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1. Introduction 

This pilot study builds on an initial assessment of phytolith preservation in samples from 
Coppergate and 22 Picadilly (ABC Cinema) which demonstrated adequate to excellent 
preservation of phytoliths1. At that time, phytolith studies were in their infancy and their 
true potential for the interpretation of archaeological contexts was unknown.  

Phytoliths are plant silica microfossils, ranging from 0.01mm to 0.1mm in size and visible 
only through a high powered microscope. Phytoliths, literally ‘plant rocks’12, are formed 
from solidified monosilicic acid, which is absorbed by the plant in the groundwater. It is 
deposited as solid silica during transpiration, effectively forming negatives of the cell 
structure within plants10.  These phytoliths might be specific in shape and size to one 
particular species of plant, for example grasses12. 

This pilot project sought to address one main question: Were phytoliths present and if so, 
were there enough phytoliths to warrant further research? How well preserved were these 
phytoliths? And was there sufficient diversity of phytolith types – referred to as 
morphotypes - to be useful for further research? 

This assessment will aid our understanding of the phytolith content of the soil archive, 
providing a basis for, and inform, further work to compare the phytolith assemblage to the 
waterlogged plant macrofossil assemblage, potentially revealing previously unknown plant 
taxa present at the site2. 

Samples from these urban early medieval contexts, which feature intensive activity and high 
rates of deposition of plant material, have the potential to provide new interpretations 
based upon a previously unstudied resource, complementing the comprehensive pre-
existing archaeobotanical studies and current interpretations2. Though Coppergate is one of 
the most intensively studied urban sites, particularly in terms of preserved plant material 
and craft items, the identification of plant remains is often limited to the identification of 

1 Dobney, K., Hall, A. and Kenward, H. 1997. Environment and activity in the Coppergate 
area of York in the post-Conquest period: draft post-excavation project design. Reports from 
the Environmental Archaeology Unit, York 97/02. 
2 Kenward H K and Hall A.R. 1995. Biological evidence from Anglo-Scandinavian deposits at 
16-22 Coppergate, The Archaeology of York AY 14(7). London: CBA. England, North 
Yorkshire. 
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seeds. Where produced, phytoliths may be present in all parts of the plant, enabling the 
identification of plants which were deposited without their seed producing parts. 

The identification of waterlogged plant remains requires that the plant be sufficiently 
preserved; in contrast, phytoliths will preserve in nearly all soil conditions, with the 
exception of extremely alkaline sediments, offering the opportunity to identify phytoliths in 
contexts where plant material may have degraded prior to, or immediately following 
deposition (e.g. cesspit deposits). The preservation of phytoliths within waterlogged 
contexts is potentially significant, as waterlogged deposits are less likely to have been 
impacted by pedogenesis (effects of soil formation), limiting post-depositional taphonomic 
effects – which effectively encompass the movement of phytoliths within the soil through 
insect activity, water movement etc. and the ways in which phytoliths enter the 
archaeological record - providing greater confidence that phytoliths remain exactly where 
they were deposited. Though overall preservation of the phytolith assemblage is excellent 
within the samples assessed, the presence of some degraded morphotypes hints at some of 
the processes the plant material went through before being deposited in the archaeological 
record; for example, the presence of blackened morphotypes and multi-cell phytoliths may 
indicate that phytoliths were, in some cases, exposed to fire.  

