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Abstract Fossil gathering by humans has been rarely docu-
mented in the Iberian Peninsula. In the present paper, a mul-
tidisciplinary approach has been taken to analyze a straight-
tusked elephant (Elephas antiquus) molar retrieved in a
Magdalenian deposit at the rock shelter of El Pirulejo in
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southern Spain. The taphonomical analyses revealed a multi-
farious use of a tooth that had not only been worked into an
anvil-sort-of-tool but also used as a core and partly tainted
with a composite pigment. The dating and geochemical anal-
yses further evidenced that the molar derived from an animal
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that had lived in a rather arid landscape with a temperature range
between 12.3 and 14.3 °C coincident with a cold episode within
marine isotope stage (MIS) 6.6 and probably fed on herbaceous
plants. These analyses evidence the potential fossils from
archaeological sites bear for addressing a wide range of issues
that include both the cultural and paleoenvironmental realms.

Keywords Tooth - Taphonomy - U/Th dating - Isotopes -
Iberian Peninsula - Upper Paleolithic - Fossil gathering

Introduction

Whether organic or inorganic, items retrieved in archeological
deposits have been traditionally pigeonholed into three major
categories: evidence of subsistence, tools, and symbolic items.
Notwithstanding the validity of such taxonomy, the fact is that
setting apart one domain from the other is not always a nec-
essarily straightforward task. In the case of animal remains,
for example, subsistence is probably the easiest activity to
document. In the case of tool making sensu lato (i.e., including
drafts and discarded items), and except for some very obvious
instances where modern analogs exist, the assignment of an-
imal remains to this category is based on inferences of behav-
ior often fraught with multiple problems, of which equifinality
is not a minor issue. Finally, to identify a remain within the
symbolic realm, also taken sensu lato (i.e., including artwork
and ornaments), is speculative to no small degree in that more
often than not such assignment implies making inferences
about extremely complex questions concerning human evolu-
tion as are matters dealing with the development of cognitive
processes in people long gone.

These three domains are interconnected to such an ex-
tent to render an allocation of a given item to a single
domain an unrealistic exercise. Likewise, the precise con-
junction of domains that a particular item represents is
easier to draw in some instances than others. In this
way, it is easy to detect that very often remains of animals
that had been consumed were later used as raw materials
for the confection of tools. Within this context, one
should note that transport (in particular long-distance
transport) and recycling of raw materials, both lithic and
organic, are a practice documented in humans since at
least the Middle Pleistocene aiming mostly at the manu-
facture of artifacts (e.g., Rosell et al. 2015 with references
therein, Wei et al. 2015).

Gathering took on a new dimension when collecting
went beyond what one considers to be a practical and/or
immediate purpose. Such would be the case of gathering
exotic objects such as fossils and ornamental rocks, for
which no apparent reason other than sheer beauty or plea-
sure can be postulated. Although such non-parsimonious
and often difficult to prove behavior may at times derive
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from our sheer lack of analogs that could explain the
reasons behind such activity, collecting these kinds of
objects has been more or less automatically assumed to
dwell in the ritual or symbolic realm. Fossil gathering
may qualify within this non-utilitarian domain and has
been documented since the Middle Pleistocene at places
such as Zoukoudian (China: quartz), Gesher Benot
Ya’aqov (Israel: bead-like Jurassic crinoids), and
Swanscombe (UK: flakes made from fossil coral bearing
chert) (Edwards and Clinnick 1980; Goren-Inbar et al.
1991; Oakley 1975). In the more recent Mousterian and
Chatelperronian cultures of the European Upper
Pleistocene, the archeological record has provided evi-
dences of Neanderthals collecting items such as pigments
(Soressi and d’Errico 2007), feathers, and worked shells
at sites such as Combe Grenal (France), Riparo Fumane
(Italy), Gorham (Gibraltar), Les Fieux (France), or Los
Aviones and Antén (Spain), for no apparent “utilitarian”
use (Soressi and d’Errico 2007; D’Errico et al. 2010;
Morin and Laroulandie 2012; Peresani et al. 2011;
Finlayson et al. 2012; Zilhdo et al. 2010). The explosion
of the evidence, associated with the increasing cognitive
abilities of humans, reached its peak with modern Homo
sapiens (e.g., see Roberts 2015 and references therein).

The problem on whether animal remains represent con-
sumption, tool making, or symbolic behavior is particularly
pressing in the case of proboscideans as these animals have
been documented to take roles within all three realms
(Rabinovich et al. 2012; Boschian and Sacc 2014; Yravedra
et al. 2014; Agam and Barkai 2015). Numerous studies have,
in this way, highlighted the nutritional role that elephants
played during certain moments of the Lower and Middle
Paleolithic while others revealed the use of proboscidean re-
mains in bone tool production in Europe since the Middle
Paleolithic and in artwork since the Upper Paleolithic (e.g.,
Agam and Barkai 2015; Gaudzinski et al. 2005; Boschian and
Sacc 2014). To discern whether elephant remains also played
symbolic roles has been far more difficult to prove as most of
the suspected symbolic cases deal with cranial remains, in-
cluding mandibles, that often constitute major sources of meat
(Agam and Barkai 2015).

Ascertaining whether the various roles played by probos-
cidean remains operated in isolation or in conjunction at a
given place and time, and also what were the specific realms
involved in each case, has proved extremely elusive. Such
matter, in fact, has seldom been addressed from the standpoint
of fossils. For those reasons, and in order to deepen our un-
derstanding on the significance of isolated elephant remains
and the role that their fossils may bear as proxies for past
human cognitive development, in this contribution, we pres-
ent the results of a multi-disciplinary study that has been per-
formed on a Proboscidean tooth fragment recovered at a cave
from southern Iberia.
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El Pirulejo

The cave of El Pirulejo is located in the town of Priego de
Cordoba (Andalusia, Spain), lying 580 m a.s.l. in the Sub-
Betic mountain system, at a distance of ~80 km to the shore
of the Alboran Sea (westernmost Mediterranean) (Fig. 1). The
site was discovered in 1983 during land removal works. The
details of the excavations and history of this site have been
reviewed by Cortés-Sanchez et al. (2014).

The chronocultural sequence of El Pirulejo is composed of
six levels (Cortés-Sanchez et al. 2008, 2014) (Fig. 2) that,
from top to bottom, included the following:

1. Superficial level. This was formed by heterogeneous de-
posits and materials of Modern and Contemporary age.
Level P/1. Funerary structures from the Bronze Age.
Level P/2. Mediterranean Late Magdalenian.

Level P/3. Mediterranean Upper Magdalenian.

Level P/4. Mediterranean Middle Magdalenian. This is

the only level with a C'¥/accelerator mass spectrometry

(AMS) dating of 14,250 + 90 year BP (Poz-21,164,

charcoal) that corresponds to a calibrated date of 17,

458 + 257 year BP.

6. Levels P/5 and P/6. Characterized as representing an in-
determinate Upper Paleolithic, P/6, given its position be-
tween level P/5 and an underlying travertine rock, possi-
bly derived from the Solutrean dated by U/Th to ~19 ky
BP (Diaz del Olmo 1995: 25). It should be noted that the
travertine that was dated here was not the rock lying at the
very base of the sequence, but a portion of the same for-
mation located on the so-called Adarve sector, lying a
mere 500 m away from the cave.

vk

Fig. 1 Location and partial view
of El Pirulejo cave

Methods

The taxonomic identification, description, and measurement of
the elephant tooth followed the criteria of Osborn (1942) and
Aguirre (1968, 1969). All measurements are given in millimeters.

Isotopic and elemental analyses were carried out at the labo-
ratories of the Instituto Andaluz de Ciencias de la Tierra. A
sample of enamel and another one of dentine were extracted for
this purpose. Oxygen was analyzed in the phosphate and carbon-
ate fractions of enamel and carbon in the carbonate fraction of
enamel and the collagen fraction of dentine (ivory). Nitrogen was
analyzed in the collagen fraction of dentine only.

The two internal standards used for phosphates were EEZ-
8 (silver phosphate, 5"%0 = 11.1 %o) and EEZ-12 (coumarin,
5'%0 = 14.1 %o), calibrated by the international standard
TAEA-NO-3 (6'%0 = 25.6 %o). The oxygen from phosphates
(6180p) was precipitated as AgzPO,4 and transformed into CO
at 1450 °C by means of pyrolysis (TC/EA) (Vennemann et al.
2002, and references therein). It was later analyzed in a XL
Thermo Finnigan Mass Spectrometer with a coupled TC/EA
device. The details of the protocol are provided by Garcia-
Alix et al. (2012). Results were expressed in & notation, using
the standard mean ocean water (SMOW) for oxygen.
Three measurements were taken on each sample and the
standards.

