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ABSTRACT—Biogenic structures, herein interpreted as coprolites, were recorded in the ?upper Paleocene–Eocene Las
Flores Formation, southeast Argentina. The coprolite origin is supported by several features, such as recurrent
extrusive external morphology, longitudinal wrinkles, flattening of the ventral side, concentric and radial cracks,
cryptocrystalline groundmass, and a phosphatic composition. A detailed comparative study with modern fecal
masses, based on morphology, surface texture, micromorphology, mineralogical and chemical composition, suggest
a crocodylian as the most probable producer, an interpretation also supported by the Patagonian paleontological
record. This discovery, the first record on coprolites from Central Patagonia, provides new paleoenvironmental and
paleoecological information for the studied successions.

INTRODUCTION

COPROLITES CONSTITUTE biogenic structures broadly rec-
ognized in the worldwide Phanerozoic sedimentary

record as a powerful tool for obtaining paleobiological
information (Häntzchel et al., 1968; Hunt et al., 1994). Well-
known Cenozoic records can be found in the literature, such as
those from the Eocene Golden Valley and the Paleocene
Bullion Creek Formations, both from North Dakota (Jepsen,
1963; Sawyer, 1981), or the coprolites from the Oligocene
White River Group of the Great Plains, U.S.A. (Edwards and
Yatkola, 1974). Good examples of coprolites, assigned to
specific producers, are found in the Cenozoic of South
America (Verde and Ubilla, 2002; Tauber et al., 2006a,
2006b). This study describes structures, herein attributed to
coprolites, found in the ?upper Paleocene–lower Eocene of
Central Patagonia. Several criteria, such as morphology,
color, surface texture, composition of the groundmass, and
radial/concentric cracks support a coprolitic origin of the
specimens (e.g., Hunt et al., 1994). A detailed description of
coprolites allowed assignment to crocodylian organisms as
potential producers, an interpretation consistent with the
paleontological record of the study area. Finally, in order to
corroborate the assigned producer, a neoichnological study
was made on modern caiman fecal masses.

GEOLOGICAL SETTING

Fossil specimens were found in the east-southeast side of
Pico Salamanca hill southeast of the Chubut Province,
Argentina, within rocks belonging to the Las Flores Forma-
tion (?upper Paleocene–lower Eocene) (Fig. 1). This unit
constitutes the middle section of the Rı́o Chico Group (upper
Paleocene–middle Eocene) (Legarreta and Uliana, 1994;
Raigemborn et al., 2010), a continental sequence related
through multiple biotic and non-biotic proxies to the warm
period that occurred in the early Paleogene (Brea et al., 2009;
Raigemborn et al., 2009; Krause et al., 2010).

In the study area the Las Flores Formation overlies to the
late Paleocene Peñas Coloradas Formation and underlies to
the middle Eocene Sarmiento Formation (Gran Barranca
Member). In both cases the boundaries are concordant; a
stratigraphic relationship that is valid for the eastern sector of
the San Jorge basin but that changes both westward and
northward (Fig. 2).

In order to define the depositional paleoenvironment, two
sections were measured in the Las Flores Formation,
approximately 400 m apart (Figs. 1, 3). Each around 30 m
thick, these profiles show a dominance of siliciclastic
compared to pyroclastic components. Main sedimentary facies
are characterized by: 1) tabular beds composed of massive,
very fine tuffaceous sandstone (TSm); 2) tabular beds
composed of massive mudstone (Fm), with frequent fine
sandstones intercalations; 3) lenticular beds of fining-upward
sandstones, up to 5-m thick, with trough (St) and epsilon (Se)
cross-bedding; 4) tabular and massive tuffaceous beds (Tm);
and 5) tabular massive medium sandstone (Sm). The Sm,
TSm, Fm and Tm facies commonly show mottling and fine
(few millimeters in diameter) rhizoliths. Coprolites are
included in the massive mudstone facies (Fm). The fossil
record also includes vertebrate remains (e.g., marsupial tooth)
and meniscate burrows (Taenidium isp.), both contained in the
Tm facies.

