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Abstract

The pebble discovered in the San Lazaro rock-shelter (Segovia, Central Spain) is the oldest known non-utilitarian object
with a fingerprint made in Europe. Its morphology and the strategic position of an ocher dot, where a dermatoglyphic image
has been detected, may be evidence of symbolic behavior. This object contributes to our understanding of Neanderthals’
capacity for abstraction, suggesting that it could represent one of the earliest human facial symbolizations in Prehistory. All
the analyses carried out suggest an intentional effort to transport and paint the pebble for non-utilitarian purposes, suggest-
ing that it is indeed the work of Neanderthals. The discovery is doubly exceptional because it includes the most complete
dermatoglyphic image identified to date, with the exception of the partial fingerprint from Konigsaue, both with a comparable
minimum age. This dermatoglyphic image is not visible and it was revealed after a multispectral analysis. This method adds
significant value to the identification that has been carried out of the human fingerprint, as it is the first time that such an
analysis has been conducted with evidence as ancient as this, opening the door to future research and discoveries.
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Introduction

The origin of human symbolic behavior and its attribution
not only to modern humans (Homo sapiens) but Neander-
thals (Homo neanderthalensis), practically at the same
time and independently, has been a major topic in prehis-
toric research for decades (Mellars 1995; Henshilwood and
d’Errico 2001; Backwell and d’Errico 2005). Apart from the
Chatelperronian technocomplex, where sufficient evidence
of symbolic behavior has been identified in the transition
between the Middle and Upper Paleolithic (Caron et al.
2011; Rodriguez-Hidalgo et al. 2019), and which is gener-
ally attributed to Neanderthals, signs of symbolic behavior
dated in the Mousterian period and unquestionably corre-
sponding to Neanderthals are increasingly abundant. These
are, for example, pieces of ocher with traces of use and
personal adornments found at occupation sites that do not
usually generate any doubts or discrepancies (Soressi and
d’Errico 2007; Peresani et al. 2011; Carciumaru et al. 2014;
Romandini et al. 2014; Bonjean et al. 2015; Laroulandie
et al. 2015; Radovci¢ et al. 2015).
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Since the 2018 publication of dates older than 60 ky
BP for several caves with art in Spain (Hoffmann et al.
2018a) not only sparked debate on the reality of Nean-
derthal art but also served to consider other forms of
evidence and finds of portable objects. These are mainly
non-utilitarian osseous remains that were possibly sym-
bolic objects for Neanderthals (Bednarik 1992; Majki¢
et al. 2017, 2018a, 2018b; Hoffmann et al. 2018b; Pere-
sani et al. 2021). It has gradually been determined that
the origin of symbolic behavior and apparently also of
art was not exclusive to modern humans but can also be
attributed to Neanderthals. Many of these examples of
Neanderthal symbolic behavior during the Mousterian
have been recorded in Western Europe, where several
finds attest complex behavior: from shells with remains
of ocher in Cueva de los Aviones (Hoffmann et al. 2018b)
to engravings in Gorham’s Cave (Rodriguez-Vidal et al.

2014) in a chronological frame of 115 to 40 ky BP. In
this context, the Iberian Peninsula is important as one
of the last European refugia for Neanderthals and where
their most recent presence has been documented (Roman-
dini et al. 2014; Alcaraz-Castafio et al. 2017; Kehl et al.
2018).

Against this background, we present a pebble stud-
ied (Fig. 1) that was discovered in July 2022 during the
excavation of the level H, at the Mousterian site of San
Lazaro rock-shelter (Segovia, Central Spain). Based on
the chrono-stratigraphic and archaeological evidence, this
pebble was intentionally handled by the last Neanderthals
in Iberia, shortly before their complete disappearance. The
aim of this work is to present the in-depth analyses carried
out by means of a set of sophisticated techniques, the sur-
prising results and the novel interpretations of this unique
piece in its context.

Fig. 1 A. The object before being fully excavated; B. Once unearthed, it is possible to appreciate the three main cavities and the central position

of the red dot
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Archaeological context: Mousterian
occupations in the Eresma River valley

San Lazaro rock-shelter

San Lazaro is a rock-shelter located in the center of the
Iberian Peninsula (Segovia, Spain) in a sector of the
Eresma River valley (Douro River basin), its ETRS89
coordinates (Zone 30) are 40° 57" 16,3’ N, 4°8' 10,7’ W
(Fig. 2), and it is formed into a karstic massif developed in
Cretaceous dolostones. San Lazaro rock-shelter is less than

400 m away to other contemporary Mousterian sites that
have revealed occupations dated between 44 and 41 ky cal
BP, Abrigo del Molino rock-shelter and Abrigo del Molino
superior rock-shelter (Alvarez—Alonso et al. 2018a, 2018b,
2021). Evidence of Paleolithic occupations by Homo sapi-
ens has not been found at those sites, which emphasizes
the intense presence of Neanderthals in the valley during
MIS 3.

Since then, the site has been excavated in the course of
five seasons: 2014, 2019 and 2021-2023 (Fig. 3). 16 litho-
stratigraphic levels have been discriminated, of which six
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Fig.3 A. View of San Léazaro
rock-shelter during the excava- A
tions. B. San Lazaro rock-shel-
ter at the conclusion of the 2022
excavation

contain archaeological remains, all of them of Mousterian
chronology. The base of the sequence has not been reached.

The stratigraphic sequence of the detritic Quater-
nary sedimentary fill (or carbonate-detritic because of
the edaphogenic cementations of calcium carbonate or

@ Springer

calcrete in some levels) at the archaeological site of San
Lazaro rock-shelter (Eresma valley, Segovia) consists of
three units of strata which in turn are sub-divided into 16
litho-stratigraphic levels (designated with the letters A to
P) (Fig. 4).
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Fig.4 Left. Litho-stratigraphic section at San Lazaro rock-shelter. Right. Stratigraphy of San Lazaro rock-shelter in which the pebble is visible
in the foreground, before it was removed

a) Upper unit, on an unconformity above the two lower and boulders and rounded pebbles. It contains sub-levels
groups and formed by only the lithological Level A of medium to coarse sand with less matrix. Inclined planar
(between 20 and 30 cm of sand and silt with angular stones lamination; great bioturbation and high organic content).
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b) Intermediate unit, on a natural para-conformity above
the lower group and formed only by lithological Level
B (between 41 and 56 cm of conglomerate of angular
and rounded boulders and stones of different sizes, in
two modes: dolostone boulders up to 47 cm long, and 1
to 10 cm pebbles of igneous and metamorphic rocks).

¢) Lower unit, below the other two groups and formed by
litho-stratigraphic levels C to P. This lower unit, the only
one with Paleolithic occupation remains in situ (not dis-
turbed), consists of 14 levels (Fig. 4).

The sedimentological interpretation of the units
and levels is based on the sedimentary conditions and
environments:

Upper unit, with an endokarst origin, formed by the
insoluble residue of the sandy dolostone and dolomitic
sandstone (sand and silt) moved by non-Newtonian hyper-
concentrated flow (mud flows) in wet periods in local
streams; greatly bio-disturbed with organic matter from
troglobite and trogloxene organisms.

Intermediate unit, with a gravitational endokarst origin
owing to the collapse and fall of rocks from the cave roof,
either by them simply breaking off or by the collapse of a
doline or shaft that formed a boulder cone inside the cave
(Level B).

Lower unit, succession of deposits in an endokarst envi-
ronment, with alternating and co-existing non-Newtonian
hyperconcentrated flow of the mud flow or solifluction
type: surface streams with low flow and depth from karst
springs in wet periods; gravitational introduction of rocks
broken off the roof and walls of the cave, especially near
the rock-shelter entrances; exokarst deposits in paleo-
flooding events (Level P) or introduced through caves and
fissures in the karst from the overlying alluvial terraces
of the Eresma River, which became mixed with the mud
flows.

Level H, in which the pebble was found, is a 22 cm (with
a maximum thickness of 23 cm) of fine sand and sandy-silt,
with fragments of loose gravel and abundant macrofauna
remains. In the lower part, a dolostone boulder is matrix-
supported. Dry color: HUE 5Y 5/6. Upper boundary is flat
and gradual. Grain size increases towards the top across the
whole level, with a base of silty-sand (12 cm) and upper 10
cm with gravel. Massive, with no structures.

Regarding the techno-typological characterization of
Level H, the lithic assemblage identified so far displays a
predominance of Levallois and discoid reduction. Among
the retouched elements, sidescrapers, denticulates and
notches predominate, with a significant number of Mous-
terian points (Fig. 5).

Several 1“C-AMS dates have been obtained to contextual-
ize the find chronologically, both for Level H itself and for
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one of the upper archeological strata, Level D. The results
range from 43 ky cal BP for Level H to 42.5-42.1 ky cal BP
for Level D, on samples of horse teeth. It should be noted
that one of the samples from Level H, on charcoal, fell out-
side the range of *C, with an uncalibrated date of >43.5 ky
BP (Table 1).

Other Mousterian sites around

Primarily, the data from the immediate Mousterian context
come from Abrigo del Molino rock-shelter (400 m far away
from San Lazaro rock-shelther) which is located in ETRS89
coordinates (Zone 30) 40° 57" 6,4”” N, 4° 8’ 28,2 W, on
the left bank of the Eresma River in its course round the
city of Segovia (Fig. 2b). The site was discovered in 2012
completely filled by Pleistocene sediment. The excavations
began in 2013 and continued during six seasons until 2018
(Alvarez-Alonso et al. 2013, 2018a, 2021; Alvarez-Alonso
and Andrés-Herrero 2019; Kehl et al. 2018). Several bar-
ren levels were documented at the base of the stratigraphic
sequence that were deposited in paleo-flooding events
caused by large inundations of the Eresma River (Alva-
rez-Alonso et al. 2014) and which were dated by OSL to
between 48,200 and 41,500 BP.

