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Abstract

Residue analysis in pottery usually concerns habitat or funerary sites. In this work, we
have studied 21 vases from the Mines of Gava (Barcelona, Spain) which constitute the
oldest evidence of mining focused on variscite during the 1V™" millennium BC. The main
objectives are determining the degree of preservation of lipids in this context, identifying
the natural substances exploited in the vessels and highlighting pottery use in the day-to-
day mining work at this site, as well as establishing if some of the vessels are part of the
grave goods from burials in the same mines. The results obtained by combining molecular
and isotopic analyses showed that more than 70 % of the containers investigated provided
significant amounts of lipids. A wide diversity of organic substances processed
comprising animal adipose fats, plants and beeswax was determined. Relationships found
between the shape of the vessels and their content highlighted their role in the mining life.
This work not only exposes one of the oldest evidences of the use of beeswax in pottery
in the Iberian Peninsula, but also allows us to understand the management of resources in

a very specialized archaeological site focused on mining activities.
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1. Introduction
Variscite is a hydrated aluminium phosphate identified in the 19" century by
archaeologists and mineralogists. It is a green mineral that was used to make ornamental
items from the 5" millennium BC onwards, a custom that lasted until the 3@ millennium
BC. The archaeological sites in which variscite artefacts have been discovered are mainly
located in Western Europe: the Iberian Peninsula, Southern and Western France (Querré
et al., 2015; 2019).

The site of the Mines of Gava not only allows documenting the occupation of the
Neolithic populations throughout the 4™ millennium cal BC, but also constitutes a
singular site. The data obtained from the archaeological work carried out from the 1970s
onwards describe a complex network of underground galleries excavated in the shales in
the area of Les Ferreres, Can Tintorer and Rocabruna, dedicated to the exploitation of
variscite and other minerals, such as turquoise, in order to produce ornamentation objects
(Blasco et al., 2000). The 110 mines documented in the site constitute the first large scale
Neolithic underground mining operation found in the Iberian Peninsula. In the European
context, it is the only site with clear evidence of large-scale exploitation of variscite
(Blasco et al., 2000).

After the end of the Early Neolithic in the northeast of the Iberian Peninsula from 4200
BC changes in different social, economic and cultural aspects are documented. One of
the characteristic cultural changes is the substitution of the impressed cardial decorations
by the impressions and incisions with other instruments and by the notable increase of
smooth cords (Bosch and Estrada, 1993). In this context, different ceramic vessels with
characteristics typical of the Molinot-type Postcardial style were discovered inside the
mines (Calvo, 2019). Some of them correspond to wasted material left after exploitation
of the mine and, therefore, come from a unique context such as the workspace (Bosch and
Estrada, 1998; Bosch et al., 1994). Other vessels are part of the grave goods of the burials
that were carried out in some mines after their exploitation (Donoso, 1998). However,
behind the Mines of Gava there is a wider problem of whether the site responds to a
specialized workplace or whether it is also part of a habitat of the human group that
exploited the environment. The need for multidisciplinary studies will help to better
understand the mechanism in which Mines de Gava was part.



In the last 50 years, analytical techniques have been developed to study organic residues
in pottery that have allowed to gain a better understanding of the use and functionality of
archaeological materials, and a better insight in the daily life of the human groups that
produced and used them. Such organic residues are usually adsorbed in archaeological
ceramic vessels and are present at low concentrations. Their characterization is typically
undertaken by means of gas chromatography — mass spectrometry (GC-MS).

In the recent years, application of these analytical techniques has favoured the detection
of organic markers indicative of pottery use and product consumption since the beginning
of the Neolithic period. The products detected absorbed in the ceramic containers used
during the Neolithic period are animal fats (Ethier et al., 2017; Gillis et al., 2017;
Mukherjee et al., 2008; Soberl et al., 2014), dairy products (Copley et al. 2005a; Cramp
et al., 2014; Cubas et al., 2020; Dunne et al., 2018; Evershed et al., 2008b; Isaksson and
Hallgren, 2012; Ogrinc et al., 2012; Regert et al., 1999; Roffet-Salque et al., 2012; Spiteri
etal., 2016; Tarifa-Mateo et al., 2019; Whelton et al., 2018), aquatic resources (Cramp et
al., 2019; Evershed et al., 2008a), vegetable resources (Dunne et al., 2018; Evershed et
al., 2008b; Hammann and Cramp, 2018; Matlova et al., 2017) and beeswax (Drieu et al.,
2020; Drieu et al., in press; Regert et al., 2001b; Roffet-Salque et al., 2015). While animal
fats are frequently identified in pottery, other substances, such as beeswax, are
surprisingly poorly documented in regions, such as the Iberian Peninsula, despite being

quite common in Europe during Neolithic (Roffet-Salque et al., 2015).

In this work, twenty-one vases from the archaeological site of Mines de Gava were
analyzed in order to bring new data on the use and consumption of different products
inside pottery during the Postcardial Neolithic period in the Iberian Peninsula (3800-3300
cal BC).

2. Site and materials
The prehistoric site of Mines of Gava was a mining centre for the production and
distribution of variscite. It is located in the council of Gava, in the northeast of the Iberian
Peninsula (Figure 1). For the time being, 110 mines have been documented in an area of
about 245 m? with an altitude ranging between 33 and 94 m a.s.l. Although today the
coastline is quite distant, during the Neolithic, the sea was probably located closer, at ca.
2 km from the site (Bosch and Estrada, 1994).



Figure 1. Geographical situation of the Mines de Gava site (source: Trabajos de Prehistoria,
http://tp.revistas.csic.es/index.php/tp/about/submissions).

