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ARTICLE INFO ABSTRACT

Keywords: El Buxu cave, which is located in the village of Cardes (Cangas de Onis, Asturias), has been studied since the
Palaeolithic 1980s, with multiple excavations taking place inside the cave. This work has uncovered a complete artistic
ROSk a;t corpus, marking out several phases of occupation, with paintings dating to the first phases of the Upper
Red ochre . Palaeolithic, Solutrean and Lower and Middle Magdalenian periods.

Pre-Magdalenian . . . . - -

El Buxu This paper presents a new review of its rock art, documenting all of the red paintings inside the cave, most of

which have never been published up until this point. The most notable inclusion is the new description of a
zoomorphic figure painted in red, which has previously been interpreted as an aurochs, but whose features are in
fact closer to those of a deer or reindeer.

In addition, stratigraphic analysis of some of the paintings has revealed that they are overlapped by Solutrean
and Magdalenian engravings and black paintings inside the cave. Elemental analysis was performed on series of
red pigments and ochre samples, recovered from various strata using X-ray fluorescence spectroscopy. The
resulting dataset was treated using Principal Component Analysis, providing a deeper understanding of the
composition of the rock art in El Buxu cave, while uncovering potential correlations between the samples ac-
cording to their elemental composition.

After comparing additional evidences from other red cave paintings in the region with the red pictographs in
the cave, along with the stratification of paint pigments and their relationship with the ochre samples in each
stratum, it appears that the red paintings comprise the oldest group of pictures inside the cave and can be broadly
dated to the pre-Magdalenian cultural period.

Micro X-ray fluorescence
Raman spectroscopy

1. Introduction

El Buxu cave (Cardes, Cangas de Onis, Spain) is located in the middle
of the Sella River basin, in Asturias. It is situated within a limestone
outcrop, 177 m above sea level and just 11 km as the crow flies from Tito

chronological and cultural framework, and contains similar pictographs.
First excavated in 1970 by E. Olavarri, studies of the cave were subse-
quently taken over by M. Menéndez, co-author of this paper and head of
research up to the present day. He reviewed all of the material from the
cave and recorded the artistic corpus of black figures and engravings,

Bustillo cave (Ribadesella, Asturias), which shares a similar from the Solutrean and Magdalenian periods (Menéndez, 1984a,

Abbreviations: SEM-EDS, Scanning electron microscopy combined with energy-dispersive X-ray spectroscopy; ESEM-EDS, Environmental scanning electron mi-
croscopy coupled with energy-dispersive detector; pXRD, Micro X-ray diffraction; IR, Infrared spectroscopy; FTIR, Fourier transform infrared spectroscopy; XPS, X-
ray photoelectron spectroscopy; EDXRF, Energy dispersive X-ray Fluorescence; pED-XRF, Micro energy dispersive X-ray Fluorescence; GC-MS, Gas chromatography-
mass spectrometry; ICP-MS, Inductively coupled plasma mass spectrometry; u-XANES, Micro X-ray absorption near edge structure; pRS, Micro-Raman spectroscopy;
EDX, Energy-dispersive X-ray spectroscopy; CRI, Colour rendering index; LED, Light-emitting diode; PCA, Principal Component Analysis.
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1984b). These studies were completed in later years (Menéndez, 1999,
2003, 2012, 2016a, 2016b, 2016¢c, 2016d; Menéndez and Garcia-
Alonso, 2014).

In some of his publications on the cave, Menéndez has highlighted
the existence of a possible connection between the Tito Bustillo and El
Buxu caves. Some of the evidence suggests that during some stages of its
occupation, El Buxu may have been used as a seasonal hunting camp in
the mountains. A rise in the hunting of deer over other species, as well as
evidence of infants and females across all levels of the site (Menéndez,
2016d; Quesada, 2016; Rojo, 2016), indicate that the residents may
have been in contact with other caves along the Sella River basin, as
demonstrated by some of the paintings that have been discovered. One
example of this is a series of engraved tectiforms with outer fringes,
which are also found on the main panel at Tito Bustillo (Balbin, 2014;
Polledo, 2011). Along with other quadrilateral symbols, these could be
understood as a territorial marking or a unique feature with some
symbolic meaning (Menéndez, 2012; Sauvet et al., 2017).

Throughout the Upper Palaeolithic, across the region of Asturias
(Spain), a geographic distinction can be drawn between the red symbols
found in the eastern area (Balbin, 2014; Balbin and Moure, 1981; Balbin
et al., 2005; Mallo and Sudarez, 1972; Martinez-Villa, 2014; Polledo,
2011; Rios et al., 2007; Santamaria et al., 2010; Arias and Pérez, 1994;
Rasilla, 2012; Duarte et al., 2019; Garcia-Alonso, 2019; Gonzalez-
Pumariega, 2011; Menéndez, 2016d among others) and the zoomorphic
figures and engraved symbols found in the central area of the region,
with a slight dispersion towards the east and even into caves in the
Cantabria region (Fortea, 1981, 1994, 2001; Garcia-Diez et al., 2008;
Gonzalez-Sainz, 1999, 2000; Jorda, 1969; Fortea et al., 1999; Gonzalez-
Morales, 1990; Rodriguez, 1992). The only exceptions to this distinctive
distribution, are the red paintings found in La Pena cave (Candamo,
Asturias) (Corchon et al., 2014), which is located in the centre of the
region (Fig. 1).

El Buxu cave is located near the sea, in an area dominated by the
Guena River basin and its deep valleys. This mountainous location
makes it somewhat isolated from the neighbouring caves in other nearby
valleys, although it shares a few specific features with other nearby
caves, such as decorated deer hyoid bones, which are similar in work-
manship and style to those found in the caves of Tito Bustillo and La
Giielga (Menéndez, 2012), or the depiction of tectiforms and curved
lines that only appear with outer fringes in El Buxu and Tito Bustillo
(Balbin et al., 2022; Menéndez, 2012; Polledo, 2011). These similarities
between types of images and decorative conventions with relation to
territorial divisions, have also been recorded by other authors in mul-
tiple caves across northern Spain (Corchon, 2004; Duarte et al., 2012;
Sauvet et al., 2017; Sauvet et al., 2008). In order to confirm any po-
tential contact between those responsible for the images at Tito Bustillo
and El Buxu, a study was therefore carried out in 2012 into a selection of
ochre samples and paintings from both caves (Hernanz et al., 2012).

A series of black paintings and engravings have been documented at
El Buxu, as well as various signs of occupation during the Solutrean
period (levels 2 and 3), with a degree of “de-Solutreanisation” or
“Magdalenianisation”, as classified by Rasilla (1989), (level 1)
(Menéndez, 1992; Quesada, 2016).

None of the evidence suggested occupation inside the cave prior to
the Solutrean period. There was, however, some evidence of portable art
that could be placed in a pre-Magdalenian period. This evidence relates
to a series of engraved plaquettes (Menéndez, 1997, 1999, 2016d,;
Menéndez and Ocio, 1997; Garcia-Alonso, 2019) located in one of the
Solutrean levels, which show signs of weathering. This means they may
have once formed part of an open-air sanctuary in the 30 m? rock shelter
located at the entrance to the cave, which has since been destroyed (the
current entrance area). The images show some parallels with the linear
engravings found in caves in central Asturias (see Fig. 1), which have
been dated to the Aurignacian and Gravettian periods, making it
possible that there could be some paintings inside the cave that support
this idea.
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Between 2014 and 2016 (Menéndez, 2016d; Menéndez and Garcia-
Alonso, 2014), a series of images were published that demonstrate the
existence of a specific period for the red paintings. These include a
possible vulva, a symbol in the shape of the letter “E”, a marking around
the outside of a hole and several finger markings in the Passage area of
the cave. While this investigation was being conducted, a zoomorphic
shape from the cave was published and described as a possible aurochs
(Sauvet, 2015). The author stated that its closest equivalent was the
image in Gallery A in La Pasiega cave (Cantabria), placing it in a pre-
Magdalenian period, although he also acknowledged that the general
consensus places these red figures within a cultural framework between
the Gravettian and Solutrean periods (Sauvet, 2015).

