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ABSTRACT

Butterby Marsh is a pértially vegetated old meander
loop of the River Wear located about two miles from Durham City.
The main current of the river was diverted away from the loop
in 1811 by a new channel cut across its neck. Within the next
46 years, embankments were built which isolated the loop from
the river. It is now a system of ponds, marsh and marsh forest
extending over an area about 1400 m. (over 2 mile) in length,
with a width of between 30 m. and 80m.

A unique opportunity for tracing the development of

the hydrosere is afforded by the maps of the marsh vegetation

published by Dr., B. M, Griffiths D.Sc. F.L.S. in the Journal of
Ecology, 1952. Part of the Marsh (an area of approximately 500

X 50 m.) was remapped in the summer of 1982, The Western area
of the loop was selected for study as it is thought to be less
disturbed. The distribution of the plant communities is analysed
by habitat (water depth, water chemistry, substrate type, shade)
and competition is examined in certain pure stands using light
-monitoring equipment.

The rate of sedimentary infill in the Marsh is investi-
gated. The depth of the organic deposit beneath different plant
communities is examined and sediments, are analysed for their
record Of‘succession by qualitative examination of plant macro-
fossils. In addition, a stratigraphic profile is produced for a
cross section of the old channel at one location to examine the
form of the sediments., One core of 2,5 m., depth is selected for
physical and chemical analysis in an attempt to separate fluvial
sediments from Marsh sediments, thereby assigning an approximate
date to the deposits. The project is primarily concerned with

tracing the developmenf of the Marsh as a habitat for plants.
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The results of the vegetational study show that there

have been great advances in. the boundaries of Phragmites communis
Trin. since 1929 in the western area of Marsh, with associated
reduction of other spedies. The area of Marsh forest has not

greatly changed, although Impatiens glandulifera Royle has spread

across its herb layer in the drier parts. No great extensions of
the vegetation into areas that were open water in 1929 were
recorded.

It is suggested that there'has been only a small
accumulation of sediment (<735 cm.) since the embankments were
built over 120 years ago. This is largely organic in its com-
position. Below it lies up to 2 m. of unconsolidated sediment,
mostly grey silt. The mining detritus content and metal enrich-
ment, (e.g. high levels of lead) seem to indicate that the silt
was deposited by the riverf Thick layers of sénd (up to 20 cm. )
above the grey silt on the point bar of a meander curve suggest
that the silt originated before the cessation of flow conditions
within the channel. It may have accumulated after 1811 when the
main current of the river was redirected away from the loop, or
be the product of a much longer period of accumulation extending
back earlier than this.

With the present slow rate of infill, negligible flow,
and a fairly similar substrate, it is suggested that competition
amongst the plant communities may be an important factor in
determining the future direction of vegetational shifts. The
importance of site history for the development of the vegetation

(especially the initial depths of the channel) is stressed.
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CHAPTER 1 INTRODUCTION

1.1 THE STUDY AREA

Butterby Marsh is an old river channel of the River
Wear. It is located about two miles south of Durham City
(GR 2738 = 2739), but is relatively inaccessible due to the
winding course of the river which almost encircles it. It is
part of the private land of the Croxdale Hall estate.

The Marsh has formed in a meander loop from which the
river was diverted by‘the landowners in 1811 (Griffiths, 1932).
This dinvolved cutting a new chanﬁel across the neck of the loop.
Final communication with the river ceased sometime before 1857
when a series of large embankments were built. The operation
shortened the course of_the river by nearly one mile and was
undertaken t§ stop the constant shifting of the river's course
(which affected property boundaries) and to counteract serious
flooding of the farm land at Low Butterby.

The old channel subsequently became infilled and is
now a series .of ponds, marshes and marsh forests. Hyéroseral
succession was initiated by the diversion of the river, which
may have caused a fall of the water level in the old channel and
reduced flow conditions. The only present sources of water supply
are direct rainfall and surface drainage from Croxdale Woods and
the surrounding fields. It is not known whether the river has

ever crossed the embankments, but this has certainly not

happened in recent times.

1.2 PREVIOUS WORK

A number of papers were published by Dr. B. M. Griffiths
D.Sc. of the Department of Botany, University of Durham, who
worked at Butterby Marsh during the 1920's and 1930's. To the

writer's knowledge no publications have been made since then.
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Dr. Griffiths was a limnologist and much of his work at
Butterby relates to the limnology of the "Long Pool". However,

his first publication about the site was entitled "The Ecology

of Butterby Marsh Durham' (Journal of Ecology, 1932). This

presented the results of a vegetational survey made in the
summers of 1929 and 1930 and included a number of plant distrib-
ution maps and also some photographs.

7 Dr. Griffith's study of Butterby Marsh in 1929 records
the distribution of the vegetation at a particular stage in the
hydrosere. It provides a baseline or datuﬁ mark from which
subsequent changes can be recorded. His survey, undertaken fifty
years ago, provides a unique opportunity‘for comparative work.
Fifty years is, in theory, ample time for significant change to
have taken place (Wade, 1982). The remapping of the Marsh
vegetation is,in a éense, an experiment over time.

Similar studies on the development of the vegetatidn
in hydroseres have been undertaken elsewhere. Godwin (1936,
1974), in studies of the ecology of Wicken Fen, traced the
development of fen carr. Pearsall (1918) had studied the aquatic
and marsh vegetation of Esthwaite Water, Pigott and Wilson (1978)
resurveyed the North Fen at Esthwaite in 1967 - 1969. Wade (1982)
has remapped Pearsalls Lake District sites since then. His aim
was to determine whether any significant changes had occurred

in the vegetation of these Lakes.

1.3 AIMS OF THE STUDY

The aims of the study are as follows:

(i) to remap the plant communities over part of the
Marsh

(ii) to examine the reasons for the present distribution
of plant communities and the species richness at

different parts of the study site by examining




habitat features
(iii) to trace the development of the Marsh vegetation
and to try to predict the likely direction of

future‘change.

The following hypotheses are erected and will be

examined in the light of .the results obtained:

(i) that the marsh vegetation will have changed during
the last fifty years reflecting and producing
habitat changes.
(ii) that in some parts of the marsh change has
proceeded more rapidly than in others '

(iii) that the sediments will record these changes.

The study falls into two main sections. The first
involves the mapping of the vegetation and the analysis and
characterization of habitats. This includes the collection of
floristic data, water analysis, an examination of competitive
exclusion under‘certain pure stands in a light and temperature
éxperiment, and the ageing of marsh forest.

The second part of the study involves a detailed
analysis of the sediments. The relation of the sediment surface
to the water level in the Marsh is critical for the distribution
of the plant communities. Substrate and water depth are two
habitat features which the plant communities respond to, but
which they can, in turn, modify.

The study of the sediments has four main aims:

(i) to see if different communities are growing on
different substrates
(i1i) to examine overall organic matter _deposition

under different plant communities and to see how




effective they héve been in raising the level of
the sediment

(iii) to see what evidence the sediments contain of
succession between plant communities

(iv) to find out the depth of unconsolidated sediment
in the old river channel and to distinguish, if

. possible, a marker horizon between river and lake-

or marsh-deposits in order to trace the amount of

build up of sediment during the last 170 years.

1.4 LIMITATIONS OF THE STUDY

Any conclusions that are drawn about changes during the
last fifty years obviously are limited by the accuracy and the
shortcomings of both the 1929 and the present survey. As far
as possible efforts have been made to ensure the comparability
of mapping. 01d copieé of the 0.S. 1 : 2500 and 6 inch maps have
been used as a basis. |

The study confines itself to the macrophytic vegetation.
- Comparative limnology and detailed studies of micro organisms are
not attempted. Pollen analysis would be a very interesting
technique to employ in the énalysis of the sediments but this
was considered beyond the scope of the present study due to time
availability. Such studies are discussed in the section on
suggestions for further work in the concluding chapter.

Only a small portion of the Marsh (approximately 500 x
50 m.) was studied in detail, again due to the restrictions of

time. The work can be extended and could be an ongoing project.

This is discussed in the concluding chapters.

1.5 THEORY AND DEFINITIONS ~

For the purpose of clarity'the theory of hydroseral

succession is now briefly outlined. It seems helpful at the
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outset to define the meaning of terms as understood by the present
writer and as used in the text.

Succession is = the process whereby a series of
communities replace each other at a given spatial location in a
predictable sequence with the passage of time during which
external environmental conditions remain stable.

A sere (or a succession) is — the sequence of plant
‘communities which succeed each other during succession in a given
environment.

A hydrosere is - a sere which begins in open, abiotic

freshwater in a lake or pond.

A primary sere is - a sere which begins from an abiotic

but naturally produced starting point and proceeds without
interruption or perturbation to its hypothetical endpoint, the
nelimax community", which is determined by the regional climatic

zone.

A secondary sere is ~ a sere which begins in an already

existing plant community as a result of disturbance and/or
environmental change. Although the river would have had a lot
less vegetation than the"ox-bow laké'that was produced with its
diversion, the caée of Butterby Marsh falls into the category of
a secondary sere.

Around a water body there is a zonation of plant
communities due to differential tolerances of waterlogging
(resulting intumérobiosis of the roots) and flooding (resulting
in anaerobiosis of the shoots). Decreasing water level is omne
type of environmental gradient. At one point in space a sequence
of plant commdnities will establish themselves with the course of

time, as the water depth is reduced by sediment accumulation.




The depth of water in a lake or pond will be influenced
"by the change in the sediment surface as a result of the products
of organic decay, and minerogenic inbut (which will be present in
any lake or pond with an inflow) . Succession is driven by the
accumulation of auto- and allogenic (transported) material.

Once the river was diverted it would be expected that allogenic
mineral input would be much smaller. The change in the ratios

of 6ne type of sediment to the other (organic : minerogenic)

might be an indication of the event in the sediments.




CHAPTER 2 METHODS : THE VEGETATION AND THE HABITAT

2.1 CHOICE OF STUDY SITE

The western side of the old meander loop in which the

Marsh liesvwas seleéted for study for the following reasgons:
(i) It lies between two arable fields and there is

therefore no disturbance of the plant commﬁnities

by céttle. On the eastern side of the.Marsh which

is adjacent to pasture the sediments are poach;d

and the vegetation is grazed and broken up by the

trampling of cattle. This may also result in

nitrogen/phosphorous changes and does not satisfy

the condition that "external environmental conditions

remain stable" for the "nathral" development of a

hydrosere. Changes in the Marsh vegetation since

1929 along the eastern and northern banks of the

Long Pool, the Typha Marsh, the East Salix Marsh,

the Iris Marsh, the Boathouse Pool and the Middle

Pasture and Woodside Marsh are probably due to changed

external environmental conditions to a certain extent}

(ii) The western side of the Marsh is more remote, being
far from any footpaths. It is bounded by the river
embankments which are not walked and is in the midst

of private land. It is therefore more isolated from

disturbance by man,

(iii) The west side of the Marsh has less tree cover.
During the summer months the Marsh is a breeding
area for mosquitoes which are very abundant

especially under the trees. These make working

conditions considerably difficult. Also, vegetation

Names of marsh areas after Griffiths (1932).
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under the Marsh forest is very mixed and wvariable

and difficult to map.

The study site included fhree "open" areas or ponds,
relatively free from tree cover apart from that on the banks,
and one Marsh forest. The area was artificially divided for
convenience into "Pond A",'"Pond B", "Pond C", and the South
Salix Marsh. In the open areas the plant communities are easily

characterised and can be accurately mapped and sampled.

2,2 FIELD MAPPING

The base map used was the 1960 0.S. 1 : 2500 map. To
accurately fix the position of plant community boundaries and to
position transects accurately a grid was devised. From the base
of the embankment the western side of the study area was measured
out at 20m. intervals and markers (wooden pegs or string and
labels) were placed by the field edge. The same procedure was
followed on the eastern 'side of the Marsh, The position of
one point on one bankside could be compared with a conspicuous
landmark on the opposite bankside and fixed accurately using a
Silva compas and binoculars., Elderberry bushes and hawthorn
bushes proved to be good landmarks from opposite banksides due
to their white flowers.

Tree cover was plotted with the help of 1971 Air Photos

of the site and checked in the field.

2.3 COLLECTION OF FLORISTIC DATA

A reconnaisance was first made of most of the Marsh
including the eastern half and the Boathouse Wood bank margin,
and a species list was compiled. The full species list of those

plants identified in 1982 at Butterby Marsh appears in the

1
Appendix .

1.Dr. B{ Huntley, Miss K. Pratt and the Rev. G. Graham gave
considerable help with the ildentifications.
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Rather than positioning Releves (or "quadrats")

randomly amongst stands or communities it was decided to record
their location accurately and to sample at regular intervals,

On the west bank .of the west side of the Marsh
bankside transects were taken using the 20m. interval markers
for reference points. Two x two metre quadrats were placed at
the field edge, halfway down the bankside and at the waters edge.

Communities below seasonal h.w.Mm. were examined with
the aid of Westgate Rivermaster Waders and an Avon Redstart
inflatable dinghy. 1.

In the South Salix Marsh the transects were taken right
through from field edge to field edge. A line was laid out using
string and a Silva compas. Quadrats were placed and floristic
data collected at fout metre intervals along each line.

Community boundaries were marked on a sketch map as the regular
intervals meant that "pure" stands were not always sampled.

For each quadrat the following data were recorded:

1. The height of the vegetation and an estimate of the
total percentage cover. If the vegetation was
stratified iﬁto distinct layers the height and cover

values were recorded for each layer separately.

2. Relevant features of the community e.g. age structure,
regeneration etc. were recorded and also a brief

verbal characterization of the community.

3. All vascular plants were listed including those
adjacent to the quadrat. When field determination
was impossible and the identity of a species was in

doubt then a specimen was collected, labelled and

1. This was kindly loaned by the Zooology Department.
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returned to the laboratory for determination.
The species composition of bryophytes was not
recorded in detail for each quadrat., A list of those identified.-
from the study site appears in the Appendix. Species identifi-
cation of lichens and fungi was not undertaken.

b, A cover abundance estimate was assigned to each

listed species using the Domin scale as follows:

+ present in the stand adjacent to the quadrat

but absent within the quadrat.

1 - rare, one or a few individuals.
2} < 4% cover (- scattered individuals.
3 - frequent.

4 4 4 cover € 10%

5 10< cover € 25%
6 25< coverZ 33%
7 33< cover< 50%
8 50< cover Z 75%
9 75< cover & 90%
10 90< cover € 100%

5. The sociability of each species was recorded using
the Braun-Blanquet Scale of Sociability as follows =

1 growing once in a place, singly.

2 - growing in groups or tufted.

3 = growing in troups, small patches or cushions.

4 - growing in small colonies, extensive patches
or forming carpets.

5 - growing in great crowds or pure populations.
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6. Brief notes were made on the vitality and performance

of the taxa e.g. flowering, fruiting, in bud,

seedlings, moribund.

2.4 ANALYSIS OF FLORISTIC DATA

140 Releves (quadrats) were collected from the study
site. The position of each was recorded. The four geograph-
ical areas from which the data were collected were used as a
framework in which to analyse the data. These were:

1. West side of Pond A. Floristic data from 3
quadrats were collected along each of 8 bankside
transect lines which ran from field edge to below

h.w.m. (24 quadrats in total).

2. West side of Ponds B and C. Floristic data
from 4 quadrats were collected along each of 5

bankside transect lines, (20 total).

3. East side of Pond C. Floristic data from 4
quadrats were collected along each of 7 bankside

transect lines (28 total).

L., South Salix Marsh. Floristic data from
between 12 and 8 quadrats were collected along

each of 7 transect lines (68 total).

2.4.1. Raw data tables

The Domin cover-abundance values for each species in
each quadrat were used in the construction of raw data tables.

Tables for each of the above four areas are presented in the

appendix.




13

1. Data from Pond A west bankside

One quadrat was positioned on the bankéide, one at the
waters edge and one 1 m. beyond h.w.m. on each transect line.
These were tabulated, keeping the three altitudinal groups
separate, with herb layer species listed on the vertical axis
and quadrats along the top (horizontal) axis. The herb layer
species were divided a_priori into two grouns: "bankside"
species and "Fen + Aquatic species". In each of the three
vertical column groups (bankside, waters edge and 1 m. beyond
h.w.m.) the sum of the Domin values (£D) and the number of

I

occurrences, (Frequency or 'F') is listed for each species.

2. Bankside Transect data from Ponds B and C West side

This was the second batch of data collected. Beyond

h.w.m. the main -plant species recorded were Phragmites communis

and Lemna minor. It was decided to collect data from four‘
quadrats along each transect line to record the zonation of

vegetation from the field edge to the Phragmites marsh. One was

positioned at the field edge, one on the middle bankside, one at
the waters edge and one 1 m. beyond h.w.m.

The Domin cover abundance values for each species in
each quadrat were tabulated as before, but as there were so few
Fen and Aquatic species this did not warrant an apriori division
into two groups of species on thelvertical axis. Thus all
species are listed in alphabetical order. As before, the Domin
values for each species are summed at the end of each of the
four columnsv(Field edge, middle bankside, water edge and below

h.wﬁm.) and the number of quadrats that it occurs in is listed.

3., Seven transects, each running from field edge to 1 m.

beyond h.w.m., were placed at 20 m. intervals along the East
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bagkside of Pond C. Four quadrats were placed on each transect

line. The only species that occurred in the quadrat placed 1 m.

beyond h.w.m, were Nuphar lutea, Lemna minor and Phragmites

communis;l‘All these transects were under, or adjacent to, dense

shade of the fringing bankside trees, mostly S. fragilis but

also with S. alba 4~ Acer pseudoplatanus and Sambucus nigra.

4, In the South Salix marsh 68 quadrats were collected along

7 transect lines, which stretched from the field edge on the
west side of the marsh to the field edge on the east. Quadrats
were placed regularly at 4 m. intervals except where there were
large areas of standing water or extensive pure stands of
Phragmites.i Spacing was also adjusted along the Eastern bank-
side which usually measured 8 - 9 metres wide. 2m2 was sampled
for each quadrat rather than 2 x 2 m. due to the close spacing.
One m2 was sampled on the immediate West of the transect line
that was laid out with string and one on the immediate east,

Thus the area was sampled on a regular grid basis,

Separate tables for each transect line were formulated
in a similar way to the previous tables and F and £D values were

listed for the cover abundance of each species along the transect

line.

All 68 quadrats were then tabulated together on a
master table of Domin values, but were kept in their transect
group (the order of collection). Thus a raw data matrix of
Domin values for each quadrat placed in the South Salix Marsh
was drawn up. F and 3D values were calculated for each speciés
to summarize it's importance from the samples taken in that area
of marsh.

Only this table is presented in the appendix due to

the repetitive species lists in the previous 7 tables of data

from each transect line.

1 Some Carex acutiformis occurred in the extreme north east of Pond C.
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2.4,2. Summary of data
| From these tables graphs were constructed using the
F and €D values as co-ordinates,

For the data from Pond A, the two measures for each
species were used to plot its position on each of three graphs,
one for the bankside, one for the waters edge and one for the
quadrats placed 1 m. beyond h.w.m. Four graphs were constructed
for the data from the 2nd area (Field edge quadrats, bankside,
waters edge and 1 m. beyond h.w.m.) and four for the data from
the 3rd area. A similar procedure was followed using one graph
for each transect line in the South Salix Marsh, aﬁd then one
graph was constructed fgf F and $D values for each species over
the total 68 quadrats using the master table for the South
Salix Marsh.

This analysis was one obvious and simple method of
summarizing the floristic data for the area. It placed emphasis
on the distribution pattern (clumped or scattered) and cover
rabundance of each species rather than the character of each
quadrat. It gives a measure of the relative importance ( in
terms of cover-abundance) of each species within each of the
four areas. These areas were all different enough to warrant
apriori separation. The first was a bankside with low growing
herb species and mixed aquatic communities, and a relatively
small amount of tree cover. The second was a more overgrown
bankside with Phragmites as the dominant species beyond h.w.m.
The third was an area of bankside with dense shade and mostly

Nuphar lutea beyond h.w.m. The fourth was a wide expanse of

marsh forest right across the old channel.

"Pt represents the relative abundance of each species

in terms of frequency of occurrence in quadrats and £D is a




16

measure of its total cover from the samples of vegetation for
that area. If a species is high with respect to the F measure
but low on the £D measure it would indicate a scatter of the

species throughout the area. An example is Lemna minor in the

South Salix Marsh 80 m. transect line. If a species is high on
the £D axis but low on the F axis it would indicate a clumped
distribution.

‘The scatter of points on each graph (each representing
a species) can then be visually divided into groups to show
relative importance. Most graphs, due to the scales chosen
(approximately equal lengths along each axis) show a scatter
approximating to a straight line. High total cover (§D) within
the sample seems to be correlated with a high frequency of
occurrence for that species. Clumped distributions are over-
shadowed due to the cluster of points at the lower end of each

axis. For example Scirpus sylvaticus, occurring only in 1

quadrat on transect line 80 from the South Salix Marsh but with
a Domin value of 6 (25% <covez”233%) is an interesting fen
species but is lost within a group of points representing
species of '"minor importance" in terms of cover abundance.

A species cannot reach a value >10 on the €D axis if
only occurring in one quadrat. The x axis, in drawing it to
the same length as the y axis, was divided into ten times the
number of units as the y axis,

For the South Salix Marsh the data from the quadrats
nearest each field edge (East and West) on each transect line
could have been omitted frdm the F and 2D values. This would
have suppressed the importance of common bankside species such

as Urtica dioica on the graphs and given more attention to the

"fFen-Carr" area of the marsh forest and its species. However,
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this would only have reduced the number of quadrats from 68 to
54 (-14) and it was decided to leave this data in %he batch as

Urtica and, more especially, Impatiens glandulifera were

important species further into the marsh forest. This can be
seen from the tabulated data where the middle quadrats along

each transect line often still retain a high Domin value for

such species. Aegopodium podagraria and Arrhenatherum elatius
have high positions on the graphs due to their high frequency
and abundance on the field edges, but rarely occurred within the

marsh forest.

Another alternative to using F and £D values as
co-ordinates would have been to convert each to a % cover

within the total cover, i.e.

$D values for a species X 100

Total £D values for all species

and F for a species X 100

No. of quadrats

or €D for a species

2
Total §D for the total area sampled (e.g. 68 x 2m

quadrats in S. Salix Marsh).

This did not seem promising as an aid to the inter-
pretation of the data and was therefore not pursued.

A further stage of analysis would be the classical
phytosociological procedure of grouping relevés (quadrats) into
‘abstract vegetational units (noda) based on similarity of
floristic composition (similar Domin values for the component

species). The aim is to maximise between group (noda)

The method

differences and maximize within group similarity.
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involves organising the quadrats by two way tabular re-

arrangement into groups. For these noda, constancy values can
then be calculated for each species (the proportion of the
quadrats it occurs in within that nodum) .

Computer programs have been developed 1 for this
purpose as classical or manual rearrangement of the table is
highly prone to error. This analysis would be useful to
objectively organize quadrats with similar floristic composition
into groups, as a basis for defining mapping units.

For the purpose of the present study the apriori
grouping of the quadrats into bankside, waters edge and 1 m.
beyond h.w.m. batches was deemed sufficient. The distribution
maps are based on the visually dominant species for each
vegetation type. The mapping units could be more objectively
defined using computer methods to formulate noda within the
tables of Domin values from quadrats but this is a further stage
of phyto-sociological analysis that was not reached in this
project.

Usually a stpatified-random sampling strategy is followed
in phytosociology so that quadrats are placed within character-
istic stands of vegetation. Because a regular sampling strategy
was followed in this project, due to the emphasis on changes in
the exact locational position over the last 50 years of the
vegetational communities, mixed rather than distinctive stands
were often sampled along the grid laid out as quadrats were

often placed in boundary zones. In the South Salix Marsh the

1 T
e.g. Huntley B.et al. (1981) "PHYTOPAK" - A suite of computer
programs designed for the handling and analysis of phyto-

sociological data. Vegetatio 45 89 - 95.
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vegetation is very variable and mixed and therefore the division

into noda would be very difficult by hand for the tabulated
data. The aquatic and fen communities are, in contrast to
‘those of the Marsh forest, more easily characterized as they
often form almost pure stands. It was sufficient, therefore,
té use the raw data tables as guides and, in the case of these

communities, definition of "noda" was unnecessary.

2.5 WATER ANALYSIS

In order to further characterize the habitat of the
plants at the marsh, the water of the ponds was analysed using
the following methods.

The pH and the specific conductivity of the water
were recorded. The instruments used were a pH meter (Pye
Unicam model 293) and an Electrolytic Conductivity measuring
set (Kent Electronic instruments Ltd. model MC-1 Mark V).

These were carried in the field with sufficient distilled water
to wash the pH electrode and the conductivity measuring cell
theroughly between each reading.