Two internal standards were used for carbonates, EEZ-5
(6"3C = 1.80 %o and 6'%0 = —18.43 %) and EEZ-1
(63C =2.53 %o and 6'%0 = —4.75 %o), calibrated by the inter-
national standard NBS-19 (5'°C = 1.95 %o and "0 = 2.20 %o).
The oxygen and carbon from carbonates were analyzed
using the classic method of McCrea (1950), with the modifica-
tions introduced by Koch et al. (1997) to minimize the effect
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Fig. 2 Stratigraphy of El Pirulejo cave

of the organic matter and the secondary carbonates. Oxygen
and carbon were analyzed in a Thermo Finnigan XL mass
spectrometer with a coupled Thermo Finnigan Gas Bench 1L
The results were expressed in § notation, relative to the pee dee
belemnite (PDB) (carbon) and PDB/SMOW (oxygen) stan-
dards. Three measurements were taken on each sample.

Three internal standards were used for collagen: UR-05
(urea MERK, 5'°C = —43.82 %0 and 5'°N = —1.02 %),
EEZ-14 (phthalic acid, 5'C = =30.63 %), and EEZ-23 (shark
cartilage, 5'3C =—13.27 %o and §'°N = 16.01 %o), calibrated
by the international standards. Collagen extraction followed
the protocol provided by Bocherens et al. (1991, 1997).
Samples were analyzed in a Thermo Finnigan XL mass spec-
trometer with a coupled elemental analyzer (EA). Results
were expressed in & notation, using the VPDB (carbon) and
N-AIR (nitrogen) standards. Two measurements were taken
on each sample and the standards.

In phosphates and carbonates, the estimated precision after
correction for mass spectrometer daily drift, and using the
standards systematically interspersed in analytical batches,
was higher than +0.1 %o in the case of 5N and 6'°C, and
+0.2 %o in the case of 5'%0.

The isotopic composition of past meteoric water was esti-
mated from the isotopic composition of the phosphate in the
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tooth’s enamel. This was done following the equation that re-
lates these variables in proboscideans (see Ayliffe et al. 1992).

For U/Th dating, two 0.5-g aliquots were analyzed. Each
aliquot was dissolved in diluted nitric acid. After dissolution
and filtration, known amounts of 2321 and ?*°Th isotope
tracers were added to each aliquot for yield determination.
Iron hydroxides, along with dissolved U and Th, were precip-
itated and separated from the solution. A solvent extraction
method, using tributyl-phosphate (TBP) and xilene as the or-
ganic phases, was used to separate Th from U, and distilled
water later taken to purify the uranium. The Th solution was
purified using an anion exchange resin (AG1x8 hydrochloric
form) first conditioned in HCl 8 M and afterward in HNO;
7 M. The purified U and Th solutions were electroplated onto
stainless steel disks at 1.2 A during 1 h. Radioactivity of
230Th, 232Th, 234U, and 2*®U was measured through decay
counting in an alpha spectrometer system equipped with
PIPS detectors.

In the case of the taphonomic analyses, stigmas on the tooth
have been analyzed in order to set apart natural (i.e., non-an-
thropogenic) traces as well as naturally occurring substances
from those evidencing an intentional manipulation of the spec-
imen. In the analysis of traces, both ocular inspection and a
WILD MZS5 (X5-X50) stereoscope have been used. In the case
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of substances, the analysis was performed on a micro-sample of
a pigment extracted from the red-colored surface of the ele-
phant tooth. Pigment characterization was carried out by means
of a Hitachi S4800 high-resolution (1-3 nm) field emission
scanning electron microscope (SEM-FEG), equipped with a
1.33-eV resolution Bruker X Flash 4010 energy-dispersive X-
ray (EDX) detector. Fourier transform infrared (FTIR) spectra
were obtained using a JASCO FT/IR-6200 IRT-5000
Spectrophotometer. Data were collected by co-adding 32 scans
at 4-cm” ' resolution. The system was N,-purged to reduce
atmospheric CO, and H,O absorption. FTIR spectra were ac-
quired using the absorbance mode upon pellets of the powdered
samples dispersed in KBr. The samples were uniformly ground
in an agate mortar with KBr (IR grade), previously degasified at
400 °C. A 13-mm pellet was made using a PerkinElmer holder
and a hand press working at 11 t.

The identification of the specimen in terms of the agent
responsible for its accumulation followed the taphonomic
group criteria described by Gautier (1987).

Fig.3 1 Upper third left molar of
straight-tusked elephant Elephas
antiquus. (2-7) M? from El
Pirulejo cave, (2) lingual (buccal)
face, (3) occlusal face, (4) labial
(vestibular) face, (5) posterior
(distal) face, (6) apical face, (7)
anterior (medial) face

Results
Description

The proboscidean tooth from El Pirulejo (Fig. 3 and
Supplementary material) is a fragment from a molar that
weighted 1185 g and was retrieved in level P/2, a Late
Magdalenian deposit from the S3 square dated ~14-12.8 ky
cal. BP (Cortés-Sanchez et al. 2008). The specimen is now
housed at the Museo Historico Municipal de Priego de
Cordoba (Spain; inventory code: 2008/44).

The molar preserved five plates corresponding to the cen-
tral part of the tooth, all of which exhibited marked wearing.
The morphology of the enamel loops on the occlusal surface
featured clear loxodont sinuses, with the enamel proper being
intensively folded. Both traits constitute diagnostic features of
the straight-tusked elephant, Elephas (Palaeoloxodon)
antiquus. Enamel thickness ranged from 2.3 to 4.5 mm (mean
3.31 mm) (Table 1). The maximum width of the molar

@ Springer
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Table 1 Enamel thickness

measurements of the Elephas 1 2 3 4 5 6 7 8 9 10 1 12 13

antiquus molar for the various

plates (P) Pl 374 429 428 418 426 284 - - - - - - -
P2 - - - - - - 342 297 - - - - —
P3 _ _ — - - - - - 323 324 - - -
P4 - - - - - - - - - - 338 3.64 -
P5 - - - - - - - - - - - - 3.27

See Fig. 4 to check where each measurement was taken

(including cementum) was 86.56 mm, whereas its maximum
length reached to 91.02 mm (Fig. 4 and Table 1). The plates,
obliquely arranged with respect to the occlusal surface, had a
maximum height of 152.5 mm. The estimated lamellar fre-
quency was of 4.2. This combination of features revealed
the tooth to be an upper third molar (M*) whose advanced
stage of wearing suggested an old individual (i.e., a senile).
The asymmetry of the molar in occlusal view indicated that it
corresponded to a sinistral (i.e., left) specimen.

Absolute dating

The two U/Th dates provided an average date of 185.15+ 13 ky
BP (10, Table 2) for a range of dates set between 198 and 172

Fig. 4 Occlusal view of the upper third left molar from El Pirulejo cave
with indication of the points where enamel thickness measurements have
been taken (see Table 1)

@ Springer

ky BP, and evidenced that we were dealing with a specimen
from MIS 7.1/6.5 (i.e., Middle Pleistocene, Fig. 5). This date
range is well in accordance with the chronological range attrib-
uted to the straight-tusked elephant (see the
“Paleoenvironmental reconstruction” section). Even though
there presently exist no radiometric dates for level P/2, all of
the available chrono-cultural data allowed one to safely assign
that level to a Late Magdalenian (Cortés-Sanchez et al. 2008).
Such assignment was strengthened by the good stratification of
the depositional sequence and also by the technological evolu-
tion of the three Magdalenian levels at El Pirulejo of which P/2
constituted the latest development. Yet the most compelling
evidence of a Magdalenian deposit for P/2 is provided by the
14C/AMS dating of the lowermost Magdalenian level (i.e., P/4,
17.4 ky cal BP; see the “El Pirulejo” section). Given the
Magdalenian age of the context in which the tooth was retrieved,
the specimen qualified fully as a fossil (i.e., a reworked
intrusive, included in group no. 5, sensu Gautier 1987).

Taphonomy and technological analysis

From the taphonomic standpoint, the molar featured a carbon-
ate crust that partly covered its occlusal surface. At the same
time, as said, it was fractured on both its anterior (medial) and
posterior (distal) ends. Less evident but equally revealing was
the fact that the molar lacked most of its roots due to fractur-
ing, leaving the alveoli fully exposed.