This proved to be a turning point towards trying to specify a chro-
nological and stylistic framework based on multidisciplinary studies,
including chemical pigment analysis, in order to find out more about the
composition of these paintings.

Other authors have underscored the importance of applying a more
holistic approach to these types of studies (Garate, 2007). In fact,
multidisciplinary studies have now been applied to a wide range of caves
in northern Spain, using primarily non-invasive techniques, in order to
analyse the chemical composition of cave painting pigments and min-
erals/ochres recovered from the strata during archaeological excava-
tions.! These studies could help to establish a chronological framework
and could also be used as an alternative to radiocarbon dating or U/Th
dating, when the use of these techniques is not feasible.

Across northern Spain, samples have been studied from paintings
found in 12 caves in Asturias: Pena de Candamo (Olivares et al., 2009,
2013, 2014), El Buxu (Garcia-Alonso, 2019; Hernanz et al., 2012, 2018),
La Lloseta (Navarro and Gomez, 2003), Tito Bustillo (Hernanz et al.,
2012, 2018; Navarro, 2003; Navarro and Gomez, 2003), El Covar6n
(Garcia-Alonso, 2019) and Pruneda (Hernanz, 2017). In Cantabria:
Altamira (Cabrera, 1981; Edwards, 2005; Rull et al., 2014), El Castillo
(d’Errico et al., 2016), El Pendo (Garcia-Diez, 2001), La Garma (Gay
et al., 2015, 2016), La Lastrilla (Garcia-Diez et al., 2007) have been
characterised. Finally, in the Basque Country: Arenaza (Garate et al.,
2004) and Ekain (Chalmin et al., 2002) have also been considered.

Ochre samples taken from the archaeological levels or used in the
chaine opératoire for pigment treating was only analysed in six of those
caves. Three in Asturias: El Buxu, El Covardn and Tito Bustillo (Garcia-
Alonso, 2019; Hernanz et al., 2012; Navarro, 2003; Navarro and Gémez,
2003), and three in Cantabria: Altamira (Rull et al., 2014), El Castillo
(Mzquiz, 1993), and La Garma (Arias et al., 2011; Catelli, 2018).

Despite these efforts, only a few of these studies found a direct
relationship between the ochre samples in the strata and the paint
samples, as seen in the Lower Gallery in La Garma (Arias et al., 2011)
and El Covarén (Garcia-Alonso, 2019). This was partly due to the wide
range of studies and different analytical techniques applied by the
various researchers at each site, which made it harder to compare their
results.

At some of these caves, samples were taken from the surface, near the
paintings themselves or from the chaine opératoire, making it impossible
to reliably draw comparisons with the excavation levels. This was the
case at Tito Bustillo, where ochre samples were taken from the surface or

1 The instruments used for the analyses performed were SEM-EDS: Scanning
electron microscopy combined with energy-dispersive X-ray spectroscopy;
ESEM-EDS: Environmental scanning electron microscopy coupled with energy-
dispersive X-ray spectroscopy; puRS: Micro-Raman spectroscopy; FTRS: Fourier
Transform Raman spectroscopy; XRD: X-ray diffraction; uXRD: Micro X-ray
diffraction; FTIR: Fourier transform infrared spectroscopy; XPS: X-ray photo-
electron spectroscopy; EDXRF: Energy dispersive X-ray fluorescence spec-
trometry; uEDXRF: Micro energy dispersive X-ray fluorescence spectrometry;
GC-MS: Gas chromatography - mass spectrometry; ICP-MS: Inductively coupled
plasma mass spectrometry; p-XANES: Micro X-ray absorption near edge
structure.
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Fig. 1. Map showing the distribution of the main caves containing rock art, dating to the Upper Palaeolithic, in the centre and east of Asturias. The distribution of
each group or geographic area is marked in different colours (with the Sella River basin marked in red). This group includes La Giielga cave which, despite not
containing any rock art, does contain some interesting portable art. The key details the types of pictographs referred to in this article (modificated map from

Google Earth).

from crushing tools found near the paintings, which were dated to the
Aurignacian and Magdalenian periods (Balbin and Alcolea, 2009).
Similarly at Altamira, the samples taken from deposit areas by H. Breuil
and Alcalde del Rio could not be aligned with any specific archaeolog-
ical strata, so even though a connection was later established between
the Polychrome Ceiling and the nearby pigment collected by those re-
searchers (Rull et al., 2014), there is no way of determining a specific
timeframe for these samples.

In other cases, such as the caves of Arenaza (Basque Country) (Garate
etal., 2004) or La Garma (Cantabria) (Arias et al., 2011; Gay et al., 2015,
2016), chemical analyses have proved that pigments were intentionally
mixed for painting.

Another key point is that out of the caves analysed, attempts have
only been made in two of them — Tito Bustillo and El Buxu — to compare
samples from both sites, in order to establish any potential links (Her-
nanz et al., 2012). Unfortunately, although the authors found similar-
ities between the pigments in both caves, there are still differences that
separate them.

The objective of this paper is to record the corpus of red paintings at
El Buxu cave (Cangas de Onis, Asturias, Spain). A holistic approach has
been applied to achieve this, based on the acquisition of documentation
and a structural and stylistic study of the paintings (42 exhibits), in
correlation with previously published information, relating to six addi-
tional pictographs (Menéndez, 2016d; Menéndez and Garcia-Alonso,
2014; Sauvet, 2015). Additional studies were also carried out on the
potential stratification of red colouring used in the paintings, which was
found to be situated beneath other black symbols and engravings with a
reliable chronology (Solutrean and Magdalenian periods), in order to
compare them with the other pictorial evidence.

This paper ends with a chemical analysis of four red pigment sam-
ples, which have previously been analysed using other techniques by
Hernanz et al. (2012), as well as a new sample taken from a zoomorphic

pictograph. This was carried out in correlation with the 13 ochre sam-
ples taken from the cave strata during archaeological excavations.
Although the samples were analysed using Raman spectroscopy, no
additional information was uncovered as compared with previous
publications, which is why this paper only includes the results of the
elemental analysis using energy dispersive X-ray fluorescence spec-
troscopy (EDXRF). In order to establish any possible links between the
red paintings and the ochre recovered from the cave, Principal
Component Analysis (PCA) was applied to the dataset obtained from the
EDXREF study. The results of this analysis were also discussed in relation
to the previous results, acquired using Raman spectroscopy for the four
red paintings by Hernanz et al., (Hernanz et al., 2012).

2. Materials and methods

For the stylistic analysis of the red paintings, graphical records were
acquired on site by taking RAW photographs, using controlled LED
lighting. The colour rendering index (CRI) of the LED spotlights excee-
ded 90 %, which is similar to daylight. This lighting helped to reproduce
the images in the same way as our vision system, creating a photo-
graphic archive that can help us compare the state of preservation of the
pictographs as the years go by.

