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Abstract

The Holocene vegetation and environmental history of the Hartlepool Bay area is poorly
understood and not well constrained within a framework of rising relative sea level. The

analysis of pollen and sediment data from new sites along a 500m intertidal transect at Carr
House Sands and within a former intertidal embayment at Carr House Sidings has clarified
the picture. The availability of over twenty new radiocarbon dates has improved the

chronological resolution, particularly from the Mid-Holocene onwards.

Relative sea level approached the area of the present Hartlepool coastline around 7000BP

inducing, through raised groundwater levels, the preservation of terrestrial organic sediment

sequences in low-lying areas protected from the direct influence of the sea. A Mid-
Holocene storm surge event, dated to c. 4900BP, has been identified in the southern part of

Hartlepool Bay, south of the Long Scar rocks. The minimal impact of this event on

sediments to the north of Long Scar rocks is supportive of both a strong southeasterly

component to the storm surge and the presence, in Mid-Holocene, of a substantial

(terrestrial) promontory where the tidally exposed rocks are now found. Evidence for Mid-
Holocene episodes of sand mobilisation or landward dune migration is presented for the
Carr House Sidings sites.

Evidence for prehistoric anthropogenic activity in the area, known from the discovery in the

present intertidal area of artefacts and an inhumation (Waughman, in press; Tooley, 1978),
is unclear solely from the new vegetation records. However, given the range of

archaeological finds, variations in the deposition of pollen and airborne charcoal in such a

dynamic coastal environment are supportive of transitory human use of the area since the
Mid-Holocene.
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Chapter 1

1.1 Introduction and Aims

The aim of this thesis is the reconstruction and interpretation of the vegetation and

environmental history of Hartlepool Bay during the Holocene. The principal source of

data for the work is sub-fossil pollen preserved within organic and minerogenic sediment

sequences, known as submerged forest beds, that lie within current and former intertidal

deposits. Sedimentary analyses, including loss-on-ignition, were also undertaken. The

analysis of polleniferous sediments was undertaken in two distinct phases, each of which

had specific objectives.

The first phase centred on the analysis of samples from excavations along the 500m HSF

(Hartlepool Submerged Forest) transect along the current intertidal area at Carr House

Sands (Fig. 1.1), work funded by Clevelend County Council. The purpose of the HSF

excavations (1995-96) was a rescue mission to extend knowledge of the Hartlepool

submerged forest within an area shortly to be buried by a new sea wall. Following the

inspection of data from test pits, samples were taken, under the direction of

archaeologists, from distinct sedimentary and archaeological contexts, focusing

particularly on the neighbourhood of a subsurface palaeochannel (Fig. 1.2) where marine

and terrestrial sediment sequences had been observed. Those samples that were analysed

for pollen were chosen to investigate the local habitat, vegetation and sedimentary

environment, particularly in areas where archaeological finds had been made.

Radiocarbon dates were obtained for a few horizons but overall this study resulted in

1
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Fig. 1.1 Map showing Hartlepool in relation to Hartlepool Bay and the estuary
of the R. Tees. The known extent of the submerged forest deposits is shown,
as are the locations of Carr House Sands and Carr House Sidings. The boxed
area is shown in more detail in Fig. 1.2.



52

Fig. 1.2 Hartlepool Bay showing locations of the HSF transect, on Carr
House Sands, and the Stell and CHS sites at Carr House Sidings.
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several discrete and relatively short pollen diagrams, essentially floating chronologies.

While the site selection along the HSF transect was determined by the archaeologists,

pollen and sediment analyses and interpretation of the findings were undertaken by the

present author. The resulting reports are presented in full in Chapter 6 and add to the

bank of existing data on the Hartlepool intertidal sites, but are also incorporated into the

review section on the Hartlepool sites, in Chapter 4.

Recognition of the difficulties involved in reconstructing a composite picture of

vegetation and environmental change from the truncated, organic sediment sequences

recovered from the present intertidal area at Hartlepool led to the search, slightly inland,

for longer Holocene sediment sequences. The second phase of pollen and sediment

analyses focused on two long sediment sequences from Carr House Sidings (Fig. 1.1), a

low-lying area immediately behind the beach at Carr House Sands. The main purpose of

this stage of the work was the production of an overlapping but essentially continuous set

of well-dated pollen diagrams from two closely neighbouring sites. These data sets, in

combination with data from elsewhere at Hartlepool, including the HSF sites, have

permitted a more complete reconstruction of vegetation and environmental change in the

area than was previously possible. Two interlinked areas of enquiry run through this

investigation and contribute to the environmental reconstruction offered in Chapter 8.

They are i) the impact of relative sea level (RSL) change and other long-term or episodic

coastal changes on the Hartlepool Bay area, and ii) the identification of local and more

distant flora and local habitats. Both of these issues are discussed in the two following

paragraphs.

4



The nature and location of the sediments analysed from Hartlepool means that the role of

changing RSL is integral to the environmental reconstruction undertaken in this work. In

addition, the local effects of long-term coastal processes and sudden episodes of coastal

change need to be considered when interpreting the stratigraphic and palynological data

from the sediment samples. A major problem with existing data from Hartlepool is that

many of the organic sediment sequences have been truncated by marine action. Dated

horizons may only broadly constrain the timing of a marine event and occasionally

suggest conflicting interpretations about coastal and RSL change. One advantage of

obtaining continuous cores is the possibility of identifying and dating periods of

enhanced or reduced coastal influence that could have affected the whole of Hartlepool

Bay. This allows links to be made with sites in the present intertidal area and helps

define more closely Holocene coastal changes in Hartlepool Bay.

While the regional vegetation history is continuous for much of the Holocene at many

sites in the Tees Lowlands, the picture from the Hartlepool coastal zone is much more

fragmentary. Many of the sites previously investigated (for example Tooley, 1978;

Tooley & Innes, 1999) provide short chronologies that can only be loosely linked in time

and space. Three longer sequences from the intertidal area, WH19, HB4 (Tooley &

Innes, 1999) and HSF19/20 (reviewed in Chapter 4) cover the Mid-Holocene and part of

the Late Holocene with some continuity and detail and include evidence for human

interference with the environment. However, a hiatus in WH19, together with the

absence of strong chronological and environmental overlaps between the three sites

means that there is no clear picture of vegetation and coastal habitat changes during the

Holocene. A continuous and well-dated pollen record from one site may help to identify

5



a regional vegetation signal and whether human impact was widespread. This work also

allows some of the fragmentary pollen spectra from the intertidal area to be incorporated

into a broader and more detailed picture of vegetation change in Hartlepool Bay.

1.2 Thesis Structure

The structure of this thesis is as follows:-

Chapter 2 begins with a brief overview of the development and history of Hartlepool and

continues with a physical description of the wider region, its geology and the major

physical processes that have affected NE England during the Quaternary. Chapters 3

and 4 form the literature review in which the vegetation history of NE England is

described and discussed. In Chapter 3, the vegetation history of the relevant peripheral

areas, the North Pennines, the North York Moors and the Northumberland Coast are

evaluated. In Chapter 4 the vegetation history of Hartlepool and its immediate

hinterland, the Tees Lowlands, is discussed. Investigative techniques are described in

Chapter 5. Chapter 6 contains reports of analyses and discussions of the individual sites

from the HSF transect. Chapter 7 fulfills a similar role for the Carr House Sidings sites.

Full pollen diagrams for the HSF and Carr House Sidings sites can be found in

Appendices. A discussion of the findings and reconstruction of the Holocene

environmental history of Hartlepool Bay is contained in Chapter 8. Chapter 9 forms the

Conclusion.

All radiocarbon dates referred to within the text are uncalibrated and reported to one

standard deviation. Dates obtained in connection with this thesis and earlier work at

Hartlepool have been listed with calibrations in the Appendices. Pollen nomenclature

follows Bennett (2002) throughout.
6



Chapter 2

2.1.1. Hartlepool - Location and History

Hartlepool (Figs. 2.1 & 2.2) is situated on the North Sea coast of Cleveland, 6km north of

the River Tees estuaiy, in an area that was lormerly part of County Durham. The nearest

city, Middlesbrough (Fig. 2.1), lies 15km to the south on the far side of the River Tees.

The present town of Hartlepool has a population of around 90,000 and was formed in

1967 when the ancient headland town of 'Old' Hartlepool was amalgamated with the

Victorian town of West Hartlepool (web 1). Sharp (1851) suggests that Hartlepool

derived the first part of its name from 'hart' (deer), an animal that would have frequented

the former oakwoods of the area. Hartlepool has been distinguished from Hart, a village

4km inland to the NW, by the addition of 'le-pool', formerly 'in poT, referring to its

location close to or surrounded by water (Sharp, 1851).

Fig. 2.1: Location of Hartlepool on the coast of NE England. Hartlepool
lies within the northern part of Cleveland, but was formerly part of
County Durham. 7



The old town of Hartlepool developed on an outcrop of Magnesian Limestone known as

the Headland (Fig. 2.2) and its origins can be traced back with certainty to the seventh

century. According to Bede (Young, 1983) a monastery was founded in Hartlepool

around 640AD and this is supported by the discovery of a female monastery graveyard,

which has been dated to 646AD (Cramp, 1970). The Abbey of (St.) Hilda was established

by 658AD when Hilda left for Whitby (Young, 1983).

Hartlepool became a bustling Medieaval town with a busy port from where corn, wool,

fish and lead were traded for wines, oil, cloth, exotic fruit, tin and copper, pitch and tar

(Young, 1983). The 12th century harbour was partially excavated in 1981 and was found

to be constructed of stone and timber, much of the wooden planking reused from

demolished buildings (Young, 1983). As the harbour silted up, the area was reclaimed

during the 13th century for workshops, and new wharves were built further into the

natural harbour. Hartlepool continued to thrive during the Middle Ages although it is not

clear why the port declined during the 17th and 18th centuries. Rejuvenation occurred

during the 19th century with Victorian redevelopment and the arrival of the railway, for

exporting coal (Sharp, 1851; Young, 1983).

West Hartlepool developed on an opposing outcrop of Magnesian limestone to the SW

and separated from the Headland by a low-lying area known as the Slake (Fig. 2.2),

which now forms part of the harbour. The new settlement spread along the railway

overwhelming Stranton and other villages. Steel and chemical industries have been

important employers in the recent past, but fishing, shipbuilding and restoring, and cargo

handling provide the main employment today (web 1).
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2.1.2. Early Cultures in the Hartlepool area

Earlier cultures have left only a few traces within the old town. In 1968, an excavation at

Lumley Street on the Headland revealed post holes of seven Anglo Saxon buildings

cutting through a pre-existing circular structure thought to be Iron Age (Cramp, 1970). It

is thought likely that the Romans had a signalling station at Hartlepool, which would

have linked with others along the Yorkshire coast (Young, 1983), but no evidence has yet

been found on the Headland. The discovery by R. M. Middleton in 1881 of a Romano-

British kitchen midden beneath the esplanade at Carr House Sands (Fig. 2.2) confirmed

that the Romans were present in the area (Trechmann, 1936). The site produced finds of

Samian and British pottery but has not been inspected recently.

The discovery of a settlement site at Catcote (Fig. 2.2), 3km west of Carr House Sands,

provided further evidence for Late Iron Age and Romano-British occupation in the area

(Long, 1988) and hinted at the possibility of Bronze Age settlement (Vyner & Daniels,

1989). The remains of three wooden roundhouses were identified in the 1964 excavation

at Catcote (Long, 1988) and, together with associated finds of quern stones, burnt grain

and the bones of domestic animals, were interpreted as evidence for a mixed agricultural

community established during the late pre-Roman Iron Age. Pottery from the late Iron

Age through to the end of the Roman occupation together with some Roman coins

showed that the site was in use for c. 600 years. Subsequent excavations at Catcote in

1987 (Vyner & Daniels, 1989) on separate parts of the site revealed remains of more post

and panel buildings of indeterminate age and part of a large Romano-British structure.

The remains of four timber post structures, thought to be Bronze Age, were excavated,

but no artefactual evidence was found to support this interpretation (Vyner & Daniels,

1989). No firm evidence for pre-Roman settlement has been found in the Hartlepool
10



coastal zone. However, finds of Mesolithic, Neolithic and Bronze Age artefacts within

and beneath the intertidal peats indicate at least a transitory presence for these cultural

groups (Young, 1983).

2.2 The Submerged Forest

The existence of intertidal peat beds, 'Submerged Forest', in Hartlepool Bay has

provoked the interest of scholars and antiquarians for around 200 years (Sharp, 1816;

Trechmann, 1936; 1947). Not only have the deposits revealed artefacts dating from the

Early Mesolithic onwards (Harding, 1970), including the partial skeleton of a Neolithic

man (Tooley, 1978), but their nature and present altitude testifies to the changing

relationship between land and sea during the Holocene.

Palaeoecological investigations of the peat beds from the 1970s onwards, for example

Tooley (1978), Tooley and Innes (1999) and Waughman (in press) have shown that the

intercalated organic and minerogenic strata which overlie weathered tills of Late

Devensian age are spatially discontinuous. Although of variable depth and elevation, the

submerged forest beds nevertheless cover an extensive area. Pollen analysis, diatom

analysis and radiocarbon dating have revealed the episodic deposition of these terrestrial

and marine facies, which date from around 7000BP onwards. Recognition of the value of

these deposits as a record of past environments led to the granting of SSSI status in 1988

(Tooley & Innes, 1999).

The intertidal peat beds extend for over 4km at Hartlepool (Fig. 2.2) in a swathe from

North Sands to Carr House Sands (Trechmann, 1936). To the N of Hartlepool the peats

are known only at depth. Trechmann (1936) describes 2ft (60cm) of lignite-like peat

between boulder clay and beach/dune deposits. Close by, another layer of peat was

found beneath 51ft (16m) of beach and dune deposits (Trechmann, 1942). Boreholes in
11



the area where the docks were excavated (the Slake) have proved over 3m of peat

intercalated with marine or estuarine alluvium (Smith & Francis, 1967). These peats

were found to contain large tree trunks and some animal remains (Cameron, 1878). The

deposit continues southwards under Hartlepool Bay from where moorlog has

occasionally been dredged (Smith & Francis, 1967). The submerged forest beds are only

periodically exposed on the surface along the foreshore S of the harbour area. Here the

deposit may be up to one metre thick consisting of dark brown compressed vegetation

with some tree roots. Sub-fossil tree trunks are sometimes washed up on the foreshore

(Fig. 2.3).

Fig. 2.3: Sub-fossil tree trunk, with close-up, washed up on the beach
at Carr House Sands, Hartlepool. Photographed 29th June 1995.



2.3 Regional Physical Description

2.3.1 Geomorphology

The geomorphology of Durham and the Tees valley has been classified into four

geographical units (Beaumont, 1970; Graham, 1988). These are the Tees Lowlands, the

East Durham Plateau, the Pennine Uplands and the Wear Lowlands. The following

description of the Hartlepool hinterland is based on the first three of these units with the

addition of the North York Moors, which overlooks Hartlepool and the Tees Lowlands

from the S (Fig. 2.4). The Wear Lowlands have been excluded because they have no

physical connection with the Hartlepool area. The Pennine Uplands are peripheral to the

Hartlepool locality but maintain a connection as the source of the R. Tees. The Pennine

Uplands and the North York Moors have been the focus of numerous pollen studies,

interpretations from which add greatly to the regional perspective on vegetation change.

modified from Graham (1988)

Fig. 2.4: Geomorphological Regions of the former County Durham 13



The Tees Lowlands - Hartlepool lies at the northern edge of a low-lying, drift-covered

area which extends for over 30km in a southwesterly direction beyond Darlington and

also south across the Tees to the foot of the Cleveland Hills and the North York Moors.

Underlying this area are Permian Magnesian Limestones and Marls in the north and

Triassic Sandstones and Mudstones to the south (Fig. 2.5). This area is all below 100m in

altitude and is mantled with glacial, alluvial and lacustrine deposits that were poorly

drained in the past. Now much of the area, where not built upon, is farmed.

The East Durham Plateau - Immediately to the northwest of Hartlepool the ground rises

gradually from the cliffed coast onto the East Durham Plateau and reaches 180m in

places before terminating in a broken, west-facing escarpment overlooking the Wear

Lowlands. This area is underlain by Permian Magnesian Limestone which is thinly drift-

covered except where the solid outcrops on the escarpment. The gently sloping eastern

edge of the East Durham Plateau is deeply dissected by denes and truncated at the coast.

The North York Moors - To the south of the Tees estuary the ground rises steeply onto

the Cleveland Hills and the North York Moors, an extensive dissected plateau at a

general level of 300-400m. The area is underlain by rocks of the Jurassic period. The

flanks and valleys are covered with glacial drift while the hills, which were not directly

affected by the Late Devensian ice sheets, have only a thin cover of minerogenic

sediments but extensive peat deposits.

The Pennine Uplands - The principal upland area in NE England, rising to nearly 900m at

Cross Fell, is the Pennines. Carboniferous rocks underlying the Pennines extend to the

coast in Northumberland and are drained to the east by the Tees, Wear and Tyne. The

northern Pennines acted as a source and a conduit for Devensian ice. Drift cover on the
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tops is thin, but more substantial on the flanks and in the valleys. There are extensive

deposits of peat on the Pennine moorlands.

2.3.2 Geology

Pre-Quaternary - The solid geology of NE England (Fig. 2.5) is mainly Carboniferous

and Permo-Triassic in age and is thought to sit unconformably on older strata which are

not well known (Smith & Francis, 1967). The Carboniferous deposits are at least 600m

thick and consist of the Carboniferous Limestone Series (with Sandstone Series in

Northumberland), Millstone Grit and Coal Measures. While the Limestone Series and

Millstone Grit form the solid in the Pennines, Coal Measures underlie the Wear

Lowlands. The Carboniferous beds have been uptilted in the west due to the uplift of the

Alston Block, a Weardale granite batholith beneath the Pennines. The Upper

Carboniferous and some older formations were eroded, particularly from the west of the

region, before the deposits of the Permian Sea overwhelmed the lower lying areas that

now form the Tees Lowlands and the East Durham Plateau (Smith & Francis, 1967).

Folding and faulting during the Late Carboniferous or Early Permian allowed the

intrusion of igneous rocks such as Whin Sill (Fig. 2.5) (Smith & Francis, 1967).

During the Permian over 300m of Magnesian Limestone with interbedded anhydrite was

laid down followed by 150m of Upper Permian Marl, much of which was subsequently

eroded. The Magnesian Limestone outcrops as the East Durham Plateau, where it is

visible in cliff exposures to the north of Hartlepool, and also underlies much of the

northern part of the Tees Lowlands. South of the West Hartlepool Fault, Bunter

Sandstones and Red-Brown Mudstones (Keuper Marl) of the Triassic overlie the Permian

rocks and extend under the Tees valley and south towards the Vale of York. Sandstones

are found to the S of the West Hartlepool Fault (Fig. 2.5) and across much of the lower
15



Newcastle

.West Hartlepool FaultHartlepool

Darlington« Whin
V Sill

Middlesborough -j

major faults ^

major rivers

SEDIMENTARY FORMATIONS

CARBONIFEROUS

Calciferous
sandstone

Carboniferous
limestone

Millstone
grit

Coal
measures

PERMIAN

Magnesian I
limestone

TRIASSIC

Keuper &
Bunter
sandstone

Keuper
marl

JURASSIC

Lower

(Lias)

Middle

Upper

IGNEOUS
ROCKS

Granite

Andesites &
Basalts of
Devonian aye

sills, dykes

Fig. 2.5: NE England - Geology
(modified from: Geological Survey of Great Britain, Sheet 1, 1957)



Tees alluvial plain. The southern edge of the lower Tees valley and estuary is underlain

by Mudstones.

Younger sedimentary rocks of Jurassic age form the North York Moors with the Lower

Lias overlying the Permian in a strip along the northwestern boundary from Redcar on

the south of the Tees estuary southwestwards towards Northallerton. The Middle and

Upper Lias continue the sequence on the high ground where the main exposure is of the

Middle Jurassic Oolite Series.

Thus the major geomorphological units of NE England are principally defined by their

geology and structure, with the oldest (Carboniferous) and youngest (Jurassic) rocks

forming the highest ground in the region. No terrestrial evidence remains of any later

sedimentary phases. Continuing uplift in the W of the region during the Tertiary led to

renewed incision and sustained sub-aerial erosion (Johnson, 1970). The resulting

accumulation of Tertiary sediments reached a total depth of 1500m in the North Sea basin

(Beaumont, 1970).
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2.4.1 Quaternary - Pleistocene

The Quaternary is the most recent geological period, representing the last 2 to 2.6 Ma

(million years), and is divided into the Pleistocene Epoch, up to 10,000BP (years before

present), and the Flandrian or Holocene Epoch, 10,000BP to the present. Deep-ocean

core oxygen isotope records show there to have been between 30 and 50 cold/temperate

cycles during the Quaternary (Lowe & Walker, 1997). During the cold stages (glacials

or ice ages) continental ice sheets expanded and regional ice caps were established. This

process lowered sea levels worldwide, depressed the affected landmasses and caused the

transfer of large volumes of eroded material from uplands to lowlands and sedimentary

basins. The cooling of the climate pushed high and mid-latitude climatic zones closer to

the Equator and areas peripheral to the ice-sheets would have experienced harsh,

periglacial conditions. The lowering of sea levels exposed continental shelves and

opened land bridges worldwide, thereby offering opportunities for colonisation and

migration for flora and fauna. Only fragmentary evidence is available for the numerous

alternations in climate and environment that have occurred during the Pleistocene in NE

England. The last glaciation to affect the area, the Late Devensian (c. 30,000 -

15,000BP), caused much reworking of the former landscape. However, some evidence

does remain from earlier glacial and interglacial periods. This includes the Magnesian

limestone fissure fills from the cliffed coast north of Hartlepool, the Easington Raised

Beach, the Warren House Till and the Hutton Henry peat raft (Fig. 2.6).

Fissure Fills

The earliest Pleistocene remains known in the region have been exposed along the coast

c. 10 to 15km N of Hartlepool as fissure fills in the Magnesian limestone (Fig. 2.6).

Material from different glacial and interglacial periods fell into the fissures where it has
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been protected from subsequent erosive phases. Bones belonging to an early elephant,

Mammuthus meridionalis, were identified in one fissure leading to correlation with the

Cromerian beds of the Norfolk coast, dated to c. 500kaBP, (Trechmann, 1952, in

Bridgland, 1999). Plant remains associated with the Lower Pleistocene have been found

in another fissure. These deposits were visible in the past only at the lowest tides and

have been almost completely concealed from view by colliery waste and beach fill over

recent years (Bridgland, 1999).
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The Easington Raised Beach

This feature (Fig. 2.6) is exposed at an altitude of over 35mOD in a coastal cliff face

15km N of Hartlepool and consists of 4m of poorly to firmly cemented sands, pebbles

and well-rounded gravel. Many of the pebbles have been bored by marine molluscs and

annelid worms (Trechmann, 1931), which indicate deposition during a temperate period

with higher relative sea level (Bridgland & Austin, 1999). Shells from the Easington

Raised Beach have been radiocarbon dated to older than 38000BP indicating that the

formation may be of Ipswichian age or older (Smith & Francis, 1967). Recent amino

acid work on the molluscan shells has suggested that they could be assigned to oxygen

isotope stage 7, that is the earlier interglacial (Bowen et al, 1991). However, eustatic sea

level reconstructions from the tectonically stable island of Bermuda indicate that there

have only been two episodes of higher world sea level during the last 250ka (Harmon et

al, 1983). Neither were sufficient to explain the current position of the Easington Raised

Beach without a tectonic component.

The Hutton Henry Peat Raft

(

The Hutton Henry peat raft (Fig. 2.6) was found within the lower levels of the Upper

Boulder Clay and was assigned to the Ipswichian interglacial (oxygen isotope stage 5e)

(Beaumont, et al, 1969). The peat was discovered in a road cutting 1km NE of Hutton

Henry village and had been deformed and streaked over a distance of at least 25m in a

southwesterly direction. Pollen analysis showed high values for Carpinus, which is

indicative of the late temperate stage of the Ipswichian interglacial. Over 15m of sands,

clays and gravels were observed beneath the till containing the peat raft. These deposits
( ^

were interpreted as outwash material from the Upper Boulder Clay ice that was

subsequently overrun or shunted by the ice. The condition of the peat, found close to the
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I 1
western edge of the Upper Boulder Clay, suggested that the deposit may not have been

carried very far from its original location (Beaumont et al, 1969).

Although no organic deposits have been correlated with Devensian interstadial

sequences, peat deposits extending back to the Lateglacial have been identified at a

number of sites in the region (Fig. 2.6). These sites include Thorpe Bulmer, 5km NW of

Hartlepool, which will be discussed in Chapter 4, and Seamer Carrs on the NW edge of

the North York Moors, which will be reviewed in both Chapters 3 and 4.

2.4.2 Glaciation

On the basis of the Pleistocene succession observed in the coastal area close to

Hartlepool two extensive tills with an intervening sand and gravel unit are recognised in
r \ '

the area. These are the Lower Boulder Clay, the Middle Sands and the Upper Boulder

Clay (Smith & Francis, 1967; Douglas, 1991). Two further units, the Scandinavian Till

and the Stainmore Till, impact on the understanding of late Pleistocene chronology in the

Hartlepool area.

Scandinavian Till

The Scandinavian Till was first identified by Trechmann (1915 (in Smith & Francis,

1967)) and is only known at one location, a buried valley at Warren House Gill, on the

coast 10km NW of Hartlepool (Fig. 2.6). The deposit is approximately 4m thick and is

differentiated by its shelly matrix and the small number of Norwegian clasts and

boulders it contains. Trechmann (1920 (in Smith & Francis, 1967)) identified an

overlying silty deposit as loess which had been reworked by water in the upper part. He

regarded the loess as evidence for sub-aerial erosion prior to the subsequent expansion of
f \

the ice sheet that deposited the Lower Boulder Clay.
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The age of the Scandinavian Drift is uncertain. Smith & Francis (1967, p.242) follow

other workers in arguing that the loess is likely to be Hoxnian in age and that the

Scandinavian Drift therefore dates from the preceding glacial period (Paviland, oxygen

isotope 10). Beaumont (1970) assigned the Scandinavian Drift and the overlying loess to

the Wolstonian glacial (oxygen isotope 6). Attempts to date the Scandinavian Till by

correlation with the shelly Basement Till of Yorkshire have been thwarted by

disagreements over the age of the latter deposit (Teasdale & Hughes, 1999). Douglas

(1991) suggests that the Scandinavian Drift could be correlated with the Wolstonian

glacial but that it would be safest to regard the deposit simply as pre-Devensian,

particularly as evidence for the Wolstonian in Britain is unclear. For most of this century

the Scandinavian Till deposit has been obscured by colliery waste and has only recently

been exhumed by the sea, thus providing an opportunity for reappraisal (Bridgland,

1999). As the Scandinavian Till is known at only one location, the ice that deposited the

till is not thought to have penetrated very far inland.

Lower Boulder Clay

This is regarded as the most widespread glacial deposit of the region extending over

much of NE England as a lodgement till (Douglas, 1991) but rarely exceeding 10m in
r

thickness (Beaumont, 1970). Although usually lying on rockhead, the Lower Boulder

Clay overlies intermittent sands and gravels in the E of the region (Smith & Francis,

1967). Evidence from striae and the high percentage of Carboniferous rock fragments
f ^

within the Lower Boulder Clay show that it was deposited by an ice sheet originating

mainly to the N. However, in the area to the S and W of Hartlepool, the direction of ice

flow appears to have been from the W (Smith & Francis, 1967). Fig. 2.7 shows the

direction of main ice movements in NE England during the Late Devensian glaciation

(Catt, 1991).
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Fig. 2.7: Main ice movements in northern and eastern England during the Late
Devensian. (modified from Catt, 1991 andTeasdale & Hughes, 1999.)

Stainmore Till

During the Last Glacial Maximum (22 - 18kaBP), accumulations of ice in the Lake

District overspilled and crossed through the Pennines via the Tyne and Stainmore Gaps

(Teasdale & Hughes, 1999). The tills produced by these ice streams can be distinguished
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by their Lake District and Shap erratics (Smith & Francis, 1967). There is some evidence
( \

that the Lower Boulder Clay, from a northerly ice stream, was deflected to the E in the

area S of Hartlepool by an ice stream moving E across the Pennines through the

Stainmore Gap (Beaumont, 1970).

Middle Sands

Deposits of sands, silts, clays and gravels are found throughout the coastal area of the
' V (

region sandwiched as fairly extensive layers of material between the Lower and Upper
\

Boulder Clays. These sands and gravels can be over 30m thick and are found as discrete

lenses of material rather than continuous deposits (Smith & Francis, 1967; Beaumont,

1970). These sediments are thought to have originated as subglacial outwash from the
r \

ice stream that deposited the Upper Boulder Clay (Eyles et al, 1982).

'upper Boulder Clay'
f i

The ice that deposited the Upper Boulder Clay originated in southern Scotland and

travelled mainly down the coast incorporating erratics from the Sunderland area. The ice

stream responsible has been classed as a surge lobe (Catt, 1991) which moved south but

had a strong tendency to transgress inland into the Tees basin, the Esk valley and the

Vale of Pickering. Catt (1991) argues that these southwesterly transgressions can be

explained by lateral spread of the ice lobe, which may have been 150km wide, rather than
' \

being due to pressure from Scandinavian ice. The Upper Boulder Clay is found only in

the east of the region and penetrates inland as far as the 130m contour. Near Hartlepool
/ \

the westernmost edge of the Upper Boulder Clay ice is marked by a series of moraine

ridges (Fig. 2.6) aligned N to S for c. 9km in the area just W of Thorpe Bulmer (Smith &

Francis, 1967).
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2.4.3 Lateglacial Deposition and Erosion

Laminated Clays
(

Deposits of Lateglacial laminated clays are found along the western edge of the Upper
\

Boulder Clay in parts of the region (Fig. 2.6). The most extensive deposit is that in the

Tees Basin (Agar, 1954) which covers an area of approximately 150km2 extending from

Eaglescliffe in the W to the estuary and reaching as far N as Claxton (Smith & Francis,

1967). The Tees basin clays are 10 to 12m in thickness around Middlesbrough but thin

towards the periphery of the deposit (Agar, 1954). Where found, the laminated clays are
(

usually the uppermost deposit and overlie unweathered and only slightly eroded Upper
V

Boulder Clays. These deposits have been identified as lake sediments and are thought to
' \

have originated in a proglacial lake formed when Upper Boulder Clay ice was stagnating

to the E of the Tees estuary (Smith & Francis, 1967; Agar, 1954; Catt, 1991). Other

possible former proglacial lake sites have been identified elsewhere in the region, for

example Lake Edder Acres west of Upper Boulder Clay moraine ridges in the Shotton

area and Glacial Lake Wear west of Sunderland (Smith & Francis, 1967; Douglas, 1991).

Terrace ofWarp

Ground shown as Terrace of Warp on the 1965 geological drift map (Fig. 2.8) was

identified as a marine planation surface having its backslope at an altitude of

approximately 80ft (25m) OD (Smith & Francis, 1967). The Terrace of Warp extends

from Crimdon Beck southwards and merges with the 82ft OD Lateglacial shoreline of

the Tees Basin identified by Agar (1954). It is cut into the Magnesian Limestone and
( \

Lower Boulder Clay deposits and extends inland for over 3km from the coast at Seaton
I >

Carew (Smith & Francis, 1967). The Upper Boulder Clay has been completely eroded

from the northern part of the feature but is present beneath surficial deposits along the
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Headland and in a southwards widening wedge down the coast from Newburn Bridge

(map p.206, Smith & Francis, 1967). Beaumont (1970) takes issue with the marine

origin of the feature and argues that a number of planation surfaces in the region were

cut by ice-impounded waters moving along the coastal zone at different stages during the

stagnation of the North Sea ice lobe. Other than being a Lateglacial feature, the precise

age and origin of the 80ft planation surface remains conjectural.

Smith & Francis (1967) identified a strip of sand and gravel extending for 5km along the

back edge of the planation surface from Throston to Greatham as a raised storm beach,

the creation of which could be linked to that of the Terrace of Warp (Fig. 2.8). Other

less extensive deposits of sand and gravel situated around the margins of the laminated

clay within the Tees Basin were also recognised as shoreline features by Agar (1954).

2.4.4 Lateglacial Relative Sea Level Change

During glaciations, the global (eustatic) sea level is markedly reduced as fresh water

becomes locked up in ice caps and ice sheets. In those areas of the world peripheral to or

directly affected by glaciation, the changing relationship between land and sea is further

complicated by glacio-isostatic and hydro-isostatic loading and unloading effects

(Lambeck, 1991). Scotland and the North of England were weighed down by around

1500m of ice (Lowe & Walker, 1997) during the Devensian while southern England

experienced upwarping due to forebulge effects and the unloading of water from the

North Sea and the English Channel. Recovery of the crust from the effects of the

Devensian glaciation has been exponential through time with most adjustment occurring

during or immediately following deglaciation. Shorelines formed during deglaciation

can be uplifted or submerged depending on the relative importance of isostatic and

eustatic impacts.
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Evidence for changes in RSL around the coast of Britain since the Devensian glaciation

can be found in raised shoreline sequences, submerged and elevated wave-cut platforms

and intercalated sediments of marine and terrestrial origin. In particular, dated organic

sediments showing transitions between marine and terrestrial conditions provide sea-

level index points that can be used to construct RSL curves. Observational data from

many former Scottish coastlines indicate that RSL was at least 40m above present during

deglaciation and fell towards the end of the Lateglacial (Lambeck, 1993b). In contrast,

Lateglacial shoreline indicators from around the English coast are likely to be preserved

offshore because of forebulge collapse and RSL rise during the Holocene.

