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a b s t r a c t

The Puesto Díaz Quarry (Lohan Cura Formation, Lower Cretaceous of Neuqu�en Basin, Argentina) consists
of a monospecific dinosaur bone assemblage that includes 126 specimens from, at least, three individuals
of the rebbachisaurid sauropod Comahuesaurus windhauseni. The bonebed was originated as a debris
flow of an ephemeral-river bed, in distal areas of low relief. Bones are disarticulated, three-dimensionally
distributed through the host facies, showing a normal grading arrangement, which can be correlated
with the size, shape and hydraulic behavior inferred for each specimen. Taphonomic evidence suggests
that the bones did not experience a prolonged transport, and that these were quickly buried by the debris
flow event. The fact that there are more than one individual of the same species suggests a mass mor-
tality by a catastrophic event. Scattered skeletal elements would indicate that the corpses must have
been subaerially exposed, long enough to allow disarticulation by scavenging, decay, and defleshing.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The Lower Cretaceous continental deposits of the Neuqu�en Ba-
sin have yielded relatively few dinosaur bones. Most fossils have
been recovered from La Amarga Formation (Bonaparte,1986,1996a,
1996b; Chiappe, 1988; Salgado and Bonaparte, 1991; Salgado et al.,
2006; Apesteguía, 2007), whose age has been estimated by Leanza
(2003) as Barremian-early Aptian.

The Lohan Cura Formation, of presumed Aptian-Albian age, was
formally established by Leanza and Hugo (1995) and consists of a
sequence of red beds, 177 m thick, bounded by the Pichineuque-
nican and the Patagonidican unconformities (Leanza, 2009). Ac-
cording to these workers, the Lohan Cura Formation can be divided
into two members, in ascending order, Puesto Quiroga and Cullín
Grande (Leanza and Hugo, 1997). This last unit has yielded diverse
vertebrate fossils, mainly represented by the sauropods Agustina
ligabuei (Bonaparte, 1999) and Ligabuesaurus leanzai (Bonaparte
.

et al., 2006), as well as fish, chelonian, crocodilian and theropod
dinosaur remains (Martinelli et al., 2007).

The fossiliferous locality in the lower section of the Lohan Cura
Formation, referred to as Puesto Díaz Quarry, is situated approxi-
mately 48 km to east of Catan Lil town (Fig. 1), on northern slope of
Cerro Aguada del Le�on, south central Neuqu�en Province, Argentina
(39� 340 54.300 S; 70� 50 18.800 W). The sauropod assemblage from the
Puesto Díaz Quarry is dominated by postcranial remains of, at least,
three individuals of the rebbachisaurid sauropod Comahuesaurus
windhauseni Carballido et al. (2012). This bone bed constitutes the
first record of fossils remains from the Puesto Quiroga Member
(Salgado et al., 2004).

Here, we present a study on the taphonomy and depositional
environment of this locality, and discuss some of the previous in-
terpretations on the paleoenvironment of the Puesto Quiroga
Member of the Lohan Cura Formation.

2. Methods

A trench approximately 32 m long, 2.5 mwide, and up to 2.00 m
deep was excavated in order to expose the bone bed. Approxi-
mately 150 m3 of sediment were removed from the quarry during
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Fig. 1. Location map. References: 1 ¼ village, 2 ¼ hill, 3 ¼ geographical spot, 4 ¼ river, 5 ¼ creek, 6 ¼ ephemeral creek, 7 ¼ national route, 8 ¼ provincial route, 9 ¼ trail,
10 ¼ sauropod quarry.
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four weeks of excavation conducted in December, 2002 and May,
2004.

The quarry map was compiled using a meter grid linked to the
lower contact plane of the bed, and orientations of elongate skeletal
elements were measured using a Brunton compass. The position of
the bones respect to the base of the bed wasmeasured using a tape.

Stratigraphic sections were measured and described during the
field work. Surficial characteristics of the bones were studied both
in the quarry and in the laboratory after preparation. The rock-color
codes employed in the lithological description correspond to the
“Rock-color Chart Committee” (1991) published by the Geological
Society of America.

Finally, the grain-size analysis of the sediments was made
following the conventional method of screening, in the petrological
laboratory of the Mining Bureau of the Neuqu�en Province
(Argentina).

3. Geologic setting

The Lohan Cura Formation represents a continental phase of
sedimentation, following the last Mesozoic Pacific transgression of
the Neuqu�en Basin. This phase was characterized by the emplace-
ment of extensive alluvial plains, developed in a back-arc basin
controlled by thermal subsidence during the Aptian and Albian
times (Andreis, 2001). This unit was deposited close to the southern
margin of the basin, occupying the area of the named Picún Leufú
Sub-basin (Hogg, 1993; Leanza and Hugo, 2011). Toward the
northern area of the Neuqu�en Basin (main depocenter), The Lohan
Cura Formation can be correlated with the muddy lacustrine and
saline lake deposits of the Rayoso Formation (Leanza and Hugo,
1999; Leanza, 2003; Zavala et al., 2006, Fig. 2). In this last case,
arid conditions were inferred for its depositional environment
(Vallati, 2006; Zavala et al., 2006).
Leanza and Hugo (1995, 1997) subdivided the Lohan Cura For-
mation into two members: in ascending order, Puesto Quiroga and
Cullín Grande. According to these workers, the Puesto Quiroga
Member consists of an 85 m thick succession of red color, medium
to fine-grained sandstone and mudstone, with intercalated thin
gray siltstone levels. In the lower part of the section, small
conglomerate lenses and paleochannels are present. Previous
studies have correlated this lower member with the Bajada Colo-
rada Formation (Leanza and Leanza, 1979; Rolleri et al., 1984), with
the uppermost part of the Rayoso Group, or with the lower units of
the Neuqu�en Group (Foucault et al., 1987). All these correlations
have been made mainly on lithological bases, although lacking of
detailed sedimentologic, paleoenvironmental and/or regional cor-
relation studies. However, according to the recent regional lithos-
tratigraphic scheme proposed by Leanza (2003), the Puesto Quiroga
Member is correlated with the Rinc�on and Quili Malal members
(lower section of the Rayoso Formation), and ascribed to the upper
Aptian (Fig. 2). This last scheme has been elaborated on the basis of
paleogeographic, paleoenvironmental, and microfossil data
(Leanza, 2003).

