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Abstract: The partial, articulated skeleton of a pleuro-

diran turtle from the Nova Olinda Member of the Crato

Formation (Araripe Basin) of north-east Brazil displays an

impression of the outline of the soft tissues surrounding

the left hind limb. The external mould of the soft tissue

surface preserves only the gross morphology of the limb

although the outline of the limb is well defined. It appears

to be an external mould of the limb’s surface, which

formed prior to the decay of the integument. The limb

skeleton is mostly fully articulated. This style of preserva-

tion is comparable with the mouldic preservation found in

such famous fossils as the feathered Archaeopteryx speci-

mens of the Solnhofen limestone. Although soft-tissue pre-

servation is occasionally encountered in the Crato

Formation, this is the first documented occurrence of

mouldic preservation of body outline reported for this

Konservat-Lagerstätten. The new specimen is referred to

the pelomedusoid Araripemys and represents a new species,

A. arturi sp. nov., which is described here.

Key words: Reptilia, turtle, Cretaceous, Brazil, soft-tissue

preservation.

The Lower Cretaceous Nova Olinda Member Konservat-

Lagerstätten of the Crato Formation is famous for the

abundance, diversity and quality of preservation of its fos-

sil assemblage (Martill and Frey 1998) and provides a

unique window into mid-Cretaceous Gondwanan, low-

latitude, intracontinental biotas. Here we report a fossil

turtle with soft tissues preserved in a style not previously

encountered in the Nova Olinda Member. There are simi-

larities in the style of preservation with the impression of

soft tissues seen in some exceptional fossils from the Jur-

assic Solnhofen Limestone of Bavaria (Barthel et al.

1990).

The specimen described here differs in a few respects

from other turtles from the Araripe Basin and is consid-

ered to represent a new taxon for which a diagnosis and

description are given.

LOCALITY AND STRATIGRAPHY

The specimen was obtained from a quarry workman who

had found the fossil in one of the numerous stone quar-

ries to the south of Nova Olinda in the south of Ceará,

north-east Brazil. Although there are many small quarries

in the region, most work the basal Nova Olinda Member

of the Crato Formation, and all of the fossils acquired

from the local people are derived either from the Crato

Formation or from nodule beds of the Santana Formation

(Maisey 1991; Martill 1993). The laminated limestones of

the Nova Olinda Member are distinctive and it is easy to

distinguish Crato Formation fossils from those of the

Romualdo Member of the Santana Formation. It is rarely

possible to say which quarry the fossils came from unless

they are obtained from a worker on the day of discovery

as the men frequently move from quarry to quarry.

The Nova Olinda Member is the basal unit of the Cra-

to Formation, and comprises millimetre-laminated lime-

stones 5–13 m thick. It crops out on the flanks of the

Chapada do Araripe, forming an approximately horse-

shoe-shaped pattern from Tatajuba in the north to Exu in

the south (Text-fig. 1). The member is not present in the

western part of the Chapada as a laminated limestone,

but laminated black shales of considerable thickness are

probably in part coeval (Martill 1993). The Crato Forma-

tion has been dated on the basis of palynomorphs as Late

Aptian (Pons et al. 1990).
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PALAEONTOLOGY

The Nova Olinda Member yields a diverse vertebrate and

invertebrate fauna, and plants are also known (Martill

1993). The vertebrates have been extensively studied and

include the gonorhynchiform fish Dastilbe in great abun-

dance (Davis and Martill 1999), with rarer Calamopleurus

(Martill and Brito 2000), indeterminate semionotids (Bri-

to et al. 1998), the ichthyodectid Cladocyclus and coelac-

anths with affinities to Axelrodichthys (Brito and Martill

1999). Besides fishes, pterosaurs are relatively abundant

and include the ornithocheiroid Arthurdactylus (Frey and

Martill 1994; Frey et al. 2003a) and high-crested tapeja-

rids such as Tapejara imperator (Campos and Kellner

1997; Martill and Frey 1998). Crocodyliforms have been

described (Salisbury et al. 2003), as have lizards (Evans

and Yabumoto 1998; Martill and Frey 1998) and frogs

(Martill and Frey 1998). Birds are represented by feathers

(Martill and Filgueira 1994), sometimes preserving colour

pattern (Martill and Frey 1995) and even the eggs of

probable parasites (Martill and Davis 1998, 2001). Skeletal

remains of birds with associated feathers have been

offered for sale at prices beyond our laboratory’s budget.