Reconstructing palaeo-sea-levels for the Lateglacial period in Britain has been the focus

of much work by Lambeck (1991, 1993a, 1993b, 1995) and others who have constructed

earth uplift models using estimates of ice load and earth viscosity. The results compare

favourably with empirical data from sea level index points all around the UK coast,

-100
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Fig. 2.9: Predicted mean sea level curves for the coast of
NE England (taken from Lambeck, 1993a)
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although there are differences in some regions. The models are partially validated by

empirical data and in general the predicted RSL curves support a history of raised

Lateglacial RSL in northern Britain and lowered Lateglacial RSL in southern Britain

(Lambeck, 1993a). The predicted curves for the coast of NE England are shown in Fig.

2.9, taken from Lambeck (1993a), and are illustrative of the differences in spatial

response across the UK following deglaciation.

2.4.5 Summary of Glacial and Lateglacial Events

The majority of sources support the view that the Scandinavian Till is pre-Devensian in
r i

origin and that the Upper Boulder Clay belongs to the Late Devensian. However, the

correlation of glacial and interglacial deposits has proved more problematic. Smith and

Francis (1967) showed that evidence for the age of the Lower Boulder Clay was

equivocal given its apparent position beneath the (interglacial) Easington Raised Beach

gravels, which would suggest a pre-Devensian age (Douglas, 1991). This point has
r

clearly not been addressed by those who have assigned the tripartite sequence of Lower

Boulder Clay, Middle Sands and Upper Boulder Clay entirely to the Late Devensian

(Beaumont, 1970; Thomas, 1999; Douglas, 1991; Teasdale & Hughes, 1999). Eyles et al

(1982) have argued that the lodgement tills of NE England were laid down during one

period of subglacial deposition rather that as the result of different glaciations. They
t \

noted that while the Lower Boulder Clay surface was frequently eroded beneath the

Middle Sands, these subglacial outwash deposits were present only as lenses within the

till fabric. These observations led to the development of the model briefly described

below.

Eyles et al (1982) presented a model (unconformable facies superimposition) that is

supportive of a subglacial origin for the tills in Northumberland. The model illustrates
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how differences in till fabric and lithology can be due to the displacement of basal flow

units within the glacier, rather than evidence for separate glaciation events in

Northumberland. In addition they observed that changes in the colour of till due to

weathering can make a complex sequence appear to be the product of more than one

glaciation (Eyles & Sladen, 1981; Eyles et al, 1982; Hughes et al, 1998). The subaerial

weathering (oxidation, reddening) of the upper till unit was found to have been enhanced

by the presence of the underlying sands and gravels which promoted drainage. The

general consensus, based on the work of Eyles et al (1982) and others, is that the

sequence of lodgement tills observed in NE England was wholly deposited during the

Late Devensian (Teasdale & Hughes, 1999).

The main burden of ice accumulation during the Late Devensian glaciation centred over

Rannoch Moor and the Lake District producing ice streams which affected NE England

mainly from the N and W. However, towards the end of the glaciation the focus shifted

more to the E with a dominant ice stream moving from southern Scotland affecting the E

coast of Britain. The maps of reconstructed Late Devensian shorelines taken from

Lambeck (1995b) illustrate this change in ice centre dominance. Figs. 2.10 (a & b) show

Lambeck's (1995b) reconstructions for the Lateglacial Maximum, at 22kaBP, and the

beginning of deglaciation at 18 kaBP. The 18kaBP map shows an extensive lobe of ice

originating in E Scotland affecting the coast of NE England. It has been argued that the
' \

Upper Boulder Clay was the result of such a lobe of ice that moved from the S of

Scotland down the E coast penetrating only a short distance inland. However, the timing

of this North Sea ice surge has been questioned (Teasdale & Hughes, 1999). Work by

McCabe et al (1998) correlated the Killard Point Formation, on the NE coast of Ireland,

with Heinrich Event 1 and led to the suggestion (Teasdale & Hughes, 1999) that a return

to colder conditions during the Late Devensian may have occurred as late as 14kaBP,
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c.

Fig. 2.10: Isobase maps of predicted shorelines and ice limits at
a) 22kaBP, b) 18kaBP and c) 14kaBP. Taken from Lambeck, 1995b.
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causing reactivation of the declining ice sheet. Such a model is not supported by

Lambeck's (1995b) shoreline reconstruction for 14kaBP (Fig. 2.10c), which shows ice

still connecting SW Scotland with NE Ireland but with insufficient ice in the body of the

Scottish ice sheet to form a North Sea surge lobe.

2.5.1 Holocene

Much of the Lateglacial landscape of Britain, in particular the unconsolidated deposits of

NE England, has been altered under the milder climatic conditions of the Holocene.

These sediments, which are mainly tills (diamictons), with alluvium in the river valleys,

form the parent materials of soil formation. The 1:1,000,000 Soil Map of England and

Wales generalises the soils of NE England into brown earths on the lower ground with

peats and peaty gleys on the uplands (Avery et al, 1974). Slightly more detail was

elicited from Graham (1988).

In the Hartlepool hinterland, Graham (1988), reports that poor drainage and high rainfall

on the Pennine Uplands have led to the development of blanket peat on much of the

ground over 600m. Eriophorum (cotton grass), Molinia caerulea (purple moor-grass) and

members of the Ericaceae (heather family) dominate the present-day vegetation. Where

there is a cover of till at slightly lower altitudes, peaty gley soils support homogeneous

heather moorland. In the better-drained parts of the uplands where Carboniferous

sandstones and limestones break the surface, podzols, brown earths and calcareous soils

have developed. These soils support a range of vegetation types, including heather

moorland and heather grassland on the sandstones and the species-rich limestone

grassland found in Upper Teesdale. Most of the East Durham Plateau has a cover of till

and supports high base status brown earths in the better-drained areas with surface water
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gleys elsewhere. The soils of the lower-lying parts of the region are dominated by

surface water gleys, with patches of low base status brown earths, and are widely used for

agriculture. Blown sand deposits, both active and stabilised (Fig. 2.8), are found in the

coastal zone to the N and S of Hartlepool. Other Holocene deposits include the

submerged peats of the intertidal zone, which formed in response to RSL rise and are

associated with the dune systems at Hartlepool.

2.5.2 Holocene Relative Sea Level Change

The polleniferous sequences under investigation in Hartlepool Bay are close to present

sea level and their existence and state of preservation owe much to changes in RSL

during the Holocene. An understanding of how RSL has changed in NE England during

the Holocene informs the environmental reconstruction being undertaken in this work

and will impact on the vegetation history interpretations for the Hartlepool area.

Recent studies by Plater et al (2000) and Shennan et al (2000b) in the NE of England

have demonstrated that RSL changes during the Holocene have been the result of the

interaction between two main factors: continuing isostatic uplift following the

deglaciation of N Britain and eustatic sea level rise following the deglaciation of the

Scandinavian and Laurentide ice sheets. The interplay of these two factors has resulted in

NE England experiencing a decreasing rate of RSL rise during the Holocene (Plater et al,

2000). Observational data suggest that RSL had risen sufficiently to be close to present

levels in Northumberland (Fig. 2.11) and the Hartlepool/Tees Estuary area (Fig. 2.12) by

5000BP and was probably above present levels in Northumberland by 4000BP (Shennan

et al, 2000b). Data from the Tees Estuary (Plater et al, 2000; Shennan et al, 2000b) show

no evidence for sea level above present during the Holocene. However, the existence of

intercalated terrestrial and marine sedimentary sequences, in Northumberland and at
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1000 yrs cal. BP

Fig. 2.11: RSL model curves from the northern (NN) and
southern (NS) sections of the Northumberland Coast.
(Modified from Shennan et al, 2000b.)

1000 yrs cal. BP

Fig. 2.12: Sea-level index points and RSL curve for the Tees
Estuary. Modified from Shennan et al (2000b)



Hartlepool, dating from before 5000BP, suggests that RSL rise may not have been steady.

The registration of sea level index points, transitions between marine and

terrestrial/organic sedimentation, may have been strongly influenced by local factors. As

the dominant effects of deglaciation, glacio- and hydro-isostatic recovery and eustatic sea

level rise, diminished in importance through the Holocene, local effects in the form of

changes in sediment availability, storm surges, coastal erosion and even the role of

people are likely to have had more impact on coastal changes (Plater & Shennan, 1992).

The elucidation of the RSL history of NE England is further complicated by the fact that

isostatic uplift and eustatic sea level rise have been finely balanced in this area. Isostatic

recovery can still be detected in the N of Britain where uplift of up to 2mm/yr over

Rannoch Moor has been estimated (Shennan, 1989; 1992). A similar rate of

submergence has been estimated for the S and SE of Britain. Across the middle of

Britain from North Wales and the Mersey Estuary to the Tees Estuary is a zone that is

experiencing little or no uplift or subsidence at the present time. Shennan (1992) reports

that uplift for the last 5000 years in the Hartlepool/Tees Estuary area has been close to

zero, while the rate at Alnmouth, 100km to the N on the Northumberland coast, has been

approximately 0.2mm/yr.

2,5.3 RSL Change in Hartlepool Bay and the Tees Estuary

A number of marine episodes have been identified in intertidal sediments from several

sites on the Hartlepool foreshore, Fig. 2.13, and from Cowpen Marsh in the Tees estuary

(Fig. 2.2). These episodes of enhanced marine influence are represented in Fig 2.14. A

major marine event was detected at WH19 (Tooley & Innes, 1999) between 5975±120BP

and 5530±90BP. This may be the same marine event that was recorded at WH1 la after
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Fig. 2.14: Hartlepool and Cowpen Marsh intertidal and estuarine sediment
sequences showing inferred marine episodes. Data for WH19 and HB4
derived from Tooley & Innes, 1999. Cowpen Marsh data extracted from
Plater & Poulton, 1992. Unpubished data kindly provided by M.J. Tooley.

6050±70BP (Tooley, 1988) and at WH2 prior to 5240+70BP (Tooley, 1978). Two other

marine episodes were identified at WH19, one prior to 6100BP and the other shortly after

5000BP. At Cowpen Marsh, optical and thermo-luminescence techniques were used to

identify three types of marine depositionary environment in silty clays intercalated

between peats dated to 5250±45BP and 7065±45BP (Plater & Poulton, 1992). Firstly,

during the longest part of the marine phase, lasting 1800±400yrs, the site underwent
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steady sedimentation near the HWM of an intertidal flat. During the second part of the

marine phase, lasting up to 200 years, the site experienced rapid sedimentation near the

LWM, thus indicating a rise in RSL shortly before 5250±45BP. Within the rapid

sedimentation phase an episode of resuspension and deposition occurred that was

interpreted as evidence for a high-energy event such as a storm surge.

While two later phases of raised or rising RSL were inferred from the HB4 data (Tooley

& Innes, 1999), most evidence for marine transgressive activity in the Hartlepool Bay

area appears to be concentrated during the period from around 5000 to 6000BP. This

may have been in response to a phase of rising RSL that was initiated prior to 7000BP

and first recorded in the sediments from Cowpen Marsh. Firm evidence of post-5000BP

marine events in the Hartlepool Bay area cannot be found in the present intertidal area

due to erosion, but may in future be identified in sediments from behind the beach.
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Chapter 3

Regional Lateglacial and Holocene Vegetation Change

- Peripheral Areas

3.1 Introduction

In order to build up a picture of vegetation and environmental change at a site it is

important to evaluate previous work carried out in the local region and relevant

peripheral areas. Patterns of change inferred from a wider area provide insights useful in

the interpretation of findings in a new area of study.

The Tees Lowlands forms the primary hinterland for the Hartlepool Bay area and

provides regional contextual information, which together with the existing knowledge

base at Hartlepool contributes to an understanding of the intertidal peats at Carr House

Sands and Carr House Sidings. The Tees Lowlands data are reviewed in the following

Chapter. Before focusing on the Tees Lowlands and Hartlepool itself, it is valuable to

assess previous work on vegetation change and human impact during the Holocene in

three peripheral areas. These are the North Pennines, the North York Moors and the

Northumberland Coast. The relationship of these three areas to the Tees Lowlands is

shown in Fig. 3.1.

The North Pennines, which is the source area for the R. Tees, and the North York Moors,

which overlook the Tees Lowlands and Hartlepool from the south, are both upland areas

peripheral to the Tees Lowlands (Fig 3.1). Data from both these areas provide a wider

picture of vegetation change and the impact of people on the landscape of northern

Britain since the Devensian. The vegetation history of Upper Teesdale has been the focus

of many detailed investigations. These include the work of Chambers (1978) and Johnson
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Fig. 3.1: Map of NE England showing the location of the areas discussed
in Chapters 3 and 4.

and Dunham (1963) on the Moor House NNR (National Nature Reserve) and that of

Turner et al, (1973) on the now flooded Cow Green Reservoir area in Upper Teesdale.

Also, Turner and Hodgson (1979, 1983) provided important overviews of vegetation

changes in the northern Pennines during the first half of the Holocene. To the south of

the Tees estuary, the North York Moors has also been the focus of numerous
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environmental and vegetation history studies. Amongst these are the works of Atherden

(1976; 1979) on the east-central area, Jones (1976; 1977; 1978) on Seamer Carrs and the

Cleveland dales and moors and Innes & Simmons (1988, 2000) and Turner et al (1989,

1993) on the central uplands. In addition, and despite its greater distance from

Hartlepool, the Northumbrian coastal zone has also been included in the wider review.

Research on intertidal and buried peat deposits at various locations along the

Northumbrian coast continue to provide information on the nature of the relationship

between land and sea since the Devensian glaciation (Innes & Frank, 1988; Plater &

Shennan, 1992; Shennan, et al, 2000a). These studies provide insights into the changes

observed in the coastal deposits at Hartlepool.
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3.2 Late Devensian Interstadial and Holocene vegetation change

3.2.1 Coastal Northumberland.

Evidence for vegetation change along the Northumberland coast has been derived from

studies at a number of sites ranging from Broomhouse Farm, opposite Holy Island in the

N, to Cresswell, on Druridge Bay to the S (Fig. 3.2). Many of these sites were studied

principally for the purpose of acquiring sea level index points (for example, see Shennan

et al, 2000a), and as a consequence only selected taxa microfossil diagrams are presented

in some of the literature. Nonetheless, a picture of environmental and vegetation change

for the Northumberland coastal zone can be constructed and provides some useful

comparisons for the Hartlepool coastal sites.

3.2.2 Late-Glacial Vegetation

Dated evidence of interstadial vegetation was available from only one site, Broomhouse

Farm, close to the coast 10km south of Berwick-upon-Tweed (Shennan et al, 2000a).

However, undated evidence of Late-Glacial vegetation has been described from Bradford

Kaim and Longlee Moor (Bartley, 1966), both of which lie within 10km of the coast.

At Broomhouse Farm, the lowest organic material had a basal date of 12040±110BP and

an upper date of 10900±85BP. The pollen was indicative of interstadial vegetation

dominated by Cyperaceae with small amounts of Poaceae, Juniperus communis and

Betula and a wide range of open ground and wetland taxa (Shennan et al, 2000a). The

environment was interpreted as a serai succession from small water body to reedswamp

and fen. Pollen from the clay above the organic material showed evidence of colder,

Loch Lomond Stadial conditions with an increase in open ground indicators (Shennan et

al, 2000a).
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Fig. 3.2: Map of the Northumberland coastal zone, area 1 in Fig. 3.1, showing
locations of sites discussed in the text.

43



The absence of Betula-dominated interstadial woodland communities this far north was

confirmed at two sites slightly further inland, Bradford Kaim and Longlee Moor

(Bartley, 1966; Innes, 1999). The local presence of tree Betula was established through

macrofossil analysis but the pollen signal suggested that the interstadial landscape had

been dominated by open vegetation of Poaceae and Cyperaceae together with Juniperus

and some Betula.

3.2.3 Holocene Vegetation Change in Coastal Northumberland

Holocene pollen data from a number of dated sites from coastal Northumberland have

been simplified and tabulated in Fig. 3.3 giving an overview of vegetation changes

across the region. Short dated sequences from Beal Cast and Elwick have been included

to complement gaps in the Broomhouse Farm and Warkworth data.

3.2.4 Early-Mid Holocene, c. 10000 - 5QQQBP

Early Holocene pollen records were available from Broomhouse Farm (Fig. 3.2)

(Shennan et al, 2000a), Bradford Kaim and Longlee Moor (Bartley, 1966). The Early

Holocene pollen record from Broomhouse Farm is indicative of open vegetation

dominated by Cyperaceae with stands of Betula, including B. nana, and some Juniperus.

A similar open landscape dominated by herbaceous taxa with small amounts of Betula,

Salix and Juniperus was established at Bradford Kaim and Longlee Moor during the

Early Holocene. Two sites, Broomhouse Farm and Warkworth (core 95/3), showed a

maximum Betula signal of 40%TLP during the early Holocene, but the signal was short¬

lived and was not matched or exceeded elsewhere. Innes (1999) suggests that Betula

woodland never became dominant in Northumberland, even during the early Holocene,

and that Salix and Juniperus remained important at some sites, including Longlee Moor
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Fig. 3.3: NORTHUMBERLAND COAST - SUMMARY VEGETATION HISTORY
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(Bartley, 1966), until the arrival of Corylus. Pinus was important locally at some sites

during the Early-Mid Holocene, usually within a Corylus/Pinus woodland (Shennan et

al, 2000a; Plater & Shennan, 1992).

From around 8000BP onwards, there is evidence that Corylus was beginning to expand

within a mixed-deciduous open woodland at a number of sites, including Broomhouse

Farm, Alnmouth and Warkworth (Shennan et al, 2000a). During the Mid-Holocene, c.

7000-5000BP, Quercus became co-dominant with Corylus over most of the region. In

view of the saltmarsh environment inferred from the pollen and stratigraphy at most of

the coastal sites examined by Shennan et al (2000a), much of the woodland signal is

likely to be extra-local. However, hazelnuts were observed within the peat at Elwick

indicating a local presence for Corylus (Plater & Shennan, 1992). Total tree and shrub

pollen rarely exceeded 80%TLP during the Early/Mid Holocene suggesting that the

woodland cover was not complete.

Ulmus was present at Broomhouse Farm by 7620±100BP and may have been present at

some sites prior to that date (Shennan et al, 2000a). The maximum representation for

Ulmus at any of the Northumberland coastal sites was 4 to 7%TLP during the Early-Mid

Holocene. Despite the low pollen productivity of this taxon (Andersen, 1970), Ulmus is

unlikely to have played other than a subsidiary role in the woodland of the region.

Corylus and Quercus or Corylus with Pinus were the principal constituents of the Early-

Mid Holocene woodland until the asynchronous expansion ofAlnus (Innes, 1999).

Alnus was present at all the Northumberland coastal sites during the Early-Mid

Holocene, arriving prior to 7000BP at many locations. At Broomhouse Farm in the N of

the region, Alnus was present from 6700±60BP onwards but only expanded, to 50%TLP,

just before 5185±55BP. A similar pattern, of presence but late expansion, was observed
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at other sites in the northern area such as Beal Cast and Bridge Mill. To the S of the

region, at Cresswell, Cresswell Ponds and Warkworth, Alnus played a more significant

role in the Mid-Holocene woodland (Horton et al, 1999; Shennan et al, 2000a). Further

south still, at Blaydon west of Newcastle (Fig. 3.1), a strong early Alnus signal was dated

to 7795±85BP (Horton et al, 1999).

The Mid/Late Holocene biostratigraphic marker of the Ulmus decline was recorded

throughout the Northumberland coastal zone but was not dated directly at any site. Innes

(1999) suggests that lowland Ulmus decline dates from NE England are generally older

than 5000BP and none of the limiting dates available from the Northumberland coastal

sites clearly contradict this view (Plater & Shennan, 1992; Shennan et al, 2000a; Innes &

Frank, 1988). In the N of the region the Ulmus decline predates 5185±55BP at

Broomhouse Farm but may be much later at Bridge Mill where it is bracketed between

5290±60BP and 4105±55BP (Shennan et al, 2000a). Further S at Low Hauxley, Ulmus

had already declined by the first level, which was dated to 4750±50BP (Innes & Frank,

1988). At other locations in the coastal zone the dated window for the Ulmus decline is

too large to allow clear statements about its timing to be made.

3.2.5 Late Holocene, c. 5000BP onwards

The Late Holocene pollen record from the Northumberland coastal sites has been

severely truncated due to the inland movement of dune systems, coastal erosion and

agricultural activities (Shennan et al, 2000b). The latest record in the N of the region is

from Bridge Mill, dated to 3360±60BP, while to the S records at Cresswell Ponds extend

until 2656±55BP. All sites showed some evidence for the transition from woodland to

more open vegetation with the expansion of Poaceae and Cyperaceae or Calluna during

the Late Holocene.
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Following the Ulmus decline, Alnus became dominant at Broomhouse Farm and Low

Hauxley, achieving over 60%TLP at some levels, and was also important at Bradford

Kaim. At other sites Alnus retained a significant role in the mixed-deciduous

Corylus/Quercus woodland. The shift towards more open vegetation started prior to

4105±55BP at Bridge Mill in the N of the region, with Poaceae and Cyperaceae

achieving co-dominance before 3360±60BP. In the S of the region, the decline of

woodland taxa was also noticeable at Cresswell Ponds from 3405±43BP onwards, and at

Warkworth, Poaceae and Cyperaceae were dominant by 3120±55BP. At Low Hauxley,

an early slight reduction of woodland taxa, associated with the spread of Calluna, was

dated by interpolation to 3900BP (Innes & Frank, 1988). However, the main woodland

decline occurred later and was linked to the widespread expansion of Calluna which

achieved 50%TLP by 2810±40BP.

The range of herbaceous taxa, including ruderals, observed at the Northumberland

coastal sites also increased from c. 4000BP onwards. Episodes of possible

anthropogenic interference were not readily identifiable due to wide sampling intervals,

restricted taxa presentation and the lack of cumulative diagrams (Shennan et al, 2000a).

However, at Warkworth, an estuarine site, a slight increase in Pteridium aquilinum after

the undated Ulmus decline was interpreted as evidence for minor forest clearance in the

locality (Shennan et al, 2000a). The presence of a Calluna peak just prior to 3405±45BP

at the Cresswell Ponds site was not addressed by Shennan et al (2000a) but may reflect

extra-local woodland clearance during the Bronze Age.

Two periods of anthropogenic interference were identified at Low Hauxley (Innes &

Frank, 1988). During the first, a slight increase in Calluna at the end of a Betula/Alnus

fen carr phase was interpreted as evidence for off-site woodland clearance during the

Middle Bronze Age (Innes & Frank, 1988). A major clearance in the upper part of the

48



diagram was established by 2810±40BP and involved substantial increases in Calluna

and Poaceae pollen. This clearance was interpreted as belonging to the Late Bronze Age

(Innes & Frank, 1988).

3.2.6 Holocene Relative Sea Level Change in Northumberland

The pattern of relative sea level changes in NE of England has been outlined in section

2.5.2. However, greater resolution of the Holocene changes is possible by a more

detailed examination of the work of Plater & Shennan (1992), Horton et al (1999a) and

Shennan et al (2000b). Their observations on sea level changes together with a refined

model of earth uplift (Lambeck, 1995) have brought predicted RSL values closer to the

empirical data but differences remain for parts of the British coastline at different periods

(Shennan et al, 2000b). Differential isostatic response has been identified as one

possible cause of differences between observed and predicted RSL curves. The

consolidation of organic sediments and changes in tidal range through the Holocene may

also have affected the nature of the signal obtained locally from sea-level index points

(Shennan et al, 2000b).

Reconstructions from sea level index points along the Northumberland coast (Horton et

al, 1999a; Shennan et al, 2000b) suggest that RSL has ranged from over 5m below

present during the Early Holocene to around 2.5m above present during the Late

Holocene. The presence of intertidal sediments above the current high tide level provides

firm evidence that RSL in Northumberland is now lower that it has been during the

recent past (Shennan et al, 2000b). Analysis of observed data also indicates that there

have been differences in RSL rise between N and S Northumberland during the

Holocene (Shennan et al, 2000b). Fig.3.4, modified from Shennan et al (2000b), depicts

model RSL curves for N and S Northumberland derived from Lambeck (1995), which
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1000 yrs cal. BP

Fig. 3.4: RSL model curves from the northern (NN) and
southern (NS) sections of the Northumberland Coast.
(Modified from Shennan et al, 2000b.)

have been fitted to observed data, not shown, by Shennan et al (2000b). The curves, and

the observed data, indicate that N Northumberland may have experienced higher than

present RSL for much of the Holocene while in S Northumberland the effect may have

been reduced and of shorter duration.

The effects of raised RSL on the preservation of sea-level index points may be seen in

Fig. 3.5, which has been constructed from a number of sources (Shennan et al, 2000a;

Plater & Shennan, 1992; Innes & Frank, 1988). Radiocarbon dated organic sequences

together with interpreted sea-level tendencies for some of the Northumberland sites are

displayed in Fig. 3.5, where they are arranged from north to south. Annstead Burn and

Newton Links mark the southernmost part of the northern section of coast. Apart from at

Broomhouse Farm and Bridge Mill, which are further from the present coastline than the
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other sites, there are no organic sequences preserved for most of the Mid-Holocene, the

period during which RSL may have been up to 2.5m higher than at present.

In contrast, the sites from Alnmouth southwards do have organic sediments preserved

from the Mid-Holocene when RSL may have been only slightly raised above the present

level. It is also interesting to note (Fig. 3.5) that closely neighbouring sites appear to

register opposing sea-level tendencies within short time intervals, perhaps emphasising

the role of local factors in the preservation of sea-level index points.

Evidence for the localised impact of high energy events may have been preserved at two

sites in north Northumberland, Broomhouse Farm and Annstead Burn (Fig. 3.2).

Broomhouse Farm is situated in a former coastal embayment (Horton et al, 1999b;

Shennan et al, 2000a) and has been subject to periodic inundation by the sea during the

Holocene. A layer of coarse sand, 35cm thick, intruded into the organic and silty

deposits, was believed to be marine in origin and was dated to between 7165±60BP and

6700±60BP. Horton et al (1999b) suggested that the deposit had formed an apron of

sand that could be related to a major storm event, but also raised the possibility that the

sediments could be related to the Stpregga submarine slides off the west coast of Norway

(Dawson et al, 1993).
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3.3.1 Pennines and Upper Teesdale

The Pennines (Fig. 3.6) is an extensive area of upland stretching 150 miles from the

Scottish border in the north to Derbyshire in the south. The Tyne, Wear and Tees (Fig.

3.1) are the major rivers draining eastwards from the northern Pennines and of these, the

catchment of the river Tees is the most pertinent to this study. In particular the

specialised vegetation of Upper Teesdale, which includes a number of rarities, has

aroused considerable interest, for example see Squires (1978) and Turner et al (1973).

The Upper Teesdale flora includes many plants that may have been more widespread at

different times in the past but are rarely found in Britain today. There are many diverse

habitats in Upper Teesdale, particularly on the limestone, types of locality which acted as

refugia during the maximum extent of woodland development (Squires, 1978). Over the

last 3000 years or so, since the removal of much of the woodland, many of these plants

have been able to thrive, within limited areas, due to increased exposure and disturbance.

The highest point of the Pennines, Cross Fell (893m), lies just above Tees Head on the

watershed between the east and west coast drainage systems. Land falls away steeply

into the Vale of Eden to the west but descends more gently to the east following the dip

of the Carboniferous strata. Where there are now extensive areas of heather moorland,

rough grazing and blanket bog, evidence from pollen diagrams and preserved tree

remains indicates that much of the Pennine Uplands was once wooded. Information on

vegetation changes in the Upper Tees catchment was derived initially from two review

papers which cover work on early and mid-Holocene material from a large number of

sites in the Northern Pennines (Turner & Hodgson, 1979; 1983). More detailed and site-

specific data were obtained from work on Cross Fell, (Godwin & Chapman, 1951),

Valley Bog in the Moor House National Nature Reserve (NNR) (Johnson & Dunham,

1963; Chambers, 1978), the Cow Green reservoir area in Upper Teesdale (Turner, et al.,
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1973), Cronkley Fell (Squires, 1978) and Pawlaw Pike (Sturludottir & Turner, 1985).

Some of this detailed information has been summarised and presented in tabular form in

Fig. 3.7.

3.3.2 Lateglacial (up to c. KXOOOBP)

There are only a few sites in the Upper Tees catchment with preserved organic sediments

dating back to the Lateglacial and those that have been identified appear to cover only

the very end of the Loch Lomond Stadial. Evidence from the Cow Green reservoir area

(Fig. 3.7) suggests that Upper Teesdale supported a typical Lateglacial vegetation of

species-rich herbaceous taxa dominated by Cyperaceae and Poaceae (Turner et al, 1973).

Betula nana, dwarf Salix and Juniperus pollen indicated the presence of a low shrub

layer while the small amounts of tree pollen were assumed to be due to long-distance

transport.

3.3.3 Postglacial - Early Holocene (c. 10,000 - 7,000BP)

The Early Holocene in the Pennines was also characterised by sparse peat growth and

hence poor preservation of organic sediments. At most sites in the Upper Tees

catchment peat did not begin to accumulate until the Boreal period, that is after c.

8,800BP, and some sites that contained Lateglacial material experienced a hiatus in

deposition during the early Postglacial (Fig. 3.7). However, Turner et al (1973) report

that pollen preserved at Foolmire Sike in the flooded Cow Green reservoir area was

transitional between Lateglacial and early Holocene assemblages and indicated the

presence of Corylus scrub and the migration into the area of tree Betula and Plnus.

During the early Holocene much of Upper Teesdale appears to have been dominated by

Corylus and Pinus (Turner & Hodgson, 1979), but at the highest sites on Cross Fell
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(Godwin & Chapman, 1951) and Hard Hill in the Moor House NNR (Johnson &

Dunham, 1963), Empetrum featured in the Corylus, Betula and Pinus woodland. At all

sites for which pollen diagrams could be checked, Ulmus and Quercus were also present

as part of a mixed deciduous woodland. However the extent and degree of woodland

cover is not clear. Turner and Hodgson (1979) speculate on the basis of a mean tree

pollen value of over 70%TLP for the N. Pennines that there was 'substantial forest

cover' between 200 and 750m by the end of the Boreal. Those sites in Upper Teesdale

with accessible pollen diagrams indicated tree pollen totals to be no more than 40%TLP

during the early Holocene, with shrubs, mainly Corylus, at around 35%TLP. On the

higher ground of Cross Fell (Godwin & Chapman, 1951) and in the Moor House NNR

(Johnson & Dunham, 1963; Chambers, 1978) shrub values of over 60%TLP were not

unusual during this period. This seems to suggest that the 'substantial' tree cover may

have been more akin to Corylus-dominated mixed woodland.

3.3.4 Mid-Holocene (c.7.000 - 5.000BP)

During the mid-Holocene, tree cover was far from complete in Upper Teesdale with total

trees and shrubs rarely exceeding 70%TLP. While at some sites, woodland cover had

achieved its maximum density by around 7000BP, at other sites maximum tree cover

was retarded, due in some part to the slow expansion of Alnus into the uplands. In the

northern Pennines as a whole, Corylus with Quercus and Alnus were the dominant

woodland taxa (Turner & Hodgson, 1983), but in Upper Teesdale (Fig. 3.7) Pinus and

Corylus were only gradually replaced by mixed Corylus, Quercus and Alnus woodland.

Turner et al. (1973) comment on the late expansion of Alnus at some of the Cow Green

reservoir sites and concluded that both Quercus and Alnus had migrated up the valley of

the River Tees while Pinus maintained a strong presence on the surrounding well-
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drained limestone soils. This is certainly supported by evidence from Fox Earth Gill

(526m) on Cronkley Fell where Simmons & Innes (1987) report a very late date of

5400±50BP (Harkness, 1981) for the Alnus rise.

The Ulmus decline has been dated in three areas of the upper Tees catchment. Dates

from the Valley Bog and Cow Green Reservoir areas are indicated on Fig. 3.7, and at

Fox Earth Gill on Cronkley Fell (Squires, 1970, in Sturludottir & Turner, 1985) a date of

4780±50BP was obtained. Further north at Quick Moss (Fig. 3.6), which overlooks the

Tyne valley (Rowell & Turner, 1985), the Ulmus decline was dated to 4900±50BP. The

Ulmus decline appears to have occurred after 5000BP at most sites but in the Cow Green

Reservoir area was associated with the final decrease in Pinus pollen that occurred

between 5770±110BP and 5200±120BP. An undated joint Ulmus and Pinus decline had

also been noted on the Moor Flouse NNR (Johnson & Dunham, 1963).

3.3.5 Late Holocene, c. 5,000BP to the Present

Mixed woodland, with Corylus, Quercus, Alnus, and Betula, was maintained at many

sites during the first half of the late Holocene in the Pennine Uplands, but in some areas

woodland was unable to regenerate as the ground became waterlogged and blanket bog

developed. Cycles of woodland clearance and regeneration on better-drained limestone

sites have been linked to human interference during the Bronze Age and later (Turner et

al, 1973). Over the last 2000 to 3000 years open woodland has been replaced by

Calluna, Poaceae and Cyperaceae moorland (Fig. 3.7) and woodland regeneration is

limited by sheep grazing.

3.3.6 The Impact of People on the Pennine Uplands

The earliest direct evidence for the presence of people in Upper Teesdale comes from the

discovery of flint and chert microliths at several sites within the Moor House NNR, Fig.
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3.6, (Johnson & Dunham, 1963). At several sites flints and flakes were found in situ

within peat which was shown to be of mid-Holocene age (c. 6000BP) and were

associated with horn sheaths of Bos, wild cattle, at two sites. The early pollen diagrams

were not detailed enough to show any vegetation change which might have been

anthropogenic in origin. However, at the Valley Bog site, fluctuations in Ulmus and

Corylus pollen dated to 5950±60BP were accompanied by increases in herbaceous taxa

and the first of several bursts of Pteridium (bracken) spores, and were attributed to the

hunting activities of Mesolithic people (Chambers, 1978).

