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Abstract: Landscape multifunctionality is increasingly recognized as an important aspect in sustain-
ability and developmental debates. Yet, how and why a multifunctional landscape configuration
develops over time has not been sufficiently studied. Here we present the geoarchaeological inves-
tigation of the Santa Mariña de Augas Santas site, in northwestern Spain. We focus on the role of
religious practice, and of its interplay with productive strategies, in landscape transformation. A
geochemical, mineralogical, and geochronological characterization of the pedo-sedimentary record
(including XRF, EA-IRMS, XRD, OSL and 14C measurements) allowed to characterize catchment scale
sedimentation processes in relation to agricultural activities. The geographical and chronological
coincidence of production functions with documented religious activities demonstrate that both
aspects shared geographical spaces during the last millennium. Current landscape multifunctionality
at Santa Mariña is thus not the final outcome of a specific evolution, but an essential aspect of
traditional land use strategies through history and a driver of change. This work highlights the need
of a long-term study of the processes of landscape configuration when assessing the sustainability of
traditional productive systems.

Keywords: multifunctionality; landscape change; religion; agriculture; pedo-sedimentary record

1. Introduction

Since its first appearance in scientific literature in the 1980s [1,2], the concept of
landscape multifunctionality has escalated positions in the international developmental
agendas, and is today many times presented as a cornerstone in modern land planning
strategies for sustainability [3–5]. Multifunctional landscapes have been identified and
studied in rural settings, frequently in relation to traditional agricultural activities [6]. This
is probably the reason why the concept of landscape multifunctionality has been used
arbitrarily for both characterizing the diversity of agriculture-related land uses in a territory
and for describing the landscape itself [7]. The latter view includes agricultural production
as just one of several landscape functions, and is the view adopted in this work: here we
consider multifunctionality as an emergent property [8] that consists in the capacity of a
territory for serving to more than one of the four landscape functions: provision, regulation,
habitat, and cultural [9–11].

While the provision function has been widely studied, and its interlinks with the
regulation and habitat functions thoroughly assessed [12–14], the contribution of cultural,
non-commodity aspects to landscape configuration has not received the same attention. As
an important facet of the landscape cultural function, rituals and religious practice have
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been, and are still today, key drivers of land management [15–17], both as a spontaneous
expression of society’s spiritual concerns and used in an instrumental way by elites and
powers. However, little work has been done on the assessment of the repercussions of
religious practice in landscape evolution, and on the long term landscape configuration
legacies brought by the interactions between religion and provision functions. Thus, an
essential part of the factors and processes through which multifunctionality is adopted
as a land use strategy has not been fully studied. This impedes a complete understand-
ing of multifunctionality itself, and limits the possibilities of success of developmental
interventions towards its implementation in modern settings.

Here we address these aspects through the study of the area of Santa Mariña de
Augas Santas (hereinafter, Santa Mariña), located in Galicia (NW Spain). There, a series
of Christian worship spaces, which have been identified with different phases of the
martyrdom of Mariña [18,19], coexist with agricultural and forestry activities. Three out
of the four ecosystem functions outlined in the Millennium Ecosystem Assessment [20]:
the supporting, provisioning and cultural functions are unequivocally represented in
today’s Santa Mariña, which consequently qualifies as a multifunctional landscape. We
hypothesize that the present multifunctional configuration has its origins in the spread
and consolidation of Christianity and its socio-economic and political structures after the
Roman Period, which acted on and modified productive strategies rooted in previous
cultures. Its diachronic investigation and, in particular, the long term interlinks between
religious and subsistence practices and their effects in landscape evolution are therefore
required for understanding present landscape features [21,22].

In order to appraise this interplay and to assess the contribution of the different factors
and processes, here we address the geoarchaeological characterization of one of the more
important worship spaces of Santa Mariña, through the combination of the geochemical
study of the pedo-sedimentary record with already available historical, archaeological, and
documentary information. This kind of approach has been successfully used to characterize
landscape configuration processes and land use change in anthropically modified environ-
ments [23–26], by taking advantage of the capacity of soils and sedimentary sequences for
storing the signals of human activities [27].

This diachronic site-scale study of the development of multifunctionality is not in-
tended to provide a detailed reconstruction of landscape evolution of the Santa Mariña
area. It instead aims to deliver data on its history and the factors that contributed to its mul-
tifunctional configuration. In addition, this work has the more ambitious goal of providing
knowledge that can contribute to understanding the processes that shaped multifunctional
landscapes elsewhere. The specific objectives are: (i) appraising the transformations of
the Forno da Santa enclave through time, (ii) linking this evolution with the history of
the religious buildings at this site, and (iii) getting insight on the processes that led to the
current multifunctional configuration, with particular attention to the consolidation of the
Christianism in NW Spain.

2. Materials and Methods
2.1. Characteristics of the Site and Previous Research

The study site is located in Armeá which is a small village of the Santa Mariña de
Augas Santas parish, in Galicia, NW Spain (Figure 1a,b). Legend has it that, around the
2nd century AD, a teenager called Mariña was asked to renounce her Christian faith
and accept the proposals of a Roman governor. She refused and, for that reason, she
was tortured and killed. Her martyrdom has then been materialized by the construction
of different heritage elements in specific spaces [28]. It outstands among these places
the Forno da Santa, an Iron Age sauna reinterpreted as the crematory oven were Santa
Mariña was supposed to have been burnt to death, should the intervention of Saint Peter
would not have saved her, which was later transformed in basilica, the Basilica de la
Ascensión (Figure 1b). Another relevant location is the place where the Saint was finally
killed, next to the current big Romanesque parish church. There, sacred water is said to
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have sprung from the three exact places where the head of Mariña touched the ground
when she was beheaded—this explains the name “Augas Santas” (Holy Waters). Water
continues to flow today and there are thousands of believers who come to drink and wash
in these miraculous waters, to which healing powers are attributed as acknowledged in
documentary sources. Local accounts of Mariña’s martyrdom have been attested since the
16th century [29] (pp. 384–385) and are preserved by the local community by word of mouth
(see examples of oral testimonies in the video-documentary “Lume na Auga” available at
http://santamarinadeaugassantas.com/, accessed on 1 August 2021). The legend of Santa
Mariña and related historical, social and ethnographical importance has been long a matter
of interest among researchers [30–35]. The myth itself has been addressed by historical
research and through the study of documentary sources [18,36,37].
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(data from the Spanish system of land use observation—SIOSE 2014—and published online by Xunta de Galicia: http:
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This work’s specific sampling location is the thalweg where the Forno da Santa—
Basílica de la Ascensión—sits (Figure 2). It is surrounded by gentle slopes that are today
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http://santamarinadeaugassantas.com/
http://mapas.xunta.gal/visores/ocupaciondosolo/
http://mapas.xunta.gal/visores/ocupaciondosolo/