Six water samples for chemical analysis were collected
in acid washed snap-top vials in the late afternoon of 20.8.82
and returned to the laboratory. Three drops of HNO3 were then
pipetted into each and the vials were stored at hOC until they
were analysed by Atomic Absorption Spectroscopy for the cations

Na, K, Mg and Ca.
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2.4 METHODS: TREE__BORING TO AGE MARSH FOREST

A wood increment borer, made by AND MATTSON, MORA,
SWEDEN was used. This was greased with Castrol L.M. grease
before each boring was taken. The borer extracts a 43 cm.
section. One boring was deemed sufficient; although other
workers have used three at different angles which intersect at
the centre of the tree. The section extracted was examined in
. the field .or, if necessary,'returned to the laboratory in
‘Deeko’ tall plastic straws, shaved and examined under a dis-
secting microscope to count the annual rings. The hole in the
tree will, in the case of conifers, usually quickly fill with
resin and be sealed. However, in the case of the deciduous
trees at Butterby, this was not thought to be sufficient.
Either the original section (if the age was able to be
determined immediately) or a suitable sized young twig stripped
of its bark was pushed into the hole. The hole was then sealed
using ARBREX 805 produced by Pan Britannic Industries (P.B.I.)
Chemicals Ltd. This is a fungicidal paint used to treat tree
woundé and contains Bitumen and oxine copper, and was supplied

by the University Botanic Gardens.
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2,7 METHODS: LIGHT AND TEMPERATURE EXPERIMENT

EQUIPMENT

Three light and temperature integration units were
used. Each consisted of a black plastic box, measuring
21 x 18 x 12 cm. which contained a temperature integrator and
a light integrator which gave a measure in counts on two
modified Casio calculatof display units. The integration
carries on in the memory of the calculator. They can only be
activated and read by pressing a sunken microswitch on the
calculator. The integrator plus calculator requires a current
of about 260 uA at 9 V.D.C. An Ever Ready PP9 will have a
life of about 10 to 15 weeks at this current drain. To these
boxes are connected the temperature sensor and a Photosyntheti-
cally Active Radiation (P.A.R.) sensor on cables.

FIELD

These units were placed at inaccessible parts of the
Marsh, marked on the reference map. This was achieved with the
aid of the inflatable boat. To protect the units from sub-
mergence they were placed on stands 1 m. tall with a platform
or table 23x23ém}'The sensors, on cables approximately 180cm.
long, were both taped to a bamboo pole 210 cm. long which was
driven into the sediment at the location required for monitoring.
The more conspicuous integration unit on its platform could thus
be concealed amongst the vegetation when a measurement was
required in "open" conditions.

The boxes were then sealed using black insulating
tape. They had previously been clearly labelled on the outside
explaining what they were, who they belonged to, and that the
present worker had the permission of the owner to work at the

site. The boxes were wrapped with clear polythene bags which
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were again sealed with insulating tape to render them waterproof.

The units were placed at the Marsh on p.m. 22.6.82 and

retrieved on p.m. 25.8.82, a total time of 64 days or 1536 hours.

Laboratory

The calibration of the count numbers obtained from the
field against known quantities of light and temperature was
determined on their return to the laboratory. This was done
using the following standard procédure.

The temperature sensors were calibrated using a fridge,
freezer unit and a water bath with thermoregulator unit and built
in pﬁmp. Two accurate mercury/glass thermometers were placed in
the rack to which the temperature sensors were clipped. A time
interval of 17 minutes, measured precisely by an interval timer,
was used and the céunts on each machine were recorded., Five runs
were made, one with the sensors inside the fridge, one in the
freezer unit, and three in the water bath. The following
temperatures were used: + 40°c, + 30°c, + 21.5%, -3°c and - 10°cC.

Linear regression was used to fit a line for counts/hr.
against the different temperatures. The observed field reading
in counts was converted to counts/hr. and then converted to a
reading in degrees centigrade by subtracting the intercept of
the regression line (b) and dividing by the slope (a) in the
formula y = ax + b, '

The calibration of the P,A.R. integrators was achieved
in a similar manner, but in this case oﬁe of the units had been
calibrated against known light quantities by a previous worker
and therefore the other two units could be calibrated against it.

Five different irradiance levels were used, (one in the

dark, one at a high level of irradiance and three in between)

N
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using a normal tungsten bulb lamp at intervals of 17 minutes.

Seventeen minute intervals were used in the following
way. The first unit ﬁés activated, followed by the second one
minute later and the third a minute after that. The timer was
then set for fifteen minutes. After this time the first unit
was stopped followed one minute later by the second and a minute
later by the third. Thus each ran for seventeen minutes,

The measurements are expressed ina E m_z s-.l (micro
Finsteins per square metre per second). In the past and on this
occasion it hés been found that the calibration of counts/hr.

-2
against m E m ] is an exceptionally good fit with a linear

regression.

It must be emﬁhasised that the figures obtained from
thé conversion of counts/hr. in the field tom E m-2 s-l are
integrals - they include hours of darkness. Thus the absolute
figures have little meaning, but relative values are very
important for the light experiment. It would be possible to
estimate hours of darkness from meteorological records and
hence correct the figures to daylight hours.

The absolute figures are, however, more meaningful

for the temperature experiment.
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CHAPTER 3 METHODS : ANALYSIS OF THE MARSH SEDIMENTS

3.1 EQUIPMENT FOR DATA COLLECTION

The eQuipment used in the field was:
(i) reconnaissance sampler
(i1) wing or "bucket” augers for sand and clay
(111) Livingstone square rod piston corer
(iv) Russian type peat borer.
Also used was a Watts Quickset Level and extendable
metal staff.
This equipment and its use is described in Birks and
Birks (1981), Livingstone (1955a), Tooley (1981),

West (1977), Wright (1967) and Wright (1980).

3.2 EQUIPMENT PERFORMANCE IN THE FIELD

The reconnaissance sampler was found useful for
estimating soil depth when collecting quadrat data. However,
it has no extension rods and cannot sample at depth. It takes
only a narrow sample which is insufficienf to warrant return to
the laboratory. The stratigraphic layers are not easily wvisible
unless the sample is scraped, and it will not successfully sample
very wet sediment.

The wing or"buckef‘augers were marked off at 20 cm.
intervals, the length of the head, so that sampling could be made
at consecutive intervals. These work on a scoop principle and
hence will churn the sediment up and destroy any fine strati-
graphic layers. Their main use was thought to be to try to pull
up the sediment that lay below what was sampled by the Livingstone
or the Russian corer. However, only two extension rods were

available and this did not reach the depth required in many

instances.
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The Livingstone square rod piston corer was designed
for soft lake sediments and it was initially expected to be the
most useful device for sampling the very wet sediments at the
study site. \It displaces only the wall thickness of the
aluminium cylinder and takes an 100 cm. core. Extension rods
can be attached.

Some disadvantages found in using it are listed below:

(i) It is difficult to use by one worker, mainly due
to the problem of accurately and efficiently

ahchoring the piston wire in position.

(ii) The cylinder in many instances would not penetrate
the root mat of reedswamp, The cylinder is not
heavy (unlike the point of the Russian type peat
borer) and was difficult to push through dense root

and rhizome systems.

(iii)‘ It compressed the fine uncﬁnsolidated detritus so
that no accurate measure of how deep the deposit
was could be taken. It also compressed the roots
that were caught up in the sample. The chamber
filled wiﬁh water when semi liquid deposits at the
top of the sediment surface were part of the sample

taken.

The Livingstone corer only worked successfully where
there Qere no dense root mats and where the sample site was
easily accessible. It was found to be unwieldy and difficult
to use from the boat. In reedbeds, where there is some depth
of water, anchoring the piston wire in position was a particular
broblem even with two workers, due to the soft substrate. On

firmer sediment the wire can be wrapped around the handle of a
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‘'sand or clay auger pushed in adjaceht to the Livingstone. But
in the case of a Waterloéged reedbed such an auger will not be
supported. An attempt was made to provide a firm surface on
which to rest a supporting rod by laying down a wooden board
(used to carry the Livingstone corer) on top of the reedswamp
root mat. This was fairly successful but the operation was too

impractical to be repeated many times.

The Russian type peat borer consistently proved to be

the most useful sampling device.

3.3. SAMPLING PROCEDURE WITH THE RUSSIAN CORER

The method used was first to find the total depth of
the unconsolidated sediment. In some instapcés the material at
the base of the deposit could be felt to be stones or boulders.,
At other points it may have been a sand layer. The depth sampled
usually represented the force that could be put on the corer by
one worker. The maximum depth was often greater than that which
could be reached by the sand or clay augers. With a longer auger
and more help it would,on many occasions,no doubt have been
possible to sample to greater depths,

The heavy point of the Russian peat borer penetrated
the root mats very effectively. Four extension rods meant that
it could sample to greater depths than the other devices, which
was also made possible by its design.

The basal sediment was then sampled. The position on
the top extension rod in relation to the water surface (or the
sediment surface if the core was not taken under water) was
marked with a Pentel marker pen. The corer was then extracted,
returned to the bankside where the chamber was opened and the
"stratigraphy of the components of the sample described. The

design of the device is such that the material sampled is not
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compressed at all, and is merely grasped b& rotating the 50 cm.
cylinder against its plate or flange.. When the cﬁamber was
opened the very fine laminations in the sediment were revealed
on the open pléte. Detail was lost when the sample was trans-
ferred to the split p.v.c. tubing and therefore the layers were
recorded immediately in the field. A tape measure was used to
record the exact position of each sand, dark silt, light silt
or organic peat layer.

After this had been completed a piece of split p.v.c.
tubing 50 cm. long was placed on to the sample and its depth
(top and bottom), location and date was clearly printed with
the marker pen on to the tubing. It was then wrapped in cling-
film and elastic bands.

The next sample was taken after the corer had been
thoroughly washed in pond water. The device was pushed into an
adjacent spot (not the same hole) approximately 15 .cm. away until
the sediment or water surface was level to a new mark placed on
the extension rod 50 cm. below the last one. Hence the layer

1.
sampled lay exactly 50 cm. above the previous sample.

As wi%h the Livingstone corer the Russian type peat
borer will not hold in its chamber the semi-liquid gyttja at
the top of the sediment under a water body. However, the depth

of this layer can be determined by inference from the water

depth and the depth of the last firm sediment sampled.

1. The usual method is to work from the top downwards pushing
the peat corer into two alternate holes adjacent to each other.
in this case it was decided to work from the basal

However,

sediment upwards as the top sediment (when under water) is very

soft and will not sample easily.
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B.F; CHOICE OF SITES TO CORE

The best mud cores would come from the middle of the
pond, but this would be an allochthonous fine detritus gyttja
rather.than an autochthonous "turfa" in which succession might
be revealed. .

It was decided to firstly work in marginal communities
to see whether succession was revealed in the sediments at
individual sites. In areas that from map evidence had changed
since 1929 (for example from sedge to reedswamp or from reedswamp
to carr), it was expected that the sediments would show a change
from one type of deposit to another. (For example from an
allochthonous fine detritus gyttja to a sedge or reed peat and
then to a wood peat). .

The sediments under different plant communities were
sampled to see the total depth of unconsolidated sediment in the
old river channel and to see how effective the different
communities had been in raising the sediment surface. It was
also hoped to discover whether the different communities were
growing on different substrates.

After this sampling had been done it was decided that
plant communities might have differential opportﬁnity for raising
the sediment surface depending on where they were growing in
relation to the cross profile of the old river channel. Some
grew on previous "slip off slopes", others on floating mats
further towards the pond edge and others had built up a deposit
close to the outside of meander bends. There were, therefore,
different conditions affecting infill rate, and differential

susceptibility to erosion and transport of detritus produced.

1 Terms are defined in the glossary.
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Therefore, a transect line was laid out across one
point of the old river channel to produce a stratigraphic
profile which:
(i) was accurately levelled in order to altitudinally
correlate the stratigraphic layers. (A bench mark

was too far away to easily find absolute height).

(ii) Could follow stratigraphic layers and persistant
horizons across the old river channel to see
whether they thinned or thickened, rose or fell,

under different plant communities and water depths.

Bore holes were placed at 5 m. intervals along this
transect line after bamboo marker poles had been laid out to
mark the points that had been levelled.

The transect line. was positioned in a place which
' spanned several habitat types and blant communities.

Additional information was gathered along this line on the plant
community present, the pH and conductivity of the water and the
pH of the sediment surface or soil, to record change along the

environmental gradient of increasing water depth, .and- decreasing

tree.cover . and soil accumulation.

3.5 SEDIMENT ANALYSIS - LABORATORY

The stratigraphic layers were, in the case of the
nine cores taken along the transect line, recorded immediately
in the field as the fine laminations were not as clear once the
core had been placed into the p.v.c. tubing. In the laboratory

the following examinations were made:

3.5.1 DESCRIPTION OF THE COMPONENTS OF EACH LAYER

The sediment samples that were returned to the

laboratory were all described in a standardised and orderly manner
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using the scheme proposed by Troels-Smith (1955) for the
characterization of unconsolidated sediments. This scheme is
described in the Appendix. The cores were unwrapped and the
surface cleaned with a knife, and the components of each layer
described, especially trying to distinguish between rooted plant
material and detritus. Munsell soil colour charts were also

used to try to standardize the colour description.

3.5.2 MACROFOSSIL ANALYSIS

The core was cut centrally and one part of each gross
layer was then wet sieved through 2 mm. and 425 am mesh B.S.
Test sieves. A crude grain size distribution could thus be
determined but the main purpose was to seperate plant remains
from inorganic sediments. The contents were transferred from
the coarse and the finer mesh sieves to two petri dishes. These
were then scanned under a dissecting microscope. Any material
that could be identified was recorded. The main objective was
to distinguish between rooted material and allochthonous detritus
in the aim of distinguishing riverine deposits from marsh (post

river diversion) deposits.

3.5.3 PHYSICAL/CHEMICAL ANALYSIS

One core from the stratigraphic profile was selected
for more detailed analysis to trace the stages of infill of
the river channel and in particular to try to distinguish river
sediment from sediment that had accumulated during the 170 years
since the river was diverted when the channel had become a lake
and then a pond. The previous analysis had revealed a pattern

~much more complex than a simple switch over from minerogenic

river sediment to biogenic lake or pond sediment. Layers
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alternated and a marker horizon for the last 170 years could
not easily be distinguished. The following analytical
techniques were employed to try to distinguish this boundary
in order to see what the effect of diverting the river (the
initiation of the hydrosere) had had on the build up of sediment
and at what rate this had proceeded given that the time scale
from the initiation of the hydrosere is known.

Results showed that in the bottom layers of each core
(at a depth of 1.5 - 2.5 m.) there were grey silts with very
fine laminations of yellow silt and sand layers. Above this
were grey silts with fewer laminations. At a depth of approx-
imately 30 - 50 cm. in each core was a thick (10 - 30 cm.) sand
layer above and below which were black gyttjas. At the top

was gyttja, reed peat, wood peat or soil depending on the

location.

The core selected was that which had the greatest depth

of sediment. This was the core take adjacent to staff site H on

the levelled transect line,
Five analytical techniques were employed:
(i) particle size distribution

(ii) ldss-on—ignition as estimate of organic matter content -

- (41i) pH
(iv) mineral constituent analysis

(v) chemical analysis for metal content as a proxy dating
method.

The aim of each technique and the methods used are
given below.

3.5.3.1 Particle size analysis

Various standard field tests had been employed to
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estimate the proportions of sand, silt and clay in each layer,.

Clay can be rolled in the hand into the shape of a sausage and
turned into a ring without cracking. It will also stick the
finger and thumb together. Silt can be felt between the teeth.
Sand sized particles can be seen with the naked eye.

Particles were also scanned under a microscope at
various powérs of magnification and measured using a calibrated
graticule.

However, it was desirable to determine objectively the
particle size distribution of the characteristic layers of the
sediments that formed persistent horizons both altitudinally and
latitudinally across the transect boreholes. Thus a 'sand' 'silt'
or ‘'clay' could be defined quantitatively and following a
standardiéed scheme so that comparisons could be made with
other work on sediments.

Particle size distribution is an analytical technique
commonly used in soil science but is lengthy aﬂd therefore only
three stratigraphic layefs were chosen for analysis., These were:

(i) the grey silty-sand from 30 - 50 cm. ‘
(ii) the top sand layer (65 - 80 cm.) and
(i1i) a grey silt layer (115 - 130 cm.) from core 'SSH'.
At least 10 gm. of material is needed and therefore it was not
feasible to attempt analysis of the particle size distribution

of a single yellow silt layer.

Method

The method used was the pipette method, Test 7 (c)

outlined in section 2.7.3 of the British Standards Institutions

‘Methods of Testing soils for Civil Engineering Purgqses (1967,

61 - 72, British Standard 1377).




33

This method.covers the quantitative determination of
the particle size distribution in a soil or sediment from the
coarse sand size down. The test is not applicable if <10% of
the material passes the no., 200 (75 microns) B.S. Test Sieve.
The method involves pre-treatment and dispersion of sediment,
sieving of sand fraction, and sedimentation and pipetting of

silt and clay fractions.

3.5.3.2. Organic Matter Content

Loss of weight on ignition at 275o - 800o is often
used as an approximation of the organic matter content of soil.
There are several variations as to the temperature and time used.
However, at temperatures of 800°C water of crystallization is
driven off and certain minerals are also combustible. Thus
this method of organic matter determination is not very accurate.
Béll (1964) recommends a combination of a lower temperature and
longer time as this has less serious effect on any combustible
minerals or water of crystallization present in the sample. In

1

o]
this experiment 275 C was used over a time of 16 hours.

Method

Approximately 1 g. of sediment from twelve sample
depths on core SSH were placed in dry pre-weighed (A) and
numbered vitreosil crucibles and oven dried at 105°C for 24 h.
They were then removed from the oven and cooled in a dessicator.
Crucibles and sediment were removed individually for weighing (B)
and then placed in a muffle furnace at 27500 for 16 h. They

were then removed when cool, put into the dessicator and taken

out individually for weighing (c).

A = crucible weight
) o
B = crucible wt. + sample wt. after drying at 105 C
o
C = crucible wt. + sample wt, after ignition at 275 C

Ball (1964) reccomends 375°C. 275°C was unfortunately used in the present
study due to an error in a laboratory handbook. The original referance was
traced after the experiment had been completed,
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Sample dry wt. = B - A = DW
. o
Sample wt, after ignition at 275.C = C - A = IW

% loss-on-ignition at 275C = (DW = IW) + 100 = OL
DW

OL provides an estimate of organic content.

3.5.3.3 pH Analysis

Material from the same twelve sampling depths in core
SSH were analysed for their pH reaction. The aim was to
characterize the type of environment and substrate to which the
plant communities had to respond at different times during the
stages of infill, and to relate the pH to organic matter content.
Method

A pre-weighed petri-dish was filled with 5 g. (wet
weight) of sediment which was accurately weighed out. The
sediment samples had been removed from the p.v.c. tubing using
a spatula washed in distilled water each time. This was then
placed in a graduated beaker and 15 mls. of distilled water
was added. This was then stirred for two minutes to achieve a
paste consistency with a glass rod washed in distilled water.
The pH electrode was then placed in the beaker and, using a

gentle stirring movement, the reaction was recorded after two

minutes.

3e5.3. 4 Mineral Analysis

It was desirable to accurately determine the mineral
constituents of the different layers of sediment, so as to
define a "yellow silt“, "a grey silt" and a "sand". This would
be an aid to determining the source of the sediment - whether
long distance of from bankwash. The main aim was again to .
distinguish a river deposit from a lake or marsh deposit in

order to date the stages of infill in the marsh.
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Method

About 300 mg. of sediment was taken from four different
characteristic layers and air dried. This was then ground down
to a fine powder in an agate pestel and mortar. A small portion
was then mounted with acetone on a slide and analysed using
iron-filtered cobalt k - alpha radiation on a Philips P.VW.
1320 2KW x-ray generator diffractometer assembly (XRD) with a
35 kv. 20 milliamp. setting. This machine produces~a print out
chart on which peaks occur at different angles of bombardment
with x-rays. Individual minerals will produce characteristic

peak diffraction patterns due to their individual ' crystalline

1.
structure.

" Samples for analysis were scraped over 3 mm. depths
from the basal sand layer of core SSH (251 - 254 cm.) a grey silt
layer (244 - 247 cm.) a yellow silt layer (241 - 244 cm.) and the
top sand layer (69 - 72 cm.). These were analysed to define a
"erey silt" and a "yellow silt". The two sand layers'were
selécted to see whether the top sand layer which appeared to
seal the minerogenic deposits underneath it was different in its
mineral constituents from tﬁe basal sand because it was uncertain
whether this top sand was a river deposit.

A distinctive and datable marker horizon in the
sediment was hypothesised to be the occurrence of calcium
fluorite, a gangue mineral from the mining industry which was
dumped into the Wear in quantity until it began to be sold to the
aluminium industry. The duﬁping ceased around 1882 (G.A.L.

Johnson, Sir K.C. Dunham pers. comm.). Fluorspar had been

l.The mineral constituents of the sediment samples were analysed

with the kind assistance of Mr. R. G. Hardy of the Geology Depart-

ment. J.C.P.D.S. (Jt. Comm. on Powder Diffraction Standards)

Files were used.
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mined in quantity in Weardale (Dunham 1948 : 90, 94, 97).

Fluorite did form part of the mineral constituents in
all four layers analysed by XRD analysis, and a quartz - fluorite
ratio was calculated for each layer (quartz being the dominant
mineral present). To try to produce a depth profile for fluorite,
material left in the twelve crucibles from which 100 mg. had been
removed for chemicalranalysis of metals were run at "peak height"
for quartz and fluorite on the XRD to produce similar quartz -
fluorite ratios.

Hand picked particles » 210 um from the upper sand
layer were also analysed on the XRD to determine their mineral
constituents as were particles isolated from microscope analysis
which ﬁad a distinctive and unusual appearance. They were also

analysed using a hand lens and microscope.

3.5.3.5 Chemical analysis for metals

210py, has been analysed by Oldfield et al. (1979) to

date ombrotrophic peat deposits. This was unfbrtunately not
feasible in the present study. It would have been very
appropriate as the technique was designed for lake and marine
sediments (Eakins and Morrison 1977).

However, the study of metal levels in the sediments and
the production of a depth profile of metal accumulation was
another possibility as a proxy dating method.

Muller et al. (1977) analysed lead and other heavy .
metals (measured in ppm) from sediments in Lake Constance. They
showed that metal enrichment increased after 1900 which corres-
ponded with the general increase in European coal consumption.

Coals were assumed to be the main source of heavy metal enrich-

ment.
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A marker horizon for 1900 was already available in the

Lake Constance sedimepts. In 1900 the Rhine was shifted to a
new artificial bed and since that time it has begun to build up
its present delta. The 1900 event can be traced over large
areas in the eastern part of the Lake bottom by a sudden change
in textural properties of the sediment within a sediment core.

Muller produced depth profiles for Pb, Zu and Cd in
ppm as well as for Polycyclic Aromatic Hydrocarbons. The levels
of both types‘of pollutants rose steadily after the 1900 event
in the sediment. A similar trend was found in other metals
(x, Li, Fe, Hg, Cu, Cr, Co, Ni).

Metal enrichment due to atmospheric pollution seemed
in theory a useful technique to try to determine the approximate
’ date of the sediments at Butterby Marsh. FEach fine layer in the
sediment represented a former bed of the Marsh and would
accumulate metals from - atmospheric pollution. If levels
rose sfeadily from a certain point within the profile fhis could
be correl#ted with an increase in atmospheric pollution and an
approximate date could be assigned to the sediment.

However, a major complication was the fact that the
Marsh lies in an old river channel of the Wear. River sediment
was likely to contain a lot of background lead from Weardale.,
The depth profile of metals that Muller found might therefore
be seen in reverse, High metal enrichment might bé seen in
river sediment, with a decrease after the river water was
diverted. The fall might even be followed by a rise as atmos-
pheric pollution increased in the late (i9 and there was

increased traffic on the nearby Newcastle - Darlington Road Q&IEO

in the (20.
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The technique seemed to offer a possibility for tracing
the 1811  ‘event (the River diversion) in the Butterby Marsh
sediments. Thus river deposité might be separated from those
deposits that had built up since the initiation of the hydrosere.
The rate of organic matter accumulation during the past 170 years
since the Marsh was fofmed.nmgﬁﬁ'then be determined,

Method

The method used was that outlined by Burrows (1980).

Determination of the metal composition of solid materials
required that the sediment be brought into solution. A small
portion (c. 200 mgs.) of the twelve sediment samples that had been
dried for.the_ioss on ignition experiment were taken after 24h.
dfying and ground in a pestle and mortar. They were then redried
at '1o5°c for 4k h,

| They were then cooled in a dessicator, taken out
indi?idually and 100 mg. of dried sieved sediment was weighed
out in the following way. Filter paper was weighed, 100 mgs. of
sediment was weighed out to an accuracy of .0001 g. and this was
then dropped into numbered glass boiling tubes. The filter
paper was reweighed so that the actual weight of the sediment
that had enteréd each boiling tube was known.

All glasswear used was acid washed by submergence in
4% volume for volume nitric acid. It was then rinsed six times
with distiiled water and three times with de-ionised water and
dried in an oven.

5 ml., of concentrated nitric acid was then pipetted
into each boiling tube. The samples were boiled in a fume
cupboard for 1 h. The resulting solution was cooled to 20°C.

