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OSML1.: stratigraphic recording

The trench was recorded using standard archaeological procedures, i.e. recognition of
uniform units separated by discontinuities, which were given context numbers. In addition,
sampling profiles were described using standard UK soils notation based on the properties of
horizons and the identification and description of discontinuities between horizons (Hodgson
1976). When not buried under sediment rather than soil, the soil horizons are denoted using
only the standard characteristics and not their position in the profile. This means that burial is
not included as a criterion, and so is not added as a prefix (alphanumerical or numerical), as it
is in the Soil Conservation System in the USA (Bettis 1984). In the Food and Agriculture
Organization of the United Nations (2006) system, there is a specific designation of a buried

B horizon but it is placed as a subscript rather than a prefix. The sub-division of B horizons



follows changes in stoniness and matrix colour, which are also generally reflected in the
archaeological context boundaries. As these are fundamentally young cumulative and
ploughed soils, these two systems probably provide similar stratigraphy due to a lack of
weathering and pedological overprinting. The differentiation between A, B and C horizons
followed standard soils criteria and the separation of multiple B horizons was caused by
slight variations in stoniness and colour (e.g. B2d for a denser lower B horizon). Ap horizons
were identified on higher organic matter than B horizons but with an open matrix supported,
relatively isotropic structure with a sharp lower boundary. The two control pits showed
incipient podzolisation of the upper B horizons not visible in the trench profiles. For a

description of soil horizon notation as used here, refer to Hodgson (1976).

OSM2: pOSL

Luminescence readings were taken using a SUERC portable optically stimulated
luminescence reader (Sanderson & Murphy 2010). Samples for portable optically stimulated
luminescence were taken in bulk using plastic bags held within a light proof black bag.
Samples of roughly 25g were measured for a total of 60 seconds under infrared light and 60
seconds under blue light. Soil Profiles (Tp) 2 and 3 were run under semi/field conditions in
the field accommodation in Northumberland using a custom protocol (15 seconds dark, 60
seconds infrared, 60 seconds blue light and 15 seconds dark). The remaining samples (Soil
Profiles (Tp) 1 and 4) were processed in darkroom conditions back at the Tromsg Museum
botany station using the SUERC CW protocol (dark 15 seconds, infrared 30 seconds, infrared
30 seconds dark 15 seconds, blue light 30 seconds, blue light 30 seconds, dark 15 seconds).
OSL intensity was calculated for each sample following Sanderson & Murphy (2010). In
order to compare the results, the values were divided by the intensity of the closest-to-surface
sample in their respective profile, generating a representation of the intensity as a factor of
the intensity of the most recently deposited/exposed sediment. The resulting index of relative
OSL intensity was used to relate and interpret the lithostratigraphy and soil horizonation with
the radiocarbon dates from Soil Profile 1 (Tp 1 4 and Tp 1 22). The histogram, at eight bins,
shows 17 pOSL intensities in the same range as Tpl 1.22 (7.625406-14.43176)
corresponding to a photon count range of 1.35872 x 105-2.37307 x 105 in the SP 1 intensity
readings. This range is identified in the buried soil, occurring in the Ap or B1 horizons
identified by excavators.

