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Early Neolithic Agriculture in County Mayo, Republic of Ireland:
Geoarchaeology of the Céide Fields, Belderrig, and Rathlackan

Erika B. Guttmann-Bond"", Jennifer A.J. Dungait?, Alex Brown®, Ian D. Bull*, and Richard P. Evershed*

Abstract - The Céide Fields, Belderrig, and Rathlackan are extensive early Neolithic field systems in County Mayo, Re-
public of Ireland. The Céide Fields are thought to be the earliest field systems in Europe, and as such they are listed as a
potential World Heritage site. For this project, the buried soils of the 3 sites were analyzed in order to determine the nature
and extent of the prehistoric land use within the field systems. The aims were twofold: to identify material added as fertil-
izer, and to determine whether the land was used for pasture or for arable agriculture. Soil phosphates and bile acids from
the Neolithic soils indicate low levels of input of herbivore dung, and also some human fecal material in the Céide Fields.

The results suggest that the soils may have been fertilized with animal manure.

Introduction

The Céide Fields in County Mayo, Republic of
Ireland, are thought to be the earliest field systems
in Europe (Fig. 1; Caulfield et al. 1998). The Early
Neolithic co-axial fields are delineated by stone
walls that are now buried beneath up to 4 m of peat
(ibid.), which also seals an extensive buried mineral
soil. This geoarchaeological project was set up to
investigate the nature of prehistoric agriculture and
land use in these fields, and to compare the Irish evi-
dence with that of Britain and Continental Europe.

The origin of farming in Europe and the nature
of the social changes which accompanied it have
been the subject of considerable debate. Early arable
agriculture in Britain was once thought to have taken
place in small fields within temporary clearings
in the woodland (e.g., Case 1969), but subsequent
models suggested that Neolithic populations were
more sedentary (e.g., Barker 1985). The nature of
Neolithic settlement and subsistence was radically
reconsidered in the 1990s, when it was once again
suggested that settlement in Neolithic Britain was
shifting and impermanent (Thomas 1991, 1999;
Whittle 1996). The argument was largely based on
the absence of evidence for a sedentary lifestyle in
SW England. The Scottish and Irish evidence con-
trasts with the mobile Neolithic model, and more
recent thinking is that there are strong regional
variations with differing degrees of mobility (Brad-
ley 2003, Cooney 2003, Gibson 2003).

The Scottish evidence was reviewed by Barclay
(1997), who rejected the suggestion that the Neo-
lithic population in this region was anything but

permanent. Stone field boundaries, clearance cairns,
and long-lived settlement evidence suggest that
there was little movement about the landscape, un-
less it was the seasonal movement of small groups.
The geoarchaeological evidence from Scotland sug-
gests that Neolithic agriculture took place in small
plots of very fertile land that were more like gardens
than fields (Guttmann 2005, Guttmann et al. 2004).

In NW Ireland, there is evidence for long-term
settlement and substantial ties to the land, includ-
ing many chambered tombs and extensive Neolithic
field systems bounded by stone walls. The Céide
Fields are the most well known of these sites, and
their 12-ha extent has been painstakingly surveyed
using steel probes to follow the walls beneath the
peat (Caulfield et al. 1998); the site is now a visitor
attraction and is currently under consideration to
become a World Heritage site. Other field systems
in the area have been revealed in peat cuttings, and
there are fields and house structures to the east of
the Céide Fields at Rathlackan (Byrne 1990) and to
the west at Belderrig (also called Belderg) (Caulfield
1978, Caulfield et al. 2009).

Pollen analyses from Belderrig suggest pastoral
land-use ending at around 3425 cal BC (Verrill and
Tipping 2010), but pollen analyses from around
the Céide Fields have demonstrated the presence
of cereal-type pollen in a cleared landscape from
the Early Neolithic, between ca. 3800-3250 cal BC
(O’Connell and Molloy 2001). The extent of the
field systems suggests that agriculture took place on
a large scale in this region. It has been suggested that
the land was used largely for pasture and to a lesser
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Figure 1. Location of the study area, sites, and test pits.
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degree for arable cultivation (Caulfield 1983). Caul-
field’s original argument for pasture was based on
the large size of the fields and the great extent of the
enclosed land, but the later discovery of ard marks
and stone ard shares within the fields demonstrate
that they were also used, at least in part, for arable
production (Byrne 1991, Byrne et al. 2009a). The
extent of the ploughed land is unknown, because
open-area excavation has been limited. Lazy beds
(hand dug ridge and furrow) were found to the west
at Belderrig, although these seem to be later, dating
to the Bronze Age (Caulfield 1978, Herity and Eogan
1977:50).

Our new research aimed to determine how in-
tensively the Neolithic fields were used. Cultiva-
tion within the fields could have been long term,
or arable plots could have been shifting in order to
fallow the land. Crop production could have been
improved by adding locally available fertilizers
such as domestic waste (including food remains and
hearth ash), organic-rich sediments (such as peat and
seaweed), or animal dung (Bakels 1997). The Céide
Fields, Belderrig, and Rathlackan are all located
by the sea, so seaweed would have been available,
and organic-rich materials such as mud and peat
(also potential fertilizers) occurred in basins in and
around the fields (O’Connell and Molloy 2001).
Domestic waste would have been available if there
were permanent settlements in or around the fields,
and animal manure would have been available if the
fields were used for pasture, as Caulfield (1983) sug-
gests. Peat development began in this region before
the elm decline at 5840 cal BP, and continued to
expand during the use of the fields, but peat did not
develop within the fields until after they went out
of use around 3250 cal BC (O’Connell and Molloy
2001). This history would suggest that manuring
might have taken place to keep the soil fertile in the
face of acidification and the spread of blanket bog.

The application of different materials would have
made differing contributions to the fertility of the
soil. The key elements necessary for plant growth
are nitrogen, phosphorus, and potassium, and in ad-
dition there are a number of micronutrients that are
required in smaller quantities. The addition of hearth
ash and kitchen waste would have improved the soil
nutrient availability, as hearth ash contains calcium
and potassium (Canti 2003). The addition of ash to
the soil would also have raised the soil pH. Animal
bone and food residues would have added phosphate
and nitrogen to the soil.

Animal dung is a better fertilizer than ash and
kitchen waste, as it contains all 3 of the macronutri-
ents required by plants, together with calcium, mag-
nesium, and other micronutrients (Wild 1993:156).

