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Abstract: Geophysical survey methods are broadly used to delimit and characterize archaeological
sites, but the archaeological interpretation of geophysical data remains one of the challenges. Indeed,
many scenarios can generate a similar geophysical response, and often interpretations can not be
validated without access to the subsoil. In large geophysical surveys many anomalies are detected and
validation through archaeological trenches can not be afforded. This paper analyses the validity of
geoarchaeological core survey to check the archaeological interpretations based on geophysical results.
The Roman site located at Auritz/Burguete and Aurizberri/Espinal (Navarre), provides a great case
of study as many investigations have been carried out. After the gradiometer survey performed in
2013 a sediment core survey was designed. 132 cores were drilled using a hand-held coring machine
and the sediments were analysed in situ. Site delimitation and archaeological interpretations based
on magnetic data could be improved or corrected. In this regard, the core survey proved to be an
useful methodology as many anomalies could be checked within reasonable time and resources.
However, further geophysical investigations trough GPR revealed unexpected remains in areas where
no archaeological deposits were identified through coring. Excavations showed poor conservation
level in some of those areas, leading to thin archaeological deposits hard to identify at the cores.
The sediment core survey, therefore, was proved to be inconclusive to delimit the archaeological site.

Keywords: Geoarchaeology; Geophysics; Archaeological Interpretation; Roman; Navarre

1. Introduction

Geophysical prospection has proved to be a useful tool in helping archaeologists improving
their knowledge of archaeological sites. In last decades, their use has notably grown and specialized
literature has been developped (e.g., [1-5]).
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Thanks to the improvement in both the sensitivity of the sensors and the spacial resolution of the
acquired data, high fidelity images of the subsurface can be now produced. Moreover, the development
of multichannel geophysical systems allows large areas to be surveyed in a moderately short time
(e.g., [6-9]).

The archaeological interpretation of geophysical data consists in offering plausible explanations
for anomalies detected by geophysical systems [10], and is one of the challenges of the archaeological
geophysics. Indeed, many scenarios can generate a similar geophysical response and, in most
circumstances, it is the expert knowledge of the surveyor, alongside insight into the site’s geophysical
and archaeological characteristics, which guides further interpretation. However, any interpretation
process is limited and the possibility of scenarios with erroneous or inaccurate interpretations should
be considered.

In most cases, the validation through excavation would be the best option in order to check the
interpretations. Nevertheless, it is not always possible, particularly in commercial projects, or only
a small fraction of the surveyed area can be excavated. Often the least invasive approach is preferred,
particularly in non-threatened sites. The sediment core survey is less invasive and less time-consuming
than archaeological trenches. Therefore, more anomalies can be checked with this method, which
is one of the benefits of this methodology. However, the amount of recovered information is highly
dependent on the drilled location and, due to the limited view of sediments, interpretation problems
can arise [11]. Therefore, the context is more limited than the archaeological trenches and it could not
be sufficient for answering some questions.

This paper analyzes the validity of geoarchaeological survey to check the archaeological
interpretations based on geophysical results, as an extension of a previous contribution [12].

1.1. The Background of the Research

The sediment core survey is a broadly used technique to characterize the stratigraphical sequence
in geological investigation. After the 1970s, it has also been extensively used in archaeological
research [11]. A typical application is related to the reconstruction of the past landscape and its
relationship to archaeological record (e.g., [13,14]). In some projects, sediment coring is used as
a cost-effective archaeological evaluation tool to delineate archaeological sites, analyse sediment or soil
sequences and built geoarchaeological site formation models, which can be used to support subsequent
excavation work or further research (e.g., [11,15,16]).

Some studies combine the use of geoarchaeological and geophysical investigations, but relative
few studies have described the use of core sampling to target geophysical anomalies and validate the
archaeological interpretation based on geophysical data (e.g., [17,18]). In many cases, the sediment core
sampling is used, together with archaeological trenches, to access to soil samples that are characterized
to have complementary data or to analyse the interactions between soil physical properties and
geophysical techniques (e.g., [19-21]). Indeed, the understanding of this interactions helps improving
further interpretations. However, in some low budget projects, or in commercial projects where time is
a constraint, there is no access to soil characterization techniques. This paper provides an example
from a Roman site, where a sediment core sampling was used to target geophysical anomalies and
validate the archaeological interpretation.