OSM3: pXRF



Portable X-Ray fluorescence (pXRF) was used for general characterisation of the sediments,
namely, to identify elemental concentrations that may be related to rapid burial associated
with the installation of terraces or the weathering of the established soils. Scans were
performed with an Olympus Vanta M Series pXRF Analyser (Rhodium source 8-50kV, 3mm
diameter beam spot). Preliminary scans were conducted with 15ml sample jars with a cap
modified to hold a polypropylene film for x-ray analysis. Each sample was disaggregated and
homogenised for five minutes using a borosilicate glass mortar and pestle. The homogenised
sample was then placed into the sample jar with the modified cover, which was then placed
film side down onto the aperture of the pXRF scanner in bench mode and tapped so that the
sediment settled against the film as much as possible. Each sample was scanned three times
on two settings: ‘Soil’ and ‘Geochemistry’. Each setting was run at its factory set length to
ensure quick scans. Scanning with the VVanta M series took advantage of the high count rates
and spectrum resolution for relatively high accuracy for low scan times, in this case the
factory settings (Frahm 2017). The “Soil’ setting was run for a total of 50 seconds (10s at
50kV, 20s at 40kV and 20s at 15kV), while the ‘Geochemistry’ setting was run for 30
seconds (10s at 40kV and 20s at 10kV). Results from the three runs on each mode were
averaged in ppm. Results presented in this study are from the ‘Geochemistry’ setting and are
uncalibrated. Few studies have analysed terrace soils using this approach but the framework
for interpretation is provided by Brown et al. (2021) and weathering indices have been

computed for agricultural soils (e.g. Gozukara 2022).

OSM4: HyPy-PyC AMS radiocarbon dating

Hydropyrolysis (HyPy) dates the most resistant organic fraction of the soil (black or
pyrogenic carbon (BC/PyC) through a process of reductive removal of non-BC components,
and so is less susceptible to contamination and intrusion (Ascough et al. 2020). PyC, as
defined by HyPy, consists of polycyclic aromatic carbon greater than or equal to seven
aromatic rings (Ascough et al. 2009; Meredith et al. 2012). The process reductively separates
and isolates these structures in a mixed sample (e.g. soil, sediment). Ground and dried soil
samples were first decarbonised by digestion in 1M HCI (80°C for two hours) before
neutralising with Milli-Q® water. Samples were then loaded with the HyPy catalyst at 5% by
weight (nominal loading of 0.5% Mo) using an aqueous/methanol (1:1) solution of
ammonium dioxydithiomolybdate [(NH4)2M00.S>]. Catalyst-loaded samples were pyrolysed
at 550°C under a hydrogen pressure of 150 bar and sweep gas flow of 5Lmin }(ATP).
Following HyPy, the solid residue containing PyC was converted to CO2 by combustion with
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CuO and Ag in a sealed quartz tube. Following cryogenic purification, sample CO2 was
converted to graphite by Fe/Zn reduction for subsequent radiocarbon measurement by
accelerator mass spectrometry. Note that, for the HyPy dates, the laboratory §*3C values,
although appropriate to correct 1“C values for isotopic fractionation, are not necessarily
representative of the 5!3C in the original sample material, and so these values are therefore
not suitable for purposes other than **C data normalisation and are not reported in Table 1 to
avoid confusion. All samples from 14C assay were calibrated in CALIB 8.2 using the
IntCal20 (Reimer et al. 2020; Stuiver et al. 2022).

OSMB5: pollen and spores

Due to low concentrations, large samples were used (1-2ml) and illustrated by swirling prior
to sieving, followed by standard extraction methods involving acetolysis and hydrofluoric
acid digestion, the addition of an exotic marker (Lycopodium) and mounting in glycerine gel.
Standard keys were used for identification along with the reference collections at the
University of Southampton. A sum of at least 350 total land pollen (TLP) was generally
achieved except for one sample which only reached 270. The volumes and raw data are

presented in Table S1.

Cereal type identification

In the sub-fossil state, the detailed identification of pollen of cereal type to a lower taxonomic
level is frequently not feasible. Here, cereal pollen comprised Avena, Triticum and Hordeum
types (Dickson 1988). The often-cited size criterion of pollen of >45u (depending on
glycerol/silicone oil mountant; Moore et al. 1991: 100) is not reliable, as typically some
pollen grains fall below this size delimitation. A number of pollen ‘keys’ and published
descriptions are available to aid identification of cereal pollen and separation into taxonomic
groups (Faegri & Iversen 1975; Andersen 1979; Dickson 1988; Moore et al. 1991; Beug
2004). For this article, cereal identification is based on typically more robust pollen grains;
that is, those with thicker exine (which thus stains darker), a visible and organised
columellate structure and frequently (but not always) large pore/annulus. A comparative
collection and phase microscopy were available. These attributes very clearly differentiated
cereal pollen from large pollen typically originating from a number of wild taxa. These
include Ammophila arhenaria, Spartina anglica and especially Glyceria fluitans, which,
apart from their size, are of the same character of typical wild/non cultivated grasses. Secale
cereale did not present a problem with distinctive annulus and shape. It is also highly



