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Abstract

The Laño quarry, located in the northern part of the Iberian Peninsula (Basque–Cantabrian Region), has yielded
a diverse continental vertebrate assemblage from the Late Cretaceous ( late Campanian to early Maastrichtian). The
fossil assemblage consists of almost 40 species, including bony fish, amphibians, lizards, snakes, turtles, crocodilians,
dinosaurs, pterosaurs and mammals. Laño is the most productive European vertebrate locality hitherto known from
the Late Cretaceous. The sedimentology of the Laño section shows that the three associated fossiliferous beds (known
as L1A, L1B and L2) were deposited in an alluvial system composed primarily of fluvial sands and silts. The
sedimentary structures are consistent with channel areas within an extensive braided river. The L1A level was
excavated in detail and mapped following a square-metre grid system. The main features of the multispecies vertebrate
assemblage are as follows: wide range of body size (including microfossils); large proportion of adult individuals; rare
articulated skeletal parts; size-sorting and dominance of small elements; high spatial density; long bones showing
some preferential orientation; variable dip; variable degree of breakage and large proportion of splintering; wide
range of weathering and abrasion; no evidence of predatory activity or chemical alteration. On the basis of these
features, we suggest that the Laño association lies between the taphonomic modes for attritional vertebrate assemblages
in fluvial channels, though it tends more toward the channel-fill than the channel lag mode. The L1A sample of Laño
is a heterogeneous assemblage of elements ranging from isolated bones and teeth to articulated skeletons with
allochthonous and para-autochthonous characteristics. It consists of a mixture of vertebrates from different palaeocom-
munities, and includes aquatic (or semi-aquatic) elements and remains transported from a variety of habitats on the
alluvial plain. The dinosaur bones are commonly broken and show a greater degree of abrasion than those of
freshwater vertebrates, indicating that they may be allochthonous. However, actinopterygians, amphibians, pleurodiran
turtles and eusuchian crocodilians are interpreted as being para-autochthonous. Palaeobatrachid frogs, bothremydid
turtles and alligatoroid crocodilians are the most relatively abundant vertebrates of the Laño fossil assemblage. The
occurrence of pelomedusid turtles and crocodilians is indicative of an intertropical, warm climate. © 2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction The main purpose of this paper is to review
taphonomic features of the continental vertebrate
assemblage at the Laño quarry and to interpretTaphonomic studies of continental vertebrate

fossil assemblages provide interesting information the taphonomic history of the fossil association.
The taphonomic analysis involves the study of afor the interpretation of palaeoenvironments

(Efremov, 1940; Voorhies, 1969; Behrensmeyer large number of variables within a well-defined
sedimentological context. Preliminary taphonomicand Hill, 1980; Behrensmeyer, 1991; Lyman, 1994;

Fiorillo, 1997). Most research on the vertebrate data have already been published by Pereda-
Suberbiola et al. (1992).record has been focused on Tertiary mammal

assemblages. However, only limited research has
been done on Mesozoic sites. Moreover, nearly all
the taphonomic analyses of Late Cretaceous 2. Geological setting
assemblages are based on the well-known western
sites in North America (e.g. Dodson, 1971; Dodson The Laño site is an abandoned sand quarry

within the Condado de Treviño, about 25 kmet al., 1980; Lucas, 1981; Rogers, 1990; Fiorillo,
1991; Varricchio, 1995). In Europe, detailed verte- south of the city of Vitoria-Gasteiz, in the Province

of Alava (Fig. 1). Geologically, the Laño quarrybrate taphonomic works deal with Tertiary and
Quaternary mammals (Belinchón, 1987; Noe- is located on the southern part of the Sud-

Cantabrian Synclinorium, a large structure mainlyNygaard, 1987; Schwarcz et al., 1989; Alcalá
Martı́nez, 1994; Montoya, 1994), while only a few composed of Upper Cretaceous and Tertiary

deposits, which stretch for more than 100 km fromstudies have been carried out on Mesozoic dino-
saur-bearing assemblages (e.g. Grigorescu, 1983). east to west, in the Basque–Cantabrian Region

(Astibia et al., 1987; Baceta, 1996).We present the results of a taphonomic study
based on an Upper Cretaceous section in the The section in the Laño quarry shows several

low-angle unconformities related to the synsedi-Iberian Peninsula, which has yielded a very rich
and diversified continental vertebrate fauna, con- mentary activity of the adjacent Peñacerrada

diapir. Approximately 85% of the stratigraphicsisting mainly of reptiles (Astibia et al., 1987,
1990a). record at the Laño site represents upper

Fig. 1. Geographical location and general view of the Laño quarry (Iberian Peninsula). The deposits of the foreground corresponds
to the Laño section (the two main vertebrate levels outcrop in the center of the photograph), and the white beds on the middle
ground correspond to the Albaina section.
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Campanian–lower Maastrichtian continental 2.1. Lithofacies and depositional environments
deposits. Most of the vertebrate remains have been
recovered from siliciclastic bedload deposits Taphonomic analyses commonly involve the

study of associated lithofacies. The section in the(Astibia et al., 1987, 1990a; Gómez-Alday et al.,
1994; Gómez-Alday and Elorza, 1998). The upper Laño quarry shows a succession of mainly clastic

sedimentary rocks, including both continental andpart of the section shows upper Maastrichtian
coastal deposits that have yielded a diverse marine marine deposits (Gómez-Alday et al., 1994). In

the 115 m thick largely terrigenous succession offauna (Bardet et al., 1997). The most important
regional discontinuity is an intra-Maastrichtian the study area, from the Laño quarry in the west

to the Bajauri road in the east, five major deposi-unconformity (Baceta, 1996) (Fig. 2).
The continental vertebrate-bearing unit of the tional systems are recognized from the base to the

top (Fig. 2): (1) lower alluvial systems, whichLaño quarry has been provisionally correlated
with the upper Maastrichtian Sobrepeña comprise: (a) fluvial sands and conglomerates with

disc-shaped clasts; (b) fluvial mudstones andFormation of the Burgos Province by Floquet
(1991). Nevertheless, Baceta (1996) regarded the sands; and (c) fluvial sands and conglomerates

with subspherical clasts; (2) lower palustrine sys-Laño continental beds as roughly equivalent to
marine sediments of the upper part of the Vitoria tems; (3) upper alluvial systems; (4) upper pal-

ustrine systems; and (5) coastal systems.Formation (Alava Province). Based on this geolo-
gical evidence, the most likely age of the continen- A 65 m thick siliciclastic succession is well

exposed in the Laño quarry (Fig. 3); all the above-tal vertebrate fauna of Laño is late Campanian or,
less likely, early Maastrichtian. mentioned depositional systems are not repre-

Fig. 2. Schematic W–E general stratigraphic section of the Laño quarry and Bajauri road sites showing the different depositional
systems and major unconformities during the Late Cretaceous. Vertical lines do not show an accurate time of no sedimentation.
L1A, L1B and L2 are the main vertebrate fossil-bearing levels. Wavy lines represent unconformities. IMU is an intra-Maastrichtian
unconformity of regional importance (see Baceta, 1996).



250 X. Pereda-Suberbiola et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 157 (2000) 247–275

Fig. 3. Stratigraphic–sedimentological section and location of two of the vertebrate fossil-bearing beds (L1A and L1B levels) at the
Laño quarry site.
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sented due to erosional features related to the nuity of several hundred metres. They comprise
fining-upward deposits characterized by gravelssynsedimentary diapiric activity. Most of the conti-

nental vertebrate remains occur in fluvial sands and blackish to reddish mudstones, 0.2–1 m thick.
They are interpreted as overbank deposits infillingwith disc-shaped clasts of the lower alluvial system.