It is particularly rich in nitrogen, which is the key
nutrient required by cereal crops. Organic manures
such as animal dung also improve the soil structure
by encouraging earthworms, which aerate the soil
and enhance soil cohesion. Soil organic matter also
retains water and enhances the availability of plant
nutrients (Brady and Weil 1999:468; Dungait et al.
2008, 2012). The introduction of animal dung as an
agricultural fertilizer therefore represents a consid-
erable advance in agricultural land management, and
it is an important indicator for the intensification of
arable production and perhaps also for the emer-
gence of long-lived (as opposed to shifting) fields.
Different stages of agricultural intensification
can be traced back into prehistory, and a review of
prehistoric soils in England and Scotland has sug-
gested that Neolithic agriculture took place in small
plots which are more like gardens than arable fields
(Guttmann 2005, Guttmann et al. 2005). Macrobo-
tanical evidence indicates that the same was true
in Continental Europe (Bogaard 2004, 2005). Soils
were fertilized with domestic or kitchen waste in the
British Bronze Age, but animal manures were prob-
ably not widely used until the Iron Age (Guttmann et
al. 2005). By contrast, animal manures were used in
Switzerland as early as the Neolithic (e.g., Nielsen
et al. 2000), and there are many records of its use in
the Bronze Age in Western Europe (Bakels 1997).
The aims of the project presented here were to
determine the intensity and extent of agricultural
production within the Céide Fields, and to determine
whether the land was used for pasture or arable agri-
culture. We tested the hypothesis that the arable soils
in the Neolithic fields may have been fertilized, and
given the extent of enclosed land—which suggests
a large amount of pasture—that they were fertilized
with animal manures. Such a finding would indicate
the area followed an agricultural model closer to that
currently accepted for Continental Europe than to
that which has been presumed to apply to Britain.
Our specific objectives were: (1) To sample ar-
eas thought to have been arable and pasture within
the Neolithic Fields, and to identify added cultural
materials in the soils such as charcoal, charred peat,
animal bone, animal dung, human excrement, and
seaweed; and (2) To compare soils within the Neo-
lithic field systems with “control” buried soils dating
to the Mesolithic. This comparison would demon-
strate the degree of enhancement in the arable soils.

Geology and soils

The geology of northern County Mayo is largely
made up of metamorphic and sedimentary rocks.
Belderrig is located on Dalradian rocks, which are
mainly metamorphosed sedimentary rock (Long et
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al. 1992). The Céide Fields are on carboniferous
rocks of the Downpatrick formation, which is a
complicated interbedding of mudstones, siltstones,
alluvial and deltaic sandstones, limestones, and
shales. Moving west to Rathlackan, the geology is
carboniferous sandstone and siltstones of the Mul-
laghmore formation. The solid geology is covered
by drift made up of till (boulder clay). The soils in
the region are peat, with areas of podzolic soils and
acid brown earths.

Methods

In order to determine whether the soils were fer-
tilized, it was necessary to identify material added to
the soil. We used a range of analytical methods in-
cluding thin-section micromorphology, macrobotan-
ical analysis, and measurements of soil phosphates,
soil magnetism, and lipid biomarkers. The point of
using this wide range of methods was to ensure that
there were no false positives, and to enable correla-
tion between methods, e.g., phosphate data can be
correlated with the lipid biomarkers analysis, which
provides more specific information about the added
material.

In order to determine whether the soils were
used for arable or pasture, we took samples from
the buried soils for analysis of insect remains. This
did not produce results, probably because the soils
were too oxidized. The second method we used for
distinguishing arable and pasture was the analysis
of compound-specific stable isotopes that are linked
with particular amino acids in the soil. The method
was developed by Simpson et al. (1999a, 1997) and
was based on samples from experimental farms in
Northumberland, the Paris Basin in France, and
North Wyke, Devon. Simpson et al.’s work success-
fully distinguished manured grassland, unmanured
grassland, and land used for long-term cereal cul-
tivation, and also demonstrated that the signatures
were still evident in soils from Bronze Age Orkney
(ibid.). For the current project, we aimed to carry on
the research of Simpson et al. by conducting further
control studies at Rothamsted Research (Harpenden,
Hertfordshire). We took samples at Rothamsted
from areas of manured and unmanured arable land,
and manured and unmanured grassland, in order
to ascertain whether the method was replicable,
before trying it out on the Céide Fields. The results
were encouraging but mixed, and will be discussed
after further analysis in a later publication. We had
planned to compare the stable isotope/amino acid
results with the results from insect analysis, but the
lack of surviving insects made this impossible. This

unsuccessful aspect of the project is introduced here
in order to report on the negative evidence, as well
as the positive.

Sampling strategy

Excavations were undertaken at the Céide Fields
(Fig. 1c), Belderrig (Fig. 1b), and Rathlackan (Fig.
1d). We sampled buried soils dating to the Meso-
lithic at Belderrig (Test Pit F). In order to identify
potential fertilizing materials, we also sampled a
midden at Belderrig (Test Pit A). The field method
involved digging 1 m x 1 m test pits through the peat
and underlying Neolithic soils and sampling both
the buried soil and the humified peat that overlay it.
The more fibrous peat above the humified layer was
not sampled because it was disturbed or redeposited
during modern peat cutting. We sampled the humi-
fied peat overlying the buried soil for comparison,
to ensure that any geochemical signatures in the
soil were not derived from material leaching down
from above. The buried soils were sampled for soil
micromorphology, with bulk samples taken for geo-
chemical, fecal biomarker, insect, and macrobotani-
cal analyses.

Soil micromorphology

We conducted thin-section micromorphology
to investigate the nature of the buried mineral soil,
including the amount of biological activity, the soil
structure, and the types and quantities of added
cultural material such as charcoal, charred peat, and
bone fragments. Thin sections of undisturbed soil
were prepared at the Royal Holloway, University of
London, and at the University of Reading, School
of Human and Environmental Sciences. Both labs
used oven drying and epoxy resin, rather than the
standard technique of acetone and crystic resin;
otherwise the techniques followed the standard
practice (MacLeod 2008). The thin sections were
examined at magnifications of 40x to 400x using a
polarizing microscope, and were described using the
International System for soil thin-section descrip-
tion (Bullock et al. 1985). Light sources included
plane polarized (PPL), cross polarized (XPL) and
oblique incident (OIL). Interpretations were aided
by FitzPatrick (1993) and Courty et al. (1989), and
by comparison to reference materials (including
peat, hearth ash, and animal manures) collected in
Shetland and manufactured as thin sections (Gutt-
mann 2001).

The charcoal abundance in thin section was
quantified in 5 size-classes: <150 pm, 150-250 pm,
250-500 pm, 500 pm—1 mm and >1 mm. We exam-
ined a total of 100 fields of view for each context
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using a Leica DMLP trinocular microscope at 200x
magnification. Laterally contiguous fields of view
were examined in transects across the slide until 100
fields of view had been recorded.

Phosphate

We conducted organic/inorganic phosphate anal-
ysis to identify and quantify added animal manures
and domestic waste. Soil samples were air dried and
sieved at 2 mm, and we took two 1-mg subsamples
from each sample. One subsample was heated in a
furnace at 550 °C for an hour in order to transform
the organic P fraction into inorganic P, after which
both samples were subject to sulphuric acid extrac-
tion following Mikkelsen (1997). The heated sub-
sample thus provided an estimate of the total phos-
phate content of the sample (organic and inorganic),
excluding the phosphorus bound in silicate struc-
tures (ibid.). The unheated subsample provided an
estimate of the inorganic fraction. We subtracted the
value of each unheated subsample from the heated,
total P subsample, the difference being the value for
the organic P content. Colourimetry was carried out
using an ammonium molybdate reagent (ibid.)