No turtles from the Nova Olinda Member have been des-

cribed.

Soft-tissue preservation in the Nova Olinda Member

vertebrates has been recorded in pterosaurs (Campos and

Kellner 1997; Martill and Frey 1998; Frey et al. 2003c)

and lizards (Martill and Frey 1998; Bonfim-Júnior and

Marques 2001).

The invertebrate fauna of the Nova Olinda Member

includes diverse insects, mostly imagines, although

ephemeropteran larvae are abundant (Martill 1993). Ter-

restrial arthropods such as scorpions (Martill 1993), whip

scorpions (Dunlop and Martill 2002), solifuges (Selden

and Shear 1996), spiders (Martill 1993) and also myria-

pods occur, but less frequently (Wilson 2001).

The flora is diverse, though hardly described. This is

unfortunate because the assemblage comprises entire

plants and portions of plants demonstrating relationships

of frequently disparate organs, including leaves, roots and

reproductive structures such as seeds and pollen (Martill

1993).

TURTLES IN THE ARARIPE BASIN

Several turtles have been described from the Araripe

Basin, all of which have come from the concretions of

the Romualdo Member of the Santana Formation (Price

1973; Campos and Broin 1981; Broin and Campos

1985; Kischlat and Campos 1990; Gaffney and Meylan

1991; Meylan and Gaffney 1991; Broin 1994, 2000;

Hirayama 1998; Gaffney et al. 2001a). A single turtle

was obtained from bituminous shales at Mina Pedra

Branca, near Nova Olinda (this unit was called the

Aroporanga Member by Martill and Wilby 1993) at the

base of the Santana Formation (A. Andrade, pers.

comm. 2001). More recently, complete, articulated tur-

tles have been obtained from the Nova Olinda Member

of the Crato Formation Fossil-Lagerstätte. Only frag-

mentary remains have been obtained from the Missão

Velha Formation (Brito et al. 1994), which lies below

the Santana and Crato formations (Text-fig. 2). The

Crato Formation specimens, all from the Nova Olinda

Member, include juveniles (most likely hatchlings; Text-

fig. 3) as well as larger examples.

Four turtle species in four genera have been described

from the Araripe Basin, and a further unnamed taxon

was described by Gaffney and Meylan (1991). The most

abundant turtle is the pleurodire Araripemys barretoi

Price, 1973, which occurs in the Romualdo Member of

the Santana Formation, and is known from many speci-

mens (n ¼ 20). Cearachelys placidoi Gaffney, 2001 is a

bothremydid pleurodire based on two specimens. Brasile-

mys josai Broin, 2000 is the earliest known representative

of the Podocnemidoidae. Santanachelys gaffneyi Hirayam-

a, 1998 is the oldest known protostegid chelonioid turtle

and is known from only a single specimen.

Repositories. The specimens described here are deposited in the

Staatliches Museum für Naturkunde, Karlsruhe, numbers pre-

fixed SMNK, and the Museum für Naturkunde, Zentralinstitut

der Humbolt-Universitat zu Berlin, numbers prefixed MB.R.

TEXT -F IG . 1 . Schematic map of the eastern Araripe Basin,

north-east Brazil, showing the outcrop of the Crato Formation

(bold line). Exceptional fossils from the Nova Olinda Member

are only recovered from the area around Nova Olinda and

Santana do Cariri where the Nova Olinda limestone is quarried

for ornamental stone.
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SYSTEMATIC PALAEONTOLOGY

TESTUDINES Linneaus, 1758

PLEURODIRA Cope, 1864 (fide Gaffney and Meylan, 1988)

PELOMEDUSOIDES Cope, 1868

ARARIPEMYDIDAE Price, 1973

Genus ARARIPEMYS Price, 1973

Araripemys arturi sp. nov.

Text-figures 4–5

Derivation of name. After Dr Artur Andrade of the DNPM,

CPSA Crato, for all his help with field work.

Holotype. SMNK-PAL 3979; partial skeleton with associated soft

tissues on a slab of laminated, cream-coloured limestone.

