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The emergence of ‘standing stone’ monuments within the European Late Prehistoric landscape is considered to be
associated with a pivotal human cultural transition from hunting and gathering to agriculture and permanent
settlement, being the earliest monuments currently dated by radiocarbon to the 5th millennium BCE. However,

Chronology many standing stones were first erected, subsequently collapsed, and then re-erected during the following three
0sL y g q y P g g

Radiocarbon millennia. The excavation of the site of an apparently in situ statue-menhir at Cruz de Cepos in NE Portugal
Quartz provided the rare opportunity in Iberian prehistory to apply radiocarbon and luminescence techniques to

establish the date of construction. On the basis of the iconography, the standing stone was assigned to a
sculptural tradition of north-western and western Iberia, loosely dated to the Early/Middle Bronze Age (ca.
2000/1900-1250 BCE). The optically stimulated luminescence (OSL) and dosimetry characteristics of quartz
extracted from sediment samples taken from locations associated with the socket pit and surrounding backfilling
deposits were examined, producing OSL single grain ages at eight locations. Comparison of the OSL and cali-
brated radiocarbon ages shows very good agreement, with the mid-3rd millennium BCE dates confirming original
erection during the Copper Age and not a much later transformation of the monument. These encouraging results
indicate that OSL has the potential to provide reliable dating of depositional processes related to the construction
process and is suitable for wider application to megalithic monuments of this type.

Single grain

1. Introduction

Standing stones form an important component of prehistoric stone
monumentality that is commonly found in Eurasia. Although they occur
on sites as early as 9600 BCE, notably at the site of Gobekli Tepe in SE
Turkey, the earliest evidence in western Europe is much later, found in
NW France such as the Breton sites on the island of Hoedic and at Loc-
mariaquer in Carnac, which are dated to c. 4700-4500 BCE (Cassen,
2009; Large and Mens, 2016). The archaeological significance of the
earliest standing stones lies in their appearance in connection with the
transition to farming in western Eurasia (Calado, 2002; Large and Mens,
2016; Whittle, 2002). Although there are thousands of such monuments
in western Iberia, dating their erection has been problematic because of
issues related to contextual evidence and complexities in taphonomic
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processes obscuring whether organic samples potentially suitable for
radiocarbon dating can be securely associated with the construction
process. An opportunity to examine the potential of optically stimulated
luminescence (OSL) to date the setting of a monolith arose with the
excavation of the base of a late prehistoric statue-menhir (i.e., a standing
stone with three-dimensional human form) found at the site of Cruz de
Cepos, in NE Portugal. From its engraved iconography, the
statue-menhir appeared to date to the Bronze Age, as it includes the
depiction in low relief of a sword (Alves and Reis, 2011: 197, Figs. 4-5)
(Fig. 1). Long daggers, such as those found in northwest Iberia in the
funerary cists of Atios (L: 31 cm) (Pontevedra), Carnota (L: 28 cm) or
Santa Comba (L: 36 cm) (A Coruna), are dated between the late 3rd and
the early 2nd millennium BC (Brandherm, 2003; Comendador Rey,
1995: 123-128). The earliest swords in Iberia (made of copper with
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Fig. 1. Left: The statue-menhir of Cruz de Cepos as recorded in the early 2000s (Length of the sword: 50 cm) (Alves and Reis 2011: Fig. 5). Right: Image of the
excavation trench showing the lower part of the statue-menhir set in its socket, overlain with the interpreted boundaries of depositional units, as shown in more detail

in the North and East sections (Fig. 2).

arsenic content), such as Pinhal dos Melos (Beira Alta, north Portugal, L:
57 cm; Jorge, 1995: 31) or Villaviudas I (Palencia, north Spain, L: 51 cmy;
Gomez Ramos, 2001), situated within the Early Bronze Age, from ca.
2000/1900 BCE, can be used as a termini post quem for their represen-
tation on stone monuments such as the statue-menhir of Cruz de Cepos
(Alves and Reis, 2011: 197). However, a key question is dating when the
standing stone was first erected in its current location to establish
whether it formed part of a broader pattern of reuse or re-siting of
Neolithic and Copper Age monuments (Bueno Ramirez et al., 2016,
2019). In this paper we discuss a pilot study that examines the potential
of OSL to establish a chronology for the setting of this type of monument
and to compare the OSL age estimates with the results of radiocarbon
testing of organic material recovered from associated sealed contexts.