unlikely, given the non-saline, inland and dry nature of the site, that that any of these three

species were growing on in the vicinity.

OSM6: organic matter

In order to determine organic matter content of each horizon, 60g of 5mm sieved air-dried
soils were analysed for total carbon and nitrogen using a VarioMax CN Element Analyzer
(Elementar GmbH, Germany). Samples were also fractionated in order to determine the
relative protection of the soil carbon in order to quantify the carbon storage in the terraces,

and the results of this analysis can be found in Zhao et al. (2021).

OSMT7: phytoliths and assessment of burning

Phytoliths, which have been shown to have high potential, at least from urban deposits, in
northern England (McParland 2016), were sampled from individual horizons to avoid
problems associated with bulked samples (Wade et al. 2019). Twenty-six samples were
collected for phytolith analyses at four points within the trench cut into the terrace system at
Plantation Camp: Tpl (n=4), T2 (n=9), Tp3 (n =8) and Tp4 (n = 8) (Figure 3). Samples
were collected from bottom to top with a range of about 0.20-0.25m between samples.
Phytolith extraction was carried out following Katz and colleagues (2010). Between 20 and
50mg of sediment were placed in a 0.5ml Eppendorf tube and 50ul of HCI 6N were added in
order to remove carbonates. After the reaction disappears, 450l of sodium polytungstate
solution [Nas(H2W12040)H20] with a density of 2.4g/ml was added. The tube was vortexed
and sonicated for 10 minutes, and then centrifuged for five minutes at 5000 rpm to separate
phytoliths from clays. The supernatant was removed and transferred to another tube. A total
of 50pl of the aliquot was placed on a microscope slide and covered with a 24 x 24mm
coverslip. Phytoliths present in 20 visual fields at 200x magnification were counted for
phytolith quantification. Morphological identification was based on our own modern
reference collection (Albert et al. 2016; www.phytcore.org) as well as standard literature
(Twiss et al. 1969; Brown 1984; Mulholland & Rapp 1992; Twiss 1992; Piperno 2006).
Morphological descriptions follow the new international code for phytolith nomenclature
(International Committee for Phytolith Taxonomy 2019).

In order to assess potential burning of the soils, ash pseudomorphs extraction was carried out
following Gur-Arieh and colleagues (2013). Between 30 and 40mg of dried sediments are
sieved through a 150um sieve in order to remove particles greater than 150um. After that,
500ul of sodium polytungstate solution [Nas(H2W12040)H2O] with a density of 2.4g/ml is



added, and the sample sonicated for 10 minutes in order to disaggregate all the elements.
Then, 50ul of the solution are placed on a microscope slide and covered with a 24 x 24mm
coverslip. Micro-remains were identified under polarised light at 400x magnifications.
Fourier-transformed infrared spectra (FTIR) analyses are carried out following the same
method as Weiner and colleagues (1993): tens of micrograms of the archaeological sediment
are homogenised with KBr in order to obtain pellets. Infrared spectra are obtained using a
Nicolet iS5 spectrometer at 4cm™ resolution. In addition, the reference collection provided by
the Kimmel Center of Archaeological Science, Weizmann Institute of Science was consulted
(http://www.weizmann.ac.il/kimmel-arch/infrared-spectra-library).

In order to identify whether phytoliths underwent burning processes, the refractive index (RI)
of the phytoliths was checked according to Elbaum et al. (2003). Slides were prepared using
Cargille medium with a refractive index of 1.440.