The fractures of the anterior and posterior sides were per-
pendicular to the occlusal surface (Fig. 3, (5) and (7)). Given
that the areas in between the plates of elephant molariforms
correspond to zones of weakness along which teeth tend to

Table 2  U/Th dating of the molar from EI Pirulejo

Sample U (ppm) Z*UA%U 230y, 23415 T (ky)(10)

Aliquot1 574 +12 1.722+£0.021 0.902 + 0.029
Aliquot2 547 +1.0 1.722 £0.022 0.885 = 0.027

Average - - -

189.0 £ 13.9
181.3 £ 12.1
185.15 + 13

Uranium concentrations and activity ratios for the two aliquots of the
teeth are shown. The errors assigned to the data are 10. In the last column,
the nominal (EU) ages obtained through the Bateman disequilibrium
equation are shown
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Fig. 5 Molar of an African
elephant Loxodonta africana
cyclotis evidencing spontaneous
crackelling along the weakness
planes of the bioapatite crystals
due to dehydration, along with a
fracturing that may have resulted
from that crackelling. One may
speculate that it was a natural
crackelling of this kind what
allowed to wedge open the fossil
specimen from El Pirulejo
producing the fractures
documented in the text (see also
Fig. 3; reference specimen from
the private collection of one of the
authors [AMM)])

crack and break off spontaneously (Fig. 6), it was critical to
determine whether such had been the case of this specimen or
if one could take the fracturing to represent an intentional
action (i.e., the result of human manipulation). Two rather
compelling pieces of evidence arguing for an intentional frac-
turing came from the fact that both fracture planes not only
were symmetrical (i.e., located at essentially the same distance
from the oral and aboral ends of the tooth) but also exhibited

Fig. 6 View of the ochre stain on the posterior (distal) face. (/-2)
Microphotographs of the ochre; (3) close-up view of the ochre speck

previous to analysis; (4) close-up view of the DIA where the residues of

an identical coloration which was very different to that of the
remaining tooth. This suggested that both fractures had oc-
curred at the same time, a highly improbable event in the case
of such a massive element as an elephant molar. The techno-
logical analysis further reinforced that interpretation. In this
way, it was determined that the breakage of the talons took
place by introducing some sort of wedge in the interradicular
spaces (cracks?) lying in between the roots (Fig. 3, (5)). By

the hematite (red) and the clay-like mineral (yellow) appear clearly dif-
ferentiated; (5) carbonate crust over the ochre speck

@ Springer
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way of indirect percussion and levering movements, the artisan
managed to break apart the wall of the tooth leaving exfoliation
notches on the impact zones. These (cementum) notches left by
the percussions on the extraction surfaces were located just
below the occlusal surface and were larger on the posterior face
than on the anterior face (compare Figs. 3, (5) and (7)). Lastly,
both fracture planes exhibited a series of peculiar striations
suggestive of manipulation, and one of the planes also incorpo-
rated ochre residues (Fig. 3, (5), and Fig. 7).

EDX elemental analysis using the SEM identified P, Ca,
Fe, Si, Al, and O as the main constituents of the residue (Fig.
8). P and Ca were the dominant elements in the sample, a
rather unsurprising find given that both are also the main con-
stituents of vertebrate teeth. On the other hand, Si, Al, and Fe
reflected the use of some earthy pigment incorporating ferric
oxide (i.e., ochre) (Fig. 8).

The infrared spectrum showed prominent bands of hema-
tite at 468 and 560 cm ' and of ferric oxide at 1097 cm '
along with features assigned to calcite and quartz (Bikiaris
et al. 2000; Mortimore et al. 2004). EDX analysis revealed
the presence of Si and Al that is indicative of clay minerals,
along with quartz, as the main silicon-containing ingredients.
The infrared spectra (Fig. 9) and the positions of bands listed
in Table 3 evidenced that the sample corresponded to a hema-
tite mixed with a clay-like material. This observation would
suggest an operation where ochre had been mixed with a

binder, with the sample taken being predominantly a clay-
like binder with a small amount of hematite. Such hypothesis
gains weight through the EDX and FTIR chemical analyses
that evidenced the presence of calcium carbonate, quartz, and
some kind of clay-like minerals. The only pigment found in
these samples was in all cases hematite.

Infrared spectroscopy turned out to be less informative than
expected due to the impossibility of spotting features below
450 cm !, where the most prominent and distinctive bands of
hematite occur. Still, the spectrum shown in Fig. § revealed
strong bands of calcite at 1425 and 870 cm ™ as well as a weak
band at 711 cm™'. Quartz is responsible for the bands at 1037
and 797 cm ™' whereas the broad feature around 1000 cm ™' is
likely to correspond to silicate minerals (Mortimore et al. 2004).

Calcite was deposited over the pigment as a result of post-
depositional processes as can be seen in the microphotographs
(Fig. 7, (5)).

It thus seemed likely that hematite was combined here with
some clay-like matrix similar to those reported at the Es-Skhul
shelter on Mont Carmel (Israel; D’Errico et al. 2010) and
Catalhdyiik (Turkey; Mortimore et al. 2004), where iron oxide
was mixed homogeneously in a clay matrix. Two additional
lines of evidence supported the latter hypothesis: (a) an optical
microscopy analysis that clearly evidenced how the stains
were indeed from a pigment formed by a combination of red
colorant (iron oxide) and a yellowish material (clay-like

cps/ev (normalised)

Fe

0 2

keV

Fig. 7 Spectrogram of the ochre stain. See Fig. 6 for viewing the zone sampled for analysis
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Fig. 8 FTIR spectra of the s
. . — El Pirulejo
pigment in the ROI 1600
450 cm™' of sampled material
compared to Catalhdyiik hematite
pigment over calcite plaster (after
Mortimore et al. 2004)
1 | 1 | 1 | 1 |
4000 3500 3000 2500 2000 1500 1000 500
—— El Pirulejo A .
— — Gatalhoylik I \\ :
; % o
£
/ @ o
/i i) © S
rof -8
/. : ; s s
(i ' ] g
1 ' ‘ :
[ ] :
— 2 5 . :
g i = /¢ ;
(7] & . = :
= ! =] . = s
© / - ) :
E : N ]
= l f : g /
2 A I t
== / . ] o I
g P g8 7 I
C 7\ / o E s (e
« / - / 3 . : i
k] i S $ 5 :
5 NN £ : : 1%
§ 4 5 ! 2 s R e
\ = ! ; I
© F 2% / S i 8 |
3 ' 1| : /
o R ' !
p-i ' " !
. 1) I- /
My R
Lo o
\ g Al
\I . v
| AT BT BT ST ST NI RS
1600 1400 1200 1000 800 600

mineral) (Fig. 7, (1)—(4)), and (b) a digital analysis of the
surface of the molar where the ochre was located, and the
subsequent mapping obtained through SEM. This allowed
one to tentatively identify the distribution of the heavily dam-
aged pigment stain as suggestive of a faded imprint, most
probably from a fingerprint (Fig. 7).

Various other fractures and splintering suggested an inten-
tion to create a cubic shape whose finality was not merely one
of acting as an anvil-like tool but also as a core. In this way, on
the lingual side of the apical face, the tooth featured a negative
withdrawal of a straight longitudinal splinter and along its
lower part, several impact fractures that had removed the roots
(Fig. 3, (5) and (7)). On the labial side of the apical face, a
well-delimited 20 mm X 5 mm area with traces of indirect
percussions (see Averbouh and Provenzano 1999), also ap-
plied to remove the roots, featured a series of short and

wavenumber (cm-1)

grouped longitudinal striations running from the labial edge
to the axial plane of the molar (Fig. 3, (7), and Fig. 9a, b).
Close to that area, a second negative withdrawal of a straight
and longitudinal splinter was present (Fig. 3, (7)). Likewise,
one could appreciate a later elimination of the cement surface
attached to the plate and the smoothening of its upper margin
on one of the fracture planes (Fig. 3, (7)).

The labial (vestibular) face of the tooth (Fig. 3, (4)) featured
negative withdrawals from two additional splinters. The larger
one measured 83 mm X 70 mm, and the smaller one
50 mm x 31 mm. None of these splinters flaked out cleanly,
but only the larger one left a small part of the plaque, near the
occlusal face, attached to the core. This narrow longitudinal
area, where several short withdrawals from the exterior to the
interior of the tooth had been made, measured 55 mm x 7 mm
(Fig. 9c, d). Another feature on this same surface was the
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Fig. 9 Macro-photographs of
technological traces (a, ¢) and 3D
model rendering of those same
images (b, d) through ambient
occlusion analysis (a, d labial
edge of the apical surface (b); ¢, d
anterior (medial) face)

presence of two juxtaposed depressions. The larger, U-shaped
one, measured 23 mm x 4 mm and, in contrast with the with-
drawal edges of the splinter, featured eroded edges. The small-
er depression had an oval shape measuring 12 mm x 8 mm.
Both depressions had small impact marks on their interior,
similar to those reported for bone anvils (see Evora 2008).

Table3 Infrared bands observed for pigment samples prepared as KBr
disks, from EI Pirulejo

Wave number Assigment Reference
1425 Calcite Mortimore et al. (2004)
1097 Ferric oxide Bikiaris et al. (2000)
1037 Quartz Mortimore et al. (2004)
870 Calcite Mortimore et al. (2004)
797 Quartz Mortimore et al. (2004)
711 Calcite Mortimore et al. (2004)
560 Hematite Mortimore et al. (2004)
522 Hematite Bikiaris et al. (2000)

@ Springer

Very close to both depressions, small impact marks with V-
shaped cross sections were identified (Fig. 9).

One final and rather relevant piece of evidence was the
presence of thermo-alterations, including charring and char-
coal remains on the roots and basal portion of the lingual face
of the tooth crown (Fig. 3, (2), and Fig. 9).

Taken together, all these lines of evidence testified to an
unusually intensive and diversified use and manipulation of
the molar.