Digest solutions were then made up to the required volume with

de-ionised water.
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The digest was then poured into a centrifuge tube.
The digestion vessel was rinsed out with de-ionised wateér and
the washings poured into the same centrifuge tube.. The samples
were then centrifuged at 3500 r.p.m. for 5 mins. The supernatant
was decanted into a 50 ml. volumetric flask aﬁd made up to
volume with de-ionised water.

The digest solution was finally poured into snap top

o)
vials and stored at 4 C until analysis by atomic absorption

l.
spoctroscopy.

Values obtained from this were given in ppm for the
digest éolution. They were converted to ppm in the sediment by

using the following formula:

Concentration
-1
in digest solution (mgl ~) x dilution (50 ml.) . 1000

exact dry wt. (mg.)

-1
= ppm gug g ) in the sediment.

1. Analysis by Atomic Absorption Spectroscopy was made possible
by the assistance of Dr. M. J. Tooley of the Geography Dept.
Atomic Absorption Spectroscopy is a facility jointly owned by

the Chemistry, Geography and Botany departments.
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CHAPTER FOUR RESULTS : THE VEGETATION AND THE HABITAT

4.1 FIELD MAPPING

Maps of Pond A, Pond B and Pond C showing the bound-
aries of the distinctive plant communities appear on the
following pages. The outline and significant features of the
South Salix Marsh are also shown.

The deséription of each area that Griffiths gave is
given below, together with the map he drew of the marsh

vegetation.

4,1.1 Pond A.

This area was described by Griffiths as "the Great
Rumex Marsh',

"The West Salix Marsh passes into a great

expanse of Rumex hydrolapathum and Equisetum

2
limosum, mixed with Typha latifolijia. The

region is 800 ft. long and 190 ft. wide and is
one of the largest regions of the Marsh.
Towards the southern bank there are three

groups of Carex paludosa3 upon which are

small forests of Salix cinerea. On the

north side there are three narrow pools

containing Potamogeton natans. Pure

Equisetum limosum surrounds each pool., At

the south end, the community is terminated

by a society of Phragmites! (Griffiths 1932, 121).

1
The map was published in three sections. These have been

joined together to give a representation of the vegetation of

the whole marsh.

2p . limosum L. = E. fluviatile L.

3c. paludosa Good = C. acutiformis Ehrh.
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Pig. 4.1s_Griffiths' Map of the Vegetation.of Butterbx,Marsh in I929

The map has been reconstructed from the three seperate maps of thé

. herbaceous vegetation published in the Journal of Ecology (1932).

Symbols explained on an additional key are : Y. Iris, and + Deschampsia '
caespitosa . P indicates an isolated part of the Bast Pasture.

The names given by Griffiths to the different areas of the Marsh have
been retained in the present study.(e.g. the 'Long Pool', the 'Bast.Salix
Marsh!'). However the 'Great Rumex Marsh' is now referred to as the area
suirounding tPond A% and the 'Phragmifes Marsh' as the area surrounding
'*Pond B! and 'Pond C'. )

Maps of the dendrophytic vegetation of the Bast- and West Salix Marsh
(similar to the inset at left of 'Long Pool'), and three cross-sections

through different communities were also presented in the I932 paper.
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The mapping revealed major éhanges in the boundaries
of the plant cbmmunities around Pond A, It is assumed that the
present mapping is directly‘comparable with that of Griffiths.
He unfortunately did not show the hedge boundary at the south
west of Pond A. This runs across the adjacent field on the
0.S. maps available in the 1920's, which is a convenient
landmark. However, the shape of the ponds shown on his map
and their relative positions in terms of the length of the
whole section of the western marsh enables comparison of the

two mapping surveys.

According to the present mapping the Phragmites

which terminates the‘éfeat Rumex Marsh at its southern end
has advanced northwards by at least 60 m. It has replaced the

southern 'island' of Carex acutiformis and Iris.

It seems unlikely that the whole of this "island"

was covered by a "small forest" of Salix cinerea as the

Phragmites has completely replaced it. Salix cinerea bushes

(also S. pentandra, S. viminalis and S.-einerea X S.viminalis) do

grow beyond h.w.m. at this point but are on the eastern waters

edge, between the 320 m. and 360 m. W. bankside markers. They

are encircled by Phragmites and no understory of Carex or Iris

grows beneath them.

In 1929 Pond A was divided from Pond B by a wedge of

E. fluviatile. This has also been replaced by the Phragmites

in its advance northwards. The Phragmites completely fills
the old channel at this point.

The Phragmites at the.northern edge of Pond A has
also spread and forms a more extensive stand than that recofded

in 1929. The northern boundary of the "Great Rumex Marsh" was
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shown as the understory of Iris and Carex acutiformis of the

West Salix Marsh. A thin wedge of Phragmites was shown along

the channel to the west of the West Salix Marsh and a small
stand on its south eastern margin. These societies appear to

have spread southwards so that a stand of almost pure Phragmites

~now extends to the edge of the open water on the north east
of Pond A. This represents an advance of the boundary by about
30 m.

At the southern and northern boundaries of what
remains of "The Great Rumex Marsh" there are transition zones

of approximately 10 m, where the Phragmites thins out and

decreases in height. However, next to the pond's edge it ends
in an abrupt and dense ‘'sheer wall'. At the north east of Pond-

A some Carex acutiformis skirts it. Here the sharp boundary

between the dense reedbed and the open water may be due to a
change in substrate or critical water depth, related to the
deeper channel which connects Pond A with the Boathouse Pool.
From the eastern bankside between the 360 m. and the
500 m. markers, the fringing bankside trees extend into the

Marsh and join with the Salix cinerea forests recorded by

Griffiths. The S. cinerea bushes seem to have spread along

the side to join the northern two "islands" of C. acutiformis

recorded by Griffiths, but do not seem to have extended their

range into the Marsh.

What remains of the "Great Rumex Marsh" is a small area
about 35 m. in length and 15 - 20 m. in width (c. 105 by 60 ft.),
compared to the 800 by 190 ft. expanse that Griffiths recorded.
(190 ft. represented the total width of the old channel s%nce

the whole area of Pond A was dominated by Rumex and Eguisetum).

It is bounded on the north and south by dense stands of
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Phragmites, on the east by Salix cinerea bushes with an understory

- of Iris and on the west by the water of Pond A. It can be divi-
ded into two visually separate areas. The northern one is

composed of Iris with some Carex acutiformis. Typha latifolia

grows amongst it in abundance and is more conspicuous in late
July and August as its leaves rise above the Iris. A few clumps

of Rumex hydrolapathum grow amongst it. The vegetation on the

eastern side of Pond A was difficult to sample thoroughly due

to the"impassibility of the marshy ground"from the east bankside
(Griffiths 1932 p.119), but the boat was used to sample veget-
ation on its western edge. Using binoculars from the high
ground on the west bankside, it can be seen that Rumex

hydrolapathum is very scarce in this area. The southern

community consists of almost pure Carex acutiformis. Some

Typha latifolia grows amongst it and there is some Iris beneath

the Salix cinerea bushes growing on its eastern margin.

The vegetation of the western margin of pond A was
sampled intensively in the collection of transect data. It

mainly consists of Iris and Typha latifolia. Rumex hydrolapathum

and BEquisetum fluviatile do occur but are rare. Pond A was

formerly divided in two by a band of Equisetum fluviatile about

5 m. wide (presumably a summer outline) and each of these pools
were surrounded by Equisetum. ‘This is also shown on the photo-
graph (No. 4) of the Great Rumex Marsh in Griffith's paper.

Very little Equisetum fluviatile now occurs around Pond A. The

outline of the pond is narrower at this point but there is now

open water with a small patch of Nuphar lutea in place of the

E. fluviatile.

At three points on the eastern margin of the pond

there are floating mats of mixed communities similar to those
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on the waters edge of the western bankside. These include such

species as Epilobium palustre, Epilobium par%iflorum, Epilobium

adenocaulon, Epilobium hirsutum, Lycopus europaeus, Scutellaria -

galericulata, Galium palustre, Cardamine amara, Cardamine

pratensis and a few individuals of Equisetum fluviatile. One

such mixed stand is at the extreme north of Pond A on a
floating mat of Iris, the second is at the junction of the

Carex acutiformis and the Iris community on the east side of the

pond and the third is adjacent to the Phragmites at the southern

most part of the pond.

The pond was not dredged for submergent macrophytes.
However, in using the inflatable boat to sample the vegetation
‘and the sediments on its eastern margin, no specimens of

Potamogeton natans were recorded. Some Alisma plantago-aquatica

occurs on the western edge of the pond and Nuphar lutea occurs

in a few locations.

In summary, there have been major advances of Phragmites

since 1929 around Pond A. It has annexed large areas which were

formerly occupied by Equisetum fluviatile, Rumex hydrolapathum,

Carex acutiformis and Iris. The first two of these are now

scarce in the vicinity of Pond A, Typha appears to be more
abundant than in 1929, especially on the west of the pond, and
mixes ﬁith the Iris. The pond has not noticeably contracted in
shape which suggests little decrease in mean water depth. The
depth of the pond is, at most points, approximately 1l m. The

maximum depth recorded was 2 m. Phragmites has replaced the

previous vegetation but has not extended its limits into the
deeper water areas. This is probably accounted for by the
sudden ?ncrease in depth of water which represents the deeper
part of‘the old river channel. Until the depth is decreased by

sedimentary infill the open water areas are unlikely to be




N.W. AREA OF BUTTERBY MARSH :

THE DISTRIBUTION OF THE VEGETATION 1982

0
H—" BRI = = = w m e m e e =~
- V_AXRHRXK) ¥
HOXHHXAHXS
4L80. — KRRRRRX — ~
v_ZXXXy vy
A~V SRS

5

20
>
()

D
Q

S
53
50%%
-

-

<

-

-

<

-

-

o
°,

5

<

5o
>

XX
-
-
<
-
<
<
-
<

o
2

.0

D

o
.0

®,
¢

®,
0

5%,
-
-,
<
-<
-
-
-

Q

9,
e

°,

.
.

3
%

>

0:.
)
1<
| <
<
<
| <
I«
<

3
958,
o

%

o

Q)
.0

Q
Q

e

________ 500
v T v-f.‘ ————— Alnus glutinosa A
T TV, -
v 1,v T Salix alba a
TYT vV "o T,
VT VYTl Salix cinerea
LTV T . .
YT Y/~ o~ Salix fragilis foo
TS . :
VIV Fraxinus excelsior F
vy Cratoegus monogyna H
Sambucus nigra s
“““ Ifis pseudacorus v
Typha latifolic T
Epilobium spp. e
""" Alisma plantago-aquatica a

Juncus effusus
Juncus inflexus

Rumex hydrotapathum

X,
XS
&

Equisetum fluviatile

-<
=
>
XX

o,
%

&%
55

)
°,

Q
o
.0
2

<

5%

5

2

.0

&%
5

Nuphar lutea

. . AR RN NY
Carex acutiformis NNNNY
SANNNN
Phrogmites communis
dense stand 2-3m tall
Dl
~ - o ™
~ less dense, mixed el o]
~
~
0/‘7,.\ Ulex europueus m
%, e, N 300 039, ; —
A4 10K Bankside trees —
y S < de
..................... KXY margin of bankside o
KX e 5503 tree cover on pond -
a%®, ‘00
R KBRS T =] e oo
K 8 Marsh forest (mostly v vy
', (%000 R
93 o S. cinerea towards vV vy v v
centre of old channel, ~~ 7 7
with herb layer of Iris and Carex}
Based on floristic survey and field sketches using Colonizing saplings
bankside reference markers placed al 20m intervals S. cinerea o
from embankments. A. glutinosa

Small channel

Outline . from 1971 Air Photographs (verticals, 2150 ft)
and 0.S. 1:2500 1960 Plans NZ 2738-2739 (grid lines

shown above). 0 10 20 30 40 50 60 70 80
: L T 1 T 1 I 1 —
metres
TN.R.R. :

Fig.4.3




L8

colonized by the marsh vegetation, unless it extends as floating

mats. Such mats require dense root and rhizome systems and are
often bound together by bryophytes. Sedges, being less exclu-

sive to other plants such as mosses than Phragmites, might

ultimately be more capable of spreading across the open water

as floating mats than the reed.

4,1.2 Pond B

Pond B and Pond C are described by Griffiths as "the

Phragmites Marsh".

"At the south end of the marsh, the line of
the deeper part of the old channel of the
river moves over to the south side. The south
end of the‘channel is almost filled with a

society of Phragmites. The narrow channel

pool which is left open on the south side is
filled with Nuphar. There is another smaller

society of Phragmites on the north bank opposite

the end of the Great Rumex Marsh, and a third

society on the south bank. Equisetum limosum

is invading the channel pools and cutting them

into sections." (Griffiths 1932 p.124).

Pond B is defined as the pool to the south of the
point where Phragmites now completely fills the 0ld channel.
It connects with Pond C but at this point the deeper water
switches over to the eastern side. This junction is almost

impassable by boat as the channel is almost blocked by fallen

branches of Salix fragilis and Populus x. canadensis.

Pond B is smaller than Pond A (approximately 45 m.

long and with a maximum width of 10 m.). It is almost completely
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bounded by Phragmites, which grows vigorously and forms an

abrupt wall at the waters edge, approximately 2.8 m., high
(from the sediment surface) and almost enclosing the pond. The
depth of water at different points varied between 1.5 m. and

60 cm. in late June 1982. This depth seemed to exclude the

Phragmites from extending across the pond.

Very little Lemna occurs amongst the Phragmites or

on the water surface. Nuphar does not occur on this pond. The
only mixed community is near to the junction with Pond C on a
floating raft of vegetation that has developed at the edge of

the Phragmites on the fallen branches of the fringing trees.

A small specimen of Sorbus aucuparia has colonized amongst the

Phragmites and beneath it is a little Ribes nigrum. Mosses grow

on the fallen twigs and branches. At the base of the Phragmites

the following species have established themselves: Epilobium

palustre, Stellaria nemorum, Cardamine pratensis, Solanum

dulcamara, Angelica sylvestris, Lycopus europaeus, Urtica dioica

and a little Rorippa nasturtium-agquaticum.

The main change since 1932 is the loss of Equisetum

fluviatile. The Phragmites has narrowed the outline of the pond

fowards its northern end where it has filled the whole channel.
It has not advanced at the southern end of the pond, presumably
due to a greater water depth, and also possibly due to the

shading effect of the large Populus and S. fragilis trees at

this point. A field drain has been built beneath the alders
near the 300 m. marker on the west side and this may possibly
have led to an inflow of water bringing fine sediment with it
and raising the surface of the sediment at the north end of Pond

B, thus allowing the spread of Phragmites at this point. No

Phragmites grows beneath any of the fringing trees, which
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suggests it may be intolerant of shade.

4,1.3 Pond C

Along the western bank of this area there is a wide

expanse of Phragmites as shown on Griffith's map. It has built
out to a width of 22 m. beyond the h,w.m. of the western bank-
side. The western bankside is devoid of tree cover and the

Phragmites grows right up to the field edge, although here it

grows only to the same level as that in the channel, suggesting
that it depends on shelter, or strength througﬁ density, to
protect it from the wind blowing across the wide open field

to the west.

To the east of the Phragmites the narrow channel is

almost completely filled with Nuphar lutea, but no Egdisetum

fluviatile occurs. At the north of Pond C there are a few open

pools free from Nuphar which reach a depth greater than 2 m.
The eastern bankside is heavily shaded by the fringing salices
and the southern end of the channel is almost blocked at some

points by fallen trees. Phragmites only grows on the south

eastern bankside at one point which corresponds to the stand

marked on Griffith's map. Nowhere does the Phragmites actually

cross the channel. Griffiths showed a narrow band across the

channel at thé south east of Pond C., A fallen Salix fragilis
lies at that position now and %t is possible’that, when it was
covered with foliage, it caused the disappearance of the narrow
band of Phragmites. The water depths, reflecting the deepest
part of the old river channel and following the outside of the
curving meander bend, together with the shading effect of the

fringing trees, seem to determine the location of the Phragmites.
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4,1.,4 THE SOUTH SALIX MARSH

The éccouﬁf given by Griffiths of the South Salix
Marsh is brief:
"The end of Butterby Marsh is occupied by a
society of Digraghis,1 which is covered with

a forest of Salix fragilis., In some places

there is a mixture of Digraphis and Phragmites.

Carex distans occurs under the trees, together

with a few tufts of Carex paniculata. A little

2
Iris and Carex ampullacea are found at the

junction .of the Digraphis and Phragmites."

(Griffiths 1932 121).

The floristic composition of this small marsh forest
was intensively sampled and recorded on a grid basis. The herb
layer communities are difficult to map as they are very variable
and mixed.

The érea of water is quite different to that shown
on Griffith's maps. His outline of the South Salix Marsh probably
represents the tree cover and the understory is shown as
Phalaris. However, there is a large, wide (20 m.) terminal area

of open water that is fringed by young Alnus glutinosa and

Salix cinerea bushes. Fallen Salix fragilis branches and trunks

lie around this and from them new stems grow up. Further south
there is a small overflow channel connecting to a drain which
leads under the embankment to the present river. It is a

reddish-orange colour, presumably with iron precipitates.

Fiinging this water at the southern part of the South

lDigraphis arundinacea = Phalaris arundinacea L.

2
Carex ampullacea Good = Carex rostrata Stokes.
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Salix Marsh are many square metres of Carex acutiformis. A

1ittle Carex vesicaria mixes with this but the two are difficult

to separate without detailed examination. (Carex vesicaria was
only previously recorded for the "Typha Marsh". (Griffiths
1932 9113). There are still many scattered tussocks of Carex

paniculata. On fallen logs and near- to open mud areas much

Carex remota occurs. Carex rostrata and Carex distans were not

recorded in 1982.

Scirpus sylvaticus grows with the Carex near h.w.m at ohe

location on the n.w. side of the marsh, between 60 and 90 m.

from the embankment. Lycopus europaeus and Juncus effusus are

also common near to the maximum h.w.m.1 Iris still grows in a
few isolated clumps, rising above the Carex.

Further.from maximum h.w.m., beyond the Carex
acutiformis (towards and up to the field edge), grow large

masses of Impatiens glandulifera. This plant was not recorded

at Butterby by Griffiths. It grows in the same zone as Phalaris
arundinacea and would seem to have replaced it in many locations.
In early summer the more open areas at the south west of this

marsh forest are covered by Cardamine amara, Stellaria nemorum

and some Silene dioica but this is replaced by Impatiens in the

seasonal progression of dominance.

The distribution of Phragmites seems to be determined

by the tree cover. At the south end of the "Phragmites Marsh"
the junction with the South Salix Marsh consists on the western

side of open expanses of mud. These areas seem to exclude the

Phragmites due to the shading effect of the fringing trees.

The water depth in winter may be responsible for preventing

lh.w.m. = the mean water level in winter, characterized by mud

and Lemna minor.

L.w.m. -= mean water level in summer, progressively less until

around the end of August.
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other species from colonizing. Only Equisetum palustre and

Lemna _minor occur on the mud surface although Epilobium spp.

and various mosses grow on fallen branches. No Carex

acutiformis has advanced into this zone. It is possible that

the area was covered by Phragmites which has recently been

excluded by the growth of the fringing willows. The comparison
of the outline of the tree cover in this area on Griffith's maps
with that on the present maps allows room for this interpre-

tation.

In the south west area Phragmites grows in a few
isolated patches. One is a small pool a few metres in diameter
near to the overflow channel but free from tree cover.

Equisetum palustre and Lemna minor occur with it and the zonation

is then to Lycopus europaeus Phalaris arundinacea, Juncus effusus

and Impatiens glandulifera in that order.
The main changes since 1929 in the South Salix Marsh

can be summarized as follows. Impatiens glandulifera, a species

not recorded by Griffiths, would seem to be replacing Phalaris
arundinacea to a great extent. Many species have been added to

the previous list for the area, notably Scirpus sylvaticus,

Carex vesicaria, Carex remota and Lycopus europaeus, together

with Cardamine amara and Stellaria nemorum from the more open

"fen'" areas. (They may have been there in 1929, but were simply

not recorded). Carex distans and Carex rostrata were not
1

recorded in the present survey of the South Salix Marsh.
The boundary of the marsh forest may have advanced
as the fringing trees grew in height, but regeneration of trees

and increasing density of tree cover is more apparent further

away from these deeper water areas. The area of Phragmites may

have declined since 1929 with the extension of the influence of

1 It is possible that Carex remota was mistaken for Carex distans

in the 1929 survey.
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marsh forest but the comparability of Griffith's mapping at

this point with that of the present survey is uncertain.

4.2 FLORISTIC COMPOSITION OF THE MARSH AREAS

The graphs summarizing the data collected from
quadrats along transect lines are shown below. Raw data tables
appear in the appendix. The importance of a species in terms
of its cover abundance at each of the areas studied is rated
according to its frequency of 6ccurrence within quadrats (F)
and the sum of its Domin cover scale values from the samples

from that area (¢D).

4,2.1 Pond A. West Bankside Transects

Thirty-nine "bankside".species were recorded from the
western side of Pond A within the herb layer, and nineteen "fen
and aquatic" species.

The species with the highest F and $D values on the

bankside included the grasses Poa trivialis, Dactylis glomerata

and Arrhenatherum elatius, together with Achillea millefolium,

Conopodium majus, Epilobium augustifolium, Galium aparine,

Galium verum, Impatiens glandulifera and Rumex acetosa. Less

important species included Lotus corniculata, Betonica officinalis,

Vicia cracca, Campanula rotundifolia, Galium cruciata, Centaurea

nigra and Carex hirta, amongst many others. This low herdb

layer has a great species richness at this point. Ulex

europaeus occurs but has been killed by frost in the last, very

1
severe winter. There are some bankside trees and shrubs but

Y191 - 82)
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THE WESTERN AREA OF BUTTERBY MARSH 1982
COLLECTION OF FLORISTIC DATA : POSITION OF TRANSECTS
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these are mostly Salix fragilis and Salix cinerea at the north

end, and at the south-west Alnus glutinosa and Crataegus

monogyna. The bankside is moist and relatively undisturbed by

cattle or man.

At the waters edge there is a mix of "bankside" and

fen species. Rumex hydrolapathum occurred in three of the

eight transects at the waters edge. Equisetum fluviatile,

Equisetum palustre, Iris pseudacorus, Phragmites communis,

Agrostis stolonifera, Scutellaria galericulata and Glyceria

declinata are also species present at this location.
The most important species occurring beyond h.w.m.

from the samples were Iris, Phragmites, Lemna minor and Typha

latifolia. Other species were Mentha aquatica, Lycopus europaeus,

Lemna trisulca, Alisma plantago-aquatica, Equisetum fluviatile,

Equisetum palustre, Carex acutiformis and Nuphar lutea.

4.2.,2 Pond B and Pond C West Bankside Transects

The bankside at this stretch becomes more overgrown
and narrower, rising up from the field edge. The fringing tree

and shrub layer species include Alnus glutinesa, Salix fragilis,

Populus ' X canadensis and Sambucus nigra but the bankside is

.generally free from shade.

Twenty four herb layer species were recorded from this

area. Only Phragmites and Lemna occurred 1 m. beyond h.w.m. At

the edge of the Phragmites a few seedlings of Cardamine amara

occur, and also some Calystegia sepium. Galium aparine and

Urtica dioica are important species next to the waters edge,

while Phragmites continues to grow right up to the field edge.

On the middle bankside and at the field edge Aegopodium podagraria

Arrhenatherum elatius and Heracleum sphondylium have the

greatest cover-abundance values. Impatiens glandulifera became

a more important species on this bankside later in the season
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but was not recorded in early May in significant quantities.

B.2.3 Pond C East Bankside Transects

Twenty-SiX -herb layer species were recorded from
seven bankside transects. This bankside is densely shaded by

Salix fragilis and Salix alba. Towards the southern stretch

Alnus glutinosa is also important. Fraxinus excelsior occurs

near to the 260 m. marker. Sambucus nigra is a common shrub

adjacent to the field edge.
The most important species in their cover abundance
from the samples on the field edge and middle bankside were

Arrhenatherum elatius, Urtica dioica, Galium aparine, Heracleum

sphondylium and Impatiens glandulifera. Lolium perenne, Stachys"

sylvatica, Petasites vulgaris, Angelica sylvestris and Silene

dioica also occurred.

Other species that became more important near to the

waters edge were Lycopus europaeus, Phalaris arundinacea, Carex

remota, various ferns and mosses and a low carpet of grass species.

Impatiens glandulifera increased its frequency and cover abund-

ance in the quadrats collected from the waters edge.

Beyond h.w.m. the only species recorded were Nuphar

lutea, Lemna minor and, at the north end of Pond C, Phragmites

communis, and some Carex acutiformis.

h.2.4 South Salix Marsh Transects

From the 68 quadrats sampled along 7 transect lines,
56 species were recorded. When the‘ZD and F values were plotted

for each species on a graph representing the total sample, the

most important species were Impatiens glandulifera, Urtica

dioica and Galium aparine, in that order. The fourth most

important species ‘within the sample in its cover abundance was




63

Phalaris arundinacea.