This unit comprises hard to poorly consolidated shallow ephemeral ponds.
The bone-associated deposits, about 2 m thick,sandy conglomerate beds whose boundaries are

parallel surfaces that delimit tabular-shaped have been studied in detail in two stratigraphic
sections at the Laño quarry (Fig. 4). The so-calledbodies; at the base, they show low relief scoured

surfaces, with a lateral extension of up to 2 km. Albaina section is located in the occidental part of
the quarry and the Laño section in the area (centralThe internal organization mostly involves through

and planar cross-bedding that is interpreted as and oriental part of the quarry) where most of the
vertebrate remains have been recovered. Therepresenting transverse bars with variable orienta-

tion. The accretion of composite forms in the Albaina section begins with a gravel lag composed
of siliceous clasts (the largest is about 7 cm long),channel areas gives tabular sets of cross-bedding

of different scales, types and orientation, suggest- and 1 m thick, trough cross-bedding conglomeratic
sands up to trough cross-laminated, moderate toing larger sand flats. The appearance of internal

erosional surfaces suggests that bedforms were fine-grained sands. The sandy beds pass upward
to about 50 cm thick siliceous, 0.8 cm grained,modified during repeated high-flow–low-flow

alternating stages. The interchannel areas are not conglomerates with sandy matrix, 60 cm moderate
to fine-grained sands showing trough cross-bed-well represented although they have a lateral conti-

Fig. 4. Channel cross-section from SW to NE of the Laño quarry. The L2 level is interpreted as a lateral equivalent of the L1A level;
L1B overlies the L1A level.
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ding. Bioturbations have been observed at the top 3. Methods
of this bed. The whole succession is interpreted as
channel deposits. The Albaina section ends show- The presence of fossil vertebrates in Laño has

been known since 1984 when the palaeontologisting upwards a scoured surface of low relief,
followed by 10 cm thick apparently massive con- Xabier Orue-Etxebarria discovered dinosaur

remains in the quarry. Subsequent collections wereglomerates and, finally, 20 cm thick, pink–violet–
white mottled mudstones. The youngest beds are made by members of the Universidad del Paı́s

Vasco/Euskal Herriko Unibertsitatea ( UPV/EUH,interpreted as splay deposits.
One of the most outstanding aspects of the Bilbao) during 1985 and 1986. Since then, a

detailed investigation of the continental units hasvertebrate-bearing beds is the occurrence of ferru-
ginous crusts. The most important bone accumula- been carried out in collaboration with the

Universidad Autónoma de Madrid ( UAM), thetions are associated with two of these crusts
(Elorza et al., 1999). The section displays, from Centre National de la Recherche Scientifique

(CNRS, Paris), the Université Pierre et Mariebottom to top, the following succession of sedi-
mentary structures: L1A sands and laminated Curie (Paris VI ), the Université de Montpellier II

and the Museo de Ciencias Naturales desands, with vertebrate remains, that pass upward
to laminated muds with plant remains, up to an Alava/Arabako Natur Zientzien Museoa (MCNA,

Vitoria-Gasteiz). The macrofossils were collectedirregular ferruginous surface; L1B level including
sands of low flow regime and upward greenish to by detailed surface-digging at three main levels,

called L1A, L1B and L2. The estimated totalblackish sandy mudstones. L1B ends with a fairly
regular and thick ferruginous surface. The L2 level, volume of sediment removed during the field work

is more than 50 m3. During the 1995 field season,which outcrops in the northeastern part of the
quarry, is considered as a lateral equivalent of the a detailed map of L1A was made to study the

distribution of bones in the quarry. In addition,L1A level (Fig. 4).
The sedimentary features suggest that the L1B sediment from the L1A level was screenwashed to

obtain microfossils. About 8 tonnes of silty andlevel is more energetic than the underlying L1A.
The L1B level is mainly composed of sands and sandy sediments were washed by our team and, as

result, about 25 kg of residue were obtained.has yielded a greater number of large bones at
Laño, whereas the L1A level consists of mud and
sand deposits and both micro- and macrofossils 3.1. Field work
occur together. L2 facies are mainly composed of
fine- to medium-grained deposits such as sands During the 1995 field season, the L1A level was

excavated in detail and mapped following a metre-and greenish muds, which contain both small and
large bones. square grid system. Only remains larger than 1 cm

(but also identifiable fossils such as teeth andThe listed lithological differences suggest two
distinct positions within the same palaeochannel, ganoid scales) were taken into account. About

4–5 m3 of sediment were removed during the exca-which was probably covered by crevasse splay
deposits. The central and more active areas are vation, which represents a surface approximately

5 m wide by 2 m long; in some areas, a depth oflocated towards the west, whereas in the east, fine-
grained sediments (settling area) are dominant. about 50 cm was reached. As a result, more than

a thousand fossils were recorded, and most ofPalaeocurrents measured in the larger bedforms
show downflow discharges towards the north-east. them were collected (see Section 3.4 method

biases). The bone accumulation of the L1A levelA braided-type fluvial system developed in a wide
alluvial plain several kilometres wide seems to be was carefully drafted in field maps to record the

relative location of all the specimens.consonant with the sedimentological features.
The regional palaeogeography and palaeocur- Prior to the excavation, a mechanical shovel

was used to remove the overburden. The beds wererent data suggest that the coast line was situated
towards the north. dug using a conventional set of tools, e.g. picks,
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spades, shovels, brushes, and knives. The equip- modification features (mainly breakage, weather-
ing, abrasion, corrosion and other surface marks)ment needed to prepare a grid for field mapping

included large nails, that were used as tie points, follows the works by Behrensmeyer (1978, 1991),
Shipman (1981), Fiorillo (1991) and Alcaláand a stretched band between points to define

individual cells. Moreover, a small-scale wooden Martı́nez (1994).
grid was employed to plot the location of the
large bones. 3.3. Taphonomic features

The microfossils have been studied separately
as they could have had a different taphonomic The variables for the bone assemblage data are

shown in Fig. 5. We have essentially followed thehistory. The microfossils were obtained by screen-
washing of sandy mudstones from the L1A level. methods described by Alcalá Martı́nez (1994) and

Montoya (1994) for the Neogene mammalianTwo meshes were used during screen-washing, with
wire openings of 2 and 0.7 mm, respectively. About assemblages of the Iberian Peninsula. Taphonomic

features include field data such as the co-ordinates3 kg of concentrated residue were obtained from
each tonne of washed sediment. in space, orientation and dip, a record of the

originally associated or articulated bones, and
polarity in the fossiliferous stratum. Other features,3.2. Laboratory phase
e.g. the size, shape, weathering, abrasion, corro-
sion, breakage, additional bone surface marks,The laboratory phase of this work involved

preparation and restoration of the macrofossils crust development, anatomical identification, and
taxonomic classification were reassessed after theusing standard methods. These methods included

both mechanical and chemical techniques. The bone sample preparation in the laboratory (see
Behrensmeyer, 1991; Fiorillo, 1997). Bone modifi-Laño specimens were prepared in the Laboratory

of Palaeontology of the UPV/EHU (Bilbao) and cation features can be defined as those that were
the result of any post-mortem, prediagenetic pro-in the Department of Geology of the MCNA

(Vitoria-Gasteiz). The field record data supple- cess, which alters the morphology of a once-living
bone (Fiorillo, 1991). These processes includemented observations made in the laboratory. The

microfossils were extracted by hand-picking under those that are active in a fluvial system, as well as
biological and physical processes (Binford, 1981;the binocular microscope.