Further comments on the phytolith analysis and burning

Of the 26 samples analysed for phytoliths, 20 presented enough individual recognisable
morphotypes for morphological interpretation (Albert & Weiner 2001). We calculated the
amount of phytoliths per gram of sediment with the aim of comparing phytolith abundance in
the samples. In general, the results indicate that the highest concentrations of phytoliths were
in the intermediate samples, while the deeper samples presented very low concentrations,
suggesting some degradation (Figure 5). Morphologically, the phytolith assemblage was
dominated by the Poaceae family, with an emphasis on the C3 Pooid subfamily. This group
includes cereal grains of high economic importance, such as wheat and barley (Zohary et al.
2012). Most of the phytoliths corresponded to the leaves stems of these plants (as per
TRAPEZOID, CRENATE) rather than the inflorescences (as per ELONGATE
DENDRITICS) (Table S3). Phytoliths from the Cyperaceae family were also recovered from
T3. Phytoliths from dicotyledonous plants were present in lower amounts and were mostly
represented by BLOCKY. The results of the principal components analysis (Figure S4) show
three different groups and three outliers that grossly coincide with the sample provenience in
the trenches. Group A, characterised by having a high percentage of TRAPEZOID, integrates
intermediate samples with highest phytolith concentration. No samples from T1 (Tpl) were
included in this group. Group B is related to a higher presence of CRENATE and RONDEL,
together with BLOCKY, the latter characteristic of dicot plants. Samples from this group
were located both above and below previous group and presented lower phytolith abundance.
No samples from T4 fall within this group. Group C presents a higher presence of BLOCKY,
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and samples corresponding to this group (T1.2 and T4.5) were also located in upper and
lower samples of the section. These samples have also low amounts of phytoliths per gram of
sediment. Samples T3.5, T4.4 and T4.7 are outliers and do not relate amongst them (Figure
S5). These differences in phytolith concentration and phytolith assemblage may indicate
either change on cultivars or periodic abandonment of the terraces, that would be represented
by samples with lower phytolith concentrations.
The different tests carried out on the phytoliths and related sediments did not show any
evidence of burning. Neither the colour of the phytoliths nor the thermal alteration of silica
was noted in the different morphotypes analysed. The refractive index of the phytoliths was
also negative. In addition, microscopic observation of samples before chemical extraction did
not show either the presence of micro-remains associated to burning processes, such as ash
pseudomorphs, or siliceous aggregates. Finally, the FTIR did not show either indication of
burning in any of the samples.
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Figure S1. Digital elevation model (DEM) of Plantation Camp terraces (outlined in red)
generated from the 2m Environment Agency Data flown in 2017 (data from DEFRA under
Open Government License v3.0
https://environment.data.gov.uk/DefraDataDownload/?Mode=survey) (figure by C.
Waddington/ARS Ltd).



Figure S2. Earthworks survey of all excavations (adapted from Archaeological Services,

Fl

IGS2 Site Plan: Plantation Camp
Terraces

1 2019 excavation trench
o = Post-medieval wall

Previous excavations

University of Durham (2000) and the UAV-SfM HRT survey; figure by C Waddington/ARS
Ltd).



Figure S3. Photograph of control pit TP2 showing a thin A horizon and single B horizon over
clast rich C horizon material. The taught string length is 0.60m and pit depth is 1m
(photograph by A.G. Brown).
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Figure S4. Dates posterior probability multiplot generated in CALIB 8.2 (Stuiver et al. 2022)
using the IntCal20 curve (Reimer et al. 2020) (figure by A.G. Brown).
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Figure S5. Principal component analysis of the morphotype composition of the samples,
showing that there are three different groups according with the distribution of the

morphotypes identified. Additionally, five morphotypes present high variability in the
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sequences: TRAPEZOID, ELONGATE ENTIRE, RONDEL, BLOCKY and CRENATE (figure

by M. Alonso).