The dating of charcoal and bone remains from different mines shows that the exploitation
phases of the Mines de Gava began in the Postcardial Neolithic and ended in the Middle
Neolithic (4500-3500 cal BC) (Table 1 SI; Bordas et al., 2009; Bosch, 2010). The mines
present different morphologies of the mining structures. Wells with isolated galleries have
been documented together with other mines comprising dense networks of galleries and
chambers at different levels of depth (Borrell, 2009; Figure 2). Geological studies show
that underground mining activities required a complex knowledge of exploitation
strategies (Borrell and Bosch, 2012). Mines 8, 9, 28, 83 and 84 were found to have been
reused as burial sites (Villalba et al., 1986). The funerary use for these mining structures
has been dated to the early Middle Neolithic (Table 1 SI). The burials of one or two
individuals were documented accompanied by grave goods, consisting of variscite
objects, ceramic vessels, bone and lithic industry (Borrell and Bosch, 2009; Borrell et al.,
2015). The burial spaces are located in the internal parts of these mines, which were no
longer being exploited and were conditioned for this new use. The closure of the access
to the mine is made from large blocks at the entrance and a series of medium-sized slabs
and sediment inside (Borrell and Bosch, 2009).



Although no evidence of settlement has been documented, it has been proposed that one
or more population groups were established in ephemeral constructions located in the
immediate surroundings of the mining exploitation (Bosch and Santacana, 2009). In this
respect, constructive elements related to these domestic spaces have been found, such as
adobe materials, suggest a stable settlement (Garcia-Atiénzar, 2009).
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Figure 2. Mining structures from Gava and refilling process (Museu de Gava, Bosch et al., 2019).

A possible specialization of the Neolithic communities of Gava in mining has been
considered. Some tools related to the practice of mining work have been recovered, such
as axes, adzes, picks and maces (Donoso, 1998). On the other hand, there is evidence
suggesting other economic practices. There is little evidence of farming during the early
stages of mining (Bosch and Estrada, 1994). We must, however, bear in mind that, given
their specificity, remains of consumption are more present in the archaeological record
than evidence of production. An indication for these activities directed to the subsistence
of the group could be found in the archaeobotanical studies (Bosch and Estrada, 1994;
Ros, 1994). According to these, the configuration of the local landscape of the post-
cardial Mines de Gava was constituted by weeds and bushes. Such an environment was
interpreted as the result of the anthropic degradation of the forests for the intensification
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of the agricultural practices and/or cattle farming (Bosch and Estrada, 1994). During the
Middle Neolithic, the agricultural exploitation was intensified as evidenced by the
occurrence of carpological remains of domestic species. Crop species were represented
by cereals, among which barley (Hordeum vulgare) was an important contributor, while
the proportion of wheat grains was lower (Triticum dicoccum and Triticum aestivum).
Leguminous plants (Vicia sp.) were represented only to a lesser extent (Buxd, 2007). In
addition, the possible secondary use of abandoned mines as a food storage site, where
carpological remains have been documented in clay containers (Bosch, 1994). Other
economic activities have also been documented in the mines of Gava, such as animal
husbandry involving the four main domestic species: cattle (Bos taurus), sheep (Ovis
aries), goat (Capra hircus) and pig (Sus domesticus). This livestock activity would have
been mainly oriented to the production of meat (Estévez 1986; Safia 1993). Hunting
would be minimally represented with remains of red deer Cervus elephus), fox (Vulpes
vulpes), wild boar (Sus scrofa), rabbit (Oryctolagus cuniculus) and mediterranean seal
(Monachus monachus). The representation or presence of these faunal species is variable

depending on the use and speciality of each mine.

The ceramic remains recovered from the different mines generally appear as fillings of
exhausted mines, although vessels associated with the grave goods identified inside the
mines have also been documented. Supplementary data shows the characteristics of the
selected vessels and their level of fragmentation, as well as the location of the extracted
sample. Most of the vessels are fragmented, with some exceptions. From the
reconstruction of the profiles of the different ceramic vessels carried out for some of the
mines studied, vases were identified with gripping and suspension elements, with incised
and impressed decorations (Bosch and Estrada, 1993; Bosch et al., 1994; Villalba et al.,
1986). However, from the Middle Neolithic onwards, we find little decorated vases with
a polished surface treatment. In this respect, we find that the ceramic ensemble of Mines
de Gava is related to other ensembles of the Middle Neolithic in Catalonia and
corresponds to an evolution of the types of the facies Montbol6 and Molinot. The
typology and dimensions of these ceramics are very variable. With a high-quality
finishing, the colours tend to be dark as a result of firing in a reducing environment
without many decorations. Simple profiles predominate, with globular and hemispherical
trends, open and closed, as well as more or less marked fairings (Calvo, 2019). In

particular, sample MIG18 has a unique shape and was found in a funerary context inside
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the mine. This type of vase appears for the first time, according to the data currently
available, in the context of the so-called "Cultura di vasi a bocca quadrata” (VBQ)
developed in northern Italy during the 5" millennium cal BC (Bagolini and Pedrotti, 1998;
Bazzanella, 1999). Petrographic analyses of these vessels allowed to determine that the
vessels of this type found outside the Italic Peninsula, as in the cases of the Iberian
Peninsula, are local productions, which would imply that the concept would circulate and
not the vessels (Clop and Alvarez, 2009; Cubas et al., 2017).

The study of the organic residues from Mines de Gava pottery assemblage is based on the
analysis of 21 samples from a total corpus of vessels recovered from different mines
(Table 1). The mines are built on the basis of wells with the intention of extracting
variscite. The aim of the sampling of vessels from different mines was to determine the
possible differentiated use of the vessels according to their chronology, morphology,
location and context. Thus, we selected vessels from mines 6, 7, 41, 68, 89 and 90 that
were found together with mining materials (remains of variscite, lithic tools, etc.), and
vessels from mines 8, 83 and 84 that were amortized for funerary use. Small cavities for
lighting were also identified in mine 84.