The sections were deposited within a fluvial mixed-load
system. In this scheme the Sm, TSm, Tm and Fm are
interpreted as proximal floodplain deposits, where tabular fine
sediments probably accumulated by sheet flood episodes and
overbank flows from the channel. TSm and Tm facies indicate
the concomitant pyroclastic supply coming from volcanic ash
falls. Mottles, burrows and rhizoliths allow interpreting non-
deposition along with pedogenesis lapses. Lenticular sandy
bodies within the St and Se facies are interpreted as channel-
fill deposits, composed of tridimensional dunes. The presence
of epsilon cross bedding suggests that these channels had
medium to high sinuosity, migrating through broad flood-
plains.

METHODS

The identification, analysis, and description of the copro-
lites were made following the criteria proposed by Amstutz
(1958), Häntzschel et al. (1968), Thulborn (1991), and Hunt
et al. (1994). The analysis was then complemented with
observations of modern specimens from north-central Santa
Fe Province, Argentina (Fig. 1.1) where modern crocodylian
feces were collected from caiman nests in fluvial floodplain
areas. Thin sections were made of both coprolites and modern
feces to search for inclusions in the studied material. The
extant material was dehydrated after collection and hardened
with epoxy resin prior to thin section preparation. Some pieces
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of coprolites were treated with nitric acid to look for
inclusions. Thin sections and loose-grain samples were
observed under a Nikon Eclipse E400 compound microscope
(Museo Paleontológico Egidio Feruglio, Trelew, Chubut,
Argentina) and a scanning electron microscope (SEM)
(ALUAR, Puerto Madryn, Chubut, Argentina). The chemi-
cal-mineralogical composition of the groundmass was assessed
by X-ray diffraction (XRD) (Centro de Investigaciones
Geológicas, La Plata, Buenos Aires, Argentina) and energy
dispersive X-ray (EDS) (ALUAR, Puerto Madryn, Chubut,
Argentina) analyses.

DESCRIPTION OF SPECIMENS

Material.—The examined material is stored at the collec-
tions of the Universidad Nacional de la Patagonia San Juan
Bosco (Comodoro Rivadavia, Chubut) (UNPSJB-IC 131–134)
and the Museo Paleontológico Egidio Feruglio, (Trelew,
Chubut) (MPEF-IC 782–808). All specimens (N528) were
collected in the Pico Salamanca area, Chubut, Argentina
(?upper Paleocene–lower Eocene Las Flores Formation).

Description.—Five main features were analyzed in the
studied specimens: 1) morphology; 2) color; 3) surface texture;
4) groundmass; and 5) cracks.

Morphology and color.—Among the 28 studied specimens,
22 show fusiform and six have a subcylindrical shape
(Fig. 4.1–4.8). They range in length from 3.5 to 9.0 cm.
Transverse sections show sub-circular to sub-elliptical shapes,
frequently characterized by a flattened ventral side (Fig. 4.5,
4.8). The diameter was determined from two measures,
perpendicular to each other, the former through the major
axis (maximum diameter) and the latter through the minor
axis (minimum diameter). Maximum diameter ranges from 1.4
to 4.3 cm; and the minimum diameter ranges from 1.2 to
3.5 cm. Mean diameter ranges from 1.3 cm to 3.9 cm.
Diameter is not constant along the length but varies along the
main axis from each specimen because of the presence of
constrictions and tapered or rounded ends. Only three

specimens are complete, showing tapered isopolar morpholo-
gy (Figs. 4.2, 4.6, 5.1, 5.2). The remaining specimens show
both tapered and blunt terminations. Longitudinal axis
occasionally shows a bend of approximately 150u (Figs. 4.5,
5.3, 5.4).

Almost all specimens show a light olive grey (5Y5/2–5Y6/1)
external crust, in some cases recognized just as a gentle halo, a
few millimeters thick (,5 mm). Subordinately, outermost
greyish white (N8) crusts can be recognized (Figs. 4.2, 4.6,
5.5). Internally these structures are yellowish brown (10YR4/
2) to greyish brown (5YR3/2) in color, and have a
cryptocrystalline texture. On transversal view the inner fine
brownish mass shows a subtly differentiation between an
external, darker ring and a lighter core (Fig. 4.5–4.8).