Analyses of vegetation change during the first half of the Holocene at the Cow Green

reservoir sites did not engender any specific associations with the activities of Mesolithic

folk (Turner et al, 1973). However, relatively high values for Fraxinus, Poaceae and

Potentilla for some of the northern Pennine sites in the mid-altitude range 490 - 680m,

were interpreted as a possible response to the appearance of temporary openings in the

woodland, openings which could have had anthropogenic origins (Turner & Hodgson,

1983). Undated charcoal horizons at two sites on Cronkley Fell (Squires, 1978), which

have been assigned to pre- Ulmus decline strata, may be due to late Mesolithic burning to

create browse for domestic and wild fauna.

At Pawlaw Mire (460m) high on the Tees/Wear watershed, Sturludottir and Turner

(1985) undertook a high-resolution analysis of sediments flanking the Ulmus decline.

The site was not dated directly but it was estimated, questionably, that the sediments

examined had accumulated over a 450-year period. Prior to the Ulmus decline,

variations in amounts of Poaceae, Potentilla, Melampyrum, Betula and Calluna pollen,

together with high but unquantified concentrations of charcoal, were attributed to the

activities of Mesolithic people in creating clearings where wild animals could browse.
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Only small amounts of ruderal pollen were found, reducing the likelihood of any arable

or pastoral activity.

During the Ulmus decline at Pawlaw Mire, Salix began to expand and there was a

marked increase in ruderals. Following the Ulmus decline, the herbaceous signal

collapsed as Betula and Salix expanded. Charcoal concentrations were much reduced

during this period. Sturludottir and Turner (1985) speculate that the enduring decline of

Ulmus, which was not replaced by Fraxinus, could only indicate that deteriorating soils,

caused by continuing woodland interference, were responsible for the inability of Ulmus

to regenerate at this site.

At Valley Bog (Chambers, 1978) the Ulmus decline, dated to 4794±55BP, was both

preceded by and followed by fluctuations in levels of trees and herbs and was

accompanied by another burst of Pteridium spores. The Ulmus decline was quite

marked, dropping to negligible levels from an average of around 15% tree pollen and

showed no subsequent signs of recovery. It is likely that soil deterioration due to human

interference played a part in the demise of Ulmus in this area also.

3.3.7 Human Interference in the Post Ulmus Decline Period

There is little evidence for anthropogenic activity in the area in the immediate post

Ulmus decline period in the upper Tees catchment. Levels of trees and shrubs fluctuated

but showed no major clearance until the Bronze Age. Neolithic artefacts have been

identified in Teesdale (Trechmann, 1912, in Johnson & Dunham, 1963) but none were

found within the Moor House NNR. The occurrence of single cereal pollen grains at two

levels shortly after the Ulmus decline and associated with low levels of ruderals and the

end of a Pteridium peak, does however provide tentative evidence for the presence of

Neolithic people in the area. At Valley Bog in the Moor House NNR a short-lived
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expansion of Poaceae accompanied by Plantago lanceolata and Pteridium was given an

interpolated date of 3300BP (Chambers, 1978). This first major clearance was short¬

lived and was followed by a renewed expansion of Betula. The most intense clearance

was dated to ca. 2200BP (Fig. 3.7) during the Pre-Roman Iron Age when trees and

shrubs were reduced to less than 15%TLP and Sphagnum and Calluna achieved their

highest values. Poaceae and Plantago lanceolata were also very strong during this

period. A weak recovery was followed by a third undated clearance, again with strong

Poaceae and ruderal signals.

On Cronkley Fell charcoal horizons within post Ulmus-decline strata may reflect

continuing human interference (Squires, 1978). The subsequent clearance of trees was

associated with a substantial expansion in ruderal pollen and was attributed by Squires

(1978) to the activities of Iron Age people. Johnson and Dunham (1963, p 152) report the

existence of Iron Age hut circles at High Cup, three miles south of the Moor House NNR

which offers some evidence for human use of the Pennine Uplands during this period.

Although the Romans were active in the Vale of Eden and Roman roads do cross the

Pennines, there is little firm evidence for Roman occupation in Upper Teesdale (Johnson

& Dunham, 1963). Reports of an altar found at the end of the CI7th in Knock Ore Gill

on the Moor House NNR could not be substantiated but may indicate that the Romans

used the area for hunting (Johnson & Dunham, 1963).

Turner et al, (1973) suggest that most of the present bog communities were well-

established by 2500BP and that during the ensuing period woodland was only able to

regenerate on the better drained soils when people were not making great demands for

wood or pasture. Open species-rich grassland communities are being maintained at

present by the utilisation of the land for sheep-grazing.
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3.4.1 North York Moors

The North York Moors is an extensive upland area of almost 1200km2 consisting mainly

of open heather moorland over 150m (c. 500ft) in height (Fig. 3.8). It extends from just

south of Middlesbrough almost to Pickering in the south and from the Vale of York in

the west to the North Sea coast. Parts of the southern area are heavily wooded with

conifer plantations but the northern and central moors and dales, where there are

extensive areas over 300m (c. 1000ft), have only patchy woodland.

A number of workers have examined preserved organic sediments at various locations on

the North York Moors (Fig. 3.9) allowing a picture of past environments to be

constructed. The fossil pollen records for much of the area date mainly from, ca.

7000BP onwards, although sites in the Cleveland Hills and at Seamer Carrs have

preserved organic sediments dating from the Lateglacial (Jones, 1976; 1977; 1978).

3.4.2 Late Quaternary Vegetation Change

The Late Devensian Lateglacial interstadial is not of major concern for this study, so will

be dealt with only briefly here. Pollen samples from Kildale (Jones, 1977) and Seamer

Carrs (Jones, 1976) on the northern edge of the North York Moors show the presence of

herb-dominated vegetation, mainly Poaceae and Cyperaceae, during the Lateglacial.

At Kildale, where there is an early date (16713±340BP) from preserved organic

sediments, the expansion of woodland (Betula) vegetation was interrupted by a return to

unstable (cold) conditions during the Lateglacial interstadial. A similar sequence,

including varying amounts of Betula and B. nana (dwarf birch), Salix, Pinus and

Juniperus, was noted at Seamer Carrs, where the end of a mid-interstadial warm phase

was dated to 13042±140BP. The climatic deterioration of the Loch Lomond Stadial,
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Fig. 3.8: Map of the North York Moors, area 3 in Fig. 3.1, showing the locations of sites
discussed in the text.
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c. 11,000 to 10,000BP (12.5 - 11.5 k cal yrs BP), was marked by a major interruption to

tree expansion and a return to shrub-heath vegetation at both sites. This last stage of the

Lateglacial, evidence for which was also found at Ewe Crag Slack (Jones, 1978) and

West House Moss (Jones 1977), shows the final decline of Betula nana.
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3.4.3 Holocene Vegetation on the North York Moors

3.4.3.1 Early Holocene. c. 10.000 - 7000BP

Evidence of early Holocene vegetation on the North York Moors is available only from

the peripheral lowlands and the intermediate uplands and has been summarised within

Fig 3.9. At Kildale, West House Moss and Ewe Crag Slack in the Cleveland Moors and

Dales (Jones, 1977; 1978), the earliest Holocene deposits show a succession from an

open, herb-dominated environment to one where Pinus and Betula were increasingly

important in the landscape (Innes & Simmons, 1988). However at Seamer Carrs, (Jones,

1976), and to a lesser extent at Star Carr (Clark, 1972; Jones et al, 1979), the Early

Holocene Betula woodland was soon augmented by Corylus with Quercus and Ulmus,

and formed a closed woodland with few herbaceous taxa.

Although few sites in the intermediate uplands have any radiocarbon dates for the Early

Holocene, there appears to be considerable variation in arrival times of thermophilous

trees. The arrival of Quercus and Ulmus at Kildale B shortly after 10350±200BP is

somewhat earlier than the traditionally accepted date of 9000-8500BP (Birks, 1989) and

contrasts with the West House Moss site (Jones, 1977) where Quercus and Ulmus were

established just prior to the Alnus rise. Shrubs and trees generally reach 80-85% TLP in

the East Central Moors (Atherden, 1976, 1979) but the range and amount of herbaceous

pollen at these sites is suggestive of woodland more open and diverse than that of the

lowlands (Innes & Simmons, 1988). Nonetheless, the early Holocene sequence of Betula

and Pinus, Corylus, Quercus and Ulmus is, with minor variations, fairly clear at all the

aforementioned sites.

There are no Early Holocene preserved organic sediments from the central uplands,

although transitional Early/Mid-Holocene pollen has been recognised from Glaisdale
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Fig. 3.9: NORTH YORK MOORS - SUMMARY VEGETATION HISTORY
Lowlands Cleveland Dales Cleveland Moors East Central Moors East Bilsdale Moor Glaisdale Moor
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3170±65 Radiocarbon dated horizon
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Moor (Simmons & Cundill, 1974; Innes & Simmons, 1988). In the highest parts of the

North York Moors, it has been suggested that the Early Holocene BetulatCorylus scrub

developed into a more open PinustCorylus woodland with areas of grass and heaths

(Simmons et al, 1993), such as was found at Glaisdale Moor (Simmons & Cundill,

1974). Low amounts of Quercus and Ulmus pollen found towards the end of the Early

Holocene suggested that deciduous woodland was slow to colonise the uplands (Innes &

Simmons, 1988).

3.4.3.2 Mid-Holocene - c. 7,000 - 5,000BP

This period of the Holocene is regarded as the time of maximum forest cover and is

usually delimited at the beginning by the Alnus expansion and at the end by the Ulmus

decline. Alnus probably expanded into the North York Moors during the period 7500 -

7000BP (Birks, 1989) and most Ulmus decline dates from the area fall in the period 4900

- 4700BP (Simmons & Innes, 1981; Atherden, 1976; Innes & Simmons, 2000). While

tree and shrub values were generally higher than for the Early Holocene, it is noticeable

that values for herbaceous and shrub pollen in the upland areas were higher than for

Seamer Carrs, with Corylus being particularly successful in exploiting the paucity of

trees.

The dense woodlands at Seamer Carrs were dominated by Quercus and Alnus (Jones,

1976) while Alnus, Pinus and Corylus were prominent at Flixton II, near Star Carr

(Clark, 1972). Other trees such as Ulmus, Tilia and Betula were also important members

of the Mid-Holocene mixed woodland of the lowlands where there were few openings

for herbaceous taxa (Jones, 1976).

Tree cover was less complete on the higher ground with a wide range of herbaceous

pollen, including Melampyrum, and Pteridium spores indicating the existence of diverse
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environments with open habitat and woodland edge communities. Alnus, Quercus and

Betula were the most frequently found arboreal taxa, as they were at lower altitudes, but

stands of Pinus, with Corylus, became established locally (Simmons et al, 1993).

Corylus was dominant at the upland sites, most commonly associated with Alnus and

Quercus, but at Bonfield Gill Head Betula remained strong and even became dominant

towards the end of Mid-Holocene.

3.4.3.3 Late Holocene (c. 5,000BP - present)

During the last 5000 radiocarbon years the North York Moors vegetation has changed

dramatically. In the lower-lying areas and sheltered dales, the dense Mid-Holocene

mixed forest has been transformed into a patchwork of woodland, scrub and pastureland,

while the more open, patchy woodland of the higher ground is now an almost treeless

heather moorland (Jones et al, 1979). However, the sequence of vegetation change was

not steady and involved a number of woodland disturbance episodes, most of which were

subsequent to the Ulmus decline.

Ulmus decline dates for the North York Moors are only available from a few upland sites

and fall in the period after 5000BP. These include a date of 4890+80BP at Bonfield Gill

Head (Simmons & Innes, 1981) and 4720+90BP at Fen Bogs (Atherden, 1976). At

North Gill on Glaisdale Moor a number of dates from neighbouring sites centre on

4700BP (Innes & Simmons, 2000). Periods of woodland destruction around the time of

the Ulmus decline were not intense or long-lasting in the North York Moors. When

dated, sustained periods of reduced woodland cover were found to occur after 4000BP, at

the earliest, and were frequently associated with a diverse range of herbaceous taxa,

particularly Ericaceae during later clearances, and included ruderal and cereal pollen



A sequence of three clearance phases has been identified, with qualification, at a number

of sites in the east central area (Atherden, 1976, 1979). This sequence is exemplified by

the well-dated sequence from the intermediate uplands at Fen Bogs (Atherden, 1976).

Here, fluctuations in the Quercus, Alnus and Corylus woodland were not sustained until

after 2280±120BP when there was strong evidence of cultivation lasting until

1530±130BP. A second clearance phase commenced around 1060±160BP. Betula and

Corylus were able to regenerate for a period after 390+100BP but the renewed expansion

of Calluna, to over 80%TLP, shows the development of the present day vegetation. At

Ewe Crag Slack and West House Moss the reduction in mixed Quercus and Corylus

woodland was gradual with slight fluctuations associated with sparse cereal and ruderal

pollen at both sites (Jones, 1977 &1978). Two cycles of regeneration and clearance

followed the first sustained clearance at Ewe Crag Slack, which was ascribed to Bronze

Age activity and featured strong signals from cereals and ruderal pollen.

While evidence for the lowlands and intermediate uplands suggests that major clearance

did not immediately follow the elm decline, the picture in the uplands is less clear. The

Late Holocene records from North Gill and Bonfield Gill Head are incomplete and

undated but suggest that herbaceous taxa and Ericaceae were proportionately more

numerous at these sites than at lower altitudes, making evidence for woodland

destruction more difficult to detect in the pollen record. However, Simmons & Cundill

(1974) examined a number of other, undated, sites on Glaisdale Moor, apart from North

Gill. At some locations there was loss of woodland immediately after the Ulmus decline,

while at other sites tree and shrub levels remained high for a considerable period.

Further, in line with evidence from North Gill and Bonfield Gill Head, it was found that

the Corylus/Alnus/Quercus woodland cover was far from complete and included

extensive open areas with important populations of Poaceae, Cyperaceae and Calluna.
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The predominance of Ericaceae in the uplands over the last 3000 radiocarbon years was

confirmed by work at Harold's Bog, Fig. 3.9, (Blackford & Chambers, 1999). Pinus

deposition increased in the upper horizons at all upland sites reflecting the recent growth

of conifer plantations on moorland otherwise heather-dominated.

3.4.4 The Impact of People on the North York Moors.

The flanks and uplands of the North York Moors have supported a substantial

anthropogenic presence during periods of the Holocene, and it is important to comment

on the role of humans in altering the environment as evidence for such activities may be

reflected in the Hartlepool Bay area. The presence of people on the North York Moors

during the Holocene is inferred from two types of evidence; directly in the form of

artefacts such as axeheads, scrapers, flints, pottery, and the remains of habitation and

industry; indirectly from variations in microscopic remains such as pollen and charcoal.

3.4.4.1 Mesolithic, c. 8500 - 5QQ0BP

The distribution of Mesolithic artefacts in and around the North York Moors, especially

when compared to that of Neolithic folk, (Innes & Simmons, 1988; Spratt, 1993)

suggests that people were making wide-ranging use of the uplands during the Early and

Mid-Holocene. Small, geometric microliths have been found widely on the uplands

above 300m, possibly derived from tool-making activities at Star Carr (Clark, 1972), and

have been interpreted as evidence for summer hunting camps (Radley, 1971). There is

evidence at North Gill (Turner et al, 1993) and East Bilsdale Moor (Simmons & Innes,

1981) that people were involved in woodland management for much of the Mesolithic.

The asynchronous commencement of peat development, between 9000 and 6000BP at

North Gill, was interpreted as evidence of human agency rather than climatic control
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(Turner et al, 1993). Mesolithic activity has also been inferred at Upleatham,

overlooking the Tees estuary, where the high concentrations of finds suggest lengthy

occupation (Spratt et al, 1976; Spratt & Simmons, 1976).

3.4.4.2 Neolithic c. 5000 - 3800BP

Finds of Neolithic stone axes and beakers in the North York Moors are distributed

almost exclusively in the lowlands, along river valleys, in the dales and along the coastal

strip near Whitby (Spratt & Simmons, 1976). This pattern contrasts with the distribution

of Mesolithic artefacts, which are concentrated in the uplands. However, Neolithic flints

have been found on the moors, frequently in association with Mesolithic and Bronze Age

flints, thereby indicating the long-term use of the area for hunting (Spratt & Simmons,

1976). No Neolithic settlement sites have been identified in the North York Moors

leading to speculation that this cultural group inhabited the more fertile soils to the south

(Spratt & Simmons, 1976) and low-lying areas to the north and west.

There is little clear evidence for the impact of Neolithic people on the vegetation of the

North York Moors. Population pressure would have been low with an economy based

mainly on pastoralism in the lowlands, and seasonal foraging and hunting on the higher

ground (Spratt & Simmons, 1988). Evidence of short-term environmental damage may

not have lasted sufficiently long to register on some of the low resolution pollen

diagrams. However, at some sites there were post-Ulmus decline vegetation changes that

could have been caused by Neolithic activity. Undated reductions in relative percentages

of woodland taxa accompanied by ruderal expansions at Seamer Carrs, Fen Bogs and

May Moss (Jones, 1976; Atherden, 1976; 1979) were assigned to temporary Neolithic

clearance activity in the lowlands and intermediate uplands. Evidence for Neolithic

cultivation was limited to Ewe Crag Slack (Jones, 1978) where the discovery of cereal
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pollen shortly after the Ulmus decline caused some debate as to its provenance (Spratt &

Simmons, 1976 responding to earlier work by Jones).

3.4.4.3 Bronze Age, c. 3800 - 2700BP

The widespread distribution of large numbers of Bronze Age stone monuments

(cairnfields, round barrows, stone circles, etc.) on the intermediate and higher ground

suggested to Spratt and Simmons (1976) that more Bronze Age people made use of the

area than Neolithic folk. However, no Bronze Age occupation sites have been found on

the North York Moors either. Despite the lack of settlement sites there is substantial

archaeological and palynological evidence for arable activity in many parts of the North

York Moors during the Bronze Age (Spratt & Simmons, 1976; Atherden, 1976;

Simmons & Cundill, 1974). In some parts of the uplands however, grazing appears to

have been more important than cultivation (Simmons and Cundill, 1974; Atherden,

1976). At Fen Bogs Atherden (1976) argued that the ruderal pollen record was strongly

supportive of mainly pastoral land-use in an environment of temporary woodland

openings.

At West House Moss and Ewe Crag Slack in the northern moors and dales, evidence of

mixed farming was attributed to Bronze Age activity (Jones, 1977; 1978). Small amounts

of cereal pollen together with pastoral and other arable indicators suggested that both

herding and cultivation were taking place in a patchwork of open heath and mixed

woodland. More recently, evidence from Harold's Bog in the uplands suggests that there

was some mixed agriculture being undertaken during the Middle Bronze Age (Blackford

& Chambers, 1999). Peat rich in charcoal was dated to 3170±65 and was found to

contain ruderal pollen with both arable and pastoral indicators. The charcoal may
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indicate the clearance of vegetation for cultivation or the presence nearby of an as yet

undiscovered settlement (Blackford & Chambers, 1999).

3.4.4.4 Iron Age, c. 2700-19Q0BP

In contrast to earlier cultures, settlements from the Iron Age have been found at many

locations below 300m on the North York Moors, including the Esk valley, Kildale and

Leavisham Moor (Spratt & Simmons, 1976; Atherden, 1976). Those sites which can be

dated from pottery, have been assigned to the late Iron Age, c. 100BC - 70AD. Evidence

of agricultural activity can be seen in the form of Celtic fields and also in the distribution

of beehive querns that have been found widely in the valleys and lowlands (Spratt &

Simmons, 1976). In the absence of Late-Holocene radiocarbon dates at Seamer Carrs, the

first major clearance was thought to be due to Iron Age people (Jones, 1976) who

established a mixed agricultural economy.

Major woodland destruction occurred during the late Iron Age at Harold's Bog

(Blackford & Chambers, 1999) and Fen Bogs (Atherden, 1976) where the first major

clearance was dated to 2280±120BP. This clearance phase lasted until 1530±130BP

(Atherden, 1976) and was linked to the establishment nearby of permanent settlements

and the need for charcoal for smelting. The discovery of a forge overlying the remains

of two earlier forges on Levisham Moor indicated that smelting took place there over a

long period (Atherden, 1976) involving the use of considerable woodland resources.

The reduction of woodland cover, from over 70% trees and shrubs to less than 10%TLP

at Simon Howe Moss three miles north of Levisham Moor, probably reflects clear felling

of a large woodland resource (Atherden, 1979). Further evidence for Iron Age smelting

was also found at Crown End at the western end of Eskdale (Spratt, 1993).
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The removal of large areas of woodland would have increased leaching and led to the

transformation of brown forest soils into podzols. Dimbleby (in Atherden, 1976)

established that Bronze Age barrows were constructed in forest clearings on brown forest

soils and that podzolisation occurred subsequently, over the top of the barrows. Thus the

intense and widespread destruction of woodland during the Iron Age, and later, led to the

impoverishment of the soils and the spread of heather moorland together with blanket

bog and acid grassland (Jones et al, 1979).

3.4.4.5 More recent vegetation changes

Dated evidence from Harold's Bog and Fen Bogs, suggests that major periods of human

interference with the landscape of the North York Moors occurred during the Romano-

British, Viking and Medieaval periods (Atherden, 1976; Blackford & Chambers, 1999).

The most recent episode of clearance, during the last 200-300 years, featured renewed

expansion of the Calluna (heather) moorland and the widespread establishment of

conifer plantations.
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3.5 Summary Vegetation History for the Peripheral Areas

The three areas that have been considered in this section are peripheral to Hartlepool and

its immediate hinterland, but are important to this study because they offer a broader

picture of Holocene vegetation change in NE England than can be derived solely from

the Tees Lowlands. Vegetation development in the upland areas of the North York

Moors and the Pennines would have proceeded under the additional constraints of

altitude and exposure. Enhanced exposure and the proximity of marine influences would

have also constrained full Holocene vegetation development in the Northumbrian coastal

zone. Increased marginality in these peripheral zones means that the vegetation

succession may have been lagged or muted compared to that detected at inland sites such

as those in the Tees Lowlands. However, absence of a strong vegetation succession or

the lack of a dense forest phase would have increased the appeal of these areas to human

and animal thoroughfare.

Evidence for the Early Holocene dominance of Betula woodland at sites in the Northern

Pennines, the North York Moors and the Northumberland Coast was far from

overwhelming but this was in part due to the absence of sediments of relevant age at

some sites. Betula woodland was dominant for a period at Ewe Crag Slack (Jones, 1978)

and Seamer Carrs (Jones, 1976) on the northern fringes of the North York Moors, but

Cyperaceae dominated the Early Holocene flora of the Cow Green Reservoir area of the

Pennines (Turner et al, 1973) and at Kildale (Jones, 1977) in the Cleveland Dales.

However, arboreal taxa (Pinus, Betula and Salix) were present at the two latter sites

where the dominance of Cyperaceae may have been partially due to the nature of the

terrain. Early Holocene material from Bradford Kaim and Longlee Moor (Bartley et al,

1966) in the Northumberland coastal zone was also suggestive of open vegetation
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dominated by Cyperaceae, with stands of Betula locally. Innes (1999) speculated that

Betula woodland never became dominant during the Early Holocene in Northumberland.

Corylus became important or even dominant at many of the North York Moors sites

during the Early Holocene and was joined by Quercus and Ulmus, even at altitude,

within the mixed thermophilous woodland. At West House Moss and Ewe Crag Slack

however, (Jones, 1977; 1978) Pinus and Corylus formed more open woodland. Corylus

also appeared to be dominant within mixed woodland at Cross Fell (Godwin &

Chapman, 1951), the highest site in the northern Pennines, which could have been

susceptible to contamination from transported pollen blown up the escarpment from the

Vale of Eden. At the slightly lower altitudes of Valley Bog (Chambers, 1978) and the

Cow Green Reservoir (Turner et al, 1973), also in the northern Pennines, Cyperaceae

maintained its dominance within an open woodland of Pinus, Quercus and Betula. The

mixed Corylus woodland signal was muted at the Northumberland coastal sites where

herbaceous taxa, particularly Cyperaceae and Poaceae, remained dominant.

The expansion of Alnus during the Mid-Holocene was discernable at all the pollen sites

under consideration and was usually associated with the transition from mixed Corylus

to mixed Quercus woodland. At some sites, Ewe Crag Slack and Tranmire Slack in the

North York Moors and Broomhouse Farm and Cresswell on the Northumberland coast,

Alnus became the dominant taxon. Alnus was an important contributor to the mixed

woodland signal at all other sites, including those in the Northern Pennines.

The Ulmus decline was marked at all sites covering the Mid/Late Holocene transition but

was not firmly dated at many locations. The Ulmus decline seems to have occurred after

5000BP at the majority of the sites that were dated, although there were some

exceptions. At Bonfield Gill Head (Simmons & Innes, 1981) and Fen Bogs (Atherden,

1976) in the North York Moors dates of 4890±80BP and 4720±90BP were obtained.
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Sites from the North Gill transect produced a number of Ulmus decline dates which

centred on 4700BP (Innes & Simmons, 2000). At West House Moss (Jones, 1977) there

was evidence for two Ulmus declines but neither were dated. At Broomhouse Farm on

the Northumberland coast (Shennan et al, 2000a), the Ulmus decline predated

5185±55BP, but only limiting dates were available for the other sites in the area. Innes

(1999) suggested that the lowland Ulmus decline in NE England was generally older than

5000BP and this view could not be refuted with the evidence presented by Shennan et al

(2000a). There appears to be some conflict between sites in the Northern Pennines

where the Ulmus decline at one of the Cow Green Reservoir sites (Turner et al, 1973)

pre-dated 5220±120BP. At Valley Bog (Chambers, 1978) the Ulmus decline was dated

to 4794±55BP, which is similar to other dates from the area, for example Quick Moss

(4900±50BP) (Rowell & Turner, 1985) and Fox Earth Gill (4780±50BP) (Squires, 1970,

in Sturludottir & Turner, 1985).

Both upland areas show evidence of human interference from the late Mesolithic

onwards, although the majority of prehistoric clearance episodes in the region are

concentrated in the Bronze Age and Iron Age. Early woodland management through

burning was identified on the North York Moors (Turner et al, 1973; Innes, 1999) and

evidence of Mesolithic hunting was detected at Valley Bog in the Northern Pennines

(Chambers, 1978).

The Late Holocene vegetation signal from these peripheral zones is very mixed and

interpretations at some sites are restricted due to the paucity of dated horizons.

However, despite these limitations, a picture of increasing human interference in the

natural vegetation can be discerned across the region. Neolithic land use at or close to

the Ulmus decline was not widespread and was detected only at Warkworth on the

Northumbrian coast and at North Gill and Fen Bogs on the North York Moors. Periods
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of woodland decline were identified at all sites during the Bronze Age and were

frequently associated with the appearance of ruderals and occasional Cerealia pollen

together with the widespread expansion of Ericaceae, particularly in the upland areas.

Further clearance episodes during the Iron Age were linked to the establishment of iron-

smelting and the intensification of arable activity in the more sheltered parts of the North

York Moors. Recent sediments from the Pennines and the Northumbrian coast have not

been preserved but pollen diagrams from the several North York Moors sites have been

interpreted as showing evidence for sheep-grazing during the Middle Ages and more

intensive farming since the Industrial Revolution.

Of the peripheral areas under consideration, the North York Moors appears to have been

most intensively used since Mesolithic times.
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Chapter 4

Regional Lateglacial and Holocene Vegetation Change

- The Tees Lowlands and Hartlepool

4.1 Tees Lowlands

The Tees Lowlands, as illustrated in Fig. 4.1, represent the immediate hinterland for

Hartlepool Bay. Knowledge of vegetation changes in this area should provide some

insight into the regional pollen signal likely to be observed in the Hartlepool sequences.

Bartley et al (1976), described the majority of the sites in the area - Neasham Fen,

Mordon Carr, Bishop Middleham, Hutton Henry and Thorpe Bulmer, but data are also

available from Burtree Lane (Bellamy et al, 1966). Seamer Carrs (Jones, 1976) has

already figured within the North York Moors section but will also be considered here in

view of its location on the southern edge of the Tees Lowlands. Holocene vegetation

change at the Tees Lowland sites has been simplified and tabulated within Fig. 4.2.

4.2.1 Lateglacial, c. 15,000 to KXOOOBP

Within the Tees Lowlands, only Thorpe Bulmer, 7km W of Hartlepool, (Bartley et al,

1976) and Seamer Carrs, to the S of the Tees, (Jones, 1976), have preserved organic

sediments dating to the Lateglacial period. Tundra vegetation dominated by Poaceae

and Cyperaceae within a species-rich herbaceous flora developed initially and included

many open-ground indicators as well as pollen and fruits of Betula nana (dwarf birch).

Juniperus communis expanded rapidly in this open environment. The subsequent

expansion and spread of Betula woodland was temporarily interrupted by a return to

colder, more open conditions. Bartley et al (1976, Addendum p.468) altered
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Fig. 4.1: Map of the Tees Lowlands, area 4 in Fig. 3.1, showing
locations of sites discussed in the text.

their original interpretation at Thorpe Bulmer and concluded that the twin Betula

maxima in the lower part of the profile represented the Bplling and Allerpd interstadials,

which flanked the tundra vegetation of the Older Dryas. Two Betula maxima were also

observed at Seamer Carrs where the second weaker signal was dated to 13042±140BP

(Jones, 1976). Innes (1999), who noted the absence of Betula in Northumberland during

this period supported speculation by Bartley et al (1976), that Betula was close to its

climatic limit in the Tees Lowlands during the Lateglacial.
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Climatic conditions deteriorated dramatically during the Loch Lomond Stadial (Younger

Dryas) when tundra vegetation indicative of a cold, arid climate reappeared. At Thorpe

Bulmer, Cyperaceae and Poaceae dominated the rich herbaceous vegetation, which

included strong signals from Thalictrum, Artemisia, Caryophyllaceae, Rumex and

Ranunculus. Similar vegetation was also noted at Burtree Lane, which was undated

(Bellamy et al, 1966), and Seamer Carrs (Jones, 1976) where Filipendula was an

important member of the herbaceous taxa. Vegetation dating from the end of the Loch

Lomond Stadial may have been present at Neasham Fen, Mordon Carr and Bishop

Middleham where basal pollen signals for Filipendula and Salix were high.

4,2.2 Early Holocene, c. 10,000 - 7,000BP

During the Early Holocene ameliorating climate and increasing soil stability allowed the

rapid transition from open tundra with dwarf Betula to taller herb and shrub

communities, which were followed in turn by Betula woodlands and eventually Corylus

and mixed Quercus forest.

All the Tees Lowlands sites indicate that open Betula woodland with some Salix quickly

became the dominant vegetation type during the Early Holocene, Fig. 4.2. Cyperaceae

and Poaceae were the main understorey taxa with a strong local presence of Filipendula

noted at both Thorpe Bulmer and Bishop Middleham. The transition from Betula- to

Co/y/ui-dominated woodland was dated to 9082±90BP at Neasham Fen while at Mordon

Carr the strongest Corylus signal was noted at 8689±50BP. As Betula continued to

decline at all sites during the Early Holocene, Ulmus and Quercus expanded into the

region, although Corylus remained the largest pollen producer at most sites until after the

Alnus expansion. At Bishop Middleham, Mordon Carr and Burtree Lane, Ulmus and

Quercus expanded together. This event was dated to 8689±50BP at Mordon Carr but
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was linked to the undated Alnus expansion at Bishop Middleham. At Neasham Fen,

Flutton Henry and Thorpe Bulmer, Ulmus expanded before Quercus with dates of

8829±120BP and 8202±95BP respectively at Neasham Fen. At Bishop Middleham and

Burtree Lane, where Quercus and Ulmus were slow to expand, Pinus remained an

important member of the Early Holocene woodland. An early Alnus expansion at

Mordon Carr, dated to 7759±67BP, was more muted than the later Alnus expansions

recorded at other Tees Lowlands sites.

At those sites where mixed Corylus/Quercus/Ulmus woodland was prevalent during the

Early Holocene, herbaceous taxa were very sparse suggesting the presence of closed

woodland with few understorey taxa. At Bishop Middleham and Burtree Lane the

mixed woodland included Pinus and Betula and understorey taxa such as Poaceae,

Cyperaceae and Filipendula, which are suggestive of more open vegetation.

4.2.3 Mid-Holocene, c. 7,000 - 5,000BP

The expansion of Alnus was dated to 6962±90BP at Neasham Fen and prior to, but

possibly much earlier than 6760±120BP at Bishop Middleham. Despite an early

expansion at Mordon Carr, Alnus failed to become dominant at that site. Once

established in the mixed woodland, Alnus became the dominant taxon at Bishop

Middleham, Burtree Lane and Hutton Henry. At Neasham Fen, Mordon Carr and

Thorpe Bulmer, Quercus or Quercus and Corylus were the dominant woodland taxa.

Tilia became a significant member of the woodland community at Bishop Middleham,

Mordon Carr and Burtree Lane during the Alnus phase occasionally achieving values of

6%TLP, but was very sparse elsewhere.
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Ulmus was not a major component of the woodland at any of the Tees Lowlands sites but

may have been under-represented, like Tilia, due to relatively low pollen production

(Andersen, 1970). Nonetheless the Ulmus decline is a discernible feature at each of the

sites that cover the mid-Holocene. An early Ulmus decline at Neasham Fen

(5468±80BP) was associated with a slight decline in Quercus pollen and small increases

in pollen of Alnus and Corylus. However, no clearance phase was indicated at this

location until much later (3242±70BP). At Mordon Carr the Ulmus decline was dated to

ca. 5250BP when Quercus increased slightly but Alnus and particularly Corylus

decreased in representation. Herbaceous taxa, particularly Cyperaceae, increased at this

time.

