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Summary 

Excavations were undertaken as part of the Fenland 
Management Project across two Romano-British canals 
and the Fen Causeway. In all cases evidence was recovered 
which demonstrated the construction of the canals and 
roads, their maintenance and their final phases of 
abandonment. For all the sites the environmental data that 
were recovered are as important and informative as the 
structural data and, looked at together, greatly increase our 
understanding of the environment and its effects on these 

communication routes. Although some of the sites are 
spatially disparate, it has been possible to identify 
similarities as well as differences in construction and 
events which occurred, underlining the particular 
problems faced by those trying to settle and utilise an area 
which was environmentally unstable but at the same time 
productive. These routeways also provided a crucial link 
from central Britain, via East Anglia, to the North Sea and 
hence the continent. 

Resume 

Des fouilles, entreprises dans le cadre du Projet de gestion 
du Fenland, ont porte sur deux canaux romano
britanniques et sur la chaussee du Fen. Dans chacun de ces 
cas, on a pu constater le recouvrement des traces qui 
temoignaient de la construction des canaux et des routes, 
de leur entretien et 9es differentes phases qui ont conduit 
a leur abandon. Pour tous les sites, les donnees 
environnementales recouvertes etaient aussi importantes 
et riches en informations que les donnees relatives a la 
construction elle-meme, et leur synthese a perrnis 
d' ameliorer grandement notre comprehension de 
1' environnement et de ses effets sur les routes de 

communication en question. Malgre les differences 
spatiales existant entre certains des sites, on a pu relever 
des differences et des ressemblances sur le plan des 
constructions et des evenements qui s' y rattachent. 11 a 
ainsi ete possible d'insister sur les problemes particuliers 
rencontres par les indi vidus qui ont essaye de s' installer et 
de tirer parti d'une region a la fois productive et instable 
sur le plan de I' environnement. Ces voies de communication 
ont egalement joue un role esssentiel en reliant, par la 
region de I' East Anglia, le centre de la Grande-Bretagne a 
la mer du Nord, puis au continent. 
(Traduction: Didier Don) 

Zusammenfassung 

Im Rahmen des Fenland-Projekts wurden iiber zwei 
romano-britische Kanale und den »Fen Causeway« 
hinweg Ausgrabungen durchgefiihrt. Samtliche dieser 
Grabungen fOrderten Hinweise auf den Bau der Kanale 
und StraBen, ihre Erhaltung sowie das Endstadium ihrer 
Nutzung zutage. Die gewonnenen Umweltdaten erwiesen 
sich durchweg als ebenso wichtig und informativ wie die 
Strukturdaten. Zusammen genommen tragen sie in hohem 
MaBe zu unserem Verstandnis iiber die Umgebung und 
ihren Einfluss auf diese Kommunikationswege bei. 
Obwohl einige der Grabungsstatten raumlich weit 

Vll 

voneinander entfemt lagen, war es moglich, 
Ahnlichkeiten sowie Unterschiede beim Bau sowie 
bestimmte Ereignisse zu identifizieren, die die besonderen 
Probleme fiir die Menschen aufzeigten, die versuchten, 
eine instabile, jedoch gleichzeitig fruchtbare Region zu 
besiedeln und nutzbar zu machen. Die untersuchten 
Routen bildeten eine wichtige Verbindung vom Zentrum 
GroBbritanniens iiber East Anglia zur Nordsee und weiter 
zum europaischen Festland. 
(Ubersetzung: Gerlinde Krug) 
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Chapter 1. Roman Routeways across the Pens 

I. Introduction 

English Heritage initiated the Fenland Project in 1981 with 
the aim of providing the information necessary to record 
and interpret early landscape and landuse, and thereby 
establish policies for the preservation or excavation of 
nationally important monuments and landscapes in the 
fenland of Eastern England (Hall 1987, 1). Most of the 
near-surface archaeological remains in the Fens are 
threatened by modern agricultural practices and the 
associated lowering of the watertable. As a result of work 
undertaken in the Fenland Evaluation Project (1989-90) 
the status of many sites was reviewed. This led to the 
scheduling of some sites, management agreements on 
others and many excavations, all as part of the Fenland 
Management Project. Excavation at four of these sites was 
intended to investigate Romano-British routeways (roads 
and canals) within the landscape. Three of these were in 
Norfolk (Nordelph, Downham West and Tilney St 
Lawrence) and one in Lincolnshire (Morton). Excavation 
of the Norfolk sites was carried out by the Norfolk 
Archaeological Unit under the direction of Mark Leah, 
while the site at Morton was excavated by the Trust for 
Heritage Lincolnshire under the direction of Tom Lane. At 
Nordelph and Downham West the excavations sectioned 
the road known as the Fen Causeway and at Downham 
West the associated canal was also investigated. The 
excavations at Tilney St Lawrence and Morton were across 
Romano-British canals. It was anticipated that these 
excavations would enhance understanding of the 
Romano-British routeways and communications system in 
the Fens. All work was sponsored by English Heritage. 

This report is intended to present the data from four 
sites across the Fens in a uniform and integrated manner. 
The introduction and conclusions are broad based, 
covering the archaeological background to the 
communication routes in the Fens and pulling together the 
results of the excavations. Each excavation is presented 
separately. However, within these sections the site 
descriptions and the results of the specialist analytical work 
have been integrated. The full specialist reports are 
available for examination and are lodged with the site 
archives which are held by Norfolk Museums Service for 
the Norfolk sites and by Lincolnshire Museums Service for 
the site at Morton. The foraminiferal report by Mike 
God win is published here as an appendix. 

11. Palaeogeography and Hydrology 

The palaeogeography of the Wash Fenland is complex. The 
sedimentary sequence has been created by a number of 
flooding episodes, both freshwater and marine. In general 
the area towards the inner edge of the fen basin saw peat 
growth as a result of freshwater flooding while those areas 
towards the Wash were affected by the deposition of clays, 
silts and sands (clastic sediments) due to marine flooding. 

During the early prehistoric period the lower or basal 
peats formed. There followed a period of dramatic marine 

flooding during the Neolithic/Early Bronze Age, which 
deposited layers of clastic sediments across much of the 
fen basin. This in turn was followed by a period of peat 
growth (the upper peat) which continued in places and at 
varying rates up to the 17th century when land drainage 
schemes were introduced (Silvester 1988a, 101). The 
growth of peat was interrupted by further marine intrusions 
which deposited pockets of silt across areas of the fen 
basin. The variation in radiocarbon dates obtained from the 
interface of these silts and the underlying peats from across 
the Fens appears to underline the variation in local 
conditions across the fen basin. 

During the Romano-British period the watertable in the 
Fens was, in general, lower than it had been in the Iron Age 
falling to around 2m OD (Bromwich 1970, 120-1). The 
lowering of the watertable at this time opened up new areas 
for exploitation, and enabled new settlement on the fen 
edge and islands. In general, Romano-British settlement 
sites are often found to lie at around 1.5m OD. It has 
become apparent through the survey work that major 
flooding events occurred during the Romano-British 
period, resulting in distinct landscapes (Silvester 1991, 
113). Evidence for these flooding events exists in that some 
Romano-British sites are sealed by the silts while others 
are situated on top of them. This may help to account for 
the paucity of Romano-British sites observed through 
field walking in the more northern areas of the Fens, where 
early settlements almost certainly remain buried below 
these flood silts (Silvester 1988a). 

A detailed discussion of the palaeogeography of the 
Fens can be found in Wailer (1994). 

Ill. Archaeological Background 

Roman communication routes through the Fens appear to 
have made use of both natural and artificial watercourses 
as well as roads which linked fenland settlements into the 
main north-to-south highways of King Street and Ermine 
Street (Fig. 1). The Fen Causeway was the major east-west 
route linking Norfolk into this system. 

Canals 
In Lincolnshire, three main canals have been identified: the 
Car Dyke, the Bourne-Morton canal (and associated 
channels) and the Rippingale canal (Fig. 1). The Car Dyke 
runs for a length of 65krn along the fen edge joining the 
Nene, near Peterborough, with Lincoln. When it was 
identified by Stukeley in the 17th century he suggested that 
its main function was to transport grain to the Roman army 
in the north. This has more recently been disputed by 
Simmons (1979) who argues that the Car Dyke may have 
been a catch water drain rather than a major transport route. 
He argues that the need for a canal here is questionable and, 
more significantly, that it has been shown to be 
non-continuous; a break was identified by excavation at 
Billingborough and aerial photography suggests other 
similar interruptions (Hampton 1983). 



The Bourne-Morton canal appears today as a narrow 
band of sand-silt 6km in length (Hayes and Lane 1992, 
122). It runs from Bourne in a north-westerly direction to 
Morton, where it appears to join with an extinct 
watercourse which continued the course of the canal 
seawards. Cropmarks at the canal's seaward end suggest 
that a number of salterns and settlement sites lie in close 
proximity to the canal which could have provided a 
transport link to the larger settlement at Boume and thence 
into the national communications system. King Street also 
connected Boume with the military fort at Longthorpe, east 
of Water Newton (Whitwell 1970). 

The Rippingale canal which is 2km in length does not 
directly join the Car Dyke but provided a route linking it 
with roddon settlements on the silt fen (Hall and Coles 
1994, 105). Also in Lincolnshire, a short stretch of artificial 
watercourse cuts off a bend in the former river Welland, 
providing a major settlement complex with access to salt 
extraction areas and the sea (Hall and Coles 1994, 105). 
The date of this canalisation is either Iron Age or Roman. 

Only two canals (other than that associated with the Fen 
Causeway) are known from the silt fen/marshland area in 
Norfolk. These were first identified during the Fenland 
Survey. The Aylmer Hall canal is visible on aerial 
photographs and, in places, on the ground. It runs for 5.6km 
from Aylmer Hall in the parish of Tilney St Lawrence 
eastwards to the roddon of the former line of the Great 
Ouse. The Spice Hills canal joins the Aylmer Hall canal, 
although its west end is not clear as it is masked by later 
deposits. 

In Cambridgeshire the Car Dyke links the River Cam 
with the West Water, a distance of 8km, and so via natural 
watercourses to Peterborough or March. Pottery has 
indicated a construction date in the late 1st/early 2nd 
century, and suggests the Car Dyke was still in use into the 
4th century (Hartley 1970, 126). Other canals appear to link 
into the main east-west route of the Fen Causeway. Stonea 
island was linked by canal to Flaggrass and a second canal 
linked Stonea directly with Wimblington to the west. These 
were both abandoned when they silted up (Hall1992). 

In all the counties, it is probable that other sections of 
canals have yet to be recognised. Sections of modem rivers 
that appear as straight segments in otherwise sinuous 
watercourses may be the result of canalisation in the past. 
Other straight roddon-like features have been identified in 
the peat fen; some of these too may represent 
Romano-British canals. 

Fen Causeway 
One other major canal which crosses the Fens is that 
associated with the Fen Causeway. This complex 
monument, primarily made up of sections of canal and 
associated gravel roads, bisects the peat fen from Denver, 
on the eastern fen margin, to Durobrivae (Water Newton) 
in the west. It is joined in the east by two major routes which 
cross Norfolk, one from Caistor St Edmund and the other 
probably from Caister-on-Sea (Robinson and Gregory 
1987) (Fig. 1). To the west the Causeway joins with King 
Street and Ermine Street, so linking East Anglia with the 
main north-to-south communications route. The existence 
of the Causeway was first recorded by Dugdale in 1772 
(Dugdale 1772). 

The Fen Causeway crosses the southern fenland 
passing through the Norfolk parishes ofDenver, Downham 
West, Nordelph and Upwell, and the Cambridgeshire 
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parishes ofUpwell, March and Whittlesey. The roadway is 
generally recognised as a gravel spread in Norfolk; in 
Cambridgeshire limestone chippings were used, this being 
the more readily available material. Investigation of the 
Fen Causeway in Cambridgeshire has established that a 
canal preceded the road on both sides of March island (Hall 
1987). From Eldernell there are two separate and 
intersecting canals, one linking Eldernell with the Nene at 
March, a distance of 5km, while the second links Eldernell 
settlements with the site at Granford. Here again the road 
appears to occupy the roddon of the canal for its full length 
(Hall 1987, 41), indicating that it is of a later date. In 
Whittlesey parish much of the Causeway has been 
destroyed to obtain gravel and also to remove the bank of 
the roddon where it was inconvenient for agriculture 
(Potter 1981, 122); similar destruction has occurred in parts 
of Norfolk. 

It has been estimated that the width of the original canal 
was probably in the region of 15-20m (Hall 1987, 41) 
although the roddon has a much wider spread. Where the 
Fen Causeway crossed the Old Croft River (the 
Wellstream; the present Cambridgeshire/Norfolk county 
boundary), a major river crossing would be expected, 
probably in the form of a bridge if the river was too deep 
for fording. The butts of some large upright timbers have 
been located during construction work in that area (Hall 
1987, 42). 

Phasing of the Fen Causeway is made more complex 
by the identification of two routes for the road between 
Upwell and Nordelph in Norfolk (one slightly north of the 
other), along with a stretch of canal. The western end of the 
northern road has not been recorded as it disappears 
beneath the later flood silts in Upwell. It is not known 
whether the first road bridged the Wellstream at the same 
point as the southern road or if there was another crossing 
to the north (Silvester 1991 , 113). The northern road 
continues east until it appears to follow the same line as the 
southern road and the canal. The southern road appears to 
be a continuation of the road identified in Cambridgeshire 
as the Fen Causeway. It has been identified on the top of 
the southern roddon of the canal for the majority of its 
course through Norfolk. 

It is generally accepted that the northern road was the 
primary feature, which was associated with a canal running 
to the south. A close spatial relationship between the 
northern road and the canal is obvious as both are made up 
of a series of short straight sections each of which changes 
slightly in direction. The distance between the northern 
road and the canal varies between 50 and 150m over a 3km 
length. The southern road exploits the higher ground of a 
roddon for almost its entire course through the Norfolk 
Fens although the road is not always visible due to 
ploughing or gravel robbing. In places the gravel surfaces 
of the road have been dispersed over a distance of 20m 
which makes the overall original breadth of the road 
difficult to gauge, but a width of 6--7m appears to be the 
average (Silvester 1991, 103). This route is much more 
sinuous in contrast to the northern road, particularly west 
of London Lode Farm, Nordelph, where the road 
deliberately swings away from the main roddon to follow 
a silt ridge. The roddon is lost near Lots Bridge, but the 
road is still distinguishable as a continuous band of gravel, 
a good indication that it may have been re-laid after 
flooding in Roman times (Silvester 1991, 103). 



Chapter 2. The Canal at Morton 

I. Background 

The Boume-Morton canal has been identified from aerial 
photographs and is generally recognised on the ground as 
a narrow band of silt extending for a length of 6km. The 
canal starts at Morton Fen in the east crossing the 
countryside in a south-westerly direction towards Boume 
where its course has become obscured beneath modem 
housing and industrial areas (Fig. 2). At its east end it joins 
a sinuous channel which winds seawards for a further 2km 
before losing definition. A strong visual resemblance can 
be seen from aerial photographs between this creek and the 
canal, suggesting that both were similarly managed and 
part ofthe same system (Hayes and Lane 1992). 

From east ofBoume to South Drove, Morton, the canal 
was cut through the upper peat, much of which has wasted 
away leaving only the lowest few centimetres of the 
channel surviving. This fact was determined by boreholes 
where a maximum depth of 0.4m was recorded, later 
confirmed by the recording of a dyke section nearby. At the 
northern end however the canal has been better preserved 
by sediments overlying the peat. These were deposited by 
a second marine incursion which did not reach the Boume 
area (Shennan 1994). 

11. The Excavation 

Excavation at Morton (site MOC 93) was aimed at gaining 
an insight into the character of the canal, including its date, 
method of construction, function and development. At the 
point of excavation the canal was visible on the surface as 
a linear peaty depression within a wider silt spread. The 
trench cut across the canal was stepped for Health and 
Safety reasons. Groundwater was encountered at a depth 
of 2m, which caused frequent slumping of the side of the 
trench. Although the lower metre of fill could not be 
recorded in section, augering through these silts indicated 
the level of the base of the cut. 

Both the original cut for the canal (124) and a later recut 
(68) 3) were revealed by the excavation. The first 
canal was cut through roddon silts to the south-east and 
deposits of clay, peat and silts to the north-west. It was 
10.5m wide and 2.6m deep. The recut of the canal was 
approximately half this width (5.5m) with a depth of 1.2m. 
Both cuts were bowl shaped in profile. The recut had 
truncated the upper east edge of the original cut. Analysis 
was carried out on the pollen from the intercalated peat 
through which the canal had been dug. The peat was oflron 
Age date (cal BC 1410-990 at the base, Q-2577, 2960±70 
BP; cal BC 920-560 at the top, Q-2575, 2630±70BP), 
significantly earlier than the canal; detail of this work has 
been published elsewhere (Wailer 1994, 227). 

Figure 2 The Boume-Morton canal: site location. Scale 1:50,000 
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Figure 4 Plan of site at Morton. Scale 1:200 

Associated with the canal and running parallel to it was 
a linear feature (171) (Fig. 4). This was between 1.8m and 
2.lm wide with a maximum depth of 0.65m. It produced a 
quantity of briquetage which was dated to the Romano
British period. The charred plant remains from this feature 
may relate to the type of fuel being used for salt-making. 
Detailed analysis of these remains are published in full in 
a volume dedicated to the fen salterns (Murphy 2001). 

In addition, a gulley (002) forming a circle 7.5m in 
diameter was excavated alongside the canal. This is 
thought to represent one of the enigmatic 'Fen Circles'. 
These circular features are commonly seen on air 
photographs and are thought to be the result of agricultural 
practices (Lane unpublished). They are generally accepted 
as late medieval in date, although evidence to support this 
interpretation is scant. 

ID. Environmental Evidence 

Foraminifera and ostracods 
by Mike Godwin 
The fill of the original canal at Morton was exceptionally 
rich in foraminifera. The assemblages are extremely 
diverse and contain large numbers of species. The species 
present are typical of very high-energy conditions found in 
estuary mouths such as the Wash. Many of the specimens 
would have been carried into the canal by being suspended 
in the water column and deposited at the slack water of high 
tide. The abundance level of foraminifera in these deposits 
is very high (10,000 per 50g) and they may have been 
concentrated by a gentle winnowing action of waves in a 
shallow body of water. All samples in this section have 
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been placed in the lagoonal or subtidal estuarine biozones 
(see Table 6 and Fig.5). 

Diurnal salinities of around 20-25 parts per thousand 
(ppt) were indicated by the presence of Elphidium 
oceanensis in the basal sample (1.8m) and the likely 
temperature range would be about 10 to 20°C (Murray 
1968) in summer and autumn. Levels of dissolved oxygen 
in the bottom waters would have been low. This suggests 
that the waters of the abandoned canal were stratified and 
that mixing was minimal at this time. At 1.5m an 
amelioration of conditions in the canal is suggested, with 
cooler (10 to 15°C) and better-mixed waters, and salinity 
levels were lower at around 15-20ppt. 

The sample at 1.2m suggests that the cooling trend 
appears to have continued with a temperature range of 
4-l7°C. Salinities rose once more to 25-35ppt. Energy 
levels would have been higher resulting in a better-mixed 
water column in the canal. This biofacies is normally 
indicative of deeper estuarine waters (3-5m). However, it 
is unlikely that water levels rose in this feature. The 
dominant factor would appear to be a drop in temperature, 
and this could indicate a more open connection to marine 
influence. 

At 0.9m there is a return to the conditions found at 1.8m 
although salinities may have been slightly higher at 
20-30ppt. The final sample from 0.6m is similar to that 
found at 1.5m; salinities were above 19ppt. 

