2. Derivation of name

The species name is dedicated to Dr. Silvia Langés,
who collected the first specimens and studied the geol-
ogy of the river Atuel region.

A.2.3. Diagnosis

Large, globose, thick shelled Cardinioides with ovoid
to trapezoidal outline and variably developed umbonal
carina. Nymphs short and deeply impressed, escutcheon
long and narrow, limited by carina, lunule ill-defined.
Right valve with two strong cardinal teeth, the anterior
wide and flat, the posterior more prominent. Left valve
with one strong cardinal tooth below umbo and a marginal
thickening or second tooth below the nymph. Ridge-like
posterior lateral “tooth” on each valve above the posterior
muscle scar. Anterior adductor muscle scar small, deeply
impressed and supported by short myophoric buttress,

posterior one larger but not impressed. Pallial line
continuous.

A.2.4. Description

Large, thick, equivalve shells of ovoid (in young
valves) to trapezoidal outline, very globose. There is a
great intraspecific variation of shell outline which is not
correlated to size. Umbones wide and prosogyrous,
placed at about 1/3 of total shell length or less from the
anterior margin. Shell length nearly equal to height in
young specimens, exceeding height in large ones.
Umbonal carina well developed and sharp in some
specimens (Fig. 7.1-3, 7.12, 7.17), rounded in others
(Fig. 7.7, 7.23-24). Posterodorsal margin straight,
joining the ventral margin in a rounded or bluntly
angular corner at the postero-ventral part of the shell,
which is longer in large specimens. Ventral margin
evenly rounded, anterior margin rounded and narrow.

Deeply impressed nymphs extending about half of
posterior dorsal length (Fig. 7.3, 7.12, 7.16—17). Some
specimens have traces of ligament preserved (Fig. 7.23).

Shell exterior with well marked growth lines only,
some well-preserved specimens also show a few concen-
tric shallow folds near the umbonal region (Fig. 7.12).
Interior of shell smooth, internal margin smooth,
occasionally with a bevelled narrow platform (Fig. 7.6).
Lunule smooth, ill-defined (Fig. 7.15); escutcheon long
and narrow, limited by a blunt carina (Fig. 7.12) in well-
preserved specimens. Lunule and escutcheon appear to
be absent in poorly preserved specimens.

Anterior adductor muscle scar small, subcircular in
outline, very deeply impressed, placed very near the
dorsal margin (Fig. 7.6), just anterior to the cardinal
plate and supported by short myophoric buttress. Small
pedal retractor muscle scar just above it. Posterior ad-
ductor muscle scar larger than anterior one but not
impressed on shell inner surface. Pallial line clearly
marked, continuous between adductor muscle scars.

Right valve with two strong “cardinal” teeth radiating
from umbo, the anterior one wide and flattened, anterior
to umbo, the posterior one much more prominent,
dorsally arched; and two large triangular sockets, one
posterior to each tooth (Fig. 7.5, 7.9, 7.14, 7.20, 8.2,
8.4).

Left valve with one very strong pivotal “cardinal”
tooth just below umbo, a posterior triangular marginal
thickening (or second tooth) below the nymph, and two
triangular deep sockets to each side of the strong
“cardinal”, the posterior one broader (Fig. 7.6, 7.8, 8.1,
8.3).

A radial internal ridge extends from the umbonal
cavity to near the postero-dorsal corner of the shell in
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the right valve, becoming broader some distance from
the margin above the posterior muscle scar (Fig. 7.5,
8.2). This ridge is nearly parallel to the dorsal margin
of the shell and does not belong to the cardinal
platform, being at the level of the commissure plane
only at its posterior end. This structure corresponds to
the “ridge-like posterior lateral tooth of Cardinia-
type” described by Hayami (1957), and although it is
not a proper tooth its posterior end may have aided in
shell articulation. It limits ventrally a shallow ovoid
depression corresponding to a similar structure in the
left valve (Fig. 8.1).

A wide radial thickening extending from the cardinal
platform to mid-ventral margin divides the shell interior
into two areas, the posterior one deeper and containing
the umbonal cavity (Fig. 7.6).

A.2.5. Measurements

See Fig. 5. Largest specimen (paratype MLP 13707,
Fig. 7.1-2) is 73.95 mm long, 53.55 mm high and
39.20 mm thick.

A.2.6. Remarks

The species here described is referred to Cardinioides
mainly on account of details of the hinge, muscle scars,
and shell shape. The species has an ill-defined lunule and
a well-marked escutcheon, these characters are clearly
stated to be absent in the extended diagnosis of the genus
provided by Hayami (1957, 1975). These features are
only clearly visible, however, in well-preserved speci-
mens of C. lanesae n. sp., appearing to be absent in other
specimens.

The type species C. japonicus Kobayashi and
Ichikawa (1952) has a wide variability of shell shape
which was interpreted originally as representing differ-
ent species, but the hinge details are not properly pre-
served to establish a detailed comparison.

Shell shape is closest to C. varidus Hayami (1957,
pl. 12, Figs. 1-6; 1975, pl. 4, Fig. 9), from the Early
Jurassic (Pliensbachian?) of Japan, but this species lacks
lunule and escutcheon and the two cardinal teeth on the
right valve are weaker than in C. /lanesae. The other
Early Jurassic Japanese species, C. ovatus Hayami
(1957, pl. 12, Figs. 7—12) lacks an umbonal carina and
adults are smaller than C. lanesae n. sp. Cardinioides
magnus Kobayashi and Hayami (in Kobayashi et al.,
1963), from Thailand is only known from internal
moulds and thus cannot be compared in detail.

Cardinioides fidus Kurushin (1990, pl. 2, Fig. 5), and
Cardinioides tolli Kurushin (1990, pl. 2, Fig. 6-8), both
from the upper Triassic of eastern Siberia have very
elongated shells, at least twice as long as high.

Cardinioides josephus Newton et al. (1987, Fig. 45),
from Norian beds of Oregon, USA, is smaller, more
elongated and less inflated than the specimens from
Argentina. The specimen from Rhaetian beds of Sonora,
Mexico, referred by McRoberts (1998, Fig. 3.12) to
Cardinioides sp. is less inflated and has the umbones
more posteriorly placed than C. lanesae n. sp., but its
hinge region is unknown.

The shells of some species of Hayamina Ohta, from
the Early Cretaceous of Japan, are externally very sim-
ilar to those of the new species, but hinge characters are
different (Kozai and Ishida, 2003; Kozai et al., 2005).

Trigonodus xiaobolangensis Yin and Grant-Mackie
(2005), from late Triassic beds of Tibet, has a well-
developed umbonal ridge, smaller size, and a less robust
dentition with the anterior cardinal in the right valve
larger than in C. lanesae.

From the scarce record of Mesozoic Unionidae from
South America, the genus Tacuaremboia Martinez et al.
(1993), from freshwater deposits of Uruguay (age unde-
fined between late Triassic and late Jurassic) is quite
different: its shells are very large (more than 30 cm long)
and edentulous.

External appearance of C. lanesae is very similar to
some species from the Triassic of Europe referred to
Unionites, such as Unionites donaciformis (von
Schlotheim), but the hinge characters are completely
different (see for instance material figured by Geyer
et al.,, 2005) and the new species has much thicker
shell. The external similarity applies also to species of
Neomiodon Fischer and Eomiodon Cox, which all have
lucinoid hinges with well developed anterior teeth (see
Casey, 1955; Huckriede, 1967).
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