For other sites in the region the picture is not quite so clear due to a lack of radiocarbon

dates and the possibility of an hiatus in sedimentation at Thorpe Bulmer. At Hutton

Henry the Ulmus decline was not dated but was associated with a sustained clearance

and a decrease in the amount of Quercus and Corylus pollen. Alnus increased and there

was also a slight increase in Cyperaceae and in the variety of other herbaceous taxa

present. At Bishop Middleham the Ulmus decline pre-dated 5180±110BP. Corylus and

Tilia declined at the same time as Ulmus while Alnus increased markedly and Quercus

fluctuated. There was no cumulative diagram available for this site so it not clear

whether herbaceous taxa were increasing at this point or not. However, there does seem

to have been an increase in the variety of taxa present, which included Plantago

lanceolata and Brassicaceae from 5180±110BP onwards. The Ulmus decline at Thorpe

Bulmer was not dated directly and was overlain by sediments which revealed a marked

increase in the variety and number of herbaceous taxa, including Cannabis sativa. The

date given for the beginning of the Cannabis phase, 2064±60BP, suggests that there may

have been an hiatus in deposition during the Mid/Late Holocene at this site. At Seamer
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Carrs the undated Ulmus decline showed no immediate association with decreased

woodland cover.

4.2.4 Late Holocene, c. 5000 - Present

The evidence for clearance immediately following the Ulmus decline is minimal at the

Tees Lowlands sites. Apart from the decline in Ulmus, and Tilia at some sites, the

composition of the mixed forest altered only slightly. At some locations the herbaceous

count increased in size and variety, but this effect was generally short-lived. However, at

two sites, Bishop Middleham and Hutton Henry, there was stronger evidence for

anthropogenic interference at or shortly after the Ulmus decline. At all sites two or

three major clearance events occurred and these were associated mainly with activity

during the Bronze Age, Iron Age and Medieaval periods. At some sites there was

evidence of minor clearance during the Neolithic. As there is no overriding pattern to

the sequence of post-Ulmus decline vegetation changes in the Tees Lowlands, each site

is described separately.

Neasham Fen

Dense mixed Corylus/Quercus/Alnus woodland was maintained at Neasham Fen (Figs.

4.1 & 4.2) until the first clearance phase occurred around 3242±70BP, during the Middle

Bronze Age. At this time herbaceous taxa reached a peak of 20%TLP, due mainly to an

increase in Poaceae pollen, and reflected a rich flora which included Plantago lanceolata

and arable indicators such as Cerealia and Brassicaceae. Corylus declined slightly

during this phase and the expansion of light-demanding trees such as Betula and

Fraxinus was suggestive of the recovery of vegetation in woodland clearings. However,

the mixed woodland never quite recovered from the first clearance and Poaceae
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gradually increased towards the next more protracted clearance phase. The timing of the

second clearance is unclear due to inverted radiocarbon dates but was linked by Bartley

et al (1976) to the activities of Late Bronze Age people around 2800BP. Corylus was

again the main victim while Betula continued to expand as part of the mixed

Quercus/Alnus woodland. Poaceae formed the main thrust of the herb expansion and

was accompanied by small amounts of pastoral and arable indicators, including Cerealia.

Forest recovery was strong after this second clearance, led mainly by Betula and Alnus.

The final clearance at Neasham Fen, dated to 1213±60BP, was intense and involved the

almost complete removal of trees and shrubs from the area. Cyperaceae and Poaceae

dominated the pollen spectra, which were enriched by a wide range of herbaceous taxa,

including Calluna vulgaris.

Bishop Middleham

The first clearance at Bishop Middleham (Figs. 4.1 & 4.2) occurred towards the

beginning of the Late Holocene, during the Neolithic, but later than the Ulmus decline.

Herbaceous taxa, particularly Cyperaceae but also Filipendula, increased as Alnus

declined subsequent to the first appearance of Plantago lanceolata. Arable indicators

such as Rumex acetosella and Brassicaceae also appeared at this time. This first

clearance was slight but seems to have been sustained, although interpretation is

uncertain in the absence of a composite diagram. Clearance was intensified around

3660±80BP during the Early Bronze Age when Cyperaceae became the dominant taxon.

Poaceae and Plantago lanceolata also began to expand at this time within a much richer

herbaceous assemblage, which included Cerealia pollen from 3360±80BP onwards. By

3360BP, during the Middle Bronze Age, total trees and shrubs had declined to around

15%TLP and this value was reduced further as Poaceae and then Cyperaceae continued
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to expand. Pollen representative of the most recent part of the Holocene was not

recovered at this site.

Mordon Carr

Cyperaceae fluctuated wildly during the immediate post-Ulmus decline period at Mordon

Carr (Figs. 4.1 & 4.2), prior to 4736±85BP, achieving over 60%TLP on one occasion.

Although relative Poaceae values were slightly raised and Brassicaceae pollen appeared

intermittently, the evidence for human agency in the woodland decline at this time is

unclear. The first appearance of Plantago lanceolata was dated to 4736±85BP with

Cerealia appearing shortly before 4543±70BP, evidence suggestive of the presence of

people in the area during the Late Neolithic. The subsequent recovery of the mixed

Quercus/Alnus/Corylus woodland was followed by an undated steady clearance, which

featured the expansion of Cyperaceae, Poaceae, Calluna and Cerealia within a rich

herbaceous assemblage. Poaceae and Cyperaceae increased steadily at first, probably

during the Bronze Age, and were then eclipsed by a major expansion of Calluna before

Poaceae and Cyperaceae become dominant. During the height of the Calluna phase,

Plantago lanceolata increased its presence and was joined in the subsequent Poaceae and

Cyperaceae expansion by strong signals from Cerealia, Brassicaceae and Asteraceae

within a rich herbaceous assemblage.

Searner Carrs

There is no evidence for clearance following the undated Ulmus decline at Seamer Carrs

(Figs. 4.1 & 4.2) and the dense Alnus/Quercus/Corylus woodland was maintained at over

90%TLP, possibly until the Bronze Age. The first temporary clearance at this site was

preceded by a slight decline in Corylus and featured a very sudden decrease in tree

pollen, the main victim being Alnus, as Cyperaceae expanded to a short-lived peak of
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over 60%TLP. The subsequent period of tree and shrub recovery featured fluctuating

values of Calluna and the first intermittent appearance of Plantago lanceolata pollen.

Alnus, Quercus and Corylus regained dominance as the woodland recovered and raised

levels of Betula and Fraxinus indicated the recolonisation of open areas. The first major

clearance can probably be linked to the activities of Iron Age people, and featured a

decline in both trees and shrubs as Calluna expanded strongly within a rich herbaceous

flora. Poaceae and Cyperaceae also increased at this time while pastoral indicators such

as Plantago lanceolata and Rumex expanded and Cerealia appeared for the first time.

The subsequent recovery of trees and shrubs was not sustained and the final clearance,

which reduced total trees and shrubs to less than 20%, featured large amounts of

Cyperaceae, Calluna and Poaceae within a rich herbaceous assemblage that included

both arable and pastoral indicators.

Hutton Henry

The Ulmus decline at Hutton Henry (Figs. 4.1 & 4.2) was not dated but corresponded to

the start of a sustained rise in herbaceous pollen, which averaged 10-30%TLP and may

have reflected the activities of Neolithic folk. Corylus values were reduced considerably

during this clearance phase but tree pollen, mainly Alnus and Quercus with some

Fraxinus, was not adversely affected. This first herbaceous expansion featured raised

values of Cyperaceae and Poaceae and included four single grains of Plantago

lanceolata and an increasing variety of other herbaceous taxa. A temporary arboreal

recovery and reduction in Cyperaceae values marked the end of the first clearance phase

and the beginning of the second, major clearance that intensified prior to 3544±80BP

during the Bronze Age. This major clearance phase featured alternating phases of

Cyperaceae and Poaceae dominance and fluctuating tree values within a trend of
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increasing herbaceous taxa. The first major Poaceae peak was dated to 3544±80BP and

was accompanied by peaks of Plantago lanceolata, Rumex acetosa and Brassicaceae. A

single Cerealia grain was also observed. The increase in herbaceous pollen continued

and reached 80%TLP during a phase that was undated but may be assigned to the Late

Bronze Age or early Iron Age, after which a recovery of trees and shrubs reduced levels

of herbaceous pollen to less than 50%TLP. The culmination of the final clearance phase,

when herbs expanded to over 90%TLP, was dated to 1842±70BP and featured a rich

herbaceous assemblage with many pastoral indicators and large amounts of Calluna.

Thorpe Bulmer

At Thorpe Bulmer (Figs. 4.1 & 4.2) the JJlmus decline was not specifically dated but

occurred immediately prior to a level dated to 2064±60BP, perhaps indicating an hiatus

in deposition at this site. Clearance and cultivation were proceeding by 2064±60BP,

during the Pre-Roman Iron Age. Trees, mainly Alnus with Betula and Quercus, and

substantial amounts of Corylus, were declining gradually while herbaceous taxa,

particularly Poaceae and Cannabis sativa, were expanding strongly. There was a marked

increase in the amount and variety of herbaceous taxa from 2064±60BP onwards which

included Plantago lanceolata, Cyperaceae and Cannabis, which was the dominant taxon

with a peak of 19%TLP during the late Roman period, dated tol730±120BP. Cerealia

and other arable indicators such as Rumex acetosella were present throughout the

Cannabis phase, which had ended by 852±60BP. Subsequently, tree and shrub pollen

remained negligible as Poaceae, Cyperaceae and Ericaceae each became dominant in turn

within a rich herbaceous assemblage that included strong signals from arable and pastoral

indicators.



4.3 Discussion of the Tees Lowlands Sites

Evidence from sites in the Tees Lowlands suggests that vegetation development has

proceeded under increasing human influence and has followed a path similar to that

observed in other parts of the UK during the Holocene. The lack of radiocarbon dates at

some sites means that precise statements about chronology cannot be made but a similar

sequence of natural vegetation change appears to have taken place across the Tees

Lowlands, at least until the Ulmus decline.

The open herb-rich landscape of the Loch Lomond Stadial was colonised by Betula

spreading from the dry North Sea Basin during the early Holocene and was well-

established by 10,000BP in Northern England (Birks, 1989). Betula became dominant at

all the Tees Lowlands sites during the Early Holocene but its dependence on good light

for reproduction meant that it was shaded out by other species more tolerant of changing

conditions. Corylus was able to establish itself fairly swiftly as part of the succession,

colonising from the W (Birks, 1989), and became dominant at Neasham Fen before

9000BP and shortly thereafter at Mordon Carr. Quercus and Ulmus became established

within the mixed Corylus woodland during the period from 9000-7000BP. Ulmus

recolonised the British Isles from the SE and reached the Tees around 9000BP, while

Quercus spread from the S and SW arriving slightly later but before 8500BP (Birks,

1989). Evidence from most of the Tees Lowlands sites indicates that Quercus and

Ulmus became established in the mixed Corylus woodland fairly early during this

period, with Ulmus sometimes preceding Quercus. However, at Bishop Middleham and

Burtree Lane where Pinus and Betula were able to thrive in more open woodland,

Quercus and Ulmus became well established only with the arrival of Alnus. At the other

sites total tree and shrub counts reached over 90%TLP during the Early Holocene
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suggesting fairly close tree cover. Although Quercus became an important constituent of

the woodland cover at this time, Corylus remained the dominant taxon at most sites until

the expansion of Alnus around 7000BP. Ulmus was never dominant at any of these sites

and achieved maximum values generally around 5 or 6%TLP, exceptionally reaching

10%TLP at Neasham Fen.

Analysis carried out by Huntley & Birks (1983) and Birks (1989) of available pollen data

suggested that Alnus spread into Britain prior to 8000BP, probably from the SE via the

continental landbridge. However, the presence in Yorkshire of Alnus macrofossils dating

from much earlier in the Holocene (Bush & Hall, 1987), and the early expansion of

Alnus in N. Wales and SW Scotland (Birks, 1989) hinted at the presence of refugia in W.

Britain. Further examination of the data by Chambers & Elliot (1989) and Bennett &

Birks (1990) led to the downgrading of both the expansion and refugia theories in favour

of survival, during the Devensian, of small, dispersed populations of Alnus that expanded

only when conditions became favourable. In the Tees Lowlands, Alnus expanded first

around 7700BP, at Mordon Carr, and became well established at all sites by about

7000BP, altering the make-up of the mixed woodland. Dominance shifted from

Corylus with Quercus, Pinus and Betula to Alnus with Quercus and Corylus, although

Corylus remained a major constituent at most sites. Ulmus was also present at most sites

during this period. Tilia spread into Britain from the SE becoming established at some

sites in the Tees Lowlands around 6500BP (Birks, 1989). This area of Britain is close to

the Holocene northern limit for Tilia reproduction (Birks, 1989) and it is a species

known for low pollen productivity (Andersen, 1970) so its apparently poor

representation at many sites is not surprising. However, at Bishop Middleham, Burtree

Lane and Seamer Carrs maximum values of 5 to 8 %TLP were occasionally reached.

Fraxinus also spread back into the British Isles from the SE reaching the Tees Lowlands
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around 6000BP (Birks, 1989). As a light-demanding tree it was generally very sparse at

most sites expanding slightly or producing small peaks only after early small-scale

clearance episodes. The highest recorded value for this species of 5 or 6% may reflect its

low pollen production (Andersen, 1970).

Dates from three sites suggest that the Ulmus decline in the Tees Lowlands occurred

before 5200BP but was not associated with any major clearance event. Nonetheless

there were changes in the composition of the woodland that may have been

anthropogenic in origin at Bishop Middleham, Mordon Carr and Hutton Henry. The

increases in herbaceous taxa at these three sites following the Ulmus decline may reflect

human activity in creating temporary clearings for browse, which light-demanding trees

could subsequently colonise. The discovery of Neolithic artefacts in the area around

Hartlepool (Bartley et al, 1976) and the Cleveland Hills (Jones, 1976) certainly indicate

that people were in the area by the time of the Ulmus decline. The evidence for human

activity in the Tees Lowlands immediately following the Ulmus decline is not

overwhelming. However, the intermittent but increasing occurrence of arable and

pastoral indicators points to the growing impact of people on the vegetation during the

Neolithic and Early Bronze Age.

More pronounced clearances in the Tees Lowlands occurred during the Bronze Age (c.

3800 - 2500BP) when there were significant expansions within the herbaceous taxa. The

intensification of clearance at Bishop Middleham and Hutton Henry at this time was

marked. At Mordon Carr there was a temporary recovery of pre-Ulmus decline tree

values prior to the advent of sustained clearance during the Bronze Age. The first

clearance at Neasham Fen was dated to 3242±70BP, during the Middle Bronze Age, and

was associated with small amounts of both pastoral and arable indicators, including
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cereals. However, light demanding Fraxinus and Betula both expanded after this date

and other trees recovered suggesting that local clearings may have been abandoned.

Bartley et al (1976) remark on the intensity of the clearance at Bishop Middleham,

which was unusual for the period and resulted in tree values being reduced permanently

to 10%TLP shortly after 3360±80BP. Clearances at other sites in the Tees Lowlands

during the Bronze Age were not so intense. Bartley et al (1976) supported the

observations of Turner (1970) who argued that settled agriculture was rare during the

Bronze Age and that the increasing evidence for clearance was due to a growing

population which was only gradually acquiring the skills necessary for farming.

Nonetheless, Bartley et al (1976) contend that the degree of clearance at Bishop

Middleham and possibly at Hutton Henry indicate the probability of settlements close to

these sites during the Bronze Age.

Following the clearance activity of the Early and Middle Bronze Age there is some

evidence for forest recovery and a reduction in anthropogenic interference at Neasham

Fen and Hutton Henry. Once cleared, the well-drained sands and gravels at Bishop

Middleham probably remained unforested (Bartley et al, 1976), while at Mordon Carr

forest cover continued to decline. The next clearance phase can be associated with Late

Bronze Age activity and has been dated to around 2800BP at Neasham Fen (Bartley et

al, 1976) where there was a significant expansion of herbaceous taxa including pastoral

and arable indicators. At Seamer Carrs the first major clearance was undated but has

been linked to Bronze Age and particularly Iron Age activity (Jones, 1976) and also

featured both arable and pastoral indicators.

Thorpe Bulmer is only 7km from Hartlepool Bay, but unfortunately the early post-

Ulmus decline record of vegetation change is truncated or missing at this site. A
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clearance phase was already well established by 2064±60BP, during the Pre-Roman Iron

Age, when arboreal taxa were reduced to 30%TLP. The rich herbaceous flora included

plentiful arable and pastoral indicators. The date of 2064±60BP marks the beginning of

a phase of Cannabis cultivation culminating at 1730±120BP with a peak of 19%TLP

and ending around 852±60BP. The intensification of clearance at Hutton Henry, dated

to 1842±70BP, lends weight to the argument that agriculture was encouraged during the

period of Roman occupation, at least on the East Durham plateau (Bartley et al, 1976).

In contrast, following the Late Bronze Age clearance at Neasham Fen, forest recovery to

pre-Ulmus decline levels suggests that there was little local pasturing or cultivation

during Roman or Anglo-Saxon periods at this site. Final clearance at Neasham Fen was

dated to 1213+60BP during the Mediaeval period when trees were reduced to less than

10%TLP. Pastoral and arable indicators were plentiful suggesting a wide range of

agricultural activity.

It is probable that all the main sites in the Tees Lowlands have sediments up to the

Mediaeval period but that Thorpe Bulmer is the only site with more recent deposits. By

the Mediaeval period all sites had much reduced tree cover and were dominated by

herbaceous vegetation, mainly Cyperaceae, Poaceae and varying amounts of Ericaceae.

Pastoral and arable indicators were at their strongest in the upper parts of the diagrams

indicating the widespread reduction of forest cover and the use of the land for

agriculture. At Bishop Middleham Cerealia were sparse during this phase but Plantago

lanceolata was very strong indicating a swing towards pastoralism in this area. The

change to pastoralism was also identified at Thorpe Bulmer in the uppermost sediments

that were thought to represent C17th and C18th land use (Bartley, et al, 1976).
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Bartley et al (1976) concluded that edaphic conditions played an important role in the

extent and rate of clearance in the Tees Lowlands. The sites located on better drained

soils, Thorpe Bulmer and Hutton Henry on the edge of the East Durham Plateau and

Bishop Middleham situated on sands and gravels, showed evidence of early post-Ulmus

decline clearance events and intensive agriculture during the Bronze Age or later phases.

In contrast, the sites on less well-drained sites, Neasham Fen and Mordon Carr and

probably also Seamer Carrs, did not begin to be cleared until the Bronze Age or Iron

Age. These sites were probably not much used during the Roman period and possibly

only came into intensive use with increased population pressure and, latterly, improved

drainage.
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4.4 The Hartlepool Sites

Reconstruction of the environmental history of Hartlepool Bay depends principally on

interpretations derived from organic and intercalated minerogenic facies within the

submerged forest beds, sequences that are now preserved in the intertidal area and

beneath recent dune deposits above the beach. This review of early and more recent

work on the Hartlepool Bay submerged forest beds will proceed from the earliest

antiquarian observations and includes interpretations from the more systematic work of

the last thirty years. As the sedimentary sequences being studied at Hartlepool were

deposited within a coastal or near-coastal environment, the interpretations inferred from

the pollen data cannot be divorced from the frequently interlinked effects of RSL change,

coastal sediment redistribution and high energy events. Locally, RSL change can induce,

truncate, protect or destroy organic sedimentary sequences; coastal sediment

redistribution can produce the same effects. High energy events, which may have a

strong directional component, can induce a sudden dynamic shift in depositional

environment on vulnerable coastal areas. Observations and interpretations of changes

between terrestrial and marine sedimentation will be incorporated within this review and

a diagram showing the likely timing of enhanced marine episodes at Hartlepool Bay is

presented in Fig. 4.8.

4.4.2 Antiquarian Reports on the Submerged Forest Beds at Hartlepool

The existence of the submerged forest (Fig 4.3) at Hartlepool has provoked interest since

the early 19th century when its extent was noted by Sharp (1816) —

"The slake or outer harbour is filled with the remains of trees of large dimensions, and

similar remains are frequently perceptible at low water along the coast from Hartlepool
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towards Seaton; they extend nearly two miles. Hazel nuts are likewise found in the clay

in which the trees are imbedded." (footnote to pp. 3-4)

The Slake of the present day (Fig 4.3) is a remnant of a formerly more extensive tract of

low-lying land between the Headland and the main part of Hartlepool. It has been

reported that navigational charts from the 17th century show that the Slake was

sometimes flooded by the sea, providing a safe anchorage, while at other times the

connection between the Headland and the mainland was severely reduced or even

completely absent (Tooley, 1978). The Headland is reported to have been an island at

high tide as recently as 1830 (Ingram, 1926) but was reconnected to the mainland by

1832 (Tooley, 1978). Land reclamation and excavation of the docks during the 19th

century established a permanent link between the Headland and the mainland (Ingram,

1926) but also drew attention to the submerged forest beds within the Slake and harbour

areas, and the flora and fauna that they contained.

Cameron (1878) described the Slake deposits as consisting of 8ft (2.5m) of soft brown

peat underlain by a thin blue clay, with occasional lenses of shelly sand at the base, and

brown boulder clay (till). The organic remains within the peat included the stumps of

trees, of native but unspecified varieties, with trunks up to 20ft (7.0m) in length, leaves,

seeds and fruit, insect remains and horns of ruminants. The deposits were interpreted as

representing a freshwater lake within the boulder clay where vegetation/peat

accumulated before the sea flooded in covering the organic strata with marine sediments

(Cameron, 1878). No comment was made on the origin of sand containing cockles and

mussels that had been observed locally at the base of the blue clay.

Ingram (1926) describes dredging and channel deepening work undertaken in 1919 and

1920 at the entrance to the harbour at Hartlepool. Peat from 2 to 10ft (0.6 to 3.0m) thick
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was dredged from a depth of 20ft (6.0m) below low water and was described as lying

beneath boulder clay. The peat contained branches of oak, hazel and willow together

with hazelnuts, seeds, leaves and grasses. Ingram (1926) interpreted the deposit as

originating in "pre- or inter-glacial times" because of the overlying boulder clay, but in

the absence of detailed stratigraphic and palaeoenvironmental examinations of the

material this view must be regarded as speculative. There is the possibility that earlier

dock excavations and reclamation work could have caused clay-rich sediments to be

mobilised and redeposited on top of the peats in the outer harbour. Ingram (1926) also

indicated the known extent of the peat deposits in the Slake area and out into the bay.

Trechmann, (1936 & 1947) reviewed available information on the submerged forest and

also described the vegetation he had observed and artefacts he had collected from the

intertidal exposures at West Hartlepool. On the North shore, fossil trees exposed by a

very low tide at Parton Rocks and excavations for a drain on North Sands 2km to the

NW (Fig. 4.3) showed the minimum northern limit of the submerged peat. The extensive

presence of up to 8 feet (2.5m) of peat, containing tree trunks and animal remains, in the

1,5km gap between the Headland and West Hartlepool had been established by the dock

excavations and a borehole drilled at Warren Cement works in 1888. Dredging within

the channel and the bay had brought up peat over a wide area while intermittent

exposure along the foreshore towards Long Scar revealed the southerly extent of the

submerged forest beds. Trechmann (1947) described the submerged forest bed as being

typically underlain by a blue clay and (red) boulder clay, as at the Slake (Cameron,

1878), although occasionally a freshwater marl replaced the blue clay beneath the peat.

Peat was not recorded anywhere as lying beneath the boulder clay (cf. Ingram, 1926) and

neither was any marine interruption to the peat development described.
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The wide range of preserved vegetation noted by Cameron (1878) and Ingram (1926)

within the channel and Slake deposits was replicated along the foreshore. In the absence

of pollen analysis Trechmann assigned the plant macrofossils to the Atlantic period.

Animal bones and beetle elytra were also observed. Trechmann (1936 & 1947) was

particularly interested in human artefacts and described flints and chippings that were

most usually found near the base of the peat or in the blue clay. These finds appeared to

be similar to finds from Sandama in Sweden and were linked to the early Magelmose

(Mesolithic) culture (Trechmann, 1947 p.29). In view of the preserved vegetation and

artefacts, Trechmann (1947) attributed the development of the forest bed deposits to c.

6000-7000BC, when he believed there would have been a land or swamp connection

across the North Sea.

4.5 Recent Work on the Hartlepool Submerged Forest

4.5.1 Introduction

Over the last 30 years, a number of systematic palaeoenvironmental analyses of sites at

the Slake and in the intertidal area have been undertaken, but published data and

discussion have been limited to synoptic accounts (eg. Tooley, 1975; 1978). Recently, a

brief environmental history of Hartlepool Bay, with selected taxa pollen diagrams from

two sites (Tooley & Innes, 1999), was included in a QRA guide (Bridgland et al, 1999).

However, a comprehensive overview of the archaeological and palaeoenvironmental

data from the Hartlepool submerged forest is anticipated (Waughman, in press) and will

include new findings from the HSF intertidal sites analysed during the early part of this

project. Some discussion of the HSF sites has been included in this review to add to the

background information on environmental and vegetation change at Hartlepool. The
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sampling strategy for the HSF sites was determined by the archaeologists and resulted in

a number of discrete floating chronologies.

The paucity of published analytical and interpretative palaeoenvironmental work from

Hartlepool means that discussion of the relevant work is limited. However, access to

much of the unpublished data from Hartlepool was given by Professor M. Tooley, and

his colleague, Dr. J. Innes. For most of the intertidal sites, it was possible to input raw

data to the TILIA program (Grimm, 1991) and produce diagrams for interpretation,

some of which are included in the Appendices. The diagrams that have been of most

value, WH19 and HB4, were published in a brief format in Tooley & Innes (1999). For

many of the data sets however, stratigraphic information was incomplete and LOI,

sediment analysis and pollen concentration and preservation status data were not

available. Notwithstanding, the data sets, particularly those with radiocarbon dates, have

proved an invaluable resource for which full acknowledgement is given. Fig 4.4 shows a

summary vegetation history for Hartlepool, including the HSF sites, and is derived from

pollen diagrams that have associated radiocarbon dates.

4.5.2 The Slake and WH Intertidal Sites

Stratigraphic transects from the Slake (Fig. 4.3) and across the intertidal area near

Newburn Bridge (Fig. 4.5) revealed a complicated sedimentary history at Hartlepool

Bay (Tooley & Innes, 1999). In the intertidal area, intercalated terrestrial, estuarine and

marine sediments were detected within channels, basins and depressions in the

underlying till, the surface of which rose seawards eventually forming the uppermost

sedimentary unit beneath modern beach deposits (Tooley & Innes, 1999). Three cores

from the beach transect north of Newburn Bridge (Fig 4.5), WH3, WH1 la, and WH14,
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Fig. 4.4: HARTLEPOOL BAY - SUMMARY VEGETATION HISTORY
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proved the existence of two freshwater sedimentary horizons separated by marine clastic

material, suggestive of an intervening period of raised RSL.

At the Slake (Fig 4.3), a 400m E-W transect proved the existence of a peat bed lying in a

depression in the till. The top of the peat ranged from OD down to -3.0m OD with the

thickest peat (up to 2m thick) tending to be in the deepest location. The majority of the

Slake sites appear to show no evidence for a marine episode within the peat unit, but this

view is based on inspection of a photocopied diagram without the benefit of a written

stratigraphic record. However, the stratigraphic record from Slake 1, which is close to

the harbour channel, was replicated at a larger scale on a pollen diagram and the

possibility of some enhanced minerogenic or charcoal input during the period of

deposition of the organic sediments cannot be discounted.

Tooley (1975) interpreted stratigraphic and pollen evidence from the Slake and the West

Hartlepool foreshore as indicating that Hartlepool Bay had been much enlarged prior to

ca. 5200BP with shallow water estuarine conditions prevailing over a wide area.

Support for this view came from the presence beneath the peat of a blue-grey silt

containing shells indicative of an estuarine environment. Tooley further suggested that

global sea-level fell shortly after 5200BP, exposing former shallow water sites to a

succession of saltmarsh, freshwater and woodland communities. It was within these

terrestrial deposits that the incomplete skeleton of a Neolithic man aged 25 to 38 had

been discovered in 1972. The skeleton was dated to 4680±60BP (Tooley, 1975), while

the Ulmus and Tilia decline from associated sediments within the excavation, WH4 (Fig.

4.5), was dated to 5215±80BP. It was suggested that full forest development had not

occurred at WH4 due to the proximity of the sea and the impact of people on the

local vegetation. Pollen data from the excavation site, which were not published, were
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Fig. 4.5: The Hartlepool intertidal pollen sites. 103



interpreted as showing evidence for clearance leading to a mixed farming economy

within the area during the Neolithic period (Tooley, 1975).

A slightly more detailed account of the environmental history of Hartlepool Bay was

revealed in Tooley (1978), which offered further interpretation of the Slake and WH2,

WH3 and WH4 sites (Fig 4.5). Two radiocarbon dates were published which purported

to offer some support for the claims for RSL change suggested in Tooley (1975) but,

once again, no pollen diagrams were published. Organic deposits immediately

underlying marine silty clays from WH3 on the upper foreshore provided a date of

5285±120BP. The thickness of the silty clay, 1.60m, was suggestive of substantial

marine inundation after that date. A second date, 5240±70BP, was obtained from peat

immediately above a minerogenic stratum that was believed to be equivalent to the

marine silty clay observed at WH3. These two radiocarbon dates were used to support

the view (Tooley, 1978) that marine conditions had prevailed at Hartlepool between

5285±120BP and 5240±70BP.

This interpretation must be regarded circumspectly, however, in view of the similarity of

the two dates and the fact that their errors overlap. While it is possible that the

relationship between the sites is as indicated by their mean dates, the errors indicate that

the possibility is far from certain. Furthermore, it appears that the second date came

from WH2 (Tooley, 1978, p.74), which was located at the LWM 700m to the SE of

WH3 (Fig. 4.5). The distance between the sites reduces the likelihood that the silty clay

is the same deposit at both sites and undermines the views of Tooley (1975, 1978)

regarding RSL change in Hartlepool Bay. In the absence of limiting dates from above

and below the marine silt at both sites, it would be incautious to claim that the same

marine event had been recorded. At WH3 the marine episode may have been much later
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than 5285±120BP, eroding earlier organic terrestrial deposits. It is possible that the two

sites were affected differently by very localised episodes of enhanced marine influence

that were not necessarily related directly to RSL rise.

Evidence of the nature of the Prehistoric economy comes from interpretation of pollen

evidence at the Slake (Fig 4.3) (Tooley, 1978), where two episodes of forest clearance,

linked to charcoal layers, were identified prior to the elm decline. A third clearance was

linked to the coeval decline of lime and elm. The dating of these events at the Slake is

unclear due to the lack of a reliable radiocarbon date. However, the elm decline was

dated in the intertidal area to 5240±70BP at WH2 and 5215±85 at WH4. The intertidal

sites were interpreted as showing some evidence for a mixed-farming economy in the

area, both before and following the elm decline (Tooley, 1978). There was some

evidence for forest recession at WH4 and WH2 following the elm decline, and the

possibility of some arable and pastoral activity was suggested by the pollen spectra.

However, the presence of Plantago maritima together with Plantago lanceolata and

Chenopodiaceae could also be indicative of disturbance due to the proximity of coastal

communities.

WH19 (Fig 4.5), a site in the mid-tidal area between WH2 and WH4, was cored for

palaeoenvironmental examination in 1985 (Tooley, & Innes, 1999). 80cm of sediment

revealed two major organic horizons separated by a substantial stratum of marine silty

sand and preceded at the base by a stiff clay (till) unit (Tooley & Innes, 1999). Diatom

analysis showed that a less dynamic marine interlude had occurred within each of the

organic units. It was suggested on the basis of pollen data that the lower peat had begun

to accumulate around 7000BP (Tooley & Innes, 1999), with the first temporary marine

episode occurring shortly before 6000BP. The main marine inundation at WH19
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occurred after 5975±120BP depositing minerogenic sediments enriched with marine

diatoms. A transition to brackish and freshwater conditions followed prior to

5530±90BP. There is the possibility that terrestrial sediments showing the transition to

marine conditions may have been eroded. Subsequently, mixed woodland of Alnus,

Corylus, Quercus and Ulmus became re-established. A third marine interlude between

4945±50BP and 4770±50BP allowed saltmarsh taxa to colonise the site. The presence of

Plantago lanceolata and a single Cerealia grain was interpreted as evidence for forest

clearance during the early Neolithic (Tooley & Innes, 1999).

4.5.3 HB4

Intercalated marine and terrestrial sediments at HB4 (Fig. 4.5), located beneath the

esplanade S of Newburn Bridge were analysed by Dr. J. Innes in 1990. The data,

including four radiocarbon dates, were published in condensed format in Tooley & Innes

(1999) and a complete diagram, with an additional post-Ulmus decline date, can be

viewed in the Appendices. The sediments were interpreted as representing post-elm

decline environments that were used or affected by cultural groups from the Neolithic to

the Late Bronze Age. The earliest Holocene sediments were interpreted as an old ground

surface on the weathered till and revealed pollen spectra dominated by over 95%

arboreal pollen, mainly Alnus. The presence of low and declining amounts of Ulmus

pollen in the old ground surface suggested an Early Neolithic date, ca. 5000BP, for this

stratum (Tooley, & Innes, 1999).