Table S1. Soil horizons, pH and texture data.

Profile, horizon depth/m pH sand% silt% clay%
Control TP4 (C1 in Zhao et al. 2021), A 0-0.10 3.42 35.3 56.04 8.66
horizon

Control TP4 (C1 in Zhao et al. 2021), B 0.30-0.45 3.9 43.5 44.6 11.9
horizon

Control TP4 (C1 in Zhao et al. 2021), C 0.60-0.70 3.97 44.2 43.4 12.4
horizon

Control TP1 (C2 in Zhao et al. 2021), A 0-0.10 3.13 58.2 39.6 2.74
horizon

Control TP1 (C2 in Zhao et al. 2021) 0.30-0.45 3.77 48.3 42.21 9.49
Terrace Tpl, Turf/topsoil 0-0.10 3.42 31.2 61.3 7.5
Terrace Tpl, Ap horizon 0.50-0.70 3.81 26.8 58 15.2
Terrace Tpl, B2 horizon 0.90-1.00 3.83 43 42.1 14.9
Terrace Tpl, C horizon 1.40-1.50 3.97 54.4 34.7 10.9
Terrace Tp2, Turf/topsoil 0-0.10 3.49 42.7 50.15 7.15
Terrace Tp2, Ap horizon 0.30-0.45 3.73 34.7 51.3 14
Terrace Tp2, B1 horizon 0.60-0.70 3.72 325 50 175
Terrace Tp2, B2 horizon 0.80-0.90 3.86 52.2 37.5 10.3
Terrace Tp3, Turf/topsoil 0-0.10 2.97 30.5 59.62 9.88
Terrace Tp3, Ap 0.30-0.45 3.78 35.5 50.9 13.6
Terrace Tp3, B1 horizon 0.60-0.70 3.94 47.5 414 111
Terrace Tp4, Turf/topsoil 0-0.10 3.35 39.9 51.58 8.52
Terrace Tp4, Ap 0.30-0.45 4.06 38.7 46.9 14.4
Terrace Tp4, B1 horizon 0.60-0.70 4.42 37.3 47.7 15
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Table S2. Pollen data (Tpl, Tp4) (see Excel file).

Table S3. List of the average percentage of phytolith morphotypes identified in all

samples, as well as their taxonomic/anatomical correspondence (following Neumann et

al. 2019).
Morphotype Taxonomiclanatomnic % Average in phytolith record
correspondence

CRENATE Cs Grass leaves 26.81
TRAPEZOID C3; GSSCP 22.97
ELONGATE ENTIRE Elongate 16.87
RONDEL C3 GSSCP 13.72
BLocKY Dicots wood/bark 7.78
BILOBATE C4GSSCP 3.05
ACUTE BULBOSUS Grasses leaves/stems 2.67
ELONGATE DENDRITIC Grass inflorescences 1.05
BULLIFORM FLABELLATE Grass leaves/stems 0.95
ELONGATE DENTATE Grass inflorescences 0.93
SPHEROID PSILATE Dicots wood/bark 0.5
SCLEREID Dicots leaves 0.63
CRoOSS C4GSSCP 0.44
POLYLOBATE C4GSSCP 0.27
POLYGONAL SCROBICULATE Cyperaceae 0.21
ELONGATE SINUATE Grass leaves/stems 0.15
SPHEROID ORNATE Dicots wood/bark 0.14
SADDLE C4GSSCP 0.11
ACUTE Grass inflorescences 0.10
POLYGONAL Dicots leaves 0.09
TRACHEARY Dicots leaves 0.08
PLATELET Dicots leaves 0.07
ELONGATE TUBERCULATE Grasses inflorescences 0.05
IRREGULAR PSILATE Dicots wood/bark 0.05
ACUTE BASE Dicots leaves 0.01
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Table S4. Phytolith morphotype frequencies by sample (see Excel file).
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