The human occupations were dated by two different
techniques: OSL in the laboratories of the Universities
of Cologne (Germany) and Sheffield (United Kingdom)
and *C-AMS in the laboratories of the Universities of
Cologne and Oxford (United Kingdom). Collagen was
extracted from the radiocarbon samples following the
method of Rethemeyer and colleagues (2013). Ultrafiltra-
tion was used for two samples (COL2715 and COL2716)
but it was noted that the difference in the results of
ultrafiltered and non-ultrafiltered samples was minimal
(Fulop et al. 2013).

The results obtained with the two dating methods (OSL
and '“C) coincide and overlap chronologically in some cases,
and therefore the dates can be regarded as reliable (Kehl
et al. 2017, 2018). The AMS ages of the archaeological
Mousterian levels confirm that the two upper layers in the
rock-shelter with human occupation, correspond to a period
between 44.6 and 41.5 ky cal BP (Table 2).

Materials and methods

The object to be analyzed in detail is a quartz-rich gran-
ite pebble, with a sub-ellipsoidal-planar morphology (21.4
X 11.3 X7.6 cm). On one of its faces, the pebble has three
small cupules and at the center of these, positioned centrally
relative to the three marks, a subcircular red dot is visible on
its surface (Fig. 1).
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Fig.5 Lithic remains from Level H. 1-2: Mousterian points; 3: convergent double scraper; 4—6: side scrapers

Table 1 Radiocarbon determinations at San Lazaro rock-shelter using IntCal 20 curve (Reimer et al. 2020)

Lab. code Radiocarbon age SD 2c Calibration BP Sample Level zZ
Beta-635920 38,210 210 42,522—42.156 Dental collagen (Equus caballus) D 920.186
Beta-422248 39,000 410 43,038—42,305 Dental collagen (Equus caballus) H 919.873
Beta-658549 > 43,500 charcoal H 919.862
Table 2, Ra}diocarbon . Lab. code Radiocarbon age SD 20 Calibration BP Sample Level Z
determinations at Abrigo
del Molino rock-shelter (Kehl COL2714.1.1 39,500 600  44,067—42,380 Bone 2(D)  919.015
ii‘ie i(gegiznuesr‘;‘tgall’.‘tzcoazloz)o COL2715.1.1 38,600 500  42,955—42,115 Bone 2(D) 918910
COL2715.3.1* 40,700 600 44,625—42,895 Bone 2 (D) 918.910
COL2716.1.1 40,100 600 44,353—42,645 Bone 2 (D) 918.731
COL2716.3.1* 40,000 500 44,207—42,654 Bone 2 (D) 918.731
COL4018.1.1 39,900 400 44,046—42,656 Bone 3(G) 918.438
COL4019.1.1 37,200 300 42,245—41,469 Bone 3(G) 918.574
COL4021.1.1 40,200 400 44,196—42,821 Bone 3(G) 918.460

*Ultrafiltration of collagen fraction.

@ Springer



131 Page8of21

Archaeological and Anthropological Sciences (2025) 17:131

3D scanner

For the 3D documentation of the site and the exact location of
the archaeological artifact, multiple photographs were taken
following a photogrammetric data capture protocol. These
images were then processed with the open-source photogram-
metric reconstruction software GRAPHOS (Integra Photo-
graphic Suite) to generate a 3D model and an orthophotograph
of the area (Gonzalez-Aguilera et al. 2018) (Fig. 6). After the
pebble was discovered, it was scanned with a David SLS-3
Scanner to obtain a 3D model, allowing for a detailed analysis
of its characteristics and possible surface alterations resulting
from use. Different scans of the artifact (with abundant overlap
between scans) were taken with the calibrated instrument and
subsequently merged to obtain the complete object (Fig. 7a).
A detailed study of the marks on the artifact was carried out
to evaluate them more precisely. For this purpose, different
profiles of the Digital Surface Model (DSM) of the element
were made for the three pits or cupules, and the contour lines
of the DSM, and other measurements were obtained (See Sup-
plementary material).

X-ray fluorescence spectroscopy (XRF)

Since it was impossible to fit the pebble, due to its size and
shape, into a large laboratory XRF analyzer (with high reso-
lution and accuracy), a handheld XRF analyzer had to be
used; specifically, an Olympus VANTA M Series™ XRF
analyzer by Innov-X Systems, Inc. belonging to the Geo-
logical and Mining Institute of Spain (IGME, CSIC). This

¥

ORTHOGONAL VIEW

Fig.7 A. 3D model of the untextured artefact obtained with David
SLS-3 Scanner B. Mesh of the 3D model of the pebble, rendered with
Agisoft Metashape. Laboratory of the Image Technology Section in
the General Headquarters of the Forensic Police (Spain)

model delivers fast and precise identification and analysis for
elements from magnesium to uranium (Mg to U).

Several “shots” were taken to analyze different surfaces
of the object, both the surface of the leucogranite clast

SIDE VIEW

Fig.6 Left, orthophoto of the excavation in the San Lazaro rock-shelter where the archaeological artefact was found. Right, image of the 3D

model obtained for the documentation of the excavation
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(“leucogranite”), the quartz veins (“Q veins”), and the zone
where the red dot appears.

Scanning electron microscopy (SEM)

Was used for the elemental composition and chemical char-
acterization of the red dot. The SEM equipment belongs
to the ‘Geological Techniques Unit’ in the ‘Research Sup-
port Centre’ (CAIL in Spanish) in the Earth Sciences and
Archaeometry Laboratory at the Complutense University of
Madrid (Spain).

Several micro-samples were taken from the edge of the
red dot using a magnifying glass and sterilized tweezers, tak-
ing care to minimize damage to the element to be analyzed.
Three micro-samples were selected using a digital micro-
scope based on their suitable size and shape for SEM analy-
sis, called upper and lower (1 and 2) sample zones (Fig. 8).

Prior to study, they were coated with gold (Cressington
108auto metallizer) to ensure good conductivity of the elec-
tron beam. The study was carried out with a Jeol JSM-820
microscope operating at 20 kV and equipped with Oxford
EDX analysis. The sample was prepared on a cylindrical
brass holder and fixed with double-sided carbon tape.

Multispectral analysis

This study was carried out in the Image Technology Section
of the Central Unit of Operative Coordination at the General
Headquarters of the Forensic Police (Madrid, Spain). The
objective was to identify evidence of human manipulation,

or to be precise, if a dermatoglyphic print existed in the red
dot (Fig. 9) (See Supplementary material).

Dermatoglyphic analysis

The photographic image obtained with multispectral tech-
niques was sent to the Central Identification Unit for its
study by specialists in dermatoglyphic identification in the
General Headquarters of the Forensic Police.

To verify if the observed image is compatible with a
dermatoglyphic print, studies have shown that three mark-
ers should be assessed: 1) breadth of the epidermal ridge, 2)
minutiae, and 3) ridge morphology (Kralik et al. 2020) (see
Supplementary material).

Results

Comparison with other pebbles found at the same
level

Twenty-three pebbles of leucogranite and gneiss have been
found in level H, most of them used as hammerstones, show-
ing extensive evidence of percussion marks. These pebbles
have been analyzed for comparison with the leucogranite
pebble studied in this paper. All pebbles with traces of use
as hammerstones are predominantly sub-rounded or small
oval shapes, with none exceeding 11 cm in their longest axis.
No other pebble displays traces or remains of ocher, nor
do they have natural concavities or cupules (Supplementary
material Fig. 25).

Fig.8 Sample zones in the red dot. (Photos by Pedro A. Saura Ramos)
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Fig.9 Detail of the red dot
obtained after using a photo-
grammetric process to docu-
ment the pebble in 3D

The piece analyzed in this study (Fig. 1) is the largest
pebble found in the level H, more than twice the size of the
other pebbles (Supplementary material Fig. 25).

As observed (Supplementary material Fig. 26), the area
with evidence of alteration (marked in red with the letter
A) is far from any of the potential active zones that might
indicate use as a hammerstone (zones B and C, marked in
yellow, and even D). Based on the morphology of the pebble
and the hammerstones documented at the same level, there
does not appear to be a correlation between the marked area
(A in red) and any potential hammerstone use that could
explain this alteration.

The analysis of these other potential zones (B-C yellow)
has not provided evidence of use as hammerstone similar
to those identified on the other pebbles from level H (Sup-
plementary material Fig. 26).

3D scanner results

In addition to the previous observations, both macroscopic
analysis and 3D analysis of the surface discarded evidence
of use, such as a hammerstone, anvil, or through abrasion,
impact, etc. Both macroscopic observations with the naked
eye and 3D model analysis revealed no evidence of any of
these uses, and therefore, the possibility of its functional
utilization was discarded.

A microtopography (Figs. 10a-b) showed that the profiles
of the two smaller cupules were straight and very regular at
their base (Fig. 10a) and therefore any human action that
would have caused a more irregular profile was ruled out.
These cupules are thus completely natural. In contrast, the
third and largest cupule at the opposite end of the pebble

@ Springer

has a more irregular profile, which is particularly evident in
Sects. 2 and"3D scanner"(Fig. 10b), and appears less natural
compared to the other two. Based on this analysis and mac-
roscopic observation with a stereomicroscope (Supplemen-
tary material Fig. 26), and after a comparison between this
area and the rest of the edge surface, it was suggested that
this part of the pebble could had been modified, unlike the
rest of the surface, which showed no similar evidence. This
alteration, as previously indicated, does not seem to have
been made with its use as a hammerstone. For this reason,
the pebble was subjected to detailed multispectral analysis.