Type locality. Region of Nova Olinda, southern Ceará, north-

east Brazil; Nova Olinda Member, Crato Formation; Cretaceous,

Upper Aptian.

Material. The holotype is the only known specimen. It compri-

ses a partial skeleton preserved in ventral aspect and displays:

TEXT -F IG . 2 . Schematic stratigraphic log for the eastern

Araripe Basin, north-east Brazil, showing the distribution of

turtle remains. Stratigraphic nomenclature based on Martill and

Wilby (1993). The vertical scale is variable according to location.

The limestone of the Nova Olinda Member varies from as little

as 2 m to as much as 13 m thick, and in places only one

gypsum unit is present in the Ipubi Formation.

TEXT -F IG . 3 . Indeterminate juvenile turtle from the Nova

Olinda Member of the Crato Formation. Extensive soft-tissue

preservation occurs around the neck, body and limbs, and the

carapace is not fully ossified. Specimen: Humboldt Museum

Berlin number MB.R.3448. Scale bar represents 10 mm.
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incomplete left hyoplastron and left hypoplastron; left peripher-

als II–X; incomplete left costals from 1 to 8 with ribs 6–8 visible;

elements of the left rear limb including tibia, partial fibula, pha-

langes IV-1 and V-1, the second phalanges of digits I–V, the

third phalanges of digits II–V and fourth phalanges of digits III

and IV, and posteriorly located fragments of as yet unidentified

bones that may be partial elements of the xiphiplastron, the

distal end of the left femur and a vertebral centrum. The first

phalanges of digits I–III and the first metatarsal are preserved as

external moulds.

Diagnosis. Araripemys in which the margin of the carapace

lacks the distinct lateroposterior angle seen in A. barretoi.

Peripherals IX and X are as long as wide. Additionally, the

pedal unguals are simple, elongate, gently curved elements

lacking the arrow-shaped termination of A. barretoi.

Description. The specimen is preserved on a cut and broken slab

of typical cream-coloured laminated limestone from the Nova

Olinda Member measuring 260 · 120 · 10 mm. One edge of

the slab is an irregular fracture that has cut across the fossil to

reveal several bones in section. The bones are exposed on the

slab surface and preserve the skeleton in ventral view. Although

the specimen is incomplete, the bones present show true bone-

to-bone relationships and, apart from some slight compaction

damage, the specimen appears to represent the left side of what

would have been a complete, articulated skeleton. The maximum

length of the preserved portion of the shell is 180 mm.

Carapace. The carapace is oval, lacking the more squared outline

of Araripemys barretoi. In A. barretoi peripherals IX and X are

almost three times the widths of peripherals I and II (Text-fig. 6).

Peripherals II–X are present in A. arturi, and the anterior carapace

shoulder is formed by peripherals I and II, consistent with Araripe-

mys (Text-figs 4, 6). Peripherals IX and X are approximately 1Æ5
times the width of peripheral II (they are three times the width of

peripheral II in A. barretoi), producing a more oval outline.

Peripherals IX and X each have equidimensional, 3-mm-diameter,

co I

co II

co IV

fem
xi

ti

fi

co V

co VI

co VII

per X

per IX

per VIII

per V

per IV

per III

per II

r

r

hyo

hypo

ver

TEXT -F IG . 4 . Araripemys arturi sp. nov., A, holotype SMNK-PAL 3979 on a slab of limestone from the Nova Olinda Member,

Crato Formation (Early Cretaceous, ?Aptian), Ceará, north-east Brazil. B, interpretive drawing of skeleton. Scale bar represents 50 mm.

Abbreviations: co, costal; fem, femur; fi, fibula; hyo, hyoplastron; hypo, hypoplastron; per, peripheral; r, rib; ti, tibia; ver, vertebra; xi,

xiphiplastron.
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circular punctures close to the lateral borders, possibly caused by a

crocodyliform bite. The left costals 1–8 are also present. Costal 1

contacts with peripheral II and appears to have also contacted per-

ipheral I. Ribs 6 and 7 are narrow and extend into sockets in the

peripherals, with lateral D-shaped fontanelles measuring approxi-

mately 16 · 8 mm. Rib 8 is mouldic.

