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Abstract

The growing use of scientific techniques in the analysis of
archaeological remains has prompted research into establishing
the range and limits of application of different forms of
analysis. This thesis continues that trend by looking at
diatom analysis in an archaeological context. Diatom analysis
has long been established as a method of reconstructing past
environments in the field of palaeolimnology, and has also
been recently extensively employed in limnological studies of
lake acidification. As a consequence of this history, there
is an extensive corpus of literature dealing with diatoms as
organisms and their role in environmental reconstruction.

Diatoms are robust, unicellular, siliceous algae, which
exhibit a high degree of environmental specificity. It is the
properties of enhanced preservation in sediments and
distribution by environment that make diatoms of interest in
archaeology.

In order to explore the limits of potential for diatom
analysis in archaeology, the literature is assessed and a
number of case studies from sites of different type and
period, from around Britain, discussed. Previous research has
established the usefulness of diatom analysis on waterfront
and fenland sites, but little work on more typical site types
has been carried out. The case studies were designed to
establish if diatom analysis could provide any more
information about the environment of the sites than was

available from other sources, and if diatom analysis could be
used where other forms of analysis were unsuccessful.

Apart from environmental reconstruction, diatom analysis has
also been applied to the provencancing of ceramic material,
and part of this thesis is concerned with that aspect. The
advantages and drawbacks of this form of analysis are
discussed through an examination of the literature and a
series of experiments.

The results obtained during this research are encouraging and
indicate that diatom analysis has a role in archaeological
research, although until further research by botanists and
ecologists has been carried out, this may be limiteo.
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Introduction

1

In recent vears. there has been a move in archaeology to

introduce "science" to the production of excavation

reports. This science has taken several forms, from the

development of sophisticated site-location and

prospecting techniques to the analysis of artifactual
material. One particular area which has long received a

considerable amount of attention is the reconstruction of

the environment in and around archaeological sites. Over

the years, a number of techniques have become established
in this field; palynology and geomorphology now form an

integral part of a growing number of archaeological
excavation projects.

This project is aimed at continuing this trend by taking
an established analytical technique and applying it to a

field in which it is relatively unknown; to carry out

what in other fields may be called a feasibility study.
In this case, the technique under discussion is diatom

analysis. The justification for this lies in the
established applications of diatom analysis. Broadly

speaking, there are three areas in which diatom analysis
is regularly employed; the elucidation of sea-level
change sequences (e.g. du Saar, 1969; Tooley, 1974, 1976,

1977), the ontogeny of lakes (particularly "culturally
induced" changes) (e.g. Haworth, 1969, 1976, 1980, 1984;

Haworth & Allen, 1982; Stockner & Benson, 1967) and lake

acidification studies (e.g. Flower & Battarbee, 1983;

Battarbee, Smol & Merilainen, 1986; Jones & Flower,

1986). These three types of study utilise three
different aspects of diatom ecology; salinity preference,
nutrient requirements and pH tolerance. It will be

argued here that these aspects, along with others, may

also be used to provide specific information about

archaeological contexts, some of which may appear to fall
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outwith the scoDe of diatom analysis as is it presently
used.

This project has been divided into four broad sections,
each dealing with a different aspect of the topic.

Section 1

As diatom analysis is a largely unknown quantity for the

archaeologist, this thesis begins with an extensive

section introducing the principles behind the use of

diatom analysis and the basics of diatom physiology and

reproduction. This section also includes a chapter

dealing with the ecological aspects of diatoms. The

nature and extent of the available ecological information
is explored and the various forms of environmental

classification are discussed in detail.

These necessarily lengthy introductory chapters are

followed by a discussion of the applications of diatom
analysis that have already been undertaken. This chapter
looks firstly at general palaeoecological studies, which
have centred mostly on palaeolimnology (the study of the

developmental history of lakes and their catchments), and

particularly on the early postglacial history, as well as

more recent developments in lakes.
^ The second part of

this chapter summarises the archaeological applications
of diatom analysis that have already been carried out,

both in Britain and abroad. This is essentially a

critical appraisal of previous research, aimed at

establishing a starting point for the analyses undertaken

in this project.

This section concludes with a chapter on the methodology
of diatom analysis, including a discussion of sampling

techniques, laboratory techniques and data handling.



3

This serves as an introduction to the case studies that

form Section 2 of this thesis.

Section 2

The four chapters which comprise Section 2 discuss a

number of case-studies aimed at assessing the potential
of diatom analysis for palaeoenvironmental reconstruction
in specifically archaeological contexts. The sites are

described and the results of each analysis are discussed
in terms of their contribution to the overall

interpretation of the archaeology of the site.

Section 3

This section moves away from palaeoenvironmental analysis
to the provenancing of pottery through diatom analysis.
This follows on from work done by Jansma (1977, 1981,

1984), Gibson (1983, 1984, 1986) and various teams of
Finnish archaeologists. Instead of carrying out more

provenancing studies, the work in this section is
concerned with assessing the practicability of the

technique and detecting potential sources of error. This
was done through a series of experimental firings, the
results of which are discussed in Chapter 10.

Section 4

A discussion of the results obtained in Sections 2 and 3

follows in Section 4, along with a final assessment of
the potential of diatom analysis as a palaeoenvironmental

technique and analytical technique in archaeology.



.

Section 1
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Chapter 1

Biological Reconstruction: The Role of Uniformitarianism

The principle that governs the use of biological remains
for reconstructi ng past environments is that of

Uniformitarianism (Lowe & Walker, 1984). The concept of
Uniformitarianism is essentially a simple one, namely
that the present holds the key to the past. Although
some authors, notably S.J. Gould, would argue that this
is an overly simplistic view of Uniformitariani sm, which
is perhaps the case, it is nevertheless the principle
which still is held to govern reconstruction of the past

(Gould, 1965). The hypothesis is that by observing the

ecological and biological processes and relationships

occurring within living communities today, and by

identifying similar communities in the fossil record, we

can project these processes and relationships back

through time and gain an understanding of the community
structure and dynamics that were in operation in the

past. The whole idea of Uni formi tar i ani sm grew out of
the work of the Scots geologist Hutton and his
collaboration with Playfair. Until their work at the
turn of the eighteenth century (Hutton, 1788; Playfair,

1802), what we know now as Quaternary Studies had been
dominated by the Catastrophi st view of events, a view
which saw the evolution of the Universe as a series of

sudden and catastrophic events. This was largely a result
of the theory propounded by Archbishop Ussher of Armagh,

dating from 1658, which suggested that, as the world was

formed in 4004BC, a date arrived at by calculating dates
from Biblical writings, there was only a short 6000-year

time-span in which all the current features of the

planet's surface could have been formed. Ussher
considered that the only possible explanation for so much

variety in the landscape and between the continents was a

series of cataclysmic events such as the Great Flood,
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earthquakes and so on, causing sudden and radical

alterations in topography.

The Catastrophist theory held sway until Playfair and
Hutton's observations led them to suggest that it seemed

more likely that the events which shaped the Earth's
features could be explained as long-term processes,

similar to the processes that could still be seen to be

happening in the present. If the process of change and

adaptation was still going on, then it could be measured
and characterised and used to help explain past changes.

Although the Uniformitarian principle can be applied to a

variety of reconstructional techniques, it is in the

analysis of biological remains that it is remains most

prominent.

Although Uniformitarianism is still the accepted method
of inference about the past, the suggestion that the

present is the key to the past is, in many ways, an over¬

simplification. In order to employ Uniformitarianism,
certain assumptions about the nature of the material that

we are dealing with must be made and accepted, and

equally importantly, should not be forgotten when

interpreting information based on the analysis of
biological material.

The Assumptions of Uniformitarianism

Before embarking on a discussion of diatom analysis

specifically, the basic strictures of reconstructing past

environments must be explained, primarily through
consideration of the fundamental assumptions on which
Uniformitarianism rests.

The primary assumption is that past plant and animal
communities do indeed have observable modern analogues.

Although it is most unlikely that the complete range of
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past environmental conditions are in existence today, it
does seem more than likely that most are represented

somewhere, although some inevitably will be less common

or accessible than others. (The immediate post-glacial
conditions left 'by retreating glaciers can be presented

as an example of a relatively unusual ecological niche.)
Assuming we accept that a modern analogue can be found

for most past communities, we are compelled to make

assumptions about the nature of the relationship between

these communities and their environments.

Of these assumptions, the most important is that we are

able to isolate and understand the ecological parameters

affecting the distribution of biological communities
within the environment for present-day living
communities. If the relationship between the environment
and distribution cannot be fully understood in an

observable situation, then there is little hope that we

can begin to understand the nature of those relationships
in the past. Given that the essential parameters can be

isolated and adequately understood, it then becomes

necessary to assume that communities exist in a state of

equilibrium with these variables.

The isolation of ecological niches and the understanding
of the most important environmental factors affecting
distribution can be, in themselves, problematic, but

there are solutions to be found, given time and effort.
One problem that cannot be so easily resolved is that of

establishing whether or not there has been a shift in the

ecological requirements of species through time. We must

assume that the requirements and tolerances observable

today have remained constant throughout the timespan in

question.

The above suppositions have to be accepted unequivocally
because there is no way of demonstrating whether or not

they hold true. The next necessary assumption, however,
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is easier to test - the DroDositiort that the fossil

assemblage is representative of the death assemblage.

Bradbury seems quite convinced that, for diatoms at

least, the death assemblage is representative of the life
assemblage:

"Generally fossil remains of diatoms can be easily
related to the individual organisms that produced them,
and a count of remains therefore provides direct
information about population and community density."

(Bradbury, 1975:6)

For this is to be correct^ there must be no loss of
information between the living association (i.e. a group

of taxa existing contemporaneously within a demarcated

environment) and the death assemblage (i.e. the

collection of taxa of varying ages and environmental

provenance which together form the fossil community).
The mechanisms that are known to affect the composition
of both life associations and death assemblages are

easily observable (Fig. 1). Essentially, there are two

processes which affect the composition of the living
association grouping of any given organism, within a

defined area of observation. Firstly, some organisms may

migrate out of the immediate area of study, either to
some other defined space or to any area outwith the study

area. Secondly, some organisms may migrate into the area

from outwith the defined area of study. This
demonstrates that the composition of a life-association

even at its most basic is not a simple structure, but in
virtually all cases will contain material from a variety
of sources, not all of which can be identified. Given
that the composition of the life-association itself is

generally complex, the relationship between it and the
death assemblage is particularly difficult to establish,

especially as the death assemblage itself has also been

subject to the intervention of a number of post-

depositional processes affecting its preservation.
Between the existence of the life association and the
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examination of the fossil assemblage, there has been a

natural loss of information brought about by diagenesis
and the removal of material. There may also have been

additions to the assemblage in the form of inclusion of

extra material through the redeoosition of fossils of the

same or different ages from within the confined vicinity
of study or indeed from a totally different area. The

various losses and additions operational on the

assemblage post-depositional1y has the effect of making
the already complex composition of the assemblage at

death even more difficult to understand in the fossil

record.

What all this means is that the likelihood of finding an

exact living counterpart for a fossil assemblage is very

slight, and so "the present is the key to the past" is
true only within these constraints. Despite this, the

principle of Uniformitarianism is active in all forms of
environmental reconstruction that employ biological
remains - pollen, bones, plant macrofossi1s, molluscs
and so on. The palaeoenvironmentalist has no real

alternative but to accept the assumptions outlined above,

while at the same time bearing in mind the restrictions

that they must inevitably impose on the nature, and

particularly the expansiveness, of his interpretation.

Having established the ground-rules within which diatom

analysis functions, the next step is to introduce diatoms
as organisms, to discuss their nature and the

restrictions that that may place on their use in

reconstructing quaternary environments.
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Chapter 2

Diatoms - an introduction

Ih.e^jy:Mgtur.e.and

The Baci 7 7arioohvceae, or diatoms as they are more

commonly known, are a group of unicellular algae,

widespread wherever there is sufficient light for

photosynthesis and where there is even a small amount of
moisture. The oceans, lakes, ponds and rivers all

possess extensive diatom communities in the water, as

plankton, on sediments as part of the benthic flora and
as epiphytes on other substrates, such as rocks, wood and

larger plants (for example, seaweed and reeds). The top

few centimetres of most soil types and growing peat also

provide suitable habitats for diatoms, as do caves, each
with their own specific diatom community, the composition
of which is dictated by the prevailing environmental
conditions.

The outer shell, or frustule, of diatoms is composed of

hydrated amorphous silica. This inorganic shell is
itself enveloped in an organic skin, composed of amino
acids and sugars. Although the silica frustule will

slowly dissolve in what Lee terms water with a "natural"

pH (Lee, 1980:12), it appears that this organic skin
affords some protection until the death of the cell.

Even without the protection of the organic skin, the
silica shells are relatively stable, but this is by no

means uniform throughout the range of forms. The

deposition of silica forming the frustule varies from

species to species, and also apparently with
environmental factors: Lewin (1962) cites instances of

diatoms being harvested without any silica shell at all,

although the conditions producing this effect are not

known. There will inevitably be some loss of the finer,



less well silicified diatom tyoes from a sediment,

leading to a bias towards more robust forms. Despite the

tendency to differential preservation, sufficient
frustules are often extremely well preserved in sediments

for palaeoenvironmental work to be meaningful. The

tendency towards good preservation, coupled with their
apparent environmental specificity are the key factors in
their utility as indicators of past environmental
conditions.

Although there is vast range of morphological variation

amongst diatoms, the basic structure of the frustule

remains more or less constant throughout all types. The
structure of the frustule can be likened to that of a

shoe-polish tin or a Petri dish, with a larger lid, the

epitheca. sitting over a smaller base, the hypothecs. In

some diatoms the epitheca is separated from the hypotheca

by a number of "airdle bands" which run around the

periphery of both valve margins (Fig. 2).

In taxonomical terms. there are two basic types of

diatoms; those which are roughly circular in valve view
and those which have a more elongated shape. On the
basis of the ornamentation type borne by diatoms, a basic
division into two categories has been made: the Centrales

or centric diatoms. where the pattern of ribs is

essentially radial about a central point, and the

Pennales or pennate forms where the pattern is arranged
around the longitudinal axis of the valve. Although the

valve face of the centric diatoms are also mostly round,
there are other shapes which also fall into this

category, for example Triceratium favus, which is
essentially trianoular in valve view, or members of the

genus Biddulphia, which are almost "spider-like" in

appearance. In size, diatoms range from c.40 microns or

even less (e.g. some of the smaller Fragilaria types) to

c.2mm (as in the larger forms of Pinnularia), although
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most fall into the c.60 - 200 micron range, either along
the longitudinal axis or in diameter.
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Fig. 2: The Structure of the Diatom Frustule and Some
Schematic Morphological Forms
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There are several wavs of classifying diatoms (e.g.

Hendey, 1964; Patrick & Reimer, 1966), of which the most

simple is presented here. The pennate diatoms divide

into firstly those that do not possess a raphe (the slit
that runs longitudinally on the faces of the theca) - the

Araphidineae - and those that do - the Raphidineae. The

Raphidineae then further divide into those that possess a

raphe only on one valve face - the Monoraphidineae - and
those which have them on both - the Bi raphidineae. The
centric diatoms do not possess raphes. The presence or

absence of the raphe is the most noticeable of all the

features on the valve faces and after the centric/pennate
distinction, for fossil assemblages at least, is the most

important element used in identification. (In recent or

living communities, the mode of attachment of the cells

both to one another as well as to the substrate is also

an important identifying distinction, but for fossil

assemblages, post-depositional history and the laboratory
cleaning processes will generally have destroyed this
evidence. )

The symmetry of the valve face, generally a very clear
feature, is the next most basic key to identification,
followed by the type and distribution of surface
ornamentation. The valve faces of all diatoms have a

variety of features, formed within the silica shell, in
certain specific combinations; the nature and

distribution of these features is the final key to the
identification of the individual species. As yet there
are no standardized terms for describing these features,

although a working-party has been considering the problem
since the mid-1970s with the aim of formulating

guidelines for a standardised terminology for use in
identification keys (Anonymous, 1975; Ross et al., 1979).
These are only guidelines, and are accepted or rejected
at the discretion of individual parties. Unfortunately,

there has been a tendency for most workers to stick to



their own established system, often making it difficult

to compare the descriptions presented by different

authors.

Hendey (1964) summarised the main identification
characteristics as he saw them, defining seven basic

shapes (cuneate, linear, discoid, gonoid, cymbiform,
carinoid and solenoid) and four types of surface

ornamentation (dots, reticulations, canals and ribs). It

is relatively easy to decide into which shape category a

diatom should fall, but having just four types of surface
ornamentation is perhaps an ovei—simplification.

Although under the ordinary light microscope, the
ornamentation features appear to be fairly simple

structures, as Hendey's system suggests, on closer
examination using Scanning Electron Microscopy they can

be seen to be, in some cases, extremely complex. It is
debatable as to whether a much finer division of features

is necessary for routine identification, but an awareness

of the complexity of diatom .structure ought to be
maintained.

The number, frequency and arrangement of the ornamental
features is generally distinctive for each species,

although there can be a considerable degree of

morphological variation amongst individuals of apparently
the same species. The precise cause of morphological
variation within specimens of the same species is not yet

fully understood, but genetic mutation, observation at

different stages of the reproductive cycle and

environmental factors are all thought to play a part (See

Chapter 3).

The number of possible combinations of ornamentation is

enormous, and a number of the possibilities are

illustrated in Barber and Haworth (1981).
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In summary. t.h« ke>v to identification of the species of

diatom, as represented by the silica frustule, is based
on:

(1) The overall morphology of the frustule.

(2) The presence/absence of a raphe and the
number of raphes.

(3) The axis(es) of symmetry of the frustule.

(4) The type of ornamentation and its

distribution on the valve faces.

Of course, because there are many thousands of diatom
species, there will be a number of exceptions to this
scheme where other types of features (such as processes

on the valve face) will have a part to play in the final
identification, but the basics of the procedure are set
out here.

P i atom EhmiolQay

As certain aspects of diatom physiology can influence
morphology, and hence identification, an outline of these
aspects was considered appropriate. The mechanisms of
the reproduction of diatoms, and their biochemistry and

physiology in general, are very specialised matters.

What is summarised here must be regarded as the lay¬

person's interpretation of the information contained in
texts such as Werner's edited volume "The Biology of
Diatoms" (Werner, 1977) which contains several chapters
that deal with these subjects in detail, as do the

"Baci11ariophyceae" chapter in Lee's "Phycology" (Lee,
1980) and Round's "Biology of the Algae" (Round, 1973).



The most common method of cell division in diatoms is by
asexual reproduction (although sexual reproduction has
also been observed in some species). What this means is
that the two thecae of the parent cell form the epithecae
of two daughter cells, the new cells then producing their
own hypothecae. Prior to division, the cell elongates
which effectively forces the hypotheca and epitheca apart

and the nucleus then divides. Division in this manner

will obviously result in a progressive diminution in the

size, and a correspondi ng change in the morphology, of
the frustule, a process which has to be counteracted in
some way. Some diatoms form auxospores at some stage in
their life-cycle to overcome this problem. Cells formed
in this way are much wider than the parent cells and so

the diminution of cell-size has been reversed, ready for
the process to begin again. This process can account for
the range of sizes encountered in individuals of

apparently the same taxa.

None of the centric forms can be considered motile (i.e.

having the capacity for independent motion) and only some

of the pennate forms are. Essentially, motility seems to

be governed by the presence of the raphe, and the nature

and shape of the raphe dictates the path the motion
takes. So far, at least three types of movement have

been recognised: straight (as produced by Navicula spp.),
curved (as demonstrated by Amphora spp. and curved, with
two radii (as found in Nitzschia spp.). The diatom has

to be in contact with the substrate for movement to take

place as it appears to be produced by the action of a

mucilaginous substance, secreted from the raphe, hitting
the substrate and producing "reverse thrust". Lee quotes

figures that suggest movement is faster on harder, more

dense substrates, which is what would be expected if this

interpretation of the motility mechanism is correct.

Perhaps surprisingly, light does not appear to be a

determining factor for diatom motility, although there is
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some evidence to suggest that movement patterns vary

according to light intensity.
«

The study of diatom physiology has mostly focussed on

nutrient requirements and toxin tolerances, with
particular reference to establishing the major limiting
factors in diatom production. The role of silicon and
the rate of silicon uptake are of most interest as the

availability of silicon must be the ultimate limiting
factor for diatom production. Although there are a

number of elements very similar in nature and in atomic
diameter to silicon, it does not seem that they can be
used as a substitute for silicon in diatom metabolism.

In fact, one element similar to silicon, germanium, in
the form of germanium dioxide, actually specifically
inhibits diatom growth, a trend that can be reversed by
the addition of silicon dioxide to culture. It appears

that diatoms utilise silicon in the form of orthosilicic

acid. The uptake of silicon seems to be a steady, on¬

going process and even when other nutrients are limiting

factors, the uptake of silicon continues. Contrary to
what might be imagined, there is no sudden increase in
silicon uptake prior to cell division, but it seems to

progress at a more or less constant rate. When the

availability of other nutrients is severely limiting,
some diatoms will amass enough silicon to enable the

production of the two cells that would have been the
result of cell division if conditions were otherwise

favourable.

Summary

There are several key factors of the structure and

composition of diatoms that make them useful microfossils
for palaeoenvironmental reconstruction:
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(1) Ubiauitv - diatoms are to be found in a very

large number of different types of habitat, their overall
distribution governed^ight and moisture

(2) Robust and resilient outer shell - this means

they are generally well-preserved in sediments and are

capable of withstanding a fairly high degree of erosion
and dissolution

(3) Taxa morphologically distinct - the ornamentation
of the frustules allows confident identification of the

individual at least as far as species, and often to

subspecies. There is a natural range of variation in
form, and size brought about by the reproductive mechanism
of diatoms, but beyond this, it can be said that a

particular morphology relates to a particular taxon, and
so identification can usually be confident and
consistent.

(4) High degree of ecological specificity - diatoms
have limited ecological tolerances, meaning that there is
a limited range of environmental conditions which will

support each individual species. This allows the
attribution of a certain suite of taxa to a particular
environment.

Of these four features, it is the degree of ecological
specificity which make diatoms perhaps unique in their
role in the reconstruction of Quaternary environments.
The range and nature of this property, and its

implications, are discussed in detail in Chapter 3.
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Chapter 3

Diatoms as indicators of past environments

As has been established, the use of diatoms as

palaeoenvironmental indicators is, in common with all
other biological indicators, subject to the strictures of
Uniformitarian assumptions. On examination of the

ecological literature on diatoms, and studies of

applications in palaeoecology and palaeolimnology, it
would appear that, in general, diatom analysis is a

versatile and widely applicable reconstructional
technique. Although diatoms possess a number of features

that establish them as extremely useful indicators of
environmental conditions there are also certain drawbacks

that may hinder application in particular instances. The

general tenor of the literature is optimistic, but there
remain a number of problems that are rarely addressed but
which do have considerable bearing on the overall utility
of the technique. Before attempting to assess the

applicability of diatom analysis in specialised

archaeological contexts, some discussion of how diatom

analysis works and the general "pros and cons" of the

technique is required.

It must be stressed at this point that the following
discussion is based on literature, the bulk of which is

concerned sol el y with aquatic diatom taxa.

There are three factors, described above, which are

generally considered to be the most important in
illustrating the potential significance of diatoms as

valuable microfossils in the reconstruction of past

environments:

1 Abundance - there are many thousand diatom taxa,

inhabiting a vast range of ecological niches, virtually
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anywhere where there is sufficient light for

photosynthesis and at least periodic moisture.

2 Ecological Diversity - The environment of each

potential diatom habitat is governed by a number of
ecological parameters which dictate the species

composition of that habitat, producing an identifiable
suite of taxa for each type of environment.

3 Preservation - The outstanding physical feature
of diatoms is the robust silica shell encasing the cell
structure. This shell is capable of withstanding erosion

and/or dissolution under most depositional conditions,

ensuring the preservation of diatoms in a variety of
sediment types for anything up to many thousands of

years.

These three features demonstrate the main advantages, in
theory at least, of diatoms as palaeoenvironmental tools.

Bradbury also includes taxonomy and identification in his
list of advantages (Bradbury 1975:6), but I would argue

that this is, in fact, one of the inherent problems of
diatom analysis. The total number of species, and their

apparent ubiquity, makes the systematic ordering and
construction of a universal taxonomy a virtually endless
task. The consequence of these taxonomic difficulties is

that the identification of diatoms to species level can

be problematic.

A further potential problem is the availability of

ecological data. A diatom assemblage can only be of use

for reconstructing past environments if the ecological

preferences and tolerances of its member species can be

established, either through direct observation or through
reference to the corpus of ecological literature.

All of these features are so closely inter-related that

discussion of one without constant reference to the



others is difficult, if not impossible. In this chapter,
the complexities of diatom ecology and how these affect

potential applications of diatom analysis are discussed
in detai1.

Abundance and Ecological Diversity

Although the abundance (Table 1) and ecological/habitat
diversity of diatoms may, at first sight, seem to be one

of the definite advantages of the technique, this is

perhaps a rather simplistic and optimistic view.

Conditions Density

In solution Low
Hi ah
Bloom

5 -20/ml
500 - 1000/ml
c.4000/ml

On substrates On glass
in oligotrophic
(low nutrient
content)
conditions

On natural
substrates

18 000/cm2

1 000 000/cm2

Table 1: Diatom Abundance, after Bradbury 1975

In theory, the ubiquity of diatoms means that there are

few ecological situations that do not possess their own

distinct diatom flora. Also, the ecological specificity
propounded for diatoms means that the nature of the

habitats should be easily discernible from their diatom
flora. Although this apparently holds true in a

considerable number of cases, it is probably fair to say

that this is a very simplistic model. Vivienne Jones'

recent Ph.D. thesis (Jones 1987) demonstrates, for
instance, that there is a high degree of overlap between
the habitats that provide suitable conditions for two

relatively common taxa, Eunotia veneris and Tabellaria

quadriseptata. Both of these species are assemblage
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Likewise, other forms of Tabellaria are common both in

plankton and as part of the benthic flora Clearly,

habitat/life-form divisions are not as discrete and

mutually exclusive as the literature might imply, and the

importance of this for palaeoenvironmental interpretation
will be elaborated on below.

Preservation and Representativity

Of all aspects of the study of fossil diatoms, these two

are the most closely intei—related. Although the silica
shell or frustule of the diatom is reasonably robust and

resistant to dissolution under most conditions, instances
of only intermittent preservation in sediments are

relatively common. The problem of this kind of sporadic

preservation, and its subsequent effect on the

representativity of the fossil assemblage, is central to

any thesis proposing the application of the technique as

a palaeoenvironmental reconstructional tool. Although

preservation problems are often acknowledged,

surprisingly, there has been very little systematic
research into assessing their causes and extent.

Essentially, the problem is two-fold. Firstly, the
likelihood of an individual diatom being incorporated
into the sediment must be established. Secondly,

assuming it survives to be incorporated into a sediment,
its ability to resist dissolution and/or mechanical
erosion after deposition must be considered. Clearly, of
all matters relating to diatoms, the quality of

preservation is the most site-specific. On balance, it
seems that aquatic habitats and assemblages are more

likely to be affected by pre-depositional losses (due to

removal of dead frustules from the water column while

sinking through the water to form the sediment), while

post-depositional losses are probably more common in
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terrestrial situations (through the redeposition of
sediments by natural or anthropogenic causes).

There are several immediately obvious factors that can be

argued to affect the incorporation of diatom frustules
into a deposit. In any body of water, current structures

(influenced by inflow and outflow of rivers, seasonal
turnover of the water column and wind) must play a part

in determining what contributes to a deposit, and where
it is formed. It has been demonstrated by Stoermer and

Yang that the floras of even the topmost samples of
bottom deposits in Lake Huron do not represent exactly
that of the water immediately above them (Stoermer &

Yang, 1968). Although they sampled in the "logically
most productive" areas of the lake, they found that the
diatoms in their samples were limited in range of taxa

and abundance, and that, despite being a considerable
distance from shore, there was an extensive littoral,

non-planktonic flora. This, they felt, demonstrated the
extent to which current structures and wind stress within

the lake were affecting the deposition and composition of
sediments. The Lake Huron sediments also appeared to be

size-sorted, with very small individuals being over-

represented, perhaps also due to current. Centric taxa,

Cyclotella, Melosira and Stephanodiscus spp., were by far
the most common in any of the samples, with some

Fragilaria spp. and Tabellaria fenestrata also being

wel1-represented. Another feature of their samples, when

compared with the living community, was the apparent

undet—representation of long, slender forms, Synedra in

particular. This is a commonly observed phenomenon, and
is probably best seen as a result of destruction through

physical breakage as the dead cells settle.

Stoermer and Yang are beginning to touch on the problem
of how representative one core taken from a lake is in
terms of the diatom population. Recent work by John

Anderson on three lakes in both Britain and Sweden
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demonstrating that a single core is only representative
of certain aspects of the diatom community. The fact

that sediment accumulation is subject also to time-

averaging effects is self-evident; therefore the diatom

assemblage present at any one level within a core must

represent a collection of frustules of different ages, as

well as material from a variety of habitats.

The effects of predation, grazing and parasitism are also

recognised, in part at least, as being responsible for
the discrepancies between the observed composition of the

living flora and that of the sediment flora. Again, how

important this is in affecting overall species

composition is unclear, the phenomenon being better
understood in theory than in practice. There is some

indication that both predation by invertebrates and

fungal attack tends to be species-specific. Nilssen

(1978), for example, noted that certain members of the

zoo-plankton graze exclusively on specific sectors of the

phytoplankton. For instance, Melosira italics is the
sole victim of Arctodiaptomus laticeps whereas

Eudiaptomus gracilis (the latter two both being calanoid

copepods) grazed only on small naviculoid diatoms. This
would seem to provide clear evidence of the role of

predation in regulating the structure of diatom
communities.

Although parasitism is a quite different matter and is

unlikely to result in the destruction of the diatom

frustule, it still plays a part in the overall species

composition of the diatom assemblage. There appears to

be considerable unvoiced disagreement on the significance
of this mechanism. On one side of the argument, Canter

(1949) has reported instances of species-specific fungal

parasitism in lakes of the English Lake District. Her

research, in conjunction with Lund, has demonstrated that
numbers of Asterionella formosa are considerably reduced
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through attack from the chytrid Rhizophydium
p lank tori icum.

The work of both Canter and Nilssen suggests that grazing
and parasitism have a relatively important influence on

species composition of the sedimentary assemblage. Lee,

however, considers that in relation to Asterionella

formosa, at least, the effects of grazing and parasitism
are very much of secondary importance (Lee, 1980). The
use of Asterionella formosa as an example by both Canter

and Lee is in itself interesting. Asterionella formosa

is generally reported as a dominant or co-dominant taxon
in lake phytoplankton. Nilssen states that his research

has shown that dominant taxa are rarely the subject of

any loss through parasitism or predation. Clearly, this
is totally at variance with Canter's observations, and
Lee's research seems to leave him somewhere in between

the two extremes.

Nilssen and Canter have shown that the effects of

predation and parasitism can have a marked effect on the

composition of the assemblage that finally becomes

incorporated into the bottom sediments, whereas Lee

suggests that they have only a minimal effect. This is
one example of how difficult it is to make general
statements about factors affecting the distribution of

diatoms. As yet, research has lacked the breadth

necessary to allow us to predict which species are likely
to be under-represented in the sedimentary assemblage and
it seems unlikely that this situation will ever be fully
remedied due to the sheer size of the task. At best, we

must remain aware of the probability that the original
assemblage has been modified by mechanisms of this kind.

Although generalization is often difficult, the evidence

perhaps allows a single very simple one to be made and

that is that the further the cells have to travel through
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water to settle, then the less chance they have of

surviving predation/parasitism to reach the sediments.

Predation and parasitism are examples of the mechanisms
of physical destruction of diatom frustules, but the
absence of diatoms in sediments can also be the result of

chemical action. For instance, Battarbee (1973) has
observed that there appears to be a significant recycling
of silica from the diatoms in the sediments of Lough

Neagh, Northern Ireland. He has calculated that the

amount of silica needed in the lough to support plant
communities cannot be supplied by "natural" sources such

as inflow from surrounding rivers. His calculations led
him to estimate that perhaps as much as 30-40% of diatoms
are never incorporated into the sediments but are

dissolved back into the water to support the living
diatom community. As the availability of silica is the
ultimate limiting factor for diatom growth, this is
probably fairly common. He does state however that we

must be careful not to make too much of this estimate of

the actual amount of dissolution going on because of the

difficulty in calculating recent sedimentation rates. He

was also comparing a one year cycle of measurements in
the water with what can only be average measurements,

spanning a number of years, from the sediments.

Most of these processes appear to affect only certain
sections of the diatom population, leaving some

detectable fossil record. However research for this

project has shown that there are occasions when the

expected diatom assemblage has failed to materialise. A

number of explanations can be advanced for the complete
absence of frustules in some deposits. For instance, in
sediments relating to the late glacial or very early

post-glacial periods, the absence or extremely low
numbers of diatoms is most likely to be a function of the

lack of nutrient input into newly formed lakes. Input

during that phase tends to be very low because soils and
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they contribute substantially to the nutrient budget
Under other circumstances, sedimentation rate and the

nature of the sediments may be the cause. In situations
where the sedimentation rate is likely to be high, for

example in high energy environments such as estuaries,
where the tide is producing rapid alterations in the
distribution of sediments, it is possible that there is
insufficient time for communities to become properly
established on the changing sediments.

Although it is entirely possible that there are

environments where the establishment of the extensive

communities that are so characteristic of diatoms has

been prevented, it is perhaps more likely that their non¬

appearance in the sedimentary sequence is a consequence

of destructive post-depositional mechanisms. What these

destructive post-depositional mechanisms might be is open

to debate; although pH has been implicated (Hecky &

Kilham, 1973), further evidence suggests that this is not

the only factor that governs dissolution.

Over the years, research has indicated that the redox

potential of water, the presence of dissolved cations, as

well as the available silica in, the interstitial waters

may all have a role to play in the dissolution of diatom
frustules. Lewin (1962.) has suggested that the ability
of various polyvalent cations to be adsorbed onto the

surface of diatoms acts as a repellant to dissolution.

In other cases, it has been suggested that the stripping
off of these protective cations then leaves the frustule

free for dissolution.

The sediment itself and its place in the
1 i thostrati graphic sequence may hold the key to at least
some of the apparently non-diatomaceous samples that are

frequently reported. For example, an unexplained absence
of frustules from near a 1ithostratigraphic boundary
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alteration in the depositional environment at that point,
an alteration that is not seen through positive
alterations in the diatom stratigraphy until further on

in the profile. In other situations, for example in

peats, preservation also tends to be poor, despite the

prolific growth of diatoms on the growing peat surface.

Clearly, in this case diatoms are being dissolved post-

depositional1y, possibly as a result of the percolation
of humic acids or even the steady wash-through of water,

slowly dissolving the silica of the diatom frustule. As

yet, however, there has been very little conclusive
evidence on the dissolution of frustules which would

allow the prediction of suitable samples for analysis.

Although the problems of preservation and

representativity are obviously site-specific, the

problems of taxonomy, however, are universal.

Taxonomy

The taxonomy of diatoms began in the late 18th century,
with Muller's classification of the organisms as

Baci7lariophyceae. Considerable interest was generated

throughout the 19th century, so much so that it was not

unusual for Botanical journals of the day to devote up to
50% of available space to articles on aspects of diatom
studies. These early works concentrated on cataloguing
the taxonomy of the organisms, partly because there are

so many obvious variations in the surface morphology of
the frustules and partly because laboratory techniques
for culture growth and histology were still rather

primitive, so precluded the study of biochemistry and

physiology in any really constructive way. The enormity
of the corpus of literature dating from C19th into the

present century is made clear by looking at the

bibliographies provided in works such as Mill's Index to
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the Genera and Species of the Di atomaceae and their

Synonyms (Mills, 1933-35) or Van Landingham's Catalogue
of the Fossil and Recent Genera and Species of Diatoms
and their Synonyms (Van Landingham, 1967-75). While

making no claim to be comprehensive, each cites several
hundred references, most dealing solely with the

discovery and description of new "species".

In the early days, diatom taxonomy was carried out in
what now is considered to be a somewhat peculiar fashion

(Van Landingham goes so far as to call it "unnatural"! ).
Taxonomical divisions were based solely on variations in
external morphology. The most likely explanation for
this development is the sheer abundance of diatoms, both
in terms of numbers of individuals and taxa; external

morphology was the easiest method of categorization. The
result of this approach to taxonomy has been the repeated
division and subdivision of types into what can only be a

virtually meaningless number of species, varieties and
forms. Since the 1930s, diatom taxonomy has undergone
considerable upheaval, not least because of the

improvement in culturing techniques and a shift in the
kind of information taken into account when formulating a

taxonomy.

Much taxonomy is still based on morphology, but

physiology and cytology also play an increasingly
important role. In recent decades, the introduction of
the scanning electron microscope (SEM), along with rapid
developments in laboratory techniques, have helped change
the face of diatom taxonomy. The use of SEM and high-
resolution light microscopes allow the examination of the
fine details of the structure of frustule that hitherto

had been invisible. This means, that the earlier

descriptive taxonomies, on which a lot of modern work has
been based, have become more complex. At present there
are around 170 accepted genera, with the number of

species averaging out at around 100 each; these taxa in



most cases carry a number of morphological variations as

well as the standard description of the taxon. The

result of these purely descriptive taxonomies is that

there has been a tendency to assign each of morphological
variations encountered to an individual "species". In

many cases, these apparent morphological variations may
...

be due to environmental factors suchNnutrient limitation
(resulting in polymorphism) or in the case of apparent
size reduction, the result of observation at different

stages of reproductive cycle, and are not in fact the
result of genetic variation.

The emphasis on morphological variation, combined with
the relatively recent recognition of the potential

ecological causes of such variation, has led to the
existence of a large number of diatom synonyms. This
does not make the problem of taxonomy any easier to deal
with. Van Landingham suggested that, at the time of the

compilation his Catalogue, there were as many a 320 "new"

species being identified each year. It is difficult to

judge how many of these are legitimate species, however.

The problems associated with taxonomy are an increasing
source of concern and the need of some kind of

standardized cross-referencing has been recognised. The

publication of a numerically coded diatom checklist by a

joint British Museum (Natural History)/Palaeoecology Unit
(UCL) working party goes part way to remedying this, by

providing a reference number for each taxon (Williams et

al. , 1988). This also aids computer manipulation of

data, an important consideration with the growing use of
statistical techniques for data analysis.

The variety of synonyms encountered in the literature

may, in part, be explained by idiosyncratic naming

practices, but the situation has been exacerbated by an

even more basic problem. The lack of standardization of

terminology for the description of the features that form



the basis of morphological distinction must also be to

blame for the degree of taxonomic confusion that now

prevails. At the Third Symposium on Recent and Fossil

Diatoms held at Kiel in 1974, it was decided that a

working party should be established to try and resolve
some of the problems of terminology that came to light at
that meeting. The result of this was an "anonymous"

publication in 1975, with a subsequent up-date in 1979

(Ross et al., 1 979), that sets out guidelines for the
standardization of the feature names used in the

description of diatom types. A standardized format for
the inclusion of certain essential features in the

description or diagnoses of potentially new diatoms was

also proposed. The working party decided that it was

desirable to introduce a standard terminology for (1)

types of cells, referring to the state of the organism at

various stages of the reproductive cycle, (2) the

siliceous components of the frustule such as parts of the
valve (e.g. valve mantle, valve face) and (3) features of

the fine structure of the cell wall such as the striae

and areola. Also in 1975, von Stosch published a paper

on the description of the features of diatom girdle
bands. Although these papers may not have helped the

general situation greatly, they are nonetheless
extremely useful systems for describing "unidentifiable"
taxa in projects of this kind.

The use of scanning electron microscopes for taxonomic

work, allowing detailed examination of the cells to be

carried out, has meant that the number of components of

the diatom siliceous shell is evei—increasing, but if the

guidelines in the papers cited above are adopted, some of
the confusion over morphological variations and their

description can be avoided. Unfortunately, although this
work is of undoubted value to workers involved in

taxonomy as well as those with more general interests,
the working party itself had no official status and so
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use of these guidelines for description and diagnoses is

optional.

Throughout this thesis, the taxonomic nomenclature

adopted by Hustedt (1930, 1927-66), Patrick and Reimer
( 1966, 1975) and Van der Werff and Huls (195^7^) has
been adhered to, with each taxon being named according to
the system used in the text by which it was first
identified. In some cases reference to synonyms is made,

especially where the ecological data has been supplied
for the synonomic taxon. The many and varied taxonomic

arguments are far outwith the scope of this research.
For that reason, some of the taxonomic decisions perhaps

may seem naive, but it was considered better to err on

the side of caution than to be ovei—confident.

Numerous floras and keys have been published since the

beginning of the present century, but there are often

problems of accessibility (held for reference only or

obscure foreign publications not readily available in
British libraries) and comprehension (Dutch, German,

Russian as well as more exotic languages are not unusual
in diatom literature). Reference collections of recent

and fossil diatoms are available at the British Museum

Natural History Section. There are also major
collections in Philadelphia and Bremerhaven and

consultation of any of these collections is probably the
best way of solving difficult taxonomic and

identification problems.

There is no doubt that the increased sophistication of

research techniaues has led to workers asking

increasingly sophisticated questions of both taxonomy and

ecology. Diatomists have inherited a considerable legacy
of information about their subject, but it is often found

to be inadequate in certain areas for the kind of

interpretations and explanations that are required today.

Taxonomical1y, the tendency has been to incorporate new

data within the existing frameworks, which has had the



result of producing taxonomies that operate at a number
of different levels with varying degrees of success. In

some ways, the situation might be improved if the legacy
of 19th and early 20th century research could be ignored
and taxonomy begun again in a more objective and

systematic fashion. This has been recognised by at least
some diatomists, and efforts are being made to rectify
errors made in the past which have been perpetuated in
the literature.

It is clear that a major synthetical work would be of

great value, but the nature of the discipline is such
that we are fast approaching the stage when this is no

longer feasible. The scale of the taxonomic problem can

be summed up neatly in a quotation from Van Landingham:

"It must be remembered that a good, completely reliable
index catalogue of the diatoms (Baci11ariophyta) would
constitute a monograph of the entire group, a task so
overwhelming that a single writer could not finish in one
lifetime, perhaps several lifetimes."

(Van Landingham,1967, p.iii)

Although we are now able to name and describe in detail
all the diatoms that are likely to be encountered, it is
not always possible to interpret their ecological

significance. The abundance of diatoms, in a large range

of ecological situations is, on one hand, advantageous to

their use as indicators of environment because diatoms

can always be found, and on the other, detrimental
because of often inadequate background data. Part of the

problem obviously lies in the continuing debate centring
on the number of legitimate species. Hendey's suggestion
that there are between 12 000 and 20 000 legitimate

species is perhaps the Closest approximation that can be

made, although some consider this to be a gross

underestimate (Mann, pers. comm.). However, of even the

most conservative estimate of numbers of species, only a
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relatively small percentage have any detailed ecological
information documented.

Despite the apparent limitations of diatom taxonomy,
there is one encouraging fact. We can be fairly certain
that the range of morphological variation encountered in
a single taxon is limited and recognisable, and we can be

virtually certain that, when that taxon reproduces, the

daughter cells will present one of those recognisable
forms. Mutation does occur, but the resulting cell will
still be closely related, morphologically, to the parent

cell. Diatoms do not mutate from one taxonomic form into

another, either as a result of reproductive mechanisms or

environmental factors.

Although the problems of preservation and taxonomy can be

complex, there is still a considerable corpus of

ecological information and although its applicability to
environmental reconstruction is varied (the vast majority
of the documented taxa are freshwater lake-dwelling

types; terrestrial, marine and estuarine diatoms have
received very little attention), the continued growth of

the corpus is essential.

EdQlQ.giGal Studies

The available information on diatom ecology takes a

number of forms. Essentially there are two main types of

study that provide this kind of information. Firstly,
autecological studies, the detailed examination of the

ecology of a single taxon and the monitoring of its
reactions to changes in the environment. In the second

type, synecological, or studies of resource competition
within communities, environmental changes are seen in
terms of how they affect the composition and nature of

the entire diatom population. It is theoretically

possible to carry out both types of study either in the
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field or in the laboratory, although it may be argued
that it is virtually impossible to accurately reproduce
natural conditions within the laboratory and that the

results thus obtained should be treated with caution.

While it must be acknowledged that exact laboratory
replication of the natural environment is not possible,
modern laboratory and culturing techniques should allow a

good approximation to be made.

Autecological Studies

The literature presents us with a number of approaches to

autecological studies. The most common form is the

distributional study, such as those of Feldt, Stoermer
and Schelske (1973), dealing with the distribution of

abnormal Synedra populations in Lake Superior, or Camburn
and Kingston (1986) who examined the behaviour and

distribution of Melosira species in 35 acidic soft-water
lakes in Michigan, Wisconsin and Minnesota. Often

autecological studies are an ongoing series of papers, as

the complexity of the subject is recognised, such as

Lund's two studies on (a) the genus Asterionella and (b)
on Melosira italica ((a) Lund, 1949, 1950; Lund et al.,

1963; (b) Lund, 1954, 1955).

Studies of this kind are based most frequently on

contemporary living communities, with samples taken
either from a number of stations on each lake, or in the

case of aerial habitats from a variety of different
terrestrial locations (e.g. Petersen, 1935), and examined
under a light microscope or an SEM. In that kind of

research, the prime concern is generally the frequency
and distribution of morphological variation, along with
methods of attachment to substrates and colony-forming
habits. For example, Feldt et al. (1973) have recorded
what they consider to be mutant forms of Synedra (incised
near the mid-point and bent into a boomerang shape) in
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phenomenon, none having been recorded in extensive

sampling carried out in 1966. The question that this

paper (and many others) brings to our attention is that
of establishing whether morphological variation is a

result of genetic change, in other words whether each
"mutant" form is a separate species or sub-species, or

whether it can be explained by reference to the various

stages of the reproductive cycle. However, with modern
cultural techniques,the distinction between genotype and

phenotype is becoming more easily recognisable, and can

now be used to solve such problems. Without the benefit
of detailed culture work, Feldt et al. proposed three

possible explanations for the situation in Lake Superior;

(1) that their research is recording the initial
dispersal of a new species which will eventually reach a

production equilibrium and will then establish a life-

cycle similar to that of other species; (2) that this is
a clonal population formed from a single cell which was

somehow damaged, an hypothesis perhaps reinforced by the
extreme uniformity of the abnormal forms and (3) that the

change has been brought about by some causal factor
either present or being introduced into the water of the

lake, resulting in sporadic generation of the form at a

particular location and its being dispersed throughout
the water. As the authors of that paper implied, it is

impossible to be conclusive about the mechanism without
more research to test each hypothesis and this inevitably
takes a very long time until models of the population

dynamics can be established accurately.