A very brief history of Phytolith Studies in the UK 

Although phytolith analysis is more routinely used as a method of analysis in the Americas, 
Australasia and China, Phytolith analysis in the UK has focused on a few studies of phytolith 
production in UK species3 4 5 6 7. Archaeological applications included, for example, a limited 
study of the palaeobotanical signatures of Roman 'Dark Earth' in Gloucstershire, London and 

3 Smithson, F. 1958. Grass Opal in British Soils in Journal of Soil Science, vol. 9, no. 1. pp. 148-
155. 
4 McParland, H. 2009. An Assessment of Phytolith Production in Selected Plants from the 
Somerset Levels, England, and the Potential Use of the Technique in Archaeological and 
Palaeoenviromental Research. Unpublished MSc. Thesis, University of Exeter. 
5 McParland, H.J. In Review. Added value? Can phytolith analysis add to our understanding 
of prehistory in the south west? In L. Broderick, L., D. Le Carle, D. and M. Law (eds.) 
Palaeoeconomy and Palaeoenvironment in the South West of Britain. British Archaeological 
Reports (British Series). Oxford: Archaeopress. 
6 Parry, D.W., Hodson, M.J. and Newman, R.H. 1985. The Distribution of Silicon Deposits in 
the Fronds of Pteridium aquilinum L. in Annals of Botany, vol. 55. pp 77-83. 
7 Parry, D.W. and Hodson, M.J. 1982. Silica Distribution in the Caryopsis and Inflorescence 
Bracts of Foxtail Millet [Setaria italic (L.) Beauv.] and its Possible Significance in 
Carcinogenesis in Annals of Botany, vol. 39. pp. 995-1001. 
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York8; the identification of the presence of a grass pillow in a burial context in Bowthorpe, 
Norwich9; and phytolith analysis in the Outer Hebrides10. All of these studies were limited by 
the methodologies and reference material available at the time, adopting a 'suite' approach 
to phytolith analysis through modern analogue soil samples, limiting interpretations to an 
identification of broad environments. 

Further developments in the field of Phytolith analysis enabled species specific phytolith 
identifications, providing a more detailed interpretation, particularly within urban contexts. 
Madella11 identified excellent preservation of phytoliths within deposits at Braehead, 
Scotland, though up to 10% of the assemblage was unidentifiable. McParland4 5 focused on 
the construction of a UK reference collection of phytoliths, identifying that around 30% of 
species examined produced diagnostic phytoliths. More recent studies have begun to focus 
on domestic contexts, including an assessment of a domestic structure at Star Carr study as 
part of a BSc. in Archaeology at the University of York. Phytoliths from 23 samples taken 
from Roman pits and an Iron Age well from Silchester provided possible evidence for crop 
processing of (Triticum sp.), Barley (Hordeum sp.) and Oat (Avena sp.), and evidence for 
thatching or craft objects through the presence of Phragmites australis (Elliot unpublished). 
Phytolith analysis of a Burnt Mound complex is currently being undertaken at Bradford 
Kaims (Gardner unpublished) and a recent study assessed the potential of middle Neolithic 
pits and associated stone tools (McParland forthcoming). Finally, a limited assessment of 
seven samples from early medieval domestic and environmental contexts from Gunwalloe, 
Cornwall, identified the use of  Phragmites australis reed thatching, and the possible 
consumption of Wheat (Triticum aestivum), Barley (Hordeum vulgare), Oats (Avena sativa) 
and Rye (Secale cereale) (Watling pers. comm.). 

This study presents the full investigation into the potential of phytoliths within UK urban 
environments, and the deposits at Coppergate and 22 Picadilly (ABC Cinema) offer the ideal 

8 Macphail, R.I. 1981. Soil and Botanical Studies of the “Dark Earth” in Jones, M. and 
Dimbleby, G.W. (eds.). The Environment of Man: The Iron Age to the Anglo-Saxon Period. 
British Archaeological Reports, Oxford. 
9 Murphy, P. 1986. Botanical Evidence in Lawson, A.J. 1986. Barrow Excavations in Norfolk 
1950-1982, East Anglian Archaeology Reports no. 29, Norfolk Archaeological Unit.   
10 Powers, A.H., Padmore, J. and Gilbertson, D.D. 1989. Studies of Late Prehistoric and 
Modern Opal Phytoliths From Coastal Sand Dunes and Machair in North West Britain in 
Journal of Archaeological Science, vol. 16. pp. 27-45. 
11 Madella, M. 2007. The Analysis of Phytoliths from Braehead Archaeological Site (Scotland, 
UK) in Madella, M. and Zurro, D. (eds.). People, Plants and Places: Recent Studies in Phytolith 
Analysis, Oxford, Oxbow. pp. 101-109. 
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opportunity to test the potential of the technique for the understanding of plant-based 
activities and consumption patterns within urban environments. 