Land 2021, 10, 992 4 of 25

terraced and which have been historically under agricultural or forest use, although some
of them have not been exploited in the last decades and are nowadays under secondary
deciduous forest vegetation. The lithology of the area is granitic, and current climate is
mild and humid (Csb in Koppen classification), with an annual temperature of 13.1 ◦C and
a mean accumulated rainfall of 1063 mm per year, of which the largest part falls in winter.
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The transformations of the buildings that relate to the martyrdom and posterior
worship have been investigated through archaeological methods. Of special interest for
this work are the stratigraphic studies of the walls of the crypt and the Basílica de la
Ascensión [19], the study of a singular group of over 100 medieval votive jars [38], and
the archaeometric characterization and OSL dating of mortars [39], which attested the
transformation and reuse of architecture through time and its relationship to the spread of
the myth of Santa Mariña. In addition, dwelling structures from the 1st century AD have
been identified and excavated in two sites nearby Santa Mariña in recent years [40–42].

2.2. Sampling and Sample Pretreatment

Three sediment cores were taken in duplicate at three points of the terrace in which
the Basilica is located (SM3, SM4, and SM5, Figure 1d). They were chosen for allowing the
characterization of the processes leading to the infilling of the thalweg in relation to the
history of construction and reform of the religious buildings. The cores were collected in
black polyethylene tubes using a ROLATEC ML-76A (Figure 1c). The depth of the cores
was determined by the presence of hard rock or the aquitard.

The cores were opened in the laboratory under red light, for preserving the samples
from receiving daylight. After the visual inspection and macromorphological characteriza-
tion description of the cores, SM3 was chosen for further geochemical analysis, as it showed
the largest potential for providing paleoenvironmental information at sufficient resolution.

The SM3 core spans from current soil surface to the contact with hard rock at 125 cm of
depth (Figure 2). Below 100 cm of depth, the core shows signals of periodic waterlogging
and has a coarser texture than the samples above 100 cm. The upper part of the sequence
(0–100 cm) shows morphologies consistent with a more advanced pedogenesis, with finer
texture and more developed aggregation and structure.

The core was sliced into 26 samples of 5 cm or thinner, respecting the observed
morphological and pedogenetic discontinuities. The samples were air-dried and sieved
through a mesh of 2 mm for separating the fine earth fraction, thus removing gravel and
large vegetal remains. Although small fragments of charcoal were observed during the
visual inspection of the core, in particular in its deepest section, their mechanical separation
was not possible because they were highly degraded and brittle, and only a few millimetric
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fragments were picked manually. An aliquot of each sample was finely ground (<50 µm)
for their multiproxy geochemical analysis.

2.3. Geochemical Characterization

Soil acidity was measured in an aqueous suspension of sediment [43] and in a 1M KCl
solution [44]. The content of C and N and the relative abundance of their stable isotopes
(13C and 15N) were measured using a FlashEA2000 HT CHNS-O (ThermoFisher Scientific)
coupled to a Deltav Advantage mass spectrometer. The total C is considered equivalent
to organic C due the non-calcareous nature of the local lithology. The abundance of 13C
and 15N are expressed as δ13C and δ15N, in relation to the abundance of 13C of the Pee Dee
Belemnite fossil and of 15N in atmospheric air, respectively.

The concentration of major, minor, and trace elements was measured in the milled
samples by energy dispersion X-ray fluorescence, and the mineralogical composition was
characterized by crystalline powder X-ray diffraction, both at the RIAIDT facilities of the
University of Santiago de Compostela. The crystalline phases were identified using the
HighScore Plus V3.0d software.

2.4. Chronological Framework
2.4.1. Optically Stimulated Luminescence (OSL) Dating

Five samples were taken from the core under subdued red light in the luminescence
lab of the University of Coruña. Coarse quartz grains (180–250 µm) were obtained from the
samples through the procedures described in Viveen et al. [45]. The obtained quartz grains
were investigated with infrared (IR) stimulation to ensure that feldspars were absent and
multi-grain quartz aliquots measured by OSL in a Risø DA-15 TL/OSL reader, equipped
with blue light-emitting diodes (LEDs).

Multi-grain quartz aliquots of 1 mm diameter containing ca. 50 grains [46] were
mounted and measured in an automated Risø DA-15 TL/OSL reader, equipped with
blue light-emitting diodes (LEDs). OSL signals were recorded with a coupled 9235QA
photomultiplier tube (PMT) using an optical 6 mm-thick Hoya U-340 filter placed between
the aliquots and the PMT. To irradiate the samples, beta doses were used, using a 90Sr/90Y
source which provided a dose rate of 0.120 ± 0.003 Gy s−1.

To estimate the equivalent doses (De), the blue-OSL (BL-OSL) single-aliquot regenera-
tive dose (SAR) protocol was used [47,48]. In spite of the reduced sample size, we have
obtained a high number of accepted aliquots (around 30), except for the sample at 17.5 cm.
Aliquots were stimulated for 40 s at 125 ◦C, using the first 0.4 s to measure OSL and the last
4 s for background subtraction. Previously, preheat tests (from 180 ◦C to 280 ◦C) were con-
ducted. Dose recovery tests were also performed for all samples on bleached aliquots [48]
after irradiation with beta doses similar to the assessed De. Thermal transfer tests [49] were
also performed for all samples and showed no transfer of charge. Quartz grains showed
bright signals with a high signal/background ratio and good signal regeneration by beta
irradiation. This is probably correlated with the very high dose rates. The dispersion
of the De had a normal non-skewed statistical distribution with low overdispersion of
the mean of the Central Age Model (8.3–17.4%) for all samples but the one at 17.5 cm
depth (Table 1). Recovery dose test provided recovery ratios between 0.9 and 0.1 with very
low overdispersion values (<5%). This resulted in a bright and fast quartz signals which,
together with the De distribution of aliquots indicates no evidence of partial bleaching or
of other biases in these samples [50]. The sample at 17.5 cm of depth shows, in contrast, a
skewed distribution and an overdispersion value of 62.13%. For this sample, the Minimum
Age Model was used to get the OSL age [51]. The good quality of the OSL results is further
supported by the stratigraphic consistency of the obtained ages [51].