Given that papers of this nature are directed towards

establishing the cause of abnormal or morphologically
distinct forms, it is surprising that more precise
details of the environment in which they are found are

not provided. In these studies, detailed survey of
environmental conditions seems to be of secondary

importance, although broad descriptions of the nature of
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acknowledge that environment is likely to play at least a

moderately important role in morphological variation, but

few venture to offer any explanation. For example, in
his 1986 paper, Flower examines the distribution of two

morphologically distinct forms of Tabellaria binalis
found in acid lakes in Galloway, Scotland. Apart from

stating at the beginning that the water in the two lakes
examined is extremely acid (pH <5), very little mention
is made of the ecology of the lakes. A similar criticism
can be made of Charles (1986) where a new form of

Fragilaria, F. acidobiontica, is discussed, without any

reference to any ecological parameter other than pH.

All of the papers mentioned above have been based on

samples collected in the field; no work was carried out

on 1aboratory-produced diatom cultures. In an area where

establishing the cause of change is crucial, this seems

surprising. An example of a project that was based on

the laboratory culturing of a sampled community, as well
as a field study, is that of Kilham and Kilham (1975). By

examining cultures of Melosira granulata and its
varieties over a period of time, they were able to

conclude that, contrary to widely held belief, M.

granulata angustissima (0. MOller) and M. granulata

jonensis (Grun.) are not genetically distinct forms but

simply smaller forms of Melosira granulata. This
observation was made possible because laboratory study
over time allowed the whole range of morphological forms,
and the conditions that produced them, to be examined in
detail. Having established the apparent ideal ecological
conditions in the cultures, the next stage was to collect

samples from lakes and compare that distribution with the

available ecological data. In this case the correlation
between ecology and distribution, based on the
information gathered in the laboratory study, is borne
out by that of the field study. This has allowed Kilham
& Kilham to state that where there is a significant
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presence of Melosira granulata, then certain
environmental conditions are likely to prevail.

These are just a few examples of the kind of research

that has been carried out in diatom ecology. These

studies present information about living diatom

communities, in situations where for the most part it
would have been possible to collect ecological data.
Pal aeoenvironmental research is concerned with the

gathering of information about past environments through
the agency of fossil populations in situations where very

little can be directly discerned about the environment.
What is required, then, is some method by which the data
about contemporary communities can be standardised and

organised into a form that can be used for the

development of predictive models for environmental
conditions based on fossil communities. We have to be

able to handle the environmental data in such a way as to

be able to establish patterns of ecological requirements
and tolerances, and from these predict patterns of -

distribution for fossil diatom communities.

The general approach to this has been to devise systems

of classification, based on ecological "spectra", the

range of conditions pertaining to any one environmental
criterion. The need for standardisation and a

classification system was recognised eighty years ago by
Kolkwitz and Marsson (1908), who developed a scheme for

organising diatom assemblages in terms of their tolerance

to organic pollution. Since then, a number of aspects of

ecology have been handled in a similar way, by the

production of spectra covering a range of ecological

parameters. Kolbe (1927) and Hustedt (1937-38) were the
two main proponents of ecological spectra in the first
half of the present century, dealing with salinity and pH

respectively.
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There are a number of ecological parameters that have
been established as playing a major role in diatom
distribution:

(1) Salinity

(2) pH

(3) Nutrient availability

(4) Pollution (both organic and

inorganic)

(5) Temperature

(6) Current

(7) General Habitat

Halobian Spectra

The halobian, or salinity, spectrum is generally
considered to be one of the most discrete ecological
factors governing the distribution of diatoms.. As

salinity (which is generally related to chlorine ion,

CI-, concentration) is relatively simple to measure and

quantify, Kolbe's system has seen little challenge since
its inception, although Hustedt's simplified system is
more often encountered in the literature (Hustedt, 1957).
Each of Kolbe's halobian categories has a fairly wide
range of values and this allows flexibility within the

system. Six of the groupings have precise quantitative
values for the concentration of chlorine ions, whereas

the remaining categories are arguably more subjective:
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Euhalobous 30 000 - 40 OOOmg C1-/1

Mesohalobous (brackish)

a range

6 range

500 - 30 OOOmg C1-/1

10 000 - 30 OOOmg C1-/1
500 - 10 OOOmg C1-/1

01igohalobous (fresh) <500mg C1-/1

Halophilous Stimulated by small
amounts of salt

Indifferent Tolerates small amounts

of salt

Halophobous Will not tolerate small

amounts of salt

Euryhalobous A broad range of salt
tolerance

This system allows for allocation to a precise category

or to a less clearly defined one, catering for a

considerable range of situations. Whether such a degree
of flexibility is desirable is hard to determine; whereas
it should be possible to fit all taxa into the system

somewhere, the imprecise definition of the

"halophi1ous/indifferent/halophobous" categories also
means that a "halophi lous" species can be converted to a

"halophobous" one by the subjective interpretation of the

phrase "small amounts".

Hustedt's system is a much simplified version of Kolbe's
system, with the spectrum being divided into five

categories:
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01igohalobous-halophile

01igohalobous-indifferent
Halophobous

Polyhalobous
Mesohalobous

Marine

Marine-brackish

Brackish

Brackish-fresh

F resh

This is, in general, a much more useful, although less

precise, classification scheme.

The applications of the halobian spectra are largely
self-evident and have been used extensively in the

mapping of patterns of sea-level change (e.g. Tooley,

1978, 1980), the establishment of the extent of tidal
action in rivers (e.g. Devoy, 1977, 1979; Milne et al.,

1983) and so on. Bradbury ( 1989) has recently used the

halobian spectrum in a less conventional fashion in his
work on changing lake levels in Mexico, discussed in more

detail in Chapter 4.

pH Spectra

The pH tolerances of diatoms have perhaps been their most

important ecological feature in recent years. Growing
concern about the effects of acid precipitation on the

eecology of lakes has led to the diatom analysis of lake
sediments being introduced (e.g. Flower & Battarbee,

1983; Jones et al., 1986). This is seen as a means of

assessing the scale of the problem through time, as well
as a means of testing the hypothesis that acid rain is

indeed the cause of the rapid and devastating changes
that are taking place in the lakes of western Europe.

A system for the classification of diatoms according to

pH tolerance was first set out by Hustedt in his major
work on the diatoms of Java, Bali and Sumatra (Hustedt,

1937-38). His research on more than 650 species led him



to the conclusion that the concentration of hydrogen ions
was of major importance in diatom distribution. on the

strength of his observations, he proposed five pH

categories into which diatoms could be placed:

Acidobiontic Occurring around pH = 7,
but with an optimum at

pH <5.5

Acidophilous Occurring around pH = 7,
but with an optimum at just
below 7

Indifferent Occurring in equal

quantities slightly on

either side of pH = 7

Alkaliphilous Occurring around pH = 7,
but with an optimum just
above 7

A!kalibiontic Occurring only in alkaline

water

The implications of this scheme are that there is often a

degree of overlap in the range of tolerance, and that

most taxa are also most likely to be found in

circumneutral conditions. Hustedt refuted this, arguing
that the picture is altered, to show distinct

preferential distribution, if the relative abundance of

each taxon (der Massenvorkommen) is examined. He devised

a series of categories based on the relative abundance of
the most common taxa (die Massenformen), which formed the
basis of a model for establishing the relationship
between living or recent communities and pH. Although
his aim of characterising pH levels through a specific
composition of frequency of types was in itself an

acceptable one, carrying it out using only the most



frequent taxa was not. Nygaard in particular disagreed
with this approach, arguing that rare types could be just
as important ecologically as common ones, and so all taxa

should be included in the calculation of frequency

(Nygaard, 1956).

Hustedt's method for the inference of pH has probably

undergone more modification than any other method of

ecological classification, although some writers have
been happy to accept it throughout. The first major

reworking of Hustedt's scheme came with Nygaard in 1956

and his work at Store Gribso. The reason behind

Nygaard's dissatisfaction with Hustedt's scheme was

because his interest was primarily with the
reconstruction of former environments whereas Hustedt's

lay in contemporary flora and their relation to pH. At

Store Gribso, Nygaard tested Hustedt's scheme for a

fossil community by comparing the estimated pH (using
Hustedt's method of calculation) with the measured pH of
the water. This brought to light a considerable

discrepancy; the estimated pH was 6, whereas the measured
was only 4.6. Nygaard wanted to introduce a quantitative
element to Hustedt's work which he felt would cope with

discrepancies like this and which he felt were necessary

to allow comparison of material from different sites.

As well as including all taxa, it also seemed obvious to

Nygaard that the " -biontic" elements of the diatom flora

must be much clearer indicators of pH than the

philous" ones, a conclusion apparently quite justified,
even in the light of Hustedt's own work. To give these
taxa their proper significance, he awarded them an

arbitrary weighting of a factor of five. (This weighting
in itself may be problematic; the pH tolerance range of
most taxa is not well understood. As Nygaard himself

points out, there is considerable disagreement as to the

appropriate placing in the texts he consulted, so the
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placing of a species into any of the categories must be

done with caution.)

He went on to construct three indices which would allow

the estimation of past pH values. Essentially, the
indices developed by Nygaard and also by later workers
are intended to be methods of converting information on

the relative abundance of taxa into predictions of the
relative importance of a particular environmental

parameter - in other words they are transfer functions.
The index which he himself appeared to favour as the most

informative is "Index a" which is the number of "acid"

units (i.e. the number of aeidobiontic species multiplied

by 5 plus the number of acidophilous species) divided by
the number of "alkali" units (calculated as for acid

units, see Table 2). The values for this index ranged
from infinity to thousandths of a unit, with infinity and
the higher values obviously indicating acidic conditions
and the very low values indicating alkaline conditions.
The major problem with this index is that Nygaard has

ignored the "indifferent" taxa in his calculations; even

in the fourteen examples he himself cites, these can make
up to 44% of the assemblage (ibid. Table 10, p.56). This
must surely give an exaggerated impression of the true pH
condition, where the index values can fluctuate

enormously without any relation to the real situation.

Nygaard calculated index a for a community of living
diatoms within Lake Gribso, for the topmost layer of the
bottom sediment and for the sediment 5 to 25cm beneath

this. The result showed an enormous range in the a value
(0.11 - 1321) whereas the actual range in frequency was

much less dramatic (42 - 54.5% for acid, 25-27 - 18% for
alkaline). In the light of this and his other results,

there does not seem to be any clear way of relating the
value of index a to a specific pH range without

calculating the index for a variety samples, the true pH
of at least some of which is known.
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Nygaard's other indices, and I, designed to indicate,
as he explains it (ibid., p.61), the acid (or alkaline)
units on an average per acid (or alkaline) species, are

also problematic. In order to calculate these indices,
we still have to deal with the problem of appropriate

placing in the spectrum. The value of the indices will
also be directly dependent on the number of diatoms

counted because, in general the higher the total, the

higher the number of taxa is likely to be, and the more

important secure taxonomy has to be.



a =

acid units

alkaline units

CO =

acid units

Number of acid species

I -

Alkaline units

Number of alkaline species

Table 2: Nygaard's pH indices

B =

% i nd + (5 x % acp) + (40 x % acb)

% i nd + (3.5 x % alk) + (108 x % alb)

Table 3: Renberg and Hellberg's Index B
nd = indifferent; acp = acidophi1ous; acb
idobiontic; alk = al kaliphi 1ous; alb = al kalibiontic)
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The problem of calibrating Nygaard's indices was one to

which Merilainen addressed himself (Merilainen, 1969).

Although Merilainen demonstrated that the indices were of

use in his assessment of Finnish lakes (once a

calibration curve had been produced), the need for some

further modification of Nygaard's scheme for more general
use was pointed out by Renberg (1976) and also by
Battarbee (1986,1988). Renberg's main criticism was

Nygaard's exclusion of indifferent taxa, whereas

Battarbee, quite rightly, is critical of the certainty
with which he assigns individual species to specific pH

categories, on which all the workings of the indices are

based.

Further modification to Nygaard's a index, to take
account of the so-called indifferent taxa, was carried
out by Renberg and Hellberg (Renberg & Hellberg, 1982).
The equation for their Index B was worked out on the

basis of analysis of the surface sediments of 30 lakes,
with a pH range of 4.3 - 7.2, some of which they

undertook themselves and the rest taken from the

literature. The usefulness of the equation rests on the

assumption that there is a linear relationship between pH

and log index B.

It is hard to assess how useful any of these indices are

in general terms. Each scheme appears to have fairly
severe limitations, stemming either from the ambiguities
of the available ecological information on taxa or from

the restricted application potential. The

calculation/estimation of past pH can only be carried out

effectively if (a) there is appropriate reference

material from other similar lakes or (b) it is possible
to measure present pH and examine the composition of live
or very recent diatom communities within the lake. That

being said, Battarbee has compared Index B with the
measured pH of a number of lakes and has found that these
do compare fairly well (Battarbee, 1984).
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One of the other major drawbacks of the use of these

indices for estimating past conditions is that, if a

time-scale for any change is required, then this is

dependent on being able to calculate sediment
accumulation rates. This can be problematic in many

cases, especially with older samples, and relies on the

ability to obtain accurate absolute dating for the
relevant deposits.

The accurate placing of a taxon within a given pH

category remains a problem. There are many examples of
observed distribution of a taxon disagreeing totally with
that described in the literature, and of disagreements
amongst different authors. For instance, Renberg (1976)
notes that a species identified using Hustedt (1930-66)
as Anomoeoneis exilis fo. lanceolata and described by
Hustedt as being "alkalibiontic" (Hustedt, 1957) is
described by Foged (1978) as "indifferent", while
comprising up to 80% of the assemblage for a lake with a

pH of 5 - 6. This is a fundamental problem in dealing
with diatoms to reconstruct past environments and one

which surely must be resolved by further research. Until

pH tolerances are more precisely known for a larger range

of species, there are two possible ways of dealing with
the problem. Firstly, there is Renberg's approach of

choosing the "most reliable" source of information

(Renberg, 1956). The criterion of reliability

presumably requires considerable insight into the

research practices of the authors and of their material,
information obviously not generally available. A more

generally satisfactory approach is that of Lowe (1974)
who gives his assessment of ecological data in terms of
the consensus opinion, in this case based of information
contained in 48 references.(See below)

For pH, most writers still base their work on Hustedt's

original scheme, despite its accepted shortcomings,
because the more complex the calculations become, the
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harder it is to establish the nature of the relationship
between pH and the calculated coefficient. It does not

seem unreasonable to suggest that further investigation
of the precise pH requirements/tolerances would be the
most fruitful approach for the present, as these

necessarily form the basis of all further calculations.
What has been becoming ever more clear over recent years

is that what has widely been regarded as a reaction to

changing pH is just as likely to be a reaction to changes
in some other aspect of water chemistry, which may then
in turn affect pH. The precise mechanisms behind these

processes are worthy of closer examination before any

further modification of pH indices and forecasts are

made, and work is progressing in this direction with the

adoption of Canonical Correspondence Analysis, described
in more detail in Chapter 5.

The pH spectrum is not alone in the close scrutiny to
which it has been subjected - nutrient requirement
spectra have also been subjected to a degree of
modification over the years. By establishing the
nutrient requirements of diatom species, it should be

possible to estimate the productivity of a lake and to

establish its "trophic history". As with pH, a number of

ratios and indices have been employed by different
workers to demonstrate different processes through time.
Again, as with pH, there are often limitations to their

applicabi1ity.

Nutrient Spectra

Eutrophication, or the process of nutrient enrichment,
has been the major source of interest in studies of lake

productivity. There has been some debate as to whether

the apparent enrichment present in a number of lakes is

the result of cultural interference (e.g. Davis & Norton,

1978; Bradbury, 1975; Bradbury & Waddington, 1973) or
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whether it is the natural culmination of a long-term

post-glacial process of ontogeny (Whiteside, 1983). A

variety of ratios, based of the life-forms of different

taxa, have been established to argue for and against
cultural causes for this phenomenon.

The simplest ratio to be established was that of Nygaard

( 1949), who saw that a ratio of Centrales to Pennales
would give the ratio of eutrophic to eurytrophic types,

although he did acknowledge that there must be exceptions
to this basic life-form division in terms of nutrient

requirement. This ratio was devised primarily for

looking at communities of plankton and therefore is of
limited usefulness for looking at sediments, where

periphytic diatoms are also likely to be found, as well
as those of mixed ecological tolerance.

As not all pennate forms are planktonic, it occurred to

Stockner (1972) that eutrophication might be more

accurately expressed by the ratio of pennate pianktonic

forms, generally the Araphidineae (A), to centric

planktonic forms (C) - the A:C ratio. Unlike Nygaard,
who considered the centric forms to represent eutrophic

conditions, Stockner saw them as signifying oligotrophic
conditions, while the Araphidineae represented eutrophic.
This was a complete reversal of Nygaard's thesis. He
also preferred to work with groups of species of similar

ecological requirements rather than with single indicator

species. He argued that changes in the availability of
nutrients was not the only possible, or even likely,
explanation for changes in the frequency of an individual
taxon and that parasitism, predation and competition
could all have a significant role to play. Also,

taxonomy must be secure and ecology wel1-understood in
order to use a single species in this way with any degree
of confidence.
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On the basis of the A:C ratio, Stockner formulated three

trophic categories:

Oligotrophia 0 - 1

Mesotrophic 1 - 2

Eutrophic >2

Stockner acknowledged that there were a number of

circumstances under which his ratio was of no relevance:

shallow lakes, bogs, rivers and impoundments are those

listed along with "lakes which have been mesoeutrophic

throughout most of their postglacial history". These
sources have to be excluded because the scheme was

designed for use in a particular type of temperate

dimictic lake and these tend to isothermal with a flora

dominated by benthic diatoms. In the light of this, the
value of a ratio that operates under such, restricted
circumstances must be questioned. To determine whether
or not a lake has been mesoeutrophi c throughout its

history requires the kind of information that such a

ratio is designed to provide.

Despite its inherent drawbacks, Stockner demonstrates its
function with a number of analyses of material from lakes
in North America and the English Lake District, where
there is historic evidence for cultural eutrophication,
or the lack of it, which appears to corroborate his work.

Although he does not encourage the use of single
indicator species as a basis for drawing environmental

conclusions, Stockner does note that the difference
between eutrophication caused by agriculture and that
caused by sewage can perhaps be seen more clearly in

species composition. Asterionella formosa occurred in
the greatest concentration in basins where there was the
most intensive agriculture in the catchment, whereas
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Fragilaria crotonensis was most prolific where sewage was

the apparent cause of eutrophication. Although these two

taxa are generally considered to have similar ecological

preferences, Stockner's work would tend to suggest that
there are, albiet subtle, nutritional requirement
differences. However, despite the apparent accuracy of
Stockner's work, it can only be seen to be accurate or

correct with the benefit of hindsight; it is doubtful if
the distinction between eutrophication caused by

agriculture and that caused by sewage could have been
made on the basis of his calculations alone without the

back-up of either historical or water chemistry evidence.

As well as being very restricted in application, the

interpretation of Stockner's A:C ratio has been called
into question by Brugam (Brugam, 1979). His work,

comparing calculated and measured values, suggests that a

high A:C ratio is not in fact characteristic of the most

productive lakes, but rather of those with a "medium"
total phosphate level and low alkalinities. This limits
the application of the ratio even further. He also notes

that in some of the most productive lakes anywhere in the

world, the diatom assemblage is dominated by centric

taxa, apparently demonstrating that Stockner's ratio is
founded on a false premise.

The ratio of planktonic species to pereiphytic species has
been suggested as method for detecting productivity

changes through cultural eutrophication rather than

through natural processes of post-glacial .lake
IS

development (Battarbee, 1986). The reason this ratioAnot
suitable for post-glacial history is because it is
sensitive to morphometric changes in the lake basin i.e.
as the basin fills in, the proportions of planktonic to

periphytic types will change naturally so nullifying the
effects of any cultural processes.
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The problems inherent in the use of all these ratios

brings one important matter to light, namely how reliably
can diatoms be assigned to particular life-form

categories. Although a number of taxa are restricted to

the plankton or to the benthos, an equally high

proportion can be found in identical form in a variety of
habitats. How relevant, then, is the calculation of the

frequency of different life-form types for environmental
reconstruction? The evidence seems to suggest that it is
of little importance for the interpretation of fossil
material, at least until distributional processes are

better understood. A more constructive approach would be

the use of the occurrence of definitive indicator

species, established through distributional studies, to

characterize the overall assemblage. However, this
relies on the availability of the relevant information.

Other Ecological Spectra

Salinity, pH and nutrient requirements are three of the

major ecological variables discussed in the literature,
although classification of several others has been

attempted over the years.

The saprobian spectra of Kolkwitz and Marsson (1908) is
one such system, designed to categorise according to

organic pollution tolerance. Although first described in

1908, it has never had the same impact as the other

ecological spectra, perhaps because its application was

seen as too specialised, although its lack of importance

today may also be in part due to the recognition that the
nature of pollution has changed radically since the turn

of the century. Cholnoky argued that organic pollution
had little effect on diatom distribution and that the

availability of organic nitrogen was more important

(Cholnoky, 1953). An seven-stage classification has been
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developed, but this is seldom referred to in the

1iterature:

Polysaprobic Extremely polluted, decay
and putrification, O2

concentration very low
or even absent.

Mesosaprobic Organic material being

oxidised, two forms:

a range - strong

pollution, N in form of

amino acids, and 3 range

weaker pollution,

Nitrogen in form of

ammonia compounds

01igosaprobic Oxidation of organic
matter complete, rich in
organic nutrients

Saprophytic Usually found in polluted
water but can occur in

cl ean

Saproxenous Usually found in clean

water but can occur in

pol1uted

Saprophobic (Katharobic) Not exposed to any

pol1utants

The saprobic system is an example of a potentially very

useful form of classification, but it is clear from the
literature that it does not have firm enough foundations

any longer to be generally accepted. Once again it has
been limited by the lack of research into the processes

that govern diatom distribution.
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The four classification systems discussed above cover

four important aspects of diatom ecology, but are by no

means the only factors that govern distribution. Several
other schemes have been devised to deal with other

variables such as temperature tolerance, current

dependency and sensitivity to tidal movement. In

general, these schemes have been based on arbitrary and

subjective criteria, many workers having developed their
own systems for dealing with their own particular
material. With the exception of temperature, the factors

involved are difficult, if not impossible, to quantify,
so the categories have to be broad and rather loosely
defined. From that point of view alone, the usefulness
of such classifications must be questioned.

Handling Emlnglna,] Data

The information on which all these classificatory systems

are based is contained either in autecological or in
distributional studies, the vast majority of which are

concerned with aquatic environments. Obviously this is a

corpus that is growing all the time, making it

increasingly difficult to assimilate the information,

particularly when using them as reference sources for

palaeoenvironmental reconstruction. In many ways both

autecological and distributional studies are of limited
use in themselves. By their very nature, they are

restricted in approach and in the kind of information

they contain. While this may be an acceptable and useful

source of data for the botanist looking at particular

problems, it is difficult for a researcher concerned with

palaeoenvironmental reconstruction to use such literature

as a first line of attack. It is generally accepted that
an average analysis may produce a record of a few hundred

species, so sifting through the ecological data for
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appropriate information in order to produce an

interpretation can be an enormously time-consuming task.

The problem of efficient handling of ecological data has
been relieved to some extent by the work of several
diatomists who have concentrated their efforts in

producing synoptic texts, incorporating the information

provided by many other workers. Of these synoptic works,
two have proved extremely useful throughout this project,
de Wolf (1982) and Lowe (1974). The former provides a

numerical coding system, designed for computer use, for
seven ecological variables (life-form, salinity

preference, pH preference, nutrient requirements,

temperature tolerance, tide preference, current

preference), based on the work of Kolbe (1927), Hustedt

(1937-38, 1957), Cholnoky (1968), Florin (1970, 1977) and

several other leading workers in the field. He rates

each variable on a scale of 0 to 5, where 0 represents an

absence of information in his chosen sources, and 1 to 5

represent the range of categories for each parameter.

For some of the variables, the division into various

categories appears to be arbitrary, whereas, for others,
established systems such as those of Hustedt (1937-38,
for pH; 1 957, for salinity) or Cholnoky ( 1968, for

temperature) are used. Some 1200 or so taxa are

classified in this way. Although this is a very useful
format for reference, de Wolf's system does not take into
consideration the fact that there is not always a

consensus on the status of a particular taxon, as it is
described in the literature.

The problem of conflicting views on ecology has been
tackled in a more constructive way by Lowe. Lowe's 1974

publication has used a much broader literature base (some
48 references) to produce a similar kind of list to de

Wolf, but for each entry he records all instances where
the taxon is cited and then classifies it according to

the consensus opinion. Instead of seven variables, Lowe
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lists 9 ( dH . nutrient requirement, halobian tolerance,

organic pollution tolerance (saprobic), current, general
habitat - ocean, estuary, lake, etc. -, specified habitat

epiphytic, tychoplanktoni c, etc. - seasonal

distribution, temperature). Again, like de Wolf, Lowe

has used what might be called the traditional schemes for

pH, nutrients, halobian and saprobic spectra and current

preferences. His classification of the other parameters,

however, appear to based on his own ideas, formulated on

the basis of what he discovered in the references he

cites. Of course, the nature of the literature is such

that not all variables are discussed for all species
considered. However, Lowe has produced a useful,

although rather restricted, list of 300 taxa.

One further advantage of Lowe's work over that of de Wolf

is that, as it is not intended primarily for use with a

computer, he has not been limited to a set number of

categories within each parameter. In this way his
handling of the data has been much more flexible. Thus,

for example, using Kolbe's 1927 system for determining
the CI requirements or tolerances, ten categories are

listed, six of which have precise quantitative values,
the other four being more subjective in their groupings.
It is therefore easier to form an impression of ecology

using this system than using Hustedt's five-fold
classification as cited in de Wolf (Hustedt,1957).

Lowe has included a classification of "general habitat"
as well as "specific habitat". He feels justified in

drawing distinctions between oceans, seas and estuaries
for coastal habitats, and between lakes, ponds, rivers
and streams for freshwater habitats. He also includes

aerophilous habitats and a general category. If the
information from which he has drawn these distinctions

can be held as reliable, then this is potentially a much

more useful division than the "marine/brackish/fresh" one

usually produced.
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Lowe's "specific habitats" (which corresponds to the

life-form division of other workers) classification is

similarly divided, this time into ten categories:

Euplankton Suspended in water, distribution

current-dependent

Tychoplanktonic Periphytic or terrestrial, often
also suspended

Periphytic On, but not penetrating,
substrates

Epipelic

Epi1ithic

Epidendric

Epiphytic

Epizooic

Attached

Unattached

On mud

On rocks

On wood

On plants
On animals

Normal 1y sessi1e

Normally "free"

In the light of what was said above, because of the

apparent overlap in the distribution of a great number of

forms, this is perhaps an artificially, and

unnecessarily, refined division of life-form, of limited
application when dealing with reconstruction. It is

arguable that there is no necessity to be able to

distinguish between diatoms living on sand and those

living on mud, on the basis of life-form, when the

sedimentary environment is preserved, and that to try to

do so would be an unnecessary complication.
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Summary and Discussion of Ecological Io.fQrmat.lQD

The first point that must be made here is the sheer

enormity of the literature concerned with the taxonomic
and ecological aspects of the study of diatoms. This has

had the effect of making the practical implementation of
diatom analysis much less straightforward than it seems

at the theoretical level. As the information contained

within this corpus takes a variety of forms, both

quantitative and qualitative, and can be used in a number
of ways, careful consideration has to be given to what is
relevant to a given situation.

Throughout all of the literature consulted for this

project, there seem to be two recurrent, and rather

problematic, themes that must be borne in mind when using
the literature for reconstructional/interpretative

purposes.

The first of these themes is often implied rather than
stated directly. This is the apparent contradictions

within the literature as to the status of any particular
individual taxon. Disagreements on taxonomic ascription
are fairly common, although they seldom seem to be

discussed; the general attitude seems to be one of "each
to his own". This has led to the superabundance of

synonyms and the cumbersome taxonomic situation discussed
above. There are also problems of ascription when it
comes to ecological work. Again, it is not uncommon to

have the same taxon described as coming from radically
different environmental contexts. At the interpretative

stage, there could perhaps be the temptation to ascribe a

taxon to a particular category on the grounds of

preconceived ideas of the desired result, rather than to

objective utilization of the data, and so a consensus

opinion is always desirable.
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The second theme, can only be seen when a broad overview

of the literature is considered. Despite the wealth of
information available, there are still quite considerable

gaps in available knowledge. These gaps may be
considered to be geographical, in that there are areas

where the diatom flora is largely unknown, but more

important are the gaps in the ecological literature. The
problem takes two forms. Firstly, there are certain
habitats which have received very little attention.
These are mostly the terrestrial habitats, although
coastal and estuarine areas have also suffered. This has

meant that the available data has a tendency to be both
old and patchy. For example, information on soil-
dwelling diatoms is generally restricted to somewhat

vague distributional studies, where the soils are

described as "path" or "agricultural" for example,
without further explanation (e.g. Petersen, 1935; Hayek &

Hulbary, 1956). The second area in which gaps are most

noticeable is in the provision of comprehensive

ecological information about a large range of taxa. The
record here has a tendency to be extremely biased, with
some genera being studied in depth at the expense of
others. For example, Fragilaria species are relatively
wel1-documented whereas it is very difficult to find much
detailed information about members of the genus Eunotia.
This appears to have had the effect of directing research
back into the areas where there is already considerable

background information and away from breaking new ground.

These themes of contradictory and problematic ascription

coupled with patchy and/or biased documentation clearly
have implications for the i nterpretati on of data.
Whereas some authors advocate the use of indicator

species for palaeoenvironmental reconstruction, the

nature of the literature would seem to preclude this in

many cases, assuming of course that the apparent paucity
of reliable indicator species is a function of the
literature (and ultimately of research design) and not a



true reflection of the environmental

diatom taxa.
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proclivities of most

Faced with these problems, it remains for the

palaeoenvironmental ist to use his data to the best

advantage. It seems that the "facies" approach to diatom

analysis might be the most generally appropriate. The
identification of patterns within the flora and changes
within these patterns might yield more useful information

than, for example, the examination of only the dominant

species. This may also alleviate some of the taxonomic
problems in the sense that overall similarities within
the profiles are more important than the accurate

taxonomic ascription of each individual. In pre-

Quaternary palynology, where this approach is essentially
the only viable one, as the problems of taxonomy are

enormous, it is not necessary to be able to name a taxon

precisely so long as its position in a profile is
recognised. The facility to compare general patterns,

providing that something is known about the environmental
tolerances/requirements, is perhaps much more useful than

trying to compare individual species-composition
patterns, not least because it allows subsequent

reinterpretation in the light of new data.

What the literature indicates is that there is a lot of

basic information about diatom distribution, ecology and

taxonomy available. The problem is knowing how to use it

effectively in a variety of situations and with a view to

satisfying the late 20th century desire for statistically
valid and testable conclusions. Although ecological

spectra still provide a basic and useful framework for

the categorisation of diatoms, this is no longer
considered adequate in its own right, at least for

limnology and palaeolimnology. The use of modern

analogues in the interpretation of palaeoenvironments is
still necessary, but in recent years the emphasis has
been on establishing the quantitative relationships



between fossil and modern assemblages. The introduction
of transfer functions, using modern material as a base

for predictive models of past environments, can be seen

as the major step in that direction.

Despite the shortcomings of taxonomy and the ecological

literature, and the problems of handling the data, there
have been many successful palaeoenvironmental projects
based on the use of diatoms. Some of these projects are

discussed in Chapter 4, giving an indication of the range

of material under study and the kind of answers diatom

analysis can provide for the palaeoenvironmental ist,

illustrating ways of countering the apparent restrictions
of the technique.

In order to give an impression of how diatom analysis
rates alongside other less universally recognised

techniques of biological reconstruction, in terms of

applicability and ease of use, Appendix 1 contains a

brief comparison with a number of these techniques.



Chapter 4

Applications of Diatom Analysis

This chapter is intended to provide a broad outline of
the kinds of applications of diatom analysis that have

already been undertaken. It is divided into two parts,

general palaeoecological research, which involves mostly

1imnological/palaeolimnological applications, and

specifically archaeological research, which covers a

range of non-palaeolimnological applications.

Pal aeoecol ogi cal ARpl.i cat.i Qns

The literature dealing with generalized palaeoecological
studies involving diatom analysis, either on its own or

as part of an integrated study, is very extensive,

therefore, this is a necessarily selective treatment of
the material The papers cited in this section have been
selected as examples of the types of studies undertaken.

They have been divided into a number of categories based
on the dominant ecological property of diatoms they
utilize: in most cases, other properties have also been
taken into consideration in the study. In each of these

categories, there is a general discussion of the types of

study undertaken and references are given to further

examples of this type of research (Table 4). As well as

the results, other forms of analyses undertaken, the

laboratory treatment of the diatom samples, and the

general approach to the data are also considered.

In addition to the papers listed here, Battarbee (1986)
and Mannion (1986a; 1986b) provide extensive

bibliographies of palaeoecological research in which
diatoms have been used. General discussions of the



technique are provided in the relevant chapters in Birks
and Birks (1980) and Lowe and Walker (1984).

Imphic Status

In general, papers concerned with the application of

trophic spectra have concentrated on the problem of
"cultural eutrophication" of lakes, in other words, the
effect of anthropogenic influence on the environment as

recorded in lake sediments. To date, there has been a

considerable amount of research carried out in North

America and in the Scandanavian countries, with a few
researchers also looking at the problem in the English
Lake District.

North America is ideally suited to this kind of project
because of the relatively short but wel1-documented

history of European settlement, the first occupation to
have a significant impact on the environment. A similar
situation also pertains in Scandanavia, where urban

expansion is a relatively recent phenomenon and provides
a chronological marker for comparison of pre- and post-

expansion profiles.

In general, there have been two approaches to data

analysis in this kind of research. Firstly, the
indicator species approach (e.g. Bradbury & Waddington,
1973), where the presence or absence of certain

individual taxa is considered significant. Research

using this approach has tended to employ various other

forms of analysis, with great importance placed on the

inter-relationship of water chemistry, sediment

composition, the behaviour of the lake fauna and other

flora, and so on. For example, in Bradbury and

Waddington (1973), the first appearance of Stephanodiscus
minutus in the Shagawa Lake, Minnesota, profile as a

dominant form has been attributed to the first rise in



the phosphorus profile of the sediments, which in turn

has been related to the first usage of phosphate-rich

detergents by the inhabitants of the lake's catchment.

Similarly, differential preservation encountered in a

core taken from the littoral zone is explained by the

differences in the pre- and post-cultural behaviour of
the benthic fauna, related to the amounts of oxygen

circulating within the water. Clearly the recognition of
the interplay of all these factors can lead to a very

detailed interpretation of features in the profile.

The second widely-used approach is more generalized and

might employ, for example, cluster analysis to give an

overall impression of trends. An example of this is
Davis and Norton (1978). They chose lakes which showed
no present signs of pollution or anthropogenic

interference; they were interested in trying to detect

signs of such influence in the past. Instead of using
indicator species, Davis and Norton zoned their profiles
using cluster analysis. This gives a more generalized

impression of events recorded in the profiles. The two

lakes, Granite Lake in New Hampshire and Seymour Lake in

Vermont, produced patterns that could be related to

phases of deforestation and agriculture in the

catchments. These were identified by increased numbers
of benthic and aerophilous taxa, indicating increased
soil erosion. There is also evidence of a degree of
enrichment which has been taken as indicative of the

addition of iron, aluminium and alkaline materials coming
from soil parent material brought to the surface through

pioughing.

The analysis of this particular material demonstrated a

potentially important point, worth further mention.
Historical records for both areas showed that

agricultural activity in the vicinity of Seymour Lake was

less intense than that around Granite Lake, yet the

percentage changes in the diatom profiles were very



similar. This suggests that, under certain conditions at

least, diatoms react fairly dramatically to even moderate

changes in environment. This has two important
ramifications. Firstly, it means that relatively minor
and short-lived changes in the environment can be
detected. Secondly, it means that diatoms cannot be

reliably used to indicate the magnitude of environmental
change. Combined, these suggest that diatoms are most

useful when either a positive or a negative result is

required.

A third approach to the use of the trophic status of
diatoms was taken by Hakansson in 1982, looking at

material from lakes in southern Sweden.

Once again, the detection of cultural eutrophication was

the main objective of Hakansson's research. Her approach
was different to the two studies mentioned above in that

modern plankton samples and sediment surface samples were

examined for comparison with the sediment core.

The results of H&kansson's research indicate

eutrophication of the profile towards the top,

demonstrated by increased numbers of Melosira granulata

v. angustissima and Cyclotel la dubius. The plankton and
sediment surface samples confirm this trend. However, in
the absence of other forms of analysis, Hakansson has not

attributed the apparently increased erosion in the
catchment to an individual cause, although agriculture or

water-lowering are suggested as the two most likely.
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lbs r.H SR.sQJtr.urD

The use of the pH spectrum to infer palaeoecologi cal
conditions is perhaps the most topical of all

applications of diatom analysis. In recent years, the
vast majority of papers have concentrated on the
detection of recent acidification of lakes, partly in

response to concern about atmospheric deposition of

sulphuric acid. As with the trophic status studies
mentioned above, the establishment of the nature and
extent of anthropogenic influence on the environment has
been of prime importance (e.g. Flower & Battarbee, 1983;

Renberg & Hellberg, 1982).

Projects looking at changes in pH through time have also

developed sophisticated statistical methods for

calibrating the data obtained from fossil communities

using present day living communities, in order to arrive
at accurate estimates of former pH values. Whereas

trophic status studies tend to rely on simple ratios to

give an indication of changing trends, the study of pH

histories has inspired the application of techniques such

as multiple linear regression analysis and, more

recently, canonical correspondence analysis (CCA) (for

example, Stevenson et a7. 1989). Analysis of this kind
allows all encountered species to be placed on an

environmental gradient, using all measurable
environmental variables, assuming a unimodal response to

those environmental gradients. In other words, the basic

assumption behind the use of CCA is that a species will
occur most frequently and abundantly at its environmental

optimum, and if distribution according to this principle
can be measured for living communities, then it can also
be estimated for fossil communities, using a series of
transfer functions.



It has been possible to detect different periods of
increased acidification in many lake sediments, and
accurate estimates of pH made. These can be attributed
to deforestation, agriculture and prolonged soil
leaching, as well as atmospheric deposition. As yet,

there does not appear to be any way of distinguishing
these different causes through the diatom record alone,
so historical and palynological sources are also

important until an extensive calibration data set can be
established.

Although the results of many pH history studies are

encouraging, the major problem is that modern data sets

are required for calibration. If pH history is being
carried out in a limnological setting where sediment
surface and water samples can be taken, then this is not
a problem. However, the same kind of information could
be just as interesting and valuable for areas where this
is not possible: for example, where the hydrological
regime has altered dramatically, perhaps leaving only an

in-filled basin. If the limnological aspect of such
research continues, then eventually it should be possible
to calibrate sites for which there is no modern data set.

Halobi an Spectrum

The halobian, or salinity tolerance, spectrum is probably
the most popular for palaeoecological research, perhaps

because it is the most obvious and also the easiest to

quantify. Sea-level change projects have made

considerable use of this attribute, primarily to add
detail to broad sequences of events and to establish the

extent of marine transgressions/regressions. Tooley, for

example, has used diatoms extensively in his work on the

coastlines of northwest England (see below, Chapter 6)



Coastline changes are the most obvious application of the

halobian spectrum, but recently Bradbury (1989) has used
it to demonstrate environmental changes in an inland
situation. He looked at five areas which would have at

one time been covered by Lake Texcoco, Mexico, with a

view to detecting the climatological and hydrological
changes which would have occurred at the

PIeistocene/Holocene boundary. He established the

presence of five generalized environment types:
freshwater ponds, alkaline ponds and marshes, acid mires
and bogs, saline marshes and shallow, saline lakes. By

examining the diatom record for the last 33 000 years, he
detected various changes which effectively illustrated
the progression of the lakes through each of the five
environment types, in response to climatic and

anthropogenical1y-induced hydrological alterations. By
careful dating and comparison of the sediments in the
five former lakes, he provided an interpretation which

gives a very detailed hydrological history of the area,

establishing precisely their varying relationships

throughout the time period with which he was concerned.

Although a number of palaeoecological studies have
concentrated on a single aspect of diatom ecology, many

more have taken a more holistic view and have described

profiles in a generalized fashion, using all relevant

ecological information. Often the types of project which
have employed this broader approach are more concerned
with patterns of natural ontogeny, rather than with
anthropogenic factors, and are perhaps more descriptive
than interpretative in nature. They provide a

comparative framework for the establishment of climatic
and hydrological trends, and for processes of post¬

glacial development.
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Further References

Further references for a range of palaeoecological
studies involving diatoms are provided below (Table 4):

Paper Area Primary
Property

Battarbee et al. 1985 N. Ireland Hal obi an

Battarbee et a 1. 1986 - PH

Battarbee et a 7. 1988 - PH

Berg & Petersen 1956 - General

Bradbury 1971 Mexico T rophic

Bradbury 1975 U.S.A. T rophic

Bradbury 1989 Mexico Hal obi an

Bradbury & Megard 1972 U.S.A. T rophic

Bradbury & Waddington 1973 U.S.A. T rohpic

Crabtree 1969 Wal es General

Cullingford et al. 1980 Scot1 and Hal obi an

Davis & Norton 1978 U.S.A. T rophic

Devoy 1977 Engl and Hal obi an

Digerfeldt 1972 General

Digerfeldt 1975 Sweden Hal obi an

Digerfeldt et al. 1980 Sweden T rophic

Duthie & Sreenivasa 1971 U.S.A. T rophic

Duthie & Sreenivasa 1972 U.S.A. T rophic

Evans 1970 Engl and General

Flower & Battarbee 1983 Scot!and PH

Hakansson 1982 Sweden T rophic

Haworth 1969 Engl and General

Haworth 1976 Scot1 and General
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Haworth 1980 Engl and General

Haworth 1984 Engl and General

Huddart et al. 1977 Eng1 and Hal obi an

Huttonen & Tolonen 1976 Finland T rophic

Jones et al. 1986 - pH

Kjemperud 1981 Norway Hal obi an

Mannion 1978 Scot!and General

Mannion 1982 - General

Mannion 1986c Scot1 and General

Mannion 1989 - General

Pennington 1943 Engl and General

Renberg 1986 Sweden pH

Renberg & Helberg 1985 Sweden pH

Robertsson 1973 Sweden General

Robinson 1982 Scot1 and Hal obi an

Round 1957 Engl and General

Stevenson et al. 1989 - pH

Stockner & Benson 1967 U.S. A T rophic

Stoermer & Yang 1968 U.S.A. General

Tolonen 1978 Fin!and T rophic

Walker 1978 Wal es General

Watts & Bradbury 1982 Mexico T rophic

Archaeological AdpIications

Given the wealth of palynological investigations
undertaken in association with archaeological research,
it is perhaps surprising that diatom analysis has not



enjoyed the same popularity. The reason for this is not

altogether clear, but it seems to stem from a combination
of ignorance of the possibilities offered by the

technique and evei—increasing constraints on the funding
of archaeological fieldwork and post-excavation analysis.
The potential of diatom analysis in archaeology has been

acknowledged in some quarters for more than 25 years;

Jansma first commented on this potential in 1963

(Jansma, 1963). Despite this, very little research has
been carried out, especially in Britain, although in more

recent years the situation has improved slightly (e.g.
Milne et al., 1983; Battarbee et a 7., 1 985) and in 1987
Mannion published a review of research.

The use of diatom analysis in archaeological research,

along with several other forms of environmental analysis,
was pioneered by the Dutch. There has been a history of
interest in environmental archaeology in The Netherlands,

perhaps partly because of the nature of the topography
and geological history of the country, a feature which
makes it an ideal setting for the application of diatom

analysis; the extensive, low-lying areas have meant that

flooding and episodes of creek-cutting have been common

throughout its history. Of all the environmental changes

that can be detected through diatom analysis, changes in

salinity caused by phenomena such as these are perhaps
the easiest to demonstrate.

One of the main protagonists of the use of diatoms in

archaeology has been M.J. Jansma, who has published
several papers, sporadically, over the last 20 years

(Jansma, 1962, 1969, 1977, 1981)

In his 1969 paper, co-authored with Groenman-van

Waateringe, Jansma attempts to demonstrate a

reinterpretation of the phasing of occupation and creek-

cutting at the site of Vlaardingen. The site was

excavated between 1 959 and 1964 by Pons and Bakker and



shows evidence of Neolithic Vlaardingen culture and
later Bell Beaker occupation, dated to 2350 BC and
1940+/-25 BC respectively. The occupation sites were on

either side of a creek that could be shown to have had

two phases of re-cutting, but the relationship between
these phases of settlement and re-cutting could not be

easily ascertained on stratigraphic grounds alone. The
excavators did, however, propose a sequence of events:

(1) Vlaardingen settlement formed around a

creek orginally formed during the

Wieringemeer transgression

(2) Progressive silting up of that creek

("Deposit II") and abandonment of the site

(3) Secondary cutting of the creek and formation
of natural levee

(4) Bell Beaker occupation of the levee

(5) Secondary creek silts up and is eventually

grown over by peat

"Deposit II" was apparently recognisable over most of the

site, but there was no clear distinction between the

primary silting and the formation of the secondary levee.
Jansma had the primary fill, the "transitional" fill and
the secondary fill sampled and initially carried out a

quantitative count to establish the Marine:Brackish:Fresh
ratio in terms of numbers of taxa, the actual numbers of
individuals at that stage being considered unimportant.
As this ratio only provides information about salinity

changes, the break between the primary silting and the

break-through of the secondary creek could not be

distinguished. When a quantitative count was carried out

on c.250 i ndviduals/sample, some alterations in the



nature of the profile could be detected at species level.

It would appear that the conditions of the VIaardingen
occupation and those prevailing after the Be 11 Beaker

occupation were broadly similar, but the phasing of the

creek-cutting could be interpreted differently. Jansma

suggests that the secondary creek in actual fact cut

through during the VIaardingen occupation rather than
after it and that, by the time of the Bell Beaker

occupation, the creek had already begun to silt up.

In his 1981 paper, Jansma looked at coastal sites in the

Netherlands, reasoning that diatoms are best preserved in
Holocene coastal deposits, which tend to be clays. He

discusses material from two sites, Paddepoel (near

Groningen) and Rijswijk (in southern Holland). Although

Rijwijks is identified as a Roman site, Paddepoel is not

assigned to any particular date. At Paddepoel, Jansma

envisages two phases of occupation separated by flooding

activity thus:

(1) A steady decrease in flooding activity prior
to occupation, ceasing altogether during the

first phase of occupation. The diatom
profile exhibits an al1ochthonous flora with
some brackish-fresh taxa.

(2) An increase in flooding activity between the
earliest and latest occupation phases,
demonstrated by an increase in marine

planktonic species.

(3) A second phase of occupation, with decrease
in flooding which "strongly increased
thereafter" (p.148).

