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Abstract

An analysis of the Foraminifera and
Ostracoda from four shallow hand-cores
penetrating to a maximum depth of -5.85 m OD.
into the bed of the Fleet, Dorset, indicate important
environmental changes have taken place in the
waterbody during the last circa 5000 years. The
sediments for the most part are lagoonal silts and
clays with significant peat layers. However, in the
three cores taken in West Fleet the base of each
section is represented by sands containing a shallow
marine assemblage not unlike that found in
Weymouth Bay today. This is followed upwards in
all the cores by evidence of salt marsh before the
onset of the mainly brackish-marine lagoonal phase
which continues to the present day. The Phragmites
peats are thought to represent stillstands or falls in
what was generally an otherwise rising Holocene sea
level; the Fleet may have then become an entirely
freshwater body cut off from access to the sea. High
diversity shell bands occur on top of the peats, each
indicating a marine pulse and a return to tidal,
lagoonal conditions. The ostracods in particular
evidence subtle changes in the ecology of the Fleet
throughout its lagoonal phase. For much of its
existence West Fleet appears to have been much
more like a typical estuary than it is today, with
extensive creek development and large intertidal
areas at low water.

Shelly clays with peats washed up from under
Chesil Beach at West Bexington, after prolonged
swell conditions in 1992, indicate brackish to near-
marine lagoonal conditions existed 4.5 km to the
north-west of the present-day Fleet, probably
between circa 4000 and 5000 years BP. The extent
of the ‘Proto-Fleet’ at this time is conjectured.

Introduction

About 70 boreholes, almost all penetrating
bedrock, were drilled in and around Portland
Harbour and East Fleet between 1957 and 1967 for
the then Central Electricity Generating Board. The
results of some of these cores, together with four
others (two opposite Langton Hive Point and one
each opposite Pirate’s Cove and at West Bexington)
undertaken by the then Nature Conservancy, formed
the basis of Carr & Blackley’s (1973) classic paper
on the age and development of Chesil Beach.
Following an historical review of the various
theories on the origin and evolution of the Fleet and
Chesil Beach (also reviewed by Coombe, this
volume) Carr & Blackley interpret the borehole
findings. In brief, there is a wide buried channel
down to -26 m OD. on which is built a storm beach
(with pebbles and boulders) with a planation surface
to seaward. On top of this is a series of sands, layers
of pebbles, lagoonal clays and peats. Most of the
peats in the Fleet dated by Carr & Blackley, fell
between circa 4000 and 5500 BP, indicating that
infill was very rapid; the oldest peat, at -5.3m near
Wyke Regis, was dated at 6100 =120 BP. Apart from
radiocarbon dating, only pollen analysis and some
sedimentology were undertaken at that time.
Unfortunately, all the cores have subsequently been
disposed of and are not available for further study.

Between 1990 and 1993, E.D.K. Coombe
sunk about 30 boreholes by hand to a maximum
depth of -5.85m OD., but none reached bedrock.
The sedimentological analysis of these cores forms
the basis of his ongoing Ph.D at the University of
Oxford, a synopsis of which is found elsewhere in
this volume. The present paper offers for the first
time a detailed ecological analysis of four of his Fleet




cores (4, 6 and 7 from West Fleet and 29 from East
Fleet), using foraminifera and ostracods. The
significance of a shelly clay, cast up on Chesil Beach
at West Bexington with rafts of peat after heavy
swell conditions in 1992, is also discussed in this
context. These sites are shown in Figure 1. (See also
Figure 1 of Chapter 6, this volume).

Fleet cores 4, 6, 7 and 29

About 120 samples of silt/clay, peat and sand
were processed for their foraminiferal and ostracod
content from 1-2cm slices of core. The samples
broke down easily in cold tap water although a
deflocculant was needed in some cases to remove the
finest clay fraction. They were then washed through
a 75um sieve and dry picked for their microfaunal
content. The results of these analyses are given in
Figures 2-5. Against a simplified stratigraphic log
(after Coombe, this volume) are displayed the
distribution of the foraminifera (left) and ostracods
(right), together with their species diversities,
Diagonal lines on the log indicate lagoonal silt/clays,
peats are black and sands are stippled. In Coombe’s
original logs the clays beneath the peats were
labelled as ‘fluvio-periglacial stiff clays’, emphasising
the different consistency of these deposits.
Microfaunal analyses however show they contain
identical fauna to the rest of the lagoonal deposits,
their character being caused, no doubt, by
compaction from the weight of over 4m of sediments
and peats above. No statistical counts were made of
the microfauna, merely a simple indication of
(dots), common
(diamonds) and abundant (squares). The picked
faunal slides together with the residues, are housed