The 3D model also allowed measurements to be taken of
the pebble surface in relation to the three cupules and the
red dot. Although the position of the cupules on the pebble
is natural, their arrangement is very particular as the meas-
urements showed (Fig. 10c), because the two cupules at one
end (Fig. 10a) are practically at identical distances from the
third cupule (Fig. 10b). The red dot on the surface of the
pebble is in an intermediate position relative to the cupules.

The analysis of the geometric relationships between the
points (Fig. 10c) reveals several interesting aspects, such
as the proportional relationship between the three cupules
and the red dot (C). The distances A-C and B-C are nearly
identical, suggesting that point C is almost equidistant from
A and B, forming an almost isosceles triangle. Additionally,
the distances A-D and B-D show an apparent symmetry.
The proportions between the distances AC/AB and BC/AB
are very similar, suggesting a logic of simple proportions,
especially in relation to CD, which reinforces the hypoth-
esis of an intentional placement of C to create symmetry
and regularity in the arrangement (see supplementary mate-
rial). It seems to have been placed intentionally to create a
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ORTHOGONAL VIEW ORTHOGONAL VIEW

ORTHOGONAL VIEW

ORTHOGONAL VIEW

SIDE VIEW

A-B=32.7 mm
A-C=60.64 mm
A-D =133.75 mm
B-C=61.81 mm
B-D =135.69 mm
C-D =75.60 mm

Fig. 10 A. Detail of the “eyes” drea; B. Detail of the “mouth” area; C. Measurements of the distances between the three cupules and the red dot
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composition by occupying a central position as regards the
three cupules.

On the other hand, the results obtained through different
statistical methods strongly suggest that the location of the
red dot is not random. The Monte Carlo simulation indicates
a probability of only 0,31% that a configuration of the red
dot on the pebble, like the one we observed, would occur by
chance. This result is supported by the Clark-Evans test and
the analysis using Ripley's K function, both of which seem
to suggest that the location of the red dot is likely intentional
and not random (see supplementary material).

X-ray fluorescence spectroscopy results

This non-invasive analysis (see supplementary material) was
a preliminary study to determine the nature of the red dot
and to characterize the granite. It confirmed that, geochemi-
cally, the red dot was an anomaly and could be an addition.
Consequently, SEM analysis was performed to establish the
composition of red dot and determine if it might be a pigment.

SEM results

The results show that the samples of the red dot contain
iron oxides and clay minerals, with no evidence of organic
binders. Thus, it is an ocher added to the surface of the

pebble. No significant amounts of (C) were found in any spot
analysis, nor did the backscattered electron images (BSE)
show the presence of C-rich pastes or waxes between the
different particles (see Supplementary material Figs. 8§16,
Tables 6-7).

Multiespectral results

The multispectral analysis carried out showed that the
components present in the largest cupule reacted through
photoluminescence in the infra-red region, while this lumi-
nescence was not observed in any other part of the peb-
ble’s surface (Supplementary material Fig. 1c) (Uzal 2019;
Goicoechea-Telleria et al. 2019; Crowther 2022; Miralles-
Mosquera et al. 2022).

Furthermore, following UV reflectography, it was pos-
sible to observe the absorbance reaction of chemical com-
ponents exclusively located at the ocher dot. This reaction
was not present in any other part of the pebble. To increase
the contrast between the latent trace and the pebble’s surface
where it is located, the image was processed using RawTher-
apee software by applying different decorrelation algorithms
through a remote sensing program.

The result was the identification of an image compatible
with a dermatoglyphic print (Fig. 11). To confirm or refute
this potential dermatoglyphic match, the image was analyzed

Fig. 11 Dermatoglyphic image obtained by the multispectral analysis of the red dot
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in detail at the Central Identification Unit of the General
Headquarters of the Forensic Police.

Dermatoglyphic results

Compatibility with a dermatoglyphic image has also been
confirmed through ridge count and specific compatibility
with the hand area after comparison with police databases
(see Supplemetary material).

The photograph obtained using multispectral techniques
shows a series of reddish lines separated from one another
by white lines that follow the same direction (Fig. 11). These
lines are more or less parallel and are irregular at the ends, as
well as displaying deviations and other particularities (Sup-
plemetary material Fig. 4).

The average width of the reddish lines is 0.48 mm, with
minimum and maximum widths of 0.39 mm and 0.61 mm,
respectively.

Two images (Suplementary material Figs. 17-18) show
the characteristic identification points marked by specialists
in the ABIS system. A total of 13 points were marked, of
three kinds; six abrupt ends, two bifurcations and 5 conver-
gences (terms used in the Specific Identification Procedure
for the examination and comparison of dactylograms and
chirograms in the General Headquarters of the Forensic
Police) (see Supplementary material Fig. 19).

It can be observed that the morphology of the ridge is
not perfectly smooth; both sides are irregular, which may be
assimilated to the morphology described as pearling or bead-
ing. Fourteen ridges were counted on the diagonal line of
the 25 mm? square drawn over the sample (Supplementary
material Figs. 6 and 21).

The candidates that the ABIS system proposed, and
which were used to make the graphic demonstrations possess
minutiae compatible with those in the paleo-dermatoglyphic
images. The coincidences have been found in different areas,
both in the nuclear system of the distal phalanx of a finger
(Fig. 12a) and in the palm (Fig. 12b). The coinciding points
are shown in squares and numbered in the figures.

The morphological assessment of the image supplied by
the Image Technology Section shows that its description
agrees with the morphology and description of a fingerprint
(see supplementary material).

Discussion

The object was found in litho-stratigraphic Level H (Fig. 4),
a well-preserved in-situ Mousterian archeological context
with abundant remains of Levallois lithic industry, Mous-
terian points and Quina sidescrapers (Fig. 5), as well as
numerous faunal remains showing cut and percussion marks.

The pebble, sub-ellipsoid to parallelepiped in shape, con-
sists of medium grain-size leucogranite (quartz-rich granite)
(Supplementary material Tables 1-5) and was sourced from
the alluvial deposits in the gravel bed of the Eresma River.
Although leucogranite pebbles of this type are fluvial in ori-
gin and can be found in the current riverbed of the Eresma
River, they are relatively uncommon in the immediate vicin-
ity of the site. Among of all the main river basins and water-
sheds surrounding the archaeological site (Juncal-Nieves-
Ciguifuela, Eresma, Clamores, Tejadilla, Frio-Milanillos),
most have a substratum composed of metamorphic rocks
(gneisses and migmatites). Only the Eresma River flows
transversally through quartz-rich granitoid dykes. In fact,
about 5 kms upstream from the site, the Eresma River flows
through several Variscan leucogranite dykes with an aplitic
texture (known as ‘aplites’) with thickness ranging from a
few decimetres to several metres. These dykes have been
eroded in the Quaternary period, generating decimetric
quartz-rich granite pebbles within the Eresma river’s alluvial
deposits (Supplementary material Figs. 23-24). The pres-
ence of this type of pebble in the archeological layer is due
to human selection and transport from the river to the rock-
shelter, which was about + 10 or 8 m above the level of the
river in MIS 3. San L4zaro rock-shelter is now + 15 m above
the river, which has cut down during the Upper Pleistocene
and Holocene. On the other hand, the archeological levels
documented at the site are formed by endokarst detritic
sediment and no evidence has been found in Levels D-H of
depositional agents with sufficient energy to bring this peb-
ble to the interior of the rock-shelter naturally at the time of
the Mousterian occupation (Fig. 4). As we have seen, there
are other pebbles of granite and gneiss brought to the site,
showing unmistakable signs of use as hammers, but all with
a different morphology and significantly smaller size (Sup-
plementary material Fig. 25). This seems to indicate that the
pebble presented here deviates from the pattern observed in
level H regarding the use of pebbles in tasks such as lithic
tool production or bone fracturing.

Finally, unlike the other pebbles found in Level H, no
signs of its use as a hammerstone, anvil or any other evi-
dence associated with lithic reduction have been found on it,
nor any signs of abrasion. Therefore, this seems to have been
a non-utilitarian object. After all the analyses conducted, we
have not documented any marks on the surface of the stone
that we could interpret as functional.

So, we should ask ourselves what the reason was for
transporting this stone to the rock-shelter. It far exceeds the
size of the documented hammerstones at the same level and
shows no signs of use on any of its potential striking sur-
faces, which would suggest it was used as a hammerstone. In
this case, we can indicate that the peculiarity of this pebble
compared to the others is not only its above-average size but
also that it is the only one in which ocher has been identified.
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Fig. 12 A. Characteristic points
detected by the ABIS system
coinciding with the central part
of a finger of a candidate. B.
Characteristic points detected
by the ABIS system coinciding
with the palm of a candidate

Moreover, the ocher dot does not appear as a shapeless addi-
tion or a mere stain; rather, it contains a fingerprint that
implies the pigment has been applied specifically with the
tip of a finger soaked in pigment.

Based on this and considering the data obtained from
various analyses, we can interpret this piece, for which two
hypotheses could be considered. The following interpreta-
tions are presented as working hypotheses, compatible with
the available data and open to discussion and future test-
ing. They aim to explore one of several possible explan-
atory frameworks: A) the red dot is something casual or
accidental, like when grasping or using the pebble; B) the
red dot is the result of an intentional action and, therefore,
premeditated.

In the first case, if we consider the red dot is the acci-
dental result of using the pebble, for example as a hammer-
stone, when a person with ocher-stained hands might have

@ Springer

inadvertently left a mark on the surface of the pebble, it
should show signs of having been used as a hammerstone.
As we have said, the pebble does not present marks like
those we have identified on the other hammerstones found
at the same level.