Fecal biomarker lipids

Feces-derived lipids provide another suite of in-
dicators for manuring. The 5b-stanols are acknowl-
edged biomarkers of fecal input, and have been used
in both archaeological and pedological research
(Bethell et al. 1994; Bull et al. 1999a, 1999b, 2002;
Leeming et al. 1996; Simpson et al. 1998, 1999b).

We extracted and analyzed the lipid biomarkers
Sb-stanols using the method described by Bull et al.
(1999b). Samples from all sites were processed, but
not from all test pits. We made a selection based on
the likelihood that the sample would be free from
contamination, and ensured that each assumed land
use was represented (pasture, arable, and control).
Following the discovery of high phosphate in the
peat overlying the buried soils, we processed addi-
tional samples from the peat.

Loss on ignition

We used loss on ignition (LOI) to distinguish
soils with added organic matter from soils with-
out such amendment, based on comparison with
unamended local buried control soils dating to the
Mesolithic. LOI was determined as percentage mass
loss following ignition of oven-dried soil (105 °C)
at 425 °C for 8 hours. We conducted LOI in the first
season only because later peat infiltration into the
samples rendered the analysis meaningless.

Macrobotany

We took 10-litre soil samples for charred macro-
botanical remains from the buried soils in each
test pit. The density of rootlets made sieving and
analysis rather difficult. We scanned the 1-mm siev-
ing fraction of all the samples using an illuminated
magnifying glass, and selected 8 samples for further
investigation under the microscope.

Soil magnetism

We analyzed soil magnetism (mass susceptibil-
ity, Xfd, ARM, IRM) in order to identify fuel ash
residues in the soil (e.g., Peters et al. 2001). This
method was not successful in distinguishing the
different areas, probably because of the high degree
of iron translocation in the soil, and the results will
therefore not be discussed here. We examined soil
magnetism in the first season only, and not in the
second.

Results

Dating

The field walls have been firmly dated to the
Neolithic (Caulfield et al. 1998), but 2 phases of
activity were identified at Belderrig Beg (Fig. 1b),
where a roundhouse and lazy beds were found (Caul-
field 1978). Radiocarbon dates placed the later phase
in the Bronze Age and the earlier in the Neolithic
(ibid.). For the current research, we placed test pits
in a Neolithic/Bronze Age midden (Test pit A) and
in an area where the Bronze Age lazy beds were
discovered (Test pit B). The aim of Test pit A was
to identify the potential fertilizing material within
the midden, and Test Pit B was placed to sample and
compare the soil from the Bronze Age lazy beds and
the underlying Neolithic soil. The lazy beds were
not found, but a radiocarbon date from a charcoal
fragment in the buried soil in Test Pit B confirmed a
Bronze Age Date (Table 1).

Field observations and background

The peat in County Mayo reaches depths of over
4 m, so samples were taken predominantly from
arcas where some of the peat had been extracted.
During peat extraction, the more fibrous and poorly
humified upper “topsod” is removed and set aside

Table 1. Radiocarbon dates (calibrated at 95.4% probability).

Test Date uncal. BP  Date
Lab code pit Material (BP=1950) (cal. BC)

OxA-15270 A Calluna vulgaris 3563 £30 1920 + 60
OxA-15271 A Salix 3649 +30 2035+ 105
OxA-15272 B [lex aquifolium 3091 +29 1360 + 70
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(S. Caulfield, University College Dublin, Dublin,
Ireland, pers. comm.), and the black, humified peat
below is removed in long, thin blocks, to be then
dried and used for fuel. As peat cutting progresses,
the topsod is thrown back onto the truncated hu-
mified peat layer, creating what is often a sharp
boundary between redeposited brown topsod and
the truncated black peat that seals the buried soils
(Fig. 2a). The sequence is not always simple; in
places the buried soil was sealed by bands of brown
and black peat, which may represent burning or
peat cutting on more than one occasion (Fig. 2c).
The layer of humified peat overlying the buried
soils was between 1.10 m and just 10 mm thick,
and in one instance (Test Pit C) the peat appeared
to have been extracted right down to the level of the
mineral soil (Fig. 2b).

The buried soils in the field were variable in
color and texture (Appendix 1), ranging from
10YR2/1 (black) to 5/4 (yellowish brown), and
the stone walls of the Neolithic fields often rested
on buried soil horizons that were pale and leached
(e.g., I0YR 5/4). The buried soils were 40—190 mm
thick, and in a few instances there was evidence
of soil profile development, with slightly paler,
leached eluvial horizons below the buried topsoil.
The thin depth of the buried soils suggests that
they have been either truncated or eroded. Test Pit
J (Fig. 3a) shows the development of soil horizons,
consisting of a layer of black peat (126) over a thin,
pale brown horizon with an indeterminate boundary
onto a grey horizon. The brown/grey horizon (127)
had characteristics of a buried soil, e.g., dense and
very dense excremental fabric and a moderate po-
rosity. Below this was a distinctly leached eluvial
horizon that overlay gleyed till.

We had hoped to find traces of the lazy beds de-
scribed by Caulfield et al. (2009) at Belderg Beg, but
Test Pit B did not contain any obvious cultivation
ridges or furrows. Possible cultivation ridges were
found in Test Pit 3 in the Céide Fields, however,
where there was a 4-cm-high ridge adjoining a 4-cm-
deep furrow at the interface between the base of the
buried soil and the surface of the till below. The bur-
ied soils in Test Pit 10 at Rathlackan

and sands accumulating in lenses between and
around the stones; this was a phenomenon that was
also noted in excavation at Belderrig by Warren
(2004). The passage of rainwater down through the
soil profile has also affected the soil; iron panning
was evident in some of the buried B horizons and
also in the stony, compacted, and often gleyed gla-
cial till below.

Micromorphology, LOI, and macrobotanical
evidence

There was a vast amount of variation in the soil
organic matter of the samples, and many of the ho-
rizons identified as mineral soils in the field were
actually higher in organic matter than the layers
identified as well-humified peat, based on loss-on-
ignition results (Table 2; see also Supplementary
Table 1, available online at http://www.eaglehill.
us/JONAonline/supl-files/J091812-Guttman-Bond-
sl, and for BioOne subscribers, at http://dx.doi.
org/10.1656/J091812.s1). The thin-section analysis
(Appendix 2) provides an explanation for these un-
expected findings: the buried soils contain frequent
rootlets in a state of partial decay, making them
more organic-rich (Fig. 3b, c¢), and the black peat
layers often contained charcoal, suggesting that
some of the organic matter within them had already
been burned. Regular burning of moorland prevents
heather from growing too large and woody; it is pos-
sible that the fires were intentional, but natural fires
in this region date back to the Mesolithic (Molloy
and O’Connell 1995).