The site was discovered during a walk over survey in 2008, and the archaeological trenches
excavated in 2012 revealed substantial Roman masonry building foundations [22]. Since then,
geophysical survey methods have been used to delimit and characterize the settlement.

The site is situated south of the town of Auritz/Burguete, on a high plateau close to the crest line
of the Pyrenees (Figure 1a). The Pyrenees are characterized by complex structural geology and form
a natural boundary between the Iberian Peninsula and the continent [23,24]. A number of mountain
streams rise in the area to the north of the site and flow south to combine as the River Urrobi. The site
is situated on the banks of this River, on a spacious plain or terrace surrounded by higher mountain
peaks. Stepped, terrace topography is clear on site with the elevation dropping downwards towards
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and parallel to the Urrobi river in a north-south alignment along the length of the site. There is not
a detailed geomorphological study of the Urrobi basin but it is known that the geological context is
formed by quaternary fluvial terrace deposits of clay, silt and gravel [25].
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Figure 1. (a) Geographical location of the studied archaeological site on an elevation map created from
the LiDAR data provided by the (© Instituto Geografico Nacional de Espafia (5 m cell). (b) Magnetic
response map in the overall explored area (—8 nT black, +8 nT white). The Roman road and the
necropolis area excavated are indicated. Modified from [26] and reproduced by permission of
ARANZADI Society of Science.

A magnetic survey performed in 2013 covered ca. 18 ha and revealed the main layout of the
settlement [26]. Results revealed differences in the magnetic response that had not been well explained
and became, together with the archaeological description of the site, one of the main concerns of the
investigation team (Figure 1b).

2. Research Objectives

Following the magnetic survey, a sediment core sampling strategy was designed to refine
interpretation of the prospection data. The main goal was to better characterize the archaeological
deposits of the site, and to correlate the distribution and characteristics of the archaeological deposits
with the magnetic response. In addition, some of the core sampling was undertaken with the specific
goal of evaluating the geophysical interpretations [27]. This paper will focus in this second goal.

Besides this, the validity of cores to identify occupation areas will be discussed on this paper.

3. Applied Methodology

The strategy is based on different techniques applied at different scale, starting from a broad
context and focusing on the interesting areas for more detailed investigations (Table 1).

The methodology and results of the magnetic survey can be found in [26].

Cores were drilled with a mechanical petrol-driven 2-stroke power auger (Van Walt window
corer equipped with a Cobra TT engine). This is a hand-held coring machine, which drives 1 m long,
open-sided steel gouges into the ground (Figure 2A). The sediment-filled gouge is then recovered
from the ground using the two-person jacking device (Figure 2B). Two gouges (of 100 mm and 60 mm
diameter) were fitted with 1 m long steel extension rods to reach a maximum of 3 m depth. In general,
the wider auger was used, reserving the second one to areas where the penetration was harder.
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Table 1. Applied survey techniques.

Technique Extension Resolution Device
Magnetometer Survey 18 ha 0.25m x 0.5 m Bartington Grad 601-dual
Sediment core survey 132 cores (18 ha)  not regular Van Walt window corer

GPR survey 3.3 ha 0.2 x 0.025m IDS Hi-Mod (200 MHz-600 MHz)

Excavation 186.5 m? - -

Figure 2. (A) Photograph of the power auger (Cobra TT engine) used for drilling; (B) Photograph of
ARANZADI and MOLA team removing the gouge manually.

Once the gouges were retrieved, the deposits were cleaned and recorded on-site from the
open-sided auger sample. Sediments were photographed and described according to standard
sedimentary criteria [28,29]. Preliminary interpretations of the depositional conditions represented by
the soils and sediments within each core were made, and the deposits or contexts grouped into broad
stratigraphic units.