Land 2021, 10, 992 6 of 25

Table 1. Results of the OSL (upper part of the table) and 14C (lower part) dating methods. For the samples dated by OSL, radioisotope content (U, Th, and K), estimated dose rate (Dr) and
equivalent dose (De), overdispersion values (Ods), aliquots measured (N), and calculated ages are provided. For 14C dating, it is given: the conventional 14C age (and error), the F14C value
(and error), the calibration probability ranges, the relative area for each interval, and the age calculated by the age–depth model.

Sample Method Depth (cm) U
(mg kg−1)

Th
(mg kg−1)

K
(%)

Dr
(mGy a−1) N Ods (%) De

(Gy) Age (y) Age AD

SM3-01 OSL 120.5 7.94 ± 0.16 10.60 ± 0.21 5.06 ± 0.05 7.17 ± 0.23 31 8 ± 3 6.18 ± 0.23 861 ± 43 1152 ± 13
SM3-06 OSL 102.5 7.75 ± 0.16 11.95 ± 0.24 4.98 ± 0.05 7.10 ± 0.23 30 9 ± 3 5.55 ± 0.22 781 ± 40 1233 ± 10
SM3-17 OSL 47.5 6.07 ± 0.12 10.8 ± 0.22 4.81 ± 0.05 7.48 ± 0.24 30 13 ± 4 4.26 ± 0.19 570 ± 32 1444 ± 32
SM3-20 OSL 32.5 6.86 ± 0.13 11.20 ± 0.22 4.81 ± 0.05 8.04 ± 0.23 29 17 ± 4 3.00 ± 0.15 374 ± 22 1640 ± 22
SM3-23 OSL 17.5 11.2 ± 0.22 15.85 ± 0.33 4.65 ± 0.05 9.02 ± 0.23 20 62 ± 13 0.46 ± 0.08 51 ± 9 1963 ± 9

Sample
(Lab Code) Method Depth (cm) 14C ± F14C ± Calibration range (2σ) Relative

area
Cal Age
(AD/BC)

SM3-07
(Beta-

376756)

14C-AMS 97.5 830 30 0.902 0.003 Cal AD 1165 to 1265 (Cal BP 785 to 685) 1.00 1192
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We assumed secular equilibrium in the U and Th decay chains, so we used the con-
version factors of Guerin et al. [52]. The alpha dose was ignored, and the beta dose
corrected [53]. The cosmic dose rates were calculated according to Prescott and Hutton [54].
The content in K, U, and Th in bulk samples was analyzed by X-ray Fluorescence Spec-
troscopy and Mass Spectrometry with Inductive Coupling Plasma (ICP-MS). The high
radioisotope activity concentration observed in all the samples is frequent in granite rocks
of the NW of the Iberian Peninsula [55] where values of U and Th are high when compared
to the average values considered for these rocks [56,57], resulting in high rates of terrestrial
gamma radiation [58]. Similar dose rates have been observed in samples dated by OSL for
sediments of the same area in previous studies [39,59]. In that sediments, no disequilibrium
was observed, despite some of them corresponded to fluvial samples, and radioisotope
contents are close to the same of granites of the area. The samples studied in this work are
siliciclastic and of local origin, and provided a similar radioisotope content than the granite
source rocks [39].

The water content and water saturation of the samples were assessed in the laboratory.
The average water content was estimated considering these values and the depth of the
samples in the core.

The results of the OSL dating are provided in Table 1 and details on the analytical
parameters in Figure S1.

2.4.2. 14C Dating

The 14C content of charcoals of millimetric size manually separated from the sample at
95–100 cm of depth 100 was measured. The pre-treatment consisted in washing the sample
with hydrochloric acid previous to graphitization and analysis by AMS. The obtained 14C
content was calibrated using the IntCal20 curve [60]. Following the recommendations on
reporting of 14C activity levels from Reimer et al. [61], conventional 14C ages, F14C values,
calibrated age ranges, and probabilities for each range are given in Table 1.

2.5. Data Handling

The statistical analyses were carried out using the SPSS20 software package. The Pear-
son’s correlation coefficient (r) was used to measure the linear association between variables.
Scatter plots were examined for evidence of non-linear associations, heteroscedasticity and
non-homogeneous groups.

The geochemical data were transformed to z scores before their statistical analysis, in
order to provide average centering and avoid scale effects. A principal component analysis
(PCAGEO) was carried out of the transformed data matrix with the aim of reducing the
dimensionality of the dataset and summarizing the variability in a few components [62].
A Varimax rotation was used, in order to maximize the loadings of the variables on the
extracted components. The PCs with an eigenvalue > 1 were retained and variable loadings
higher of 0.5 or lower than −0.5 are considered relevant for each PC [63].

A second PCA with Varimax rotation was performed on the transposed data matrix
(samples in columns and variables in rows) of X-ray diffraction results (PCAXRD). The
fractionation of communalities in the PCAXRD summarizes the mineralogical assemblages
in each sample, and allows for the comparison of samples in terms of how much (in
percentage) they are affected by each one of the components.

The chronological framework was built through the calculation of an age–depth
model using Clam [64], including all the five OSL and one 14C date, and assigning to
the top of the core the date of sampling. The best fit of the model was obtained with
linear interpolation. From the depth variation of geochemical composition, two possible
changes of sedimentological regime have been inferred, one at 100 cm and other at 30 cm
of depth, which could indicate regressive site formation events (erosion of previously
deposited materials) and consequent chronological hiatuses. At 100 cm, however, since
the post quem and ante quem dates for the discontinuity are statistically equal (Table 1), it is
considered that there is no chronological hiatus, and the geochemical change at this depth
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is attributed to the seasonal hydromorphic conditions that affect the bottom part of the core.
In contrast, the change in the overall composition of the core at 30 cm cannot be attributed
to hydrological conditions, and is thus interpreted as a sedimentological hiatus. This has
been included as a parameter for the calculation of the age–depth model.

The results from both PCA (scores of PCAGEO and loadings of PCAXRD) were used as
entry variables of an unsupervised hierarchical Cluster Analysis (CA), in order to group the
samples according to their geochemical composition, with no pre-defined class assignments
and without including any chronological data. The calculations were done using the Ward
method with square Euclidean distances. The resultant grouping was then put into relation
with the results of the age–depth model for dividing the sequence in chronological periods
and for calculating the average sediment accumulation rates (cm y−1) for each period.