Many of the buried soil samples contained
15-20% organic material, as estimated in thin sec-
tion. Conversely, the peat horizons contained up to
20-30% mineral material (silt and sand size), which
suggests that either the peat was redeposited, or that
sediment washed over or blew into these horizons
and accumulated within them during their forma-
tion. It is also possible that the peat and soil were
mixed due to cultivation; the soils in Test Pits 5 and
6 at Rathlackan—both within the same enclosure—
contained peat fragments similar to those found
in plaggen soils (cf. Guttmann et al. 2006). These

were contained entirely within a fur-
row, reaching a depth of 10 cm and
tapering to 0 cm over a length of 50

Table 2. Phosphate and loss on ignition (LOI) ranges given in mg per 100 g.

cm. Shallower and less convincing
wavy interfaces occurred in Test Pit J
(Cé¢ide Fields) and Test Pits 7 and 8 at
Rathlackan (Fig. 4a).

On slopes, the field walls act as
sub-peat drains, with water-lain silts

Location Total P Organic P % LOI
Buried soils, Rathlackan 9.03-44.80 8.59-33.81 -

Buried soils, Céide Fields 6.45-76.12 8.20-74.58 5.48-90.54
Peat (Céide Fields) 28.25-88.24 24.05-86.62 7.24—-11.45
Buried soils, Belderrig 10.60-33.88 10.46-29.29 9.09-31.70
Peat (Belderrig) 16.08 16.03 95.56
Buried soil, control Mesolithic 11.14-13.46 7.14-9.43 13.79-81.96
Till 13.68-34.06 9.43-33.48 12.68-89.08
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Figure 2. (a)
Soil profile,
Test Pit B
(Belderrig)
photo and sec-
tion drawing;
(b) Test pit C
(Belderrig)
photo; (c) Test
pit G (Belder-
rig) photo.
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layers (contexts 202 and 200) included porous to
dense excremental fabric, and 202 also contained
organic material with intact sheets of phytoliths.
Rathlackan’s Test Pits 7 and 12 also contained peat

fragments in the buried soils (205) and (217). Field
observations support the notion that the peat layer
was disturbed and possibly ploughed: Test Pit 7 had
a wavy interface between the buried soil (205) and

S e ) ) Mixed
\7:.’_‘.‘
Till i
[ ol
0 1M
| |
CEIDE FIELDS TEST PIT J

N ( 25 mm
I |

Topsoil

NW | SW

Figure 3. (a) Test pit J (Céide Fields) photo and section drawing; (b) Rootlets in the buried soil, macro (Céide Fields Test
Pit I, layer 119); (c) Rootlets in the buried soil, micro (Céide Fields Test Pit I, layer 119).
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the subsoil below (206), as well as at the base of the
subsoil (Fig. 4a). Test Pit 12 showed an irregularity
in the interface between the humic black peat (216)
and the buried soil below (217); this finding could
be due to either prehistoric arable activity or modern
peat cutting (Fig. 4b).

Phytoliths occurred in both the peats and soils;
phytoliths are concentrated in animal dung, but they
also occur naturally in soil and peat. A more unusual
occurrence was the occasional cluster of spherulites,
which are an indicator of animal manure (Canti
1997), but it is difficult to believe that these calcitic
structures could survive in such an acidic environ-
ment, and it is possible that they are an artifact of
thin-section processing. A more convincing indica-
tor for manuring was found in the form of a bright
blue mineral (PPL and XPL) interpreted as vivianite
in the buried soil (226) in the Céide Field Test Pit 3.
Vivianite is a phosphatic mineral which occurs natu-
rally in wet, peaty soils (Bullock et al. 1985:72) but
it is also associated with human and animal excre-
ment (Mcgowan and Prangell 2006).

The structure of the soils in thin section was
characterized by cracks (due to wetting and drying)

and channels, derived from either earthworm activ-
ity followed by root penetration or from root pen-
etration alone. The channels were typically around
I mm wide and have a vertical to 45° orientation.
The remains of roots were evident within the chan-
nels, which carry on down into the till (hence the
high LOI of many of the till samples). The organic
root material within the channels was often well
preserved or only slightly decayed. The porosity of
the samples was typically 20-30%, with much of the
void space occurring as channels in which rootlets
were partially decayed.

A number of the samples were characterized by a
platy structure of planar voids and flattened organic
aggregates, a sign of compaction that is frequently
interpreted as an indication of ploughing (Macphail et
al. 1990). However, this was more often a character-
istic of peat layers, occurring in a soil only in test pit
18 in the Céide Fields, in which soil (243) contained
horizontal lenses of peat. In several layers, we noted
that the channels cut through the horizontal peat lay-
ers, indicating that the rootlet penetration occurred at
a later date. Test Pit 4 in the Céide Fields contained
horizontal laminations in the peat and clay domains

TEST PIT 7
w

occurring in the soil fabric; the clay
domains might be interpreted as
E fragmented plough pan.

Soils develop through pro-
cesses of chemical and physical
weathering, and are generally dis-
tinguished from sediments by the

. 1 presence of soil horizons (French
. @ s ] 2003:35). On a microscopic scale,
SO o soil formation can be identified by

the presence of “pedofeatures”,

0 IM or soil-forming features (French
| l 2003:40). Pedofeatures are charac-
teristics that derive from physical

and chemical weathering processes

TEST PIT 12 b such as leaching and oxidation, and

also from the biological activities
of soil biota such as earthworms
and mites. There was abundant evi-
dence for oxidation and reduction

in the samples, in the form of iron
accumulation around the rootlets
and the channels in which they oc-
curred. This evidence for redox pro-
cesses is indicative of wetting and
drying, which is hardly surprising
in a temperate landscape covered
in blanket bog. Evidence for trans-

location of clays and silt was very

Figure 4. (a) Test pit 7 (Rathlackan) section drawing; (b) Test pit 12 (Rathlackan)

section drawing.

rare; there were very rare mineral
grains with birefringent coatings,
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but (apart from in Test Pit 1 in the Céide Fields) the
soil voids did not have either the limpid clay coat-
ings that might be expected from a woodland soil,
or the dusty clay coatings which would indicate
disturbance such as that brought about by cultivation
(Jongerius 1983, Macphail et al. 1987).

Another important pedofeature that is useful in
this context is excremental fabric, which is an indi-
cator for the presence of soil biota. This fabric in-
cludes rounded aggregates of excrement in differing
states of decay. When the aggregates are still distinct
and rounded, the fabric is described as porous and
very porous, and is an indication of recent biologi-
cal activity (Bullock et al. 1985:137). Over time, the
aggregates coalesce into dense and very dense
excremental fabric. Nineteen soils (including soils
from all 3 sites) contained rare to very rare porous
excremental fabric, indicating potentially recent
earthworm or mesofaunal activity (e.g., collembola,
mites). The porous excremental fabric was confined
almost entirely to the channels, in which organic
material was partially decayed. Twenty-seven soils
(from all 3 sites) contained dense and very dense
excremental fabric, indicating both age and compac-
tion of the soils (ibid.) and that the soils were once
biologically active.

Potentially anthropogenic material visible in the
soil thin sections was limited to charcoal and charred
peat fragments. Soil charcoal is traditionally inter-
preted as the result of burning of the vegetation for
land clearance prior to agriculture, but hearth ash is
also applied as fertilizer in regions where the soil
is naturally acidic (Guttmann et al. 2005). Ash is
calcareous and helps to raise the soil pH, improving
soil quality, attracting earthworms, and increasing
agricultural yields.