GPR prospecting was performed using an IDS Hi-Mod instrument with a single multi-frequency
antenna (200 MHz and 600 MHz). Measurements were taken every 2.5 cm along parallel traverses,
generally 0.2 m apart, and in zigzag mode. The time window was set at 90 ns for the 200 MHz antenna
and at 60 ns for the 600 MHz antenna. Data were processed using GPR_SLICE software to generate
horizontal maps [30].

Archaeological excavation was carried out in accordance with MOLA recording techniques as
set out in the Museum of London Archaeological Site Manual [31]. Selected features and layers were
additionally recorded with the total station theodolite.

4. The Layout of the Surveys
4.1. The Core Survey

Based on the magnetic survey, the area of investigation was divided into four zones. In a first
campaign 105 locations were drilled across the site, but the cores were not equally distributed.

The main focus of the survey was on Zaldua area, which contains the most of the settlement.
Here, the survey comprised cores acquired on nine east-west transects (Figure 3a). The transects were
positioned to create a grid of points covering the entire zone but also to include a number of specific
points to resolve anomalies apparent in the geophysical survey.
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In 2014 survey of the Otegi zone was less intensive and cannot be considered representative of the
whole area. In 2016, some more cores were drilled in order to complete information about unanswered
questions (Figure 3b).
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Figure 3. (a) Location of the cores drilled in 2014 over the geological plan and areas of the magnetic
survey (T: Terrace; C: Colluvium). The cores showing archaeological deposits are highlighted as positives,
and the ones where no archaeological remains were identifies as negatives. (b) Location of the cores
drilled in Otegi area in 2016, over the magnetic response map.

4.2. Complementary Geophysical Surveys and Archaeological Excavations

After the first campaign of sediment core survey was finish in 2014, new investigations were
carried out on the site. In particular, some areas with low magnetic contrast or without clearly
identified anomalies were analysed using GPR as the main system [32,33] (Figure 4a). In addition, four
verification trenches and an area of 165 m? were excavated in 2015 and 2016 respectively (Figure 4b).

5. Results and Discussion
5.1. Comparison with Geophysical Anomalies

In areas where well defined magnetic anomalies were targeted, the cores generally confirmed
the interpretation from the geophysical survey. Furthermore, the extracted sequences allowed these
interpretations to be refined and permitted a better understanding of the origin of the anomalies.
However, some discordance was found and new areas of interest were identified.

5.1.1. Target: Buildings

The magnetic survey had provided a great amount of information regarding building location
and characteristics. It could be established that the buildings are mainly organized along the road
and oriented perpendicularly to it, leading to an irregular urban layout. In general, the magnetic
contrast allowed a good description of the main walls and the inner distribution of the buildings.
Some areas, however, had shown a lack of magnetic contrast or poor definition of anomalies, even
where the existence of archaeological deposits was known [26]. The cores were mainly drilled in
three different areas, expecting to obtain complementary information to understand the differences on
magnetic contrast.
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Figure 4. (a) Location of areas where complementary surveys (GPR and electric survey) have been
performed, over the magnetic results (—7 nT black, 9 nT white); (b) Location of the archaeological
trenches excavated in 2015 and 2016 over the magnetic results (—7 nT blue, 9 nT white)

The cores BH1, BH2 and BH3 had been located at the south-west part of the Zaldua area.
Archaeological remains (walls and pavements) had been observed during installation of a water
channel. The magnetic contrast was, however, weak and the anomalies were not clearly defined
(Figure 5a). One of considered possibilities was that the remains were deeper in comparison with
other areas. The sedimentary sequence of BH1 was a natural sequence consisting of turf and top
soil layers over fluvial terrace silt and gravels (Table 2). The other two encountered solid stone
obstructions at 0.22 m and 0.37 m respectively. As BH1 demonstrated bedrock is situated below 2.0 m
bgl, the obstructions are likely to be walls or stone/rubble from a collapsed wall. Because the remains
are located just below the organic layer, the lack of magnetic contrast in not related to an increase of
the deepness. The sequence, however, has no evidence of charcoal or pottery flecks. Therefore, it can
be conjectured that only the basement levels have been conserved, which would explain the lack of the
magnetic contrast.