3. Results and Discussion
3.1. Factors of Formation of the Sedimentary Record

The database of raw geochemical results is given in Table S1. Briefly, the core shows
acid pH (pHw = 5.0–6.1) that increase with depth, and pHk lower than pHw values. The
amount of C decreases with depth from 94 g kg−1 in the surface of the soil to 6.1 gr
kg−1 at 60 cm and then increases slightly to keep fairly constant values (8.1 g kg−1 ± 1.1)
until the bottom of the sequence. The amount of N is highly correlated with C content
(r = 0.99, p < 0.001) and varies between 0.6–9.0 g kg−1. From these numbers, the C/N
ratio is low in the entire sequence (8.7–14.5) and shows a general trend to increase with
depth. The abundance of δ13C varies between -28.2‰ and -26.0‰, following C content
(r = 0.99, p < 0.001). The δ15N values vary in the range 6.8–8.4‰ and show a general trend
to decrease with depth (r = 0.84, p < 0.001).

The elemental composition of the core reflects its granitic lithology (Table S1), being
Si the most abundant element (22.7–32.8%), followed by Al (8.1–12.7%) and Fe (1.5–3.8%).
Relevant amounts of P are detected in the bottom part of the soil (2.4 g kg−1 at 110 cm),
and of S in the upper part (0.8–2.3 g kg−1 in the upper 25 cm). The S contents covariate
with C abundance (r = 0.96, p < 0.001).

The PCA of geochemical results (PCGEO) has extracted four principal components
(PC) which explain 84.7% of the total variance (see Table S2 for more details). The first
and second principal components (PC1GEO and 2) account for organic matter dynamics.
PC1GEO (35.8% of the variance) is linked to the abundance of organic matter and its related
elements: C, N, Br, S, Zn and Ti have positive loadings in PC1GEO, while δ13C, K, and Sr
abundances and pHw have negative loadings. The scores of PC1GEO decrease with depth
from highly positive values at the top of the sequence to negative values at 40 cm, and
then increase gradually until the bottom of the core, where scores are near zero (Table S2).
Thus, PC1GEO is interpreted as the SOM content and the general decomposition trend with
time. The decreasing with depth sample scores result from high organic matter amounts
due to recent vegetation contributions in the top of the core, and progressively lower SOM
amounts at greater depths. The 13C abundance, which has a strongly negative loading in
PC1 GEO, is in the range of the values obtained for soils developed under C3 vegetation as
reported in the literature [65].

The PC2GEO (26.8% of the variance) is related, with positive loadings, to Al, Pb, and
d15N, while Mn, Fe, CN, and P have negative loadings. The sample scores of PC2GEO
are positive and increase with depth from 0 to 70 cm, where they drop to negative values
that remain to the bottom of the core. From these results, the PC2GEO is interpreted as the
degree of humification of OM and its associated soil chemistry, and reflects the effect of
the different degradation paths depending on the hydromorphic environment and on the
intensity of soil use. The—at least periodic—reducing conditions due to hydric saturation
seems to be partially responsible for the geochemical properties in the lower part of the
core (90–125 cm), where sample scores of PC2GEO are negative. This part of the sequence
shows variable amounts of Fe and Mn, reflecting redox processes, and the highest C/N
ratios of the soil. The high amounts of P observed in this part of the core are likely due
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to modern contributions from groundwater, since phosphate, which is highly soluble in
acid environments, is frequently used as a fertility amendment in agricultural plots of the
area. In turn, the upper part of the soil (from 0 to 70 cm) displays a geochemical signal that
points to a more humified OM. This is expressed as lower CN ratios than in the lower part
of the sequence, as well as in the higher amounts of Al which, in acid soil environments is
normally forming complexes with humic substances. The abundance of 15N is also high in
this part of the soil, which points to an intensified soil use [66] and suggests the addition of
livestock manures [24,67,68].

In turn, PC3GEO (12.7% of the variance) and PC4GEO (9.4% of the variance) reflect
the composition of the inorganic material, and together can be considered as indicators
of landscape stability. The PC3GEO has positive loadings for Y, Ga, Th and Zr. In soils
developed on granites, these elements tend to be enriched in the soil silt and clay fractions
compared to the parent material [69,70]. Calcium, in contrast, which in acid soils is
normally linked to organic compounds and/or primary minerals, has a negative loading
in PC3GEO. Thus, this component is a proxy for particle size and for the abundance of
primary vs secondary minerals, i.e., for pedogenesis. The scores in PC3GEO are highly
positive in the samples at 5–30 cm and in samples at 70–80 cm. It however displays an
overall irregular pattern, showing periods of increased pedogenesis alternating with others
in which primary materials are proportionally more abundant.

On the other hand, PC4GEO has positive loadings for Si and negative for Ca and Rb. It
is interpreted as a proxy for the different composition of the granitic parent material in the
sediment source areas, which have a variable abundance of K feldspars and plagioclase [71,72].
The scores in PC4GEO increase from negative values in the soil surface to the highest positive
scores in samples at 15–35 cm, and drop to negative scores, the lowest of the sequence,
between 35 and 60 cm. From 60 cm to downwards, the scores increase again following a
saw pattern until the bottom of the core (Table S2) accounting for different source areas of
the sedimentary materials in different moments.

This variability in the inorganic fraction is also reflected in the mineralogical com-
position of the core. The results of the X-Ray diffraction analysis are consistent with a
granitic mineralogy, with quartz, K-feldspars, and plagioclase identified in all the samples
with different relative abundances (data available in Table S3). The main variations in
mineralogical variability are summarized by the results of the PCAXRD, which extracts
two components that explain 92.8% of the variance (Table S3). The samples at 25–65 cm,
75–90 cm, 95–115 cm, and 120–125 cm have high positive loadings in PC1XRD, which relates
to a larger content of quartz and feldspar. The diffractograms of these samples show a very
low baseline, suggesting a high crystallinity, indicative of higher abundance of primary
minerals. In contrast, the samples at 0–25 cm, 65–75 cm, 90–95, and 115–120 cm have high
positive loadings in PC2XRD, thus showing comparatively higher amounts of amorphous
or lowly crystalline compounds and micas and comparatively less feldspar and quartz.