This report presents a summary of the results of the assessment of 14 of these samples, 
quantifying and categorising a total of 2800 individual morphotypes, representing the 
largest phytolith assessment undertaken in the UK to date and the first to focus on urban 
environments. A further technical report is also available.  

2. Methodology 

A total of 15 samples were selected from the extensive soil sample archive held by York 
Archaeological Trust for 16-22 Coppergate and/or the 22 Piccadilly ABC Cinema site. 
Samples were selected from deposits associated with domestic activity during periods 3, 4B 
and 5B, including floor surfaces and pits. This report presents the assessment of 14 of these 
samples, quantifying and categorising a total of 2800 individual morphotypes. 

To extract phytoliths, a 10g subsample of soil was taken from each selected context from 
archived soil samples held by York Archaeological Trust; these samples underwent a process 
of clay removal (deflocculation), carbonate removal using Hydrochloric acid and removal of 
organics through combustion at 500°C in a muffle furnace. After all the elements which 
might impede the recovery of phytoliths have been removed, they are concentrated and 
separated from other minerals through flotation in a heavy liquid Sodium Polytungstate 
(SPT). This process of densimetric separation allows the phytolith fraction to float to the 
surface of the liquid where they can be removed using a pipette, enabling the phytoliths to 
be removed from the surface. Phytolith samples are then dried in 1ml of Methanol for 2-3 
days, before being mounted onto slides using a permanent resinous mounting fluid 
(Permount).   

Slides were assessed by transect using a high powered polarising microscope at x400 
magnification. For the purposes of this assessment multi-cell phytoliths or silica skeletons 
were counted as a single phytolith, though they were classified in their own category to 
inform an understanding of taphonomy. Taxa which are tentatively identified are denoted 
by a closest comparanda ‘cf.’ 

3. Results 

Fig. 1 Diversity of Poaceae (grass) phytoliths and other taxa, recovered from samples 
deriving from floor deposits and pits from Coppergate and 22 Piccadilly (ABC Cinema) 
sites, York. 
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The majority of phytoliths derived from pit fills and floor surfaces dated to the mid-9th 
Century AD - late 9th/early 10th Century AD are from grasses, a proportion of which are 
likely to be from cultivated taxa. It is possible to identify dendritic phytoliths which derive 
from the inflorescence of grasses, particularly cultivated crop grasses, to species through 
morphometric analysis, analysis of their shape and size 12 13 14. In addition, short cell 
phytoliths, including Bilobates and epidermal phytoliths including Bulliform cell phytoliths 
can also be identified to species through morphometric analysis. 

Other families represented include Cyperaceae, and potentially Asteraceae, Urticaceae or 
Boraginceae families. Dicotyledons, probably derived from the leaves of trees or shrubs, 
were represented through the presence of small quantities of globular morphotypes, the 
majority of which were deposited within the fills of period 3 pits <1679> and <1721>, dated 
to the mid-9th Century AD - late 9th/early 10th Century AD2. 

This assessment demonstrates high potential for further analysis, with a defined dataset 
comprising diagnostic phytolith types on which to focus analysis. Though the majority of the 
phytoliths are representative of grasses, analysis will be able to identify a significant 
proportion of these, including cultivated taxa, to sub-family, family and species level.  