Within the recut canal the ostracod assemblages are 
diverse and essentially similar to those found in the fills of 
the primary cut. Again this is indicative of outer 
estuarine/nearshore marine conditions. However, many of 
the valves of marine species have obviously been 
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Figure 5 Water conditions within the canals. Scale 1:20 

transported into the canal. At a depth of 1m the ostracod 
assemblage becomes less diverse, while at 0.7m it has 
become monospecific. This represents the penultimate 
stage of the canal infill with salinity levels dropping. At 
this point salinity levels would have been less than 1 Oppt 
and the water depth would have been intertidal at lower 
saltmarsh levels (biozone lie). The canal effectively 
simulated a marsh creek environment. 

Similar patterns of change are displayed by the 
foraminifera and the ostracod fauna. The indicated 
environments display similar fluctuations to those 
encountered in the fills of the primary cut. However, the 
degree of oxygen depletion is not as great and temperatures 
may have been lower overall on average. At 2.2m the 
temperature range would have been around 10-15°C and 
salinities between 20 and 25ppt. Dissolved oxygen levels 
would have been reduced. At 1.9m the assemblage is 
indicative oflower salinities (1 0-20ppt), temperatures may 
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have been lower (4-15°C) and levels of dissolved oxygen 
higher. 

A return to conditions found at 2.2m occurs at 1.6m, 
while the assemblage at 1.3m indicates a lowering of 
temperatures with better water circulation and salinities of 
c.20ppt. 

Diversity decreased in the ostracod fauna at 1.0m, but 
this is not observed in the forarniniferal assemblages. The 
assemblage, however, suggests there may have been a drop 
in salinity to c.15ppt. At 0.7m the diversity decreases and 
is dominated by marsh creek ecotypes. The marine 
influence previously noted is largely absent. Salinities are 
likely to have been low at around 10ppt but subject to 
strong fluctuations of up to 35ppt. Similarly temperatures 
may have been widely ranging from 0 to 20°C. The 
assemblage is a typical marsh creek fauna biozone lie lying 
within the intertidal range. 

A pattern of rhythmical fluctuations in environment is 
apparent. These fluctuations may be due to the seaward end 
of the canal becoming blocked and then unblocked. 
Occasional storms and subsequent erosion, followed by 
re-sedimentation, could be the mechanism to explain the 
fauna! successions in the canal. These alternate between 
warm restricted water assemblages and cool well-mixed 
water assemblages. The mixed biofacies occurring in some 
samples should be regarded as transitional . These 
fluctuations should be compared to the more stable 
conditions found at Downham (mainly lagoonal) and 
Tilney St Lawrence (mainly estuarine). Likely 
sedimentation rates suggest that the changes occurred over 
a period of decades. There does not appear to have been 
any significant current flow in this canal for the period of 
the fills studied. It is possible that the freshwater 
connection to the canal had been severed at an initial stage 
of abandonment (see Downham below). 

It must be noted that in the canals of this study one type 
of foraminifera (E. oceanensis) is unusually abundant. At 
all other Fenland sites investigated it is rare or absent. As 
detailed in Godwin (1993) its ecology suggests it prefers 
brackish water conditions with salinities of 10-20ppt with 
poor circulation and a tendency to stagnate. Large numbers 
of this species occur in Broadland sediments of the 
Breydon Formation, Norfolk (Boomer and Godwin 1993) 
associated with a restricted back-barrier lagoon. The 
barrier had reduced tidal ranges in the estuary significantly. 
These types of conditions appear to have been present in 
the initial cut of the canal. Possibly the tidal range in the 
canal was controlled to some extent by sedimentation at the 
seaward end. 

The palaeogeography of the region (Wailer 1994) 
shows that the canal was sited within reach of the sub-tidal 
and intertidal areas of the Wash, which was greater in extent 
than it is today. The large number of marine forarniniferal 
tests in the sediments suggests that the fill of the canal was 
sourced from this region. The silting up of the canal, over 
time, may have led to the channel having to be re-dug. 

Water circulation may have improved in the new cut, 
raising dissolved oxygen levels in the bottom waters. 
However, the problem of silting in the canal had not been 
solved and the new cut silted up at the same rate as the old. 
The feature would probably have been unusable and 
abandoned long before it shall owed into an artificial marsh 
creek. The loss of freshwater flow would lead to the 
seaward end of the canal becoming blocked. This would be 
accompanied by a rapid lowering of tidal range, as 



mentioned above, and eventual exclusion of brackish 
waters in the inland part of the canal. 

IV. Concluding Summary 

No finds were recovered from the canal and it has therefore 
not been possible to establish a close date within the 
Romano-British period for any of its phases. The aligned 
linear features and the presence of briquetage support a 
Romano-British date for the construction of the canal. 
Significantly, the foram.iniferal analysis has shown the type 
of environment within the canal, and the changes that 
occurred throughout its lifetime. The original canal moved 
from lagoonal conditions through to estuarine conditions 
before returning to a lagoon. It appears that the silting up 
of the initial cut was almost complete before the canal was 
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recut. Conditions in the new cut changed from estuarine to 
that of marsh creek before silting was complete. 

The intended primary function of this water channel is 
more difficult to establish, as has been mentioned above. It 
has been argued that many of the Lincolnshire canals 
formed part of a water management and drainage system 
(Simmons 1979). Others have supported the idea of 
transport as a primary function (Hayes and Lane 1992, 
122). Both these factors were probably significant in the 
decision to construct a canal and its precise location. It is 
inevitable that such a major feature would have an effect 
on the localised water table, though the extent of lhis is 
unclear. That it linked the inland areas of the Fens, 
connecting Bourne to the North Sea, cannot be ignored. It 
is also significant that many Romano-British sites of an 
industrial nature are connected by this canal and by natural 
watercourses into the main settlement areas around the 
Fens. 
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Chapter 3. The Canal at Tilney St Lawrence 

I. Background 

During the Fenland Survey (1981-89) the routes of the 
Aylmer Hall and Spice Hills canals were plotted (Silvester 
1985). The larger of these two canals, the Ay lmer Hall, runs 
on an east-to-west alignment from the parish of Tilney, 
through the Wiggenhall parishes to the east where it appears 
to have crossed an extinct forerunner of the River Great 
Ouse. The Spice Hills canal runs on a south-west to north
east alignment and appears to join the Aylmer Hall canal 
(Fig. 6). Both of these are visible from the air as roddons 
(broad bands oflight silt). The Spice Hills roddon is 1.5km 
long, approximately 25m wide and stands approximately 
0.5m above the surrounding landscape; the Aylmer Hall 
canal roddon appears up to 60m across whilst on the ground 
it stands up to a metre above the surrounding silts. 

Within the parish of Tilney St Lawrence there is a 
varied palaeogeography. In the southern part the clastic 
sediments are exposed and a fine dendritic pattern of 
watercourses is visible from the air. These appear to have 
flowed into the forerunner of the River Great Ouse which 
is also known as the Great Marshland River. In the central 
section, where the canals have been identified this pattern 
has been obscured by the later silts. To the north, later 
flooding and the resulting silts have obscured the 
Romano-British landscape. Initially it was thought that the 
canals ran across the waterlogged silts (Silvester 1988b) 
but an argument for them crossing the peats has more 
recently been offered (Silvester 1994). 

To the north and south of the Aylmer Hall canal, 
Romano-British field boundaries have been identified 
from aerial photographs and fieldwalking has identified 
associated pottery scatters dated between the 2nd and 4th 
centuries AD (Leah 1992). Of the Romano-British sites 
that lie further to the north, only a few have been identified 
(Silvester 1988a), the rest remain buried under later flood 
silts. 

11. The Excavation 

Investigations took place at the western end of the Aylmer 
Hall canal where it ran close to two scatters of 
Romano-British pottery. Here a single trench (site 25333) 
was dug across it. The aims were to establish the width, 
depth and profile of the canal and, from the analysis of 
samples from the infill, to gain an indication of the 
environment and water conditions that existed during its 
lifetime. A trench 80m long and 4m wide with stepped 
sides, was excavated across the canal to a maximum depth 
of 1.7m. The excavation took place over a two-week period 
in Autumn 1992. 

. The canal (1 0) was identified as cutting the roddon silts 
of the now extinct Great Marshland River. The canal was 
seen to be 12m in width (Fig. 7), but was not excavated to 
its full depth. The base of the trench, however, was augered 
in order to establish the depth of t!Je canal cut. The precise 
level ofthe base of the canal was difficult to determine but 
it appeared to be between -0.85m and -1.05m OD giving it 
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a depth of2.85m-3.05m below the present ground surface. 
The primary fill identified through augering was a greyish
brown sandy silt with much ferrous mineralisation; above 
this was dark yellowish brown silt-clay which was 
uncompacted and plastic. The upper fills consisted of a 
series of laminated silts which dipped down on either side 
of the cut. 

In addition to the canal two other linear features were 
identified, which were probably post-medieval in date. One 
of these contained the only artefactual evidence from the 
site, a single sherd of post-medieval stoneware. 

ID. Environmental Evidence 

Foraminifera and ostracods 
by Mike Godwin 
A large number of shelf species were identified in the 
sediments infilling the canal, demonstrating a direct 
connection to the open sea. The assemblages indicate fairly 
brackish water conditions and suggest that the water 
temperatures were cooler than generally encountered in the 
other canals of the region. In contrast to Bourne-Morton 
and Downham, total abundances were very low, suggesting 
medium to high levels of current activity and possibly a 
higher sedimentation rate. 

Low levels of dissolved oxygen and salinities of around 
20ppt were indicated by deepest sample at 1.1 m along with 
shallow water depths of less than 3m and temperatures of 
around 10-15°C. This points to lagoonal conditions within 
the canal. The mechanism for the creation of a lagoonal 
environment is discussed below (see Downham West). 

At 0.8m the assemblage is similar to that from a low 
intertidal mudflat assemblage from Breydon Water, 
Norfolk (Coles 1977). However, it is somewhat ambiguous 
and the assemblage has been retained in the sub-tidal 
biozone IV c. This may represent a lowering of water levels 
in the canal. Any restriction at the seaward end of the canal 
appears to have been removed. Salinities of 18-35ppt and 
temperatures of are indicated here. 

Deeper water is indicated by assemblage at 0.5m. It is 
possible that an erosion plane lies between these two 
samples or that a change in relative sea-level occurred. 
Salinities of 20-25ppt and a temperature range of 4-17°C 
are probable for this deposit. The sample is very diverse 
and indicates an unrestricted access to marine waters. This 
suggests that the freshwater flow through the canal had 
been removed, as the tests deposited in the slack water at 
high tide would be re-entrained into suspension if there was 
any appreciable current flow through the feature . 

The shallowest sample from 0.2m has a sparser fauna 
which is less diverse but is similar in aspect to that found 
at 0.8m. A return to shallow water, possibly with the 
channel bottom covered in algae, is indicated here, 
probably representing the final phase in the infilling of the 
canal. 
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Molluscs 
by Peter Murphy 
A column of samples, subdivided at 0.1 m vertical intervals, 
was collected from the laminated clay, silt and fine sand 
sediments of the canal fill for assessment of molluscs. 
Sub-samples, up to 3kg in weight (air-dried), were 
immersed in hot water and then wet-sieved on a 0.5mrn 
mesh. Material retained was then dried, treated with 
hydrogen peroxide to complete disaggregation, and 
wet-sieved again. Clay/iron concretions, (particularly 
those coating former root channels) were resistant even to 
peroxide treatment. The dried fraction retained was then 
scanned under a binocular microscope at low power. 

Mollusc shells proved to be very uncommon. Shells 
present included some estuarine/intertidal taxa: hydrobiid 
apices, a juvenile shell of Leucophytia bidentata 
(Montagu), indeterminate robust gastropod fragments and 
very young juvenile valves ofTellinacea. There were also 
occasional shells of terrestrial and freshwater taxa: 
Vallonia excentrica Sterki, Vallonia sp, Arionidae, 
Ceciliodes acicula (Mtiller) and Lymnaea sp .. The rarity of 
shells may have been due to decalcification by leaching or 
to taphonomic factors. 

IV. Concluding Summary 

This excavation clearly showed that the Aylmer Hall canal 
cut the roddon silts of the Great Marshland River. The 
forarninifera analysis indicates that, apart from an initial 
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phase of lagoonal conditions, the canal appears to have kept 
an open connection to the sea. This is in contrast to the 
Bourne-Morton canal which fluctuated between the two 
conditions and the Downham canal which was mainly 
lagoonal. Overall the water depths here appear to have been 
shallower than at the other sites. It can be concluded that 
at its east end the canal would have linked into a natural 
watercourse giving direct access to the sea. 

It was not possible to establish the date of the canal as 
no artefacts were recovered from the excavation. It was 
originally suggested that the canal was cut through the 
upper silt deposits (Silvester 1988b) to aid drainage, as 
well as to provide a transport link across Marshland in the 
later Romano-British period. However, Silvester (1994) 
has since suggested that the canal was originally cut 
through the intercalated peat which formed the ground 
surface in the earlier period. The canal would then have 
been the dominant feature in an early Romano-British 
landscape, contemporary with features identified in the 
area and others that are presumed to be concealed under the 
silts of the later flooding episode to the north of the canal. 

The primary function of this canal has not been 
confidently determined although it would have served well 
as a transport route through the generally inhospitable 
Romano-British landscape. Such an interpretation is, 
however, hampered by uncertainties over the full course 
and the termination points of both this and the Spice Hills 
canal. 
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Chapter 4. The Road at Nordelph 

I. Background 

Between Upwell and Denver three separate elements 
making up the Fen Causeway have been identified, 
comprising a canal and two roadways (Fig.8). The earliest 
feature was a road to the north which may have been 
contemporary with the canal. The road follows a course, 
punctuated by slight angular changes in direction, which is 
to some extent mirrored by the canal some 50--150m 
further south. The second and later road was constructed 
on the levee formed on the south side of the canal. A section 
through the road deposits was seen during dyke clearing at 
London Lode Farm (TL 5238 9912). It was sealed by 
post-Roman silts and appeared to overlie a dark 
'occupation' layer, which had until relatively recently been 
waterlogged. This was identified as being in the process of 
drying out, with the consequent loss of environmental 
potential. This deterioration of conditions, along with the 
indication of good stratigraphic preservation which were 
identified during the Fenland Evaluation Project 
(1989-90), prompted excavation at London Lode Farm. 

11. The Excavation 

In May 1992 a four-week excavation took place with the 
aim of investigating the construction of the later southern 
Roman road and the nature of the underlying deposits (Pl. 
I). The trench (site 2796) was located within 30m of the 
section observed in the dyke side, and within a small 
pasture where optimum preservation of the stratigraphy 
was anticipated. In the surrounding arable fields ploughing 
is affecting the uppermost layers of the buried road. The 
road was accurately located beneath the turf by augering. 
Initially, a trench 14m long was hand dug to a depth of 
1.2m; later being widened to 4m by mechanical excavator 
to allow the sides to be stepped. The remaining deposits 
were excavated by hand. The maximum depth of the trench 
was 2.8m. It was not possible to extend the excavation in 
order to encompass the canal, but attempts were made to 
locate it by augering at 10m intervals. The disappearance 
of the peat in the third auger sample suggested that the canal 
was located approximately 30m north of the road. 

Pre-road features and deposits 
At Nordelph the Romano-British ground surface was 
identified as a series of roddon silts (110) (Fig. 9). These 
had accumulated over a deposit of silts (111) which 
themselves overlay a dark brown peat deposit (142). 
Samples were taken from these deposits for pollen, plant 
macrofossils, mollusc, insect and foraminiferal analysis. 

Evidence of the first human activity on the site was 
provided by two linear features which ran from east to west. 
The width of the south ditch ( 47) was not determined 
because it had been truncated by later features. Its primary 
fill was a briquetage and charcoal-rich peaty loam, while 
its upper fills comprised upcast from later ditch digging and 
slumped gravel from the later road surfaces. The ditch 
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located towards the north end of the excavation (45) was 
0.90m wide and c.0.30m deep, with a flat base. Its primary 
fills again included briquetage and charcoal-rich deposits 
interspersed with silty in-washed material. Associated with 
these was a series of briquetage-rich peaty loam deposits 
(76, 81, 77, 78, 79 and 177) with a maximum depth of 
0.50m. Briquetage was also identified beyond the edges of 
the excavation by augering (5m to the north and 10m to the 
south). It is not known whether this briquetage was found 
in situ, or whether it had been imported to the site with the 
specific intention of forming a hard standing area. The 
former interpretation is favoured (Crowson 2001 , 307). 
There was no evidence of structures related to the actual 
processes of salt extraction. 

It is possible that these briquetage deposits formed a 
first and probably temporary roadway or trackway on this 
line, with the two ditches acting as drainage gullies on 
either side. A similar situation was identified at Downham 
(discussed below) and this may also account for the 
foundation of fired clay recorded by Beloe at Neatrnoor 
1.4km east of the present site, in his description of ten 
sections across the Fen Causeway in 1893 (Beloe 1893). 
This distribution of briquetage along the line of the Fen 
Causeway indicates the widespread nature of salt 
production in this area. The importance of the salt industry 
to the Fens is fully discussed elsewhere (Lane and Morris 
2001). 

The road deposits 
The second phase on the site consists of the construction 
of a road with a gravelled surface and associated drainage 
ditches to the north (46) and south (48). The full width of 
these ditches was not established as one extended beyond 
the edges of the excavation and the other was truncated by 
a later feature. The ditch to the north was 0.80m deep while 
that to the south was 0.60m deep. The primary fill of both 
features was a silty clay with mineralised flecking and 
occasional briquetage fragments. Sealing both ditches 
were outwashes of gravel from the road surface, indicating 
that the ditches filled up during the lifetime of the road. 

Upcast from the ditches was probably deposited in the 
central area, between them and on top of the 
briquetage-rich deposits, further elevating this area above 
the surrounding ground surface. This build-up of clayey 
loam was in turn capped by further deposits containing 
much briquetage and charcoal, which could have been 
upcast from the ditches or material brought in from the 
surrounding area. On top of this raised platform a gravel 
surface was laid consisting of a number of dumps and 
forming a maximum thickness at the centre of 0.44m. The 
width between the ditches was 7 .5m and the height of the 
top of the gravel surface above the roddon was 1.4m. These 
ditches silted up before being sealed by gravel deposits 
washed from the road as its surface degraded. Sealing the 
road surface at its northern end was an intrusion of flood 
silts (154). These were laminated, indicating several 
flooding episodes and contained pockets of briquetage
rich material and gravel washed from the road. The section 
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seems to indicate that the material deposited by these 
flooding episodes was not sufficient to cover and obscure 
the road. However, it would have been greatly narrowed 
and degraded, restricting its usefulness. 

After flooding, the road surface was patched on either 
side with deposits of clay and silt, generally with 
briquetage inclusions. There was no evidence to suggest 
that new roadside ditches were cut, although the previous 
ditches were now totally silted and no longer functioning. 

A second gravel surface was added, 0.20m thick and 
5m in width. The camber here was not as steep as that 
formed by the original gravel surface. There is evidence of 
the erosion of this second surface, particularly on the south 
edge of the road as indicated by the slippage of gravel. This 
probably results from wear and tear as well as the effects 
of the weather. 

Following erosion of some of the surface gravels, a 
large ditch (56) was cut to the south. Its dimensions were 
not established as it extended beyond the area of 
excavation, but it was in excess of 1.5m in width and was 
1.1 Om deep with almost vertical sides and a flat base. It cut 
through the edge of most of the road gravel deposits and 
was probably dug in the final stages of the life of the road, 
as it was sealed by the same silt deposits. 