The overlying Cullín Grande Member is a 95 m thick package of
red-beds consisting of interbedded, coarse-grained sandstone, and
thin mudstones. Traditionally, these deposits have been correlated
with the Candeleros Formation (Cenomanian) of the Neuqu�en
Group (Leanza and Leanza, 1979; Rolleri et al., 1984). However,
Leanza (2003) correlated the Cullín Grande Member with the Pichi
Neuqu�en and Ca~nad�on de la Zorra members (Albian, upper section
of the Rayoso Formation).

In the Puesto Díaz fossiliferous site, the Puesto Quiroga Member
is 69 m thick, while the bone assemblage is situated approximately
55m from the base (Fig. 3). In this area, the Puesto QuirogaMember
is conformed in more than 90% of the total thick by dark red,
massive to laminated mudstones, with thin intercalations of



Fig. 2. Stratigraphy scheme of Lower Cretaceous strata of Neuqu�en Basin.
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greenish-gray, massive, fine-grained, quartzitic sandstones, and
scarce tuffaceous levels (Fig. 3). Discontinuous, poorly preserved
caliche horizons and faint root traces occur frequently within the
muddy beds.

Large scale sandstone bodies are scarce, being represented by
isolated, ribbon-like, channelized forms with an average thick of
1 m, reaching exceptionally a maximum thickness of 2 m. The
apparent lateral extension of these bodies in cross-section rarely
exceeds 11 m (Fig. 4). These deposits are conformed by yellowish
gray, medium to coarse-grained quartzitic sandstones. Their basal
contact is clearly erosive, and is commonly accompanied by abun-
dant pelitic intraclasts and small fine-grained conglomeradic lens.
Internally, these bodies contain an association of sedimentary
structures conformed by planar cross-stratification, trough cross-
stratification, low angle cross-stratification and horizontal stratifi-
cation, indicating a dominant tractive transport mechanism during
sedimentation. The architectural elements recognized in these
deposits (sensu Miall, 1996) are conformed by sandy bedforms and
reduced-size lateral accretion macroforms, suggesting the devel-
oped of small-size, sinuous channels (Shepard, 1987; Miall, 1992,
1996).

The presence of a dominant muddy succession with scarce,
small, and isolated channel bodies, allows inferring the existence of
a distal, poorly developed fluvial drainage network. In this sense,
the occurrence of sinuous, single-storey channel-bodies is consis-
tent with the development of an ephemeral fluvial distributary
system in medial to distal alluvial fans, where the decrease in slope
enables the generation of less confined and more sinuosity water
courses (Allen et al., 1983; Nichols and Fisher, 2007). Sporadic un-
confined flood deposits are represented by the occasional occur-
rence of the thin tabular, fine-grained sandy bodies (Tunbridge,
1981; Collinson, 1986; Bridge and Demico, 2008). The abundance
of caliche in paleosoils, as observed in this succession, is indicative
of marked alternance of wet and dry seasonal periods, under a
prevailing warm to hot semiarid climatic condition (Leeder, 1975;
Watts, 1980; Esteban and Klappa, 1983; Jerzykiewicz and Sweet,
1987; Smith, 1990). Thin ash-fall levels can be attributed to the
distal source of pyroclastic deposits.
This scenario is consistent with the occurrence of terminal
fans or endorheic basin deposits developed under arid conditions
(Parkash et al., 1983; Kelly and Olsen, 1993; Nichols, 2007;
Nichols and Fisher, 2007), with the episodic source of pyroclas-
tic material proceeding from a distant magmatic arc. The recent
paleogeographic reconstruction elaborated by Leanza and Hugo
(2011) and Tunik et al. (2010) for the Lower Cretaceous of the
Neuqu�en Basin, are coincident with the proposed scheme in this
work.

4. Sedimentology of the Puesto Diaz quarry

The Puesto Diaz Quarry (39�34054.300 S, 70�05018.800 W) is
located on the south flank of an unnamed canyon emplaced close to
Cerro Aguada del Le�on, La Picasa area (Fig. 1). In this point, the
Puesto Quiroga Member outcrop is 2.80 m thick, being covered by a
fine bed of modern eolian and alluvial deposits. Along the outcrop
the bonebed is well exposed, forming a single channelized body
32.0 m width and 1.80 m thick, bounded by an erosive, concave up
base, which cut into underlying mudstones.

This fossiliferous bed is overlain in sharp contact by 0.30 m of
pedoturbated moderate pink mudstone (5R7/4), characterized by
the presence of caliche and root traces. Finally, the succession is
covered by thin (less than 0.70 m thick) channel-form, trough
cross-bedded sandstone, indicating a unidirectional current
trending toward NeNE (Fig. 3).

The bone bed facies that constituted themajor channelized form
consists of poorly sorted, fining-upward deposits, showing a
continuous change of the grain size and the lacking of clear internal
limits. The dominant lithology along the bonebed is represented by
massive muddy sandstones, of moderate orange pink color (10R7/
4). These deposits are unconsolidated, texturally immature, offer-
ing a cohesive aspect due to the presence of a high content of clay
(montmorillonite). The psamitic fraction is composed by quartz and
lithic grains of volcanic origin, showing a wide range of grain-size.

The base of this succession (the first 30 cm) contains isolated
extraformational pebbles and cobbles of quartz, granitic and vol-
canic composition, ranging between 2 and 12 cm in long axis. These



Fig. 3. Lithologic profile of the Puesto Díaz quarry.