Whenever possible, the sampled vessels corresponded to restored or partially restored
forms, in order to know their morphotypology and to be able to define their metric aspects
(mouth opening, volume, wall thickness, etc.) (See supplementary material). In this way,
the selected vessels are intended to represent the different typologies. All the containers
were assessed globally and the morphometric categories were grouped in order to be able
to make a representative selection of all of them. In these categories, the volume, the
opening of the mouth, the presence of handles, the thickness of the walls and the general
morphological characteristics (presence of necks, type of bases...) were studied. No traces
of visible residues, such as foodcrusts, have been observed on the surfaces, nor are there
any obvious signs of use. The physical properties of the fired clay of each vessel were
also taken into account, given that the degree of porosity of the surface has a significant
impact on absorption, as well as firing temperature and surface treatments (Correa-
Ascencio and Evershed, 2014, Evershed, 2008, Rice, 2015, Stern et al., 2000). For this
reason, priority has been given to the internal surfaces of vases corresponding to the lips
and the bases of ceramics.



Table 1. Selection of analyzed pots from Mines de Gava. (see at the end of the paper)

3. Methods
3.1.  Lipid extraction

For lipid extraction of potsherds, the surface of a sub-sample of the archaeological
potsherds was cleaned with a manual modelling drill to remove exogenous lipids (Stacey,
2009), and subsequently 2 g of fine powder. In a glass tube, a volume of 20 pl of a
cyclohexane solution containing an internal standard (n-tetratriacontane, Sigma; 24.98
ng/pL) was added to the powder. Lipids were extracted by ultrasonication (twice x 15
min) using a chloroform/methanol mixture (2:1 v/v, 10 mL). The total lipid extract (TLE)
was recovered after centrifugation (20 min, 3000 rpm) of the mixture, and the solvent was
removed under a gentle nitrogen stream with heating (42 °C). The TLE was dissolved in
a mixture of chloroform/methanol (2:1 v/v) and 200 pl aliquots were recovered. After
removal of the solvent, the aliquots were derivatized with 50 pL of N,O-
bis(timethylsilyl)tetrafluroacetamide (BSTFA, Sigma) at 70 °C for 30 min. After
evaporation of the excess of BSTFA, the derivatized samples were re-dissolved into
cyclohexane prior to their analysis by HT GC-FID (High-Temperature Gas
Chromatography with Flame-lonization Detection), and HT GC-MS (High-Temperature
Gas Chromatography-Mass Spectrometry). The TLE calculation is done after HT GC-
FID injection by comparing the IS with an external standard (20 ul of a cyclohexane
solution with n-tetratriacontane, Sigma; 24.98 ng/uL). Thus, it was calculated that the
lipid loss during extraction was comparable for all samples, between 8% and 10%.

Fatty acid methyl ester derivatives (FAMES) of an aliquot of the TLE (100 ul) were
prepared by adding 4 mL of a H.SOs-methanol solution (2% v/v) at 70 °C for 4 h. After
cooling, water (3 mL) was added and the lipids were extracted with cyclohexane (3 times
x 2 mL). The solvent was evaporated under nitrogen in readiness for GC- isotopic ratio

mass spectrometry (IRMS) analysis.

3.2.  GC-FID and GC-MS analyses
HT GC-FID analyses were performed on an Agilent 7890A gas chromatograph using a
DB5-HT column (15m length x 0.32mm internal diameter x 1 um film thickness). The
oven temperature was programmed to be held at 50 °C for 1 min, then increased at 10
°C/min to 350 °C and set at 350 °C for 10 min. The FID temperature was set at 350 °C.



Helium was the carrier gas. Data were acquired and processed using Agilent Chemstation
software.

The HT GC-MS analyses were carried out using a Shimadzu GC2010PLUS series gas
chromatograph coupled with a Shimadzu QP2010ULTRA quadrupole mass-
spectrometer. Injection was performed through a split/splitless injector used in the
splitless mode at 300 °C. A DB-5HT column (15 m length x 0.32 mm internal diameter
x 1 um film thickness) was used. The oven temperature was programmed to be held at 50
°C for 1 min, then increased at a rate of 15 °C/min to 100 °C, at 10 °C/min to 240 °C, at
20 °C/min to 380 °C and held at 380 °C for 7 min. Helium was the carrier gas, held at a
constant flow of 88 cm/s. The analyses were carried out in the electron ionization mode
at 70 eV, the temperature of the source being fixed at 200 °C. Mass spectra were acquired
in full scan mode, from m/z 50 to 950 u.m.a. Data were acquired and processed by using
Shimadzu GC-MS Solution (version 2.70) software. Identification of the peaks was based
on relative retention times in GC and mass spectra of commercial molecular standards
(Sigma) and by comparison with NIST mass spectral library.

Finally, when fatty acids were identified (Cis:.0and Cie:0), a third analysis was performed
using a IRMS mass spectrometer (Delta V, ThermoFisher Scientific) connected to a gas
chromatograph (Trace GC, ThermoFisher Scientific) via a combustion interface. The GC
was fitted with a DB-5 MS capillary column (60 m length, 0.25 mm internal diameter,
0.25 pm film thickness). The injector temperature was set at 310 °C. The oven was
initially held at 80 °C for 1 min, then increased at 30°C/min to 120 °C, and finally
increased to 320 °C at 6°C/min and held for 21 min at 320 °C. Helium was used as carrier
gas. The temperature of the combustion reactor was set at 940 °C. The samples were
analyzed in triplicate.