From this description, it is not immediately obvious what



"increased strongly thereafter" means, whether it is the

flooding or the decrease in flooding. Unfortunately, the
diagram provided does not really resolve this. The sharp
rise in both Fragilaria construens and Navicula cincta,
both classified as fresh-brackish species, towards the

top of the profile may indicate that he means that

flooding increased during/after the second phase of

occupation, but no mention of this is made in the text.

Despite Jansma's stated desire to consider species

composition rather than just the Marine:Brackish:Fresh

ratio, there is little discussion of the ecological

significance of individual taxa or groups.

The material from Rijswijk is taken from a series of

ditches dating from the Roman period. On the basis of
the diatom content, Jansma distinguishes two types of
ditch which he calls "enclosure ditches" and "boundary
ditches". It appears that the enclosure ditches
contained household rubbish and that the boundary ditches
demarcated arable fields; the two types were in open

association with one another, but the latter was 10cm

lower than the former. Jansma suggests that the
difference between the two types lies not in the species
compostion but in the proportions of broken and complete

individuals in each sample. He argues that on the basis
of species composition the profiles are similar in

character, but this is not the picture presented in the

diagrams provided. Although the proportions of complete
to broken individuals in the two types are different, so

also is the species content; the so-called enclosure
ditches have many more fresh-brackish and fresh taxa than

the boundary ditches. Jansma states that in the

enclosure ditches, virtually all the diatoms are damaged,

whereas in the boundary ditches only marine and marine-
brackish ones are. The diagram, however, suggests that
this is not the case. In the enclosure ditch profile,
there appear to be no taxa which exhibit more broken than

complete individuals, whereas in the boundary ditches,



the situation is reversed. The difference in this

"preservation" is explained by Jansma as follows: the

original sediment into which the ditches were cut was

deposited during the Dunkirk I transgression and thus

contained broken marine/marine-brackish taxa, the

freshwater element of that flora actually growing in the

ditches (i.e. autochthonous). This explains why the

marine/brackish-marine element of the flora is damaged
and the damage to freshwater species, therefore, must be

explained as being the result of the drying out of the

boundary ditches. He suggests that this "drying out" of

the ditches is further proof that the fields they
surround are arable, although this argument is not at all
clear. It would seem likely that, if the fields were

arable, then the ditches would function as field drains
and as such would be almost permanently wet. The
enclosure ditches, being 10cm higher, would presumably
also be subject to drying out, but Jansma argues that the

deposition of domestic rubbish into these ditches

prevented the diatoms from being broken through
desiccation. This interpretation seems problematic,

however, as the state of preservation in the enclosure
ditches is apparently much inferior to that in the

boundary ditches. There is no intrinsic reason for the
Dunkirk I transgression marine/marine-bracki sh diatoms to

be any more damaged than the freshwater specimens, for as

transgressive deposits they are also in a sense in situ.

The theme of distinction between autochthonous and

al1ochthonous flora is found in all Jansma's work,

generally based on the relative proportions of complete
and broken individuals but there tends to be a lack of

consistency in his interpretations. For example, in his
contribution to the Hoogkarspel-Watertoren project
(Bakker et al., 1977 ), he states that in Ditch 12 there
are a number of broken diatoms, but in this case this
does not indicate transportation of the deposit or

secondary deposition, but the drying out of the ditch (as



at Paddepoel). The reasoning behind this claim appears

to lie in the absence of molluscs in the ditch and not

actually on the evidence provided by the diatom profile
at all. Ditch 4 on this site also contains broken

individuals but in this case the phenomenon is explained
at least partially as a function of the species involved,

namely Diploneis ovalis and Pinnularia spp., which Jansma

describes as being "long" species. The phenomenon of
broken frustules is more commonly encountered with taxa

such the longer Synedra and Fragilaria species and with
Asterionel1 a formosa in particular. Although this may be
the explanation for the breakage of these forms, it is
difficult to be certain in the absence of a species list
that might be used to demonstrate that these are in
actual fact "long" types in the context of this

assemblage.

Jansma's work is fairly typical of applications of a

"new" environmental techniques; it consists of an almost
random collection samples from a number of sites,

seemingly without any particular strategy or objective.
It also seems that Jansma may be attempting to make

interpretations which are too sophisticated for the data

available. This is a common problem when dealing with

"specialist" material in an archaeological context, where
there is almost always some working theory as to the
nature and occupation sequence of the site, which exists

independently of specialist analyses and into which there
is generally some temptation to fit one's findings.

There are a few projects, however, that do have a much
more systematic and independent approach, mostly stemming
from either undergraduate or postgraduate research

projects. For example, Steve Juggins investigated the
use of diatom analysis as an aid to the interpretation of
fenland palaeohydrology in his 1984 M. A. dissertation

(Juggins 1984, unpublished). He had three specific aims
in this project, as well as assessing the overall



usefulness of diatoms in this context. His first

objective was to try to establish the nature of the local

environment around a substantial timber platform built on

the fen, dated to the Late Bronze Age. Secondly, he

attempted to test the hypothesis of the archaeologist who
was excavating the complex of sites, Francis Pryor, that
a number of field systems had been abandoned in two

episodes (a) due to a higher water table from c.1000bc
and (b) because of freshwater flooding during the 1st

century AD. His final aim was to establish whether a

knowledge of past salinity could aid the interpretation
of briquetage found near the site. On the basis of the
success of these three investigations, he then sought to
assess the overall utility of the method for
fenland/wetland archaeology.

Juggins pinpointed several problems with diatom analysis,
both in general and specifically for material of this

type. As commented on in Chapter 3 above, the available

ecological information is patchy and this appears to be

particularly acute for bog and fen habitats. This

naturally restricts the detail possible in interpretation
of the environment. In order to overcome this shortage
of data, he had to alter what he saw as the ideal

methodology for the project:

6

(1) Analysis of material from a wide range of

contemporary fen environments, identifying
typical species compositions

(2) Use these results to identify modern analogues

for fossil assemblages through (1) clustering

techniques and (2) placing the assemblage on an

environmental gradient, interpreted from

ordination plots.

Having realised that this would be impossible, his actual



method!ogy took a somewhat different course:

(1) To analyse fossil material using the standard

ecological classifications (as in Chapter 3) and
ordination techniques to group together similar
samples and identify the main species

components.

(2) Search literature for modern analogues for each
of these groups.

(3) Use these analogues to interpret ordination
plots in terms of environmental gradients.

(4) Use ordination plots to interpret samples which
are intermediate between groups and also to

characterise the two profiles examined.

By using this approach, Juggins in fact managed to
establish three groups of diatoms that did appear to
characterise the environment relating to their
deposition. Through an extensive 1iterature-search, he

related these groups to three distinct ecological niches:

(a) taxa characteristic of growth below macrophytic fen

vegetation, probably on the margins of a small fen pool,

(b) those characteristic of littoral zones, on

emergent/floating aquatic plants and (c) those

characteristic of open water. These three niches relate

to the processes of hydrological development occurring in
the fenland area, and so the diatom evidence can be used
to provide an accurate picture of landscape development.

Jansma and Juggins have looked at two different types of

analyses. Jansma is dealing with "on site" material,
taken from what are essentially archaeological features,
whereas Juggins is dealing with local environmental
conditions. Larger scale environmental analyses have
also been undertaken. For example, in conjunction with



the excavation of Roman sites on the Thames waterfront in

the City of London, diatom analysis has been carried out

to establish the limits of tidal influence on the river

(Milne et al. , 1983). The Thames then, as now, was a

main thoroughfare in the city and consequently an

understanding of its nature and movements is crucial to

the interpretation of the Roman occupation of the area.

The presence of a series of pits on the Pudding Lane and
Miles Lane sites, which appear to have been dug to depths
in the region of 2-2.5m below the contemporary level of
the Thames, suggested that the river in the area must

have been tidal; in other words, the surface on which the

pits were dug must have been above river level at least

part of the time. This was confirmed by diatom analysis.
At all levels throughout the profile, Cyclotella striata
dominated the assemblage; this is a common estuarine
form. There were also a few euhalobous taxa such as

Cymatosira belgica and Raphoneis surirella, but the

majority of taxa were oligohalobous, essentially
freshwater. This mixture of fresh, brackish and marine
taxa is the key to the tidal nature of the river at this

point, with the tidal head lying somewhere further

upstream to the west. Having established that the river
was tidal, the size of the tidal amplitude is clearly of

great significance. This has implications for the width
of the river and hence gives some indication of the civil

engineering capabilities of the Romans who apparently

bridged the Thames at this point. The depth of water

also is important, as this has a direct effect on the

kinds of vessels which would be able to berth in the

river which, in turn, has implications for the possibilty
of the use of "river pilots" and the transfer of cargo.

This project is a good example of the potentially fat—

reaching implications of diatom analysis and work on the
tidal nature of the Thames and rivers in general is being
carried on by Steve Juggins in his Ph.D. thesis on the

subject.



Diatom analysis was also undertaken at Sandelford on the

River Bann, in Northern Ireland, in connection with the

excavation of the Mesolithic site at Mount Sandel

(Woodman, 1985). Here, as at the Roman sites in London,
the emphasis was on establishing the nature of the River
Bann at the time of the Mesolithic occupation. Clearly
this has implications for the economic exploitation of

the site; the presence of estuarine conditions close to

the site implies that a greater range of resources would
be available to its inhabitants than if it were

exclusively freshwater. The results of the analysis
(carried out by Battarbee) indicate that the Bann was in
fact estuarine at this stretch (significant presence of

coastal/estuarine types eg Cocconeis scute!lum, Nitzschia
punctata and Melosira sulcata), but the date of 7440+/-

70bp for the base of the Sandelford profile, where this
estuarine facies is located, post-dates the Mesolithic

occupation of Mount Sandel by approximately 1000 years.

As yet a profile which reaches back to the appopriate
date has yet to be located.

Not all archaeological applications of diatom analysis
have been as constructive as those discussed here. For

example, the diatom report on material from the Palace
defences and abbey precinct wall from Abingdon Street,
Westminster (Ross, in Green, 1976) does little more than
state that diatoms were recovered from the sediments, and
that this confirms that the area was at one time wet. If

more thought had been put into the analysis of this
material, it is almost certain that more detailed and
useful information could have been retrieved.



Summary

Several points come to light through the discussion of

practical applications of diatom analysis. Firstly, the
success of diatom analysis in archaeological contexts
lies in the ability to interpret the data in a manner

that is meaningful in that context. As the bulk of

ecological information centres on limnological contexts,

clearly some kind of shift in emphasis is required both
at the methodological level and the interpretational
level. Jansma apparently did not make this change in any

of his analyses. Much of his methodology remains

unknown, but his interpretations suggest he is working

very much within the framework of pre-conceived

archaeological interpretation, perhaps inevitable when

dealing with the rei nterpretati on of a site as he was at

Paddepoel .

Juggins was clearly aware that the methodology of

pal aeol i mnol ogy was of little practical use to him in

dealing with his particular material and adjusted it
accordingly. He established a methodology using the

sophisticated objective techniques now taken as standard
in limnology, as well as the traditional "butterfly

collecting" approach of literature searches to gather

together appropriate information. The information he
obtained from his approach enabled him to make

archaeological1y valid interpretations of his results in
a manner which was also acceptable from a limnological

point of view. His choice of site however was made

deliberately because of its suitability for this type of

analyses.

Although the availability of modern data in a

limnological context is limited only by the desire to

collect it, the situation in most archaeological contexts
is entirely different. As Juggins has demonstrated,



there are archaeological sites where the collection of

modern comparative material is possible, but these are by
no means the norm. Clearly, projects which are coastal
or on lake or riversides are ideally suited to diatom

analysis but the main interest in this project is to

ascertain if the kinds of information that diatoms are

capable of providing can be of use in less obviously
suitable contexts.

The ecological spectra used routinely in diatom analysis
are often only interpreted as indicating one thing,

generally dictated by the location of the material under
examination. The-thesis here is that ecological spectra,

the halobian and trophic spectra in particular, can be
used to interpret data other than in the ways described
above and that these alternative interpretations may be
more generally relevant to archaeology than the
traditional ones. Is salinity tolerance/preference only
of use for detecting sea-level change, something which
has little relevance on the vast majority of sites? Can

the preference for nutrient-enriched conditions be of

interest in areas other than pal aeolimnology? It is to

questions such as these that the analyses in the case-

studies below are addressed.

This section has provided an introduction to diatoms as

organisms and how they can be used to reconstruct past

environments. The discussion of ecological parameters to

which they are sensitive and the range of research in
which diatom analysis is regularly used is intended to

serve as an introduction to Section 2, which describes
and discusses both the methodology and the case study

applications, undertaken to further assess the

archaeological potential of diatom analysis.



Chapter 5

Methodology

This chapter deals with the general methodology of diatom

analysis, both practical and statistical, as well as with
the specific methodology applied in the completion of
this project.

One major advantage of research of this kind, aimed at

applying a technique already in use in one field to

another one where it can be considered innovative, is
that to a great extent the methodology, at least as far
as laboratory techniques are concerned, has already been
established. Although analytical techniques can always
be refined and adapted for particular situations, most of
the major methodological problems of diatom analysis have

already been resolved and any alterations to the physical

analytical techniques required for the individual case

studies in this project have therefore been minor.

Although the chemical cleaning processes employed here
are specific to diatom analysis, the sampling techniques
and the statistical handling of the data are common to a

number of other reconstructional techniques more

frequently used in archaeology, such as palynology.

Despite the fact that the sampling technique is fairly
basic and routine, the experience of the case studies
discussed in Chapters 6 to 8 has shown that sample-taking
often lacks any systematic approach. It was considered

appropriate, therefore, in discussing the methodology, to
include details of various sampling techniques as well as

the procedures that are specific to diatom analysis.
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fieo.eral.-.„SmRl.iog Procsdyres

As with all palaeoenvironmental analyses, ideally the

specialist who is going to carry out the analysis should
collect the samples to be examined. This serves two

ends. Firstly, he can be sure that the procedures have

been carried out properly. Secondly, by being in the

field, the specialist can often point out areas of

potential significance which may not have been recognised

by, in the case of archaeology, the excavator, and can

ensure that these are dealt with in the appropriate
manner. The specialist, no matter in what field,

generally will have a better understanding of his

technique and how it can best be employed than a non-

specialist who will probably have a very specific aim in
mind. Unfortunately, the ideal of a specialist on-site

throughout the duration of an archaeological project is
one that is seldom realised due to pressure of time and
the unpredictable nature of archaeological fieldwork.
The first part of this chapter on the. methodology of
diatom analysis therefore deals with the collection and

treatment of samples in the field.

Many of the sites examined during the course of this
research had been sampled by the excavators and/or

specialists in other fields, sometimes with a specific

objective in mind and sometimes in the off-chance that
the samples might become useful at a later date. It

became apparent as the project progressed that on some

sites, the sampling procedures were not wholly

satisfactory. The main problem was the recording of

sample locations, especially where some time had elapsed
between the fieldwork and the final analysis. In most

cases this resulted from a lack of experience in dealing
with sampling programmes, on the part of the excavator,

or simply the almost total lack of any systematic

approach to sample collecting. This inevitably led to
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difficulties in the interpretation of the material in

terms of its archaeological significance. Fortunately,
these problems were largely overcome for the sites used

in this study, but nonetheless caused considerable
inconvenience and added to the overall time taken for the

analyses.

The vast majority of problems encountered by specialists
when dealing with other peoples' material (and
consequently, problems encountered when archaeologists

try to make sense of a specialist report) could be
avoided by the production of guidelines for sampling
procedures, covering the main points to be borne in mind.

Sampling I.aphn±aM.sjs

The techniques used in taking samples for diatom analysis
are essentially the same as those for pollen analysis and
some other microfossi1s. There are basically three ways

of collecting samples from the ground:

(1) the taking of cores from the surface

(2) the collection of samples from vertical
sections

(3) bulk samples (as from a feature under

excavation, for example)

The choice of method obviously depends on the type of
material being sampled and the kind of access possible.
All three methods were used in the collection of material

for the case studies discussed below.
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(1) Taking Sample Cores

Sampling by taking cores is generally carried out when
the sequence to be sampled has not been fully exposed,
such as a deep deposit within an old lake basin (e.g.
Williamson's Moss) or in any situation where it is not

feasible to expose the full depth of deposit (such as at

Titchwell). There are various types of corers available,
but they all fall into two basic types; those in which
the chamber fills from the end and those which sample
from the side, both operated using a series of generally
1m long rods held together either by male/female joints,
or by a sleeve set over spring-loaded pins. Both types

of sampler has intrinsic problems and the choice of model
will depend on the nature of the site. The end-filling

piston-type corers (e.g Dachnowski sampler and

Livingstone sampler) generally work well in fine grained
sediments and are light and relatively easy to use, once

the technique has been mastered. The disadvantages of
this type of corer is that they do not sample loosely

packed or coarse grained material well, nor will they

operate in fibrous, peaty deposits which become jammed in
the mouth of the tube. There is also a tendency towards

sediment compression. Side-filling corers, like the

Hiller sampler and the Russian sampler, work well for
fibrous deposits (both were originally designed as peat

samplers) and stiff muds, although again, coarse grained
material is a problem. However, sediment compression
does not occur, but there can be problems of
contamination as the chambers can trap material as the

corer is being sunk. In all cases where a corer was used

for this project, either a 1m or 0.5m Russian corer was

used, partly because most sites were a mixture of peats

and clays or gyttjas, and partly because the Russian
corer is fairly easy to clean and the samples are easy to

remove and wrap for transportation and storage.
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Fig.3 : Sample Collection Methods: (1) Corer sampling,
(2) Section sampling
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No matter which type of corer is used, it is very

important that the corer is sunk in a vertical position;
failure to do this may result in 1ithostratigraphic
boundaries being missed and false depths recorded (Fig.
3: 1a and b). Frequently it is virtually impossible to

overlap the cores in a uniform manner so it is

particularly important to keep track of the depth that
each boring has sampled.

(2) Section Sampling

In many ways section sampling is the most satisfactory

way to retrieve samples for palaeoenvironmental

investigations. The main advantage over coring is that
the material to be sampled can be seen (Fig.3:2). This
means that particularly narrow horizons or features which

might be missed during coring can be spotted and the

sampling strategy adjusted accordingly. Recording the
1 ithostratigraphy is also easier with an exposed section
because the whole profile can be seen at once and a

photographic record and a detailed scale drawing can also
be made for future reference. Through the close
observation necessary to produce a section drawing,
details often come to light that might otherwise have
been missed and which could be of considerable

importance. This method was employed at Monk Moorse, the
infilled channel and also at Soutra Trench VII.

As with coring, it is always advisable to overlap the

samples so that the whole depth of the profile is covered
and to endeavour to organise the sampling so that as many

1ithostratigraphic boundaries as possible fall clearly
within the tins rather than at either the top or the
bottom edge, where they are less easy to sub-sample.
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In both coring and section sampling, labelling according
to the site-convention as well as the recording of OD

height should be carried out, with levelling taking place
in conjunction with the sampling process.

(3) Bulk Sample Collection

Taking bulk samples in polythene bags is the only way to
is

deal with material which
v particularly stony or loosely-

packed materials which lack cohesion. This method proved

to be the most satisfactory for a number of samples
collected during the course of this research, especially
where vertical sections had been removed by excavation

(as in the case of Eskmeals features F91 and F72, and the
Soutra "soak away" pit) or where parts of the section
could not be sampled using K'ubiena tins (Soutra Trench

VII, basal sediments).

For all three of these methods, careful recording and
avoidance of contamination are the key to satisfactory
sample taking.

Sample Intervals

The size of the interval between sub-samples is
determined by the amount of material to be examined (i.e.
the total depth of the core or section), the homogeneity
of the material (although this should not be the sole

criterion) and the level of interpretation required.
Some samples require to be sub-sampled at 1cm intervals
or even less, for example when the sediment is laminated,
whereas for others 10cm intervals may be quite

sufficient, such as with glacial/periglacial varving.
The normal approach is to start with a wide sample

interval, then, as a pattern begins to emerge, the gaps



in the sequence are filled in. Although this kind of

approach is necessary to define the main features of the

profile, there is a tendency to carry out more counts

from around a suspected biostratigraphic boundary, which
can affect the statistical treatment of the results

obtained from the sample counts. In each of the case

studies discussed below, the sample interval was decided
upon using the three criteria outlined above, and

consequently shows considerable variation from site to
si te.

Lab.QratQr.y„...Ie.ch.ol.Ques

Cleaning samples for examination

There are a variety of documented methods for preparing
samples for diatom analysis (e.g. Battarbee, 1986; West,

1972), using a variety of chemicals and treatments. The
basic aim of these methods is however the same - to

remove any organic matter and as much of the potentially

obscuring minerogenic material as possible from the

sample, without damaging the diatom frustules. The
choice of method is dictated largely by two criteria -

the equipment and facilities available and the kind of
material being examined. Although diatoms are

ocpasionally found in pollen sample slides, the chemical
cleaning processes used in the preparation of pollen
slides are not satisfactory for diatom samples. Most

pollen preparation techniques use alkalis such as

potassium hydroxide, which simply dissolves diatoms more

or less completely, so different methods have to be used

for diatom samples. The most commonly used treatments

for cleaning diatom samples involve (a) hydrogen peroxide
in a 30% solution and dilute (10%) hydrochloric acid, (b)
concentrated sulphuric acid and potassium dichromate, or

(c) in some cases, simply distilled water. In general,
there does not seem to be much difference in the
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efficiency of the various treatments, insomuch as they
all provide countable samples. There are other methods

involving chemicals that are, at best, unpleasant, and at

worst highly dangerous, but, understandably, these are

rarely used and the results obtained do not appear to be

noticeably superior. In all cases where chemicals are

used, the work should be carried out in a fume cabinet.

Hendey (1964) suggests the construction of a fairly

complex glassware apparatus in which the cleaning process

should be carried out, but with modern fume extraction

equipment and a reasonable degree of caution, such a

construction is not really necessary.

In the end, two methods of preparing samples for counting
were used in this study, depending largely on the nature
of the material being looked at. In general, the first
method described below was used for the samples taken for
environmental analysis and the second was used for

looking at pottery and associated clays.

For both methods, the glassware and other laboratory

equipment is the same, namely:

(1) Conical flasks - ideally 250ml size, to reduce the

risk of the sample boiling over, but, with care, a

smaller (e.g. 100ml) size can be used,

(2) An electrical hotplate with temperature control to

ensure that the samples are not heated too rapidly which
can cause "bumping" and possible spillage,

(3) Polypropylene centrifuge tubes - the 50ml size is
most convenient for diatom analysis,

(4) Electrical centrifuge with a speed of at least 3000

r.p.m., ideally also with a timing mechanism for
convenience.



These are the four main items of equipment required, in
addition to a fume cupboard. Smaller items are also

needed, such as nickel spatulas and glass stirring rods
for removing and stirring the samples, tweezers for

manipulating the slides during mounting, and squeezy

bottles, beakers and pipettes for dispensing distilled
water, chemicals and the prepared sample.

Method 1

This method was recommended

general purpose process.

by Dr David Mann as a good,

(1) Sample of c.1cm3 is removed from a core, sample
tin or loose sample, placed in a conical flask and mashed

in a few millilitres of distilled water to break down

1umps.

(2) Approximately 45ml of concentrated fuming nitric
acid is added to the sample, brought slowly to the boil
and boiled for 15-20 minutes. This step facilitates the
removal of organic matter from the sample and, more

importantly, removes calcium from the sample, which would
react with the acid used in subsequent stages. Care
should be taken when removing the lid from the fuming
nitric acid as the build up of fumes within the bottle

can cause it to splutter when the lid is loosened.

(3) After boiling, a programme of washing in distilled
water and centrifuging (centrifuging at c.3000r.p.m. for
3 minutes, pouring off liquid and resuspending in
distilled water; repeated several times until all traces

of acid are removed) is carried out. The liquid must be

poured off slowly and carefully so that none of the

samp.le is inadvertantly lost.



(4) The sample is returned to the conical flasks,
which have been thoroughly rinsed out and c. 45ml

concentrated sulphuric acid added. This is brought

slowly to the boil and boiled for 10-15 minutes. During
boiling, a few sodium nitrate crystals may be added to

speed up the reaction.

(5) Step (3) repeated.

Method 2

This method is the one used by Dr Alex Gibson in his work
on British Neolithic and Bronze Age ceramics.

(1) A sample of 1cm3 is placed in a conical flask and
mashed with a few millilitres of distilled water to break

down lumps.

(2) Approximately 35ml of 30% hydrogen peroxide
solution is added and brought slowly to the boil. A few

grains of potassium permanganate is added at this stage
to remove organic matter from the sample - the more

violent the reaction to the addition of potassium

permanganate, the higher the organic content of the

material. Care must be taken when adding the potassium

permanganate as this creates a strongly exothermic

reaction, which, if too violent, can be reversed by the
addition of a few drops of alcohol.

(3) When the reaction to the addition of potassium

permanganate has died down, a few drops 10% hydrochloric
acid are added to dissolve any remaining carbonates.

(4) A programme of washing and centrifuging as

described in Method 1, step 3 is carried out.
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The quantities of chemicals given above are only

approximate as the precise amount is of little

importance. The major consideration to be borne in mind
is that the total volume of the sample should not exceed
the capacity of the centrifuge tubes, otherwise the

sample will have to be divided into two, or even more,

batches for centrifuging, wasting time and equipment.
With either method, the cleanliness of glassware and
other equipment is of paramount importance; the ubiquity
of diatoms can provide plenty of opportunity for
contamination. Glassware can be cleaned by boiling in a

saturated sodium hydroxide solution, cleaning in an

ultrasonic bath or by soaking in a standard laboratory

detergent such as Decon 90. All three methods were used
in this study.

Where considerable amounts of coarse mineral matter

remain after carrying out the processes described above,
the diatoms may remain partially obscured. This problem
can be overcome by passing the suspension through a sieve
with a very fine mesh (0.5mm is ideal), thereby trapping
the coarse material. The same result can also be

achieved by decanting the solution into a larger beaker
and gently swilling off the liquid, but there is always
the slight possiblity of diatoms (particular1y large

ones) being trapped within the coarse matter that is left

in the bottom of the beaker. Battarbee (1986) has

suggested that sonication in an ultrasonic bath could be

used to destroy coarse mineral particles, but again there

appears to be a risk of some of the diatoms, especially
smaller less wel1-si1icified individuals, being destroyed

by this procedure. It was decided that, on balance,

passing the material through a micromesh sieve was the
most suitable method for use here, although it was only

necessary in very few cases.

Generally speaking, Method 1 is slightly more time-
consuming than Method 2, but the whole process can be
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completed using either method in approximately 90
minutes. The equipment used in this study allowed
batches of twelve samples to be prepared at a time,

working rotationally on groups of four.

Slide Preparation

The next stage of the procedure after the samples have
been cleaned is to make up the slides on which the counts

will be carried out. Regardless of the cleaning

procedure used, the slides are mounted in the same

manner, depending on the kind of count to be undertaken

(frequency or absolute). The residue of the sample

preparation was diluted to a suitable concentration with
distilled water and then approximately 20 drops of
solution were placed on a covers!ip and allowed to

evaporate. A medium sized drop of a mounting medium with
a suitable refractive index (in this case "Naphrax"
diatom mountant with a refractive index of 1.74; a

special mountant is necessary as the usual mountants such
as Canada balsam have more or less the same refractive

index as diatoms) was placed on a microcope slide,

normally cleaned in alcohol first but certainly wiped
with a clean tissue, and the coverslip put into position.
It is important that the amount of mountant used is not

over-generous, otherwise it bubbles up over the top of
the coverslip and obscures the sample. The slides were

heated over an electric hotplate and removed when the

rapid bubbling of the mountant subsided, approximately 30

seconds. The slides had to be watched carefully as the

mountant can easily be "overcooked" and turn a dark brown

colour, making microscopy difficult. Rapid cooling by

placing on a cold surface such as a sheet of metal or

glass was found to be useful in order to set the mountant

firmly.
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Sample Counting

As mentioned above, counting for the construction of
diatom diagrams can be done in two ways, (a) percentage

frequency counting and (b) absolute counting, depending
on the kind of information required and the suitability
of the prepared sample. These two counting methods can,

in some cases, be most profitable when used in

conjunction. The kind of data produced by each is

complementary in so far as one method provides
information about the general development of the diatom

community whereas the other provides more discrete
details of the development and productivity of individual
taxa or ecological groupings.

Percentage frequency counts are generally used to detect
trends in diatom profiles and the techniques and
statistics of this method are essentially the same as

those used in basic pollen analysis, where numbers of any

taxon encountered are expressed as a percentage of the
total sum. In diatom analysis, generally the sum used is
that of all taxa encountered, but as in pollen analysis,
there are certain circumstances where it might be

advantageous to exclude certain taxa from the total.
This might be where there is reason to believe that

certain diatoms have been reworked into the deposit,

having originally come from an older source, for example.

However, in favour of including all taxa is the
likelihood that the percentages of what might otherwise
be potentially misleading taxa are small and fairly
constant and so any bias that may have occurred is
cancelled out. For this reason, Battarbee (1973) decided
to include all encountered species in his relative counts

for the diatom stratigraphy of Lough Neagh, Northern

Ireland; if the percentages of benthic and epiphytic

species had been higher and more varied, then the changes
in the planktonic species, the main source of interest,

may have been masked. Obviously the decision to include
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count has been completed and the composition of

assemblage has been assessed.
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Most counts for palaeoenvironmental work are carried out

using a light microscope at magnifications of 400 and

1000 times with oil-immersion objectives, as was the case

here. The use of phase-contrast is often recommended,
but the facilities for this were not available for this

study. An eye-piece graticule is essential for the

measurement of valve dimensions to aid identification.

Scanning electron microscopes have been extensively used
in studies of diatom physiology and also have been

employed in palaeoecological work (e.g. Miller, 1969;

Haworth, 1975; Renberg, 1976; Battarbee, 1978). However

they are not generally accessible and are costly to use

so the tendency has been to use them for resolving

particularly difficult taxonomic problems that have been
left unsolved by light microscopy alone, or for the
examination of morphological variation in response to

environmental factors.

The actual number of individuals counted is dependent

upon the kind of information to be gained from the

diagram, the degree of statistical precision required and
the nature of the sample being examined. Ideally, only

complete individuals should be counted, each valve being
considered as one unit. However, with sedimentary

samples this is not always possible as valves can be

damaged by depositional conditions, soil chemistry, etc.

In circumstances such as these, it is permissable to

count fragments that exhibit a distinctive diagnostic
feature for that taxon, e.g. the central constriction of

Diploneis or the central porate area of Stephanodiscus.

However, not all species have obvious identifying

characteristics, and in such cases only fragments which
are large enough to be representative of a complete valve

(i.e. > 50% of the valve) should be counted. It
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is important that identifiable fragments are included in
the total count, otherwise there will be a bias towards
robust forms so giving a false impression of their
importance.

For pin-pointing 1ithostratigraphical boundaries a count
of 500-600 individuals may be needed, but if the sample
is being counted to allow correlation of two cores, for

example, then a lower count is probably sufficient. In

many samples, by a count of 400 individuals, most taxa

will have been encountered but Miller ( 1964) has

demonstrated that by counting to 2000 individuals, a

number of rare and interesting forms were recorded that

would otherwise have gone unnoticed. However, it may be
difficult to assess the ecological significance of these
rare taxa if they are occurring in such small numbers
that their presence is only detected by counting to such

high totals. Larger counts may also be carried out when

fluctuations in ecologically important taxa, which might
be obscured by the number of common taxa, are being
monitored throughout a profile. In this kind of

situation, it might be useful to construct a special sum

using only these significant taxa and excluding the more

prolific ones. However, a count of between 300 and 600

individuals can be considered satisfactory for most

purposes.

The experience of this research has shown that the
attainment of such high totals is an ideal rather than a

routine occurrence; a number of samples failed to yield

anything like such a high sum, despite examining a number
of slides. In such cases the only feasible solution is
to count a set number of traverses, usually about 25, and
work out the relative frequency from these totals
reached. Consequently, the total numbers counted for
each sample varied from sample to sample throughout the

case study profiles. No matter which counting regime is

employed, it is necessary to ensure that a representative
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sample of the covers! ip is examined. That is, equal

proportions of central and marginal areas, in order to

overcome any size-sorting which may occur during
evaporation. Even when the total has been reached, the
rest of the slide should be scanned in order to pick up

any odd occurrences of potentially important taxa or

simply those which have not been encountered in the

initial count.

Absolute counts are used mostly to calculate the annual
diatom influx and productivity rates, where the

sedimentation rate is known. Preparing samples for

absolute counts is a much more time-consuming process

than for percentage counts. The main difference is the
use of a known quantity of material, either by dry-weight
or fresh volume, and the fact that the final suspension
must be accurately diluted to a specific volume.

Although it may be interesting to know the absolute
number of diatom frustules per cubic centimetre of

sediment, it is not absolutely essential for the type of
work undertaken for this study. If, however,

establishing the productivity levels of lakes is the

objective (e.g. as Battarbee did at Lough Neagh

(Battarbee, 1978)), then absolute counts coupled with an

accurate chronology is essential. Generally speaking,

though, absolute counts are of much more importance in
routine analysis in palynology where they may have

important implications for pollen rain etc.

As Battarbee (1986) so rightly observes, "diatom taxonomy

is not easy" and consequently the identification of
diatoms tends to be more complex than that of pollen due
to the range of morphological forms that a single species

may exhibit. This results in some confusion between the
floras as to what are genetically distinct forms and what
are simply morphological variations within the species.
The solution to this in the short term is to record all

forms, regardless of their supposed status. It is for
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this reason that the compilation of a photographic record

of all "unidentifiable" individuals is considered

worthwhile as it allows other less easily available

texts, reference collections and other workers in the

field to be consulted to verify identification at a later
date.

The identification of diatoms is carried out using a

variety of keys and floras which can be handled in
different ways. Most keys use a simple yes/no system, of

the sort illustrated in Fig. 4, taken from Patrick and

Reimer 1966, for the identification of diagnostic

morphological features, which after several levels should
arrive at the i dentifeation of the taxon in question.
The description of each taxon is accompanied by an

illustration, the standards of which are very variable.

Ideally, a photographic flora of the sort published by
Krammer and Lange-Bertalot would be used, but

unfortunately, the volumes of this so far published do
not cover a representative range of taxa.

The standard floras used in this study were Hustedt

(1930, 1927-66), Patrick and Reimer (1966, 1975), Van der
Werff and Huls (1958-74) and Barber and Haworth (1981).

As none of these is comprehensive in its coverage of

taxa, additional information was obtained from texts such

as Hendey (1964), Lowe (1974) and Petersen (1935), which

although not strictly speaking keys, did aid
identification and also provided ecological information.
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Key to the Orders of Baci1lariophyceae

1. Valves with raphe or pseudoraphe 4

1. Valves of frustules without raphe or pseudoraphe 2
2. Valves radially symmetrical, without

wel1-developedhorns, long spines or large
knobs or protuberances Eupodsicales

2. Valves not radially symmetrical 3

3. Frustules cylindrical in shape, with many intercalary
bands apparent in girdle view, the sdie of the
frustule usually apparent Rhizosoleniales

3. Frustules not cylindrical in shape, valve bipolar or
multipolar, symmetry emphasized by angular shape or
by knobs or horns or long spines Biddulphiales

4. Both valves with pseudoraphe Fragi1ariales
4. Valve with true raphe on one or both

valves 5

5. Valve with short raphe on one or both
valves Eunotiales

5. Valve with raphe extending full length of
valve on one or both valves 6

6. One valve with wel1-developed raphe, one
pseudoraphe Achnanthales

6. Both vales with wel1-developed rpahes 7

7. Raphe not enclosed in keel or canal Naviculales
7. Raphe enclosed in a keel or canal 8

8. Raphe enclosed in keel which is On edge of
raised "wing-like" structure Surirellales

8. Raphe otherwise placed 9

9. Raphe enclosed in a keel, "wing-like" structure
absent Nitzschiales

9. Raphe enclosed in a canal costae present
between which are rows of striae Epithemiales

Fig. 4: Identification Key: First Level
(after Patrick and Reimer 1966)
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Presentation of Data

There are no formal rules for the presentation of
information. In some cases, where there are very few

samples (for example, Harrison's Field I), or even where
there is a very large amount of data the comprehension of
which would not necessarily be enhanced by a diagram
(e.g. Stubb Place), a species list showing the percentage

frequency counts is sufficient. In other cases, where

there are a large number of samples and/or taxa, or where
an emerging pattern is best seen in general terms, a

summary diagram showing trends in a particular
environmental parameter may be more appropriate (see the

Titchwell case study). In general, though, a diagram
similar in form to a pollen diagram is the most usual way

of presenting data (Williamson's Moss and Monk Moors).
For the construction of these diagrams, Battarbee (1986)
offers some guidelines which could be followed.

In the case studies presented in Chapters 6 to 8, the
data is presented in a number of different ways, as was

deemed appropriate for each site.

The basic form of diatom diagram (either full or summary)
is in the form of a histogram. These percentage

frequency diagrams are constructed in exactly the same

way as pollen frequency diagrams. A percentage diagram
should have certain basic features, in addition to any

other site-specific features which are required under

particular circumstances.

The diagrams used in this project were constructed along
the following lines, after Battarbee (1986):

The vertical axis gives the depth below the surface of
each sample, represented on a sub-divided metric scale.



105

Where dating is secure, the vertical axis serves also as

a linear time-scale, dating the various stratigraphical

phases. It is a traditional feature of these diagrams to

include a schematic diagram of the 1ithostratigraphy

alongside the vertical axis, with the strata being

represented by the appropriate sedimentological
convention (see West 1972 for example). There are a

number of conventions in use in the literature and the

choice is up to the individual concerned, unless the use

of a "house style" is required. The convention used in
this research is shown in Figure 5, although where this

be.
had to. el aborated upon or altered in any way, a key isA

provided with the diagram.

The horizontal axis is marked off in percentage intervals
for each taxon. Ideally the scale should be the same

throughout, but this is rarely practical as the

proportions of different taxa usually vary enormously.
Where the scale does vary, this is clearly marked along
the horizontal axis. The taxa represented are generally

grouped according to ecological groupings based on life-
form, salinity or pH preference, for example, depending
on the kind of information the diagram is intended to

present.

As with pollen diagrams, diatom diagrams can be divided

up into zones showing the changes in the diatom

assemblage through time. This can be done intuitively,

using the physical appearance of the finished diagram and

grouping together similar samples, or it can also be done

statistically. Both of these methods are discussed in
further detail below, with reference to the material

analyzed from Monk Moors (Chapter 6). The zones, where

appropriate, are usually marked on the diagram, but if
the profile is complex, they are best noted separately to

avoid confusion. Subsidiary summary curves, showing

changes in features other than the main ecological

spectrum under discussion (for example, life-form) are
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Fig. 5: Sedimentological Conventions
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best presented separately rather than on the main

diagram.

D.ats.._.Han_cl.l.i.og and_„.Inte.rP-rjetatjQn

Data Handling

The problems of data handling encountered when dealing
with diatoms can be considered on several levels. The

most immediately apparent difficulty is in the initial
recording of the information from the counts. In

palynology, the commonly used method for recording
information is on customised, ready-printed sheets where
the taxa most likely to be encountered are displayed on

the vertical axis, with columns for the initial tally-

count, percentage frequency calculations, influx values
and so on. This is possible with pollen because, in

general, pollen grains are only identified as far as

genus and so there is a relatively limited number of

categories into which a grain could potentially belong,
exotic taxa being recorded separately. In most pollen

analyses, the number of taxa encountered is likely to be
somewhere in the region of 30 to 40. In most cases, it
is at least possible to decide to which ecological

grouping (i.e. shrubs, herbs etc.) a pollen type belongs.
The advantages of this recording system are obvious;
levels can be compared instantly as the numbers for each

type appear in the same place on each sheet and more or

less all sites can be detailed in the same way.

Although, a similar recording system for diatom analysis
would of course be extremely useful, the construction of
such a system proved to be too complicated, for a number
of reasons. The major problem is that diatoms are,

wherever possible, identified to at least species (in
some cases it is possible to identify individuals to an
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even lower level - sub-species, variety, form). The

upshot of this is that the number of types to be recorded

is generally much higher than in palynological studies.
It is not unusual for the total number of taxa

represented to reach several hundreds, depending on (a)
the type of material being analysed, (b) the size of the
count and (c) the skill and experience of the analyst.

(As the distinctions between certain species are often
made on the grounds of minute and very specific

morphological detail, they may only be recognised after
considerable experience of carrying out diatom analysis.
It takes a considerable period of time for confidence in
identification to be achieved.) In this study, the
maximum number of taxa encountered in any one sample was

c. 150.

This takes us on to the second level of data handling.
Once the counting has been completed, there are several

ways in which the information can be dealt with. In

general, the first stage is the calculation of the

percentage frequency occurrence of each species. This is
a simple arithmetical operation, seldom requiring little
more than a few minutes work. Once these percentages

have been calculated, they can be dealt with in either of

two ways. In most diagrams, information is presented in
such a way that the species are displayed according to

their ecological preferences; the most common

catergorizations used are either based on Kolbe's or

Hustedt's halobian spectra, Hustedt's pH spectra (or
derivatives thereof) or one of the various trophic

spectra. Within each grouping along these spectra, the

species can be further divided according to their life-

form, for example, into planktonic, benthic or epiphytic

species. These data cart be manipulated on paper, by

rewriting, sorting and ordering by hand, but this is a

lengthy and often frustrating task as the volume of paper

grows in a seemingly unstoppable fashion. The
alternative solution is to use a computer database
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system. Theoretically, once the information is on disc
it can be sorted and resorted according to any number of
variables to produce the information required in an

appropriate fashion. Although setting up such a system
and entering the data is time-consuming and has to be
redone for each site, it is virtually essential for all
but the smallest of sites.

It is possible, as de Wolf has done (de Wolf, 1982) to
code all the ecological information numerically and use

that as a base for i nterpretat i on. Although de Wolf

provided ecological information for in the region of 1200

taxa, there will often be a good number of taxa
encountered that are not covered by his work, as was the
case during this project. This means that information
has to be gathered together from a large body of
literature such as van der Werff and Huls (1958-74), Lowe

(1974), Hustedt (1927-66, 1930, 1937-39), Patrick and
Reimer (1966, 1975) as well as from journal articles

dealing with both specific and general environmental
studies. Although having the information coded

numerically seems like the easiest way of dealing with
large quantities of data, the time involved in

establishing a suitable system is potentially enormous.

Another drawback of a numerically coded system is that
there is a tendency to want to force taxa into a

particular grouping when, in fact, the available
information is too vague to do this with any degree of

certainty.

After much consideration and a fair amount of "trial and

error", for the purposes of this research, a compromise
was struck between manual handling of the data and

computerisation. The initial species list was drawn up

and sorted by hand and then this, along with basic

ecological information and all the count information was

stored on computer. Constructing a database containing
this type of information does, however, serve a two-fold
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purpose. The first advantage is that it results in a

permanent record of that ecological information,

providing handy reference. The program that was chosen
for use in this project was Quattro, a combined database
and spreadsheet that had the added advantage of being
able to complete the necessary calculations on the data
to provide the basic interpretative framework. The
second advantage of using a program such as Quattro for

data-storage is that the information can be easily
converted for use with SPSS+, a general-purpose, but very

powerful, statistical package (see below).

Interpretation

Although the methodology outlined above is little altered
from the commonly used methodology of palaeolimnology,
the problems of interpretational methodology as applied
to specifically archaeological material, however,

required considerable thought. As mentioned in Chapter

4, the established interpretational frameworks of diatom

analysis appear to have little relevance for

archaeological applications. Juggins (1984, unpublished)
was probably the first worker to have recognised and
tackled this problem in his M.A. dissertation on the

diatom analysis of fenland sites. He had to re-formulate

part of the methodology of diatom analysis to incorporate

site-specific literature searches and the statistical

manipulation of data to achieve "objective" but

archaeological1y relevant interpretations of his
material. Aspects of his methodology have been

incorporated in this project, but they have been modified
further in an attempt to make diatom analysis relevant to

an even wider range of sites and material.

The interpretational processes employed in this project
took a number of forms, depending on the quantity and

quality of data produced by each of the sites. These are
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discussed in general terms below, with the precise
details of methodology for each site provided under each
case study.

The most common first step towards interpretation of a

diatom profile is the zonation of the profile, the

grouping together of similar samples. In thinking about

zonation, we must consider what a diatom profile actually
is. Each profile or set of samples is a unique
collection of data through a stratigraphical sequence at
one point in space. The unique stratigraphical
relationship of the samples through their depths (and
hence through time) allows the detection of
strati graphical change and the interpretation of the data
as a time-series record of environmental change. A

diatom "zone" in this context can be seen as a set of

neighbouring samples whose composition in terms of number
and type of taxa is statistically similar.

Traditionally the division into zones has been achieved

by visual examination of the profile diagram and the
insertion of zones at the appropriate points in the
diatom stratigraphy. However, the growth in the desire
for statistical precision has led to mechanical

techniques for zonation being developed. This can be
achieved through geometric representations (i.e.
ordination or scaling techniques, such as those employed

t>

by Juggins) or through numerical methods (mostly
clustering techniques); these have both been extensively

employed in palynological research for many years. Both
of these methods have drawbacks; ordination methods tend

to give more reliable indications of the relationships
between major clusters than do the later amalgamations in
cluster analysis, but then cluster analysis dendrograms
are probably better at identifying very similar objects
(Birks and Gordon,1985). Clearly there are advantages to
using both techniques together, as the results will often
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be complementary and can often confirm the validity of
the grouping.

There are a number of numerical methods that can be

employed in the zonation of diagrams, but basically they
fall into two groups (1) agglomerative techniques in
which similarities are sought and (2) divisive techniques
where differences are sought. The diatom data is
constrained by virtue of the stratigraphical relationship
between samples and any classification system should
retain this feature of the profile. In other words, the

differences/simi 1arities between samples can only be

expressed when stratigraphical1y neighbouring samples are

compared. Both agglomerative and divisive techniques
have a tendency to force data into groups of similar or

dissimilar samples, which has the effect of the

clustering being to some extent artificial, in that all

samples will eventually cluster if enough stages are

used. Clearly, the solution to this is to apply a

variety of tests of both types to the data in order to

establish which groupings are consistent and not purely
the result of the clustering technique used. A computer

program, SHEFFPOLL (Padmore^ 1987 ), was developed to carry
out this operation on strati graphical1y related

palynological data, using three agg1omerative methods

(Constrained Single Link Analysis [the constraint being
that at all times the classes must comprise sets of

stratigraphical1y neighbouring samples], Ward's Method
and Information Content Criterion) and one divisive

method. The calculations involved in the techniques are

relatively simple but without the aid of a computer are

impossibly time-consuming for either pollen or diatom
analysis. The other advantages of using custom-built

packages for this type of work is that they allow for the
weighting of certain "variables" (i.e. taxa) on grounds
of ecological significance and they also contain a

graphics element for the production of finished diagrams.
It had been hoped that either SHEFFPOLL or POLLDATA, a
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similar type of program, could be used in this project,
but because of problems in obtaining access to these

packages, this was impossible. As the basis of these

programs is cluster analysis, it was not too difficult to
find a replacement statistical package, in this case

SPSS+, which carries out various forms of cluster

analysis, working straight from Quattro files. The only

problem with SPSS+ is that it does not allow for the
strati graphi cal ordering of material, and this must be
borne in mind when interpreting the results produced by
i t.