Fig. 4. Characteristic paleochannel body of the Lohan Cura Formation. References:
CH ¼ channel body; FF ¼ floodplain fines.
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clasts are well-rounded, embedded within the muddy sandstone
matrix and showing a chaotic distribution. The presence and the
size clast decrease upward, being only represented by scarce fine to
medium-size pebbles.

These bone bed facies exhibit strong differences with the others
channel-fill deposits described previously for the Puesto Quiroga
Member (see geological context). Bone bed channel facies contains
a high proportion of fine-grained sediments, mainly composed of a
mixture of fine-grained sandstone, silt and mudstone (Fig. 5). The
lack of stratification is interpreted as a primary depositional
feature, because there is no indication of pedogenic modification
and/or other bioturbation processes. On the other hand, this
normally-graded bed is interstratified with other deposits that
exhibit pervasive stratification or pedogenic alteration (cf. Rogers,
2005; Eberth et al., 2006).



Fig. 5. Sediment grain size analysis of matrix from Puesto Díaz quarry. (A) Sample
taken from top of the bonebed. (B) Sample taken from middle part of the bonebed. (C)
Sample taken from bottom of the bonebed.
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5. Taphonomic features

The bone bed consists of a three-dimensional accumulation of
disarticulated bones that extends along 32 m of outcrop and over a
thickness of up to 1.85 m (Fig. 6). The bones show an up section
decrease in size; with different orientations according to their size
and shape.

During the field works, 126 identifiable elements, teeth and
postcranial bones, and 33 unidentified fragments were recovered
from the quarry. Ribs, limb bones, pelvic bones, and caudal verte-
brae are the most abundant components of the assemblage. Large
bones (femora, fibulae, humeri, ischia and pubes) are present
within these basal deposits (Fig. 6).

The material collected belongs to multiple subadult to adult
individuals of a single sauropod species: Comahuesaurus wind-
hauseni Carballido et al., 2012 (Salgado et al., 2004; Carballido et al.,
2012). The developmental stage of the specimens was based on
their size, comparable to other subadult to adult rebbachisaurid
specimens (Calvo and Salgado, 1995; Cerda, personal communica-
tion), and by the fact that all the axial elements preserved showed
fused neurocentral sutures, which is typical in subadult to adult
reptiles.

A minimum of three individuals of Comahuesaurus windhauseni
are represented by the presence of three right femora. With the
exception of a couple of isolated carcharadontosaurid theropod
teeth, no other taxon has been found at the quarry.

Generally, the bones show a clear superficial alteration that af-
fects the outermost layer of the bone tissue, which tends to disin-
tegrate in small grains. This is the reason because of which certain
taphonomical traits, such as marks of scavenging, are not preserved
(Fig. 7). Likely, the weathering that affects the outer layer of the
bone tissue is the result of hypergenesis during the stage of epi-
diagenesis of the sedimentary sequence. However, on the best-
preserved pieces, no significant damage can be observed. The
bones usually show light abrasion and moderate rounding as the
more conspicuous features, characteristics that can be originated
by attrition during the transport through a flow stream
(Behrensmeyer, 1975). The thinnest elements, such as ribs, can
show preburial breakage or fractures, unlike the larger or compact
bones, which aremostly undamaged. These fractures may be due to
multiple factors, such as trampling action or chewing by predators
(Voorhies, 1969; Hill, 1979; Bown and Kraus, 1981). In this sense,
and according to Holz and Barberena (1994), bone breakage by
transport is only admissible under the action of long and intense
streams.

The low degree of abrasion coupled with the fact that bone
surfaces are only moderately rounded, indicates that the bones at
Puesto Díaz have not experienced too much transport. The pre-
dominant presence of elements such as ribs, vertebrae, sacrum,
limb bones and phalanges, suggests a low dispersion of material,
supporting the idea that the bones were locally derived from a
surrounding place. Therefore, we infer that the breakage of some
bones may have been produced by trampling and/or scavengers
action.

Trend data collected from long bone orientations measured in
plan-view indicate that the large elements (such as limb and pelvic
bones), situated in the coarse-grained basal deposits, are oriented
sub-parallel to the trend of the paleochannel (NNE-SSW) and to the
paleoflows of the overlying deposits. Small concentrations of clasts
are deposited on the up-stream face of big bones. Contrarily, the
small pieces of bones (such as rib fragments, vertebrae, haemal
arches, neural spines, and other small-unidentified bones) are
distributed in higher levels of the quarry without any preferential
orientation.



Fig. 6. Puesto Díaz quarry map. References: c ¼ coracoid, cv ¼ caudal vertebrate, dv ¼ dorsal vertebrate, fe ¼ femur, fi ¼ fibula, ha ¼ haemal arch, hu ¼ humerus, il ¼ ilium,
is ¼ ischium, mc ¼ metacarpals, mt ¼ metatarsals, ns ¼ neural spine, p ¼ pubis, ti ¼ tibia, th(s) ¼ sauropod tooth, th(t) ¼ theropod tooth. Collection numbers in bold.
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6. Depositional interpretation

The presence of poorly organized, unstratified, unsorted,
matrix-supported polymictic clasts in a sandy to silty mud-rich
matrix, suggests fine-grained cohesive debris flow origin for this
bone-bearing deposit (Polansky, 1966; Smith, 1986; Pierson and
Costa, 1987; Fastovsky et al., 1995; Rogers, 2005; Eberth et al.,
2006).

The architecture and sedimentological features of the bone bed
at Puesto Diaz are consistent with the emplacement of a distal
debris flow deposited in areas of low relief, that allowed the
formation of wide, partially channelized lobes of sediment
(Polansky, 1966).

Apparently, two sources occurred in these deposits: one source
supplied unconsolidated detrital material, which constitutes the
main part of the debris flow; the other provided well-rounded
fluvial pebbles of igneous and volcanic rocks, which were incor-
porated during the advance and confinement of the debris flow on
a dry bed of an ephemeral river (cf. Polansky, 1966).