e

Figure 5. (a) Location of the BH1, BH2 and BH3 over the magnetic survey results, where some linear
anomalies attributed to a building are identified. The area is highlighted in the general context of
Figure 6. (b) Location of the BH43 over the magnetic survey results, where an area without remarkable
magnetic anomalies and surrounded by buildings have been attributed to a possible open area. The area
is highlighted in the general context of Figure 6.
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Figure 6. Core location over the magnetic response map. The areas highlighted in other figures are
indicated. The transects 1 and 14 mentioned further are indicated in yellow dashed lines.

Table 2. Description of cores BH1, BH2 and BH3. Occ: Occasional; Mod: Moderate; Med: Medium.

Core  Thickness Lithology = Description Interpretation

BHO1 0-0.5m Turf Topsoil
0.05-03m  Silt, clayey  mod light brown friable sandy silt with roots Topsoil
0.3-0.78m  Silt, sandy  as above but fewer roots Archaeology

firm orange brown silt clay with manganese

0.78-1m Clay, silty and iron staining (flecks) occ. small clasts

Fluvial silts

as above 0.78 m (increasingly firm with depth).

122-2m Silt, clayey No archaeology Increase in clay occ. small/med clasts.

Fluvial silts

0-0.05 m Turf . . e Topsoil
BHO02 0.05-022m Silt, sandy mod light brown friable sandy silt with roots Obstruction

0-0.05 m Turf . . - Topsoil
BHO3 0.05-037m  Silt, sandy mod light brown friable sandy silt with roots Obstruction

The cores BH6 and BH7 had been drilled at the south-east part of the Zaldua area. Analysis of
aerial images revealed the existence of a building, and the existence of the walls was proven simply by
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removing the superficial turf layer. This building was not detected in the magnetic survey, but was
clearly distinguished in GPR and electric surveys (Figure 7).

(a 0-0.5m 0.5-1m 1-1.5m

oo

BH6

BH7 &

Figure 7. (a) Pictures of the sediment cores extracted on locations BH6 and BH7; (b) Magnetic results
of the area where the location of the cores can be seen; (¢) GPR results over the same area, where the
building is clearly defined (time slice at 0.37-0.54 m bgl, v = 8 cm/ns, high reflection in dark). The area
is highlighted in the general context of Figure 6.

The BHY targeted the south of the building. A clean and very stiff layer of silt/clay was observed
between 0.66 m and 0.87 m bgl, attributed to a clay floor. The deposits above this layer didn’t show
neither charcoal or pottery flecks, but had been considered preliminarily archaeological based on
disturbation evidences (i.e., unsorted gravels). The BH6 was drilled outside of the inferred building.
Results show a thick archaeological deposit between 0.22 and 0.95 m consisting on differentiate layers
where frequent charcoal and building material flecks had been observed. In this case, the archaeological
layer found in the inner part of the building consisted in a clean levelling layer without evidence of
magnetically enhanced deposits. However, the thick archaeological layer outside the building suggests
that the walls could show a negative magnetic contrast.

Finally, the cores BH41 and BH42 were drilled on the main part of the settlement, were the
magnetic contrast is strong (Figure 8). A series of floor layers were observed in BH41 (0.64-1.42 m bgl).
In BH42, a possible collapsed mortared wall or mortar-rich construction debris interrupt a sequence of
archaeological dumps (0.52-1.1 m bgl). The existence of thicker archaeological layers in those cores is
in agreement with the stronger magnetic contrast detected on this area.
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(a)

BH42

Figure 8. (a) Pictures of the sediment cores extracted on locations BH41 and BH42. (b) Magnetic results
of the area (£10 nT) where the location of the cores can be seen. The area is highlighted in the general
context of Figure 6.