Surface texture.—The external surface shows a series of
subparallel wrinkles, each one demarcating the boarder of
very thin superposed layers (Figs. 4.1–4.8, 5.1–5.5). This
feature is present in all the studied specimens, constituting a
reliable criterion for field recognition. Thickness of these
layers is around 1 to 2 mm. In some cases well-defined
prismatic crystals, presumably of secondary growth, develop
at border of these layers (Fig. 6.1). There is not a defined
pattern of the superposition of the external layers. However, in
some cases, a dextral sense developed from the pointed end
may be recognized (Fig. 6.2).

Groundmass.—It is constituted by a cryptocrystalline
aggregate (Figs. 6.4, 6.5, 7.1–7.4), which is commonly affected
by radial and concentric cracks (Fig. 6.3–6.5). Under micro-
scope the groundmass is characterize by a light brown color,
close packing of very small crystal aggregates with circular
sections (spherules), and a range in diameter from 10 to 25 mm.
These spherules are characterized by a cross extinction,

FIGURE 2—Stratigraphy in the study area.

FIGURE 1—Study localities: 1, location of the neocoprological research
site, at Santa Fe Province, Argentina (S 30u389, W 60u179), and the
coprological study area, at SE Chubut Province, Argentina (S 45u349350,
W 67u179530); 2, 3, detail of the coprological study area showing the
distribution of the outcropping formational units and the position of the
sedimentary logs.
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indicative of radially arranged crystals (Fig. 7.1, 7.2), a
character which was confirmed by SEM analysis (Fig. 8.1–
8.3). Under optical microscope the groundmass shows no
evident inclusions but after an acidic treatment, phytoliths can
be recognized. The limited porosity of the specimens is defined

primarily by the cracks; however these are frequently infilled
with secondary barite (Fig. 7.3, 7.4). The chemical composi-
tion of coprolites is dominated by phosphate. Also the XRD
analyses indicate calcium fluorapatite (Ca5(PO4)3F) as the
main component (Fig. 9.1). The EDAX analyses of all of the

FIGURE 3—Sedimentological sections in the study area.
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FIGURE 4—Coprolite specimens: 1–4, general view of specimens housed at UNPSJB, samples UNPSJB-IC 131–134, respectively; 5–8, longitudinal
and transversal views of same specimens UNPSJB-IC 131–134, respectively; transversal sections belong to either natural or artificial surfaces (i-i9 plane).
Flattened surfaces are indicated by black arrows. All scale bars510 mm.

530 JOURNAL OF PALEONTOLOGY, V. 86, NO. 3, 2012



matrix components show a dominance of four elements,
C59.43 percent, O540.6 percent; P512.81 percent and
Ca523.4 percent (Fig. 9.2, Table 1).

DISCUSSION

Origin of the structures.—Based on their external and
internal morphology the described specimens are interpreted
as coprolites (e.g., Hunt et al., 1994). Coprolites with
cylindrical and fusiform morphologies are recurrent in the
geological record. Cylindrical morphologies with tapered
ends, constrictions, and wrinkles characterize feces from
different producers such as mammals and reptiles (Jepsen,
1963; Young, 1964; Edwards and Yatkola, 1974; Hunt et al.,
1994). Coprolites with shape and size comparable to those
from the Las Flores Formation were described from the
Triassic of New Mexico (Ash, 1978). Other cylindrical
coprolites with tapered ends and dimensions similar to the
herein studied specimens were reported from the Eocene of
western North Dakota (Jepsen, 1963), the Paleocene of China
(Young, 1964) and the Cretaceous of Brazil (Souto, 2010),
U.S.A. (Harrell and Schwimmer, 2010) and Sweden (Eriksson
et al., in 2011). Asymmetrical transversal sections of copro-
lites, showing flat basal surfaces, were reported by Matley
(1941) and Ash (1978), who suggested that this feature reflects
the deposition of the fecal mass on the substrate in a former
plastic state. Rounded or pointed extremities in coprolites may
be related with the order of emergence. Generally rounded
ends are those which emerge first from the cloaca, whereas the
pointed end emerges last, probably reflecting the pinching of
the fecal mass against the cloaca margins (Thulborn, 1991).