The taphonomic methods employed here follow Fiorillo, 1988). Excluded are features that are the
result of pathological processes that affect theBehrensmeyer (1991). We have calculated the

index described in the literature to express the living animal, or those geological processes that
operate independently of those responsible for theecological diversity (see Magurran, 1988). The

body weight of the Laño vertebrates was estimated formation of the site. Fossilization processes are
also excluded from this definition (see Fiorillo,following Anderson et al. (1985) for dinosaurs

and Damuth and MacFadden (1990) for mam- 1991).
mals. Moreover, comparisons with living forms
were made where applicable. The size categories 3.4. Method biases
and the articulation states are those described by
Behrensmeyer (1991), and the size distribution is The main method biases in this work are as

follows:that of Goldstein (1981). Skeletal element repre-
sentation was recorded as Voorhies Groups $ Subjective sampling: excavations in the Laño

quarry before 1995 were not mapped, and many(Voorhies, 1969), as well as on the basis of the
indices described by Behrensmeyer (1975) and taphonomic features were lost. Accordingly,

most of the features discussed in this workBadgley (1986). The spatial arrangement has been
interpreted following statistical approaches (Potter include data from the 1995 field excavation of

the L1A level.and Pettijohn, 1963; Krumbein and Gayskill, 1965;
Peña Sánchez de Rivera, 1987). The study of bone $ Modern breakage represents about 30% of the



254 X. Pereda-Suberbiola et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 157 (2000) 247–275

Fig. 5. Model of taphonomic features recorded at Laño during the field work (mainly based on Behrensmeyer, 1991; Alcalá
Martı́nez, 1994; Montoya, 1994).
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Table 1 Table 1 (continued )
List and occurrences of the Laño continental vertebratesa

L2 L1A L1B
L2 L1A L1B

Crocodylomorpha
EusuchiaOsteichthyes

Actinopterygii Alligatoroidea
Musturzabalsuchus buffetauti Q Q+S QGinglymodi

Lepisosteiformes Alligatoridae
Acynodon iberoocitanus Q+S QLepisosteidae

Atractosteus sp. Q+S Q Eusuchia incertae sedis
aff. Allodaposuchus sp. QTeleostei

Elophomorpha? Mesoeucrocodylia indet.
Ischyrochampsa sp. Q QPhyllodontidae incertae sedis

Gen. et sp. indet. S Dinosauria
SaurischiaPalaeolabridae

?Palaeolabrus sp. S Theropoda
NeoceratosauriaAmphibia

Amphibia incertae sedis Gen. et sp. indet. Q Q
Tetanuraealbanerpetonidae indet.

Gen. et sp. indet. S Coelurosauria
DromaeosauridaeCaudata

Gen. et sp. indet. S Gen. et sp. indet. A Q+S
Gen. et sp. indet. B Q+SAnura

Anura indet. Gen. et sp. indet. C S
OrnithomimosauriaGen. et sp. indet. S

Discoglossidae Gen. et sp. indet. S
Coelurosauria incertae sedisGen. et sp. indet. S

Palaeobatrachidae cf. Euronychodon sp. S
SauropodaGen. et sp. indet. S

Reptilia Titanosauridae
Lirainosaurus astibiae Q Q+S QChelonii

Cryptodira Ornithischia
OrnithopodaSolemydidae

Solemys vermiculata Q Q Iguanodontia
Rhabdodon sp. Q Q+S QPleurodira

Pelomedusoides Hadrosauridae indet. S
AnkylosauriaBothremydidae

Polysternon atlanticum Q Q Nodosauridae
Struthiosaurus sp. Q Q+S Q?Elochelys sp. Q

Dortokidae Pterosauria
AzhdarchidaeDortoka vasconica Q Q

Squamata cf. Azhdarcho sp. Q Q
MammaliaLacertilia

Lacertilia indet. Eutheria
ProteutheriaGen. et sp. indet A S

Gen. et sp. indet B S Ungulatomorpha
‘Zhelestidae’Gen. et sp. indet C S

Scincomorpha Lainodon orueetxebarriai S
Lainodon sp. SGen. et sp. indet. S

Iguanidae indet. Labes sp. S
‘Zhelestidae’ indet. SGen. et sp. indet. S

Amphisbaenia (or Anguidae?) indet.
a L2, L1A and L1B are the vertebrate-bearing levels of theGen. et sp. indet. S

Laño quarry. Q indicates the specimens collected by quarryingSerpentes
and S those collected by screen-washing.Madtsoidae

Madtsoia laurasiae Q Q Q
Herensugea caristiorum Q+S
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total sample. When the element was extensively Murelaga, 1996; Rage, 1996; Buscalioni et al.,
1997; Cavin, 1997; see Table 1). As far as is known,broken, only field data (e.g. size, shape) were

recorded. Laño is the most productive vertebrate locality yet
reported in the Upper Cretaceous continental for-$ The occurrence of iron oxides on the bone

surfaces (see section 4.4.8 on crust development) mations of Europe (Astibia et al., 1990a; Sigé
et al., 1997).hides some useful features for both anatomical

and taphonomic purposes. There is no evidence The available data include information regard-
ing the fossil assemblage, in-situ evidence from thethat the formation of the iron oxides altered

the bone surface. site, and bone features (bone modification and
census). The Laño taphonomic features are sum-$ The spatial arrangement does not take into

account the depth in which the elements were marized in Table 2.
found, that is they are represented in two-
dimensions. Moreover, size disparity is not con- 4.2. Fossil assemblage data
sidered when the plan view distribution is made
(statistical test). 4.2.1. Sample size

One thousand and fifty-three bones were docu-$ Weathering and abrasion stages are sometimes
difficult to estimate. These variables were mented in the L1A level during the 1995 field

season (Fig. 6). The total set of bones recoveredstudied by the same person to reduce the intro-
duction of any further errors as much as
possible. Table 2

Taphonomic features of the Laño bone assemblage based on
the 1995 sample from the L1A level (after Behrensmeyer, 1991)

4. Results. Taphonomic features of the Laño bone Variable Features
assemblage

Assemblage data
Sample size 1053 specimens4.1. General observations
Number of individuals 32 individuals
Number of species 13 species

As mentioned above, the continental vertebrate Relative abundance 1−D=0.778 (Simpson’s index)
remains from Laño have been recovered from Body size 70 g to 3000 kg (mode < 50 kg)

Age spectrum Seven adults: one juvenilethree different horizons (Fig. 4). These accumula-
Bone articulation Articulated and associated bonestions are associated with ferruginous crusts, and

< 5%the bones are often covered by iron oxides. The
Skeletal parts Sorted (dermal bones ca 71%)

fossils are relatively well preserved but compressed
because of crushing. The colour of the bones varies Quarry data

Size of accumulation 8.25 m2according to the stratum: pottery-like brown or
Spatial density 128 bones/m2red in L1A, ochre in L1B and ivory-like in L2.
Spatial arrangementThis fact also reflects lithological differences
In plan view 10% long bones oriented N

between the levels. In profile 44% high dips (>20°)
The Laño fossil assemblage is a multispecies Patchiness Non-uniform distribution

accumulation of both large and small vertebrates.
Bone featuresAt least 39 species have been recognized, including
Breakage 23% completeactinopterygians, salamanders, frogs, lizards,
Weathering Variable range

snakes, amphisbaenians (?), pleurodiran and cryp- Abrasion 40% unabraded
todiran turtles; crocodilians, several kinds of saur- Corrosion None

Other surface marks No tooth marks, no trample marksischian and ornithischian dinosaurs, pterosaurs,
Shape of specimens 62% flat bonesand proteutherian mammals (Astibia et al., 1987,
Size of specimens 60% less than 5 cm31990a; Gheerbrant and Astibia, 1994; Pereda-
Crust development Almost 40% bones with iron oxides

Suberbiola et al., 1995; de Lapparent and
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Fig. 6. Quarry map of the Laño bone assemblage (L1A level ) in 1995. (A) Superficial sample: 62 bones; (B) deep sample: 991 bones.
The line represents the limits of the fully excavated area. The spatial pattern of arrangement is that of a non-uniform distribution.
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from the L1A, L1B and L2 levels during the in the L1A level. The 1995 sample appears to be
greatly biased in consideration of the currentexcavations amounts to several thousand speci-

mens (Astibia et al., 1990a). knowledge of the Laño site.