Combining the results on geochemical and mineralogical composition, the hierarchi-
cal cluster analysis (CA) separated the core into three main units (see dendrogram and
groups assignment in Table S4). By comparing these sample clusters with the age–depth
model, three chronological periods can be defined. The bottom unit (70–125 cm, cluster 1),
corresponds broadly to the period 1150–1320 AD. This unit can be further split into two
subgroups: one from the bottom of the sequence at 125 cm to 100 cm of depth, with more
Fe, Mn and other trace metals and a less humified organic matter (as per the C/N ratio),
and other including the samples at 95 to 70 cm of depth, with a comparatively higher
pedogenetic development. A second unit (cluster 2, corresponding to mid-14th to late 17th
century) is defined between 30 and 70 cm, and is characterized by a lower amount of highly
humified organic matter, and by a relatively high proportion of primary minerals. This
second unit can be also be subdivided as two groups: from 55 to 70 and from 30 to 55 cm,
which show differences in the content of Si, Ca and Rb that suggest a different sediment
source area. The uppermost unit (cluster 1, representing the 20th century) includes the
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samples from 0 to 30 cm. Within this group, the two samples at 0–5 cm and at 5–10 cm are
geochemically different from the samples at 10–30 cm, and cluster independently.

3.2. Phases of Creation of the Santa Mariña Landscape

The myth of Santa Mariña is assumed to have probably been introduced in the 5th cen-
tury by Hydatius, a local Christian leader born in the nearby ancient Forum Limicorum [73].
Hydatius reinterpreted a pagan Iron Age sauna into the cremation oven—the Forno da
Santa (the “Saint’s Oven”)—in which Mariña should have been burnt, and made it one of
the key elements of the Santa Mariña martyrdom and a place of worship. The transforma-
tion of the Forno da Santa into a small Christian chapel in the Early Middle Ages, dated in
545 ± 40 through OSL [74], is interpreted as the consolidation and institutionalization of
this narrative [73].

This 6th century date is consistent with the chronology of the origins of the tradi-
tional Galician landscape as revealed by previous investigations in the region, and it is
better understood in the framework of the change brought about by the implantation
of Christianity as a unique religious form in Western societies from Roman times. This
has arguably constituted a paramount factor in landscape change at a continental scale,
beginning in the city of Rome [75] and extended to other cities of the Empire [76,77] and
to the countryside [78–81], following the spread of Christianity [82]. In NW Spain, this
process is reflected on what has been called a “Christian geography” [83,84] in which the
territory has been subjected to a process symbolic appropriation of land for its conversion
into a Christian landscape. This is evident in toponyms, with some mountains named after
saints, and each parish recognized by a topographical feature or a landmark together with
the name its patron saint [85], with a particularly high frequency in NW Spain —a map of
the places in Europe with the words “Saint” or “Holy” in their names can be found in [86].

This appropriation has had a tangible dimension too, by selectively modifying or pre-
serving pre-existent land uses, and with a direct reflection in landscape patterns and even in
topography. The beginning of this process has been set, through archaeological research, in
the Late Antiquity—Early Middle Ages [23,87–89]. Reasons for these transformations have
probably to be traced back to climate and productive factors [23,24], including enhanced
soil erosion and a lower agricultural productivity that resulted from the Cold Medieval
Period climate conditions [90–92]. Furthermore, some authors hypothesize about the use
of these agricultural infrastructure interventions, in particular terraces construction or
refurbishment, for intentionally “attaching the rural population to the land, to facilitate
the development of feudalism, and the productive apparatus which later enables the Ro-
manesque” [93]. Indeed, the specific geographical implementation of these interventions
followed the requirements of the Christian expansion in the region [94]. This early phase,
however, is not reflected in SM3 record, for which its oldest date is ca. 1100 AD.

3.2.1. 12th to Early 14th Centuries

The climate in this period is determined by the Medieval Climate Anomaly (MCA),
which produced temperatures up to 3.5 ◦C higher than the 1960–1990 average [95], and has
its highest expression between 1100 and 1300 AD. The MCA is, in addition, characterized
by an increase in precipitations and high primary productivity [96].

In the first phase of this period as reflected by SM3 pedo-sedimentary sequence (ca.
1100 to ca. 1200 AD) the sediment accumulation at Santa Mariña is very fast (0.48 cm y−1

on average, Figure 3). The processes of sediment deposition may be diverse and depend
on multiple factors (including climate, lithology, topography, vegetation cover, impacts of
anthropogenic activities) and, consequently, the rates of colluvial sediment accumulation
produced by different processes can vary too. We, however, interpret that these high rates
of sediment accumulation are a consequence of anthropogenic modifications of topography
(i.e., terracing). This interpretation is first based on the comparison with the accumulation
rates reported for other colluvial sequences in Galicia having similar lithology and analo-
gous topography, which show much slower accretion, ranging 0.025–0.07 cm y−1, for a col-
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luvial soil formed by granite sediments that spans the last 11 ky [97] and 0.03–0.05 cm y−1

in a Roman Ages paleosoil developed on amphibolite colluvium [24]. In contrast, rates
of sediment accumulation comparable to the values found at this phase of Santa Mariña
history (0.2–0.6 cm y−1) have been reported for terraced soils [24].
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A second line of evidence for this interpretation is provided by the fact that the thalweg
had originally, before any modification of topography, a natural slope (Figure 2). Thus, any
high-energy erosion event capable to quickly mobilize large amounts of sediments from
the adjacent slopes would necessarily also produce erosion in the thalweg, unless sediment
flushing out is actively avoided. In fact, the bottom of the sampled sequence, dated at the
beginning of 12th century, is assumed to be sitting directly on top of the granitic rock, thus
demonstrating that erosion, rather than sedimentation was the dominant process in the
area before that moment, and that the net accumulation of sediment started only when
topography was corrected. The heterogeneous particle size of the mineral fraction of these
samples provides further support to this interpretation, as it seems to discard water as
sedimentation agent, as well as the irregular variation of the geochemical composition of
the samples shown by PC3GEO and PC4GEO.

The reasons for a modification of topography could have been diverse: for example,
widespread deforestation together with high rainfall could have made convenient the
adoption of soil conservation measures and/or strategies for protecting downstream built
structures from erosion as seen in [25]. Previous research on vegetation change at a regional
scale shows that deforestation at this time is generalized [98,99] as a result of the territorial
expansion of agricultural activities, also seen in other parts of Spain [100–103]. In the
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case of Galicia, deforestation seems to have been largely related to the newly introduced
technologies of soil fertilization. These are based on the addition of shrub collected in the
highlands to the intensively cultivated lowlands [24]. The amount of shrub required is,
according to estimates by Balboa López [104], as high as 8–16 metric tons per hectare of
cultivated land per year, which illustrates the importance of the uncultivated highlands
(monte) for agricultural productivity. For ensuring a reliable supply, enough for an effective
fertility amendment, the extension of monte needed is three times the extension of the
farmed lands [105]. This is consistent with the strong increase in shrubs pollen (Ulex
and Calluna spp.) observed for this period in the paleo vegetation record throughout the
region [98,99] and illustrates the large impact on environment derived from agricultural
activities at this moment.