The next species with high £D and F values were, in

order of their importance, Poa trivialis, Phragmites communis,

Heracleum sphondylium, Arrhenatherum elatius and Carex
acutiformis.
.The third group of species in order of importance on

the graph consists of mosses, Lemna minor, Solanum dulcamara,

Lycopus europaeus, Cardamine amara, Angelica sylvestris, Stachys

sylvatica, Allium ursinum, Petasites wvulgaris, Silene dioica and

Carex remota.

Species which occurred very infrequently along the
transect lines (in less than 10% of the quadrats) and which had
a low total Domin value within the sample (< 25) included the fen

and aquatic species_Alisma plantago-aquatica, Carex paniculata,

Carex remota, Carex vesicaria, Epilobium palustre, Filipendula

~ulmaria, Galium palustre, Juncus effusus, Lemna minor, Myosotis

scorpioides, Nuphar lutea, Scirpus sylvaticus and Valeriana

officinalis.,
Many of the species with high F and £D values are
those that are common and abundant at the field edges, for

example, Urtica dioica and Galium aparine. Impatiens, however,

is a common species in the central area of marsh forest.
The zonation of the vegetation along four of the

seven transect lines is now briefly described. The raw data

appears in the appendix.

Transect line 1, W - E, 20 m, from embankment.

This is the southernmost area of the South Salix Marsh

and is more open in terms of tree cover than that further to the

north.




64

Impatiens glandulifera occurred in " ten quadrats

and had the highest total of Domin values. Phragmites occurs
in an isolated clump next to the western field-edge, with the

common field-edge species Urtica dioica, Galium aparine and

Poa trivialis. Phalaris arundinacea is an important species

towards the centre of the marsh but has less cover-abundance

than Impatiens. Cardamine amara, Carex acutiformis and Solanum

dulcamara are other species with a high cover-abundance in the
central area. Along the base of the steepér and more shaded

eastern bankside Allium ursinum, Silene dioica and Equisetum

palustre grow, with Arrhenatherum elatius, Urtica dioica and

Petasites vulgaris closer to the field edge.

Transect line 2, W = E, 40 m. from embankment.

Impatiens glandulifera and Phalaris arundinacea are

dominant species in the first five quadrats on the western side

(0 - 21 m.). Carex acutiformis then grows almost exclusively

before it is replaced by Stachys sylvatica, Urtica, Impatiens,

Petasites and Arrhenatherum elatius on the eastern bankside.

Some Valeriana officinalis, Filipendula ulmaria, Solanum

dulcamara, Epilobium palustre, Angelica sylvestris and Lycopus
europaeus grows with the Carex at the waters edge at the base

of the eastern bankside. To the south Myosotis scorpioides

grows amongst the fallen branches of Salix fragilis and stands

of Impatiens.

Transect line 3, W = E, 60 m. from embankment.

Aegopodium podagraria, Arrhenatherum elatius, Cirsium

~

'qu Galium aparine, Impatiens, Lathyrus pratensis, Poa trivialis,

Tripleurospermum maritimum, Urtica and Vicia cracca grow close

to the field edge. Within the next five metres Impatiens,
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Phalaris and Phragmites become dominants. A mixed fen vegetation

grows in the central area of marsh forest. This consists of

Angelica sylvestris, Cardamine amara, Carex paniculata, Carex

remota, Filipendula ulmaria, Juncus effusus, Lycopus europaeus

and Solanun dulcamara, with some Phalaris and Impatiens. There

is then a transition to the terminal open water pool with Carex

acutiformis (and a little Epilobium palustre) growing around its

edge in a dense mass. Some Alisma plantago-aquatica is present

by the waters edge. The narrow eastern bankside is densely

.shaded and at its base consists of Allium ursinum, Myrrhis

odorata, Phalaris arundinacea and mosses. The field edge

vegetation is composed of Arrhenatherum elatius, Heracleum

sphondylium, Poa trivialis, Stachys sylvatica and Urtica dioica.

Transect line 4, W - E, 80 m. from embankment.

The typical field edge vegetation comprising

Arrhenatherum elatius, Poa trivialis, Dactylis glomerata, Galium

aparine, Tripleurospermum maritimum and Cirsium sp. is replaced

by Impatiens glandulifera, Angelica sylvestris, Phalaris and

Cardamine amara after the first six metres. Phalaris, Juncus

effusus, Solanum dulcamara, Silene dioica and Stellaria nemorum

mix with Impatiens glandulifera in the fourth quadrat (15 - 16 m.)

Scirpus sylvaticus was the dominant species in the next quadrat

(19 - 20,m.) with associated fen species such as Lycopus

europaeus, Solanum dulcamara, Galium palustre, Carex remota,

Carex vesicaria and Cardamine amara. Impatiens and Galium

aparine are still present. Iris rises above the Scirpus sylvatics

in isolated clumps further to the north with tufts of Carex

paniculata. Holcus mollis, Cirsium palustre and Circaea lutetiana

are also present adjacent to the transect line. At 20 m. in

from the field edge Phalaris and Lycopus are the only herb
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layer species, with mosses and Hieracium perpropinquumon the

fallen branches. Immediately following this is a shallow open
water zone that dries out in late summer to form an expanse of
bare mud. Beyond the 'tree cover is the southernmost part of

the Phragmites on Pond C. There is more open water next to the

eastern bank with fallen willows blocking the channel. The
eastern bankside has the floristic composition typical of this

shaded, steep slope with Impatiens, Urtica, Stachys and Galium

aparine and common grass species such as Poa trivialis.

The zonation and stratification of the vegetation is,
as Griffiths points out (1932 p.121), difficult to fix accurately.
Where the plants have similar vertical ranges with respect to
h.w.m. there is much overlapping between fen species. This is
the case in the South Salix Marsh,resulting in commun%ties with

great variability. For example, Phragmites grows at the field

edge and in small pools where there is less tree cover but is
then absent until the central unshaded open water to the north
east of this marsh forest, while Impatiens grows in abundance

. hext to the field edge and beneath the shade of the marsh forest
in great masses. However, a general zonation can be seen from
field edge plants to those tolerant of shade and moisture, then
to mixed communities of fen species énd finally to the sedge
swamp (where there is tree cover around the deeper water) or

reedswamp (in the more open areas) of the telmatic zone and

beyond l.w.m.

4,3 WATER ANALYSIS

The marsh is still a neutral water habitat as in 1929,
The water sampled had a specific conductivity of between 4oo

and 650 micro mhos/cm.  Both pH and conductivity readings are




BUTTERBY MARSH : WATER ANALYSIS
LOCATION OF SAMPLING SITES

BOATHOUSE
w000

BOATHOUSE
POOL

Island

Msmre 1
........

0 20 40 60 80 100120 140 160 180 200 220 240 260280 300
metres

BASED ON 0.5.(1960)1:2500 SHEETS NZ 2738/273%

Fig.4.8

68




69

"SUT 6 OL6T *SUF 6 °"3FIZT 6261 3F T QT6T ‘LT6T :SBM TOAST I03eM U TTeJ TRUOSEOS oYL

g9 (umsowtT *g eand) epfs °pM (eexour) °S) pue*s C*HSYVW XITIVS ISVd
oL - G6°9 S7100d YWHMOTIVHS YHIATIVHS ‘HSYVW STHUI ‘HSYVW VHJAL
Sl - 0L (0 aNOd) TANNVHO MOTILNO
gL - 0°L JYVd ¥Ed¥Ed V ANOd ‘7T00d HSYVW AATSAOOM ‘dOOM ASAOHIVOL T00d HNOT
G°8 T00d ONOT OINI zoqﬁe:o\nooz FTVAX0™D
Hd uotqadTaosag 93TIS

(Z€6T SHITJATHD WOUd QASIUVWWAS) 626T SISATIVNY WIALVA A T°% 1ava




70

THUALVIIINAL -

. . e GTFTJOFANTY Wnjesinby ~eand °Tood esnoyjeod pus °g LT
‘onw. _ S L o5T Z28°S° 1€ - = )
. . eCe SFJaT -©7J8dii‘D °T004d ©snoyjzwog JO pue ‘M "W Of
oLs €L OHN 28°S° 1€
r4°14 [ A2 €z 28°6 1€ - 15400 BOIOUT3 'S *BIII - BojruwyeIyd opF¥s "M ‘W 02§ ST
o
: . oCe *EYIT  OPTS ‘M "W 09Y 4T
Los 1L oST 286 1€
h *LTS €L oz z8°6 1€ -y puod ‘aejea uedQ OpFE "M ‘W 04y €T
Q
B * . oC e . Vv puod xyw BUdAL - STII ©OPTS "M "W 0O2Zf T
SSn Lol o5 T zg S Lz . — —
- . e +y puog ‘*o3pe euoz BRsNJJo [ OPFS M "W O
= - o e I op¥F ‘M "w 09C o1
. . e ' y puod °JI9A00 BOUTY ' °§F L S
019 - gL o8¢ 28°6° 1€ -
, ®ofjenbe-ocuvjueld vy
m ‘@myjed BToIpAy ¥ ‘snsnjje-r
‘009 s°L 092 28°6° 1€, 5/4 puod usJey BBITWIEIUS epTs ‘M "w 0zE 6
A% 8°L smH Nw.m.bww gog9em uado JOAGD SNULY OPFS M °W OOn 8
1668 LA omﬁ Nm.m.hmh J9A00 BSnTndog ‘€ Puod OPF8 M ‘W (092 L
“Thy (A o7 Nm.m.hmm (0 puog) ysaey ToFIWIEIUJ OPTFS ‘M ‘W 08T 9
; Jea0d surndog
“6LE €L ofT zg°SLe . ‘09pe prTeFF JIeau Tood jueude3zg opEs "M "W 02T S
*0LE 6°9 cmd zg°6 Le ysJaey “~E€337WSEANJ "OpTs ‘) jJusunjueque woxy W Og %
TGen z2°L cmH gg s Lle YysIey X1TES Yjnog wead3e moryino a3usx( pue °N C
"o00Se %8 omﬂ 28°6 1€ - j}oeg eTBPXOID 4
‘otz . z'8 oS T 28°6°TC amop I0ATH T
‘eror 1°8 oST zgs-Le ! IeON JOATY T
"HO/SOHI" OWOIN :
ALIATIOINGD Hd {2.) A1dHVS do aiva NOILJIHOSHd FLITS *oN °81Fs
OTATOAdS

e—————— . e e

80175 P9830aTes Jo Aj3fayjonpuo)y pue Hd

(T) SISXTVNV HILVA

< "AI1dVL




71

‘wo 0f < THATT YALVMA NI TIVd TVNOSVHES

8°TS L ze 2°s 88°#T 28°8°61 aejzem uedg *Tood Suo d
0°EHE | 0°G6 0°0T s0°'8e 28°8°61 Tood jueule3g cysaey eydL] q
°pTs ‘M
0°€9 T°8T 8°0 €T HT 28°8°6T JeA00 BNUTY °V pPuod °3JuUdupfueque WoIJ ‘wWogh a
epTs ‘M .
6° LS 6°LT 9°2 6€°nT 28°8°6T a9A00 snindog °g PUod °‘juUlunfUeqWe WOIF °‘WOHZ o)
(usaxey XFTeS Y3nog) OpFs °M
6°05 | #°LT €°1 Lo'nt | 28°8°6T O puod Jo pu® Ujnog °‘juounfUBqWS WOIF °WQY g
(usxeW XITeS Y3nos) opIs ‘M
Z2°0% 0°9T1 Hee HeE€T 28°8°6T 0 puod JO pus yjnog ‘jusaunfueque woIFy °*wQ9 v
- oN
€D 3N b eN e3eq uorjdyiaoseqg 93T 931FS

[nad]

(2) SISXTVNV YALVA t°y FTEVL




72

very different to the values obtained on the same days in the

field from the water of Croxdale Beck and the River Wear, which
flow adjacent to the marsh but are separated by the embankments.
The River Wear water was more alkaline than that in the marsh
and had a specific conductivity approximately twice its value.
Croxdale Beck had a higher pH than the R. Wear and also a higher
specific conductivity. The results show that the marsh has a
much lower concentration of mineral ions than the habitat
usually experienced by river plants along the Wear. The
diversion of the river water from this old channel meant a
replacement of polluted water by water from local run off,
relatively unpolluted.

There is little variability between the water that
was sampled for pH and conductivity under different plant
communities and at different locations in the marsh.

The chemical analysis for the cations Na, K, Mg and
Ca in the water again showed little variation within the marsh,
apart from a much higher value for all four cations in water
from a stagnant pool in the Typha Marsh. This is probably due
to a concentration of mineral salts due to the evaporation of
water. This nk@? be an important habitat factor for the aquatic
and fen species at the marsh.

(1978)

Pigott and Wilson[suggested that the vegetation at
Estﬁwaite Water was changing in response to increased input of
Nitrogen and Phosphorous. N/P variations might be found between
the cattle poached eastern part of Butterby Marsh and the
western side which lies between two arable fields. Run-off

from the fields may bring in enrichment of minerals from
fertilizer sources. The present figures provide a basis for

monitoring future change.




CONCENTRATIONS OF SELECTED CATIONS

| TABIE 4.4

IN WATER SAMPLES FROM RIVER WEAR

(Courtesy of J. D. Wehr, Botany Dept. Durham)

Na K Mg Ca
Examples:
. May 1981 87.8 9.6 31.2 78,
August 1981 154, - Ly, 108
1980-81 Min. 43.9 - 15.1 46.8
1980-81 Max. 203. - Wy, . 108.
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-1
Concentrations in mg 1 (ppm) for waters filtered
through 0.2 mum Nuclepore filter. Over 1980-81
concentrations varied greatly, as is typical.

K is not analysed yearly.

Figures for Na, K, Mg and Ca are generally higher in

the samples ffom the River Wear compared to the samples from

the open water of the ponds (the stagnant pool had a very high
concentration of Ca and Mg). The samples of pondwater were not
filtered and figures are for "total waters"., Further comparative
work would be interesting as it would seem the water chemistry of

the ponds in the marsh is very different to that of the adjacent

River Wear and Croxdale Beck. Water samples should ideally be

collected from all three sites at the same time as concentrations

vary greatly over very short time periods. The aquatic and fen
plant communities of the marsh would seem to experience a less
"polluted" habitat than those growing beside the modern river

and its tributaries.
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The seasonal fluctuation in water depth is large.

A marker placed in the form of a bamboo cane near the 140 m.
marker, west bankside, 10 m. from the field edge, recorded a
fall of at least 50 cm. The area completely dried out. Future
monitoring of water levels would have to be made at a deeper

point in the pond system.

4.4 AGE OF MARSH FOREST TREES

The purpose of the tree boring study was to age the
marsh forest trees and the bankside trees to determine the dates
at which the marsh began to develop swamp carr vegetation and to
see if any of the original riverbank trees were still present.

The alders at the west side of Pond A were found to
be between 27 and §0 years old. However,'the stems are growing
up from thick basal trunks and it is likely that they have been
cut in the past, perhaps a number of times. The bankside trees
were not marked on the 1929 maps and a photograph of the "Great
Rumex Marsh" from the western bankside of Pond A does not show
the presence of alder or hawthorn trees. A comparable photograph
today would be obscured by the presence of the trees. However,
trees in similar locations are marked on the first edition
Ordnance Survey map (1857) which does suggegt that the original
riverbank trees have been cut and regrown perhaps several times.
Hawthorn trees were not bored because the wood is very hard.

A large Salix fragilis located 100 m. from the e£$ank-

_ments along the eastern edge of the Phragmites marsh was found

to be 109 years old. The size of this tree is untypical as
those growing by the waters edge have often collapsed, and
block the deepest part of the old channel which forms Pond C.

Young stems grow up from them, producing cover which may

shade out the Phragmites.
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THE WESTERN AREA OF BUTTERBY MARSH 1982

Locations of trees sampled using wood increment borer; and of light

. and temperature integration units
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The Populus - X canadensis stems on the west side of

Ponds B and C are, respectively, 55 and 22 &ears old. Their
large baéal trunks that have collapsed into the water indicate

a much longer presence. Many of the original bankside trees
seem to have collapsed, especially the willows. The South Salix
Marsh is an area with many old, fallen willows from which new

stems grow.

In the South Salix Marsh many young Salix alba and

Salix fragilis stems are present, sometimes as separate trees

not growing from old trunks. These are aged about 20 years.

The larger Salix trees are aged between 35 and 60 .years. The
very large willows with wide basal trunks have collapsed., It

is difficult to determine their age because the inner wood is
soft and decayed which prevents the tree borer from gripping it.
Sampling only showed that such trees were a minimum of thirty

years old.

The young Alnus glutinosa trees colonising below h.w.m.

on Ponds B and C amongst the Phragmites were inaccessible.

Similar sized alders at the bankside were bored and found to

be between 10 and 15 years old. The Salix cinerea bushes that

are colonising on the eastern side of Ponds A and B consist of
many young stems but older, thicker bases. Those stems sampled
ranged from between twenty and forty-five years old. The Salix
cinerea bushes, from map evidence, do not seem to have noticeably
extended their geographical range since 1929 on the eastern side
of Ponds A and B.

It was not possible to distinguish an "advancing front"
of young colonizers anywhere at the study site. The extension
of the range of.marsh forest has not proceeded as rapidly as the

extension of reedswamp at the study site.
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4,5 RESULTS : LIGHT AND TEMPERATURE EXPERIMENT

LOCATION P.A.R. ( pE m‘zs'l)_ T (°c)

Open (Pond B) 142.0 -
*
Carex acutiformis stand (Pond A) 38.50 13.78
Phragmites stand (Pond C) 9.51 15.49

¥ Difficulty in reading result

= Equipment malfunction

The figures quantify the amount of shade produced by
the sedge stand and the reed stand. The stand of Carex

acutiformis reduced the amount of photosynthetically active

radiation (P.A.R.) reaching the basal litter layer to 27% of its

"level in the open. The Phragmites stand reduced the amount of

P.A.R. to only 6.6% of its level in the open.
The labels that were placed on the black boxes were
written on paper cut from a large green-brown envelope and

covered with plastic adhesive film. Those on the different

most and that from the Phragmites least. This gives further

evidence for the shading effect of the two types of vegetation.

It is clear that the Phragmites casts a dense shade

2
which few species can tolerate. The great number of stems/m

boxes all faded to different degrees, that from the open monitor

is probably more important than leaves/stem in producing this
effect. The dense root and rhizome system may also reduce the
ability of other species to grow amongst it.

Mixed communities occur where light can penetrate
laterally or where the reed or sedge stands grow less vigorously.
Such situations occur at the junction with open water or with

high water mark and the bankside. Mixed communities are found
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where tree branches have fallen into the Phragmites at the pond

water edge as on Pond B. In this case a floating raft or mat

has built out and a specimen of Sorbus aucuparia has established

itself. There is an understory of Ribes nigrum, Epilobium

palustre and Lycopus europaeus, with seedlings of Cardamine and

bryophytes on the twigs and fallen branches bf;SaIix fragilis and

.Populus. Further into the Phragmites no other plants or seedlings

occur.

Calystegia sepium, Galium palustre and seedlings of

Angelica sylvestris and Cardamine are sometimes found growing

amongst the Phragmites within one metre of the bankside edge.

The temperature reading from the sedge community was
problematic in its retrieval and must be viewed with some caution.
However, if it is accurate, the overall mean temperature under

the Phragmites was higher than that under the sedge community.

This could be accounted for by greater radiative loss at night
and greater windchill because of greater exposure. The sedge
community only grows to between one third and one half the

height of the Phragmites. The closed canopy of the Phragmites

may result in a more constant temperature and light environment.

It might have been expected that the greater insolation
available to the more exposed temperature sensor in the sedge
community would have produced a higher mean temperature. The
effect of the water in modifying temperature extremes must be
emphasised. Both temperature sensors were approximately 50 cm.
above mean water level.

Unfortunately, no figure for mean temperature was
recorded from the open due to equipment malfunction. Had the
reading been available it might be expected that it would be

less than the two recorded readings if the change from a
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sheltered to an exposed environment results in lower mean
temperatures, as the trend in the above figures suggests.

This would presumably be due to windchill, and greater radiative
loss at night.

Water temperatures from samples of surface water
collected in beakers and analysed immediately in the field for
pH and specific conductivity were, in late May, approximately
150C in the early morning, but rose to 28°C at noon. The air
temperature at ground level was as high as hO%Zat noon.

Overall, the temperature experiment was less
successful than the light experiment due to equipment mal-
function. However, the light experiment was the main focus of

interest, and results were successfully obtained.

L,6 DISCUSSION

The western area of Marsh that was selected for study
does not have many of the aquatic and fen species recorded in
1
the preliminary survey of the Marsh. For example, Caltha

palustris, Oenanthe aquatica, Scirpus lacustris, Ranunculus

hederaceus and Adoxa moschatellina are absent from the western

Marsh and others such as Mentha aqﬁatica occur only infrequently.

Many additional species recorded by Griffiths at Butterby

occurred in the eastern marsh area which was not intensively

studied in 1982 and this may explain their absence from the

- (made in the present study).
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present species list. The vegetation of the eastern marsh has

been grazed and trampled by cattle in many places, although one

"natural” change noted was the spread of Scirpus lacustris at the

north end of the Long Pool.
the

The western area ofLMarsh comprising the study site

is now dominated by Phragmites, which has spread dramatically

since 1932 across the more open areas, and forms monodominant
stands. It would correspond to a C - strategist (competitor
species) in Grime's (1979) terminology since it has become
quickly established and grows at great densities, casting a
shade that few other species can tolerate. Haslam has noted
that normal succession is barely noticeable in dense stands
(Haslam 1965, 1972 :591) although it may be suppressed by
shading from marginal trees as they increase in height.

Rumex hydrolapathum was described as the "dominant

herbaceous plant of the Marsh" in 1932 by Griffiths. It formed,

with Equisetum fluviatile, one of the largest Marsh communities.

Both have now greatly diminished in their cover-abundance at the
study site. Their reduction can be partly attributed to the

advance of the Phragmites, although other factors may be

responsible for the loss of Equisetum from the edges of the

ponds in areas that are still open water rather than reedswamp.

Equisetum‘iluviatile still occurs in abundant pure stands in the
East Salix Marsh.

There has been no significant bontraction in the
shape of the ponds, which represent the deepest part of the
riverg course on the outside of meander bends. These areas of
open water may'not be colonised by the Marsh vegetation for a

long time, although there seems little reason why the Phragmites

should not continue to spread along the shallow sides of the

old river channel. It completely fills the channel where it
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replaced Equisetum fluviatile, but has not extended the

vegetational limits. As certain interesting species such as

Rumex hydrolapathum (for which Butterby Marsh is one of the few

suitable localities in County Durham)l are disappearing and this

part of the Marsh is being diminished in its species richness,

there may be a case for controlling the spread of Phragmites.

Less change has occurred in the distribution of the
Marsh forest. The area of carr has not significantly been
extended although isolated young tree species occur within
the central area of Marsh at a few locations.

Many additions were made to the list of species in
the Sduth Salix Marsh. Some may have simply been unrecorded

in the study published in 1932. Scirpus sylvaticus was only

previously recorded for the eastern area of Marsh. It is

widespread throughout the British Isles but has a scattered

distribution and Butterby Ponds is one of these favourable sites.
A major chaﬁge to the herb layer vegetation of the

South Salix Marsh has been the spread of Impatiens glandulifera

which has replaced the dominance of the small reed Phalaris

arundinacea. Its arrival at Butterby seems to post date the

1932 study.

Impatiens glandulifera is not mentioned in the Flora

of Northumberland and Durham (Baker and Tate 1868). The Flora

of North Yorkshire (Baker 1906) only records Impatiens Noli-me-

Tangere, "an occasional straggler from garden cultivation", but

this would not be confused with I. glandulifera due to its

yellow flowers. Kent's "Historical Flora of Middlesex" places

itéf’first record for the London area as 1855 (Phytologist N.S.

lRev. G. G. Graham pers. comm,

2 Introduced species. A native of the Himalayas.
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7Dist;ibutioﬂ of Scirpus sylvaticus L. and Impatiené glandulifera Royle'in

County Durham (courtesy of G.G. Graham).,
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1 166). It was subsequently mentioned in the Journal of

Botany in 1900 (38 pp 50, 87 - 88, 278, 445) and 1901 (p.184).
The account in volume 38 included a record from Durham City by
C. B. Clarke, who had noted the species there about 1892,

"There was a grove of this close to the Prebend's Bridge,

1
high enough to bury the cows."

Impatiens glandulifera is now abundant on the banks

2
of the Wear. Its major spread took place at least 25 years ago.

Its distribution in County Durham is mainly concentrated along
the banks of rivers, streams and ponds and on damp waste ground.

It may continue to spread at Butterby Marsh ip the mixed fen

communities replacing other species such as Phalaris arundinacea,
due to its rapid growth, great height (>2m.) and the greater

amount of cover per plant.

1 :
I am grateful to the Rev. G. G. Graham for guiding me to the
literature. The original volumes of these journals are held

at the British Museum.

2 Mr. J. Crosby, Mr. J. Richardson, Dr. B. Huntley, pers. comm.,
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CHAPTER 5 RESULTS: THE MARSH SEDIMENTS

5.1 Previous Work

Griffiths gives an account of the sediments at Butterby

Marsh (1932 : 109, 126).