Post-road deposits 
The excavation shows that the road was finally engulfed 
and sealed by laminated clastic sediments. As these were 
deposited they gradually reduced the width of the metalled 
surface until it was completely covered. 

m. Environmental Evidence 
by Peter Murphy 

At London Lode Farm, Nordelph, the southern course of 
the Fen Causeway had been constructed over a sequence 
of sediments and archaeological deposits. At the base of 
the trench an intercalated peat was exposed. This was 
overlain by the so-called 'Iron Age Silt' (see below for a 
discussion of the chronology of this sediment) and by 
laminated sand/silt roddon sediments produced by 
overbank flooding presumably from the Roman canal to 
the north. Overlying and cutting into these sediments were 
dumped deposits including briquetage and charcoal, and 
pre-road ditches. 

Samples for analysis of pollen, plant macrofossils and 
insects were collected from the peat and clastic sediments, 
and the latter were also sampled for forarniniferal and 
mollusc analysis. Results relating to the environment in 
which the road was constructed are outlined below. 

Information on the subsequent palaeoecology of the 
road came from macro- and micro-fossils in the roadside 
ditch and laminated sand/silt sediments between layers of 
road metalling. The road was covered by laminated 
post-Roman sands and silts, which were not sampled. 

The pre-road sediments 

Pollen 
by Patricia Wiltshire 
Six samples were assessed for pollen from the monolith. 
Samples were taken more or less equidistantly down the 
profile, but care was taken to sample every distinct horizon 
within the sequence. It was found that, in spite of the 
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apparently highly organic nature of the deposits, virtually 
no pollen had been preserved. A total of 20 slide traverses 
of each preparation yielded only a few grains of grasses 
(Poaceae). 

Plant macrofossils 
by Peter Murphy 
Sub-samples of 0.25kg from the monolith (at 1-1.16, 
1.16-1.26 and 1.36-1.45m) were disaggregated, washed 
out on a 0.5mm mesh, and the retained material scanned 
wet under a binocular microscope at low power. All three 
samples contained monocotyledonous stem, leaf and 
rhizome fragments including Phragmites australis. Other 
macrofossils were exceedingly sparse, apart from a few 
nutlets of Urtica dioica. 

Foraminifera and ostracods 
by Mike Godwin 
The sampled deposits are apparently overbank roddon silts, 
representing a saltmarsh. The lowermost sample has been 
assigned to a middle saltmarsh biozone (Ib ). Salinities 
would have been normally low but subject to extreme 
fluctuations. The assemblage contains small numbers of 
sub-tidal estuarine forarninifers indicating this was a tidal 
event of normal magnitude. 

Slightly higher in the sample there is a significant 
increase in diversity. Marsh creek ecotypes are prominent 
in the assemblage and sub-tidal and marine species form 
about 18% of the assemblage. In many respects this 
assemblage is similar to those found on high intertidal flats 
but due to the marsh creek ecotypes it has been placed in 
biozone lie. These sediments probably represent marine
induced episodes of flooding. 

In contrast, the assemblage higher in the deposits is 
more typical of a lower saltmarsh or marsh creek. Very few 
tests are present, suggesting that they were deposited as the 
result of a freshwater flood. 

In summary, the forarninifera analysis indicated that the 
pre-road sediments were subject to episodic inundations 
but the area may have remained unflooded for some time 
before the decision to build the roadway was taken. 

Molluscs 
by Peter Murphy 
The sub-samples taken from the monolith produced no 
shells. The 3.6kg sample from the laminated roddon 
deposits was wet-sieved on a 0.5mm mesh and the retent 
was dried and scanned. A few shells of Hydrobia ventrosa 
were noted. 

Insects 
by Mark Robinson 
Samples from the silt and intercalated peat were assessed 
for insect remains. Each sample of 200g was sieved down 
to 0.2mm and sorted. Only the peat sample included 
identifiable insect remains including numerous fragments 
of donaciine chrysomelid beetles. At least four individuals 
could be identified as Plateumaris braccata, which feeds 
on Phragmites australis. 

Radiocarbon dating 
by Alex Bayliss 
One peat sample was collected from Nordelph and another 
from Downham West. These were submitted to the Scottish 
Universities Research and Reactor Centre, East Kilbride, 



for radiocarbon dating. Two separate determinations were 
made for each sample. These were made on different bulk 
fractions, the humic acid fraction (GU-5518 and GU-5520) 
and the 'humin' fraction (GU-5519 and GU-5521). Each 
replicated pair was not statistically significantly different 
at 95% confidence (Ward and Wilson 1978). 

The calibrated date ranges for the samples have been 
calculated using the maximum intercept method of Stuiver 
and Reimer (1986) and data from Pearson and Stuiver 
(1986) and Stuiver and Pearson (1986). 

The determinations are: 

Calibrated date Laboratory Radiocarbon 
range (2) Number Age(BP2 

Nordelph cal BC 520--260 (GU-5518) 2330±50BP 

Nordelph cal BC 800-400 (GU-5519) 2460±50BP 
Downharn 

cal BC 1440--1210 (GU-5520) 3070± 50 BP West 

Downharn cal BC 1450--1220 (GU-5521) 3080±50BP West 

Conclusions 
The intercalated peat (also known as the 'Upper Peat' or 
the 'Nordelph Peat') produced virtually no pollen or 
fruits/seeds, though there were some beetles. From the 
sparse results obtained during the sample assessments, no 
further work could be justified. The processes which 
resulted in the degradation of most seeds and pollen remain 
unexplained. The presence of Phragmites vegetative 
remains, occasional pollen grains of grasses and the 
reed-feeding beetle clearly indicate, however, that it was a 
reed peat. 

Foraminiferal analysis has shown that the top of the 
'Iron Age silt' beneath the Nordelph road is an upper 
saltmarsh sediment (biozone Ib ). The rarity of exotic tests 
implies that there were no major marine flooding events. 
Samples from the lowest part of the roddon sediments, 
however, were more diverse. Assemblage composition 
indicates deposition in a marsh creek or channel 
environment (biozone lie), and the numerous exotic 
foraminifers point to marine flooding, presumably via the 
canal and by overbank flooding. Towards the top of the 
roddon sediments there was a reversion to lower saltmarsh 
deposition (biozone lla) with few exotic tests, implying 
that the site was free from significant marine flooding 
events during the life of the road. It was in this 
environment, after deposition of briquetage 'hard core', 
that layers of gravel road metalling were laid. 

The later environment of the road 
The sediments relating to the history and environment of 
the road were those infilling the roadside ditches, (45) and 
( 48) (Fig. 9), and a thin sediment between layers of gravel 
metalling, (97). The lower sediments in the first of these 
comprised a brown mottled silty fine sand merging down 
into a wet grey silty clay. The second was a thin laminated 
sand/silt. 

From the basal roadside ditch fills samples were taken 
for analysis of pollen, macrofossils and foraminifers . The 
layer of sediment between the road metalling was sampled 
for forarniniferal and mollusc analysis. 
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Pollen 
by Patricia Wiltshire 
Six equidistant samples were assessed. Again there was 
virtually no pollen preservation, other than occasional 
grass (Poaceae) grains. 

Plant macrofossils 
by Peter Murphy 
Plant macrofossil preservation was found to be good in the 
roadside ditch and full analysis of four 1kg samples (at 
0.01-0.10, 0.10-0.20, 0.20-0.27 and 0.30-0.37m) was 
undertaken (Table 1). The samples were disaggregated, 
then washed out over a rack of sieves (2, 0.5 and 0.25mm) 
before being sorted under a binocular microscope at low 
power. 

At all levels within the feature, fruits and seeds of 
halophytes were present. These included saltmarsh and 
mudflat species (Aster tripolium - sea aster; ]uncus 
gerardii - rush; Plantago maritima - sea plantain; 
Salicomia sp - samphire; Spergularia media - sea 
spurrey; Suaeda maritima - herbaceous seablite and 
Triglochin maritima - sea arrow grass). The brackish 
water aquatic Ruppia sp was noted. A fruit of Scirpus 
maritimus (sea club-rush ) came from the upper deposits 
and Phragmites-type (reed) culm fragments were present 
in all but the basal sample. 

Evidently at this site the road traversed an area of upper 
saltmarsh, whilst the roadside ditch was (on the basis of the 
foraminifers, molluscs (see below) and plant macrofossils) 
tidal, supporting fringing vegetation of reeds and sea 
club-rush with Salicomia and Ruppia. 

At 0.10-0.20m only, there were macrofossils of 
freshwater aquatics and wetland plants ( Cladium mariscus 
- sedge; Eupatorium cannabinum - hemp agrimony; 
Nymphaea alba- white water lily; Oenanthe aquatica
fine-leaved water dropwort; and Ranunculus sceleratus
celery-leaved crowfoot). These probably represent a 
freshwater flooding event. 

Terrestrial plants were sparsely represented but 
included weed taxa, a shoot of Calluna vulgaris (ling) and 
fruitstone of Rubus section Glandulosus (bramble). 

Foraminifera and ostracods 
by Mike Godwin 
Foraminifera from the silty in-wash in the roadside ditch 
( 45) probably indicate a freshwater flood deposit. The 
assemblage suggests that the salinities in the adjacent 
creeks were around 10-15ppt but subject to strong 
fluctuations. This salinity level is not as high as would be 
expected from ditches associated with the salt production 
process (for example Middleton saltern in Norfolk, 
Crowson forthcoming) . This seems to indicate that the 
ditches were not used as part of the salt-making process. 

One sample was examined from the thin laminated 
sediment between layers of road metalling. It was slightly 
sandy and the assemblage is typical of a high intertidal 
sandflat (biozone Ilia). The presence of a diverse 
assemblage of exotic forarninifers suggests the deposit was 
sourced from a sandy intertidal area of the Wash. 

A diverse assemblage typical of biozone Ilia (high 
intertidal flat) was present in the lower sample from the 
latest roadside ditch (56) and represents a marine induced 
flooding event. Estuarine ostracods were also present in 
this sample. In the higher deposits there is a lower diversity 



Depth (m) 

Plant macrofossils 

Freshwater 
aquatics/wetland plants 
Cladium mariscus (L) Pohl 

Eupatorium cannabinum L 

Nymphaea alba L 

Oenanthe aquatica (L) Poiret 

Ranunculus sceleratus L 

Brackish water 
aquaticslhalophytes 
Aster tripolium L 

]uncus gerardil Loisel 
(capsules) 
Plantago maritima L (capsule 
lid) 
Ruppia sp 

Salicomia sp (p) 

Scirpus maritimus L 

Spergularia media (L) C. Presl 

Spergularia sp 

Suaeda maritima L 

Triglochin maritima L 

Terrestrial plants 

At rip lex sp(p) 

Calluna vulgaris (L) Hull 
(shoot) 
Chenopodiaceae indet 

Cirsium/Carduus sp 

Poaceae indet 

Potentilla sp 

Rubus sect. Glandulosus 

Urtica dioica L 

Unclassified 

]uncus spp 

Mosses 

Monocot stem/leaf fragments 

Phragmites-type (culm nodes) 

Rhizome fragments 

Scirpus sp 

Twig fragments 

Unidentified 

Animal macrofossils 

Beetle elytra etc 

Cladoceran ephippia 

Fly puparia 

Molluscs 

Other constituents 

Gypsum crystal masses 

Mineralised root channels 

Peat fragments 

0.01-
0.10 

X 

1 

5 

X 

X 

X 

X 

X 

X 

X 

0.10-
0.20 

2 

1 

3 

4 

6 

6 

19 

17 

26 
X 

X 

3 

XX 

X 

XX 

X 

X 

6 

3 

X 

X 

X 

X 

X 

X 

0.20- 0.30-
0.30 0.37 

1 

2 

26 

3 

X 

X 

X 

X 

X 

XXX 

X 

X 

2 

3 

X 

X 

2 

X 

X 

X 

X 

Plant taxa are represented by fruits or seeds except where indicated 

Table 1 Nordelph: macrofossils from the roadside ditch 
(LS7) 
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with an assemblage typical of a marsh creek (biozone Ilb) 
representing a freshwater flooding event. 

Molluscs 
by Peter Murphy 
The sample from the thin laminated sediment (97) (Table 
2, LS12) between layers of road metalling produced an 
assemblage dominated by Hydrobia ventrosa, with 
Hydrobia ulvae, fragments of Cerastoderma cf lamarcki 
(cockle) and a shell of the terrestrial snail Punctum 
pygmaeum. A marine flooding event emplacing sediment 
and shells derived from high intertidal mud and/or sand 
flats is indicated. 

In the sample from the roadside ditch (56) (Table 2, 
LS7) mollusc shells were uncommon, except in the 
sub-sample from 0.20-0.30m which was subsequently 
fully analysed. It included abundant shells of the intertidal 
hydrobiid Hydrobia ventrosa, a gastropod tolerant of low 
and fluctuating salinities. Besides the natural salinity 
fluctuations inherent in a saltmarsh environment, the ditch 
would have received rainwater run-off from the road itself: 
this no doubt accounts for the abundance of this species. 
Other intertidal taxa noted, at much lower frequencies, 
included Hydrobia ulvae and Phytia/Leucophytia sp. 

Sample number 

Context number 

Cerastoderma cf lamarcki 

Hydrobia ventrosa group 

Hydrobia ulvae (Pennant) 

Hydrobiids (juvenile/apical) 

Phytia/Leucophytia sp 

Punctum pygmaeum (Drapamaud) 

LS12 

97 

(fragments) 

89 

7 

18.8 

LS7 
(0.20--0.30 cm) 

56 

113 

4 

37 

Table 2 Nordelph: molluscs from the roadside ditch and 
sediments between metalling layers 

Insects 
by Mark Robinson 
Insect remains from the roadside ditch were assessed. The 
fauna included the water skimming beetle Gyrinus sp and 
phytophagous species on emergent aquatic vegetation such 
as Plateumaris cf a !finis, which feeds on Carex spp, as well 
as a few terrestrial individuals, including the dung beetle 
Aphodius cf sphacelatus. 

Conclusions 
The combined evidence of the environmental data from the 
roadside ditch shows that the Fen Causeway crossed 
saltmarsh at this site, while the ditch itself was tidal, 
(fringed by reeds and sea club-rush), representing an 
artificial marsh creek habitat. The presence of dung beetles 
presumably relates to horse and oxen traffic, whilst the 
presence of aquatic and phytophagous beetles is consistent 
with the plant macrofossil evidence for local vegetation. 

There is evidence from exotic foraminiferal tests in the 
basal ditch fill for a marine flooding event, whilst fruits and 
seeds of freshwater plants may also point to some 
freshwater flooding. The necessity to give the road a high 



Plate I Section of the road at Nordelph (Photo Norfolk Archaeological Unit) 

camber, well above the marsh level, by means of dumped 
layers of hard core and metalling is thus readily 
understandable. 

Despite this, the presence of laminated marine flood 
sediments including foraminifers and molluscs derived 
from intertidal sand and mud flats, between layers of 
metalling, indicates that the road was overwhelmed by 
marine flooding on at least one occasion, which 
necessitated re-metalling to a higher level. Ultimately, the 
road was engulfed by post-Roman laminated fine clastic 
sediments. 
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IV. Concluding Summary 

Excavation has provided a useful insight into a part of this 
complex monument. The road may originally have been 
formed by a hard core layer of briquetage which was 
deposited in an area which had not seen recent flooding. 
This was built up to form a raised cambered road with a 
gravel surface. Changes in the environmental conditions 
and flooding of the road resulted in further consolidation 
and resurfacing. Unfortunately no dating evidence was 
retrieved from the road deposits. However the importance 
of this road is indicated by its continual maintenance and 
eventual resurfacing following a major flood. 



Chapter 5. The Fen Causeway at Downham West 

I. Background 

At Downham West (Fig.8) only one road line is visible on 
the ground surface, indicating that all phases of 
construction (canal and two roads) related to the Fen 
Causeway would probably run on the same alignment. At 
this point alongside the Fen Causeway an extensive field 
system had been identified from aerial photography (PI. 11). 
Fieldwalking of the area has also located significant pottery 
scatters. The excavation trenches were carefully placed in 
order to investigate all the phases of the Fen Causeway as 
well as part of the field system. 

IT. The Excavation 

The primary aim of the excavation was to investigate the 
Fen Causeway and the relationships between the two road 
phases and the canal. It is unusual to have the opportunity 
to open up a trench large enough to investigate all three 
elements. Excavation at this point was also desirable 
because it would be possible to sample the adjacent 
extensive field system, while areas of pottery and 
briquetage scatters could also be examined for surviving 
subsoil features. 

Measuring 125m x 2m, the main north-to-south trench 
was placed to cross a raised roddon, presumed to be the 
extinct canal, and extended through the boundary ditches 
of one of the enclosures forming part of the field system 
(Figs 10 and 11). At the north end of this a 13m long 
east-to-west trench was also excavated to intersect the 
boundaries of the enclosure, forming a cruciform shape and 
thus encompassing all four ditches of one field. At the south 
end of the main trench the western side was battered to an 
angle of 45° due to the depth of the deposits. Excavation 
took place over a four-week period during September and 
October 1993. 

Field ditches 
One section was excavated across each of the field ditches. 
The recorded width of these varied between 1.90m and 
3.00m with an average depth of0.75m. Each had a similar 
flat-bottomed profile. The fills of all the ditches were 
similar, being primarily silts, and all except the southern 
ditch had a noticeable fill of peaty material in the upper part 
of the ditch. These ditches formed the four sides of an 
enclosure measuring c.32m x 20m. An additional linear 
feature was identified (13). This ran on an east-west 
alignment, parallel to the southern enclosure ditch, and was 
different in character from the field boundary ditches being 
only 0.80m in width and 0.45m deep. Its silty fills 
contained a number of finds , including pottery which 
indicates a date of the early to mid 3rd century for 
deposition within the feature . The function of this ditch 
remains unclear. 
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Fen Causeway 
(Fig. 12) 
The road was constructed on waterlain silts (131) which 
overlay the Upper or Nordelph peat (105). The earliest 
cultural activity on the site was evidenced by a deposit of 
crushed briquetage (102), 5.20m wide and c.0.10m thick. 
Contemporary with it at either side were two small 
depressions in the peat, both c.l.40m wide but only 0.15m 
deep. In both cases the briquetage deposit appeared to 
extend into the edges of these hollows, suggesting that they 
were dug immediately before the deposition of the crushed 
briquetage. It seems probable that this formed the first 
crude roadway here, or at least a temporary trackway ahead 
of the main construction phase. This can be compared with 
the situation at Nordelph (see above) where the road was 
again built on top of a deposit of briquetage. 

Waterlain silt/clay deposits (134, 71, 135, 137, 136) 
sealed the briquetage. Lamination within the former 
suggests that the deposits were laid down by a series of 
flooding episodes. These silts sealed the fill of the gully to 
the north of the briquetage deposit and filled the gully to 
the south. 

Further attempts were made to form foundations for a 
roadway with the dumping of silty/clay deposits. These 
were distinguished from the naturally deposited silts by a 
noticeable lack of lamination. The total thickness of these 
dumped deposits was 0.90m, raising this area to 1.20m 
above the Upper Peat deposit. 

There were some indications that between these dumps 
of clay a non-gravellbriquetage surface existed. This was 
suggested by a ditch to the north of the road (183), which 
appeared to run on an east-to-west alignment and may have 
acted as a drainage ditch for a temporary surface. More 
probably it may have been dug for drainage purposes 
during the construction of the silt/clay dumps that formed 
the foundation for the first gravel surface. 