W <150um

B 150-250um

[ 250-500pm
. 500um-1mm

D >1mm

Figure 5. Charcoal distribution by fragment size range,
based on contiguous transects of the thin section slides.

10

A size analysis on the charcoal fragments in thin
sections from all sites indicated that 96.3% of the
fragments were in the size class of <150 um (Fig.
5; see also Supplementary Table 2, available online
at http://www.eaglehill.us/JONAonline/supl-files/
J091812-Guttman-Bond-s1, and for BioOne sub-
scribers, at http://dx.doi.org/10.1656/J091812.s2).
Since this is the size class most likely to be carried
by the wind (Clark 1988), it cannot be conclusively
stated that the land was intentionally fertilized with
hearth ash. Larger fragments were found in small
quantities in other contexts, particularly the Belder-
rig midden, but only 21 fragments over 500 um were
recorded in thin section. Some of the charcoal noted
in thin section was from burned peat, identified by
its structure and the inclusions of mineral grains
(Davidson and Carter 1998).

Molloy and O’Connell (1995) noted that the
black, humified peat layer in the Céide Fields area
contained frequent charcoal, which was interpreted
as a consequence of burning on the peat surface. The
charcoal dates predominantly to before the Neolithic
land clearance, with the latest major deposition oc-
curring 200 years before the clearance phase (ibid.).
Burning as part of the clearance phase is suggested
by Caulfield (1978), who noted that charcoal occurs
in all the exposures of the buried mineral soil within
the field systems. Given the ubiquity of charcoal in
the landscape before and possibly during the use of
the field system, it is impossible to ascribe either
natural or human causes to the burning, apart from
the evidence within the clearly archaeological mid-
den deposits at Belderrig.

All macrobotanical samples contained small- to
moderate-sized charcoal measuring less than 6 mm.
Most contained un-diagnostic spores, many of which
seemed to have been charred. There were no charred
seed remains in any of the samples investigated,
but small lumps of humified peat were found in the
bulk sieving from the buried soil in Test Pit G, and
burnt peat was recovered from the Belderrig midden
(Table 3). We identified charcoal from the Belderrig
midden as Calluna vulgaris, another indicator that
peat was burnt on this site.

Table 3. Macrobotanical remains.

Sample Test pit Site Results

1 C Belderrig

4 D Belderrig 2 fragments possible charred
pine bracts

9 1050/990 Belderrig

10 A (midden) Belderrig

13 B Belderrig ~ Burnt peat

14 A (midden) Belderrig

15 A (midden) Belderrig

27 G Ceide Small lumps of humified peat
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Phosphate

The phosphate results indicated raised levels of
P in the buried soils as compared to the controls,
which suggests low levels of anthropogenic inputs
in the buried soils (Table 2; see also Supplementary
Table 1, available online at http://www.eaglehill.
us/JONAonline/supl-files/J091812-Guttman-Bond-
sl, and for BioOne subscribers, at http://dx.doi.
org/10.1656/J091812.s1, and Supplementary Table
3, available online at http://www.eaglehill.us/
JONAonline/supl-files/J091812-Guttman-Bond-
s3, and for BioOne subscribers, at http://dx.doi.
org/10.1656/J091812.s3). The peat from the 3 sites
was also significantly richer in phosphate than the
control samples (P = 0.000), based on an ANOVA in
SPSS using replicate samples from each site. Figure
6a shows that the highest levels of organic phosphate
were actually derived from the peat, which is prob-
ably the result of several processes, to be discussed
below. The outliers shown in Figure 6a indicate
particularly high organic phosphate in contexts 121
(the buried soil in Test Pit G) and 226 (the buried
soil in Test Pit 3; note that vivianite also occurred
in this context). Test Pit G was in the field in which
the ard marks and ard share were found in the 1991
excavation (Byrne et al. 2009b), and Test Pit 3 was
in the field immediately to the south.

The main taphonomic problem with organic/
inorganic phosphate analysis is that soil microbes
convert organic P into inorganic P in aerobic condi-

tions, but (as predicted) the waterlogging and acidity
has prevented this from taking place. The samples
contained predominantly organic P and very little
mineralized P, which suggests that the inputs were
organic material such as manures. The total P plot
shows a similar distribution to the organic P (Fig.
6b). The outlier in Figure 6b showing higher total P
levels is from the Céide Fields Test Pit 3, in the field
to the south of the field containing ard marks.

If the sites are presented individually, the P dis-
tribution from the Céide Fields appears similar to the
overall distribution (Fig. 7a), but a slightly different
pattern is apparent at Belderrig, where P seems to
have leached down into the till to a greater degree
(Fig. 7b). The P levels in the Belderrig peat are lower
than on the other sites.

Samples were taken from 2 fields and 2 enclo-
sures at Rathlackan (Test Pits 5-12, 29, and 30; Fig.
1d). The total P distribution showed a high level of
P in Test Pits 7 and 8 compared to the controls, with
slightly raised levels also occurring in the field im-
mediately to the south (Fig. 8). The 2 enclosures, by
contrast, contained P at about the same levels as the
controls.

Fecal biomarker lipids

The stanol index ([53-stanol + epi-5B-stanol]:[Sa-
stanol + 5B-stanol + epi-5B-stanol]) (Simpson et al.
1998; Bull et al. 1999b, 2002), summarized as [58:5a
+ 5B], was used to detect the ancient deposition of

Table 4. Concentrations (ug g soil) of bile acids extracted from buried soils. LC = lithocholic acid, DOC = deoxycholic acid, CDOC =
chenodeoxycholic acid, HDOC = hyodeoxychoilic acid, UDOC = ursodeoxycholic acid, and X = 3a-hydroxy-12-oxo-5b-cholanic acid. All

acids given in pg g’ soil.

Sample/

context Site Test pit Type LC DOC CDOC HDOC UDOC X
10/108 Belderrig A Buried soil 0.00 0.41 0.00 0.27 0.00 0.00
07/104 Belderrig D Buried soil 0.00 0.36 0.00 0.00 0.00 0.00
13/110 Belderrig B Buried soil 0.00 0.94 0.00 0.00 0.00 0.00
47/129 Ceide H Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
43/127 Ceide J Buried soil 0.47 0.95 0.05 0.06 0.00 0.19
27/121 Ceide G Buried soil 0.00 2.06 0.00 0.00 0.00 0.00
42/125 Ceide G Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
30/119 Ceide 1 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
49/238 Ceide 27 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
24/222 Ceide 1 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
73/243 Ceide 18 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
33/117 Ceide 1 Peat 0.00 0.37 0.00 0.00 0.00 0.00
13/211 Rathlacken 9 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
09/208 Rathlacken 8 Buried soil 0.00 0.09 0.00 0.00 0.00 0.00
15/213 Rathlacken 11 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
05/205 Rathlacken 7 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
03/203 Rathlacken 5 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
07/206 Rathlacken 7 Buried sub-soil 0.00 0.00 0.00 0.00 0.00 0.00
11/209 Rathlacken 8 Buried sub-soil 0.00 0.00 0.00 0.00 0.00 0.00
44/234 Area E 24 Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
60/136 Control F Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
61/136 Control F Buried soil 0.00 0.00 0.00 0.00 0.00 0.00
63/136 Control F Buried soil 0.00 0.5 0.00 0.00 0.00 0.00
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Figure 6. (a) Distribution of organic P in the Céide Fields, Belderrig, Rathlackan, Area E and the controls; (b) Distribution
of total P in all sites. The boxplots show the maximum and minimum values for each sample set, with the median line in