The zonation of the diatom profile is the first stage in
the interpretative procedure for most sites. The second

stage is establishing the ecological significance of each
of these zones. Again, the last few years have seen

changes in the way this is done. The traditional "modern

analogue" technique is no longer so acceptable because it
does not establish a quantitative relationship between
the diatom assemblage and the environment. This approach
has been largely replaced by the application of
"transfer" or "calibration" functions to the data.

The interpretation of the information contained within a

diatom diagram can be interpreted either subjectively
(i.e. intuitively or based partly on other evidence) or

objectively (by the performance of statistical

operations). Until relatively recently the emphasis had
been on what is called here subjective interpretation.
There are numerous papers which have dealt with

interpretation in this manner (e.g. Haworth, 1969, 1976,

1980; Davis & Norton, 1978 and others). While there is

nothing intrinsically wrong with this method, the change

in the sort of studies which use diatom analysis, coupled

with the introduction of computer utilization of results,

has meant that this approach, for some types of study at

least, has fallen from favour. Now diatom analysis,

along with other palaeoecological techniques, is expected
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to provide statistically sound generalised information

based on quantifiable data.

The need for statistically valid conclusions based on

diatom analysis came to the fore when studies of lake

eutrophication and acidification began to be undertaken.
Such studies demanded a degree of precision that previous
ones had not. It may be argued that the political

importance of these issues can be held responsible for
this change in approach, but it must be borne in mind
that similar moves were being made in palynology much
earlier in the present century.

The difference between the two modes of interpretation
are perhaps best illustrated graphically (Fig. 6 a & b):
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Model A

'Subjective" Interpretation

Q.e.R..Q.§i.„t.iQn.a.l .Environment

Modern Analogue

Living Association {- Eossi.1 Assemblage

Qualitative

Model B

"Objective" Interpretation

Qsposition a..l Environment

Fig. 6: Interpretative Models

(a) Subjective, (b) Objective
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Essentially both these forms of interpretation are

reliant on the "assemblage" approach, rather than on

"indicator species".

Transfer functions are designed to establish the nature

of the relationship between the relative abundance of
taxa in the assemblage and a quantitative value for a

chosen environmental parameter. They can be illustrated

by a simple matrix equation:
E = X T

where

X is a matrix of specified set of biological
reponses

E is a matrix of measured environmental

variables

T is a matrix of modern transfer functions

T, the matrix of modern transfer functions, transforms X
into E. This does not mean that biological responses can

be held responsible for environmental conditions, or vice
versa, but rather that the function of T allows the

prediction of the environment (E) from the series of

biological responses. This is assumed to be possible for

modern, contemporary situations, but can only work for

past situations if the transfer function, T, is assumed
to be invariant through time.

The use of transfer functions has long been established
in palynology, used mostly for determining the
correlation between pollen distribution and climate.

Interestingly, the original applications of transfer
functions took a much more "intuitive" form than would be

acceptable today, where the identification of general

vegetation types was considered adequate grounds for the
construction of transfer functions (Birks and Gordon,
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1985). The non-quantitative nature of these transfer

functions makes them considerably more like Model 1

above, perhaps questioning the objectivity of

quantification. Does the presence of numerical values in
a transfer function equation make it any more reliable in
terms of ecological significance than its non-

quantitative ancestor? Model 2 relies heavily on two

very important factors:

(1) the availability of suitable modern data sets

(2) that the functional relationship between the

modern assemblage and the environment is

correctly specified.

In palynology, both of these conditions can be fairly
easily satisfied. This is also true for some aspects of
diatom analysis, for example when the sediments of

existing lakes are being examined. Where problems do

arise is when there is no obvious modern data source, and
the absence of such makes condition 2 difficult to

satisfy. It is in the nature of archaeological material
for this no-analogue situation to be predominant,
therefore a methodological problem arises in the

interpretation of archaeological1y-derived diatom data.

As the likelihood of establishing suitable transfer
functions for the vast majority of archaeological sites
is very small, especially during the completion of a

project of this kind, attention was turned to developing
some method of assessing the ecological sigificance of

assemblages based on the information available in the

literature and the results of this approach are discussed
in the case study chapters which follow.
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Summary

The methodology of diatom analysis is generally fairly
straightforward. The sampling techniques are established
and the equipment required is readily available. This is
also true for the laboratory preparation of samples and
the counting process. The main stumbling block can often
be the i nterpretati on of the data. It is important to

use the appropriate form of data handling for (a) the
kind of material being used and (b) the level of

interpretation sought. The decision as to how this is
carried out must be made on a site-specific basis, and
the limitations of the interpretation must be considered.
The case studies discussed in the next few chapters

demonstrate different approaches to diatom analysis as

was deemed appropriate to each site.
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Case Studies - Introduction

Section 2 is devoted to the description and discussion of
the case studies undertaken during the completion of this

project. These case-studies were, to some extent,
selected on an ad hoc basis. The major part of this work
concerns the Eskmeals project, but several other sites
were examined as the opportunity arose. The reason for
this approach, rather than the deliberate search for
suitable sites, is explained above. As might be

expected, as work progressed and familiarity with the

technique grew, the potential of more and more sites
became obvious, but there was insufficient time to take
on all the material that was presented.

Before examining each of the case studies in detail, a

few comments on the overall treatment of the material

must be made.

The emphasis here has been on finding a range of
different situations to which diatom analysis might be

applied. A direct result of this policy has been that
the number of samples analyzed for each site, and the

totals reached for each count, is perhaps lower than
would be the case, for example, in a full post-excavation

report. Despite this, the material of the each of the
case studies has been subjected to a variety of different

treatments, and the data presented in different ways, as

was deemed appropriate for that particular site. The

intention has been to give a broad outline of how diatom

analysis can be used in less conventional situations to

provide its own indication of environmental change, while
at the same time filling in details left blank by other

techniques. The different properties of diatoms,
discussed above, have been used in different ways, as a
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means of demonstrating the usefulness of diatom analysis
in archaeological contexts.

Throughout the case studies, taxon names have been given
in their most simple form. For example, Achnanthes
lanceolata (Breb.) Grun. is cited simply as Achnanthes

7anceolata; this has been done to save time and space,

and also to make the text more easily readable. A list
of all taxa encountered is provided with each of the

diagrams.
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Chapter 6

The Eskmeals Project

The Eskmeals project provided the bulk of the material
examined during this research.

Work on the Eskmeals Project began in 1974, under the

direction of Clive Bonsai 1. The Eskmeals area lies to

the south of the present estuary of the River Esk on the
Cumbrian coast, on the flat coastal plain that runs from
St. Bees Head in the north to Walney Island in the south.

Archaeological interest in the area began in the late

1960s/early 1970s, largely through the fieldwalking
activities of Mr and Mrs J. Cherry. Lithic material of

apparently Mesolithic date has been found in considerable

quantity along the coastal plain, but there appear to be
two major concentrations of sites; the first around the
St Bees Head area and the second, larger one to the south
of the confluence of the estuaries of the rivers Esk,

Mite and Irt. It was in this area that a pilot
excavation in 1974 led to a further 12 years of intense
fieldwork aimed at establishing the nature of the

relationship between Mesolithic communities and their
environment along this stretch of the coastal plain.

The nature of the fieldwork in the Eskmeals area has

changed considerably over the years. The early years of
the project saw straightforward archaeological

excavation, with the recording of structural features and

the recovery of artifactual material and little in the

way of environmental analysis. However, as work

progressed, it became clear that the environment around
the sites at the time of their occupation was of much

greater importance than had been previously recognised.
The complexity of the developmental sequence of the
coastal foreland, with all its attendant environmental
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implications, was becoming clear and, accordingly, the
environmental research related to the sites gradually
became more thorough and far-reaching. By the time of
the most recent fieldwork season, summer 1986,

geomorphology, soil science, palynology, the examination
of insect remains and plant macrofossi1s, and, as a

result of this research, diatom analysis were all playing
a part in the overall analysis and interpretation of the
Eskmeals sites.

It was because of the director's interest in

environmental analysis and my own archaeological
experience of the sites that this project was chosen to

form the major part of the case study section of this
research. The presence of other environmental research
would allow the diatom analysis to be placed in a general

context, and in some cases at least, provide some kind of
verification of the results of the diatom analysis
thereby allowing an assessment of the value of the

technique in projects of this kind.

Eskmsals..; .Ih.e_._i3.e.Qa.cal„Sl.tu.at.j.Q.n

The coastal plain, which rarely exceeds 3km in width and

is bounded by the Cumbrian Mountains in the east, is

largely covered by glacial deposits, mostly boulder clays
and f 1 uvi o-gl aci al sands. This forms part of the
formation that runs from just south of Maryport, Cumbria
more or less to Morecambe Bay, Lancashire. This stretch
of coast has several areas of sand dune development, one

of the most extensive of which is at Eskmeals.

The developmental sequence of the whole Eskmeals area to

the seaward side of a distinct raised beach is complex,

with a mixture of marine, estuarine and aeolian deposits

resting on glacial deposits, all of which has contributed
to the construction of the foreland. The northward
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longshore movement of the littoral sediment has resulted

in the development of a sequence of shingle ridges,

investigated in detail by Donald Sutherland (Bonsai 1 et

a 7., 1986; 1989).

Of the major archaeological sites along this stretch of
coast which have been identified, two have been

investigated in detail: Monk Moors to the north, near the

present course of the Esk, and Williamson's Moss further
to the south. Material from both of these sites has been

examined in the course of this research. In common with

many other Mesolithic sites, apart from the lithic

assemblages, settlement traces on both sites were

enigmatic; a characteristic collection of hearths,
stakeholes and pits the precise function of which remains
unclear. As well as these features, the Williamson's
Moss site also produced a series of substantial timber

structures, which Bonsai 1 (1989) interprets as living
areas.

Both Monk Moors and Williamson's Moss lie on glacial
deposits immediately behind the raised beach. Landward
of the raised beach, these glacial deposits are

transected by a number of channels which, in their lower

reaches, appear to contain sediment accumulations that

are contemporaneous with the development of the coastal
foreland. The occupation of the sites appears to have
been closely related to the presence of these channels.

Despite the abundance of information on the development

of the coastline in northwest England in areas such as

Downholland Moss and the Morecambe Bay area (both

Lancashire) (e.g. Tooley, 1978, 1980) and even work on

the distribution of archaeological sites in relation to

changes in the coastline (e.g. Jones, 1980), there has
been very little work carried out in the Eskmeals area

itself. Pennington (1975) discusses the vegetational

history of the Williamson's Moss basin and Tooley (1978)
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development of the Eskmeals area has remained unknown and

undiscussed.

The Eskmeals case studies, then, have two objectives:

(1) to place the occupation of the sites in an

environmental context on the basis of diatom

analysis

(2) to tie-in the sequence of development as

demonstrated through diatom analysis to the

wi der

regional framework established elsewhere in the
area.

To this end, a number of sites in the Eskmeals area were

selected for diatom analysis, on the basis of what had

already been established through the geomorphological

survey of the area. The major role of diatom analysis in
this project became that of providing environmental
detail that could not be achieved through the other
environmental techniques employed.

Since the excavations at Eskmeals began, the initial

interpretation of the landscape changes envisaged by the
excavation director has altered radically. In his 1981

paper, concentrating on the Monk Moors area, Bonsai 1

argues for a brackish water phase post-6750 BP, in which
he sees the area immediately in front of the raised beach

as an estuary. He suggested that, by 6350/6250 BP, the

estuarine conditions were replaced by those of a more

definitely marine nature, caused by renewed marine
inundation and sand-dune development pushing the river
Esk back northwards, as he envisaged it had been

initially. Although an auger survey of the area was

carried out at this time, only the A-horizon and the top

of - the subsoil were penetrated, and so, this
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apparently confirmed by the continuing northward

migration of the River Esk at the present time (Bonsai 1,

1981).

Bonsai1's original i nterpretation of events in the
Eskmeals area was superseded by further work carried out

between 1982 and 1985 by Donald Sutherland, involving a

detailed survey and more thorough bore-hole sampling of
the entire area of the Eskmeals foreland (Bonsai 1 et a7.,

1986, 1989). The whole notion of the northward movement

of the River Esk has been shown to be unlikely, with the
elaboration of the developmental sequence of the shingle

ridges which underlie the coastal foreland (the area to

the seaward side of the raised beach) providing a revised

interpretation (Fig. 7).

The sequence of development of the shingle ridges , and
their effect on sedimentation on their leeward side, is
crucial to the interpretation of environment in the
Eskmeals area. Sutherland sees three phases of ridge
development over a prolonged period, producing three sets

of ridges which he refers to as "innermost",
"intermediate" and "uppermost" (getting progressively

younger), each of which has had a profound effect on the

landscape and environment. The relationship of these
features to one another has been demonstrated by
instrumental levelling, which revealed three distinct
altitudes (c. 7.3-7.4m OD, c. 6.4m OD and c. 5.5m OD

respectively), indicating that the innermost set of

ridges was the earliest to form. Absolute dates on these
sets of ridges confirm this:
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(1) Innermost shingle ridge - Wood from the basal

layers from the innermost ridge at Williamson's Moss -

7020+/-80 BP (SRR - 2655)

Combined dates from organic sand layer to the rear of the

shingle ridge - 5640 BP.

(2) Intermediate shingle ridges - Basal sediments of
Williamson's Moss basin (deposited after the growth of
these shingle ridges isolated the area from the open

sea), two dates of 6140+/-170 BP, 5910+/-50 BP (alkali
soluble and insoluble fractions of SRR - 2657)

5760+/-50 BP (SRR - 5657) from the sediments immediately

overlying the basal sample '

(3) Uppermost shingle ridge - Dates from shells of
Arctica islandica from deflation hollows (used in the

absence of in situ shells) of 4830+/-60 BP (outer) and

4800+/-60 BP (inner) (SRR - 2659); 4070+/-60 BP (outer)
and 4020+/-60 BP (inner) (SRR - 2660). Taking into
consideration the age of sea water, the present best
estimate being 405+/-40 years (Harkness, 1983), this

gives a date of c. 3615+/-70 BP

The formation of these three sets of shingle ridges

suggests that there were periods during which the areas

behind the ridges were probably lagoonal, subject to

either tidal or, at least periodic, marine influence

perhaps caused by storms.
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The sites examined all come from an area covering

approximately 2 x 0.5km, all either part of or lying to
the east of the area of coastal foreland (Fig. 8).

1 Monk Moors

2 Harrison's Field (2 sites)
3 Williamson's Moss Basin

4 The "infilled channel" sediments (Area E1)

5 Stubb Place

The sites were selected on different grounds. For

example, Monk Moors was sampled during the excavation of
1980, as part of an on-site sampling strategy, as was the
infilled channel in 1981. The other three sites were all

sampled because of the geomorphological significance of
their locations, established as a result of extensive
borings. The diatom analyses of each of these sites is
described in detail below.
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Site N.q, 1 - Monk Mooes

The archaeological site of Monk Moors was excavated in
the mid-1970's. It lies c. 750m north-northeast of

Williamson's Moss at about 7.5m OD. The salient feature

of Monk Moors is the extensive scatter of lithic

material, covering an area of at least 250 x 150m, within
which there are 5 major concentrations (Bonsai 1, 1981).
Two of these concentrations, on opposite sides of a small
channel cutting through the glacial deposits were

excavated.

The purpose of analyzing samples from the Monk Moors site
was to ascertain which, if either, of the two

interpretations of landscape development outlined above

could be sustained on the grounds of the diatom evidence.
To this end, one set of samples from Monk Moors was

analyzed during the course of this research. These

samples were



Fig. 8: Eskmeals Diatom Site Location (adapted from
Bonsall 1989) Key: 1 Major shingle ridge; 2 Sharp break

of slope; 3 moderate break of slope



Fig. 9: Monk Moors Stratigraphy (schematic: after
D„ Pheasant field notes)
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taken from a section in a geological trench on the site

by Bonsai 1 in 1980. These samples were collected prior
to my involvement in the Project, therefore I did not see

the section from which they came; the 1ithostratigraphy
as presented below is that of David Pheasant, the soil
scientist then working on the Project (Fig. 9).

Depth Horizon Unit

0-33cm Ap Horizon

33-93cm IIBg Silty Clay Loam 1

93-133cm IIBCg Silty Clay Loam

133-152cm IIIC Gravel with sandy
loam matrix

2

152- 195cm IVC Clay/loam, common
stones

3

1 95cm Base of Trench

Table 5: Monk Moors Stratigraphy
(after D. Pheasant)

Pheasant interpreted the first three units (Ap, IIBg,

IIBCg) as "estuarine silts", unit IIIC as "? fluvio-

glacial gravel" and unit IVC as "glacial till".

The material was collected in a series of 13 Kubiena-

style sampling tins (10 x 4cm) and from these, a total of

twenty diatom samples were analysed (Table 6):
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Depth
(below surface)

Site No. Laboratory No.

1 33cm 13/18 1
1 29cm 13/14 2
120cm 12/15 3
115cm 11/18 4
111 cm 11/14 5
103cm 10/16* 6
100cm 10/13* 7
95cm 9/18 8
91 cm 9/14 9
84cm 8/18* 10
81 cm 8/15* 1 1
73cm 7/18 12
69cm 7/14 1 3
59cm 6/1 5 14
51 cm 5/18 15
47cm 5/14 16
34cm 4/13 17
28cm 3/18 18
24cm 3/14 19
1 6cm 2/15 20

Table 6: Monk Moors Sample Identification

The irregular sample interval for this material arose in
two ways. By sampling in this manner, the

1ithostratigraphic boundaries have been straddled and the

units sampled throughout their depth; this formed the

initial set of samples (19, 18, 16, 15, 13, 12, 9, 8, 5,

4, 2, 1). As patterns began to emerge from these

samples, further samples were taken in an attempt to

define the apparent changes in the profile more closely

(samples 20, 17, 14, 11, 10, 7, 6, 3). All samples,

except those marked *, were prepared using Method 1

(described above) for percentage frequency counts. The
other samples were prepared using Method 2, for reasons

of convenience at the time.

Initial examination of the material showed that it was

not particularly diatom-rich, making counting difficult.
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Monk Moors 1980
Species List

tio..,.. IaXQ.Q

1. Actinoptychus undulatus
2. Cocconeis scuttelum
3. Coscinodiscus concinnus
4. C. excentricus
5. C. nitidus
6. C. perforatus
7. Diploneis incurvata
8. Grammatophora oceanica
9. G. marina
10. G. oceanica v. macilenta
11. Rhabdonema arcuatum
12. Cyclotella striata
13. Diploneis bombus
14. Melosira sulcata
15. Cyclotella meneghiniana
16. M. westii
17. Navicula lyra
18. N. marina
19. Podosira stelliger
20. Surirella fastuosa
21. Coscindiscus centralis
22. Grammatophora serpentina

Brackish

23. Diploneis didyma
24. D. interrupta
25. Eunotia lunaris
26. Nitzschia navicularis
27. N. punctata

Fresh

28. Achnanthes clevei
29. Navicula mutica
30. Stauroneis parvulum
31. Achnanthes lanceolata
32. Diploneis elliptica
33. Eunotia pectinalis v. minor
34. Fragilaria leprostauron v. dubia
35. Gomphonema angustatum
36. Hantzschia amphioxys
37. H. amphioxys v. capitata
38. Pinnularia borealis
39. P. intermedia
40. P. Interrupta
41. P. microstauron
42 . P. viridis
43. Stauroneis legumen
44. Surirella ovata
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45. Synedra ulna
46. Cymmbella hybrida
47. Eunotia praerupta
48. E. tenella
49. Pinnularia appendiculata
50. Achnanthes brevi v. parvula
51. Navicula forcipata
52. N. radiosa
53. Pinnularia mesonglepta

Unknown
54. Eunotia kochliensis
55. Gomphonema angustatum v. linearis
56. Nitzschia holsatica
57. Melosira ornata
58. Coscinodi sous apiculatus
59. Diplonies intermedia
60. Melosira distans
61. M. sulcata v. coronata
62. Cyclotella catenata
63. Melosira sol
64. Coscinodsicus apiculatus v. ambigua
65. Gomphonema angulosa

Table 7: Monk Moors Species List

For each sample, counts of 200 individuals were attempted
but in a number of cases this could only be achieved by

including incomplete but identifiable fragments in the

total, and in others it could not be achieved at all,

despite examination of 3 or more slides. Despite the

paucity of diatoms, preservation, on the whole, was good.

a

The first step in the i nterpretat i on was to group the
taxa together into a Marine:Brackish:Fresh ratio for each

sample (Table 8). This was done as a means of handling
the data rather than as grounds for a rigid
interpretation of the profile. By calculating this

ratio, it became clear that this profile might serve as a

suitable example for the comparison of a "subjective"
zonation with a zonation arrived at by numerical methods.

In order to ensure uniformity of treatment of the

Eskmeals data, the results of the numerical zonation are

presented in Appendix 2.
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Eskmeals data, the results of the numerical zonation are

presented in Appendix 2.

Sample Marine Brackish Fresh U/K Tot.

20
19
18
1 7
16
15
14
13
12
1 1
10
9
8
7
6
5
4
3
2
1

24
3

30.5
1 1

31
43
73
53
69
77

4
20
24

34.5
23

40
57
23
1 9

24. 5
21 . 5

100
100

96
43
73

35
65

8

4.5

1 3

1

1 1

4
23.5
6.5
1 .5

100
100
100
100
100

100
100

100
100
100
100
100
100

Table 8: Monk Moors M:B:F Ratio

From these ratios, two things become immediately

apparent. Firstly, a number of samples yielded no

diatoms at all. Secondly, a clear pattern of change

emerged from the profile; there is a progression from a

marine milieu at the base of the profile, through a

brackish phase to a clearly freshwater environment at the

top. Although this is in itself an informative division,
closer inspection of the profile should provide more

detai1.

After the initial breakdown of the profile into Marine,
Brackish and Fresh components, a more detailed

examination of species composition is required. It is at

this stage that the boundary between the "assemblage"

approach and the "indicator species" approach becomes

hazy. If the so-called indicator species are also

dominants, then there is very little difference, in terms
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of outcome, between the two approaches. If, on the other

hand, the indicator species form a minor component in an

assemblage dominated by a single taxon, or even a few

taxa, then the question of how significant their presence

is must be raised. Generally speaking, throughout this,
and the other case-studies, an "assemblage" approach has
been taken, although the presence of particular taxa is
also mentioned where considered appropriate.

The Zonation and....De.seri.Rt.i.Q.n Qf the Monk Moors Prof ile

In terms of palynological analysis, it could be argued
that there are insufficient samples in this profile for
zonation to be meaningful, especially as some samples are

devoid of diatoms. However, a clear pattern can be seen

subjectively in the samples, and so it was considered an

interesting exercise to see if this pattern could be

picked up using numerical zonation techniques. Obviously
this would have been easier if more samples had been

analyzed, but as explained above, this was considered to

be beyond the scope of the present research.

The first zonation of the profile was carried out

subjectively, using a modified version of Kolbe's
halobian spectrum based on de Wolf's system, on the basis
of the overall appearance of the profile (Fig. 10). This

6

method proved to be problematic in that unless very broad
and loosely defined zones are taken, the profile breaks

down into several small zones, generally consisting of a

single sample. Even defining the zones loosely produced

two versions, depending on whether the non-diatomaceous

samples were allowed to be part of other zones, by virtue
of the nature of the samples on either side (Table 9),
and not counted as zones in their own right (Table 10).
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Zone Samples

4 18, 17
3 16, 15 (14)
2 13, 12, 11, 10, 9

8, 7, 6, 5
1 4, 3, 2, 1

Table 9: Zonation, non-diatomaceous samples included
within other zones

Zone Samples

4 18, 17
3 16, 15, 14, 13, 12
2 11, 10, u> CD -4
1 6, 5, 4 3, 2, 1

Table 10: Zonation, non-diatomaceous samples considered

separate!y

The difference between these two patterns was the reason

behind choosing this particular profile for numerical
zonation.

In the following description of the profile, the second

system has been used because the non-diatomaceous samples
were considered as significant in themselves.
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D„escrj..pM.Q.n

Zone 1

There is no doubt that this zone represents a period of
marine influence in the area. The species composition of

this zone is almost exclusively

polyhalobian/mesohalobi an . The predominantly benthic
nature of the flora, with a minimal planktonic component,

indicates shallow water conditions. The majority of the
taxa in this zone are littoral (Navicula lyra, Diploneis

bombus, Podosira stel Tiger for example) although there
are hints of a pelagic flora also (especially Diploneis

incurvata). The major feature of this zone is the total
domination of the assemblage by Melosira sulcata, a

littoral taxon common in marine and estuarine situations.

The marine influence remains strong throughout this zone,

although there is a steady decline upwards until sample

4, when the polyhalobian element of the flora receives a

boost, due to the resurgence of Melosira sulcata.

Although the overall appearance of samples 5 and 6 is
similar to the previous ones, there are certain
differences. The decrease in salinity continues until

sample 6, but the polyhalobian element loses its
dominance in favour of mesohalobian taxa; Melosira
sulcata at a previous total of 26.5% suddenly drops to 3%
whereas at the same time Diploneis interrupts has risen
from 4% to 29.5% and Nitzschia navicularis reaches a peak
at 40%. This demonstrates that the intensity of marine
influence is on the wane.
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Zone 2

This zone appears to be completely devoid of diatoms. In

terms of 1 i thostrati graphy, it appears to be

indistinguishable from the material above and below it,

although it may have been possible to carry out some

other form of analysis to verify this if enough material
had been available.

The notion of a zone which, in effect, is empty is an

example of how diatom analysis differs in its

interpretation from palynoTogy. Almost without

exception, palynologists attribute non-pol1eniferous

samples to post-deposi t i onal causes, although in some

cases rapid sediment accumulation rates have been cited
as an explanation for extremely low pollen concentrations

(e.g. Bonsai 1 et al., 1989:199). Unlike pollen, even an

absence of diatoms can indicate something about

environment, not just from the non-diatomaceous samples
but also through inference from those on either side.

Zone 3

The nature of this zone is quite different from that of
either of the previous two zones. For the first time
freshwater types are present in considerable number,

although the marine and brackish elements are still

represented. This zone contains within it another non-

di atomaceous sample, sample 14. The two samples which
occur above this hiatus are fairly similar to the two

below it, which is why sample 14 was not considered to

mark a boundary between two zones.
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Zone 4

This zone is quite different from the other three in that

only one halobian grouping is represented, the

oligohalobian-indifferent group, which roughly translates
as freshwater. There are a number of aerophilous or eu-

terrestrial taxa in these two samples (Gomphonema

angustatum, Pinnularia boreal is, P. intermedia for

example). The presence of these taxa, coupled with the
absence of any marine/brackish component suggests two

things: that the area was no longer fully aquatic,
although it probably was still fairly wet, and that there
was a significant amount of inwash from around the sides
of the channel.

InterpretatiQO

The first feature of the profile is the apparently steady
and progressive decrease in the salinity of the area,

presumably due to a continuous fall in relative sea-

level. However, when the profile is examined in greater

detail, this decrease is not so steady as it at first

appears. Although the zonation suggests a progressive

change, examination of the individual samples does not.

There appear to be several distinct oscillations in the

pattern represented by sample 4 and possibly samples 13

and 16. All of these samples show an increase in marine
influence on the profile, suggesting that the fall in
sea-level is not in fact continuous, a proposition now

readily accepted in Quaternary studies.

The other noticeable feature of the profile is the non-

diatomaceous samples. The significance of these is not

entirely clear, but they would seem to represent a series
of fairly dramatic events. As the dominant feature of
the samples immediately above each of these breaks is the

large increase in the freshwater component of the
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assemblage, then it may be postulated that these phases

represent sharp falls in sea-level , or at least profound
alterations in the environment. This interpretation is

perhaps particularly relevant to sample 14, where it
follows a slight increase in salinity, presumably

signifying a slight rise in sea-level . It might be

suggested that these drops in sea-level took place

relatively rapidly, explaining the absence of diatoms as

a result of the failure of the flora to maintain its hold

in a rapidly altering ecosystem. Such so-called "poverty

phases" are not uncommon in estuarine situations

(Erhonen, 1964), but the mechanisms through which they
arise a,re not fully understood.

The species composition of the Monk Moors samples appears

to be quite different from that of other material from
what might be expected to be comparable site-types
Downholland Moss (Lancashire: studied by du Saar as part

of the sea-level research carried out by Tooley) or

Sandelford (Northern Ireland: studied by Battarbee et al.
as part of the excavation of a Mesolithic site), for
instance. The main difference is in the number of taxa

represented; du Saar recorded many more taxa at

Downholland Moss as did Battarbee et al. at Sandelford

(du Saar, 1969; Battarbee et al., 1985). At first, the
Monk Moors material seemed suspect in this regard, but

the species composition was checked again at a later

stage in the research and the original lists confirmed.

Although du Saar recorded approximately twice as many

taxa as were recorded at Monk Moors, a number of his most

commonly encountered types are similar to those of Monk
Moors - Melosira sulcata, Nitzschia navicularis,

Diploneis didyma. Of these, the first two he considers
to represent the presence of shallow, stagnant and

brackish pools. The presence of these taxa interpreted
in this way has interesting implications for the Monk
Moors profile. The presence of Melosira sulcata and
Nitzschia navicularis is generally interpreted as
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indicating a marine littoral environment, but the
introduction of a "stagnant" element into the

environmental range alters this somewhat. Marine

littoral areas are, by definition, subject to the

rhythmic movement of tides, and clearly not a likely
situation for stagnant conditions to obtain. Likewise,
estuaries are high-energy environments, so another

explanation for the presence of diatoms which are

inhabitants of shallow, stagnant brackish pools has to be

sought. In this case the brackish element is most likely

explained by the proximity of marine conditions, although
inland brackish lakes are known (e.g. Kilham & Kilham,
1975). From these pieces of information, it would seem

that the most likely environmental interpretation of this

part of the Monk Moors profile is of a lagoon-like area,

where the influence of the sea is still being felt in the

composition of the water, perhaps through the last

vestiges of tidal action, but where the effects of tidal
movement of water in terms of its ability to redistribute
sediment are negligible.

In essence, the lower part of the profile (samples 1 - 6)
would appear to represent bracki sh/marine lagoonal

conditions, the salinity of which undergoes minor

fluctuations, a phenomenon which may be related to

changes in relative sea-level, the last effects of which
are being recorded in the sediments of the Monk Moors

area. By sample 5, the brackish element of the

assemblage dominates, which perhaps suggests that marine
conditions are on the wane, but the change is too minor
for this alone to provide conclusive evidence.

The five non-diatomaceous samples (7 - 11), covering
c.20cm of the sediment, are somewhat problematic, but as

discussed above, there is some evidence to indicate that

they represent a period of rapid change. This could mean

either a sudden inundation or, conversely, a drop in
water level and a drying-up of the area. Of these, the
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case, by virtue of the nature of the samples above and
below this gap in the sequence. As the change is clearly
a movement from a marine/brackish assemblage at the lower
end to a freshwater-dominated one at the top, it makes
sense to consider the non-diatomaceous samples as

representing a period when an "estuarine" lagoonal
environment is being converted into a drier (as evidenced

by the appearance of aerophilous taxa), freshwater

situation, an alteration which presumably must be related
to changes in sea-level.

This pattern of a marine/bracki sh assemblage followed by
a diatom-free layer, in turn overlain by a freshwater

assemblage is repeated in samples 13 - 15, and again in

part in samples 17 and 16, although in this case the non-

diatomaceous sample is missing and the change in salinity
more dramatic.

Throughout the interpretation of this profile, the

fluctuating marine influence on the profile has been

attributed to changes in sea-level. This is based on the
number of individuals represented, their state of

preservation and the life-form characteristics of the

assemblages. Throughout the profile the changes are

consistent and well marked, suggesting an on-going

process. Preservation is generally good, indicating that
the deposits are in situ and therefore represent events

in the immediate vicinity of their deposition. Benthic
and epiphytic life-forms dominate throughout, with
planktonic forms contributing in only a minor way. This

argues for sea-level changes rather than storm activity.
If "freak" weather conditions were responsible for the

increased marine influence on species composition, this
would be likely to manifest itself in two ways. There
would be a shift from benthi c/epi phyti c taxa to

planktonic forms as open, deep water diatoms appear in
the assemblage. This would probably take the form of
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erratic occurrences and fluctuations in life-form

representations. In the Monk Moors profile, neither of
these conditions arises, suggesting that the apparent

changes in salinity probably stem from movements of the

tidal head directly related to changing relative sea-

1 eve!.

By the top of the profile, the samples have a fairly

strong aerophilous component, suggesting that, to all
intents and purposes, the Monk Moors area is no longer

fully aquatic, but still remained a wet, probably rather

muddy, area. The taxa are 100% freshwater forms and this
probably indicates that any water which did accumulate

was the result of run-off from the surrounding till
slopes rather than from nearby marine/estuarine sources.



148

The proposed sequence of events documented in the Monk
Moors profile can be summarised as follows (Table 11):

Samples Salinity Status Sea-level Shift

1 - 4 Poly/mesohablobi an Marine Maximum

5-6 Mesohalobi an Fal 1

7-11 Non-diatomaceous Rapid,
prob. fall

12 01igohalobi an Fal 1

13 Mesohalobi an Ri se

14 - 15 Non-diatomaceous Rapid fall

1 6 Meso/oligohalobi an Slight rise

1 7 01igohalobi an Fal 1

18 - 20 01igohalobi an/
Aerophi1ous Fal 1

Table 11: Monk Moors Profile Summary

Monk Moors was never completely isolated by the innermost
set of shingle ridges, and seems to have undergone

changes which can be envisaged as directly related to sea

level changes. As sea-level fell, the estuarine/1agoonal
conditions gave way to freshwater conditions, with most

of the water supply apparently coming from run-off from
the surrounding land. The area was already drying up by
this point, although for a prolonged period there was

still periodic, but slight, contact with the sea.

Eventually, aquatic conditions gave way altogether and
the area silted up.
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Site,No. Z r_..ttarr.l.s.Q.!iLs. Eisld

The samples from the sites known as Harrison's Field I

and II were taken as result of the detailed mapping

programme mentioned above. The purpose of sampling these
sites was to investigate in detail the relationship
between the shingle ridge and the estuarine deposits, and
the aeolian deposits overlying and extending beyond them.
At Harrison's Field, both the estuarine deposits, and the

peat immediately overlying them, extend under the edge of
the windblown sand. Both Harrison's Field I and II were

sampled by Richard Tipping for pollen and diatom analysis
during the 1985 field season. Samples were also

collected for C14 dating. The 1ithostratigraphy
described here follows Tipping's description made in the
lab. later that year.

.B„a.tir,i,s._Q.n-.'-S Fi aid I r....„..U..t.b..Q.s..tr.a.t..i.g.r..ap..h.y.

Unit D.e..P..t.h Description

1 0-12 Surface peaty soil, rather sandy

2 12-42 Yellow slightly orange mottled,
massive and structureless medium

sand with abundant rootlets

penetrating from above; sharp

irregular and unconformable

(Terosive) sub-horizontal

boundary

3 42-43.5 5YR2.5/1 black fine fibrous peat

with brown stained and bleached

medium sand; abundant

horizontally lying (compressed)
fine fleshy roots and stems:
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abrupt horizontal boundary to

4 43.5-50.5 10YR3/2 very dark greyish brown

humic (darkening as humification
increases below 47cm to 5YR2.5/1

black) fine fibrous amorphous

peat compressed and lying
horizontally, with sand and
abundant fleshy "grass" stems

and leaves and a small pocket of
black sandy peat (unit 2) at

46cm. Sharp boundary to

5 50.5-54 10YR3/2 very dark greyish brown
humic sand (mineral content

markedly increased) with
concentration of bleached

rounded subrounded frosted

medium-coarse quartz sand in
basal 2cm; no macrofossils seen,

organic matter amorphous and

dispersed throughout, staining
and coating sand grains;

abrupt boundary to

6 54-92 humic sand with 5YR3/3 medium

sand and 5YR2.5/1# black organic
mud (amorphous O.M.),
structure!ess but with few

to common fine fleshy
roots and stems standing

vertically; below 60cm macro-

fossils rare to few with

amorphous O.M. infilling
rootlet casts. Sand becoming

increasingly less humose
down unit such that by 75cm

dominant colour is 10YR3/3.



7 92-95.5

8 95.5-105

9 105-105.5

10 105.5-115

11 115-115.5

12 115.5-118
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Sharp horizontal boundary to

10YR2/2 very dark brown compact

humic fine to medium sand with

rapidly increased O.M. content

from unit 6. Sharp horizontal

boundary to

10YR2/2 very dark brown humic
fine and; sharp boundary to

(recorded infield, not seen

clearly in lab.) Thin band
of bleached medium fine

sand with much reduced

organic content. Sharp boundary
to

5YR3/2 dark reddish brown

(changing below 109cm to

5YR2.2/2 dark reddish brown)

poorly humified coarse reed

peat (Phragmites) with rare

fleshy leaves and stems but

high organic mud content;

macrofossils compressed and

horizontal; mineral mottles rare

to absent; sharp boundary to

thin band of 10YR2/1 black

amorphous peat; no macrofossils;

sharp boundary to

10YR3/2 very dark greyish brown

amorphous peat; diffuse

irregular boundary to
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13 118-122 5YR2.5/1 black organic-rich silt
with abundant small (mm) hard

nodules (?sulphides)

particularly towards base;

gradual boundary to

14 122-125.5 5Y3/2 dark olive grey

structureless silty clay with

5Y7/2 light grey mottles
and frequent rootlets and
stems of Phragmites and fine
fibrous mosses (?) rare becoming
absent below 119cm; abrupt wavy

boundary to

15 125.5-? 5Y6/2 light olive grey silty

clay; macrofossils very rare;

base not seen.

The organic nature of the upper parts of this profile
meant that the material was more suited to palynological

analysis and this was carried out by Richard Tipping

(Tipping, 1986: unpublished). From the lower minerogenic
part, four samples were analysed for diatoms (Table 12):

Sample No. Depth below Unit
surface

1 1 25cm 14
2 1 23cm 14
3 1 21 cm 1 3
4 11 9cm 13

Table 12: Harrison's Field I Sample Identification

These samples cover the so-called estuarine deposits and

also span the boundary between Tipping's pollen zones A

and B, the transition to freshwater conditions (Tipping

pers. comm.)
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General Comments

All four samples were prepared by Method 1 for percentage

frequency counts. Diatoms were scarce in all four

samples and counts were therefore low. 21 taxa were

identified in all. Preservation was, on the whole, good
with very few broken/eroded valves. Sample 4 appeared to

have an extremely high organic content, so much so that
the cleaning process had to be repeated in order to

remove this and to provide countable material.



Harrison's Field 1
Species List

Taxon 1234

Dipioneis
incurvata 10 15 9 7.5

D. bombus 1131
Melosira sulcata 3.5 4.5 5
M. westii 8 2.5 6 7.5
Triceratium favus 2162
Navicula latissima 1
N. punctata 1
N. lyra 1
N. humerosa - 1
Podosira stelliger - - 1
Grammatophora 2
serpentina
Nitzschia 3.4 4.5 6 61
navicularis

Diploneis 37 60 62 18
interrupta

D. didyma - 1 - -

Pinnularia viridis 8
P. mesolepta f. 1
angusta

P. borealis -11--
P. gibba 2 - - -

Gomphonema 2
angustatum

Navicula pusilla 18 7 3 2
P.viridisv. 1 1
sudetica

Table 13: Harrison's Field I Species List
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Qes.c.rjLpJtlQ.0

The M:B:F ratio was calculated for all four samples as

follows (Table 14):

Sample M B F U/N Total

4 24.5 40.5 35 0 100

3 29 68 3 0 100

2 25- 65.5 9 0.5 100

1 18 79 2 1 100

Table 14: Harrison's Field M:B:F Ratio

Samples 1, 2 and 3 show a gradual increase in marine
influence at the expense of the brackish taxa. The

almost total absence of freshwater taxa at this point

suggests that conditions are estuarine. The majority of
taxa in these three samples are benthic, so it would seem

that the water responsible for the deposition of these
sediments was not very deep. The near perfect condition
of the marine-brackish diatoms at this level indicates

that there was not much post-depositional movement of the

sediments, so despite the normally high-energy character
of estuarine environments, the sediments have remained in
situ. The marine diatoms present were of a more

fragmentary nature, the implication being that they are

an al1ochthonous component, perhaps introduced by tidal
movement.

Between samples 1 and 2, there is^drop in brackish taxa
which is reflected by a rise in marine types. This

suggests an increase in salinity, more than likely

brought about by movement of the tidal head, similar to
the kinds of change demonstrated at Monk Moors . The
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apparent increase in salinity continues into sample 3,

but after that the profile changes.

Sample 4 presents an entirely different picture from the
lower samples. As already noted, the organic content of
this sample was much higher, heralding the start of the

development of the overlying amorphous peat (Unit 12).
The increase in organic content and the much higher value
of the freshwater component is consistent with a drop in
sea-level. However, if this was art abrupt lowering of

sea-level, then the increase in freshwater taxa could be

expected to be at the expense of marine taxa, which is

clearly not the case here. Brackish taxa still dominate
the assemblage, but the relative proportions of Marine,
Brackish and Fresh have evened out considerably. This
marks the onset of a regressive phase, which eventually
manifests itself in the development of the peat deposit.
The number of the taxa in sample 4 which are aerophilous

suggests that, by this stage, conditions are no longer

fully aquatic. This would confirm the notion of tidal
reach - the area is drying out as sea-level falls, but
the Harrison's Field area is still subject to the
influence of marine or, more probably, estuarine

conditions, at least periodically. As at Monk Moors, the
limited species range, and the good preservation of the

diatom frustules would suggest that this marine influence
is most likely to come from regular high tides, rather
than from more dramatic events such as storms.

The major problem that has hampered the interpretation of
Harrison's Field I is the poverty of the diatom

assemblage. It is difficult to form more than an

impression of environmental conditions on the species, or

even broad ecological, breakdown of what is fewer than

100 individuals per sample. For this reason, little or

no mention has been made of the actual change in species

composition between the samples as this would be inclined
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to give a false impression of significance of individual
taxa.

Given the limitations of the profile, it has still been

possible to produce a generalised interpretation of the
nature of the environment during the period of deposition
of Units 14 and 13. The overall picture of the lower

samples seems to be of estuarine conditions, which are

strongly influenced by marine activity. The slight
increase in salinity upwards through Unit 14, into 13,

suggests rising sea-level, effectively pushing the tidal
head upstream slightly. By the top of the profile this
trend has been reversed, and the effect of tidal
influence on the area is very much reduced and a

regressive phase initiated.

The top of the estuarine sediments in the Harrison's
Field I profile lies at 5.50m OD (120cm below the

surface) which is slightly lower than the maximum sea-

level for the mid-Flandrian in the Eskmeals area, but the

growth of peat above this, coupled with the diatom

evidence, suggests that this slightly lower deposit marks
the same event.

C14 samples were taken at 120cm, 116cm, 51cm and 43cm

below the surface in order to date the sequence. The
120cm sample was collected in order to date the onset of
the regressive phase. The purpose of the 116cm sample
was to date the onset of dune formation, and was based on

the first appearance of a definitive dune community in
the pollen record. Sample number 3, at 51cm, marked the
cessation of dune formation and the return to a grassland

environment, thereby dating the duration of the

deposition of wind-blown sand. The final sample, from

43cm, was intended to date the end of the peat formation
and the renewed deposition of sand. Unfortunately,

however, these dates are as yet unavailable.



1

Harrison's Field II

Lithostratigraphy

Unit Depth

A 0-13cm

B 13-33cm

C 33-36cm

D 36-40cm

E 40-45

F 45-74cm

Description

Peaty sandy topsoil

Yellow loose medium sand,
structureless and massive.

Frequent rootlets and peat

lumps. Very irregular and possibly
disturbed boundary to

5 YR2.5/2 Dark reddish brown fine

fibrous amorphous peat,

with common fine macrofossi1s.

Rare grains of bleached
sand. Abrupt boundary to

5YR2.5/1 Black amorphous fine fibrous

peat, with common fine macrofossi1s.
Clear wavy boundary to

10YR3/2 Very dark greyish brown silty
clay. Rare to common macrofossiIs

(including root penetration from
above). Phragmites occasionally.
Gradual boundary to

10YR6/4 Light yellowish brown clayey
silt with abundant vertical rootlets

near top.

Base not seen

A series of nine samples were analysed from Harrison's
Field II, from the basal clay (Table 15):
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Sample Depth below Unit
surface

1 58.5cm
2 56.5cm
3 54.5cm
4 52.5cm
5 50.5cm F
6 51 cm

7 49cm
8 47cm
9 45cm

Table 15: Harrison's Field II Sample Identification

Despite the obvious similarities between the

1ithostratigraphy of the two Harrison's Field sites, the

samples from the basal clay of Harrison's Field II failed
to yield any diatoms. There is no immediately apparent

explanation for this. The deposit is a deep clayey silt

sediment, which could be expected to be fairly rich in
diatoms. If the material immediately above had been a

peat, them the absence of diatoms in the top few
centimetres of Unit F could perhaps have been attributed
to the percolation of humic acids downwards through the

profile from the peat. However, in the case of
Harrison's Field II, the nearest peat is fully 5cm

further up in the profile, and the absence of diatoms
continues downwards to the bottom of the sampled section,

suggesting that another explanation must be sought.
Gibson notes differential representation of diatoms in
some of the clays he sampled in his work on the use of

diatoms in the provenancing of ceramic material, a

phenomenon presumably caused by the differential
distribution of sediments as they are consolidated

(Gibson, 1983; 1984). In the absence of any further
information about the Harrison's Field II sedimentation

regime, a mechanism of this kind is the most likely

explanation for the lack of diatoms at this site.
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The site of Williamson's Moss is a peat-filled basin, a

coastal raised bog, which lies between the earliest and
the intermediate sets of shingle ridges (Fig. 8:3). To

the landward side of the basin lie the glacial deposits
on which the archaeological site of Williamson's Moss

rests. To the seaward side, the Moss is bounded by salt
marsh to the northwest and constructional dunes to the

southwest. From the sequence of shingle ridge
construction postulated, the basin would at one time,
after the construction of the innermost shingle ridge,
have been an open marine environment. When the second
set of shingle ridges began to form to the west, what is
now the Williamson's Moss basin would have begun to

develop. This phase in the sequence is represented by
the basal sediments in the basin. Palynological evidence
has shown that above these basal sediments, the basin
took the form of an open lake, immediately surrounded by

alder-birch carr (Bonsai! , et al., 1986, 1989). At this
time (c. 6100 BP i.e. after the isolation of the basin

from the sea), the glacial till slopes on which the

archaeological site lies would have supported a mixed-oak
forest. At c. 5600 BP, it would seem that gaps in the

forest cover began to appear which also heralded a

significant decline in the percentage of elm pollen

encountered, coupled with the presence of Plantago
lanceolata. This clearance phase continued until 5150+/-

80 BP (SRR-3066), when alder-birch carr became re¬

established. The aldet—birch carr remained throughout a

second elm decline, dated to 4850+/-80BP (SRR-3068),
which was a much more substantial phase of forest
clearance. Eventually, the open lake environment of
Williamson's Moss was replaced by the development of
peat, which gradually infilled the basin until the

present time.
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Although the palynological investigation of the
Williamson's Moss sediments has produced a detailed

picture of the area after the final isolation of the

basin from the sea, it has failed to identify the

depositional environment of the basal sediments, which
must have begun to form contemporaneously with the second
set of shingle ridges. The diatom analysis of
Williamson's Moss was addressed to the identification of

the nature of these basal deposits.