frequency sufficed: present

in the Micropalaeontology collections, Department
of Palaeontology, The Natural History Museum
[BM(NH)], London. The original cores are still in
the School of Geography, University of Oxford. The
diatoms from several cores are now being analysed
by Dr. S. Juggins, University College, London, the
pollen by Adrian Parker, University of Oxford, and
the molluscs by Dennis Seaward. It is hoped that the
plant fragments and seeds preserved in the peats can
also be identified in the near future.

To date, only two radiocarbon datings are
available from these cores, both from core 6: a date
of 4540 =70 years BP at the top of the main peat at
-3.0m OD, and 4800 =100 years BP from hazel
(Corylus) wood within the peat at -3.9m OD.

(Figure 3).

Foraminifera (shelled protists) and Ostracoda
(bivalved Crustacea), have proved important to
geologists as tools not only for dating sediments
since the Palaeozoic (550 million years), but also for
(palaeo-) environments. In shallow
brackish  and
environments ostracods are particularly useful as

interpreting
marginal-marine, lagoonal
they are often niche-specific. I have made an
extensive study of the modern ostracod populations
of the Fleet (see Whittaker, 1981, for a review) and
the distribution of ostracods in the British Isles is
now very well known (Athersuch et al., 1989). Less
is known of the Recent foraminifera of the Fleet (see
Whittaker, 1987, for a review ), but thanks to the
work of Haynes (1973) and Murray (1971; 1979)
the British faunas are well documented. We therefore
have good modern data with which to compare the
results from the cores.

The results of the West Fleet cores (4, 6, 7) are
given in Figures 2 - 4. The foraminiferal faunas of
the silts and clays are, for the most part, identical to
those of the present day (shown as the topmost line)
and are characterised by typical brackish species:
abundant Ammonia limnetes, common Haynesina
germanica and Elpbidium williamsoni with E.
margaritaceum, aspera and
Ammoscalaria runiana present to a greater or lesser

Quinqueloculina

extent. No foraminifera are found in the peats, not
even agglutinating forms, which ought to be
preserved if the peats are indeed brackish (N.B.
foraminifera do not live in freshwater). Near the
base of the silts/clays however, there is a significant
change to a fauna characterised by Trochammina
inflata usually
indicative of saltmarsh environments. Near the limit

and Jadammina macrescens,

of penetration of all three cores the sediments change
dramatically to sand which contains fully marine
species such as Ammonia batavus and Elphidium
macellum, with a certain amount of reworking of
those species above.



The ostracods of the West Fleet cores all give
a similar signature at the base. The sands contain
amongst other marine species, large numbers of the
benthic ostracod Pontocythere elongata, particularly
common in the shallow sandy sediments of
Weymouth Bay at the present day, but unknown in
the Fleet. It is in the succeeding lagoonal clays and
silts, however, that the value of the ostracods as
niche-specific indicators really comes into its own
and provides evidence of the subtly changing
environment that neither the foraminifera nor the
molluscs (D.R. Seaward, pers. comm.) seem to give.
The present day ostracod fauna in the vicinity of the
West Fleet coring sites is a limited one made up of
the phytal (living on the Zostera and associated
algae) species Xestoleberis nitida and Cytherois
fischeri with Hirschmannia viridis and Loxoconcha
rhomboidea, at the westernmost limit of their range
(Figure 6), occurring only at times of higher salinities
from late spring to autumn. The main benthic
species is Leptocythere castanea. These species occur
throughout the cores but what is really significant
are the following anomalies: the occurrence in parts
of the cores of large numbers of the brackish creek-
dwelling ostracod Cyprideis torosa (today only
living in a few restricted sites in the Fleet (Figure 6),
mainly around the Abbotsbury Swannery), the
almost ubiquitous presence of the estuarine
intertidal species Loxoconcha elliptica, and the
marine phytal species Semicytherura nigrescens,
neither of which have ever been found living in the
Fleet at the present day. What this means is that until
relatively recently the West Fleet must have been in
some way a rather different environment as L.
elliptica only becomes extinct at circa -0.5m OD.