the center.
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manures in archaeological soils at Céide, Rathlackan,
and Belderrig (Table 4). All of the buried soils ana-
lyzed contained 5b-stanols, which suggests the pres-
ence of herbivore feces, but which could also be natu-
ral background levels. The undisturbed Mesolithic
control soils contained a significantly higher stanols
index [5B:5a + 5B] compared with Rathlackan,
Belderrig, and Céide (Fig. 9), which indicates that
the 5b-stanols are probably natural and do not sug-
gest manuring. The single samples analyzed from
the overlying peat at Céide and the buried soil from
Area E provided ratios of (5B:5a + 58) = 0.11 and
0.07, respectively, and (5p:5a + 58) =0.25 + 0.11 for
the buried sub-soil from Rathlackan, but these were
less than or similar to the control soils ([5B:5a+ 58] =
0.29+0.01). The 5b-stanols and total phosphate were
correlated to test whether enhanced levels of organic
phosphate were reflecting added organic manures
(Linderholm 1997), but the results showed no statisti-
cally significant relationship (P =-0.24).

The analysis of bile acids produced some inter-
esting but widely variable results. Overall, deoxy-

cholic acid was the most common bile acid (Table 4).
In isolation, deoxycholic acid provides evidence of
bovine dung, and in combination with lithocholic
acid it is evidence for human feces (Simpson et al
1999b). All of the soils that contained deoxycholic
acid also contained Sb-stanols (but not vice versa).
Deoxycholic acid occurred in 1 of the 3 control soils
at 0.50 mg g soil; it was 0.00 mg g' soil in the other
two. Deoxycholic acid was identified in all Belder-
rig buried soil samples (Test Pit A: 0.41mg g soil,
Test Pit B: 0.94 mg g’ soil, and Test Pit D: 0.36 mg
g soil). Test Pit B, with the slightly raised level, was
the buried soil sample taken from a buried Bronze
Age soil. Deoxycholic acid also occurred in 1 of 5
Rathlackan samples (0.19 mg g soil), and also in a
peat sample from Céide Test Pit I (0.37 mg g™ soil).
The buried sub-soil samples from Rathlackan and
the buried soil from Area E contained no evidence of
deoxycholic acid. Two of the 8 buried soil samples
from Céide contained deoxycholic acid, but in signif-
icantly different concentrations: 0.95 mg g™ (Test Pit
J)and 2.06 mg g in Test Pit G. Hyodeoxycholic acid

50
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Total P
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Figure 8. Total P in Rathlackan fields and enclosures. The boxplots show the maximum and minimum values for each

sample set, with the median line in the center
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was also identified in | of the Belderrig buried soils
and in | of the Céide soils. In the latter sample, de-
oxycholic acid and hyodeoxycholic acid were identi-
fied along with lithocholic acid, chenodexoycholic
acid, and 3a-hydroxy-12-oxo0-5b-cholanic acid.

Discussion

In 1991, a cluster of ard marks and a stone ard
share were uncovered in the Céide Fields in an area
that is now beneath the Visitor Center (Byrne et al.
2009b). In 2004-2005, we placed 4 test pits to the
east of the Visitor Center, in the same Neolithic
field as the ard marks and ard share, and a further
3 test pits in the field immediately to the south. The
evidence from these test pits suggests that the arable
area extended to the south and east of the Visitor
Center. The soil in Test pit 18 (ard mark field) con-
tained planar voids with horizontal lenses of peat.
The soil in Test Pits 3 (to the south of the ard mark
field) and Test Pit G (the ard mark field) had organic
phosphate levels that were significantly higher than
the other soil samples, such that they appear as outli-
ers in the organic P plot for all 3 sites. The highest
level of deoxycholic acid on the site (2.06 ug g)
was found in Test Pit G. Test Pit G also had small

lumps of humified peat in the buried soil, which
may indicate mechanical mixing such as would take
place in an arable ploughsoil. Taken together, these
indicators suggest that the entire field may have been
used as arable land, and that it is likely to have been
manured with bovine dung.

The Neolithic field to the south of the ard mark
field also contained potential arable indicators. The
buried soil in Test Pit 1, located within a round en-
closure to the south of the 1989 excavation trenches,
contained the only dusty clay coatings noted in the
excavation; these coatings are an indicator of distur-
bance usually associated with ploughing (Macphail
et al. 1987), although they can also arise from other
types of disturbance (Wilson 2000). Test Pit 2 was
abandoned due to the truncation of the shallow soil,
but the buried soil in Test Pit 3 contained an outlier
with the highest total P found on all 3 sites. The
buried soil in Test Pit 3 had a distinctively wavy
interface with the till below, suggesting cultivation;
this soils also had the highest organic P concentra-
tion found on the 3 sites, as well as vivianite, a phos-
phatic mineral associated with manuring. Test Pit 4
contained a possible re-worked plough pan in the
form of disturbed clay domains (cf. Gebhardt 1992,
Lewis 1998).

04 -

0.3 -

0.3 -

0.1 -

0.1 -

0.0 = .

C

Belderrig Céide

Rathlackan Control

Figure 9. Mean (5B:50 + 5B) for buried soils from Belderrig (n = 3), Rathlackan (n = 5), Céide Fields (n = 8), and control
areas (n = 3). The boxplots show the maximum and minimum values for each sample set, with the median line in the center.
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Rathlackan had one field that was distinctly
higher in P than the controls. Test Pits 7 and 8, within
this field, not only had higher total P but also had
evidence for possible ploughing or cultivation ridge
and furrow. Test Pit 11, within the southern enclo-
sure, also had a slightly wavy boundary between
the base of the buried soil and the top of the natural
till. Test Pits 10 and 11 had raised P compared to
the enclosures, but it was not as pronounced as the
distinctly higher levels in the northern field.

The phosphate sampling showed generally high-
er levels of P in the peat than in the buried mineral
soils, although natural blanket peat is not naturally
high in P (Grime and Guttmann-Bond 2011, Renou
and Farrell 2005). Phosphorus gains derive from
P that is sorbed on wind-blown dust particles, but
this usually contributes very low levels of P to the
developing peat (Brady and Weil 1999:551). The P
enrichment of the peat in the Neolithic field systems
is likely to derive partly from such aeolian deposits,
but the high levels have most likely been brought
up from the Neolithic mineral soils via plant roots.
As plants decay on the peat surface, the P returns
to the developing peat, and probably continued to
be drawn up to the upper peat levels as the peat
accreted. Water throughput in blanket peat is ex-
tremely slow, with movement of less than 1 cm per
day (Renou and Farrell 2005); this water may have
brought low levels of P from upslope, which in all
cases consists of blanket bog. Erosion from the P-
enriched Neolithic arable soils may also be a factor;
the soils contained mineral grains which might have
eroded into the peat via wind or sheetwash.