The carbon isotope ratios are expressed relative to the standard reference material vPDB,
313C %o = [Rsample — Rstandard]/ Rstandard. The 8*3C values were corrected for the carbon
atom(s) of the methyl/silyl group added during methylation/silylation of the fatty acids
using the following equation: §%Cra=((n+1) X &2Crame) — 8*Cmeon)/n (for the
methylation process) and §*3Cra=((n+3) x 5*Cratms) — 3 X 8*3Crms)/n (for the silylation
process), where 5'3Cea is the corrected value for the fatty acid, n is the carbon chain
length. Both correction factors were obtained by derivatising a known 53Cra value with

the derivatisating agent.



The isotopic results were compared with those obtained on the modern reference fats
already published in the literature (see Supplementary Table 2). Among the groups of
modern reference values there are 13 values for domestic pigs (Evershed et al., 1997;
Colonese et al., 2017; Copley et al., 2003, Spiteri, 2012), 38 samples of domestic ruminant
adipose fats (ox, cow, goat, sheep; Carrer et al., 2016; Copley et al., 2003; Dudd, 1999;
Dunne et al., 2012; Evershed et al., 1997; Gregg et al., 2009; Spiteri, 2012), 54 values
obtained from dairy products (Carrer et al., 2016; Copley et al., 2003; Craig et al., 2012;
Dudd, 1999; Dunne et al., 2012; Gregg et al., 2009; Outram et al., 2009; Spiteri, 2012)
and 43 from marine resources (fish, moluscs and seals; Craig et al., 2011; 2013; Dudd,
1999; Horiuchi et al., 2015; Lucquin et al., 2016; Spiteri, 2012).

3.3.  Pottery volume calculation

Measuring the capacity of a container is not always possible, especially because intact
archaeological vases are quite rare, and the fragments found do not always make it
possible to reconstruct the vase geometry. There are different methods to calculate the
volume of vessels. Despite the recent digital revolution and widespread technological
innovations, which method is the most reliable and efficient is still open to debate (e.g.
Rodriguez and Hastorf, 2013). Three methods are often used to calculate the volume of
archaeological pottery vessels, reconstructed or fragmented: truncated cones (Senior and
Birnie, 1995), three-dimensional from a single radial section (Karasik and Smilanski,
2006; Sanchez and Cerdefio, 2014; SopenaVicién, 2006; Velasco and Celdran, 2019;
Zapassky et al., 2006) or from several radial sections (Portillo and Sanz, 2020).

In order to calculate the volume of vessels of different shapes and sizes, the following
process was followed: initially n-measurements were taken (according to the
morphometry of the vessel, between 10 and 24 segments) of the distance between the axis
of symmetry of the vessel and its outer wall (R); then the height was also measured
(distance from point A to point B). Using these points, the curve of the vessel profile can
be calculated; using a polynomial of degree p (p=3 to 6) approximates the function: f(r);
the degree of the polynomial function can vary to get a better approximation (R2~1).
Once the function f(r) is obtained, by means of the complete revolution (@=2x rad) of the
area between the f(r) and the axis of symmetry, the value of the volume of the vessel can

be obtained (cylindrical coordinates were used for this calculation; Figure 3).
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Computing the volume of archaeological vessels from several radial section gives an
accurate approximation, given that archaeological pottery usually has deformations
(Portillo and Sanz, 2020). Nevertheless, it is demonstrated that three-dimensional with a
single radial section method is accurate enough to be used in prehistoric handmade pottery
(the percentage deviation from the actual volume does not exceed 10% in large vessels in
both methods; Velasco and Celdran, 2019).
!
A
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Figure 3. Variables drawing (left) and volume calculation formula (right).
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4. Results

4.1.  Organic residue analysis

Fifteen of the 21 sherds analyzed (71.4 %) contained appreciable amount of lipids (i.e.
>5 ug-g*; Evershed, 2008) (Table 2). The TLE were dominated by saturated fatty acids,
mainly palmitic (Cis0) and stearic (Cis:o) acid, with sometimes the occurrence of
monoacylglycerides (MAGS), diacylglycerides (DAGS) and triacylglycerides (TAGS)

and animal and/or plant sterols.

Table 2. Organic residues analysis from Mines de Gava. Abbreviations stand for: TLE, total lipid
extract; PS, palmitic-stearic ratio; FA, fatty acids; MAG, monoacylglycerides; DAG,
diacylglycerides; TAG, triacylglycerides. See at the end of the paper.

4.1.1. Animal fats

In Mines de Gava, fatty acid distributions dominated by the Ci6:0 and C1s:0 homologues
were identified in 14 vases (67 %). The good preservation of organic matter has allowed
the conservation of MAGs, DAGs and, in some cases, TAGs (MIG09, MIG14, MIG16,
MIG21 and MI1G22). Triacylglicerides (TAGSs) are the main components of natural fats
and oils (Christie 1989). The position of each of the fatty acids that make up the TAG, as
well as their nature (chain length, number and position of unsaturations) are the result of
different enzymatic mechanisms and are highly variable according to the natural origin
of the fat. In order to identify TAGs and trace the natural origin of a fat, it is necessary to
know the composition of the fatty acids, but also their distribution across the glycerol

skeleton.