A reduction in alder carr woodland accompanied the steady expansion of herbaceous

taxa, which peaked at 85%TLP in the Middle Bronze Age just after 3210±80BP. Human

involvement in clearance activity was inferred from the occasional appearance of

indicator species such as Cerealia and Plantago lanceolata, and the presence of charcoal
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in some of the less organic sediments (Tooley & Innes, 1999). Rising groundwater

levels and the establishment of pools and swamps was inferred from the changing

stratigraphy, which included increased amounts of limus and Phragmites roots. Cultural

artefacts found within these sediments included the remains of a Bronze Age fence;

there was also evidence for tool making and the butchering of animals (Tooley & Innes,

1999). The presence of a laminated silty clay unit dated between 3500±75BP and

3210±80BP was interpreted as evidence for increased marine influence at the site, a

view that was supported by the expansion of saltmarsh taxa. The appearance of cereal

pollen and other clearance indicators in the upper part of the diagram was interpreted as

evidence for continuing human activity, with the possibility of nearby settlement, in the

Late Bronze Age (Tooley & Innes, 1999). Estuarine conditions were established after

2865±75BP and the site was subsequently overwhelmed by dune sand.

4.5.4 Seaton Carew Funfair

A thin peat bed at Seaton Carew Funfair (NZ 5254 2943)(Fig 4.3) was analysed for

pollen in 1991 by Dr. J. Innes. Two radiocarbon dates showed that the 20cm of brown

humified peat started to accumulate above grey clay before 4130±95BP and was

overwhelmed by sand after 3775±80BP. A pollen diagram was constructed for the site

but no interpretation has been published. The pollen spectra were dominated throughout

by arboreal types with mixed woodland of Alnus, Quercus, Salix and Corylus at the base

giving way to alder carr woodland in the middle and top of the unit. Plantago

lanceolata was present throughout the diagram but other possible anthropogenic

indicators were sparse with single grains of Cerealia and Plantago major/media pollen

observed near the top of the sequence.
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4.5.5 The HSF sites

Between September 1995 and January 1996 a number of rescue excavations were

undertaken along a 500m stretch of the upper foreshore at Carr House Sands (Figs. 4.5

and 4.6), prior to the construction of a new section of sea wall. The purpose of the

excavations was to obtain an overview of the submerged forest deposits in that part of

the beach while the sediments remained easily accessible. The excavations, which were

undertaken as an archaeological dig under the direction of Mags Waughman, and the

subsequent analyses, were supported by a grant from Cleveland County Council.

Money allocated for palaeoenvironmental analyses of the HSF monolith samples,

directed by Prof. M.J. Tooley, was used to fund the work undertaken for this post¬

graduate thesis.

The general stratigraphy of the upper beach area at Carr House Sands was established

from trial pits which showed that the submerged forest sediments were best preserved

within a palaeochannel sunk into the subsurface till in the southern part of the transect

(Fig 4.5). Sediment sampling was directed by the archaeologists to obtain evidence of

the relationships between the different stratigraphic units and to provide contextual

support for any archaeological finds. A total of 28 monolith tins of varying size were

used to collect sediments for palaeoenvironmental analyses. Ten monoliths were

selected from specific stratigraphic contexts and analysed for fossil pollen content, by

the present author, leading to the production of seven pollen diagrams (Appendices).

Dr.Y.Q. Zong at Durham University undertook diatom analysis of twelve samples, four

from each of three monoliths. A total of six radiocarbon dates was obtained from Beta

Analytic for sediments from four of the HSF monoliths. An overview of the findings
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Fig. 4.6: Excavations at Carr House Sands, Hartlepool,
photographed 27th November, 1995.



from the HSF sites is presented here while full reports and interpretation of the pollen

and other analyses are reported in Chapter 6.

The stratigraphic sequences found at Carr House Sands are illustrated in Fig 4.7, which

focuses on samples taken in the palaeochannel area, Fig. 4.5, but also shows as an insert

the context of HSF54 at the northern end of the HSF transect. A highly compressed peat

unit, often over one metre thick and containing woody layers, was found within the

palaeochannel. Burnt layers were occasionally noted within the main peat and one such

charcoal band was sampled in HSF 19/20 in the middle of the palaeochannel and was

dated to 3250±90BP. Pollen spectra from HSF19/20 were interpreted as representing

post-Ulmus decline reed bed and lightly wooded fen habitats that had developed in a

near coastal environment. Below the peat the principal deposit was a grey or

yellow/grey silty sand, believed to be marine in origin. In mid-palaeochannel the marine

sand extended to a depth of at least -1.5m OD; the base of the palaeochannel could not

be found at this location. Towards the margins of the palaeochannel, the grey silty sand

became stickier, siltier and stonier indicating the proximity of the till and its weathered

surface. Intercalated between the grey silty sand and the main peat was a stratum of

brown/grey silty sand of varying thickness. Both silty sand units were sampled in

HSF27 where only the upper unit was found to be polleniferous. The pollen spectra and

particle size distribution from HSF27 show very little variation (Appendices), and are

suggestive of a well-mixed deposit derived from a Poaceae-dominated environment.

However, pollen concentration values increase strongly up-profile towards the peat

casting some doubt on the interpretation of the deposit as being well-mixed. One

possible explanation is that the deposit was the result of a marine flood and that the

increased concentration values reflect backflow of pollen-enriched sediments at the end
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of the flood, although the settling differential between microscopic pollen and the

minerogenic fraction could have had an effect on absolute pollen values. No diatoms

were found in either of the silty sand units at this location, HSF27, suggesting either that

diatoms were very sparse or that the depositional environment may have been too

dynamic for them to have been preserved.

The subsurface till rises towards the edges of the palaeochannel where the transition into

the overlying grey silty sands and peat was noted. At the northern edge of the

palaeochannel a thin peat unit was found below the main peat and intercalated between

grey silty sand and weathered till. This sedimentary sequence was sampled in HSF6 and

radiocarbon dates were obtained for the base (5650±70BP) and top (5610±80BP) of the

lower peat and for the base (4600±60BP) of the main peat bed. Pollen spectra for the

base of the upper peat at F1SF6 were very similar to those found at the base of the peat in

HSF19/20, suggesting the presence of a reed bed habitat at both sites around 4600BP.

The pollen signal from the lower peat at HSF6 was more arboreal and suggestive of an

alder fen habitat. Brackish/marine diatoms were found in the grey silty sand between

the peats at HSF6 indicating the presence of estuarine conditions within the

palaeochannel prior to 4600±60BP (Fig. 4.8).

The transition from the weathered till directly into the upper peat was sampled at HSF2

nearby, and at HSF52 on the southern margin of the palaeochannel (Figs. 4.5 & 4.7). At

both sites a distinct dark band within the grey silty sands had been noted. The dark bands

were believed to represent former temporary ground surfaces. A radiocarbon date of

5160±60BP was obtained for the dark band in HSF52, where the diatom signal was

indicative of freshwater conditions. Diatoms above the dark band in HSF52 indicated an

increasing marine input (Fig. 4.8), but no diatoms were found in the lower grey silty
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sand unit (weathered till). Poaceae dominated pollen from the sediments immediately

surrounding the dark band in HSF52, but Alnus and Corylus were also strong.

Freshwater conditions were indicated by the diatoms in the dark band at HSF52 and were

supported by the presence of some aquatic pollen. Aquatic plants could have survived in

shallow pools at the palaeochannel margins.

The upper surface of the main peat was exposed and eroded at places within the

palaeochannel, as at HSF19/20, but at most locations was covered mainly with modern

sand and shingle. At HSF28, slightly landward of HSF19/20, and at HSF29/30 on the

northern edge of the palaeochannel, the peat was covered with grey and orange/yellow

sand beneath paler modern sand and shingle. The grey and orange sand layers contained

thin discontinuous bands of darker, slightly more organic sediment, probably the remains

of former strandlines. The pollen signal from one such organic band at HSF29/30 was

very similar to that from the top of the underlying peat and probably represents reworked

eroded sediments.

Only one site, HSF54, was sampled at the northern end of the HSF transect,

approximately 250m north of the palaeochannel and only 30m from WH4, the site of the

Neolithic skeleton. Sediment sampled at HSF54 showed the transition from the

weathered till through silty sand and limus and into the base of the main peat, which was

daled to 5120±60BP, 500 radiocarbon years earlier than the date for the base of the upper

peat at HSF6. It was thought that marine conditions had not reached HSF54 prior to the

deposition of the peat. Alnus dominated throughout the pollen spectra from HSF54, but

following the Ulmus decline at the base of the peat, Poaceae began to expand.

Discussion of the Hartlepool intertidal sites is located at the end of Chapter 6 following

description and discussion of results from the individual HSF sites.
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Chapter 5

METHODS

5.1 Introduction

The various preparative and analytical methods used for this thesis are for the most part

fairly standard procedures and will be described only briefly in the main text. Where

appropriate, more complete information on the methods used can be found within the

Appendices.

5.2.1 HSF Intertidal sites

The collection of material from the HSF sites was undertaken as part of a series of

archaeological excavations that lasted from September 1995 until January 1996. The

operation was under the overall control of Mags Waughman, the archaeologist leading

the excavation, while Thomas Rogers, a geology graduate from St. Andrews, had

responsibility for the on site collection of monoliths for pollen and sediment analysis. In

order to gauge the extent and relative positions of the various stratigraphic units, a

number of small exploratory trenches were dug at regular intervals along a 500m stretch

of the high water mark using a JCB. These trenches defined the HSF transect marked on

Fig. 5.1. Full excavations, by hand and machine (Fig. 5.2), were undertaken at a number

of locations to examine contexts of particular environmental or archaeological interest.

Most of the main excavations were focused in the area of the palaeochannel that was

discovered at the southern end of the HSF transect (Fig. 5.1).

Samples for pollen and sediment analysis were taken using 24, 30 or 50cm monolith tins

pressed into the exposed trench walls. In some trenches only a single monolith was

taken; at other sites, for example through a good exposure of the main peat deposit,
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52

Fig. 5.1: Carr House Sands and Carr House Sidings, Hartlepool, showing the
locations of the sites described in Chapters 6 and 7.
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samples were taken using overlapping monolith tins. The monoliths were levelled in to a

local datum, labelled and photographed (see Chapter 6). After marking and retrieval the

monoliths were sealed in plastic, labelled externally and stored at low temperatures until

they could be transferred to the cold store at St. Andrews University.

Fig. 5.2: Excavations along the HSF Transect at Carr House Sands,
Hartlepool, November, 1995.
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5.2.2 The Carr House Sidings Sites

As the name suggests, Carr House Sidings was formerly part of the railway network but

the area has also been used more recently for industrial and landfill purposes. Currently

part of the site is undergoing reclamation and redevelopment as a residential estate. The

part of Carr House Sidings examined for this work lies immediately to the west of

Coronation Drive and the Esplanade that overlooks Carr House Sands (Fig. 5.1). The

area is low-lying and drained by a shallow straightened stream channel called the Stell,

which is frequently penetrated by tidal waters. Beneath the disturbed surface layers,

intercalated marine and terrestrial sediments provided a focus for the second phase of

palaeo-environmental investigations. The presence of these sediments suggests that part

of the area once formed a lagoonal or marine embayment and, as the area is set back

from the present coastline, holds the promise of longer, less fragmented Holocene

sequences. The two sites selected for sediment sampling, the Stell and CHS sites, are

indicated on Fig. 5.1.

The Stell Site

The Stell site was cored on 3rd July, 1997 close to the edge of the stream and next to a

derelict wooden bridge support (Fig. 5.3). The site was levelled in to the local benchmark

at Newburn Bridge, 1 km to the north. Samples were collected in five lm steel tubes

4cm in diameter, using a piston corer operated by staff from Durham University. The

tubes were labelled and sealed on site. The high sand content of some of the material

meant that samples could not be extruded, so the tubes were cut open at Durham where

the sediments were transferred to plastic guttering, resealed, relabelled and transported to

cold storage at St. Andrews. While the three lowest tubes were full of sediments and

extended down into till at the base of the lowest tube, some material was found to be
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missing from the upper two tubes. In order to replicate the missing material another site

was identified, approximately 140m further inland, where it was hoped that samples

from the upper stratigraphic horizons could be obtained.

Fig. 5.3: Coring and levelling in at the Stell site, 3rd July, 1997.
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The CHS site

Men working on the reclamation of slag at Carr House Sidings shared their knowledge of

the local stratigraphy with us and indicated where we could find peat and sand sequences

close to the Stell site. The presence of the sediments was quickly confirmed using a

mechanical digger. We returned to the site later in the summer of 1997 when the men

exposed the peat lying approximately two metres below the ground surface. The nature

of the overburden meant that it was impossible to core from the ground surface.

However, the amount of ground water draining into the trench meant that it quickly

became unsafe to sample with the equipment available to us. On 29th October 1997 we

returned once again having arranged to hire a mechanical digger for the day in order to

safely expose the sediments in which we were interested. On that occasion, a large

trench approximately 4m by 6m was dug, to a depth of around 1.5m, within which a

deeper narrow trench was excavated (Fig. 5.4).

Sediment samples were recovered by Dr. Jack Jarvis using 50cm monolith tins

pushed into the side of the trench from the safety of the digger bucket. Four over¬

lapping monolith tins were emplaced vertically and another, the deepest, was offset one

metre to the side of the digger bucket. The tops of the upper monolith tin (HF1) and the

offset monolith (HF5) were levelled in to the Stell site and the overlaps were scratched

on each tin while in situ. The lowest picture in Fig. 5.4 shows the side of the trench with

monolith HF2 still in place following the removal of HF1. The top of the upper peat can

be seen c. 5cm below the top of HF2. Once recovered, the tins were appropriately

labelled with top, bottom and depth marks and were wrapped in plastic prior to

transportation to cold storage at St. Andrews University. The amount of water flowing

into the trench and the danger of collapse meant that it was not possible to excavate
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or core any deeper at this location. A gouge auger was used to ascertain the nature of the

next metre of underlying sediment.

Monolith HF2

Fig. 5.4: Excavations and retrieval
of the HF monoliths from the CHS
site at Carr House Sidings.
Monolith HF2 is indicated in the
lowest picture, which was taken
following removal of HF1.
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5.3 Laboratory Sampling and Sediment Analyses

The exposed surfaces of the material in the cores and monolith tins were scraped in the

laboratory to remove possible contaminants and the sediments were photographed prior

to stratigraphic description and sub-sampling for pollen and sedimentary analyses.

5.3.1 Stratigraphic Descriptions

The exposed surfaces were drawn to indicate the positions of wood, stones and any

obvious changes in composition. Stratigraphic descriptions were made initially using the

scheme developed by Trpels-Smith (1955). This method depends on the ability of the

analyst to identify all the major and minor constituents within each sub-sample so that

every stratum can be identified. Up to four main constituents of up to 25% each may be

differentiated. For example, a sample of sediment may be described as two parts fine

sand, one part silt and one part organic material. Other lesser constituents such as clay,

shell or charcoal may be indicated by + values. Organic material may be further

differentiated according to the degree of humification and whether or not the original

plant material can be identified, e.g. moss peat, limus, birch twigs/roots. Four physical

properties of the sediment can also be described on an increasing five-point scale of 0 to

4. These properties are colour/darkness (nig.), stratification (strf.), elasticity (elas), and

dryness (sicc.) but other distinguishing features such as plasticity and structure may also

be added to the physical description. In differentiating a particular stratum, the analyst

should also indicate the clarity of the boundary with the overlying stratum. All the

descriptors in the Trpels-Smith scheme are in Latin for standardisation and clarity.

Strict adherence to the scheme should produce an objective and detailed description of

the stratigraphy of a core or monolith but there can be problems. It is impossible to

avoid subjectivity on the part of the analyst in the identification of all the constituent
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parts and their relative proportions, especially in the absence of more accurate analytical

techniques. Inevitably there will be some generalisation in assigning the main

constituents to four parts of the whole even when the relative proportions are accurately

known, for example after LOI (loss-on-ignition) and particle size analysis. If the

scheme is applied rigorously the ensuing detail inevitably produces cumbersome

descriptions and diagrams which reduce clarity and the ability to make comparisons

between samples and sites. In view of these problems, the Trpels-Smith scheme has

been used with qualification. Initial stratigraphic descriptions were made using Trpels-

Smith (1955) but were subsequently modified to reflect LOI and particle size analyses.

The full stratigraphic descriptions appear with the site reports in Chapters 6 and 7. The

stratigraphic descriptions have been simplified for use with the pollen diagrams. This

involved amalgamating similar strata under a less specific heading and was found to

improve the clarity of the lithology columns, which were plotted using TILIA and

TILIA*GRAPH (Grimm, 1991).

5.3.2 Sub-sampling

Following surface cleaning, measurement and initial stratigraphic description, cores and

monoliths were sub-sampled for pollen and sedimentary analyses in a clean environment.

Material was removed to labelled pots using clean blades and small spatulas. Samples

were taken at regular intervals through the material although the interval varied to reflect

the nature of the material. All organic material was sampled at 2 or 4cm intervals with

closer sampling at 1 or 0.5cm through transitional zones. The highly minerogenic

horizons were sampled less frequently with no interval being greater than 10cm.
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5.3.3 Loss on Ignition

Samples to be measured for loss-on-ignition were placed in a warm cabinet for air-drying

for up to three days to ensure that all free moisture had been driven off. Samples were

kept in a desiccator prior to initial weighing and after burning, until final weighing could

be achieved, to ensure that as little atmospheric moisture as possible was reabsorbed.

Numbered crucibles were weighed before and after the addition of the sample material

and weights were recorded to three decimal places. Samples were placed in a furness

pre-heated to 500°C using safety equipment and left for four hours before removal to a

large sand tray for initial cooling and thence to the desiccator. Samples were then

reweighed, to three decimal places, and the material transferred to the original containers

to await further analysis. Values for LOI were calculated for each sample and presented

in graph form as percentage of dry sediment weight using the TILIA and

TILIA*GRAPH programs (Grimm, 1991).

5.3.4 Particle Size Analysis

Particle size analysis was undertaken on material remaining from LOI. The main focus

of particle size analysis was on the minerogenic strata. Those levels with very high LOI

values, the peats, often did not have sufficient material remaining for further analysis and

the results of particle size analysis, on c. 20% of the original sample, would not have

been very meaningful in any case.

Particle size analysis was undertaken initially using an LSI00 Coulter Counter, which is

able to differentiate particles up to 710pm in size. Later samples were analysed using a

more advanced model, the LS230, capable of differentiating particles up to 2mm in size,

but the results from both machines were standardised. Sample material was first sieved
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through a 710pm sieve and any particles greater than 710pm were kept for weighing.

Some material had been baked hard during LOI and had to be softened using de-ionised

water prior to sieving. Sediment of less than 710pm size was added to the water

chamber of the LS100/LS230 through the 710pm sieve, either dry or wet. Both Coulter

Counters provide analysis of the particle size distribution within a sample that is based

on percentage volume. Preferences were set so that a print-out could be obtained of the

percentage volumes of samples within the following size bands.

Clay-size fraction, less than 2pm

Fine silt-size fraction, 2pm to less than 6pm

Medium silt-size fraction, 6pm to less than 20pm

Coarse silt-size fraction, 20pm to less than 64pm

Fine sand-size fraction, 64pm to less than 250pm

Medium sand-size fraction, 250pm to less than 500pm

Coarse sand-size fraction, 500pm to less than 710pm

Data produced were used to make cumulative graphs of percentage sediment size by

volume after LOI for particles less than 710pm. Material greater than 710pm size was

put through a 2mm sieve and the values used to produce graphs of percentage dry weight

after LOI in two size bands:

Fraction 710pm to less than 2mm

Fraction greater than 2mm.

Graphs of particle size data were produced using TILIA and TILIA*GRAPH (Grimm,

1991) and were displayed alongside LOI data.



5.3.5 Radiocarbon Dating

Radiocarbon dates for several samples from the intertidal (HSF) sites were requested by

the archaeologists and paid for out of the original grant. Sediment samples were taken in

a clean environment, sealed and labelled and despatched to Beta Analytic for analysis.

For the Carr House Sidings sites, application was made to NERC in October 1999 for 18

AMS dates from the two sites. These dates were granted and samples were taken as

above and forwarded to East Kilbride for processing. The analyses were fast-tracked and

results were received in January 2000. All the radiocarbon dates obtained in connection

with the HSF and Carr House Sidings sites are reported and discussed at appropriate

points in the text. In particular, there is comment on the acceptability or otherwise (see

5.3.6) of some of the dates. All known radiocarbon dates for the Hartlepool Bay area

are listed with calibrations in the Appendices.

5.3.6 X-Rav Diffraction

Seven of the AMS-dated samples produced dates that were much older than expected.

Sub-samples from these levels were examined using XRD to determine the composition

of the crystalline mineral component of the sediment. Mr. Angus Calder undertook the

analyses and explained the results, which are tabulated in Fig. 5.5. Three of the seven

samples showed traces of minerals containing carbon that could have affected the

radiocarbon ages. The other four samples showed slight and, in one case, significant

amounts of amorphous organic material, which could include coal fragments that would

have made the dates older than expected.
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SAMPLE CARBON SOURCES

Location and
Sediment

Radiocarbon
date (BP)

LOI
%

Minerals Amorphous
Organics

Stell, Stratum 14: Upper
Silty band in sand unit

6100±40 5.4
Calcite and
Dolomite

none

Stell, Stratum 10: Top of
'middle' grey silty sand

8360±50 12-15 none slight

Stell, Stratum 10: Base of
'middle' grey silty sand

10240±40 -16 none slight

Stell, Stratum 5: 'Till'
beneath lower peat

10970±40 7.6 none slight

CHS, Stratum 17: Top of
sandy turfa

14510±50 -40 none yes

CHS, Stratum 15: Base of
fine beige sand

11160±50 1.8
Calcite and
Dolomite

none

CHS, Stratum 1: Basal
beige/grey silty sand

11060±30 -2
Dolomite and
Calcite

none

Fig. 5.5: Table showing the results of XRD analysis on seven sediment samples that
produced 'older than expected' AMS dates.

5.4 Pollen preparation and counting

5.4.1 Standard pollen preparation

Standard pollen preparation techniques were followed on samples taken from the cores

and monoliths (Faegri and Iversen, 1989; Moore et al, 1991). Full details of the

preparation method can be found in the Appendices. Sub-samples of 0.5cc were

subjected to sodium hydroxide breakdown, sieving, hydrogen fluoride treatment to

remove silica and acetolysis to remove organics before being dried using alcohols and

mounted on slides using silcone fluid. One tablet of a marker grain (Lycopoclium
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annotinum) with a count of 11267±350 spores was added to each sample at the start of

the preparation so that pollen concentrations could be calculated (Stockmar, 1972).

All pollen and spores were counted to a total of at least 500 land pollen for each prepared

level, apart from a small number of levels where pollen was found to be very sparse. For

these levels a total of at least 100 land pollen was counted but in some cases the total

achieved was in the region of 250 to 300 land pollen. Total counts are indicated on the

pollen diagrams. A Nikon 119 light microscope at x600 magnification was used to count

the intertidal sites and some samples from Carr House Sidings. In 1998 a Zeiss

Axioskop light microscope became available and its better optical qualities at x640

magnification were used for the rest of the counting. Every effort was made to ensure

that each slide was counted with an even spread of traverses (Brookes and Thomas,

1967). For most slides the traverses were counted at 1mm or even 0.5mm intervals

giving a possible total of up to 22 or 44 traverses on each slide. Some levels needed

several slides to achieve the required total count of 500 land pollen. Occasionally, when

pollen was more plentiful, fewer traverses were needed to reach the total but at least two

edges and the middle traverse were counted in order to preserve statistical comparability

and reduce any possible effects from uneven spreading of the silicone suspension.

Pollen was identified to species level where possible, using the nomenclature of Stace

(1991) and the classification scheme of Bennett (2002). The positions of problem grains

were noted on the back of the count sheets, often with a drawing. Attempts were made

to identify problem grains under immersion oil at xl500 magnification. An assessment

of preservation status was made for each grain in one of four categories:-

P = Perfect, undamaged; B = Broken or torn;

F = Folded or crumpled; C = Corroded, pitted or thinned.
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Although somewhat subjective, this methodology can be useful in matters of pollen

taphonomy (Ballantyne & Whittington, 1999). Graphs showing percentages of corroded

grains in the principal taxa are reported for most of the HSF sites. For the Carr House

Sidings sites, pollen preservation status graphs are presented for the principal taxa. The

total tree pollen counts for three sites, HSF2, HSF6 and HSF19/20, have been presented

as cumulative percentage graphs in two forms (Figs. 6.6, 6.14 & 6.19). The first graph

reflects the actual percentage count at each level, while data for the second graph have

been modified to reflect differences in pollen productivity calculated by Andersen

(1970). This methodology may illustrate the nature of past woodland composition more

acurately than standard presentations.

All pollen diagrams were constructed using the computer programs TILIA and

TILIA*GRAPH (Grimm, 1991) and updated versions downloaded via the internet.

Some pollen diagrams were zoned by eye having particular regard for variations in the

abundance of various taxa and changes in concentration data. However, many pollen

diagrams were zoned with the assistance of stratigraphically constrained cluster analysis

(CONISS) (Grimm, 1987) operated through TILIA and TILIA*GRAPH.

5.4,2 Dense media pollen preparation

Despite careful preparation, the residues obtained from some levels were found to be

very difficult to count. In some cases the pollen was relatively plentiful but obscured by

large amounts of organic material or silica. At other levels the pollen was very sparse

and took a great deal of time to count. An alternative pollen preparation method using

heavy liquid separation was undertaken as a trial. The method used follows Nakagawa et

al (1998) with Lithium heteropolytungstates (LST) the chosen dense liquid. Details of

the preparation method are included in the Appendices.
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The dense-media treatment replaces filtration and HF treatment in the standard

preparation. Separation of the pollen from the rest of the matrix is achieved by mixing

with a liquid of density 1.88g/ml, between that of fossilised pollen and most mineral and

organic detritus, and centrifuging for 20 minutes at 1800 rpm. The contents of the tubes

separate into three layers with the uppermost containing most pollen. Careful decanting

of the supernatant followed by dilution, to reduce the density to less than that for pollen,

and further centrifugation, concentrates the pollen in a pellet at the bottom of the tube.

Completion of the preparation follows standard procedures with dehydration, acetolysis,

alcohol treatment and mounting in a medium of choice. The first dense medium

preparation was successful and improved the recovery of pollen from four samples.

Data from the successful dense-media preparations are displayed in Fig.5.6, (Table 2)

together with the results of the standard preparation on the same four samples (Table 1).

One or two slides, of 21 to 23 traverses, had already been counted for each of the four

samples following the standard preparation method. The slides were significantly

obscured, with organic matter in the first three samples and silica in the fourth sample

(STL5-9cm), and took several hours to count. The initial count was very poor for the

silica-rich sample, which had a concentration of only 5000 gr./cc.w.sed. (grains per cc of

wet sediment), but was quite reasonable for the other three samples.

The dense-media method produced much purer pollen residues from the four Hartlepool

samples allowing grains to be more easily detected and identified. However, the number

of pollen per traverse was markedly reduced for two of the organic slides, while the third

showed a slight improvement, findings that may reflect the amount of silicone oil used.

For the silica-rich slide, STL5-9cm, the amount of pollen per traverse almost doubled, to

3 per traverse, but another 155 traverses were still necessary to achieve the required

count. Variations in the taxa found using the two methods have not been analysed in
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detail but are presented as counts and percentages of tree, shrub and herbaceous pollen

(Fig. 5.6). The most marked difference is between shrub and herbaceous pollen in

STL5-9cm, but this could be explained by the very low count achieved from the standard

preparation method. The other group counts are within a few percentage points of each

other for the two methods and arguably representative of the same population. The

combined totals from both preparation methods were used in the assembly of the pollen

diagram for this site (Fig. 7.8) and are indicated in Table 3.

However, a major quantifiable difference between the two preparation methods can be

seen in the pollen concentration values indicated in the final columns of the tables in

Fig.5.6. Concentration values for three of the four Hartlepool samples were more than

doubled using the dense-media method. The concentration value for STL4-45cm, which

was the highest of the four using the standard method, increased by nearly 50%.

Nakagawa et al (1998) allude to pollen concentrations in a comparative sense and in

terms of purity of the recovered pollen residue. They do not cite specific concentration

values; nor do they indicate that marker grains were added to the preparations, a

prerequisite for the calculation of absolute pollen data. Their evidence (Nakagawa et al,

1998, Fig.6) does indicate that a higher concentration (recovery) and purity of pollen was

achieved per unit volume of sediment for most of their organic samples using the dense

media method. However, for the single gyttja clay sample "the recovered pollen was

reduced using the dense-media separation method compared with the conventional

method." (Nakagawa et al, 1998, p.22), a finding that conflicts with the evidence from

the minerogenic sample (STL5-9cm) from Hartlepool (Fig. 5.6, table 2).

The much improved concentration values for the four Hartlepool samples using the

dense-media method was attributed in part to the high obscuration of the slides from the

standard preparation. The highly distinctive marker grains used with both methods
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(.Lycopodium) may have been more easily detected than other grains under conditions of

high obscuration, and therefore preferentially counted. Nonetheless, the evidence from

Nakagawa et al (1998) and the four Hartlepool sites does indicate that a higher pollen

and spore recovery rate may be achieved using the dense-media separation method.

However, a major problem with the dense-media preparation method is the length of

time needed to complete numerous wash cycles prior to mixing the sample with the

dense liquid. Up to twenty rinse and spin cycles may be necessary to rid the host liquid

of decomposed humic acids and fine grained minerogenic material (Nakagawa et al,

1998). A second factor that adds to the time needed to prepare a batch of samples is that

large (50ml) tubes were deemed necessary for all the rinse cycles but only four could be

centrifuged at a time. In an attempt to reduce the time needed for each sample, another

centrifuge with buckets for six large tubes was used for a second preparation. However,

the dense liquid separation was not successful on this occasion. One explanation for the

disappointing result may be related to the centrifuge buckets, which were fixed at an

angle and could not swing out to the horizontal position. The smaller radius of orbit of

the six-bucket centrifuge may also have adversely affected the separation by reducing the

centrifugal forces operating on the sample.

Following the second, unsuccessful, dense-media preparation and after consideration of

the time involved in further preparation and counting of samples, it was decided not to

pursue the dense-media method. All samples had in any case already been prepared

using the standard method and those that were highly obscured could be further diluted

with silicone fluid. If the preparation of additional samples from Hartlepool was deemed

necessary, consideration could be given to a second acetolysis treatment for the organic

levels and longer HF treatment for the mineral-rich sediments. Obviously, a great deal

more work would be needed to fully assess the relative performance and effectiveness of
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the two methods on the Hartlepool samples. The large apparent increase in concentration

values achieved using the dense-media preparation over the standard method means that

combined data should not be used on concentration diagrams. However, the data have

been combined for this site, as only four levels were affected, and the increase is

indicated on the relevant diagram (Fig. 7.8).

5.5 Charcoal

Charcoal counts were undertaken for all samples from the HSF19/20 monoliths and for

the five CHS monoliths. Charcoal was clearly visible as a discrete horizon in HSF20,

where it was dated to 3250±90BP. Charcoal was counted through HSF19, the lower

monolith, because of the presence nearby of another charcoal band at a relevant

elevation. Despite the lack of visible charcoal in the CHS monoliths, pollen spectra and

radiocarbon dates showed that the sediments covered the Late Holocene and included the

period for which there was evidence of burning at HSF19/20.

Charcoal was counted separately from pollen and required the use of a 10pm grid placed

in one eyepiece. The grid was kept square with each traverse and formed a 10pm lattice

across the whole slide as the grid/field of view moved. Hits or charcoal counts were

registered for each point where the grid intersections covered a piece of charcoal (Clark,

1982). Intersections on the left, or right, edge of the grid, depending on the direction of

movement, were counted only once. Lycopodium spores within the grid were also

counted in order to obtain a concentration value for the charcoal.
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Charcoal concentrations were calculated according to the following formulae:

1. P = C/N P = Proportion of possible points hit

C = total number of Charcoal hits

N = Number of possible intersections

N depends on the number of traverses counted. If the whole slide is counted at 2mm

intervals there are 11 traverses and N = 111012 possible intersections. If less traverses

are counted, take relevant proportion of N.

2. A = PxAp A = Area of charcoal on slide

Ap = Area of coverslip (4.84cm2)

P as above

3. Mp = Ap/Ag x Mc/F Mp = Marker grains on slide

Ap as above; Ag = Area of Grid, Ap/Ag -7446

Mc = Marker grains Counted on slide

F = Number of Fields of view

4. Ac = AxM / MpxV Ac = Concentration of charcoal in cm2/cm3

A as above; M = Number of Marker grains in tablet

Mp as above, V = Volume of sample used (0.5cm3)

Charcoal diagrams were constructed using TILIA and TILIA*GRAPH (Grimm, 1991).
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Chapter 6

The HSF sites

6.1 Introduction

This chapter is concerned primarily with the individual HSF sites and offers detailed

descriptions of the analyses undertaken for each monolith and discussion of the

environmental changes recorded at each site. Figs. 6.1 & 6.2 show the locations of the

sites and their relationship to each other within the stratigraphic sequences underlying

the HSF transect. The sites represent the range of sedimentary environments observed in

the HSF intertidal area and include marine and terrestrial sequences within and at the

margins of the palaeochannel and terrestrial sequences at the northern end of the

transect. It was not possible to obtain complete Holocene sequences at any single site

because work could only be undertaken during the few hours around low tide. Selective

sampling of the stratigraphic contexts was therefore undertaken as time and opportunity

allowed.

Short reports on the individual HSF sites were written by the present author as part of

the input to the environmental section, compiled by Professor M. Tooley, of a

monograph on the submerged forest at Hartlepool (Waughman, in press). The original

reports were submitted in 1997; current versions (this chapter) include modifications to

the text, and one or two diagrams, reflecting further thought on the environmental

changes represented by these samples. Selected taxa pollen diagrams have been

incorporated into the text. Full pollen diagrams can be viewed in the Appendices.