The Williamson's Moss basin has attracted attention from

a number of workers other than those involved in the

archaeological project. The site was discussed by

Huddart, Tooley and Carter in 1977 in a general paper on

the coastline of northwest England (Huddart, et al. ,

1977). Their stratigraphy of Williamson's Moss shows the
basin bottoming in grey clay at a depth of just over 3m

(3.1m OD), the clay being replaced at 2.95m deep by

gyttja. This basal gyttja has a date of 6320+/- 85 BP

(Hv. 5227), which Tooley relates to a "regressive

overlap" (Tooley, 1982). The grey clay has a varied
diatom flora, a number of brackish/halophilous taxa are

represented but there is also a fair presence of fresh-
bracki sh/f reshwater types. There are no figures provided
in Huddart et al.'s paper, but according to the legend on

the diagram, diatoms seem to be fairly scarce in the
basal clay. The authors list Melosira sulcata, Podosira

stelliger, and Actinoptychus undulatus as the three
dominant marine/marine-bracki sh taxa, with Gomphonema
acuminatum and Stauroneis anceps as the main freshwater

types, the importance of which increases towards the

boundary with the gyttja. In the gyttja itself, the

assemblages appear to be dominated by Nitzschia scalaris,

Cymbella turgida, Stauronei s anceps and Gomphonema

acuminatum, all brackish/fresh types. Clearly the

boundary between the clay and gyttja marks the cessation
of marine conditions at the site, brought about by the
final development of the second, intermediary set of
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shingle ridges, possibly coupled with fall in sea-level,

isolating the area from the sea.

In the summer of 1984,d series of 1.0m overlapping Russian

sampler cores were taken from the deepest part of the
central basin of Williamson's Moss, primarily for pollen

analysis. The two bore-holes used to retrieve these

samples reached a considerably greater depth than that of
Huddart et a 7, bottoming at 4.32m not in clay but in a

clayey, silty sand (Fig. 11). These cores seem to record
several 1ithostratigraphi c units not picked up by the

previous workers. The basal clay mentioned by Huddart et

al. does not appear per se in Tipping's strati graphy,
although there are two very narrow clay bands within what

Tipping describes as an "organic mud" or gyttja. A date
of 6140+/-170 BP (SRR-2657) was obtained from the basal

gyttja at a depth of 3.5m.

The C14 dates from both these sets of samples suggest

that these gyttjas are both parts of the same deposit
within the basin, so on those grounds, the clay bands
identified by Tipping could correspond to the thicker

clay deposit documented by Huddart et al.. In order to

test this hypothesis, a series of 10 samples from the

basal clayey, sandy silt, between the depths of 4.10 and
4.28m were examined for diatoms. None of these samples

contained any diatoms. Unfortunately, these 1984 cores

were destroyed before any other sampling of higher levels
could be undertaken.

However, as well as the 1984 samples, another series of

cores had been taken in 1982, somewhat further south of

the 1984 site, but still within the main basin of
Williamson's Moss. These consisted of eight 50cm cores,

reaching a depth of 450cm. The stratigraphy of these
cores was similar to that of the 1984 cores, although the

pure clay bands noted by Tipping in the later cores could
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not be identified. It was from these cores that further
samples were analysed (Table 16).
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Fig. 11: Williamson's Mo«s Stratigraphy
(based on 1984 cores)

1 & 2 Undiff. fen peat 3 well-humified sedge peat
poorly humified sedge peat 5 organic mud
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Sample No. Depth below surface

1 410cm (Core 8)
2 404cm ( " )
3 376cm (Core 7)
4 366cm ( " )
5 360cm ( " )
6 350cm ( " )
7 345cm (Core 6)
8 325cm ( " )
9 305cm ( " )
10 275cm (Core 5)
1 1 240cm (Core 4)
12 210cm ( " )

Table 16: Williamson's Moss Sample Identification

General ..Comments

All samples were prepared using Method 2. Samples 1 to 4

were very poor in diatoms; the presence of considerable
amounts of minerogenic matter on the finished slides

suggests that the paucity of diatoms is a genuine feature
of these samples and not purely the result of over-

dilution of the final suspension. Unlike the basal

samples of the 1984 material which were entirely non-

diatomaceous, these samples did contain a few diatoms,

although generally speaking, they were either whole but

badly eroded (as was the case with Melosira sulcata and

Nitzschia punctata) or fragmentary (Podosira stelliger).

Samples 5 to 9, on the other hand, possessed a very rich
and extremely wel1-preserved flora.

Counts of 200 individuals were reached in all samples,

except those from the base of core 8 and cores 5 and 4.

The results are presented in a full diagram (Fig. 12),

accompanied by a full species list (Table 17).
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Fig. 12: Williamson's Moss Diatom Diagram
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1. Melosira sulcata
2. Podosira stelliger
3. Navicula radiosa
4. N. humerosa
5. Tabellaria fenestrata
6. T. flocculosa
7. T. quadriseptata
8. Melosira granulata
9. Gomphonema angustatum
10. G. acuminatum
11. G. parvulum
12. G. gracile
13. G. acuminatum v. pusilla
14. Pinnularia intermedia
15. P. appendiculata
16. P. sudetica
17. P. substomatophora
18. P. microstauron
19. P. nodosa
20. P. brauni v. amphicephala
21. P. viridis
22. P. hilseana
23. P. mesolepta
24. Eunotia pectinalis v. minor
25. E. serra v. diadema
26. E. pectinalis v. minor fo. impressa
27. E. vanheurckii v. intermedia
28. E . diodon
29. E. lunaris
30. E. pectinalis
31. E. valida
32. E. veneris
33. E. monodon
34. Cymbella ventricosa
35. C. lunata
36. C. aspera
37. C. graci1e
38. C. pusi11 a
39. C. turgida
40. Synedra vaucheriae
41. Navicula pupula v. rectangu1aris
42. N. cocconeiformis
43. Amphora oval is
44. A. ovalis v. libyca
45. Nitzschia palea
46. Rhopalodia gibba
47 .Eunotia kochliensis
48. Navicula subhamulata
49. N. elegans
50. Pinnularia abaujensis v. rostrata
51. Navicula americana

Table 17: Williamson's Moss Species List
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De.acclRti.Qn

Samples 1 - 4

As mentioned above, these samples produced very few

diatoms, although there is some indication that there is
a marine influence on this part of the profile. As with
the material examined by Huddart et al., the marine
element of the assemblage is represented by Melosira

sulcata, Podosira stelliger and Gomphonema acuminatum,

although much reduced in number

Samples 5-9

These samples produced a very much richer flora than the
basal ones. The assemblage appears to be dominated by
Tabellaria species, a combination of both 7". flocculosa
and T. fenestrata.

Samples 10 - 12

Samples 10 to 12 were largely non-diatomaceous, although

sample 10 did produce one Melosira sulcata valve.

IntierRcetatiQn

Whereas the palynological investigation of Williamson's
Moss was so successful in the degree of detail that

emerged, the diatom analysis proved less promising.

Again, as in the 1984 cores, the basal samples failed to

yield the kind of information hoped for. However, the
few diatoms that were encountered, and their condition,
do provide some clues as to the nature of these

sediments. The only forms found were marine in habitat,
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suggesting that as the basin began to fill up there was

still some contact with a marine environment. However,
the fragmentary and eroded condition of all the valves

identified indicates that these may not be in situ

deposits, or at least, that the diatoms within them are

not in their original habitat. This may represent storm

activity, with sea water spray coming over the newly
formed shingle ridge, but with so few diatoms, it is
difficult to be conclusive.

If Tipping's and Sutherland's notions of lagoonal
conditions developing in the lee of each set of shingle

ridges immediately after they form is correct (Bonsai 1,
et al., 1986; 1989), then an assemblage similar to those
of the bottom samples at Monk Moors might be expected
from Williamson's Moss. However, from the samples

examined, no such assemblage appears to exist in this

profile, although Huddart et al. did find comparable
evidence of lagoonal conditions in their profile

(Huddart, et al., 1977:142).

The picture presented by samples 5 to 9 is more definite.
This is a fairly typical freshwater assemblage, similar
in nature to that found in 1977 by Huddart et al. In the
first sample within in the gyttja, there are remnants of
a marine environment, but these contribute in only a

minor way to the assemblage. There is a strong presence

of Navicula pupula var. rectangu7aris throughout samples
5 to 9 taken from the gyttja, increasing upwards towards

sample 9. One of the characteristics of this taxon is
that it is often found in salt bogs, suggesting that

despite the predominance of freshwater conditions, there
is still some salinity in the basin. The most likely

explanation for this is that salt water is percolating

through the shingle ridge and keeping the water slightly
saline.
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The largely benthic and epiphytic nature of the diatom

assemblages indicates that the Williamson's Moss basin
was a fairly small and shallow freshwater lake by this
time. The lake would have possessed a well-developed

macroflora, providing a habitat for epiphytic diatoms,
and also contributing substantially to the formation of
the gyttja. The continued deposition of gyttja
indicates that the basin filled in gradually without any

dramatic events affecting sedimentation, at least up

until sample 9 at a depth of 305cm.

Although samples 10, 11 and 12 are still within the

gyttja, and there is no immediately apparent

1ithostratigraphical change at that point, none of these

samples contained any diatoms. This could, in part, have
been anticipated from sample 9, which had a much reduced

species range and far fewer individuals. Sample 10

contained one Melosira sulcata valve, which does suggest

that perhaps the sudden disappearance of diatoms at this

point in the profile is in some^Vel ated to sea-level
activity. Clearly, however there is insufficient
evidence to support this claim fully.

CQnc;lus..i.Qos

The Williamson's Moss samples have not been as

informative as had been hoped. The character of the
basal minerogenic sediments remains unknown, although

through inference, it could be said that they are

probably tidal lagoonal in nature. The paucity of the

assemblage in the basal samples and the fact that the

taxa represented are without exception marine/marine-
brackish and that all the valves are damaged in some way,

could be considered evidence that Williamson's Moss was

tidal in its early stages. The high-energy nature of the
tidal zone prevented a characteristic diatom flora from

becoming established but it did allow the inwash of a few
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marine species, which, through the constant

redistribution of the sediment caused by tidal action,
became damaged. Although this is a feasible explanation
of the early sedimentation of the Williamson's Moss

basin, there would have to be more detailed evidence from
the diatom assemblages of these samples to be absolutely
certain.

The organic sediments are much clearer in their

interpretation and the picture provided from the diatom
evidence ties in well with Tipping's pollen analysis.
The experience of this research has shown that gyttjas,
or organic muds, are generally very diatom-rich, so the

disappearance of the diatom flora from the gyttja half¬

way through this profile is unusual. There does not seem

to be any obvious explanation for this phenomenon.
Previous non-diatomaceous samples have been explained as

a result of pre-depositional mechanisms, but given the
nature of the sediment involved and its mode of

deposition, in this case it may be safer to venture post-

depositional destruction as the cause, especially

considering the apparent abundance of diatoms in similar
samples examined by Huddart et a 7.

In conclusion, it seems that the pattern of development
of the Williamson's Moss basin as seen through palynology
and geomorphology is confirmed, at least in part, by the
diatom evidence. Unlike the other Eskmeals sites, where
the diatom analysis has been able to give more detail to

the proposed sequence of events, at Williamson's Moss it
has merely provided confirmation of an already
established history, tracing the development of the site
from a tidal lagoon immediately after the establishment
of the intermediate shingle ridge formation, through a

shallow freshwater lake as the basin becomes enclosed by
the shingle ridges, to a peat filled basin formed as the
water levels in the basin dropped.
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Site Me, 4 - ihe llnfllled QMooel" Sediments (Area Ell

This series of samples was taken from one of a number of
channels which contribute to the drainage of the low-

lying till slopes to the east of the Williamson's Moss

basin (Fig. 13). The sampled channel crosses the

archaeological site, running through Trench E1 , and is
truncated by the innermost shingle ridge in the west of
the site (Fig. 14). The catchment of the channel is

limited, extending only some 200m upslope from the

archaeological deposits. In places, as at the shingle

ridge, the deposits can reach 3m in depth, but at the

point sampled, close to the edge, the maximum depth was

1.2m. Initially, the channel filled with sands, silt and

clays. This deposition took place prior to the formation
of the innermost shingle ridge, which effectively
isolated the channel from marine/estuarine influence

(Bonsall, et al., 1986: 7, figs 2 & 5).

In at least two areas of the channel, these deposits are

immediately overlain by the remains of a series of

substantial timber structures. It was from the area

within these structures that the sample section was

situated. Overlying two of these structures is a

considerable thickness of bark "matting", which, along
with the timbers, have been interpreted by the excavator

as some kind of raised living area. These organic
deposits are in turn overlain by alluvial sediments which

lap up towards the present land surface.

There were two main objectives in sampling this section
for diatoms. Firstly, it was hoped to establish a

clearer picture of the environment at the time of the

deposition of the basal sediments. Pollen analysis has
shown the presence of "wave-affected" environment

(Tipping, pers. comm.), but beyond this could offer no

other information. Secondly, on the basis of pollen

analysis alone, the nature of the minerogenic sediments
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Fig. 13: Distribution of Ancient Channels
(after Bonsai! 1989)
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Fig. 14; "Infilled Channel" and Shingle Ridge
(after Bonsai! 1989)
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overlying the organic layer was unclear. In both cases,

it was hoped that diatom analysis could resolve these

di fficulties.

The "Infilled Channel-" &fcr.atJ.SE.aR.h.y (after D. Pheasant)

unit DeRih D..e..s..Q.jij.p.t.i.Q.o

1 0-4.5 10YR3/2 very dark greyish brown peaty

silty loam. Abundant fine fibrous

roots. Common coarse woody roots.

Very few stones. Arupt, smooth

boundary to

2 4.5-20 10YR3/1 very dark grey silty loam.
common fine fibrous roots. Common

woody roots. Very few stones. Faint
reddish-brown and distinct reddish-

yellow mottles (may be associated
with decaying plant roots). Clear
and irregular boundary to

3 20-26 10YR4/3 brown clayey silt. Common

fibrous roots. Few coarse woody
roots. Very few stones. Common

reddish-brown and reddish-yellow
mottles, faint to distinct (tend to

be associated with root channels).

Clear, smooth boundary to

4 26-39 10YR6/3, 10YR4/3 clayey silt.
Few fine fibrous roots. Few coarse

woody roots. Very few stones.

Common yellowish-red faint to

distinct mottles. Variable colour

throughout horizon, appears to be

associated with changes in organic
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content. Boundary broken and based
on fewer lighter patches - no change
in parent material

5 39-66 10YR4.5/3 brown clayey silt. Few
fine fibrous roots. Occasional

coarse woody roots. Larger woody
roots present towards bottom,

possibly associated with peat surface
beneath. Few reddish-brown distinct

mottles associated with root

channels. Clear, smooth boundary

over 5cm transition to

6 66-96 5YR3/2 dark reddish brown peaty

clayey silt. Abundant decomposed and

semi-decomposed organic material.
Few fine fibrous roots associated

with pre-soil surface. Common very

coarse woody roots associated with

palaeosurface (i.e. were growing in

peat). Abundant decomposed and semi-

decomposed root matter. No stones.

No mottles. Abrupt, smooth boundary

over <2cm to

7 96-106 10YR5/2 greyish brown clayey silt.
Few fine fibrous roots. Common very

coarse woody roots extending down
from peat above. Few stones. Few

yellowish faint to distinct mottles
associated with old root channels.

Gradual and relatively smooth

boundary, based on increasing
sandiness of matrix, to

8 106-125 10YR5/2 greyish brown silty loam.

Very few fine fibrous roots. Few
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coarse woody roots as above, but less

wel1-preserved. Few stones. No

mottles. Clear, smooth, sloping

boundary. Erosional silty loam lying
on till deposit beneath.

9 125- 5YR5/3 reddish brown silty clay.

Very few fine fibrous roots.

Occasional coarse woody roots,

extending down from peat layer above.
Common coarse fill stones, few cm to

10+cm, sub-angular to sub-rounded -

mainly greenish-grey volcanic and

granite rocks. Common strong brown

faint to distinct mottles in upper

part of fill. Base of Pit.

* N.B. Samples not taken from deepest part of channel,
therefore the sandy deposits mentioned above were not

sampled.

Sfeo.gia.1. Comments

The samples for analysis were originally collected by the
excavator in 1981, and stored under refrigeration until
1986. Samples were taken from the basal minerogenic
layer (Units 7 - 8) at depths of 93, 94.5, 97, 100.5,

104, 108, 111.5, 114 and 117.5cm below the surface, that

is, from the boundary between units 7 and 8, and unit 8

proper. They were originally prepared using Method 1,

but failed to yield any diatoms at all. At this point

(bearing in mind the experience of Williamson's Moss),
further samples were prepared using Method 2 to ascertain
if the preparation process could in any way be

responsible for this series of apparently "non-
diatomaceous" samples. This was slightly more

successful; the 93cm sample was shown to contain some
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diatoms, although this was the only sample to show any

evidence for fossil diatoms.

Another set of samples was taken from further up the

profile, from the minerogenic material overlying the peat

containing the timber structures. These came from Units
4 and 5, at depths of 31, 35, 35, 42, 50 and 55cm below
the surface. These were cleaned using Method 2, but were

shown to have a very sparse and fragmentary diatom flora
and counts could not be carried out on any of them. The

few diatom fragments which were found were Pinnularia

species, and there were also a very few complete
Pinnularia boreal is valves.

/
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DesccipMQn and LnJfc.e.EPE.eie.jfc.iQ.n

After counting several slides for sample 7 (93cm), the

only diatomaceous sample, a total of 91 individuals was

finally reached. With the exception of some fragments
of Pinnularia spp., preservation was extremely good, with*
all the recorded diatoms being complete valves. A total
of 17 taxa could be identified, accounting for 78% of the

assemblage; the remaining 22% were the unidentifiable
Pinnularia species (Table 18). Of these 17 taxa there
were two for which there appears to be little or no

ecological information, Eunotia kochliensis and E.

bidentula, and so these are not included in the

interpretation.

Taxon % Frequency

Eunotia arcus v. bidens 1
Eunotia bidentula 5.5
Eunotia diodon 3.5
Eunotia kochliensis 3.5
Eunotia lunaris 1
Eunotia praerupta 34
Eunotia tenella 3.5
Fragilaria construens v. exigua 1
Fragilaria virescens 1

Gomphonema angustatum 3.5

Gomphonema tergestinum 1
Hantzschia amphioxys v. maior 5.5
Navicula pupula 4.5
Pinnularia appendiculata 2
Pinnularia borealis 5.5
Pinnularia borealis v.

brevistriata 2
Pinnularia species

indeterminate 22

Total 100
L _ ... . .

Table 18: Infilled Channel Species List - Sample 7



180

In1t.srprjB.feafci..Q.n

As there is only a single sample to be considered here,
the "assemblage" approach is of less use than it has been

for the other sites. Although the number of individuals
and taxa is small, looking at the species composition of
the sample is the only way to get any impression of the
environment at the time of deposition. To that end,
certain individual taxa have received more attention than

others, although the overall structure of the flora
retains its importance.

From the diatoms that could be identified, it is clear

that this is undoubtedly a freshwater assemblage: 43% of

the taxa are generally classified as being halophobes,
with a further 15% oligohalobi an-indifferent (using
variations on Hustedt's scheme). The salinity

preferences of the remaining 42% could not be established
with any certainty, but as the freshwater component seems

so strong, and the majority of Pinnularia taxa are

generally found in fresh to slightly brackish conditions

(Hustedt, 1930; Van der Werff & Huls, 1975; Barber &

Haworth, 1981 all demonstrate this generality), it is

perhaps not unreasonable to suggest that their presence

does not alter radically the character of the assemblage.

Once again, the i nterpretation of the profile depends to

some extent on negative evidence. The sudden appearance

of albeit a meagre diatom flora has implications for the
1 i thostrati graphi c unit in which they occur but also for
those that precede it. The sample lies more or less
within Tipping's Local Pollen Assemblage Zone B

(l.p.a.z.B), in which he sees the decline of "wave-
affected" types (Coniferales, pre-Quaternary and

Polypodiaceae spores) and their replacement by

representatives of the vegetation on the till slopes

(Ulmus, Corylus/Myrica). He also notes that pollen
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concentration is very low throughout this horizon, a

feature attributed to rapid sediment accumulation rate

(Tipping 1987:4, unpublished).

The diatom evidence confirms Tipping's suggestion that
the sedimentation regime at this point of the profile is

undergoing an alteration. In general terms, this is seen

firstly through the presence of diatoms for the first

time, and also through the sparse nature of the

assemblage. The absence of diatoms in the preceding

phases perhaps could be interpreted, as it was at Monk

Moors, as evidence for the marine/estuarine environment
which the pollen may be indicating. As has been
commented on above, the high-energy environment of an

estuary, or indeed any zone where watei—levels and

salinity are subject to rapid fluctuations, seems to

prevent the formation of diatom communities.

When diatoms do appear, although most taxa are freshwater

types, a number are also found in water of a slightly
brackish nature (e.g. Navicula pupula, Gomphonema

angustatum, Eunotia lunaris). This could indicate either
or both of two things. On the one hand, it could
indicate the very end of marine/estuarine conditions in
the area; sea-level has fallen and conditions are

predominantly freshwater. The alternative explanation is
that these diatoms are found in the assemblage as the

result of spray emanating from an area nearby, where

marine/estuarine conditions still obtain. In this

particular case, the latter hypothesis is probably the
more satisfactory for a number of reasons.

The main reason for favouring the second of these

explanations lies in the life-form characteristics not of

these taxa, but of the rest of the diatom assemblage.
The vast majority of represented taxa are benthic in

life-form, in other words, they live on the sediment
surface. Although this is what would be expected from an
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estuarine flora, closer inspection of the life-form

characteristics, in terms of current preferences (as far
as these are known), shows that almost without exception
the diatoms show a preference for slow-moving or stagnant
water. For instance, Eunotia tenella, as well as being a

soi1-dwel1ing type, is a frequent stagnant pool and marsh

diatom; Pinnularia boreal is is also common in still
freshwater habitats (van der Werff & Huls, 1966-1975).
The preference for slow-moving conditions is also
reflected in the trophic categories represented by this

assemblage: 67% of the assemblage belong to taxa

classified as "oligotrophic", the significance of this

being that the lack of movement in the water prevents the

replenishment of nutrient sources and it also causes the
concentration of toxins to build up, limiting the

diversity of the flora.

The apparent presence of stagnant/semi-stagnant water

diatoms, coupled with Tipping's impression that l.p.a.z.B

represents the vegetation on the till slopes around the

channel, rather than the "wave-affected" flora of

l.p.a.z.A, suggests that by this time the innermost

shingle ridge is already in place causing the ponding of
water behind it. This identifies the the brackish

element of the diatom flora either as "splash" coming
over the shingle ridge or seepage coming through it from
the seaward side, prior to consolidation.

As far as dating is concerned, there was insufficient

organic matter in the basal sediments for C14 dating to

be carried out, but elsewhere on the coastal foreland,
the development of the innermost shingle ridge has been

dated to c.7000 - 6500 BP (Bonsai!, et al., 1989). If we

accept that the appearance of diatoms in the profile is
indeed directly related to the formation of this ridge,
then we can suggest a similar, or perhaps slightly later,

date for this part of the profile, extending the period
of infill of the channel back to some as yet unknown date
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prior to this. However, the slightly brackish nature of

the assemblage indicates that although this deposit dates

from after c.6500 BP, it was probably laid down prior to

6100 BP, the date of the basal sediments of Williamson's
Moss and hence the intermediate shingle ridges. By that
time the sea would have been behind two sets of ridges
and therefore too far away for any salt water to enter

the ecosystem of the channel, unless as windblown
material which would be unlikely to carry sufficient
diatoms to register in a count.

CQn.CllUS.l_Q.O

Despite the paucity of diatoms in this profile, the one

sample that did contain enough for some kind of count did

yield interesting and valuable information. The pollen

analysis provided the bare bones of the sequence but

could not fill in the details necessary to pin-point

accurately the point at which marine/estuarine ("wave-
affected" pollen) conditions gave-way to freshwater.

Although the diatom evidence quite clearly indicates
freshwater with a slight marine influence, the

significance of this, if taken in isolation, would not

have been very obvious. Again, the meaning of the

stagnant-water indicators would also have been rather

enigmatic if there had not been the evidence of pollen
and geomorphology to place it in an appropriate context.

The reliance on palynology and geomorphology in the
i nterpretat i on of this profile would not have been so

great had more of the samples contained diatoms. This is
not to say that diatom analysis is meaningless unless a

context is provided by other means: on the contrary. The
diatom sample on its own allows certain statements to be

made about the conditions in the area at one, presumably

fairly short, period in the history of the sedimentation
of the channel. On its own, this tells us very little
about the relationship of the channel with the



184

surrounding area and the processes going on within it.
In this particular profile both the palynological and the

geomorphological evidence was also incomplete in that the

relationship between the two could not be properly
established. The evidence of a single diatom sample,
which otherwise would not have had any great

significance, was sufficiently informative to make the
connection between the other two. This analysis, above
all others in this section, perhaps shows the

complementarity of reconstructional techniques most

clear 1y.



Site No. 5 - Sfcubfo Place

1

Stubb Place is another of the series of channels, similar
to the "infilled channel" (site 4), which run across the

till behind the innermost shingle ridge. It lies

approximately 0.75km to the south of Williamson's Moss in
what is now a pasture. In 1985, a series of 14 bore¬

holes, in two right-angled transects, were mapped across

the field in an attempt to find the edges of the channel

and its maximum depth for further sampling. Of these,

bore-hole 1, reaching a depth of 578cm, was chosen as the

sampling site.

Bore-hole JL.-.„..Lit.h.Q.s„t.r..atig.capby (& Fig. 15)

(after R. Tipping's laboratory description)

C.Q.E.S 1

0-9cm 5YR2.5/2 dark reddish brown friable poorly
humified undifferentiated peat with moss

fragments; rare Phragmites/sedge stems and thin

clay stringers (vertical laminations); gradual

boundary to

9-33cm 10R2.5/1 reddish black poorly humified coarse

Phragmites peat; no mineral content;

structureless; abrupt boundary 1o

33-51cm 5YR2.5/2 reddish brown poorly humified moss-

peat with occasional Phragmites stem; gradual

boundary to

51-59cm the same with increasing minerogenic (clay)
content gradually down-core; rare to occasional
bleached fine sand grains - small lens of

5YR2.5/1 black wel1-humified moss-peat at 57cm

(erosive?/hiatus?); gradual boundary to
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59-70cm 7.5YR3/2 dark brown organic silty clay,

lightening in colour down core as organic
content decreases; structureless; occasional to

common bleached fine sand grains; rare

macrofossil remains, mosses; gradual boundary
to

70-80cm 10YR3/2 very dark greyish brown clayey silt,

changing markedly in texture (though not in

colour) to sandy clay silt below 77cm; bleached
fine sand grains common, increasingly abundant
below 77cm and occurring as discrete through

poorly defined lenses of predominantly 7.5YR6/4

light brown material; rare mossy macrofossil
remains throughout; large (0.5-1cm) charcoal

pieces at 78cm; gradual boundary to

80-96cm the same as below 77cm but slightly higher

organic content changes colour to 10YR3/3 dark

brown; small charcoal flecks occasionally;
sandy lenses still present

96cm Base

Core. 2.

0-13cm Same as core 1 80-96cm; rare Phragmites stems
at 7cm; abrupt, irregular boundary to

13-27cm 5YR2.5/1 black humified Phragmites peat,

structureless with rare woody stems; little or

no minerogenic component; gradual boundary to

27-44.5cm the same in colour as above 35cm but increased

minerogenic component and reduced macrofloral

content; common Phragmites - wood at 32-33cm -

possible grey clay microlaminae immediately
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below this and also at 37cm - ?inwashed;

stringers of Phragmites stem at 37cm; sharply
increased silt component below 42cm; abrupt

boundary to

44.5-62cm 5YR2.5/1 black undifferentiated peat with
abundant though not compacted Phragmites stems
- Phragmites concentrated between 45 and 47cm

(may represent peat surface or inwash); low

minerogenic content, high amorphous organic

content; gradual boundary to

62-100cm amorphous moos-rich peat; moss filaments
abundant as amorphous organic content; band of

Phragmites at 90cm; no to little minerogenic
content

100cm Base

.G_Q.r_e. .3.

0-100cm amorphous peat; macrofloral content much
reduced from above; humification high; 5YR2.5/1

black; macrofossil still common, moss filament

predominate - Phragmites band at 4cm (faint at

40cm also); woody stem (?twig) at 29.5cm;

concentrations of moss at 83-84cm

100cm Base

Q.QLS. 4

0-5cm As core 3 O-i00cm; very gradual boundary to

5-73cm 8YR2.5/1 organic mud (gyttja); rare moss

filaments; no mineral matter except at 24cm

one distorted thick 7.5YR4/2 brown/dark brown

clay lamination; very gradual boundary to



188

73-99cm the same as core 45-73cm except for gradually

increasing minerogenic content as thin laminae
at 78cm and at 85-86cm, a series of up to ten

microlaminae (distorted during sampling?)
2.5Y6/2 light brownish grey in colour.

99cm Base

.C.Q.OS. 5

0-11.5cm As core 4 73-99cm, with common disturbed

microlaminae; sharp boundary to

11.5-40cm 5YR2.5/1 black organic mud (gyttja) with no

laminations; gradual boundary to

40-47cm 5YR3/1 very dark grey organic-rich silty clay,
colour changing due to increased mineral

content; sharp boundary to

47-56cm 5YR2.5/1 black organic mud/organic-rich clay,

lightening slightly below 49cm, but still

organic-rich clay; reduced silt content

noticeable; rare plant matter; sharp boundary

to

o

56-75cm 5Y4/1 dark grey stiff clay, probably
unlaminated between 56 and 60cm;

below this microlaminated but

heavily distorted and diffuse

(contemporaneous possibly as some

laminae more continuous than others:

60-64cm - heavily distorted
64-66.5cm - darker, more organic?
66.5-67.5cm - wavy but continuous set of

1 aminae
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67.5-69cm - darker, definitely more organic
69cm - broad laminae

69-75cm - thin, disturbed though recognisable
1 aminae

gradual boundary to

75-87cm 10YR3/1 very dark grey organic-rich clay,

increasingly organic down unit; sharp boundary
to

87-98cm major pure clay lamination at 87cm introduces
5Y4/1 dark grey clay, rare plant material but
no amorphous organic mud, structureless

98cm Base

(NB Breaks at 45.5cm and 88.5-89.5cm)

cqjcs 6.

0-5cm As core 5 69-75cm, poorly preserved laminae,

lighter clay than below; gradual boundary to

5-17cm As core 5 75-87cm; sharp boundary to

17-81.5cm As core 5 87-98cm, lamination between 17-18cm,

below this increasing silt content gradually
down unit particularly below 53cm; abrupt

boundary to

81.5-99cm 10YR6/2 light brownish grey non-calcareous fine
to medium structureless sand

99cm Base



Fig. 15: Stubb Place Lithostratigraphyt
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General Comments

The established absence of diatoms in pure peat or peaty

deposits meant that there were only four cores from this

profile that were of particular interest, cores 1, 4, 5
and 6, although cores 2 and 3 were also sampled. Given
the depth of the profile and the amount of material

analysed, each core will be discussed individually before

being incorporated into the overall sequence.

Despite refrigeration of the cores immediately after

collection, by the time analysis took place, there was

some fungal growth on all the examined cores. This does
not seem to have affected the preservation of the diatoms
in any way (see below). In preparing the samples, both
Methods 1 and 2 were used, largely as a result of

analysis continuing over a period of time and Method 2

being more convenient latterly. The comparatively rich
flora produced by most of the samples (except core 6)

suggests that there is no difference in efficiency
between the two methods, at least on material of this
kind.

As with other analyses in this part of the research, the

main objective was to identify any marine phases within
this sequence thereby providing a means of tying Stubb
Place into the established developmental sequence for the

Eskmeals coastal foreland. The secondary objective was

to characterize the depositional environment for the

remaining sediments as a route to a more detailed

understanding of the surrounding environment.

In this c=>se study, the results are presented simply as a

species list in Appendix 3, as the number of samples and
taxa was so great that it was decided that a diagram may

confuse the interpretation of the profile
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Description

Sample No. Core Depth Depth Below Core
Surface

1 90cm 51 0cm
2 86cm 506cm
3 75cm 495cm
4 55cm 475cm
5 47cm 467cm 5
6 40cm 460cm
7 38cm 458cm
8 25cm 445cm
9 1 3cm 431 cm

10 96cm 426cm
1 1 75cm 405cm
1 2 73cm 403cm
13 50cm 380cm 4
14 30cm 360cm
15 28cm 358cm
16 26cm 356cm
1 7 5cm 335cm

18 94cm 1 49cm
19 84cm 1 39cm
20 79cm 1 34cm 1
21 7 3cm 1 28cm
22 63cm 1 1 8cm

Table 19: Stubb Place Sample Identification

Core 6

The diatom analysis of this core was rather surprising.
Despite the almost totally minerogenic nature of the

sediments throughout this core, there were no diatoms in

any 1ithostratigraphic unit. This is perhaps

particularly strange in the laminated material towards
the top of the core. Saarni=;to ( 1 986) and Simola ( 1 977 )
are among the workers who testify to the usefulness of
diatoms in the interpretation of laminated deposits, in
some cases being able to detect relatively short-lived
seasonal changes in deposition in annually deposited
laminae (Simola, 1977:146), yet even major laminations in
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this material provide rio positive information. The
absence of diatoms in laminations is unusual, given that

the major depositional characteristic which allows the
formation of laminae is the persistence of calm

conditions, also generally conducive to the establishment
of successful diatom communities. This would tend to

suggest that the alternating bands of clay and silt/sand
are not laminae of the type described by Simola and

others, but rather a series of rapidly deposited
sediments.

Core 5 - Samples 1-9

In contrast to Core 6, most of Core 5 possessed a rich
diatom flora. Samples 1 and 2 at the base of the core

had the poorest flora, with sample 1 having only 6
individuals and sample 2, 37, most of which were eroded.

Despite the poor quality of these assemblages, there is
little doubt that they represent marine conditions:
Melosira westii, M. sulcata, Diploneis bombus, Podosira

stelliger and Navicula marina are all present. These

taxa are generally held to be littoral, benthic forms,

suggesting that at this stage in its development Stubb
Place was probably a shallow marine inlet, experiencing
sea water washing into it with the movement of the tides.

By sample 3 in Core 5, the picture has changed

considerably. Most noticeable is the explosive increase
in the number of diatoms present in the samples, a trend
which is maintained throughout the rest of the profile.

According to the 1ithostratigraphy, the boundary between
the organic-rich clay and the overlying "microlaminated"
sediments (between 74 and 60cm) is gradual; the diatom

evidence, however, indicates a much sharper demarcation.
The littoral marine conditions of the basal sediments

have been replaced by an obviously freshwater habitat,

represented by Tabellaria and Fragilaria species in
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particular. The presence of members of these genera

implies perhaps more alkaline conditions than previously.

The next part of the profile, the mi crol ami nated section
between 74 and 60cm, should have provided valuable
information. Unfortunately, the sequence described in

Tipping's 1ithostratigraphy could not be identified when

the cores were examined prior to analysis. In order to

retrieve some information, freezing the cores with the
intention of "stripping off" the surface with adhesive

tape, in the manner described by Saarnisto (1986), was

attempted, but the laminae were so badly distorted that
it was completely unsuccessful. Therefore, for the

purposes of i nterpretation, that section of the core can

only be discussed speculatively.

Above the laminated section, diatoms are once again
abundant. Sample 4 appears to be a predominantly
freshwater assemblage, although some marine taxa make a

re-appearance, but only in very small numbers. At this

level, Eunotia taxa also make their first appearance and
increase in strength upwards through this core. These

forms are generally taken to represent fairly acidic

conditions, often associated with moss or bogs. This
would be in keeping with the increasing organic content

of the profile, and the presence of forms such as

Cocconeis piacentula and Diatoma vulgare, which are

indicative of a calm depositional environment. The

majority of taxa in the top part of core 5 are benthic
littoral forms, so it would seem that Stubb Place, by
this stage in its evolution, has become a shallow,
freshwater lake.

Core 4 - Samples 10 - 17

The composition of this core is predominantly gyttja, a

sediment which indicates the in situ deposition of
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organic matter into a lake bed. Although there is
considerable similarity between all of the samples from
this core, samples 10 and 11 are slightly different.
Both of these samples have a very faint brackish

component (Navicula peregrina, Nitzschia navicularis)
which is not present in the other gyttja samples. The

significance of this is not clear, but it probably
relates to a period of increased marine influence,

perhaps increased storm activity.

Samples 12 to 17 in core 4 revert to an assemblage
similar to the upper samples in core 5. Tabellaria

species -(7. flocculosa and T. fenestrata) are well-

represented and the Eunotia and Fragilaria forms become

important once again.

Cores 3 and 2

Previous experience has shown that peat proper and very

peaty deposits do not yield many diatoms: a few test

samples analyzed from these two cores proved this to hold
true for Stubb Place.

Core 1 - Samples 18-22

After the non-diatomaceous peats of cores 3 and 2, core 1

sees the re-establishment of more minerogenic sediments
and a correspondingly rich diatom flora. The basal part

of this core does not have as rich a flora as cores 4 and

5, but by sample 21 this has improved. Samples 18 to 20

again have a typical gyttja flora, representing calm,

relatively shallow freshwater of mesotrophic status.

Samples 21 and 22 have a degree of marine/brackish

influence, with the same taxa as those at the bottom of
the profile represented.
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The top of core 1 represents the kind of peat growth that

is typical of the final stages of the in-filling of an

enclosed basin, and is, once again non-diatomaceous.

Interpretation

As far as the Eskmeals sites go, Stubb Place represents a

fairly long and complicated sequence, alternating between

organic and minerogenic deposits. There is considerable
variation in the stratigraphy across Stubb Place, which
indicates the likelihood of differential representation
of material between sampling sites. Subsequent boring in
June 1989, as part of another project, established a

deeper and again different stratigraphy at a site within
2 to 3 metres of the borehole which provided the material

analyzed here.

Stubb Place, as the other Eskmeals sites, must be seen in
the context of coastal foreland development. The area

seaward of Stubb Place is, in effect, the "hinge" of the
innermost shingle ridge group, the starting point of its
northward progression. The formation of these shingle

ridges, therefore, presumably has had a profound effect

on the nature of the Stubb Place site and this is borne

out by the diatom evidence.

Initially, Stubb Place would have been a channel similar
to the one investigated at Williamson's Moss, although

considerably larger both in depth and in width. The

basal sediments in this channel are a mixture of sands,

silts and clays of uncertain origin, but the absence of
diatoms may be indicative of a high-energy environment,

causing rapid and uneven sedimentation. In this context,

that could be taken to signify the kind of rapid changes

typical of the littoral zone. The first diatomaceous

samples of this profile tend to confirm this notion: a
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poorly-developed marine assemblage in the first clearly

defined, unlaminated 1ithostratigraphic unit.

The sharp distinction between the marine sediment at the

base of Core 5 and the rich freshwater assemblage

immediately above it suggests a radical change in the

nature of the Stubb Place channel. The switch from

marine to freshwater conditions can only be explained

through the earliest phase of shingle ridge construction,

cutting the channel off from the sea. As at Williamson's
Moss and the "infilled channel", the shingle ridge acted
as a dam, causing freshwater, in the form of run-off from
the surrounding till slopes and rain, to pond behind the

ridge. The water forming the pond would seem, from the
diatom evidence, to have been fairly alkaline in
character at this early stage, indicating that surface
run-off contributed substantially to its composition.

The initial freshwater deposit is overlain by another
series of microlaminae, again devoid of diatoms. Again,
this appears to imply a period of rapid and uneven

sediment accumulation. As the freshwater deposit is of

limited depth, an hypothesis for the formation of the

laminated sediment is that the shingle ridge was breached

by the sea at this point, reinstating a period of

fluctuating water levels and salinity, similar to that

represented in the basal sediments. There are a number

of possible explanations as to why this came about,

including high tides or storms breaking over the as yet

low ridges, or a short-lived rise in relative sea-level,
but in the absence of any diatoms, it is impossible to be

more precise.

The laminated section of Core 5 is overlain by material
which is similar in character to the material below the

laminations, generally freshwater, but with a few marine
taxa remaining. This resurgence of freshwater taxa

presumably signals the re-establishment of the shingle
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ridge, as a barrier separating Stubb Place from the sea,

and the associated ponding of freshwater behind it. The

continued presence of a minor marine influence is

probably the result of a slight amount of percolation

through the ridge and sea spray over the top.

There is one difference between the freshwater sediments

underlying the laminations and those overlying them: the
increased "acidic" element in the flora. Although there
is still a strong "alkaline" flora, the presence of
Eunotia taxa indicates that conditions are generally more

acidic than previously. This is also coupled with an

increased organic content in the sediment. This can be

envisaged as the result of the establishment of

vegetation cover on the till surrounding Stubb Place,

causing organic material to be washed into the water, and
the consequent enrichment of the water stimulating the

growth of plants within it. The presence of growing

plant material in the pond is shown by the presence of

epiphytic taxa in the profile.

The predominantly benthic and epiphytic nature of the

flora, coupled with the appearance of common freshwater

lake taxa, is typical of the diatom flora of gyttjas.

There does not seem to be much change in the environment
at Stubb Place from this point, although the sediments
become increasingly organic. The basal gyttja samples in
Core 4 retain the brackish/marine influence seen in Core

5, but this does appear to die out further up, presumably
as the shingle ridge is consolidated at a height too

great for marine penetration.

Eventually the gyttja is replaced by peat which indicates
that the previously open water of the Stubb Place basin
is being encroached upon by reeds. The growth of peat in
a situation like this is generally taken to indicate that
the water level in the basin has fallen, allowing plant
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growth to take over. Such a development can often be

attributed to climatic factors.

Above the deep peat deposit, the mineral content of the

sediment begins to increase, and a rich diatom flora

reappears. The assemblages towards the top of the

profile once again represents an open, freshwater

habitat, although never quite as strongly as the pre-

peat-growth lake sediments. Presumably the increased
mineral content and raised water level heralds increased

input form the catchment, perhaps related to a

deterioration of climatic conditions. The remainder of

Core 1 is comprised of peat once more, typical of the
final stages of infill of basins of this kind.

Conclusion

The development of the Stubb Place environment can be

directly related to the growth of the innermost set of

shingle ridges. Initially, the channel would have been

open to the sea and appears to have been subject to

rapidly fluctuating water levels. The growth of the

shingle ridges meant that the channel was cut off from
the sea, and that water gathered behind the ridges. At
first there was still a degree of marine influence in
this pond, but as the shingle ridge grew, this was

reduced. However, before consolidation was complete, the

ridge complex was breached by the sea and a further

period of rapid sedimentation ensued. This phase came to

an end, perhaps due to a fall in sea-level, and the

growth of the shingle ridges continued. Again, water

began to pond behind them, resulting this time in the

development of a shallow freshwater lake, supporting its
own macro-flora. Subsequently, there appears to have
been a drop in water level within the lake and the basin
filled with peat. This was followed by a brief
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resumption of open water conditions, and then the final

filling of the basin with peat.

The diatom evidence from Stubb Place produces a

interpretable sequence of events, despite the absence of
diatoms from the two laminated sections of the profile.
It now remains to consider whether these episodes make
sense when considered in the light of the rest of the
Eskmeals data.
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Eskmeals - Conclusions

The Contribution of Diatom Analysis to Eskmeals Project
at a Localised Level

The five preceding sections each have dealt with one of
the Eskmeals sites in detail. It now remains to assess

the contribution of the diatom analysis of these sites to
the overall picture of the occupation of the Eskmeals

area during the early Flandrian period.

With the exception of Harrison's Field II, diatom

analysis of all of the Eskmeals sites has provided useful

information, which has allowed (a) confirmation of the

sequence of events as suggested by other forms of

analysis, and (b) a more detailed picture of these
events. From this point of view, the Eskmeals case

studies can be said to have been successful, with both
the objectives set out at the beginning of the section

being fulfilled.

Diatom analysis of Monk Moors, Williamson's Moss, Stubb

Place and the infilled channel at Williamson's Moss has

allowed a clearer impression of the environment in the

Eskmeals area to be built up. Harrison's Field, however,
served a somewhat more specific function, in that the

analysis was carried out to confirm the nature of the

sediment for dating purposes. It was evident from the

geomorphology of the area that the landscape had changed

quite dramatically both during and after the Mesolithic
occupation of the area. In order to understand the

archaeology of the two principal archaeological sites,
Monk Moors and Williamson's Moss, an understanding of the

environment in which they were situated was also needed.

The most important aspect of the environmental analysis
of the Eskmeals area, at least as far as diatom analysis
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was concerned, was the relationship between the

archaeological sites, the changing sea-level and the

development of the coastal foreland. The

geomorphological survey of the area had identified the

main features of landscape development, but lacked the

detail which was necessary for these to be related

directly to the archaeological interpretation. The main
justification for carrying out diatom analysis was to

bridge this gap.

Both the Williamson's Moss and Monk Moors archaeological

occupations made use of natural landscape features, the
channels cut across the till, the form of which changed

through time. At Monk Moors, traces of Mesolithic
settlement occurred on either side of such a channel, and
at Williamson's Moss, a series of substantial timber
structures were built out into a similar channel.

Clearly the nature of those channels must help, in some

way, to explain the concentration of archaeological
remains around them.