The support of large clasts and bones in debris flows is a func-
tion of the strength and cohesion of the matrix, buoyancy and
disperse pressure (Hampton, 1979; Smith, 1986). In debris flows,



Fig. 7. Anterior dorsal centrum showing superficial alteration. Scale bar: 10 cm.
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the transport of clasts occurs under turbulent conditions, but their
deposition takes place under a laminar flow regime (Polansky,
1966; Fastovsky et al., 1995). In this manner, bones and large
clasts can be incorporated in first instance to the flow, and then
transported by traction, buoyancy or a combination of both;
exhibiting differences in clast distribution, orientation and size
(Polansky, 1966; Fastovsky et al., 1995).

The normal grading in clay-rich debris flows is attributed to
differential gravitational settling of clasts within the flow (e.g.
Fischer and Schminke, 1984), which is favored with the distance
from the source area concomitant with a decrease in mean and
maximum size of the clasts (Pierson, 1982; Shultz, 1984; Smith,
1986). However, Vallance and Scott (1997) established a new
model of sedimentation in debris-flow deposits rich in large clasts,
where the mechanism of deposition is accretionary rather than in
mass. In the debris-flow wave model of Vallance and Scott (1997),
the flow scours and assimilates coarse material in its path. Thus,
longitudinal size sorting occurred along flow axis, with large clast
in front and smaller clasts behind. During the sedimentation, the
coarse-grained debris is deposited in first instance at the front, and
then is overlain by finer sediments sourced from the debris flow
site of origin (Vallance and Scott, 1997; Eberth et al., 2006).

As seen above, in Puesto Díaz Quarry, big bones and pebbles are
highly concentrated in the base, while in the major part of the
sequence the pebbles are isolated and scattered into a clay-rich
matrix. The pronounced switch of the grain-size and concentra-
tion of pebbles and big bones, on the one hand, and the remarkable
difference of thickness between the thin basal, coarse-grained de-
posits, and the overlain fine-grained deposit (thickness ratio 1/6),
on the other hand, are compatible with the model of Vallance and
Scott (1997). In fact, this marked clast-size, upward decreasing, can
be better explained as accretionary deposits, because in a differ-
ential gravitational settling of clasts a more gradual normal grading
is expected.

Following the accretionarymode of deposition, it is possible that
the debris flow did not have had energy enough to transport long
distances big clasts and bones, which finally were laid as “lag de-
posits” on the channel bed. In this regard, the concentration of
pebbles on the up-stream face of bones suggests that big bones
operated as obstacles, trapping some pebbles transported by trac-
tion. The orientation of the long (a) axes of the big bones parallel to
the flow is attributed to a preferential orientation of lesser resis-
tance to the shear stress effects (Walker, 1975; Lawson, 1979;
Houmark-Nielsen, 1983). In the case of the clasts, small bones,
and bone fragments contained into the muddy upper part of the
sequence, the buoyancy probably had a dominant role in the
manner of their transport of the minor size pieces. The inclusion of
isolated bones in a muddy matrix with no preferential orientation
supports this last hypothesis.
Modern subaerial debris flows occur in awide variety of settings
(Leeder, 1999; Eberth et al., 2006), which frequently result from
slope slipping and remobilization of poorly consolidated sediment
substrates. According to Eberth et al. (2006), debris flows can be
triggered by exceptional rainfall, seismic activity, volcanism, or by
changes in surface and substrate cohesiveness due to modification
of groundwater flow patterns, plant denudation, or climate change.

Sedimentological features of the Puesto Díaz deposits as
massive bedding, poor sorting, graded distribution of the coarse
component, and absence of current-flow sedimentary structures,
are considered by some workers and in modern environment, as
typical features of debris and mudflow deposits in alluvial fans and
alluvial environments, mainly in areas of pronounced relief or
where the slope stability is affected due to heavy rainfall (e.g.,
Leeder, 1982; Eberth et al., 2006).

We did not find evidences of contemporaneous tectonism or
volcanic activity that can be correlated with this debris flow event,
for what we speculate that a strong rainfall could be responsible of
the debris flow. The semiarid conditions that affected the basin
during this time, and a source area rich in pelitic sediment inferred
by the high content of clay in Puesto Díaz deposits, may have
contributed to source-slope instability during exceptional rain falls
(cf. Fastovsky et al., 1995; Rogers, 2005; Eberth et al., 2006).

7. Discussion

Mass accumulation suggests either mass death, or accumulation
of individual carcasses over time (Sander, 1992). In Puesto Diaz
assemblage the sedimentological evidences indicate that the bones
were likely accumulated by a single and rapid episode of sedi-
mentation, due to a suddenmud-rich debris flow originated up-dip
of a site of bone concentration. In this sense, the fact that the bones
correspond very probably to several individuals of a single species
(Comahuesaurus windhauseni) suggests a mass mortality, followed
by transport and deposition.

Unlike other cases where a single catastrophic event is proposed
as cause both of demise and burial, the record of disarticulated
bones in Puesto Diaz suggests that the corpses remained exposed
during a time long enough to allow decay and defleshing. Accord-
ingly, the presence of isolated theropod teeth can be interpreted as
shed by scavengers (e.g. Buffetaut and Suteethorn, 1989; Sander,
1992). Possibly, during this stage, the action of scavengers pro-
voked the breakage of some bones. The fact that the major group of
broken bones is represented by ribs could be due to scavenging,
because in actual examples, the rib breakage occurs when medium
and big scavengers try of removing and eat the viscera.

Sedimentological and taphonomical evidence suggests that the
disarticulated bones were concentrated over a short distance by a
debris flowwave event, which distributed them over a thickness of
1.80 m. The predominance of limb and axial bones may be
explained by a gradual selection of the bones, similarly to the
experimental data provided by Voorhies (1969). In this regard, the
horizontal and vertical bone arrangement observed in Puesto Diaz
may be related to the mode of transport and the hydraulic behavior
of each bone.