Plastron. The characteristic sculptured ornamentaton of Ara-

ripemys is clearly visible on the plastral elements of the specimen

in addition to mouldic impressions in the limestone where small

areas of carapacial costal bones are missing. The left hyoplastron

and hypoplastron are approximately 50 per cent incomplete

medially. There is no mesoplastron. The hyoplastron measures

33 mm laterally by 45 mm anteroposteriorly. The angle of cur-

vature of the axillary buttress conforms to that of Araripemys

barretoi, while the left hypoplastron measures 35 mm laterally by

40 mm anteroposteriorly. The angle of curvature of the inguinal

buttress is more acute than that of A. barretoi. Compaction has

caused the hyo- and hypoplastra to separate from the peripherals

along the suture, but the axillary buttress remains in contact.

Limb. The tibia is distinctly more robust than the fibula. The

tibia is damaged distally but otherwise complete, and is 34 mm

long. Only the partial shaft of the fibula, 9 mm long, is pre-

served but it rests in a true bone-to-bone relationship alongside

the tibia. The astragalocalcaneum and metatarsals I–III are pre-

served as moulds and are indistinct in places. The metatarsals

are closely adpressed (Text-fig. 5). The metatarsals of digits IV

and V are long and narrow (26 · 2 mm, in digit IV). The first

phalanges of digits I–IV are short (5 mm) and hourglass-shaped,

while phalanx V-1 is more gracile and 10 mm long. The second

phalanges of digits II–V are more elongate (7 mm) than the

first phalanges of I–IV, and are slightly expanded proximally

and distally. The ungual of digit V is mouldic, while the other

four unguals are complete. The tip of the ungual of digit II

remains partially obscured by matrix. The unguals are elongate,

slender and slightly curved. In this respect they differ from those

of A. barretoi, in which the unguals have arrow-shaped termi-

nations. Soft tissue surrounds the pedal skeleton and extends

to the distal ends of the unguals and beyond ungual V

(Text-fig. 5).

Problematic elements. There are three incomplete bones associ-

ated with the specimen. The first is small, 8 · 15 mm, rectangu-

lar, slightly curved in one plane. It is sandwiched between, and

partly obscured by, the carapace and the hypoplastron. It is oval

in cross-section and laterally compressed, and may be the cen-

trum of a dorsal vertebra. The second is also incomplete and

closely associated with the first. It is 7 · 8 mm and partly

encased in limestone. It is not laterally compressed or curved to

the same extent as the possible centrum, and may be the distal

end of the left femur. The third element is thin and flattened

(2 mm thick · 32 mm long · 3 mm incomplete width), resting

underneath the tibia and fibula, and may be a broken marginal

fragment of the left xiphiplastron.

Discussion. Unfortunately, the specimen is missing the

areas of the skeleton containing the diagnostic features of

the Pleurodira. However, the specimen has a pitted orna-

ment on the carapace and plastron, which is a diagnostic

feature of the Araripemydidae (within Pleurodira)

per VI

per V

hypo

mt V
mt IV

mt III
mt II

ph

ung V

ung IV

ung III
ung IIung I

ph

ph

ph

per VIII

TEXT -F IG . 5 . Detail of the left hind limb of Araripemys arturi sp. nov., SMNK-PAL 3979. A, photograph of holotype. B, interpretive

drawing outlining the distribution of preserved soft tissues. Scale bar represents 10 mm. Abbreviations as Text-figure 4, and mt,

metatarsal; ph, phalanx; ung, ungual.
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(Meylan 1996). Furthermore, the carapace is flattened, the

first costal contacts the first peripheral, and there are no

mesoplastra, as in Araripemys.

A revised diagnosis of Araripemys (Meylan 1996, p. 20)

was given as:

‘Pelomedusid pleurodire with very flat, sculptured carapace in

which the first costals reach shell margin between nuchal and first

peripherals, very long neck, reduced plastron lacking mesoplastra

and gular scutes, inverted V-shaped entoplastron, J-shaped epipl-

astra forming a sharp point anteriorly, three mid-plastral fonta-

nelles, postzygopophyses joined forming a singular articular

surface in cervical vertebrae 2 to 8, first thoracic strongly sutured

to nuchal, and medial and lateral centralia also absent’.

