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First Jurassic brittlestar from Neuquén Basin, Argentina
DÉBORA M. CAMPETELLA, EVANGELINA E. PALÓPOLO, MAXIMILIANO N. RODRÍGUEZ, 
BEN THUY, JUAN J. PONCE, NOELIA B. CARMONA, and SILVIO CASADÍO

Campetella, D.M., Palópolo, E.E., Rodríguez, M.N., Thuy, B., Ponce, J.J., Carmona, N.B., and Casadío, S. 2023. First 
Jurassic brittlestar from Neuquén Basin, Argentina. Acta Palaeontologica Polonica 68 (X): xxx–xxx.

Articulated fossil ophiuroids from South America were reported for the Devonian, Cretaceous, Eocene, and Miocene. Here 
we report the first Jurassic record of an articulated ophiuroid from the Sierra Chacaicó Formation (early Pliensbachian–
Sinemurian) in Neuquén Basin, Argentina, and discuss the taphonomic processes that allowed its preservation. The Sierra 
Chacaicó Formation represents the onset of the Early Jurassic extensive marine transgression in the basin. The basal 
section comprises shoreface and offshore Gilbert-type delta system, which was affected by hyperpycnal discharges. The 
middle and upper sections are represented by offshore deposits, affected by storms and eroded by hyperpycnal channel-
levee systems. The ophiuroid specimen was found in levels of massive, fine, tuffaceous sandstone beds and covered 
by coarse sandstone containing a large amount of plant debris and organic matter. It was preserved articulated, with a 
complete disc and almost complete arms. Based on the microstructure of the spine-bearing lateral arm plates, the ophi-
uroid is assigned to Sinosura, an extinct genus of the family Ophioleucidae, widespread in the Lower Jurassic deposits 
of Europe but previously unknown from other parts of the world. The posture of the ophiuroid, with one arm curved 
distally and extended in one direction and the other four arms symmetrically oriented in the opposite direction, suggests 
a walking or escape movement frozen in time. This implies that the ophiuroid was buried alive by sediment thick enough 
to prevent successful escape. The taphonomic and sedimentologic evidence indicates that the fossil material was found in 
hyperpycnal deposits accumulated in offshore positions, which carried a high concentration of sediment in suspension.

Key words:  Echinodermata, Ophiuroidea, Sinosura, Pliensbachian, Sierra Chacaicó Formation, Neuquén Basin, 
Argentina.
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Introduction
Preservation potential of articulated echinoderms depends 
on their body plan, the nature of their multi-elemental skele-
ton, the coelomic cavity extension and the strength of ossicle 
articulations (Ausich et al. 2001; Brusca and Brusca 2003). 
Additionally, environmental parameters (such as salinity, 
oxygenation, sediment supply, presence of scavengers, etc.), 
and taphonomic processes (e.g., disarticulation, transport, 

fragmentation and bioerosion, among others) contribute to 
complete disintegration of specimens within hours to days 
(Brett et al. 1997; Nebelsick 2004).

Ophiuroids are characterized by a small, round disc and 
long, flexible arms. The ophiuroid skeleton consists of a 
multitude of millimeter-sized, calcitic ossicles. The arms are 
composed of a central ossicle called vertebrae, surrounded 
by dorsal, ventral, and lateral ossicles, the latter generally 
yielding spines. Due to the weak ossicle connections, ophi-
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uroid skeletons generally disarticulate rapidly after death 
(Brett et al. 1997; Thuy et al. 2012; Reid et al. 2019).

As a result, ophiuroid remains are most commonly 
found as isolated skeletal ossicles in micropaleontologi-
cal sieving residues (Thuy et al. 2020). Articulated fossil 
ophiuroids, in contrast, are exceptional fossils restricted to 
particular taphonomic windows such as “brittle star beds”, 
i.e., layers containing hundreds or thousands of specimens 
(Aronson 1989; Martínez et al. 2010). Occurrences of ophi-
uroids preserved intact are interpreted as a result of the 
combination of multiple factors: (i) little or no transport; (ii) 
rapid burial without subsequent reworking; (iii) anoxia or 
dysoxia; and (iv) occurrence in fine to very fine sediments 
(e.g., Seilacher 1976; Shroat-Lewis 2007; Zatoń et al. 2008; 
Reid et al. 2019).