The distribution and concentration of carbon numbers of TAGs allows us to get closer to
the origin of the fat. Thus, classical ruminant fat profiles are distributed between T, and
Tsy, With Tso and Ts2 predominant (Dudd et al. 1999, Mukherjee et al. 2007, Regert et al.
1999). Dairy products are characterized by a wider distribution, between T4,and Tsa, with
special concentrations of Tsy and Ts2 (Dudd and Evershed, 1998, Mirabaud et al., 2007).
Non-ruminant fat profiles are distributed between T and Tss, with Tsz being the most
dominant (Dudd et al. 1999). Finally, plant oil profiles are dominated by Ts4 (Copley et
al., 2005b; Leon-Camacho et al., 2004; Leskinen et al., 2007).
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The presence of TAGs, together with other sterols of animal origin (cholesterol in MIG13
sample), prevents the interpretation of a single animal origin for free fatty acids
(Papakosta et al., 2019): the “mixed” patterns of triacyglyceride distribution do not clearly
identify the original source of the fat (Figure 4), possibly resulting from multiple episodes
of use/mixed foodstuffs (Muckherjee et al., 2008).
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Figure 4. Partial gas chromatogram of total lipid extract of sample MIG21; Cy.: saturated fatty
acids with n carbon atoms; DAG: diacylclyceride; TAG: triacylglyceride; IS: internal standard,
Cas n-tetratricontane; *: contaminants (phthalates). (Inset - Typical distribution of
triacylglycerides in total lipid extracts from Mines de Gava pottery vessels).
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The ratio of palmitic to stearic acid (P/S) is argued to provide insights into the sources of
fatty acids (Romanus et al., 2007). Nevertheless, these data have to be considered very
cautiously because degraded animal fats could have modified P/S ratio due to alteration
processes or because of the mixture of different substances (Regert, 2011).

The range of most of the P/S ratio values in the samples analyzed is between 0.9 and 1.6,
with an average of 1.4. These values make a reliable interpretation of these indicators
difficult in comparison with the ratios obtained from the reference values in different
previous works (Colonese et al., 2017; Copley et al., 2003; Courel et al. 2020; Dudd,
1999; Spiteri, 2012) Furthermore, no clear correlation has been found between these data
and the 8*3C isotopic values obtained for palmitic and stearic acid. Only sample MIG21
stands out from the others (4.69 P/S ratio), indicating commodities rich in palmitic acid,
which could be due to the presence of plants or fish (Copley et al., 2001).

Fatty acids extracted from the vessels were analyzed by GC-IRMS following
derivatisation to their FAMEs. The &%3C values allow the biological origin of the
identified lipids to be broadly determined. As can be seen in Figure 5, the values of the
fatty acids identified in samples MIG09, MIG11, MIG14 and MIG20 are consistent with
those corresponding to modern non-ruminant reference values while samples MIG12,
MIG17, MIG19, MIG22 and MIG28 show isotopic values consistent with reference
values for fatty acids from domestic ruminants such as cows, goats and sheep (Figure 5).
The AC values of the fatty acids from MIG10, MIG13, MIG16 and MIG21 samples on
the borderline of the ranges of values determined for non-ruminant and ruminant adipose
fat may indicate a mixed origin. The presence of $3C enriched values of non-ruminant fats
raises the possibility of marine resources in the ceramic containers, as they are
comparable with the measurements of authentic marine oils (P&&konen et al., 2018).
However, it has been noted that 5'°C values of terrestrial animal fats from southern
Europe are likely to be higher compared to those from northern Europe (Spiteri, 2012)
and this is supported by more recent analysis of animal fats from the Mediterranean (Breu,
2019; Tarifa-Mateo, 2019). Therefore, we suggest that the non-ruminant values in the

Mines de Gava are from domestic pigs.
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Dairy products
Pig adipose fat
Ruminant adipose fat

Marine resources

Figure 5. 83C values of Ci60 and Cis:o n-alkanoic acids (a) and 6*3C values of Cis0 and ABC (8*3C
Ciso - 8°C Cieo n-alkanoic acids) (b) obtained from Mines de Gava site. The 68% confidence
ellipses are based on modern reference fats extracted from the literature (See Supplementary
Table 2).

Animal remains have been found in the mines. They may correspond to anthropogenic
deposits originating from a period when the mine was no longer functioning, or they
might correspond to natural deposits in the case of wild animals remains such as rabbits
or amphibians.

No biomarkers of aquatic resources, such as isoprenoids fatty acids (Copley et al., 2004;
Craig et al.,, 2007; Hansel et al., 2004), were detected. However, a number of
malacological remains from marine/brackish species, including Glycymeris sp., have
been documented (Bosch and Estrada, 1998), together with fish remains characteristic of
estuary areas and sandy bottoms (e.g., Sparus aurata and Myliobatis aquila; Estevez,
1989), and phocid remains (Bosch and Estrada, 1998). This evidence indicates the
practice of collecting aquatic sources from land but these activities could be developed

outside the use of ceramics.

4.1.2. Plant lipids

Considering the P/S ratio, the high abundance of Cis:0 in some samples (P/S ratio >1,3 in
MIG09, MIG11, MIG12, MIG21 samples) suggests a plant input (Copley et al., 2001,
Regert, 2011; Romanus et al., 2007). Unsaturated fatty acids (Cis:1) and plant sterols
(mainly B-sitosterol and stigmasterol) were detected in some samples (MIG11, MIG13,
MIG16, MIG21, MIG22, MIG28 samples), indicating plant input or a mixture of lipids
from meat and plants inside the vases (Dunne et al., 2016). Nevertheless, absorbed
residues originating from plant oils tend to be very low and often masked by fattier
products, and are therefore difficult to identify securely.
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The presence of plants in the culinary practices that can be defined in the Mines de Gava
site leads us to consider the exploitation of these resources, whether they are the result of

harvesting or agricultural activities.