The thin-section analysis identified high quanti-
ties of sand and silt within the peat, interpreted as a
result of erosion of the local soils via wind or sheet-
wash. Molloy and O’Connell (1995) also observed
large quantities of mineral material in the peat when
they undertook pollen analyses in the region, and
they also concluded that the material represents ero-
sion of local soils. This is a hilly region, and collu-
viation could have been accelerated by either arable
agriculture or overgrazing. Occasional bog bursts
also occur in this area during heavy rainfall.

Peat fragments also indicate mechanical mixing,
possibly due to recent peat cutting but possibly also
due to prehistoric cultivation. Both interpretations
would explain the shallow depth of the buried soils
identified in the field, but the evidence for mineral
grains in thin section ties in with the work of Mol-
loy and O’Connell (1995), who noted the presence
of sediment in the peat and also frequent charcoal,
indicative of burning on the peat surface. The char-
coal deposition and erosion events that they identi-
fied took place before the Neolithic clearance for the
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Céide Fields (ibid.). The evidence from the current
study suggests that soil erosion—possibly acceler-
ated by ploughing or grazing animals—continued
to take place while the Céide Fields were in use and
may have continued after the fields were abandoned.

The burnt peat and Calluna vulgaris charcoal
from the Neolithic/Bronze Age midden deposit at
Belderrig, together with the occasional charred peat
seen in thin section, suggests that peat was used as
a fuel and may also have been used as fertilizer on
the fields. Charred peat was identified in Test Pits A
and B at Belderrig; Area E; Céide Fields Test Pits
G, 1, 1, 18, 19, 21, and 26; and Rathlackan Test Pit
8. Charred peat was also seen in thin section in the
peat layer of Test Pits E, G, 1, J, 19, 20, 21, and 26.
The occurrence of charred peat fragments in the peat
could be due to natural fires or to mixing—which
suggests that the charred peat in the buried soils
could also be natural. It is difficult to draw conclu-
sive evidence from this indicator alone, but it may
be significant that the one sample containing charred
peat at Rathlackan was from a test pit with raised
levels of phosphate in the field thought to be arable
land.

The phosphate within the peat is likely to derive
from the soil of the fields, and the low levels of
P in the buried soils suggests that they have been
depleted, either through truncation, removal of P
by plants, or both. The enhanced organic P, together
with the bile acid data, suggests that there was some
amendment with animal manures. The presence of
charcoal in the buried mineral soils suggests that
fires continued to occur in the landscape, but there
is no evidence to conclusively argue that charcoal
was intentionally spread onto the land as fertilizer,
or to distinguish whether the burning episodes were
natural or intentional.

The lipid results were mixed. Although 5b-
stanols were observed in most of the buried soil
samples from Belderrig, Céide, and Rathlackan,
these alone did not provide sufficient evidence to
support the managed application of animal manures
in the Neolithic. There is a natural background of
Sb-stanols in the environment (Bethel et al. 1994),
and, since the chemical precursors of the fecal bio-
marker sterols and Sa-stanols occur naturally in the
environment, there exists the possibility for the diag-
nostic ratio of (5B:5a + 5B) proxy to be obscured by
the latter addition of the 5a component, be it directly
or as a reduction product of its precursor. Downward
transport of these components from overlying peat
may explain why there was no definitive signal of
fecal input using these biomarkers.

Bile acids are more specific indicators for fecal
material as they derive from mammalian metabolism
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rather than as a reductive product of a dietary com-
pound, i.e., stanols, and have been shown to be more
stable in the environment than stanols (Elhmmali et
al. 1997). The results of the analysis of the 2 com-
pound classes described support this specificity;
although all but 1 of the samples analyzed contained
5B-stigmastanol and/or its epimer, only 8 contained
bile acids. Therefore, instances where deoxycholic
acid was the dominant bile acid, and coincident
with Sb-stanols, can be tentatively ascribed to cattle
dung. The presence of cattle dung suggests that her-
bivore dung was added to the soil—although it may
have simply been the unstructured deposition of fe-
cal material by grazing animals. The highest level of
deoxycholic acid on the site (2.06 pg g') was found
in Test Pit G, which was on or near the area of ard
marks. Possible manuring also occurred in the bur-
ied Bronze Age soil at Belderrig, in the area where
cultivation ridges were recorded in the excavation of
1971-1982 (Byrne et al. 2009). However, because
most of the samples produced levels comparable to
the control soils (0 to 0.5 pg g"), the results of this
analysis did not strongly support the hypothesis of
manuring of the Céide Fields, apart from in Test
Pit G.

One buried soil sample from the Céide Fields
contained a wider range of bile acids than the other
samples. Test Pit J, placed in a field thought to be for
pasture, contained a significant quantity of lithocho-
lic acid. Although no coprostanol was observed, this
indicator suggests the input of human fecal material.
Human excrement has certainly been used as fertiliz-
er in many parts of the world, and if composted can be
quite safe (De Bertoldi et al. 1983, Poincelot 1972),
but without more replicate samples it cannot be dem-
onstrated that this “fertilization” was intentional.

Agricultural fields play a prominent part in land-
scape development in the Early Neolithic in Ireland,
but for reasons we cannot explain, they apparently
fell out of use in the Late Neolithic. This agricultural
decline is supported by pollen analysis (O’Connell
and Molloy 2001, Verrill and Tipping 2010) and by
a radiocarbon dating program of charred Neolithic
cereal grains, the majority of which date from ca.
3800-3000 (Brown 2007). It may be that large field
systems were replaced by small plots of land which
were more like gardens than fields—a form of agri-
culture that we see in the Neolithic in Scotland and
on the Continent (Bogaard 2005, Guttmann 2005).
This study has demonstrated that animal manures
were probably used as fertilizer in early Neolithic
agriculture in Ireland. This ties in with evidence
from the Continent, and also with the new findings
produced by Bogaard et al. (2013) indicating the use
of animal manure fertilizer in the UK. This is very
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different to the rather slower development of agri-
culture in England, where animal manure fertilizer
does not seem to have been used until the Iron Age
(Guttmann et al. 2005).

Conclusions

The hypothesis for this project was that the land
within the enclosed Neolithic fields may have been
manured or fertilized, given that 1) ard marks and
cereal pollen indicate that some of the land was
cultivated, 2) fertilizing material would have been
available, and 3) the land was enclosed, which sug-
gests an intensity of land use. The actual site of the
ard marks now sits underneath a building, so we
could not obtain a set of samples from a soil that was
unambiguously arable, but buried soils from the test
pits within the same Neolithic field produced high
phosphates and the highest levels of deoxycholic
acid found on all 3 sites, which suggests the pres-
ence of animal manure in the soil in this area. Mi-
cromorphology also suggested possible ploughing in
this field, as did the presence of small lumps of peat
mixed into the buried soil. The field to the south of
this one also had evidence for soil amendment and
ploughing, including dusty clay coatings, a possible
plough pan, and the highest P from any of the test
pits.