The photographs were taken using a Canon 70D digital camera with
a 50-100 x objective lens, managing the colour, image densitometry,
and adding a professional colour chart, X-Rite ColorChecker Passport,
following a workflow designed by Pereira (Pereira, 2013; 2017). This
process has been applied many times when documenting open-air rock
shelters (Ruiz et al., 2016; 2019).

The images subsequently had to be digitally processed using specific
colour management and restoration programmes, such as DStretch
(Harman, 2008; Le Quellec et al., 2013) and the Adobe Camera Raw Plug-
in in order to selectively enhance the red tones. Both working methods
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were used and contrasted in an attempt to avoid subjective judgements
when interpreting the images. The X-Rite colour chart was also used to
assess the type of colour reduction carried out in the post-processing of
the photographs.

In order to determine overlaps, a 100 x 5 MP digital microscope
(Dino-Lite Edge: AM7115MZTL) was used with DinoXcope imagery
software.

The samples previously collected by the UNED team (Hernanz et al.,
2012) were used for the new chemical analysis of the pictographs and
ochres raised for this investigation. In the study of Hernanz and his team
the following pictographs were sampled and analysed: the “E” shaped
figure (published as BCI), small markings located in the Passage area
(BPB) and the vulva figure in the Great Chamber (BGSI) (Fig. 2). The
techniques used in 2012 were scanning electron microscopy combined
with energy-dispersive X-ray spectroscopy (SEM-EDS) and micro-Raman
spectroscopy (uRS).

A new sample was also included in this study, consisting of a milli-
metric sample extracted from the head of a zoomorphic pictograph in
the Great Chamber (Re/Ce) (Fig. 2). Thirteen ochre fragments recovered
from the archaeological excavation of the cave were also studied, with
Level 1 dating to a period of transition to the Magdalenian era, and
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Levels 2 and 3 dating to the Solutrean period (Menéndez, 1992; Ques-
ada, 2016) (the results of this study are detailed in Tables 1 and 2, in
Section 3.3).

All samples have been carefully observed under a microscope and
photographed (Fig. 3). Sample bx1 was taken from a stone plaquette that
was covered with a significant amount of ochre pigment, forming a layer
of 1 to 2 mm in thickness. Sample bx12 consists of a combination of
ochre and clay, mixed with the remains of small stones and bone frag-
ments. One of these fragments, bx13, shows potential signs of having
been scraped or rubbed, as seen in the macroscopic image.

The analytical techniques used in this study in order to classify the
pigment samples were as follows: pRS, to study their molecular
composition (Ospitali et al., 2006), and Micro energy dispersive X-ray
fluorescence (u-EDXRF), to analyse their elemental composition, being
posible to detect traces up to tens of pg/g.

Elemental analysis was conducted using the dual M4 TORNADO
(Bruker Nano GmbH, Berlin, Germany) energy dispersive X-ray fluo-
rescence spectrometer (u-EDXRF), which enables to measure at a lateral
resolution of 1 mm or as low as 25 pm. For this investigation, mea-
surements were taken at a lateral resolution of 25 pm. This low spatial
resolution was achieved by using a polycapillary lens. The Rh X-ray tube

10 mm

Fig. 2. On the top of the image: photographs of the sample areas corresponding with their publication (Hernanz et al., 2012, Fig. 2). BCi: “E” shaped figure (no. 121
in this publication); BPB: small irregular marking located in the Passage area (no. 5f in this publication); BPA: 3 finger markings (no. 5c¢ in this publication); BGS1:
Vulva figure (no. 23 in this publication). At the bottom of the image, the new collected sample Re/Ce: photograph of the sample area for the zoomorphic figure,
analysed for the first time as part of this study (photograph with selective red enhancement).
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Fig. 3. Photographs of ochre remains which have been analysed using Micro Raman spectroscopy (4RS) and Micro energy dispersive X-ray fluorescence (u-EDXRF).

was operated at 50 kV and 600 pA. In order to improve the detection of
light elements, measurements were taken under vacuum conditions (20
mbar). Each spectrum was treated using M4 TORNADO software, which
is able to extract the counts associated with each line of the detected
elements. Additionally, semi-quantitative values were also extracted
using a quantification method implemented in the instrument.

Statistical analysis of the data was carried out through multivariate
analysis, using Principal Component Analysis (PCA) (Omar et al., 2012;
Sarmiento et al., 2011). The dataset used to perform the Principal
Component Analysis (PCA) included the semi-quantitative data ob-
tained from all the measured samples. For comparison purposes, PCA
was also obtained using the Ka or Lo line (depending on the specific
element), normalised against the Kaline of Fe, the main element in the
pigment and ochre samples. Similar results were obtained from both
datasets. This investigation therefore includes the results taken from the
dataset of semi-quantitative values. For the PCA, R version 4.2.1 open
software (CAMO Software, Olso, Norway) was used. Prior to performing
the PCA, the dataset was centred and normalised (1/S weight).

3. Results
3.1. The corpus of red paintings

The cave opening and entrance area lead into a narrow passage,
which in turn leads to the four main areas described in the monograph

published by Obermaier and the Count of Vega del Sella (1918) (See
Fig. 4A). After following a narrow passage for some 70 m, we end up in a
room that opens onto an upper gallery, which does not contain any form
of rock art. We then pass through another narrow passage into what is
known as the Great Chamber, described in 1918 without any allusions to
the red paintings within. Today it is obvious that this was the main
gallery chosen to display the most significant red paintings, especially in
the Niche situated on the north wall. To date, no remains of black
paintings or engravings have been recorded in this part of the cave,
despite being present in other areas of the cave.

If we head towards the deepest part of the cave, we must first go
through a narrow stretch known as the Passage, before we then find
most of the finger markings and red markings inside the cave, in areas A,
B, C and D. area C contains another recognisable and isolated symbol,
the “E” shaped figure (Menéndez and Garcia-Alonso, 2014).

The location of the paintings on the structure of the supporting rock
is relevant because of the fact that the position of the paintings has been
adapted to suit the original cramped nature of the cave. Decoration does
seem to be more focused on the lower ends of the walls and the smaller
crawl spaces. This pattern of behaviour deviates from the other black
figures in the cave, which tend to appear in the mid to upper areas of the
passages and the Niche in area D, which is home to most of the Solutrean
and Magdalenian era drawings. This is also the most visible area of the
cave.

Area D then opens onto another passage which again leads to the
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Fig. 4. A) Plan of El Buxu cave showing the different types of red paintings in the cave and the excavation area, where the analysed ochre samples were taken. B)
Close-up of the decorated area of the cave, marking out the pictographs and the numbering used for their study (Garcia-Alonso, 2019).

Great Chamber, as well as area A, thereby creating a circular route.

The total number of isolated red figures and markings amounts to 48.
The majority of these are small irregular markings (33.33 % of the total),
followed by finger markings, small dots (29.16 %) and medium-sized
regular markings (25.00 % of the total), which are mostly found in the
lower areas of the cave, the small crawl spaces, the two niches and holes,
although some are also found in the narrow passageways (Fig. 4B). The
paintings were classified by applying some of the parameters used by
Medina-Alcaide et al. (2017), who differentiated between the smaller
irregular markings and finger markings that are more likely to have been
intentional, focusing on their structure and definition.

Only three of the markings comprise significant forms (little straight
lines), accounting for 6.25 % of all markings, while recognisable pic-
tographs (zoomorph) and symbols account for just 6,25 % of all
markings.

The plan shown in Fig. 4B indicates the different types of red
paintings found in the cave, based on the classification and numbering

established in previous publications. (Garcia-Alonso, 2019).