"The surface layers of the so0il of the river
plain through which the channel of the Marsh runs,
are composed of sandy clay silts almost entirely
devoid of pebbles. Sections through the deposits
of the river plain are to be seen in the south arm
of the loop where the Croxdale Beck has cut a deep
channel down through the beds. The sections show
5 - 6 ft. of sands and clay silts above.

The vegetation of the Marsh, however, does not
grow directly on the clay silt but on a layer of
autochthonous organic¢ detritus which varies from
9 in, to as much as 2 ft. in thickness. The upper
layer of the detritus contains more or less recog-
nizable fragments of the vegetation from amongst which
the sample of detritus was taken, but the lower layers
consist of minute amorphous particles, dark brown,
grey or black in colour forming a black mud.

Among the Rumex plants at the south end of the
East Salix Marsh (see also p.126) and at the south end
of the Typha Marsh, the detritus is about 9 in. thick;
among the Nuphar plants in the Long Pool the thickness
is about a foot; in the middle of the Typha society in
the Typha Marsh the mud is from 1 ft. 6 in., to 2 ft. thick.

By means of a mud sampler of special design, it was

found that the black mud layer of the Typha Marsh overlay

a stratum of grey clay 3 ft. thick, passing down into
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yellow silty clay 1 ft. 6 in. thick. Below this lay

pebble beds that the mud sampler was unable to

—~

penetrate.
The layer of grey clay contained abundant fragments

of the rhizomes, roots and shoots of Equisetum limosum

(E. fluviatile) but they were absent from the yellow

clay silt. As Equisetum does not occur in the present
surface layer black mud, the grey clay stratum probably
represents a former surface of the Marsh which was
covered with Equisetum (see p.126).

The succession of sediments underneath the Typha
Marsh is not the same as that of the river plain through
which the channel of the Marsh runs. The sediments which
fill the channel of the Marsh, namely clay and clay silt,
have probably been deposited from the water of the river
when the rate of flow of the current was diminisheq on

entering the long and almost level reach of the old loop."

" eeeesess The vegetation is making a new substratum
out of autogenous products of decay, and the floor of
the Marsh is being raised and the relative position of

the level of H.W.M. is being changed. The accummulation

~is most marked in the Rumex-Equisetum community, where

the bulky rhizomes of Rumex tend to grow on top of one

another.

A hole was dug in the south end of the Rumex-Equisetum

Community of the E. Salix Marsh in the summer of 1929

when the water level was abnormally low, and the.following
stratification of deposits was found:

(a) Stratum about an inch thick, consisting of living
rhizomes of Rumex covered with, and embedded in, dense

masses of Mnium and Hypnum.
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(b) Stratum from 3 - 5 in. thick, consisting of three
successive layers of old rhizomes of Rumex, embedded in
finely divided black detritus. The old rhizomes were

black, hard and semi carbonised.

(¢) Stratum 7 - 9 in. thick, consisting of dark coloured
finely divided detritus, densely penetrated by living and

dead rhizomes of Equisetum limosum.

(d) Basal stratum of clay silts.

The stratification indicates that at this particular
spot there has been an accumulation of autochthonous
detritus to the extent of about 1 ft. during the period
of 100 years which has elapsed since the Marsﬁ was formed.

The invasion of the Rumex-Equisetum community by Salix

fragilis (pp. 115, 116) is probably a result of the

increase in the height of the surface by autogenous

n
accumulation.

Following Griffith's account of the Marsh sediments it was
decided to re-examine the sediment under different plant commun-
ities. The aim (as outlined in the introduction) was to investi-
gate substrate type, succession between plant communities as
revealed by the macrofossils, depth of unconsolidated sediment,
and the amount of organic matter that had accumulated under the
different plant communities.

The sites sampled were not at the same locations as
those examined previously. The aim was to trace the development
of the Marsh at the site selected for study (the western area).
It would be difficult to assess the amount of organic matter

that had accumulated during the last 50 years due to local

variability and the problems of locatiﬁg the exact position

previously sampled. However, if a marker horizon could be found
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within the stratigraphic layers that could be demonstrated to

be a riverine deposit, this would enable the rate of infill over
the last 170 years to be determined, and aiso the amount of
differential infill under different plant communities due to

litter accumulation and slope wash.

5.2 Results of Sampling the Sediment beneath different Plant

Communities

Eight sites were investigated, the locations of which
afe marked on the reference map. The detailed descriptions of
each core, and the scheme used (that proposed by Troels-Smith,
1955) are given in the Appendix. A brief verbal description of
the strétigraphy is given below.

In addition to these eight sites others were selected
for investigation, but results could not be obtained due to
compaction of sediment. These were the terminal Phragmites at
the S.W. field edge of the South Salix Marsh, the outflow stream
in the South Salix Marsh, and the small 'Woodside' and 'Middle
Pasture' marshes. The latter two were thought to be river
features in the flood plain and it was hoped to be able to
compare the stratigraphy with that of the main marsh system, but
this was not possible. Another site, investigated with the clay

auger, was the Phragmites on the west side of Pond C. Grey silt

was found beneath the immediate root mat.
When the Livingstone corer was used it was not easily
1
possible to sample to great depths and therefore an approximation

of the total depth of the deposit was not determined.

1 See methods section.
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5.2.,1 Description of Each Core

Core 1 "Typha Marsh" (Livingstone) Water depth 30 cm.

The top layer (O - 14 cm.) of sediment was comﬁosed
of a black-brown, coarse-detritus gyttja and the living stems
and roots of Carex sp. and Typha latifolia. From 14 - 55 cm.
depth the deposit consisted of a dark grey silt which was well
laminated with light bands. The silt was lighter grey towards
the base. This lower layer, mainly inorganic, contained many
fine black roots that were impregnated in the silt. The stems
and the nodal septa of Equisetum occurred with these fine black
roots. The roots were of a different nature to the more fibrous
and longer roots nearer to the surface of the core. Assessment
of whether the stems of Equisetum were detritus or turfa was

difficult but the latter interpretation seems more probable.

Core 2 Pond A. (Livingstone) Water depth 50 cm. Nuphar lutea.

The top 35 cm. of sediment consisted of, a semi-liquid,
black, fine-detritus gyttja. The next léyer, from 35 - 49 cm.,
had a greater proportion of silt and was less saturated with
water. The remains of Equisetum were present in it. Beneath
this was another black, fine-detritus gyttja, extending from
49 - 62 cm. These uppermost layers contained a slight presence
of fine black root fibres. The lowest layer, from 62 - 90 cm.,

consisted of grey silt and was well laminated with fine light

and dark bands.

Core 3 Pond A, Southern end (Livingstone) Water depth 1 m.

(0open water)

The top 48 cm. of sediment consisted of a semi-liquid,

black, fine-detritus, gyttja. From 48 - 55 cm. grey silt was the

main component and this was less saturated. From 55 - 66 cm.
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another fine-detritus gyttja was present, which was more saturated

than the grey silt above it. Below this, from 69 - 95 cm. was a
grey silt that was well laminated with a slight presence of black

fine detritus.

Core 4 Pond A, S.E. Corner (Russian). Phragmites bed.

Water depth 20 cm.

The Livingstone corer:would hot penetrate the dense
-root mat, and the Russian type sampler was used. The top 55 cm.
of sediment consisted of a semi-liquid brown gyttja of
detritus with roots, that could not be sampled. (Its depth was
determined by inference, working upwards from the basal sediment).
.The next layer, from 55 - 63 cm., consisted of slightly humified
and unhumified root systems that were very fibrous and black.
The layer from 63 - 73 cm. consisted of a fibrous black root-mat
set in silt. Between 73 and 100 cm. the dark grey silt was
impregnated with small fine, black, less fibrous roots. The
layers from 100 cm. - 130 cm. consisted of dark grey silt. Black
layers of fine detritus occurred between 107 - 115 cm. and 130 -
133 cm. Below 133 cm. the stratigraphy consistéd of well laminated
grey silt. There was a slight presence of fine black detritus
within this section. Narrow (3 mm. wide) light yellow bands
occurred intermittently. A few black, flattened tubular stem
sheaths, 1 - 2 cm. wide, 3 - 4 cm. long and finely striated,
were hand picked from between 100 and 200 cm.1 The Russian type

sampler could not be pushed below 200 cm. from the top of the

sediment.

1 jater identified as Scirpus lacustris (Schoenoplectus 1.) See

5.3. 4.
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Core 5 Pond A, E. Bankside (Russian). Water depth 30 em. 1

Iris and Carex acutiformis community, 20 cm. beyond h.w.m.

The depth of sediment sampled was 94 cm., below which
the Russian type corer could not be pushed. The top 20 cm.
consisted of semi-liquid coarse-detritus gyttja and the living
roots of Iris and Carex. From 20 - 50 cm. grey silt with slightly
humified, very fibrous, rooted material was found, and some
detritus (leaves of Carex, and black, wide, flattened, tubular
sheaths, finely striated). The basal layer, from 50 - 94 cm.,
consisted of grey silt with some clay and a slight presence of
fine black roots of Equisetum. Some coarse detritus such as

Carex leaf fragments were also found.

Core 6 Pond A/B transition. E. Bankside. (Russian)

Water depth 20 cm. 10 m. beyond h.w.m. Phragmites bed.

The top 75 cm. consisted of unhumified rooted material
and coarse-detritus gyttja with some silt. That at the top was
semi-liquid. After 75 cm. a continuous dark grey silt layer was
found which extended to 140 cm., and towards its base this was
well laminated. Within it was a small proportion of rooted
material and coarse detritus. Flattened black tubular sheaths,
wide and finely striated (similar to those mentioned above)
occurred at two locations within the 75 - 100 cm. section. The

layer below 140 cm. was unpenetrable.

Core 7 South Salix Marsh. 70 m. from Embankment, West Bankside,
30 m. from field edge. (Livingstone). Bare mud surface with

Carex acutiformis, C. vesicaria on margins, C. remota on fallen

trunk nearby.

The depth sampled was 85 cm., but as the Livingstone was

used, sampling to a greater depth was not attempted.

 — . "
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The top 7 cm. consisted of dark coarse-detritus peaty

mud with fragments of wood twigs and Phragmites. From 7 - 15 cm,

the layer was comprised of silt with unhumified rooted material
and fine detritus. From 15 - 18 cm. there was a black coarse-
detritus.gyttja and siightly humified rooted material. From
18 - 33 cm. there was a silty sand layer, well laminated, with
detrifus in black bands. From 33 - 50 cm., a thick sand layer
occurred, with no visible plant remains. Between 50 and 66 cm.

there was a silt layer with the abundant unhumified light brown

rbots, stem nodes and leaves of Phragmites with black coarse
detritus. From 66 - 85 cm. there was dark grey silt with a few
laminations of lighter bands and a slight presence of sand. 1In
this were the very abundant remains of the stems (with nodal septa

well preserved) of Equisetum fluviatile.

Core 8. South Salix Marsh. 60 m. from Embankment, 20 m. from W.

field edge. (Russian). Bare mud surface with Lemna minor,

Lycopus @uropaeus and Carex remota on fringes. Depth sampled:

216 cm.

The first 20 cm. was composed of dark-brown coarse-

detritus mud, and wood and Phragmites peat. From 20 - 41 cm.

there was a sandy silt with some unhumified rooted material.
Between 41 and 45 cm. there was a silt with more rooted material
and coarse detritus. From ks - 51 cm. there was silty sand with
particles of coal present. From 51 - 72 cm. a thick sand layer
occurred with only a very slight presence of plant remains.
Between 72 and 76 cm. there was a sandy silt with the abundant
unhumified light brown and pale green stem nodes, leaves, and

foots of Phragmites. From 76 - 91 cm. more Phragmites peat

occurred, mixed with silt. From 91 - 101 cm. there was a grey

silt with some coarse detritus and the abundant nodal septa of

Equisetum, From 101 - 141 cm. the grey silt was well laminated,
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and a small component consisted of fine black roots and the

detritus of Equisetum fluviatile. Between 191 and 216 cm. there

was more grey silt with some clay. It was well laminated, with
recurrent thin sand bands and light yellowish silts. In this
there was very little detritus and no rooted material. The

sampler could not be pushed below a depth of 216 cm.
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5.3 INTERPRETATIONS

5.3.1 Different substrates

In all cases the sediment upon which the present plant
community is growing is a black gyttja above grey silt into which
roofs penetrate. It was not possible to show a correlation
- between plant community type and type of substrate. Water depth
seemed to be a more significant factor influéncing the type of
plant community.

In some locations a thick sand layer occurred beneath
this gyttja and silt (cores 7 and 8). Roots were absent from it
although they occurred above and beneath it. The sand layer

might influence the conditions of growth of the Phragmites above

it (e.g. acidity of the soil) but the remains of the same plant
beneath it would suggest that the sand does not determine the

reed's distribution. Elsewhere Phragmites grows on grey silt

without a sand layer.

The literature indicates that Phragmites can be found

on a variety of substrates and that it also tolerates a wide range
of levels. of organic content of sediment or soil, and of pH values
(Haslam 1972, 588).

Silt is more nutrient-rich than sand, and clay streams

are often eutrophic (Haslam 1978; 120). Haslam (1978; 36)
arranged species into groups with similar responses to substrate
types. "Where several substrate types occur in one site, each
species present is recorded as though it occurred in each
substrate type. This shows correctly that habitats of particular
particle sizes can support particular species, but it also wrongly
implies that each species present grows on each substrate type,
which may not be the case, e.g. a particular species may only

grow on the silt banks in a gravel stream."
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The species that Haslam most closely correlates with
fen-peat or organic alluvium include large, deep rooted emergent
plants and non-rooted submerged ones, (also correlated with

negligible flow), such as Carex acutiformis and Phragmites.

Those species best correlated with fen peat that also occur

frequently in other soil types include Lemna minor and

Potamogeton natans. Those best correlated with soil and mud

are Nuphar lutea and species of Potamogeton. However Nuphar lutea

and other species often occur on a wider range of soils than those
in which they grow well,.
Species that Haslam most closely associates with medium

grained substrates include Rorippa nasturtium-aquaticum agg.,

Schoenoplectus lacustris (Scirpus l.), Sparganium spp. and

Ranunculus spp. Mosses are most closely associated with coarse
substrates ( Haslam 1978 ; 35 - 39).

Many factors will determine the distribution of plants
at the Marsh:- water depth and shade would seem to be more closely
correlated with different plant communities than substrate, as

the substrate is fairly similar within the samples examined.

5.3.2 Depth of unconsolidated sediment

This was not examined when cores were taken using the
Livingstone sampler. The Russian type sampler was a more Suc-

cessful tool for this purpose. Depths to which it was possible
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to sample ranged from 140 - 216 cm. and depended on the strength

of the worker(s) and the position of the site with respect to

the cross profile of the river channel. It might have been
possible to sample to greater depths in some cases using a clay or
sand auger with a great number of extension rods and more labour.
The impenetrable layer may have been a thick sand layer, river
gravel, boulders or bedrock.

At the greater depths sampled, the grey silt became
very well laminated. Each fine lamination probably represents
a former surface of the top sediment in the channel.

The different types encountered (sand, yellow silt,
dark grey silt) presumably represented different environmental
conditions such as flow type and sediment source (e.g. long
distance or local bankwash).

Interpretation of a marker horizon that represented
the event of diverting the flowing river water was not easy, as
organic gyttjas alternated with inorganic layers which could have
been the products of local input. This problem was examined
further in laboratory analyses of the layers within one core
selected from those taken along the stratigraphic profile, and

is discussed more fully in later sections.

5.3.3 Amount of Organic Matter accumulation beneath different

plant communities

The depth of the upper organic layer varies in different
cores, but this does not represent a simple relationship to dif-
" ferent organic production or litter accumulation rates beneath
the different plant communities presently at the site. Many
problemé of interpretation can be outlined.

The depth of the uppermost black gyttja upon which the
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present plarnt community is growing will be influenced by auto-
genous products of decay and also the washover of fine and coarse
detritus from the banksides, and the transportation of fine
detritus during high water levels,

The position of a site in relation to mean water level
and the cross profile of the river channel will influence the
depfh of the black organic gyttja. For example, that in the
centre of the pond will be the product of slumping of material
from the shallower pond margins and will therefore often be
thicker. Infill may, therefore, proceed more quickly here so
that the ponds may not qontract in shape for many years even
though infill is going on. Compaction levels will however vary
and a greater depth will not necessarily mean greater volume of
organic sediment. For example, many of the plant communities
around the margins of Pond A extend over the greater water depths
as floating rafts of root mats. Underneath these, products of
decay will rain down on to the sediment surface and raise it as
they accumulate. This organic detritus may be less compact than
a telmatic deposit due to being permanently saturated.

As outlined in the previous section, the interpretation
of the dates represented within the sediment (the relation to a
river or marsh deposit) is crucial to assessing the amount of
organic matter accumulation under different communities as
organic layers are overlain by inorganic layers. Just as the
depth of the top organic layer immediately beneath the present
plant community is partly composed of transported material, a

lower organic layer may also represent transported detritus in

some cases. In other cases these lower layers are partly comprised

of rooted material that has accumulated in situ. It may be the
product of a different plant community to that growing in the

upper organic layer (succession). This may indicate the washing
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away of the previous plant community or destruction by inorganic

sediment deposition above it. But in the single top organic layer
it is difficult to sebarate the remains of different types of
plant community due to the semi-liquid condition of this layer

at most sites.

The position of the first rooted material is not always
clear as some of this may be detritus consisting of root fibres
deposited in the grey silt after being transported. Neither is
the presence of rooted material a simple guide to the date of
deposition of the layer in which they occur, due to the pene-
tration of fine roots from above.

There are some problems of classification of this upper
organic layer. The term gyttja (mud) implies transported material
in contrast to a peat or turfa that accumulates in situ in tel-
matic or terrestrial situations. The distinction between a turfa
that accumulates beneath a telmatic sedge or reed community and
a gyttja of detritus that accumulates beneath an emergent;
submergent, or floating-leaved macrophyte community beyond the
low watér mark is difficult. Thg latter three communities, unless
they occur as floating root mats, will have rooted material
(turfa) growing in the sediment, but the products of decay will
be transported to the sediment surface and may therefore be
classed as detritus.

Many factors infiuence the depth of the uppermost
organic layer and its base is often difficult to determine due
to a gradual transition to silt. A simple change over from
organic marsh deposits to inorganic riverine deposits was not
found. Modern river sediment may have at its surface shingle,

sand, silt or black organic mud depending on flow conditions and

other factors.
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Bearing in mind these problems of interpretation, the
depth of the top organic layer and the other organic layers from
the samples taken may be summarised as follows.

Cores 1 and 5 have shallow, compacted turfa and detritus
beneath sedge communities. They come from marginal communities at
the lowest point in the telmatic zone.

Cores 2 and 3 are from deep water sites. They have a
greater depth (35 cm. and 48 cm. respectively) of uncompacted
fine detritus. Below this other fihe-detritus gyttjas occur
intermittently within the silt.

Cores 4 and 6 are from Phragmites beds in deep water

and telmatic localities. There is a deep layer of fibrous turfa
(63 cm. and 75 cm. respectively). Beneath this are fibrous roots:
set in silt and then fine black roots and some detritus. This

may represent a community that Phragmites has replaced.

Cores 7 and 8 are from bare mud patches in the South
Salix Marsh. Coarse detritus mud overlies the remains of a

Phragmites turfa that is shallow and compacted. At its base this

is mixed with sandy silt. At greater depths (33 and 51 cm.

respectively) there is a thick (c.20 cm.) sand layer without

plant remains. Below this is more Phragmites turfa, in silt,
(to 66 and 81 cm. respectively) and then the abundant detritus
of Equisetum and fine black roots set in silt extending in Core 8

" to a depth of 141 cm. Below this (141 - 216) there is the slight

presence of detritus.

Organic infill can, therefore, be shown to be greater
in some locations nearer the centre of the old channel but is
less compacted and partly due to slumping of material from the

banksides. Phragmites beds have greater depths of organic

detritus beneath them, but some is probably from the community

Phragmites replaced. (Cores 4 and 6).
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5.3.4 Succession

In certain localities the comparison of the present
mapping with that published in 1932 indicates succession. The
examination of plant macrofossils within a core should allow
these deveiopments to be traced over a longer time scale.

Macrofossils were hand picked from the dissected cores
in the examination of the sediment from these eight sites. The
sediments of the 9 cores from the stratigraphic profile were
separated by wet sieving (see methods), the results of whi;h
are outlined here.

" The presence of seeds, fruits and other detritus must
be viewed with caution asAthey are easily transported within a
water body, especially if there is flow along the channel (in a
river system) or washover from banksides.

The presence of different types of root, rhizome and
stem systems is a more accurate guide to succession. However,
rooted material is extremely difficult to identify. That
encountered ranged from thick and very strong fibrous brown and
black material to very fine soft smaller black roots. When
large, abundant, identifiable detritus was encountered with this,
it gave a guide to the plant community that existed in the
locality. The problem of roots penetrating to basal silts from
above has already been mentioned.

A description of some of the macrofossils that were
identified is given below, with an interpretation of the
evidence. Evidence was assessed on a qualitative basis.

Unhumified Phragmites stem nodes and leaves, often
light brown and green, together with a characteristic strong,]ight—
brown, root system, were identified from above and below the

sand layer in cores 7 and 8 from the South Salix Marsh. Above

the upper Phragmites tﬁrfa, a coarse detritus mud with woody
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fragments occurs.
This evidence may be interpreted as follows. A

Phragmites reedbed previously existed in the area that is now

the marsh forest, perhaps connecting the Phragmites on Pond C

with the terminal Phragmites stand at the N.W. field edge of the

South Salix Marsh.- At some time in the past it was replaced by

a deposit of sand that accumulated to a depth of 20 cm. Whether
this was a river deposit is investigated further in the next
section. Above the sand more silt accumulated and later Phragmites

again established itself. This was in turn replaced by the herb
layer characteristic of the marsh forest as tree cover became
established at a later stage in the hydrosere, which shaded out

the tall monocotyledom.
In many cores small discs were found that resembled

stem nodes of grasses. These were later identified as the nodal

septa of Equisetum fluviatile when comparisons were made with

modern specimens. On one fossil specimen the fringingtteeth'were
found. These parts seem to be differentially preserved. They

were extremely abundant beneath the Phragmites turfa in core

number 7 and as they were associated with fine black rooted
material it may be assumed that they grew at that location,
within the grey silt. This agrees with Griffith's hypothesis
that the marsh floor (or river bed) was at some time in the past

more extensively covered with Equisetum fluviatile. This may,

therefore, represent a stage in the hydrosere earlier than the

Phragmites that preceded the carr at the location of the South

Salix Marsh. Whether the Equisetum grew at a time when the river
was flowing through the channel is difficult to assess.
Other remains that could be seen without the aid of a

microscope were wide (1 - 2 cm.) flattened tubular sheaths that
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were black and finely striated. The smaller examples may have
been species of Juncus. The 1argér examples wefe identified

as Schoenoplectus lacustris.2 Some were thought to be part of
the below ground rooting systems due to their greater size when
compared with modern above ground specimens.

The modern specimens and the fossil specimens were
examined together under a microscope, and it seems highly probable
fhat the identification is correct. The width of the flattened
tubes is too great for Equisetum and the fine striations are of
a different nature. The presence of stomata could be used to
determine whether they were above or below ground Parts, but
this was not examined in detail.

Such large black tubular sheaths occurred beneath the

Phragmites around Pond A (cores 4 and 6) and also in core 5

which was from a sedge community nearby. They occurred in the
same silt that contained fine blackened roots. If they do rep-
resent a deposit accumulated in _situ it might indicate that
Schoenoplectus preceded the Phragmites at this location.
However, they méy represent detritus that could have been

transported from long distances if the grey silt is a river

deposit.

The core taken on the S.E. side of Pond A (core 4)

amongst the Phragmites is in an area previously occupied by

Rumex hydrolapathum and Equisetum fluviatile according to the

1929 Survey. Such tubular sheaths were found in the basal layers.
The uppermost organic layers beneath the dense root and rhizome

system of the Phragmites were saturated to the extent that they

1 With the assistance of Dr. A. GreatBex.

2 Schoenoplectus lacustris = Scirpus lacustris.
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could not be adequately sampled. A layer which should represent

the Rumex-Equisetum community could not be determined, although

fine black roots were found in the basal grey silts.

Smaller macrofossils were separated from the sediment
samples by wet sieving, and isolated from fibrous miscellaneous
detritus under a microscope, when analysing the 9 cores taken
along the transect line (see next section). Thosé that could
be identifiedl included seeds of Rumex sp., Atriplex sp.,

Ranunculus sp., Carex sp., Sambucus nigra and Caryophyllaceae sp.

In addition, buds of Salix spp. were identified and, in the basal

silts, there occurred the fruitstones of Potamogeton natans,
Daphnia egg cases and moss leaves (including a specimen of
Sphagnum). Unidentifiable miscellaneous detritus always represen-
ted the greatest proportion of any sample examined.