It is my interpretation that the Fleet was for
much of its existence a larger (longer and wider)
waterbody, subject to stronger tidal penetration
than today, hence the occurrence of S. nigrescens and
other near-marine species beyond the limit of their
present distribution and as far west as West
Bexington (see below). Then, large areas of the
landward shore would have been intertidal, exposed

as mud-flats at low water, with associated creek

development (and Phragmites stands). These are the
respective environments in which L. elliptica and C.
torosa are found throughout estuaries in Europe,
but which in the present Fleet are virtually lacking.
In other words, the Fleet was until very recently
always more like a typical estuary than it is today.
West Fleet has now a very small tidal regime (see
Robinson et al., 1983) and intertidal areas are not
developed at low water even during neap tides. The
crucial area, between the head of Butterstreet Cove
and Herbury, is very shallow and the tides are
quickly dissipated. Whether this is the effect of
recent silting or has always been the case since Chesil
Beach and the Fleet have taken up there present
configuration, is not yet known. They are however,
clues that need further investigation. Radiocarbon
dating of peats, especially quite shallow peats that
occur in East Fleet (in the Butterstreet Cove area)
will be essential to calibrate the rate of
sedimentation over the last circa 5000 years.

Looking at the foraminiferal and ostracod
diversities of all three cores, several features are
apparent. First, the peats themselves are barren of
either organism and for the present must be assumed
to represent times when the Fleet became a vast
Phragmites (freshwater) lake, cut off from tidal
access and the sea by a lowering of sea level.
However, a study of the pollen, seeds and plant-
remains is necessary before this can be known for
certain, Secondly, following each peat is a shell bed,
with a high-diversity microfauna containing species
that seem to indicate a marine pulse (? rise in sea-
level), with the return to tidal penetration. A
particularly good example of this is seen at -3.05m
OD. in core 7. Other information can probably be
gleaned from the variation in the diversity curves but
is, for the moment premature.

The sands below the silts/clays at the base of
all three cores are of great interest. These indicate an
environment similar to Weymouth Bay, at a time
when the area now occupied by the Fleet appears to
have been a shallow sandy gulf rather than a lagoon.
Deeper cores may well realise a much more complex
story as the Holocene sea level rose quickly up to
circa 5000 BP.



Core 29 was chosen as it was the deepest
made in East Fleet (- 4.65m OD.) and is analysed
here in detail (Figure 5) for comparison with the
West Fleet cores. It is made up entirely of lagoonal
clays/silts with two peat horizons. At the base, sands
were not penetrated as in the West Fleet cores, but as
the salt-marsh foraminifera Trochammina inflata
and Jadammina macrescens occur in large numbers
in the lowest two samples, a similar succession may
yet lie below. In the same vicinity, Carr & Blackley’s
borehole D (1973; Figure 2) penetrated to a depth of
-17m OD. before reaching bedrock, so only a small
part of the accumulated Holocene sediments in this
area was cored at site 29.

The foraminiferal and ostracod faunas of
core 29 are much more diverse and more marine in
aspect than in the West Fleet cores, as one might
expect. Again the peats (which have not been dated)
are barren of microfauna, as is rather surprisingly
the lagoonal sequence between -2.1m and -2.7m
OD.; the reason for the latter is unknown. The most
varied faunas occur between -3.75m and -4.1m OD.
and between the present and -1.8m OD. The fully
marine foraminifera Ammonia batavus replaces to
a great extent the more brackish A. limnetes/tepida
group, which today is ubiquitous in the Zostera and
algae of East Fleet. Furthermore, in terms of size and
ornament, some of the A. batavus specimens
between -1.2m and -1.8m OD. are much closer to
the Mediterranean A. beccarii (sensu stricto) than
any I have seen from the British Isles to date. This,
coupled with the occurrence of the ostracod
Xestoleberis labiata, a Lusitanean species which
reaches the northernmost limit of its distribution in
Cornwall and the Isles of Scilly at the present day,
indicates a possible warmer climatic episode being
preserved in this core. Clearly an aspect that should
warrant further study when more and deeper cores
are studied in East Fleet.

West Bexington

At West Bexington in the Autumn of 1992,
blocks of peat and clay (some of them shelly),
previously exposed and winnowed on the seaward
side of Chesil Beach during a period of exceptional
long-period swell, were washed up in a storm. The
same event occurred again in March 1994 at the
very same locality when large blocks of stratified

clays, some of them very shelly (with prominent
layers of cockles), were washed up.