4.2.4.. Taxonomic diversity4.2.2. Number of individuals
According to the 1995 field data, the number In the 1995 sample, turtles represent more than

half of the identified elements (Fig. 7). The pleu-of identified specimens (NISP) in the L1A level is
632, and the minimum number of individuals rodire Dortoka (de Lapparent and Murelaga, 1996)

is by far the best represented turtle: 15 of 32(MNI) is 32 (Table 3). It should be noted that the
Laño assemblage is very fragmentary, and this recognized individuals from the L1A level belong

to this taxon (Table 3). Crocodilians are moremade the identification of the skeletal elements
more difficult. As a result, the actual number of abundant in number of specimens than dinosaurs,

but the taxonomic diversity of the latter is greater.individuals in the sample is probably underesti-
mated (see Badgley, 1986). Actinopterygian fish, and especially pterosaurs,

snakes and mammals, are poorly represented in
the accumulation (as a whole, the latter three4.2.3. Number of species

A total of 13 species were recorded during the groups only represent 1% of the identified speci-
mens). In the total sample, the number of amphib-1995 excavation in the L1A level (Table 3). Among

these species, four dinosaurs, three turtles, two ian individuals is larger than that of reptiles,
although the latter group is dominant in numbercrocodilians, one bony fish, one pterosaur, one

snake and one mammal are present. At least 39 of specimens (Table 4). Palaeobatrachid amphibi-
ans, pelomedusoid turtles and alligatoroid croco-species are represented in the Laño fossil assem-

blage (including the L1A, L1B and L2 levels). dilians are the best represented vertebrates at Laño.
The relative abundance of species in Laño hasThey are as follows: three bony fish, five amphibi-

ans, four turtles, eight squamates, four crocodil- been calculated from the Simpson index of diver-
sity (Magurran, 1988) based on the 1995 data:ians, ten dinosaurs, one pterosaur, and four

mammals (Table 1). All but one are represented 1−D=0.778, or 1/D=4.5. The species richness of

Table 3
Skeletal parts and taxa represented in the Laño assemblage (L1A level, 1995 sample)

Croco- Turtles Dinosauria Thero- Sauro- Ornitho- Ankylo- Ptero- Fish Snakes Mam- Indet. Total
dilians indet. pods pods pods saurs saurs mals

Skull elements 17 0 0 0 0 2 0 0 0 0 0 1 20
Maxilla or lower jaw 2 0 0 0 0 0 0 0 0 0 0 0 2
with teeth
Isolated teeth 65 0 0 2 7 0 0 0 0 0 1 0 75
Vertebrae 17 0 2 0 6 1 5 1 0 1 0 12 20
Ribs 1 0 0 0 0 0 5 0 0 0 0 11 17
Pectoral girdle bones 1 0 0 0 0 0 0 0 0 0 0 0 1
Forelimb bones 2 0 0 0 0 0 0 0 0 0 0 2 4
Pelvic girdle bones 0 10 0 0 0 0 4 0 0 0 0 0 14
Hind limb bones 4 0 0 0 2 1 3 0 0 0 0 1 11
Scales 0 0 0 0 0 0 0 0 61 0 0 0 61
Osteoderms 24 351 0 0 0 0 25 0 0 0 0 7 407
Unidentified bones 4 0 1 0 1 0 0 3 0 0 0 387 396
Number of specimens 137 361 3 2 16 4 42 4 61 0 0 421 1053
Minimal number of 3 19 ? 1 2? 1 2 1 1 1 1 – 32
individuals
Number of species 2 3 ? 1 1 1 1 1 1 1 1 – 13
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Fig. 7. Relative abundance of Laño vertebrates in L1A from the 1995 sample. (A) Based on the number of identified specimens
(NISP); (B) based on the minimum number of individuals (MNI). The assemblage is dominated by turtles. The number of crocodilian
specimens is larger than that of dinosaurs, but the number of individuals of the latter group is greater.
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Table 4
Relative abundance (RA) of major vertebrate groups in Laño
(L1A level )a

NSP MNI RA (%)

Bony fishes 3 5 3.4
Albanerpetontids 1 5 3.4
Salamanders 1 4 2.8
Frogs 3 71 49.3
Turtles 3 28 19.4
Lizards 5 6 4.2
Amphisbaenians 1 1 0.7
Snakes 2 2 1.4
Crocodilians 4 5 3.5
Dinosaurs 10 12 8.3
Pterosaurs 1 1 0.7
Mammals 4 4 2.8

38 144 100

a NSP is the number of species, MNI the minimum number
of individuals and RA the relative abundance (percentage of
total MNI). The RA of both crocodilians and actinopterygians
is probably underestimated.

the Laño sample has also been quantified using
the McIntosh index (D=0.612), and the Berger–
Parker index (d=0.468).

4.2.5. Body size and weight
Most of the Laño vertebrates are small in size.

In the 1995 sample, nine of the 13 recorded species Fig. 8. Length and mass category distribution of Laño verte-
are smaller than 50 kg, and most of them do not brates. (A) Body length (snout-tip of tail ); (B) body mass distri-

bution. 1995 sample from the L1A level, hatched (13 species);exceed 1 m in length. The dominant body size is
total sample, dotted (38 species). The dominant body length isbetween 10 and 100 kg (Fig. 8).
shorter than 1 m and the dominant body mass is greater thanIn the Laño assemblage, only a third of the
1 kg.

species are longer than 1 m (from the snout to the
tip of tail ). The body size of the smallest animals
(amphibians and lizards) is scarcely a few cm long, 4.2.6. Age spectrum

This parameter is much more difficult to esti-and that of the largest species (a sauropod dino-
saur) probably does not exceed 10 m. The body mate for reptiles and lower vertebrates than for

mammals. As a result, a great part of the Lañoweight estimation ranges from about 15 g (tiny
urodeles) to 3 tonnes (titanosaurid), but the domi- sample (about 82%) is indeterminate with regard

to an evaluation of ontogenetic stages. The rationant body-size mode is smaller than 1 kg (Fig. 8).
The distribution model following Behrensmeyer’s of juveniles to adults in the remainder of the bones

is 1:7.categories (1991) is as follows: 21 species ( less
than 5 kg), 11 (5–100 kg), 2 (100–500 kg), 4 (500–
1000 kg) and 1 (more than 1000 kg). The macro- 4.2.7. Skeletal articulation

Several states of articulation are represented infauna (more than 5 kg) include all the dinosaurs,
most of the turtles and crocodilians (three out of the Laño assemblage (see Behrensmeyer, 1991).

Many of the bones are disarticulated and are thusfour), one pterosaur and one snake.
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Murelaga, 1996). The articulated and undoubtedly
associated bones recovered in L1A during the 1995
field work represent less than 5% of the
assemblage.

4.2.8. Representation of skeletal elements
Less than two-thirds of the bones in L1A from

the 1995 sample have been identified. The dermal
elements (including turtle shell plates, crocodilian
and ankylosaurian scutes, as well as fish scales)
are, by far, the most abundant (71%) in the
assemblage (Fig. 10). The isolated teeth and verte-Fig. 9. Partially articulated incomplete skeleton of an ankylo-

saurian dinosaur recovered from the Laño L1A level during the brae each represent about 10% of the accumula-
1995 field work. The specimen is upside down and includes a tion. Appendicular skeletal bones and cranial
complete synsacrum (s) and portions of the pelvic girdle (i, elements (including lower jaws) are very scarcelyilium) and hindlimbs (f, femur; t, tibia), fragmentary ribs (r),

represented ( less than 5%).dorsal vertebra (v), and osteoderms (o). The three small squares
of the scale represent 1 cm each. A representation of the skeletal parts according

to taxa is shown in Table 3. Crocodilians are most
completely represented as they include nearly allinterpreted as accumulations of isolated and dis-
the anatomical categories. Turtles are essentiallypersed remains. The L1A level has yielded disartic-
represented by shell remains from several regions,ulated but associated bones in spatial proximity,
including both carapace and plastron. Among theincluding skeletal elements of ankylosaurs (Fig. 9),
dinosaurs, the ankylosaurs are the dominantsauropods, turtles, crocodilians and pterosaurs.
group, probably because of the occurrence of aAdditional associated bones of turtles have been
partial skeleton. Some taxa are represented by afound in the L1B level. Lastly, two articulated
single skeletal element. This is the case for thepartial shells of the most abundant turtle have

been described in L1A (de Lapparent and theropods and mammals (teeth), actinoptergygians