Geochemistry

The oxygen isotopic composition of the enamel phosphates
(6180p) had a value of 17.7 %0 VSMOW. The isotopic compo-
sition of the enamel carbonates was —9.7 %o PDB for carbon
(6"3C,), and —3.4 %o PDB for oxygen (5"%0,). The amounts of
carbon and nitrogen released from dentine collagen were low
(3.4 and 0.6 %, respectively), and the atomic C/N ratio was
~7.0. The collagen isotopic composition was —33.2 %o PDB
for carbon (8'°C.y), and 6.0 %o AIR for nitrogen (5'°Ney).
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Discussion
Preservation of the sample

A linear relationship has been documented in bioapatite sam-
ples from mammals as both §'*0, and 6180p precipitate in
isotopic equilibrium with internal body water (Longinelli
1984; Luz et al. 1984; Iacumin et al. 1996; Bryant et al.
1996). Also, because the mechanisms of alteration in both
oxygen isotopes are different, an isotopically unaltered sample
shows an almost constant offset value between §'°0, and
(SlgOp (Iacumin et al. 1996; Bryant et al. 1996; Clementz
2012). In our samples, that offset value in SMOW was
9.5 %o, thus not only in agreement with the range of values
for unaltered bioapatite (Iacumin et al. 1996) but also fitting
the equation that relates both variables (Iacumin et al. 1996;
Bryant et al. 1996). For both reasons, one may safely assume
that the inorganic phase of the enamel was well preserved.

Such was not the case of the collagen isotopes. The low
content of carbon and nitrogen as well as the high atomic C/N
ratio point toward diagenetic alteration of the organic fraction
of'the tooth, according to DeNiro (1985) and Ambrose (1990),
among others. Such alteration might well have been caused by
the aforementioned charring and, at any rate, suggests that the
specimen had indeed been in contact for a prolonged period
either with ashes, a heat source, or both. Although one is
unable to decide whether such thermo-alteration was “active”
(i.e., achieved by the tooth being intentionally placed in con-
tact with the heat source) or “passive,” what seems clear is that
a prolonged period of exposure was necessary to attain such a
state of alteration.

These differences in preservation between the organic and
inorganic fractions are explained because enamel, mainly
formed by inorganic material, is far more resistant to degrada-
tion than the organic material that appears in greater quantity
on the dentine (Binford 1987; Bonnischen and Sorg 1980;
Lyman 1994, Stiner et al. 2001).

Paleoenvironmental reconstruction

The U/Th mean value obtained of the upper left M3
(185.15 + 13 ky BP; 1o, Table 2) is coincident with a cold
episode during an early stage of MIS 6 or the very end of MIS
7. The paleotemperature data provided by the molar correlat-
ed, with a 76.9 % confidence interval of the U/Th date, with
those from the MIS 6.6 stage, when mean temperatures were
similar to those provided by the tooth (Fig. 5). Such date range
allowed one to frame the reconstruction of the
paleoenvironment at the time the elephant was alive during
the final moments of the Middle Pleistocene. The carbon iso-
topic composition of the carbonates suggested that this partic-
ular animal had a C3 plant-based diet. Specifically, the high
value of the 5'3C, (9.7 %), set near the highest values for

carbonates from herbivores feeding on C3 plants (Lee-Throp
et al. 1989; Cerling et al. 1997), allowed one to postulate that
the specimen had inhabited an area with dry conditions. Such
scenario conforms to the one postulated for the southern Iberia
during MIS 6.6 (Ortiz et al. 2010; Gonzalez-Mora et al. 2006).

The oxygen isotopic composition of the bioapatite phos-
phate allowed one to postulate an estimated mean annual iso-
topic composition of past meteoric waters of —6.0 %0 SMOW
that would be quite similar to the one presently existing in the
area where the animal was originally living. Both lines of
evidence indicated that the gathering of the fossil took place
somewhere on southern Iberia without further specification
(Fig. 10). E. antiquus is relatively frequent in most of the
Quaternary fossil outcrops dotting the basins of the Infra-
Betic Arch (Fig. 10). Included here are the Guadix-Baza
Basin, the sites of Solana de Zamborino and Loja (Granada
Basin) (Ros 2010), and the fluvial terraces along the
Guadalquivir River Basin (e.g., La Rinconada,
Hornachuelos, and Almododvar del Rio; van Made and Mazo
2001). Likewise, the Salado River, lying just a few meters
from the cave entrance, is an affluent of the Guadalquivir
River that could have served as the route taken by people to
reach the Guadalquivir outcrops. E. antiquus has been also
reported in the Middle Pleistocene levels at the cave of El
Angel, 35 km away from El Pirulejo, although it appears that
these remains represented evidences of scavenging by hyenas
(Barroso et al. 2011).

Although E. antiquus has been traditionally considered a
bio-indicator of forested biotopes, best adapted to mild humid
and warm climates (e.g., Stuart and Lister 2007; Pushkina
2007), recent data on its paleoecology and paleodiet suggest
wider environmental tolerance. Indeed, the isotopic data ob-
tained on enamel samples from the German sites of Mauer and
Steinheim (Table 4) indicated that the species also inhabited
relatively open shrubland (Pushkina et al. 2014), and the iso-
topic signals of the Italian specimens from Polladrara di
Cecanibbio and Casal de’ Pazzi (Table 4) point to a prevalent-
ly browser/intermediate type diet, relatively rich in herbaceous
plants, in quite arid environments, during mild (i.e., temper-
ate) climatic phases (Palombo et al. 2005). Lastly, tooth
microwear patterns have revealed a wide dietary breadth for
E. antiquus that ranged from graze-dominated mixed feeders
during the Middle Pleistocene to leaf browsers during the
Eemian (Rivals et al. 2012). These results evidence the ability
of the species to adapt its diet to the vegetation available at a
given place and time (Rivals et al. 2012). The results from our
stable isotope analyses grant weight and enlarge the geograph-
ical scope of these findings in particular for the Iberian
Peninsula.

The annual mean temperature for this area could be esti-
mated by taking into account the estimated meteoric water
isotopic composition, as well as the difference between pres-
ent and past seawater oxygen isotopic composition, since the
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Fig. 10 Location of El Pirulejo cave in the context of the Cenozoic Basins from Southern Iberia and of Quaternary fossil outcrops where remains of
Elephas antiquus have been documented. GFB, Guadalquivir fluvial basin; GB, Granada Basin

oxygen isotopic composition of seawater, main source of pre-
cipitation at low/middle latitudes, was enriched around
—0.6 %0 SMOW during the period under study (Lear et al.
2000; Zachos et al. 2001). Following the RMA equation re-
lating the isotopic composition of meteoric waters and tem-
peratures in Iberia at large mean annual temperature (MAT) =
2.07 * 80'%,, + 26.0 (R* = 0.75) (Matson and Fox 2010) and
southern Iberia in particular MAT = 1.6926 * 60", + 25.498
(R* =0.88013; p < 0.001) (Garcia-Alix 2015), the estimated
mean annual temperature (MAT) for the area where the ele-
phant was living would have ranged from 12.3 to 14.3 °C. The
mean annual temperatures for the southern Iberian Peninsula
presently oscillate, depending on the zone, from the 16 °C of
the sierras to the 18 °C for the coast, with intermediate values

of ~17 °C in the inner lowlands. For such reason, the estimat-
ed temperatures were substantially colder than those of today.

The stable isotopes data confirmed the existence of a cool
and dry episode at the time the elephant was alive, and this
again would be more consistent with the mean value of the U/
Th date signaling an episode within MIS 6.6 (Table 2).

Megafaunal fossil gathering by humans

To determine the fossil status of an animal remain in a given
archeological deposit if often far from straightforward. This
would be particularly so in the case of long-lived species whose
coexistence with humans did not preclude some of their re-
mains qualifying also as fossils (i.e., dating from a time

Table 4 Stable isotope values -
from selected localities of Site

5'%0, (%0 PDB) 5'%0,, (%0 SMOW)

Elephas antiquus tooth enamel
El Pirulejo

Mauer®

Steinheim®

Polledrara di Cecanibbio®

Casal dé Pazzi®

-9.7 17.7
Mean (n) -12.9 (3) 21.5
Min—-max —13.85 to —12.38 20.34-22.47
Mean (n) -12.9 (5) 21.3
Min—max —13.22 to —12.59 20.49-21.91
Mean (n) -10.3 (12) 16.5
Min—-max -10.9 to 9.0 15.3-17.5
Mean (n) -12.1(11) 15.9
Min—max -13.7t0 9.9 14.5-17.0

 Taken from Pushkina et al. (2014)
® Taken from Palombo et al. (2005)
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previous to the formation of a given archeological deposit). By
the same token, one could find animals whose temporal range
of existence, in particular the time of demise of the last popu-
lations, is still largely unknown so that one may erroneously
deem as fossil what, in fact, could have been a hunted item.

One major problem in connection with this is that humans
have been hunting megafaunas since at least the Middle
Pleistocene; thus, remains of large mammals appear regularly
on archeological sites representing nothing more than con-
sumption refuse (i.e., taphonomic group no. 1 from Gautier
1987). The straight-tusked elephant, particularly frequent dur-
ing interglacial stages, is well documented in Europe since the
Early Middle Pleistocene (~800 ka BP) at sites such as Slivia
(Trieste, Italy), Isernia La Pineta (Molise, Italy), and Huéscar I
(Granada, Spain) (Mazo 1989; van Made and Mazo 2001;
Palombo and Ferretti 2005), when humans were already pres-
ent in the continent. While its chronology was mainly con-
fined to the Middle Pleistocene, there is good evidence of its
persistence into the Late Pleistocene in Italy, the Netherlands,
and Iberia, where it was postulated to become extinct ~33—
34 ka cal. BP (Stuart and Lister 2007; Mol et al. 2007. In fact,
as was also the case with other Pleistocene megafauna and
also with Neanderthals, the Iberian Peninsula appears to have
been the last stronghold of the straight-tusked elephant
(Martin-Penela 1988; Stuart and Lister 2007; Mol et al.
2007). Apparently, in none of these instances was E. antiquus
reported as representing a fossil.