This diagnosis did not include the arrow-shaped mor-

phology of the unguals of the hind limbs, which are a fea-

ture of the type species A. barretoi. The unguals of

SMNK-PAL 3979 described here differ considerably from

those of A. barretoi. The lack of the lateroposterior angle

of the carapace (Text-fig. 7) and dimensions of peripher-

als IV and X are sufficient to warrant specific distinction.

In all other respects, SMNK-PAL 3979 conforms to the

diagnosis for Araripemys.

PRESERVATION

General. While the slab preserving the holotype specimen

is damaged, the specimen appears originally to have repre-

sented a complete articulated individual. Such preservation

is known for Crato Formation turtles, although no such

specimens have been formally described. The light colour

of bones on the surface attests to some weathering, but

some bones exposed by pneumatic chisel in the lab are dark

brown, showing that the weathering is only superficial, and

probably relatively recent. We consider it likely that the

specimen has been gleaned from an old spoil tip, rather

than been collected during recent stone extraction because

of some soil staining. Although some skeletal elements are

missing from the slab, external moulds of the missing ele-

ments indicate that their absence is probably a result of

recent weathering.

Soft tissues. There is evidence for two modes of soft-tis-

sue preservation in the holotype specimen. (1) A fine

whitish material adjacent to and between the proximal-

most pedal phalanges appears fibrous and is reminiscent

of the phosphatised muscle fibres commonly found in

fishes from the Crato and Santana formations of the Ara-

ripe Basin (Martill 1988). (2) The outline of the pes

appears to represent an external mould (impression) of

the external surface of the pes. Here the matrix is very

smooth with fine, ripple-like ridges and creases that

appear to reflect the surface texture of the pedal integu-

ment. There are also a number of randomly distributed

pits less than 0Æ25 mm in diameter, some of which are

filled with a whitish material.

COMPARISONS WITH OTHER
DEPOSITS

Although the palaeoenvironmental setting and sediment

type of the Nova Olinda Member and the Solnhofen

Limestone Formation are different, there are a number of

similarities in style of preservation between these famous

fossil Konservat-Lagerstätten.

Preservation of external surfaces of soft parts of organ-

isms (impressions) are well known from a number of

Phanerozoic localities, but especially from the Jurassic

Solnhofen Limestone (Barthel et al. 1990). In the Solnho-

fen Limestone fossil soft tissues are commonly preserved

in two modes (Frey and Martill 1998): (1) phosphatic

replacements of soft tissues (permineralisation), similar to

those found in the Romualdo Member nodules of the

Santana Formation, are responsible for preserving muscle

and other tissues in high fidelity in pterosaurs (Frey et al.

2003c) and fishes (Wilby et al. 1995); (2) external moulds

of soft tissues. These famously preserve the feathers of

Archaeopteryx and, because of the importance of this

taxon, this mode of preservation has been thoroughly

investigated (e.g. Rietschel 1985; Charig et al. 1986; Elza-

nowski 2002). The fidelity of external mouldic preserva-

tion can be high, but is determined, at least in part, by

TEXT -F IG . 6 . Ventral skeletal reconstruction of Araripemys

barretoi redrawn from Meylan (1996).
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the coarseness of the sedimentary medium. The Solnhofen

limestone is exceedingly fine grained, being composed in

part of coccolith debris (Buisonjé 1985), and consequently

the degree of detail visible on, for example, the tail feath-

ers of Archaeopteryx lithographica BMNH R37001 reveals

details of the barbs and barbules. In contrast, external

moulds of soft-bodied organisms from the medium to

coarse sandstones of the Precambrian Ediacaran quartzites

are unable to resolve details of less than approximately

0Æ5 mm.

Soft-tissue preservation in the Crato Formation has

previously been described (Martill and Frey 1995,

1998), where it preserves resistant structures originally

composed of biopolymers such as chitin, cutin, lignin

and keratin (in pterosaur pedal claws and possibly in

pterosaurian soft-tissue headcrests; Frey et al. 2003c).