These smaller macrofossils were not able to be used to
demonstrate succession in the time available. Detailed microscopy
on one core of the seeds and fruits in conjunction with the type
of rooting systems encountered might enable the plant community
that was present at the time of deposition to be more precisely
determined. This might be able to be.done on a quantitative
basis. When dissecting a core with fine "roots" in grey silt it
was sometimes difficult to determine whether the remains were
roots growing in situ or miscellaneous fibrous detritus. If
washea through a sieve the macrofossils were then randomly
arranged giving an impression of detritus, whereas in the dis-
section of a core they gave the impression of a turfa.

Unless gross macrofossils occurred in abundance, such

1 1 am grateful for the help of Dr. A. GreatRex with this task.
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as the Equisetum and Phragmites remains-in cores 7 and 8, a

deduction was not made concerning succession. Gross macrofossils
and stratigraphy weré used in the interpretation of the evidence
that the sediments contained of succession. Smaller macrofossils
occurring amongst miscellaneous detritus often gave conflicting
pictures. For example, the Sphagnum leaf suggests long distance
transport i.e. a river deposit, as Sphagnum does not grow at the
site at'present but occurs in abundance in Weardale, while

Daphnia egg cases and the fruit stones of Potamogeton natans

suggest that the sediment was deposited in slow or still water.

It must be cautioned that, in a fluvial system, small detritus
generated in other types of environment, such as still backwaters,
will be washed into the draihage basin from the catchment and

transpofted perhaps over long distances.

Small white twisted particles (> h25/um) were also
isolated under a microscope. These were identified by Dr. A.

GreatRex as shavings from the split p.v.c. tubing that the cores
taken using the Russian sampler were transported to the laboratory
in. Other researchers working on macrofossils have previously

identified such particles as calcareous material until the origin

was demonstrated.
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5.4 RESULTS OF CROSS-CHANNEL STRATIGRAPHIC PROFILE

The locations of the previous boreholes were scattered
in relation to the cross profile of the old river channel.
Additional information on the form of the sediments within the
channel was gained from a cross-channel stratigraphic profile
produced at one lécation with a consistent series of bore-holes.
This aimed at following stratigraphic layers across the channel
to see whether they were persistent horizons, and at accurately
correlating these with regard to altitude and distance.l

The transect line spanned several types of plant
community and a pond. It was located between the two field-edge

markers at 84m. from the embankment in the South Salix Marsh on

o
a line running N - S parallel to the embankment at 350 magnetic
north.

5.4.1 Levelling

The levelled cross-channel profile showed that the 3south-

eastern field, closest to the‘deepest part of the surface of the

old channel which contained the pond, was 1l.6m. higher than the north

western field. This corresponds to the characteristic cross
profile of a curve on a meander bend, with a "river cliff"
nearest the deep water of the channel where there would have
been maximum flow velocity and scour. The outside of the curve
has a concave bank. On the inside of the curve there is a
convex "slip-off-slope" or "point bar" profile, on to which the
river in flood would have deposited its load and spilled out on

to the fields.

- The field named "the island", on the eastern side, is

The aims have been outlined in the methods section.
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a slightly higher area at the point of the transect line.

However, a brief levelling exercise between the 329m. E. bank-
side marker and the 290m. W. bankside marker on a line 113o
magnetic north showed that at this point "the island" was 0.189m.
below the altitude of the western field. At this section the
river is flowing in a fairly straight line. The fields might
not have received as much floodwater as the inside of the

meander curve at the point of what is now the "South Salix Marsh".

5.4,2 The pH and the Vegetation along the Transect line.

Field measurements of the pH of the sediment or soil
subsurface (6 cm. below the surface) were made along the transect
line. The method used was that outlined in Section 2.5. Soil
was not weighed in the field, but approximately similar volumes

were used for each sample tested for its pH reaction.

Table 5.1 _
DATE LOCATION (m N of pH Conductivity Dominant herbdb
_ B,M. layer species
19.8.82] Pond 7.2 [430 p mhos/cm. -
" 35 (Borehole 6) 5.6 Phragmites
n 40 (Borehole 7) 5.2 (Bare mud)
" 45 (Borehole 8) 6.0 Lycopus europaeus
" 50 (Borehole 9) 5.4 Scirpus sylvaticus
" 55 6.5 Impatiens
clandulifera
" 60 5.0 I_mRa_;crl_i_r%
: glandulifera
" 70 5.7 Barley (Field).

lThere is a possibility that the earth that was used to comnstruct

the embankments may have been in part taken from the field near

to the South Salix Marsh, which might have influenced the field-

level on its northern side.
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The soil/sediment samples all gave a pH reaction of

<6.6, including the sémple taken from the field, while the pond
water had a neutral pH. This acidity may be due to leaching,
related to the underlying sand layer (see next section). The
soil of the field is also sandy.

The main tree species along the transect line are

saplings of Alnus glutinosa and Salix fragilis in the telmatic

zone. Salix cinerea, Salix fragilis, Salix alba and Alnus

glutinosa are present up to the field edge.
The herb-layer vegetation is similar to that described
in section 4.2 for the South Salix Marsh 80m. transect line.

Phragmites is dominant at Borehole 6. Borehole 7 is located

in a bare mud zone where the shading effect of the trees would

seem to exclude the Phragmites.

Borehole 8 is located at h.w.m. where mosses, Lycopus

europaeus and Carex remota are dominant in the herb layer.

Carex paniculata, Carex vesicaria, Carex acutiformis, Filipendula

ulmaria, Juncus effusus, Solanum dulcamara, grasses and ferns also

grow in this zone nearby.

Borehole 9 has a very mixed vegetation growing around it,

consisting of Scirpus sylvaticus, Galium palustre, Impatiens

glandulifera, Lycopus europaeus and Heracleum sphondylium.

At 55m. N of basemark, Impatiens is dominant in the

herb layer. Phalaris, Urtica, Iris, Carex paniculata, Filipendula

ulmaria, Circaea lutetiana and Cirsium palustre also grow nearby.

Impatiens, Aegopodium podagraria, Urtica and grasses are

dominant in the herb layer of the northern field edge.
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5.4,3 Description of Stratigraphy of Transect Line Cores

Boreholes were sunk regularly at intervals of 5m, along
the transect line. Boreholes 2 and 4 were intermediates, sunk
beneath the pond, where the sampling interval was decreased to
2,.5m., This aimed at altitudinally correlating the stratigraphic
layers more precisely beneath the deepest part of the old river
channel. Nine boreholes were made in total.

A tenth borehole was attempted between staff site K and
staff sitelL, at 60m. north of Basemark. This was near the field
edge on the inside of the meander curve (on the "slip off slope"
or "point bar".) The sediment was too compécted for the Russian
sampler to be pushed to depths greater than 4o cm. A soil pit
was dug, which fevealed a sand layer between 24 and 28 cm. depth,
and another from 32 cm. - lm. At lm. there was a grey silt and
clay with roots pfesent in it. The hole rapidly filled with
groundwater which suggested that the water table had been reached.

The Russian sampler could not be pushed further than the
sand horizon when it was not placed in the soil pit. This might
l suggest that the profile of maximum depth produced from the nine
cores could represent a basal impenetrable sand layer rather than
bedrock. Only at one borehole (no. 3) could a hard rock-like

basal layer be felt with the sampler.

From the 9 cores successfully obtained, six gross
stratigraphic layers that occurred persistently can be defined.
Layers were numbered 1, 2, 3 etc., beginning at the base. The
layers show a curved rather than an horizontal arrangement in
respect of altitude, so that they form a concave pattern similar
to‘the profile of maximum sampling depth. The layers reach
greatest altitudinal depth Beneath the present pond, although
core no. 6, from the telmatic zone, had the greatest depth of

sediment that was sampled (254 cm.).
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Layer 1 consisted of basal grey silts that were well
laminated with fine bands of light grey - yellow silt, and fine
bands of sand. The structure can be described as "cyclothematic".
Some detritus occﬁrred in this layer, and in some cores there was
a slight presencé of rooted material.

Layer 2 is a continuum from Layer 1, but consisted of
grey silt that had fewer laminations in it. In general there were
fewer sand bands. The layer was estimated to consist of up to two
parts organic matter. Fine black roots and plant detritus were
more abundant than in layer 1.

Layer 3 consisted of a black mud, with an element of

turfa or rooted material. In some cores there were the abundant

remains of Phragmites stems within this layer.

Lavyer 4 consisted of almost pure medium-grained quartz
sand. This layer gradually thickened towards the "slip-off slope"
or "point-bar". At the extreme N.W. of the transect line (Core
9) this layer was difficult to reconcile with the other cores
as there wefe two major thicknesses of quartz sand and numerous

minor layers which interspersed black organic and grey silt

layers.
Layer 5 consisted of alternating sandy-silt bands and
detritus. In some cores roots entered this layer from above,

but in general did not penetrate through the sand layer (Layer 4).
Layer 6 consisted of a fine-detritus black mud,

saturated with water, from the cores beneath the pond. Beneath

1 "At times a deposit may consist of a number of minor layers

within which, from bottom to top, the proportion of component
layers alternates e.g. sand - sandy clay - clay, or lake marl -
lake marl containing gyttja - gyttja etc. Such minor layers

are called cyclothems and the structure is called cyclothematic".

(Troels-Smith 1955).
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this was a layer of brown mud. In the cores from the telmatic
zone Layer 6 again consisted of brown mud, saturated with water.

There was an element of rooted material in both these areas.

In the cores at h.w.m. and beyond (8 and 9) Layer 6 consisted of

wood- and fen-peat.




PLATE L

SEDIMENT SAMPLES FROM TRANSECT LINE BOREHOLES

Description of sample follows numbers shown on tape
measure (cm.). O = top, 50 = bottom of sample.
"Stratum" refers to the gross layers within the transect
line cores. SS in Photograph label refers to adjacent
staff site. Small detritus was identified by laboratory
microscope analysis.

TOP : Borehole 2. Sample 4 0-49 cm., beneath sediment surface,
(Water depth 17 cm.) ,
STRATUM 6 : O0-=12 Fine black organic mud. 12-17
dark brown mud with woody fragments and some roots
of Phragmites. Daphnia egg cases.

STRATUM : 17-28 Silt with some sand, Phragmites
stems, roots and twigs. 28-31 Brown roots and twig
fragments 75% 31-41 Grey silt with some clay.
STRATUM 4 : 41-47 Yellow quartz sand.

STRATUM : 47250 Black organic mud.

MIDDLE : Borehole 2 Sample 3. 49-99 cm, depth.
STRATUM 3 (cont.) 0-8 75% organic.
STRATUM 2. 8-25 Grey silt with 50% organic remains,
detritus and roots. Fragments of Phragmites and
Equisetum nodal septa. :
STRATUM 1 : 25-50 Silt with light bands and slight
presence of fine black roots. Leaf fragment of

Phragmites.

BOTTOM ¢ Borehole 2 Sample 1. 149-199 cm. depth.
————— STRATUM 1 (cont.) Cyclothematic grey silt. Minor
layers of sand and yellow silt. Some plant

detritus including Equisetum nodal septa, wood

fragments and a Phragmites stem node and leaf.
No roots. Coal particles > 425 pm.

i







PLATE 5
SEDIMENT SAHPLES FROM TRANSECT LINE BOREHOLES

Description of sample follows numbers shown on tape
measure (cm.). O = top, 50 = bottom of sample. '

TOP : Borehole 7. Sample 3 69-119 cm. depth.
STRATUM 4 : O0-7 Sand, with Phragmites stem.
STRATUM : 7-17.5 Black mud and dark grey silt,

in minor layers with Phragmites stems and mis-
cellaneous detritus including: Sphagnum leaf,

Daphnia egg cases, Ranunculus seed and Rumex
seed.

STRATUM 2 ¢ 17.5-30. Grey silt with up to 50%
plant remains including Phragmites stem node and
roots.

STRATUM 1 : 130-50. Cyclothematic grey silt with
slight presence of plant remains.

UPPER , _

MIDDLE : Borehole 7. Sample 1  169-219 cm.
STRATUM 1 (cont.) Cyclothematic grey silt with
some black detritus bands. Miscellaneous detritus.
No remains identified.

LOWER

MIDDLE : Borehole 3. Sample 1 159-209 cm.
STRATUM 1 : Cyclothematic grey silt. Plant
remains almost absent. 1 Egquisetum node, and
wood fragment. Coal particles.

BOTTOM : Borehole 4. Sample 1 176-226 cm.
’ STRATUM 1 : Cyclothematic grey silt. Wood
fragment. Mica, coal and metalliferous slag

particles > U425 fam.







PLATE 6

Description of sample follows numbers shown on tape
measure in cms., 0 = top, 50 = bottom.

TOP : Borehole 9. Sample 2 (at bottom of Photo.)
Depth 0-50 cm. '

O - 15 cm. Brown wood peat with well preserved
roots and twigs.

15 - 24.5 cm.Yellow quartz sand with twig
fragments, roots absent.

24.5 - 38 Silty sand with humus substance and
roots.

38 - 4b4.,5 Grey silt with humus substance and roots.

4h,5 - 50 Quartz sand with some plant detritus

(sedge leaf).

Sample 1 (top of Photo.) 47-97 cm. depth.
(3 cm. overlap in depth).

0 - 2.5 Silty sand. 2.5 - 6 Yellow quartz
sand. ’

6 -9 Yellow sand + silt.

9 - 14 Grey silt with fibrous plant remains

and some clay.

14 - 14.5 Light band. 14.5 - 50. Uniform grey
silt layer with dark partial streaks
of humus substance and abundant well
preserved fine detritus and roots.
Phragmites leaf at 25-30.

MIDDLE : Borehole 6. Sample 1 204 - 254 cm. depth.

STRATUM 1 : Cyclothematic grey silt. Some fine
detritus and two Equisetum nodes.

Borehole 6. Sampie L 54 - 104 cm. depth.

STRATUM §5-: O - 10  Grey silt with some sand and
roots.
STRATUM 4 : 10 - 25 Sand layer, very few visible
plant remains. Phragmites
. leaf.
STRATUM 3 : 25 - 37 Black organic mud,
' - Phragmites stem node,.
i Sand band at 28 - 29.
STRATUM 2 : 37 - 50 Grey .8ilt with 50% black
fine roots. '

BOTTOM
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5.4.4 Macrofossil content of Transect Line Cores

Much of the organic material isolated by wet sieving
and examined with a dissecting microscope represented unidenti-
fiable miscellaneous detritus from the basal two layers. Aﬁ
element of fine rooted material was sometimes present. Some

coarse and fine detritus that could be identified were:

Core 1 Equisetum nodes, beetle elytra, twigs, Phragmites leaf,
" roots.

Core 2 Phragmites leaf. Equisetum nodal septa. Potamogeton -
natans fruitstones. Atriplex seed. Roots.

Core 3 Equisetum stem node. Phragmites stem node. Daphnia
egg cases. Carex leaf. DPotamogeton natans fruitstone.
Salix bud. Sambucus nigra seed. 1ITwig fragments.
Coal particles. Roots.

Core U4 Phragmites remains. Equisetum nodal septa. Daphnia
egg cases. Fruitstone of Potamogeton natans. Roots.
Core 5 (Miscellaneous detritus). Wood fragments. Coal particles.
Core 6 Equisetum nodal septa. Phragmites stem node. Roots,
Core 7 Sphagnum leaf. Daphnia egg case. Ranunculus seed..
Rumex seed. Phragmites stem node. Some roots.
Core 8 Twigs. Phragmites stems, and some roots.
Core 9 Fine rooted material. Phragmites leaf.

Potamogeton natans grows in lakes, ponds, rivers, ditches.

It especially grows on a highly organic substratum, and usually
in water less than 1lm. deep. (Clapham, Tutin, Warburg 1958, p.
1193). It was recorded in abundance in 1932 from Pond A, but
none was found in 1982, Atriplex is a weed of agricultural land.
None was recorded from the banksides in 1982.

Layer 5 consisted of a black mud.with some grey silt
and abundant plant remains beneath the sand horizon. The plant
remains were highly humified, but some detritus that could be

identified were stems of Phragmites and fine rooted material.

From Cores 8 and 9 this stratum was difficult to define as it
consisted of minor layers in which the components of silt, sand

and detritus alternated.
Layer 4, (the sand layer), had very few plant remains

ijn it. The rooted material from above did not penetrate it in

most cores.,
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Layer 5 partly consisted of a Phragmites peat, with

woody fragments and miscellaneous detritus. In core 8 Juncus
and Equisetum detritus also occurred.

Layer 6 had well preserved living roots within it but
much of the detritus was highly humified. Wood and twig fragments
were present in this layer from the cores from the telmatic zone,

Detritus that is unconnected to a rooted layer within
the deposit must be viewed with caution as it may have been
transported over long distances within a fluvial system.

However, very fine black rootlets occur within the basal layers,
and beneath the sand layer there is a black mud with abundant
plant detritus. The basal layers are indicative of a lake or
pond, but the sand layer is suggestive of flow conditions in the
channel. It thickens towards the inside of the meander bend and

is a persistent horizon. Phragmites usually grows in shallow,

still water (Haslam, 1972). Its occurrence beneath the sand
layer raises questions about the date of origin of the sand.
It could be the product[?zoodwater from the river after the Marsh
was formed, but the embankments appear to be effective barriers
to such occurrences.

To try to determine whether the sediment was deposited
by the river, five physical/chemical analyses were made of the
sediment from Core 6, which contained the greatest deptﬁ sampled.

The aims of each technique have been outlined in the methods

section.
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5.5 PHYSICAL/CHEMICAL ANALYSIS OF ONE CORE

One transect line core (core 6) was selected for

detailed analysis to aid interpretation of the stratigraphy.

5.5.1 Particle Size Analysis

Microscope analysis of sediment using a calibrated
graticule showed that the dark-grey and yellow-grey layers were
composed of silt and clay size particles. Particles of the grey
silt ranged from .00l - ,012 mm. Particles of the yellow silt
ranged from .00l - ..047 mm. Particles of the sand horizon
(layer 4) ranged from .02 - .5 mm.

A particle size analysis was made of three layers.
Approximately 10g. of material is required from each sample point.
The yellow-grey silt was not analysed due to insufficient material
from any one sample point. Results are summarized in the follow~-
ing table.

The dark grey silt beneath the sand layer had only a
small percentage of clay sized particles. Had the percentage for
clay been greater, it might have suggested very still water
conditions.

The sand layer is dominated by medium sized sand
particles. This layer had very little clay (4%) or silt (9%)
and is highly sorted. This would support the hypothesis of a
high energy environment of strong flow conditions within the
channel. Had the sand been reworked and deposited by bankwash
or by flooding across the fields from the modern river into the
Marsh, it would be less likely to have such a consistent grain
size. If it had been artificially deposited by man it might form
a fan shape rather than this persistent horizon. It gently tapers
towards the area of maximum scour under the deepest part of the

channel but is thicker on the point bar.
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The sample from 46 - 49 cm. depth does show a more

mixed distribution of grain sizes, but is dominated by sand.

5.5.2 Organic-Matter Content

The percentage loss of weight-on ignition, that provides
an estimate of organic-matter content, peaked in the sample from
the black mud beneath the sand layer, and in the black mud at
24 - 27 cm. depth. It generally increased up the core as expected,
although it is uncertain why the inorganic sand layer should occur
above a point where the organic matter content of the sediment is
aiready beginning to increase.

It was initially hypothesised that the dark-grey silt
had a greater element of organic "limus" or "detritus" than the
yellow-grey silts, which gave it its darker colour. The differ-
ential amounts of organic matter were, it was thouéht, perhaps
related to seasonal conditions of organic activity within the
water body. This hypotheéis was not substantiated by the present
experiment. The yellow-grey silt unexpectedly lost more weight
on ignition (6%) than the grey-silts (2 - b4y,

The basal layers that were sampled from 254'— 90 cm,
depth are mostly inorganic. Minor peaks might haQe occurred at

all yellow-grey silts had the sampling interval been smaller.

5.5.3 pH Reaction

The pH of samples decreased as organic-matter content
increased towards the top of the core. This may result from
‘humic acids produced by decomposition.

The smallest pH value came from the black mud beneath
the sand layér (pH 4.7). The upper layers of mud above the sand
are léss acidic, perhaps due to being less decomposed. The

surface pH at Staff Site H (core 6) was 5.7 i.e. less acidic¢ than

I \% wt. loss on ignition was also recorded for four samples from transect
core 9 (see Appendix 11, P.274). The sample from the upper sand layer lost
2.2%, -samples from-two silty sand layers lost 2.6%,,ahd a sample from the
lower grey silt lost 3.2% .
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at 24 - 27 cm. beneath the surface. This may result from iess
decomposed organic material. Nowhere along the transect line
samples did the soil subsurface give a pH reaction of <5.0.
The grey silts, almost inorganic, are close to a
neutral pH. This is similar to the present water body today,
while the river is more alkaline. However, it is the present
water that saturates them, and their pH value does not neces-

sarily indicate that the sediments are not of fluvial origin.

5.5.4 Mineral Analysis

Four layers were selected for mineral analysis to try
to determine the origins of the Butterby Marsh sediments.

1. Grey Silt layer

The grey silt layer from 220 ;\223 cm,, that is the

characteristic component of the bulk Qf £he unconsolidated
sediment at this and éther locations, had the following mineral
constituents:

The main mineral was quartz (SiOz). Fluorite (Can)
was also present in large amounts. The sediment contained clay
minerals - illite (mica) and kaolinite (an aluminium silicate)
are present in quite appreciable quantities.

2. Yellow Silt layer (241 - 244 cm. depth).

The main mineral was quartz. This sample, however,
contained large amounts of Siderite (Fe COB) an iron carbonate,
as well as illite, Kkaolinite and fluorite. Feldspar was also
presenp (it is difficult to determine whether it is a plagioclase
or a potash feldspar). There was more quartz and less fluorite
in this sample than sample 1.

3. Basal Sand layer (251 - 254 cm. depth).

The main mineral present was again quartz. Also

present were kaolinite and fluorite,
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4, Upper Sand (69 - 72 cm. depth).

The main mineral was quartz with minor kaolinite and
fluorite.

Dark coloured particles separated from a sample of
particles >h25‘pm from this layer were analysed. The X-ray
pattern showed a typical trace of an amorphous material. This
was determined to be particles of coal, which was confirmed by
hand lens study. (Coal is not crystalline and is therefore not
picked up on the X-ray trace). Also present were small quantities
of Kaolinite, ¢hamosite and quartz. Fragments were also present
which ekhibited a clinker or slag like appearance. Some particles
were metalliferous and could be seen to have gas vesicles
(bubbles) when examined under a microscope. Other particles were
thought to be iron carbite, a product of smelting that has a

shiny appearance. A fluorescent green-blue particle was also

isolated.

Discussion of results of mineral analysis

All samples were dominated by quartz (C.60 - 80% of
each sample). It is difficult to determine the origin of the
gquartz as it is widespread in the region_(see Dﬁnham 1948 p.90).

The grey silt is also composed of illite which would
originate from muds and clays from weathered shale or bedrock.
Illite is produced by the decomposition of feldspars and the
degradation of mica (Reineck and Singh 1980 p.151). The presence
of illite is likely to be responsible for imparting its dark
shaley coloura’t'ion.:L Kaolinite also forms from the destruction

of feldspars and is associated with the coal measures in the

shales.

Siderite

The sample of the yellow-grey sediment contained a

large amount of siderite, .an iron carbonate. These yellowish

1 R.G. Hardy pers. comm,
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bands consist of silt and clay-sized particles that sometimes
form concretions greater than h25‘pm. Mica is often present
with them. They are crushable in the hand or in a pestle and
mortér. Some of these concretions had grooves in them where
organic detritus may have been present. Oxidation of iron may
be responsible for their colouration. In many cases the split
p.v.c. tubing, in which the samples were returned to the lab-
oratory to await analysis, were stained a rust-coloured reddish
brown over large parts of their intermal section.

Siderite has a dissociation temperature of 58000 when

CO.,, is given off. The sample gave a chemical reaction with 10%

2
HCL (gas bubbles were produced) which indicated that it contained

_carbonates. This might account for the greater percentage loss
of weight on ignition than the grey silt although a lower temp-
erature than 5800C was used (27500).

The occurrence of bands of siderite may have signific-
ance for interpreting the time of origin of the sediments i.e.
whether the large depths of silt beneath the sand horizon that
were sampled (c.l.5m.) were deposited before 1811 when there was
major flow in the channel, after 1811 in the reduced flow
conditions of the long backwater that was temporarily created,
or in the conditions of autogenous accumulation within a lake and
then a marsh environment once flow had been stopped (after the
embankments were built). Various possibilities are outlined
below, together with information that was - gathered on the
formation of siderite, but in the present study no firm conclus-
ions were drawn about the exact cause or genesis of these fine
yellow bands that occur within the grey silts.