Although El Pirulejo undoubtedly qualifies as the first case
ever where straight-tusked elephant remains are reported as
fossils, the practice of collecting fossil megafaunas has been
documented at different Upper Paleolithic sites in Europe, in
particular from the Magdalenian. Perhaps the most remarkable
one in the case of the latter case is that of Gonnersdorf
(Germany, 13.3-12.7 ka cal BP) where, in addition to easily
recognizable fossils as would be Neogene shark teeth and ich-
thyosaur bones, a maxilla from an unspecified rhino, and teeth
from both the Wooly Rhino and mammoth—the latter from an
animal that had died millennia before—were reported as fossils
used as building materials, raw materials, or mere
“paleontological curiosities” (Bosinski 1975, 1981; Poplin
1972; Street and Terberger 2004; Sano 2012; Street et al.
2012). At Kniegrotte (Germany), remains from an unspecified
bear (i.e., Ursus sp.) of much older age than the Magdalenian
deposit in which it was found (i.e., 25 ka BP vs.13 ka BP) were
reported by Street and Hock (1998). Likewise, on account of
rotting causing ivory plates to exhibit a concave inner surface, a
fossil status was granted to several Aurignacian figurines
from the Swabian Alb (Southern Germany) and Gravettian
figurines from Southern Moravia carved on mammoth ivory
(Steguweit 2015). At the Wustermark 23 site in Germany, dated
~12 ka BP, Gramsch et al. (2013) also reported a fish hook
dated ~19 ka BP as, “the first evidence in Europe of using
subfossil mammoth remains in making tools.” (Ibid: 2461).

As for ochre, Germonpré and Hamaéldinen (2007) have de-
scribed remains of brown bear (Ursus arctos) and cave bear
(Ursus spelaeus) from the Belgian Upper Paleolithic cave sites
of Goyet, Princesse Pauline, and Trou de Chaleux speculating
that the ochre films covering them might have been evidence
for some sort of ritual.

In contrast with these confirmed fossil finds, the smashed
tooth from a Merck’s Rhino (i.e., reported as Dicerorhinus
mercki but presently known as Stephanorhinus
kirchbergensis) from a Mousterian (MIS 4/3) level at the
Grotte de L’Hortus (France) is more problematic (de Lumley
1972). Indeed, although, for all one knows, this species be-
came extinct prior to MIS 4 and could not have been coetane-
ous with the Neanderthals from that deposit, the possibility
exists that the tooth fragments might have belonged to the
steppe rhino (Stephanorhinus hemitoechus) that only disap-
peared 40,000 years ago and thus could have coexisted with
those humans. In this case, only a correct identification might
confirm that fossil status.

In the Iberian Peninsula, there are only two documented
cases of a purposeful collection of megafaunal remains and
both involve remains of rhinos. The clearest instance comes
from the cave of El Castillo in Cantabria (Spain) where a bone
of an unspecified Stephanorhinus rhino AMS-dated 31,
800 = 700 (OxA-10,296) was retrieved in an Upper
Magdalenian level, reportedly collected as (lit.), “something
special or as a trophy” (Bernaldo de Quir6s et al. 2006: 457).
The second example derives from the Magdalenian IIIA level
at Gorham’s cave (Gibraltar), where an upper molar fragment
from the steppe rhino (reported then as Dicerorhinus cf.
hemitoechus but presently known as S. hemitoechus) was de-
scribed by Riquelme et al. (2011). Because the steppe rhino is
found in the Middle-Upper Pleistocene fossiliferous breccias of
Gibraltar and the Mousterian deposits from Gorham’s and
Genista caves (Zeuner and Sutcliffe 1964; Currant 2000;
Currant et al. 2012) and, as said, disappeared around 40 ka
BP, the find seems consistent with that of a fossil specimen.
Still, given the rather narrow margin existing between the
Magdalenian period where the remain appeared and the postu-
lated extinction time of the species, only a direct dating of the
tooth would help clear the issue, also considering the aforemen-
tioned character as a refugium that the Iberian Peninsula repre-
sented for large sectors of the Pleistocene megafauna. In con-
nection with the latter issue, one should recall the contentious,
presumably Magdalenian (i.e. ca. 18—13 ky cal. BP), depictions
of Rhinoceros at the Caves of Los Casares (Guadalajara) and
Mora (Huelva) that constitute the most southern representations
of these animals in Europe (Almagro Basch 1975; de Balbin
Behrmann and Alcolea Gonzalez 1992).

The impression one gathers when all the pertinent literature
is considered is that, coinciding with the end of the Upper
Paleolithic (i.e., the Magdalenian), hunter and gatherer socie-
ties throughout Europe started to routinely collect large-sized
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animal remains.' Given that by that time most of the European
megafaunas were extinct, these people must have started to
exploit the fossil outcrops where these megafaunas occurred.
This is a story that is emerging slowly, but it is a fascinating
story. Being able to clearly set apart consumable fauna from
remains that have nothing to do with consumption will prove
crucial to address the wide range of issues such as, presum-
ably, non-utilitarian gathering behavior implies.

Conclusions

Given the difficulties of assigning fossil status to animal
remains, it seems clear that any study aimed at fulfilling
this goal would require a battery of protocols to be ap-
plied, not the least one of them being a correct taxonomic
identification. Indeed, although remains from certain ani-
mals are rather easy to certify as fossils, in most cases
extinct species are morphologically undistinguishable
from their extant descendants, a problem that is
compounded in the case of particularly speciose taxa, or
when a living species has a fossil record extending in the
past for millennia. In these contexts, a direct dating on the
specimen might prove crucial not only to determine the
chronological discordance that allows one to consider the
specimen as a reworked intrusive (sensu Gautier 1987)
but also, by virtue of many paleontological species being
ascribable to a particular chronozone/age, to confirm the
taxonomic identity of the specimen in question as well.
Once taxonomic status gets confirmed, the range of places
where the specimen could be potentially gathered should
narrow down considerably, allowing the analyst to pursue
the matter further through geochemical techniques.

A correct identification is, alas, just the first step in a
long sequence of operations. As shown in the
“Taphonomy and technological analysis” section, a thor-
ough description of the anatomy is critical to correctly
report not only the find but also all the subtleties of taph-
onomic analysis. This often requires the collaboration of
different paleontologists and/or archaeozoologists.
Taphonomic analysis is also necessary not only to confirm
the historical trajectories of different items but also, more
importantly, to evidence what sort of processes, manipu-
lative or other, the specimen suffered along its way to the
laboratory bench and what do these refer in terms of its
functionality. In the case presented, notwithstanding sym-
bolic uses one can often only speculate about, the molar
was not just deliberately shaped into a very specific kind

! Tt is in this same context that one should frame the collection of cetacean
remains, presumably from stranded animals rather than fossils proper, that
include a carved sperm whale tooth retrieved from the Middle
Magdalenian site of Las Caldas (Spain; Corchon et al. 2008) and others
from the Magdalenian site of Mas d’Azil (France; Poplin 1974).
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of tool (anvil) but also served as a core for the extraction
of dentine (ivory) flakes. Certain surface traces also re-
vealed that the anvil had had a prolonged use despite it
working on relatively soft material. In addition, SEM-
EDX and FTIR data showed that the samples contained
a mixture of calcite, quartz, hematite, and clay-like min-
erals. This suggested a stepwise sequence of events where
a hematite pigment had been first applied on the tooth
surface by mixing it with a clay-like mineral, and that
the calcite on the tooth resulted from later post-
depositional processes. The homogeneous nature of the
pigment further suggested a deliberate mixing of the iron
oxide pigment with a binder. Although the presence of
pigment could be taken to reveal a symbolic use, one
could equally propose a utilitarian function for the molar,
serving as a platform for the grinding of ochre nodules.
Still, the presence of a faded imprint ochre mark in one of
the lateral surfaces may signal a symbolic value worth
exploring further. Thus, although the symbolic functions
remain compelling but obviously debatable, what seems
beyond doubt is the multi-functional use given to the
piece, paleocultural evidence susceptible of emerging on-
ly after a thorough taphonomic analysis.

The paleoenvironmental record a fossil harbors is an
independent and often unsuspected source of data one
can tap when to the previous techniques geochemical
analyses are incorporated. From such standpoint, fossils
often constitute a gold mine. The first ever carbon isotope
analysis carried on bioapatite from an Iberian Elephas
from a scarcely documented moment of Iberian paleontol-
ogy (MIS 6.6) evidenced that, contrary to the long-held
idea that the straight-tusked elephant fed on C4 plants,
this species also subsisted on a C3 plant-based diet,
confirming recent evidence from the Italian Peninsula
(Filippi et al. 2001). The paleoecological information de-
duced from the isotopic data additionally revealed a typ-
ical Iberian dry and cool episode coinciding with the start
for MIS 6.6 and suggested that the fossil was collected in
Southern Iberian Pleistocene deposits, possibly not far
away from the cave (Fig. 10).