Many modern monospecific skeletal assemblages result from
drought-induced mortalities as consequence of the varying sus-
ceptibility of different species to adverse conditions (Conybeare
and Haynes, 1984; Rogers, 1990; Schwartz and Gillette, 1994;
Falcon-Lang, 2003).

8. Conclusions

The Puesto Díaz Quarry constitutes an exceptional three-
dimensional, monospecific bone assemblage for the Lower
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Cretaceous of Neuqu�en Basin, Argentina. At the moment, 126
specimens of at least three individuals belonging to the rebbachi-
saurid sauropod dinosaur Comahuesaurus windhauseni have been
recovered from this site.

Its sedimentologic setting shows that this bone bed was formed
and preserved in a debris flow deposit event, which operated under
an accretionarymechanism of deposition. Close examination of this
deposit suggests that, in this site, debris flow was partially chan-
neled along a dry course of an ephemeral river developed in low
relief distal areas.

Taphonomic evidence indicates that debris flow did not kill
these dinosaurs; contrarily, disarticulated bones, three-
dimensional distribution, and pre-burial bone features, suggest a
postmortem transport by debris flow. Bone distribution and their
spatial arrangement are in relation with their size, form and hy-
draulic behavior.

The fact that there are more than one individual of the same
species indicates a mass mortality by a catastrophic event, perhaps
induced by environmentally stressed conditions (e.g., drought).
Scattered skeletal elements indicate that the corpses must have
been enough time of subaerial exposition as for render possible the
bone disarticulation by a combined effect of scavenging, decay, and
defleshing.

Acknowledgments

We thank Dave Eberth and Raymond Rogers for useful sugges-
tions on an early version of the manuscript. This study is the result
of a cooperative project carried out by the Museo de Geología y
Paleontología of the Universidad Nacional del Comahue (Neuqu�en,
Argentina) and the Museo Provincial de Ciencias Naturales “Pro-
fesor Dr. Juan A. Olsacher” (Zapala, Neuqu�en, Argentina). Funds for
this project were granted by the Jurassic Foundation and the
Direcci�on Provincial de Minería (Neuqu�en Province, Argentina).

References

Allen, P.A., Cabrera, L., Colombo, F., Matter, A., 1983. Variations in fluvial style on the
Eocene-Oligocene alluvial fan of the Scala Dei Group, SE Ebro Basin, Spain.
J. Geol. Soc. Lond. 140, 133e146.

Andreis, R.R., 2001. Paleoecology and environments of the Cretaceous sedimentary
basins of Patagonia (Southern Argentina). Publicaci�on Especial 7 . In: Asociaci�on
Paleontol�ogica Argentina VII International Symposium on Mesozoic Terrestrial
Ecosystems, pp. 7e14. Buenos Aires.

Apesteguía, S., 2007. The sauropod diversity of the La Amarga Formation (Barre-
mian), Neuqu�en (Argentina). Gondwana Res. 12, 533e546.

Behrensmeyer, A.K., 1975. The taphonomy and paleoecology of Plio-Pleistocene
vertebrate assemblages of Lake Rudolf, Kenya. Bull. Mus. Comp. Zool. 146,
473e578.

Bonaparte, J.F., 1986. Sobre Mesungulatum houssayi y nuevos mamíferos cret�acicos
de Patagonia, Argentina. In: 4� Congreso Argentino de Paleontología y Bio-
estratigrafía, Actas 2, pp. 48e61. Mendoza.

Bonaparte, J.F., 1996a. Dinosaurios de Am�erica del Sur. Artes Gr�aficas Sagitario,
Buenos Aires.

Bonaparte, J.F., 1996b. Cretaceous tetrapods of Argentina. In: Arratia, G. (Ed.),
Contributions of Southern South America to Vertebrate Paleontology, Münch-
ner Geowissenschaftliche Abhandlungen, A 30, pp. 73e130.

Bonaparte, J.F., 1999. An armoured sauropod from the Aptian of northern Patagonia,
Argentina. In: Rich, T.H. (Ed.), Proceedings of the Gondwanan Dinosaur Sym-
posium. In: Vickers-Rich, P. (Ed.), National Science Museum Monographs 15,
pp. 1e12.

Bonaparte, J.F., Gonz�alez Riga, B.J., Apesteguía, S., 2006. Ligabuesaurus leanzai gen. et
sp. nov. (Dinosauria, Sauropoda), a new titanosaur from the Lohan Cura For-
mation (Aptian, Lower Cretaceous) of Neuqu�en, Patagonia, Argentina. Cretac.
Res. 27, 364e376.

Bown, T.M., Kraus, M.J., 1981. Vertebrate fossil-bearing paleosol units (Willwood
Formation, Lower Eocene, northwest Wyoming, USA): implications for
taphonomy, biostratigraphy and assemblage analysis. Palaeogeogr. Palae-
oclimatol. Palaeoecol. 34, 31e56.

Bridge, J.S., Demicco, R.V., 2008. Earth Surface Processes, Landforms and Sediment
Deposits. Cambridge University Press, New York, p. 815.

Buffetaut, E., Suteethorn, V., 1989. A sauropod skeleton associated with theropod
teeth in the Upper Jurassic of Thailand: remarks on the taphonomic and
paleoecological significance of such associations. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 73, 77e83.

Calvo, J.O., Salgado, L., 1995. Rebbachisaurus tessonei sp. nov. A new Sauropoda from
the Albian-Cenomanian of Argentina: new evidence on the origin of the Dip-
lodocidae. Gaia 11, 13e33.

Carballido, J.L., Salgado, L., Pol, D., Canudo, J.I., Garrido, A.C., 2012. A new basal
rebbachisaurid (Sauropoda, Diplodocoidea) from the Early Cretaceous of the
Neuqu�en Basin; evolution and biogeography of the group. Hist. Biol. 24,
631e654.

Chiappe, L.M., 1988. A new trematochampsid crocodile from the Early Cretaceous of
northwestern Patagonia, Argentina, and its paleobiogeographical and phylo-
genetic implications. Cretac. Res. 9, 379e389.