There are a variety of types of siderite. Clay iron-
stone is an impure iron carbonate occurring as beds and nodules

in coal measures, clays and shales. It is usually fine grained
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and sometimes concretionary. Formerly these clay ironstones
constituted valuable ores of iron and have been worked in
County Durham. (Mason and Berry 1968 p.339, Read 1974 p.522).
Some siderite deposits are formed in modern environ-
ments by direct precipitation in lakes, as in some bog iron ore
deposits. Sedimentary siderites are common in the locality of
coalfields (Read 1974 p.222). The conditions governing the

precipitation of siderite are outlined by Berner (1971 p.199)

as follows:-

"Since siderite is a carbonate, it is soluble under acidic
conditions and does not form in mineral free swamps or bogs.
However, many lake sediments and some bogs are not acidic
because of buffering by fine grained silicate minerals
and/or a high carbonate alkalinity. Thus siderite could
form in a clayey bog or lake sediment, low in dissolved
sulphate and high in organic matter .... There is indirect
evidence for the formation of siderite in the anaerobic muds

of freshwater ponds."
Reineck and Singh (1980 p.151) note that primary
siderite can be formed only in lakes with low Eh values and

that it is known from many lacustrine deposits. Sedimentary

siderite can only be precipitated if the Ca:Fe ratio is less

than 20 (Leader 1982 p.158).

Sedimentary siderite readily alters to limonite
(Fey O3 . 3H20) which is composed of hydrous ferric oxides,
mainly geothite (Fe2 O3 H20) with absorbed water, clay minerals

and other impurities ...

"Limonite sometimes occurs in dull earthy conditions and

in concretions which are yellow or brownish yellow. One
variety is Bog Iron Ore, a loose porous earthy form which
is found in swampy and low lying ground, often impregnating
and enveloping fragments of wood, leaves etc. The bog iron
ores are formed on the floors of some lakes, as in Sweden,
where a layer of 7 inches in thickness accumulated in 26
years; the deposition of iron compounds from the stream
waters flowing into the lake may be caused by minute
organisms such as bacteria." (Read 1974 p.520).

Limonite may thus have been a stage in the origin of the yellow

silt bands. It is not crystalline (Read 1974 p.520) and may
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therefore not have been identified in the XRD analysis. It

results from the alteration of other iron minerals.

Besides these types of occurrence of iron oxides on
the floors of lakes and marshes, they are specifically noted to
form thin bands in clayey deltaic deposits, suggesting that such
patterns are produced by changing sources and rates of sediment

supply ....

..."Siderite also occurs as thin bands and horizons of concret-
ions in argillaceous deposits especially in deltaic facies.
It is not uncommon to find siderite bands contorted and’
fractured by slumping. Siderite clasts are also found in
intraformational conglomerations. These facts suggest that
siderite forms diagenetically during early burial while the
sediments are still uncompacted. Its formation is favoured
by alkaline reducing conditions (Fig. 42)." (Selley 1982

p.149).

The siderite bands in the grey silts of Butterby Marsh
could have originated from transported (detrital) material laid
down under differing flow conditions at the surface of the sedi-
ments, in the conditions of either the river or the backwater, so
that the sand bands represent slightly increased flow conditions.
They may however have been precipitated at the surface of the
sediment in a still-water lacustrine situation, with the inter-
mittent sand bands resulting from seasonal turbidity currents.

A third possibility is that they have formed within the silt,
rather than at the surface of the sediments, perhaps at times of
low water levels or "drawdowns"l. Thus their formation could

post date the deposition of the sediment.

The iron content of the silts could have been trans-
ported to the site from several sources. One might be the
weathering of siderite deposits within the shale and coal measures.
Another might be the working of iron ore deposits in the catchment

area of the Wear. A third might be bog-iron-ore formed under

Shifts in the water table.
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acidic conditions in Weardale, seasonally eroded, and washed in
and deposited by the river in the slack water conditions at

Butterby.
The occurrence of siderite from precipitation in lakes

and its formation within silt in swamps and ponds is consistent

with the other evidence (such as Daphnia egg cases, Potamogeton

natans fruitstones, beetle elytra and rooted plant material) for
a slow water depositional environment at the time of the form-
ation of the c.l.5m. depths of silt.
The yellow silt bands of siderite may be related to
times of low water level. They may be related to the post - 1811
seasonally lowered water levels (drawdowns) within the Marsh so
2

. that soil forming processes are occurring. Again an important

gquestion is = were they deposited at the surface of the sediment

so that each represents a former surface of the floor of the
Marsh covered by shallow water; or were the bands formed within
the silts at times of largg drawdowns, when iron present at
intermittent points in the silt formed these concretions and
laminations (perhaps due to illuviation)? The first option would
suggest a gradual accumulation of the silts since the Marsh was
formed, as there would not have been great decreases in water
level when the river was flowing through the channel prior to
1811 (although this particular area may have been shallow water
even at that time). The second suggests that the siderite bands
may have formed due to Marsh conditions (drawdowns) acting on
sediment previously deposited in the post 1811 or pre-embankment
period, when there was probably a more abundant supply of sediment
to the Butterby loop. Reineck and Singh (1980 p.297) note that
the sediments of flood basins undergo soil formation and that in

some of the reducing soils siderite nodules are formed. It is the

2
Dr. G. A. L. Johnson (pers. comm.)
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reduced form of iron (Ferrous oxides; Fet+) that is found in
waterlogged soils (Brady 1974 p.264). Selley (1982) suggested
that siderite forms during "early burial", but the length of
time involved is not indicated.

Thus sediments in the modern River Wear may consist of
grey silts of similar (fluvial) origin but might not show this
cyclothematic pattern, as they have not been subjected to the
same conditions as those that fill the channel of the Marsh. An
obvious follow up to this problem would be to take a core through
the sediments in the channel of the modérn River Wear on a slow
stretch comparable to the loop of Butterby prior to 1811, If the
core showed the presence of similar fine bands of siderite then
this wéuld suggest that the sediments which fill the channel were
deposited in the period prior to 1811. However, it could be
argued that if such a sample did not show the development of such
a cyclothematic pattern in the silts, it does not necessarily
indicate that the silts within the o0ld channel date to the period
after the Marsh was formed. As previously mentioned, the side-
rite bands could have formed due to drawdowns occurring within
the Marsh, allowing soil forming processes to act on the grey
silts previously deposited during the conditions of the river or

the backwater.

It would be interesting to determine the conditions
that governed the formation of these fine bands of siderite in
the lower grey silts. They may well be of significance in
tracing the origin of the sediments that £ill the Marsh. Further
study of the grain structure of the siderite has been suggested

(i.e. angular/rounded/broken).

1
Prof. J.R.L. Allen, Dr. M. Tucker (pers. comm.)
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Fluorite

Calcium fluorite, a gangue mineral from the mining
industry, was dumped into the River Wear in quantity until about
1882 so that the river bed in the dales was reported by locals to
have been white with this deposit. It was suggested that the
presence of this mineral within the sediment might indicate that
the deposit was of fluvial origin.l

Fluorite was present in quantity in the sémples analysed.
The ratio of fiuorite to gquartz peak heights on the X-ray trace
was calculated. All the samples were dominated by quartz, but by
examining the ratio of the peak heights at appropriate X-ray wave
lengths.-on the trace for each sample, an approximation of the
relative amount of fluorite in each sample caﬁ be determined.
The ratio of the peaks for CaF2 : SiO2 would have to be of a value
of approximately 7 for there to be as much fluorite as there was
quartz.

The basal sand had a peak height ratio at

Q
1.932 & caF
932 A Caly, ¢ 33 = 1.18

28

1.981 R 510,

At the same peaks, the height ratio of CaF2 : 8102 was

%% (0.87) for the dark grey silt, %% (0.72) for the lighter,

yellow, silt and 11 (0.3) for the upper sand.
37

The amount of fluorite was therefore fairly consistent

in the three basal samples from below 220 cm. depth, but was
reduced in the upper sand layer (69 - 72 cm. depth). However,
this smaller value for the sample from the thick upper sand
horizon may be related to a lighter weight or lower specific

gravity of fluorite to quartz so that it was "flushed out" if the

1
Dr. G.A.L. Johnson (pers. comm.)

* -1

Om (0.1 nm).

2 = &ngstrom unif(s). A length unit of 10
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sand was deposited rapidly by a flood. Concentrations of metals
are also reduced in this upper sand, but rise again above it (see
next section).

Material from the same twelve sample depths analysed
for organic matter content, pH reaction and metal content was
also analysed for fluorite. Oven dried sediment that had been
ground down and passed through a 210/um nylon mesh sieve (in
preparation for metal analysis) was analysed by XRD and ratios
at the same peak heights were used to produce a depth profile
for relative amounts of fluorite.

Results from this analysis showed that fluorite remained
in fairly similar quantities at all sampling depths. It was
greatest in the grey silt between 220 and 223 cm. and least in
the yellow silt at 193 - 196 cm. It was still present in the
mineral constituents of the uppermost black-brown mud layer
(24 - 27 cm. depth).

Two samples in this batch overlapped with the previous
samples analysed for their total mineral constituents. The
figures are higher for fluorite in the <210 fam fraction. This
might be accounted for by the greater hardness of quartz which
could make it less resistant to being ground down and passing
the ZlO/um'nylon mesh sieve, thus increasing the relative amount

of fluorite.

No trend in fluorite content of the sieved samples was
revealed over the 12 sample depths. The very top sediment was
not analysed. This might have revealed reduced amounts of
fluorite. Howefer in the black muds it must be noted that the
organic content is increased thereby reducing the absolute amounts
of the minerals present.

If the high fluorite content of the sediment is related

to mining detritus, then it would suggest that the bulk of the
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deposit is of fluvial origin prior to the isolation of the loop
from the river, and would place the base of the deposit at least
in historical times.

Coal, clinker, slag and metalliferous material (products
of smelting) were identified from the upper sand layer in hand
picked particles >h25/um. Presumably, small particles would be
"flushed out" while heavier, larger, particles were being
deposited in this horizon which is dominated by medium grain
size sand particles,

During the analysis for fluorite the samples from the
organic mud layers beneath and above the sand horizon were also
analysed for their total mineral constituents. No great diff-
erence between these and the sample of grey silt was noted,
although of course the absolute amount of inorganic sediment in
these layers was less. Results are summarized on the following

table.

5.5.5 Metal Content

Metal concentration in the sediments of Lake Constance
has been demonstrated by Muller et.al. (1977) to increase in
upper deposits dated to the,(éo. This is attributed to the
burning of fossil fuels (coal ash contains high concentrations of
Pb, Cd, 2n, Cu, and Hg) and industrial processes such as cement
production that lead to atmospheric pollution; and to local or
point sources such as industrial waste, domestic sewage and
agricultural run off. While dating by 210Pb (see 0Oldfield et. al.
1977) was not feasible in the present study, analysis of the metal
concentration in the sediment offered a possibility for an

approximation of the date of the deposits at Butterby (see

methods section).
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Muller used 14 sample points over 40 cm. to produce
depth profiles for 11l metals and 18 Polycyclic Aromatic Hydro-
" carbons. In the present study, 12 sampling depths were used
- over 254 cm. The depth profiles produced are therefore less
detailed. Results were obtained for Pb, Cd, Zn, Fe, K, Ca,

Co and Ni.

Lead can be seen to be present in large quantities (up
to 6,000 ppm) at all sample points. The quantities are equivalent
to levels in éome mine discharge streams.l’z’ The concentration
of Pb falls to € 1,000 ppm in the upper sand layer, but rises
again above this. This could be accouhted for by a) a rapid
accumulation rate of the sand, perhaps due to deposition by a
flood, and/or b) the inability for sand to retain metals and
chemicals due to its grain structuré. Metals and chemicals might
be more easily retained in sediment by adherence to clay particles
and fine silt particles. Sand rapidly drains due to its greater
porosity, and the metals and chemicals might be leached out.

Grain size factors may not have been eliminated by grinding and
sieving of sediment prior to analysis. The concentration of all
metals decreases within the sand horizon af 69 - 72 cm. depth.

Another "unusual horizon" is the yellow silt layer.

At this point Pb, Cd, K and Cu decrease, while Zn, Ni, Fe, and

Co increase. The concentration of Fe at this point represented
the highest concentration of any metal from any sample : 105 516.1
ppm. This is in agreement with the mineral analysis which showed

the presence of iron carbonate in large quantities.

The other samples were all taken from grey silt layers,

apart from the sample of the black mud at 24 - 27 cm. and 85 - 88

2
1 1.G. Burrows (pers. comm.) Denny (1981) found that lead

levels in sediments from Ullswater ranged from 17.0 - 41 000
18 g'l dry wt. attributable to mining input.
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cm. If the sand and yellow silt layers are discounted, certain

trends can be noted in the depth profiles.

| Pb decreases from 5 900 ppm at 220 - 223 cm. to 1 656
ppm at 24 - 27 cm., although the pattern fluctuates greatly.
The concentration of Pb decreases in the black mud beneath the
sand layer, but rises again above the sand layer. The level in
the top sample may be reduced due to leaching (the core was
located in the telmatic zone near to l.w.m.). It is unfortunate
that a sample was not prepared for analysis from the surface of
the sediment. Had a smaller sampling interval been used and
the very top sediment been analysed, an increase might be found
due to modern atmospheric pollution.

However, the quantities of iead in the Butterby sedi-
ments are an order of magnitude higher than the highest lead
levels in Lake Constance found by Muller (é7 ppm). Therefore it
seems unlikely that the metal enrichment of the lower sediment is
due to atmospheric pollution. It would seem more probable that
it results from metal enriched load that was deposited at Butterby
by the river prior to isolation of the loop. Lead concentration
in sediments in the present River Wear may be much smaller due to
a decrease in input from mine discharge streams and other sources.

Fe also decreases towards the top of the depth profile.

(Yellow bands of iron carbonates are absent from the upper
sediment). Leaching may be partly responsible for this. Co
also decreases towards the upper layers, as does Zn.

N1 .and Cd is not reduced in the upper sediment. K rises in
the upper sedimenf, from a decreased concentration in the layers
beneath and above the sand horizon. Cu shows a gradually
increasing trend, rising to a value of 85 ppm in the upper

sediment. The range of Cu and Co values are the only comparable
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figures to those found by Muller. If Cu was not a product of

mining in Weardale, then gradual enrichment towards the upper
sediment might be attributable to atmospheric pollution.

The large quantities of Pb, Cd, Zn, Ni and Fe in the
Butterby sediments are probably attributable to the enrichment
of river water by these pollutants from point sources. Since
the.embankments were built, it is thougﬁt that no river water
or water from Croxdale Beck has entered the pond system. If so,
this would place the bulk of the deposit of unconsolidated
sediment as originating prior to 1857,

Lead mining reached its peak in the Northern Pennine
Orefield between the end of the Napoleonic Wars and 1880, although
mining can be traced back tothe period féllowing the Norman
Conquesf (Dunham 1948 p.4, Raistrick 1935, 1948).1' The mining of
iron ore began in Weardale many centuries ago but was of little
importance until 18h2?' These locél sources of emittents in the
drainage area of the Wear are suggested as the origin of the
metals that enrich the sediment at Butterby. The presence of
coal particles, slag, clinker and metalliferous material was
also demonstrated by mineral analysis. Prior to embankment and
isolation, the loop at Butterby would have three main sources of
pollutants: the River Wear, Croxdale Beck and the River Browney.

The high concentrations of these pollutants in the
sediments at Butterby may not affect the present plant communities
due to leaching out of the rooting zone. However, the fact that
some of the concentrations are not greatly reduced in the upper
sediment could indicate that metals are being recycled from the
lower sediment. There could be some mobility of metals in
soluble form upland down the profile. This could affect the

aquatic ecosystem (see Denny 1981). The concentration at depths
- A}

1 "For a recent review of the history of mining in the Northern Pennines, see
Dunham (I982). In this account lead mining is traced back to Roman times,
and it is suggested that the industry reached its peak during the I8th and
first half of the I9th centuries; only the richest lead mines persisted into
the 20th century. - 2 -{ Dunham 1948 'p.5).
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could represent toxic quantities.

The present water in the Marsh was not analysed for
its metal content, although this information would be desirable
(as would present values for the River Wear). The specific
conductivity and pH values for the River Wear, Croxdale Beck and
Butterby Ponds obtained in the present study suggest that there
is no connection between the two former areas and the latter.

It would seem that the water of the loop was isolated from long
distance sources of pollution when the embankments were built,
and that metal and mineral enriched water was replaced by water
from local run off on the slopes of Croxdale Woods and the
surrounding fields. The water quality at Butterby that the plant
communities experienced may therefore have changed considerably
after 1857.

The outflow stream in the South Salix Marsh may be
eﬁriched with iron as it has a reddish-orange colour. Samples
were collected for pH and specific conductivity measurements, but
a future study of the metal concentrations in this stream would
be interesting. (Whether this represents modern formation of bog-
iron-ore is uncertain).

One other metal that might be used to date the sediments
could be an aluminium horizon. Aluminium in the form of "silver
paper"'was dropped in quantity by aircraft during the 1939-45
period in relation to strategic usage of radar. Such aluminium

1
horizons can be traced in peat layers in the Pennines,

1 Dr. G.A.L. Johnson (pers. comm, )
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5.6 INTERPRETATIONS OF THE STRATIGRAPHY : THE ORIGIN OF THE
SEDIMENTS

Although the evidence of plant macrofossils suggests
that the silts were deposited under slow water conditions,
results from mineral and metal analysis suggest that they orig-
inated from the River Wear. Deposition may have occurred when
the loop still had a connection with the river, before closure.

The time scale that is represented in the stratigraphy
is difficult to assess, It is possible that there are many
more stratigraphic layers of sediment beneath that which was
sampled. The time scale of documented events concerning the
history of Butterby Marsh is outlined on p.277. The two most
significant events concerning the initiation of the hydrosere
were 1) the diversion of the main current of the river by
cutting the new waterway across the neck of the loop in 1811, and
2)- embankments were built sometime before 1857, which finally cut
off the loop from the flow of the river and redirected Croxdale
Beck away from the loop.

Griffiths (1932) placed the embankments as being built
within the twenty years following 1811. He suggested that they
were built after 1820 when Low Butterby was added to the Croxdale
Estate. Surtees' description (given in next chapter) in 1840
suggests there was still flow in the loop at this late date.

The First Edition Ordnance Survey map (1 : 2500) shows the
embankments in place in 1857.
According to Griffiths (1932 p.105) ....

"The cutting of the new channel in 1811 would probably not
greatly alter the character of the old channel, because at

1 During the envisaged time interval between 1811 and their cons-
truction, the point of access to the field named "the island"
may have been a bridge, or the small embankment between the
north of the present Typha Marsh and the East Salix Marsh,

This formerly had a culvert beneath it (Griffiths 1932).
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first there would be no difference in water level and the
water would flow through both channels. A much greater
change would occur when the embankments were made after
1820, when the current through the loop was stopped and
the channel of the loop became a long backwater. The
greatest change would be caused by the erosion of the bed
of the river by the quickening of the current which the
shortening of the course would bring about, and the con-
sequent fall in the water level of the backwater in the
loop. At the present day the surface of the river is
nearly 6 ft. below the level of the outlet of the culvert
which drains the Marsh. The southern arm of the loop is
completely drained, and the Croxdale Beck has cut a deep
channel down into the old bed. The drainage of the rest
of the loop was only partial, owing to the great irreg-
ularities of the bed, and it is this portion which is the
Butterby Marsh of today.™"

In the light of the evidence collected in the present
study, two hypotheses that could explain the stratigraphy of
the sediments in the Marsh are now outlined. Both assume that
the sediment beneath and including the sand layer in the transect
line cores date to the period before the embankments were built.
After this event, flow in the channel and sediment supply from
long distance transport probably ceased. The major inflows and
the outflow to the loop were presumably blocked as a further
preventive measure to flooding of the farmland at Low Butterby.

Alternative hypotheses are outlined in a later section

(section 5.6.3).

5.6.1 Hypothesis 1

Griffiths seems to suggest that the grey silts were a
product of natural river deposition prior to diversion, due to

the long and level stretch of the old loop -

"The succession of sediments underneath the Typha Marsh

is not the same as that of the river plain through which
the channel of the Marsh runs. The sediments which fill
the channel of the Marsh, namely clay and clay silt, have
probably been deposited from the water of the river when
the rate of flow of the current was diminished on entering
the long and almost level reach of the old loop."

(Griffiths 1932 p.109).
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On page 126, Griffiths only interprets the black mud

on top of the grey silt as having accumulated "during the period
of 100 years which has elapsed since the Marsh was formed."
He suggested that the abundant fragments of the rhizomes,

roots and shoots of Equisetum fluviatile in the grey clay repres-

ented a former surface of the floor of the Marsh covered with
Equisetum. (This was perhaps the old river bed on to which the
fringing herbs later spread when the water level in the loop
fell).  Griffiths noted that the Equisetum remains were absent
from the "yellow clay silt".

If the upper layers of ‘the grey silt were the former
bed of the River Wear prior to 1811, it would have to have been
very shallow in places. The original water level was suggested
by Griffiths to have been 2 - 3 ft. higher than at present.
However, since the banksides are at places only "a few inches"
above present h.w.m. (Griffiths 1932 p.108) this may not neces-
sarily have been the case. For example, the river at the point
of the transect line would be very shallow according to this
reconstruction, as at its deepest the top of the grey silt is
only 2.2 m. below the N.W. field edge of the South Salix Marsh.
If the sand represents a deposit prior to 1811 then the river
could have been only a maximum of 2 m. deep at this point unless
it was in flood or if levees were in place on its N.W. sidel
Shallow fording points are however present at some locations on
the Wear, e.g. one is marked on old maps near to Low Butterby Farm.

The planf detritus that is present in the basal silts
could have been washed in from the catchment or from lagoonal

backwaters on the floodplain. This includes the seeds and fruits

of species such as Potamogeton natans, Ranunculus and Rumex,

1 Artificial levees were built extensively on the eastern part of

%ﬁe loop, as can be seen on John Bell's map of 1805 (see next

section) .
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larger’ plant detritus (Equisetum nodal septa, Phragmites leaves)
and other macrofsssils (DaEhnia egg cases, beetle elytra). Such
remains are present in small quantities in the basal yellow/grey
silts. The fact that-such light organic detritus has been
incorporated into the sediment could indicate very slow water
conditions.

The black mud that occurs beneath the sand horizon
could (according to'this hypothesis) be accounted for by rapid
deposition of the sand above an organic layer that was not
usually incorporated into the sediment. However, since rooted
material is abundant in this organic layer, it suggests that
river plants (perhaps submergent aquatics) were growing in the
grey silt prior to deposition of the sand. The sand could be
attributed to a major flood, which destroyed river plant com-
munities growing at this shallow point in the channel. As there
are successive layers of sand on the highest area sampled on the
point bar, this may indicate several flooding episodes, or a
migration in the spatial patterning of the pool and riffle system.

There is documentary evidence which could allow for
this reconstruction of events. Records exist for a major flood
in 1771 which destroyed many mills on the River Wear, for example
the Asbey mill at Durham and that at Witton-le-Wear (Anon 1849,
Kirby 1968).‘ Such a flood could have been responsible for

depositing the sand layer at this point.

Other documentary evidence which could support this
first hypothesis is the presence of a gravel (or sand) -bank
showﬁ on the inside of the curve at the point of the South Salix
Marsh on a mab by John Bell (1805). This could be the sand

horizon that was encountered in.the present study.

If Bell's map is compared with the map made by Pickering
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in 1802, it can be seen thét the river has been redirected from
flowing around the west side of the present "East Salix Marsh"

to a position on its east side. There was much human interference
with the river immediately upstream of the South Salix Marsh.

This could account for the unusual pattern in the sediments,'
which suggest that slow water capable of depositing fine organic
detritus and allowing the growth of river plant communities (such

as Equisetum and Phragmites) was replaced by faster flow condit-

ions. With a greater velocity, sand particles could be picked
up and deposited on the shallower convex bank of the inside of
the South Salix Marsh curve, in quantities that destroyed the
plant communities growing there. "Gravel beds" can be seen to
be widespread immediately upstream on Bell's and Pickering's
maps. Sand is noted beyond the point of entry of Croxdale Beck
to the loop on Pickering's map. Presumably these areas are the
immediate source of the sand.

If the sand layer dates to 1771, or to the period prior
to 1805, then the basal silts may be much older. The high metal
concentrations and fluorite levels might howevef suggest a more
recent origin, as mining activities reached a peak in the middle
of the Ci9 (although mining has a very long history in Weardale).
It would seem that the depositional environment at Butterby was
a sediment trap for industrial and mining waste entering the loop
from the River Wear, Croxdale Beck and the River Browney.

It has not been determined what conditions of flow
allowed the formation of siderite bands within the grey silts.
Each sand band that is interspersed with them may be the result
of‘a temporary increase in flow conditions. This problem of
interpretation has already been discussed.

Descriptive accounts of the character of the river at
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Butterby, which are quoted by Griffiths, would allow for the

above reconstruction. Surtees (1840) mentioned that the river
plain at Butterby was always liable to serious floods. Griffiths
(1932 p.105) suggests that although the River Wear is fairly
rapid over most of its course, at Butterby it was very slow,
He quotes Hutchinson's account (c.1787):

"on the more distant side of the estate (of Low Butterby)

the river flows deep and slow, forming a canal a mile in

length, where the adjacent lands make a considerable

plain."