Colors might be related also to a depositional origin. The
colors of the studied structures are usual for modern, as well as
fossils feces, of carnivorous organisms. Whitish colors are
commonly associated to the presence of calcium minerals from
bone ingestion (Edwards, 1973; Chame, 2003; Nobre et al.,
2008), whereas dark hues would be related to great amounts of
ingested blood (e.g., Lienbenberg, 2000; Chame, 2003). It is
very difficult to affirm that dark hues in the study fossil
specimens correspond to ingested blood. Dark colors can be

also due to iron and manganese minerals or organic matter.
The mix of light and dark colors observed in the same
specimen (e.g., Fig. 4.2) without an evident difference in
chemical composition suggests that ‘‘original’’ hues did not
undergo significant changes. Whatever the original color was,
a post-burial diagenesis should have affected all elements in
similar way. That is not the case of the material studied thus
suggesting that the general hue persisted through time.

Wrinkles and/or superimposed layers on the surface are also
coprolite characteristics cited in the literature. The overlap-
ping of different layers may be related to successive layers of
excrement added during the passage through the cloaca
(Matley, 1941). Cryptocrystalline groundmasses, mainly com-
posed of calcium phosphate are recorded in many examples of
coprolites (Matley, 1941; Edwards, 1973; Ash, 1978; Retal-
lack, 1984). The cryptocrystalline spherulitic texture within the
groundmass may be related to a fast precipitation in the
original feces (e.g., Hollocher et al., 2005, 2010), a common
process in modern alligators (e.g., Skoczylas, 1978). A
phosphatic composition is related to the composition of the
original ingested matter (e.g., bones), suggesting a carnivorous
producer (Häntzschel et al., 1968; Hunt et al., 1994).

Finally, radial and concentric cracks are also associated
with coprolites (Zangerl and Richardson, 1963; Ash, 1978).
Dehydration and loss of organic matter by subaerial exposure
of the original feces may be related to their shrinkage and
cracking. Shrinking of feces has been recorded as a relative
low magnitude process (Vogeltanz, 1965; Thulborn, 1991) thus
cracks developed (Fig. 4.5–4.8) but the overall shape was
maintained. Synaeresis is another possible process cited by
previous authors (Broughton et al., 1978; Thulborn, 1991) but
it would occur in subaqueous conditions as consequence of a
rapid flocculation. This process demonstrates a plastic
behavior rather than a fluid one, of the original fecal masses.

Producer.—Based on both the texture and the chemical
composition of the groundmass, a first approximation of the
potential trace-maker is possible. It is suggested that the
producer had a primary carnivorous diet rather an herbivo-
rous one. Macro- and microscopic observations on the Las

FIGURE 5—Morphology of some studied specimens located at MPEF: 1, 2, isopolar specimens, MPEF-IC 790 and MPEF-IC 782; 3, 4, coprolites
fragments with bent design, MPEF-IC 799 and MPEF-IC 786; 5, whitish pointed specimen, MPEF-IC 791. Scale bar510 mm.
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Flores coprolites show no recognizable skeletal inclusions;
suggesting that the producer was able to digest bones and
teeth as well as parts of invertebrate exoskeletons. Modern
fecal masses with shapes comparable to the coprolites from the
Las Flores Formation are commonly produced by crocody-
lians (Fisher, 1981), felids, and canids (e.g., Halfpenny and
Bruchac, 2002; Chame, 2003). Nevertheless, feces from the
two latter organisms characterize by presenting remains of the
original ingested food as a consequence of an incomplete bone
digestion. Such a relative weak digestion power, reflected in
the coprolite record by the common presence of different type
of skeletal inclusions, was recorded in the carnivorous
mammal coprolites of the White River Group, in the
Oligocene of the Great Plains, U.S.A. (Edwards and Yatkola,
1974), the Brule Formation, in the Oligocene of South
Dakota, U.S.A. (Parris and Holman, 1978) and the Santa