5.1.2. Target: Combustion Signatures

Magnetic data had provided several combustion evidences on the surveyed area. Some of them
were attributed to kilns or massive fires, whereas others seem to be related to hearths. Some of those
location had been included into the core survey in order to validate the interpretations based on
magnetic data.

The core BH23 was drilled on the north limit of the P5 area, where magnetic data showed
evidences of combustion processes but without any coherent shape of anomalies (Figure 9A). It contains
archaeological deposits between 0.3 m and 0.9 m consisting in a silt matrix where many heat affected
clay, charcoal lumps and red sandstone clasts can be observed (Figure 10). The absence of well defined
stratification agrees to the characteristics of magnetic data, and it can be conjectured that a conflagration
happened in this location.

Core 12 targeted an anomaly interpreted as a kiln (Figure 9B). A series of archaeological layers
containing fragments of slag were observed over a floor of firm clay with charcoal flecks. The absence
of any heat scorching on the clay surface suggests that the core did not locate a kiln. However the
abundance of slag in the above layers suggests metalworking was taking place nearby. Therefore,
observations support the interpretation of a building associated with fire industry.

Core 33 targeted an intense magnetic anomaly isolated from the main occupation area, attributed
to the traces of combustion related activity (Figure 9C). The core showed a burnt clay surface
immediately below the superficial layer (Figure 10). The anomaly was then attributed to a recent fire
for vegetation burning instead to an archaeological feature, confirmed by local people.
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Figure 9. (A) Location of the sediment core 23 over the magnetic response map; (B) Location of the
sediment core 12 over the magnetic response map; (C) Location of the sediment core 33 over the
magnetic response map. The magnetic contrast is the same in all the figures (—10 nT black, 10 nT
white). The areas are highlighted in the general context of Figure 6.

0-0.5m 0.5-1m

Figure 10. Pictures of the sediments extracted in the cores BH12, BH23 and BH33.



Geosciences 2017, 7, 104 11 of 19

5.1.3. Target: Open Areas

The magnetic data layout revealed some areas without relevant anomalies surrounded by
anomalies attributed to buildings. Those areas where preliminarily attributed to open areas that
could be integrated into building complexes.

In the west part of Zaldua, magnetic data suggested the existence of a rectangular area surrounded
by coherently oriented buildings (P5). Standing in a small hill, this area was preliminarily interpreted
as a possible singular area of the site [26,32]. Four cores were drilled within this area: BH17, BH19,
BH24 and BH25 (Figure 11a). In BH17 archaeological layers were encountered and comprised 2
possible gravel surfaces with levelling or dumped layers beneath (0.24-0.33 m bgl and 0.42-0.53 m bgl).
The same sequence was observed 15 metres north-west in BH24 (0.25-0.39 m bgl and 0.5-0.64 m bgl).
The levels and thickness of the gravel layers suggest than this area had been surfaced twice at least
in the south-east corner of P5. In contrast, the sedimentary sequence observed in BH25 and BH19
consisted of turf and topsoil layers over fluvial terrace silts and gravels, and had no evidence of gravel
floors. Given the contrasting results, the core survey cannot corroborate the interpretation of P5 as an
archaeological unit.

Further investigations focused in this area. The GPR surveys show complementary information
to that obtained in the magnetic survey [32]. The south-eastern limit of the P5 rectangle appears clearly
on the time-slice sequence, allowing a more detailed description than the one obtained from magnetic
data. Furthermore, new buildings could be described, improving notably the architectural information
obtained from the magnetic survey. As it can be seen in Figure 11b, the cores where the gravel levels
were found have been drilled in areas where the GPR energy is reflected, whereas the others are located
in areas without reflection. The non homogeneous stratigraphy of that areas was then confirmed, but
as the coherent orientation of buildings is corroborated by the GPR results, the unity of the area is
not discarded.