2. The site

The Cruz de Cepos statue-menbhir is located in the field of Padrao
(41.74986° North; —7.67442° West), standing in the middle of a high
plateau, serving as a boundary marker between the municipalities of
Arcos and Cervos, in NE Portugal. First recorded as an element “with
patterns” in the early 20th century, it was later recognized as a prehis-
toric three-dimensional sculpture of a human figure (Diaz-Guardamino,
2010: 163—-169; Alves and Reis, 2011) and assigned to a sculptural
tradition of north-western and western Iberia, loosely dated to the
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Early/Middle Bronze Age (ca. 2000/1900-1250 BCE) (Alves and Reis,
2011: 206; see also Diaz-Guardamino, 2010: Ch 7.1; Diaz-Guardamino
et al., n.d.). The rounded and worked smooth surface of the buried base
of the statue-menhir revealed by excavation is redolent of Neolithic
standing stones of the region (Gomes, 1993). The stone is a coarse
two-mica granite which is commonly found in the area in many acces-
sible outcrops, some with clear signs of quarrying, although of inde-
terminate age of working. A more specific provenance of the monolith
requires further investigation by petrographic analysis.

3. Excavation and sampling

The site was first investigated in 2009 by Alves and Reis (2011)
through surface survey and targeted excavation. A test pit (1.20 x 0.50
m) was excavated at the north side of the visible base of the
statue-menhir, reaching the base of the monolith at around 1m depth,
and after detecting a stratigraphic unit (UE5) congruent with a possible
setting pit with archaeological materials of prehistoric date. From 2016
to 2019, a team lead by L.B. Alves, M. Diaz-Guardamino, and B.
Comendador conducted four seasons of fieldwork consisting of survey
(geophysics, fieldwalking) and excavation of four trenches (Dia-
z-Guardamino et al., in prep). A trench (Trench 1) was set at the
south-west base of the statue-menhir, measuring 3.70 x 2 m, to further
investigate the monument and its surrounding deposits (Fig. 1). The
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Fig. 2. North and east sections of the excavated trench showing the assigned stratigraphic units (encircled numbers), the lower part of the standing stone (®) and the

locations of OSL (filled circles) and radiocarbon (filled diamonds) samples.
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Fig. 3. Cross sections of charcoal samples submitted for radioacarbon dating. a-b) Quercus sp. deciduous, ¢) Fraxinus sp., d) Corylus avellana, e) Fabaceae and f) Pinus

tp. pinea/pinaster.

excavation revealed a sequence of depositional phases, including the
basal section of a socket pit into which the stone had been inserted.
Assessment of the soil structure of unit 7 (UE7) elsewhere within the
trench indicated mixing by (ancient) ploughing activity in its upper part
(Fig. 1, marked with discontinuous line). Units 7 and 8 (UE7, UE8) both
yielded prehistoric material, including fragments of hand thrown pot-
tery, charcoal, quartzite and quartz flakes and a rock crystal prism. OSL
samples were extracted using 40 mm and 20 mm diameter opaque
plastic tubes from deposits adjacent to two faces of the lower part of the
monolith and into the North and East sections, as indicated in Fig. 2. The
eight numbered locations correspond to the OSL samples analysed and
for which age estimates were obtained. Five of the smaller tubes located
in close proximity to the standing stone base were inserted taking care to

avoid abrasion of the lithic surface.