Fig. 10. Relative abundance of skeletal elements in L1A based on the 1995 sample (see Table 3). The dermal elements (scales, shell
plates and osteoderms) are the most abundant of the assemblage.
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(scales) and snakes (vertebra). Both mammals and 4.3.2. Spatial density
About 1053 macrofossils were recovered fromsnakes are only represented by a single bone.

the L1A level during 1995 in 8.25 m2 of excavatedAll Voorhies Groups are represented, but the
area. This represents a concentration of about 128bones in these groups constitute less than a third
specimens per square metre. If we only take intoof the total identified bones. This could be because
account the number of identified bones per unitdermal bones, which are not included in the classi-
area, the corresponding spatial density is about 80fication of Voorhies (1969), are by far the most
per m2. A detailed study of this variable by squareabundant elements. Isolated teeth are the second
provides estimates of 46–181 bones per m2.most abundant category in the assemblage

(Table 3). While isolated teeth are classically
4.3.3. Spatial patternincluded in Voorhies Group III (Behrensmeyer,

In the Laño accumulation, the fossil remains1975, 1988), Fiorillo (1991) did not consider dino-
are not generally juxtaposed but, at least in somesaur teeth as belonging to Group III based on the
areas, they are distributed closely (i.e. within cmdisparity between dinosaur teeth and bones. If so,
or mm from each other) to each other.this method may also be applied to large crocodil-
Microvertebrate remains such as fish scales orians. Excluding the dermal bones and isolated
lizard pieces are mixed up with large archosaurianteeth, the dominant Voorhies Group in Laño is
bones. The distribution of the bones in the L1AGroup I (vertebrae and ribs), which exceeds
level is non-uniform.Groups II ( limb bones) and III (skull bones)

Two statistical approaches have been followedtogether. Following the method employed by
to determine whether or not the horizontal distri-Fiorillo (1991) to estimate the degree of fluvial
bution of the elements from two different samplessorting in dinosaur assemblages (ratio Voorhies
is at random (Peña Sánchez de Rivera, 1987).Group I/Group II), 1.7 is the value obtained for
First, the standard deviation (s) differs consider-

Laño dinosaurs (sample equal to 27 bones). A
ably from the mean (l), and this suggests that the

similar value is obtained at Laño when using a elements are not randomly distributed. Moreover,
tooth/vertebrae ratio. This measure, proposed by the observed value (x2) is considerably different
Behrensmeyer and Dechant Boaz (1980) for from that of Pearson’s (s2) distribution, so the
modern mammal ecosystems may, however, be null hypothesis should be rejected.
inappropriate in dinosaur assemblages (sensu A rose diagram of the bone orientation in the
Fiorillo, 1991). L1A level (1995 sample) shows that there is a

tendency for a preferentially northern orientation
of the bones. A statistical test using intervals of

4.3. Quarry data 30°, i.e. the comparison of the standard deviation
and mean (which are significantly different to each

4.3.1. Size of bone accumulation other), suggests that the bones are not randomly
Three different sites in the Laño quarry have oriented. Both the L1A and L1B levels display a

yielded abundant continental vertebrate bones. similar plan view. The preferential orientation of
Two of them, the so-called L1A and the overlying the bones in parallel to the paleocurrent could be
L1B levels, have been excavated over a surface of explained by their disposition on the surface of a
about 30 m2 each (among which 8 m2 of the L1A northerly prograding accretional bar.
sample were excavated in 1995). The L2 level The dip orientations are quantified as the per-
probably occupies an even more extensive surface, centage of bones dipping greater than a specified
but it seems that the spatial density of elements in angle (e.g. 20°). Bones with subhorizontal orienta-
this level is lower than in the other levels. We tions or low-angle dips seem more frequent in the
estimate that the complete Laño bone accumula- L1B level than in the L1A level. In fact, about
tion is more than 100 m2 in extent, but this asser- 44% of the bones of the L1A level dip more than

20° (Fig. 11).tion will only be confirmed by future digs.
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Fig. 12. Pattern of bone breakage in L1A based on the 1995
Fig. 11. Stereographic diagram of bone dip distribution in L1A sample (categories described by Shipman, 1981; Alcalá
(1995 sample). Note that dip is variable, with some bones being Martı́nez, 1994). Three quarters of the bones are broken. The
orientated at large angles to the horizontal plane. large occurrence of modern breakage is due to the fragil nature

of the Laño fossils.

4.4. Bone features

4.4.1. Breakage (Fig. 13B). Finally, two out of three bones show
more than two fractures, i.e. splinters.Approximately three-quarters of the bones reco-

vered from the L1A level in 1995 are broken. Most
of the complete bones are isolated teeth (essentially 4.4.2. Weathering

Two out of every three bones do not exhibitcrowns) and elements of the dermal skeleton (i.e.
scutes and scales). Due to the fragile nature of the weathering features. Bones fully weathered, i.e.

intensively cracked and flaked, only represent 1%Laño fossils, almost half of the total breakage is
due to handling during the excavation. The irregu- of the accumulation. There is evidence of variable

weathering according to taxon (Fig. 14A). At firstlar transverse fracture (terminology of Alcalá
Martı́nez, 1994; see Shipman, 1981: Fig. 5.2) is the sight, crocodilians and dinosaurs are compara-

tively less weathered than turtles. However, themain type of break (11%), while other types are
comparatively less frequent. The occurrence of turtle data appear to be biased by the high degree

of weathering observed in the remains of theseveral kinds of breakage in the same specimen
(combined fractures) represented a large percen- cryptodire Solemys (Fig. 14B). The pleurodiran

turtles show weathering stages similar to those oftage (14%) of the observed breakage (Fig. 12).
The degree of breakage of dinosaur bones is larger the Laño archosaurians. There is also evidence of

bones displaying a differential weathering pattern.than that of crocodilian or turtle bones (Fig. 13A).
It seems that the association of both spiral and
columnar fractures is more significant in dinosaurs 4.4.3. Abrasion

Nearly 40% of the Laño bones show somethan in turtles or crocodilians. Among turtles,
there is a larger proportion of complete bones for evidence of abrasion. The presence of variable

degrees of abrasion is also worthy of consideration.the pleurodire Dortoka than for the other taxa
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Fig. 14. Weathering stages of the bones from L1A based on the
1995 sample. (A) Among main reptile taxa; (B) within turtles.Fig. 13. Breakage distribution of bones from L1A based on the
The weathering is variable according to the taxon: the fossil1995 sample. (A) Among main reptile taxa; (B) within turtles.
bones of dinosaurs and Solemys are more weathered than thoseThe degree of biostratinomic (pre-burial and syn-burial ) break-
of other groups.age of dinosaur bones is larger than that of other reptiles.

4.4.4. Corrosion
There is no evidence of corrosion in the L1A

level of Laño. Some bones located near, or embed-Crocodilian bones are less abraded than those of
dinosaurs and, apparently, turtles (Fig. 15). In ded in, the upper iron crust of the L1B level show

some degree of superficial corrosion as a result offact, only the cryptodire Solemys shows a high
degree of abrasion. The pleurodire Polysternon is the recent chemical action of plant roots.
less abraded than the other taxa, as is also the
case for weathering. The higher stage of abrasion 4.4.5. Other surface marks

Only evidence of fungi marks on the surface ofreaches 4% in dinosaurs but scarcely 1% (or less)
in crocodilians and turtles. several turtle plates, including both cryptodires
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Fig. 16. Fungi marks on a hyoplastron plate of turtle (Dortoka).
These marks, present on living turtles, are indicative of an
aquatic mode of life. White boxes on the scale represent 1 cm
each.

group (Fig. 17). The long bones are also relatively
well represented, in contrast to both equidimensio-
nal and conical elements. The dominance of flat
bones is due to the large number of turtle plates,
archosaurian scutes and fish ganoid scales present
in the assemblage. The Flinn (1978) diagram sug-
gests a small degree of dispersion and indicates
the dominance of flat elements (Fig. 18).