Articulated fossil ophiuroids from South America were 
reported mainly from the Devonian (Ruedemann 1916; 
Haude 1995; Fraga and Vega 2020), Cretaceous (Fernández 
et al. 2019), Eocene (Furque and Camacho 1949; Malumián 
and Olivero 2005), and Miocene (Caviglia et al. 2007; 
Martínez and del Río 2008; Martínez et al. 2010). In the 
Neuquén Basin, ophiuroids are recorded in the Agua de la 
Mula Member of the Lower Cretaceous Agrio Formation, 
both as isolated ossicles and as articulated remains (Fernán
dez et al. 2019). The present finding represents the oldest 
Mesozoic and the first Jurassic record of an ophiuroid from 
South America. The aim of the present publication is to 
describe a new record of an articulated ophiuroid from the 
Pliensbachian Sierra Chacaicó Formation, and to discuss its 
systematic position, and to interpret the taphonomic pro-
cesses involved in its preservation.

Institutional abbreviations.—CONICET, Consejo Nacio
nal de Investigaciones Científicas y Técnicas, Ciudad 
Autónoma de Buenos Aires, Argentina; IIPG, Instituto de 
Investigación en Paleobiología y Geología, General Roca, 
Río Negro, Argentina; MOZ-PI, Museo Oslacher de Zapala, 
Colección Paleoinvertebrados, Zapala, Neuquén Argentina; 
SEGEMAR, Servicio Geológico Minero Argentino, Centro 
General Roca, Río Negro, Argentina; UNRN, Universidad 
Nacional de Río Negro, General Roca, Río Negro, Argentina.

Other abbreviations.—EDS, Energy Dispersive Spectros
copy.

Geological setting
The Sierra de Chacaicó locality is situated in the central-
western area of the Neuquén Basin, 50 km South from the 
town of Zapala (Fig. 1A). It represents an anticlinal structure, 
whose axis is oriented to the NNE and the associated depos-
its verge towards the west (Franzese et al. 2007). The age 
of the rocks exposed at Sierra de Chacaicó ranges from the 
late Paleozoic to the Early Cretaceous (Pángaro et al. 2009). 
The basement is composed of metamorphic rocks from 

Piedra Santa Formation (Devonian–upper Carboniferous) 
(Franzese 1995), and it is intruded by the Chachil Plutonic 
Complex (upper Carboniferous–lower Permian) (Leanza 
1990; Leanza and Hugo 1997; Leanza et al. 2005; Pángaro 
et al. 2009). Syn-rift deposits comprise volcanic, pyroclastic 
and sedimentary rocks from the Lapa Formation (Fig. 1B, 
C) of Late Triassic–Early Jurassic (early Sinemurian) age 
(Leanza and Hugo 1997; Leanza et al. 2005; Franzese et 
al. 2007; Pángaro et al. 2009). The beginning of the post-
rift deposition period is represented by the Sierra Chacaicó 
Formation (Fig. 1B, C) (Lower Jurassic; Sinemurian–lower 
Pliensbachian) which is composed of volcaniclastic beds 
deposited in shallow-marine environments (Gulisano and 
Gutiérrez Pleimling 1995; Leanza and Hugo 1997; Leanza 
et al. 2005; Pángaro et al. 2009; Ponce et al. 2015).