Large Phragmites peat slabs (2.3 x 2.1 x
0.8m) had previously been reported by Carr &
Blackley (1973) cast up on Chesil Beach in identical
conditions near Abbotsbury in November 1970.
These peats gave a radiocarbon date of 4023 =50 BP,
but Alnus wood within the peats gave a much
greater age of 5200 £110 BP.

In the same paper, Carr & Blackley (1973:
Figure 2) illustrate a boring through the crest of
Chesil Beach at West Bexington (borehole F).
Beneath the pebbles and sand of the beach are
silts/clays and peats to a depth of -1.8m OD. resting
on solifluction deposits (head). They appear to be
the same lagoonal sediments and peats, as we have
seen, that are exposed on Chesil’s seaward side
under exceptional conditions. These extend well to
the north-west of the present day Fleet; in the region
of 5km, in the case of the West Bexington site (see
Figure 1).

The relationship of the peat to the clays,
washed up at West Bexington, is not known for
certain, as they are never seen in contact. From our
knowledge of the succession in the Fleet cores,
however, it is now clear that the shell beds occur on
top of each peat and it is suspected that this would
be the case here.

An unstratified shelly clay (with abundant
molluscs) and a fine clay from the 1992 find were
processed for microfauna. The former contained the
richer of the two faunas (5 foraminiferal species and
10 ostracod species) and is discussed here. Of the
foraminifera, Ammonia limnetes was very abundant;
Elphidium margaritaceum, E. williamsoni and
Quinqueloculina aspera were common; Haynesina
germanica rare. The common ostracods were
Xestoleberis elliptica,
Hirschmannia viridis, Semicytherura nigrescens and

nitida, Loxoconcha
Cyprideis torosa. Less common to rare were

Loxoconcha rhomboidea, Cytherois fischeri,

Leptocythere castanea, L. lacertosa and
Callistocythere littoralis. Preservation of both
foraminifera and ostracods was remarkable, with

natural colour being preserved in most cases and the



ostracods being represented as whole carapaces, the
result no doubt of almost instantaneous fossilisation.
In terms of near-identical fauna (particularly the
ostracods) and its high diversity, this sample can be
tentatively correlated with the shell bed directly
above the top peat of core 7 (at -3.5m OD.) and also
at -2.8m OD. in core 6, above the main peat the top
of which has been dated at 4540 =70 years BP. A
slightly younger date is possible though, as
evidenced by the Abbotsbury peat (see above) and a
definitive interpretation of the West Bexington site
will only become apparent when a new borehole,
planned for late 1994, is sunk and radiocarbon
datings made of both in situ and cast-up peats.

In terms of environment, the West Bexington
site is interesting in that it proves a tidal waterbody,
and near marine at that, as far west as this at circa
4000 - 5000 BP. Figure 6 shows the present
distribution in the Fleet of the ostracod species found
in these West Bexington sediments. Of the species
living in the Fleet today, C.littoralis does not occur
further west than Moonfleet, while two others
(L.rhomboidea and H.viridis) are not found west of
the site of borehole 4. Figure 1B shows a rather
imaginative ‘Proto-Fleet’ at this time in which I
would estimate the salinities at West Bexington
would have been in the order of 20 -30 parts per
thousand in the tidal channel where most of the
phytal microfauna lived associated with seaweeds.
Landward, or in the near vicinity, intertidal flats and
some creeks occurred in which benthic species , such
as the ostracods L.elliptica and C.torosa, would be living,

The Fleet during the last circa 5000 years.

At this stage much is conjecture, but it is
probable that the ecology of the modern Fleet lagoon
represents, in terms of its evolution, merely a
moment in time. From the evidence of the present
coring project it can be seen that the environment
and the sedimentology has changed dramatically
during the last circa 5000 years. We have, however,
still only part of the story. From the borehole
evidence given in Carr & Blackley (1973), Coombe’s
hand-cores must only penetrate half or one-third to
bedrock. It is therefore most unfortunate that the
many cores made by the then Central Electricity
Generating Board and the Nature Conservancy are
no longer available for multi-disciplinary study. To