Of the 19 archaeobotanical samples analysed, all contained charcoal.
Ninety-one fragments were taxonomically identified following the
standard procedure (Cartwright 2015), and dendrological and tapho-
nomic attributes (Marguerie and Hunot 2007) were registered in tan-
dem. From this assemblage, five charred wood samples primarily of
short-lived specimens were selected for radiocarbon dating (Table 3).
They included sorted twigs from shrubs such as those of the Fabaceae
family (CAN4814) and hazel (Corylus avellana; Beta 525113). Of the
fragments derived from trees, the samples with moderate to strong
annual tree-ring curvature, and likely to be from of twigs or young
branches, were selected (Fig. 3 c-f). This was the case for the samples of
ash (Fraxinus sp.; CNA4812 and CAN4813) and stone/maritime pine
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Table 1
Data used in the calculation of the OSL depositional age.
Sample Section n oD Skewness Model D. Dy D, D. Diot OSL Age o, +o0s
Dur_ -
(%) ¢ (%Cerit) Gy) (mGya™) (a) (@) (@)
446-2 E 132/223 19+2 0.32(76) CDM 17.93 + 0.33 218 1.31 0.20 3.69 £0.15 4860 215 360
17 +1 —0.10(24) " 17.81 +£ 0.31
446-3 E 127/200 30+£2 0.83(190) MDM 17.11 + 1.14 2.35 1.27 0.20 3.83 £0.15 4470 345 435
446-5 N 184/273 14 +£1 —0.14(39) CDM 16.27 + 0.20 2.05 1.28 0.20 3.53 £0.14 4610 195 335
446-6 N 216/296 15+1 0.62(187) CDM 15.89 + 0.19 2.05 1.20 0.20 3.45+£0.14 4605 190 335
215 13+1 0.09(27) CDM 15.82 + 0.17
446-7 N 139/227 12+1 —0.07(17) CDM 15.74 +£ 0.21 2.05 1.23 0.20 3.49 £0.14 4510 190 330
446-11 E 184/254 18+1 —0.17(47) CDM 17.21 + 0.26 2.35 1.21 0.20 3.77 £0.14 4565 185 330
446-13 N 108/184 16 +1 0.80(170) CDM 16.92 + 0.31 2.05 1.20 0.20 3.45+0.13 4905 215 360
97 101 —0.34(68) CDM 16.16 + 0.20 4685 195 340
446-14 E 94/169 30£3 1.09(215) MDM 15.80 + 1.04 2.35 1.34 0.20 3.89 £0.15 4065 310 395
@ (2) 3) 4 5) (6) ) ® 9 (10) 11 12) 13) 14)

Notes. The OSL age test year is CE 2020 and values are rounded to nearest 5 a. Uncertainties are given at the 68% level of confidence (15); those associated with the OSL
age represent the overall error (cog) that includes type A (c) and B (og) errors combined in quadrature. In Col. 3 (n), the number of grains producing accepted D,
values is followed after the solidus by the number of grains meeting the minimum intensity criterion (Supplementary Information, Table SM2); the nominal total

number of grains analysed was 500 for all samples except 446-13 (700).

(Pinus tp. pinea/pinaster; CNA4815). The remaining sample of oak (Fig. 3
a&b; Quercus sp. deciduous; Beta 657288) was selected in the absence of
other short-lived specimens from this context. All the samples were from
the lower deposits (Figs. 2 and 3) within contexts judged to be
undisturbed.

4. OSL measurements and results

A standard preparation process for extracting and preparing quartz
inclusions was followed (Aitken, 1985), producing coarse grains
(150-250 pm dia.) suitable for single grain (SG) measurements; a SAR
procedure (Murray and Wintle, 2003) was applied for the determination
of the equivalent dose, D.. All the OSL data used in calculations were
derived from the analysis of a dominant fast OSL decay component. The
presence of the latter was tested by employing a semi-quantitative
procedure to inspect the form of decay, as discussed in the Supple-
mentary Material (Sec. 1.4). Table 1 includes a summary of key data
relevant to the calculation of the weighted mean value of D, (col. 7)
ordered by sample reference number (col. 1). The statistical dose model
applied to calculate D, (Galbraith and Roberts, 2012) is given in col. 6
(CDM, central dose model, or MDM, minimum dose model) using the
number of accepted D, values given in col. 3. The latter formed a rela-
tively high proportion (10-20%) of the number of grains analysed from
each sample. Further details of the sample preparation, OSL measure-
ment procedures and data analysis are given in the Supplementary
Material.