Collinson, J.D., 1986. Alluvial sediments. In: Reading, H.G. (Ed.), Sedimentary Envi-
ronments and Facies. Blackwell Scientific Publications, London, pp. 20e62.

Conybeare, A., Haynes, G., 1984. Observations on elephant mortality and bones in
water holes. Quat. Res. 16, 559e572.

Eberth, D.A., Britt, B.B., Scheetz, R., Stadtman, K.L., Brinkman, D.B., 2006. Dalton
Wells: geology and significance of debris-flow-hosted dinosaur bonebeds in the
Cedar Mountain Formation (Lower Cretaceous) of eastern Utah, USA. Palae-
ogeogr. Palaeoclimatol. Palaeoecol. 236, 217e245.

Esteban, M., Klappa, C.F., 1983. Subaerial exposure environment. In: Scholle, P.A.,
Bebout, D.G., Moore, C.H. (Eds.), Carbonate Depositional Environments, Amer-
ican Association of Petroleum Geologists, Memoir 33, pp. 1e54.

Falcon-Lang, H.J., 2003. Growth interruptions in silicified conifer woods from the
Upper Cretaceous Two Medicine Formation, Montana, USA: implications for
paleoclimate and dinosaur palaeoecology. Palaeogeogr. Palaeoclimatol. Palae-
oecol. 199, 299e314.

Fastovsky, D.E., Clark, J.M., Strater, N.H., Montellano, M., Hern�andez, R., Hopson, J.A.,
1995. Depositional environments of a Middle Jurassic terrestrial vertebrate
assemblage, Huizachal Canyon, Mexico. J. Vertebr. Paleontol. 15, 561e575.

Fischer, R.V., Schminke, H.U., 1984. Pyroclastic Rocks. Springer-Verlag, Berlin.
Foucault, J.E., Vaillard, L.C., Vi~nez, R.F., 1987. Estratigrafía de las unidades aflorantes a

lo largo del curso inferior del río Limay, provincias del Neuqu�en y Río Negro,
República Argentina. In: Actas del 10� Congreso Geol�ogico Argentino 1,
pp. 139e142. Tucum�an, Argentina.

Hampton, M.A., 1979. Buoyancy in debris flows. J. Sediment. Petrol. 49, 953e958.
Hill, A.P., 1979. Disarticulation and scattering of mammal skeletons. Paleobiology 5,

261e274.
Hogg, S.L., 1993. Geology and hydrocarbon potential of the Neuqu�en Basin. J. Petrol.

Geol. 16, 383e396.
Holz, M., Barberena, M.C., 1994. Taphonomy of the south Brazilian Triassic paleo-

herpetofauna: pattern of death, transport and burial. Palaeogeogr. Palae-
oclimatol. Palaeoecol. 107, 179e197.

Houmark-Nielsen, M., 1983. Depositional features of a late Weichselian outwash
fan, central East Jylland, Denmark. Sediment. Geol. 36, 633e642.

Jerzykiewicz, T., Sweet, A.R., 1987. Semiarid floodplain as a paleoenvironmental
setting of the Upper Cretaceous dinosaurs: sedimentological evidence from
Mongolia and Alberta. In: Currie, P.J., Koster, E.H. (Eds.), Fourth Symposium on
Mesozoic Terrestrial Ecosystems, Occasional Paper of the Tyrrell Museum of
Paleontology 3, pp. 125e128.

Kelly, S.B., Olsen, H., 1993. Terminal fans e a review with reference to Devonian
examples. Sediment. Geol. 85, 339e374.

Lawson, D.E., 1979. A comparison of the pebble orientation in ice and deposits of the
Matanuska Glacier, Alaska. J. Geol. 87, 629e645.

Leanza, H.A., 2003. Las sedimentitas huitruinianas y rayosianas (Cret�acico Inferior)
en el �ambito central y meridional de la Cuenca Neuquina, Argentina: edades,
correlaciones y discontinuidades principales. In: Serie Contribuciones T�ecnicas,
Geología 2Instituto de Geología y Recursos Minerales e SEGEMAR, pp. 1e131.

Leanza, H.A., 2009. Las principales discordancias del Mesozoico de la Cuenca
Neuquina según observaciones de superficie. Rev. Mus. Argent. Cienc. Nat.
Nueva Ser. 11, 145e184.

Leanza, H.A., Hugo, C.A., 1995. Revisi�on estratigr�afica del Cret�acico inferior conti-
nental en el �ambito sudoriental de la Cuenca Neuquina. Rev. Asoc. Geol. Argent.
50, 30e32.

Leanza, H.A., Hugo, C.A., 1997. Hoja Geol�ogica 3969-III e Picún Leufú, provincias del
Neuqu�en y Río Negro. Bol. Inst. Geol. Recur. Nat. SEGEMAR 218, 1e135.

Leanza, H.A., Hugo, C.A., 1999. Hoja Geol�ogica 3969-I e Zapala, provincia del Neu-
qu�en. Bol. Inst. Geol. Recur. Nat. SEGEMAR 275, 1e147.

Leanza, H.A., Hugo, C.A., 2011. Las formaciones La Amarga y Lohan Cura (Cret�acico
Temprano) en el depocentro de Picún Leufú. In: Leanza, H.A., Arregui, C.,
Carbone, O., Danielli, J.C., Vall�es, J.M. (Eds.), Relatorio del XVIII� Congreso
Geol�ogico Argentino, Geología y Recursos Naturales de la Provincia del Neu-
qu�en, Neuqu�en, pp. 223e230.

Leanza, A.F., Leanza, H.A., 1979. Descripci�on Geol�ogica de la Hoja 37c, Catan Lil,
provincia del Neuqu�en. Serv. Geol. Nac. Bol. 169, 1e65.