The HSF reports are a valuable data resource representing the fruits of a substantial

portion of work undertaken over a two-year period. This work provided valuable
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training and experience in the interpretation of coastal organic sediment sequences.

While the HSF reports form a discrete body of work integral to the understanding of the

Hartlepool coastal sedimentary sequences, the work also informs interpretations and

reconstructions derived from subsequent work on the Carr House Sidings sites.

Discussion and synthesis of findings from the Hartlepool intertidal sites, which

incorporates previous work reported in Chapter 4 together with evidence from the HSF

sites, can be found at the end of Chapter 6 in section 6.10.

52

Fig. 6.1: Carr House Sands, Hartlepool, showing the locations
of the HSF sites along the HSF Transect.

137



+2.0-1

+1.5.

+1.0.

+0.5.

OD.

-0.5.

metres

Fig. 6.2: Stratigraphy of the HSF transect showing relative
positions of the HSF monoliths described in this work.
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6.2 HSF 2 - NZ 5218 3109

This 24cm monolith (Fig. 6.3) was located at the northern margin of the palaeochannel

in the middle of the HSF transect (Fig. 6.1). The sediments extend upwards through

laminated grey silts and brown slightly organic sands and include 6cm of turfa from the

base of the main peat bed. The top of the tin was placed at +0.63mOD. 1.5m of peat

and approximately 90cm of grey and orange sands and shingle overlay the monolith

(Fig. 6.2).

24cm

Stratum 5
Brown fibrous
peat

Fig. 6.3: HSF 2 monolith

Stratum 4

Grey/brown
silty sands

/Stratum 3
as Stratum 1

Stratum 2

\Organic silty sand
Stratum 1

Grey laminated
silty clay

Stratigraphy

Stratum 5, 6 - Ocms

+0.57 to +0.63mOD

Dark brown fibrous peat with yellow sand lenses in

upper 3cm.
Th'2 Dh11 Gal

Nig 3 strf+ elas2 sicc2+ Is? LOI +80%
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Stratum 4, 17-6 cms

+0.46 to +0.57mOD

Stratum 3, 19-17 cms

+0.44 to +0.46mOD

Stratum 2, 21 - 19 cms

+0.42 to +0.44mOD

Stratum 1, 24 - 21cms

+0.39 to +0.42mOD

(Summary) Bands of grey and brown sandy silts with

organic, silty bands and inclusions. More organic at

top.

Ldl Shi Agl+Gal As+ Gs+

Nig 2 strf 1 elas 0 sicc 2 Is 1 LOI 15-50%

Light grey laminated sandy silt; rare organic traces.

Ga2 Ag2 Sh++

Nig 2 strf 2 elas 0 sicc 2 Is + LOI 15%

Dark brown organic silty sand.
Ga3 Ldl Ag++

Nig2++ strf 0 elas+ sicc2 lsl LOI 10 - 20%

Grey, finely laminated silty sand.
Ga2++ Ag 2 Sh+

Nig2 strf2 elasO sicc2 ls2 LOI 10%

Stratigraphy, PS & LOI

Samples were taken for LOI and particle size analysis at 2cm intervals. The grey, finely

laminated silty sands (Strata 1 and 3) revealed a dominant fine sand-size fraction with

clay, silt and slightly coarser sand-size particles also present (Fig. 6.4). LOI was found

to be only 10% in stratum 1 but increased to 15% in stratum 3. The intercalated darker

stratum (2) at 21-19cm (+0.42 to+0.44mOD) contained slightly more organic material,

up to 20% LOI, while the minerogenic component was almost entirely of the fine sand-

size fraction.

The upper sands and silts merged into the rather complicated stratigraphy of stratum 4

(17-6cm; +0.46 to +0.57mOD) where LOI increased somewhat erratically from 15 to

50%. Stratum 4 included bands and inclusions of grey and grey/brown silts and sands.

These bands were sub-horizontal and frequently discontinuous. Particle size analysis
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Fig. 6.4: HARTLEPOOL SUBMERGED FOREST - HSF 2

indicated an expansion of the clay and silt-size fractions and, temporarily at 15cm, of the

medium and coarse sand-size fraction. The silt-size fraction became dominant as LOl

increased to 50% at 7cm although the fine sand-size fraction remained significant.

Stratum 5, from 6cm upwards, consisted of relatively unhumified herbaceous peat.

Some lenses of pale yellow sand were observed in the upper 3cm. LOI values from 3

levels were found to be over 80%, so particle size analysis was not carried out on this

stratum.
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Pollen

Twelve samples were taken at 2cm intervals for pollen analysis; 500 land pollen were

counted at each level. Around 50% of the pollen in the lower part of the monolith was

found to be corroded, suggesting that some of the pollen may be derived from older

sediments or have travelled some distance from the original point of release. Pollen

condition improved with altitude and from 10 or 12cm upwards the higher LOI and

increase in unhumified organic material provided evidence for wetter, anaerobic

conditions having obtained during the period of deposition of the upper sediments. Fig.

6.5 shows selected relative percentage pollen taxa from HSF2. After consideration of

the concentration data (Fig. 6.7), the diagram was zoned as follows:-

F1SF 2 - 3b; 6 - 0cm +0.57 to +0.63mOD Poaceae with Quercus and Betula\

FlSF2-3a; 12-6cm +0.51 to+0.57mOD Poaceae with Alnus and Quercus;

HSF 2-2; 18 - 12cm +0.45 to +0.51mOD Alnus, Poaceae;

HSF 2-1; 24 - 18cm +0.39 to +0.45mOD Alnus, Tilia, Spores.

HSF 2 - 1; 24-18cm +0.39 to +0.45mQD Alnus, Tilia. Spores

Arboreal taxa dominated this LPAZ (local pollen assemblage zone) at around 80% TLP.

Alnus appeared to be the most dominant taxon peaking at over 50% but the modified

percentage tree data (Fig. 6.6), see Chapter 5, suggests that Tilia may have been as

important as Alnus. Concentration values (Fig. 6.7) were particularly high at 21cm, at

the base of stratum 2, with a value of over 300,000 gr./cc.w.sed. (grains per cc wet

sediment), in contrast to the background of level of 100,000 gr./cc.w.sed. for much of

the monolith. Corylus was the only significant shrub taxon and was present throughout

this zone at around 10% TLP. Herbaceous taxa, which were particularly poor in

variety, expanded from 5 to 15% through the zone due to a rise in Poaceae. Spores

were at their most significant in this zone with Pteropsida monolete indet. declining
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Fig.6.5:HARTLEPOOLSUBMERGEDFOREST SelectedTaxaPercentagePollenDiagram-Feb.1997 NZ52183109 collected27:9:95,analysedMPD
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from a high of 70% at 23cm and Pteridium aquilinum peaking to over 30% at 19cm.

These spores may well be residual.

Fig. 6.6: HSF 2
Tree Pollen as Percentage
of Total Tree Pollen

Corrected Tree Pollen
Percentage Values
(after Andersen, 1973)

20 ' 40 ' 60 ' 80 ' 100

HSF 2-2; 18-12cm +0.45 to +0.51mQD Alnus. Poaceae

Alnus declined through this LPAZ but remained dominant within the arboreal taxa,

which included higher relative percentages for Quercus and Betula. Tilia declined in

relative terms from the previous zone. Corylus expanded slightly to maintain values

around 13% TLP (total land pollen) throughout this zone. Relative values for Poaceae

increased steadily with the herbaceous expansion, which showed more variety than in

the previous zone and included Plantaginaceae and Chenopodiaceae at values over

2%TLP. Spores showed a marked decline from the previous zone.
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Fig.6.7:HARTLEPOOLSUBMERGEDFOREST(HSF2) PollenConcentrationDiagram(SelectedTaxa)-July97 NZ52183109 0<*?
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HSF 2-3; 12 - Ocm +0.51 to +Q.63mOD Poaceae

Herbaceous taxa were dominant throughout this LPAZ at over 60% TLP. The zone has

been subdivided at 6cm due to the change in concentration values (Fig. 6.7), the reduced

importance of Poaceae and the apparent Quercus expansion between 7cm and 5cm.

There may be a stratigraphic control here.

HSF 2 - 3a; 12 - 6cm +0.51 to +0.57mQD Poaceae with Alnus and Ouercus

Herbaceous taxa, dominated by Poaceae, expanded to over 90%TLP at 7cm, an

expansion that was matched by an increase in total concentration value (Fig. 6.7), to over

600,000 gr./cc.w.sed., by far the highest value of the diagram. Other herbaceous taxa

were sparse with the only notable occurrence being a 7%TLP peak of Chenopodiaceae at

11cm. The arboreal decline continued from the previous zone although Quercus and

Betula remained important. The apparent decline of Betula, Quercus, Alnus and

Corylus, in relative percentage terms (Fig. 6.5), is partly an artefact of the meteoric

Poaceae expansion. Concentration values show that Betula and Quercus were also

increasing numerically through the subzone. Alnus and Corylus both showed a

numerical decline suggesting that they, rather than Betula and Quercus, were being

displaced by Poaceae.

HSF 2 - 3b: 6 - Ocm +0.57 to +Q.63mOD Poaceae with Ouercus and Betula

This subzone shows a decline in the relative importance of Poaceae, although the taxon

remained dominant within the herbaceous group, which maintained values of 60% TLP.

Concentration values returned to around 100,000 gr./cc.w.sed. (Fig. 6.7) and probably

reflects faster organic sedimentation within a reedswamp habitat. Cyperaceae, which

had begun expanding numerically in the previous subzone, was the only taxon to
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continue this trend, making a significant contribution to the herbaceous signal. Arboreal

taxa declined slightly through the subzone, in relative terms, with Quercus and Betula

being more important than Alnus.

Discussion

At the base of this sample, two layers of grey, laminated sand/silt sandwich a darker

sand-rich stratum (2), 21 - 19cm, +0.42 to +0.44mOD that may represent an OGS (old

ground surface). The laminated sand/silt layers were suggestive of calm water

conditions, probably estuarine or tidal, at the edge of the palaeochannel, conditions that

were interrupted by a period during which water-borne deposition was less frequent.

The silt fraction (Fig. 6.4) was considerably diminished at 19cm and 21cm and no

laminae were visible within the dark band. This evidence suggests a temporary lowering

of relative sea level and/or a reduction in palaeochannel discharge. The dark band

(OGS) was formed predominantly of fine sand, the result most probably of aeolian

activity operating on exposed former intertidal surfaces. The high pollen concentration

value, over 300,000 gr./cc.w.sed., at 21cm, the base of the dark layer, contrasted with the

low background level for most of the monolith. High concentration values can reflect

high rates of pollen production but can also indicate a reduced sedimentation rate or a

reduction in the dilution effect of water or wind. On balance, therefore, it is likely that

the darker band represents a period of relatively short duration when the site became

wholly terrestrial.

The pollen spectra from the minerogenic sediments at the base of HSF2, strata 1 to 3,

have been assigned in the main to HSF2-1, where Alnus and Tilia with monolete spores

were dominant. Initial interpretations of the pollen spectra in HSF2-1 inclined towards

the local presence of a dense mixed woodland, with a fern understorey, where, taking

account of arboreal pollen productivity (Fig. 6.6)(Andersen, 1973), Tilia may have been
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dominant. However, the corroded condition of much of the pollen, particularly Tilia and

Alnus, raised the possibility that a sizeable proportion of the pollen could be from further

afield or even derived from reworked older sediments. Tilia and monolete spores are

highly resistant to breakdown and may therefore be preferentially preserved for longer in

older sediments (Havinga, 1984). The erosion and reincorporation of such material could

lead to later deposits being enriched with pollen unrepresentative of the environment at

the time of deposition. Tilia and the monolete spores were most strongly associated with

the lower laminated sand/silt unit, stratum 1, but remained significant in the upper unit,

stratum 3, where LOI was a little higher. Indeed, correlations between LOI and counts

or concentrations of both Tilia and monolete spores, suggested an inverse relationship,

which could be explained by the pollen being partly derived from reworked sediments.

Relationships between Alnus and LOI are not so strong indicating that the nature of the

sediment, and the derived pollen it might contain, was less important for this taxon.

The return to estuarine conditions marked by the upper laminated silt/sand layer may

have been followed by some slumping of neighbouring sediments at the side of the

palaeochannel. Stratum 4 (17 - 6cm, +0.46 to 0.57mOD) was complicated

stratigraphically with irregular bands and inclusions of grey and brown silty sand. A

peak in the medium and coarse sand-size fraction at 15cm (Fig. 6.4) might indicate some

disturbance at the side of the palaeochannel. Despite the complex stratigraphy, the

pollen signal from this stratum is incremental and indicative of a gradually changing

environment. LOI was quite variable through this stratum but trended upwards from

15% to 50%, a marked increase over the lower strata. The pollen preserved within

stratum 4 (17-6cm, +0.46 to+0.57mOD), HSF2-2 to HSF2-3a, showed the local

expansion and dominance of reedbed habitats. The continuing presence of saltmarsh taxa

hinted at the proximity of the sea while the arboreal signal indicated that mixed
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deciduous woodland was present nearby. The highest pollen concentration (Fig. 6.7)

occurred at 7cm where a value of nearly 600,000 gr./cc.w.sed. was suggestive of a soil

surface. Concentration values had been increasing slowly from 13cm perhaps indicating

a reduction in the amount of sediment available from exposed and disturbed ground. The

increase in pollen concentration at 7cm was quite marked and came just before a

stratigraphic change to Phragmites peat.

LOI (Fig. 6.4) increased strongly to over 80% in the Phragmites peat, stratum 5, LPAZ 2

- 3b. The high level of organic material within the stratum showed that vegetation was

not being broken down. It is probable that a slight rise in the water table allowed the

local reedbed habitat, within the palaeochannel, to spread onto the site during this

period. The resulting accumulation of peat, which is over lm thick, could have been

due to higher rainfall and/or a gradual rise in sea level. The reedbed taxa that dominated

this subzone included some Cyperaceae (sedge) and a few Typha latifolia (bulrush).

The dating of this sediment sequence is unclear in the absence of any radiocarbon dates

or chronstratigraphic markers. However, the very low levels of Ulmus pollen (see full

pollen diagram in the Appendices) are supportive of a post-Ulmus decline date for the

whole sequence and this interpretation fits with the radiocarbon date obtained for the

base of the peat at HSF6 (4660±60BP) 25m to the south. The lack of Ulmus in the

minerogenic sediments, which probably contained reworked pollen of earlier Holocene

age, could be due to difficulties with identifying this taxon in a corroded state.
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63 HSF6 - NZ 52203107

This 50cm monolith (Fig. 6.8) was taken at the northern edge of the palaeochannel

approximately 25m south of HSF2 (Figs. 6.1 & 6.2). The top of tin was positioned at

+0.39mOD. Silty sands at the base of the monolith were covered by a lower peat unit

14cm thick, which was in turn overlain by 24cm of silts and sands. Peat sampled in the

upper 6cm of the monolith continued for a further 70cm above the tin. The upper peat

was buried beneath approximately 40cm of beach sand.

Stratum 6
Brown

Phragmites
peat

/Stratum 5
Interfingered

X^silt and peat
Stratum 4
Laminated

\grey silty sand
Stratum 3
Grey sandy
silt

Stratum 2
Brown
herbaceous

peat

Stratum 1
Grey silty
sand

50cm

Fig. 6.8: HSF6 Monolith
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Stratigraphy

Stratum 6, 6 - Ocm

+0.33 to +0.39mOD

Stratum 5,7- 6cm

+0.32 to +0.33mOD

Stratum 4, 14.5 - 7cm

+0.245 to +0.32mOD

Stratum 3, 31.5 - 14.5cm

+0.075 to +0.245mOD

Stratum 2, 45 - 31.5cm

-0.06 to +0.075mOD

Stratum 1, 50 - 45cm

-0.11 to -0.06mOD

Dark brown sandy Phragmites peat.

Th[Phrag]23 Gal Agl++

Nig3 strf2 elas2 sicc2+ Is? LOI 75%

Grey silt with interfingered dark brown peat. Some
sand.

Th22 Agl Gal+

Nig2+ strf+ elasl sicc2 ls+ LOI 50%

Finely laminated organic mushroom grey silt with sand.
Some rootlets. Darker to top.

Ld11 Agl Gal+Gsl Th2+

Nig2+ strfl elasO sicc2+ lsl LOI 10-15%

Mid-grey sandy silt with root channels and organic

particles. Darker at base.
Ld'l Agl Gal Gsl

Nig2 strfl elasO sicc2+ ls+ LOI 15-30%

Mid-brown herbaceous peat, darker at base. Rare sand.
Th'2 Agl Gal

Nig2++ strfO elas2 sicc3 lsl LOI 40-55%

Light grey silty sand with organic flecks.
Ga2 Gsl Agl Dh++

Nig2 strfO elasO sicc2+ ls3 LOI 10%

Stratigraphy, Particle Size Analysis & LOI

Seventeen samples were taken for LOI, particle size and pollen analysis at intervals of 2

to 4cm. LOI (Fig. 6.9) ranged between 8 and 15% in the minerogenic strata, up to 55%

in the lower peat (stratum 2) and up to 75% in the upper peat (strata 5 and 6). The rapid

increases in LOI at the base of both the lower and the upper peat beds were accompanied

by increases in the silt-size fraction (Fig. 6.9), which was particularly marked at 4cm.
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The sand-size fractions were dominant throughout the monolith apart from in the upper

peat where LOI was high enough to reduce the value of particle size analysis.

Fig.6.9: HARTLEPOOL SUBMERGED FOREST - HSF6

Samples were taken for diatom analysis from four levels within the silt/sand strata - at

6.5, 9, 13 and 21cm. These samples were analysed by Dr. Zong at Durham University

who counted approximately 400 diatoms at each level. A percentage frequency diagram

was produced from the data (Fig. 6.10). The cumulative diagram shows that brackish

and marine taxa were dominant in all four levels, at values over 80%. Freshwater

indicators decreased very slightly with altitude from a maximum of 15%. Marine and

brackish taxa were fairly evenly matched at around 40% each in the lower two levels.

Marine taxa matched the freshwater decline in the two upper levels as the brackish group

expanded to 55%.

50-
20 40 60 80 100 20 40 60 80 100

Diatoms
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Fig.6.10:HARTLEPOOLSUBMERGEDFOREST-HSF6 Diatoms-PercentageDiagram NZ52203107 collected4:10:95;analysedY.Q.Zong,Feb.97 Darkbrownpeat(68c2)InterfingeredsiltGreysiltysand(48c3)Lightgreycoarse sandyattop(6)andpeat(5)laminated(3)siltysand(1)
Lfi OJ



Radiocarbon Dates

Three samples were sent for radiocarbon dating. These came from the top and bottom of

the basal peat and from the base of the upper peat. The aim was to date the onset of peat

preservation, the timing of the marine transgression and the beginning of the second

phase of peat development. The following dates were obtained:-

4.5 to 5.5cm +0.345 to +0.335mOD 4600±60 BP (Beta 99224)
34 to 35cm +0.04 to +0.05mOD 5610±80 BP (Beta 99223)

42 to 43cm -0.03 to - 0.04mOD 5650±70 BP (Beta 99222)

The dates obtained for the basal peat are statistically inseparable. Calibrations for the

radiocarbon dates are tabulated within the Appendices.

Pollen

Samples were prepared and counted from 17 levels and the data used to produce

percentage pollen (Fig. 6.11) and concentration (Fig. 6.12) diagrams. A modified

percentage tree diagram was also produced following Andersen (1973). In general the

pollen spectra from HSF6 showed a transition from woodland to herbaceous dominance.

The cumulative diagram shows that woodland taxa were dominant at the base of the

monolith with values over 80% TLP. Tree and shrub pollen declined to around 60%TLP

through the lower peat and overlying marine sediments. Woodland taxa were reduced to

40%TLP in the upper peat, where reedbed flora were dominant.

The preservation status of the pollen at HSF6 revealed that nearly 60% of the Tilia in the

lower minerogenic stratum was corroded (Fig. 6.13). The other principal taxa in this

stratum, Poaceae, Alnus and Corylus had around 40% corroded pollen. The preservation

status of Alnus deteriorated in the lower peat, where it was dominant, and remained poor

throughout the upper minerogenic strata. The highest pollen concentrations were found
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Fig.6.11:HARTLEPOOLSUBMERGEDFOREST-HSF6 SelectedTaxaPercentagePollenDiagram NZ52203107
Darkbrownpeat(6&2)InterfingeredsiltGreysiltysand(4&3)Lightgreycoarse sandyattop(6)andpeat(5)laminated(3)siltysand(1)



Fig.6.12:HARTLEPOOLSUBMERGEDFOREST-HSF6 PollenConcentrationDiagram(SelectedTaxa)July97 NZ52203107 vT
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Fig. 6.13: HARTLEPOOL SUBMERGED FOREST
Percentage of taxon count in a corroded state
Tilia counts in upper zones were not greater than
12 and therefore not graphed.

- HSF6
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in the basal peat where values up to 600,000 gr./cc.w.sed. were reached. The upper peat,

however, had lower pollen concentrations, generally 200,000 to 300,000 gr./cc.w.sed.,

but with a very low level of only 100,000 gr./cc.w.sed. at 4cm where there was a strong

influx of silt-size particles.

The data have been used to zone the pollen diagram as follows -

HSF 6-4, 6.5 - 0cm +0.325 to +0.39mOD
HSF 6 - 3,40 - 6.5cm -0.01 to+0.325mOD

HSF 6 - 2, 46 - 40cm -0.07 to -0.01mOD

HSF 6 - 1, 50 - 46cm -0.11 to -0.07mOD

Poaceae

Poaceae, Mixed Trees,

Chenopodiaceae
Alnus, Poaceae

Corylus, Alnus, Spores
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HSF 6 - 1. 50 - 46cm. -0.11 to -0.07mQD, Corylus, Alnus, Spores

Woodland taxa, mainly Corylus and Alnus dominated this LPAZ (Fig. 6.11) where

herbaceous taxa were reduced to less than 20% TLP. Tilia played a significant role in the

local vegetation prior to 5650±70BP, a role that the corrected percentage tree diagram

(Fig. 6.14) indicates could have been dominant (Andersen, 1973). Quercus, Betula,

Pinus and Ulmus also appeared at values greater than 2%TLP. Shrub taxa, mainly

Corylus, declined from a high of over 30% TLP. Herbaceous taxa were sparse in this

zone at 15 - 20% but included 2%TLP peaks for Cyperaceae and Rumex acetosa at the

lower level. The expansion of Poaceae to 15%TLP at the upper level reduced the variety

of other herbaceous taxa. Spores were at their most prolific in this zone with Pteropsida

monolete indet. Rising to 130% TLP and Polypodium holding at 15%TLP throughout the

zone. Aquatic taxa were very sparse.

HSF 6-2. 46 - 40cm. -0.07 to -O.OlmOD. Alnus. Poaceae

Woodland taxa remained dominant in this transitional zone declining to 50% TLP as

herbaceous taxa expanded to over 35%TLP at 41cm. Quercus, and Alnus particularly,

expanded in this zone at the expense of all other arboreal taxa. Shrubs, mainly Corylus,

were reduced to less than 15%TLP. Within the herbaceous group, Poaceae continued to

expand, achieving 30% TLP, while Cyperaceae and Chenopodiaceae appeared at over

2% TLP. Seven Rubiaceae grains were noted at 41cm (see full diagram in Appendices).

Relative percentage counts for spores appeared to decline in HSF6-2. However,

examination of the concentration data (Fig. 6.12) indicates that Pteropsida monolete

indet. and Polypodium were present at very high values with Polypodium continuing to

expand in numerical terms. Aquatic taxa were at their most prolific in this zone with

2%TLP peaks for both Potamogetonaceae and Sparganium emersum-type.
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Fig. 6.14: HSF6
Tree Pollen as Percentage
of Total Tree Pollen

Tree Pollen - Corrected
Percentage Values
(after Andersen, 1973)

HSF 6 - 3. 40 - 6.5cm -0,01 to +Q.325mOD, Poaceae. Mixed Trees and

Chenopodiaceae

Arboreal and herbaceous pollen were evenly balanced in this LPAZ which has been

differentiated for the strength of the Chenopodiaceae signal (Fig.6.11) and for the variety

of its herbaceous taxa. Relative percentages of the principal woodland taxa, Alnus,

Quercus and Corylus, varied only slightly through this zone with Alnus declining to 15%

TLP and Corylus expanding to 18% TLP. However, pollen concentration values (Fig.

6.12) indicated a possible change in environment in mid-zone that was supported by the

decline of LOI at 27cm (Fig. 6.9). Pollen concentrations in HSF6-3 show that all the

main taxa were more strongly represented during the first half of the zone, which

covered the transition from the lower peat into the silts and sands (stratum 3).
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Apart from the main woodland taxa, Tilia, Betula and Ulmus were present at values over

2%TLP during the first few levels with the Ulmus decline dated to after 5610±80BP.

Pinus was the only subsidiary arboreal taxon to achieve more than 2%TLP in the upper,

minerogenic, levels. Shrub taxa other than Corylus were very sparse although small

amounts of Salix were noted at most levels.

Only the relative percentage curve for Poaceae, with slightly higher values in the more

organic levels, shows any variation that could be related to changes in LOI or

concentration. The range of other herbaceous taxa was more varied than for the other

zones and included Chenopodiaceae at values between 4 and 13% TLP. Other coastal,

grassland and saltmarsh taxa were also present. Of the aquatic group, Potamogetonaceae

undiff. and Sparganium emersum-iypz were sparse but present at each of the organic

levels but were noted less frequently in the minerogenic layers. Spores, mainly

Pteropsida monolete undiff. and Polypodium, were found in all levels but were not as

numerous as in the previous two zones.

HSF 6-4, 6.5 - Ocm, +0.325 to +Q.39mOD Poaceae

Herbaceous taxa dominated this zone at 60% TLP with trees and shrubs reduced to 25%

and 15% TLP respectively. Poaceae almost completely dominated the herbaceous group

continuing the recovery begun at the top of HSF6-3 and eventually attaining almost 60%

TLP. Cyperaceae also made its strongest showing, reaching 10% TLP before declining

at 1cm. Otherwise the herbaceous group was sparse and less varied than the previous

zone with Chenopodiaceae and Plantago lanceolata continuing to decline. Of the

woodland taxa, CorylusL was the most dominant, holding to 15% TLP throughout the

zone. After an initial decline, Quercus recovered to almost 15%TLP while Alnus

continued declining, dropping below 10% for the first time. Fraxinus, which had

appeared at low values at the top of HSF6-3, was present at every level. Both aquatic
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taxa and spores were very sparse. Pollen concentrations were quite variable in this zone,

plunging to the second lowest value at 4cm, the level of the silt influx, before recovering

at the top of the zone.

Discussion

The analysis of this monolith has revealed environmental change that included two

phases of peat development interrupted by a marine transgression. Beneath the lower

peat, organic material was very sparse in the sand-rich weathered till that formed the bed

of the palaeochannel. Pollen trapped in these minerogenic sediments was present only at

low concentrations with around 40% of the dominant Alnus and Corylus grains described

as corroded (Fig. 6.13). The proportion of corroded Tilia was nearer to 60% in this

stratum. The condition of the pollen and the high relative values of grains such as Tilia

and monolete spores supports the view that this stratum (1) had been exposed to

weathering and as a consequence became enriched with resistant grains that had been

preferentially preserved (Bennett, 1987). The pollen spectra provided evidence for the

presence locally of Corylus, Alnus and Tilia woodland and a ground cover of ferns

during the period prior to 5650±70BP, and probably represent a range of habitats that

were not necessarily coeval. The herbaceous taxa found, particularly Poaceae,

Cyperaceae, Filipendula and Scutellaria-type, may be more representative of habitats

encroaching on the site such as poorly drained reedbeds and marshy areas. The small

peak of Rumex acetosa and the high levels of unidentifiable pollen also suggest the

presence of disturbed ground and areas subject to periods of wetting and drying,

conditions that would have been detrimental to pollen preservation.

The local water table had risen sufficiently for the preservation of vegetation to

commence at this site before 5650±70BP, when the expansion of aquatic taxa indicated

freshwater ponding. The radiocarbon date from the top of the lower peat, 5610±80BP, is
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statistically inseparable from the basal date suggesting that sedimentation may have been

rapid during this phase. Concentration values were high in the lower peat but LOI barely

exceeded 50%, indications perhaps of wet conditions that would have been good for both

pollen preservation and the promotion of run-off from neighbouring slopes. Tilia pollen

became very sparse in relative percentage terms, although its absolute value was

maintained at the base of the lower peat, further support for the suggestion that the Tilia

pollen had been derived largely from reworked sediments.

The preservation status of Alnus continued to deteriorate in the lower peat (Fig. 6.13),

while the condition of Poaceae and Quercus improved. The deterioration of the Alnus

pollen, despite raised percentage and absolute values, may be evidence for the proximity

of alder woodland. Pollen from nearby trees, as well as being transported aerially, would

have been deposited on local ground surfaces subsequently reaching the site via inwash.

The improved condition of Poaceae can be related to the spread of reedbed habitat to the

site. The proportion of relatively undamaged Poaceae pollen deposited directly onto the

wet site would have swamped any reworked, corroded pollen from the surrounding

ground surfaces. Conversely the improvement in condition of Quercus pollen may be

due to the presence of oak woodland outwith the immediate vicinity of the site so that its

principal contribution to the pollen spectra would have been aerial rather than from

inwash. Chenopodiaceae began to expand in the lower peat along with other coastal

indicators such as Solidago virgaurea-type, hinting at the proximity of the sea and the

establishment of saltmarsh communities close to the site. The gradual decrease in LOI

from the middle of the lower peat and into the overlying minerogenic strata was mirrored

by the expansion of saltmarsh taxa. Absolute pollen values also declined through the

upper part of the basal peat and into the marine sediments. It is unclear whether the

boundary between the lower peat and marine sediments was eroded or not at this site, but

erosion undoubtedly occurred in other parts of the palaeochannel leading to the
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redeposition of organic-rich silty sands above the lower peat. The condition of the main

pollen taxa (Fig. 6.13) deteriorated within the marine strata due to reworking and mixing

of sediments.

The timing of the marine transgression is unclear and could have been much later than

5610±80BP, if the top of the lower peat was eroded. The Ulmus decline, which can be

clearly seen in the absolute pollen diagram (Fig. 6.12), occurred within the marine

sediments at HSF6 and has been dated to just before 5120±60BP at HSF54 280m to the

north and just after 5160±60-BP at HSF52 160m to the south. The similarity of the

Ulmus decline dates at the two neighbouring sites on the HSF transect is supportive of

the view that marine conditions affected F1SF6 much later than 5610±80BP but before

ca. 5140BP. Evidence of marine activity shortly after 5610±80BP, if it occurred, may

have been removed by later marine activity. Diatom analysis shows that water

conditions were still marine/brackish above the level of the Ulmus decline and became

more brackish in the laminated silts and sands of stratum 4, which were indicative of

estuarine or saltmarsh conditions. The strong Chenopodiaceae signal throughout HSF6-

3, as well as the presence of Solidago virgaurea-type and Plantago maritima, supports

the interpretation of a strong coastal influence on the vegetation near the site during this

period. The site itself was probably unvegetated for much of this phase and would have

been close to the edge of the palaeochannel or a marine embayment. Saltmarsh habitats

may have been present nearby, or even temporarily on the site itself. A wide range of

herbaceous taxa, including members of the Plantaginaceae, thrived on the open grassy

coastal fringe, which may have included reedbeds and marshy areas. Further inland, the

range of woodland taxa remained similar to but less dominant than that found in the

lower peat.

The formation of the upper (Phragmites) peat at HSF6 commenced around 4600+60BP

when a reedbed became established on the site. The diatom signal (Fig. 6.10) from the
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interfingered silt and peat immediately below the upper peat, was strongly brackish

marine indicating that the transition from estuarine to wholly terrestrial conditions may

have been in response to a fall in relative sea level (RSL). The dominance of herbaceous

(reedbed) taxa was revealed by the pollen spectra at HSF6-4, which also showed the

continuing presence of mixed woodland in the area. Quercus and Corylus were the

principal woodland taxa while Alnus seemed to be declining in importance.
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6.4 HSF 19/20 - NZ 5224 3101

50cm

Grey silty sand
beneath monolith

Fig. 6.15, HSF 19/20 monoliths

Stratum 3
Dark brown
woody peat

Stratum 2
Brown peaty
limus

\
Stratum 1
Brown silty
limus

This material (Fig. 6.15) was obtained from two overlapping 50cm monoliths (Figs. 6.1

& 6.2), giving a total length of 98cm. The top of the upper monolith, HSF 20, lay at

+1.17mOD and was overlain by c. 15cm of modern beach deposits. The monoliths were

taken from a peat bed approximately lm thick and extend from peat/silt at the base of

HSF 19 through woody and reedy peat layers. The presence of a 2cm band of charcoal,

25cm from the top of HSF 20, determined the location for sampling the main peat bed.

Grey silty (marine) sands underlay HSF 19.

7

Dark brown silty
limus

Stratum 6
Dark brown

Phragmites peat

Stratum 5
Charcoal layer

Stratum 4
Dark brown

peaty limus
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Stratigraphy (abbreviated)

Stratum 1,3- Ocm

+1.14 to +1.17mOD

Stratum 6, 25.5 - 3cm

+0.915 to+1.14mOD

Stratum 5, 27 - 25.5cm

+0.90 to +0.915mOD

Stratum 4, 55 - 27cm

+0.62 to +0.90mOD

Stratum 3, 81.5 - 55cm

+0.355 to 0.62mOD

Stratum 2, 93 -81.5cm

+0.24 to 0.355mOD

Stratum 1, 98 - 93cm

+0.19 to +0.24mOD

Dark brown silty limus with rare sand and anhydrite

crystals.
Ld'3 Agl Ga+

Nig2+ strf+ elas+ sicc2+ Is? LOI 76%

Dark brown Phragmites peat with rare woody
detritus.