Cruz Formation, in the Miocene of Austral Patagonia,
Argentina (Tauber et al., 2006a, 2006b). Reptiles, particularly
crocodylians seem to be a more appropriate producer
candidate than mammals. Studies based on the diet of modern
crocodylians, through the analysis of their excrements, show
that vertebrates as well as invertebrates are ingested but no
bones or exoskeleton pieces are founded in the fecal masses. It
is known that crocodylians like other reptiles have the capacity
of decalcifying osseous remains, favoring a complete digestion
of bones and teeth (Dandrifosse, 1974; Skocylas, 1978), a
property also favored by specific digestive structures and
processes (Skoczylas, 1978; Fisher, 1981; Farmer et al., 2008).
Although teeth without enamel can be present in modern
crocodylian feces, this diagnostic feature might not always be
preserved (Fisher, 1981). Fisher’s study (1981) showed that
only two days of exposure in an aerobic environment was

FIGURE 6—Surface and groundmass features in coprolites: 1, texture defined by superimposed thin layers, UNPSJB-IC 133, circle at right show a
detail of prismatic crystals at border of the layers; 2, superimposed layers in dextral sense developed from a pointed end, UNPSJB-IC 134; 3–5,
transversal sections showing radial (R) and concentrically (C) cracks in both hand sample, UNPSJB-IC 131 (3) and thin section, MPEF-IC 806 (4); 5,
longitudinal view showing cracks in thin section, MPEF-IC 807; 6–9, modern caiman (Caiman latirostris) feces; 6, longitudinal view showing a fusiform
morphology and superimposed layers (white arrows); 7, tranversal section showing a subcircular shape; 8, detail of superimposed layers 1 to 2 mm thick
(white arrow); 9, thin section of a transversal section showing a cryptocrystalline groundmass. All scale bars510 mm.
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enough time for erasing any vestige of calcified tissues. The
absence of inclusions such as hairs, feathers and insect cuticles,
occasionally present in modern feces (Kumar et al., 1995;
Casas-Andreau and Barrios Quiroz, 2003; Farlow et al., 2010),
would be related to the crocodylians tendency of regurgitating
undigested material (Fisher, 1981; Grigg and Gans, 1993;
Andrews et al., 2000), a behavior also shared with other reptile
groups (Marcus, 1981; Gans, 1952). Thus, it is expected that
crocodylian feces exposed to aerobic conditions for a short
period of time, prior to burial, would have no osseous
inclusions.

The presence of phytoliths within the Las Flores coprolites
is consistent with the behavior of different extant crocody-
lians. Studies based on the stomach contents in the extant

crocodiles (Crocodylus porosus and C. acutus) showed the
presence of marine algae (Allen, 1974) and others vegetal
remains (Thorbjarnarson, 1988); also seeds have been
recorded in feces of modern crocodylians (C. acutus) (Casas-
Andreu and Barrios Quiroz, 2003). Another study designed to
identify the diet of Caiman latirostris (Borteiro et al., 2008)
showed that remains of subaquatic and floating plants, as well
as wood fragments, were common stomach contents. Vegetal
remains can be recognized in coprolites but that it would
represent a secondary ingestion (Webb et al., 1983; Palis, 1989;
Casas-Andreu and Barrios Quiroz, 2003; Borteiro et al., 2008).

Neocoprological study.—A study on modern crocodylian
feces of broad-snouted caiman (Caiman latirostris) was carried
out to test the hypothesis that a crocodylian could be the