The development of the Monk Moors channel as illustrated
by the diatom analysis of the profile suggests that, at

sometime between 6500 and 7000 BP, there was a rise in
sea-level which affected the Monk Moors area. A date of

6750+/-155BP (BM-1216) has been obtained on charcoal from

a hearth at the site (Bonsai 1, 1981), indicating that the
site sustained a Mesolithic occupation at more or less

the same time. After this, although there appear to have

been fluctuations in relative sea-level, the general
trend was a fall in sea-level, demonstrated by the

overall increase in the freshwater and aerophilous

components in the diatom profile. This retreat of

marine/brackish conditions would appear to be associated
with the growth of the innermost series of shingle ridges
in the Eskmeals area, the start of the development of
which has been dated to c. 7000 - 6500 BP, which had the
effect of gradually isolating the area from the sea.
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The same innermost shingle ridge was responsible for the

blocking off of the "infilled channel" at Williamson's
Moss and diatom analysis of minerogenic material from
towards the bottom of the fill already indicates a mainly
freshwater environment by this point, although the small
but significant marine/brackish component suggests close

proximity to the sea. Although the minerogenic material
itself could not be dated, the sedimentation of this part

of the channel must have occurred after the formation of

the shingle ridge (i.e. post-6500 BP) but before the

construction of the timber platform overlying it, dated
to c. 5500 - 6000 BP, and probably also before 6100 BP,
the date on the basal sediments of Williamson's Moss,

which effectively dates the second shingle ridge series.
The diatom evidence suggests that the channel was no

longer a source of running water (either salt or fresh),
but more of a muddy, probably stagnant ditch by the time
of the earliest Williamson's Moss occupation. The dates

for the timber platform, and brushwood and bark covering

it, indicate that it was constructed after the formation
of the intermediate set of shingle ridges at c. 6100 BP,
so providing a stable surface out into this ditch, for
what Bonsai 1 argues was a residential function (Bonsai 1,
et a 7., 1 989).

At this same time, the Williamson's Moss basin itself was

being formed by the growth of the intermediate shingle

ridges. The diatom evidence from the basin shows that,
as the shingle ridges formed, Williamson's Moss became a

tidal lagoon, still subject slightly to the tidal
movement of the sea, but free from regular, large-scale
marine inundation. The marine inundation of a freshwater

lagoon proposed by Huddart et al. ( 1977 ) does not seem to

be represented in the profile analyzed during this

research, but the general picture is the same,, an initial

intermingling of marine and freshwater habitats,
eventually being replaced by a freshwater environment.
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The difference in i nterpretati on is more a matter of

scale than of vastly differing evidence. The nature of

the diatom flora, and of patterns of sediment

accumulation, is such that the apparent contradictions in
the two interpretations can probably be explained as a

function of sampling at two close, but nonetheless

separate, points within the basin.

Stubb Place also conforms to the general pattern of

development of the Eskmeals sites; the gradual

progression from fully marine conditions before the
construction of the innermost shingle ridge, through a

partially marine, probably tidal, lagoon, to a small
freshwater lake forming immediately in the lee of the

shingle ridges. Although I believe that all five sites
demonstrate the same basic marine -> brackish/tidal

lagoon -> freshwater progression, it is manifested

differently at each of the sites. At Monk Moors, for

instance, the area was never fully enclosed by the
innermost series of shingle ridges, so the freshwater
lake of the Williamson's Moss and Stubb Place profiles
has been replaced by the establishment of terrestrial
conditions, immediately superseding the lagoonal phase.

Clearly there is a temporal difference in the sequence at

the different sites. Unfortunately C14 dates are not
available for all the profiles, but a relative chronology
can still be established through the location of the

sites. The key to this must be the development of the

innermost and intermediate series of shingle ridges. For

Stubb Place, the innermost shingle ridges were

responsible for the cessation of marine conditions, as

was also the case for Monk Moors and the infilled

channel. Williamson's Moss, however, was formed by the

development of the intermediate set of shingle ridges,

making it a later feature than the Stubb Place pool.
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From the dating evidence for the formation of the

innermost two sets of shingle ridges and for the

archaeological sites of Monk Moors and Williamson's Moss

it seems that the development of the shingle ridges was

crucial to the establishment of human occupation in the
area. Presumably the development of the ridges would
have afforded some protection from the prevailing winds
and high tides, while at the same time allowing easy

access to the sea. Bonsai 1 et a 7. ( 1989:201 ) have

suggested that the shingle ridges would have brought with
them a supply of pebble flint, the main source of raw

material used in the lithic industries of the area. They
also suggested that the "estuarine" nature of the areas

behind the ridges would have been attractive from an

economic point of view. The dates from both Monk Moors

and Williamson's Moss indicate that there was a move

southwards of settlement in response to the growth of the

shingle ridges. Monk Moors was occupied probably

slightly after the formation of the innermost set of

shingle ridges (6500 - 7000 BP), whereas the first

occupation of Williamson's Moss was not until much later
after the intermediate set had formed (3500 - 4000 BP),

suggesting that the lagoonal conditions were indeed
attractive. As yet there is no firm evidence of an

archaeological occupation at Stubb Place (although a few
lithic artefacts have been recovered from the southern

side of Skelda Hill), but it does not seem unreasonable
to suggest that any such occupation would probably date
to the earlier of these two periods.

By the time of the establishment of the third set of

shingle ridges, c. 3000 BP, both Monk Moors and

Williamson's Moss were occupied, indicating that the

presence of lagoonal or estuarine conditions was no

longer a determining factor in site location, as by this
time both areas would probably have been virtually dry,
or in the case of Williamson's Moss, perhaps a freshwater

pool/small lake in its final stages, which would itself
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have provided a certain range of resources (fish and

waterfowl).

The Eskmeals Profiles in the Regional Landscape

Development Sequence

Unlike palynology, where the placing of a local profile
into a regional sequence can generally be done with
relative ease, diatom analysis records localised events,

making the construction of regional patterns, in terms of

changes in species composition related to environmental

factors, impossible. Although there is no likelihood of

being able to recognise the diatom equivalent of the elm

decline, insomuch as that event is heralded by a

particular suite of taxa, it is possible to use more

generalised patterns of change, not related to changes in
specific species composition, to fit individual profiles
into a regional sequence. This section discusses the

relationship between what has been demonstrated at

Eskmeals and the regional sequence of sea-level changes
in the northwest of England as identified by Tooley, one

of the most prolific writers on the subject (Tooley,

1974, 1976, 1977, 1978, 1982).

Since Tooley began research in the area, there have been
several changes in approach to the study of sea-level

changes. In the 1970s, research throughout the northwest
of England had established a series of 11 marine

transgressions/regressions in the post-glacial period

(Lytham I - X). In general, transgressions are

represented within the 1ithostratigraphy as minerogenic

deposits, mostly clays and silts, whereas regressions are

organic deposits in the form of peats. Examination of
the 1 i thostrati graphy and pollen from a number of sites
on the Cumbrian and Lancashire coasts appeared to show

that the rise in sea-level from 10 000 until 7000 BP was
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fairly rapid, thereafter slowing down considerably and

exhibiting a series of oscillations (Tooley, 1977, 1978).

This approach to changing sea-level, unifying process and

description in one term (i.e. transgression and

regression implies the actual rise and fall of sea-levels
as well as the 1 i thostrati graph i c units in which these

processes are recorded), has been abandoned by Tooley in
favour of terms which are purely descriptive (Tooley,
1982). He has replaced transgression and regression with

"transgressive overlap" and "regressive overlap", by
which he means the boundary between terrestrial and
marine deposits in the former case, and marine and
terrestrial in the latter. This has rendered the Lytham

stages redundant.

The purpose of introducing these terms was to make
correlation between sites more meaningful. Instead of

trying to correlate sites on the grounds of

1ithostratigraphy and altitude as was often the case

previously, Tooley believes it to be more useful to use

just C14 dates on the 1 ithostratigraphic boundaries. By

performing cluster analysis on 85 C1 4 from the northwest

coast of England, he established that there were two

distinct categories, relating to transgressi ve and

regressive overlap phases. In effect, what Tooley has

achieved is the production of dating phases which relate
to the times within which each type of boundary was

formed, as opposed to the earlier notion of dating phases

which related to the entire period of transgressive or

regressive deposition.

Although there is no evidence in any of the Eskmeals
strati graphic profiles for full transgression/regression

sequences per se, at Monk Moors at least, the general

pattern of events, as evidenced by the diatom profile and
the postulated chronology, does seem to suggest that the
variations in environmental conditions recorded there are
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reflecting the patterns that have been recorded more

profoundly elsewhere. In the absence of a date for the

terrestrial/marine contact, if we accept 6500-7000 BP as

the start of the basal marine stage at Monk Moors, this,
in the old scheme, would have correlated fairly well with
the date for the onset of the Lytham IV transgression,
dated to between 6710 and 6157 BP (Huddart et a 7., 1 977 ).
Similar dates have been determined for several other

sites in the northwest of England, which have been

assigned to transgressive overlap phases. For example, a

date of 6850+/- 60 BP (Hv. 6208), has been identified at
Bowness Common. At Crosscanonby also, a similar date has
been obtained for the onset of a marine episode (6819+/-
130 BP (Hv. 6209)). A third date of 6870+/-95 BP (Hv.

5228) identifies this phase at Wedholme Flow.

According to Tooley (Tooley, 1974, 1976, 1977, 1978),
between Lytham IV and the end of Lytham VI (5570-4897

BP), there was a series of fluctuations in relative sea-

level. Although the "Lytham" phasing has been abandoned,

these fluctuations are still recorded in the

transgressive and regressive overlap sequences, and

generally speaking, this pattern is not at all dissimilar
to what is recorded at Monk Moors, the most detailed site
in the Eskmeals series (Table 20):
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Sample Monk Moors Tooley

20-1 7 Ri se Rise (max.)

16-15
14-10

9

Fal1, gradual
Fal1, rapid
Fal1, gradual

Fal 1

8 Ri se Ri se

7-6 Fal 1 Fal 1

5 Slight rise Ri se

4-2 Fal 1 Fal 1

Table 20: Correlation of the Monk Moors Data with
Tooley's Sea-level Curve

The Monk Moors data seems to indicate varying rates in
the fall of sea-level (samples 16-9) after the period of

maximum marine influence, as opposed to Tooley's one,

presumably continuous drop. This discrepancy is most

likely to be an artifact of the sampling strategy adopted
at Monk Moors, in that more detail has been produced than
was produced by Tooley's examinations. It seems most

probable that these progressive changes are, in actual
fact representing the same phenomenon as Tooley's single
fal1 in sea-1evel.

The Eskmeals picture is complicated by the construction
of the shingle ridges as these, in effect, "muffle"
subtle changes in sea-level. Once their development was

underway, and direct marine influence was cut off, only

relatively large scale changes, predominantly rises, in
sea-level are likely to be detected in the diatom record.

Episodes such as the second non-diatomaceous, laminated

part of the Stubb Place profile presumably represents

such an event, although with only "negative" evidence to

go on, caution must be exercised.
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Because of the complex of shingle ridges, which had such
a profound effect on most of the Eskmeals sites, Monk
Moors is probably the only one which can be related to

the regional sequence of sea-level changes, by virtue of
the fact that it was never "sealed" by the shingle

ridges, but in the absence of absolute dating this can

only be considered a tenuous relationship.

lbs Es.kme.ials. Case Studies - Conclusions

The contribution of diatom analysis to the Eskmeals

Project, must be viewed from the standpoint of what has

been learned through it, both in terms of helping to

understand to environment of the area, and also in terms

of how the experience of the Project has shown

shortcomings of the technique.

As far as understanding the evolution of the Eskmeals
area more fully is concerned, diatom analysis can

legitimately be said to have made a significant
contribution. Most of the sites were examined because

other forms of analyses could not provide as much
information as was required, and, in most cases, diatom

analysis was able to provide that further information.
Whereas pollen analysis was able to describe the

environment around a basin such as Williamson's Moss,

diatom analysis has been able to describe the nature of
the basin itself, as well as providing more information
about its environs. Extra detail of that sort allows a

more accurate picture of the landscape to become part of

the archaeological i nterpretation of the area.

Although a number of samples did not provide the kind of

diatom assemblages expected, comparison of these samples
and their locations in the profile with other similar

samples nevertheless allowed some conclusions to be made.
The attribution of non-diatomaceous samples which fall
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between marine and freshwater phases, in whichever order,
to high-energy estuarine environments would not have been

so acceptable if the pattern had not been repeated so

frequently. The experience of the Eskmeals project has
demonstrated that apparently negative evidence can in
itself be useful if treated with care.

The attempt to zone the Monk Moors profile numerically
was not altogether successful, but as mentioned in the
discussion of that case study, the profile was really too
short for such an operation to be meaningful. The

sequences in the other profiles such as Stubb Place and
Williamson's Moss were quite clear as they were and an

attempt to zone them could possibly have hindered their

interpretation. It would seem from these five sites

that, in some cases at least, it would be a mistake to

attempt to apply complicated mathematical or statistcal
techniques to the data obtained. When dealing with
material like that discussed above, the purpose of the

analysis and the degree of precision required of the
results must be borne in mind. For instance, the

application of transfer functions or canonical

correspondence analysis, if these were possible, to the
Williamson's Moss data to establish past pH levels would

lead to no improvement in the results of the analysis for

the interpretation required - it would have very little

bearing on our understanding of the Mesolithic occupation
of Eskmeals. If, on the other hand, the analysis was

concerned with the impact of 20th century farming

practice on the basin, then such a form of analysis would
be very pertinent.

In conclusion, the diatom analysis of material from the

five Eskmeals sites dicussed above has fulfilled the

objectives set out and has enhanced our understanding of
the complex of sites in the Eskmeals area, and viewed in
these terms, it must be considered successful.
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Chapter 7

Case Study - Titchwell

Titchwell, Norfolk .LIE. 75604536).

This site was chosen as a case study primarily because it
was a site about which very little was known. It first
came to light in 1 970 with the discovery of a series of

black, patinated flint artifacts on the beach at

Titchwell. The collection grew over subsequent years,

resulting in a total of over 400 pieces being deposited
in the King's Lynn Museum. Typological1y, the industry

appears to have Late Upper Palaeolithic affinities,

comparable to material from several other sites in the
south east namely Springhead, Avington VI, Riverdale,
Wawcott XII, and, closest geographically to Titchwell,
Sproughton and Swaffam Prior (Barton 1989) (Fig. 16).
These sites have produced very characteristic assemblages

which consist mostly of very refined blades, some of
which are exceptionally long and exhibit heavy edge-

damage or "bruising". Small backed blades as well as

geometric and non-geometric microliths, a more

"Mesolithic" type-fossil, are also common components,

although there are few microburins. These industries

appear to be sufficiently typological1y and

technologically different that is seems unlikely that

they are merely functional variants of the other major
stone tool traditions recognised in Britain. Barton sees

clear mainland European parallels for these assemblages,

likening them to material dated to around the

PI ei stocene/Holocene boundary from northern Germany and
the Somme valley, characteristic of the final Upper

Palaeolithic (Barton^ 1989:270).

Although direct dating evidence for the six sites
mentioned above has not been forthcoming, Barton has
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^19- 16. Distribution of Long Blade Assemblages
(after Barton 1989)
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inferred later Dryas III dates for Avington VI,

Springhead and Sproughton, placing the sites at, in the

region of, 10 000 BP, overlapping with the earliest
British Mesolithic.

The distribution of these characteristic long blade sites
is in itself distinctive: they are open air sites in low-

lying floodplains in areas of flint-bearing Upper

Cretaceous chalk. It is in this respect that Titchwell

differs most from the other sites: Titchwell is coastal

and the artifacts were found in thick deposit of peat.

The distinctive black patination on the Titchwell flints
is typical of that generally acquired through deposition
in or beneath peat. At the time of discovery of the
first few unprovenanced tools, the nearest mapped peat

was a nearby "submerged forest". However, this peat has
been dated to the Atlantic phase, which coincides with
the Neolithic, considerably later than the assumed date
for the Titchwell material ( Lateglacial/early Flandrian).
The area around Titchwell, on the north coast of Norfolk,
was badly affected by the floods of 1953, and so the

assumption was that the deposit which had originally
contained these flints had been eroded away as a direct

consequence of that flooding. This was the generally

accepted view until the spring of 1986, when at an

exceptionally low tide, a 1ocal,fieldwalker, Glen Drowns,

found a natural section exposed on the foreshore (Fig

17). At the contact between the base of Layer 5 and the

underlying glacial till, Layer 6,, he observed that there
was some black patinated flint, deemed to be identical to

that of the long blade industry. This was later
confirmed by the discovery of a flint core in situ.

Although the upper peat (Fig. 17: Layer 1) had always
been recognised, this was the first notification of this
lower peat (Fig. 17: Layer 5), Clearly, the nature of
the deposition of the intervening clay band,
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approximately 80cm thick, between these two peat deposits
was of considerable interest. The question asked was if
this clay had been deposited under marine conditions,

thereby giving some indication of the chronology of the
lower peat deposit. The importance of establishing a

chronology for the site is self-evident. The Titchwell

assemblage is part of a tradition which contains both

Upper Palaeolithic and Mesolithic components, but as yet

there is no evidence to date any of the sites securely.
If an early date can be established, then it could be

argued that the Mesolithic, or at least part of its
lithic tradition, has an earlier date than at present

accepted. If, on the other hand, a later date is

established, then these industries would appear to

demonstrate the survival of an earlier mainland European

tradition into a period generally considered to be

Mesolithic in character.

As the PIeistocene/Holocene boundary is marked by a

general climatic warming, it would be expected that this
event was~ accompanied by detectable environmental

changes. It is for this reason that the nature of the

clay overlying the Lower Peat is so important. If the

clay is a marine deposit, then the peat containing the

flints was probably laid down prior to the maximum
Flandrian marine transgression, giving the material a

likely Lateglacial date. Alternatively, if the clay is
freshwater, then the Lower Peat post-dates the period of
maximum sea-level, giving a rather later date and placing
the site well within the Flandrian, and hence Mesolithic,

period.

With a view to establishing the nature of the clay, the

section was sampled, in May 1986, for radiocarbon dates,

ostracods, pollen, beetles and . foraminifera, and in
December of that year, for diatoms. Access to the site
is severely limited by the tidal nature of the area; the
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section is exposed for c. 1 hour twice a month, making
sampling very difficult. As a consequence of this, the

actual section sampled for diatom analysis lay c.30m

further north than the original section described by
Drowns. The stratigraphy, however, is identical.

General Gomments

A 1m Russian sampler core was taken through the deposits

adjacent to the exposed section, sampling the base of the

Upper Peat, the grey clay and the top of the Lower Peat.
The clay was subsampled throughout its depth (Table 21):

Sample Depth Unit

1 1 6cm
2 26cm
3 36cm

* 4 38cm
* 5 42cm

6 46cm Layer 2.
7 56cm
8 66cm
9 76cm

* 10 78cm
* 1 1 82cm

12 86cm

Table 21: Titchwell Sample Identification

Samples were also taken from both the Upper and the Lower

Peats, but these proved to be devoid of diatoms and are

therefore not included in the sample list or diagram.
For all but two samples (sample 1 - 194, sample 2 - non-

diatomaceous), counts of 200 individuals were realised.
None of the samples exhibited a particularly rich diatom

flora, with only 35 taxa in total being identified.
Preservation on the whole was good, with only a few

fragmented frustules - Pinnularia species mostly, as

would be expected.

The samples marked * were additional samples, examined as

a result of anomalous Magnetic Susceptibility readings
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Taxon

Sample Number

3 4 5 6

Marine

Dipi oneis
didyma 18.5

D. oval is 4.6
D. oval is v.

obiongel1a-
D. bombus
D. incurvata
D. fusca
Nitzschia

punctata
N. navicularis
Caloneis

brevis
Scoliopleura

tumida
Podosira

stel1iger
Navicu1 a

mar i na

Actinop.
undu1atus

Gramm.
oceanica

Surirel1 a

fastuosa
Melosira
sulcata

Nitzschia
acuminata

Melosira
westii

T riceratium
favus

1

3.1 -

2
2

8.7 -

0.5 -

0.5 -

9.2 -

8.2 -

60 73 59.5 69.5 54.5 41
12.5 9.5 10.5 6.5 - 29.5

0.5 0.5 - - 5.5
0.5 4

0.5 3.5 3.0 -

1.5 - 0.5 2.5 -

0.5 0.5 0.5 -

0.5 3 0.5 - 3.5

16.5 5 7.5 7.5 20.5 6.5
6 0.53.5 5.5 2

2

1

1.5

0.5

1

8.5 0.5

0.5

0.5 1

0.5 0.5

5.5 9

0.5 -

Brackish

Navicula
cincta 9.2 -

- - - 3.5 -

Achnanthes
brevipes 0 - - - 0.5 - 0.5

Dipioneis
interrupta 0 - - - 0.5 2.5 1 . 5

Cocc.
scute!1oides 0.5 -

- - - _ 1
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T rachyneis
aspera

Dipioneis
smithii

Nitzschia
1 .5

dubi a 0.5
1 . 5N. sigma

Cocconeis
scutel1um

v. stauron-
eiformis

Cocc. spp
Navicula spp
Diploneis spp
Amphora spp
Scoliopleura

0.5

0.5
9 . 7

8.2
0.5 0.5

spp
Pinnularia

spp

2

2

Table 22: Titchwell Species List

and are discussed separately from the rest of the profile
(see below).

As with the Eskmeals sites, it is the halobian and life-
form spectra that are the most appropriate form of
classification for this material. The samples have been

examined in terms of assemblage rather than in terms of

any specific indicator taxa.

The overall impression of the Titchwell profile is one of

gradual change. At both the top and bottom of the clay

band, there is a significant proportion of

brackish/fresh taxa, but the nature of these two groups

appears to be slightly different. A number of the

brackish-fresh taxa in samples 12 and 9 are classed as

aerophilous, suggesting a terrestrial environment.

However, there is also a distinct marine and marine-
brackish presence, so although the lower peat was not

always submerged, it was probably close enough to the sea

to have been affected by marine conditions. The large

Results
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percentages of these taxa, coupled with their

predominantly benthic nature, suggests that this was

direct contact rather than through any kind of "spray".
As the profile progresses upwards, there is a quite
dramatic change in the halobian balance. The brackish-
fresh taxa drop away from c. 30-35% to only c.5%, whereas
the marine-brackish taxa increase as do the marine.

These taxa remain dominant until sample 3, where there is
another sudden change in the profile. Sample 2 was non-

diatomceous. Sample 1 more or less mirrors sample 8 at

the base of the profile, showing a return to conditions
similar to those at the base of the clay.

This profile seems to demonstrate the shift from a

marine-inf1uenced terrestrial environment, where the peat
was growing, to an aquatic one. The obvious mechanism
for this is a rise in sea-level, although it does not

seem that fully marine conditions were ever achieved at

this point. (At first, the failure of marine taxa to

achieve any kind of dominance, but their constant

presence throughout the profile, was suspected of being
the result of sampling contamination. As mentioned

above, it was an extremely difficult site to sample and
the proximity of the sea could perhaps explain the truely
marine component of the profile. However, this

hypothesis can be discounted as the samples analysed came

from within the body of the core and not from any surface
which was exposed during sampling.) The continued

presence of taxa which prefer water on the fresh side of

brackish might suggest that this area was in fact rather

close to the limit of tidal action, although a good deal
closer than at the beginning and end of the deposition of

this clay. Clearly this clay was deposited at a time
when sea-level was temporarily slightly higher than it
had been.

It was possible to carry out Magentic Susceptibility (MS)

readings on the Titchwell core prior to diatom analysis
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and it seems that there is a major anomaly which

corresponds exactly with sample 2. Two smaller "blips"
on the curve appear at around 40cm and 80cm.

Accordingly, four further samples were taken at these

points (Samples 4 & 5, and 10 & 11). MS does not provide

any specific explanation for these anomalies, but the
curve does reflect certain changes in the diatom profile.

The major anomaly corresponding to sample 2 does seem to

confirm the hypothesis that under certain conditons, non-

diatomaceous samples are the result of major alterations
in the depositional regime, perhaps consistent with
sudden changes in sea-level. The two smaller blips also
seem to correspond to changes in the sedimentation

regime; both pairs of samples seem to indicate a rise in
marine taxa in the lower sample, followed by a sharp drop
in the upper one. Neither sample has any freshwater

component, so the changes in marine totals are mirrored

by the behaviour of the brackish taxa. It seems,

therefore, that these two variations in the MS curves can

be related to short-lived increases in marine influence,
followed by a sudden withdrawal, which takes the level of
marine taxa to its two lowest points in the entire

profi1e.

The species composition of Titchwell is not unlike that
of the lower samples from Monk Moors, but the similarity
is clearer when the halobian categories are compared.

One interesting comparison is the absolute dominance of
all the samples by a single species, in this case

Diploneis didyma (at Monk Moors, Melosira sulcata might
be compared). Again, the reasons for this are not clear,
but it presumably indicates that there is some

unidentified aspect of their respective ecological

requirements/tolerances that suits them particularly at

these two sites.
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Material from both the Upper and Lower Peats at Titchwell
was taken for C14 dating, but as yet the results are

unpublished (J.Wymer pers. comm.), although a date on the
Lower Peat placing it around 8900 BP would be inkeeping
with a palynological assessment of the material as

representing transitional zones V/VI (Hoare and Hunt

1989, unpublished data). Generally speaking, the
Flandrian marine transgression seems to have taken place
rather later in this area than in the rest of England

(Tooley 1978). The nature of the clay, which is clearly

marine, is being taken as representing that transgressive

phase, and is, at present, the best estimate of a

terminus ante quem there is for the Titchwell Lower Peat.

This means that as the Lower Peat pre-dates this event, a

c. 9000 BP date for the lithic material does not seem

unreasonable. This would appear to be in accordance

with, although slightly younger than, the datable
evidence from mainland Europe, giving the flint
assemblage what is probably a conventionally "Mesolithic"
date for the Mesolithic component but a fairly late date
for the Upper Palaeolithic element.

The fact that Titchwell does not seem to fit in with the

other sites of its type in terms of distribution remains

unexplained, but it may have something to do with the

availability of resources other than flint. The presence

of Mesolithic coastal sites is well attested both in

Britain and on the European mainland and it may be that

Titchwell is a representative of this distribution,

perhaps confirming that the apparently Mesolithic nature

of some of the lithic material from such sites indicates

a more generally "Mesolithic" way of life, with the
extensive appropriation of marine resources.
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Chapter 8

Case Study - Soutra Hospital.

Introduction

This case study differs from others in this project in
two respects. Firstly, the whole Soutra Hospital

Archaeoethnopharmacological Research Project (SHARP), as

the name suggests, has rather different aims from most

archaeological projects. The first major difference is
that this project is purely a research project, there is
no "rescue" aspect whatever. Although this has

implications for the funding of the project, more

importantly it has also allowed complete freedom on the

part of the Directors as to the lines of research which

they wish to pursue. The project was established in
1986, by Dr Brian Moffat, along with Gordon Ewart and
Lorna Ewan, with a view primarily to investigating the

practice of medicine at the site during its period of

occupation as an Augustinian monastery and hospital,
through as many of the surviving elements of evidence as

possible. Unlike most archaeological excavations, the

project has no projected completion date, but the
intention is to exhaust all the possible lines of

research. To date, the project has incorporated
historical and archival research, archaeological
excavation as well as a number of innovative and

"standard" analytical techniques, mostly centred on the

analysis of "residues" of infirmary waste.

One of the main foci of interest of the project is the
detection of the remains of medical practice. The

physical dimensions of the settlement at Soutra, coupled
with documentation alluding to the size and evident

importance of the site - it was on the main route

north/south, which was used from the Roman period
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throughout the Middle Ages - suggests that its role as a

hospital was a major one. It seems likely therefore that

there will be some evidence remaining of what went on

there.

Medieval medical practice was relatively wel1-documented
at the time, with the existence of herbals and medical
manuals being fairly commonplace throughout Europe.

However, despite the relative abundance of excavations of
medieval sites, particularly monastic sites which were

often also hostels and hospitals, there is very little

archaeological evidence for medieval medicine. Moffat's

argument is that the evidence is there but is almost

always overlooked during excavation or mi sinterpreted
afterwards. He hopes that by unearthing evidence of
illness and disease, and the methods by which they were

controlled and treated, an insight can be gained not only
into the sophistication of medieval medicine but also

into the concept of "Public Health". The interest this

project has sparked in the medical and pharmacological

professions is perhaps best demonstrated by its continued

funding by various professional bodies as well as

companies interested in the outcome of the research

(SHARP Practice 1 (1986) and 2 (1988)).

The kinds of information that the excavation and analysis
of material from Soutra has produced takes several forms.
For example, pollen analytical evidence of exotic herbs
or spices used in potions and lotions, or the treatment

of parasitic worms, evidenced by the repeated discovery
of whipworm ova in association with the pollen of the

plants which are known to cure the infection. The

establishment of possible methods of disposal for the

waste which would have been produced by a large infirmary
over its 400 year history is also of interest, both for
the idiosyncratic research at Soutra and also for its

implications for the general understanding of public
health problems over that period.
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The hilltop location of Soutra, about 17 miles to the

south west of Edinburgh, at an elevation of c.350m OD, ,

presented a particular problem for waste disposal,
especially of blood from the regular, large-scale blood¬

letting sessions which were certain to have been

undertaken by the entire population of the site. The
waste disposal problem would have been further
exacerbated by the strictures of religious observances.
Moffat argues that blood and other waste must have been

disposed of on the hilltop itself, in pits, ditches and
so on. Geophysical surveys of the hilltop (Fig. 19) have
shown the presence of numerous features of this kind,
some of quite immense dimensions and it is on these

features that most of the fieldwork so far has

concentrated.

Ansilxsis;. No..*. .1 _r Tr.onch V.X..I

The first diatom analysis on the site was on deposits
from Trench VII, a section cut across a wide but fairly
shallow ditch which ran East/West across the site,
parallel with a very substantial stone wall, apparently

enclosing some part of the monastic complex (See Fig.
19A). The excavator of the site, Gordon Ewart has

postulated five phases of activity regarding the wall and

the ditch, and, the following description and section
drawing (Fig. 20) are taken from his publication in SHARP

Practice 2 (1988 ) .

(1) The ditch was formed against the south side of
an earthwork and it was against this bank that the

primary fill (unit 5) formed. He suggests there was a

natural accumulation of "wind blown or water borne",
light fine-grained clayey soil against this bank. This

deposit was not identified by the present writer.
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(2) Against the primary fill, a sandstone revetting
wall was formed, standing no more than 40cm high at its
outer edge (i.e. the edge at the west edge of the ditch),
constructed of large blocks widely spaced and

interspersed with random stonework set into yellow clay.
Ewart sees this as a "rafted" construction, because of

its resting on the artificial surface of the primary

deposit. He also sees a defensive aspect to its mode of
construction.

(3) Unit 4. This Ewart sees as the "post-
demolition" infilling of the ditch; rubble strewn around
as a result of stone-salvaging operations, from the wall
that was known to be still standing in 1784..

(4) Unit 3. This apparently represents a hiatus
between phases of dumping of rubble and general debris
which was the result of the onset of intensive

agriculture in the area earlier in the 20th century.

(5) Ewart is not all clear as to what the 5th phase

actually is, but it would seem to be the agricultural

activity also mentioned under phase 4, ploughing having
led to the sealing of unit 3.

The samples were taken with a view to establishing three

things:

(1) Whether samples from this type of deposit were

likely to contain any diatoms

(2) Whether we can learn anything new from the
diatoms that could not come from e.g. pollen

analysis

(3) Whether we can use the information gleaned from
the diatom analysis to clarify the

archaeological sequence and its interpretation.
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Three samples were taken in 20 x 5 x 2.5cm metal Kubiena
tins from the east face of Trench VII, from the deposits
near the base of the section. From each of the top two

tins, subsamples were taken at arbitrary 9cm intervals
(i.e. 6 in all) and one subsample was taken from the
third tin (Table 23). The sample interval is broad here

partly because of the non-cohesive nature of the deposits
and also because the broad level of interpretation
sought. Unlike the more conventional environmental

analyses carried out on the Eskmeals material, there is
no need to establish the limitations of any particular
stratum as the stratigraphy is being considered in the

archaeological sense, where each stratum is assumed to

represent a single phase in the history of the ditch.

Sample Identification

Sample Unit Depth Tin

1 5 General III

2 5 19-20cm
3 4 8-9cm II
4 3 1 -2cm

5 3 19-20cm
6 3 8-9cm I
7 3 1 -2cm

Table 23: Soutra Trench VII Sample Numbers

General Comments

All samples were prepared according to Method 1 descrued
above. Counts of 200 individuals were carried out for

each level. None of the samples had a very rich diatom
flora; in most cases the counts of 200 took a

considerable time to achieve. Sample 3 (Unit 4) appeared
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to^completely devoid of diatoms. In all the diatomaceous
samples, the preservation of the frustules was good,

although one of the larger individuals, particularly

Pinnularia spp. were fragmentary, a fairly common

occurrence. The good state of preservation suggests that
the deposits are in situ, with little in the way of

reworking or the introduction of al1ochthonous material.
A considerable number of the diatoms were extremely

small, making identification difficult, and in some cases

impossible hence the relatively high number of "unknowns"
in the Species List (Table 24). The presence of such

small individuals is common in non-aquatic assemblages.
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Soutra Trench VII - Species List

Taxon 1
Sample
2. 4

Number
6. ....6. 7

Eutrophic
Nitzchia palea 2
Navicula cincta 2 7 4
N. mutica 4 4 2 3
N. mutica v Cohnii 6 2 1 4 3
Hantzschia amphioxys 2 4 25 20 20
H. amphioxys v.

capitata 14 20 12
Achnanthes Grimmei 2
Stauroneis anceps 1 2

Mass-e u t.n.Q p his.
Gomphonema parvulum 1
G. angustatum 4 1

Mesotrophic
Pinnularia borealis 14 23 16 8 20 20
P. viridis 2
P. viridis v sudetica 6
Eunotia tenel1 a 2 2 8 1 2
Navicula bacillum

v. el 1iptica 3

Ql.igatx.QRhie
Pinnularia intermedia 1 2 14 9 1 3 1 6 14
P. interrutpa 2 7
P. microstauron 4 6 2
Eunotia pectinalis
v. minor f. impressa 3

Dipioneis ovalis 2 1 1 1 2

Gomphonema intricatum
v. pumi11 a 2

Melosira roseana 1

Unknown
Navicula subhamul-
ata v. undulata 18 1 5 20 1 7 4
Nitzschia thermal is

v. minor 1 0
Hantzschia amphioxys

v. maior 4
Eunotia fal1 ax 2

Genus only.
Navicu1 a 26 9 10 14 4 1 2

Gomphonema 3 4 1
Eunotia 2
Cocconeis 2

Table 24: Soutra Trench VII Species Li st
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Results

As can be seen from Fig. 21 there are no striking
stratigraphic changes in the nature of the overall

profile in terms of trophic status, but smaller-scale

patterns can be seen when the species composition is
looked at in detail. As with the Harrison's Field and

Infilled Channel material from the Eskmeals case studies,
the broad sweeping assemblage approach has been relegated
into second place in favour of more species-oriented

approach. Whereas Eskmeals made use of the halobian

spectrum to interpret the profile, the material from
Soutra Trench 7 was more suited to the application of the

trophic spectrum.

Unit 5: Sample 1 & 2

This unit represents the primary infilling of the ditch,
Ewart's phase 2. The overall species composition of the

two samples from this unit is similar; predominantly
aerophilous types, most of which require high levels of
nutrients. Among these aerophilous taxa, there is a

fairly high representati on of taxa that are noted as

thriving in still, even stagnant water. Sample 2 appears

to demonstrate a considerable increase in the nutrient

status of the deposit, a jump to c. 10% eutrophic taxa

(mostly a combination of Hantzschia amphioxys v. capitata
and Navicula cincta) and a similar rise in mesotrophic

types (especially Pinnularia boreal is).

The three taxa mentioned above share an interesting

ecological preference; they tend to indicate organic-rich

conditions, possibly so rich that they may be considered
to be polluted. Given that they are also soi 1-dwel 1 i ng

types, this is often taken to mean that they indicate the

presence of manure or slurry of some sort. Petersen
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( 1935) observed that P.boreal is was often a major

component in the diatom flora of agricultural areas.

Unit 4: Sample 3

This sample was completely devoid of diatoms. There is
no clear explanation for this, but it might indicate that
the same thing has happened in this ditch as Jansma

suggested for Rijswijk, namely that it more or less dried

out, making the maintenance of a diatom flora virtually

impossible. An alternative explanation may be that the

deposit in this part of the fill accumulated very

rapidly, preventing any diatom community from becoming
established on the sediment surface. It may be possible
to separate these two mechanisms on the basis of pollen

analysis, but diatom analysis cannot be any more precise.

Unit 3: Samples 4, 5, 6 & 7

Sample 4 can immediately be seen to be somewhat different
from the other samples in this sequence; the number of

species represented in this sample is higher than for any

other and also meso-eutrophic types make an appearance at

this level. Eutrophic types in this unit do not regain
their former frequency, but overall the nutrient status

remains quite high, with the combined eutrophic and

mesotrophic totals in sample 6 surpassing that of any

other sample. Sample 5 marks the transition from the

relatively strong presence of Hantzschia amphioxys v.

capitata to a marginally stronger Hantzschia amphioxys

presence. Most of the literature classifies these two

types together in terms of ecological requirements, but
the sudden change from dominance by the former to

dominance by the latter demonstrated here seems to

suggest that they are testifying to a subtle change in
the environment which has yet to be properly identified.
The ascription of H. amphioxys to the "eu-terrestrial"
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category (i.e. atmospheric moisture is generally
sufficient to support it), but not H. amphioxys v.

capitata (Petersen, 1935), may possibly mean that this

sample also represents a drier phase in the history of
the ditch.

Summary

The diatom evidence from this profile gives some

indication of the localised environment in the ditch as

each deposit was laid down. In some ways, the profile
was rather disappointing because of the lack of variety
in the nature of the samples. Despite this, I believe
that it is still possible to gain some insight into the
nature of the ditch and perhaps make some suggestions as

to its possible function.

The diatoms of unit 5 give some indication of how wet the
ditch must have been at the time of the primary infill

phase. The high proportion of aerophilous types

indicates that water was lying in the ditch only

periodically. The idea that this was probably standing
water is confirmed by the presence of those taxa which

appear to prefer stagnant, or very slow-flowing, water.

Stagnant water is not normally particularly rich in
nutrients because the lack of movement does not encourage

the input of nutrients from the catchment, nor does it
allow the removal of waste products which inevitably
build up and act as toxins. This may indicate that the
nutrients that are required to produce this particular

type of eutrophic/meso-eutrophic flora are coming from
elsewhere. The presence of diatoms that are most often

encountered in agricultural areas and, in particular, on

manured soils, may indicate that there is input of

organic matter of this kind into this bottom fill of the
ditch.
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Unit 4 seems to indicate a real change in the nature of

the ditch fill. The archaeological interpretation of

this part of the ditch profile seems to bear out the

second explanation for the lack of diatoms suggested

above, namely that the sediment accumulation rate at this

point was rapid.

Unit 3 sees a return to conditions which must have been

roughly similar to those prevalent in unit 5, although
the picture seems to be of generally drier conditions,
the number of "1imnophi1es" dropping and the number of
eu-terrestrial taxa rising. However this cannot be seen

as a dramatic event. As far as nutrient status is

concerned, this is again similar to unit 5. There is
still a significant presence of taxa which appear to

thrive in organic-rich conditions; the degree to which
there has been some organic input may be suggested by the

occurrence of Nitzschia palea, an indicator of organic

pol1ution.

Conclusions

Of the three questions asked of the material from Trench

Vllat Soutra, it seems that diatom analysis can be said to

have answered two, at least in part.

The analysis, of course, demonstrates that diatoms do
survive in deposits of this kind, and that the state of

preservation is generally good enough for confident
identification to be made. So from that point of view,
the analysis of diatoms from ditch-fill sediments can be

said to be successful. The large numbers of very small
diatoms is purely a function of a non-aquatic assemblage,
but is none-the-1 ess a hindrance to the interpretation of
an assemblage such as this. This, coupled with an

annoying lack of ecological information on certain taxa
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has meant that sample 7, for example, has 44% of its

composition unaccounted for.

Although the results from the analysis have not been very

dramatic in terms of stratigraphic variation or clear

patterns within the flora, they have still allowed the

gathering together of various strands of information and

the presentation of an impression of what conditions were

like in that particular ditch; how wet it was and what

kind of material was going into the fill.

In essence, the second of the three questions has also
been answered; diatom analysis of this material has

produced useful information about the ditch-fill,
information that has not been produced by any other form

of analysis used on the site. Although the results do
stand on their own, a fuller understanding of their

significance can be achieved by considering them in

parallel with other forms of analysis.

The problems of the relevance of interpretation become

pertinent at this point, when considering the third

objective. From the information outlined above, it may

be possible to go, cautiously, one step further and

suggest the mechanisms which might have brought about the

incorporation of the material into the ditch. From a

diatomological viewpoint, how much further interpretation
can legitimately go is limited by the richness of the

flora and of the ecological literature. But from an

archaeological stand, the appropriate interpretation
rests on the accepted sequence of events in the infilling
of the ditch. Ewart's interpretation of the ditch

sequence has no artifactual material to back it up, nor

are there any kind of independent dates for the profile.

Therefore, his dating of the sequence must be open to

question. Ewart clearly sees the filling of the ditch as

a naturally occurring series of events over the last few
hundred years, whereas Moffat prefers to see it as a much
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shorter event, possibly with anthropogenic origins.
Although the diatom evidence alone cannot testify to

anthropogenic origins for the material in the ditch, when

used in conjunction with pollen analysis it may be

possible to say more.

The interpretation of the diatom evidence could therefore
take two tacks; a natural fill, accumulating over a long

period, with input from the surrounding agricultural

land, or an anthropogenical1y-induced fill, produced over

a shorter period, with the input of organic waste having
some connection with the monastery and hospital whose

wall the ditch runs parallel with. The diatom evidence
does suggest that unit 3 may well have some connection
with ploughing and agricultural activity, but Ewart's
phasing does not allow for a similar explanation for unit

5, which from all other evidence, seems to have been

deposited at or around the time of construction of the

wall. In the light of the ambiguity surrounding the

interpretation of the phasing, it would be unwise to make
statements about the possible origins of unit 5, although
at the same time it is tempting to suggest that the ditch

may have served, in its earlier phases, as a dump for
some of the infirmary waste that Moffat refers to.

Until the ditch stratigraphy is more secure, either
interpretation has to regarded as valid.

Analysis No., Z - Soak Away Bit

The second batch of material from the Soutra hospital
site comes from what seems at first to be unpromising

territory. Again as a result of geophysical surveys of
the entire Soutra hilltop, what appeared to be a large
circular pit, c. 0.9m in diameter (Fig. 19 B), was

detected lying to the north of the site. Upon excavation
this was interpreted as some sort of "soak away" pit,

presumably acting either as a drain or a dump for
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unwanted material. The most interesting feature of the

pit was the presence of two discrete layers of limestone

cobbles, each approximately 0.2m deep, separated by 0.5m
of a clayey matrix, which appears to relate to three

separate phases of infilling (Fig. 22). As yet the
bottom of the pit has not been reached. The limestone
cobbles covered all of what would have been the exposed
surface of the fill of the pit, a reddish clayey soil,

fairly loosely packed. The cobbles appeared to be

weathered, suggesting that they had lain exposed within
the pit for a period.

Clearly, the function of the pit, especially in the
context of infirmary waste, is of prime importance. The

practice of "liming" charnel pits is well-known and has a

considerable antiquity, the dissolution of the lime

producing calcium hydroxide which acts as a disinfectant.
Moffat proposes that the limestone cobbles in this pit
served the same function. The presence of cobbles rather
than limestone powder might imply that they acted as a

kind of "time-release" disinfectant, rather like the
disinfectant blocks commonly found in lavatories today.

Again, pollen analysis was carried out on the pit fill
and a number of limestone cobbles with the clayey matrix
attached were submitted for diatom analysis. The purpose

of diatom analysis in this case was to determine if it

was, possible to make any kind of statement about the
nature of the fill from the diatom content of the matrix

adhering to the cobbles. As in the first Soutra case-

study, what was being sought was the presence of a

distinctive diatom flora which, through the corroboration
of other evidence, could be said to represent "infirmary
waste".



Fig. 22: Soutra "Soak Away" Schematic Section
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General Comments

The analysis took two forms. Firstly, the matrix

adhering to the cobbles was examined. Secondly, the
three "fills" of matrix below were analyzed separately.

Six limestone cobbles were scraped clean of their matrix
and the material analysed separately using Method 2. All
six yielded some diatoms, although the concentration was

very low. A great deal of the diatoms were in a very

fragmentary condition; this was particularly true of
individuals of the genus Eunotia, where it was impossible
to identify to any lower level. Apart from some

extremely small Navicula species, almost all the valves
were damaged in some way, although identification was

usual 1y possible.

There were so few diatoms in each sample that it would be

pointless to consider them in terms of percentage

frequencies (Table 25). This also means that the

interpretation of the significance of the presence of any

individual taxon is open to question. Accordingly, the

assemblage, such as it is, is discussed in a broad,

generalized manner.

Navicula mutica
Navicula mutica var. nivalis (v. undulatus)
Navicula mutica var. tropica
Navicula cincta
Nitzschia palea
Pinnularia borealis
Hantzschia amphioxys
Diploneis elliptica

Table 25: Taxa represented on "soak away" cobbles

Eunotia species seem to be dominant on all of the

cobbles, although the fragmentary condition of the valves

makes quantification of the assemblage difficult. The
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apparent domination of Eunotia is not altogether

surprising; generally speaking, this genus is inclined to

show a preference for calcium-rich environments, making
the proximity of limestone ideal. Although the presence

of these taxa probably can be attributed directly to the
limestone cobbles and not to any "infirmary waste", it
does indicate that the pit was indeed left exposed after

the deposition of the cobble layer. If the pit had been
filled in straight away, it would be unlikely that the
fill would have had any diatom flora that could be
attributed to anything other than the soil of the

surrounding area. The diatoms of the matrix attached to

the cobbles do constitute a typical soil flora, but with
the presence of Eunotia it seems most likely that they
are the result of pioneer colonies on the cobbles,

accumulating as they lay exposed in the pit.

Although the presence of the limestone cobbles themselves

seems the likely explanation for this particular diatom

flora, when examining the ecological affinities of those

elements of the assemblage which could be accurately

identified, it was noticed that a number of the

represented taxa also have relatively high iron and

calcium requirements, compared with other members of the

genera.

Bearing in mind the "infirmary waste" context of the site
and Moffat's apparent success using tests for "occult"
blood (SHARP Practice 2, 1988), it seemed that it might
be worthwhile to try to establish the amounts (in

milligrams per litre) of iron, calcium, sodium and
chlorine that could be expected in a deposit containing
blood. Perhaps surorisingly, this information was hard
to get, because, by definition, the values of interest
here are the values for whole blood (as opposed to plasma

and red cells separately), which is rarely dealt with in
haematology (Heather Grant, pers. comm.). A further
complication in calculating these values is that the
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concentration of these, as well as other elements, varies

considerably with age, sex and general fitness, and

particularly with conditions such as pregnancy. It was

possible, however, to arrive at a few extrapolated values
to use for the sake of comparison (Tables 26 & 27).