Additionally, in this case, it would be necessary to
explain why there is only one fingerprint in a central posi-
tion of the surface of the pebble, and there are no more fin-
gerprints. We should find a satisfactory answer to explain
why, if Neanderthal hands were stained with ocher, there
are no more stains in the same pebble, especially when
there is neither ocher inside the shelter, nor have we found
ocher remains at the same level, nor in the immediate sur-
roundings. This possibility is not supported by the statisti-
cal analyses, which assign a low likelihood to chance as
the reason for the red dot’s current position in relation to
the three cupules.
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The second possibility is that the red dot does not respond
to an accidental circumstance and that it is the result of an
intentional action. This hypothesis is primarily supported
by the geometric and statistical analyses conducted on the
position of the red dot. Furthermore, in this case, we must
aim for the following evidence as indicated in the results
analysis:

The pebble was collected in the river environment and
transported to the interior of the rock-shelter. The pebble
has three small natural pits or cupules on one of its faces
which make it distinctive (Fig. 1a-b). A microtopographi-
cal analysis (Fig. 10a-b) revealed that the profiles of the
two smaller cupules were straight and displayed a notably
regular base (Fig. 10a), thereby excluding the possibility of
human activity, which would likely have produced a more
irregular profile. Conversely, the third and largest cupule,
located at the opposite end of the pebble, displays a notably
irregular profile, especially prominent in Sects. 2 and"3D
scanner"(Fig. 10b), potentially indicating anthropogenic
modification. Both the microtopographic and multispectral
analyses carried out on the pebble surface show that at this
point (Supplementary material Fig. 1c) a possible altera-
tion was made to the pebble surface. On the other hand, the
pebble is larger than other pebbles used and has a peculiar
morphology. Could this have influenced the Neanderthal’s
selection of this piece?

In this instance, the presence of a red dot applied with
a fingertip on the surface of the object, coupled with the
absence of use marks typical of a hammerstone, suggests
both a lack of functional purpose and a deliberate intent in
marking the pebble with ocher. If we consider that the peb-
ble is not a functional object, but that the red dot is indeed
intentional, we have two main hypotheses to explain this
circumstance:

A) The addition of the red dot is an intentional act but
devoid of meaning. In this case, it would be an action lack-
ing symbolic complexity, as there is no encoded message or
meaning; B) The selection of this pebble and the addition
of the red dot may have served a purpose unknown to us.
In this case, it would imply the existence of a visual sym-
bol with a specific meaning, which motivated this action.
This would form the basis for accepting a symbolic purpose
behind this act.

In Case A, before accepting this hypothesis, it would be
necessary to explain why a pebble with this particular mor-
phology and size was chosen, rather than any of the others
present in the rock shelter. It seems that the characteristics
of the piece play a significant role in its selection. Thus, a
specific pebble has been selected and marked with a red
dot, suggesting this choice was not random, as suggested
by the observed geometric relationship. This pebble stands
out due to its size, morphology, and surface characteristics
(three cupules) compared to all others documented at level

H. Additionally, it would be necessary to explain why there
are no other pebbles with different morphologies featuring
a red dot or simply impregnated with ocher. As shown in
the results (Fig. 10), the red dot is not randomly located
on the pebble but rather on the face that displays a particu-
lar peculiarity. For this reason, we propose that there is a
relationship between morphology, the characteristics of
the pebble's surface, and the location of the red dot. Could
these circumstances occur without there being a motivation
to carry it out? It seems possible that there is an intentional-
ity in placing the red dot on a specific area, implying that
there must be a reason and an explanation for this choice.
Therefore, we propose the hypothesis that this action is the
result of intentional planning. If there is action and planning
involved, it cannot be ruled out that this might constitute a
visual sign and, therefore, that a meaning or message exists,
however simple the object and action may appear.

Following hypothesis B, the pebble has been intentionally
selected due to its morphology, and the red dot has also been
consciously and deliberately placed in its position. This is
not random and appears to clearly reflect a deliberate action.
If we accept that there is not only intentionality in placing a
red dot with the finger on the piece but also a level of plan-
ning that entails selecting and transporting a specific pebble,
this aligns with the minimum requirements for the creation
of a visual symbol, an object that would convey a particular
meaning or message through this action (Panofsky 1955;
Leroi-Gourhan 1965; Hall 1966; Eco 1975). To this end,
our approach is grounded in the following items: the peb-
ble has been selected and transported; the pebble exhibits
unique dimensions and characteristics, different from the
other pebbles at the same level; there is a manipulation of the
raw material; there is an intentional impression of pigment;
the red dot is not placed randomly and there is a deliberate
composition.

We propose that this may constitute a visual symbol,
a composition potentially involving intentional creation,
thereby conveying a specific motivation and, consequently,
an inherent meaning. Thus, this object appears to meet
several criteria often associated with symbolic artifacts,
wherein intentionality, representational capacity, durability,
and the transformation of raw material are well-established
elements that justify considering such questions (Cassier
1957; Durand 1960; Eliade 1965; Noble and Davidson 1996;
Mithen 1996; Clottes 2016). On the other hand, the pres-
ence of objects created or marked with ocher for symbolic
purposes in the Paleolithic is associated with the notion of
prehistoric art, these being among the earliest evidence of
such non-figurative manifestations (Leroi-Gourhan 1965;
Villaverde 2020: 168-169).

Thus, if we accept the intentionality and the nature of
the object as a visual symbol, we must turn our attention
back to the selection of the pebble, where its characteristics
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have played an important role. Could the morphology of
the piece, with the presence of three cupules on the same
surface and the positioning of the red dot in relation to them,
represent a composition explained by the phenomenon of
pareidolia? Pareidolia is a phenomenon widely recognized
in the Paleolithic (Lorbranchet 1999; d’Errico and Nowell
2000; Azéma and Rivere 2012; Bednarik 2016; Taubert et al.
2017; Wisher et al. 2024). Furthermore, could this be a rep-
resentation or abstraction of a human face in this case? like
other similar objects that have been associated with faces,
masks or figurines (Dart 1975; d’Errico and Nowell 2000;
Marquet and Lorblanchet 2003; Pettitt 2003; Marquet et al.
2016). This is because the pebble could resemble a human
face, with eyes, a mouth, and a ridge shaped like a nose. This
is the hypothesis we propose as a possible interpretation
for the selection of the pebble and its transformation into a
visual symbol through the application of the red dot.

Pareidolia refers to a well-known psychological process
through which the human mind identifies familiar patterns,
such as faces or figures (Kahlbaum 1866; Arnheim 1954;
Rock 1983; Sagan 1995). When the phenomenon involves
the identification of faces in inanimate objects, it has specifi-
cally been known as Face Pareidolia for the past few years
and has been widely studied. From a neurocognitive per-
spective, it appears that the brain employs pre-existing facial
recognition patterns when interpreting ambiguous objects,
thereby generating what are known as"false positives”. This
is because the human brain is highly specialized in facial
recognition, even in stimuli that only partially contains fea-
tures associated with faces, such as symmetry, the arrange-
ment of the eyes, or the presence of a nose or mouth. In
this context, face recognition is interpreted as an essential
evolutionary strategy for survival, with facial pareidolia
emerging as a product of a visual system oriented toward
pattern recognition -especially of faces- resulting in an auto-
matic tendency to perceive and identify faces where none
exist (Kanwisher et al. 1997, Rieth et al. 2011; Liu et al.
2014; Kato and Mugitani 2015; Wardle et al. 2020; Zhou
and Meng 2020). Studies with non-human primates suggest
that pareidolia is a widely distributed phenomenon among
primates and may have evolved progressively, ultimately
becoming common in modern humans (Caruana and Sey-
mour 2022; Romagnano et al. 2024). Although all studies
conducted provide evidence of facial recognition in objects
by non-human primates, differences in cognitive processing
compared to humans appear to underscore the evolution-
ary nature of this phenomenon (Taubert et al. 2017, 2022;
Tomonaga and Kawakami 2023). For this reason, we cannot
exclude the possibility that both Homo sapiens and Homo
neanderthalensis possessed similar capacities for interpret-
ing Face Pareidolia.

Does the piece under study correspond to the phenom-
enon of Face Pareidolia? Is it a representation of a face?
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There are grounds to suspect so; however, it is important
to consider that, as an object over 40,000 years old inter-
preted from our present-day perspective, it is unlikely that
all doubts surrounding this hypothesis can be fully dispelled.
The pareidolia hypothesis is introduced not as a definitive
claim, but as a possible cognitive mechanism guiding the
perception or selection of the pigment-marked surface.
This interpretation is grounded in the spatial arrangement
analysis and discussed in relation to analogous phenomena
documented in modern human cognition. Nevertheless, as
with all previously cited cases of this nature, it remains a
compelling working hypothesis.

Conclusions

The disappearance of the Neanderthals in the Iberian Penin-
sula took place from north to south, beginning at the end of
the Mousterian in the north in about 45 ky cal BP (Higham
et al. 2014). It continued in inland Iberia in about 44 to 42
ky cal BP (Alcaraz-Castafio et al. 2017; Kehl et al. 2018) in
a context in which the first evidence of anatomically modern
humans occurs after a hiatus, several thousands of years later
than in the north or on the Mediterranean coast (Alcaraz-
Castafio et al. 2021). Archaeological and chronological data
from the interior of the peninsula currently rule out the pos-
sibility of the superposition, continuity or mixing between
Mousterian levels and Early Upper Paleolithic levels pro-
duced by Homo sapiens (such as the Aurignacian techno-
complex). Those circumstances have not been observed at
any known site in the area of study, because the first Homo
sapiens arrived thousands of years after the Neanderthals
disappeared (Mallol et al. 2012; Alcaraz-Castafio et al. 2017,
2021; Alvarez-Alonso et al. 2018a, 2018b, 2024; Kehl et al.
2018; Aubry et al. 2020; Cascalheira et al. 2021; Klein et al.
2023; Sala et al. 2024).

Consequently, in addition to its association with a level
containing undeniably Mousterian remains, there can be
no possible doubt about either the archaeological context
or the Neanderthal production of all the material evidence
found in Level H at San Lazaro rock-shelter; unless anyone
should question that Neanderthals were the only creators
of the Mousterian technocomplex in the Iberian Peninsula.