The dose evaluation model was selected following an assessment of
the distributions of accepted values of D, using quantile-quantile (Q-Q)
plots (Fig. 4), and taking into account the extent of overdispersion (OD;
Table 1, col. 4) calculated using a CDM and the weighted skewness, c,
expressed as a percentage of the critical value (Table 1, col. 5; c¢rjt = 20;
Arnold and Roberts, 2009; Bailey and Arnold, 2006). Where individual
D value ranges that overlap with the broken line shown in the Q-Q plots
conform to a normal distribution (e.g., 446 -5 and —7), and supports the
use of a CDM. Application of the latter is also appropriate where there is
a small number of outliers in the lower and/or upper ranges of the
distribution (e.g., 446 -2 and, —11) that are indicative of overdispersion.
The D, distributions obtained with samples 446 -6 and —13 also conform
to a normal distribution over a substantial proportion of D, values, but
with significant deviations in their upper range. The skewness is sensi-
tive to such deviations. In the case of sample 446-6, a significant positive
skewness is neutralised (c = —0.09; c/crit = 27%) by removal of the
highest D value, and for sample 446-13 removal of the highest eleven D,
values similarly reduces (c = —0.34; c/cqit = 68%; n = 97) the positive
skewness of the full set of data (¢ = —0.8; ¢/c¢rit = 170%; n = 108). As

indicated in Table 1 (cols. 3 & 7), the removal of outliers in the upper-
most range of D, values has a marginal effect on the calculation of the
weighted average equivalent dose, D,, in the case of samples 446 -2 and
—6 (<1%; 1 outlier removed) and a small effect for sample 446-13
(—4.5%; 11 outliers removed). While the D, distributions obtained
with samples 446-3 and —14 follow a normal distribution within the
central region, the presence of a divergent group of D, values in the
lower range indicates that the adoption of a minimum dose model
(MDM) may be appropriate. Both samples exhibit values of OD (30%)
and skewness (c/cqrit ~200%) that are significantly higher than for the
other samples, although the skewness is reduced substantially (c/ccrit =
44%) by the removal of the highest D, value in the case of sample 446-3.
While the extent of deviation of the lower range of D values from the
line of conformity is visually less clear-cut in the Q-Q plot for sample
446-3, closer inspection of the D, values indicates that values below the
median form a coherent group. The proportions of grains at gamma were
0.60 and 0.57 for samples 446-3 and —14 respectively. Hence, on the
basis of these assessments, D, was calculated by applying the CDM with
all samples except 446 -3 and —14, where the MDM was applied.

5. Burial dose rate

The average burial dose rate was estimated on the basis of: measured
specific activities of the lithogenic radionuclides in sediment samples
and a sample representative of the granite monument using high reso-
lution gamma spectrometry (HRGS; Supplementary Material, Sec. 2.1);
the use of dose conversion factors (Guérin et al., 2011) and our own
calculations (Bailiff et al., 2014) to calculate infinite medium dose rates;
the application of radiation transport code to model the variation in
gamma dose rate in close proximity to the granite monolith; the calcu-
lation of the cosmic dose rate using formulae given in Prescott and
Hutton (1988, 1994). Table 1 contains a summary of the dose rate data
(cols. 8-11) used to calculate the OSL age for each sample, including the
beta (D/;), gamma (D,) and cosmic (D,) components of the dose rate, and
the total dose rate, D,y is given with its associated type A error. The beta
and gamma dose rates shown are adjusted for moisture content (Aitken,
1985), where an average burial value of 15 + 5% was assumed for all
sediment samples. The beta dose rate also includes an adjustment for
beta attenuation due to finite grain size (Brennan, 2003; Bailiff, 2018)
and includes a contribution of 0.035 mGy a~! to account for trace
quantities of radionuclides within the quartz grains, based on a cumu-
lative average for grains previously analysed by the laboratory. The total
uncertainty was estimated by combining in quadrature the random er-
rors associated with gamma spectrometer measurements, a 2% sys-
tematic error to account for instrument reproducibility, a 3% systematic
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Fig. 4. Quantile-Quantile plots of expected vs measured D, data.

error on the dose rate conversion factors and a 2% systematic error
associated with the beta attenuation correction factors.