Gathering all this information requires not only experts
from a wide range of disciplines but also, equally impor-
tant, a close cooperation among them. As was previously
mentioned, megafauna fossil collecting appears to become
a common practice in Europe starting with the Upper
Paleolithic, in particular the Magdalenian. As our research
showed, Iberia did not remain alien to such development.
How this data on the gathering of fossils links with com-
plex phenomena as are the cognitive development of pre-
historic humans, establishment of long-range trade routes,
etc. is a question that will require a far larger and far
richer database than the one presently available in order
to be addressed.



Archaeol Anthropol Sci (2017) 9:1287-1303

1301

Acknowledgments This study has been sponsored by Projects
HAR2013-44269-P, HAR 2014-55722-P, and HAR2012-34620 of the
Spanish Ministerio de Economia y Competividad, by Grant 19438/Pl/
14 of the Programa Seneca 2014 and by Special Action (2014) of the
V- Plan Propio de Investigacion from the University of Seville. Isotopic
and elemental analyses were processed at the Instituto Andaluz de
Ciencias de la Tierra. The paper constitutes a contribution of Research
Group HUM-949 (Tellus. Prehistoria y Arqueologia en el sur de Iberia)

and the Interdisciplinary Center for Archeology and the Evolution of

Human Behavior. A.G.-A. was also supported by a Marie Curie Intra-
European Fellowship within the 7th Framework Program for Research,
Technological Development and Demonstration (European Commission:
ref. PIEF-GA-2013- 623027). Sergio Ros Montoya (University of
Granada) originally identified the elephant molar from El Pirulejo, and
Dick Mol (Natuurhistorisch Museum, Rotterdam) is gratefully acknowl-
edged from providing data on E. antiquus.

References

Agam, A., Barkai, R., 2015. Not the brain alone: the nutritional potential
of elephant heads in Paleolithic sites. Quat Int 1-9. doi:10.1016/].
quaint.2015.02.008

Aguirre E (1968) Revision sistematica de los Elephantidae por su
morfologia y su morfometria dentaria (I). Estud Geol 24:109-167

Aguirre E (1969) Revision sistematica de los Elephantidae por su
morfologia y su morfometria dentaria (II). Estud Geol 25:123-177

Almagro Basch M (1975) Un curioso hueso grabado del Museo de
Huelva. XIII Congreso Nacional de Arqueologia (Huelva, 1973).
Universidad de Zaragoza, Zaragoza, pp. 139-148

Ambrose SH (1990) Preparation and characterization of bone and tooth
collagen for isotopic analysis. J Archaeol Sci 17:431-451

Averbouh A, Provenzano N (1999) Proposition pour une terminologie du
travail préhistorique des matiéres osseuses: I Les techniques.
Préhistoire Anthropologie Méditerranéennes 7:1-28

Ayliffe LK, Lister AM, Chivas AR (1992) The preservation of glacial-
interglacial climatic signatures in the oxygen isotopes of elephant skel-
etal phosphate. Palacogeogr Palacoclimatol Palacoecol 99:179—191

Barroso C, Botella D, Caparros M, Moigné AM, Celiberti V, Testu A,
Barsky D, Notter O, Riquelme JA, Pozo M, Carretero M1, Monge G,
Khatib S, Saos T, Gregoire S, Bailon S, Garcia JA, Cabral AL,
Djerrab A, Hedley IG, Abdessadok S, Batalla G, Astier N, Bertin
L, Boulbes N, Cauche D, Filoux A, Hanquet C, Milizia C,
Moutoussamy J, Rossoni E, Verdi Bermejo L, de Lumley H
(2011) The Cueva del Angel (Lucena, Spain): an Acheulean hunters
habitat in the South of the Iberian Peninsula. Quat Int 243(1):105—
126. doi:10.1016/j.quaint.2011.02.021

Bernaldo de Quirds F, Cabrera Valdés V, Stuart AJ (2006) Nuevas
dataciones para el Musteriense y el Magdaleniense de la cueva de
El Castillo. In: Cabrera V, de Bernaldo Quirés F, Maillo JM (eds) En
el centenario de la cueva de El Castillo: el ocaso de los neandertales.
Salamanca, Imprenta Cervantina, pp. 453-458

Bikiaris D, Sister, Sotiropoulou S, Katsimbiri O, Pavlidou E,. Moutsatsou
AP, Chryssoulakis Y (2000) Ochre-differentiation through micro-
raman and micro-FTIR spectroscopies: application on wall paintings
at meteora and mount Athos, Greece. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy 56(1): 3—18

Binford LR (1987) Where there elephant hunters at Torralba? In: Nitecki
M, Nitecki D (eds) The evolution of human hunting. Plenum Press,
New York, pp. 47-105

Bocherens H, Fizet M, Mariotti A, Lange-Badré B, Vandermeersch B,
Borel JP, Bellon G (1991) Isotopic biogeochemistry (**C, '°N) of
fossil vertebrate collagen: implications for the study of fossil food
web including Neanderthal Man. J Hum Evol 20:481-492

Bocherens H, Billiou D, Patou-Mathis M, Bonjean D, Otte M, Mariotti A
(1997) Paleobiological implications of the isotopic signatures ('*C,
'5N) of fossil mammal collagen in Scladina Cave (Sclayn, Belgium).
Quat Res 48:370-380

Bonnischen R, Sorg MH (1980) Bone Modification. University of Maine
Center for the Study of the First Americans, Orono

Boschian G, Sacc D (2014) In the elephant, everything is good: carcass
use and re-use at Castel di Guido (Italy). Quat Int 361:288-296. doi:
10.1016/j.quaint.2014.04.030

Bosinski, G., 1975. Ein fossiler Haifischzahn vom Magdalenien-
Fundplatz Gonnersdorf. Heimat-Jahrbuch des Landkreises
Neuwied, pp 47-48

Bosinski, G., 1981. Gonnersdorf. Eiszeitjager am Mittelrhein. Fiihrer zur
Sonderausstellung des Landesmuseums Koblenz 1981.
Schriftenreihe der Bezirksregierung Koblenz, Band 2

Bryant JD, Koch PL, Froelich PN, Showers WJ, Genna BJ (1996)
Oxygen isotope partitioning between phosphate and carbonate in
mammalian apatite. Geochim Cosmochim Acta 60(24):5145-5148

Cerling TE, Harris JM, MacFadden BJ, Leakey MG, Quade J, Eisenmann
V, Ehleringer JR (1997) Global vegetation change through the
Miocene/Pliocene boundary. Naure 389:153—158

Clementz MT (2012) New insight from old bones: stable isotope analysis
of fossil mammals. ] Mammal 93(2):368-380. doi:10.1644/11-
MAMM-S-179.1

Corchén MS, Mateos A, Alvarez E, Delclos X, Pefalver E, Van Der
Made J (2008) Ressources complémentaires et mobilité dans le
Magdalénien Cantabrique (14000-13000 BP). Nouvelles donnes
sur cétacés, phoques, mollusques, ambre et jais de la Grotte de Las
Caldas (Asturies, Nord de I’Espagne). 1’Anthropologie 112:284—
327. doi:10.1016/j.anthro.2008.02.008

Cortés-Sanchez, M., Jiménez-Espejo, F.J., Simén Vallejo M.D. Lopez,
J.A., Riquelme, J.A., Fernandez, E., Martinez, F., Arroyo, E.,
Pérez, A., Turbon, D., Lopez, L., Pérez, S., 2008. Cazadores
recolectores del Paleolitico Superior en la sierra Subbética.
Estudios en homenaje a la profesora Maria Dolores Asquerino
Antiquitas 20

Cortés-Sanchez M, Simon Vallejo MD, Jiménez-Espejo FJ, Riquelme
Cantal JA (2014) El Pirulejo (Cérdoba, Spain). In: Sala R (ed)
Pleistocene and Holocene hunter-gatherers in Iberia and the
Gibraltar Strait: the current archaeological record. Universidad de
Burgos, Fundacion Atapuerca, pp. 497-500

Currant AP (2000) A review of the Quaternary mammals of Gibraltar. In:
Stringer CB, Barton RNE, Finlayson JC (eds) Neanderthals on the
Edge. Oxbow Books, Oxford, pp. 201-205

Currant, A.P., Price, C. with Sutcliffe, A.J., Stringer, C.B., 2012. The
large mammal remains from Gorham’s Cave, in: Barton, R.N.E.,
Stringer, C.B., Finlayson, J.C. (eds.), Neanderthals in context. A
report of the 1995-1998 excavations at Gorham’s and Vanguard
Caves, Gibraltar. Oxford University School of Archacology:
Monograph 75, pp. 141-150. Institute of Archaeology, University
of Oxford