Whole blood = plasma + packed cells (mainly red cells)

Iron (Fe)

Plasma Fe = 0.7 -1.8 mg/1

Fe in circulating red cell mass = c. 2.7g

Red cell volume for adult male (66kg) = 30ml/kg

=> Total = 2640ml = 2.641

=> red cell Fe concentration = 2.7
2 . 64

=> 1023mq/l

Table 26: Iron content of whole blood

As far as calcium, sodium and chlorine are concerned, red

cell values can be considered negligible, but the plasma

values are:

Element Average Value

Calciurn
Sodiurn
Chlorine

100-110mg/l
3180 - 3420mg/l
3600 - 3780mg/l

Table 27: Plasma values for Ca, Na & CI

In the event, the values for iron do not in any way

relate to the desired concentrations for most of the

diatom taxa represented. There is, however, more of an

agreement with the calcium values. Although most of the
taxa have ranges of calcium tolerance far in excess of
the range for blood, the optimum concentrations do match

fairly well (Table 28)
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Taxon Fe Opt. Ca Opt.

E. tenella
P. borealis
N. palea
H. amphioxys

0-5
0-7.5
0-7.5
0-10

0-5
0-7 . 5
0-7 . 5
0-10

0-140
0-420
0-420
0-560

0-140
0-140
0-140
0-140

Table 28: Fe and Ca (in mg/1) tolerances (after
Van der Werff & Huls 1956-74)

Clearly, in the light of the diatom evidence, the case

for the deposits in the pit consisting of, or containing,
blood does not appear to be a very strong one. Even

allowing for a certain amount of leaching through time,
it seems very unlikely that the diatoms present would
have tolerated the concentration of iron, in particular,
that would have been present in the pit if it had been
used for the disposal of blood. Although the calcium
values for blood and for the diatom flora match fairly

well, there is a greater weight of negative or

contradictory evidence.

As a further check on these results, four samples from
the matrix below the limestone were also analyzed, the
thesis being that these would represent more accurately

any flora that could be attributed to the deposition of

"infirmary waste" in the pit, as this material would have

seeped through and been retained within the matrix.

Underlying the cobbles, there are three distinct deposits

(Fig. 22: A, B & C) which appear to be successive infills
of the pit. One sample from A, two from B (the yellow
and grey clay separated) and one from C were analyzed

using method 2. The results were, on the whole,

disappointing: all samples were virtually non-

diatomaceous. Samples A, B (yellow) and C yielded very

few, fragmentary diatoms, all of which were either
Hantzschia spp. or Pinnularia spp. (in each case, there
were occasional complete Pinnularia boreal is valves, the
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only complete specimens). This suggests that the pit
matrix exhibits a typical, although poor, soil flora.
There are none of the Eunotia taxa encountered on the

cobbles themselves, indicating that the calcium of the
limestone is the attraction for these species, rather
than some unidentified anthropogenic deposit within the

pit.

Sample B (brown) yielded a slightly different flora from
the other three samples, with very small Gomphonema

species present as well as similarly small Navicula.
This seems to be the result of the higher organic content

of the-brown material, noted by the general appearance of
the deposit and also by a violent reaction to the
addition of potassium permanganate during preparation.

Again there were very few diatoms, so it would be

inappropriate to attempt to discuss this material in the
context of "infirmary waste".

Analysis No, 3 - lbs Prior's. .Well

The third analysis undertaken on material from Soutra was

from a feature initially located on the geophysical

survey of the hilltop. (As work on this feature did not

begin until late summer 1989, this analysis must be

considered preliminary. As yet there are no plans and

sections of this feature available.) The results of the

survey indicated that this round feature, c. 2m in

diameter, was the wettest and deepest feature of the

Soutra complex. Situated c. 100m to the southeast of the

Aisle, its location corresponded to that of "The Prior's

Well", a feature noted on various drawings and maps of

Soutra hill dating from before the eighteenth century.
All the evidence pointed to the presence of a well at

that spot, and excavation was begun in the summer of
1989.
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It soon became apparent that this round feature was not a

single pit but was in fact part of a complex of at least
two intersecting pits, 2 to 4 metres in diameter, cut

into the very gravelly and impenetrable clay-based
natural of the hilltop. Upon excavation, it was clear
that at least one of these pits was not a well: towards
the bottom of the fill there was a great concentration of

metalworking slag and also pottery, but nothing to
indicate the presence of water at any time.

The second pit was quite different in nature, with a

series of successive infills apparent. Samples were

taken from four layers (yellow clay, purple inclusions
within the yellow clay, "inwashed" material and the basal
red clay) within the pit to establish if any were water-

lain deposits. As with the soak-away, the sample

produced very few diatoms making interpretation limited.
Once again, Pinnularia boreal is appeared to be the major

surviving taxon in all samples, with other Pinnularia

species represented as tiny fragments. It is difficult
to make any i nterpretati on on the basis of such a poor

assemblage, but it appears that the diatoms present

represent a typical soil flora, suggesting that this pit
was unlikely ever to have been a well. The continued

presence of soil diatoms throughout all four levels

perhaps indicates that the fill accumulated naturally

through time, although Moffat sees the stone-free yellow

clay as a deliberate infilling. This clay appears to be
the clay matrix of the natural that has had the gravel

removed, then returned to the pit from which it could

have been removed. Moffat (pers. comm.) suggested that
the clay was put back into the pit to allow the placing
of pipes in the subsoil to act as a kind of syphon

forcing water up and out of the "well". In the absence
of any diatom evidence for this mechanism (the spillage
from such a system would have led to "puddling" of the

clay, which could be expected to have an aquatic flora of
some sort), it is difficult to substantiate Moffat's
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hypothesis and whether the gravel was extracted for

building purposes or to produce stone-free clay is open

to debate.

Again, the evidence from this feature is, in a sense,

negative, but nonetheless has some value. If the pit was

ever used as a well, then an aquatic diatom flora would
be expected at some point in the profile. In this case,

that flora does not appear to exist, but instead there is
a continuous, although poor, soil flora in each of the

four fills sampled. From this, the conclusion can fairly

certainly be drawn that this pit did not serve as a well,
and that another explanation of its function must be

sought.

SQutra Case Stwdies - CQ.oel.ysi.Qns

The work on the Soutra case studies allowed an entirely
different set of ecological criteria to be used than on

any of the other sites. Instead of the halobian spectra,

the eutrophic spectrum was of particular interest on this

site, as well as more specific nutrient

requirements/toleranees.

The results from Trench VII and from the soak away pit
cobbles can be considered encouraging, in that the

samples produced useful assemblages, the i nterpretations
of which made sense in their contexts. The Trench VII

material appears to confirm the Moffat's hypothesis for

the sedimentation of the ditch, although it can neither
confirm or deny Ewart's interpretation - this is clearly
a matter for further discussion on site and possibly
further excavation.

The evidence from the soak away pit, on the other hand,
would appear to debunk Moffat's theory of it having been
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used for the disposal of "infirmary waste". Instead of

confirming the presence of blood or other organic

residues, the diatom evidence seems to suggest that, of

all the possible uses of the pit, the disposal of blood
is probably one of the least likely. The concentrations
of iron that would have been at least temporarily present

in the pit would have been toxic to any potential diatom

flora, at least as far as ecological tolerances are

understood at present.

These case studies serve well to illustrate that, in
certain circumstances, negative evidence can be just as

useful an aid to interpretati on as positive. The

analysis of the soak-away pit matrix and the "well"

deposits have allowed the elimination of two possible
interpretations of the functions of these features. This
in turn allows the application of other techniques which

may be better suited to the production of "positive"
results for this material.

The major drawback of work of this kind, employing
different criteria from the normal run of

palaeoecological investigations, is that the availability
of relevant ecological information is restricted, making
the literature searches even more difficult and time

consuming than normal. This is due mostly to the fact

that, for example, the soi1-dwe11ing diatoms in
particular have been neglected over the years, with most

of the research that has been carried out concentrating
on distribution by general soil type, or on taxonomy,

rather than on more detailed environmental analysis (e.g

Petersen, 1935; Hayek & Hulbary, 1956; Stockner & Benson,

1 967 ). This problem aside, it would seem from the

experience of Soutra that analysis of more typically
"archaeological" material can still provide worthwhile
resu1ts.
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Chapter 9

Problematic Case Studies

As well as the case-studies discussed above in Chapters

6-8, a number of less successful ones were also

undertaken. These samples were selected on the basis of

where the literature suggested diatoms could have been

expected, namely in water-lain deposits of minerogenic

nature, from a variety of contexts. Although the

expected results were not forthcoming, the attempted

analyses are still worthy of mention, in terms of why
results could have been expected and why they were not

achieved.

The primary objective of this research is to assess

diatom analysis as a technique for routine application in

archaeological contexts. It is desirable, therefore, to

examine as large a range of types of material from

archaeological sites as possible, bearing in mind the
constraints of the technique as outlined above. A number

of, in a sense, failed, case studies are discussed below.

Site No. 1 - Eskmeals

As well as the environmental analyses discussed above,
Eskmeals also provided other material for analysis:

(1 ) Feature No 92

(2) Feature No 71

Both of these features were pits cut into the till in the

part of the site that is adjacent to what has been

interpreted as the main occupation area (Fig. 13 A). The

pits were amidst extensive scatters of predominantly
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beach-pebble flint artifacts as well as areas of

charcoal.

These features were considered potentially interesting
for diatom analysis mostly on the grounds of the supposed

ubiquity of diatoms: they appeared to have remained open

after digging, providing a light, wet habitat of the sort

required by diatoms. Both of these pits had a deposit of

clay in the bottom, suggesting that there had been an

accumulation of water in the bottom over a period of

time, so the expectation was that diatoms would be found
within the primary fill of the pits. It was hoped that

by examining the pH and trophic spectra of the profile,
some information could be gathered as to the nature and

possibly the function of the pits, in much the same way

as the material from Trench VII at Soutra was used.

Analysis of the material from these two pits proved to be

disappointing; there were no diatoms in any of the

samples. Given the apparent nature of the infi.ll, this
was surprising and a satisfactory explanation has not
been forthcoming. It is possible that there was some

nutrient deficiency of the water within the pits which

prevented the establishment of a flora, caused most

likely by their cutting into sterile till. However, as

diatoms are often noted as pioneer organisms in
environments which are otherwise hostile, this scenario
is unlikely.

A second possible, but unlikely, explanation is that the

pits were inside some kind of structure and therefore
robbed of the light necessary for diatoms to

photosynthesize. Again, however, there does not appear

to be any archaeological evidence (e.g. stake-holes,

regular arrangements of stones) at present to support

such an hypothesis. Also, diatoms are regularly found in

caves, suggesting that light would have to have been very
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restricted in such a structure to prevent any diatom taxa

from colonizing.

Another explanation, and in this case, the most

plausible, may be that the pits were frequently disturbed
during their existence, perhaps being scraped out from
time to time, thereby removing any diatoms that had
colonized the fill. There does not appear to be any

archaeological evidence for this kind of activity, but as

often holds true in archaeology, absence of evidence is
not necessarily evidence of absence.

Clearly, as the material from Soutra demonstrates, pits
and ditches can, at least under some circumstances,

provide useful positive information. In the case of
Features 92 and 71, if any information can be gained, it
can only be on the grounds of negative evidence, the
treatment of which requires considerably more caution
than positive evidence, and in this case, has not

provided a satisfactory answer.

Site No. 2 - Machrie Moor, Isle of Arran (Strathclyde)

Machrie Moor, lying on the west side of the Isle of

Arran, has long been recognised as an important

archaeological area. The main interest, has centred on

the famous standing stones and stone circles of the area,

excavated by Aubrey Burl throughout the 1960s and 70s.

In the summer of 1987, the Scottish Central Excavation
Unit were asked to carry out an excavation on the moor in
advance of ploughing. Again, this excavation was

focussed on a stone circle on the moor. The feature of

this excavation that is of interest here is the discovery
of "ardmarks" on the subsoil underlying the stones of the
ci rcle.
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Diatom analysis of the fill of ardmarks does not in
itself seem particularly inspiring, but it was undertaken
in the light of the results of pollen analysis on the

material. Pollen analysis, undertaken by Brian Moffat,
showed what appeared to be the presence of "maritime"

plant species within the fill of the ardmarks. Although
the site is only seven miles from the sea, and although
it has been demonstrated that pollen can be carried on

the wind or in spray over distances of that order (Moffat

pers. comm.), the concentration of these maritime taxa is
such that this explanation did not seem adequate. Moffat

required some other kind of evidence to explain and/or
corroborate his findings, his proposition being that the

pollen may indicate the fertilization of land with

seaweed, a practice common and widespread in coastal and

some inland areas of England, Scotland and Ireland, from

antiquity until recently.

Samples from the ardmarks were submitted for diatom

. analysis on the basis of seaweeds often having their own

epiphytic diatom flora, which theoretically should remain
in situ long after the decay of the seaweed itself. This

analysis, then, was expected to make use of the halobian

spectrum, the detection of significant numbers of marine

epiphytes indicating the importation of marine vegetation
in the form of seaweed. Unfortunately, the samples
failed to produce any diatoms, which again leaves the

problem of "negative" evidence.

The most obvious explanation is, of course, that Moffat's
maritime taxa are truly erratic and were the result of,
for example, freak weather conditions or perhaps

transportation by animals or birds. However, the absence

of diatoms is not in itself conclusive proof that seaweed

was not being used as a fertilizer. The presence of
diatoms would depend on what types of seaweed were being

used, because although many seaweeds do have their own

epiphytic floras, these tend to be those more common in
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the open sea and therefore, presumably not the ones most

likely to have been used in agriculture. Even if there
had been diatoms there initially, the continued

agricultural activity in the area may easily have
resulted in their erosion and redeposition away from the

ardmarks.

It had been hoped that this analysis would serve as a

further illustration of the complementarity of diatom

analysis with other forms of analysis. However, as it
turned out, it could neither confirm or deny the original

interpretation and even negative evidence could not be
used constructively in this case. With the benefit of

hind-sight, this particular analysis was perhaps the most

unlikely to produce satisfactory results, given the
number of variables to be taken into consideration.

However, a comparative analysis of contemporary material
from one of the few areas where seaweed is still used in

agriculture may, at some time, be worth pursuing and may

help reduce the number of unknowns.

Site No. 3 - CI acton Beach

As a result of the Titchwell analysis, a number of

samples (50 in all) were submitted for diatom analysis by
Essex County Council in 1987. These samples had come

from a profile at Clacton Beach, c. 7 miles southeast of

Colchester. The brief was much the same as that for

Titchwell, namely to identify marine phases in the

depostional sequence. With the exception of what have
been interpreted above as "estuarine" phases, all the
coastal material examined in this project has produced

fairly rich diatom assemblages and so no problems were

anticipated in the analysis of this material. Due to the
number of samples to be examined, the same. approach as

that used at Monk Moors was taken, and initially 12

samples were prepared from throughout the profile. The
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sedimentology of the site was predominantly minerogenic,
a mixture of clays, silts and sands.

Again, there is no clear explanation for the total
absence of diatoms. One possible cause might be the

extremely coarse nature of most of the sediments, with

virtually all deposits having a fairly high sand content.

The depth of deposit indicates rapid sedimentation in a

high-energy environment, and this coupled with the high
sand content may possibly have led to the destruction of

any diatoms that were originally present in the area.

These three case studies illustrate how apparently random
the occurrence of d.iatoms in samples is. In all cases,

the type of deposit examined was similar to material
which provided positive results on other sites. This

suggests that there are more factors affecting
distribution and preservation than the literature

indicates, and that it is something that would benefit
from further research.

The lack of diatoms on a number of sites and the lack of

a clear explanation for this are major drawbacks for the

archaeological application of diatom analysis, and until
a systematic study of the controlling factors for (a)

original deposition and (b) preservation are carried out,

this will remain a problem.
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Section 3



Chapter 10

The Diatom Analysis of Ceramic Material

The Backgrnund

Although the emphasis in diatom analysis has generally
been on environmental reconstruction, in recent years

there have been several papers the aim of which has been
to give some indication of the usefulness of diatom
studies in provenahcing pottery from the diatom content

of the ceramic material. The thesis is that, by

analyzing the diatom content of both clays and ceramic

material, it should be possible to match finished pots

with their clay source. The implication is that all

clays have a distinct diatom flora that allows their
identification and, once the source has been identified,
it should be possible to make statements about the

movement of clays and/or pots from the original source.

In other words, it is hoped that diatom analysis is
another form analysis that will provide an insight into
trade or exchange patterns and the movement of goods in

general.

Research into this potential application of diatom

analysis began in the late 1970s with the work of Jansma

(Jansma, 1977) and has been continued more recently by
Gibson (1983, 1984, 1986), Alhonen and Matiskainen (1980,

1984), Alhonen, Kokken, Matiskainen and Vuorinen (1980),
Alhonen and Vakevainen (1981), as well as further papers

from Jansma in 1981 and 1984. Although many of these
studies have proven interesting, they are very much

exploratory, and as yet none has given any systematic
consideration of the problem. However, as Jansma (1977)

points out, this form of analysis, in common with all

others, has some intrinsic problems. These he lists as:
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(1) riot all clays contain diatoms

(2) the frustules of some types of diatoms,

notably brackish water varieties, are

considerably more robust than others so

preservation will always be differential

(3) the sediments into which diatoms are

incorporated after death may be subject
to transportation and so by the time a clay
is used in pottery manufacture it may

already contain frustules that originated in
a number of different places, under

different environmental conditions

(4) large areas may have clays deposited under
the same conditions that have identical

diatom contents and so individual sources

cannot be determined

(5) firing may have destroyed or significantly
altered the diatom profile

(6) it is an extremely time-consuming form of

analysis which means that it will only be

possible to examine a small number of sherds

from what in many cases would be a very

large assemblage of several thousands of

sherds

Undaunted by these problems, the authors cited above have

attempted to use the technique to source potting clays in
The Netherlands, Britain and in Finland, with varying

degrees of success.
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Jansma's Contribution

The general approach has been to attempt to "fingerprint"
the clays and the pottery by comparing the diatom

profiles of the two. His first attempt at analysing
ceramic material was in 1969 when he examined a few

sherds of VIaardingen and Bell Beaker material as well as

an unidentified amphora from the site of Vlaardingen.
There are few details in the paper, but he claims that
both the Vlarrdingen and Bell Beaker sherds were of local
manufacture because the profiles contain similar taxa to

those of the environmental samples he analyzed; these

appear to be predominantly fresh and marine. The amphora

apparently was made of clay from a marine source, based
on the evidence of three broken frustules of Aulacodisous

argus. However, having said this, he goes on to conclude
that this could be the same source as for the Vlaardingen
and Bell Beaker material. In the absence of a species
list and/or diagram for this analysis, it is difficult to

establish the full picture.

Jansma's 1977 paper examines four different analyses; (1)
analysis of material from a number of Neolithic sites,
(2) a comparison of pots from Vlaardingen with material
from an on-site section, (3) a comparison of coastal and

inland material from the Iron Age sites of Middelstum-

Boerdamsterweg and Hijkerveld and (4) the composition of

Kugeltopfe vessels from Medemblik. In his report on the

analysis of the Neolithic material, his basic premise is
that the material from sites on Pleistocene deposits was

manufactured from local boulder clay which has no diatom
content. Conversely, sites on Holocene deposits produce

material that exhibit diatom profiles. However, his

analysis of some sherds from the "Holocene" sites of

Zandwerven, Ootswoud and Leidschendam do not have any

diatom content, suggesting that this premise is an

oversimplification. This absence, he suggests, may be
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explained as the importation of pottery and/or clay to

the former two sites and in the case of the third site,
its relationship to a marine inlet. The second case-

study, in which sherds were compared with material from a

section cut on site produced results which Jansma has
described as "a classic example of what may be achieved

by diatom analysis under favourable circumstances" (op.
cit. p.82). The sherds analysed produced profiles that

corresponded to the material that would have been
available on site at the time of their manufacture, as

illustrated in an exposed section. The earlier

Vlaardingen sherds produced profiles related to the

infill of a (brackish to fresh) creek passing the site at

that phase of occupation whereas the profiles of the

later Bell Beaker sherds could be compared with (marine
to brackish) flood deposits produced by that same creek
at or prior to that period of occupation. Results of

this kind would appear to prove almost conclusively that
both types of ceramics represented were manufactured on

si te.

The third case study is similar to the second, only this
time the two sources examined are a creek section exposed

on site and an old habitation surface within the site.

The diatom profiles of the two sources are not totally

different, with a brackish-fresh environment indicated in
both cases. There is a strong marine element in both

profiles with Cymatosira belgica and Melosira sulcata

contributing substantially to the overall total. However

as one would expect, the habitation surface lacks certain
taxa that are elements of the creek's indigenous
vegetation eg. Surirella oval is, Gyrosigma spencerii,
Navicula mutica, Nitzschia frustulum and N. sigma. Very
few pottery samples were analysed from this site but two

of the three sherds produced profiles that can be

compared to that of the creek. These profiles are not an

exact match, although it may be argued that the overall

pattern is the same. There are, however, three features
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that do stand out as being quite different. Firstly, the
diminution in the percentage of Raphoneis surirella,
which Jansma lists as being a robust type, likely to

withstand considerable amounts of rough treatment. This

species has diminished from a position of relative

importance in the creek profile to virtually nothing more

than trace status in both the sherds. The second feature

is the apparent growth in numbers of Podosira stel1iger
in one of the pot sherds. This is a marine species and
so perhaps suggests the addition of some material of
marine origin that is not present in the creek profile.
The second sherd exhibits substantial growth in the
number of Navicula cincta but a decrease in the

proportion of incomplete individuals from that found in
either of the natural profiles. These features may be of

little significance but the writer feels that whereas the

fall in numbers of a particular taxon in the transition
from a sediment to a finished pot is to be expected, the
substantial increase in numbers of certain types of taxa

perhaps begs further explanation.

In the fourth case-study, both Bronze Age and Medieval
material is examined from a site on the shore of

former Lake Wervershoof. In the case of the Bronze Age

material, there are appears to be a fairly good
correlation between the diatom content of the pots and

that of a "kiek-clay" exposed in a section on the site.
These clays are often the subject of secondary deposition
and accordingly it is difficult to determine the true
nature of the original flora. The overall picture is one

of a marine-brackish environment, with taxa of

exclusively fresh water preference being virtually
absent. However, it seems likely that the pottery on the
site was manufactured from superficial exposures of clays

of this type. There is no significant difference in the
diatom content of the two phases of pottery type analyzed
or between the various rim types. The medieval material,
however produced a different picture. In the single
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Kugeltopf sherd analysed, marine, marine-brackish and
bracki sh-mar i ne types are all but absent and the
brackish-fresh and fresh-brackish taxa comprise

predominantly complete individuals. No source for this
material was found on or near the site but it was

possible to establish some information about the probable
environment in which the original clay was laid down.
Jansma points to the presence of Rhoicosphenia curvata

(an indicator of running water in more or less alkaline

conditions), in some concentration, as evidence that the
source of the clay might have been a stream of brackish
to fresh character. Six Kugeltopfe sherds from Dorestad
were analysed for comparative purposes. These sherds had

grit, grog or shell tempers. Although only two sherds

produced sufficient counts for convincing spectra to be

drawn up, the others did produce some information. The

sherds with either grog or shell temper showed slight

signs of marine influence in the diatom content, but in
all cases this was so slight that suggestions of a marine
source for the clay would be inappropriate. Jansma

considers it much more likely that it represents

contamination of the clay by the shell and grog

incorporated within it. The grit-tempered sherds
contained virtually only fresh-brackish to fresh taxa.

The overall conclusion Jansma comes to on the grounds of

the evidence from these two sites is that the Kugeltopfe

vessels are probably locally manufactured.

Essentially, Jansma's 1981 paper is a reworking of the
material in the 1977 publication, but in this he

formulates his criteria for correlation in rather more

detail. In order that a connection can be seen between a

sherd and a clay, three conditions must be fulfilled,

namely:

(1) the diatom content of the pottery and
the clay must be the same (by which the

implication is "identical")
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(2) the relative proportions of the various
taxa must be the same in both

(3) the proportions of broken to complete
individuals must also be the same

If, he argues, any one of these criteria cannot be met,
then the conclusion must be drawn that the clay used in
the manufacture of the pot must have come from elsewhere,

implying that the pottery has been imported. This
particular paper also discusses the evidence from the

Anglo-Saxon site of Mucking, Essex, where four sherds
from the Post-Roman and Early Saxon (5th century) periods
were examined. In three of the four, only 6 diatoms were

noted and in the fourth the fragments were so small as to

be unidentifiable. Despite these low counts, Jansma

identifies the sort of environments from which the clays
were likely to have come. For one sherd, for example,

containing only six diatoms, he postulates a

"predominantly fresh and possibly even stagnant water"

origin for the clay (Jansma, 1981:159), although he also

observes that these same six (unnamed) diatoms also have

a wide range of salt tolerances. Another sherd had only
one recognisable diatom fragment, a Pinnularia species,
and on the grounds of this, Jansma suggests a freshwater
cl ay.

Jansma's 1982 paper examines material from a Neolithic
and an Iron Age site in Holland. The pottery came from
the sites of Aartswoud, a Late Neolithic Protruded Foot

Beaker (PFB) site dating from c.2200 BC and Hooidonkse
Akkers an Iron Age site dating from C.550-250BC. These

sites were chosen because of their locations; Aartswoud

is coastal whereas Hooidonkse Akkers is inland, in south¬
east Noord-Brabant, the premise being that the clay used
on the coastal site should exhibit a marine diatom

content whereas the inland site pottery should be made
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from freshwater clays, assuming, of course, local
manufacture. The data from each of the sites was treated

in different ways. The Aartswoud material was analysed

using a quantitative count, ie. a count of 400
individuals was carried out and the results, expressed in
terms of a Marine:Brackish:Fresh ratio, were given as a

percentage of the total number of individuals. The
Hooidonkse material on the other hand was treated using a

qualitative count. This means that the M:B:F ratio is

expressed in terms of the number of species rather than
in number of individuals. The qualitative method is
described by Jansma in his 1977 paper as being the "old"
method but is by far the quicker of the two and provides
a generalised pattern of the make-up of a clay rather
than the specific "fingei—printing" of the first method.

In both cases, Jansma was able to divide his sample into
two groups. Of the ten sherds examined from Aarswoud,
nine proved to contain a minimum of 50% marine taxa

(mostly Cymatosira belgica Grun.r Melosira sulcata

(Ehrenb) Kutz., and Rhaphoneis surirella (Ehrenb) Grun.).
The one sherd that produced a markedly different profile
was from a Zig-Zag beaker, a type considered to form a

separate group within the PFB tradition. The dominant

types found in this sherd were species of Eunotia and

Tabellaria, both freshwater genera. Nine sherds from

Hooidonkse were analysed and these too fell into two

groups of five and four sherds each. Group A, the larger
of the two groups contained sherds with 50% or more

freshwater taxa, mostly Fragilaria construens and

Gonphonema angustatum. Group B comprised sherds which
had 50-60% marine taxa (Melosira sulcata, M. westii,
Podosira stelliger, Rhaphoneis amphiceros, R. surirella).
On the grounds of these groupings, Jansma felt it was

possible to draw some conclusions about the origins of

the clays used to make these particular pots. The

absence of freshwater clays at Aartswoud and the

predominance of sherds with marine diatoms suggests that
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the pots were made from local marine clays with the one

different sherd (typological1y different, as well as in
terms of the diatom content) being imported. At

in
Hooidonkse the grouping is explained thus; A Group A the
presence of some marine taxa in what is otherwise a

freshwater assemblage is due to the addition of small
amounts of grit from pottery that was originally

tempered with sea-shell, but it seems that it is a

locally-manufactured type; Group B consists of imported

types with the small percentages of freshwater taxa being
due to water from the rivers Meuse and Rhine being

brought to the coast and incorporated into the clay.

Gi bson' s, Contributi on

Gibson (1983a, 1983b, 1986), basing his research on

Jansma's methods, has also produced results from his work
in the Milfield Basin, Northumber1 and, but at present

they are based on negative evidence as much as on

positive. This area was selected because of the

proximity of several possible clay sources to a number of
excavated Neolithic and Bronze Age sites. Five Food

Vessels, eight Grimston ware, three Peterborough ware,

two Grooved Ware, eight undecorated Bronze Age sherds and

six undecorated sherds from the secondary silting of the

ditch of a henge monument, .from a total of nine sites,
were analysed in conjunction with eleven potential

potting clays. The clays could be divided into lake bed

(5 samples), alluvial (3 samples), glacial (2 samples)
and a single temporary clay, subject to river

transportation. The diatom content of the clays could be

grouped into four general categories: (I) absent/rare,

(II) very fragmentary,(111) good presence and (IV) a

super-abundance of Cylcotel la meneghiniana. Gibson has
correlated these four profiles with the four clay types

examined; (I) as lake bed, (II) as alluvial, (III)

temporary/si 1ty clay and (IV) as glacial/boulder clay,
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respectively. From his analysis of the pots, those that

give any positive results fall into four groups which can

be related, at least loosely, to the four clay types

listed above. So, although the absence of diatoms in a

sherd would suggest a lake bed clay, this would seem

unlikely to be an accurate assessment as these lake bed

clays do not make very good potting clays without the
addition of silt as a filler. The continued absence of

diatoms after the assumed addition of a filler has been

explained as the addition of a non-diatomaceous filler
of some sort, as yet unidentified.

These clays were presumably the subject of small

deposits, the presence of good diatom counts has been .

explained by the use of these clays as fillers or even

extenders for poorer clays. The fourth pot profile is
described as having a "possible presence" of diatoms,

tentatively identified as C. meneghiniana and therefore

ascribed to a glacial clay. As Gibson admits, "never has
so much been made from so little" (Gibson, 1983a:41) as

positive results were few and the pot profiles tend not

to tie in very convincingly with the clay profiles,

although as Gibson has demonstrated it is possible to

make something of the results so long as it is accepted
that the approach is not too rigorously scientific.

lbs. ProblemsPosed by Jansma's and Gibson's Work

All of the papers cited above have produced results of

sorts, but at the same time they also raise serious

methodological problems which in some cases are mentioned
in passing by the authors, but by and large are ignored.

Taking Jansma's criteria for correlating clays and pots

firstly; these fail to take into account at least two

potentially important factors. Firstly, as Jansma

demonstrates, the unexpected occurrence of some marine or
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marine-brackish diatoms in the fabric of three sherds

from Medemblik may be attributed to the fact that two of

the sherds were shell tempered and the third grog

tempered (i.e. it contained temper made from the crushing
of other potsherds). This is in effect an admission of

the likelihood of, and the ease of, contamination of the

original diatom profile by introduced material. There

appears to be no reason why water, a diatomaceous filler
or even contamination from the ground or wherever the

clay was worked, could not similarly affect the profile,

making Jansma's first criterion virtually impossible to

meet. Problems also arise with the second and third

criteria. As Gibson points out in his 1986 paper, the
distribution of diatoms within a clay appears to be
differential within the deposit and this would also seem

to be the case for a pot sherd. It has been noted

before, in limnological studies, that sampling even the

same place twice can produce different results (for

example Bradbury's 1975 examination of material from

Pickerel Lake in Minnesota failed to find the majority of
taxa reported by Haworth three years previously

(Bradbury, 1975; Haworth, 1972)). Clearly, differential
distribution can be problematic and on the basis of this,
it would be very difficult to produce samples of clays
and pots which would produce matching profiles. Gibson's
solution to this has been to look for overall

similarities rather than to attempt to "fingerprint"
either a clay or a pot. In effect, he is doing the same

as Jansma did with his "qualitative" counting. (This is

probably what Jansma means when he says the two profiles
must be the same, but this is not clear). Jansma's third

condition, that the ratio of broken to complete
individuals (supposedly irrespective of species) should
be similar in both sherd and clay is one which he himself
contradicts in his treatment of the material from

Middelstum. Here there seems to ,be a lack of consistency
in the application of these criteria for defining
al1ochthonous (i.e. high proportion of incomplete
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frustules) and autochthonous (high proportion of complete

individuals) material, and how this affects his

interpretation of the results. For most of his samples,
this distinction holds true, but in the case of the

pottery from Middelstum (an Iron Age site) his argument

in favour of local clay exploitation rests on the

particular types of diatoms which are broken. The point
he is trying to make here is that the complete frustules

belong to more robust taxa and so have less environmental

significance in terms of locating their origins than
would the presence of complete less robust diatoms.
Given that from an environmental point of view this is

justified, then the same principle could be applied to

the other analyses undertaken, but this has not been
considered. We are left with a situation where it would

be extremely difficult for the three original conditions
to be met as the instigator of these conditions himself
has demonstrated through his own work. However, by

stating them in the first place, he has made us more

aware of the pitfalls of analysis of this type.

As well as the almost theoretical problems presented by
Jansma's work, there are practical problems that may

affect the viability of the technique. Firstly, the

preparation of the samples for analysis can be

problematic. In all the case studies described above,

the initial sample preparation involved the crushing of
the sherds to a fairly fine state in order to speed up

the chemical-based preparation. Recent work by Hakansson
and Hulthen (1986) has shown that the way in which

samples are handled can make a considerable difference to

quality of the diatoms in the residue. Through

experimental work they have shown that crushing in a

mortar and pestle can inflict a degree of damage that

prevents identification even as far as genus in the most
severe cases. They have also demonstrated that thin-

sectioning of sherds for examination, a standard
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procedure in ceramic analysis, can cut through diatom
frustules thus making identification difficult if not

impossible. This suggests that any physical breaking of

the pottery fabric must be done with care if the diatom

assemblage is not to suffer irreparable damage. This
would obviously pose further problems for the successful
fulfilment of Jansma's third criterion.

Another problem that cannot be ruled out is the

possibility of contamination of the samples in the

laboratory through equipment that is less than adequately
clean or through unsatisfactory sub-sampling of the clays
(less likely with the pottery). Gibson admits that some

of his more unusual results may have been caused either

by his use of a screw auger for sampling the clays, a

device intended more for facilitating rough stratigraphic

descriptions than for taking samples and therefore not

designed to minimise contamination from adjacent

sediments, or by contamination in the laboratory. The

particular example he cites is the unexplained presence

of seven diatom fragments in one sample of the so-called
"non-diatomaceous" lake bed clay. Unfortunately, there
is no easy way of distinguishing between the two types of

contamination, if, indeed, that is what it is.

Gibson highlights the problem of differential
distribution of diatoms within a sediment by showing that

four samples taken at different depths at the same

location have quite different diatom profiles. This

obviously poses problems for sampling the clays and may

also throw into doubt the idea of a single sample from a

single sherd being sufficient to identify a complete pot.

Extensive sampling is in effect the only way to overcome

this, but the input required in terms of time and effort

would preclude such a strategy.

The second point that merits further investigation is
that of the preservation of frustules through the
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manufacturing and firing processes. In the light of the
work of Hakansson and Hal then, there may be some reason

for investigating the possibility that there is some

degree of differential preservation of the diatom
frustule 'as a result of the working of the clay prior to

firing. As has often been noted, long diatoms such as

Synedra ulna are prone to breakage and so could be badly

damaged, to the point of being unrecognisable, as a

result of the battering that a clay takes in the

manufacturing process. Conversely, there are

particularly robust types that may be over-represented in
the final profile because they have not been damaged or

destroyed. Firing temperature .is another factor that
seems likely to affect the overall final composition of
the profile. Again, presumably , it is the less well-
si licified that are most likely to be affected in this

way. The estimates of the maximum temperature to which at
least some diatoms survive vary by as much as 200 C

Gibson suggests 800°C although there is some suggestion
that diatoms have been found in Dutch medieval pottery
fired to temperatures in excess of 1000 C. So far,

however, there has been no wel1-monitored experimental
work to establish the extent to which these factors

affect the precison of the technique. The only way to

assess whether or not these factors make a substantial

difference to the kind of results achieved is by a series
of experimental studies aimed at testing the
effectiveness of the technique after various processes

and firing temperatures.

Given that there are potentially so many practical

problems with the method, it is perhaps hardly surprising
that the results are treated with a greater degree of

subjectivity than might be expected from a "scientific"

analysis. In most of the cases cited above, the diatom
count was so low that, if used for environmental

reconstruction, those samples would have to be totally
discounted. Despite the paucity of information provided



271

by these counts, both Jansma and Gibson appear to be
satisfied that they have enough evidence to produce
correlations between pots and clays. The evidence for
the identification of clay sources as presented by the
material from Mucking, Essex (Jansma, 1981) is so slight
that it might be argued that it scarcely merits a mention
at all. Both Jansma and Gibson have met with some degree

of success in their work but one cannot help but feel

that there are so many possible sources of error that it
is perhaps running before learning to walk to start

matching clays and pots without first exploring the
nature and extent of the problems.

A Dif.fets.oJt. Approach - ihe Einn.is.ta .Qootrihution

To some extent these problems have been overcome by

taking an entirely different approach to the problem of

provenancing of pottery through diatom analysis such as

has been taken" by the Finnish workers. A much wider
environmental approach has been adopted whereby the

sedimentary environment of the most likely clay sources

has been established and a number of indicator species
from each identified. In their 1984 paper Matiskainen
and Alhonen have identified four sedimentary environments
which they deem important, each of which relates to a

stage in the development of the Baltic Sea. For each of

these stages (Yoldia, Ancylus, Mastogloia and Littorina)
a particular suite of indicator species has been

identified. The appearance of some or all of these

species in a pot sherd is taken to indicate the

utilization of a clay dating to that particular phase in
the development of the Baltic. This was possible

because of the geological history of Finland; not all

parts of the country as we know it now were in existence

(ie above sea-level) throughout the whole of the

developmental sequence, the significance of this being
that the appearance of clays of a particular age within a
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given context may indicate either the importation or

local availability of the raw material. A total of 37

samples were examined in the course of their study, the

majority coming from just two sites and the remainder

being single samples from 7 other sites. The two sites
studied were Saltvik in the Aland Islands and Kymi in
south east Finland, both dating from the sub-Neolithic

period (6400-4000bp). At Saltvik, the pottery is coil-

built, comb-decorated ware, tempered either with sand or

organic material, although in rare cases, asbestos fibre
had also been used. There were two potential clay

sources; varved clays or the Baltic Sea sequence clays.
Diatom analysis has shown that the Baltic sequence clays

were the source used in this assemblage. The

predominantly freshwater diatom assemblage, exhibiting
the correct indicator species, points to clays of the

Ancylus phase as the source. As the Aland archipelago
did not emerge fully until the Littorina phase, Ancylus
sediments are accordingly rare in the area. The

implication of this is that the clay and/or pots would

have to have been imported from elsewhere, where Ancylus

deposits are more readily available. One sherd appears

to have the standard Ancylus profile but with addition of
small lake species suggesting that that particular vessel

was made from Ancylus clay mixed with lake muds,

presumably to improve the working quality of the clay.

The picture presented at Kymi is somewhat different.
Samples were chosen from within the various stylistic

groups represented at the site. Three sorts of profiles
were identified; Ancylus, probably Yoldia and a marine

profile. There was a close correspondance between the

style of pot and the diatom content, suggesting that
different sources were in use at different times

throughout the occupation, as dictated by the stylisitic
tradition in operation.

The approach taken by Matiskainen and Alhonen is probably
more useful than that of the other workers in this field
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because there has been no attempt to actually source the

clays used but instead to determine in-site variability
and/or importation of material. This broad environmental

approach is possible in Finland because of the nature of
the country's development, but obviously is not a line of

enquiry that could be applied everywhere. However, it

may point the way ahead with a shift from the more

detailed fingerprinting processes attempted by Gibson and
Jansma towards the more general information that the

technique of diatom analysis is capable of affording.

The Next. Step

When the processes involved in the manufacture of ceramic
material are examined closely, it becomes apparent that
there are a number of variables that could affect the

nature of the finished pot - type of clay, additions of
fillers and tempers, form of construction, time and

temperature of firing. When the number of possible

options within each of these categories is considered,
the result is an almost infinite number of combinations.

Clearly, there is no way to test for the effect of these
on the diatom profile of the finished pot, but, in the

light of the work of Gibson, Jansma and Hakansson and

Hulthen, it appears that there are two main areas that
would benefit from a detailed and systematic study.
These are:

(1) the preservation of the diatom frustule

through the various processes that go into

pottery manufacture

(2) the preservation of the original diatom

profile of the clay after the addition of
fillers, water etc.
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It was decided that testing these would be a more

valuable contribution than undertaking further case

studies in provenancing ceramic material. These two

objectives formed the basis of the initial methodology.

The next sections outline, in chronological order, the
various processes of analyses as they took place,

beginning with the intended strategy, its results,
modifications to that strategy, further analyses, further
modifications and results, finally reaching the
discussion of the technique in the light of the results
obtained from each analysis.

Initial MethodQlQay

The initial methodolgy was to carry out two series of

experimental firings to test separately for the two main
factors potentially influencing the composition of the
diatom flora.

Experimental Series 1

Objectives

The objective of the first series of experimental firings
is to identify both qualitative changes and quantitative
ones in the diatom content of clay induced as a result of

working and firing the clay. In this case what is meant

by qualitative change is the proportion of complete to

broken individuals in the sample before working and
after. The quantitative changes are being examined in
terms of the preservation of the overall pattern of the

profile; in other words, do some species disappear as a

result of working and firing where others remain well-
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represented? Clearly, the interpretation of these

results must be subjective.

Method

Rather than use a diatomaceous clay, the diatom content

of which can often be in a poorly preserved and

fragmentary state already as a result of the mode of

deposition of the clay, it was decided that a non-

diatomaceous clay should be used with the diatom content

being added artificially. To this end, a blue/grey fine

clay from the island of Rhum, off the west coast of

Scotland, was used. This clay was discovered in a

geological test-pit examined during excavations there in
1985 and was originally collected with a view to carrying
out provenancing work along the lines of Gibson and
Jansma. This deposit was of particular interest as it
had been used by members of the excavation team to make

crude pottery vessels and had proven to be very suitable
for this purpose, suggesting that it might have been a

popular prehistoric source (Wickham-Jones pers. comm.).

As far as diatoms were concerned, it was proposed to
harvest live diatoms from the sediment surface of St

Margaret's Loch, Holyrood Park, Edinburgh. This was

attempted on several occasions, but it was clear that
these samples would not yield sufficient numbers or

species diversity. Instead, two samples which made up

part of the case studies discussed above were used.
These particular samples came from two of the cores from
Stubb Place, Eskmeals - Core 4 and Core 5, both of which
consisted mostly of a particularly diatom-rich gyttja.
It was noted when counting these samples for the
environmental analysis that the cleaned material appeared
to be almost exclusively diatomaceous material,
consisting of a good variety of forms (Tabellaria spp.,

Eunotia spp., Fragilaria spp., Pinnularia spp.). The
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range of species, particularly the variety of sizes and

the combination of gracile forms as well as more robust

types, coupled with almost perfect preservation seemed to

make this ideal material for this purpose.

At first, the intended strategy was the addition of the
diatomaceous material to the clay in precise amounts,

necessitating the preparation of the material as for
absolute counts and the calculation of the number of

diatoms/cubic centimetre of solution. The reason behind

this was an attempt to standardize the diatom content of
each clay sample, thereby allowing direct comparison
between samples. However, it was clear that it was going
to be virtually impossible to ensure an even distribution
of frustules throughout the clay, making the addition of

precise numbers of diatoms an unnecessary complication.

The initial methodology was as follows. Lumps of clay

weighing c.100g were worked for 20 minutes with a

measured amount of diatom-bearing sediment. This
involved stretching, folding and rolling the clay by hand
on clean polythene. One lump had some builder's sand

added in order to determine if the addition of an

abrasive material in any way affects the preservation of
the diatom frustules. Thus two series of samples were

examined:

Series 1A - No sand, crushed with pliers
Series 1B - Sand, crushed with pliers

After working, small cubes were formed from each of the

two large samples and left to dry out overnight. As only
two samples could be fired at one time, only two cubes
were prepared at once, with the spare clay being stored
in sealed bags under refrigeration.

The samples were then fired in a

fitted with a programmable

Carbolite Muffle Furnace

Eurotherm temperature
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controller, which allowed a firing regime to be set up

and then the equipment left to run the programmed cycle.
As the firing of ceramic material is a complex procedure,

taking into consideration temperature, duration and

atmosphere, which can have numerous permutations, it was

decided that for the purposes of this study, the firing

regime should be kept simple as possible. The samples
were fired to temperatures of 200, 400, 600, 800, 1000

and 1200°C, the temperatures in each case being reached
at a rate of 5°C per minute. In all cases, the maximum

temperature was held for four hours. After each firing
the furnace was allowed to cool down naturally, as this
was the quickest way (the mechanics of the muffle furnace
do not allow cooling to be done at any rate greater than

its natural heat-loss).

When the firing had been completed, the cubes were cut

into pieces and crushed, either by hand or by pliers
until it was small enough to be effectively treated by
the chemicals used in the preparation process.

The samples were then treated with hydrogen peroxide (30%

solution) and then hydrochloric acid, according to Method

2, detailed above (Chapter 5).

Frequency counts were carried out for each of the

samples, with particular care being taken over recording
the condition of the frustules, and the diagrams drawn up

so that the results could be compared.
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Counts caroecj out

Series 1A and 1B

Sample Temperature

i 200
11 400
i i i 600
IV 800
V 1000
vi 1 200
vi i Unfired

Table 29: Series 1A and 1B counts

Bssults. - Series 1

On analysis of the first few samples of series 1, it
became apparent that the methodology employed was

inadequate. Although the amount of diatomaceous material
added to the clay samples was substantial, the actual

number of diatoms contained within the clay reaching many

millions, very little trace of these could be found after

firing. Of course, this could mean that the diatoms are

being melted even at relatively low temperatures, but as

Gibson and Jansma have found diatoms in pottery, this
seems unlikely.

6

As the purpose of this experimental programme is to

monitor the changes diatoms undergo as a result of

firing, it is essential that the diatoms can be found

within the clay sample. Clearly, just mixing
diatomaceous material throughout a sample of clay has

proved to be unsatisfactory, therefore the methodology
was altered in an attempt to overcome this. Instead of

using material that had already been cleaned, it was

decided that using the diatom-bearing sediment itself may

prove to be more successful; the chemical processing to
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been responsible, in part at least, for the apparent

absence of diatoms after firing. Accordingly, the same

material as used before was made into a stiff paste with
distilled water prior to introduction into the clay. The
other modification made was to "sandwich" the diatom-

bearing material between two layers of clay. This was

done to overcome the problems of identifying the areas

which could be reasonably expected to contain diatoms;
the samples analysed were taken from approximately the
middle of the cubes of clay. Doing this compromised, to

some extent, the attempt to mimic actual ceramic

production, but as the aim was to observe the effect of

firing (i.e. temperature) on diatoms, this, was deemed

relatively unimportant. Unfortunately this modification
was not altogether successful as the clay tended to "peel
off" the diatom-bearing material, leading to rapid
incineration of the sediment.