FIGURE 7—Coprolites and modern caiman feces micromorphology: 1–4, coprolites micromorphology (MPEF-IC 806); 1, 2, groundmass composed by
spherical phosphatic aggregates: 1, characterized by a light brown color under plane-polarized light; 2, typical cross extinction under crossed polars; 3, 4,
secondary mineralization (barite) filling cracks within the massive, homogeneous, cryptocrystalline groundmass: 3, plane-polarized light; 4, crossed
polars; 5, 6, modern caiman feces micromorphology: 5, groundmass under plane-polarized light; 6, groundmass under crossed polars showing a
microfabric composed of phosphatic spherulitic aggregate.
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coprolites producer. A first comparison between the Las Flores
coprolites and the modern feces shows a strong resemblance in
shape and size (Fig. 6.6–6.8). Modern feces show a fusiform
morphology, 8 to 10 cm in length and a range from 2 to 2.5 cm
in diameter. Constrictions are common and the external surface
shows superposed layers, approximately 1 to 2 mm thick, which
is a surface texture similar to the coprolites (Fig. 6.6–6.8).
Morphology is also similar to other crocodilian feces (e.g.,
Milàn and Hedegaard, 2010). An additional feature such as
fusiform and subcylindrical shapes with bends of 120–150u
(Figs. 4.5, 5.3, 5.4) was recognized as frequent in modern
crocodilian feces (Milàn and Hedegaard, 2010).

Both fossil and modern crocodilian feces are characterized
by a general olive grey or whitish grey color, both hues

thought as related to a carnivorous diet. A modern specimen is
characterized by an external whitish grey color and an olive
grey central sector, in similar way to the fossil sample
UNPSJB-IC 132 (Fig. 4.2, 4.6). Although the original color
of the coprolites is likely not pristinely preserved, the general
mix of light and dark hues in both fossil and extant feces
suggests a possible similar origin. The groundmasses of both
fossil and modern feces are also similar. Micromorphologi-
cally they are characterized by a cryptocrystalline texture,
lacking any osseous inclusions (Fig. 6.4, 6.5, 6.9). In modern
feces the cryptocrystalline fraction is also characterized by
spherical particles having cross extinction (Fig. 7.5, 7.6). The
SEM analyses show that these particles are spherical in shape,
as are those from the coprolite groundmass (Fig. 8.4, 8.5).

FIGURE 8—Secondary electron SEM images from the groundmass of coprolites (MPEF-IC 808) and modern caiman feces: 1, general view of the
coprolite cryptocristalline groundmass; 2, detail of the surface showing phosphatic spherical aggregates, distinguished by circular sections (black arrow)
and crystals orientated in radiate pattern (grey arrows) in coprolites; 3, detail of circular section of a radiate spherule (centre) in coprolites; 4, general
view of the modern caiman feces groundmass with frequent phosphatic spherules (black arrow), at the upper right corner there is a detail of a circular
radiate spherule like in the studied coprolites; 5, detail of spherules showing a radiate pattern when broken in modern caiman feces.
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XRD and SEM-EDS analyses on the modern feces were
performed to assess their composition. The XRD analyses on
whole samples indicated a dominance of calcite (.50 percent),
with scarce apatite (,5 percent) (Fig. 9.3). The SEM-EDS
analyses indicated that the groundmass is composed of relative
high concentrations of carbon, oxygen, calcium, and phos-
phorous. The EDS analysis shows similar patterns for the
elemental composition (Fig. 9.4, Table 1), suggesting similar

chemical composition for both fossil and extant feces, and
further suggesting the existence of phosphate spherules in the
coprolites (compare Figs. 7.5, 7.6 and 8.4, 8.5 with 7.1, 7.4 and
8.1, 8.3). Differences such as the relative low content in carbon
and oxygen within coprolites could be a probable result of
processes such as organic matter lost by decomposition and
lixiviation of carbonate. The discrepancy recorded in the XRD
analyses regarding the absence of apatite peaks in the matrix
of modern feces (Fig. 9.3) may be the result of small grain size
or poor crystallinity.

Based on the previous analysis it is suggested that the
producer of the Las Flores coprolites was reptilian, most
probably a member of Crocodylia. Since feces from the
different extant crocodylians all are very similar in morphol-
ogy (Milàn and Hedegaard, 2010; Milàn personal commun.,
2011), a more detailed identification based on coprolite
morphology alone is difficult.