The pebble from San Lazaro rock-shelter presents a series
of characteristics that render it exceptional, based on which
we have deemed it a visual symbol that could be considered
a piece of portable art in some contexts. We use the term
‘portable art’ here in the broad archaeological sense, refer-
ring to deliberately modified or marked objects with pos-
sible symbolic significance, rather than implying figurative
representation or aesthetic intention. In this sense, several
circumstances make the object quite singular: a) it was found
in a level formed by a human occupation; b) it was brought
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to the rock-shelter deliberately; c) the pebble was found with
the cupules and ocher dot upwards (Fig. 6); d) an ocher dot
was painted on its surface (Figs. 1, 8-9); e) a dermatoglyphic
image was identified in the ocher dot (Fig. 11; Fig. 4 Sup-
plementary material). The pebble was indisputably handled
by a Neanderthal, and the print could possible correspond to
an adult male, considering that, although there is no record
of Neanderthal fingerprints in modern forensic databases, it
is likely that morphological characteristics—such as size,
stature, and robustness—which show significant variabil-
ity in contemporary populations, do not differ substantially
from those observed in Pleistocene populations of Homo
sapiens and Neanderthals.

Finally, the fact that the pebble was selected because of its
appearance and then marked with ocher shows that there was
a human mind capable of symbolizing, imagining, idealizing
and projecting his or her thoughts on an object. Furthermore,
in this case, we can propose that three fundamental cognitive
processes are involved in creating art: the mental conception
of an image, deliberate communication, and the attribution
of meaning. These are the basic elements characterizing
symbolism and, also prehistoric -nonfigurative- art. Fur-
thermore, this pebble could thus represent one of the oldest
known abstractions of a human face in the prehistoric record,
according to the hypothesis of Face Pareidolia.

Regarding the San Lazaro paleodermatoglyphic print, it
should be noted that this is not the first Neanderthal finger-
print to be identified. One of the two resin remains from
Konigsaue, discovered in 1963, exhibits a partial fingerprint
made by impression on the resin, in an utilitarian context.
The chronology remains somewhat unclear, as despite being
assigned an age of over 80 Ka (Mania and Toepfer 1973;
Koller et al. 2001) different AMS datings give a minimum
age of approximately 43 Ka cal BP (Hedges et al. 1998;
Griinberg 2002). This fingerprint was studied at the State
Police Department in Magdeburg (Germany) and although
it was probably made with the edge of a thumb, there is no
more details about it (Griinberg 2002). This circumstance
makes the data presented here as the one of the two oldest
known information about a Neanderthal human fingerprint,
and the oldest obtained in association with a pigment.

Neanderthal symbolic behavior has been documented on
objects manipulated anthropically and even in both portable
and parietal representations. These range from the painted
depictions in the caves of La Pasiega, Ardales and Maltra-
vieso (Hoffmann et al. 2018a), engravings in Gorham’s Cave
(Rodriguez-Vidal et al. 2014) and the motifs on an osseous
object from Einhornhohle (Leder et al. 2021), among other
singular objects from a Europe occupied by Neanderthals.
Bones with non-functional marks at La Ferrassie, PeSturina
and Zaskalnaya VI (Majki¢ et al. 2017, 2018b); the evidence
of shells with ocher in Cueva de los Aviones and Cueva
Antén (Zilhdo et al. 2010; Hoffmann et al. 2018b); the

probable use of pigments in the caves of Pech de I’Azé, Cisa-
rei and Scladina (Soressi and d’Errico 2007; Carciumaru
et al. 2015; Bonjean et al. 2015); cutmarks on eagle talons
and the use of feathers probably as adornments in the caves
of Fumane and Krapina (Peresani et al. 2011; Radov¢ic et al.
2015); the engraved pebble from Axlor and the engraved
stone from Kiik Koba (Garcia-Diez et al. 2013; Majkic et al.
2018a); and other examples of motifs on portable objects
older than the Upper Paleolithic (Mellars 1995; Garcia-Diez
and Ochoa 2020) complete this wide array of evidence of
symbolic behavior in Neanderthal populations.

This evidence is varied, diverse and increasingly
apparent. The pebble from San Lazaro, by comparison
with many other Upper Paleolithic cases, could similarly
be described as a portable art object. Few or no doubts
are expressed about the existence of symbolic behavior
in Neanderthals (d’Errico et al. 2003; Zilhdo 2007, 2011,
2012, 2020; Jaubert et al. 2022), although their artistic
capacity has been the subject of controversies (Aubert
et al. 2018; White et al. 2020; Hoffmann et al. 2020).
The existence of art made by Neanderthals, obviously
different from that of Upper Paleolithic populations and
not figurative (Rodriguez-Vidal et al. 2014; Hoffmann
et al. 2018a; Garcia-Diez and Ochoa 2020; Villaverde
2020; Marquet et al. 2023), should similarly not raise any
doubts. This finding represent a new example of Neander-
thal symbolic object in the Iberian Peninsula.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12520-025-02243-1.

Acknowledgements The authors would like to thank Dr Xabier Arroyo
Rey (Earth Sciences CAI, Complutense University of Madrid) and Dr
José F. Mediato and Dr Ramén Jiménez (IGME, CSIC) for their col-
laboration in preliminary analyses, comments and suggestions. They
equally acknowledge the assistance of the Headquarters of the Forensic
Police and in particular M. Carmen Solis Ortega, General Superin-
tendent of the Scientific Police; Silvia Pérez Pavia, Superintendent
of the Central Unit of Crime Scene Investigation; Francisco Herrero
Fernandez-Quesada, Head Superintendent of the Documentation Unit;
University Institute of Police Science — University of Alcaldi. MAMG
enjoy a grant RYC2021-034813-I funded by MCIN/AEl/https://doi.org/
10.13039/501100011033 and by European Union NextGenerationEU””/
PRTR. Archaeological season of 2022 at San Lazaro rock-shelter was
funded by the Junta de Castilla y Ledn (B2022/011624) and Com-
plutense University of Madrid (PR44/21-29904). Thanks also to the
anonymous reviewers for their suggestions and comments, which have
helped improve the final result. Finally, we especially thank the con-
tinued support for this project from Ruth Llorente (JCYL), Luciano
Municio (JCYL) and Jesus del Val (JCYL), who have contributed to
the continuation of excavations at the San Lazaro rock-shelter over
these years.

Author contribution Conceptualization: DAA, MAH, ADH Meth-
odology: DAA, MAH, ADH, SMM, MAM, CSB, ENG, RDD, ERM
Investigation: DAA, MAH, ADH, SMM, MAM, CSB, ENG, RDD,
ERM Funding acquisition: DAA, MAH Project administration: DAA,
MAH, ADH Wrote the main manuscript text: DAA, MAH, ADH,
SMM, MAM, CSB, ENG, RDD, ERM.

@ Springer


https://doi.org/10.1007/s12520-025-02243-1
https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033

131 Page 18 of 21

Archaeological and Anthropological Sciences (2025) 17:131

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Achtelik M, Floss H, Nagel M, Mooney J (2019) Chiroscopic analysis
of Upper Paleolithic palm prints. In Sociedades prehistéricas y
manifestaciones artisticas. Imagenes, nuevas propuestas e inter-
pretaciones (Universidad de Alicante/INAHP) pp. 62-72

Acree MA (1999) Is there a gender difference in fingerprint ridge den-
sity? Forensic Sci Int 102(1):35-44

Alcaraz-Castafio M, Alcolea-Gonzalez J, Kehl M, Albert RM, Baena-
Preysler J, de Balbin-Behrmann R, Cuartero F, Cuenca-Bescos
G, Jiménez-Barredo F, Lopez-Saez JA, Piqué R, Rodriguez-
Antén D, Yravedra J, Weniger GCh (2017) A context for the last
Neandertals of interior Iberia: Los Casares cave revisited. PLoS
ONE 12(7):e0180823

Alcaraz-Castafio M, Alcolea-Gonzalez JJ, de Andrés-Herrero M,
Castillo-Jiménez S, Cuenca-Bescos G, Cuartero F, Kehl M,
Lopez-Saez JA, Luque L, Pérez-Diaz S, Piqué R, Ruiz-Alonso M,
Weniger GCh, Yravedra J (2021) First modern human peopling
recorded in the Iberian hinterland occurred during Heinrich Sta-
dial 2 in a harsh environment: a sequence of human environment
interactions at the Pefia Cap6n rock shelter. Sci Rep 11:15161

Alvarez-Alonso D, de Andrés-Herrero M, Diez-Herrero A, Rojo J (2013)
El Abrigo del Molino (Segovia, Espafia). Ocupaciones neander-
tales en el norte del Sistema Central. in El Cuaternario Ibérico:
investigacion en el siglo XXI, (Universidad de Sevilla), pp 91-94

Alvarez-Alonso D, de Andrés-Herrero M, Diez-Herrero A, Rojo J, Medi-
aldea A, Benito G, Vegas J (2014) Geoarqueologia del yacimiento
musteriense del Abrigo del Molino (Segovia) in Avances de la
Geomorfologia en Espafia 2012-2014, (AEQUA), pp 446449

Alvarez-Alonso D, de Andrés-Herrero M, Diez-Herrero A, Rojo
Hernandez J (2018a) Anilisis geoarqueoldgico de las ocupa-
ciones musterienses en el valle alto del rio Eresma: el Abrigo
del Molino (Segovia, Espaiia). Bol Geol Min 129(1-2):153—-182

Alvarez-Alonso D, de Andrés-Herrero M, Diez-Herrero A, Medialdea
A, Rojo Hernindez J (2018b) Neanderthal settlement in central
Iberia: Geo-archaeological research in the Abrigo del Molino
site, MIS 3 (Segovia, Iberian Peninsula). Quatern Int 474:85-97