4.4.7. Size and volume of specimens
The L1A level of Laño is characterized by the

presence of a large number of small specimens.

Fig. 15. Abrasion stages of the bones from L1A based on the
1995 sample. (A) Among main reptile taxa; (B) within turtles.
Dinosaur bones and Solemys turtle plates are comparatively
more abraded than those of crocodilian and pleurodiran turtles
Dortota and Polysternon.

and pleurodires, has been recognized (Fig. 16). As
far as is known, there is no evidence of predator
or scavenger activity at Laño, as suggested by the
absence of tooth scores, gnaw marks or scratch
marks on the bones.

4.4.6. Shape of specimens Fig. 17. Geometric shape distribution of the bones from L1A
The morphological distribution of bones shows based on the 1995 sample. The flat-shaped bones (D1~D2,

D2>>D3; see Fig. 18) are predominant in the assemblage.that the flat-shaped elements are the dominant
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10 cm in size are the dominant mode in the
assemblage.

4.4.8. Crust development
Nearly 40% of the Laño bones are coated and

impregnated with iron oxides. These oxides are
present as isolated globule-shaped spots or are
associated into a continuous iron surface that
partially or totally hides the bone surface. The
iron oxides preferentially cover the broken surfaces
and the extremities of the bones (Elorza et al.,
1999). These crusts are irregularly arranged, and
the flat bones (dermal scutes, shell plates) are
comparatively more encrusted than other types of
bones. Dinosaur remains display iron oxides more
frequently than those of other reptiles such as

Fig. 18. Flinn diagram of the bones from L1A based on the turtles and crocodilians (Fig. 20). Ankylosaurian
1995 sample. D1 is the largest dimension, D2 the intermediate remains, which are represented by a large number
dimension and D3 the smallest dimension (measured at right

of osteoderms, display more iron oxides than thoseangles to each other). The degree of dispersion is small, and
of other dinosaurs. A variable degree of crustflat bones are dominant.
development is also observed among turtles.

About 60% of the 1995 bone samples are smaller 4.5. Microfossil features
than 1 cm3 (Fig. 19). The second best represented
category includes the large specimens (more than The Laño microfossils were obtained by screen-
1000 cm3). Excluding the microfossils, the typical washing of the silty sediments from the L1A level.
size of the Laño specimens varies between 1 cm
and 1 m approximately. Bones that are less than

Fig. 20. Iron crust development on the bones from L1A basedFig. 19. Volume distribution of the bones from L1A based on
the 1995 sample. Note that the best represented groups are the on the 1995 sample. Dinosaur bones are more frequently cov-

ered by iron oxides than those of other groups of vertebrates.very small specimens and large specimens.
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Fig. 21. Relative abundance of microfossils preserved at Laño (L1A level ) based on the 1993 sample. Isolated teeth are the most
common microfossils. In the sample, crocodilian remains are more abundant than those of dinosaur, turtles and other vertebrates.

In the 1993 sample, composed of about 6000 mammal bones (Astibia et al., 1990b; Elorza
et al., 1999).isolated bones and teeth, the most abundant ele-

ments are by far crocodilian teeth (two alligatoroid Depending on the bone structure, several break
degrees are observed. The inner and more porousspecies) and fish scales (one lepisosteid species)

(Fig. 21). Most of the microfossils belong to tissue includes sediment (detrital quartz) and iron
oxides, while in the more external region of theaquatic or semi-aquatic vertebrates. The turtle

remains are very scarce as compared to other bones, which is composed of a more compact
tissue, there is a lesser degree of breakage. In thecontemporary microfossil assemblages (Blob and

Fiorillo, 1996). Terrestrial vertebrate elements such same bone, there are some areas where the porous
tissue is compressed, broken, and dislocated, whilstas those of dinosaurs (titanosaurid and ankylo-

saurian teeth) represent only 1% of the assemblage. in other areas, the compact tissue displays only
fractures that are not displaced.The shape distribution shows that the cone-shaped

elements (e.g. teeth) are the most common, fol- Petrographic analyses using an X-ray diffrac-
tometer indicated that the iron oxides consistlowed by the plate-shaped (osteoderms, scales) and

elongated microfossils ( long bones). mainly of goethite [FeO(OH)]. The clay matrix is
composed of about 70% illite and 30% kaolinite,
whereas there is no evidence of smectite or other4.6. Petrographic features
clay minerals. The illite crystallinity degree is about
0.55 (sensu Kübler, 1968).Microscopically, the crust surfaces and the iron

nodules that cover the bones are composed of
miscellaneous quartz crystals and are filled with
iron oxides. These crystals show dissolving features 5. Discussion
due to iron oxides, as well as signs of breakage
and posterior cementation by iron oxides. 5.1. Biostratinomic aspects

The vertebrate bone mineral is well-crystallized
diagenetic francolite (carbonate fluorapatite). The As mentioned above, the fossil assemblage from

Laño is a multispecies accumulation of both smallcrystallinity degree is close to that of volcanic
apatite but much greater than the poorly crystal- and large vertebrates. The estimated body weights

range from less than 100 g for amphibians andlized carbonate hydroxyapatite observed in recent



268 X. Pereda-Suberbiola et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 157 (2000) 247–275

mammals to about 3 tonnes for the largest dino- of different weathering stages may reflect a com-
plex history of subaqueous and subaerial exposuresaur. The modal category of body size and weight

is smaller than 1 m and 1 kg, respectively. The (Rogers, 1990). Abrasion is not necessarily evi-
dence of transportation, but it may be an indicatortaxonomic diversity (39 species) is relatively high

and is the largest known for a Late Cretaceous of the intensity and/or time of interaction with the
sediment (Behrensmeyer, 1991). Thus, the abra-locality in Europe (see Sigé et al., 1997). The

relative abundance of species in Laño, as quantified sion features observed in Laño support a complex
taphonomic history of the bone assemblage. Theusing a diversity index (e.g. that of Simpson), is

comparable to known contemporary North occurrence of a large number of combined frac-
tures is consistent with this idea.American assemblages (Varricchio, 1995). Adult

individuals are much more frequent than juveniles. When compared with hypothetical taphonomic
examples of vertebrate accumulations (seeSeveral states of skeletal articulation are repre-

sented, including articulated or associated speci- Behrensmeyer, 1991), the Laño assemblage fea-
tures are not compatible with monospecific massmens in close proximity, but most of the bones

are disarticulated and dispersed. Dermal bones are accumulations due to flood. It looks like a fluvial
attritional model of sorted remains of both smallthe most common elements in the assemblage,

followed by isolated teeth. All the Voorhies Groups and large vertebrates. Nevertheless, the Laño
sample differs from the hypothetical model in theare represented in the association.

The actual size of the Laño bone accumulation presence of articulated skeletal parts, the greater
representation of less-dense skeletal elements suchis probably much larger than that evaluated from

the currently excavated area. The spatial density as dermal bones and Voorhies Group I, the higher
spatial density, and the greater percentage of dip.in the L1A level is relatively high. The bones,

especially the long bones, are oriented parallel to This suggests a minor influence of moving waters
in Laño and the occurrence of both autochthonousthe fluvial current, and some of them are tilted at

large angles to the bedding. The bone distribution and allochthonous elements mixed together in the
assemblage.is non-uniform, with a relatively large coefficient

of variation in bones per square metre. Three- The presence of two (or more) modes of fossil
accumulations in Laño suggests that there arequarters of the elements are broken, and two-

thirds of bones are splintered. About half of the taphonomically different histories. On the one
hand, the dispersed and unassociated skeletalbreakage is the result of combined fractures. The

weathering range is variable, and the percentage remains were probably accumulated as sedi-
mentary particles by the fluvial system over a largeof unabraded bones exceeds that of abraded bones.