635500 635550 635600
— - G 635500 635550 635600

Gore survey . .- EPE GPR (sq(A))
@ Neg. - 3 [] Mean-1.5 stdv

@® Pos.
¢ Archae. trench| Il Mean+1.5 stdv

. : TEYS v
635450 635500 635550 635450 635500 635550

Figure 11. P5 area. (a) Location of cores over the magnetic data; (b) Location of the cores over the
GPR data. Time slice at 39-56 m bgl (v = 8.34 cm/ns). The area is highlighted in the general context of
Figure 6.

Core 43 was drilled through another potential open space (Figure 5b). In contrast to P5 this much
smaller area is surrounded by buildings. The sedimentary sequence is also very different to that of
P5, no evidence was found of buildings or floor layers so the core supports the interpretation of an
open space (Table 3). The use of the area also differs, since a massive and homogeneous layer of mixed
dumped material (0.5-1.3 m bgl) may suggest this area was used for the disposal of rubbish.
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Table 3. Description of core BH43. Mod: Moderate; Freq.: Frequent; CBM: Common Building Material.

Core  Thickness Lithology  Description Interpretation
BH43 0-0.06 m Turf Topsoil
0.06-0.3m  Silt, clayey Mod compact light brown friable sandy silt with roots Topsoil

Mod compact mid brown silty sandy clay

0-3-05m Clay, silty with small clasts; further subsoil Topsoil
. Mod compact/friable grey brown clay silt
05-1.13m  Silt, clayey with sand with freq flecks charcoal and CBM Archacology
. . Mod compact yellow sandy silt with some clay; 1
1.13-1.30m  Silt, sandy orange-black patches at 1.16-1.20 Fluvial Silts
1.30-1.50 m Gravel Mod compact mid yellow brown gravel Fluvial Gravel
1.50-1.60m  Silt, clayey  Grey brown silt with some sand and clay Fluvial Silts

Orange brown clast supported gravel, poorly sorted gravel of

1.60-2m Gravel mixed lithology in a yellow silty matrix

Fluvial Gravel

5.1.4. Target: The Road

The road is detected as a linear and weakly magnetic zone which is easily identifiable when is
surrounded by other anomalies, but difficult to discern in other areas, as for example at the north of
the main occupation area in Zaldua. Borehole 62 in transect 14 was drilled through the missing road
section (Figure 6). The road is visible as a compact gravel horizon (0.16-0.57 m bgl). The continuity of
the road in that point was confirmed.

5.1.5. Magnetic Disturbance in Otegi Area

In Otegi area the geophysical survey revealed variations in background magnetic disturbance,
that difficult the identification of archaeological remains [26]. This disturbance had been preliminarily
attributed to differences in soil properties, not related to archaeological occupation.

A series of cores were drilled in 2014 in order to clarify the origin of this magnetic disturbance,
and no archaeological evidence was observed [27]. It had been appointed that the disturbance could
be related to differences in soil horizon composition and its thickness.

Finally, additional cores were drilled in 2016, in order to clarify the origin of this magnetic
disturbance (Figure 12). The magnetically stable areas coincide with areas where sedimentary deposits
were identified, whereas in disturbed areas the deposits are related to the erosion of the bedrock
and alterite type thin soil formation. Based on this data, the difference on magnetic response can be
attributed to the activity of sedimentary processes related to the nowadays canalised water string.
In that campaign soil samples have been collected to be analysed in laboratory in order to better
understand the mineralogical composition that leads to the magnetic disturbance. This research is still
ongoing and the result will be published in the future.

5.1.6. Geophysical Anomaly Parallel to the Road in Otegi Area

In the north of the necropolis a positively contrasted magnetic anomaly was detected running
parallel to the road and located next to it. The GPR survey results show a reflective horizon consistent
with magnetic data at approximately 80 cm below ground level (bgl), but without homogeneous
intensity or coherent shape, as might be expected for a construction element (Figure 13).