A further modification was made, which was to return to

the original idea of simply mixing the diatomaceous
material through the clay. This modification of the

methodology proved to be successful, with the samples

remaining cohesive throughout firing and therefore

protecting the diatoms as would be expected under ceramic

production conditions, resulting in diatoms being readily
identifiable in the appropriate samples.

Results r. Series 1 (Modified)

The results for this series have been obtained in the

same way as the percentage frequency counts in the case

studies of Chapters 6-8. Although the prime objective of

this part of the project is essentially the assessment of
the deterioration of the diatom content brought about

through working and firing the clay, there were several
factors which mitigated against a purely objective
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handling of the results. As the comparison of samples is
the most important aspect of the process, the
establishment of absolute values at first appears to be

essential. Clearly it is a relatively simple matter to

calculate the absolute number of diatoms per unit volume
of the original sediment, and to calculate how many were

added to each sample of clay. However there is one major

problem - the even distribution of the known number of
diatoms throughout the clay cannot be assured. This
means that no direct comparison can be made between the

fired samples and the original sediment, or between the
fired samples and an unfired clay sample, even i'f
absolute values are known. So, the application of

frequency counts is probably at least as reliable as

absolute counts, and is considerably less time-consuming.
As far as possible, the samples were diluted to a similar

concentration, based on the opacity of the solution as

judged by visual inspection. This was done in an attempt

to introduce an element of comparability between the

processed samples. In the event, this seems to have been

an acceptable procedure as the amount of mineral matter

on the slides remained fairly uniform throughout,

suggesting that the apparent concentration of diatoms in
each sample is an accurate reflection of the actual

concentration remaining after firing.

The use of subjective criteria to describe the diatom

assemblage, along with photographs, has the advantage
that non-numeric (i.e. qualitative) variations can be

noted. Each sample discussed below therefore carries a

verbal description of the general condition of the

assemblage along with a photomicrograph, representative
of the overall appearance (Appendix 4).
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Sample 1A (i) - 200°C

After firing, the areas which contained the diatom-

bearing sediment were still quite clearly visible to the
naked eye. After treatment, there was a considerable
amount of mineral matter remaining in the preparation;
much of this was removed using a micromesh sieve. The

slides were very similar to those of the unfired material
- in qualitative terms, the assemblage appeared to be

wel1-preserved, although the long Tabel1aria fenestrata

specimens were often broken and there were a number of
Pinnularia fragments and what appear to be fragments of
Eunotia species. However, all of these features could be

reasonably expected in a "natural" deposit, and it would
therefore be wrong to ascribe them to the results of

firing.

Sample 1A (ii) - 400°C

There was a marked alteration in this assemblage.

Firstly, the number of taxa represented was approximately
half that of sample 1a (i). Preservation was also
inferior with most frustules being fragmented, although

generally still identifiable. As with sample 1a (i),
Tabel1aria species dominate. The overall number of

individuals appears to be much reduced on sample 1a (i).

Sample 1A (iii) - 600°C

This sample contained almost no complete diatoms.

Sample 1A (iv) - 800°C

There were no diatoms detectable within this sample.

This was also the case for samples 1A (v) to 1A (vi),

suggesting that the top firing temperature for these
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diatoms, at least, is comparatively low, certainly lower
than those suggested by Jansma and Gibson.

Sample 1B (i) - 200°C

In general, this sample produced results which were very

similar to 1A (i). There does however seem to be a

qualitative difference in the preservation of the valves.
The diatoms in this sample appear twisted or bent, as

well as broken. A good number of the individuals,

perhaps as many as 30%, have suffered in this way,

whereas none were noted in 1A (i) at al1.

Sample 1B (ii) - 400°C

The pattern shown in Series 1A appears to be repeated in
this series, although the qualitative difference
mentioned above is maintained. There were fewer taxa in

this sample, and the number of individuals also fell

markedly.

Sample 1B (iii) - 600°C

As with Series 1A, by 600°C there are very few diatoms
detectable in these samples.

Sample 1B (iv) - 800°C

There are no diatoms remaining in this sample

Discussion - Series 1

A number of taxa not identified in the original sediment
(henceforth referred to as "the originator") appear in
the fired samples. This further verifies that the
distribution of diatoms within a sediment is random:

during the analysis of Stubb Place, the slides were
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checked for odd occurences of uncounted taxa and yet none

of the ones found in series 1A and 1B were encountered.

Comparison of the fired samples with the originator has
been carried out on three levels:

(1) the number of taxa represented

(2) the number of individuals remaining

(3) the quality of the assemblage

and each of these is discussed in turn.

1.1.). Number q£ Jfcaxa re.R..re.s.e.o.t.e.c!

The unheralded appearance of a number of hitherto
unidentified taxa in the fired samples raises the actual
number present in the originator from 31 (as at Stubb

Place) to 42. It is clear that firing even to 200°C has

a dramatic effect on this total. In both the A and the B

series, the number of taxa encountered falls at more or

less the same rate. As Fig. 23 shows, the total of 42 is
more than halved after the first firing, and by 600°C

there are virtually no diatoms at all. Comparing the

species list of the samples and the originator, it

appears that the first taxa to disappear are the small

Fragilaria types and some fairly substantial Pinnularia

species. This is perhaps surprising because although the

Fragilaria species are, on the whole, rather small, they
also tend to be quite robust and are often found to be

dominant in sedimentary assemblages. This suggests that
under a range of sedimentary circumstances, they are

capable of resisting dissolution and/or erosion. A

similar claim can also be made for the Pinnularia

species.
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Fig. 23: General Pattern of Diatom Loss with Increasing
Temperature.
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LZl- Numbers,.. ,Q.f_ In

The number of individuals represented in each sample does

not appear* to follow the same pattern as the number of
taxa. In both series, the first sample is just as rich
in diatoms as the originator. However, in subsequent

samples, this is not the case. In samples (ii) and (iii)
in both series, the actual number of diatoms in the

samples has decreased dramatically, eventually

disappearing altogether.

1.3.1 ..Quality of the Assembl age

The quality of the assemblages of Series A and B samples
was quite different throughout. In both, a certain
amount of breakage of long valves occurred, which is what
would be expected. However the main difference was that

a fairly high proportion of individuals of the Series B

assemblages had apparently become bent or twisted during
the firing process, a phenomenon which was not observed
at all in Series A. As the A and B samples were fired in
identical sand-filled crucibles at the same time, this

twisting would appear to be related, in some way, to the

presence of sand in the clay itself.

The almost total disappearance of diatoms by 600°C can

perhaps be explained by the behaviour of silica at around
that temperature range. Amorphous silica (including

biogenic forms) is one of the three forms commonly
encountered in natural clays, although by no means as

common as sand, quartz or flint. Research has shown that

quartz undergoes an "inversion" at 573+/- 5°C (Rice,

1987), changing from a low temperature form to a high
temperature form. This involves an increase in volume of

particle size, a trend which is apparently reversed on

cooling. So far research into this phenomenon has

concentrated on the more commonly occurring silica forms,

but the almost total disappearance of diatoms by 600°C,
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and complete disappearance by 800°C, seems almost too

coincidental. This is only speculation, but it does not

seem unreasonable to suggest that there may be some

connection between the first of three known inversions of

silica and the apparent dissolution of diatom frustules
at relatively low temperatures.

Series Z

It was at this point that the strategy for this part of
the project was changed completely. The experience of
the results of the first, series indicated that the

methodology for the second series could be radically
altered to tackle a more fundamental question than the

clay preparation technique: is the phenomenon
demonstrated above restricted to that particular diatom

assemblage?. In both series 1A and 1B the diatoms appear

to have disappeared altogether at temperatures much lower
than had been expected. If this is the case for a

freshwater assemblage, what happens when a

marine/marine-brackish assemblage is used instead? In

terms of provenancing ceramic material using diatoms, the
most obvious distinction that can be drawn between

sources of clay is a marine or freshwater origin. From

that point of view, the comparison of the relative
survival rates and the establishment of the maximum

firing temperatures for both marine and freshwater
diatoms is of some interest.

In order to achieve a comparison between the behaviour of

fresh assemblages and marine/brackish ones , Series 2 was

treated in an identical manner to Series 1, except that

sediment containing marine/marine-brackish diatoms was

used. The sediment used came from the basal part of the

Monk Moors profile discussed above (Chapter 6). Direct

comparison of the two sets of profiles was not very easy

as the Monk Moors material did not contain such a rich

diatom flora originally, but in the context of the
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samples analyzed, it was the best material readily
avai1able.

Sample 2 A (i) - 200°C

The profile surviving after firing to 200°C remained very

similar to the orignal sample, as was the case with 1 A

(i). There was little loss of either taxa or

individuals, as far as could be seen.

Sample 2 A (ii) - 400°C

As with the first series of firings, this sample showed a

marked reduction in the number of taxa represented. It

was not so easy to judge the change in quality of the
series 2 samples because preservation was poorer than in
the series 1 originator, but there does seem to be some

reduction in quality in this sample compared with 2 A

(ii )

Sample 2 A (iii) - 600°C

By 600°C, there were very few diatoms remaining in the

sample, and those that did survive were extremely

fragmentary

Samples 2 A (iv) - (vi) - 800°C - 1200°C

There were no countable diatoms apparent in any of these

samples, although there were some very minute fragments

remaining in sample 2 A (iv).

Series 2 B
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The results of series 2 B followed the same pattern as

series 2 A: a progressive loss of numbers and quality
until a temperature of 800°C, when diatoms disappeared
altogether from the samples.

QQ.00.1JJL&ifiOfi

The results discussed above were both surprising and

disturbing. The most noticeable feature is that they
seem to be directly at variance with the results of all
other workers in the field. As Gibson mentions, the
maximum firing temperature to which diatoms survive has

always been assumed to be in the 1000-1200°C range.

Jansma however has set a lower level of 800°C, although
this had never been tested. Both Series 1 and 2 show

essentially the same patterns, and as no-one else has
carried out research of this nature, then the figure of
6-800°C as a maximum firing temperature must be accepted
as valid.

The apparent disappearance of diatoms progressively with
temperature increase throughout the samples analyzed for
this research could indicate two things. Firstly, it
could mean that many types of ceramic materials were

fired at lower temperatures than had hitherto been

assumed, hence the survival of diatoms in numerous

sampled sherds. Secondly, it could also mean that there

is a greater inter-assemblage variation in the ability to

withstand high temperatures than had been previously
considered. The general (tacit) assumption amongst other
researchers has been that diatoms either survive en

masse, or they do not - there has been no suggestion that
some types of assemblage might be better suited to

preservation than others. Although this research neither
confirms nor denies the tendency to differential

preservation per se, the fact that a clear and replicable

pattern emerges suggests that it is a possibility.
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A further complication of i nterpretation demonstrated by
the results of the experimental series outlined above is
the limited nature of the assemblages in even the richest
of pot sherds. Both Gibson and Jansma admit that a

number of their analyzed sherds have produced very few
diatoms. This implies that the diatom profiles preserved
in many sherds are only fractions of the original
assemblages. If diatom analysis is to be used to

provenance pottery, then this must be seen as a major

problem, as it is impossible to identify the missing
elements of the profile which would be required to

pinpoint the source of the clay. As a generalization, it
is the nature of diagnostic indicator species that they
tend to be among the rarer elements of the flora, making
their survival even less likely than the more common

taxa. That said, however, the continued presence of
Tabel1aria species, for example, in both Series 1 and 2

samples could be said to provide enough information to

categorise the type of deposit used, which in some cases

might prove useful.

The contradiction between the pessimistic results

produced during this research and the apparently positive
results produced by other workers cannot easily be

explained, but it does indicate the need for further work
before the technique can be used with confidence. There

are two areas which would benefit from more research:

(1) the problem of inter-assemblage preservation

(2) the problem of how representative a fired

profile is of the original.

It would also be worthwhile to investigate the firing

temperatures of various ceramic assemblages more fully,

using an independent method. This would allow

verification of upper temperature limits for different
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types of material, thereby allowing the selection of

appropriate sherds for diatom analysis. On a positive

note, the evidence presented here suggests that, although
diatom analysis is of limited use in provenancing ceramic

material, it may provide some insight into firing
temperatures, and perhaps, with further refinement, it
could be used as a test of firing temperature.

This piece of research has, in some respects, failed to

achieve what it was designed to do, which was to clarify
the potential of diatom analysis in the provenancing of
ceramic material. It was undertaken with a degree of

scepticism about the apparent simplicity of the technique
as it was used by Jansma and Gibson, which appears to

have been borne out. The objective was to test what were

seen as shortcomings in their methodologies, particularly
the problems of contamination and preservation. It very

quickly became apparent from the results obtained that

the problems involved in using diatom analysis in this

way are much more complex than has hitherto been

appreciated.

Although the results presented here would indicate
caution in the application of the technique to ceramic

material, it is perhaps still useful in very general
terms. For example, Jansma's use of the distinction
between freshwater and marine diatoms to give an

indication of whether or not material is autochthonous is

still valid. However, in most cases, it would be

dangerous to go beyond this and use the presence of
diatoms as an indicator of firing temperature or to

characterise the nature of the environment which

seemingly produced the clay used.

The material analyzed by the Finnish teams is perhaps not

so constrained by these problems, but by virtue of the

particular nature of the evolution of the Finnish
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coastline rather than to the intrinsic merits of diatom

analysis.

In conclusion, the diatom analysis of pottery would seem

to be limited in its usefulness. As a technique, diatom

analysis takes time to learn and the results available to

date do not seem to justify that expenditure of effort.
It is perhaps useful for very general provenancing, but

for the kind of accurate pin-pointing of sources

advocated by Gibson, certainly on any large scale, it
does not seem to be effective. Jansma's example of the

Zig-Zag beaker, on the other hand, does show that it can

be a very useful techique under the right conditions. On

the whole, analyzed sherds have produced very few

diatoms, which would not be acceptable for the general
characterization of environmental samples, far less for
the identification of individual sources and locations.

The transformations that an assemblage undergoes from
source to inclusion in an analyzed sample are almost

certainly more complex than has been appreciated, and the
exact relationship between the two difficult to

establish. Although there are methodological and

interpretational problems with the diatom analysis of

pottery, perhaps the most limiting factor of the

technique, even if it worked well, is the time it takes.

Diatpm analysis, is, by its very nature, a slow process,

taking time to learn and to carry out. In terms of
environmental analysis, it compares well with palynology
in terms of time, but for provenancing pottery, it is

always going to be slower than more traditional methods
such as Neutron Activation Analysis, which for large

assemblages, rules it out as a standard analytical
technique . .
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Discussion and Conclusions

The conclusions of this research project are best
considered in two ways. Firstly, there are the specific
conclusions, drawn on the basis of the case studies
undertaken - what has the application of diatom analysis
added to our understanding of the material under

discussion and how satisfactory are the results obtained?

Secondly, there are the general conclusions, based both
on the experience of the case studies and on observations
of the discipline - how easy is it to apply diatom

analysis to archaeological material, how does diatom

analysis compare with other analytical techniques,
especially in terms of range of applications and ease of

methodology, what is the future of diatom analysis in
archaeology?

Clearly, the discussion of the diatom analysis of the
case studies rests on one crucial question, "Did it
work?". This is the sole criterion on which its success

can be judged and requires a qualitative assessment of
the results, which has to be made as objectively as

possible.

Taking the Eskmeals case studies firstly, the role of
diatom analysis was to (a) verify, and (b) add detail to,
the sequence of events as indicated primarily by

geomorphological survey of the area. As discussed in

Chapter 6, this information is needed to place the

archaeological sites in their environmental context,

thereby furthering the understanding of the physical
nature of the sites while also perhaps explaining

something about their economy.

Although, the geomorphological work itself provided a

great deal of information about the Eskmeals area

(compare for example, Bonsa'l 1's 1981 i nterpretat i on of
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landscape evolution, based on less detailed work, and the

1989 version, after several seasons of mapping and
borehole survey), and palynology likewise, neither could

produce a complete picture of evolving landscape in the

area. The diatom analysis of the Eskmeals sites was

intended to complement these other forms of analysis, and

its merit must be judged in that light.

There is always a danger, when carrying out complementary

analysis, of interpreting the data in the light of what
is already known about the site. In an attempt to

prevent this, and so judge the diatom analysis on its
own merits, most of the Eskmeals material was examined, •

and the preliminary interpretations made, in isolation
and without reference to the pollen and/or

geomorphological interpretations. This meant that the

profiles could be described and their history

established, but their significance could not be fully
determined. When the diatom analysis was seen in the

light of the other available information, it became clear

that it could be considered successful. The diatom

profiles did generally verify the sequences of events

suggested by other means, and they did provide

significantly more detail about the immediate environment
than the other forms of analysis.

The extra detail provided by the diatom analysis was

particularly relevant in the Eskmeals context for a

number of reasons. The evolution of the coastal foreland

is complex, making it difficult to relate the

archaeological sites to precise environmental conditions.
At Monk Moors for example, the diatom analysis
established the presence of the archaeological occupation
of the site contemporaneously with a tidal lagoon in the
lee of the shingle ridge. This lagoon appears to have

been important in the location of the site on the sides
of the channel. In the absence of faunal remains, as is
the case for both the Eskmeals archaeological sites, the
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provision of environmental data of this kind indicates

potential resource availability, which may enhance our

understanding of other features of the site. Similarly,
the absence of diatoms from the "infilled channel"

suggests that it was never a source of running water, at
least not in its higher levels relating to the

archaeological occupation, so the timber platforms

jutting out into it could not have served as mooring

points or fishing platforms, for example, and an

alternative explanation must be sought.

Both Williamson's Moss and Stubb Place were small

freshwater lakes throughout much of their history, and as

such probably supported fish and possibly waterfowl. The

availability of such resources clearly would have been

important for site location and served to make the

Eskmeals area popular from the Mesolithic through into
Bronze Age and perhaps even later periods.

The construction of the innermost shingle ridge
established lagoonal conditions in the north of the

Eskmeals area, and at that time occupation appears to

have been concentrated in that area. When the second set

of shingle ridges developed and isolated Williamson's

Moss, a further rich ecological niche was provided,
presumably increasing the desirability of the

Williamson's Moss/Stubb Place area. The development of

the third set of shingle ridges does not seem to have

much bearing on the environmental desirability of the

area, as they were associated with the growth of sand

dunes considerably further seaward and did not have the

same effect of isolating lagoonal areas as either of the
inner two sets.

As mentioned in the Eskmeals chapter, the diatom analysis
has in effect provided the finest detail on the

environmental map of the area. The geomorphology

identified the shingle ridge complexes and produced a
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sequence for their formation. The pollen analysis

provided a broad picture of the vegetation in the area,

describing, for example, the change from alder-birch carr

around Williamson's Moss to mixed-oak forest further

inland on the till slopes. The diatom analysis in all
cases has provided the missing information about the
immediate environment of the site. Although this kind of
fine detail is very important for sites such as Eskmeals,
for other sites this may not be the case. For a

presumably mainly hunter-gatherer economy, as can be

envisaged for Eskmeals, precise environmental information
is valuable because resource availability is important to

the overall understanding of the site. Where the

availability of natural resources is not such a crucial

factor, as is often the case in later periods where

production is more important than exploitation, broader

interpretations of environment may suffice.

The analysis of the Eskmeals sites was carried out with a

very general brief: what can diatoms tell us about the

Eskmeals area? There were no specific questions asked of
the material apart from the documentation and

interpretation of several sequences of events. On other

sites however, there may be a much more precise question
to be answered.

The analysis of the material from Titchwell was carried
out with a much more precise idea of what was required -

in order to date the flint assemblage even broadly, the

nature of the clay overlying the flint-bearing peat

deposit had to be established. A marine clay would

indicate an early date and a freshwater clay, a later
one. The diatoms indicate a marine environment for the

deposition of the clay, suggesting an early date (pre-
maximum marine transgression) for the flint assemblage.
The results appear to be verified by independent dating
evidence provided by palynology, and subsequent C14 dates

also, although precise details are not yet available.
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Titchwell proved to be a very straightforward analysis,

producing useful results - yes/no answer to a simple

question. This kind of analysis, where a specific piece
of information is sought, can often be easier to carry

out than a more general approach, for the simple reason

that, from the outset, there is a clear idea of how to
handle the data - what spectra are appropriate, the level
of i nterpretati on required and so on. Of course, the

experience of the Soutra case studies has shown that

having a precise objective does not always make analysis
easier..

The remit for Soutra was, like Titchwell, very clearly
established. The main concern of the project is the

detection and interpretation of medieval medical remains.
Diatom analysis is only one of several forms of analysis
employed to this end on the site. From the start, the

inland nature of the site made it completely different
from the other case study sites, requiring the use of
different criteria for the handling of the diatom data.
While the other sites had needed confirmation of

sequences of events, the nature of which had been at

least broadly established by other means, Soutra

presented entirely different kinds of problems.

The major differences between Soutra and the other sites
were that, firstly, the assemblage was primarily

terrestrial, and not aquatic, and secondly, that the

ecological data had to be looked at from an entirely
different angle. This meant that fairly severe

limitations were immediately imposed on the material, and
the ways in which it could be handled.

Moffat's prime interest was the detection of "infirmary
waste" and in order to begin to use diatoms as means of

doing this meant that the kinds of ways in which it could

be hoped to manifest itself had to be established. It

seemed likely that organic material of a variety of
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sorts, particularly human excretory products, would
contribute to this waste, and Moffat had already produced
evidence that indicated that blood would be a major

component. Therefore, what was needed in order to use

diatoms in this context was to find some common link

between the nature of the waste and factors affecting
diatom distribution. The trophic and saprobic spectra

seemed to be the most appropriate for this context, but

unfortunately, as mentioned in Chapter 3, the saprobic
tolerances of many diatoms, particularly terrestrial, is
not well understood. The problem then required some

alternative approach. The closest available information
to organic pollution tolerances for terrestrial diatoms
came in the form of information about distribution in

relation to manured agricultural soils. Likewise, there

was no obvious information which would help the detection
of blood through diatom distribution. Again, a lateral

approach was employed and it was decided that, as blood

contains calcium, iron and chlorine, and as some diatoms
are known to be sensitive to these elements, then

calculating the likely content of each of these in blood

and comparing it with otpimum concentrations for diatom
distribution might provide some useful information.

On the whole, the approaches to the analysis of the

Soutra material were, I believe, successful, although the
results were not always positive. By virtue of the

results of the diatom analysis, it appears that it might
now be possible to discount certain interpretations, or

at least to look at the material again in a different

way. Although the precise questions asked of the Soutra

material is in no way typical of archaeological sites,
the site provides an extreme example of the kind of
material which can be tackled using diatom analysis.

The initial objective of this thesis was to assess the

utility of diatom analysis in archaeological research.
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This should not limit the discussion to environmental

contexts. Chapter 10 has examined the provenancing of

pottery through diatom analysis, and the results of this
are perhaps almost more significant than those of the
environmental analysis. Clearly, Jansma, Gibson and the
other workers concerned with this topic are producing
results from their analyses. What the research carried
out for this project has shown is that their results are

limited in their interpretabi1ity. The experimental

firings have shown that a diatom assemblage alters

radically and rapidly on firing, so that the remaining
frustules in a potsherd, unless it was submitted to only

very low termperatures, are only a small sample of the

original diatom content. Of course, the original clay

assemblage may also have been subject to additions of
diatoms from other sources during manufacture. From that

point of view, it is difficult to accept the notion of

sourcing clays from this limited evidence. On a more

positive note, the firings also demonstrated that both

freshwater and marine assemblages seem to follow the same

pattern of decay progressively with temperature. This

may have important implications for the use of diatom

analysis for identifying the differences between types of

pot and/or clay, and the results of Chapter 10 suggest

that this is the area where diatom analysis could be best

employed.

From a general point of view, a major concern in

potential of diatom analysis must be ease of application,
seen in terms of (1) the range of application and (2)

methodology.

The experience of the case studies has shown that as yet
the range of application of diatom analysis in

archaeological contexts is not fully established. The

major drawback is the problem of predicting which sites
are worth sampling. As chapter 9 demonstrates, almost
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half of the case studies undertaken for this thesis

provided no positive information. For the likes of
Machrie Moor material, this is perhaps not surprising;
this site was taken on very much in the pioneer spirit,

encouraged by the at least partial success of the Soutra

case studies. Like the Soutra case studies, it was

undertaken with a view to adapting available ecological
information for unexplored contexts. Although there was

little positive indication in the literature that that
kind of material would provide useful information, there

seemed no reason to discount the site on those grounds
alone. As Soutra had provided useful information, there
was no reason not to try a similar approach on other
sites where more conventional forms of analyses had
failed to yield sufficient data. Unfortunately, this

particular site was disappointing, but as is mentioned in

Chapter 3, preservation is the most site-specific of all

characteristics of diatoms.

Clearly for an analytical technique to be of use for
routine application, its methodology must be relatively

straightforward. The sample collection for diatom

analysis makes use of standard sampling techniques, at
least some of which are probably employed on most

archaeological sites already. Coring equipment is

perhaps not so readily available as the equipment for
section sampling or bulk sampling, but if palynology, or

some other form of palaeoenvironmental analysis using

cores, is part of the research strategy, then the

acquisition of such equipment should be considered
essential. As the overall sample volume required for
diatom analysis is relatively small (0.5 - 1 cm3), the

same core can be used for pollen samples, for example.

The laboratory preparation of diatom samples again uses

standard equipment available in any lab where any

pal aeoenvironmental analyses take place. The chemicals
used can be selected on the grounds of the laboratory
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experience of the analyst and/or the facilities

available, the end result being much the same no matter

what process is employed.

Sample counting is perhaps best done using a microscope
providing phase-contrast facilities, but an ordinary
biological microscope is perfectly adequate for routine
analysis, and was the only type available for the case

studies discussed above. The only real requirement of
the microscope used is that it should be capable of being
used with a camera attachment for the production of

photomicrographs, which are often essential for
identification and illustration purposes.

In terms of time, the actual implementation of diatom

analysis compares well with other techniques such as

pollen analysis. The one major drawback is the time it
takes to learn to identify diatoms. As a result of the

environmentally specific nature of diatoms, there really
is no basic core of taxa to be learned. A pal yno.logist
can acquaint himself with perhaps forty taxa which will
form the basis of virtually any material he is likely to
encounter. With diatom analysis, the closest to that

practice would be to be able to recognise the main genera

(Pinnularia, Fragilaria, Navicula, Eunotia, Gomphonema,

Diploneis, Melosira and Nitzschia were the most commonly
encountered genera in this project), but as

identification has to be carried out at least to species

level, in most cases, this is of limited use in itself.

Obviously, the speed with which recognition is picked up

will depend on the individual worker, but the early

stages of this project were devoted almost totally to

learning to identify different diatoms with a certain

degree of confidence. However, once the basic skills are

mastered, progress can be fairly rapid, although there is

always an element of having to start at the beginning

again with each different type of site.
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Confidence is also a problem with the i nterpretati on of

results. There is vast amount of literature to become

familiar with and there are a lot of conflicting opinions
over the ecological characteristics of many taxa, often

causing confusion, especially in the early stages. It is
at this point that complementary analyses can be most

valuable, providing general pointers of what kind of
information is required. Through experience, however,
the analyst develops almost an "intuition" for the

particular kind of material in question, and

interpretation becomes less worrying.

As far as the availability and treatment of ecological
data is concerned, there are different problems on

different sites. Eskmeals and Titchwell produced no

problems (apart from the literature being patchy in some

areas, but this is not unique to diatom analysis) because
these are "aquatic" sites. Soutra on the other hand,

required a degree of lateral thinking when approaching
the literature. The kinds of questions asked of the
Soutra material are not those generally asked by

palaeoecologists, but the information to answer them is
contained in the literature, albeit in an obscure and

often incomplete way.

In terms of methodology, it is the data-handling aspect
which has proved to be the most problematic for

archaeological contexts. The case studies have

demonstrated two things - (1) that the sophisticated
statistical manipulation regularly employed in
1 i mnological/palaeolimnological contexts is generally

inappropriate for archaeological material and (2) that
the ecological data has to be adapted and treated in more

creative way for non-aquatic sites.

As far as the statistical treatment of the data is

concerned, there are two reasons for much of it being
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inappropriate for archaeological contexts. On the one

hand, archaeological sites do not provide the scope for
modern data sets to be collected, making the availability
of calibration data for use with transfer functions

limited. On the other hand, however, it must be
remembered that the interpretation of data must be

appropriate for its context and the question must be
asked if the kind of detailed information which can be

produced for palaeolimnological contexts is necessary or

even desirable for archaeological contexts. The
statistical and i nterpretational methodology outlined in
Chapter 5 is an ideal, and the plethora of spectra,
indices and so on, developed for particular problems

and/or sites, described in Chapter 3, shows that often it
is much more of an ideal than a reality. Sites and
material do not reliably conform to patterns, and so it
is often difficult to apply what is a successful

methodology on one site to another.

I believe that the case studies discussed above

demonstrate that,. for most routine archaeological

analyses, the statistical manipulation of data can be

relatively simple and still provide information that is

meaningful in its context. That this is the case is

important in assessing the potential of diatom analysis
as a routine form of analysis, where the equation between
effort and result must balance.

To summarize, the methodology of diatom analysis is

relatively straightforward, using equipment that is

readily available, both in the field and in the

laboratory. The statistical techniques employed can be
as simple or complex as the material demands, bearing in
mind that there is little point in attempting overly
ambitious handling of the data. This is particularly
true of archaeological material, where the kind of data

recovered does not usually lend itself to the statistical
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techniques developed for limnologies! analysis, and where

the kinds of interpretations required are not generally
concerned with precise quantitative values for
environmental variables. There are no hard and fast

rules dividing the handling of limnological and non-

limnological palaeoecological data, but as a

generalization, at present while data sets are being

compiled, the more complex methods are more appropriate
to 1imnological/palaeolimnological research.

The main methodological disadvantage of diatom analysis
is that it does take time to learn, and whether or not

that time is justified can only be decided upon on the
basis of the results that are likely to be obtained from
the analysis.

Conclusions

The conclusions to this research are best dealt with

under two headings :

(1) What does diatom analysis have to offer

archaeology?

(2) What does archaeology need if diatom analysis is
to become a routine form of analysis?

The case studies have provided several answers to the
first question. Diatom analysis has been shown to be

capable of providing information not available from other

sources, either because other forms of evidence have not

been preserved, or because diatoms are sensitive to a

wide range of environmental parameters and so can record
events not otherwise recorded. As a consequence of this

facility, diatoms can often provide more detail than
other forms of analysis.
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Interpretation of diatom data can be done on two levels.

Firstly there is the straightforward type of
i nterpretati on which was used in the case studies of

Chapters 6 to 8. This requires a good knowledge of

taxonomy (as far as being able to identify confidently,
the various complex taxonomic arguments being largely

irrelevant) and the availability of a wide range of

ecological documentation. The second form is more

involved, requiring complex statistical manipulation,
modern data sets and often a precise and detailed

chronology of the site. As yet, the second level of

interpretation is not really feasible for the vast

majority of archaeological sites, but the first is, as

the case studies demonstrate. Even when the data is

treated in a straightforward manner, it can provide
useful and appropriate information, while at the same

time being a relatively cost-effective form of analysis.

Clearly, the use of diatom analysis in archaeology is
still very much in its infancy, and further refinement of

the technique is certainly desirable. There are several

areas where diatom analysis would benefit from further
research. Most important for use in archaeological
contexts would be the expansion of the ecological data

bank for terrestrial/aerophi1ous diatoms. At the moment,

this information is both old and limited to simple
distributional studies. Ideally, this would be updated,
with precise measurements of environmental parameters

being made. This could then lead to the possibility of

meaningful transfer functions being established and the

development of more "objective" forms of interpretation,
at present reserved for aquatic environments.

A second area which would benefit from detailed research

is the preservation of diatoms in sediments. At present

there seems to be very little understanding of the
factors controlling preservation, which means that it is

virtually impossible to predict whether or not a site is
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going to be worth sampling. If diatom analysis is going
to compete as a routine archaeological technique then

this has to be remedied in some way.

Although taxonomy is clearly perceived by botanists as a

problem, its effect on the utility of diatom analysis in

archaeological contexts is minimal. The only difficulty

may be with the ascription of synonyms, when it can be
hard to relate a taxon, its synonyms and the ecological
data. However, as most keys are illustrated, with a bit
of effort this problem can be overcome.

In conclusion, the results of this research have

indicated that diatom analysis has a definite
contribution to make to archaeological research. Even

with the discipline at its current stage, it is possible
to make useful statements on the basis of diatom

analysis. However, there are areas where improvements
could be made, and as the growing corpus of literature

demonstrates, steps are being taken to remedy the gaps in

knowledge which have proven problematic during this
research. If the areas pinpointed above receive the

attention they need, then the role of diatom analysis in

archaeological contexts can only increase in importance,
from its already worthwhile position.
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Appendix 1

A Brief Comparison of Diatom Analysis and Some Other
Forms of Biological Reconstruction

Throughout this thesis, diatom analysis has been compared
with palynology as a reconstructional technique. In
order to put diatom analysis into a clearer context, a

comparison (in terms of methodology, range of application
and likely results) with other less well known techniques
which under certain circumstances could be expected to

provide similar information, is presented here-.

(1) Cladocera Analysis
The Cladocera is a family of microscopic freshwater
crustaceans which form a major component of the offshore
and littoral zooplankton, generally associated with

macrophytes, although also found on sediments. The

density of the various genera of which this family is

composed can vary between 1000/cm3 and 100 000's/cm3 of

sediment, but totals as low as 100/cm3. especially in
mineral sediments, are also recorded (Frey, 1986).

Samples can be prepared using most palynological

techniques, although, because of the chitinous nature of

the exoskeletons, acetolysis must be avoided.
Quantitative counts are carried out, recording the number
of exoskeletons (or exuviae) per cm3, for each

stratigraphical level. In terms of statistics, linear

regression analysis and cluster analysis are the most

commonly employed techniques for relating fossil
communities to environmental conditions.

Identification of Cladocera can be problematic as

preservation of the chitin is differential both within
and between species. Also, different parts of the



308

exoskeleton are less easily distinguished,

morphologically, between species, as well as being

extremely small in some cases, meaning that
identification cannot always be as secure as desired.

The distribution of Cladocera is influenced mostly by the

distribution of macrophytes, and water transparency,

making prediction of suitable samples relatively easy, as

the presence of macrophytes in particular is generally
clear from the sediment character.

The species composition and relative abundance of the

fossil assemblage can yield information about past

climate, vegetation and water levels, although there

appears to be no comprehensive ecological literature
dealing with the subject.

(2) Ostracod Analysis
Ostracods are freshwater crustaceans belonging to the

subclass Ostracoda. They are bivalve creatures,

comprising two transparent carapaces. Altogether,

including marine and inland sources, there are c. 35 000

taxa, of which 2000 are freshwater forms.

Samples are prepared by passing c. 5cm3 sediment through
50 and 20 micron sieves, by air bubbling to disperse

sediment, or by repeated decantation of a sediment
solution. The valves are then heated on a special
electric slide, or treated with a silver solution or a

proprietary stain, in order to make them opaque and

enable identification. Taxa are distinguished by
ornamentation on the valve faces and by the shape of the

hinges.

Ostracod carapaces have a calcareous element and are

therefore best preserved in conditions where dissolution
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of this is prevented, particularly in waters with high
alkaline earth metal concentration.

In theory, ostracods provide information about water
movement, temperature and salinity, but in reality, there
is little reliable information on palaeoecology, except

perhaps where salinity is concerned. Intraspecific
morphology would appear to be at least in part dependent
on environmental factors, but the full extent of this
influence is unknown (Loffler, 1986) .

(3) Coleoptera Analysis
Of all the microfossils used in environmental

reconstruction, the Coleoptera are potentially the most

numerous: there are approximately 350 000 taxa of beetle

inhabiting terrestrial and freshwater environments.
There also appear to be modern analogues for all

Quaternary taxa so far encountered (Coope, 1986).

In general, beetles are recoverable from any sediment

preserving plant macrofossi1 remains. Compared with
other forms of analysis, the size of sample required is
enormous - up to 10kg for an initial examination, with
smaller amounts for finer sequences. Sediments with a

high silt content are desirable because of their limited

compressibility. Sample preparation is a combination of
sediment disaggregation and sieving procedures, the exact

nature of which varies depending on the lithology.

Due to number of taxa and the often fragmentary state of

preservation, identification is not easy and requires
considerable experience, as well as extensive modern

reference collections, before confidence is gained.
Modern reference material can in itself be problematic as

there is a tendency for the material to distort when it
is stored.
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The major use to which Coleoptera analysis has been put

is the accumulation of palaeoclimatic data, made possible

through the wealth of modern analogue material.

(4) Other Algae
As well as diatoms, other forms of algae have been used
for environmental reconstruction, namely, blue-green

algae, green algae and the Chrysophyceae. These are

found in aquatic and terrestrial environments.

There are many ways of preparing algal samples, including

cleaning with acids (Patrick & Reimer, 1966), or

acetolysis combined with Hydrofluoric acid, although this

may, in some cases, be too strong and dissolve the algal
remains as well. The identification of algal remains can

sometimes be problematic, especially Chrysophycean cists.
This is unfortunate because the cists are generally

better preserved than the scales, although the scales are

better known. It is also often difficult to identify to

beyond genus to species, and, as intraspecific ecological
variation is recognised, this Is a major drawback.

Algal remains can be used in studies of eutrophication in

response to anthropogenic factors, as the case study

presented by Cronberg (1986) demonstrates, although there
are points of definition which require clarification.

(5) Rhizopod Analysis

Rhizopod analysis involves the examination of the

subfossil shells of freshwater amoebae, particularly in

peatlands and lakes. A major application has been the

detection of "Grenzhorizont" of raised bogs and other

climatically induced recurrence surfaces. Rhizopods are

particularly useful in very decomposed peat where the
structure has been lost.
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The rhizopods are recovered from peat by washing out with
water and sieving through a fine mesh. The analysis is
only semi-quantitative in that the count is expressed as

the total number of rhizopods per number of slides
counted (usually 5 or 2.5). This is considered a

satisfactory method because there are enormous

differences between the rhizopod assemblages for

different microhabitats, so only a rough indication of

species composition is required (Tolonen, 1986).

There are drawacks in that there are a great number of

ubiquitous taxa, but not so many indicator species.

Generally speaking, rhizopods are not well preserved in
soils, although mineral soils do often exhibit some

evidence of their existence. Also, there are few
environmental characterisitcs that have been measured in

relation to rhizopod ecology, so it is not always clear

precisely what a particular rhizopod assemblage

indicates.

Conclusion

The above techniques must be compared with diatom

analysis in terms of the general applicability and ease

of use.

Although diatom analysis is often hindered by lack of

ecological information, the techniques outlined above are

even less well served in that respect. There appears to

be a lack of measured environmental parameters for most

fields, although broad trends are recognised. For

Cladocera analysis, the situation appears to be even

worse:

"In truth everyone working on Cladocera remains is a
pioneer"

Frey 1986: 676
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implying that there is still a good deal of work to be

done before Cladocera analysis can make its anticipated
contribution to palaeoenvironmental analysis.

For most of the above techniques, application is limited
to a narrow range of sediment types, either because of

the original habit of the organisms or because of

preservation problems. In some ways this can be seen as

an advantage over diatom analysis, where the recovery of
remains appears to be extremely site-specific, but it
also limits the kind of information that is retrieved

unless a range of forms of analysis is used.

Samples for all the above techniques can be collected in
the same way as diatom samples, except Coleoptera samples
which can only be collected from a freshly cut section,
either in sample tins or in bags. The amount of material

required for Coleoptera samples is mut:h greater than for
o-f

any other formAJanal ysi s, limiting its applicability to
sites where there is abundant material.

There may be some merit in techniques that employ the
same cleaning process as pollen analysis, but the extent

to which the more extreme preparation techniques may

damage fossil material, other than pollen, has not been

fully established. Until this has been examined in

detail, there exists the possibility that valuable
information is inadvertantly being destroyed.

These analytical techniques can be summed up under a

number of headings:
(1) How predictable the occurrence of the fossil is
(2) How established the methodology is and how easy

it is to perform

(3) How secure the taxonomy is

(4) The quality and quantity of available

ecological information
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When compared in these terms with the other forms of

analyses oultined above, diatom analysis comes out

relatively well, the major stumbling block being that, as

yet, the predictability of recovery is not well defined.
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Appendix 2

The Numerical Zonation of the Monk Moors Profile

Cluster analysis of the samples and variables of the Monk
Moors profile was carried out using SPSS/PC+, a general
statistical package. For the sake of comparison, Ward's
Method and Single Linkage were both used. Although there
were fewer samples in this group than would normally be

used for cluster analysis, the pattern appearing from the

diagram seemed so distinct that it was considered
worthwhile to try and verify it numerically.

Results - Ward's Method

This is probably the most commonly used clustering

method, although for material such as this it has one

major drawback, at least as far as it is incorporated
into commercially available computer programs: it does
not take into consideration the strat-igraphical ordering
of the samples. Clearly this makes the interpretation of
the dendrogram more complex than if the samples were

clustered in a constrained fashion. As can be seen from

Fig 24, three main clusters appear when this method is

used, although clustering takes place only after a number

of amalgamations. Despite the lack of stratigraphical

constraint, some of the samples do appear to be clustered

together more or less in strati graphical order,

suggesting that the zones described above do have some

degree of cohesion. However, although the dendrogram
shows a number of apparently similar clusters, when the

agglomeration schedule is examined, it is quite clear

that the differences in the values of the coefficients is

enormous, indicating that the samples within each so-

called cluster are only very slightly similar in nature.

In other words, the clustering method has forced samples
which are probably more different than alike into
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the same cluster, but only after a fairly high number of

amalgamations.

Single Link Method

The apparently satisfactory, if somewhat loose,

clustering of the Monk Moors profile under Ward's Method
is virtually non-existent when Single Link analysis is
used. The principle of "nearest neighbour" used in this
technique will, of course, mean that clusters will be

formed eventually between any two pairs, and so the

degree of similarity is important in interpreting the
data. Clearly, none of the Monk Moors samples is

sufficiently similar for clusters to be formed at an

early stage.
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Conclusi on

The use of numerical clustering techniques must be done

with care. The results of these two methods on the Monk

Moors material suggest that their are no statistically
distinct groupings of samples, and yet when the data is
looked at in a more subjective way, there are

similarities between samples which make sense in the

interpretational context. Clustering techniques are more

suited to sites where there is a large amount of data,

either in the number of taxa or the number of samples to

be considered. Although Stubb Place fulfils both these

criteria, the stratigraphical distance between the

samples would mean that clustering would present an

artificial pattern of similarity, possibly grouping

together samples from quite different chronological
periods, which might also be separated by periods of an

entirely different depositional environment not detected
in the broad approach taken to the analysis.
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Appendix 3

Stubb Place - Species List

Taxa marked * present in frequencies of greater than 10%

Core 1

Stephanodisous dubius
Melosira sulcata
Diploneis fusca
Fragilaria virescens v. mesolepta *
Navicula peregr.ina
N. hungarica
N. rhynchocephela
Synedra pulchella
Fragilaria construens v. subsalina
F. construens v. venter
F. pinnata *
F. undata
Eunotia pectinalis v. minor fo. impressa
E. pectinalis
Pinnularia interrupta
P. microstauron
Synedra vaucheriae
S. rumpens
Cymbella naviculariformis
C. ventricosa
C. cuspidata
C. sinuata
Hantzschia amphioxys
Fragilaria capucina v. lanceolata
F. crotonensis
F. pinnata v. lanzettula
F. undata v. quadrata
F. bicapitata
Eunotia sudetica
E. veneris
E. praerupta
E. kochliensis
E. tene11 a

E. meisterii
E. valida
E. exigua
E. arcus v. bidens
Tabellaria flocculosa *
T. fenestrata
Pinnularia appendiculata
P. v i r i d i s

Gomphonema angustatum
Navicula mutica
N. amphibola
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N. dementis
N. scutel1oides
N. contempta
Amphora oval is v. 1ibyca

Core 4

Amphora coffeiformis
Achnanthes lanceolata
Cymbella affinis
Eunotia pectinalis v. recta
Eunotia vanheurckii
Fragilaria capucina
Fragilaria constricta
Frag'ilaria construens var. venter
Gomphonema angustatum
Gomphonema gracile
Navicula radiosa
Pinnularia brauni v. amphicephala
Pinnularia divergens
Pinnularia divergentissima
Amphora ovalis
Eunotia curvata
Eunotia exigua
Eunotia incisa
Eunotia monodon v. minor f. bidens
Eunotia pectinalis v. minor f. impressa
Eunotia serra v. diadema
Eunotia tenel1 a

Fragilaria leptostauron v. dubia
Gomphonema parvulum
Gomphonema sphaerophorum
Navicula americana
Neidium iridis v. ampliatum
Opephora martyii
Pinnularia substomatophora
Synedra rumpens
Synedra vaucheriae
Tabellaria fenestrata *
Tabellaria flocculosa *
Tabellaria quadriseptata *
Asterionella formosa
Cyclotella meneghiniana
Fragilaria brevistriata v. inflata
Fragilaria construens *
Fragilaria intermedia
Fragilaria pinnata *
Melosira ambigua
Melosira granulata *
Navicula peregrina
Navicula pseudoscutiformis
Navicula pupula



Navicula pupula v. rectangularis
Navicula rhynchocephala
Nitzschia palea
Stauroneis anceps
Synedra pulchella
Synedra rumpens v. fragi1ariodes

5

Fragilaria pinnata
F. crotonensis
F. construens v. venter *
F. virescens
F. brevistriata
Cymbella ventricosa
C. gracilis
Cyclotella meneghiniana
Amphora ovalis
A. ovalis v. 1ibyca
Melosira granulata
Scoliopleura tumida
Stauroneis anceps
Syndera rumpens v. familiaris
S. u 1 na

Gomphonema acuminatum v. turris
G. parvulum
G. angustatum
G. constrictum
G. gracile
Achnanthes lanceolata
Navicula lanceolata
N. radiosa *
N. pupula
N. dicephala
N. rhyncocephala
Pinnularia maior
P . viridis
P. interrupta
P. intermedia
P. appendiculata
Eunotia formica
E. diodon
E. pectinalis v. minor
E. lunaris
E. tenel1 a
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Appendix 4

Photomicrographs Accompanying Section 3

PI ate 1 : Freshwater Assemblage Before Firing (Series A)
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Plate 2: Freshwater Assemblage After Firing to 400°C
(Series A)



324

Plate 3: Freshwater Assemblage After Firing to 600°C

(Series A)
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Plate 4: Marine Assemblage Before Firing (Series A)
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Plate 5: Marine Assemblage After Firing to 400°C

(Series A)
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Plate 6: Marine Assemblage After

(Series A)

Firing to 600°C
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Plate 7: Close-up of "Bent" Frustules: Tabel7aria

floccu losa
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Plate 8: Close-up of "Bent" Frustules: Tabellaria
fenestrata
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