The Arroyo Lapa is a classic section (Fig. 1C) exposed 
at the margins of the homonymous stream, cutting out the 
South Margin of the Sierra de Chacaicó anticline struc-
ture. In this section, the oldest rocks of the Cuyo Group 
correspond to the Sierra Chacaicó Formation, representing 
the onset of the Early Jurassic extensive marine transgres-
sion in the Neuquén Basin (Volkheimer 1973; Leanza and 
Hugo 1997). The content of ammonites and radiolarians 
described in this area allowed assigning the Sierra Chacaicó 
Formation to the Pliensbachian (Hillebrandt 1981; Pujana 
1996). In the basal section, this unit comprises a thick suc-
cession of calcareous and tuffaceous sandstone beds, which 
towards the top are intercalated with heterolites with abun-
dant phytodetritus. These deposits are attributed to shore-
face and offshore, Gilbert-type deltaic system affected by 
hyperpycnal flows (Carmona et al. 2016). The middle and 
upper sections are represented by offshore environments, 
reworked by storms and eroded by hyperpycnal flows, that 
produce channel-levee systems (Ponce et al. 2015; Carmona 
et al. 2016). The Sierra Chacaicó Formation is covered by 
a thick succession of tabular mudstone and sparse fine 
tuffaceous sandstone with tabular geometry, included in 
the Los Molles Formation (Weaver 1931) and interpreted 
as offshore-shelf deposits affected by storms and eroded 
by hyperpycnal flows (Volkheimer 1973; Volkheimer and 
Quattrocchio 1993; Gulisano and Gutiérrez Pleimling 1995; 
Ponce et al. 2015; Campetella 2022).

Material and methods
The fossil material was collected at the Arroyo Lapa local-
ity (GPS coordinates: 39°23’21.6”S; 70°25’21.4”W), where 
a conventional sedimentological analysis was conducted, 
comprising measurement of the stratigraphic section and a 
detailed facies description. Integration of these data allowed 
inferring the depositional environment and the main tapho-
nomic features found in this setting.

In particular, taphonomic attributes such as transport, 
disarticulation, replacement and recrystallization were eval-
uated. Mineralogical, textural and compositional descrip-
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tion of the surrounding sediment was made based on a thin 
section perpendicular to stratification in a binocular micro-
scope Nikon SMZ800.

The fossil was observed with a ZEISS®-AXIO Ima
ger A2m optical microscope, and photographed with 
AxioCamEL®. Furthermore, detailed SEM images were 
taken using Zeiss® Scanning Electronic Microscope, model 
Evo MA 15, and EDS studies were performed in order to 
determine cement and framboidal surrounding structures. 
Fossil measurements were taken with ZEN 2 core v.2.4 soft-
ware. Illustrations and figures were made using CorelDraw 
and Adobe Illustrator software.

The studied ophiuroid was temporarily transported to the 
Instituto de Investigación en Paleobiología y Geología (IIPG) 
for identification and imaging and subsequently deposited 
at Museo Olsacher de Zapala under MOZ-PI-5930 num-
ber. Fossil study was authorized by Dirección Provincial de 
Patrimonio Cultural, Gobierno de la Provincia de Neuquén.

Results
The Sierra Chacaicó Formation, exposed at the Arroyo 
Lapa section, is characterized by a progradational sequence 

Fig. 1. Location and sedimentological section in the studied area. A. Location map of the Neuquén basin in west-central Argentina, showing the study area. 
B. Sedimentological section in the Arroyo Lapa locality, showing the massive levels where the ophiuroid specimen was collected. C. Satellite image of the 
Arroyo Lapa locality showing the boundaries of the Lapa, Sierra Chacaicó and Los Molles formations (Google Earth, access April 2022).
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(Fig.  2A). The studied section begins with a fossiliferous 
limestone layer yielding ammonites and continues with si-
liciclastic deposits composed by an intercalation of mas-
sive, very fine, tuffaceous sandstone and siltstone beds, with 
parallel lamination, tangential cross-bedding and symmet-
rical ripples at the top of the beds (Table 1). These layers 
intercalate with tabular, massive, coarse sandstone to fine 
conglomerate (Fig. 2A), showing parallel lamination and 
cross-stratification structures in some cases (Table 1). The 
aforementioned strata bear numerous plants and phytodetri-
tus (Fig. 2B). The biogenic structures associated with massive 
and laminated siltstone are dominated by the ichnospecies 
Chondrites intricatus Brongniart, 1823 (Fig. 2C), followed 
in abundance by Trichichnus isp. (Fig. 2D), Phycosiphon 
incertum Fischer-Ooster, 1858 (Fig. 2E), and Phymatoderma 
isp. (Fig. 2F; Table 1). On the other hand, in the massive, lam-
inated and rippled sandstone deposits, Chondrites intricatus 
and Phycosiphon incertum are present, albeit Nereites isp. 
(Fig. 2G) is the dominant ichnogenus (Table 1). These trace 
fossils are found isolated and present low ichnodiversity and 
abundance. Interestingly, in finer deposits, the occurrence of 
pyrite framboids was also recorded.