The first gravel surface (74) was around 0.1 Om in depth 
and approximately 5.70m wide. Associated with this, and 
on the north side of the road, was an east-to-west ditch 
(144). It was 1.20m wide and 0.60m deep with a flat base. 
This may have formed a roadside drainage ditch, although 
there was no corresponding feature to the south. The 
primary fill was silty clay with occasional briquetage 
fragments which appeared to have been deposited 
predominantly from the north. On the southern edge of the 
ditch other material had slumped into the feature, including 
a deposit which was derived from erosion of the gravel road 
surface. At the north end of the road the gravel surface had 
been deliberately covered by a dumped silty clay (65), 
possibly extracted from the digging of the canal which 
occurred contemporaneously and restricted the width of the 
road to 3.10m. The width of the road, having been limited 
by the dumping of material, was then increased to 4.60m 
by patching on the north side (175). A silty sand with 
frequent gravel inclusions was dumped on top of the 
constructed canal bank to further raise the level of the road 
at its northern end, producing a flatter surface with less 
camber. Above this, and directly on top of the first road 



Plate II Part of the Fen Causeway at Downham. 
(Norfolk Air Photographs Library, Norfolk Museums and Archaeology Service, ref. TF5700/N!AFX6) 
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Figure 10 Plan of cropmarks identified at Downham and trench location. Scale 1:5000 
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Figure 11 Plan of site 4233 at Downham. Scale 1:500 
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surface at the south, a second surface of cemented gravel 
(148, 147) was created. This formed the final phase of 
metalling; any layers that may have existed above this have 
been lost to ploughing. 

At this time the bank of the canal was further built up 
by dumped deposits (141). The construction of the canal is 
unusual as it utilised part of an earlier roddon as its north 
bank and was primarily constructed by means of raising the 
surrounding area rather than digging down from a level 
ground surface. The sequence here is difficult to establish 
with any certainty; the section however, appears to suggest 
that the building up of the canal bank (and therefore the 
construction of the canal) was contemporary with the 
second surface of the road. An alternative interpretation 
can be put forward for deposit (141) being canal fill rather 
than bank material. The unusual interface observed 
between layers (65) and (141)could be the result of vertical 
shuttering between these two deposits. In this 
interpretation the berm between the road and canal would 
have been a mere 0.80m rather than a more realistic 1.60m, 
if the recorded feature (70) is taken as the 'construction cut' 
of the canal. Any post-holes for this shuttering would 
probably need to be of considerable size and should 
therefore have been encountered during the excavation. 
The favoured interpretation then is that the creation of canal 
bank (141) is contemporary with the laying of the second 
road surface (147). 

That further surfaces for the road once existed is 
indicated by the outwashed gravel deposits to the south. 
These indicate three possible additional surfaces separated 
by silty deposits resulting from repeated flooding. 

The canal 
The canal itself (70) was c.9.5m wide and 1.8m deep. The 
primary deposit was a very dark silty clay with charcoal 
flecks and briquetage pieces, which had probably been 
washed from the bankside or road into the canal. The 
subsequent fill (68) was primarily of silty clay with silt 
laminations. An upper deposit was mainly silty with silty 
clay laminations. Pottery was recovered from the fills of 
the canal, although not in great quantity. 

Post-road ditch 
A large ditch (107) was excavated to the south of the road, 
3.2m wide and 0.9m deep. It cut through gravel road 
surface deposits seen in the section and is therefore later 
than any of these. This was probably a field or drainage 
ditch. 

m. The Pottery 
by Alice Lyons 

Summary 
A total of 114 sherds of pottery, weighing 3.128kg were 
recovered from this site. The majority of material was 
retrieved from stratified deposits with only 0.283kg 
(9.05% of the total by weight) being recovered from the 
plough soil. All the pottery except one intrusive sherd of 
post-medieval tin glaze ware is Roman. Despite the 
assemblage being small, several discrete groups have been 
identified which are intrinsically interesting and which 
provide excellent dating evidence. 
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The fabrics 
Fabric descriptions are listed in alphabetical order. 

grey fine ware (Perrin 1980) 
Horningsea ware (Tomber and Dore 1998, 116) 
mica grey ware (Tomber and Dore 1998, 184) 
Nar Valley reduced ware (Andrews 1985, 89- 90) 
Nene Valley colour coat (Tomber and Dore 1998, 118) 
Nene Valley shell tempered ware (Perrin 1996, 119) 
oxidised ware (Andrews 1985, 90) 
samian (Tomber and Dore 1998, 25-41) 

Field ditch (13) 
Thirty-eight sherds of pottery weighing 0.624kg were 
recovered from the three fills of the excavated section of 
ditch (Table 3). All the seven fabric types retrieved were 
Roman, consisting of Nar Valley reduced ware, shell 
tempered ware, micaceous grey ware, sandy grey ware, 
fine grog grey ware, Nene Valley colour coat and samian. 

Unfortunately, the only pottery recovered from the 
earliest stratigraphic layer was one undiagnostic body 
sherd of Nar Valley reduced ware which is not closely 
datable. The pottery from the two upper fills, which are 
ceramically indistinguishable, gives a spot date of the early 
3rd century. Of interest, however, were the fragments of 
decorated Nene Valley colour coat, one applied leaf was 
visible and a single sherd from a barbotine 'hunt cup' was 
identified. 

No. of Weight (g) % oftotal 
sherds wei ht 

shell tempered ware 7 28 4.49 

mica grey ware 3 16 2.56 

Nene Valley colour coat 13 36 5.77 

sarnian 2 22 3.53 

sandy grey ware 6 0.96 

fine grey ware 6 0.96 

Nar Valley reduced ware 11 510 81.73 

Table 3 Downham: pottery from ditch (13) 

Road repair 
Six sherds of pottery (3.13% of total assemblage by 
weight) weighing 0.098kg were recovered from a single 
context (58, not visible in illustrated section) interpreted as 
a repair to the road surface. Single undiagnostic sherds of 
Nar Valley reduced ware and micaceous grey ware were 
found, as well as a sandy grey ware medium-mouthed jar 
sherd (common throughout the Roman period). The 
remaining three sherds were samian, comprising two body 
sherds and one dish rim (Drag 18/31 ). These were imported 
from central Gaul and date between the first and third 
quarter of the 2nd century AD. As the pottery from this 
deposit shows no sign of either wear or abrasion a date of 
between the late 2nd and early 3rd centuries AD is 
appropriate. 

The canal 
Pottery from the fill of the canal (68) constitutes eight 
sherds weighing 0.677kg and represents 19.53% (by 
weight) of the total site assemblage. Five Roman fabrics 
were identified including Nar Valley reduced ware, shell 
tempered ware, Nene Valley colour coated ware and 
imported central Gaulish samian (Table 4). 



No. of Weight (g) % oftotal 
sherds wei ht 

samian 3 30 5.25 

Nene V alley colour coat 2 18 0.70 

shell tempered ware 525 91.95 

Nar Valley reduced ware 12 2.10 

Table 4 Downham: pottery from canal 

The shell tempered ware sherd is from a very large 
storage jar. These vessels were common throughout the 
early and mid Roman period, but the fabric and 
construction of this particular vessel suggest that it dates 
from the early to mid 2nd century AD. The Nar Valley 
reduced ware was represented by a medium-mouthed jar 
with a shon neck and rolled rim, common between the 2nd 
and 3rd centuries AD. 

The sarnian dish is of a common type (Drag 18/31) 
which dates between the first and third quarters of the 2nd 
century AD. The Nene Valley colour coat body sherds are 
decorated with the distinctive applied barbotine scale 
decoration, frequently used between the mid 2nd and mid 
3rd centuries AD. 

Only the shell tempered material was abraded, although 
most of the other pottery showed wear, indicating use over 
a significant period of time. This pottery dates between the 
mid 2nd and mid 3rd centuries AD, although the date of 
the sarnian suggests it is more likely to be a late 2nd century 
group. 

One sherd of pottery was also retrieved from the canal 
bank (65). This micaceous grey ware sherd is decorated by 
vertical straight combed lines and can only be broadly 
dated to between the late 1st and 4th centuries. 

Post-road ditch (107) 
Fills of the late drainage ditch yielded twenty-three sherds 
of pottery, weighing 1.466kg and representing 46.87% of 
the total site assemblage (Table 5). Seven Roman fabrics 
were identified: shell tempered ware, Homingsea ware, 
Nar Valley reduced ware, sandy grey ware, oxidised ware, 
Nar Valley colour coat and imported sarnian. 

Shell tempered fabric occurred in the form of a small 
sooted wide-mouthed jar, a type which dates from the mid 
2nd century onwards, and also as a large storage jar base, 
a type common throughout the early/mid Roman period. 
Two straight sided dishes, which date from the middle of 
the 2nd century, and one early Roman storage jar lid were 
identified in an unspecified sandy grey ware fabric. Of 
particular interest is the Homingsea ware storage jar, as this 
fabric is relatively rare in Norfolk, although common in 

No. of Weight (g) % of total 
sherds wei ht 

Horningsea ware 190 12.96 

Nar Valley reduced ware 1 28 1.91 

Nene Valley colour coat 5 264 18.00 

oxidised ware 92 6.28 

samian 4 174 11.87 

sandy grey ware 7 504 34.38 

shell tempered ware 4 214 14.60 

Table 5 Downham: pottery from late ditch (107) 
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Cambridgeshire throughout the 2nd and 3rd centuries AD. 
A cupped rim flagon was recovered; this type is a 
derivation of the ring neck flagon and was introduced in 
the 2nd century. This is one of only two oxidised sherds 
recovered from the site. Also found was a Nene Valley 
colour coat folded beaker with a short funnelled neck, a 
distinct form that dates from the mid 2nd to the early 3rd 
century AD. 

Other closely datable material recovered from this 
deposit consists of the imported central Gaulish sarnian. 
Two bowls were found, one with figured decoration (Drag 
37) the other plain (Drag 18/31 ); both date from the first to 
third quarters of the 2nd century AD. 

None of the material is abraded, but most is worn from 
repeated use. Taken as a whole this group of pottery has a 
date of the early 3rd century AD, suggesting that this ditch 
was contemporary with the field system to the north. 

Discussion 
Although relatively small this is a well stratified and 
uncontaminated Roman assemblage. It contains kitchen 
wares: cooking jars, amphora and storage jars; as well as 
table wares: dishes and beakers. The fabrics include sarnian 
imported from central Gaul and fine wares from the nearby 
Nene Valley. It also includes reduced wares from the Nar 
Valley, micaceous grey wares from South Norfolk; a 
Homingsea jar and Nene Valley shell tempered wares from 
Cambridgeshire. Unspecified material was also recovered, 
probably of local origin, and possibly associated with the 
Romano-British kiln at West Dereham (unpublished). The 
position of the site in the west of Norfolk and on the fen 
e.dge means it was in the ideal position to benefit from a 
large number of ceramic industries during the mid part of 
the Roman period. 

IV. Environmental Evidence 
by Peter Murphy 

An intercalated peat was overlain by clastic fine-textured 
sediments at this site. The canal was cut through these 
sediments, and the Roman road had been constructed on an 
adjacent bank. There were convoluted silts between layers 
of road metalling. 

At London Lode Farm, Nordelph, the peat was sampled 
for macrofossils but preservation proved to be extremely 
poor (see above). In view of this, and because the peat at 
Downham was quite well protected by overlying 
archaeological deposits and accessible by coring for future 
investigators, further sampling was not undertaken. Nor 
were the upper peaty fills of the field ditches sampled as 
they were not securely dated. 

The main palaeoecological investigation at Downham 
was of forarninifers from the canal, sediments underlying 
the road and the lower fills of roadside and field ditches. 
However, macrofossils from selected contexts were 
assessed; one from ditch (13), several from the fills of the 
canal and one from the post-road ditch (p.27) were 
processed by bulk sieving/flotation using 0.5mm meshes 
throughout. In no case was further processing and analysis 
thought to be worthwhile. 



The pre-road sediments 

Foraminifera and ostracods 
by Mike Godwin 
A sample was taken from the silts at the base of the road. 
These overlay the peat (1 05) and were sealed by the 
briquetage layer (102). The sediment from this sample 
contained abundant plant debris and some gravel. The 
assemblage belongs to the middle saltmarsh biozone IIa. 
The presence of some sub-tidal foraminifers suggests that 
a channel lay nearby at the time of deposition. Salinities of 
0-1 Oppt with a temperature range of 0-30°C are suggested. 
Energy levels would have been medium to low. 

Field ditch (13) 

Macrofossils 
by Peter Murphy 
The samples from the ditch included sparse charcoal with 
charred macrofossils of cereals (indeterminate grains and 
a Triticum, wheat, glume base), leaves and stems of 
Calluna vulgaris (heather), weed seeds (Chenopodiaceae, 
Atriplex sp, Veronica hederifolia), wetland plants and 
halophytes (Cladium mariscus, Scirpus sp, Glaux 
maritima), grasses (Poaceae) and rhizome fragments. 

Foraminifera and ostracods 
by Mike Godwin 
The deepest sediment in this ditch has a sub-tidal 
assemblage of foraminifera probably indicating shallow 
water, poor in dissolved oxygen with medium to low 
energy level. Salinities were probably between 10 and 
30ppt, but may have been nearer 20-25ppt with a 
temperature range of 10-20°C. The large number of 
specimens within the sample are indicative of low 
sedimentation rates, and the high diversity is the result of 
foraminifers being carried in suspension into the area from 
the Wash and deposited at the slack water of high tide. The 
same process was seen in the Boume-Morton canal. This 
interpretation is supported by the presence of abundant 
muscovite mica and Carboniferous coal fragments which 
are found in many of the samples from this site and are 
characteristically found on intertidal flats or tidal channels 
under similar conditions. It is unlikely that these deposits 
represent a flood deposit. 

The sediments appear to have been permanently 
inundated with brackish water rather than resulting from 
flooding. There is no evidence for high-energy winnowing 
of the sediment and slow depositional rates caused by poor 
water circulation would explain the high number of tests 
and also be the cause of low dissolved oxygen levels. The 
body of water would be in effect an artificial lagoon. 

Ostracods in the lowermost sample ( 1.15m) are entirely 
marine but in the sample at 1.05m, a brackish water 
assemblage is present. In the sample from 0.95m the 
assemblage is of a low intertidal type (biozone IVa) 
representing a shallowing of the environment. Salinity 
levels would have been lower (10-15ppt). The topmost 
sample (0.85m) has few foraminifera but in other respects 
is similar to the lowermost samples. This may be a function 
of poorer preservation of the tests, as in essence the 
assemblage is similar to the lower assemblages. The 
environment appears to have returned to sub-tidal 
conditions. 
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Road flooding silts 

Foraminifera and ostracods 
by Mike Godwin 
The convoluted silts (72) between the gravel metalling of 
the roadway have a foraminiferal assemblage that has been 
assigned to the low inter-tidal biozone (IVa). It has large 
numbers of exotic foraminifers typical of the canal proper 
and a brackish water fauna of ostracods. These silts appear 
to represent repeated floodings of the roadway which 
necessitated its replacement. 

The canal 

Macrofossils 
by Peter Murphy 
The canal fills included charcoal, charred large grass culm 
fragments (probably of Phragmites australis, reed), 
uncharred monocotyledonous plant material including 
Phragmites, and fruits/seeds of Ranunculus sceleratus 
(celery-leaved crowfoot), Chenopodium rubrumlglaucum 
(goosefoot), Scirpus maritimus (sea club-rush) and Aster 
tripolium (sea aster). Also present were occasional shells 
of the brackish-water gastropod Hydrobia ventrosa (some 
discoloured by burning). 

Foraminifera and ostracods 
by Mike Godwin 
The basal samples from the canal (1.3m and 1.2m) are 
typical of high energy sub-tidal channels (biozone IV c). 
Assemblages are characterised by small numbers of robust 
specimens which indicate brackish conditions. The 
sediment contains coarse sand and gravel and the 
sedimented remains of tubes once inhabited by filter 
feeding worms. Salinities were c.l0-15ppt with an annual 
temperature range of 0-20°C. These samples reflect the 
environment of the canal when it was in use. The remainder 
of the material from the higher deposits is associated with 
the abandonment of the waterway. 

At l.Om the sediment is finer grained suggesting 
lower-energy conditions in the canal and perhaps the level 
at which it was abandoned. The assemblage is typical of 
sub-tidal conditions (IVb). Salinities would have been 
between 19 and 35ppt with a temperature range of 6-20°C. 
A larger proportion of the assemblage has been transported 
into the canal in suspension at high tide and deposited at 
slack water. 

The sediments from 0.8-0m have similar assemblages 
to those in the field ditch (see above). This suggests that 
identical environmental conditions operated in both the 
canal and the field ditch. Salinity levels may have 
fluctuated and dissolved oxygen levels may have increased 
from time to time. In all other respects the environment 
appears to have been similar with low sedimentation rates, 
large numbers of foraminiferal tests and poor water 
circulation. This suggests a lagoonal body of water. 
However, these fluctuations are not as intense as those seen 
in the Boume-Morton canal. 

As at Boume-Morton, the probable explanation is that 
the seaward end of the canal became partially blocked. This 
would be due to a reduction in velocity as the canal reached 
a larger body of water, which would cause the canal to drop 
its suspended and bed loads at its mouth. Upstream 
freshwater sources are likely to have been removed in the 
first instance. This could have been caused by the source 



(river) changing its course or an infilling of the inland 
entrance to the canal system. In consequence, current flow 
in the canal would be severely reduced and the bed of the 
channel would become unsuitable for filter-feeding 
organisms. In turn the lack of flow in the canal would allow 
increased amounts of sedimentation, particularly at the 
seaward end, creating an artificial lagoon. The main 
sedimentary input into the abandoned canal appears to have 
been suspended tidal loads. This interpretation is also 
applicable to the Bourne-Morton. 

Conditions appear not to have been subject to 
fluctuations as extreme as those found in the Bourne
Morton canal as the rhythmical patterns of cool and warm 
biofacies are not found in the main fill of this canal. 
However the lower samples, reflecting conditions when 
first in use, are interesting. The assemblages were similar 
in all respects to natural channels studied previously in the 
region (Coles 1977; Godwin 1993). 

The post-road ditch 

Macrofossils 
by Peter Murphy 
A single 0.25kg sample from the base of the late ditch (1 07) 
was assessed for macrofossils. It was of de-watered very 
dark brown organic mud, extremely firm with small blocky 
peds and intrusive fibrous roots. The sample was 
re-hydrated and disaggregated, washed out over a sieve 
bank (0.5 and 0.25mm meshes) and the retained material 
was scanned under a binocular microscope at low power. 

Macrofossils present comprised small fishbones, 
degraded cladoceran ephippia, charcoal flecks and a few 
seeds of Chenopodium rubrumlglaucum (goosefoot), cf 
Atriplex sp (orache?) andJuncus cf gerardii (rush). Clearly 
only the most resistant macrofossils had survived 
de-watering and subsequent microbial degradation. The 
sparse assemblages present could indicate deposition in 
shallow water with coastal vegetation nearby, but clearly 
were not worthy of detailed examination. 

Foraminifera and ostracods 
by Mike Godwin 
Very poorly preserved and unidentifiable ostracod and 
calcareous foraminiferal debris were present in the sample 
at l.lm from the late ditch (107) . The sample at 1.2m 
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contained much plant debris but was otherwise barren. This 
indicates that the ditch was cut after the road flooding 
episode, as it would otherwise contain thousands of 
foraminifers. 

V. Concluding Summary 

Results from the investigation of this site demonstrate that 
the road was constantly susceptible to tidal influences with 
storms and tidal surges probably being the cause of 
repeated flooding. The ditches adjacent to the canal 
provided suitable habitats for estuarine foraminifers . The 
level of the water table may have ensured they were 
permanently inundated whilst the canal was in use and in 
the early stages of the abandonment phase. 

The initial surprise on excavation was that the roddon, 
which was thought to represent the extinct canal of the Fen 
Causeway, was in fact formed by an earlier, probably 
naturally formed, watercourse. The canal itself had been 
cut on the south side of this feature. Thus, the south slope 
of the roddon formed the north bank of the Romano-British 
canal. 