4. Recommendations and Potential 

Though Coppergate is one of the most intensively studied urban early medieval sites, 
particularly in terms of preserved plant material and craft items, the identification of plant 
remains is often limited to the identification of seed producing taxa. As (where produced) 
phytoliths may be present in all parts of the plant including the leaves, phytolith analysis 
offers the opportunity to identify those plants which were deposited without their seed 
producing parts. The identification of waterlogged plant remains requires that the plant be 
sufficiently preserved; in contrast, phytoliths will preserve in nearly all soil conditions, with 

12 Ball, T., Gardner, J.S. and Anderson, N. 1999. Identifying inflorescence phytoliths from 
selected species of wheat (Triticum monococcum, T. dicoccon, T. dicoccoides, and T. 
aestivum) and barley (Hordeum vulgare and H. spontaneum) (Gramineae) in American 
Journal of Botany, vol. 86, no. 11. pp. 1615-1623. 
13 Miller Rosen, A. 1992. Preliminary Identification of Silica Skeletons from Near Eastern 
Archaeological Sites: An Anatomical Approach in Rapp, G. Jr. and Mulholland, S. C. (eds.) 
1992. Phytolith Systematics: Emerging Issues. New York, Springer.  
14 Portillo, M., Ball, T. and Manwaring, J. 2006. Morphometric analysis of inflorescence 
phytoliths produced by Avena sativa L. and Avena strigos schreb in Economic Botany, vol. 
60, issue 2. pp. 121-129. 
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the exception of extremely alkaline sediments, offering the opportunity to identify 
phytoliths in contexts where plant material may have degraded prior to, or immediately 
following deposition e.g. cesspit deposits.  

The overall preservation of plant remains at Coppergate and 22 Picadilly ABC cinema site 
was excellent due to anoxic preservation and samples from these sites form one of the most 
extensively studied corpora of archaeobotanical remains from the 9-11th centuries in the 
UK15 2. This understanding of plant-based activities and consumption patterns, considered 
with the wider archaeological context and data, provides a framework within which to 
consider larger analytical study of phytoliths.  

This initial assessment has shown that there is excellent preservation of phytoliths and high 
potential for further analysis for the identification of species of grasses, including non-
cultivated and cultivated varieties. It has revealed detailed phytolith evidence from 
Coppergate for the first time, highlighting the enormous value of these archived samples, 
which can be used to apply new scientific techniques developed since the site was 
excavated, to improve our understanding of the environment of Coppergate and the ways in 
which people interacted with their environment. 
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Fig. 1 Diversity of Poaceae (grass) phytoliths and other taxa, recovered from samples 

deriving from floor deposits and pits from Coppergate and 22 Piccadilly (ABC Cinema) 

sites, York. 
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Images of Phytoliths from Coppergate and 22 Piccadilly (ABC Cinema), York.                                     

Scale 20µm: A-B Cuneiform Bulliform Phytolith; C-D Parallepipedal Phytolith; E-F 

Rondels; G-I Trapeziform Sinuate; J Cyperaceae ‘Cone/Hat’ Morphotype; K-L Dendritic 

Phytoliths; M-P Bilobates; Q Dendritic Multi-cell; R Smooth Elongate Multi-cell; S Smooth 

Elongate; T Sinuate Elongate; U Hair Cell; V Spiny Elongate; W Sinuate Elongate; X Hair 

Cell. All images © H. McParland 2016. 
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This series of Insights has been contributed by York Archaeological Trust staff members and 
external specialists for Finding the Future. They aim to frame an understanding of aspects of 
the Trust’s collection of artefacts and their archaeological context; and also to enhance staff 
involvement. The authors represent a broad range of experience and knowledge.   

Insights are not presented as YAT publications, they have not been peer reviewed or edited 
to full publication standard. Rather they should be seen as statements reflecting the 
research, ideas, knowledge and interests of the individual authors. They are not necessarily 
designed to be the definitive word, may not always agree with the Trust’s previous 
publications, and some of their content may be subject to debate or different 
interpretation. All within the spirit of Finding the Future. 
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