Alvarez-Alonso D, de Andrés-Herrero M (2019) Las primeras ocupa-
ciones humanas en Segovia: El Paleolitico inferior y medio. in

@ Springer

Historia de Segovia y su provincia 1: La Gea, La Prehistoria y la
Protohistoria (Diputacién de Segovia), pp 159-229

Alvarez-Alonso D, de Andrés-Herrero M, Diez-Herrero A, Hevia-
Carrillo A, Ferndndez Agudo T, Mielgo Villalpando C,
Vazquez-Rodriguez JM, Yravedra J (2021) Los dltimos nean-
dertales en el interior peninsular: las ocupaciones musterienses
del valle del rio Eresma (Segovia). in Actualidad de la Inves-
tigacién arqueoldgica en Espaiia III (2020-2021), (Ministerio
de Cultura), pp 195-216

Alvarez-Alonso D, Diez Fernandez-Lomana, JC, Garcia-Diez M, Jorda
Pardo JF, Rivas R (2024) Los Enebrales rock-shelter (Tamajon,
Guadalajara, Spain): First Gravettian site in central Iberia. J
Archaeol Sci: Reports 53:104340. https://doi.org/10.1016/].jas-
rep.2023.104340

Arnheim R (1954) Art and visual perception: a psychology of the crea-
tive eye. University of California Press

Aubert M, Brumm A, Huntley J (2018) Early dates for ‘neanderthal
cave art’ may be wrong. J Hum Evol 125:215-217

Aubry T, Dimuccio LA, Barbosa AF, Luis L, Santos AT, Silvestre M,
Jgrkov Thomsen K, Rades E, Autzen M, Murray AS (2020) Tim-
ing of the middle-to-upper Palaeolithic transition in the Iberian
inland (Cardina-Salto do Boi, Cda Valley, Portugal). Quatern Res
98:81-101. https://doi.org/10.1017/qua.2020.43

Azéma M, Rivere F (2012) Animation in Palaeolithic art: a Pre-echo
of cinema. Antiquity 86(332):316-324

Backwell L, d’Errico F, Eds. (2005) From Tools to Symbols: From
Early Hominids to Modern Humans (Wits Unversity Press, 2005)

Baddeley A, Rubak E, Turner R (2015) Spatial point patterns: Meth-
odology and applications with R. Chapman and Hall/CRC
Presshttps://doi.org/10.1201/b19708

Bartsocas CS (1982) Paleodermatoglyphics”, in Progress in Dermato-
glyphic Research, (Alan R. Liss, Inc.), pp. 139-143

Bednarik RG (1992) Paleoart and archaeological myths. Camb
Archaeol J 21(1):27-57

Bednarik RG (2016) Rock art and Pareidolia. Rock Art Research
33(2):167-181

Bonjean D, Vanbrabant Y, Abrams G, Pirson S, Burlet C, di Modica K,
Otte M, Vander Auwera J, Golitko M, McMillan R, Goemaere E
(2015) A new Cambrian black pigment used during the late Mid-
dle Palaeolithic discovered at Scladina Cave Andenne, Belgium.
J Archaeol Sci 55:253-265

Carciumaru M, Nitu EC, Cirstina O (2015) A geode painted with ochre
by the Neanderthal man. C R Palevol 14(1):31-41

Caron F, d’Errico F, del Moral P, Santos F, Zilhdo J (2011) The reality
of Neandertal Symbolic Behavior at the Grotte du Renne, Arcy-
sur-Cure, France. Plos One 6 (6)

Cascalheira J, Alcaraz-Castafio M, Alcolea-Gonzalez JJ, de Andrés-
Herrero M, Arrizabalaga A, Aura JE, Garcia-Ibaibarriaga N,
Iriarte-Chiapusso MJ (2021) Paleoenvironments and human
adaptations during the last glacial maximum in the Iberian Pen-
insula: A review. Quarter Intl 581-582:28-51

Cassier E (1957) The Philosophy of symbolic forms. Yale University
Press

Caruana N, Seymour K (2022) Objetcs that induce face pareidolia are
prioritized by the visual system. BR J Psychol 113(2):496-507

Clottes J (2016) What is Paleolithic art? University of Chicago Press,
Cave paintings and the dawn of human creativity

Crowther J (2022) Monochrome camera conversion: Effect on sensitiv-
ity for multispectral imaging (Ultraviolet, Visible, and Infrared).
J Imaging 8:54

Cummins H, Waits WJ, McQuitty JT (1941) The breadths of epidermal
ridges on the finger tips and palms: a study of variation. Ameri-
can J Anat 68:127-150

Cummins H (1942) Ancient finger prints in clay. J Crim Law and
Criminol 32(4):468-481


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jasrep.2023.104340
https://doi.org/10.1016/j.jasrep.2023.104340
https://doi.org/10.1017/qua.2020.43
https://doi.org/10.1201/b19708

Archaeological and Anthropological Sciences (2025) 17:131

Page 190f 21 131

Dart R (1975) The waterworn Australopithecines pebble of many faces
from Makapansgat. S AfrJ Sci 70(6):167-169

David TJ (1981) Distribution, age and sex variation of the mean epi-
dermal ridge breadth. Hum Hered 31:279-282

d’Errico F, Nowell A (2000) A new look at the Berekhat Ram figu-
rine: Implications for the origins of symbolism. Camb Archaeol
J10(1):123-167

d’Errico F, Henshilwood C, Lawson G, Vanhaeren M, Tillier AM, Sor-
essi M, Bresson F, Maureille B, Nowell A, Lakarra J, Backwell
L, Julien M (2003) Archaeological evidence for the emergence
of language, symbolism, and music: An alternative multidisci-
plinary perspective. ] World Prehist 17:1-70

Durand G (1960) Les structures anthropologiques de I’imaginaire.
Presses universitaires de France Grenoble, impr. Allier

Eco U (1975) Trattato di semiotica generale. Studi Bompiani

Eliade M (1965 [1957]) Le sacré et le profane. Ed. Gallimard

Fiilop RH, Heinze S, John S, Rethemeyer J (2013) Ultrafiltration of
bone samples is neither the problem nor the solution. Radiocar-
bon 55:491-500

Garcia-Diez M, Ochoa B, Barandiaran I (2013) Neanderthal graphic
behavior. The pecked Pebble from Axlor rockshelter (Northern
Spain). J Anthropol Res 69:397-410

Garcia-Diez M, Ochoa B (2020) Art origins: The emergence of
Graphic Symbolism. In: Encyclopedia of Global Archaeology
(Ed. Springer, Cham.)

Goicoechea-Telleria I, Kiyokawa K, Liu-Jimenez J, Sanchez-Reillo R
(2019) Low-cost and efficient hardware solution for presentation
attack detection in fingerprint biometrics using special lighting
microscopes. IEEE Access 7:7184-7193

Gonzalez-Aguilera D, Lopez-Fernidndez L, Rodriguez-Gonzalvez
P, Hernandez-Lopez D, Guerrero D, Remondino F, Menna F,
Nocerino E, Toschi I, Ballabeni A, Gaiani M (2018) GRAPHOS—-
open-source software for photogrammetric applications. Photo-
grammetric Record 33:11-29

Griinberg JM (2002) Middle Palaeolithic birch-bark pitch. Antiquity
76:15-16

Gutiérrez-Redomero E, Galera V, Alonso C, Romero E, Galera V
(2008) Variability of fingerprint ridge density in a sample of
Spanish Caucasians and its application to sex determination.
Forensic Sci Int 180:17-22

Gutiérrez-Redomero E, Alonso MC, Dipierri JE (2011) Sex differences
in fingerprint ridge density in the Mataco-Mataguayo population.
HOMO J Comp Hum Biol 62:487499

Gutiérrez Redomero E, Alonso-Rodriguez C (2013) Forensic, sexual
and topological differences in palmprint and ridge density in the
Caucasian Spanish population. Forensic Sci Int 229:159.e1-159.
el0

Gutiérrez-Redomero E, Quirds JA, Rivalderia N, Alonso NC (2013a)
Topological variability of fingerprint ridge density in a sub-saha-
ran population simple for application in personal identification.
Journal of Forensic Sci 58:592-600

Gutiérrez-Redomero E, Sanchez-Andrés A, Rivalderia N, Alonso-Rod-
riguez C, Dipierri JE, Martin LM (2013b) A comparative study
of topological and sex differences in fingerprint ridge density
in Argentinean and Spanish population samples. J Forens Leg
Med 20:419-429

Gutiérrez-Redomero E, Rivalderia N, Alonso-Rodriguez C, Sanchez-
Andrés A (2014) Assessment of the methodology for estimat-
ing ridge density in fingerprints and its forensic application. Sci
Justice 54:199-207

Hall ET (1966) The Hidden Dimension. Anchor Books Doubleday

Hedges REM, Pettit PB, Bronk Ramsey C, Van Klinken GJ (1998)
Radiocarbon dates from Oxford AMS system: Archaecometry
datelist 25. Archaecometry 40:227-239

Henshilwood ChS, d’Errico F (2001) Homo symbolicus: the dawn of
language, imagination and spirituality (John Benjamins Pub. Co.
2011)

Higham T, Douka K, Wood R, Ramsey CB, Brock F, Basell L, Camps
M, Arrizabalaga A, Baena J, Barroso-Ruiz C, Bergman C, Boi-
tard C, Boscato P, Caparros M, Conard NJ, Draily C, Froment
A, Galvan B, Gambassini P, Garcia A, Grimaldi S, Haesaerts P,
Holt B, Iriarte-Chiapusso MJ, Jelinek A, Jorda JF, Maillo JM,
Marom A, Maroto J, Menéndez M, Metz L, Morin E, Moroni A,
Negrino F, Panagopoulou E, Peresani M, Pirson S, Rasilla M,
Riel-Salvatore J, Ronchitelli A, Santamaria D, Semal P, Slimak
L, Soler J, Soler N, Villaluenga A, Pinhasi R, Jacobi R (2014)
The timing and spatiotemporal patterning of Neanderthal disap-
pearance. Nature 512:306-309