Ld'2 Th^Phrag] 1 Agl D1++ Ga+

Nig2+ strf+ elasl sicc2+ ls+ LOI 80%

Black silty limus with charcoal and rare sand.

Loose, crumbly structure.

LdJ2Agl anthl Ga++
Nig3+ strfO elasO sicc2 Is 1 + LOI 75%

Dark brown peaty limus with Phragmites rhizomes,
dark organic inclusions, rare wood and trace sand.
Ld'2 Agl Th'(Phrag)l Sh+ D1++ Ga+

Nig2+ strfl elasl sicc2+ ls+ LOI 79 - 84%

Dark brown woody peat.

Ld'2 Agl Dhl+ Ga+ Sh+ TW[Phrag]+
Nig 2+ strf+ elasl sicc2 ls+ LOI 85 - 88%

Highly compressed brown peaty limus with

Phragmites, rootlets and rare sand.

Th'(Phrag)2 Ld11 Agl Ga+
Nig2+ strfl + elasl+ sicc2+ ls+ LOI 78 - 89%

Brown silty limus with sand, Phragmites rhizomes
and rare detrital wood.

Ld11 Th](Phrag)l Gal Agl D1++Sh+
Nig2 strf+ elasl sicc2+ ls+ LOI 64%
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Stratigraphy, LOI, Charcoal & Black Spherules

The stratigraphy for this sample was difficult to delineate due to the numerous subtle

layers present and the way they gradually merged from one into another (Fig. 6.15).

Originally 12 strata were distinguished, and many more could be identified, but these

were generalised to 7 for the sake of simplicity and clarity in the diagrammatic

representation. Samples for pollen and LOI were taken from 22 levels with the greatest

interval between samples being 10cm. Each of the original 12 strata was sampled at

least once with closer sampling, every 1cm, around a prominent charcoal layer. LOI was

carried out on all these samples with the general level found to be over 80%. The lowest

value (64%) was found in the silty, sandy peat at the base of HSF19 and the only other

dip of significance, to just less than 75%, was in the charcoal layer. LOI and charcoal

concentrations are indicated in Fig. 6.16). Particle size analysis was considered to be of

little value due to the high organic levels.

The peat deposit was highly compressed throughout and, in the area below the charcoal,

consisted mainly of Phragmites layers in an organic, silty matrix. The exception was a

woody peat layer (stratum 3, 81.5 - 55cm, +0.355 to +0.62mOD). Above the charcoal,

the peat was of a finer structure, less obviously stratified and more humified.

The charcoal band, 1.5 - 2cm thick, sloped down slightly to the E. The material was

found to be wet and loose-structured with some larger pieces of charcoal in an inky

matrix. A charcoal count was completed for all levels and showed a very strong peak, to

120cm2/cc, within the charcoal layer. Smaller peaks of charcoal, to 2.5cm2/cc, were

noted just above and below the visible charcoal layer in HSF20. The charcoal

exaggeration (xlO) shows that background levels were very low prior to deposition of

the main charcoal layer but were slightly higher thereafter.
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Fig. 6.16: HARTLEPOOL SUBMERGED FOREST - HSF20/19
Loss-on-Ignition, Charcoal 8r Black Spherules
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Varying amounts of black spherules were noted throughout the sampled material. The

spherules are believed to be made of iron sulphate and may be related to stagnant water

conditions (Wiltshire et al, 1994). The black spherules were sparse at the level of the

Typha latifolia peak; stagnant water conditions may therefore explain the absence of

larger numbers of aquatic pollen elsewhere in the sampled material. Counts of black

spherules were made across a number of traverses for each level and related to marker

grains to give concentration values, which are shown in Fig. 6.16.
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Pollen

Samples were prepared from 22 levels for pollen analysis and at least 500 land pollen

were counted for each level, apart from the charcoal layer where the absolute pollen

count was very low. Only three Poaceae and one Pteridium aquilinum were found to

thirty exotic marker grains over twelve traverses. Percentage pollen (Fig. 6.17) and

concentration (Fig. 6.18) diagrams were produced as well as diagrams of tree

percentages (Fig. 6.19). The data were used to zone the main diagram as follows:-

HSF19/20-8, 15-0cm + 1.02 to + 1.17mOD Poaceae

HSF19/20-7, 21 - 15cm +0.96 to +1.02mOD Alnus

HSF19/20-6, 28.5-21cm +0.885 to +0.96mOD Poaceae with Salix

HSF19/20-5c, 29.5-28.5cm +0.875 to +0.885mOD Betula, Salix

HSF19/20-5b, 42-29.5cm +0.75 to +0.875mOD Salix

HSF19/20-5a, 51 -42cm +0.66 to +0.75mOD Alnus, Corylus

HSF19/20-4, 65-51cm +0.52 to +0.66mOD Cyperaceae and Poaceae

with mixed trees

HSF19/20-3, 75 - 65cm +0.42 to +0.52mOD Poaceae

HSF19/20-2, 87-75cm +0.30 to +0.42mOD Poaceae and Cyperaceae
with mixed trees

HSF19/20-1, 98 - 87cm +0.19 to +0.30mOD Poaceae

HSF 19/20-1. 98-87cm +0.19 to +0.30mOD Poaceae

Poaceae dominated this LPAZ achieving 70%TLP within an otherwise species-poor

herbaceous group (Fig. 6.17). Woodland taxa declined slightly through the zone and

were dominated by Quercus, Corylus and Alnus. A single Fagus grain, found at 97cm,

may be due to contamination (see full diagram in Appendices). Concentration values
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Fig.6.17:HARTLEPOOLSUBMERGEDFOREST-HSF20/19 SelectedTaxaPercentagePollenDiagram(Feb97)
NZ52243101 collectedOct95,analysedMPDJune96
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Fig.6.18:HARTLEPOOLSUBMERGEDFOREST-HSF20/19 PollenConcentrationDiagram(SelectedTaxa),withmainzones NZ52243101 MPD-August97 vS>
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Fig.6. 19: HSF20/19
Tree Pollen as Percentage
of Total Tree Pollen

Tree Pollen - Corrected

Percentage Values
(after Andersen, 1973)

100J

Fagus found only at 98cm

increased in this zone to over 200,000 gr./cc.w.sed. The preservation status of the pollen

at 90cm, the level with the highest concentration value for the whole diagram, revealed

very low percentages of corroded grains (Fig. 6.20).

HSF19/20-2, 87 - 75cm +0.30 to +0.42mQD Poaceae and Cvperaceae with

mixed trees

In this zone, herbaceous taxa were less dominant than previously, with Poaceae

declining as Cyperaceae expanded. The only other herbaceous taxa of any note were

Filipendula, which achieved a 3% peak, and a few grains of Lythrum salicaria-type,

both indicative of marshy conditions (see full diagram). Woodland taxa, principally

Corylus, Quercus and Alnus, expanded and maintained over 60%TLP through the zone.
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Fig. 6.20: HARTLEPOOL SUBMERGED FOREST - HSF20/19
Corroded grains as a percentage of individual taxa
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Tilia, Fraxinus and Ulmus were not found in large numbers but may have been more

significant locally than the relative percentage diagram suggests (Fig. 6.19)(Andersen,

1973). Absolute pollen values (Fig. 6.18) were consistently low in this zone, at around

50,000 gr./cc.w.sed., and indicate a fast sedimentation rate, low pollen productivity or a

combination of both factors. The preservation status (Fig. 6.20) of three of the principal

taxa, Poaceae, Alnus and Corylus, deteroriated in HSF19/20-2, indicating that conditions

for pollen preservation may not have been as good as formerly. The peak of monolete

spores at the top of the zone may indicate the incorporation of reworked sediments. A

10% peak of Typha latifolia at the base of the zone was not sustained and may indicate

the temporary presence of ponded water.
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HSF19/20-3, 75 - 65cm +0.42 to +Q.52mOD Poaceae

There was only one counted level is this LPAZ but the pollen spectrum is sufficiently

different from those above and below to merit a separate description. This zone also has

the second highest concentration level of the site, nearly 175,000 gr./cc.w.sed., a contrast

with the previous zone. Herbaceous taxa dominated this zone with Poaceae registering

over 60% TLP and Cyperaceae present at over 10%TLP. Other herbaceous taxa were

very sparse. Woodland taxa were reduced to 25%TLP with Quercus being most

prominent.

HSF 19/20-4, 65 - 51cm +0.52 to +Q.66mOD Cvperaceae and Poaceae with
mixed trees

Woodland taxa recovered in this zone with increased relative percentages of Alnus,

Corylus, and Salix, although herbaceous taxa remained dominant at 45-50%TLP.

Poaceae was overwhelmed by Cyperaceae, which achieved its highest relative and

absolute values in this zone. Herbaceous taxa were otherwise sparse but included 3%

peaks of Filipendula at both levels. Pteropsida monolete indet. expanded to over 20%

TLP. The range of taxa found in this zone shows some similarities to that found in

HSF19/20-2.

HSF 19/20 - 5. 51 - 28.5cm +0.66 to +Q.885mOD

This zone has been differentiated on the basis of very low relative herbaceous

percentages (Fig. 6.17), which rallied slightly through the zone, and the consistently high

values for shrub pollen. The subzones were deemed necessary in order to reflect the

variations in constituent taxa responsible for the overall zone character.

For the zone as a whole, herbaceous taxa declined to their lowest value (15%TLP) at the

base before gradually expanding to around 30% at the top. Poaceae was generally more

important than Cyperaceae through the zone. Of the other herbaceous taxa, only
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Plantago lanceolata and Filipendula were present at every level, sometimes attaining

values exceeding 2% TLP. At the base of the zone, woodland taxa expanded rapidly

achieving their highest relative value, over 80%TLP. Arboreal taxa declined through the

zone recovering partially in the upper subzone with the rapid expansion of Betula.

Elsewhere in the zone, Alnus and Quercus were the most important arboreal taxa. Shrub

pollen was at its highest relative values for the site throughout the zone with Corylus,

strong at the base, giving precedence to Salix at the top. Aquatic taxa were very sparse

throughout this zone.

HSF19/20-5a, 51 -42cm +0.66 to +Q.75mOD Alnus and Corylus

Arboreal taxa, dominated by Alnus but including significant amounts of Quercus, Betula

and Pinus, achieved over 50%TLP in this subzone, while Corylus expanded to nearly

30%TLP (Fig. 6.17). The herbaceous group was reduced to less than 20%TLP with

Poaceae, Cyperaceae and Filipendula the only taxa to rise over 2% TFP. Concentration

values (Fig. 6.18) were particularly low at less than 30,000 gr./cc.w.sed. A wide variety

of spores were noted in this subzone including Osmunda regalis, Polypodium and

Pteridium aquilinum.

HSF19/20-5b. 42 - 29.5cm +0,75 to +0.875mQD Salix

Salix was the dominant taxon in this subzone declining from 30 to 25%TFP, while

Corylus, which had been important in the previous subzone, was reduced to around

10%TFP. Within the arboreal group Alnus and Quercus remained strong at around 10 to

15%TLP each while Betula maintained values of 5 to 7%TFP. Herbaceous taxa, mainly

Poaceae and Cyperaceae, began to recover in this subzone with Plantago lanceolata

achieving over 2%. Lactuceae, Filipendula and Chenopodiaceae were also present at

low levels. Spores were less varied than in the previous subzone but included
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Pteropsida monolete indet. at over 20%TLP and Pteridium aquilinum, which expanded

to nearly 10%TLP.

HSF19/20-5c, 29.5-28.5cm +0.875 to +Q.885mOD Betula, Salix

The single level, 29cm, that forms this subzone was differentiated because of its strong

Betula peak that reached over 30%TLP. Salix, which had been dominant in the previous

subzone, remained strong at nearly 20%TLP. Other woodland taxa, Alnus, Quercus and

Corylus, were much reduced in importance. The rapid expansion of Betula led to a slight

herbaceous decline, to less than 30%TLP. Poaceae and Cyperaceae were dominant

within the species-rich herbaceous flora that included Lactuceae undiff., Plantago

lanceolata and Filipendula at values greater than 2%.

HSF19/20-6. 28.5-21cm +0.885 to +Q.96mOD Poaceae

This zone was differientiated because of the reduced arboreal representation. The

herbaceous expansion, which started prior to the occurrence of the charcoal layer dated

to 3250±90BP, was led by Poaceae and can be linked to the decline in Betula pollen at

the base of the LPAZ. Salix, which remained strong initially at around 25%TLP,

declined as a consequence of the burning episode, while Cyperaceae expanded, followed

by a further expansion of Poaceae. The pollen spectra in this zone were at their most

species-rich with 54 different taxa identified (see full pollen diagram in Appendices),

eight of which appeared only once in the diagram. Hydrocotyle vulgaris, Lactuceae

undiff., Chenopodiaceae, Plantago lanceolata, Filipendula, Rubiaceae and Rhinanthus

all achieved their highest values in this zone. The evidence for vegetation change, which

included arable, pastoral and ruderal indicators, may be linked anthropological activity.
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HSF19/20-7, 21 - 15cm +0.96 to+1.02mQD Alnus

Only one level, 20cm, was assigned to this zone and was differentiated on the strength of

the woodland taxa, which recovered to over 65% TLP. Alnus was the dominant taxon,

achieving over 40%TLP, but Quercus also expanded. Herbaceous taxa were again

dominated by Poaceae.

HSF19/20-8, 15 - 0cm +1.02 to +1.17mOD Poaceae

Herbaceous taxa, mainly Poaceae, expanded to dominate this zone at over 55% TLP. A

wide range of other herbaceous taxa, which included Solidago virgaurea-type, Plantago

lanceolata, Chenopodiaceae and a single grain of Hordeum-type (see full diagram), were

noted but none apart from Cyperaceae achieved 2%TLP. Shrubs, mainly Salix and

Corylus, expanded through this zone to nearly 20%TLP. Arboreal taxa declined to a low

of 20% TLP at 10cm, but Alnus, Quercus and Betula recovered slightly by the top of the

zone.

Radiocarbon Dates

Two radiocarbon dates were associated with these samples and are indicated below. The

first was obtained from the charcoal layer sampled in HSF20 and the second, older, date

came from some charred twigs linked to another charcoal layer located within 5m of

HSF19.

25 to 27cm +0.90 to +0.92mOD 3250 ± 90 BP (Beta 99225)

c. +0.47mOD 4340 ± 70 BP (Beta 101955)

The charcoal layer associated with the charred twigs did not manifest itself in HSF 19 but

its proximity means the date can be attached approximately to the 70cm level. Calibrated

dates are listed within the Appendices.
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Discussion

The pollen spectra revealed by analysis of the HSF19/20 monoliths indicate that the

vegetation around the site fluctuated through a series of woodland and herbaceous-

dominated phases. The low Ulmus signal from all but one of the samples is supportive

of a post-5000BP date for the material and this interpretation fits with the two

radiocarbon dates associated with charcoal layers at or near the site.

High but still rising LOI values from the lowest samples at HSF 19/20 indicate that the

earliest organic sediments, deposited following the marine episodes recorded at other

palaeochannel sites, had been missed at this site. However, the early pollen spectra were

indicative of reedbed habitats similar to those from the base of the upper peat at HSF6,

which was dated to 4600±60BP. It is likely, therefore, that the first organic deposits at

HSF 19/20 began to accumulate around the same time, or possibly earlier given their

slightly lower elevation. Conditions for pollen preservation appear to have been

excellent at the top of HSF19/20-1 where there were few corroded grains and the highest

concentration value for the site was found. It would be reasonable to infer that the

location of the site, in mid-palaeochannel, was in the middle of a reedbed, away from the

influx of sediments containing damaged grains and that the surface of the site was not

subject to drying out during this vegetation phase.

The encroachment of woodland taxa near or even on the site was recorded first in

HSF19/20-2 where reductions in absolute pollen values (Fig. 6.18) and the deterioration

of pollen preservation status (Fig. 6.20) suggested some loss of reedbed habitat. The

stratigraphic record indicates that the peat became woody during this vegetation phase, a

further indication that the former reedbed habitat may have become drier and included

some patchy woodland. While the peat remained woody through stratum 3, the pollen
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signal indicates that reedbed habitats recovered temporarily at 70cm in HSF19/20-3,

possibly in response to a local rise in the level of the water table. Absolute pollen values

also recovered during this second reedbed phase although improvements in pollen

preservation status were not marked. The strong herbaceous signal within HSF 19/20-3

came from a similar depth to a charcoal layer found at +0.47mOD, c. 3m W of

HSF19/20. Charred twigs from this nearby charcoal layer provided a date of

4370±70BP. The proximity of the charcoal layer to the reedbed horizon in HSF 19/20-3

and their similar elevations raised the possibility that clearance activity may have

brought about the apparent change in environment. Removal and burning of woodland

vegetation could have caused the ground surface to become wetter leading to the

recovery of reedbed habitats. A pottery find was associated with the neighbouring

charcoal layer indicating that people were present in the area during the Late Neolithic or

Early Bronze Age (Waughman, in press). However, the absence of any supportive

evidence for burning during the early phase of organic deposition at HSF 19/20, means

that a link between the charred twigs and the enhanced herbaceous signal in HSF19/20-3

must remain speculative.

A second phase of woodland encroachment, HSF19/20-4, featured a similar range of

taxa to that noted during HSF19/20-2 and heralded a dominant role for woodland taxa

during HSF 19/20-5. During HSF 19/20-4, as with HSF 19/20-2, woodland taxa expanded

at the expense of heibaceous laxa, which remained dominant but displayed a shift away

from Poaceae towards Cyperaceae. The woodland expansion continued in HSF 19/20-5

where Alnus and Corylus followed by Salix and then Betula with Salix became dominant

in turn. Pollen concentration values declined as the pollen spectra became less

herbaceous supporting the view that the ground surface may have become drier during

the woodland phase and less suitable for pollen preservation. Despite the dominance of
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woodland taxa during HSF19/20-5, the stratigraphic record suggests that reedbed

habitats became re-established on the site during the second phase of woodland

encroachment, HSF 19/20-4. There was no evidence of preserved wood in the upper half

of the sedimentary sequence at HSF 19/20 where the deposits were described primarily as

Phragmites peat. However, the absence of wood in the peat may offer further support

for the view that the ground surface was relatively dry during the woodland phase with

any fallen wood being subject to subaerial decomposition. Pollen, being microscopic,

would have had a greater chance of preservation in surface sediments, although the

reduced concentration values suggest that this process was compromised to some extent.

The expansion of Salix during HSF 19/20-5 hinted at the presence of damper conditions

nearby such as marshy areas or a stream channel draining the low-lying Carr House

Sidings area.

The dominant woodland phase recorded in IISF19/20-5 was interrupted by an episode of

profound, but locally focused, environmental change during HSF 19/20-6. A precursor to

the events of HSF19/20-6 may be registered in the uppermost level of the woodland zone

where an uncharacteristically meteoric Betula peak at 29cm reached over 30%TLP.

While the Betula peak was quite marked on the relative and cumulative pollen diagrams,

the concentration diagram shows that Betula pollen did not increase in abundance at the

expense of any other major taxon but was additional to the local and regional signal.

The Betula peak was also associated with a small charcoal peak (Fig. 6.16), indicative of

a local burning event, and followed the local expansion of P. lanceolata and Pteridium

aquilinum at the top of HSF19/20-5b. It is likely that human activity was responsible

for the burning events and associated vegetation changes recorded in the sediments

surrounding the charcoal layer at this site, a view that is supported by the discovery of a

flint scatter in the burnt layer (Waughman, in press). The Betula peak may be explained
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by the stacking of polleniferous Betula branches at the HSF19/20 site, either for burning

at a nearby encampment or for preservation while a local area was burned to clear scrub

and unwanted wood.

The interruption to local woodland dominance recorded in HSF 19/20-6 included an in

situ burning episode, dated to 3250±90BP, and a flint scatter. However, the charcoal

layer was preceded by an herbaceous expansion, which probably reflected recolonisation

of the local area burnt during the event marked by the Betula and charcoal peaks at

29cm. Salix remained strong and expanded slightly prior to the in situ burning episode,

indicating perhaps that damper areas nearby would not burn or had not been selected for

burning.

Immediately above the charcoal layer, from which pollen was not recovered, absolute

pollen values were very low with herbaceous taxa dominant. Salix pollen failed to

recover following the in situ burning event indicating that fire and clearance may have

affected damper areas on this occasion. A second very small charcoal peak at 23cm

probably reflects a further episode of burning in the local area, which may have targeted

Cyperaceae and Pteridium aquilinum. The herbaceous taxa noted within HSF 19/20-6

were particularly species-rich indicating opportunistic colonisation of open, disturbed

ground by a wide range of plants. The presence of small amounts of ruderal, pastoral and

arable indicators, including one Hordeum grain, suggest that people were making use of

the area during this period of vegetation disturbance.

Following the clearance sequence recorded in the sediments around the charcoal layer at

HSF 19/20, woodland taxa were able to recover in HSF 19/20-7 almost to their pre-

disturbance levels of dominance. Alnus in particular took advantage of abandoned

cleared areas. In the uppermost zone, HSF 19/20-8, Poaceae regained dominance,
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probably reflecting continuing human presence in the area. Background levels of

charcoal were higher at HSF19/20 following the charcoal layer than previously,

indicating that people remained in the area during the Middle Bronze Age, farming areas

cleared of woodland nearby without further affecting the vegetation at the site.
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6.5 HSF27 - NZ 5224 3100

This 50cm monolith (Fig. 6.21) extends through approximately 30cm of grey sand at the

base into brown silty sand with 3cm of limus and peat at the top. The top of the tin was

at +0.25mOD and was overlain by lm of peat. Grey (marine) sands and silts continue

beneath the monolith. This sample belongs stratigraphically immediately below HSF

20/19, which was obtained approximately 2m to the SE from the same extended trench.

Stratum 5
Brown
herbaceous

_/Stratum 4
Brown sandy

^NJimus
Stratum 3

Organic
silty sand

Stratum 2
Yellowish

grey silty
sand

L>-
50cm

Stratum 1

Grey silty
sand

Fig. 6.21: HSF 27 monolith

Stratigraphy

Stratum 5, 1.5-0cm

+0.235 to +0.25mOD

Stratum 4, 3.0 - 1,5cm

+0.22 to +0.235mOD

Dark brown herbaceous turfa with Phragmites roots.

Th22 Shi Agl

Nig3+ strfO elas2 sicc2 Is? LOI 80%

Mid-brown sandy limus with rootlets. Loose crumbly
structure.

Ag2 Ld2l Gal
Nig2+strfO elasO sicc2 Is 1 LOI 20%
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Stratum 3, 21.5 - 3cm Mid-brown organic silty sand with sandy partings and
+0.035 to +0.22mOD organic pieces.

Ga2 Ld21 Agl

Nig2+ strfO elasO sicc2 ls+ LOI 8%

Stratum 2, 45 - 21.5cm Light yellowish grey silty sand with organic stains and
-0.20 to +0.035mOD particles.

Ga2 Gs 1 Ag 1 Dh+ Ld+

Nigl++ strfO elasO sicc2 ls++ LOI 6%

Stratum 1, 50 - 45cm

-0.25 to -0.20mOD

Pale yellow/grey/brown silty sand with organic flecks.
Ga3 Agl Ld+

Nig2 strfO elasO sicc2 ls+ LOI 7%

Stratigraphy, LOI and Particle Size Analysis

Sixteen samples were taken for LOI and particle size analysis at regular intervals through

the monolith (Fig. 6.22). Below the peat and limus, the minerogenic sediments were

dominated by fine sand-size particles at values of 60-70% and a strong component, over

10%, of medium sand-size grains. The clay- and silt-size fractions varied between 20%

in the lower yellowish silty sands and 15% in the organic silty sand. As LOI rose above

10% in the upper 3cm, the silt-size fractions increased markedly to over 80%. LOI

reached over 75% in the peat stratum.

Pollen and Diatoms

Fourteen samples were prepared for pollen analysis with the data from 23cm upwards

being presented as a relative percentage pollen diagram. Fig. 6.23 features selected

taxa from HSF 27. Pollen was absent or sparse in the seven samples below 23cm, and

they were not counted. Concentration values were calculated for all the polleniferous
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Fig. 6.22: HARTLEPOOL SUBMERGED FOREST - HSF27
Percentage Particle Size & LOI

samples. Values ranged from 5,000 gr./cc.w.sed. at 23cm to between 70,000 and 109,000

gr./cc.w.sed. in the brown silty sands and reached over 200,000 gr./cc.w.sed. in the

organic sediments. Concentration values have not been shown separately but may be

inferred from the Lycopodium count on the relative percentage diagram (Fig. 6.23).

Samples for diatom analysis were taken at 2, 13, 30 and 47cm and sent for analysis to

Dr. Zong at Durham University. No diatoms were found in any of the four samples.

The cumulative pollen diagram shows there to have been little variation in the types of

taxa present in the locality during the period of deposition represented by these

sediments, so the diagram has not been zoned. Herbaceous taxa, mainly Poaceae,

dominated throughout at around 80% TLP while woodland taxa remained constant at
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Fig. 6.23: HARTLEPOOL SUBMERGED FOREST - HSF27
Selected Taxa Percentage Pollen Diagram - Feb.97
NZ 5224 3100
collected 13:1 1:95, analysed MPD / Trees „ Sl^ubs / Herbs- -6ryptogams

Cr
+0.25mOD- Ot

(5)-
(4) | 1

81
+0.15m0D-
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+0.05m00- 20-j

(2) - 28 >:

MM

v- 0-7
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^ ,0T g? (9 (9

100 200 300 400 20 40 60 80 100

Single grains shown by + at <2% TLP; numbers in key refer to strata

Dark brown silty Brown sandy Brown organic Yellow/grey silty
peat (5) limus (4) silty sand (3) sand (2)

around 20%. Alnus, Corylus and Quercus were the main woodland taxa but small

amounts of other trees and shrubs were occasionally found. While Poaceae dominated

the herbaceous group, Cyperaceae was also present at more than 2%TLP and increased

slightly at the expense of Poaceae in the peat at the top. Other herbaceous taxa, though

varied, were not numerous and never exceeded 2%TLP. Chenopodiaceae was perhaps

the strongest of these despite not being found at two levels.

Discussion

The unvarying nature of the pollen spectra revealed by analysis of the upper half of the

HSF27 monolith indicates that the minerogenic sediments particularly may have been

well mixed or deposited over a relatively short period. The lack of pollen in the lower

minerogenic sediments is supportive of a marine origin for the deposit but in the absence

of diatoms, this view cannot be confirmed. While the upper minerogenic sediments
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appeared to be more organic than the lower deposits, LOI showed that this was

demonstrably not the case (Fig. 6.22), yet pollen was increasingly preserved in the upper

sandy strata. Again, the absence of diatoms limited closer identification of the

environment of deposition but may indirectly support the inference of a dynamic episode

that would have damaged delicate diatoms. The pollen concentrations within the silty

sands from 19cm upwards are comparable with values from terrestrial water bodies and

this raises the possibility that freshwater (terrestrial, reedbed) and marine sediments

became mixed during a dynamic event.

The limus and peat at the top of the monolith marked the transition to wholly terrestrial

conditions at HSF27. The change in the pollen spectra was minimal at this point

indicating that the dynamic episode recorded in the silty sands may have immediately

preceded the establishment of a terrestrial habitat. The slight increase in the relative

percentage of Cyperaceae pollen in the peat may be further support for a transition from

dynamic to calmer conditions, which would have been more conducive to the

preservation of pollen. Both the stratigraphy and the pollen spectra in the upper organic

horizons at HSF27 indicate that a reedbed habitat developed on the site. This

interpretation fits with the findings from HSF19/20, sited within two metres of HSF27,

where the whole of the overlying peat unit was sampled.
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6J> HSF 28 - NZ 5224 3101

This 28cm monolith was used to sample the upper 9cm of the main peat bed and

overlying minerogenic sediments at a location approximately 5m landwards, ie W, of

HSF 19/20. The grey sands overlying the peat contained darker, organic bands. The top

of the monolith was placed at +1.22mOD. No photograph of the site is available but a

sketch, Fig. 6.24, illustrates the nature of the stratigraphy.

Fig. 6.24: Diagram of the
HSF28 monolith.
No photograph was taken.

o
00
<N

Stratum 5

Yellow/grey
sand

/ Stratum 4
Brown silty,
sandy limus

Stratum 3

Yellow/grey
N sand

Stratum 2

Light grey sand
with organic
traces

Stratum 1
Dark brown peat
with anhydrite
crystals

Stratigraphy

Stratum 5, 5.5 - Ocm

+ 1.165 to +1.22mOD

Yellow/grey sand with organic stains and shell

fragments.
Ga3 Gsl Ld3+ part. Test. Moll.+

Nig2 strf+ elasO sicc2+ Is?

Stratum 4, 7 - 5.5cm

+1.15 to +1.165mOD

Dark brown silty limus with intercalated yellow/grey
sand.

Ld22 Agl Gal

Nig3 strf+ elasl+ sicc2+ ls2
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Stratum 3, 9.5 - 7cm

+ 1.125 to 1.15mOD

Yellow/grey sand with organic stains.
Ga3 Gsl Ld*+

Nig2 strf 0 elasO sicc 2+ ls2

Stratum 2, 19 - 9.5cm Light grey sand with organic staining, partings and a

+ 1.03 to +1.125mOD root channel.

Ga2 Gs2 Ld3++

Nig2 strf+ elasO sicc2+ ls2

Stratum 1, 28 - 19cm Dark brown silty herbaceous turfa. Stratum sparkles
+0.94 to +1,03mOD with anhydrite crystals up to 3mm long.

Th33 Agl

Nig3+ strfO elas2+ sicc2 ls3

Stratigraphy

Initial inspection of the peat revealed the presence of glass-like rods or crystals up to

3mm in length. Electron microprobe analysis showed that the crystals were composed

mainly of calcium and sulphur and were probably anhydrite, CaS04, which is an

evaporite (Donald Herd, pers. comm.). The anhydrite crystals were observed

throughout the peat sampled at HSF28. The presence of anhydrite crystals indicates that

conditions favourable for the evaporation of mineral-rich water occurred at some point

during the sedimentary history of the site.

The sharp, angled boundary between the peat and the overlying sands at approximately

+1.04mOD was interpreted as an crosional surface. The yellow/grey sands were

separated by two thin organic layers, one of which had a root channel extending from

stratum 3 at least 4cm into the top of stratum 2. The uppermost and slightly thicker

organic layer, Stratum 4, was partially interrupted by a sand lens. These organic layers

may have originated as redeposited organic material eroded from elsewhere, but the

existence of a root channel shows that some in situ growth must have taken place after
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the erosion of the underlying peat surface. LOI and particle size analysis were not

completed on these samples.

Pollen

Eleven samples were taken for pollen analysis but only the four lowest samples proved

to be polleniferous. Selected pollen taxa are shown in a relative percentage diagram

(Fig. 6.25); concentration data is shown in Fig. 6.26.

The cumulative diagram shows that herbaceous taxa were dominant at 60 to 80%TLP

throughout the period of peat accumulation sampled at HSF28. Woodland taxa varied

between 20 and 35% TLP. The diagram has not been zoned because Poaceae dominates

the pollen spectra throughout. However, the real expansion of arboreal taxa, particularly

Alnus, at 19cm and the steady decline in absolute values for all taxa through the first

three levels suggests that a subzone boundary could be placed at 20.5cm. The very low

Fiq. 6.25: HARTLEPOOL SUBMERGED FOREST - HSF 28
Selected Taxa Percentage Pollen Diagram
NZ 5224 3101
collected 13.11.95; onalysed MPD June 97
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Fig.6.26:HARTLEPOOLSUBMERGEDFOREST-HSF28 PollenConcentrationDiagram-SelectedTaxa NZ52243101 MPD-August97 <T
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values for woodland taxa and the dominance of Poaceae with Cyperaceae in the lower

levels contrasts with the expansion of Alnus and decline of Cyperaceae at 19cm. The

other main woodland taxa, Betula, Quercus and Corylus varied little between 2 and

5%TLP. Despite the dominance of Poaceae, and Cyperaceae in the lower levels, a wide

range of other herbaceous taxa was also found and included arable and pastoral

indicators. Plantago lanceolata, Solidago virgaurea-type, Lactuceae undiff. and

Hydrocotyle vulgaris all achieved values over 2%TLP. Small amounts of aquatic taxa

were found at every level.

Discussion

Pollen spectra from the few levels counted at HSF28 indicate that the local environment

was open and dominated by grasses, probably within a mire habitat. Similarities with

pollen spectra found at the top of the upper peat at HSF19/20, 5m to the E and at a

comparable elevation, suggest that the same period of deposition and habitat was

sampled at both sites. The low levels of woodland pollen indicate that trees and shrubs

were rare in the immediate locality but may have had a stronger presence away from the

low-lying palaeochannel area. The small amounts of aquatic taxa and Hydocotyle

vulgaris indicate that there may have been boggy pools in the immediate vicinity.

The formation of anhydrite crystals and other marine precipitates, in natural or man-

made salt-pans, requires the ponding of sea water in shallow pools where evaporation

can proceed under warm, calm conditions. For this process to occur naturally the sea

would need to penetrate an area infrequently accessed by the sea so that subsequent

disturbance was minimised. The peat sampled at HSF28 was contiguous with that

sampled at HSF19/20, where re-examination revealed a few anhydrite crystals, yet the

peat surface was lower by a least 13cm at the landward site indicating the possible

existence of a shallow depression at HSF28. Dilution effects from terrestrial
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(freshwater) environments would be reduced during warm, dry weather, which would

both aid precipitation of crystals and allow the penetration of saltwater into the peat via

cracks. The absorption of solar radiation would be enhanced for seawater pools on a dark

peat substrate, increasing the potential for precipitation in such a habitat. There is no

evidence for marine sedimentation within the peat preserved at HSF28. This could be

supportive of a low energy flooding event or the activities of people channelling and

trapping seawater in a natural depression. However, evidence of marine sedimentation

could have been eroded by later coastal activity and the appearance of a depression at

HSF28 could be due to the later differential effects of overburden consolidation or

erosion at the two sites.