A total of fourteen pairs of finger markings are recorded in the cave.
Occasionally, groups of three finger markings were also observed
(Fig. 5A). They are located throughout the whole cave, both in the blind
galleries and at the entrances and exits to smaller passageways, where
individuals would have had to paint either laying down or crouching.
Further sixteen small irregular markings (Fig. 5B) finish off the list of
small red markings in the cave, which are also found in the passageways
such as the Passage area. Therefore, the most likely theory is that they
were produced unintentionally, when clothing or a body covered in
ochre brushed past the wall. The most notable finger markings and other
markings consist of pictographs no. 5c and no. 5f (located on the plan in
Fig. 4B), which were used to collect samples BPA and BPB in 2012
(Hernanz et al., 2012).

The twelve regular markings analysed (Fig. 5C) vary in size and are
only found on the lower areas of the rock, or in the small crawl spaces of
areas B, C, and D. They are occasionally found on small bumps and
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Fig. 5. A) Example of triple finger markings: no. 5c on the plan. B) Small irregular markings: no. 5f on the plan. C) Average sized marking: no. 22i on the plan

(photographs with selective red enhancement).

smooth surfaces of the rock. They are very faded, which makes it diffi-
cult to determine their workmanship and size. Notably, the rock around
many of these markings has previously been touched and perhaps even
smoothened or prepared before painting.

The area known as the Passage (areas A-B on the plan) contains a
marking that is several metres long, running along a large section of the
ceiling (Fig. 6A). This area originally had a floor-to-ceiling height of just
50 to 80 cm (Fig. 6C) and, although the original floor level has been
excavated, it is still a low section of the cave today. We therefore have no
way of knowing whether the size of this red marking is due to coloured
remains being rubbed and spread out over the years when the cave was
open to the public, without any protection, or whether it was caused by
the ochre-covered bodies of its Palaeolithic inhabitants brushing past.

In the middle of this prolonged marking, a hole in the ceiling appears
to have been highlighted. This has previously been categorised as a

vulva figure (no. 5b on the plan) (Menéndez, 2016d; Menéndez and
Garcia-Alonso, 2014) (Fig. 6B). It is approximately 20 cm long and just a
few centimetres wide and, notably. the colouring only appears around
the edge of the hole, not inside it. The colour has become very faded if
we compare it with previous photographs.

At the entrance to the Niche in the Great Chamber, there is a marking
just before the zoomorphic head, which could simply be a faded drawing
(no. 24b on the plan; Fig. 7A) that we are now unable to reconstruct.
Another average sized marking (approximately 25 cm long) (no. 28 on
the plan) is found on a stalagmite, on the south wall of this room
(Fig. 7B). In this case, we can deduce that the marking was intentional. It
is found some 165 cm above ground level and could have been made
using a hand or some form of stamp, but not by blowing or spraying, as
the colour only appears on the smoother areas and not in the holes in the
crust of the stalagmite. There are also some barely visible markings

Fig. 6. A) Prolonged marking in the Passage area. B) Red colouring around the outline of a hole; no. 5b on the plan. C) General overview of the Passage and distance

from the original floor (photographs with selective red enhancement).
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Fig. 7. A) Marking no. 24b on the plan. B) Marking no. 28 on the plan. C) Marking no. 29 on the plan (photographs with selective red enhancement).

around an archway, found on a ledge that crosses part of the room (no.
29 on the plan; Fig. 7C), where the floor-to-ceiling height was originally
around 50 cm, but is now lost.

Only three markings comprise significant forms. Firstly, a small ver-
tical line (no. 27 on the plan), barely-two centimetres long, drawn on the
inside of a hole (Fig. 8A). This is located in a wide passage area of the
Great Chamber and is clearly visible near the Niche, where the
zoomorph and vulva figure are located. It is situated beneath two finger
markings (no. 26 on the plan).

Marking no. 19 on the plan consists of an angular drawing, located in
the deepest part of the Niche in area D. It measures 5 x 7 cm and faces
towards the inside of the space (Fig. 8B). Another vertical line, 7 cm long
and 35 cm off the ground (no. 22f on the plan; Fig. 8C) is located on the
south wall of area D, at the beginning of the passageway, which con-
tinues on and is just 3.5 m from the Niche in the Great Chamber. It is
notable that there are always several finger dots in the areas near these
markings.

The “E” shaped figure is located in area C of the cave (no. 121 on the
plan; Fig. 9A, B) (Menéndez and Garcia-Alonso, 2014). Having pro-
cessed and analysed these images, it is clear that someone intentionally
tried to rub off the figure, at some point during the recent history of the
cave. As a result, its state of preservation has deteriorated, the tone of
the paint is faded, and it may have been mixed with some of the pigment
from the black markings around it (marked with a white circle in
Fig. 9A). In addition, because the figure was rubbed with water, some of
the red colouring has dripped down below the symbol to the ground and
has also dripped onto the other black figures and markings, which we
will return to later.

The vulva figure (no. 23) (25 x 28 cm) (Fig. 9B and 9C) is located in
the Great Chamber, on the edge of a very tight crawl space connected
with area D of the cave, opening on the north wall some 128 cm above
the ground.

The analysis of this figure in 2014 highlighted its “U” shape, with
slightly widened edges. Digital colour restoration has enabled us to see
and interpret the right-hand side of the figure, despite its poor state of
preservation (Fig. 10) (Menéndez and Garcia-Alonso, 2014).

On the lower part of the west wall of the niche, remains were found

of an 85 cm long zoomorph (no. 24 on the plan) (Fig. 11A), whose legs
fade into the original floor level. On the opposite wall, there are remains
of other red markings that lead inside the space, but they are so minimal
that no figures or symbols can be ascertained.

This figure was described by Sauvet (2015) as a possible aurochs,
dated to a pre-Magdalenian period. However, a deeper analysis of the
colour pigments has enabled us to fully reconstruct this quadruped,
which looks more like a possible deer or reindeer, as there are some
pigment remains around 40 cm from the animal’s head and in front of it,
which resemble antlers (Fig. 11B). The photographs of the copy below
show the differences between these interpretations as compared with
the previous analysis made by the author (Fig. 11C).

The painting is located on the upper part of the wall and is particu-
larly faded, thus part of the antlers and muzzle of the figure went un-
noticed upon initial investigation. The animal’s head is therefore larger,
and the outline is anatomically more accurate and proportionate than in
the first copy. The previous analysis also interpreted a brownish-red
crust around the animal’s rump. In this case, the pigment is primarily
spread above this crust, so perhaps the animal’s body was once larger.
Without a clearly defined loin, it is impossible to tell whether the animal
has the characteristic protrusion found on reindeer, which would give us
a more accurate conclusion as to the type of animal.

Underneath the abdomen are the tops of the legs, but these are left
unfinished, ending in a blackened crust located just above what would
have been the original floor of this small room.

The shape of the animal seems to be incomplete, both in terms of the
legs and the tail area, which could well have been lost in the crust of the
rock. The animal is facing towards the left, with its head below its rump
and the length of its loin. Its head is positioned in a typical side profile,
but the full outline of the antlers is unclear, as only one of them has been
preserved and it covers a wide span.