Leeder, M.R., 1975. Pedogenic carbonates and flood sediments accretion rates: a
quantitative model for alluvial arid-zone litofacies. Geol. Mag. 112, 257e270.

Leeder, M.R., 1982. Sedimentology. George Allen & Unwin, London.
Leeder, M.R., 1999. Sedimentology and Sedimentary Basins. Blackwell Scientific Ltd.,

Oxford.
Martinelli, A.G., Garrido, A.C., Forasiepi, A.M., Paz, R., Gurovich, Y., 2007. Notes on

fossil remains from the Early Cretaceous Lohan Cura Formation, Neuqu�en
Province, Argentina. Gondwana Res. 11, 537e552.

Miall, A.D., 1992. Alluvial deposits. In: Walker, R.G., James, N.P. (Eds.), Facies Models,
Response to Sea Level Change. Geological Association of Canada, pp. 119e142.

http://refhub.elsevier.com/S0895-9811(15)00053-X/sref1
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref1
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref1
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref1
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref2
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref3
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref3
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref3
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref3
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref4
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref4
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref4
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref4
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref5
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref5
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref5
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref5
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref5
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref5
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref6
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref6
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref6
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref6
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref7
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref7
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref7
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref7
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref8
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref8
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref8
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref8
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref8
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref9
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref9
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref9
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref9
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref9
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref9
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref9
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref10
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref10
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref10
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref10
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref10
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref11
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref11
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref12
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref12
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref12
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref12
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref12
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref13
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref13
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref13
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref13
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref14
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref14
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref14
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref14
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref14
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref14
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref15
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref15
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref15
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref15
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref16
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref16
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref16
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref17
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref17
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref17
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref18
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref18
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref18
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref18
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref18
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref19
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref19
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref19
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref19
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref20
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref20
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref20
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref20
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref20
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref21
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref21
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref21
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref21
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref21
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref22
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref23
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref24
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref24
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref25
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref25
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref25
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref26
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref26
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref26
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref26
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref27
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref27
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref27
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref27
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref28
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref28
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref28
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref29
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref29
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref29
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref29
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref29
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref29
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref30
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref30
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref30
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref30
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref31
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref31
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref31
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref32
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref33
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref33
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref33
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref33
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref34
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref35
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref35
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref35
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref35
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref35
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref35
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref36
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref36
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref36
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref36
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref36
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref36
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref37
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref38
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref38
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref38
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref38
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref38
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref38
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref39
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref39
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref39
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref40
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref40
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref41
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref41
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref42
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref42
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref42
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref42
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref42
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref43
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref43
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref43


A.C. Garrido, L. Salgado / Journal of South American Earth Sciences 61 (2015) 53e61 61
Miall, A.D., 1996. The Geology of Fluvial Deposits. Sedimentary Facies, Basin Anal-
ysis, and Petroleum Geology. Springer, New York.

Nichols, G.J., 2007. Fluvial system in desiccating endorheic basins. In: Nichols, G.,
Williams, E., Paola, C. (Eds.), Sedimentary Processes, Environments and Basins:
a Tribute to Peter Friend, International Association of Sedimentologists. Special
Publication 38, pp. 569e589.

Nichols, G.J., Fisher, J.A., 2007. Processes, facies and architecture of fluvial distrib-
utary systems deposits. Sediment. Geol. 195, 75e90.

Parkash, B., Awathi, A.K., Gohain, K., 1983. Lithofacies of the Markanda terminal fan,
Kurukshetra district, Haryana, India. In: Collinson, J.D., Lewin, J. (Eds.), Modern
and Ancient Fluvial Systems, International Association of Sedimentologists,
Special Publication 6, pp. 337e344.

Pierson, T.C., 1982. Flow behavior of two major lahars triggered by the May 18, 1980,
eruption of Mount St. Helens, Washington. In: Symposium on Erosion Control
in Volcanic Areas. Proceedings: Public Works Research Institute, Japan, Tech-
nical Memorandum 1908, pp. 99e129.

Pierson, T.C., Costa, J.E., 1987. A rheological classification of subaerial sediment-
water flows. In: Costa, J.E., Wieczorek, G.F. (Eds.), Debris Flows/Avalanches:
Processes, Recognition and Mitigation, Geological Society of America Reviews in
Engineering Geology 5, pp. 1e12.

Polansky, J., 1966. Flujos r�apidos de escombros rocosos en zonas �aridas y volc�anicas.
Editorial Universitaria de Buenos Aires, Buenos Aires.

Rogers, R.R., 1990. Taphonomy of three dinosaur bone beds in the Upper Cretaceous
Two Medicine Formation of northwestern Montana: evidence for drought-
related mortality. Palaios 5, 394e413.

Rogers, R.R., 2005. Fine-grained debris flows and extraordinary vertebrate burials in
the Late Cretaceous of Madagascar. Geology 33, 297e300.

Rolleri, E., Dellap�e, D.A., Mance~nido, M.O., 1984. Estudio geol�ogico del valle del río
Limay entre Piedra del �Aguila y El Choc�on (provincias del Neuqu�en y Río Negro).
In: Actas del 9� Congreso Geol�ogico Argentino (Buenos Aires) 1, pp. 478e497.

Salgado, L., Bonaparte, J.F., 1991. Un nuevo saur�opodo Dicraeosauridae, Amarga-
saurus cazaui, gen. et sp. nov., de la Formaci�on La Amarga, Neocomiano de la
provincia del Neuqu�en, Argentina. Ameghiniana 28, 333e346.