No firm dates for the construction of the different road 
phases could be established. A floating sequence within the 
Romano-British period was ascertained by the fact that the 
site was highly stratified. This sequence is anchored by the 
2nd/3rd-century pottery recovered from the canal and the 
repair of the road. The earliest evidence is for a gravelled 
road built on a briquetage foundation, pre-dating the canal. 
Subsequently a bank was constructed along the north side 
of the road. Pottery suggests that silting within the canal 
was occurring during the latter part of the 2nd century and 
possibly into the early 3rd. Its construction was therefore 
earlier than this, possibly in the early 2nd century, pushing 
the construction of the earliest road into the 1st century. 

The latest feature identified on the site was an 
east-to-west ditch, which may have served as a 
field/drainage ditch. Artefactual evidence suggests that this 
late ditch and the field system to the north may be of similar 
early 3rd-century date. The foraminiferal data also show 
that the silting of this ditch and the upper part of the canal 
were contemporary, indicating that the canal had fallen 
completely out of use by this time. 



Chapter 6. Discussion 

These four excavations have provided the opportunity to 
examine Roman roads and canals across the Fens in 
conjunction with each other. It is unlikely that such an 
opportunity will arise again in Norfolk or Lincolnshire in 
the foreseeable future. 

I. Fen Causeway 

Excavations across the Fen Causeway revealed some 
significant results, particularly as they investigated its most 
complex area where two discrete roadways and the canal 
are known. Previous excavations have shown a road along 
the canal roddon and have led to the interpretation that the 
canal was one of the primary features of the Causeway. 
Evidence for this has been found along the western part of 
the routeway where the overall pattern of construction is 
simpler. 

However, the recent results from Downham West allow 
us to reconsider the chronological sequence of the differing 
elements of the Fen Causeway. This excavation across the 
eastern end of the Causeway revealed evidence of three 
major phases of construction and showed that the canal was 
not the primary element of the monument in this area. It 
was clear that the earliest construction was a roadway, with 
the canal being a secondary element, its bank encroaching 
upon the road. This intrusion necessitated a major phase of 
re-metalling in order for the road to continue in use. The 
relationship between the surfaces of the second road and 
the construction/maintenance of the bank of the canal is not 
entirely clear but these may have progressed in line with 
each other. 

The earlier road, seen at Downham West, connects with 
the northern road evident between Nordelph and Upwell. 
The later road at Downham West may equate with the first 
road surface identified in the Nordelph excavation. 

The Fen Causeway provides a major east-west link, 
although with dating evidence being scarce it is difficult to 
comment on the detailed chronology of its construction. It 
is possible to suggest that the first road may have been 
constructed during the later part of the 1st century AD, with 
alterations and maintenance being carried out into the 3rd 
century. 

Many small roads and canals branch from the Fen 
Causeway, linking the settlements of the silt islands. As 
with the canals, salt production appears to be the major 
industry along its route. Although the Causeway's role as 
a means of local communication should not be under
estimated, its primary importance lay in providing a link 
between smaller settlements and industry and the regional 
communications network. The Fen Causeway was central 
to the development of the area in the Roman period, and 
without it the local route network would not have usefully 
functioned. 
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11. Canals 

Due to the wide distribution of the canals investigated it is 
not possible to correlate phases between them, although 
similar conditions were seen to occur in all three. 

It is evident that the Boume-Morton canal and the 
Aylmer Hall canal were connected via natural watercourses 
to the sea, while the canal which formed a major element 
of the Fen Causeway also linked into natural watercourses. 
They all also experienced lagoonal conditions at some 
point in their development. These conditions are thought 
to have arisen through blockages at the sea mouths which 
reduced the flow of water into the canals. Such fluctuations 
were more intense at Morton than the other sites. The 
lagoonal stages at Downham are seen in the upper parts of 
the canal fills; similar conditions were observed at Morton 
where lagoonal conditions were seen to exist in the middle 
and upper deposits of the first canal cut. These conditions 
were not repeated in the sedimentation of the second cut. 
At Tilney the lagoonal conditions occurred in the middle 
to lower deposits and here conditions differed, the blockage 
which caused this eventually being removed leaving the 
canal open again to the sea. This variation in the water 
conditions within the canals shows that constant 
maintenance was needed in order to keep the effects of 
natural silting under control and the canals fully functional. 

The primary function of these canals in the Fens is still 
not clear, although evidence of scale does clearly fall on 
the side of them being for transportation rather than 
drainage. This is almost certainly the case with the Fen 
Causeway canal as its linear east-to-west route would not 
have helped in relieving regional drainage problems, 
although it may have aided in the drainage of localised 
areas. The only canal which has been argued to serve purely 
as drainage, is the Lincolnshire Car Dyke (Simmons 1979), 
which was constructed in a series of segments. It has been 
suggested, however, that these may mark off sections of the 
canal constructed on different contours, as occurred in the 
18th century before tunnels were cut through hillsides (Hall 
and Coles 1994, 105). 

The settlement evidence related to the canals is also 
crucial when considering their function. The settlements 
were generally sited on slightly higher silt islands which 
were linked by canals to the main transport arteries, be they 
natural watercourses or roadways. This is clearly 
noticeable throughout the Fenland region. 

Ill. Settlement and Industry 

Evidence of associated settlements and industrial activity 
is clearly apparent in the Fens in the form of cropmark 
enclosures, which can be seen from aerial photographs to 
align with the canals. Of particular significance is the 
apparent link between the canals and sites associated with 
salt production, including turbaries as well as salterns. At 
Upwell Fen a short stretch of canal links the turbaries with 
the Old Croft River (Hall and Coles 1994), indicating the 
possibility that water was used to transport peat (probably 



in large quantities) for the salt industry as well as for other 
industrial and domestic purposes. It has been suggested 
that these turbaries supplied not only the local sal terns, but 
also those further away, since local canals connecting with 
the Fen Causeway gave access to a wider area (Hall1987, 
43). Similar evidence is also available in Lincolnshire 
where an artificial channel linked to the Morton canal 
terminated in a zone of parallel silt ridges, possibly infilled 
turbaries. At Boume, too, there is evidence of peat cutting 
(Hall and Coles 1994, 118). It has also been suggested that 
the Boume-Morton canal was not only oflocal and regional 
importance in creating a link between sites at Morton and 
Hacconby and the potential markets at Boume, but may 
also have provided Bourne with a link to the sea and the 
stimulus of coastal or international trade (Ha yes and Lane 
1992, 125). 

Settlement associated with the Fen Causeway has been 
identified by both aerial photography and fieldwork. Aerial 
photographs reveal ditched tracks running away at right 
angles from the Fen Causeway. Some are integral parts of 
field systems (e.g. to the north of Neatrnoor); others may 
have linked industrial sites to the Causeway. A track near 
London Lode Farm runs south in the direction of a sal tern 
site. Other enclosure systems have also been identified, 
which from their axes and locations are obviously focused 
on the Fen Causeway. It is only by looking at the 
relationships between these all the elements of the Romano
British landscape that the complex interdependence of 
settlement, industry and economy can be seen. 

IV. Condition and Future of these Monuments 

Excavation of the canals has given an insight into the form 
of these features, the water environmental conditions 
which prevailed during their lifetime, and indications of 
their management during the Romano-British period. It is 
likely that further excavation of these features would yield 
similar data. This could be useful in a localised context but 
would probably add little to our overall understanding of 
their function. It would however, be useful to establish 
firmer dating for these features as a group, although based 
on the excavations to date, artefactual evidence is scarce. 
It would, therefore, be difficult to pinpoint a site which 
would definitely reveal dating evidence, particularly as 
even the area of greatest Romano-British activity at 
Downham produced so few artefacts (see Chapter 5 and PI. 
II). 

It is important to note that these features, when viewed 
from the air and, where possible, from the ground, are 
generally fairly homogeneous in form. The size of these 
features will also help preserve them from agricultural 
damage, although parts of the Boume-Morton canal have 
already been severely truncated. At Downham the 
considerable depth of the silts sealing the road and canal 
have helped to preserve the stratigraphic sequence. 
However, should the present trend of a lowering water table 
in the Fenland area continue, the gradual drying-out 
process will inevitably destroy much of the environmental 
evidence which is at present preserved in waterlogged 
contexts. 

In Norfolk, where the two distinct phases of road can 
be seen, little excavation work has taken place on the earlier 
northern road. This part of the monument has already been 
heavily eroded by agricultural practices and the continuing 
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drying-out of the area means that conditions for the 
preservation of environmental evidence are deteriorating. 
The later, southern, road appears overall to be better 
preserved and more fieldwork has taken place at various 
points along its length. The most significant areas of this 
monument are those where associated features can be 
identified, as these are likely to produce more evidence of 
settlement and other activities. It is in areas of pasture that 
the Romano-British landscape is best preserved, and the 
most important of all these sites is probably that at 
Downham. This area is unique because of the diversity of 
features t11at it encapsulates, including early Roman 
turbaries, later Roman field systems, settlement 
enclosures, canal and roads. It is further enhanced by 
excellent preservation of features and, at present, good 
conditions for environmental preservation; while the 
extent of the Romano-British field systems sets this area 
apart from similar sites along the Fen Causeway where 
only discontinuous fragments of the field systems survive. 
Future changes to the environment could alter this. 

V. Conclusions 

The importance of the Romano-British roads and canals 
clearly lies in their siting and the indications they give of 
communication routes and the development of a 
socio-economic infrastructure. There is certainly much 
which could be achieved by careful mapping of all possible 
canals from the Romano-British period. As noted earlier 
the problem here lies in identifying which straightened 
sections of waterways belong to this period as opposed to 
being medieval or post-medieval in date. 

Although it has not been possible to date these 
monuments with certainty, it is apparent that they were 
constructed before the 3rd century when flooding occurred 
(as witnessed by the fills of the ditches atDownham). Prior 
to the Romanisation of Britain, the Fens were generally an 
inhospitable area with small islands of silt and possible 
settlement rising above the wet lowlands. It appears that 
with a slight lowering of the water table, the Romans took 
the opportunity to exploit what was to them virgin territory 
in the Norfolk fens . In order to gain access to this area major 
routeways were constructed, and the Fen Causeway 
formed a major new route which joined East Anglia to the 
rest of mainland Britain. Other canals and roads in the Fen 
Basin clearly linked areas of settlement and industry into 
this system and in turn probably encouraged further 
exploitation of the area. That these routes remained 
important through a significant period of time is evident 
from the maintenance undertaken at Boume, Nordelph and 
Downham. 

Once these monuments had fallen out of use and 
become totally silted over, their presence in the landscape 
seems to have been forgotten. These hidden features appear 
not to have played a significant part during the Saxon and 
medieval periods but there has been some change during 
the post-medieval and modem periods. The canals at 
Boume-Morton and Tilney remain as insignificant features 
in the present landscape, visible through aerial 
photography only. However the canal and roads which 
formed the Fen Causeway are quite noticeable today. This 
is partly due to the wastage of the surrounding peat caused 
by de-watering of the area from the 17th century onwards 
(Wailer 1994 ), which has left the silts of the canal roddon 



and the gravels of the road surface standing above the 
surrounding landscape. This linear band of elevated land 
has since been utilised by the settlers of the Fens who have 
sited their farms upon it. This can be clearly seen on the 
modern maps of Norfolk where seven farms between 
Denver and Lots Bridge have been built upon the line of 
the Fen Causeway. 

Exploitation of the Fens in the Romano-British period 
was clearly only possible with the development of a route 
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network. Survey and excavation have done much to clarify 
the broad extent of this system although detailed dating and 
evidence for use remains scarce. Nevertheless, the parallel 
with post-medieval exploitation of the Fens is marked: the 
construction of major features across the landscape leading 
to economic exploitation. The routeways project has 
helped to clarify this process in the Romano-British period; 
future conservation management in the Fens must utilise 
this new understanding. 



Appendix: The Benthic Foraminiferal Palaeoecology of 
Fenland Canals and their Associated Sediments 

by Mike Godwin 

I. Introduction 

Benthic foraminifera 
Foraminifera are single celled protozoans which secrete 
either a calcareous shell (test) or construct one from detrital 
grains. Calcareous species with perforate tests belong to 
the suborder Rotaliina; those with inperforate tests to the 
suborder Miliolina. Agglutinated species are referred to the 
suborder Textulariina. 

The life history of very few species has been studied in 
detail but asexual and sexual reproduction is known to take 
place, creating diploid (agamont) and haploid (gamont) 
generations. Meiosis during asexual reproduction 
produces small gamonts within the parent test. These in 
turn, as adults, go through mitiosis which releases large 
numbers of flagellate gametes which are fertilised in the 
sea to produce agamonts. The alternation of the generations 
is not strictly adhered to and is probably determined by 
environmental factors (Murray 1979; Goldstein and 
Moodley 1993). 

Foraminifera have a variety of feeding strategies 
(herbivore or detritivore) and modes of life (free, attached 
or sessile; epifaunal or infaunal) (Murray 1991 ). Individual 
species inhabit faunal niches in the benthos and may be 
constrained by salinity, temperature, oxygen availability, 
food availability and energy of environment (Jorissen 
1988; Hohenegger et al. 1993). These differences in the 
habitat preference of species occur on local and regional 
scales. Comparisons on present day faunas with past 
material allow palaeoecological inferences to be made 
(Murray 1991). 

Several genera of foraminifera (in particular Ammonia 
and Elphidium) display a large degree of morphological 
variability. This is regarded by this author as being 
intra-specific and the resulting varieties are referred to as 
ecotypes (Turesson 1922; Haynes 1992). These are 
defined as being 'a locally adapted population; a race or 
infraspecific group having distinctive characters which 
result from the selective pressures of the local 
environment; ecological race'. Some authors regard 
variation as being caused by environmental factors alone 
(ecophenotypic). Arguments for and against this view and 
the full range of morphology found in these genera is to be 
found in Miller et al. 1982; Walton and Sloan 1990; Haynes 
1992. However, the habitat preferences of the ecotypes of 
the species A. beccarii and E. excavati, are important in the 
recognition of vertical zonation (with respect to tidal level) 
within the Holocene sediments of the East Anglian region 
(Godwin 1993). This is fully discussed below. 

Previous work 
Little analytical palaeoecological work had been done on 
the foraminiferal assemblages of the Fenland region before 
the beginning of the Fenland Management Project. 
However, in recent times a number of studies have been 
conducted in the East Anglian region, particularly in 
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Norfolk (Coles 1977; Coles and Funnell1981; Pearson et 
al. 1990; Boomer and Godwin 1993; Godwin 1993; Brew 
et al. 1992). These studies are concerned with similar 
tidally influenced environments to those found in Fenland, 
both in the Holocene and the Present, and form the basis 
for the interpretations presented here. 

General works offoraminiferal palaeoecology (Murray 
1973; 1979; 1991), as well as specific studies referring to 
individual species, have allowed ecological limits to be 
suggested for assemblages. In some features it is possible 
to infer that changes in relative sea level and climate took 
place during the period of active sedimentation. 

IT. Methods 

Processing samples 
Sub-samples were received from each of the locations. 
These were split into two parts yielding a sample of30-50g 
(wet weight) and a reserve sample in case of loss of the 
first. The samples were then simply wet sieved in warm 
water over a 120 mesh (125 micron) sieve. Experience has 
shown that drying samples and treatment with hydrogen 
peroxide to subsequently break down the sediment 
disaggregates agglutinated forms which are fragile. The 
residues were then dried in an oven at 40°C and divided 
with a microsplitter to give a sample containing 300-500 
foraminifers, where possible. Assemblages were then 
spread over a tray and identified and counted using a 
binocular microscope. 

Numerical methods 
Total abundances of population were derived from the 
number of splits used to arrive at the sample population of 
300-500. This was reckoned to the nearest thousand in the 
case of large populations. The number of species and 
ecotypes was derived from the count. The actual numbers 
of species present is thought to be greater in any given 
whole sample. However, the additional species identified 
would be unlikely to affect any palaeoecological 
interpretation made. 

Individual species were represented as percentages of 
the total count to one decimal place. Diversity for unequal 
samples was derived using the Fisher alpha index (Fisher 
et al. 1943,). This allows a direct comparison to be made 
between samples of differing population counts. More 
complex statistical methods are generally employed for 
studies in the present day environment. These studies 
involve sites of greater areal extent (for example Hayward 
and Triggs, 1994) but are inappropriate for small exposures 
of fossil material. The results are displayed in Tables 6 to 
11. The data for selected sections has also been displayed 
in a percentage graph form in Figures 13 to 19. Here the 
more important species are emphasised and minor species 
are grouped together. 



Preservation, dissolution and reworking of tests 
Due to post-mortem processes, assemblages vary from 
those encountered in present day environments. Some tests 
have a poor preservation potential. In particular, 
agglutinated tests are prone to total or partial 
disaggregation which is why total abundances are so low 
in the saltmarsh biofacies (the sum total features of an 
environment). Likewise high groundwater acidity leads to 
the dissolution of calcareous tests. These changes have 
been well documented and the effects to some extent may 
be predicted (Murray 1991). 

As the empty tests of foraminifera can be regarded as 
sedimentary particles, with hydrostatic properties similar 
to a fine sand grain, they are subjected to varying amounts 
of reworking depending on the environment of deposition. 
This can lead to the problem of misinterpreting the past 
environment (West et al. 1994). Extreme examples in the 
Fenland region involve flood deposits and show the need 
to constrain reconstructions with due regard to stratigraphy 
and palaeogeography. To a lesser degree material may be 
introduced into channels or canals by bank calving. In the 
case of the sites under consideration, this process is evident 
by small numbers of agglutinated tests found in some 
samples. However, with the high total abundances 
(10,000+ per 30g sample) this is not thought to be a 
problem. Many of the species that might be reworked in 
this fashion would also be living in the canals at the time 
of redeposition. 

The main element of detectable reworking in these 
Fenland deposits comes from marine sources. Out of the 
eighty-four species and ecotypes identified in this study 
only twenty-three are thought to have lived in the canals, 
creeks and surrounding saltrnarshes. The remainder have 
been introduced into the environment. The mechanism has 
been discussed in Wang and Murray (1983) and usually 
occurs on intertidal flats. The exotic foraminifers have been 
derived from the surrounding shelf and shallow littoral 
(turbulent zones) of the North Sea and are size-sorted 
(60-150 microns). Wave action whips empty tests into 
suspension and they are carried landwards on the incoming 
tide. At the slack water of high tide the tests drop out of 
suspension. On low intertidal flats and in natural channels 
these tests are usually removed by subsequent current 
activity. In the abandoned Fenland canals this did not take 
place. They appear to have had (in most cases) a direct 
access to marine waters at high tide combined with a 
minimal outflow. 

Conversely the previously living populations of the 
canals can be identified from their greater abundance and 
a full size range of individuals from juveniles to adults 
(Culver and Banner 1978). 

m. Biozones and Biofacies 

The vertical zonation of foraminiferal assemblages, with 
respect to tidal level, in saltmarshes has been established 
for some time (Scott and Medioli 1986). This scheme was 
extended down to sub-tidal levels for East Anglian faunas 
in Godwin (1993) using the observations ofColes (1977). 
The defining species are given below for the biozones 
encountered in this study. 

Biozones Ibilla upper/middle saltmarsh (around Mean 
High Water Spring Tide) 
These biozones are dominated by agglutinated 
foraminifers. Trochammina inflata, Jadammina 
macrescens and Miliammina fusca in varying proportions 
may make up the entire assemblage. Calcareous 
foraminifers may also be present, in particular eurythermal 
and euryhaline species such as Haynesina germanica and 
Ammonia beccarii. 

Biozone lib lower saltmarsh (above Mean High Water 
Neap Tide) 
The assemblages here are dominated by calcareous taxa 
and agglutinated forms are rare. Dominant species include 
H. germanica, A. beccarii formas limnetes and tepida. 
Other common species include Elphidium williamsoni and 
E. excavatum forma lidoensis. 