There is no evidence of predatory activity (e.g. interval of time (many years?) and represent an
attritional accumulation. The thickness (abouttooth marks) or chemical alteration.

The Laño vertebrate assemblage occurs within 50 cm) and lithological character (sands and mud-
stones) of the Laño vertebrate-bearing beds suggestchannel deposits, and this has been affected by

fluvial processes, as suggested by the most common that the bones were probably accumulated over a
period of time (and not as a result of an instantan-long bone orientation. Biostratinomic (i.e. pre-

burial and syn-burial ) breakage is more common eous event). On the other hand, the articulated
and associated skeletal material includes sets ofthan fossildiagenetic (post-burial ) fractures. This

suggests that the Laño bones were mostly broken bones that were added to the bone assemblage,
probably as a result of carcasses floating into theduring subaereal exposition prior to transportation

or after weathering, as usually happens with site (Fiorillo, 1991).
The features of the Laño association are inter-bones preserved in fluvial channel deposits

(Behrensmeyer, 1988). The presence of a wide mediate between Johnson’s Models II and III
(Johnson, 1960). The faunal and morphologicalweathering range may be interpreted as evidence

of an attritional accumulation model composition, fossil density, disassociation, sedi-
mentary structure and texture in Laño are part of(Behrensmeyer, 1991). Moreover, the occurrence
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Model II, which represents a gradual accumulation modification features between the para-autochtho-
nous and allochthonous elements. Thus, dinosaurand burial of the remains of vertebrates living

nearby or at the site of deposition. The fragmenta- bones and Solemys plates are collectively more
abraded and comparatively show a greater degreetion is in accordance with Model III, which is an

assemblage composed, almost entirely, of elements of breakage than the remaining vertebrate bones.
The occurrence of bones at the death site andtransported to the site of burial. The fossil surface

condition, orientation, and dispersion observed at transported remains implies that Laño represents
a mixture of vertebrates from different habitats.Laño are features that are consistent with both

models (Johnson, 1960). The sedimentary context of the vertebrate
remains and the taphonomic features of the boneOn the basis of these data, we propose that the

Laño assemblage consists of two taphonomic frac- association suggest that Laño is intermediate
between the taphonomic modes for attritionaltions. One fraction is interpreted here as an attri-

tional collection of dispersed and isolated elements, assemblages in fluvial channels proposed by
Behrensmeyer (1988), though it tends towards thewhile the other, which is a smaller fraction, consists

of articulated or associated elements. The precise channel-fill mode (Table 5). The lithology of the
L1A level (mainly silt and fine sands) is comparabletaphonomic meaning of these fractions is unclear.

Nevertheless, both para-autochthonous and to that of channel-fill systems. Some of the tapho-
nomic attributes are in accordance with this modeallochthonous elements (sensu Fernández López,

1990, 1991) are probably mixed together in the (e.g. variable fragmentation and abrasion; wide
range of size, including microfauna; horizontal dipfossil association. Actinopterygian fish, amphibi-

ans, crocodilians and pleurodiran turtles are or at angles to a horizontal plane), but other
features are characteristic of channel-lag (e.g. rareregarded as para-autochthonous elements, while

the dinosaurs and probably the cryptodiran turtle, associated skeletal parts; long bones preferentially
oriented with current). Thus, the Laño sampletoo, may be allochthonous elements. The former

group includes aquatic or semi-aquatic animals, may be interpreted as a heterogeneous assemblage,
which represents a number of vertebrate palaeo-while the latter group includes terrestrial animals.

Differences among turtles are interpreted as eco- communities composed of both fluvial-specific ele-
ments and specimens transported from a varietylogical preferences. This interpretation is sup-

ported by the differences observed in bone of habitats on the alluvial plain.

Table 5
Taphonomic features of the Laño bone assemblage following Behrensmeyer (1988) work for attritional vertebrate assemblages in
fluvial channels

Sedimentary context

Large-scale Usually in the middle to upper part of the channel
Small-scale Continuous beds, not in basal lag deposits, medium to fine-grained unit
Lithology Medium to fine-grained sands, clays and silts
Taphonomic attributes
Sorting Small sizes sorted, larger elements more common in coarse sands (L1B level )
Abrasion Variable; more frequent in terrestrial vertebrate bones
Fragmentation Variable; more complete in finer sediments
Associated skeletal parts Rare; more common in finer sediments
Orientation Long bones preferentially oriented parallel to the current
Dip Horizontal or at angles to a horizontal plane
Body sizes Wide range, including microfossils
Interpretation

Mixed assemblage, including both para-autochthonous bones deposited at death site or scarcely trans-
ported and allochthonous bones transported over a distance in the drainage basin
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5.2. Fossildiagenetic aspects dence also supports the idea that the iron oxides
were formed posterior to the fractures. More than
one stage of oxidation cannot be excluded.The faunal composition of Laño and the varied

degrees of fossil preservation suggest a certain The diagenetic processes that lead to the Laño
bone features are interpreted as follows: (1) rela-degree of spatial mixture for the L1A bone associa-

tion. However, there is no evidence of a high tively rapid burial; (2) development of matrix and
cement (including early cementation); (3) lith-degree of temporal mixture in this level. A low

degree of taphonomic reworking (reelaboration ostatic compaction and fracturing of the bones
and quartz grains (post-fossilization bone modifi-sensu Fernández López, 1991) is likely to have

taken place, based on the following fossil evidence: cation); (4) cementation of cavities and fractures
(partial or total filling); (5) epidiagenesis and final(1) the occurrence of articulated remains (skeletal

associations) which is not consistent with reelabo- fracturation (Pereda-Suberbiola et al., 1992).
The development of the crusts and globule ironsration processes; (2) the low degree of smooth

transverse fractures (post-burial breakage), as could have resulted from a hydromorphic process
because of seasonal variations of the phreatic watercompared to spiral or irregular fractures, the latter

occurring during the biostratinomic phase level (see Duchaufour, 1977; Meyer, 1987). In the
wet season, the phreatic level becomes close to(Shipman, 1981; Alcalá and Martı́n Escorza,

1988); and (3) the lithological coherence between the surface, and the reducing atmosphere permits
the retention of cations such as Fe2+ dissolved inthe bone filling and the sediment observed in all

the thin sections. the interstitial fluids. In the dry season, intense
vaporization produces a decreasing movement ofFrom a petrological point of view, the verte-

brate fossil bones of Laño are composed of fran- the phreatic level, with the expansion of the vadose
zone. The strong oxygenation generates the precipi-colite. Diagenetic processes, including the

replacement of carbonate hydroxyapatite by fran- tation of the Fe3+ as goethite or haematites. The
seasonal repetition of this process permits the com-colite in dinosaur bones, have been described by

Hubert et al. (1996). A similar phenomenon is bination of the liberation by hydrolysis of the
Fe2+ from the phylosilicates contained in the sedi-observed in the Laño vertebrate remains, including

dinosaurs, crocodilians and turtles (Elorza et al., ment and the precipitation of iron as oxides around
the fossil bones, in addition to the formation of the1999). This suggests that the diagenetic processes

were homogeneous in all the fossil components. ferruginous crusts.
The relative percentage of illite and kaoliniteAs mentioned above, the main bone accumula-

tions of Laño are associated with iron surfaces. suggests a climate with seasonal variations (dry
and wet) of pluviosity. This model is consistentThese ferruginous structures were originally

described as hard-grounds (Astibia et al., 1987, with hydromorphic processes.
1990a). The nature of these surfaces is similar to
that of the iron oxides that cover the bones, as
suggested by both microscopic observations and 6. Palaeoecological considerations
diffractogram analysis. However, the sandy and
silty sediments of the L1A and L1B levels show It is assumed that the diversity observed in the