4.1.3. Beeswax
In two samples from Mines de Gava (MIG18 and MIG25) biomarkers, characteristic of
beeswax, were present. These include even-numbered long-chain wax esters- (W40-
W52) derived from palmitic acid (Cie:0) esterified to long-chain alcohols (from AL24 to
AL36) (Evershed et al., 1997; Garnier et al., 2002; Namdar et al., 2009; Regert et al.,
2001a; 2003; Roffet-Salque et al., 2015; Figure 6).
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Figure 6. Gas chromatograms (left) showing the distribution of fatty alcohols and wax esters from
beeswax (right) in sample MIG18 (top) and MIG25 (bottom). Cy.: saturated fatty acids with n
carbon atoms; An: alkanes; Wy: was esters; IS: internal standard, Cs4 n-tetratricontane.

Abundance

4.2.  Pottery characteristics

The mean volume of the analyzed vessels was 0.54L, with a range from 0.2L to 1.21L
(Table 1). This estimated volume is relatively small, which limits their functional
diversity (Rice, 2015; Vieugué et al., 2008). These results were compared with those
obtained for the pottery studied from the analysis of organic residues in ceramics from
other domestic sites. In the review of vessels from Southern European Neolithic sites that
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combine morphometric and biomolecular studies (Drieu, 2017; Fanti et al., 2018; Matlova
et al., 2017; Soberl et al., 2014; Vieugué et al., 2008), we can see a higher volumetric
mean size (from > 2.5 L to <5 L) with regard to the vessels analyzed in Mines de Gava,
being able to distinguish different functional categories that respond to the service,
processing and storage of both solid and liquid products. The relative homogeneity of
volumes for the pottery from Mines de Gava may thus be due to the mining context and
could respond to particular functions.

There was no correlation between the volume or openness index of the vessels and the
specific function identified from ORA results. Therefore it is unlikely that specific forms
had a specific function. A similar lack of correlation was observed with funerary vessels,
as varied morphologies and different commodities were identified. In contrast, vessels
that contained beeswax and those where plant input has been identified are characterised

by an open shape.
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Figure 7. Scatter plot of the volume and opening index (maximum diameter / orifice diameter)
of the Mines de Gava vessels related to the commodities identified inside. The vases identified in
funerary context are also specified.
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5. Discussion
5.1.  Lipid preservation

The results from the lipid biomarkers identified in the pottery extracts highlight the
presence of a significant diversity of natural substances used in the original ceramic
vessels. There were mostly of animal origin. Ruminant and non-ruminant adipose fats
were identified in most of the vessels based on molecular and stable carbon isotopic
criteria, and beeswax was present in two small bowls. Figure S1 (supplementary
information) summarizes the data obtained by grouping together containers having

similar contents.

Among the total lipid concentration obtained, no significant differences are observed
between lipid concentrations at the rim (mean 228 pg-g™) or in the samples taken at the
base of the vessel (mean 151 pg-g™). Experimental studies showed that boiling of food
products resulted in a higher concentration of lipids in the upper part of the vessel
(Charters et al., 1993; Evershed et al., 1995; Roffet-Salque, 2012), while roasting, due to
the production of water and fat from the meat during processing, resulted in a lipid
concentration evenly distributed throughout the vessel (Evershed, 2008). However, to go
further in the understanding of the use of vessels, it would be necessary to obtain at least
two samples for vessel. This was not possible in the present study due to preservation
conditions. At this stage of our study, we can just note that the concentration appears to
be generally higher in vases from the rim of the vessels than from other parts. However,
in any discussion about relative concentrations of lipids within pottery, we must be
mindful of the taphonomic processes that sherds could have suffered. Higher
concentrations of lipids in some vessels possibly reflect the repetitive use of vessels, as
well as an extended use-life or the processing of commaodities rich in lipids. In contrast,
vases with lower recovery rates and lower concentrations of lipids may reveal a
specialization in the use of the container, or that its use is not related to cooking or
processing of fat-rich foodstuffs or had shortened use-life due to early breakage of the
vessels (Matlova et al., 2017). Finally, there are some vases where we did not detect lipid
residues. Despite not having a reconstruction of the profile corresponding to these vessels,
we propose that the absence of lipids relates to the specific uses of these containers, which
do not imply direct contact with fatty foods, such as the transport and/or storage of water

or dry seeds, or loss of lipids due to degradation.
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5.2.  Presence of animal fats
The faunal remains are characterized by the presence of the four main domestic taxa,

cattle (Bos taurus) (45 %), sheep (Ovis aries) and goats (Capra hircus) (28 % together),
and pigs (Sus domesticus) (27 %) (Safia, 1994). This is evidence for different treatment
of the animals at the site. Some of bones showed butchering marks and signs of thermal
alteration, related to the boiling and roasting (Navarrete et al., in press). Other remains,
especially bovine bones, were most likely used to make tools (Estevez, 1986). Faunal
remains of wild species, such as wild boar, rabbit or deer are present but of lesser
importance (Bosch and Estrada, 1994). Generally, animals were slaughtered at young age
for meat exploitation (Estévez, 1986; Safia, 1994). Some cattle lived longer, which might
indicate their use for transport of heavy loads, traction related to agriculture or for
dairying. The absence of molecular and isotopic signatures of dairy products on the
pottery analyzed from Mines de Gava would imply that the former is more likely.
However, it is difficult to completely rule out dairy products at this site. Identification of
dairy fats is especially difficult if they are mixed with other animal fats in pottery, or else
milk might have been stored or processed in perishable leather or wooden containers
(Maigrot, 2003; Morris, 2013).