There are still deep pools in the old loop. (e.g. The
Long Pool, the Boathouse Pool) but many other sections are
shallow, If the above hypothesis accounts for the pattern of
evénts recorded by the sediments, then the river would have to
have been very shallow at the point of the South Salix Marsh,
allowing the growth of river plants. It may also have been very
slow (apart from flood events), allowing the deposition of plant
detritus. These conditions could be responsible for the organic
mud layer beneath the sand horizon at this point. An account by
Surtees (see following chapter) suggests that the river at
Butterby was already partly overgrown by vegetation before 1840
and this could also apply to the period prior to 1811.

There is a possibility that the grey silts were deposited
before 1811, but that the black qu beneath the sand layer results
from marsh conditions. The sand layer could have been deposited
by flooding into the marsh at a later date, perhaps the late (19

or early (éo so that after this marsh deposits again began to

accumulate.
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5.6.,2 Hypothesis 2

This suggests that the former bed of the River Wear
before 18l1l is represented by the maximum depth to which the
sampler could be pushed. The hypothesis focuses attention on
the suggested time-lag between the opening of the new channel
and the construction of the embankments, If there was a period
of up té 46 years (1811 - 1857) before final communication with
the river ceased and flow stopped, this could explain the
pattern of events recorded in the sediments.

When the new waterway was dug across the neck of the
loop, water would still flow through it (as Griffiths says)
but its velocity would be decreased. Water that was already
reported to be unusually "slow" would probably have become
slacker. Any erosion of the bed would probably have ceased.
Rapid silting up may have occurred, especially at times of
flooding when overbank flows would carry material across the
flood-plain from the new course of the river to be deposited in
the backwater. There would still have been a source of bedload,
as well as suspended load from flooding from the new course of
the Wear. An abundant sediment supply to the loop may have
come from the digging of the new channel. Once the embankments
had been completed, flooding fromvthe river into the pond system
would probably be prevented and sediment supply greatly reduced.

The loop may therefore have become a depositional
sedimentary environment in the long backwater that was formed
after 1811, which could have greatly altered its character.

This hypothesis seems to be a different idea to that envisaged

by Griffiths.

River plants such as Phragmites, Equisetum fluviatile,

and Potamogeton natans might increase in abundance and become
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established in the situation of reduced flow conditions. Their

growth would also be favoured by a build up of sediment reducing
the.water depth. Daphnia might also be likely to respond to the
slow water by increasing in abundance. Surtees' description in
1840 of the partially vegetated loop (see next chapter) may have
only been appropriate for the period after 1811, in the decaying
channel. The date of this description could also suggest that
there was still some flow within the old channel at least two
decades after the new channel had been dug. If so, this would
mean that the embankments were not yet in place at the time
Surtees made his observation.

The sand horizon capping the deposit of black mud and
grey silt could be attributed to a flooding incident in the
period shortly before the embankments were built. It could also
relate to human interference with flow conditions upstream of the
South Salix Marsh. It could, perhaps, have resulted from the
construction process of the embankments, or from erosion of them
before stabilization by vegetation. But if flooding incidents
still took place after the backwater was created (after 1811)

a response to this might have been to build the embankments

across the inflow and outflow of the loop and cut off communi-
cation with the river in order to prevent flooding to the surround-
ing fields.

Once the embankments were completed, no bedload would
be available to the old channel, and suspension load would only
be available if river water breached the embankments or passed
around them at some point to cross the flood plain and re-enter
the pond system.

If "hypothesis 2" is correct, the gravel (or sand?) at

the inside of the curve at the South Salix Marsh shown on Bell's
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map (1805) could be the basal impenetrable stratum. This could

reach the subsurface close to the N.W. field edge of the transect
line. This deep cross-profile would seem to be more character-
istic of the River Wear at this point before 1811 when there was
ma jor flow during at least part of the year within the channel,
with erosion of the bed. Scour would prevent an accumulation of
silt. Sediment would accumulate only on the point bar, and this
would probably be gravel or sand. "In fluvial sediments, shear
velocities greater than about 20 cm./sec. rapidly remove all
sand, leaving only.coarser materials, and a minimum shear
velocity of about 1.4 cm./sec. is required to move sand at all "
(Reineck and Singh 1980 p.ll). The transect line was placed at
the outflow from the very long (c.l1 mile) and very level meander
loop, but even so it might be expected that there would be énough
erosion in the active part of the channel at this location to
prevent an accumulation of silf and black mud.

This hypothesis could be supported by the two old maps
(1802 and 1805) which specifically refer to "gravel beds" (rather
than sand) at many locations. The widespread gravel beds shown
on Bell's map could indicate that the bed of the channel before
1811 was gravelly rather than silty. If the deposit shown on the
inside of the curve of the South Salix Marsh on Bell's map t was
in fact gravel and not just sand, this would lend weight to
hypothesis 2. The same symbols are used as those for "gravel
beds". While it is possible that the sand horizon noted on the
transect line cores thickens to become gravel on the extreme north

of the line, a soil pit that was dug close to this point revealed

sand rather than gravel.

,1 Also shown on the Low Butterby Farm Estate plan c¢.1805.
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Both maps would suggest that the river had a gravelly
bed originally. This may now be buried deep below the grey
silts. Griffiths (1932 p.109) noted that below the yellow silty
clay "lay pebble beds that the mud sampler was unable to penetrate."
According to "hypothesis 1" this would be either an ancient bed
of the river or an ancient surface of the floodplain across which
the river later moved. The present hypothesis suggests it was
the bed of the river before the digging of the new channel. This
would mean that Croxdale Beck, on being redirected, cut down into
the silts deposited in the backwater after 1811. Sections there
show sands- -and clay silts above passing down into coarse sand
and pebble beds below. (Griffiths 1932 p.109).

The high metal levels in the sediment might also be
explained more readily by the second hypothesis. The period
1811 - 1857 was part of a time of great mining activity in the
Wear catchment. Although the flow of the River Wear would have
been diminished after 1811, the water of Croxdale Beck would
probably still have flowed around the loop before the embankments
were built, as it entered it beyond the cut across the neck. The
position of the entrance of the River Browney might also have
directed some of the flow around the loop. An 1874 reference to
Croxdale Beck states that it was "as red as any mining river in
Great Britain, depositing an orange coloured mud which helghtens

the bright red water passing over it" (Kirby 1968 p.180 - 181)

1 This description would also fit the overflow stream from the
present South Salix Marsh{(which drains into a culvert beneath the
embankments) which is also composed of reddish orange mud. It is
possible that during exceptionally high river levels, water passes
up through this culvert into the Marsh. The relative levels of
the culvert and the river were not checked in 1982 accurately. In
1929 Griffiths estimated that the surface of the water in the river
was 6 ft. below the level of the drainage culvert from the Marsh.
Since records began in 1957 for the Sunderland Bride gauging
station river levels have been higher than 2 m. on 25 occasions.
This could affect the pondwater and explain the orange coloured

mud in the drainage stream from the South Salix Marsh. However,

it is unlikely that large quantities of sediment could come from
such a source., This would also apply to the field-drain at the
N.W. of Pond B. '
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Later, Griffiths (1932 p.108) noted that "no water enters the

Marsh from the river or from Croxdale Beck, both of which are
much polluted with coal washings, pit water, coke o;en effluent
and sewage."

In this long backwater into which there was an inflow
with polluted water and load, iron enriched sediment may have
" been laid down at certain times of high input of iron to the
system, perhaps from mine discharges or smelting. Selley's @982)
account of the formation of siderite bands within the claysvof
deltas, where there are alternations in the rate and source of
sediment supply, could be an analogy of the situation in the
backwater after 1811, The siderite bands could have originated
in these conditions rather than when there was the major flow in
the channel.

The laminations or cyclothems may be more suggestive
of the backwater than the situation prior to 1811; even though
the river at Butterby was already noted as a very slow stretch.
As in the previous hypothesis, the fine bands of sand interspersed
with the yellow silts could be accounted for by slightly increased

flow in the channel.

In Haslam's (1978) analysis of the distribution of river

plants she notes that:

"the particle sizes and the stability of the substrate are
largely controlled by flow. For example, faster flows
have coarse substrates and streams with widely fluctuating
flows have a wide range of scours and deposition during a
season, and so have unstable substrates. Thus although
flow exercises an overall control, the plants may be
responding to the flow, the substrate, or both."

Records of floods occurring in the Butterby loop shortly
before the building of the embankments could allow for this second
hypothesis. Such floods could have caused the deposition of the

sand above the grey silts of the slow backwater, which destroyed

the plant communities that had already become established in the
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channel. The flood of 1771 has already been noted., Other floods
reported from the Wear Valley include those of 1773, 1791, 1822,
1825, 1839 and 1841 (Anon 1849, see notes p.276). The sand
horizon above silt deposits could be attributable to the floods
after 1811 but before the building of the embankments.

This hypothesis agrees with Griffiths' suggestion that
only the black mud (largely organic) above the grey silts has
accumulated "since the Marsh was formed" but attributes the grey
silts to deposition during the period between 1811 and the cons-
truction of the embankments. Deposition is attributed to the
conditions in the decaying channel éf the loop after the new

channel became a through waterway.
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5.6.3 Alternative Hypotheses

"Hypothesis 2" would require that about 2 m. of sedi-
ment built up in the relatively short time-period of less than
40 years (perhaps only 10 years if Griffiths' suggestion about
the date of the embankments is correct). If this is unrealistic,
then "hypothesis 1" may be correct; or ;he asgumption that the
sand horizon was formed before the embankments were built may be
wrong. It is possible that it was formed in the late (i9 or
early (20, so that the infill of the channel represents a much
longer period of accumulation that began after the main current
of the river was diverted away from the loop. This alternative
is discussed below.

If the maximum depth to which the sediment sampler
could be pushed does represent the former bed of the river
immediately prior to 1811, the possibility that the build up of
the grey silt layers partly resulted from deposition of load
carried by floodwaters after 1857 cannot be discounted. Water
from the new course of the River Wear may have re-entered the
pond system and washed in material. If so, this material could
be enriched with mining detritus and metals. The laminations in
the silts could be lacustrine, dating to the period after the
embankments were built, with the minor sand bands being related
to seasonal turbidity currents or faster floodwater carrying
sand as suspended load. The load of a river in flood is deposited
on the flood plain, and the pond system could accumulate trans-
ported material rapidly, due to its lower altitude. Sediment will
also have reached the ponds as a result of run-off from the
surrounding arable fields, and wind-blown material from the arable
fields may have contributed to the accumulation.

A flood in the late‘(i9 or early (éo could have
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deposited the sand horizon above the black mud and grey silt,.

Unfortunately, no reference work that collected together inform-
ation on floods of the Wear could be found since the publication
of 1849. Information is probably scattered through local history
sources. This would seem to be an obvious gap that should be
filled. Rainfall data from the Durham Observatory dates to the
1830's which could be used to trace "wet periods'". River level
records for the Sunderland Bridge gauging station kept by the
Northumbrian Water Authority begin in 1957.

If the sand layer(s) above the grey silts was deposited
by the river after the embankments were built it would probably
have been transported as suspension load rather than as bedload.
Once cut-off is complete, no bedload is available.l (Reineck
and Singh 1980 p.294). Allen (1965 p.155) states that after
closure, further filling in a cut-off meander is limited to
deposition of fines introduced by overbank flows.

Sundborg and Hjulstrgm type curves (see Allen 1965
pp. 108 - 109, and Reineck and Singh 1980 p.10, p.1l) show that
sand grains greater than .22 mm. can be transported by suspension
load only at flow velocities greater than 30 cm./sec. For
particles of .6 mm. (5% of the grains in the sand layer are
larger than this), transportation as suspended load requires a
flow velocity of about 130 cm./sec. Figures from the Sunderland
Bfidge gauging station dating from 1957 record peak flows in
"cumeés"% They show discharges as great as 415.27 cumecs when
the river was a record 3.423 m. above station zero (5/11/1967)%
The river has risen 2 m. above station zero 26 times in the period

4/1/82. Discharges of this magnitude may be great

1/10/57
enough to transport sand on to the flood plain. The field to the

1 There is a field drain (?) at the north end of Pond B but this

would be unlikely to yield such a quantity of sand.

2 1 cumec = 1 mJ sec."l

3 equivalent to a flow velocity» 300 cm. sec.
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north of the South Salix Marsh has a sandy soil, which could
support this idea.

The embankments are at this poinf at least 4 m. above
the present river and would prevent water breaching them, but
flood water could pass around them at some point. In the past,
the river level in the new channel may have been higher, before
erosion of the bed (a suggestion made by Griffiths). If so,
flooding over the embankments may have been possible in the time
period shortly after their construction. Floodwater could also
rise up through the drainage culvert from the South Salix Marsh.
- The South Salix Marsh is close to the present river and at a
low point on the flood plain., Sand transported by floodwater
would enter the Marsh on the lower field edge and could, therefore,
form a layer that was thicker on that side; although if it had
been transported as far as this it would proﬁably fill up the
lowest point of the old channel in the deeper water. There would
be no strong channel flow North - South to erode it in this area
(which would also leave the black mud beneath it intact).

However, a number of factors suggest that the sand
horizon was deposited before the embankments were built. Allen
(1965 p.108) stated that "for quartz particles, a diameter of
approximately 0.2 mm. divides sediment that is carried and laid
down mostly by bedload from sediment transported and deposited
chiefly from suspe£sion." The sand layer, which is dominated by
quartz, has the following particle size distribution : 26% fine
sand (0.21 - 0.075 mm.), 54% medium sand (0.6 - 0.21 mm.) and 5%
coarse sand (2.4 - 0.6 mm.) This could indicate that it was
carried to the site as bedload rather than as overbank'flow from
the new course of the river, so that it dates to a time before

closure of the old loop. Allen (1965 p.125) noted that channel =
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. £fill deposits do not easily fall into the categories of "lateral

accretion" deposits (bedload) or vertical accretion deposits
(suspended load from overbank flow). They are transitional between
the two. They consist partly, and sometimes wholly, of bedload
material; but this can only be deposited before closure.

The sand horizon is thin beneath the deepest part of
the old channel, while there are successive layers on the point
bar. This would suggest flow within the channel. It is highly
sorted and contains very little organic debris. Its accumulation

seems to have destroyed a Phragmites bed. Destruction could have

been caused by strong flow within the channel, or the rapid
accumulation of the sand above the reeds.

If strong flow within the channel from North to South
did transport the sand, it is curious that the black mud beneath
it was not eroded, especial;y in the deeper part of the channel.
It is possible that the sand was deposited shortly before the
large embankments were built, or during their construction,
(prior to their stabilization by vegetation), so that its accumu-
lation results from floodwater entering the backwater from the
nearby new course of the river iﬁ a direction south to north. It
might therefore result from the action of the river in its new
channel building a levee of coarse material deposited during
flooding. Previous floods may have fransported the suspended

load of grey silt further across the floodplain to fill the old

channel, while during a major flood at a later stage coarser
material was deposited nearer to the new course of the river,
across the outflow of the loop.

Allen (1965, diagram p.156, p.157) shows that deposits
within "neck cut offs" are composed of silts and clays for most

of their length, but at the points of closure at the inflow and
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outflow there are sand plugs. The evidence from Butterby would
seem to show a slightly different situation as, at least at the
sampling location, the sand does not extend to great depths. But
it does occur at the end of the loop and may therefore result
from transported bed load that had begun to plug the outflow
prior to man-made closure of the loop, in a similar manner to
Allen's example. "Interstratification of major fine and coarse
grade units in the channel fills of neck cut-offs is usually
restricted to the upstream ends of the channel fills where most
of the bedload material is to be found." (Allen 1965 p.157).

The stfatigraphic transect cores were taken at such a location.

A major question must be: how effective have the
embankments been at preventing floodwater entering the old loop?
If they have been effective barriers, the sand layer would date
to the period before their completion. This would assign a
minimum date of ¢.1850 to the sand layer. The date of deposition
of the grey silts beneath it could either be accounted for by
"hypothesis 1" or "hypothesis 2". However, the river level may
have fallen in the new channel beyond the embankments due to
erosion of the bed, as Griffiths suggests. Therefore floodwaters
may have been able to breach or pass the embankments more easily
in the past. The sand may have been deposited above the black
mud (formed in marsh conditions) by a flood shortly after the
embankments were built, when the level of the river in the new
channel may have been higher.

Another possible origin of the cyclothematic grey silts
is that the river moved across its own flood-plain deposits so
that the grey silts represent a very ancient former surface of

the flood plain. Griffiths (1932 p.109) noted that ....

"sections through the deposits of the river plain are to be
seen -in the south arm of the loop where the Croxdale Beck
has cut a deep channel down through the beds .... the
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succession of sediments underneath the Typha Marsh is not
the same as that of the river plain through which the
channel of the Marsh runs."

However, ancient flood plain deposits may be different
from more recent deposits., Reineck and Singh (1981 p.297)

describe flood basin deposits in the following way ....

"Sediments of a flood basin contain the finest grains of
all the alluvial sediments. Flood basin sediments are
finer than the corresponding natural levee, crevasse
splay and point-bar deposits, and generally they are

fine silt and clay (Fig. 426). There may be a slight
upward fining in each flood basin sequence of silt-clayey
sediments. Flood basin deposits seldom show horizontal
bedding with textural differences. Mostly uniform finely
laminated mud is present, interrupted by some sandy or
silty intercalations. Sometimes small channels with
sandy-silty sediments may be present. Soil horizons with
disturbed bedding are abundant. Organic debris and
mottled structures are other important features. Locally,
pockets of freshwater mollusc shells and bones of
vertebrates may be present. Because of repeated exposure,
flood basin deposits are subject to dessication. Mud
cracks and other surface features are widespread. Locally,
windblown sand deposits may be present.

Some parts of this description do seem to fit the
lower sediments in the channel. They may therefore be an
ancient surface of the floodplain across which the river later
moved; or be the deposits of floodwater that passed around (or
across?) the embankments and washed material across the fields
into the Marsh - two very different ideas. The latter option
seems more possible due to the metal enrichment of the silts,
Although flood basin deposits accumulate slowly, the old channel
could rapidly fill due to its lower altitude., Clay plugs in old
channels, the result of suspension load'carried by floodwater
after closure, are known in the Mississippi River flood basin to
be up to 40 m. thick (Reineck and Singh 1980 p.293).

However, because of the sand above the grey silts in
the South Salix Marsh, the deposits which fill the old meander

loop are suggested to have originated before the embankments were
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completed., It seems possible that they result from conditions

in the 0ld channel in the period‘between 1811 and the completion
of the emﬁankments. Suspended load and bedload could have
contributed to the accumulation, and coarser material could be
transported from the new course of the river to locations near

the inflow and outflow of the loop during flood events.

5.6.4 Further Work

An obvious follow up to this problem would be to take
a deep core from a modern stretch of the River Wear, comparable
to the situation at the Butterby loop before 1811, in order to
see if the sediment resembled that which fills the old channel.
Comparative studies of sediments from the present river could aid
interpretation of the stratigraphy. The conditions governing the
formation of the fine bands of siderite within the silt would
also need further investigation - it would be interesting to see
whether they occur within sediment beneath the present river.

Data on peak flows of the present river since 1957 is
available for the Sunderland Bridge gauging station immediately
upstream of the Butterby loop. The figures could possibly be
used to reconstruct the flow regime of the river in the Butterby
loop and correlate this with the cyclothems in the sedimentary
layers. However, it is likely that the flow regime of the Wear,
and its input of sediment load, has altered during the last few
centuries due to changed patterns of human interference. Water
would have been used in the past for pit washings and flushings.

It might be possible to experimentally model the
conditiéns during the time period under consideration. This
could suggest whether the situation after 1811, when there was
still an inflow to the backwater with an input of polluted load,

could have resulted in a fairly rapid accumulation of silt.
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Perhaps the best way to test these different ideas and

to accurately assess the time period under consideration would be
21

to date material in the sediments using on (BRakins and

Morrisoﬁ l977f5 0ldfield et al. 1979). It is thought to be a
relatively short time period under consideration and th may be
less appropriate.

Further work may reveal new evidence that will enable
conclusions to be made with greater certainty about the dates of
depoSition of the various sedimentary layers in the Marsh. It
must be stressed that the hypotheses advanced by the present
writer concerning the origin of the sediments are merely ideas
based on the data gathered in the present study. Interpretation
of what the evidence means is, without the employment of accurate
dating techniques, speculative., The site's history as a
depositional sedimentary environment seems to be complex;
although the short time scale involved since the diversion of the
river ﬁay be an advantage for the interpretation of the evidence.
The éummary of ideas is not intended to be a conclusion to the
problem.

Butterby Marsh seems to be an interesting site which
could pfove to yield valuable information about the processes
of alluvial, lacustrine and marsh sedimentation, and the role of
this in the vegetational development of such sites. There seem
to have .been major changes in the mean water depths, the water
qualityr,the source of sediment supply and its characteristics,
and the relative stability of the habitat during the last 180
years. This has produced corresponding changes in the ecology
of the ;ite. What must originally have been an unstable habitat
for plants (and animals) has been replaced by a large area of

marsh favourable to the luxuriant growth of certain species.
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5.7 SUMMARY

| Analysis of one sediment core of 2.5 m. depth showed
that it contained high concentrations of metals and other mining
detritus, such as fluorite, over much of its depth profile,
Similar detritus (e.g. coal particles) was found in other cores
examined.

A sand horizon capping the grey silts on the point bar
of a meander curve near to the'old outflow from the loop would
suggest strong flow conditions within the channel at the time it
was deposited. Plant remains and rooted material indicative of
slow water conditions occurred beneath this.

From the evidence gathered in the present study, the
following suggestions are made. It wouldvseem that the grey
silts that fill the old channel originate from the River Vear,
They probably were deposited before closure of the loop. The
sand layer that occurs above them on a meander curve near to the
point of closure does not seem to have formed due to an overbank
flow from the new course of the river after the embankments were
built. This suggests a marker horizon for the phase of strictly
marsh sedimentation above it.

A lower marker horizon may be the basal impenetrable
stratum, which is suggested to be the former river bed before
1811. The silts that fill the channel may have accumulated due
to the reduction of flow when a new channel was dug across the
neck of the loop. This might account for:

(1) the shallow depth of the surface of the sands and silts
in many places,

(ii) the plant detritus and rooted material in the grey silts,
énd the black organic mud beneath the sand layer at the

South Salix Marsh;
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(iii) the high level of mineral and metal enrichment (the
period 1811 - 1857 was part of a time of high mine out-
put); and

(iv) the laminations of siderite, which often forms under

"deltaic", lacustrine and low water level situations.

The channel of the loop at Butterby may therefore
have only been a depositional environment and a sediment trap
since 1811, so that the river prior to the excavation of the new
channel had a deeper bed with a range of scour and'deposition
cycles. Channel fill deposits usually result from aggradation
in an abandoned or decaying channel (see Allen, 1965, p.127).

0ld maps of the loop, drawn shortly before 1811, suggest
that £he river at that time had a gravel bed. Major floods of the
River Wear are reported in the time between the opening of the
new channel and 1857, (the first available documentary evidence
of the presence of the embankments). These could have contributed
to the accumulation and deposited the sand layer above the grey
silts on the curve of the present South Salix Marsh,

An alternative hypothesis is that the grey silts were
deposited by the river on entering the long and almost level
reach of the old loop. This suggests that the uncqnsolidated
sediment which fills the old channel represents a much longer
period of accumulation, with "natural" deposition of silt occur-
ring before 1811. This seems to be the explanation suggested by
Griffiths (1932) for the origin of the grey silts that fill the
channel,

There is a possibility that the bed of the river prior
to 1811 is represented by the impenetrable basal layer, but that
the build up of silts represent a gradual increase over the last

170 years even though the embankments were in place. However,
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flooding past the embankments into the old channel from the

present river would be unlikely to renew flow conditions to an
extent that could form such a thick horizon of medium grain sand
on the point bar of the South Salix Marsh. There may have been
no communication between the pond system and the River Wear or
Croxdale Beck since the embankments were built. Griffiths (1932)
noted that no water entered the ponds from these two sources.
Water analysis made in the present study would also suggest

that this observation is correct. The fields surrounding the
ponds have been seen under water in the past but this is attri-
buted to poor drainage rather than river flood water.l But
originally the water level of the river in the new channel may.
have been (on average) higher than at present, before deepening
by erosion of the bed. If so, flooding past the embankments
could more easily have occurred.

Both hypotheses concérning the origin of the bulk of
the unconsolidated sediment assume that the sand layer was laid
down by flow in the channel before the completion of the embank-
ments. This would ascribe a minimum age to the grey silts of
c.120 years (1857 - 1982). If this assumption is correct, then
the amount of infill (or "autogenous accumulation") that has
taken place in the old channel since the Marsh was formed has
been small - less than 75 cm. This seems to be the conclusion
also reached by Griffiths (1932). This small amount of autogenous
accumulation is perhaps attributable to the reduced supply of
inorganic sediment, due to the isolation of the pond system from

tﬁe-bedload and suspended load -carried by the River Wear and

Croxdale Beck.,

1
Mr. J. Hannaby, Low Butterby Farm.
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It would seem that river plants had already begun to

produce organic sediment in 