Laño fossil sample only reflects a fraction of thelow iron concentrations.
The bone fractures occurred before the develop- total diversity that was actually present in these

habitats during the Late Cretaceous. The com-ment of the ferruginous crusts. These fractures are
most often developed perpendicular to the longitu- pleteness of the sample based on a comparison

with recent faunas ecologically similar to thosedinal axis of the bones and, due to their fragil
nature, were formed during the lithostatic compac- represented in the Laño palaeoecosystems is

difficult to assess (see methods of analysis in Estestion. In some cases, portions of the same bone are
slightly separated from each other, and this space and Berberian, 1970). Moreover, the effects due

to post-mortem processes during the biostrati-is filled in with iron oxides. The microscopic evi-
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nomic phase (weathering, trampling, hydrody- common (Buscalioni et al., 1997), and they are
regarded as para-autochthonous elements (seenamic transport, etc.) should be taken into account

when reconstructing the palaeobiocenoses from above). Musturzabalsuchus may have had alligator-
like habits. The specialized dentition of Acynodonthe fossil association data. These biases are signifi-

cantly greater in terrestrial vertebrates (especially suggests that it fed on durophagous preys, includ-
ing perhaps small turtles (although there is nosmall forms) than in animals of aquatic habitats

(see Behrensmeyer et al., 1979). The occurrence of direct evidence of predation in the sample).
However, Ischyrochampsa and an Allodaposuchus-microfossils is an important source of palaeoecolo-

gical data (Dodson, 1987; Brinkmann, 1990). In like eusuchian rarely occur at Laño.
Ischyrochampsa was a huge predator that probablyLaño, more than half of the species present in the

L1A association have been recognized from micro- dwelt on land as well as in fresh water (see Vasse,
1995). Because of its large size, it was presumablyfossils. For example, several kinds of theropod

dinosaurs are known on the basis of isolated teeth. capable of hunting small dinosaurs. The turtles
include both cryptodiran and pleurodiran repre-However, it is suggested that the taphonomic (or

collecting) biases may explain the absence of bird sentatives (de Lapparent and Murelaga, 1996).
The aquatic habits of turtles are indicated by theremains in the assemblage.

The Laño fossil association from the L1A level common presence of fungi marks on the dermal
plates. The pleurodire Dortoka is the mostincludes both aquatic (or semi-aquatic) and ter-

restrial vertebrates. The macrofauna are domi- common mesoreptile and was possibly a good
swimmer. The cryptodire Solemys, the largestnated by herbivorous dinosaurs such as

titanosaurid sauropods (Lirainosaurus) and nodo- turtle of Laño, was presumably more terrestrial
than the pleurodiran ones, as suggested by thesaurid ankylosaurs (Struthiosaurus). The ornitho-

pods (mainly Rhabdodon) are quite rare in the bone modification features (higher degree of abra-
sion and breakage).Laño assemblage. All of them constitute most of

the large herbivorous biomass, apparently using All the bony fish and amphibians were aquatic
forms. Actinopterygians include lepisosteids (i.e.different vegetation levels. Struthiosaurus was

probably a low browsing forager (food source the alligator-gar Atractosteus) and, more rarely,
teleosteans (Cavin, 1997). The amphibian fauna,within 1 m above ground), while Rhabdodon and

Lirainosaurus were capable of feeding on vegeta- largely dominated by the palaeobatrachid frogs,
indicates a fresh-water environment.tion up to 2–3 m above the ground (see

Weishampel, 1984). Terrestrial carnivores are rep- The analysis of relative abundance indicates
that the vertebrates with aquatic habits are domi-resented by theropod dinosaurs of different sizes,

including small dromaeosaurids and ornithomimo- nant in the assemblage (about 80% in Table 4).
The frogs account for half of the MNI, with turtlessaurs, and a medium-sized neoceratosaurian

(Pérez-Moreno et al., in prep.). Other terrestrial comprising about 20%. Dinosaurs are the domi-
nant group within terrestrial vertebrates (aboutcomponents of Laño are the squamates (snakes,

lizards) and mammals. The small madtsoiid snake 8%). These data agree with a fossil association
comprising an autochthonous to para-autochtho-Herensugea was probably a fossorial or secretive

form (J.-C. Rage, pers. commun.). A medium- nous concentration of primarily aquatic forms that
inhabited freshwater environments and a minorsized azhdarchid pterosaur is the only flying verte-

brate present at Laño. So far, birds have not been portion of allochthonous terrestrial vertebrates.
As compared to other vertebrate localities fromfound in Laño.

The semi-aquatic (amphibious) components of the Late Cretaceous of Europe, the Laño associa-
tion closely resembles those of Villeveyrac andthe Laño assemblage are mainly represented by

crocodilians and turtles. The occurrence of Champ-Garimond from the Campanian of
Languedoc, southern France (Buffetaut et al.,four distinct crocodilians in the L1A level is

worthy of consideration. The alligatoroids 1996; Sigé et al., 1997). From the 19 families of
vertebrates recorded in Champ-Garimond, at leastMusturzabalsuchus and Acynodon are very
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14 are present in Laño, and no less than seven displays the following taphonomic features: size-
sorting and dominance of small elements; variablegenera occur in both sites (Atractosteus, Solemys,

Polysternon, Acynodon, Musturzabalsuchus, degree of abrasion and fragmentation; rare articu-
lated skeletal parts; wide range of body sizes,Euronychodon, Rhabdodon). Some of these taxa (at

least eight families and four genera) also occur in including microfossils; long bones somewhat pref-
erentially oriented, and with variable dip, often atVilleveyrac. The Champ-Garimond site (also called

Fons 0) has been interpreted as a lacustrine envi- large angles to the horizontal plane. The Laño
vertebrate site probably represents a mixed assem-ronment without marine influences, while

Villeveyrac is regarded as an estuarine landscape blage composed of both para-autochthonous and
allochthonous elements. The precise taphonomicor a lagoon environment near the shoreline

(Freytet, 1971; Sigé et al., 1997). meaning of these fractions is unclear. The remains
of aquatic (bony fish, amphibians) to semi-aquaticThe occurrence of both pelomedusoid turtles

and crocodilians in Laño indicates an intertropical, animals (crocodilians, turtles) were probably accu-
mulated nearby or at the site, while those of thewarm climate (de Lapparent and Murelaga, 1996).

This interpretation agrees with the palynological terrestrial vertebrates (dinosaurs, mammals) were
carried over a distance in the drainage basin.assemblage found in organic matter rich beds of

the alluvial system: the undergrowth of Laño was Associated dinosaur bones are interpreted as a
result of floating carcasses.composed of ferns, gymposperm (mainly pines and

cypress) and angiosperm plants, which are indica- The fossil association of Laño lies between the
extreme taphonomic modes for attritional verte-tive of a humid, temperate to subtropical climate

(Nuñez Betelu, pers. commun.). brate assemblages in fluvial channels proposed by
Behrensmeyer (1988). According to the lithologi-
cal features and taphonomic attributes, it tends
more towards the channel-fill mode than towards7. Conclusions
the channel-lag mode. Moreover, some sedimento-
logical features observed at Laño suggest a gradualThe continental series of the Laño quarry con-

sists of a succession of sedimentary units, including abandonment of the channel, with occasional
periods of reactivation.fluvial and palustrine deposits. The main fossil

associations occur in an alluvial system mostly The Laño association is dominated by small
vertebrates with freshwater habits. The presencecomposed of sands and conglomerates with disc-

shaped clasts. Most of the vertebrate bones have of pelomedusid turtles and crocodilians in Laño
indicates the existence of an intertropical, warmbeen found in tabular-like channel deposits. A

braided river system, with channels, interchannel climate.
pools, and sandflats, is consonant with the
observed sedimentary features (Astibia et al.,
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