Hoffmann DL, Standish CD, Garcia-Diez M, Pettitt PB, Milton JA,
Zilhao J, Alcolea-Gonzalez JJ, Cantalejo-Duarte P, Collado H, de
Balbin R, Lorblanchet M, Ramos-Muiioz J, Weniger GCh, Pike
AWG (2018a) U-Th dating of carbonate crusts reveals neandertal
origin of iberian cave art. Science 359:912-915

Hoffmann DL, Angelucci DE, Villaverde V, Zapata J, Zilhdo J (2018b)
Symbolic use of marine shells and mineral pigments by Iberian
Neandertals 115,000 years ago. Science Advances 4, eaar5255

Hoffmann DL, Standish ChD, Garcia-Diez M, Pettitt P, Milton JA,
Zilhao J, Alcolea-Gonzalez JJ, Cantalejo P, Collado H, de Balbin
R, Lorblanchet M, Ramos J, Weniger GCh, Pike AWG (2020)
Response to White et al. ‘s reply: still no archaeological evi-
dence that Neanderthals created Iberian cave art’. ] Hum Evol.
144:102810. https://doi.org/10.1016/j.jhevol.2020.1028 10

Jaubert J, Maureille B, Peresani M (2022) Spiritual and symbolic
activities of Neanderthals, in Updating Neanderthals. Under-
standing behavioural Complexity in the late middle Palaeolithic
(Elsevier), pp. 261-274

Kahlbaum KL (1866) Die Sinnesdelirien: Ein Beitrag zur klinischen
Erweiterung der psychiatrischen Symptomatologie und zur phys-
iologischen Psychologie. Allgemeine Zeitschrift Fiir Psychiatrie
und Psychisch-Gerichtliche Medicin 23:1-86

Kanwisher N, McDermott J, Chun MM (1997) The fusiform face area:
A module in Human extrastriate cortex specialized for face per-
ception. J Neurosci 17(11):4302—4311

Kamp KA, Kathryn A, Timmerman N, Lind G, Graybill J, Natowsky I
(1999) Discovering childhood: using fingerprints to find children
in the archaeological record. American Antiq 64(2):309-315

Kato M, Mugitani R (2015) Pareidolia in infants. PLoS ONE
10(2):e0118539

Kehl M, Alvarez-Alonso D, de Andrés Herrero M, Diez Herrero A,
Klasen N, Rojo J, Weniger GCh (2017) Dating the Last Nean-
derthals in Central Iberia — New evidence from Abrigo del
Molino, Segovia, Spain, Geophysical Research Abstracts 19,
EGU2017-6402

Kehl M, Alvarez-Alonso D, de Andrés-Herrero M, Diez-Herrero
A, Klasen N, Rethemeyer J, Weniger GCh (2018) The rock
shelter Abrigo del Molino (Segovia, Spain) and the timing
of the late Middle Palaeolithic in Central Iberia. Quatern Res
90(1):180-200

Klein K, Weniger GCh, Ludwig P, Stepanek C, Zhang X, Wegener
Ch, Shao Y (2023) Assessing climatic impact on transition
from Neanderthal to anatomically modern human popula-
tion on Iberian Peninsula: a macroscopic perspective. Sci Bull
68(11):1176-1186

Koller J, Baumer U, Mania D (2001) Pitch in the Palaeolithic — Inves-
tigtions of Middle palaeolithic “Resin Remains” from Konigsaue.
Friihe Menschen in Mitteleuropa — Chronologie, Kultur, Umwelt.
Kolloquium (Marz 2000 in Heidelberg), pp. 99-112

Kralik M, Nejman L (2007) Fingerpirnts on artifacts and historical
items: examples and comments. J Ancien Fingerprints 1:4-15

@ Springer


https://doi.org/10.1016/j.jhevol.2020.10281

131 Page 20 of 21

Archaeological and Anthropological Sciences (2025) 17:131

Kralik M, Novotny V (2003) Epidermal ridge breadth: an indicator
of age and sex in paleodermatoglyphics. Variab Evol 11:5-30

Kralik M, Novotny V, Oliva M (2020) Fingerprint on the venus of
Dolni Vestonice I. Anthropologie 40(2):107-113

Kumar L, Agarwal S, Garg R, Pratap A, Mishra VK (2013) Gender
determination using fingerprints in the region of Uttarakhand. J
Indian Acad Forens Med 35(4):308-311

Laroulandie V, Faivre JP, Gerbe M, Mourre V (2015) Who brought
the bird remains to the Middle Palaeolithic site of Les Fieux,
Southwestern France? Direct evidence of a complex taphonomic
story. Quatern Int 421:116-133

Leder D, Hermann R, Hiils M, Russo G, Hoelzmann P, Nielbock R,
Bohner U, Lehmann J, Meier M, Schwalb A, Troller-Reimer A,
Koddenberg T, Terberger T (2021) A 51,000-year-old engraved
bone reveals Neanderthal’s capacity for symbolic behaviour.
Nature Ecol Evol 5(9):1273-1282

Leroi-Gourhan A (1965) Le geste et le parole. La memoria et les
rythmes. Ed. Albin Michel

Lichtenberger A, Moran KS (2018) Ancient fingerprints from Beit
Nattif: studying Late Roman clay impressions on oil lamps and
figurines. Antiquity 92 (361) e3:1-6

LiuJ, LiJ, Feng L, Li L, Tian J, Lee K (2014) Seeing Jesus in toast:
Neural and behavioral correlates of face pareidolia. Cortex
53:60-77

Lorbranchet, M. (1999) La naissance de 1’art. Genése de I’art préhis-
torique. Ed. Errance

Majki¢ A, Evans S, Stepanchuk V, Tsvelykh A, d’Errico F (2017) A
decorated raven bone from the Zaskalnaya VI Kolosovskaya
Neanderthal site. Crimea Plos ONE 123:e0173435

Majki¢ A, d’Errico F, Stepanchuk V (2018a) Assessing the signifi-
cance of Palaeolithic engraved cortexes. A case study from the
Mousterian site of Kiik-Koba, Crimea. PLoS ONE 135:¢0195049

Majki¢ A, d’Errico F, MiloSevi¢ S, Mihailovi¢ D, Dimitrijevi¢ V
(2018b) Sequential incisions on a cave bear bone from the mid-
dle Paleolithic of PeSturina Cave, Serbia. J Archaeol Method
Theory 25(1):69-116

Mallol C, Hernandez CM, Machado J (2012) The significance of strati-
graphic discontinuities in Iberian Middle-to-Upper Palaeolithic
transitional sites. Quatern Int 275:4-13

Mania D, Toepfer V (1973) Konigsaue: Gliederung. Okologieund mit-
telpalédolithische Funde der letzten Eiszeit, Berlin

Marquet JC, Lorblanchet M (2003) A Neanderthal face? The protofigu-
rine from La Roche-Cotard, Langeais (Indreet-Loire, France).
Antiquity 77(298):661-670

Marquet JC, Lorblanchet M, Oberlin Ch, Tham6-Bozsé E, Aubry T
(2016) New dating of the “mask” of La Roche-Cotard (Langeais,
Indre-et-Loire, France). Paléo 27:253-263

Marquet JC, Freiesleben TH, Jorkov Thomsen K, Murray AS, Calligaro
M, Macaire JJ, Robert E, Lorblanchet M, Aubry T, Bayle G,
Bréhéret JG, Camus H, Chareille P, Egels Y, Guillaud E, Guérin
G, Gautret P, Liard M, O’Farrel M, Peyrouse JB, Tham6-Bozsé
E, Verdin P, Wojtczak W, Oberlin Ch (2023) The earliest unam-
biguous Neanderthal engravings on cave walls: La Roche-Cotard,
Loire Valley. France Plos ONE 18(6):¢0286568

Martinez-Sevilla F, Arqués M, Jordana X, Malgosa A, Lozano Rod-
riguez JA, Sanchez Romero M, Sharpe K, Carrasco Rus J
(2020) Who painted that? The authorship of Schematic rock
art at the Los Machos rockshelter in southern Iberia. Antiquity
94(377):1133-1151

Mellars P (1995) The Neanderthal legacy: an archaeological perspec-
tive from western Europe. Princeton

Miguez V, Ibaiez-Gimeno P, Carreras J, Liria J, Malgosa A (2016) El
artesano de La Canal dels Avellaners (Edad de Bronce, Barce-
lona): analisis de huellas dactilares. Trab Prehist 73(1):147-159

@ Springer

Miralles-Mosquera S, Alarcos B, Gardel A (2022) Location of Latent
Forensic Traces Using Multispectral Bands. Sensors 22:9142.
https://doi.org/10.3390/s22239142

Mithen S (1996) The prehistory of the mind. Thames & Hudson

Noble W, Davidson I (1996) Human evolution, language and mind: A
psychological and archaeological inquiry. Cambridge University
Press

Ohler EA, Cummins H (1942) Sexual differences in breadths of epi-
dermal ridges on fingertips and palms. Am J Phys Anthropol
29:341-362

Panofski E (1955) Meaning in the visual arts. Doubleday Anchor
Books

Penrose LS (1968) Memorandum on dermatoglyphic nomenclature.
Birth Defects Orig Artic Ser 4:1-13

Pettitt PB (2003) Is this the infancy of art? Or the art of an infant? A
possible Neanderthal face from La Roche-Cotard, France. Before
Farming 11:1-3