The measured specific activities of lithogenic radionuclides are given
in Table 2. At locations 3, 11 and 14, sampled using 25 mm dia. tubes,
sediment portions were combined to provide a sufficient sample weight
for the spectrometer measurements. Due to an instrument failure, it was

not possible to measure all the samples obtained, and in the case of lo-
cations 5, 6 and 13 the sediment activities were assumed to be similar to
those for locations 7 and 8. For the group of sediment samples tested, the
standard deviations of the specific activities of 2*>Th, nat. U and “°K
were +5%, +8% and +7% respectively. This spread mainly arises from
difference in measured °K content between samples from the North and
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Table 2
Specific activities and measure of disequilibria for lithogenic radionuclides in
sediment and granite samples.

Sample Type Section %%y 232Th 4Og 210pp,/226R
(Bq (Bq (Bq
kg™ kg™ kg
446-2 Sediment E 68.3 + 28.8 + 820 + 0.89 £ 0.05
2.3 3.3 9
446-3, «“ E 68.1 + 31.0 + 909 + 0.88 + 0.05
11,14 2.2 3.2 10
446-4 « E 78.3 + 319+ 940 + 0.94 £ 0.05
2.4 3.4 10
446-7 « N 61.6 + 30.4 + 775 + 1.06 + 0.05
1.7 2.5 7
446-8 « N 655+ 281+ 757+  0.87 +0.05
2.2 3.2 9
446-G Granite 44.2 + 12.4 + 540 + 0.78 £ 0.07
1.9 2.9 8
1.8
1.6 A ¢ ® e
— ° *
- ([ J
w 1.4 4 ° ) A
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G 124 ,
S
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(o]
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(o]
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Distance from granite surface (cm)

Fig. 5. Example of calculated dose-rate profiles for sample 446-2 calculated
using the monolith model, as discussed in the main text and in the Supple-
mentary Material. The profiles shown were calculated assuming uniformly
distributed lithogenic sources in a) the granite slab (open circles) and b) in the
surrounding sediment (open triangles); the sum of a) and b) is indicated by
filled circles. The arrow indicates the relative position of the OSL sample tube.

East sections and these correspond to (maximal) differences in the beta
and gamma infinite medium dose rates of 15% and 11% respectively. It
is interesting to note that the granite is less radioactive than the
sediment.

5.1. Modification of gamma dose rate by granite monolith

In the absence of on-site measurements, the gamma dose rate in the
sediment medium within the proximity of the granite monolith was
assessed using a simplified computational dosimetry model (Supple-
mentary Material, Sec 2.2). Using the model simulations, the gamma
dose rate in cylindrical volumes of sediment was calculated as a function
of distance from the granite slab below ground level in a uniform sedi-
ment burial medium. Using the results of the simulations, the profile of
average gamma dose rate within the detector volumes vs distance from
the two orthogonal faces was calculated for the specified concentrations
of each source type (40K, Nat. U and 2%2Th) located in each medium
(Supplementary Material, Table SM3). The profiles were used to calcu-
late the gamma dose rate at each sample location, an illustration if
which is shown in Fig. 5 for sample 446-2, using the specific activity of
the sediment measured for that sample. In this case, the modelled dose