Paleontological record of reptilian in Central Patagonia.—
No crocodylian skeletal remains have been found in the strata
with the coprolites but the paleontological record supports the
presence of crocodylians in the surrounding areas. Two
crocodyliform groups, basal Mesoeucrocodylia, represented
by Sebecus (Simpson, 1937) and Eusuchia, represented by
Alligatoridae (Simpson, 1933a; Bona, 2007) were recorded in
Central Patagonia. Sebecus is an extinct crocodilian which has
been found in the lower section of the Sarmiento Formation,

FIGURE 9—X-ray and EDS diffraction patterns for coprolites (MPEF-808) and modern caiman feces groundmass. 1, XRD pattern shows calcium
fluorapatite (FAp) as main component in coprolites; 2, EDS pattern shows as main chemical elements carbon (C), oxygen (O), phosphorous (P) and
calcium (Ca) in coprolites; 3, XRD pattern shows calcite (Ca) as main component, with subordinate apatite (Ap) in modern caiman feces; 4, EDS pattern
in modern caiman feces shows a similar chemical composition as those from coprolites. See Table 1 for semi-quantitative elemental composition.

TABLE 1—Semi-quantitative composition obtained from EDS analyses.
Values should be taken as approximate ones. EDS study areas on the
groundmass of both, coprolites (MPEF-IC 808) and modern feces,
are equivalent.

Element Fossil Weight % Modern Weight %

O 40.01 45.04
Si 5.85 2.92
Al 2.6 0.78
Fe 1.07 0.81
Mg 0.33 1.51
Mn 0.29 0.35
Ca 23.15 16.63
Ti 0.42 0.29
Na 0.83 0.55
K 0.32 0.52
P 12.62 9.28
C 9.27 20.12
F 2.49 0.49
S 0.75 0.71
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in Cañadón Hondo and Cañadón Vaca (the ‘‘Formación
Casamayor’’ of Simpson, 1937, middle Eocene). The sebecids
are considered tropical-subtropical crocodilians more terres-
trial in habit than modern ones because of the presence of
features such as a laterally compressed snouts and ziphodont
teeth, among others (e.g., Colbert, 1946; Báez and Gasparini,
1977; Gasparini, 1984). Probable differences in habits between
sebecids and modern crocodilians suggest a low potential of
the former as producers of the studied coprolites. Alligator-
idae, comprised within Eusuchia, includes modern caimans,
which have broad distribution and diversity in South America
since the lower Paleogene (Simpson, 1933a, 1937; Brochu,
2003; Bona, 2007). Alligatoridae is represented by the genus
Eocaiman, with two known species: E. cavernensis (Simpson,
1933a) and E. paleocenicus (Bona, 2007). This genus is
considered the most basal of the Caimaninae alligatoridae,
and constitutes the ancestor of modern caimans, among them
Caiman latirostris. Such a relationship suggests that both
Eocaiman and modern caimans would have strongly similar
paleoenvironmental and paleoecological habits and require-
ments. Because the paleontological record of Eocaiman in
Patagonia involves older (lower Paleocene Salamanca Forma-
tion; Bona, 2007) and younger (middle Eocene Sarmiento
Formation; Simpson, 1933a; Ré et al., 2010) units than the
Rı́o Chico Group, it is likely that the Las Flores coprolites
originated from an alligatoridae-like crocodylian.

Other possible reptilian producers in the Paleogene fossil
record of the study area are turtles (Simpson, 1937) and snakes
(e.g., Simpson, 1933b). From both diet and/or feeding behavior,
turtles are the least likely candidates. One turtle recorded in
Patagonia (e.g., Hydromedusa casamayorensis; de la Fuente and
Bona, 2002) shares a kinship with extant groups (H. tectifera
and H. maximiliani). Both extant species are primarily
carnivorous but their diet is based mainly on small shrimps,
snails, crabs and fishes (Bonin et al., 2006) which would not
produce feces rich in phosphates (such as those recorded in the
coprolites). Feces of extant turtles can show shapes different
than fusiform ones (e.g., Halfpenny and Bruchac, 2002). Little
can be said about Niolamia argentina, the other Paleogene turtle
genus recorded in Patagonia with no extant descent (Ameghino,
1899; Simpson, 1937). Some features related to carapaces and
legs indicate that these fossil turtles were entirely terrestrial
(Sterli, personal commun., 2011). Possible current analogs
could be testudinids turtles but their essential herbivorous diet
(Bonin et al., 2006) contrasts with the probable diet of the

coprolites producer. Despite the carnivorous diet presumed for
fossils Patagonian turtles, feeding methods of extant carnivo-
rous turtles (Phrynops geoffroanus; Molina, 1991) suggest that
ancient turtles did not incorporate bones while feeding and
would have produced feces with relatively less phosphate
content than the coprolites studied herein.