The conclusion is that the early Neolithic Céide
Fields, Belderrig, and Rathlackan were used for both
arable and pastoral farming, and that herbivore dung
was added to the soil of 2 fields at Céide and pos-
sibly also 1 at Rathlackan. We also have tentative
evidence for the presence of bovine manure in the
Bronze Age soil at Belderrig, together with burning
of peat for fuel. Caulfield (1978) suggested that land
use at Belderrig may have actually prevented the
peat from spreading into the fields, and the evidence
from this study supports this idea.
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Appendix 1. Field descriptions, showing area, test pit, and contexts (in brackets).

No. 30

Area TP Top sod Humified peat | Buried soil Sub-soil Till
Belderg Beg A -109 (108) humic
silt. (112) sandy
loam 10YR 3/2.
Midden layers
(130,131, 132)
Belderg Beg B (135) Black -110 (134) I0YR 4/4
sandy silt
Belderg More C (100) 5YR4/6 | 7.5YR2.5/2 |(101) IOYRS/4 10YRS/4 Targe
soft clayey silt, stones, poorly
v. frequent large sorted
stones, peat
mottles
Belderg More D (102) 5YR5/6 (104) TOYRS5/3 (105) 10YRS/4
clayey silt with frequent large
gleying stones, poorly
sorted
Area E E (113) Black, [(115) I0YR2/2](115) 10YR3/2 10YR5/3
humified  [brown peaty silt silt loam
Belderg Beg F (136) 10YR2/2 10YR 4/6
sandy silt compact,
50-60% large
stones
Ceide Fields G (124) Black [ (121) TOYR2/2[(125) 10YR4/3
humified peat | organic clayey brown,
silt compact,
frequent large
stones
Céide Fields H (122) Black | (123) I0YR4/2[(129) 10YR3/2| Gley 1 4/10Y
dark greyish | and 10YR4/3 | dark greenish
brown soft very compact grey
clayey silt silty clay,
10-20% poorly
sorted stones
Céide Fields | (117) Black | (118) 10YR3/2(119) I0YR2/2 | (120) I0YR4/2
silty clay silty clay compact clayey
silt
Ceide Fields J (126) Black, [(127) IOYR3/2 (128) Mottled
moderately very dark 10YR3/2 and
humified, freq | greyish brown 5Y4/2 olive
rootlets organic rich grey. Gleyed,
clay-silt decayed
sandstone.
Belderrig, K -133 (107) 10YR 4/3
(analyzed for soft clayey silt.
UCD) 20-30% poorly

sorted stones,
2-5% charcoal
flecks
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Area TP Top sod Humified peat | Buried soil Sub-soil Tall
Céeide Fields 1 (221) Black, [(222) 10YR2/2 (223) Gleyed tll
humified very soft clayey| 10YR3/Isilty
silt clay
Ceide Fields 3 (224) Black, | (225) Black, (226) Compact stony
fairly well humified peat, till
humified clayey
Céide Fields 4 (218) Black, | (219) Black, [(220) I0YR3/2
fairly well | Well humified, silty clay,
humified clayey frequent
sandstone,
occassional
charcoal
Rathlackan 5 Fibrous (202) Black, [(203) 10YR2/2 Stony till
well humified | v dark brown
clayey silt,
frequent rootlets
Rathlackan 6 (200) Black, |(201) 10YR2/2
well humified, | silty clay loam
frequent rootlets
Rathlackan 7 (204) Black and]| (205) I0YR2/1](206) 10YR3/2
orange
Rathlackan 8 (208) Black, (209) Dark | Yellow brown
humified brown humic |[silty clay, sandy
clay inclusions
Rathlackan 9 (210) Black, [ (211)10YR2/2
humified, to 10YR 4/4,
frequent roots | clayey silty,
and rootlets mottled very
dark brown,
paler with
depth.
Rathlackan 10 Fibrous peat (214) Black, |(215) I0YR2/2 10YRS/3
fairly well clayey silt
humified,
moderate
rootlets
Rathlackan 11 (212) Black | (213) 10YR2/2
peat. Darker, dark brown,
denser band at frequent
base. sandstone
Rathlackan 12 (216) Black [(217) 10YR2/2
dark brown
clayey silt,
occassional
small stones
Ceide Fields 18 |Reddish, fibrous| (242) Black, v | (243) 10YR2/2 Compact, with

peat

humified

silty clay,
occassional
small stones

large stones
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Area TP Top sod Humified peat | Buried soil Sub-so1l Till
Ceide Fields 19 (227) Black (228) I0YR
2/2 very dark
brown, m paler
mottles (10YR
3/2) occassional
small stones
Céide Fields 20 (244) Band of | (245) 10YR2/1 |(246) 10YR2/1,|(247) 10YR3/2, Compact
charcoal within| Black, well | occ stones, occ | distinct from
peat humified, |[charcoal flecks. |till below, paler
freq roots and Near field than horizon
rootlets wall at base of above
slope; possible
lynchet?
Céide Fields 21 (248) TOYR2/T| (249) 10YR [(250) IOYR3/3| Very stony
Very dark  |very dark brown|dark brown silty] compact till
brown humified| clayey silt, | clay, moderate
peat occassional stones,
charcoal, occassional
occassional charcoal
stones
Area E 22 Dark brown (229) Black, [(230) I0YR3/2 Stony till
well humified, | dark brown
freq rootlets clayey soil,
sandstone
inclusions
Area E 23 (231) Black, [(232) 10YR3/2 10YR4/3 and
well humified, |clayey silt, very 4/4 Sandy clay
frequent rootlets soft loam, ~30%
stones up to 28
cm
Area E 24 (233) Black, [(234) 10YR3/2 10YR4/3
humified silty clay, very frequent
soft, frequent blackened
rootlets rootlet holes
Area E 25 (235) Very dark| (236) 10YR3/3
black, humified,| light brown,
occassional clayey,
rootlets occassional
large sandstone
fragments up to
15 cm
Céide Fields 26 (251) 10YR 2/1](252) 10YR3/2 Stony—Ilarge
black, humified| very dark stones
brown, as

thin as lecm in
places. Roots,
rootlets
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Area TP Top sod Humified peat | Buried soil Sub-so1l Till
Céide Fields 27 (237) Black, |[(238) 10YR2/2| (239) One
well humified. | organic clayey | large stone
Overlies soil with directly over
possible wall. | occassional | this layer; light
charcoal. Buried| yellow brown
soil? Overlies sandy silt,
stones of  |[friable, 20-25%
possible wall. | small stones.
Buried s0il?
Part of wall
construction?
Ceide Fields 28 (240) Banded | (241) 10YR3/1 | (253) 10YR4/2 | Stony till. Gley
horizons; very organic silty clay, 4/10Y dark
disturbed? | horizon. Roots, | 10-20% small | greenish grey.

no stones.

stones under 10
mm.
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