Quaternary Geochronology 83 (2024) 101569

Table 3
Radiocarbon samples and ages.
Laboratory Taxon Strat. Context Uncalibrated
Reference Unit Age
(BP)
CNA 4812 Fraxinus sp. 7 Containing 4020 + 30
prehistoric pottery
CNA 4815 Pinus tp. 7 Socket pit underlying 6410 + 35
pinea/ menhir base
pinaster
Beta-657288 Quercus sp. 7 20 cm below base of 4130 + 30
deciduous menhir, containing
prehistoric pottery
CNA 4813 Fraxinus sp. 8 Containing 4010 £ 30
prehistoric pottery
Beta 525113 Corylus 10 20 cm below base of 4120 + 30
avellana menhir
CNA 4814 Fabaceae 10 « 4200 + 30

Notes. CNA: Centro Nacional de Aceleradores, Seville, Spain; Beta: Beta Ana-
lytic, Miami, USA.

rate arising from the granite compensates for the reduction in the dose
rate from the sediment in close proximity to the granite slab.

The total uncertainty in the gamma dose rate was estimated by
combining in quadrature the random error associated with the HRGS
activity measurements, a 2% systematic error to account for instrument
reproducibility and a 5% systematic error associated with the model-
derived dose rate.

5.2. Cosmic dose rate

The average cosmic dose rate was calculated assuming the over-
burden had been maintained throughout the burial period and using the
site location (based on its coordinates, 41.74986° North; —7.67442°
West) and elevation (884 m). In the absence of in situ dosimeter mea-
surements to investigate the potential effect of the lithic monument on
the effective depth of sediment samples, an average depth of 185 g cm ™2
was assumed for all sample locations and a type A uncertainty of £10%
assigned to the dose rate. As recommended by Prescott and Hutton, a
type B uncertainty of +5% associated with the cosmic dose rate was
included in the calculation of the overall uncertainty in the OSL age.

6. Age calculations

The OSL age (Table 1, col. 12), calculated as the quotient D./Dior, is
given with associated type A (col. 13) and overall (col. 14) errors, where
the latter includes type A and B errors combined in quadrature. The
uncertainties are given at the 68% level of confidence (16). The addi-
tional age calculation for sample 446-13 corresponds to the use of a
reduced set of D, values, as discussed above.

Calculation of pooled mean OSL ages (type A errors) for the socket
pit deposit samples from the North (446-5, —6, —7 and —13) and East
(446 -3, —11 and —14) sections, 4602 + 96 a (T = 0.4; x§‘0_05 =7.81) and
4443 + 144 a (T = 2.0; y3 05 = 5-99), respectively, indicate that each
form a coherent group (Ward and Wilson, 1978). In the North section
group, the age adopted for sample 446-13 (4685 + 195 a) was calcu-
lated using the reduced set of D, values, as discussed above. Comparison
of the pooled mean age for the socket pit samples and sample 446-2
taken from adjacent deposits within Unit 7 of the East section indicate
that the difference is not significant (T = 2.6; y2 , o5 = 3.84). Its inclusion
moves the pooled mean age (4572 + 120 a; T = 5; 2 o5 = 7.8) for all
the East section sample ages in closer agreement with that for the North
section. Comparison of all the ages for North and East sections indicate
that they also form a coherent group, with a pooled mean age of 4590 +
283 a (T = 5.0; 43 05 = 14.1; type B errors).

The wuncalibrated radiocarbon ages are listed in Table 3,
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OxCal v4 4.4 Bronk Ramsey (2021); r:5 ic data from Reimer et al (2020
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Fig. 6. Bayesian model incorporating OSL and radiocarbon age results.

accompanied by the calibrated ranges obtained using OxCal Ver 4.4.4
(Bronk-Ramsey, 2021), which was also used to construct a simple
chronostratigraphic Bayesian model (Fig. 6). While all but one of the
samples are short-lived, in the case of the oak sample (Beta 657288) an
old wood offset cannot be ruled out as it is not confirmed to originate
from a young branch, and oak is a long-lived species. While there is
uncertainty regarding its original location within the tree, the radio-
carbon age is consistent with the ages obtained for the short-lived
samples. As discussed above, the remaining samples were attributed to
young growth, and consequently without an old wood offset. However,
for all charred samples, there is the additional issue of the time elapsed
between removal from the exchange reservoir and its combustion, either
in a hearth or during a fire, whether anthropogenic or natural. As no
hearth was identified within the limits of the excavation, the cause of
combustion is unknown. The identified grouped charcoals may corre-
spond to a mixture of charcoals of different origins. Although this cannot
be clarified on the basis of archaeological data currently available, ex-
amination of the sample of Pinus charcoal indicates that it is likely to be
the result of a vegetation fire of anthropic or natural origin.