Snakes are possible producers of the coprolites especially
considering digestive decalcifying properties and the occasion-
ally fusiform morphology of their feces. Fossil boidaes were
recorded from (?)upper Paleocene and middle Eocene strata
included in the Rı́o Chico Group (Simpson, 1933b) but most
extant snake feces include bone remains (Weatherhead
personal commun., 2011), including amphibians bones (Skoc-
zylas, 1970). Based on this information we suggest that the
most probable producer of the coprolites should be a
crocodilian species.

Paleoenvironmental and paleoecological significance.—Cop-
rolites attributed to crocodylian organisms were mentioned for
the Upper Cretaceous of Brazil (Nobre et al., 2008: figs. 2, 3;
Souto, 2010, figs. 3–5, 7, 8) and U.S.A. (Harrell and
Schwimmer, 2010, figs. 2–7), the Paleocene of China (Young,
1964, pls. 1, 2) and Denmark (Milàn, 2010, figs. 2–4), and the
Eocene of North Dakota (Jepsen, 1963, pl. 2, fig. 1). This
research adds a new example of crocodylian coprolites and
provides the first record of coprolites in Central Patagonia.

The close similarity between the studied coprolites and feces of
modern crocodylians, particularly caimans, suggests the presence
of crocodylians in the study area, providing paleoenvironmental
significance to these coprolites. The paleoenvironmental analysis
of the sedimentary section with coprolites shows a strong
correspondence with the habitat of Caiman latirostris in the
Santa Fe Province, NE Argentina, characterized by an alluvial
plain with meandering channels and broad floodplains (Fig. 10).
In addition, based on the faunal association, the recorded
crocodylians in Central Patagonia probably lived in tropical/
subtropical paleoclimates (Simpson, 1933b; Gasparini and Báez,
1975; Báez and Gasparini, 1977; Gasparini, 1984), conclusions
which have been recently confirmed by paleobotanical (Brea et
al., 2009; Raigemborn et al., 2009) and paleoedaphical studies
(Krause et al., 2010). Such a climate is similar to the present
habitat of C. latirostris, currently characterized by a subtropical
regimen (Simoncini et al., 2009).

CONCLUSIONS

The recurrence of features such as extrusive external
morphology, wrinkled surface texture, flattening of ventral

FIGURE 10—Caiman latirostris habitat. The landscapes shown in 1 and 2, composed of sinuous channels within a broad floodplain where caiman nest,
is an analog for the environment interpreted from the studied Las Flores section.
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side, cryptocrystalline groundmass, concentric and radial
cracks, and phosphatic composition allowed identification of
the studied specimens as coprolites. In addition, the chemical-
mineralogical composition supports a carnivorous producer.
The complete absence of bone inclusions in all of the studied
coprolites, along with the similarity in shape and chemical-
mineralogical composition with modern caimaninae feces
supports a reptilian origin, of alligatorid nature. Such
assignation is also supported by the temporal span of the
alligatoridae body fossil contained in the Paleogene rocks of
Central Patagonia. This constitutes the first record of
coprolites in Central Patagonia, providing a new contribution
to the scarce global record of reptilian, and probably
crocodilian, coprolites.
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gráfico-secuencial. Ameghiniana, 31:257–281.

LIENBENBERG, L. 2000. Tracks and tracking in Southern Africa. Struik
Publishers, Cape Town, 176 p.

MARCUS, L. V. 1981. Veterinary biology and medicine of captive
amphibians and reptiles. Lea and Febiger, Philadelphia. 239 p.
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