Peresani M, Fiore I, Galab M, Romandini M, Tagliacozzo A (2011)
Late Neandertals and the intentional removal of feathers as evi-
denced from bird bone taphonomy at Fumane Cave 44 ky B.P.,
Italy. PNAS 108 (10): 3888-3893

Peresani M, Bertola S, Caricola I, Nunziante Cesaro S, Duches R, Fer-
retti P, Margaritora D, Marrochino E, Eftekhari, N, Vaccaro C,
Zupancich A, Cristiani E (2021) A taste for the unusual. Green,
flat pebbles used by late Neanderthals. J Anthropol Archaeol
64: 101638

Radov¢ié¢ D, SrSen AO, Radov¢ic¢ J, Frayer DW (2015) Evidence for
neandertal jewelry: Modified white-tailed eagle claws at Krapina.
PLoS ONE 103:e0119802

Reimer P, Austin W, Bard E, Bayliss A, Blackwell P, Bronk Ramsey
C, Butzin M, Cheng H, Edwards RL, Friedich M, Grootes PM,
Guilderson TP, Hajdas I, Heaton TJ, Hogg AG, Hughen KA,
Kromer B, Manning SW, Muscheler R, Palmer JG, Pearson Ch,
Van der Plicht J, Reimer RW, Richards DA, Scott EM, Southon
JR, Turney ChSM, Wacker L, Adolphi F, Biintgen U, Caprano M,
Fahrni SM, Fogtmann-Schulz A, Friedrich R, Kéhler P, Kudsk S,
Miyake F, Olsen J, Reinig F, Sakamoto M, Sookdeo A, Talamo
S (2020) The IntCal20 Northern Hemisphere radiocarbon age
calibration curve (0-55 cal kBP). Radiocarbon 62(4):725-757

Rethemeyer J, Fiilop RH, Hofle S, Wacker L, Heinze S, Hajdas I, Patt
U, Konig S, Stapper B, Dewald A (2013) Status report on sample
preparation facilities for 14C analysis at the new CologneAMS
center. Nucl Inst Methods Phys Res B 294:168-172

Rieth CA, Lee K, Lui J, Tian J, Huber DE (2011) Faces in the mist:
illusory fase and letter detection. Iperception 2(5):458-476

Rivalderia Moreno N (2016) Avances en la caracterizacion dacti-
loscopica en poblaciéon Argentina (PhD Thesis, Universidad
Alcala de Henares)

Rivalderia Moreno N, Sanchez-Andrés A, Alonso-Rodriguez C, Dip-
ierri JE, Gutiérrez Redomero E (2016) Fingerprint ridge density
in the Argentinean population and its application to sex infer-
ence: A comparative study. HOMO J Comp Hum Biol 67(1):5-84

Rock I (1983) The logic of perception. MIT Press, Cambridge

Rodriguez-Hidalgo A, Morales JI, Cebria A, Courtneay LA, Fernan-
dez-Marchena JL, Garcia-Argudo G, Marin J, Saladié P, Soto M,
Tejero JM, Fullola JM (2019) The Chatelperronian Neanderthals
of Cova Foradada (Calafell, Spain) used imperial Eagle phalan-
ges for symbolic purposes. Science Advances 5, eaax1984

Rodriguez-Vidal J, d’Errico F, Giles Pacheco F, Blasco R, Rosell J,
Jennings RP, Queffelec A, Finlayson G, Gutiérrez Lopez JM,
Carridn JS, Negro JJ, Finlayson S, Caceres LM, Bernal MA,
Fernandez Jiménez S, Finlayson C (2014) A rock engraving
made by Neanderthals in Gibraltar. PNAS 111(37):13301-13306


https://doi.org/10.3390/s22239142

Archaeological and Anthropological Sciences (2025) 17:131

Page 21 0f21 131

Romagnano V, Kubon J, Sokolov AN, Fallgatter AJ, Braun Ch, Pavlova
MA (2024) Dynamic brain communication underwriting face
pareidolia. PNAS 121(16):e2401196121

Romandini M, Peresani M, Laroulandie V, Metz L, Pastoors A (2014)
Convergent evidence of eagle talons used by late Neanderthals
in Europe: A further assessment on symbolism. PLoS ONE
97:¢101278

Sagan C (1995) The Demon-Haunted world: Science as a candle in the
dark. Random House

Sala N, Alcaraz-Castafio M, Arriolabengoa M, Martinez-Pillado V,
Pantoja-Pérez A, Rodriguez-Hidalgo A, Téllez E, Cubas M,
Castillo S, Arnold LJ, Demuro M, Duval M, Arteaga-Brieba
A, Llamazares J, Ochando J, Cuenca-Bescds G, Marin-Arroyo
AB, Martin-Seijo M, Luque L, Alonso-Llamazares C, Arlegi M,
Rodriguez-Almagro M, Calvo-Sismal C, Izquierdo B, Cuartero
F, Torres-Iglesias L, Agudo-Pérez L, Arribas A, Carrién JS,
Magri D, Zhao JX, Pablos A (2024) Nobody’s land? The oldest
evidence of early Upper Paleolithic settlements in inland Iberia.
Sci Adv 10(26)

Soressi M, d’Errico F (2007) Pigments, gravures, parures: les com-
portements symboliques controversés des néandertaliens” in Les
Néandertaliens. Biologie et cultures (Editions du CTHS Docu-
ments préhistoriques; 23, 2007) pp. 297-309

Taubert J, Wardle SG, Flessert M, Leopold DA, Ungerleider LG
(2017) Face pareidolia in the Rhesus monkey. Curr Biol
27(16):2505-2509

Taubert J, Wardle SG, Tardiff CT, Koele EA, Kumar S, Messinger A,
Ungerleider LG (2022) The cortical and subcortical correlates of
fase pareidolia in the macaque brain. Soc Cogn Affect Neurosci
17(11):965-976

Tomonaga M, Kawakami F (2023) Do chimpanzees see a face on
Mars? A search for face pareidolia in chimpanzees. Anim Cogn
26(3):885-905

Uzal IMP (2019) Diagndstico por Imagen en Bandas no Visibles Sobre
Patrimonio Cultural (Books on Demand GmbH: Leipzig, 2019),
pp. 5-11.

Vela Arambarri M (1982) Dactiloscopia. Identificacion. Sistema Espa-
fiol. Policia Cientifica. (Direccion General de La Policia,1982)

Villaseca C, Barbero L (1994) Chemical variability of Al-Ti-Fe-Mg
minerals in peraluminous granitoid rocks from Central Spain.
Eur J Mineral 6:691-710

Villaverde V (2020) La mirada neandertal. Origenes del arte visual.
Ed. Universidad de Valencia

Wardle SG, Taubert J, Teichmann L, Baker Chl (2020) Rapid and
dynamic processing of face pareidolia in the human brain. Nat
Commun 11(1):4518

White R, Bosinski G, Bourrillon R, Clottes J, Conkey MW, Corchén
S, Cortés M, Rasilla M, Delluc B, Delluc G, Feruglio V, Floss
H, Foucher P, Fritz C, Fuentes O, Garate D, Gonzalez Gémez J,
Gonzalez Morales M, Gonzalez Pumariega M, Groenen M, Jau-
bert J, Martinez Aguirre MA, Medina MA, Moro O, Ontaiién R,
Paillet-Man-Estier E, Paillet P, Petrognani S, Pigeaud R, Pingon G,
Plassard F, Ripoll S, Rivero O, Robert E, Ruiz A, Ruiz JF, San Juan-
Foucher C, Sanchidrian JL, Sauvet G, Simon MD, Tosello G, Utrilla
P, Vialou D, Willis MD (2020) Still no archaeological evidence
that neanderthals created Iberian cave art. ] Hum Evol 144:102640

Wisher I, Paul Pettitt P, Kentridge R (2024) Conversations with caves:
the role of pareidolia in the upper palaeolithic figurative arte
of las Monedas and La Pasiega (Cantabria, Spain) Cambridge.
Archaeol J 34(2):315-338

Zhou LF, Meng M (2020) Do you see the “face”? Individual differences
in face pareidolia. J Pacific Rim Psychol 14

Zilhdo J (2007) The emergence of ornaments and art: an archaeological
perspective on the origins of “behavioral modernity.” J Archaeol
Res 15:1-54

Zilhdo J (2011) The emergence of language, art and symbolic thinking.
A neandertal test of competing hypotheses” in Homo symboli-
cus: The dawn of language, imagination and spirituality, (John
Benjamins Publishing Company, 2011), pp.111-131

Zilhdo J (2012) Personal ornaments and symbolism among the nean-
derthals. Dev Quarter Sci 16:35-49

Zilhao J (2020) “The middle Palaeolithic revolution, the origin of art
and the epistemology of paleonthropology” in The Matter of
Prehistory: papers in Honor of Antonio Gilman Guillén. (CSIC),
pp- 85-104

Zilhao J, Angelucci DE, Badal-Garcia E, d’Errico F, Daniel F, Dayet L,
Douka K, Higham TFG, Martinez-Sdnchez MJ, Montes Bernar-
dez R, Murci-Mascards 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 Neandertal.
Proc National Acad Sci USA 107:1023-1028

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	More than a fingerprint on a pebble: A pigment-marked object from San Lázaro rock-shelter in the context of Neanderthal symbolic behavior
	Abstract
	Introduction
	Archaeological context: Mousterian occupations in the Eresma River valley
	San Lázaro rock-shelter
	Other Mousterian sites around

	Materials and methods
	3D scanner
	X-ray fluorescence spectroscopy (XRF)
	Scanning electron microscopy (SEM)
	Multispectral analysis
	Dermatoglyphic analysis

	Results
	Comparison with other pebbles found at the same level
	3D scanner results
	X-ray fluorescence spectroscopy results
	SEM results
	Multiespectral results
	Dermatoglyphic results

	Discussion
	Conclusions
	Acknowledgements 
	References