The combined pooled mean OSL date range for North and East sec-
tions (2289-2855 BCE; 1) overlaps (Fig. 6) with the calibrated radio-
carbon ages for the two samples (CNA 4812 and 4813) taken from the
stratigraphically most closely related deposits in Units 7 and 8, which,
when combined, have a pooled mean age range of 2571-2476 BCE (10).
Although appearing visually to be slightly earlier than the latter, a dif-
ference between the radiocarbon ages for UE7/8 and UE10 is not fully
resolved as the model estimates date ranges for the end of the deposition
of UE10 (2818-2464 BCE; 10) and for the start of UE7/8 (2663-2488

BCE; 1o). The radiocarbon age (5470-5327 BCE; 1c) for sample CNA
4815 (Pinus), which was located directly below the base of the monu-
ment, appears to be an outlier when compared with the other radio-
carbon and OSL ages, being substantially older than the other charcoal
samples. This result suggests that the sample is likely to be associated
with the removal of charcoal that was related to earlier fire events in the
area during the construction process. The radiocarbon age is consistent
with the degradation of forest cover in the Northwest area of Iberia
involving the use of fire during the period ca 6000-4000 BCE that had
been identified by Kaal et al. (2011).

7. Discussion

The OSL results obtained indicate that for the majority of samples the
exposure of grains to daylight during setting of the monument was
sufficient to optically reset the fast OSL decay component. The two
samples (446-3 and —14) where the form of the D, distributions were
interpreted to reflect partial optical bleaching before burial were closely
located within the socket fill deposits near its base in the East section.
Although, as discussed above, the OSL dates for these and the other
socket fill deposits form a coherent group, the slightly younger deposi-
tional age for sample 446-14 may flag the potential for the MDM to
underestimate the burial dose. Given the potential for disturbance and
the mixing of deposits, sampling a series of locations from the context(s)
of primary interest — in this case the base of the monolith - enables the
consistency of the age estimates to be tested. Also, the extension of the
full D, distributions to significantly higher values for these two samples
compared with those for samples 446 -2 and —5 located in UE7, for
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example, is indicative of the presence of grains drawn from sediment of
significantly greater depositional age. This may also account for the
presence of the sample of Pinus recovered from the base of the socket
lying below samples 446-3 and —14 in the socket fill deposits that
produced a significantly earlier radiocarbon date.

8. Conclusion

The concordance of the OSL and radiocarbon chronologies is very
encouraging and provides the basis for more detailed work on monu-
ments of this type. The mid-3rd millennium radiocarbon and OSL dates
confirm the original setting during the Copper Age and consequently, on
the basis of the iconography, a later (possibly Early Bronze Age) ‘recy-
cling’ of the monolith including carving of the sword should be
considered. Where permitted excavation allows access to the socket pit
of a standing stone, OSL has the potential to provide reliable dating of
depositional processes related to the construction process, and, together
with other recent work (e.g., Gliganic et al., 2023), contributes to
widening its scope for dating standing and recumbent stone monuments.
In more detailed work, the application of OSL coupled with micromor-
phological analysis would provide a valuable tool for the reconstruction
of site formation processes associated with setting of the statue-menhir
and any subsequent modification of the site, which generally is a po-
tential issue of central importance in the case of standing stone monu-
ments. Aspects such as micromorphological analysis of sediment
structure, the in situ measurement of dose rate and a more detailed
examination of the depositional history associated with the setting of the
statue-menhir await further fieldwork. An account of the archaeological
fieldwork and its interpretation including the application of the dating
results will be published elsewhere (Diaz-Guardamino et al., in
preparation).
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