Biozone lie marsh creeks and channels (intertidal or 
sub-tidal) 
Similar assemblages are found to biozone lib with a small 
proportion of sub-tidal or marine species. Fenland material 
commonly has two ecotypes- A. beccarii forma limnetes 
(B) and E. excavatum forma lidoensis (B). These are minor 
morphological variants of the more normal forms. Both 
forms have small umbilical bosses. This is believed to be 
an adaptation to greater fluctuations in diurnal salinity 
(Brasier 1982). 

Biozones Ilia and IVa high and low intertidal flats 
(Mean High Water Neap to Mean Low Water Neap and 
Mean Low Water Neap to Low Water Extreme Spring 
Tide) 
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Assemblages are dominated by H. germanica (high 
intertidal flats) or A. beccarii (low intertidal flats). 
Common accessory species are E. williamsoni, H. 
depressula and E. excavatum formas excavatum and 
selseyensis. High intertidal flats are characterised by small 
percentages of size-sorted shelf species and tend to be more 
diverse than low intertidal areas. These exotic species are 
filtered out of the saltmarsh environments by the fringing 
vegetation. The latter frequently contain larger and more 
robust exotic tests such as E. crispum and Quinqueloculina 
spp. 

Low intertidal assemblages are identified by the 
presence of 4-9% E. oceanensis and/or E. excavatum 
forma clavata. 

Biozones IVb and IV c sub-tidal flats, lagoons and 
channels 
Although H. germanica and A. beccarii still dominate these 
assemblages they are characterised by 10-40% E. 
excavatum and/or E. oceanensis. Species such as E. gerthi, 
E. incertum, H. depressula, Miliolinella subrotunda are 
common accessory species (see below - potential 
estuarine colonisers). 

Biofacies 
A biofacies is the sum total features of the environment of 
the organism under discussion. Biofacies are not as 
confined as to tidal range as the biozones and may occur in 
a variety of settings. The non-saltmarsh biofacies discussed 
in this paper would mainly fall into the H. germanica and 
A. beccarii associations of Murray (1991). As both these 



species are eurythermal and euryhaline and can live in a 
wide range of habitats, other species (generally found in 
low abundance), are used when they reach 10% of the total 
population to define the biofacies. This narrows the range 
of environmental parameters and allows better estimates of 
palaeoenvironments. 

A short description of the environmental conditions 
found in each biofacies follows. This is mainly based on 
the summary of ecologies compiled by Murray (1991), 
with additional material referenced below. 

Trochammina injlata (TI) biofacies 

Mode of life: 

Depths of habitat: 

Preferred sediment type: 

active herbivore/detritivore; free; 
epifaunal to infaunal (Murray 1979; 
Steinbeck and Bergstein 1979) 

upper to middle saltmarsh 

organic, vegetated muds 

Diurnal salinity range: 0-35+ parts per thousand (ppt) 

Annual temperature range: 0-30 oc 
Energy of environment: minimal current activity 

Tolerant of low oxygen availability. This environment is the most 
extreme of marine habitats and in summer desiccation and temporary 
hypersalinity frequently occur. 

Jadammina mo.crescens (Jm) biofacies 

Mode of life: active herbivore/detritivore; free; 
epifaunal (Jones and Chamock 1985) 

Depths of habitat: middle saltmarsh 

Preferred sediment type: organic, vegetated muds 

Diurnal salinity range: 0-35+ppt 

Annual temperature range: 0-30+ °C 

Energy of environment: minimal current activity 

Tolerant of low oxygen availability and ice scouring (Scott and 
Martini 1982). This species is apparently less tolerant of desiccation 
than T. injlata. 

Miliamminafusca (Mf) biofacies 

Mode of life: 

Depths of habitat: 

Preferred sediment type: 

Diurnal salinity range: 

detritivore/?herbivore (algal and 
bacterial); free' infaunal and possibly 
epifaunal (Jones and Chamock 1985; 
Wefer 1976) 

middle saltmarsh to 2m (it is only 
found in saltmarsh habitats in Fenland 
materials. In saltmarsh ponds or 
evaporation tanks it may form 100% of 
the assemblage) 

Silty or sandy muds 

0-50ppt (Wefer 1976) optimum 28+ppt 
(Todd and Low 1961) 

Annual temperature range: 0-25 oc 
Energy of environment: Medium to low levels of current 

activity; optimum low 

This species is tolerant of pollution (Schafer 1973). 
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Ammonia beccarii forma limnetes (AI) biofacies 

Mode of life: Active? herbivore; free; infaunal 

Depths of habitat: Lower saltmarsh and creeks 

Preferred sediment type: Silty muds 

Diurnal salinity range: 0-15ppt 

Annual temperature range: 0-30 oc 
Energy of environment: Low 

Tolerant of low levels of dissolved oxygen (Bemhard 1986) 

Elphidium excavatumformo.liduensis (type B) (El) 

Mode of life: 

Depths of habitat: 

Preferred sediment type: 

Active herbivoreldetritivore; free; 
infaunal 

Marsh creeks and channels 

Silty muds 

Diurnal salinity range: 10-35ppt (the umbilical boss is a 
possible adaption to withstand strong 
fluctuations in salinity (Brasier 1982; 
Pascual et al. 1991) 

Annual temperature range: 0-20+ °C (Miller et al. 1982) 

Energy of environment: High levels of current activity 

Haynesina germo.nica (Hg) biofacies 

Mode of life: Active herbivore; free; epifaunal to 
infaunal 

Depths of habitat: lower saltmarsh to sub-tidal flats 

Preferred sediment type: organic muds; silts 

Diurnal salinity range: 0-35ppt; optimum 0-15ppt 

Annual temperature range: 0-20 oc 
Energy of environment: low to medium levels of current activity 

This species is tolerant of a wide range of environmental conditions. 

Ammonia beccariiforma batavus (Ab) biofacies 

Mode of life: active ?herbivore; free; infaunal 

Depths of habitat: high intertidal flats to sub-tidal 
channels 

Preferred sediment type: muddy silts and sands 

Diurnal salinity range: 15-35ppt; optimum 25-35ppt (Pascual 
et al. 1991) 

Annual temperature range: 0-20+ oc 
Energy of environment: high levels of current activity 

Elphidium oceanensis (Eo) biofacies 

Mode of life: 

Depths of habitat: 

active herbivoreldetritivore; free; 
infaunal 

subtidal flats and lagoons up to 2m 
deep 

Preferred sediment type: silty muds 

Diurnal salinity range: 9-35ppt (Murray 1968) optimum 
10-20ppt (Rouvillois 1967; 1972b) 

Annual temperature range: 10-20 oc 
Energy of environment: low to high levels of current activity 

This species is an opportunistic coloniser of sub-tidal sediments 
containing low levels of dissolved oxygen (Rouvillois 1972a; 1972b). 



Elphidium excavatumforma clavata (Ee) biofacies 

Mode of life: 

Depths of habitat: 

Preferred sediment type: 

Diurnal salinity range: 

active herbivoreldetritivore; free; 
infaunal 

sub-tidal (estuaries and continental 
shelf) 

mud, sands and gravels 

10-35ppt, optimum 20+ppt 

Annual temperature range: 0-17 •c 
Energy of environment: high levels of current activity 

This is a cool water form. Arctic populations survive temperatures of 
-5 •c (Wilkinson 1979). 

Haynesina depressula (Hd) biofacies 

Mode of life: active herbivore; free; infaunal 

Depths of habitat: sub-tidal (outer estuaries and inner 
shelf areas) 

Preferred sediment type: sandy muds, muddy sands 

Diurnal salinity range: 19-35ppt 

Annual temperature range: 6-20 •c 
Energy of environment: High levels of current activity 

This species commonly replaces H. germanica in the mouths of 
estuaries (Coles 1977; Murray 1991). It may colonise outer estuarine 
areas if salinity conditions are favourable. 

Potential estuarine colonisers 
Some normally marine species may attempt to colonise 
estuarine areas if conditions permit. This often occurs in 
summer when salinities are generally higher and diurnal 
fluctuations of salinity are less extreme. In some samples 
they have population levels of 4-8% and are suspected of 
reproducing within the canals. The following brief 
ecological notes have been used to modify some of the 
palaeoecological interpretations of the sites. 

E. gerthi 
This species is known to live on and possibly attached to 
algae as well as freely on the sediment surface. It can 
reproduce at temperatures of 2-16°C. It is tolerant of 
salinities as low as 18ppt (Wefer 1976). 

E. earlandi 
Almost nothing concrete is known about this species which 
is usually thought to be an inner shelf species (Murray 
1979). It has been identified by the author in cores of 
Eemian age. It is a possibility that this species could 
reproduce within the canals as most species of Elphidium 
are brackish tolerant to some degree. 

E. incertum 
This species usually occurs in assoc1at10n with H. 
depressula but is not very numerous in these deposits. This 
is probably due to the fact that it reproduces best in well 
oxygenated waters at temperatures of 2-5°C. It is tolerant 
of salinities as low as 18ppt (Wefer 1976). 

Buccella frigida 
A cool water species. It is tolerant of slightly brackish 
conditions (Murray 1979). 
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Miliolinella subrotunda 
This is essentially a marine species but is commonly found 
in estuary mouths and must be tolerant of slightly brackish 
conditions (Murray 1979). 

IV. Bourne-Morton Canal 

Initial cut of the canal (LS6) 
The fill of this canal is exceptionally rich in foraminifera 
(Table 6). The assemblages are extremely diverse and 
contain large numbers of exotic species (up to 20%) many 
of which have an attached mode of life or are keeled and 
robust species of Elphidium (Figure 13). These tests 
originated in the turbulent zone of the shallow sub-littoral 
in reach of wave base. 

These species are also typical of very high energy 
conditions found in estuary mouths such as the Wash. 
Many of the specimens would have been carried into the 
canal by being suspended in the water column and 
deposited at the slack water of high tide. Larger tests may 
have been transported as bed load (see Wang and Murray 
1983). The abundance level of foraminifera in these 
deposits is very high (10,000 per 50g). These tests may 
have been concentrated by a gentle winnowing action of 
waves in a shallow body of water or more likely the 
deposition rates may have been low. 

Assemblages are dominated by H. germanica. This 
species along with variable proportions of A. beccarii, E. 
oceanensis and E. excavatum forma clavata form the major 
constituents of the canal assemblages, living in the canal at 
the time of deposition. Minor constituents which are 
thought to be probably living in the canal include H. 
depressula, E. gerthi and M. subrotunda. All samples in 
this section have been placed in the IVb lagoonal or IV c 
sub-tidal estuarine biozones. 

The basal sample (180cms) has 16.6% E. oceanensis 
and has been assigned to the Eo biofacies. The presence of 
E. gerthi at 4% of the population suggests diurnal salinities 
of around 20--25ppt. The likely temperature range would 
be about 10--20°C (Murray 1968) in summer and autumn. 
Levels of dissolved oxygen in the bottom waters would 
have been low. This suggests the waters of the abandoned 
canal were stratified and mixing was minimal at this time. 

At 150cms E. oceanensis and E. excavatum are nearly 
in equal proportions of the total assemblage. This suggests 
an amelioration of conditions in the canal with cooler 
(10-15°C) and better mixed waters. The relative 
abundance of H. germanica and A. beccarii forma tepida 
suggest salinity levels were lower at around 15-20ppt. 

In sample at 120cms there is a marked increase in the 
number of E. excavatum forma clavata (19.1%). This 
assemblage belongs to the Ee biofacies. The cooling trend 
appears to have continued with a temperature range of 
4-17°C. The dominance of A. beccarii forma batavus 
among the ecotypes of that species suggests salinities rose 
once more to 25-35ppt. Energy levels would have been 
higher resulting in a better mixed water column in the 
canal. This biofacies is normally indicative of deeper 
estuarine waters (3-Sm). However, it is unlikely that water 
levels rose in this feature and the dominant factor would 
appear to be the drop in temperature. This could indicate a 
more open connection to marine influence. 

At 90cms there is a return to the conditions found at 
180cms (Eo biofacies) although salinities may have been 



slightly higher at 20-30ppt due to the dominance of A. 
beccarii. 

In the final sample from 60cms E. oceanensis and E. 
excavatum are once more in equal proportions and the 
assemblage is similar to that found at 150cms. The 
presence of 8.2% H. depressula suggests salinities were 
above 19ppt. 

The samples from LS6 also contain large numbers of 
ostracods in diverse assemblages. Species identified 
include Semicytherua sp., Leptocythere castanea, L. 
pellucida, Hemicythere villosa, Loxoconcha rhomboidea, 
L. elliptica, Cypredeis to rosa, Auila sp. and Cuneocythere 
semipunctata. This is an outer estuarine to shallow littoral 
(marine) assemblage. 

Secondary cut of the canal (LSS) 
The ostracod assemblages in LS5 between 220 and 130cms 
are diverse and essentially those found in LS6. Again this 
is indicative of outer estuarine/nearshore marine 
conditions. However, many of the valves of marine species 
have obviously been transported into the canal. At 100cms 
the ostracod assemblage becomes less diverse and 
comprises C. torosa and Loxoconcha spp. At 70cms the 
assemblage becomes monospecific with an estimated 
3000+ valves being contained in a 50g sample. This 
represents the penultimate stage of the canal infill with 
salinity levels dropping. At 70cms they would have been 
less than 1 Oppt and the water depth would have been 
intertidal at lower saltmarsh levels (biozone lie). The canal 
effectively simulated a marsh creek in environment. 

The foraminifera display a similar pattern of 
development through the section at LS5 to the ostracod 
fauna (see Table 7 and Fig 14). In samples 220-100cms 
The living population at the time of deposition comprised 
H. germanica, A. beccarii, E. oceanensis and E. 
excavatum. Minor constituents of this biocoenosis include 
E. gerthi, H. depressula and M. subrotunda. Assemblages 
also contain up to 25% of transported shelf species. Except 
for the sample at 70cms all levels have been assigned to the 
IVb lagoonal or IV c sub-tidal estuarine biozones. 

The indicated environments display similar 
fluctuations to those encountered in LS6. However the 
degree of oxygen depletion is not as great in LS5 and 
temperatures may have been lower overall on average. In 
the sample at 220cms the assemblage has been assigned to 
a combined Eo/Ee biofacies. The temperature range would 
have been around 10 to 15°C and salinities would have 
been 20 to 25ppt. Dissolved oxygen levels would be 
reduced but not as great as those in the Eo biofacies proper. 

At 190cms the assemblage is indicative of lower 
salinities (10-20ppt) with H. germanica and A. beccarii 
forma tepida dominating the assemblage. Temperatures 
may have been lower (4-15°C) and levels of dissolved 
oxygen higher. A mixture of Hg and Ee biofacies is used 
to define this sample. Salinities may have been too low for 
E. excavata forma clavata to become very abundant. 

A return to the conditions found at 220cms occurs at 
160cms. The biofacies here is a mixture of the Eo and Ee 
biofacies. 

The assemblage from 130cms belongs to the Ee 
biofacies as detailed in LS5 above. This indicates a 
lowering of temperatures with better water circulation. 
Salinities would have been around 20ppt. 

The drop in diversity observed in the ostracod fauna at 
100cms is not observed in the foraminiferal assemblages. 
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However, the assemblage suggests there may have been a 
drop in salinity to around 15ppt. At 70cms the diversity 
does decrease from 9-2 on the Fisher alpha index, 
accompanied by a fall in total abundance. The assemblage 
is dominated by the marsh creek ecotype of E. excavatum 
forma lidoensis (B) (El biofacies). A. beccarii forma 
limnetes (ecotypes A and B), A. beccarii forma tepida and 
H. germanica are the other important species of this 
assemblage. Other probable species of the biocoenosis 
included E. williamsoni and E. oceanensis but these only 
occur in insignificant numbers. The marine influence 
previously noted is largely absent. Salinities are likely to 
have been low at around 10ppt but subject to strong 
fluctuations of up to 35ppt. Similarly, temperatures may 
have been widely ranging from 0-20+°C. The assemblage 
is a typical marsh creek fauna biozone lie lying within the 
intertidal range. It is noteworthy that the specimens 
counted were all juveniles (<150 microns) in diameter. 
This may indicate a rapid exclusion of brackish water from 
the canal. In comparison to the other samples at this site 
foraminifera were uncommon but in good condition. The 
residue of the sediment (>125 microns) consisted of 
partially decalcified shell debris. This might suggest that 
the forarninifera and ostracods at 70cms are related to 
occasional inundations of the canal by brackish water after 
its abandonment. 

Summary 
Figure 15 shows the distribution of biofacies, oxygen 
levels, salinities and temp;:ratures encountered in the canal 
sections. The pattern of fluctuations in environment this 
shows appears to be rhythmical. These fluctuations may be 
due to the seaward end of the canal becoming unblocked. 
Occasional storms and subsequent erosion, followed by 
re-sedimentation, could be the mechanism to explain the 
fauna! successions in the canal. These alternate between 
warm restricted water assemblages and cool well mixed 
water assemblages. The mixed Eo/Ee biofacies occurring 
in some samples should be regarded as transitional. These 
fluctuations should be compared to the more stable 
conditions found at Downham (mainly lagoonal) and 
Tilney St Lawrence (mainly estuarine). Likely 
sedimentation rates suggest that the changes occurred over 
a scale of decades. There does not appear to have been any 
significant current flow in this canal for the period of the 
fills studied. It is possible that the freshwater connection to 
the canal (river) had been severed at an early stage of the 
canal's abandonment (see Downham below). 

It must be noted that in the canals of this study E. 
oceanensis is unusually abundant. At all other Fenland 
sites investigated it is rare or absent. As detailed in God win 
(1993) its ecology suggests it prefers brackish conditions 
of 10-20ppt with poor circulation and a tendency to 
stagnate. Large numbers of this species occur in Broadland 
sediments of the Breydon Formation, Norfolk, associated 
with a restricted back-barrier lagoon. The barrier had 
reduced tidal ranges in the estuary significantly. These 
types of conditions appear to have been present in the initial 
cut of the canal (LS6). Possibly the tidal range in canal was 
controlled to some extent by sedimentation at the seaward 
end. 

The palaeogeography of the region (Wailer 1994) 
shows that the canal was sited proximal to the sub-tidal and 
intertidal areas of the Wash which was greater in extent 
than it is today. The large number of marine forarniniferal 



tests in the sediments suggests the fill of the canal was 
sourced from this region. The silting up of the canal, over 
time, may have posed a problem resulting in the channel 
having to be redug and possibly deepened (LS5). 

As E. oceanensis is of lesser importance in the new cut, 
water circulation may have improved, raising dissolved 
oxygen levels in the bottom waters. However, the problem 
of silting in the canal had not been solved and the new cut 
silted up at the same rate as the old. The feature would 
probably have been abandoned and unusable long before 
it shallowed into an artificial marsh creek. The loss of 
freshwater flow would lead to the seaward end of the canal 
becoming blocked. This would be accompanied by a rapid 
lowering of tidal range, as mentioned above, and eventual 
exclusion of brackish waters in the inland part of the canal. 
A similar event has been noted in the Bure valley, Norfolk, 
at around 1100 BP, although on a larger scale, in a natural 
feature (Godwin 1993). 

As the silting up of the initial cut seems to be complete 
(or nearly so) it is a possibility that the canal was abandoned 
twice, the recut being carried out after a lengthy period of 
time had elapsed. 

V. Tilney St Lawrence Canal 

Fill from the canal LS2 (10) 
The sediments infilling the canal contain a large number of 
exotic shelf species demonstrating a direct connection to 
the open sea. The assemblages are dominated by H. 
germanica which indicates fairly brackish water 
conditions. A. becarii is relatively rare in these 
assemblages, whilst E. gerthi is unusually abundant. This 
might suggest cooler water temperatures than generally 
encountered in the other canals of the region as A. beccarii 
requires temperatures of 17-20°C for one week a year in 
order to reproduce (Walton and Sloan 1990). In contrast to 
Boume-Morton and Downham total abundances are very 
low. This suggests medium to high levels of current activity 
and possibly a higher sedimentation rate. 