The use of animal fats, especially pig fat, is also proposed as a post-firing waterproofing
treatment based on ethnographic data (Evershed et al.,, 1997; Skibo, 2013). This
hypothesis is reinforced by the absence of ketones. The detection of asymmetric ketone
with 33 carbon atoms along with other asymmetric ketones are considered, along with the
long-chain w-(0-alkylphenyl)alkanoic acids (APPAS), markers of thermal transformation
of animal fats (Evershed et al., 1995; Raven et al., 1997). Therefore, there is no evidence
that the vessels are used for cooking or processing fatty products. All this suggests that
some vessels could have been used for the service and consumption of products (perhaps
liquids) waterproofed with animal fat. For the same reason, we can also observe a mixture
of animal fats in some containers (MIG10, MIG16, MIG21), in which pork fat probably
waterproofed the surface and which were used to process other animal fats that would
also have been preserved in the clay matrix. However, differential heating of the fabric
or short episodic heating might easily explain the APPAs absence (Bondetti et al., 2020).

Among the different possible uses of animal fats (foodstuff, waterproofing...), it can also

be transformed into animal fat into tallow. Tallow is often used to make soap, as a
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lubricant, in skin products and candles (Shillito, 2019). Tallow is produced when fat is
boiled, a process that separates it from bones and proteins (Frith et al., 2004). Tallow
extracted from cattle and sheep is hard, while pig fat produces a softer grease product
(lard). The possible production of tallow and lard leads us to suggest that lamps fuelled
with animal fat could also have been used to illuminate the long dark galleries of the
Mines of Gava. Of course, not all vessels have optimal morphologies and metric
characteristics to be used as lamps (see Supplementary Material and Figure 7). MIGQ9,
MIG19 and MIG20 samples correspond to recipients with narrow necks that relate to their
use for liquid or semi-liquid food processing. The same applies to sample MIG17, a sherd
from a ceramic having large dimensions that are impractical to transport and more suitable
for food processing or service. On the other hand, the vessels corresponding to samples
MIG18 and MIG25 (where traces of beeswax have been detected), MIG11, MIG12,
MIG14 and MIG21, present shapes more compatible with their interpretation as lamps.
In these potential lamps, we have detected both ruminant and pig fats, sometimes even
together with plant biomarkers, which led us to think about the use of these products as
possible fuel to illuminate (Kimpe et al., 2001; Mottram et al., 1999; Roffet-Salque et al.,
2017; Shillito, 2019). However, no carbonized deposits attached to the ceramic surfaces
have been detected, evidence that would help us defend the hypothesis of the lamps. This
may be due to the washing and restoration processes to which the containers were
subjected for their exhibition in the museum. The interpretation of adipose fats as a
production of tallow is very tentative and it does not exclude feasting on pigs and
ruminants and, indeed, might correspond to one of the various uses of animal fat,

comprising both food and non-food uses (Shillito, 2019).

5.3. Beeswax use
The pottery from Mines de Gava in which traces of beeswax have been identified
represent the oldest evidence reported so far of the use of such a substance in the Iberian
Peninsula (Roffet-Salque et al., 2017). Its hydrophobic properties have made it suitable
for use as a material to waterproof pottery (Charters et al., 1995; Heron et al., 1994; 2015,
Knappett et al., 2005; Rageot et al., 2015; Roffet-Salque et al., 2013; Regert et al., 2001a;
Roumpou et al., 2003). The hypothesis of using beeswax as a waterproofing agent for
pottery surfaces is more likely when there is no heating trace on the sherds and when the
beeswax signal is only slightly degraded (Mirabaud and Regert, 2016). Once sealed with

this product, the vessels were probably not used as cooking vessels given the rather low
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melting point of the wax (60 °C; Drieu, 2017; Regert et al., 2001a). However, moderate

wax heating can soften it to facilitate its application to surfaces (Heron et al., 1994).

Beeswax has been found in Mines de Gava either alone or mixed with animal fats in two
recipients. Vessels in which beeswax has been identified are open-shaped and shallow
containers (see Supplementary Material and Figure 7). The presence of beeswax on the
internal surface of the containers may respond to the use as a waterproofing agent for the
processing of other products, such as animal fats, or there may be two separate uses of
the potsherds or traces of a mixture of honey with other foods (Mirabaud and Regert,
2016; Roffet-Salque et al., 2015). However, given the particular shape of the containers
and the context in which they were found, it can be envisaged that the containers could
have been used for beeswax lamps. This would not be the first case in which beeswax has
been identified as an illuminant in antiquity (Evershed et al., 1997; Frith et al., 2004;
Roffet-Salque et al., 2017). This use can be attributed to the fact that beeswax burns very
slowly. The absence of soot on the surface of the potsherds can be attributed to the fact
that slow burning of pure beeswax does not produce soot (Asperger et al., 1999). The
identification of wax and animal fats (mixed or not) interpreted as fuel for lighting is
explained in other cases by the inaccessibility and cost of obtaining beeswax (Crane,
1980; 2011; Frith et al., 2004; Knight, 1918; Mottram et al., 1999; Regert, 2011). Indeed,
we do not know if, at that time, beeswax was obtained from domestic or wild beehives.
In the second case, the amount of beeswax was probably low. The exceptionality of the
context in which the containers were found, inside some mines and in a funerary context,
reinforces the hypothesis of the use of beeswax as an illuminant as burial goods or to

illuminate mine galleries in some unusual circumstances.
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6. Conclusions
Analysis of organic residues preserved in archaeological ceramics using analytical
organic chemical techniques led to the identification of vessel organic contents from the
Middle Neolithic site of Mines de Gava. The conditions similar to those prevailing in a
cave, with low and stable temperature and low variation of humidity, have made it
possible to recover a large part of the lipids absorbed in the ceramic matrix. This study
has shown the exploitation of animal fats from both ruminants and pigs, as well as plants
and beeswax in Mines de Gava. These results not only reinforce the information obtained
from the archaeozoological and carpological remains found on the site, but also provide
new data that can only be obtained by applying specific analytical techniques, such as the
chromatographic analysis of organic residues in pottery. Thus, the occurrence of beeswax
documented in two vessels represents the first evidence of the exploitation of this resource
in the site of the Mines de Gava, and the oldest evidence reported so far in the Iberian

Peninsula.