In terms of technique, the painting was made using red pigment and
broad strokes, adjusting and widening the strokes to highlight areas such
as the jaw or the tops of the legs. The animal’s eye was also highlighted,
although today the colour is very faded. Given its state of preservation, it
is impossible to determine whether the painting was drawn with one
continuous line, by joining dots or by juxtaposing dots. It appears that

Fig. 8. A) Small linear marking located in the Great Chamber. No. 27 on the plan. B) Angular marking, no. 19 on the plan. C) Vertical marking from area D. No. 22f

on the plan (photographs with selective red enhancement).
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Fig. 9. A) Overview of the “E” shaped figure, no. 121 on the plan. In circles some other black touches are showed B) Close-up of the “E” shaped figure. C) Niche in the

Great Chamber. B) Vulva figure (photographs with selective red enhancement).

there was a continuous line, but it was broken up by the irregular surface
of the rock itself, although there are also several clusters of colour that
could indicate this technique.

3.2. Analysis of overlapping paintings and engravings

There is little evidence of black paintings and engravings that over-
lap with the red paintings in the cave. It would be imprudent to try and
organise these markings into different phases based on such little evi-
dence, but this does not mean that they should be ignored. They consist
of red markings that are overlapped with an engraving and two black
pigment markings, which were dated to the Solutrean and Magdalenian
periods by Menéndez (2016d).

The first of the overlaps is located in area C, on one of the black
markings (no. 12 m on the plan) located below the “E” shaped figure.
This black marking is overlapped by traces of red, which dripped down
when attempts were made to rub off the red figure (Fig. 12A). However,
a small trace of reddish colouring was found beneath the black trace, by
looking under a digital microscope. The photographs show a difference
in the colour and shape of both markings, as the red marking is clearly
intersected by the black marking, which is above it.

Both exhibits are located near the Niche in area D, on the lower part
of the east wall, just below one of the cave’s Solutrean-era horse en-
gravings. This marking is classified as no. 13a (Fig. 12B). Underneath
one of the engraved black paintings of a deer, we find the third overlap,
marking no. 15e. The macro photograph (Fig. 12C) shows how the faded
red colour of a regular marking is intersected by an engraved line and a

black marking that correspond to the animal’s leg.

3.3. Chemical composition of the pigments

As stated in the introduction, an alternative technique was used to re-
analyse four samples, taken from the cave paintings included in a study
by Hernanz and his team (2012), pertaining to the “E” shaped figure
(BCi); finger markings in the Passage area (area B) (BPA); some small
markings, also in the Passage (BPB); and the vulva figure, in the Great
Chamber (BGSI). Further thirteen ochre samples found in the various
strata of the cave, which had never previously been studied, were also
analysed (Figs. 2 and 3).

Table 1 lists the data provided in the analysis carried out by Hernanz
et al. (2012). According to this data, the main component of all the
pictograph samples is hematite, along with other elements typically
found in clay. The samples taken from two of the figures (finger mark-
ings and a small marking) in the Passage area (BPA and BPB) display the
most similarities with each other. However, there are also some differ-
ences, such as the presence of wiistite (a non-stoichiometric form of
ferrous oxide, possibly derived from clay) in BPB and a different, coarser
grain size in BPB (<30 pm).

The researchers also observed a similarity between the two symbols
analysed (BGS1: vulva and BCL: “E” shaped figure), which only differed
in the presence of amorphous carbon in the “E” shaped figure. However,
this element could be the result of the attempt to rub off the figure. This
action would almost certainly have smudged particles from the black
paintings, which could have added this element to the figure.
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Fig. 10. Process of colour restoration using digital techniques (Menéndez and Garcia-Alonso, 2014).

The data provided by Hernanz and his team indicates that all the
pictographs analysed from El Buxu contain some of these compounds:
wiistite, Mn oxide phases and amorphous carbon, and, according to the
researchers, these additives could have been used to darken the tone of
the pigments. Sample BCi (“E” shaped figure) contains amorphous car-
bon; BPB (irregular markings), BSG1 (vulva) and BCi (“E” shaped figure)
contain wiistite, while Mn oxide is found as a secondary minor element
in all of the samples. However, there are also several possible explana-
tions for the presence of Mn, considering that the red earth mineral
hematite, can also contain a minor presence of Mn. One example of this
is that most of the ochre samples taken from the strata also contain this
element in trace form or as a minor element (see Table 2).

Tables 2 and 3 provide the results for the major (>1%), minor (be-
tween 1-0.1 %) and trace elements (<0.1%) identified in the samples of
pigment and red ochre from the strata, using new, previously unpub-
lished analyses carried out by EDXRF spectrometry as part of this study.
The sample taken from the zoomorph (Re/Ce) was analysed recently,
but the severe restrictions in place due to its state of preservation meant
that only a millimetric sample could be taken. It was also impossible to
take samples of the supporting rock near the painting, without damaging
the whole structure, which would have enabled us to pinpoint its
contribution to the elemental composition of the pigments analysed.
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Using the dataset including all the semi-quantitative values (nu-
merical variable depending on the sample size, with at least six mea-
surements per sample) derived from the painting and ochre samples, the
scores and loadings plot (Fig. 13) was obtained. As can be seen, all the
measurements taken from the ochre samples bx1 and bx5 are far away
from the rest of the samples. These ochre samples are richer in specific
metals (Ti, Ni, Rb, among others) that could be related to potential
contamination after they were deposited. In some cases (e.g. the sample
from the Zoomorph; Re/Ce), the individual measurements are quite
dispersed, which suggests a degree of heterogeneity in the composition
of the extracted sample. The poor preservation of the pigment and its
mixture with the rocky substrate could have influenced this result.

In terms of distribution, all paint samples are closely grouped
together. Considering that a large number of measurements were taken
from sample Re/Ce, there is greater dispersion among the individual
measurements in Fig. 14.

Most of the ochre samples have a higher concentration of Fe than the
paint samples. The lower Fe content in the paint samples could be
related to the poor preservation of the pigment, as well as a mixture with
the rocky substrate. Considering the variability of Fe levels, this element
was removed from the PCA calculations (see Fig. 14).

Some of the elements detected could also be attributed to potential
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Fig. 11. A) Zoomorph interpreted as a possible deer or reindeer. On the left of the image there is a figure of a reindeer and on the right, a drawing of a deer (Cervus
elaphus), recorded in the cave of Altamira (image taken from Bosinski, 1990), for comparison. B) Full copy of the zoomorph remains. C) Head of the quadruped. Part
of the antlers are visible, over which part of the copy made by Sauvet (2015) is superimposed. Both copies are superimposed on the right. The latest copy, in the

lighter tone, was carried out using a photograph with the DStretch filter.

contamination at a later stage. In this specific case, elements such as Ca,
Sr, P and Si were removed from the calculations for this reason.

In level 1, a calcium carbonate crust around the edge of the site was
observed. As this crust could also have contaminated the ochre samples,
Ca was no longer considered in the PCA calculations. Given that, in some
cases, the presence of Sr could be related to Ca in the calcium carbonate
(substitutions in the crystalline structure), it was also decided to remove
this element. Additionally, since water from the cave was likely used to
prepare the red pigment, it could also have helped to generate a micro-
crystalline network of additional calcite and bicarbonates, increasing
the contribution of Ca in the paint samples.

The presence of P could have been caused by organic matter (drop-
pings or microorganisms). Apatite was not detected by Raman spec-
troscopy, thus, the possibility of adding crushed bone to the pigment was
rejected.

Fig. 14 shows the scores and loadings plot obtained after removing
the elements mentioned previously. As can be seen, the measurements
taken from the Re/Ce sample (yellow dots in Fig. 14) are located far
away from the rest of the paint samples.