The sedimentary sequence in BH89 targeting this anomaly, comprised natural sequences of fluvial
terrace silts above fluvial terrace gravels at 0.80 m bgl (Table 4). The core survey cannot explain the
magnetic anomaly. The GPR reflection, however, could be produced by the fluvial terrace gravels.
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Figure 12. Detail of the location and results of cores drilled in 2016 to clarify the origin of magnetic

disturbance in Otegi area. The area is highlighted in the general context of Figure 6. A horizon:

Topsoil; surficial organic-rich mineral layer; B horizon: Subsoil; contains lixiviated and precipitated

iron oxides and illuviated clays; C horizon: Parent material; barely edaphized but fragmented rock;

R horizon: Bed rock; partially weathered bedrock, marls and limestone, at the base of the soil profile;

S: Sedimentary layers.
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Figure 13. Detail of the geophysical anomaly parallel to the road in Otegi area (The area is highlighted

in the general context of Figure 6). GPR results over magnetic response map (—5 nT black, 6 nT
white). (a)Time slice at 0.36-0.55 m bgl; (b) Time slice at 0.61-0.80 m bgl. (c)Interpretation scheme of

GPR results.
Table 4. Description of core BH80.
Core  Thickness Lithology = Description Interpretation
BH80  0-0.05m Turf Topsoil
0.05-03m  Silt, clayey  Topsoil Topsoil
0.3-0.8 m Silt Very compact mid orange brown silt with some clay ~ Fluvial silts
0.8-1m Gravel, silty ~ Large clasts shale gravel/bedrock Fluvial gravels
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5.2. Presence and Absence of Archaeological Deposits

Between the 105 drilled cores, 73 showed archaeological deposits including the road and shallow
obstructions, which had been attributed to walls. The majority of the cores reached undisturbed
alluvial terrace deposits (silts or gravels) at between 1 and 2 m below modern ground level [27].
The excavations performed in 2012, however, had revealed thicker archaeological deposits, near to 2 m
thick, especially on the main area of Zaldua. That means that the trenches had been placed in areas
where stratigraphy was especially thick and that the volume of archaeology across the site is lower
than estimated until the core survey. An interpolated raster of the archaeological deposit thickness is
shown for the Zaldua area in Figure 14a.

Archaeological deposit Archaeological deposit

0.0400 - 0.3333 0.0400 - 0.3333

0.3333 - 0.6267 0.3333 - 0.6267
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75 100m

Figure 14. (a) Cores of Zaldua area over the interpolated raster for the thickness of the archaeological
deposit. (b) Cores over the magnetic gradiometer results. Cores where no archaeological deposits
were identified are signalled in red. The arrow’s colour reflects the thickness of the identified
archaeological deposits.

Comparing with magnetic results, cores that showed natural sequences with no archaeology are
mainly those at the edge of the surveyed area, outside the main focus of settlement area. Specifically,
the northern transect (transec 14, Figure 6) confirmed an absence of archaeological material and
strengthened the interpretation of this area as the northern edge of the main settlement [26].

Similarly, the western transect (transect 1, Figure 6) did not detect any archaeological deposits
apart from the BH23 located on the north-western limit of a possible square P5. Then, the western
limit of the occupation seems to be coincident with that deduced from the magnetic survey.

The core survey across Otegi zone was less intensive and archaeological deposits were recorded
in only five of the 19 holes drilled. The archaeological origin of the magnetically altered areas
was, therefore, discounted. The occupation seems to be restricted to the necropolis area and to the
surroundings of the road.

Therefore, the core survey across the site mirrors the presence and absences seen in the magnetic
survey. However, when the GPR survey was performed, results revealed archaeological remains in
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areas were the core survey did not identify any archaeological evidence. Those areas are coincident
with the areas where the magnetic contrast is not enough to detect any significant anomaly.

Figure 15 shows the location of the cores BH22 and BH22A over magnetic and GPR results.
The first encountered an obstruction and, because of that, the second one was drilled. In this one no
archaeological deposits were identified. The GPR results, however, clearly show a reflective rectangular
anomaly attributed to the remains of a building.