Salgado, L., de Souza Carvalho, I., Garrido, A.C., 2006. Zapalasaurus bonapartei, un
nuevo dinosaurio saur�opodo de la Formaci�on La Amarga (Cret�acico Inferior),
noroeste de Patagonia, Provincia de Neuqu�en, Argentina. Geobios 39, 695e707.

Salgado, L., Garrido, A.C., Cocca, S., Cocca, R., 2004. Lower Cretaceous rebbachisaurid
Sauropods from Cerro Aguada del Le�on (Lohan Cura Formation), Neuqu�en
Province, Northwestern Patagonia, Argentina. J. Vertebr. Paleontol. 24, 903e912.

Sander, P.M., 1992. The Norian Plateosaurus Bonebeds of central Europe and their
taphonomy. Palaeogeogr. Palaeoclimatol. Palaeoecol. 93, 255e299.
Schwartz, H.L., Gillette, D.D., 1994. Geology and taphonomy of the Coelophysis
Quarry, Upper Triassic Chinle Formation, Ghost Ranch, NewMexico. J. Paleontol.
68, 1118e1130.

Shepard, R.G., 1987. Lateral accretion surfaces in ephemeral-stream point bars, Rio
Puerco, New Mexico. In: Ethridge, F.G., Flores, R.M., Harvey, M.D. (Eds.), Recent
Developments in Fluvial Sedimentology, Society of Economic Paleontologists
and Mineralogists. Special Publication 39, pp. 93e98.

Shultz, A.W., 1984. Subaerial debris-flow deposition in the upper Paleozoic Cuttler
Formation, western Colorado. J. Sediment. Petrol. 54, 759e772.

Smith, G.A., 1986. Coarse-grained nonmarine volcaniclastic sediment: terminology
and depositional process. Geol. Soc. Am. Bull. 97, 1e10.

Smith, R.M.H., 1990. Alluvial paleosols and pedofacies sequences in the Permian
Lower Beaurfort of the southwestern Karoo Basin, South Africa. J. Sediment.
Petrol. 60, 258e276.

Tunbridge, I.P., 1981. Sandy high-energy flood sedimentation dSome criteria for
recognition, with an example from the Devonian of S.W. England. Sediment.
Geol. 28, 79e95.

Tunik, M., Folguera, A., Naipauer, M., Pimentel, M., Ramos, V., 2010. Early uplift and
orogenic deformation in the Neuqu�en Basin: constraints on the Andean uplift
from U-PB and Hf isotopic data of detrital zircons. Tectonophysics 489,
258e273.

Vallance, J.W., Scott, K.M., 1997. The Osceola Mudflow from Mount Rainier: sedi-
mentology and hazards implications of a huge clay-rich debris flow. Geol. Soc.
Am. Bull. 109, 143e163.

Vallati, P., 2006. Las primeras angiospermas en el Cret�acico de la Cuenca Neuquina
(centro oeste de Argentina): aspectos geol�ogicos relacionados. Rev. Bras. Pale-
ontol. 9, 83e92.

Voorhies, M.R., 1969. Taphonomy and Population Dynamics of an Early Pliocene
Vertebrate Fauna, Knox County, Nebraska, pp. 1e69. Contributions to Geology,
Special Paper 1.

Walker, R.G., 1975. Conglomerate: sedimentary structures and facies models. In:
Harms, J.C., Southard, J.B., Spearing, D.R., Walker, R.G. (Eds.), Depositional En-
vironments as Interpreted from Primary Sedimentary Structures and Stratifi-
cation Sequences, Society of Economic Paleontologists and Mineralogists, Short
Course N� 2, pp. 133e161.

Watts, N.L., 1980. Quaternary pedogenic calcretes from Kalahari (southern Africa):
mineralogy, genesis and diagenesis. Sedimentology 27, 661e686.

Zavala, C., Ponce, J.C., Arcuri, M., Drittanti, D., Freije, H., Asensio, M., 2006. Ancient
lacustrine hyperpycnites: a depositional model from a case study in the
Rayoso Formation (Cretaceous) of west-central Argentina. J. Sediment. Res. 76,
41e59.

http://refhub.elsevier.com/S0895-9811(15)00053-X/sref44
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref44
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref45
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref45
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref45
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref45
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref45
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref46
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref46
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref46
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref47
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref47
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref47
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref47
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref47
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref48
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref48
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref48
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref48
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref48
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref49
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref49
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref49
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref49
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref49
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref50
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref50
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref50
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref50
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref50
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref51
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref51
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref51
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref51
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref52
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref52
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref52
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref53
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref54
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref54
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref54
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref54
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref54
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref54
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref54
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref55
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref56
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref56
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref56
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref56
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref56
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref56
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref57
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref57
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref57
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref58
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref58
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref58
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref58
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref59
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref59
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref59
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref59
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref59
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref60
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref60
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref60
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref61
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref61
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref61
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref62
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref62
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref62
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref62
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref63
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref63
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref63
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref63
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref63
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref64
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref64
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref64
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref64
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref64
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref64
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref65
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref65
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref65
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref65
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref66
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref66
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref66
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref66
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref66
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref66
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref67
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref67
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref67
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref67
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref68
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref68
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref68
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref68
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref68
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref68
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref68
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref69
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref69
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref69
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref70
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref70
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref70
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref70
http://refhub.elsevier.com/S0895-9811(15)00053-X/sref70

	Taphonomy and depositional environment of a Lower Cretaceous monospecific dinosaur bone assemblage (Puesto Quiroga Member,  ...
	1. Introduction
	2. Methods
	3. Geologic setting
	4. Sedimentology of the Puesto Diaz quarry
	5. Taphonomic features
	6. Depositional interpretation
	7. Discussion
	8. Conclusions
	Acknowledgments
	References