In the samples of the SM3 core corresponding to this phase, there is also a relatively
high abundance of charcoal, which suggests the use of fire as a landscape management
tool for simultaneously maintaining the fertility of the highland soils and regenerating
the shrubland [97,106], by taking advantage of the pyrophytic nature of Ulex spp. The
geochemical signal of SM3 core shows in fact evidence of agricultural use in this period
(positive scores in PC2GEO, Figure 4). In particular, it displays an increase of δ15N in the
upper part of this group of samples that suggests the use of animal manures. This is in
agreement with other investigations that have dated the earliest evidence of intentional
addition of animal manures as fertilizer in this region around the 11th century [24]. These
would have been applied as estrume, a mixture of cattle dungs with Ulex shrubs collected
in the areas of extensive management.

However, the terrace may also have been built for purposes different from agriculture.
One possible option is that topography was modified in relation to a major refurbishment
of the chapel, which consisted in the construction of a semi-circular barrel vault on the
antechamber, around the 12–13th century [19]. This reform is best understood in the
framework of an intentional refueling of the cult of Santa Mariña, including also the
compilation of the miracles of her martyrdom, when the area became part of the territory of
the Ourense Cathedral after mid-12th century. This renovated interest is also demonstrated
by the construction in late 12th to early 13th century of the church of Santa Mariña de
Augas Santas [107], of Romanesque style, which is located 650 m away from the Basilica, up
in the hill. The surface resulting from this reform could have then been used for agricultural
production, which would explain the geochemical signal of these samples.

The role of religious practice and ecclesiastical structures in shaping specific past and
contemporary production systems has been acknowledged in a number of
studies [15–17,107,108]. In Galicia, previous works have provided evidence for the con-
struction of agricultural terraces linked to the Church activity [23,109,110]. The landscape
reorganization during this period—including the construction and modification of agrarian
terraces—and the related territorial articulation cannot be explained simply by either a
centralized power (monarchy) or peasant activity, but seem to imply a level of intermediate
authority [94], as seen also in other locations of the N and NW Iberian Peninsula [111].
Thus, this landscape transformation has to be read as a further phase in the process of
Christianization of the territory started centuries earlier [83] under the broader framework
of the development of the socioeconomic and political structures of feudalism, and that
has analogues in other regions of Europe [112–115].

Importantly for the evolution of Santa Mariña, whether the terrace was constructed
for agricultural or religious aims, the chronological coincidence of both facts provides
evidence that religious and productive uses shared the same space, thus revealing an early
multifunctional configuration of the site.
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The second phase of this period (1200–1340 AD) is geochemically different from the
first one, showing a compositional discontinuity at 100 cm of depth that could be read as
a change in the sedimentological regime involving an erosive event. However, the dates
obtained for the sample at the top of the previous phase and the one at the bottom of the
second phase are statistically equal. Thus, there is no chronological hiatus at this depth
(Figure 3), and we interpret the compositional differences between the two phases as a
consequence of the hydromorphic conditions that periodically affect the bottom part of the
sequence (below 100 cm). Consistently, the differences in composition are most noticeable
for the elements susceptible to suffer redox processes, as well as in the properties that
reflect the degree of decomposition of organic matter, as reflected in PC2. Additional
evidence is provided by the vertical variation of the BrC molar ratio (Table S1). The ratio
between Br and C reflects the degree of halogenation of the soil humic substances [116],
a process that happens to be linked to SOM decomposition in aerobic soil environments
and reflects the age of the SOM in acidic soils. Under anaerobic conditions, on the contrary,
the decomposition of the organic matter is slower, thus producing C accumulation and
dehalogenation of previously halogenated compounds is favored over halogenation [117],
resulting in lower BrC ratios than expected for the soil age [116]. In agreement with this,
the depth profile of BrC ratio shows lower values at the bottom of the sequence, where
morphological evidence of hydromorphic conditions was found.

In addition, this second phase shows a lower expression of some of the markers
of agricultural activity, compared to the previous one. In particular, δ15N values are
lower and fairly invariant through time. The sedimentary material corresponding to this
phase has a finer and more homogeneous particle size, which also agrees with the higher
proportion of non-crystalline fraction and lower of primary crystalline found by X-ray
diffraction analyses.

Although lower than in the previous phase, the sediment accumulation in this period
is also fast (0.20 cm y−1, see also Figure 3). Chronologically, the deposition of this part of the
core coincides with a second reform of the building, which results in its current appearance,
by converting the previous chapel and Forno in a buried crypt, and constructing the much
more monumental Basilica at the top of it (although the Basilica was never finished), which
doubled the dimensions of the previous chapel in width and length. A singular group
of more than 100 small votive earthenware jars found in the outlet canal of the primitive
sauna has also been dated in this period [38]. The construction of a staircase for accessing
the now underground structures indicates that the new building welcomes and aims to
keep the old tradition alive. From the stratigraphic and typomorphological study of the
arches and vaults and of the few decorations available [74], and the OSL dating of the
mortars sampled in the walls of the Basilica [39], this reform was dated in the 13th–14th
centuries. This chronology coincides with the estimates of other authors from the study of
documentary and historical sources [107,118], that report a renovated momentum in the
cult of Santa Mariña.

While we acknowledge that coincidence and correlation do not imply causal rela-
tionships, we interpret from the combination of all these data that a topographical trans-
formation of the land surrounding the Basilica was carried out simultaneously and/or
linked to the building reform. The fast accumulation of sediment in this phase would thus
be anthropogenic, and would provide further evidence of the landscape transformation
capacity of religious phenomena. It is however necessary to stress at this point that, albeit
the core has a good resolution for this phase, the accuracy of the chronological model may
be not optimal due to the lack of dates for in between samples for this phase. The dates
provided have thus to be taken as estimates. In order to produce a refined conclusion
in this regard, it is necessary to complement the chronological model and calculate the
sediment accumulation rate with higher accuracy.
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3.2.2. Mid-14th to Mid-17th Centuries AD

The average rate of sediment accumulation in this period is 0.13 cm y−1, although it is
not homogeneous throughout the timespan. In the first phase of this period, corresponding
broadly to the 14th century, the sediment accumulation rate is comparable to the rates of
the previous period (0.20 cm y−1). In contrast, the geochemical signal indicates a higher
pedogenesis degree than in the previous phases (with high PC2, Figure 4), a trend that will
continue in subsequent periods. These samples show lower organic matter contents (lower
PC1 scores), and more humified (higher PC2 scores), with higher Al contents and δ15N
values that increase over time, all of which are signs of an intensification of agricultural
activity. The sediment layer corresponding to this phase has, however, just 15 cm thickness,
which suggests a minor topographic intervention, for slope correction or for flattening
the surface.