" GPR results
Magnetic results 0.37-0.54m bg! (v=8.56cmins)

B2 Low amplitude
I High amplitude

Figure 15. (a) Cores BH22 (Obstruction) and BH22A (negative) over the magnetic results; (b) GPR
results where showing that the core BH22 encountered a wall whereas the BH22A was located within a
building. The area is highlighted in the general context of Figure 6.

Similarly, Figure 16 shows the location of a group of cores drilled in 2016 in Otegi area. Core
Ark24 revealed a gravel deposit at 0.35 m bgl, corresponding to the reflective area detected in GPR
results. Even that it is clear from the GPR that they have been drilled in the interior of buildings,
no evidence of archaeological deposits were encountered in cores Ark25 and Ark26. Excavations
performed in trench E revealed thin archaeological layers where only the building basements were
preserved (Figure 17). In that condition, the identification of archaeological sediments in the core is
almost impossible, as they are the same materials of the geological sequence.

Figure 16. Detail of cores drilled in Otegi area in 2016. The trenches D and E (TR_D and TR_E,
respectively), together with the significant encountered archaeological features are also indicated. The
area is highlighted in the general context of Figure 6. (a) Over the magnetic results; (b) Over GPR
results (time-slice at 0.38-59 m bgl, v = 8.1 cm/ns).
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Figure 17. Photographs of the archaeological remains encountered at the trench E. (A) Stone basement

of a rectangular building; (B) The road and some of the post-pads. Photographer: Antonietta Lerz.

6. Conclusions

The sediment core survey approach to complement geophysical data has proven to be useful to
improve the archaeological interpretation of this Roman site. Indeed, many anomalies could be targeted
with limited cost in time and resources. The cores provide feedback on observations and assumptions
based on geophysical data, which are hard to validate without access to the subsoil. Even the limited
amount of extracted sediments, interpretations could be mainly validated and complemented. Some
interpretations were discovered to be erroneous, and further investigations could be designed to
resolve those anomalies.

However, the research highlights the necessity of using complementary analysis in order to have
a better understanding of the geophysical properties of the involved soils. This was demonstrated in
particular by the magnetic disturbance at Otegi area. It could be correlated to the shallowness of the
bedrock, but the specific mechanism that produces the disturbance in not still understood. Soil analyses,
such as the measurement of the magnetic and electric properties and micromorphological studies,
could help to characterize better the extracted soils and determine the origin of such disturbance.

While the sediment core survey is sometimes proposed as a tool to delimit the extent of the
archaeological sites (e.g., [11,34]), in this study it revealed to be less efficient. Results mainly mirror the
presence and absences seen in the magnetic survey but, in some areas classified as non archaeological,
indisputable evidence of remains had been found in further GPR investigations. Archaeological
excavations conducted in 2015 and 2016 revealed that in those areas only the basement of the building
remains, without evidence of any other archaeological deposit. The lack of magnetic contrast and
the non identification of archaeological deposits in the cores can be therefore understood. This study
proves that the identification of archaeological areas can be difficult through this method.

In summary, this study demonstrates that sediment coring is a powerful technique to target
geophysical anomalies and provide feedback on archaeological interpretation in a reasonable time
and cost. While the support of further analysis would help to better characterize the interactions
of the environmental features and processes with the geophysical techniques, many of the targeted
anomalies could be resolved by a simple observation. In addition, the extracted sediments can be
sampled to further geoarchaeological investigation at inconclusive areas. Therefore, a combination
between geophysical survey and sediment coring enables a more accurate archaeological interpretation
and provides a robust basis for further research.

It is interesting to remark that the example outlined here is based on a Roman site of Navarre,
a chronology in which often clear traces of human activity lie into the ground. Although the principles
are applicable within any other chronologies and regions, depending on the site’s characteristics, the
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variations producing the targeted geophysical anomalies can be indiscernible by simple observation.
In those cases, the validity of sediment coring to obtain a quick feedback would be compromised.
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