The fossil ophiuroid was found 20 m from the base of 
the Sierra Chacaicó Formation (Fig. 1B), in a massive fine 
tuffaceous sandstone, between two levels of fine tuffaceous 
sandstone with parallel lamination. Based on petrographic 

analysis of the fossil-bearing level, it was classified as a 
quartz wacke (Dott 1964 modified by Williams et al. 1982). 
The quartz grains are very fine, poorly sorted, angular to 
subangular (Fig. 3A, B), and are associated with a lower 
proportion of plagioclase, muscovite, biotite, pyrite, and 
glauconite grains (Fig. 3A–D). Abundant organic remains 
consisting of bryozoans (Fig. 3D), foraminiferal and radio-
larian remains (Fig. 3E), sponge spicules, pyritized bivalves 
(Fig. 3F), and phytodetritus were also observed (Fig. 3).

Unfortunately, only one side of the ophiuroid specimen 
was available for study, whereas the counterpart was lost 
during recovery in the field. Skeletal material is moderately 
to poorly preserved (Fig. 4A). Some disc and arm ossicles 
are lost, probably due to dissolution, while others are pre-
served as low-magnesium calcite plates, showing structural 
differences with other ossicles (Fig. 4C). Most of the arm 
and disc ossicles are covered by limonite and alterated py-
rite framboids, growing above the pores of the original ste-
reom structure (Fig. 4D, G, H). In addition, pyrite alteration 
is present in the border of the specimen, demarcating the 
fossil boundaries (Fig. 4A, C, F).

The specimen is preserved with the disc in subhorizon-
tal position, and an arm extended in one direction, partially 
curved distally. The other four arms are symmetrically ori-
ented in the opposite direction and lack the distal segments 
(Fig. 4A, B).

Table 1. Facies table exposing the main sedimentological, ichnological and depositional features.

Facies Lithology Sedimentary 
structures Ichnogenera Paleoenvironmental interpretation

F1 siltstone massive Chondrites, Phycosiphon, 
Phymatoderma, Trichichnus flocculation through hyperpycnal plume

F2 siltstone parallel  
lamination

Chondrites, Phycosiphon, 
Trichichnus

precipitation through marine water column or precipitation 
through hypopycnal plume

F3 limestone massive – precipitation from saturated sea water in absence  
of siliciclastic sedimentation

F4 very fine to fine  
tuffaceous sandstone massive Chondrites, Phycosiphon rapid loss of flow competence that inhibits the development 

of sedimentary structures associated to hyperpycnal flows

F5 very fine to fine  
tuffaceous sandstone

parallel  
lamination Nereites traction processes in low to high flow regimen associated  

to hyperpycnal flows

F6 very fine to fine  
tuffaceous sandstone

tangential 
cross-bedding –

deposited from a unidirectional flow under conditions  
of low regimen and sediments in suspension, associated  

to hyperpycnal flows

F7 very fine to medium 
tuffaceous sandstone

symmetrical 
ripples Nereites reworking of moderate energy oscillatory flows related  

to storm

F8 coarse sandstone to fine 
conglomerates massive – rapid loss of flow competence that inhibits the development 

of sedimentary structures associated to hyperpycnal flows

F9 coarse sandstone to fine 
conglomerate

parallel  
lamination – traction processes in low to high flow regimen associated  

to hyperpycnal flows

F10 coarse sandstone to fine 
conglomerate

tangential 
cross-bedding –

deposited from a unidirectional flow under conditions  
of low regimen and sediments in suspension; associated  

to hyperpycnal flows

Fig. 2. Outcrop characteristics of the Sierra Chacaicó section. A. Panoramic view of the prograding clinoforms of Gilbert-type delta affected by hyper
pycnal discharge in Sierra Chacaicó Formation at Arroyo Lapa locality. B. Levels of tuffaceous sandstone facies with phytodetritus towards the top (ar-
rows). C. Chondrites intricatus Brongniart, 1823 (Ch) in massive siltstone. D. Trichichnus isp. (Tr) at the top of very fine massive tuffaceous sandstone. 
E. View in section of Phycosiphon incertum Fischer-Ooster, 1858 (Ph) in very fine massive tuffaceous sandstone. F. View in section of Phymatoderma 
isp. (Phm) in massive siltstone. G. Nereites isp. (Ne) at the top of medium tuffaceous sandstone.