From the 15th century until the first half of the 17th century, i.e., in the second phase
of this period, the sediment accumulation rate drops considerably to 0.08 cm y−1, value
comparable to the sedimentation rates found in other areas of Galicia subjected to natural
colluvial processes. The age–depth model is, in this part of the core anchored by the sample
at 30–35 cm depth which shows a complete bleaching of the pre-depositional OSL signal.
This suggests that the sediments were probably subjected to laminar-flow transport, which
typically happens in low-grade slopes [119]. We thus interpret this layer as the result of
colluviation in an already terraced topography.

The sediment input to the site could have been enhanced by the climate deterioration
corresponding to the end of the Medieval Climate Anomaly and the onset of the Little Ice
Age (LIA, Figure 4) from 1400 AD [90]. The LIA brought low temperatures —1 to 2 ◦C lower
than the average for the period 1960–1990 [95] at a hemispheric scale, accompanied by a
larger climate variability [120]— which undermined agricultural production and produced
“a long-term, continent-wide agricultural crisis” [121]. Although the geochemical signals
of agricultural activity—also attested by documentary sources [118]—and pedogenesis
remain during this period, their intensity is certainly lower than in the previous phase.
The proxies for fertilization, in particular the δ15N ratio, show a progressive decline in this
period, which could indicate a change in agricultural management, from the use of 15N rich
fertilizers in the previous period—such as the traditional estrume—towards other kinds
of soil fertility management which could include, for example, crop rotations or fallow,
therefore a less intensive soil use.

Several small refurbishments of the religious buildings had place during this pe-
riod [19,39], providing evidence of a continued use and maintenance of the buildings,
which coincides with the interest that the Santa Mariña tradition seems to draw during
these centuries [122], and attest that the cult to Santa Mariña continues at the same time
and in the same space than the agrarian activity.

3.2.3. Sedimentological Hiatus Corresponding from Mid-17th to 19th Century

The climate at the beginning of this period is marked by the cold conditions of the
Maunder Minimum (1645–1715 cal AD) [90]. Historical documents reveal that a critical
period occurred in this region between 1680 and 1700, when severe cold and prolonged
droughts caused serious famines in farming communities [123,124]. This is supported also
by the information stored in marine and peat records from northwest Iberia, which also
indicate that that the coldest climate conditions of the LIA occurred around 1700 [90,95]. At
a regional scale, the palynological records show a recovery of forest land, mainly as Pinus
spp. plantations, during 18th and 19th centuries, mirrored by a decrease in shrubland,
which supports a reduction in the extension of territory occupied by agricultural activity.
The documentary sources nonetheless show that farming activities would have continued
in the area through this period until the first half of 20th century.

The sedimentological data at Santa Mariña indicate that this unstable climate was
indeed translated into slope soil instability, reflected as a hiatus in the depositional sequence
(Figure 3). No evidence of repairs to religious buildings has been detected corresponding to
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these centuries, which could be regarded as a lower interest in the cult of Mariña. According
to some authors, a generalized process occurred in all rural Galicia from the 17th century
onwards [125], involving the replacement of the popular ritual aspects directly inherited
from the “primitive” Christianity of the Galician communities by a more canonical ritualism.
In this way, many chapels would have fallen into neglect [126], while popular faith would
have been channeled through the parish churches. However, there is no evidence of such
process at Santa Mariña, where, according to the available written testimonies, the cult
enjoyed official status already at that moment, and it is known that the processions between
the parish and the Basilica to honor the Saint had continuity during 18th and 19th centuries
and until today. Proof of this are the oral testimonies of that ceremonies in the first half of
the 20th century (see http://santamarinadeaugassantas.com/, accessed on 1 August 2021).

3.2.4. 20th Century

In this phase, the sediment accumulation rate returns to high values (0.29 cm y−1,
Figure 3), with the slope of the age–depth model in this part of the core conditioned by the
date obtained for the sample at 17.5 cm of depth. The OSL measurements for this sample
show a skewed distribution and a high overdispersion value (62 ± 13%, Table 1). High
overdispersion values are many times attributed to partial bleaching, and may introduce
a risk of flawed age estimations that happen commonly in very young samples [127].
At Santa Mariña, these could be related with a very fast sediment accumulation that
produces an insufficient exposure to daylight. This possibility is consistent with a major
transformation of the site documented in 1962, which consisted in the construction of a
concrete drainage trench surrounding the Basilica, in order to prevent its deterioration due
to the seasonal water flooding of the crypt. This modification involved the removal of a
considerable amount of earth from previously deposited sediment layers surrounding the
basilica and its deposition in the soil surface, and could produce an overestimation of the
age of deposition of the sediments of this part of the sequence.

On the other hand, partial bleaching may also be related to the mixing of the sedimen-
tary material of the upper soil part due to tillage, and would likely result in an age younger
than the real date of deposition of the material. This second possibility is supported by
the young date obtained for this sample and by the geochemical properties of this soil
layer—with high organic contents and decreasing δ13C values towards the soil surface,
and increased P contents (see Table S1). The δ15N values, however, continue the decreasing
trend towards surface that started in the previous phase, pointing to a less intensive soil
use [66]. While it is known through written and graphic sources that the broader area was
under cultivation during the 20th century (see Figure 5), the exact plot where the Basilica
and the SM3 core are located has not been farmed in the last decades, and it is currently
kept as a grassland.

http://santamarinadeaugassantas.com/
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Figure 5. Anonymous photograph of the Basilica and its surroundings during the celebration of
Santa Mariña day (18th of July) in the 1930s. The area was under agricultural use, although some
of the plots, including the one in which the Basilica is located are grasslands. The numbers show
the different landmarks mentioned in the text: (1) the Basilica, unfinished since 13th–14th centuries,
when the currently visible structure was built, and under which is the Forno da Santa; (2) plot in
which the SM3 core was collected; (3). Path that communicates the parish church with the Outeiro
dos Pendóns (4) which is the highest topographical elevation of the nearby Iron Age hillfort Castro de
Armeá; and (5) non-terraced farmed agricultural plots.