The deepest sample at 110cms belongs to the Eo 
biofacies and the lagoonal biozone IVb. 10.1% of E. gerthi 
is also present. This species lives attached to algae and is 
tolerant (like E. oceanensis) of low levels of dissolved 
oxygen (Wefer 1976). This suggests salinities of around 
20ppt. Shallow water depths of less than 3m are indicated. 
Temperatures may have been around 10-15°C. The 
mechanism for the creation of a lagoonal environment 
discussed above appears to have been in operation here as 
well. 

At 80cms the normal estuarine sub-tidal species 
(E.excavatum forma clavata and E. oceaensis) are not 
abundant. They are replaced by rarer species such as E. 
magellanicum, E.gerthi and E. earlandi. In some respects 
this assemblage is similar to a low intertidal mudflat 
assemblage from Breydon Water, Norfolk (Coles 1977). 
However, it is somewhat ambiguous and the assemblage 
has been retained in the sub-tidal biozone IVc. This may 
represent a lowering of water levels in the canal. Any 
restriction at the seaward end of the canal appears to have 
been removed. Salinities of 18- 35ppt and temperatures of 
6-20°C are indicated here. 

The assemblage at 50cms belongs to the Ee biofacies. 
This is indicative of deeper water and it is possible that an 
erosion plane lies between these two samples or that a 
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change in relative sea-level occurred. Salinities of 
20-25ppt and a temperature range of 4-17°C are probable 
for this deposit. The sample is very diverse with a Fisher 
alpha index of 8 but appears to have an unrestricted access 
to marine waters. This suggests that the freshwater flow 
through the canal had been removed, as the exotic tests 
deposited in the slack water at high tide would be 
re-entrained into suspension if there was any appreciable 
current flow through the feature. 

The shallowest sample from 20cms has a sparser fauna 
which is less diverse but similar in aspect to that found at 
80crns. E. gerthi is abundant, at 10% of the assemblage. A 
return to shallow water, possibly with the channel bottom 
covered in algae, is indicated here. This may represent the 
final phase in the infilling of the canal. 

Summary 
Apart from an initial phase of lagoonal conditions, the 
Tilney St Lawrence canal appears to have kept an open 
connection to the sea. This is in contrast to Boume-Morton 
(fluctuating between the two conditions) and Downham 
(mainly lagoonal). The abundance of E. gerthi is unusual 
but similar habitats to those described above have been 
investigated by Wefer (1976) in the Baltic Sea. Water 
depths overall appear to have been shallower than at the 
other sites. 

VI. Nordelph Road 

Introduction 
Many of the samples from the Nordelph roadway are 
assumed to represent sediments deposited by flooding 
events. Using the characteristics of foraminiferal 
assemblages it is possible to distinguish between 
freshwater floods, caused by excessive rainfall in the 
drainage basin, and marine-induced flooding caused by 
storm surges in the North Sea. 

The fluvial events typically deposit silts containing 
populations indigenous to marsh creeks. The marine silts 
tend to be coarser and contain large numbers of exotic 
forarninifers which were carried in suspension in the flood 
waters. These assemblages are mixed, with part of the 
assemblage being typical of a high intertidal flat (biozone 
Ilia) and the other part containing foraminifers and 
ecotypes more typical of saltmarshes and marsh creeks. 
Assemblages are detailed in Table 11 and Figure 19. 

Pre-road sediments LSl, (111) 
These deposits are apparently overbank roddon silts. As 
such they represent a normal saltrnarsh. The lowermost 
sample at 95cms has been assigned to a middle saltrnarsh 
biozone (lb) and the Ti biofacies. Salinities would have 
been normally low but subject to extreme fluctuations . The 
assemblage contains small numbers of sub-tidal estuarine 
foraminifers indicating this was a tidal event of normal 
magnitude. 

In the sample at 85cms there is an increase in diversity 
on the Fisher alpha index from 2.1-11. The marsh creek 
ecotypes of E. excavatum forma lidoensis and A. beccarii 
forma limnetes are prominent in the assemblage. Sub-tidal 
and marine species form about 18% of the assemblage. In 
many respects this assemblage is similar to those found on 
high intertidal flats but due to the marsh creek ecotypes it 
has been placed in biozone lie. The sample at 80cms is 



similar but less diverse. These sediments probably 
represent marine induced episodes of flooding. 

The sediments at 65 and 60cms in contrast have 
assemblages more typical of a lower saltmarsh or marsh 
creek. Very few exotic tests are present and agglutinates are 
relatively uncommon. However, both these samples 
probably represent allochthonous material and suggests 
they were deposited as the result of a freshwater flood. 

Summary 
These pre-road sediments were subject to episodic 
inundations and the area may have remained unflooded for 
some time before the decision to build the roadway was 
taken. 

Pre-road ditch LS2, (130) 
One sample was examined from this feature from a depth 
of 95cms. It contained a typical biozone lie marsh creek 
assemblage dominated by A. beccarii forma limnetes (type 
B). Although this is probably a freshwater flood deposit, 
the assemblage suggests that salinities in the adjacent 
creeks were around 10-15ppt but subject to strong 
fluctuations. 

Roadway flood deposits LS3 (97) and LS4 (56) 
Laminated silts between road metalling LS3 
At this level the road was flooded. The sediment is slightly 
sandy and the assemblage is typical of a high intertidal 
sandflat (biozone IIIa) containing 23.5% E. williamsoni. 
Normally this species only occurs in such abundance in the 
lower saltmarsh or on sandflats (Godwin 1993). The 
presence of a diverse assemblage of exotic foraminifers 
suggests the deposit was sourced from a sandy intertidal 
area of the Wash. 

Roadside ditch LS4 
The lower sample from the ditch at 35cms has a diverse 
assemblage typical of biozone Ilia (high intertidal flat) and 
represents a marine induced flooding event. The estuarine 
ostracods Hemicythere villosa and Leptocythere 
psammophilia were also present in the sample. 

The upper sample at 25cms is of lower diversity with 
an assemblage typical of a marsh creek (biozone lie) 
representing a freshwater flooding event. 

The area where the roadway was built obviously 
underwent cyclical flooding episodes. Marine and 
freshwater episodes are equally in evidence. It would seem 
probable that the decision to build the road at this site was 
taken in a dryer and less stormy period. 

VII. Downham Canal and Associated Road 
and Ditches 

Field ditch LSl 
The assemblages from these deposits are detailed in Table 
8 and Figure 16. The deepest sediment in the ditch (samples 
115cm, 105cm) have sub-tidal assemblages in which 
Elphidium oceanensis (12.4-14.5%) determines the 
biofacies and the general environmental conditions. These 
possibly consisted of shallow water, poor in dissolved 
oxygen; salinities of between 10-30ppt; medium to low 
energy levels and a temperature range of 10-20°C. The 
abundance of Haynesina depressula, Elphidium gerthi and 
Buccella frigida suggests the salinity range may have lain 
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nearer 20-25ppt as these species appear to have been 
attempting to colonize the site. 

The large number of specimens within the sample are 
indicative of low sedimentation rates. The high diversity 
(8-9.5 on the Fisher alpha index) is the result of 
foraminifers being carried in suspension into the area from 
the Wash and deposited at the slack water of high tide. This 
is the same process that was seen in the Boume-Morton 
canal (Wang and Murray 1983). This interpretation is 
supported by the presence of abundant muscovite mica and 
carboniferous coal fragments which are found in many of 
the samples from this site and are characteristically found 
on intertidal flats or tidal channels under similar 
conditions. 

The more important species form a large biocoenosis 
(life assemblage) and make it unlikely that these sediments 
are a flood deposit. They appear to have been permanently 
inundated with brackish water. 

There is no evidence for high-energy winnowing of the 
sediment (which may cause concentrations of 
foraminiferal tests) so slow depositional rates caused by 
poor water circulation would explain the high number of 
tests and also be the cause of low dissolved oxygen levels. 
The body of the water would be in effect an artificial 
lagoon. 

Ostracods in the lowermost sample (115cm) are 
entirely marine but in the sample from 105cm a brackish 
water assemblage dominated by Leptocythere castanea 
with lesser numbers of L. pellucida and Cypredeis torosa 
exists. 

In the sample from 95cm the assemblage is of a 
low-intertidal type (biozone IVa) representing a shall owing 
of the environment. Of particular interest here is a living 
population of the saltmarsh foraminifers Jadammina 
macrescens and Trochammina injlata. Salinity levels 
would have been lower (10-15ppt) as the potential 
colonisers (mentioned above) are much rarer here. The 
sample has been assigned to the Hg biofacies. 

The sediment is also characterised by numerous shells 
of the gastropod Hydrobia which is a typical member of 
the intertidal faunas. The lesser number of the tests 
suggests an increase in the sedimentation rate. 

The topmost sample (85cm) has few foraminifera but 
in other respects is similar to the lowermost samples. This 
may be a function of poorer preservation of the tests, as in 
essence the assemblage is similar to the lower assemblages. 
The environment appears to have returned to the sub-tidal 
conditions of the Elphidium oceanensis biofacies. 

Canal LS2 
The foraminiferal assemblages from this feature are 
detailed in Table 9 and Figure 17. The basal samples from 
the canal cut (130, 120cm) are typical of high-energy 
sub-tidal channels (biozone IVc). Assemblages are 
characterised by small numbers of robust specimens which 
indicates brackish conditions and the occasional test of C. 
torsa. The sediment contains coarse sand and gravel and 
sedimented remains of tubes once inhabited by filter 
feeding worms. The samples have been placed in the Hg 
biofacies with salinities of around 1 0-15ppt and an annual 
temperature range of 0-20°C. These samples reflect the 
environment of the canal when it was in use. The other 
material from higher up the cut is associated with the 
abandonment of the waterway. 



At 100cms the sediment is finer grained suggesting 
lower-energy conditions in the canal and perhaps the level 
at which it was abandoned. The assemblage is typical of 
sub-tidal conditions (biozone IVb) and is a mixture of the 
Ee and Hd biofacies. Salinities would have been between 
19 and 35ppt with a temperature range of 6-20°C. A larger 
proportion of the assemblage has been transported into the 
canal in suspension at high tide and deposited at slack 
water. 

The sediments from 80--Dcrns have similar 
assemblages to those found in the Eo biofacies ofLS 1. This 
suggests that identical environmental conditions operated 
in the canal as occurred in the field ditch. Salinity levels 
may have fluctuated and dissolved oxygen levels may have 
increased from time to time where the indicator species E. 
oceanensis is slightly less numerous at 100 and 60cms. In 
all other respects the environment seems to have been 
similar with low sedimentation rates, large numbers of 
foraminiferal tests and poor water circulation, suggesting 
a lagoonal body of water. However, these fluctuations are 
not as intense as those seen in the Bourne-Morton canal. 

Salinity levels appear to have been high - 20-25ppt 
as species such as H. depressula, E. gerthi, B.frigida and 
possibly E. incertum and M. sub rotunda, which can tolerate 
slightly brackish conditions, appear to have attempted to 
colonise the canal. 

As at Bourne-Morton, the probable explanation is that 
the seaward end of the canal became partially blocked. This 
would be due to a decrease in velocity as the canal reached 
a larger body of water which would cause the canal to drop 
its suspended and bed loads at its mouth. Upstream 
freshwater sources are likely to have been removed in the 
first instance. This could have been caused by the source 
(river) changing its course or an infilling of the inland 
entrance to the canal system. In consequence, current flow 
in the canal would be removed and the bed of the channel 
would become unsuitable for filter feeding organisms. In 
turn the lack of flow in the canal would allow increased 
amounts of sedimentation, particularly at the seaward end, 
creating an artificial lagoon. The main sedimentary input 
into the abandoned canal appears to have been suspended 
tidal loads. This hypothesis is also applicable to the 
Bourne-Morton site, although the base of the canal was not 
investigated there. 

Basal clay and convoluted silts between gravel 
metalling LS3 
The details of these assemblages are to be found in Table 
10. The basal clay (71) has a typical channel fauna 
belonging to the Eo biofacies. The sediment is slightly 
sandy and also contains numbers of the ostracod C. torosa. 
This basal clay is probably associated with the canal and 
may be a flood deposit. If, on the other hand, the deposit 
pre-dates the canal, it could be a natural tidal feature. 

The convoluted silts between the metalling of the 
roadway LS3 (72) have an assemblage which has been 
assigned to the low intertidal biozone (IVa). It has a large 
number of exotic foraminifers typical of the canal proper 
and a brackish water fauna of ostracods. 

These convoluted silts appear to represent floodings of 
the roadway which necessitated its replacement. 
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Roadside ditch LS4 
The sample at llOcm contains some very poorly 

preserved and unidentifiable ostracod and calcareous 
foraminiferal debris. There are indications that it may have 
contained many specimens of Miliamminafusca but here 
again the preservation is so poor as to make this uncertain. 

The sample at 120cm contained much plant debris but 
was otherwise barren. It appears the ditch was cut (or 
re-cut) after the road flooding observed in LS3, as it would 
otherwise contain thousands of foraminifers. 

Waterlain silt at the base of road section, overlies peat 
(1 05) and sealed by rammed briquetage layer (1 02) LSS 
The assemblage here is detailed in Table 11. The sediment 
contains a lot of plant debris and some gravel. The 
assemblage is dominated by agglutinated forarninifers (J. 
macrescens and M.fusca) and belongs to the Jm biofacies 
and middle saltmarsh biozone ITa. The presence of some 
sub-tidal foraminifers suggests that a channel lay nearby at 
the time of deposition. Salinities of 0-lOppt with a 
temperature range of 0-30°C are suggested for this sample. 
Energy levels would have been medium to low. 

Series of layers at south end of trench LS9 
The fauna here is detailed in Table 10 and Figure 18. The 
uppermost sample at Ocm contains the ostracod C. torosa 
and some poorly preserved M. fusca. This has been 
assigned to the middle saltmarsh biozone lb-ITa. This may 
have been a saltmarsh pool. The sample has been placed in 
the Mf biofacies where salinities range from 0-50ppt with 
an annual temperature range of 0 to 25°C. 

The sediment at 10crns has a mixed agglutinate/ 
calcareous fauna typical of biozone ITa (middle to lower 
saltmarsh). It has been assigned to the Ti biofacies. Low 
salinities of less than 10ppt are probable, although the 
dominant species can tolerate extreme fluctuations in 
diurnal salinity and temperature. 

The sample at 20cms has a sparse assemblage which 
could be assigned equally to the lower saltmarsh or to high 
intertidal flat levels (biozone Ilb-llia). The population is 
too small to make any palaeoecological interpretations, 
although the assemblage indicates higher salinities of up to 
25ppt. 

At 30cms the assemblage is similar in all respects to the 
main canal and field ditch fills of LS 1 and LS2. There are 
large number of foraminifers which indicate a shallow 
sub-tidal environment belonging to the Hg/Eo biofacies 
(which are detailed above). The sample also contains a 
brackish water ostracod assemblage of C. torosa and H. 
villosa. 

Summary 
The results from the investigation of this site demonstrate 
that the canal repeatedly flooded. Storms and tidal surges 
are a probable cause of these events. The adjacent ditches 
provided suitable habitats for estuarine foraminifers and 
the water table may have ensured they were permanently 
inundated whilst the canal was in use and in the early stages 
of abandonment. Similar (although not so diverse) 
assemblages have been collected from ditches around 
Breydon Water, Norfolk, in recent times (Godwin 1993). 

Conditions appear not to have been subject to 
fluctuations as extreme as those found in the 
Boume-Morton canal as the rhythmical patterns of cool 



and warm biofacies is not found in the main fill of this 
canal. However, the basal section of the canal, reflecting 
conditions when first in use, is interesting. This level was 
not recovered at Bourne-Morton due to waterlogging. The 
assemblages were similar in all respects to natural channels 
studied previously in the region (Coles 1977; Godwin 
1993). 
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The hypothesis stated above for the sequence of 
abandonment and infilling of the canal (removal of inland 
freshwater sources followed by partial blocking of the 
seaward end and marine sedimentation) seems applicable 
to all the canals investigated where lagoonal facies of the 
Eo biofacies have been detected. 
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Table 6 Foraminiferal analysis of samples from Boume-Morton canal, LS6 fill from initial cut of the canal 

Percentaoe of assemblaoe 
De th (cm) 60 90 120 150 180 
Upper saltmarsh species 
Trochammina injlata 1.3 
Jadammina macrescens 0.7 
Lower saltmarsh species 
Elphidium williamsoni 4.2 3.2 3.2 4.9 6.6 
E. excavatum forma lidoensis 1.0 0.3 
Cosmopolitan species and ecotypes 
Haynesina germanica 25.6 20.9 19.5 32.2 24.6 
A. beccarii forma tepida 7.9 7.9 7.4 15.4 9.7 
A. beccarii forma batavus 9.5 13.3 10.9 6.9 7.6 
E. excavatum forma excavata 0.3 0.6 0.7 0.3 
E. excavatum forma selseyensis 1.6 2.5 1.9 1.6 0.3 
Sub-tidal estuarine species 
E. excavatum forma clavata 11.3 4.7 19.1 6.6 3.1 
E. oceanesis 10.2 13.0 6.7 7.6 16.6 
Potential estuarine colonizers 
E. gerthi 3.3 4.1 1.9 1.6 4.1 
E. earlandi 2.3 0.9 0.3 0.7 0.3 
E. incertum 0.3 0.3 0.7 
H. depressula 8.2 2.8 3.8 0.3 3.5 
Buccellafrigida 4.3 3.2 1.6 0.7 2.4 
Miliolinella subrotunda 0.9 5.4 4.6 3.8 
Shelf/turbulent zone species 
Acervulina inhaerens 1.6 1.9 0.6 2.3 1.7 
Asterigerinata mamilla 1.3 0.6 1.0 1.3 0.3 
Brizalina pseudopunctata 0.7 
Brizalina variablis 0.3 0.3 
Bulimina gibba 0.3 0.3 
Cassadulina obtusa 0.3 
Cibicides lobatulus 1.6 2.5 2.2 0.7 3.1 
Cyclogyra involvens 0.6 
E. crispum forma macellum 0.3 1.0 
E. excavatum forma magna 1.2 1.0 1.4 
E. margaritaceum 1.0 1.6 1.6 1.3 1.0 
Fissurina lucida 0.3 0.6 1.0 0.3 0.3 
Fursenkoinafusiformis 0.6 0.3 
Gavelinopsis praegeri 2.0 1.9 0.6 1.0 0.7 
Glabratella millettii 0.3 0.6 1.3 0.3 0.3 
Lagena clavata 0.3 
L sulcata 0.3 
Lamarckina haliotidea 0.3 
Oolina hexagona 0.3 
0. williamsoni 0.7 0.6 
Patellina corrugata 0.3 0.3 
Pateoris hauerinoides 0.3 0.3 0.3 
Planorbulina mediterranensis 1.9 0.6 1.0 0.7 
Quinqueloculina bicomts forma angulata 0.3 
Q. cliarensis 0.3 0.6 0.3 
Q. dimidiata 0.7 1.9 
Q. lata 0.6 
Q. oblonga 0.3 0.3 
Q. seminulum 0.6 1.3 1.7 
Rosalina anomala 0.3 0.6 0.3 1.0 
R. williamsoni 0.3 0.6 0.3 
Spirillina vivipara 0.3 
Trifarina angulosa 0.3 
Pre-Holocene and planktonic spp. 
cf. Globigerina bulloides 0.3 0.3 
cf. G. falconensis 0.3 0.7 
cf. Hedbergella sp. (Cret) 0.3 0.9 0.6 
cf. Hetrohelix sp. (Cret) 1.2 