D’Errico F, Salomon H, Vignaud C, Stringer C (2010) Pigments from the
Middle Palaeolithic levels of Es-Skhul (Mount Carmel, Israel). J
Archaeol Sci 37:3099-3110. doi:10.1016/j.jas.2010.07.011

de Balbin Behrmann R, Alcolea Gonzalez JJ (1992) La Grotte de Los
Casares et I’Art paléolithique de la Meseta Espagnole.
I’ Anthropologie 96(2-3):397-442

de Lumley H (1972) La grotte de L’Hortus. Université¢ de Provence,
Etudes Quaternaires |

DeNiro MJ (1985) Postmortem preservation and alteration of in vivo
bone collagen isotope ratios in relation to paleodietary reconstruc-
tion. Nature 317(6040):806-809

Diaz del Olmo F (1995) Travertins mediterranéens a la fin du
Quaternaire: la séquence de Priego de Cordoba (Andalousie,
Espagne). Speleochronos 6:23-30

@ Springer


http://dx.doi.org/10.1016/j.quaint.2015.02.008
http://dx.doi.org/10.1016/j.quaint.2015.02.008
http://dx.doi.org/10.1016/j.quaint.2011.02.021
http://dx.doi.org/10.1016/j.quaint.2014.04.030
http://dx.doi.org/10.1644/11-MAMM-S-179.1
http://dx.doi.org/10.1644/11-MAMM-S-179.1
http://dx.doi.org/10.1016/j.anthro.2008.02.008
http://dx.doi.org/10.1016/j.jas.2010.07.011

1302

Archaeol Anthropol Sci (2017) 9:1287-1303

Edwards SW, Clinnick RW (1980) Keeping the Lower Palaeolithic in
perspective. Man 15:381-383

Evora MA (2008) Artefactos em haste e em osso do Paleolitico Superior
Portugués. Promontéria 6:9-50

Filippi, M.L., Palombo, M.R., Barbieri, M., Capozza, M., lacumin, P.
Longinelli, A., 2001. Isotope and microwear analyses on teeth of
late Middle Pleistocene Elephas antiquus from the Rome area (La
Polledrara, Casal de’ Pazzi), in: The World of Elephants -
International Congress, Rome 2001, pp. 534-539

Finlayson C, Brown K, Blasco R, Rosell J, Negro JJ, Bortolotti GR,
Finlayson G, Sanchez Marco A, Giles Pacheco F, Rodriguez Vidal
J, Carrion JS, Fa DA, Rodriguez Llanes JM (2012) Birds of a feath-
er: neanderthal exploitation of raptors and corvids. PLoS One 7(9):
€45927. doi:10.1371/journal.pone.0045927

Garcia-Alix A (2015) A multiproxy approach for the reconstruction of
ancient continental environments. The case of the Mio—Pliocene
deposits of the Granada Basin (southern Iberian Peninsula). Glob
Planet Chang 131:1-10

Garcia-Alix A, Delgado Huertas A, Martin Suarez E (2012) Unravelling
the Late Pleistocene habitat of the southernmost woolly mammoths
in Europe. Quat Sci Rev 32:75-85. doi:10.1016/j.quascirev.2011.
11.007

Gaudzinski S, Turner E, Anzidei AP, Alvarez E, Arroyo J, Cing-Mars J,
Dobosi VT, Hannus A, Johnson E, Miinzel SC, Scheer A, Villa P
(2005) The use of Prosbocidean remains in every-day Palaeolithic
life. Quat Int 126-128:179-184

Gautier A (1987) Taphonomic groups: how and why? Archaeozoologica
147-51

Germonpré M, Hamaldinen R (2007) Fossil bear bones in the Belgian
Upper Palaeolithic: the possibility of a proto-bear ceremonialism.
Arct Anthropol 44:1-30

Gonzalez-Mora B, Sierro FJ, Flores JA (2006) Estudio de
paleotemperaturas en el Mar de Alboran entre 250 y 150 ka
utilizando la técnica de los analogos modernos. Geogaceta 40:
219-222

Goren-Inbar N, Lewy Z, Kislev ME (1991) The taphonomy of a bead-like
fossil from the Acheulian of Gesher Benot Ya’aqov, Israel. Rock Art
Res 8(2):83-87

Gramsch B, Beran J, Hanik S, Sommer RS (2013) A palaeolithic fishhook
made of ivory and the earliest fishhook tradition in Europe. Sommerd.
J Archaeol Sci 40:2458-2246. doi:10.1016/j.jas.2013.01.010

lacumin P, Bocherens H, Mariotti A, Longinelli A (1996) Oxygen isotope
analyses of co-existing carbonate in biogenic apatite: a way to mon-
itor diagenetic bone phosphate? Earth Planet Sci Lett 142:1-6

Koch P, Tuross N, Fogel ML (1997) The effects of sample treatment and
diagenesis on the isotopic integrity of carbonate in biogenic hydrox-
ylapatite. J Archaeol Sci 24:417-429

Lear CH, Elderfield H, Wilson PA (2000) Cenozoic deep-sea tempera-
tures and global ice volumes from Mg/Ca in benthic foraminiferal
calcite. Science 287:269-272

Lee-Throp JA, Scaly JC, van der Merwe NJ (1989) Stable carbon isotope
ratio differences between bone collagen and bone apatite, and their
relationship to diet. ] Archaeol Sci 16:585-599

Longinelli A (1984) Oxygen isotopes in mammal bone phosphate: a new
tool for paleohydrological and paleoclimatological research?
Geochim Cosmochim Acta 48:385-390

Luz B, Kolodny Y, Horowitz M (1984) Fractionation of oxygen isotopes
between mammalian bone phosphate and environmental drinking
water. Geochim Cosmochim Acta 48:1689-1693

Lyman RL (1994) Vertebrate taphonomy. Cambridge University Press,
Cambridge

Martin-Penela A (1988) Los grandes mamiferos del yacimiento
Achelense de la Solana del Zamborino, Fonelas (Granada,
Espafia). Antropologia y Paleoecologia Humana 5:29—-192

Matson SD, Fox DL (2010) Stable isotopic evidence for terrestrial latitu-
dinal climate gradients in the Late Miocene of the Iberian Peninsula.

@ Springer

Palacogeogr Palacoclimatol Palacoecol 287:28-44. doi:10.1016/j.
palaeo.2009.12.010

Mazo AV (1989) Nuevos restos de Proboscidea (Mammalia) en la cuenca
de Guadix-Baza. Trabajos sobre Nedgeno-Cuaternario 11:225-237

McCrea JM (1950) On the Isotopic Chemistry of Carbonates and a
Paleotemperature Scale. J Chem Phys 18:849-857

Mol D, de Vos J, Van Der Plicht J (2007) The presence and extinction of
Elephas antiquus Falconer and Cautley, 1847, in Europe. Quat Int
169-170:149-153. doi:10.1016/j.quaint.2006.06.002

Morin E, Laroulandie V (2012) Presumed symbolic use of diurnal raptors
by neanderthals. PLoS One 7(3):—e32856. doi:10.1371/journal.
pone.0032856

Mortimore JL, Marshall L-JR, Almond MJ, Hollins P, Matthews W
(2004) Analysis of red and yellow ochre samples from Clearwell
Caves and Catalhdyiik by vibrational spectroscopy and other tech-
niques. Spectrochim Acta A Mol Biomol Spectrosc 60:1179-1188.
doi:10.1016/j.sa2.2003.08.002

Oakley KP (1975) Decorative and simbolic uses of vertebrate fossils. In:
Occasional Papers on Technology 12. Pitt Rivers Museum, Oxford

Ortiz JE, Torres T, Delgado A, Llamas J, Soler V, Valle M, Julia R,
Moreno L, Diaz-Bautista A (2010) Palacoenvironmental changes
in the Padul Basin (Granada, Spain) over the last 1 Ma based on
the biomarker content. Palacogeogr Palacoclimatol Palacoecol 298:
286-299. doi:10.1016/j.palaco.2010.10.003

Osborn HF (1942) Proboscidea. A monograph on the discovery, evolu-
tion, migration and exctinction of the Mastodons and Elephants of
the World. Vol. II. Stegodontoidea, Elephantoidea. The American
Museum Press, New York

Palombo MR, Ferretti MP (2005) Elephant fossil record from Italy:
knowledge, problems and perspectives. Quat Int 126-128:107-136

Palombo MR, Filippi ML, Iacumin P, Longinelli A, Barbieri M, Maras A
(2005) Coupling tooth microwear and stable isotope analyses for
palaeodiet reconstruction: the case study of Late Middle
Pleistocene Elephas (Palaeoloxodon) antiquus teeth from Central
Italy (Rome area). Quat Int 126-128:153-170

Peresani M, Fiore I, Gala M, Romandini M, Tagliacozzo A (2011) Late
Neanderthals and the intentional removal of feathers as evidenced
from bird bone taphonomy at Fumane Cave 44 ky B.P., Italy. Proc
Natl Acad Sci 108(10):3888-3893. doi:10.1073/pnas.1016212108

Poplin F (1972) Abgeschnittene Rentier-Schneidezdhne von
Gonnersdorf. Archéologisches Korrespondenzblatt 2:235-238

Poplin F (1974) Une oeuvre paléolithique sur dent de cachalot: le bas-
relief aux bouquetins du Mas d’Azil (collection Piette). Bulletin de
la Société Préhistorique Francaise 71:66