The coexistence of the production and religious uses is in any case demonstrated, both
by the oral testimonies (see http://santamarinadeaugassantas.com/, accessed on 1 August
2021) and by the interest in preserving the integrity of the buildings, at the same time than
the land was used for grazing or cultivation.

3.3. On the Multifunctionality of Santa Mariña Landscape

The joint evidence of agricultural use and modification of religious buildings demon-
strates that the worship and the agricultural activities have shared physical and social
space since as early as the Middle Ages (Table 2). Thus, in line with Ingold’s view of
landscapes as a “work in progress” [128], Santa Mariña has evolved combined multiple
uses, notably religious and agricultural, during more than a millennium, to produce the
landscape features we can see today. The multifunctional character of Santa Mariña today
must be understood as an evolutionary feature of the site, with its origin dating back to the
Middle Ages. In other words, the Santa Mariña landscape is not just multifunctional, but
rather multifunctionality has created Santa Mariña landscape.

http://santamarinadeaugassantas.com/
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Table 2. Summary of the properties of the core in each of the defined periods and inferred land use and landscape functions. The dashed line represents the sedimentary and chronological
hiatus.

Modelled Age
(cal AD) Period Geochemical and Sedimentological

Properties Local Context Inferred Land Use (Landscape
Function)

2012

20th century High sediment accumulation rate.
High C and P contents. Decrease in δ15N.

Major transformation of the Basilica in 1962.
Grassland in the last decades.

Religious and less intensive
agriculture (cultural, provision).

1995
1978
1961
1944
1927

1639

Late Medieval and Modern
Periods

Low accumulation rates: colluvial processes.
Decrease in δ15N.

Several minor refurbishments of the Basilica.
Religious and less intensive

agriculture (cultural, provision).

1573
1507
1441
1416

1391 High accumulation rate. Higher degree of
pedogenesis. Increased Al content and δ15N.

Religious and intensive agriculture
(cultural, provision).1366

1341

1316

High Middle
Ages

High accumulation rate.
Lower δ15N and finer and more

homogeneous particle size of sediments in
this phase.

Second reform of the building: burial of the
chapel and construction of the Basilica.

Religious and less intensive
agriculture (cultural, provision).

1291
1266
1242
1217
1192

1190
Very high sediment accumulation rate:

terracing.
Hydromorphic properties. Abundance of

charcoal, increase in δ15N.

Large reform of the Santa Mariña chapel and
construction of the parish church.

Religious and agriculture (cultural,
provision).

1180
1176
1170
1159
1149
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This is arguably not exclusive of Santa Mariña; these interactions have likely happened
at other traditional agriculture sites in Galicia and worldwide. Medieval transformations of
topography linked to ecclesiastical rule have been reported also in other areas of the N of the
Iberian Peninsula [100–103]. While not been discussed from the prism of multifunctionality,
these works reported data that point to a prolonged interrelation of cultural and provision
aspects. For example, [101] (p. 66) report on the reorganization of the Zornoztegi village,
located in the North of Spain, during the 10th–11th centuries “around the new church of
Santa Maria, freeing a large space where terraces were then constructed”, or at Zaballa,
where “the domestic household was moved to the valley bottom” when a monastery was
built, and “[agricultural] terraces were built along the valley slopes”. These works do not
discuss the interplay of multiple landscape functions nor if these landscapes have been
multifunctional from their inception, but they nonetheless attest that religion has been
an important factor of landscape configuration in different geographic areas since early
Middle Ages. In other cases as in [100] (p. 42), the multifunctional character of the early
medieval rural landscape is explicitly mentioned. However, only the productive dimension
is discussed, thus interpreting multifunctionality as a diversity of agrarian practices that
could have occupied the same space in different moments of the year, or coexisted as
complementary activities (farming, forestry).

The work presented here has demonstrated that apparently distant techniques and
disciplines, such as archaeometric research, agronomic characterization of soils, documen-
tary study of the symbolic Christianization, archaeology of buildings, and investigation
of the formation of the sedimentary record, can and must be combined when studying
the construction and evolution of multifunctional landscapes. The extreme complexity
of landscape evolution processes makes information from all disciplines and from all
perspectives (different epistemologies and diverse scales) necessary for landscape studies.
In this regard, we are aware that our work could be upgraded by the contributions of, for
example, the political ecology perspective, and of sociological and ethnographical research,
as well as from the information provided by landscape connectivity and ecosystem services
studies, among others. We also acknowledge that the specific changes identified at Santa
Mariña cannot be directly extrapolated to wider geographical extensions, given the small
dimensions of the site and its historical particularities.

Nonetheless, this work has been effective in identifying long-term multifunctionality,
as well as in providing data on the interaction between cultural and provision in order
to produce current landscape configuration. These are processes not only possible but
likely in other locations, and they should be taken into consideration when studying past
and present landscape multifunctionality elsewhere. It has also highlighted that a long
term, evolutionary perspective is of interest when addressing the study of present land use
sustainability, in order to fully understand the why’s and the how’s of current landscape
configuration, in line with recent studies [22,129]. However, this longue durée view is
often disregarded in modern sustainability debates. We advocate for an interdisciplinary
problem-oriented design of research which actively seeks to incorporate the information
on the past provided by history, archaeology, and paleoenvironment, thus increasing the
chances of success of land planning for sustainability and of developmental interventions.

4. Conclusions

The study of the geoarchaeological record, combined with historical, archaeological
archaeometric, and documentary sources, has allowed the recognition of landscape multi-
functionality at Santa Mariña de Augas Santas during the last millennium. The studied
core showed good resolution for the High and Late Middle Ages, but only low resolution
for the Modern era. In spite of these caveats, the proxies used allowed us to obtain a good
perspective of the natural and anthropic processes that shaped the characteristics of the
current landscape.

This work has shown that religious activity has been, along with agricultural exploita-
tion, the main modifier of the landscape through the use of environmental resources, the
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transformation of land cover and land use (from forest to shrubland and agricultural land
and then back to forest and/or shrubland) and the direct modification of topography. This
proves that the symbolic value of land has been, in addition to productive aspects, one
of the main drivers of multifunctional landscapes evolution. Thus, multifunctionality
is not a recent acquisition, or the result from a specific evolution path, but an essential
and idiosyncratic aspect of traditional land use strategies at Santa Mariña from their very
inception. The history and long-term processes of productive systems must be taken into
account when assessing the sustainability of traditional productive systems, and when
planning land use strategies and developmental interventions in rural settings.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/land10090992/s1, Figure S1: OSL graphs, Table S1: Geochemical data, Table S2: Results of
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