The conclusions that can be drawn from the scores and loadings di-
agram in Fig. 13, are quite similar to the results presented in Fig. 14: the
pictographs are located close to each other, except for sample Re/Ce.
The latter sample is far from the other samples, due to a higher contri-
bution of elements such as S, K, Ti, V, Mn and Ni. Additionally, as
detailed in Table 2, this sample contains a lower variety of elements at
trace level. Ochre sample bx6 shows a more similar elemental compo-
sition, as compared with sample Re/Ce. In contrast, ochre samples bx8,
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bx11, bx12 and bx13 are located closer to the rest of the paint samples.
However, there is no clear discrimination between the different ochre
samples analysed and the group of paint samples.

4. Discussion
4.1. Artistic parallels

The presence of short vertical markings, either in pairs or alone, are
more common in pre-Magdalenian paintings than in later stages of the
Upper Palaeolithic (Garate et al., 2018). Some of these markings have
been assigned in some studies to a topographical meaning and are found
in many different caves, such as La Lloseta (Ribadesella, Asturias)
(Balbin et al., 2005), Tito Bustillo (Ribadesella, Asturias) (Balbin et al.,
2022), La Garma (Omono, Cantabria) and El Cudén (Miengo, Cantabria)
(Corchon and Garate, 2010; Gonzalez-Sainz, 1999) and have been
atributed to a pre-Magdalenian period.

However, there are some exceptions to this timeframe, such as the
caves at Niaux (Ariege, France) and Etxeberri (Aquitaine, France),’
which belong to the Late Upper Palaeolithic. As a result, researchers
such as Gonzalez-Echegaray and Gonzalez-Sainz (1994) believe that this
type of drawing was made over a long period of time, spanning multiple
cultural eras.

2 Pairs of red markings have been found at Etxeberri cave, associated with a
red horse from the late Magdalenian period.
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Fig. 12. Macro photographs of the overlaps found. A) Figure no. 12 m, below the “E” shaped figure. The circles highlight the overlapping drips. The rectangle and
close-up on the right show the red mark underneath the black marking. B) Marking below the Solutrean horse. C) Marking no. 15e, below an engraved black painting

of a deer.

Table 1

Results from Hernanz et al. (2012, p. 1647) corresponding to The Buxu cave (a.
c., amorphous carbon; c.c., calcite crystals; h.c., haematite crystals; q.c., a-quartz
crystals).

Sample  Mayor elements Minor Granular size Cristal
elements structure

BCi Hematite, calcite, K, P, Mn h.c. < 10 pm. c.c. Disordered
clay, wiistite, a.c. < 100 pm.

BPA Hematite, calcite, P,Ni,K,Mg h.c. <10 pm. c. Ordered
clay, a-quartz, a. ¢.~100 pm. g.c. <
c. 10 um

BPB Hematite, clay, K h.c. < 30 um. Ordered
wiistite, calcite c.c. < 100 pm.

BGS1 Hematite, Mn, K, P h.c. <10 pm. Ordered
wiistite, calcite, c.c. <100 ym.
clay

El Buxu cave does not contain any identifiable pairs of red markings,
which means we cannot draw any parallels in this regard. In terms of the
vertical markings in the cave, no clear connections can be made with
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Table 2

Elemental results obtained from EDXRF in this study; analysis of the samples
belonging to pictographs from El Buxu. BCi: “E” shaped figure (no. 12 1); BPA:
finger markings (no. 5c¢); BPB: small markings (no. 5f); BSG1: vulva figure (no.
23); Re/Ce: Zoomorph from the Great Chamber (no. 24).

Sample  Major Minor elements Trace elements*
elements

BCI Fe, Ca, Al Si, P, K, Mn S, Ti, Zn, As, Sr, Cu, Rb, Br, Ni,
Pb

BPA Fe, Ca, Al, Si Mg, P, K, Ti, Mn, V, Cr, As, Zn, Sr, Pb, Ni, Cu, Rb, Y

Ni

BPB Fe, Ca P, K, Mn Ti, Zn, Ni, Cu, Sr, Rb, As

BSG1 Fe, Ca, Al Si, P, Mn S, K, Sr, Cr, Zn, Ni, Cu, Zr, As, Pb,
Ti, V

Re/ Ce Fe, Ca, Al Si P.S. K, Ti. Mn V, Ni, Zn, Sr

*Up to several ug/g.

other caves or time periods, as they are so scarce and are not repeated.
By contrast, Ondaro cave in Bizkaia contains a series of drawings dated
to the Gravettian period, which follow a repetitive pattern. This pattern
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Table 3

Elements present in the red ochre samples, relative to the substrate and their
location in the deposit, Level 1: “De-Solutreanisation/Magdalenianisation”
(period defined by Rasilla Vives, 1989), Levels 2 and 3: Solutrean (Menéndez,
1992; Quesada, 2016).
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enables them to be matched to the groups of short pairs of finger
markings and longer markings (Garate et al., 2018).

Instead of those long finger markings, the cave does contain double
and triple finger markings which, given their location near the entrance
and exit to crawl spaces and at the entrance to both niches, could have a

Level  Location Sample Major Minor Trace topographic meaning too. Their closest parallels are found in other
elements  elements  elements* Asturian caves such as Tito Bustillo, in the Long Gallery and the Gallery
Level  aZone bx10 Al, Si, Ca, P, K, Ti Mn, Zn, As, Cr, V, of the Anthropomorphs (Balbin et al., 2022; Polledo, 2011), as well as La
1 Fe Cu, Sr, Rb, Y, Zr, Lloseta (Balbin et al., 2005) and Balmori (Mallo and Suarez, 1972)
. Br which have a larger number of these as compared with other symbols,
bx12 Al, Fe P, Si Mn, Sb, Sr, Zn, . m imil 1 £ th 1 lithi
(surface) As, Y, Zr, Cu with all cases assimilated to the older stages of the Upper Palaeolithic.
Sector C  bx13 Si, Al Ca, K, Mn, Ti Zn, Cu, St, As, Cr, In the Cantabrian region, red dots, both isolated and forming com-
Fe Rb, Zr, Y, V, Br plex motifs are very common in Palaeolithic parietal art. Some re-
Sector A bx11 Al §i,Ca,  P,K,Mn,  Zn,Sr, Cu,Ni, Zr, searchers classify this type of evidence in four groups (Ontanén et al.,
Fe, Ti R - - S h .
Level o Zone xS AL SiK, P, Ti, S, Rb, Zr, Y, V, Cu, 2.018)., depending oTl their representatlon.m coirnparls(.)n with other red
9 Ca, Mn,Fe  Zn Br, As, Pb, Cr, Ni signs in caves. In this sense, we may classify this cave in the group two,
bx6 Al Si, K, P, Sr V, Cr, Mn, Zn, in which the dots are the most common motif, but not the only one. This
Ca, Ti, Fe Cu, Zr, Rb, Br, As group is formed by caves like Chufin, el Portillo, La Meaza, Cudén,
bx7 ALSi, Ca,  P,K Mn Ti, V, Cr, S, As, Calero II and Praileaitz I, all of them attributed to pre-Magadalenian
Fe Mo, Pb, Sr, Zn, iod
Cu, Rb, Y periods. . .
bx8 Ca, Fe P, K, Mn, St, As, Y, Zn, Ni, The two markings connected to natural holes recorded in El Buxu, are
Ti Cu, Zr, Cr, Rb found in palaeolithic art in various forms. In eastern Asturias, we find
Sector C  bx9 Al Si, Fe P, K, Ca Ti, As, v, Zn, Cr, several of these markings in caves such as El Covarén (Garcia-Alonso,
:r’l\zl:’ Zr,Rb, Y, 2019), taking the form of groups of dots at Mazaculos (La Franca, Llanes)
Level  a Zone bxl AL Si, K, P, Ti, Mn Z’n’ St, As, V, Cr, (Gonzalez-Echegaray and Gonzalez-Sainz, 1994), La Riera (Posada de
3 Ca, Fe Pb, Rb, Cu, Ni, Zr Llanes) (Mallo and Suarez, 1972), and La Lloseta (Ribadesella) (Balbin
bx2 AL Si,Ca, P Pb, Rb, Si, Cr, V, et al., 2005).
Fe :1’ g“’ ;s Rb, 5, The vulva drawings are typically dated to the Aurignacian and
r, Br, Zr . . . s . .
bx3 AL Si, Fe, P, Ca Pb, Mn, Rb, Si, GraveFtlan eras, and given that they comprise therflatlc ﬁgures in their
Zn As, Cr, S, Sr, K, own right, they appear throughout prehistoric art in a variety of forms
Ti, V, Br, Cu, Ni and techniques. In the Dordogne (France), there are multiple engravings
bx4 Al Si, Fe Ca, Ti, P, Pb, Sr, of vulva symbols, typically appearing in rounded form and divided by a
Rb, Si, K, Mn, Cr, .
V. Cu. 7o As. S central line. In terms of structure, the closest resemblances to the
R marking found at El Buxu — albeit using a different technique — are the
*Up to several pg/g. examples at La Ferrassie cave (Fig. 15B) and Abri du Poisson (Fig. 15C).
Both of these share a similar inverted “U” shape, with a straight or oval-
shaped base and open, rounded arms, with an indentation running
through the centre, rather than the bisected line found at sites such as
0.2 * BCi
A * * BPA
Fe
* BPB
BS/G1
0.11
*  bx1
bx10
— bx11
5
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Fig. 13. Scores and loadings plot calculated from the semi-quantitative values for the elements detected in all measurements acquired on all paint and ochre samples.
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Fig. 14. Scores and loadings plot calculated considering all measurements acquired on all paint and ochre samples, excluding Fe,