→
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Fig. 3. Microscopic characteristics of the ophiuroid-bearing level. In all photomicrographs it is possible to identify the matrix (mtx). A. Photomicrograph 
of the level containing the ophiuroid fossil, showing phytodetritus (Ft), lithic fragments (Lt), muscovite (Ms), plagioclase (Pl), and angulose quartz (Qz). 
B. Photomicrograph of the level containing the ophiuroid fossil, showing biotite (Bt), phytodetritus (Ft), lithic fragments (Lt), plagioclase (Pl), fram-
boidal pyrite (Py), and angulose quartz (Qz). C. Photomicrograph of the level containing the ophiuroid fossil showing biotite (Bt) and glauconite (Gl). 
D. Photomicrograph of the level containing the ophiuroid fossil showing fragments of bryozoans (Br), biotite (Bt), phytodetritus (Ft), and framboidal 
pyrite (Py). E. Photomicrograph of the level containing the ophiuroid fossil showing foraminifera (Fo), and phytodetritus (Ft). F. Photomicrograph of the 
level containing the ophiuroid fossil showing piritized bivalve (Bv), phytodetritus (Ft), and plagioclase (Pl).
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Systematic palaeontology
Phylum Echinodermata Klein, 1778
Subphylum Asterozoa Zittel, 1895
Class Ophiuroidea Gray, 1840
Superorder Ophintegrida O’Hara, Hugall, Thuy, 
Stöhr, and Martynov, 2017
Order Ophioleucida O’Hara, Hugall, Thuy, Stöhr, 
and Martynov, 2017
Family Ophioleucidae Matsumoto, 1915
Genus Sinosura Hess, 1964
Type species: Acroura brodiei (Wright, 1866), by original designa-
tion; middle Lias (Lower Jurassic), Hewletts Hills near Cheltenham, 
Gloucestershire, UK.

Diagnosis (modified from Thuy and Numberger-Thuy 2021). 
—Ophioleucid genus with very large, rounded triangular ra-
dial shields surrounded by small disc scales covered by large, 
scattered granules; arms slender, cylindrical; large tentacle 
pores covered by large, oval scales; lateral arm plates thin, 
fragile, strongly arched, with conspicuous vertical striation 
on outer surface; ventral portion strongly protruding ventro-
proximalwards; numerous small spine articulations directly 
adjacent to distalmost stripe of outer surface striation; row 
of spine articulations distally bordered by very wide, thin, 
smooth shelf forming a ventralward-protruding ventro-distal 
tip of the lateral arm plate; regular arm spines with a coarse 
longitudinal striation; in some species small, specialized, 
saw-like dorsalmost arm spines.

Sinosura sp.
Figs. 4, 5.

Material.—Single articulated specimen preserved as 3D ossi-
cles and moulds (MOZ-PI-5930) from Arroyo Lapa, Neuquén, 
Argentina, Sierra Chacaicó Formation, Lower Jurassic.
Description.—Disc diameter is 2.06 mm, each arm segment 
is 0.53 mm long, and the maximum arm length is 16.79 mm 
(Fig. 4A, C). The specimen exposes the ventral side. The 
interradial disk skeleton is poorly preserved and shows no 
discernible structures such as disc scales or genital plates. 
The mouth skeleton is composed of five pairs of slender 
oral plates, with oval lateral oral papillae sensu lato and a 
single, slender, pointed ventralmost tooth (Fig. 5A). The 
exact number and arrangement of the lateral oral papillae 
sensu lato are not discernible. The adoral shields are slender 
and meet in front of a large, arrow-shaped oral shield. The 
vertebrae are preserved both in 3D and as molds (Fig. 4D, 
E, 5A) and mostly expose a large ventral furrow. Some of 
the lateral arm plates are sufficiently well preserved to show 
microstructural details. They are relatively long and very 
thin. Their outer surface shows a fine, very well developed 
vertical striation composed of imbricate lamellae (Fig. 5B, 
C). The spine articulations are small and directly adjacent 
to the distalmost lamella of the outer surface striation. They 