obtain a better picture of the evolution of the Fleet
and Chesil Beach, at least 6 boreholes need to be put
down to bedrock on the Fleet side of Chesil Beach
between Abbotsbury and Smallmouth. The cost of
this, together with the necessary radiocarbon dating
of the many peat layers, would need finance in the
region of £15,000. We now have, however, a team of
specialists willing to undertake the analyses, should
the money be raised. Through the generosity of the
Geologists” Association, the Fleet Study Group has
been given nearly £1000 to enable E.D.K. Coombe
to put down a borehole at West Bexington; should
enough money be left, a core through the
Abbotsbury embayment will also be undertaken,
hopefully in late 1994. At the same time Dr S. Juggins
(University College, London)
freshwater meres at Bexington and Burton (figure 1)

will core the

to ascertain whether they have been part of the
“Proto-Fleet” at some time during their existence.
Only then will the existence and duration of the

westernmost extension of the lagoon be confirmed
and dated.

From evidence given above, at some time
during the rise in Holocene sea level (?pre-5000 BP),
the area occupied by the Fleet was a sandy gulf
opening eastwards into Weymouth Bay. There
probably already existed an offshore bar or bars, a
“Proto-Chesil Beach”. Our understanding, however,
of the transition from this period of rapid
sedimentary infill and latterly sandy facies to a tidal
lagoonal phase is very sketchy. Quite rich organic
debris and restricted agglutinating foraminifera from
this part of the cores suggests an extensive salt-
marsh occurred at the time. Lagoonal conditions
then quickly became established caused no doubt by
several factors, including rising sea level and the
concomitant encroachment of Chesil Beach to
within a kilometre or so of its present position, and
with it the narrowing in some way of the
Smallmouth entrance.

Chesil Beach ends at Burton Cliff in the west.
There is evidence (G. Poole, pers. comm.) that these
cliffs extended further out to sea in Roman times.
The erosion of the headland at Burton, together with
rising sea level, would have acted as the western
‘hinge’ for the onshore movement of Chesil Beach.
How far west the “Proto-Fleet” extended is
speculative, but there is no reason why it did not



extend slightly to the north-west of Burton Mere and
that Burton and Bexington meres (now freshwater)
may be remnants of such a waterbody. Between West
Bexington and Abbotsbury Castle, Chesil Beach is
backed by a solifluction slope, and the beach itself
has now been driven so hard against this slope that
a small cliff has formed behind. Over this sector,
Chesil Beach has so impinged against this slope that
any remnant of the “Proto-Fleet” preserved beneath
it will have been eroded away. Between West
Bexington and Burton Mere, however, there is again
enough “room” for “Proto-Fleet” deposits still to be
preserved; as indeed evidenced by the cast-up blocks
of peat and clays from underneath the beach and in
Carr & Blackley’s borehole. Only a coring
programme in this area will establish the extent and
nature of the deposits and indicate when this western
arm became cut off from tidal access to the east. To
bypass the barrier of the solifluction slope and thus
obtain tidal access past West Bexington it is
necessary to advance Chesil Beach seaward by nearly
one kilometre at the very least and this is what I have
done to construct my highly subjective ‘Proto-Fleet’
of circa 4000-5000 BP (Figure 1B). Only by much
more expenditure, the sinking of deep boreholes,
and by detailed multi-disciplinary analyses of the
cores will we ever turn this conjecture into scientific

fact.

Thanks to E.D.K. Coombe’s enterprise, we
now have further important data, providing a
tantalising insight into the formation and evolution
of Britain’s most famous lagoon, about which we
still know so little.
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Figure 1a

Locality map showing Chesil Beach, the Fleet and the (freshwater) West Bexington and Burton

meres. Sites of cores 4, 6, 7, and 29 and shell bed at West Bexington are indicated.

Figure 1b

The ‘Proto- Fleet’ and Chesil Beach ¢.4000-5000 BP. Highly subjective reconstruction based on
evidence from the cores and West Bexington site. Outline of modern water bodies behind
Chesil indicated by a dotted line.
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Occurrence and species diversity of foraminifera (left) and ostracods (right) in core 4, off
Morkham'’s Lake, West Fleet. For key see Fig. 2 and text.

Figure 3
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Occurrence and species diversity of foraminifera (left) and ostracods (right) in core 7, off

Rodden Hive Point, West Fleet. For key see Fig. 2 and text.

Figure 4
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Occurrence and species diversity of foraminifera (left) and ostracods (right) in core 29,

off Chickerell Hive Point, East Fleet. For key see Fig. 2 and text.
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