The cuticles of both plants and invertebrates appear to

have been preserved as a mixture of organic breakdown

products and finely disseminated pyrite. In some cases

(feathers) soft tissues are preserved as bacterial autolith-

ifications (sensu Wuttke 1983) similar to those seen in

the Eocene oil shales of Messel, Germany (Martill and

Frey 1995). Most of the pyrite is encountered as the

hydrated breakdown product goethite, but at certain

localities, usually where considerable overburden has

been removed, the pyrite remains. Thus, most of the

fossil insects and plants appear orange ⁄brown or red-

dish brown ⁄black. The soft-tissue component of tapej-

arid pterosaur head crests also appears to be preserved

in this manner (Martill and Frey 1998; Frey et al.

2003b).

In the Crato Formation more labile soft tissues such

as muscle fibres are preserved as phosphatic permineral-

isations similar to the templated phosphate soft-tissue

preservation found in the Romualdo Member nodules

of the Santana Formation (Martill 1988). These replace-

ments are usually encountered in the myotomal muscle

blocks of smaller examples of the gonorhynchiform fish

Dastilbe crandalli (Davis and Martill 1999) and there is

some hint of them in the pes of the turtle described

here (Text-fig. 7). The external mouldic soft-tissue pre-

servation described here for the turtle pes has not pre-

viously been recognised as a preservational mode for

the Crato Formation. Because SMNK-PAL 3979 is pre-

served on a slab of highly weathered, and rather light-

coloured Nova Olinda Member limestone, it is possible

that there may have been some preservation of soft tis-

sues by permineralisation that has subsequently been

removed by weathering. In the Solnhofen Limestone,

external moulds of soft tissue were generated initially

when a carcass sank to the lagoon floor and settled in

fine carbonate ooze. Rapid binding of the sediment in

proximity to the carcass occurred as the influx of

nutrients fed the in-sediment bacteria resulting in bind-

ing of the sediment and early carbonate lithification

(Rietschel 1985).

PALAEOBIOLOGY OF ARARIPEMYS
ARTURI

Recently, our understanding of pleurodiran turtle palaeo-

biology has changed significantly. Like the extant species,

fossil pleurodires were traditionally thought to have been

palaeoecologically conservative and restricted to only a

few freshwater ecosystems, a conclusion mostly based on

the similarity seen between the shells of fossil and extant

pleurodires [among extant pleurodires, Hydromedusa tect-

iferi has been reported to enter brackish water (Ernst and

Barbour 1989), but, with this exception, all extant pleu-

rodires occur only in freshwater]. However, in a number

of recent studies, Lapparent de Broin and Werner (1998),

Gaffney et al. (2001a–c, 2002), Gaffney and Wood (2002),

Gaffney and Forster (2003) and Gaffney and Tong (2003)

have shown that fossil pleurodires were more ecologically

diverse than extant taxa. Some bothremydids, for exam-

ple, are known from nearshore marine sediments and

thus probably inhabited marine environments. Marine

habitats may also be applicable to other extinct pleurod-

ires, such as notoemydids (Fernandez and Fuente 1994).

The Nova Olinda Member palaeoenvironment was con-

sidered by Martill and Wilby (1993) to represent a saline

lagoon, suggesting that Araripemys arturi may also have

been a euryhaline species. Similarly, A. barretoi occurs in

the Santana Formation in association with a number of

marine fish and the chelonioid Santanachelys (Hirayama

1998), leading Kellner and Campos (1999) to regard

A. barretoi as a marine turtle. We conclude that all species

of Araripemys may have inhabited saline environments.

The preservation of the pedal outline in the specimen

described here indicates the presence of webbed feet

superficially like those of extant species that are more

aquatic than are the majority of extant pleurodires. This

TEXT -F IG . 7 . Comparison of shell outline between Araripemys

barretoi and A. arturi; A. barretoi based on Meylan (1996);

dashed line in A. arturi is hypothesised.
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suggests that Araripemys had a more aquatic lifestyle than

extant pleurodires.

CONCLUSION

The new specimen described here increases yet further the

diversity of turtles in the Araripe Basin of north-east Bra-

zil and extends the range of Araripemys back to the Late

Aptian. Despite the incomplete nature of the specimen,

aspects of the nature of the soft-tissue anatomy of the pes

suggest that Araripemys was analogous to the extant Car-

ettochelys insculpta (New Guinea pig-nosed turtle) in

terms of its aquatic proficiency. The occurrence of Ara-

ripemydidae in saline environments suggests that mid-

Cretaceous pleurodires inhabited a wider range of aquatic

environments than their extant counterparts.
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