The relationship between shape, volume and content of the ceramics has allowed us to
propose different alternative uses for the commodities identified on the vessels, where
there is little variety in the morphology of the vessels with a small volume, unlike other
sites in the domestic context. Given the different uses that the mines received, the results
of organic residues in ceramics do not show a differentiation between the contents of the
vessels of the different mines. Generally, vessels were used to process fats from animal
or vegetal origin. Likewise, other vessels have been proposed to be used for the
illumination of the dark galleries either in a funerary context, as in mine 84 (Borrell et al.,
2019), and during the extraction works of the variscite, as the container of mine 41. The
hypothesis proposed, derived from a pioneering study in this area, should undoubtedly be
contrasted with new studies that would expand the sample set in other different mines
from this site.

Finally, the results obtained from the organic residues eventually preserved in the clay

matrix of the containers in Mines de Gava allow us to provide new data to the discussion

on the presence and proximity of a settlement in the vicinity of the mines.
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ID Lab ID Sample Mine Context Volume (L) Selected part

MIGO7 NI 41  Mining exploitation - Base
MIGO08 NI 89  Mining exploitation - Rim
MIGO09 390-33 7 Mining exploitation 0.5 Rim
MIG10 1224 41  Mining exploitation 0.2 Rim
MIGI11 NI 83 Funerary - Base
MIG12 408-1-NII-SF 6 Mining exploitation 0.5 Base
MIG13 11 68  Mining exploitation - Rim
MIG14 408-2 6 Mining exploitation 0.4 Base
MIG16 418-16 8 Funerary 0.45 Base
MIG17 CT41164 85  Mining exploitation 1.21 Base
MIGI18 NI 84 Funerary 0.9 Base
MIG19 214 84 Funerary 0.7 Rim
MIG20 1 84 Funerary 0.5 Rim
MIG21 2 84  Mining exploitation 0.3 Base
MIG22 458 90  Mining exploitation - Rim
MIG23 14 90  Mining exploitation - Base
MIG24 3 84  Mining exploitation - Rim
MIG25 1090-26-NI 41  Mining exploitation 0.3 Base
MIG26 91-2004 68  Mining exploitation - Rim
MIG27 68-19 68  Mining exploitation - Rim

MIG28 19-2004 68  Mining exploitation - Base




Shape description

Potsherd

Potsherd

Ovoid morphology, incoming walls with two handles
Hemispherical form with divergent walls and one handle
Base reuse as a plate

Hemispherical form with flat base and one horizontal punch
Potsherd — Rim with handles

Hemispherical form with flat base and one horizontal punch
Hemispherical form with divergent walls and one handle
Hemispherical bowl with four handles

Boca quadratta

Ellipsoidal form with narrow neck and four handles
Hemispherical form with narrow neck and punches
Hemispherical form with divergent walls and one handle
Potsherd

Potsherd

Potsherd

Hemispherical form with divergent walls and two double punch handles

Potsherd
Potsherd
Potsherd




5"

Samples ID TLE (ug g") PS rati Lipids detected C16:0 C18:0 13¢ Predominant commodity type
ratio 20,3 (Ohe) 20,3 (ho) >
MIG09 M7-390-33 103 1,96 FA (16>18), MAG, DAG. TAG -25,1 -22,99 2,11 Non-ruminant adipose fat
MIG10 M41-1224 53 1,18 FA (16>18) -22,94 -23,27 -0,33 Mixture of animal fats
MIG11 M83 224 1,64 FA (16>18, 18:1); Sterols: B-sitosterol 27,2 -26,83 0,37 Non-ruminant adipose fat and plants
MIG12 M6-408-1-NII-SF 116 1,66 FA (16>18), MAG, DAG -28,93 -31,17 -2,24 Ruminant adipose fat
MIG13 M68-11 202 1,03 FA (16>18, 18:1, 20}, Sterols: cholesterol, 2511 2527  -0,16 Mixture of animal fats and plants
stigmasterol, B-sitosterol
MIG14 M6-408-2 104 1,09 FA (14, 16>18), MAG, DAG, TAG; Alkanes -24,5 -23,42 1,08 Non-ruminant adipose fat
MIG16 M8-418-16 225 0,99 FA (14, 16>18, 20), MAG, DAG, TAG; Sterols: 2557 25,57 0 Mixture of animal fats and plants
stigmasterol, B-sitosterol
MIG17 M85-CT41164 89 1,07 FA (16>18) -26,91 -29,23 -2,32 Ruminant adipose fat
MIG18 M84 109 X Wax esters (42-50); Alcohols (28-32) X X X Beeswax
MIG19 M84-214 232 0,96 FA (16<18) -27.,4 -29,88 -2,48 Ruminant adipose fat
MIG20 M84-1 187 1,17 FA (16>18) -24,97 24,6 0,37 Non-ruminant adipose fat
MIG21 M90 408 4,69 FA (16>18), MAG, DAG. TAG; Sterols: B-sitosterol -25,53 -25,67 -0,14 Mixture of animal fats and plants
MIG22 M90 40 0,87 FA (16<18), MAG, DAG. TAG; Sterols: B-sitosterol -24,85 -25,43 -0,58 Non-ruminant adipose fat and plants
R Py FA (16<18), MAG, DAG; Wax esters (40-52); .
MIG25 M41-1090-26-NI 137 0,37 Alcohols (26-32): Sterols: B-sitosterol X X X Beeswax and animal fat
MIG28 M68-91-2004 113 1,01 FA (16>18) -27,5 -27,54 -0,04 Ruminant adipose fat
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