Total specimens counted 305 316 312 304 289 
Estimate of total numbers per 50g sample 10000 10000 10000 10000 10000 
Number of species/ecotypes 25 34 35 36 34 
Fisher Diversity Index no 6.5 10 10.5 10.8 10 
Sediment type M M M M M 
Ostracod assemblage ElM a ElM a ElM a ElM a ElM a 
Biozone IVb IVb IVb IVb Ivb 
Biofacies Ee!Eo Eo Ee Eo/Ee Eo 
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Table 7 Foraminiferal analysis of samples from Bourne-Morton canal, LS5 fill from the second cut of the canal 

70 220 
Upper saltmarsh species 
Jtuklmmina macrescens 0.3 0.7 0.3 0.3 
Miliamminafusca 1.4 1.0 
Lower saltmarsh species 
Amnwnia beccarii forma limnetes 4.0 1.0 
Elphidium williamsoni 3.0 7.2 5.6 2.7 4.3 2.5 
E. excavatum forma lidoensis 2.0 1.0 0.3 1.2 
Marsh creek ecotypes 
A. beccarii forma limnetes (ecotype B) 17.0 
E. excavatum forma lidoensis (ecotype B) 31.0 
Cosmopolitan species and ecotypes 
Haynesina germanica 26.0 23.8 18.4 22.0 30.5 21.0 
A. beccarii forma tepida 15 17.9 19.1 12.8 16.0 4.7 
A. beccarii forma batavus 2.9 8.9 7.8 7.7 15 
E. excavatum forma excavata 0.7 
E. excavatum forma selseyensis 1.3 1.6 0.7 0.3 1.2 
Sub-tidal estuarine species 
E. excavatum forma clavata 1.0 7.8 16.4 9.8 9.2 9.4 
E. oceanesis 1.7 8.1 4.9 12.8 3.1 11.0 
E. magellanicum 0.3 
Potential estuarine colonizers 
E. genhi 3.9 2.0 1.0 1.8 1.9 
E. earlandi 1.0 0.7 0.3 0.3 
E. incenum 0.3 0.3 0.7 0.3 1.2 
H. depressula 4.2 2.0 3.4 3.7 5.6 
Buccella frigida 1.3 2.3 3.0 1.7 1.2 2.2 
Miliolinella subrotunda 0.7 3.0 7.1 5.5 5.6 
ShelfJturbulent zone species 
Acervulina inhaerens 0.7 0.3 
Asterigerinata mamilla 1.3 0.7 0.3 1.5 1.2 
Brizalina variablis 0.3 0.3 
Bulimina sp. 0.3 0.3 
Cassadulina obtusa 0.3 0.7 
Cibicides lobatulus 4.2 2.0 2.7 4.6 0.6 
Cyclogyra involvens 0.3 
E. crispum forma macellum 0.3 0.3 0.3 
E. excavatum forma magna 1.0 0.3 0.6 
E. margaritaceum 1.3 0.7 1.3 0.6 1.2 
Fissurina lucida 0.3 0.3 0.3 0.3 
Fursenkoina fusifonnis 0.3 0.3 
Gavelinopsis praegeri 0.3 1.0 1.7 1.8 3.1 
Glabratella millettii 0.3 1.6 
Globulina sp. 0.3 0.3 0.6 
Lagena perlucida 0.3 
Lamarckina haliotidea 0.3 
Oolina hexagona 0.3 
0. williamsoni 0.3 0.3 0.6 
Pateoris hauerinoides 0.3 0.3 0.6 
Planorbulina mediterranensis 2.3 1.6 0.3 0.9 2.5 
Quinqueloculina cliarensis 0.3 0.3 
Q. dimidiata 0.3 1.3 0.7 0.9 1.0 
Q.lata 1.0 1.0 1.4 
Q. oblonga 0.9 
Q. seminulum 0.3 
Rosalina anomala 0.7 0.3 0.6 1.2 
R. williamsoni 0.3 
Spirillina vivipara 0.3 0.3 
Trifarina angulosa 0.3 
Uveringa sp 0.3 
Pre-Holocene and planktonic spp. 
cf Globigerinaa bulloides 0.3 0.3 
cf Hedbergella sp. (Cret) 0.7 0.7 1.0 0.6 0.6 
cf Hetrohelix sp. (Cret) 0.3 1.2 

Total specimens counted 301 307 304 296 325 320 

Estimate of total numbers per 30g sample 500 10000 10000 10000 10000 10000 
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Number of specieslecotypes 10 32 33 35 30 36 

Fisher Diversity Index no 2 9 9.5 10.6 8.3 10.8 

Sediment type M M M M M M 

Ostracod assemblage B E ElM a ElM a ElM a ElM a 

Biozone lie IVb IVc IVb IVc Ivb 

Biofacies El Eo/Ee Ee Eo/Ee Ha e Eo/Ee 

Table 8 Foraminiferal analysis of samples from Straw hall Farm, Downham, (DMW 4233) 
LSl (38) field ditch 

Percentaae of assemblaae 

De th(cm) 85 95 105 115 
Upper sa1tmarsh species 
Trochammina inflata 1.4 
Jadammina macrescens 2.6 7.2 0.3 
Lower saltmarsh species 
Ammonia beccarii forma limnetes 1.9 0.5 
Elphidium williamsoni 5.2 5.5 3.9 4.4 
E. excavatum forma lidoensis 0.3 1.9 2.2 
Cosmopolitan species and ecotypes 
Haynesina germanica 28.9 51.5 33.9 28.7 
A. beccarii forma tepida 21.0 8.6 15.6 17.5 
A. beccarri forma batavus 13.7 7.8 7.1 
E. excavatum forma excavata 0.3 1.0 0.3 
E. excavatum forma selseyensis 1.0 
Sub-tidal estuarine species 
E. excavatum forma clavata 5.2 2.7 3.2 2.2 
E. oceanesis 15.8 5.1 12.4 14.5 
E. magellanicum 0.5 
Potential estuarine co1onizers 
E. gerthi 1.7 5.5 4.6 
E. earlandi 2.6 2.0 2.3 2.2 
E. incertum 2.3 1.1 
H. depressula 5.2 0.3 2.9 3.5 
Buccella frigida 5.2 0.3 2.3 2.4 
Shelf/turbulent zone species 
Acervulina inhaerens 2.3 
Asterigerinata mamilla 0.3 1.3 0.5 
Brizalina spathula 0.3 
B. variablis 0.7 0.3 
B. pseudopunctata 0.3 
Bolivina pseudoplicata 0.3 0.3 
Bulimina marginata 0.3 
Buliminella elegantissima 0.3 
Cibicides lobatulus 0.7 1.3 0.5 
Cibicides sp. 0.3 
E. crispum forma crispum 2.6 2.7 0.7 0.5 
E. margaritaceum 0.3 0.7 1.1 
E. translucens 2.6 1.3 
Fissurina lucida 1.0 
Fursenkoina fusiformis 0.3 
Gavelinopsis praegeri 2.6 1.6 0.3 
Glabratella millettii 0.3 
Lagena clavata 0.3 0.3 
L. sulcata 0.7 
Oolina hexagona 0.3 
0 . Williamsoni 0.3 0.3 
Planorbulina mediterranensis 1.9 
Rosalina anomala 0.7 0.3 
Trifarina angulosa 0.3 
Pre-Holocene and planktonic spp. 
cf Guembelitria sp. (Cret.) 1.3 
E. Hannai (Pleistocene) 0.3 
cf Whiteinella aprica (Cret.) 0.3 1.3 0.8 

Total s ecimens counted 38 291 307 366 
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Estimate of total numbers per 30g sample 38 900 10000 10000 

Number of specieslecotypes 12 25 32 32 

Fisher Diversity Index no. 3/5 615 9 8.5 

Sediment type M M M M 

Ostracod/Mollusc assemblage B B/H E M a 

Biozone IVb IV a IVb IVb 

Biofacies Eo H Eo Eo 

Table 9 Foraminiferal analysis of samples from Straw hall Farm, Downham, LS2 canal 

0 20 40 60 80 100 120 130 
Upper saltmarsh species 
Trochmnmina inflata 0.3 
Lower saltmarsh species 
Elphidium williamsoni 3.6 2.6 4.8 8.4 1.0 3.1 33.3 
E. excavatum forma lidoensis 1.3 1.0 0.3 4.4 3.1 
Cosmopolitan species and ecotypes 
Haynesina germanica 24.7 29.8 32.9 29.2 21.9 15.5 33.3 66.6 
A. beccarii forma tepidLl 13.2 18.0 12.1 13.4 8.8 10.0 22.2 
A. beccarii forma batavus 5.9 3.2 7.0 3.4 6.0 3.9 
E. excavatum forma excavata 0.3 0.3 0.3 
E. excavatum forma selseyensis 0.3 0.6 
Sub-tidal estuarine species 
E. excavatum forma clavata 0.6 4.2 3.5 3.4 2.2 16.3 33.3 
E. oceanesis 12.2 14.1 12.8 9.7 16.3 4.7 
Potential estuarine co1onizers 
E. gerthi 8.6 4.9 2.9 5.0 9.4 5.4 
E. earlandi 2.6 2.0 2.6 3.7 3.4 5.4 
E. incertum 2.0 1.3 0.3 1.7 0.9 3.9 
H. depressula 5.6 3.2 5.1 3.7 6.0 13.1 
Buccella frigida 5.3 1.6 3.2 2.0 5.0 1.6 
Miliolinella subrotunda 0.3 0.6 3.0 1.9 3.1 
Shelf/turbulent zone species 
Acervulina inhaerens 1.3 0.7 0.3 1.3 0.6 
Asterigerinata mamilla 0.7 1.0 0.3 0.7 0.8 
Brizlina pseudopunctata 0.3 
B. spathula 0.3 
B. variablis 0.3 0.3 
Bolivina pseudoplicata 0.3 0.3 
Bulimina gibba 0.3 
Buliminella elgantissima 0.3 0.3 
Cassadulina obtusa 0.8 
Cibicides lobatulus 1.0 0.3 0.6 0.9 
Cibicides sp 0.3 0.3 
Cyclogyra involvens 0.3 0.6 0.8 
E. crispum forma crispum 0.7 0.3 1.3 0.7 0.6 0.8 
E. excavatum forma magna 0.3 0.6 1.6 
E. margaritaceum 1.0 1.3 
Fissurina lucida 1.3 1.6 0.3 1.3 0.6 3.1 
F. marginata 0.7 0.3 
Fissurina sp 0.3 
Fursenkoinafusiformis 0.6 0.3 
Gavelinopsis praegeri 1.0 0.3 0.3 0.7 0.6 
Glabratella millettii 0.3 0.3 0.7 0.3 
Lagena clavata 0.6 0.3 
L interrupta 0.3 0.3 0.3 0.8 
L perlucida 0.3 0.3 
L striata 0.3 
L sulcata 1.6 0.7 0.3 0.3 
Lamarckina haliotidea 0.6 
Oolina hexagona 1.3 0.3 0.3 0.3 0.8 11.1 

0. melo 0.7 0.3 0.3 0.3 
0. williamsoni 0.3 0.7 0.3 0.8 
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Pateoris hauerinoides 1.0 
Planorbulina mediterranensis 1.3 0.7 0.3 1.0 
Q. dimidiata 0.3 
Quinqueloculina oblonga 0.3 
Rosalina anomala 0.3 0.7 0.6 0.6 
Spirillina vivipara 0.3 
Pre-Holocene and planktonic spp. 
Cf. Guembelitria sp. (Cret) 0.3 
Cf. Whiteinella aprica (Cret.) 0.7 1.0 0.3 1.3 0.6 

Total specimens counted 303 305 313 298 319 
Estimate of total numbers per 30g sample 10000 10000 10000 10000 10000 

Number of species!ecotypes 30 34 35 34 34 

Fisher Diversity Index no 7.3 10 10.2 10 10 

Sediment type M M M M M 

Ostracod assemblage B E ElM a ElM a 

Biozone IVb IVb IVb IVb IVb 

Biofacies Eo Eo Eo H Eo 

Table 10 Foraminiferal analysis of samples from Strawhall Farm, Downham, 
LS3 (71) basal clay, (72) convoluted silts between gravel metalling; 

0.8 

129 
129 

22 

7 

M 

IVc 

Ee/Hd 

LS8 (131) base of road section; LS9 stratified sediments at south end of the trench 

l.S3 l.S3 l.S8 l.S9 
De th (cm) 71 72 131 0 10 20 
Upper saltmarsh species 
Trochammina injlata 20.0 
Jadammina macrescens 0.3 42.4 10. 7.3 
Miliammina fusca 21.2 100.0 20.0 7.3 
Lower saltmarsto species 
Elphidium williamsoni 2.4 6.1 
E. excavatum forma lidoensis 3.1 
Cosmopolitan species and ecotypes 
Haynesina gerrnanica 22.6 25.2 12.1 10.0 23 .1 
A. beccarii forma tepida 48.4 16.0 3.0 20.0 23.1 
A. beccarri forma batavus 9.7 7.8 30.8 
E. excavatum forma excavata 0.3 
E. excavatum forma selseyensis 0.3 
Sub-tidal estuarine species 
E. excavatum forma clavata 3.2 3.1 6.1 
E. oceanesis 16.1 6.8 6.1 20.0 
Potential estuarine colonizers 
E. gerthi 5.8 
E. earlandi 3.1 
E. incertum 2.0 
H. depressula 7.1 3.0 
Buccella frigida 3.1 
Miliolinella subrotunda 2.0 
Shelf/turbulent zone species 
Acervulina inhaerens 1.3 
Asterigerinata mamilla 2.0 
Bolivina pseudoplicata 0.3 
Bulimina gibba 
Buliminella elegantissima 
Cibicides lobatulus 2.8 
Cyclogyra involvens 0.7 
E. margaritaceum 1.7 
Fissurina lucida 0.3 
F. marginata 0.3 
Fissurina sp 0.7 
Gavelinopsis praegeri 0.7 
Glabratella millettii 0.3 
Lagena clavata 0.3 
L. interru ta 0.3 
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3 9 
3 9 
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<1 <1 

SfMJGIWT SfMJGIWT 

B 

IVc IVc 

H 

30 

0.3 

2.7 
0.7 

37.5 
9.0 
5.3 
0.7 

5.6 
8.0 

6.6 
3.3 
0.3 
7.3 
2.7 

2.7 

0.3 
0.3 
0.3 

0.3 
0.3 

1.0 
0.3 
0.3 
0.3 



L. sulcata 07 
Lamarckino. haliotidea 0.3 
Oolino. hexagono. 0.3 
O. melo 0.7 
0 . williamsoni 0.3 0.3 
Planorbulino. mediterranensis 0.3 
QuiiUJueloculina sp 0.3 0.3 
Q. seminulum 0.7 
Rosalina williamsoni 0.7 
Spirillina vivipara 0.3 
Pre-Holocene and planktonic spp. 
Cf. Whiteinella aprica (Cret.) 0.7 1.0 

Total specimens counted 31 293 33 10+ 10 13 301 
Estimate of total numbers per 30g sample 31 10000 33 10+ 10 13 5000 

Number of species/ecotypes 5 40 8 6 6 27 

Fisher Diversity Index no. 12 2 0 1.5 1.5 7 

Sediment type SM M P/M/G M M M M 

Ostracod assemblage B E B E 

Biozone IVb IV a IIa !bill a IIa IIb!IIIa IV a 

Biofacies Eo H Jm Mf Ti Ab Eo!Ee 

Table 11 Foraminiferal analysis of samples from Nordelph, LS1 , LS2 pre-road sediments; LS3, LS4 roadway 
flood deposits 

LSJ 
De th(cm) 60 65 80 85 95 35 
Upper saltmarsh species 
Haplophragmoides wilbeni 5.6 
Trochammina inflata 29.3 
Jadammina macrescens 27.6 5.6 0.8 1.3 
Miliamminafusca 6.6 1.0 25.8 11.2 2.3 
Lower saltmarsh species 
Ammonia beccarii forma limnetes 2.0 2.3 
Elphidium williamsoni 21.0 5.3 4.3 11.2 23.5 7.8 2.0 
E. excavatum forma lidoensis 7.0 9.3 4.4 
Marsh creek ecotypes 
A. beccarii forma limnates (ecotype B) 13.6 27.3 18.7 1.7 38.9 1.5 13.7 5.3 
E. excavatum, forma lidoensis (ecotype B) 8.7 11.0 11.2 0.8 3.9 
Cosmopolitan species and ecotypes 
Haynesino. germanica 47.6 45.8 45.0 31.0 6.9 5.6 35.6 74.5 85.3 
A. beccarii forma tepida 42.7 2.3 2.3 5.3 4.3 
A. beccarri forma batavus 2.5 8.7 3.8 4.3 
E. excavatum forma excavata 2.3 
E. excavatum forma selseyensis 3.0 
Sub-tidal estuarine species 
E. excavatum forma clavata 0.3 0.3 1.5 0.7 
E. oceanesis 0.3 1.0 1.7 5.5 3.8 0.7 
E. magellanicum 0.3 1.3 
Potential estuarine colonizers 
E. genhi 2.0 3.3 6.2 0.7 
E. earlandi 1.0 1.7 2.3 0.7 
E. incenum 2.0 2.3 
H. depressula 1.7 3.3 1.7 0.7 
Buccellafrigida 1.0 1.0 1.3 1.7 1.5 
Miliolinella subrotunda 
Shelf/turbulent zone species 
Asterigerinata mamilla 0.3 0.3 
Brizalina variabilis 0.3 
Buliminella elegantissima 0.3 
Cassadulina obtusa 0.3 0.8 
Cibicides lobatulus 0.3 
E. crispum forma macellum 1.0 2.3 
E. Excavatum forma ma na 0.3 
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E. margaritaceum 
Fissurina lucida 
Fursenkoina fusiformis 
l.Agena clavata 
L perlucida 
L striata 
L. sulcata 
Oolina squamosa 
0 . melo 
0. williamsoni 
Planorbulina mediterranensis 
Pre-Holocene and planktonic spp. 
Globigerina sp 
Cf. Whiteinella aprica (Cret.) 

Total specimens counted 
Estimate of total numbers per 30g sample 

Number of species/ecotypes 

Fisher Diversity Index no. 

Sediment type 

Ostracod assemblage 

Biozone 

Biofacies 

* -probable flood deposit 

KEY: 
Sediment t es 

M Mud 
S Sand 
SM Sandymud 
G Gravel 
WT Worm tubes 
P Oraanic detritus abundant 

Ostracod assemblaaes 

1.4 

70 
70 

7 

1.9 

SM 

B 

llalc 

B Brackish assemblage (C. torosa monospecific) 
E estuarine assemblage 
H Hydrobia abundant 
Ma Marine assemblaae 

Biozones 

Ibllla Middle saltmarsh 
IIb Lower saltrnarsh 
ne Marsh creek/channel 
illa High intertidal flat 
IV a Low intertidal flat 
IVb Lagoonal/sub-tidal flat 
IV c sub-tidal channel/current swe t areas 

Biofacies associations 

Ti T. inflata 
Jm J. macrescens 
Mf M.fusca 
AI A. beccarii forma limnetes 
El E. excavatum forma lidoensis 
Hg H. germanica 
Ab A. beccarii forma batavus 
Eo E. oceanensis 
Ee E. excavatum forma clavata 
Hd H. de ressula 

96 
96 

5 

1.5 

SM 

IIb 

0.3 

0.3 
0.3 
0.3 
0.3 

0.3 

0.3 

300 
1200 

22 

5.3 

SM 

B 

llc 
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1.0 
0.3 
0.3 

0.3 
0.3 
0.3 
0.3 

0.3 
1.0 

300 58 
1500 58 

27 9 

11 2.1 

SM SM 

llc Ib 

El Ti 

5.6 

18 133 153 300 
18 133 153 1000 

9 17 4 13 

2.1 4.5 0.9 2.8 

M s M M 

E E 
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