are composed of arched dorsal and ventral lobes (Fig. 5B) 
encompassing a comma-shaped muscle opening, and carry 
relatively thick, cylindrical arm spines whose length equals 
at least half of the segment length (Fig. 4F, 5C). Some arm 
spines are disarticulated and/or broken (Fig. 4E, F). The ven-
tral portion of the lateral arm plates seems to be very large 
and strongly protruding ventralwards. It is deeply incised by 
a large, ventralwards pointing tentacle notch (Fig. 5C).
Remarks.—In spite of the poor preservation of the ophiuroid 
skeleton, some diagnostic characters are visible and allow 
for a taxonomic interpretation of the specimen. The features 
pertaining to the lateral arm plates are of greatest value. 
Their overall shape and fragility, the conspicuous outer sur-
face striation, the shape and position of the spine articula-
tions and the size and orientation of the tentacle pores all 
suggest an assignment to the ophioleucid genus Sinosura 
(Hess 1964; Thuy and Numberger-Thuy 2021). The shape of 
the oral shield and the oral papillae and teeth are in agree-
ment with an assignment to Sinosura (Hess 1964). The very 
large ventral portion of the lateral arm plates and the large 
size and conical shape of the arm spines suggest closest af-
finities with Sinosura dieschbourgae Thuy and Numberger-
Thuy, 2021, from the lowermost Toarcian of Luxembourg 
and Germany. The poor preservation of the specimen from 
the Neuquén Basin, however, precludes a conclusive com-
parison with the currently known species of the genus.

So far, Sinosura has been recorded from the Jurassic and, 
albeit with some doubt, from the uppermost Cretaceous of 
Europe (Stöhr et al. 2021). Species of this genus were espe-
cially common components of Early Jurassic soft-bottom 
communities and also occurred in poorly oxygenated settings 
(Thuy et al. 2011; Thuy and Numberger-Thuy 2021). The 
specimen described herein adds the first South American 
record of Sinosura and thereby significantly expands the 
paleogeographic range of the genus.

Discussion
Rapid burial, low oxygen concentration and low decay rates 
are commonly claimed as the main factors allowing for 
the preservation of articulated brittle star skeletons in a 
marine depositional setting (Schäfer 1972; Brett et al. 1997; 
Martínez et al. 2010).

In the Sierra Chacaicó Formation, the ophiuroid speci-
men was found in levels of massive fine tuffaceous sand-
stone accumulated by mechanical processes, covered 
by coarse sandstone with a large amount of plant debris 
and organic matter. This type of deposit can be produced 
by the continuous aggradation of a sustained flow with 
high concentration of suspended sediments, or in areas of 
slope change where hydraulic jumps and collapse of the 
suspended load occur (Bursik and Woods 1996; Branney 
and Kokelaar 2002; Ponce and Carmona 2011; Ponce et al. 
2018). Both processes are produced by hyperpycnal flows. 
Hyperpycnal discharges provide a large volume of organic 
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matter (phytodetritus and wood fragments) and fresh water, 
as interstitial fluid, resulting in brackish conditions of the 
systems. In addition, the presence of laminated mudstone 
with framboidal pyrite and limonite, and the occurrence of 
the ichnospecies Chondrites intricatus and Trichichnus isp., 
generated by infaunal deposit feeders or chemosymbiotic 
organisms (Bromley and Ekdale 1984; Savrda and Bottjer 
1991; Kędzierski et al. 2015), suggests dysoxic conditions 
(Wignall and Newton 1998; Ponce et al. 2015; Carmona et 
al. 2016; Rickard 2019; Campetella et al. 2020).