calculation.
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Ca, P, Si and Sr from the

Fig. 15. Engraved vulva figures from the Dordogne caves. A) La Ferrassie (Aurignacian); B) La Ferrassie (Aurignacian); C) Abri du Poisson (Aurignacian); D) Abri du
Cellier (Aurignacian) (Musée de la Préhistoire de Les Eyzies. Dordogne)(Photo: B.G.A.).

Abri du Cellier (Fig. 15D) or the first example from La Ferrassie
(Fig. 15A). In any case, both of these forms are accepted as symbols
representing a vulva.

In Asturias, vulva figures can also be found at sites near El Buxu cave,
at Tito Bustillo (Balbin and Moure, 1981; Balbin et al., 2022; panels 1
and 2 of the grouping III) (Fig. 16A) and El Sidrén (Duarte et al., 2019;
Rasilla, 2012) (Fig. 16D). At the first site, the figures take a closed or
open rounded form within a female outline. At the second site,
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researchers have defined these figures as omega-shaped symbols, some
of which are divided by a base line or bisector. Furthermore in the region
of Cantabria there is a vulvar sign in El Castillo cave (Fig. 16E), which is
quite similar to the located at Tito Bustillo.

These figures have been dated to the Aurignacian and Gravettian
periods (Balbin, 2014; Menéndez, 2014; Bourrillon, 2009; Duarte et al.,
2019; Rasilla et al., 2018), so it is quite likely that the figure at El Buxu
dates to a similar era.
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Fig. 16. Vulva figures. A) Tito Bustillo (Spanish Cultural Heritage Institute. National Inventory of Rock Art). B and C) Symbols referred to as ’scutiforms’ from El
Pindal cave (Gonzdlez-Pumariega, 2011), initially dated to the Aurignacian and Gravettian periods. (Photographs from the Government of the Principality of
Asturias; Photo credit: Sergio Rios); D) Globular or vulva forms from El Sidrén (Asturias) (Samaniego, 2016); E) Vulva sign from El Castillo cave (Cantabria)
(Samaniego, 2016); F1)Vulva figure from El Buxu and its respective copies, F2 and F3.

There are also similarities with at least one of the ’scutiforms’
painted in El Pindal cave, which were dated to the Aurignacian period in
descriptions by Breuil (1952), Jorda (1976) and Jorda and Berenguer
(1954), although later publications place them in the Magdalenian
period, in line with the overall chronology of the cave (Gonzalez-
Pumariega, 2011) (Fig. 16B and C). Fig. 16 F1, F2 and F3 show the
evolution of the vulva copy from El Buxu with a similar structure to
some of the previous examples.

We do not know whether the “E” shaped figure is a complete symbol,
as it has been smudged. However, if we assume it always had that shape,
then it is similar to a marking known as the “symbolic inscription” found
in Gallery B at La Pasiega cave (Cantabria) (Breuil et al., 1913)
(Fig. 17A). There is another similar sign (no. 99 located in XC zone), in
Tito Bustillo cave, which is known as “pectiniform” (Balbin et al., 2022)
(Fig. 17B). At La Pasiega, this “E” shaped symbol is located on the right-
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hand side of a larger grouping. The upper and lower lines are slightly
open and the only difference with the figure at El Buxu is the two lines in
the middle where two tiny dots appear on top, while the figure at El
Buxu is drawn with one single line running along the same length as the
two ends (Fig. 17C and 17D).

The “inscription” figure has never been dated, but it is located in
Gallery A in the cave, which contains a multitude of red markings dated
to pre-Magdalenian periods.

As for the zoomorphic figure, understood to be a reindeer in this case,
a similar drawing is found in Gallery A at La Pasiega cave (Balbin and
Gonzalez-Sainz, 1993; Gonzalez, 2001). This example has a regular
profile, facing to the left, with an oblique biangular form. It has three
limbs and a set of well-defined antlers, branching out with the main
beam facing forward. The loin and withers are marked, along with a
double outline of the hind legs, as well as the chest line. It is drawn with
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Fig. 17. A) Copy of the “Inscription” from panel no. 49 in Gallery B at La Pasiega (Cantabria) (Breuil et al., 1913); B) Sign no. 99 at XC zone, from Tito Bustillo cave
(Balbin et al., 2022); C and D) Copies of the “E” shaped figure at El Buxu.

a fine line, although this is wider in places (Garate, 2010; PAS/A. although the image is more faded and uncertain. This drawing has been

VIIL.138) (Fig. 18A). asimilated to the pre-Magdalenian period (Balbin et al., 2005)
Another reindeer is drawn in red on a flat surface in La Lloseta cave, (Fig. 18B).

Fig. 18. A) Reindeer from La Pasiega A cave (Garate, 2010, Part II, Fig. 118); B) Reindeer from La Lloseta (Balbin et al., 2005; Fig. 62); C) Deer from El Salitre cave
(Garate, 2010, Part II, Fig. 52); D) Deer from La Pasiega cave (Garate, 2010, Part II, Fig. 86); E1 and E2) Deer from El Castillo cave (Garate, 2010, Part II, Fig. 135).
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If we understand the figure at El Buxu to be a possible deer, then it
would have a greater number of parallels painted in red, using a
continual line or a series of dots. Researcher Garate (2010) counted a
total of 27 deer painted in red in caves across northern Spain. Of these
drawings, the most similar examples are found in El Salitre cave (Miera,
Cantabria) (Garate, 2010; SA2/A.1.1) (Fig. 18C), with a complete body
facing left, an oblique profile, a full set of antlers and an overlapping
dotted line; La Pasiega (Garate, 2010; PAS/ A.L. 13) (Fig. 18D), which
faces right, pointing downwards with full antlers, although not
branching off in the same way as the deer at El Buxu. Lastly, it is very
similar to the deer at the zoomorph of El Buxu, the one located at El
Castillo cave (Garate, 2010; CAS/A.IV. 36) (Fig. 18E1 and E2), which
has lost part of the front of its chest, its head and part of its antlers. The
antlers are horizontal and have a regular profile, facing to the left. Its
rump is broadly defined, as are the tail and the start of the hind quarters.