Pushkina D (2007) The pleistocene easternmost distribution in Eurasia of
the species associated with the Eemian Palacoloxodon antiquus as-
semblage. Mammal Rev 37(3):224-245. doi:10.1111/j.1365-2907.
2007.00109.x

Pushkina D, Bocherens H, Ziegler R (2014) Unexpected
palaeoecological features of the Middle and Late Pleistocene large
herbivores in southwestern Germany revealed by stable isotopic
abundances in tooth enamel. Quat Int 339-340:164-178. doi:10.
1016/j.quaint.2013.12.033

Rabinovich R, Ackermann O, Aladjem E, Barkai R, Biton R, Milevski I,
Solodenko N, Marder O (2012) Elephants at the Middle Pleistocene
Acheulian open-air site of Revadim Quarry, Israel. Quat Int 276-
277:183-197. doi:10.1016/j.quaint.2012.05.009

Riquelme JA, Finlayson C, Giles F, Rodriguez LJ, Santiago A (2011) La
fauna de mamiferos solutrense de Gorham’s Cave, Gibraltar. In:
Fernandez Caro JJ, Baena Escudero R (eds) Arqueologia,
paleontologia y geomorfologia del Cuaternario en Espana: XX
Aniversario del seminario Francisco Sousa (La Rinconada,
Sevilla). Ayuntamiento de La Rinconada, Sevilla, pp. 161-178

Rivals F, Semprebon G, Lister A (2012) An examination of dietary di-
versity patterns in Pleistocene proboscideans (Mammuthus,


http://dx.doi.org/10.1371/journal.pone.0045927
http://dx.doi.org/10.1016/j.quascirev.2011.11.007
http://dx.doi.org/10.1016/j.quascirev.2011.11.007
http://dx.doi.org/10.1016/j.jas.2013.01.010
http://dx.doi.org/10.1016/j.palaeo.2009.12.010
http://dx.doi.org/10.1016/j.palaeo.2009.12.010
http://dx.doi.org/10.1016/j.quaint.2006.06.002
http://dx.doi.org/10.1371/journal.pone.0032856
http://dx.doi.org/10.1371/journal.pone.0032856
http://dx.doi.org/10.1016/j.saa.2003.08.002
http://dx.doi.org/10.1016/j.palaeo.2010.10.003
http://dx.doi.org/10.1073/pnas.1016212108
http://dx.doi.org/10.1111/j.1365-2907.2007.00109.x
http://dx.doi.org/10.1111/j.1365-2907.2007.00109.x
http://dx.doi.org/10.1016/j.quaint.2013.12.033
http://dx.doi.org/10.1016/j.quaint.2013.12.033
http://dx.doi.org/10.1016/j.quaint.2012.05.009

Archaeol Anthropol Sci (2017) 9:1287-1303

1303

Palacoloxodon, and Mammut) from Europe and North America as
revealed by dental microwear. Quat Int 255:188—-195

Roberts P (2015) “We have never been behaviourally modern’: the im-
plications of Material Engagement Theory and Metaplasticity for
understanding the Late Pleistocene record of human behaviou.
Quat Int. doi:10.1016/j.quaint.2015.03.011

Ros, S., 2010. Los Proboscideos del Plio-Pleistoceno de las cuencas de
Guadix-Baza y Granada. Ph. Dissertation. Universidad de Granada.
http://digibug.ugr.es/handle/10481/4948

Rosell J, Blasco R, Fernandez Peris J, Carbonell E, Barkai R, Gopher A,
Sano K (2015) Recycling bones in the Middle Pleistocene: some
reflections from Gran Dolina TD10-1 (Spain), Bolomor Cave
(Spain) and Qesem Cave (Israel). Quat Int 361:297-312. doi:10.
1016/j.quaint.2014.08.009

Sano K (2012) Functional variability in the Magdalenian of north-western
Europe: a lithicmicrowear analysis of the Gonnersdorf K-II assem-
blage. Quat Int 272-273:264-274. doi:10.1016/j.quaint.2012.02.057

Soressi M, d’Errico F (2007) Pigment, gravures, parures: les
comportements symboliques controversés des Néandertaliens. In:
Vandermeersch B, Maureille B (eds) Les Néandertaliens. Biologie
et cultures. Editions du CTHS, Paris, pp- 297-309

Steguweit L (2015) Rotten ivory as raw material source in European
Upper Palaeolithic. Quat Int 361:313-318. doi:10.1016/j.quaint.
2014.11.019

Stiner MC, Kuhn SL, Surovell TA, Goldberg P, Meignen L, Weiner S,
Bar-Yosef O (2001) Bone preservation in Hayonim Cave (Israel): a
macroscopic and mineralogical study. J Archaeol Sci 28:643-659

Street M, Hock C (1998) Comments on the dating of the Kniegrotte. In:
Hedges REM, Pettitt PB, Bronk Ramsey C, van Klinken GJ (eds)
Radiocarbon dates from the Oxford AMS system: Archacometry
Datelist 25, Archacometry (Oxford), vol 40, pp. 231-232

Street M, Terberger T (2004) The radiocarbon chronology of the German
Upper Palaeolithic: fifteen years of cooperation with ORAU. In:
Higham T, Ramsey CB, Owen C (eds) Radiocarbon and

Archaeology: Fourth International Symposium (Oxford, 9-14
April 2002). University School of Archaeology Monograph 62,
Oxford, pp. 281-302

Street M, Joris O, Turner E (2012) Magdalenian settlement in the German
Rhineland. An update. Quat Int 272-273:231-250. doi:10.1016/].
quaint.2012.03.024

Stuart AJ, Lister AM (2007) Patterns of Late Quaternary megafaunal
extinctions in Europe and Northern Asia. Courier
Forschungsinstitut Senckenberg 259:187-297

van der Made J. , Mazo, A.V., 2001. Spanish Pleistocene Proboscidean
diversity as a function of climate. The World of Elephants-
International Congress , Rome, 214-218.

Vennemann TW, Fricke HC, Blake RE, O’Neil JR, Colman A (2002)
Oxygen isotope analysis of phosphates: a comparison of techniques
for analysis of AgzPO,. Chem Geol 185:321-336

Wei G, He C, Hu Y, Yu K, Chen C, Pang L, Wu Y, Huang W, Yuan W
(2015) First discovery of a bone handaxe in China. Quat Int. doi:10.
1016/j.quaint.2014.12.022

Yravedra J, Panera J, Rubio-Jara S, Manzano I, Exposito A, Pérez-
Gonzalez A, Soto E, Lopez-Recio M (2014) Neanderthal and
Mammuthus interactions at EDAR Culebro 1 (Madrid, Spain). J
Archaeol Sci 42:500-508. doi:10.1016/j.jas.2013.11.011

Zachos J, Pagani M, Thomas E, Billups K (2001) Trends, thythms, and
aberrations in global climate 65 Ma to present. Science 29:686—693

Zeuner FE, Sutcliffe A (1964) Preliminary report on the Mammalia of
Gorham’s Cave, in Waechter J. d’A., The excavation of Gorham’s
Cave. Gibraltar, 1951-1954. Bull InstArchaeol 4:212-216

Zilhao J, Angelucci DE, Badal-Garcia E, d’Errico F, Daniel F, Dayet L,
Doukag K, Higham TFG, Martinez-Sanchez JM, Montes-Bernardez
R, Murcia-Mascaros S, Pérez-Sirvent C, Roldan-Garcia C,
Vanhaeren M, Villaverde V, Wood R, Zapata J (2010) Symbolic
use of marine shells and mineral pigments by Iberian Neandertals.
Proc Natl Acad Sci 107(3):1023-1028. doi:10.1073/pnas.
0914088107

@ Springer


http://dx.doi.org/10.1016/j.quaint.2015.03.011
http://digibug.ugr.es/handle/10481/4948
http://dx.doi.org/10.1016/j.quaint.2014.08.009
http://dx.doi.org/10.1016/j.quaint.2014.08.009
http://dx.doi.org/10.1016/j.quaint.2012.02.057
http://dx.doi.org/10.1016/j.quaint.2014.11.019
http://dx.doi.org/10.1016/j.quaint.2014.11.019
http://dx.doi.org/10.1016/j.quaint.2012.03.024
http://dx.doi.org/10.1016/j.quaint.2012.03.024
http://dx.doi.org/10.1016/j.quaint.2014.12.022
http://dx.doi.org/10.1016/j.quaint.2014.12.022
http://dx.doi.org/10.1016/j.jas.2013.11.011
http://dx.doi.org/10.1073/pnas.0914088107
http://dx.doi.org/10.1073/pnas.0914088107

	Multi-purpose fossils? The reappraisal of an Elephas antiquus molar from El Pirulejo (Magdalenian; Córdoba, Spain)
	Abstract
	Introduction
	El Pirulejo
	Methods
	Results
	Description
	Absolute dating
	Taphonomy and technological analysis
	Geochemistry

	Discussion
	Preservation of the sample
	Paleoenvironmental reconstruction
	Megafaunal fossil gathering by humans

	Conclusions
	References