Ophiuroids can escape rapid burial when covering sedi-
ment is 1–3 cm thick, moving towards the sediment surface, 
but are entombed alive when the sediment cover is thicker 
than 5 cm (Reid 2017). In some cases, ophiuroids can move 
within the sediment, trying to escape from the sediment 
deposition, but eventually they die and are preserved in 
walking or escape positions (Ishida and Fujita 2001; Reid et 
al. 2019). The disc and arm arrangement of the studied spec-
imen is similar to the “walking posture” of fossil and Recent 
Ophiura sarsii sarsii illustrated by Ishida and Fujita (2001). 

Fig. 4. Ophioleucid ophiuroid Sinosura sp. (MOZ-PI-5930) from the lower Pliensbachian of Sierra Chacaicó Formation, Arroyo Lapa locality, Neuquén, 
Argentina. A. General view of the studied specimen. B. Diagram of ophiuroid burial position, note that the unpaired arm is oriented in the opposite direc-
tion of the other four arms. C. Detail of the central disc. D. Close view of the unpaired arm, arrows showing pyrite framboids. E. Close view of a paired 
arm, arrows showing limonite covering striated lateral ossicles. F. Unpaired arm close view, arrows showing spines. G. SEM caption of arm lateral ossicle, 
stereom structure is obscured by the presence of pyrite framboid aggregation. H. Radiolarian test preserved near the ophiuroid arm.
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Usually, this posture is adopted by ophiuroids while moving 
towards the direction of the unpaired arm (Fig. 4A, B; Ishida 
and Fujita 2001; Reid 2017), suggesting that the studied brit-
tle star was buried alive by sediment thick enough to prevent 
it from escaping (Reid et al. 2019). It cannot be entirely 
ruled out that the ophiuroid was transported alive before 
being buried. The absence of broken arms as a result of me-

chanical stress during transport, however, suggests burial in 
situ. This implies that the ophiuroid lived in dysoxic condi-
tions. In this respect, our finding parallels previous reports 
of Sinosura from dysoxic settings (Hess 1991; Thuy and 
Numberger-Thuy 2021).

Specimen preservation suggests that, after burial, the 
taphonomic history was complex, involving several stages. 

Fig. 5. Ophioleucid ophiuroid Sinosura sp. (MOZ-PI-5930) from the lower Pliensbachian of Sierra Chacaicó Formation, Arroyo Lapa locality, Neuquén, 
Argentina. A. Mouth skeleton of the studied specimen in ventral view, showing the vertebrae (V) of two arms, one oral shield (OS) proximally bordered by 
the adoral shields (AOS), a pair of oral plates (OP) and a ventralmost tooth (T). B. Detail of the lateral arm plates (LAP) showing the vertical striation and 
the spine articulations composed of dorsal (DL) and ventral lobes (VL), with an arrowing showing pointing to the distal (di) end of the arm. C. Detail of 
proximal arm segments in ventral view, showing the striated lateral arm plates (LAP), the arm spines (AS) and the tentacle notches (TN), with an arrowing 
showing pointing to the distal (di) end of the arm.
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The organism was entombed below the oxic-anoxic redox 
interface by deposition of a thick layer of sediment carry-
ing a high amount of particulate organic matter (POM). 
During early diagenesis, skeletal material was replaced by 
more stable low-magnesium calcium carbonate. At a later 
time, an iron enriched fluid circulated through the sedi-
ment, generating the precipitation of pyrite framboids above 
the ossicles, obliterating the stereom structures and partially 
dissolving the skeletal calcite. Finally, the specimen was ex-
posed and experienced oxidation processes, resulting in the 
weathering of pyrite into limonite and other ferric oxides, 
as commonly happens with fossils preserved in dysoxic and 
euxinic layers (Glass et al. 2003; Hernick et al. 2008).

Conclusions
The studied material represents the earliest Mesozoic record 
of brittle stars in South America.

The specimen belongs to the extinct ophioleucid genus 
Sinosura and represents the first record of this genus outside 
Europe.

The brittle star specimen is preserved almost completely, 
in situ and in a “walking posture”, suggesting that the organ-
ism was buried alive. Low oxygenation and rapid, definite 
burial favored the preservation of the articulated ossicles.

The taphonomic and sedimentologic evidence indicates 
that these levels were accumulated in a prodelta/offshore 
setting, associated with episodic hyperpycnal flows.
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