In terms of the chronology of the red zoomorphic figures, whether
drawn with fine lines, broad lines, dots or stamping, there appears to be
a consensus — after several revisions — around the idea that this tradition
spanned a long period of time, developing and acquiring a level of
specification among certain groups in the late pre-Magdalenian era,
although this tradition could also have started in the Aurignacian period
(Garate, 2010). In any event, the caves at El Salitre and La Pasiega A are
dated to pre-Magdalenian periods by different authors (Corchon, 1994;
Moure et al., 1991). Meanwhile, Gonzalez-Sainz places the red dotted
figures in a wider timeframe, coexisting with other styles in northern
Spain, beginning in the Gravettian or Aurignacian period and lasting
until the Solutrean (Gonzalez-Sainz, 1999). This idea is also shared by
Garate (2010) in his detailed study of these pictographs.

4.2. Connections between the red pictographs and other graphic elements.
Overlaps and location of remains

In terms of the relationship between the different pictographs inside
the cave, none of the red paintings overlap with each other, nor do they
have any connection with the other black paintings or engravings,
beyond three isolated overlaps where they always appear beneath
Solutrean-era drawings, meaning that they are older and comprise the
earliest artistic expressions recorded within the cave.

As regards their location, they occupy more private spaces such as
the Great Chamber and the Niche, far away from the other images found
in the cave. The majority of these drawings are found on the lower parts
of the walls, in crawl spaces and cramped areas. By contrast, other
drawings in the region dated to the Magdalenian era — with several
exceptions and differences — tend to appear in open and visible areas
within the caves, with a great deal of overlaps. In the so-called “aggre-
gation” caves, such as Tito Bustillo, these drawings appear as scenes
with varying zoomorphs and series of images that appear to span long
periods of time. At El Buxu, most of the Magdalenian-era drawings are
found in the Niche and area D, with obvious overlaps that clearly
differentiate them from the red paintings.

4.3. Similarity between red paintings and results of chemical analyses

The features described above seem to indicate some similarities
among the red paintings analysed, as compared with the other art found
in the cave. In this regard, the elemental composition of the samples
taken from the red pictographs does appear to be quite similar. The
zoomorphic figure (sample Re/Ce) differs slightly in its composition,
due to the presence of specific elements. Considering the poor state of
preservation of the sample, the considerable impact of the rocky sub-
strate around it could well have caused the differences found in its
elemental composition, as compared with the rest of the paint samples.

Looking at the data from the analysis carried out by Hernanz et al.
(2012), there are also certain resemblances between the pictorial sam-
ples, especially between BPA (finger markings; no. 5¢) and BPB (small
irregular marking; no. 5f), as well as between BGS1 (the vulva figure, no.
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23) and BCI (the “E” shaped figure, no. 12 1), with the main difference
being the presence of amorphous carbon, which, as explained above,
could be the result of material being added to it during the attempt to
rub off the figure.

Considering the presence of elements that were potentially not
included in the original composition of the paintings, which could relate
to contaminants or have come from the substrate or the supporting rock,
and which could have affected the results of the initial analysis, a deeper
analysis was subsequently made with certain elements removed before
carrying out the PCA again (Fig. 14). The results from the pictograph
samples do not appear to vary greatly, while the ochre samples do seem
to be quite different. Scores and loadings plot (Fig. 13), including all
elements and variables after removing the elements derived from the
rocky substrate and other contaminants, shows the ochre samples as
seemingly further away from the paint samples (Fig. 14). The samples
tend to draw closer, especially sample bx6 taken from level 2 and others
from level 1, although there is no way of confirming a definitive
connection between them. In order to clarify this, sampling would need
to be expanded to additional pictorial remains, especially those con-
taining possible external elements that could indicate potential addi-
tions or contaminations.

Equally, despite the regular nature of the red figures, it is impossible
to determine a total similarity among all of these remains. The wide
range of irregular markings and a few involuntary finger markings could
have been made accidentally, due to a body or clothing covered in ochre
rubbing against the surface (Medina-Alcaide et al., 2017). This could
have occurred at different times, even during eras when other artistic
techniques were being used, which would explain why some of the ochre
samples from different strata are closer to this type of pictograph.

5. Conclusions

The primary objective of this investigation was to analyse the
different evidence and data provided by the paintings and ochre remains
found at El Buxu, adopting a multi-disciplinary approach, in order to
shine a light on the story behind the red paintings in the cave, as well as
attributing them to a possible cultural and stylistic framework. To this
end, a working protocol was developed that brings together all available
evidence and data: the data relating to the style, structure and location
of the paintings, the evidence provided by the scarce examples of
overlapping painted strata, and the potential links that can be made via
compositional and chemical analysis of the different pigments in the
cave and the ochres found on the strata.

Of this evidence, the closest approximation to a cultural framework
is found in the parallels interpreted between the red figures. Firstly, the
vulva figure, which has always been connected to the earlier stages of
the Upper Palaeolithic, and the zoomorphic figure, which this study has
redefined as a possible deer or reindeer, and which can be placed within
a broad pre-Magdalenian timeframe, coinciding with other red dotted or
linear paintings found in northern Spain.

The very scarce examples of overlapping layers of colour indicate in
all cases that the red paintings were the earliest artistic expressions
made inside the cave. Perceived preferences in terms of location,
context, technique and method, display a unique and isolated evolution,
as compared with the other Solutrean and Magdalenian art forms found
inside the cave.

In El Buxu cave, finger markings in groups of two or three dots, were
painted using only red pigment. However, these smaller markings could
have also been involuntary left by the occupants of the cave who were
responsible for the Solutrean and Magdalenian paintings and engrav-
ings, and not purposefully painted. The chemical similarities found be-
tween some of the ochre samples in the Solutrean strata and some of the
pictographs analysed, may support this idea, although it has not been
possible to establish a clear connection between these elements. A larger
sampling is therefore needed, including potential samples of the sup-
porting earth and rock, in order to definitively confirm these possible
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connections.

The links drawn among the pigments in the chemical analyses
display similarities among the paint samples, except for the case of the
zoomorphic figure. This figure’s lack of similarity across some of the
metrics seems to be caused by the diversity of the sample itself, as well as
potential contamination from the supporting rock.

The review of the analyses carried out using new analytical tech-
niques complements the work of previous researchers in this cave and
helps add to the range of chemical studies being carried out in caves
across northern Spain.

Equally, the level of specificity of these techniques, which provide
information on trace elements with sensitivity levels down to tens of pg/
g, along with their non-destructive nature, will facilitate the comparison
of results from future on-site sampling/analysis carried out in this cave
and other caves across northern Spain. However, it would be prudent to
establish a systematic methodology when it comes to acquiring spectral
data with these techniques, as well as for the subsequent data process-
ing, in order to enable a more direct comparison across all
investigations.
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