Human presence in the area during the period of deposition of the main peat at

HSF19/20, 5m to the E, has been inferred from the evidence of burning and the raised

background charcoal values in the upper peat horizons. Charcoal was not noted or

counted at HSF28. Small amounts of Brassicaceae and Papaveraceae together with a

strong Plantaginaceae signal and two cereal grains at HSF28 suggests that people were

involved in modifying the landscape at the local level. However, the role of humans in

exploiting minerals from the sea must remain speculative.

Peat preservation at HSF28 may have continued after c. 3000BP, an approximate date

from the top of the peat at HSF 19/20, but was interrupted by a marine episode which

may have caused local erosion of the peat surface and the deposition subsequently of

sand strata. The two slightly organic bands within the yellow/grey sand at HSF28 show

evidence of in situ plant growth indicating that the site became a littoral habitat for a

period.
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6.7 HSF 29/30 - NZ 5218 3107

At this site on the northern margin of the palaeochannel, the upper 4cm of the main peat

bed together with overlying grey and orange sand layers were sampled using two

overlapping 24cm monolith tins (Fig. 6.27). A total sample depth of 36.5cm was

extracted from the site where the top of the higher monolith was placed at +1.64mOD.

Discrete organic partings were noted in the grey and orange sand strata. Approximately

one metre of recent sand and shingle deposits lay above the sampled material.

* VW-"" *• *MK Smt•
"-W -'N ' ' 1

. JSC- - *■

•V *
Stratum 4
Sand and pebbles

24cm

Stratum 3

Orange and
grey sand with
dark organic
pai liuys

/Stratum 2
Dark grey

\prganfc sand
Stratum 1
Brownish black
fibrous peat

Stratigraphy

Stratum 4, 1 - 0cm

+ 1.63 to +1.64mOD

Dark orange sand with small, irregularly shaped
stones.

Gg(maj)2 Gg(min)l, Gsl Ga+

Nig2+ strfO elasO sicc2 Is?
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Stratum 3, 28.5 - lcm *** Orange/grey sand with organic partings
+1.355 to +1.63mOD Ga3 Gsl Ld++

Nig2 strf+ elasO sicc2 lsl
*** This is a summary of Stratum 3 which can be further subdivided into 4 separate

layers
1 - 6cm, Dark orange sand with lenses of fine
brown silty sand.
6 - 12cm, Pale yellow/orange sand with 2 distinct
bands of brown silty sand at 7 and 8cm.
12 - 19cm, Light grey sand with a thin undulating

layer of humified organic material.
19 - 28.5, Light grey sand with organic stains and

layers.

Stratum 2, 32.5 - 28.5cm

+1.315 to +1.355mOD

Dark grey sand with organic mottling, penetrated by
turfa flame from below.

Ga2 Gs2, Sh++

Nig2+++ strfO elasO sicc2 lsl

Stratum 1, 36.5 - 32.5cm

+1.275 to 1.315mOD

Brownish black fine fibrous sandy turfa.
Th22 Gal Gsl Ag+

Nig3+ strfO elas2+ sicc3 ls2+

LOI and Particle Size Analysis

Seven samples were processed for LOI and particle size analysis (Fig. 6.28). One

sample from the peat revealed an LOI value of just over 50% while the other samples,

from the sand and darker bands, were no higher than 5%. The minerogenic strata were

dominated by 70-80% fine sand-size particles and 20-25% medium sand-size particles.

Within the peat the minerogenic fraction was mainly fine and medium sand-size particles

but both silt- and coarse sand-size particles were strongly represented. There was little

evidence of variation in LOI and particle size in the darker minerogenic bands.
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Fig.6.28: HARTLEPOOL SUBMERGED FOREST
HSF29/30
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Pollen Analysis

Four samples were prepared for pollen analysis, three from the peat bed and one from a

darker slightly organic layer within the sand strata. A relative percentage pollen diagram

was produced (selected taxa shown in Fig. 6.29) and includes a cumulative diagram and

a graph for the exotic (Lycopodium) count. Pollen concentration data, which have not

been graphed separately, ranged from 137,000 gr.cc.w.sed. at the base to 35,000

gr./cc.w.sed. at 14.5cm. The percentage diagram showed little variation in component

taxa and the cumulative diagram confirmed that herbaceous taxa dominated throughout

at 75 - 80% TLP. Poaceae and Cyperaceae dominated within a rich herbaceous flora.

Oenanthe and Plantago lanceolata attained values over 2% TLP at every level and many

other herbaceous taxa also appeared sparsely at every level. Alnus was the most
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Fig.6.29:HARTLEPOOLSUBMERGEDFOREST-HSF29/30 SelectedTaxaPercentagePollenDiagram-MPDJune1997 NZ52183107 collected15.11.95Trees7Shrubs/Herbs
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numerous woodland taxon but Corylus, Betula, Quercus and Salix were also present at

significant values. A wide range of aquatic taxa was found but only at low values.

Apart from Pteropsida monolete indet., which achieved 5% TLP at every level, spores

were also very sparse. The pollen diagram was not zoned.

Discussion

The cumulative diagram from the peat and overlying darker band at HSF29/30 indicates

that there was little variation in the range of pollen preserved during the period of

deposition sampled at this site. Poaceae was dominant within a diverse herbaceous flora,

which may be representative of more than one local habitat. Organic terrestrial

preservation at the site was interrupted by marine activity that eroded or disturbed the

underlying peat and left grey and orange sand layers. A number of discrete flooding

episodes, recorded in stratum 3, were separated by darker, slightly more organic bands

indicative of redeposition of eroded peat or attempts at plant recolonisation.

The pollen spectra included a range of taxa, such as Oenanthe and Hydrocotyle vulgaris

(full pollen diagram in Appendices), indicative of damp, marshy conditions, and there

were also a number of aquatic taxa suggesting the presence of boggy pools. It is likely

that wet habitats, including reedbeds that would have produced much of the Poaceae and

Cyperaceae pollen, occupied the low-lying area close to the northern edge of the

palaeochannel. The presence of sand within the peat and saltmarsh taxa in the pollen

indicates that perimarine habitats were close to the site. The wide range of other

herbaceous taxa found at this site, which includes members of the Cerealia and

P/rmtaginaceae, suggests that people may have been utilising the species-rich grassland

close to the coast for animals and crops. Woodland taxa were not very numerous and

may be derived from more distant wooded areas set back from the coast.
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There are many similarities between the pollen spectra at this site and those from the top

of the main peat at HSF19/20 and HSF28, which were also dominated by Poaceae in a

rich herbaceous flora. There were also stratigraphic similarities with HSF28 where the

overlying dark bands within the sandy strata were not sampled. It was suggested earlier

that the HSF28 peat could be dated to around 3000BP and that date might reasonably be

applied to HSF29/30. The uppermost organic deposits at HB4, 700m to the N, were

dated between 3210±80BP and 2865±75BP (Tooley & Innes, 1999) and also revealed a

similar range of taxa, indicating that the mix of habitats observed at the palaeochannel

sites could have been widespread in this coastal zone during the Middle Bronze Age.
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6.8 HSF 52 - NZ 5228 3094

The HSF52 site (Fig. 6.30) was located at the southern margin of the palaeochannel

where a 50cm monolith tin was used to sample minerogenic sediments lying beneath the

main peat bed. The top of the tin, placed at +0.71mOD, was just into the base of the

peat, which was 25cm thick at this point and overlain by a further 25cm of modern beach

deposits. The minerogenic deposits extended from weathered till at the base through

approximately 35cm of grey, sandy silts, which included a 3cm darker layer, and then

into a transitional peat/sandy silt layer. The dark layer, stratum 4, was interpreted as a

potential OGS by the archaeologists and was the focus for sampling at this site.

Stratum 7
Dark brown
sandy peat

Stratum 6

Organic
silty sand

50cm
Fig. 6.30, HSF52 monolith

Stratum 5

Grey
silty sand

4
Grey/brown
silty sand
Stratum 3

silty sand
Stratum 2
Yellow/grey
sandy silt
Stratum 1

Sticky silt/clay

Stratigraphy

Blackish brown silty, sandy Phragmites peat.

Th2l Agl Gal Gsl Th[Phrag.]'+
Nig3+ strfO elas2+ sicc3 Is? LOI 26%

Stratum 7, 0.5 - 0cm

+0.709 to +0.714mOD
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Stratum 6, 9 - 0.5cm

+0.624 to +0.709mOD

Stratum 5,25 - 9cm

+0.464 to +0.624mOD

Stratum 4, 28 - 25cm

+0.434 to +0.464mOD

Stratum 3, 33 - 28cm

+0.384 to +0.434mOD

Stratum 2, 44.5 - 33cm

+0.269 to +0.384mOD

Stratum 1, 50-44.5cm

+0.214 to +0.269mOD

Light grey mushroom streaked organic silty sand with
rootlets. Rare peaty inclusions.

Agl Gal Gsl Ld11 Sh++ Th2+
Nig2+ strfl elasO sicc2+ lsl LOI 13 -28%

Light grey silty sand with organic flecks

Ag2 Gal Gsl Sh++

Nig2 strfl elasO sicc2+ ls+ LOI ~ 10%

Greyish brown organic, silty sand.

Gs2 Gal Ld2l

Nig2+ strf+ elas+ sicc2+ Is 1 LOI ~ 13%

Light grey silty sand with organic streaks and flecks.
Ga2 Gs 1 Agl Sh++

Nig2 strfl elasO sicc2+ ls2 LOI ~ 6%

Yellowish grey sandy silt with clay and rare small

pebbles. Rare iron staining.

Ag2 Gal Gsl As+ Gg(maj)+ Lf+

Nig2 strf+ elasO sicc2++ ls+ LOI ~ 4%

Sticky yellow/pink/grey sandy silt/clay mix with

organic flecks.

Agl Gal Gs2 As+Sh+

Nig2 strf+elasO sicc2 ls+ LOI 7%

LOI and Particle Size Analysis

Eleven samples were taken for LOI and particle size analysis (Fig. 6.31). Organic values

barely reached 5% in the lower minerogenic sediments but increased to 14% within

stratum 4. LOI remained between 10 and 14% in the upper minerogenic deposits but

reached 28% in the base of the peat. Particle size analysis showed that the minerogenic

component of the sample was dominated by sand-size particles throughout at values
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Fig.6.31: HARTLEPOOL SUBMERGED FOREST
- HSF 52
Percentage Particle Size and LOI
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between 50 and 80%. However, the clay- and silt-size fractions were important within

both the lower and upper minerogenic horizons and were increasing into the peat at the

top of the monolith.

Diatoms

One sample from each of the four main stratigraphic units was sampled for diatoms and

analysed by Dr. Zong at Durham University. No diatoms were found in the sandy silt

deposits at 39cm but between 300 and 400 diatoms were counted at 26cm, 17cm and

6cm for which a percentage diagram was produced (Fig. 6.32). The variations indicate

that the aquatic environment changed during the deposition of these sediments. At 26cm,

in stratum 4 (OGS), freshwater taxa were predominant at over 80% of the population.

By 17cm in the upper grey silty sand (stratum 5) marine diatoms had expanded to over
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Fig.6.32:HARTLEPOOLSUBMERGEDFOREST-HSF52 Diatoms-PercentageDiagram NZ52273094 AnalysedbyDr.Y.Q.Zong,Feb.977Polyhalobous <f/
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50%, although freshwater taxa maintained a strong presence. At 6cm marine and

brackish diatoms were co-dominant while freshwater taxa were reduced to 15% of the

population.

Radiocarbon Date

A small sample from the base of the dark layer (stratum 4)) was sent for AMS assay:-

27 to 28cm +0.435 to +0.445mOD 5160±60 BP (Beta 101954)

Pollen

Eight samples from the central part of the monolith, around the area of interest in stratum

4, were prepared and counted for pollen. The results of the analyses were displayed as

relative percentage and concentration diagrams (Figs. 6.33 & 6.34). The percentage of

corroded grains found in particular taxa has been indicated in Fig. 6.35.

The cumulative diagram shows that herbaceous and arboreal taxa were fairly evenly

balanced with perhaps a slight trend from woodland to herbaceous taxa dominance

through the period of deposition sampled at this site. Poaceae and Alnus were co-

dominant throughout with Corylus contributing the majority of the other woodland

pollen, which included Tilia, Quercus, Betula Pinus and Ulmus. Ulmus values were

never very strong, but declined in the upper part of the profile after 5160±60BP, the date

from the base of the dark layer. While small amounts of Cyperaceae were present at

values greater than 2%TLP in the lower part of the profile, Chenopodiaceae was the

most important herbaceous taxon, apart from Poaceae, and achieved peaks of 13% and

18%TLP in the middle and at the top of the profile. A wide range of taxa was noted

within the herbaceous flora, which included smaller peaks of Scutellaria-type, Plantago

lanceolata and Rhinanthus-type. Pollen concentrations were high within stratum 4

where two peaks of 500,000 and 350,000 grains per cc. wet sediment were noted, but
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Fig.6.33:HARTLEPOOLSUBMERGEDFOREST-HSF52 SelectedTaxaPercentagePollenDiagram NZ52283094 collected21.12.95;analysedMPD,April97
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Fig.6.34:HARTLEPOOLSUBMERGEDFOREST-HSF52 PollenConcentrationDiagram NZ52283094 MPD-August97 0 5
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absolute pollen values were lower in the sand beneath and particularly in the marine

sediments above the dark layer (Fig. 6.34). The pollen diagram has been zoned as

follows:-

HSF52-3, 21 to ~16cm +0.50 to +0.55mOD Alnus with Chenopodiaceae and
Poaceae

FlSF52-2b, 24.5 to 21cm +0.47 to +0.50mOD Poaceae, Alnus, Corylus

HSF52-2a, 30 to 24.5cm +0.41 to +0.47mOD Poaceae, Alnus and Corylus with

Chenopodiaceae

HSF52-1,-35 to 30cm +0.36 to+0.41mOD Alnus and Poaceae with Corylus

HSF52-1, -35 - 30cm +0.36 to +0.41mQD Alnus and Poaceae with Corylus

The single level in this zone was dominated by woodland taxa, principally Alnus and

Corylus, but with Tilia, Quercus, Ulmus, Betula and Pinus all present at values greater

than 2%TLP. Tilia had its highest value, 10%TLP, at this level. Poaceae was also

dominant, at 25%TLP, within an otherwise sparse herbaceous flora. The only aquatic

taxon, Sparganium emersum-type, achieved 2%TLP.

HSF52-2, 30 - 21cm +0.41 to +0.50mQD Poaceae. Alnus, Corylus

Poaceae and Alnus became co-dominant in this zone, which featured the highest

concentration values for the pollen profile. Corylus also remained strong. The

cumulative diagram features two wiggles where herbaceous and arboreal taxa vary out of

phase. The LPAZ has been split into two subzones to reflect the variations in the

cumulative diagram and the strong Chenopodiaceae signal between 25 and 27cm.

HSF52-2a, 30 - 24.5cm +0.41 to +0.47mQD Poaceae. Alnus, Corylus with

Chenopodiaceae

Alnus, Poaceae and Corylus dominated this subzone within a rich herbaceous flora

that included al3%TLPpeak for Chenopodiaceae at 26cm. The absolute value for
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Chenopodiaceae also peaked at 26cm when concentration values for most other taxa

were declining from a high total value of nearly 500,000 gr./cc.w.sed. at the base of the

zone. The three principal taxa at this site, Poaceae, Alnus and Corylus, all achieved their

lowest percentage values of corroded grains within this subzone (Fig. 6.35). The few

aquatic taxa were sparse apart from a 2% peak for Sparganium emersum-Vypt. A

radiocarbon date of 5160±60BP was obtained from sediment at the base of this zone.

Fig. 6.35: HARTLEPOOL SUBMERGED FOREST - HSF52
Percentage Corroded Grains for Selected Taxa
(Only includes taxon counts greater than 10)
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HSF52-2b, 24.5 - 21cm +0.47 to +0.50mQD Poaceae, Alnus. Corylus

Poaceae, Alnus and Corylus remained dominant in this subzone where Chenopodiaceae

was less important than previously within the rich herbaceous flora. Rhinanthus-type

achieved values greater than 2%TLP at both levels. Concentration values were high

initially in this subzone with a total value of over 350,000 gr./cc.w.sed., but declined to

less than 150,000 gr./cc.w.sed.
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HSF52-3. 21 to ~16cm +0.50 to +Q.55mOD Alnus with Chenopodiaceae and
Poaceae

As with LPAZ 52-1, this zone contained only one counted level. The herbaceous group

achieved 50%TLP in this zone and was dominated by Chenopodiaceae and Poaceae

within a rich flora. Plantago lanceolata and Scutellaria-type achieved values over

2%TLP for the first time in this pollen profile. Woodland taxa were dominated by Alnus

at 19%TLP with a significant input from Corylus and Pinus. Concentration values were

at their lowest in this zone but still remained respectable at a total value of 100,000

gr./cc.w.sed. Aquatic taxa were restricted to four Potomogetonaceae grains.

Discussion

This monolith, from the southern edge of the palaeochannel, was taken with the express

purpose of investigating a dark minerogenic layer, which was believed to be an old

ground surface. While pollen analysis was concentrated around stratum 4, stratigraphic

and diatom analyses from the whole monolith allowed the vegetation changes in the

proposed OGS to be set in a wider chronological and environmental framework.

Stratigraphic analyses suggested that the basal minerogenic material, stratum 1, was till

or weathered till, which was reworked and combined with marine sediments to form the

yellow/grey sandy silts in stratum 2. The composition of the buff silty sand, stratum 3,

immediately beneath the dark layer, was coarse, but not sticky, possibly reflecting a

dynamic (marine) environment. Unfortunately no diatoms were recovered from this part

of the sample to confirm or refute the role of coastal processes, but the absence of

frustules may be indirect support for the occurrence of turbulent aquatic conditions

during this depositional phase.

The diatoms that were found in the upper minerogenic strata were indicative of three

different types of aquatic environment. Freshwater conditions existed at the HSF52 site
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during the deposition of stratum 4. This signifies that the site was above the influence of

high tide, and potentially formed a land surface, while remaining damp or wet during the

period of deposition. Diatom analysis of the grey sandy silt overlying stratum 4,

confirmed that marine conditions were (re)established at the site after 5160±60BP,

possibly in response to relative sea level rise. The expansion of brackish diatoms in the

upper minerogenic stratum, which could reflect saltmarsh or lagoonal habitats, marked

the transition to wholly terrestrial conditions indicated by peat at the top of the sample.

The diatom and stratigraphic data from HSF52, and the peat unit immediately overlying

the monolith tin, indicate that the site preserves evidence for one cycle of terrestrial

(freshwater) through marine and back to terrestrial deposition, with the possibility of an

earlier terrestrial/marine cycle prior to stratum 4. This evidence is characteristic of

littoral conditions, such as might be found at the edge of the palaeochannel, where slight

changes in base level or sediment distribution could initiate fluctuations between marine

and terrestrial deposition. The evidence from the pollen at HSF52 offers further support

for the original interpretation of stratum 4 as a temporary former land surface. Absolute

pollen values from within the dark layer were high, up to 500,000 gr./cc.w.sed., possibly

reflecting low minerogenic sedimentation rates such as might be found in a soil or

former ground surface. The relatively unvarying character of the pollen spectra could be

evidence for deposition over a short timeframe. From the littoral nature of the site,

confirmed by stratigraphic and diatom evidence, it is likely that herbaceous rather than

woodland taxa would have been dominant close to the site. The strong signal from

Poaceae throughout the pollen profile, augmented by two peaks of Chenopodiaceae, is

suggestive of the local presence of reedbed and saltmarsh habitats within the

palaeochannel. Alnus and Corylus dominated the local woodland immediately behind

the coastal strip, while the rich variety of other arboreal taxa may have originated from

further afield.
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6.9 HSF 54 - NZ 5204 3130

HSF54 (Fig. 6.36) was located at the northern end of the HSF transect approximately

20m from where a Neolithic skeleton was found in 1972 (Tooley, 1975, 1978). In this

area the remains of a thin peat bed lay directly on till and weathered till deposits. A

30cm monolith tin was used to sample the sequence and included 10cm of till/weathered

till at the base overlain by 4cm of grey/brown limus and 16cm of dark brown sandy peat

at the top. The eroded surface of the peat was just above the top of the tin, which was

placed at +0.77mOD. 35cm of recent sand and shingle deposits covered the eroded

surface of the peat at this location.

o /

Stratum 4
Blackish-
brown

sandy turfa

Stratum 2
Mottled grey
silty sand

Stratum 3
Grey/brown
peaty limus

Fig. 6.36:
Diagram ofmonolith HSF54.

Stratum 1
Light grey
silty sancf

Stratigraphy

Stratum 4, 16 - 0cm Blackish-brown sandy turfa with Phragmites.
+0.61 to +0.77mOD Some detrital wood at base.

Th'3 Gal Ag++ D1+ Gs+ Th[Phrag]2+
Nig3 strfO elas2+ sicc3 Is? LOI 60 - 70%
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Stratum 3, 20 - 16cm Grey/brown limus-peat with sand and woody detritus.
+0.57 to +0.61mOD Th22 Agl Gal D1++ Ld++

Nig2++ strfO elas2 sicc3 ls+ LOI 60%

Stratum 2, 25.5 - 20cm Mottled mid-grey silty sand with organic traces,

+0.515 to +0.57mOD traversed by root channel. Stratum of irregular
thickness which flames into upper layer.

Agl Gal Gsl Ld3l Th2+
Nig2+ strfO elasO sicc2 ls2 LOI 10 - 20%

Stratum 1, 30 - 25.5cm Light grey silty sand with rare detrital wood and small
+0.47 to +0.515mOD stones. Traversed by root channel.

Agl Gal Gsl Gg(min)l D1+ Th2+

Nig2 strfO elasO sicc2+Is 1 LOI 5%

LOI and Particle Size Analysis

Eight samples were taken for LOI and particle size analysis (Fig. 6.37). The

minerogenic horizons in the basal third of the monolith were dominated by fine and

medium sand-size fractions and had a low LOI that increased with altitude from 5 to

20%. LOI increased to 60% in the transitional grey/brown limus, where clay- and silt-

size fractions expanded. LOI reached a maximum value of 70% at 15cm in the base of

the peat, and declined to around 60% by the top of the monolith. Clay- and silt-size

fractions also peaked at the base of the peat and then declined with the increasing

sandiness of the peat.

Radiocarbon Date

A sample from the base of the peat was sent for radiocarbon assay and dated as indicated

below:-

14 - 15cm +0.63 to +0.64mOD 5120±60 BP (Beta 99226)
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Fig.6.37: HARTLEPOOL SUBMERGED FOREST
HSF 54
Percentage Particle Size & LOl
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Pollen

Eight samples were taken for pollen analysis at 4cm intervals through the monolith.

Pollen was very sparse in the basal sample, 29cm, which was not counted. (The 5

traverses counted in the sample from 29cm, within stratum 1, produced 25 exotics, 1

Betula grain and 1 unidentified grain.) Data from the other 7 levels were used to

produce percentage pollen (selected taxa in Fig. 6.38) and concentration diagrams Fig.

6.39). Counts of corroded pollen from the principal taxa are shown in Fig. 6.40.

The cumulative diagram shows that arboreal taxa, mainly Alnus, dominated throughout

the pollen profile but herbaceous taxa increased in importance in the peat. Other

woodland taxa featured in the pollen profile, with Corylus, Tilia and Quercus being the

most prolific. Poaceae and Cyperaceae dominated the herbaceous taxa, which increased

in variety in the peat, although Plantago lanceolata was the only other taxon to achieve
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Fig.6.38:HARTLEPOOLSUBMERGEDFOREST-HSF54 PercenlagePollenDiagram-SelectedTaxa NZ52043130 collected11.01.96;analysedMPD,June97 (1)
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Fig.6.39:HARTLEPOOLSUBMERGEDFOREST-HSF54 PollenConcentrationDiagram-SelectedTaxa NZ52043130 MPD-August97 <T
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values over 2%TLP. Pollen concentration values ranged from a low of 50,000

gr./cc.w.sed. to over 400,000 gr./cc.w.sed (Fig. 6.39). The highest absolute values were

within the transitional minerogenic/organic strata beneath the peat. The lowest absolute

value was at the base of the peat suggesting that initial peat formation had been rapid.

The pollen profile was divided into two local pollen assemblage zones (LPAZ) as

follows:-

HSF 54-2, 15 - 0cm +0.62 to +0.77mOD Alnus with Poaceae

HSF 54- 1, 30 - 15cm +0.47 to +0.62mOD Alnus

HSF 54- 1, 30 - 15cm +0.47 to +0.62mQD Alnus

This zone was dominated by woodland taxa at values between 85 and 90% TLP. Alnus

was the principal taxon found and made up 40-50% of total land pollen. The other main

woodland taxa were Corylus and Tilia, but Quercus, Ulmus, Pinus and Betula were also

present. Ulmus had declined to less than 2%TLP by the upper zone boundary, which

was dated to 5120±60BP. Herbaceous taxa were very sparse in this zone and were

dominated by Poaceae, to a maximum values of 6%TLP. Aquatic taxa were also very

sparse. Spores were strong in this LPAZ with Pteropsida monolete indet. Declining

from a high of over 20% TLP and Polypodium present at every level. Pollen

concentrations were high in this zone with a peak of over 400,000 gr./cc.w.sed. at 21cm

in the grey organic silty sand at the top of stratum 3 (Fig. 6.39).

HSF 54-2, 15 - 0cm +0.62 to +0.77mQD Alnus with Poaceae.

This zone was also dominated by woodland taxa, again mainly Alnus with values

between 25 and 55%, but was distinguished by the expansion of herbaceous taxa, which

reached values between 30 and 50%TLP. Poaceae was the main herbaceous taxon and

continued to expand achieving nearly 20%TLP by the top of the zone. Cyperaceae was
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important initially at over 10%TLP but declined as Poaceae expanded. The range of

other herbaceous taxa was more varied in this zone and included a 15%TLP peak for

Plantago lanceolata at 5cm. Chenopodiaceae, Apium-type and Rhinanthus-type

appeared at every level at values less than 2%TLP. Corylus declined through HSF54-2

to less than 10%TLP and the other main woodland taxa, Tilia and Quercus were less

important that in the previous zone. Aquatic taxa remained very sparse and spores were

less important than in HSF54-1. A striking feature of this zone was the difference in

pollen concentration values, which plummeted to less than 50,000 gr./cc.w.sed. at 13cm

in the base of the peat before recovering to 150,000 gr./cc.w.sed. at the top of the zone.

Discussion

Sediments below the monolith were not sampled but site notes described a pinkish/grey

diamicton merging into light grey, silty sands, which become darker and more organic

just beneath the peat. The grey silty sands in the two lower sampled strata (30-20cm)

represent weathered and reworked till deposits, which showed no evidence of marine

activity. Pollen spectra and particle size analysis showed little variation through these

strata although LOI increased slightly, to 20% at 20.5cm, reflecting an increase in

organic detritus. The two lowest counted levels, 21cm and 25cm, both came from

stratum 2, the organic silty sand, but concentration values and pollen preservation status

were markedly different. The concentration value at 25cm was quite respectable at just

less than 100,000 gr./cc.w.sed. However, the increase to over 400,000 gr./cc.w.sed. at

21cm could be related to a rise in the local water table, which would have allowed a

higher rate of pollen preservation. The improvement in preservation status from over

50% corroded land pollen at 25cm to around 30% at 21 cm, and 17cm (Fig. 6.40), is

further support for this view.
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Fig. 6.40: HARTLEPOOL SUBMERGED FOREST
Percentage Corroded Grains for Selected Taxa
(Only includes total counts grealer than 15)
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The mixed Alnus woodland indicated by the pollen spectra in HSF54-1 may have been

growing close to the site for a considerable period, perhaps since the spread of Alnus ca.

7000BP. However, in the absence of waterlogged sediments in which organic material

might have been preserved, pollen falling on the ground surface would have deteriorated.

The high proportion of Alnus and Tilia grains that were corroded, over 60% at 25cm,

may reflect the incorporation of older damaged pollen into surface sediments that were

becoming waterlogged. However, only 30% of the Corylus pollen were corroded at

25cm indicating that the origins and transportation history of this taxon may be different

to that of Alnus and Tilia. Corylus may have been a relatively recent arrival close to the

site so its pollen may have had less opportunity to be corroded in weathering surface

sediments.

The presence of limus above the grey silty sand confirmed the local rise of the water

table, which probably occurred in response to relative sea level rise. The presence of a
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root channel extending from 20cm to 30cm indicates that vegetation was able to colonise

the site during this phase, possibly prior to 5120±60BP. Pollen concentration values

(Fig. 6.39) began to fall in the limus, as the sediment became bulked up with increased

amounts of preserved organic material, and reached the lowest value for the site at the

base of the peat. Thereafter, concentration values improved but never to the values

achieved immediately beneath the peat. The pollen spectra from the peat, HSF54-2,

indicate that mixed Alnus woodland remained close to the site. However, Phragmites

rhizomes were found in the peat and this together with the expanded herbaceous signal

reflects the development of wetter more open habitats, including reedbeds, within or at

the margins of the woodland. Aquatic taxa were very sparse indicating that water plants

had had little time or opportunity to exploit the site within or close to dense woodland.

The pollen spectra revealed little clear evidence of human impact on the vegetation

record preserved in HSF54-1. However, flints and patches of charcoal found associated

with sediments beneath and at the base of the peat provided a tentative link with the

Ulmus decline, dated to 5120±60BP. In the upper part of the profile, the Plantago

lanceolata peak could indicate the local presence of disturbed ground or pasture. Other

arable, pastoral and ruderal indicators were more plentiful in HSF54-2 than in the

previous zone, but nevertheless remained sparse so evidence for the activities of people

in the local area must be regarded circumspectly.
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6.10 Discussion of the Hartlepool Intertidal Sites

Analyses of the stratigraphic sequences preserved in the palaeochannel area of the HSF

transect allow a picture of the Mid-Holocene environment at Carr House Sands to be

reconstructed, and thereby extend interpretations derived from earlier work on the

Hartlepool intertidal sediments. The earliest indication of Holocene sedimentation in the

intertidal area at Hartlepool comes from WH19 where a thin silt unit near the base of

saltmarsh deposits contained marine diatoms. The saltmarsh sequence, dated between

6180±100BP and 5975±120BP, was developed on weathered till and may have been

eroded at its upper surface by subsequent marine activity. The early saltmarsh sequence

at WH19 was not positively identified anywhere else in the intertidal area, but may have

been present at WH1 la, near Newburn Bridge, where organic sediments below -2m OD

were dated to 6050±90BP (Tooley, 1988). Pollen was not counted at that site. It is also

possible that saltmarsh sediments developed in the palaeochannel and were removed by

later marine activity.

The earliest Holocene sedimentary units from the HSF sites, the grey silty sands, were

found within HSF2, 6, 27, 52 and 54 and represent both weathered till and eroded or

reworked material combined with marine sediments. The lowest samples from HSF2

and HSF6, although relatively low in pollen concentration, revealed a high proportion of

corroded grains and high relative percentages of Tilia and Pteropsida monolete undiff.

spores. Both of these microfossils can be preferentially preserved in weathered and

reworked sediments (Huntley & Birks, 1987), and their presence is supportive of a

contextual link with till at the base of the palaeochannel at its northern margin. Similar

pollen spectra were found in the lowest polleniferous samples, weathered till, at HSF54,

and in the basal saltmarsh deposits at WH19. The Tilia- and spore-rich silty sand at the
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base of HSF6 predates 5650±70BP and this is likely also to be the case for the basal

samples from HSF2 and HSF54. Given the similarity of the basal relative pollen

profiles at HSF6, HSF54 and HSF2 to the WF119 profiles, it is not unreasonable to

suggest a date of around 6000BP for all these samples. The earliest Holocene organic

sedimentation at the Flartlepool intertidal sites, whether wholly terrestrial or saltmarsh,

seems to have started prior to 6000BP as a response to rising RSL.

Marine sediments, described as blue/grey silty clay, and containing a succession of

diatom assemblages indicative of a transition from marine through brackish to

freshwater conditions, were deposited above the saltmarsh sequence at WH19 (Tooley &

Innes, 1999). The main phase of marine activity at WH19 occurred after 5975±120BP

and before 5530±90BP, Fig. 4.8. There is the slight possibility that this phase of marine

activity at WH19 could have overlapped with the marine episode dated between

5610±80BP and 4600±60BP at HSF6. Flowever, it is more likely that any evidence in

the palaeochannel for the main marine episode at WFI19 was eroded by later events.

(The F1SF6 marine sequence is probably related to the most recent phase of enhanced

marine influence at WH19, dated 4945±50BP to 4770±50BP, Fig. 4.8.)

The lower peat unit in F1SF6 is probably a remnant of a more extensive deposit that

would have occupied the palaeochannel, and which may have formed in succession to

saltmarsh and marine sediments contemporary with those at WH19. The pollen spectra

recorded from the lower peat are indicative of the local presence of mixed (fen)

woodland, dominated by Alnus. The expansion of saltmarsh taxa in the upper part of the

lower peat suggests increasing access by the sea into the palaeochannel around

5610±80BP. There is certainly evidence from the diatoms found at HSF6 and HSF52

to indicate that brackish water and marine conditions reached the margins of the
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palaeochannel between 5610±80BP and 4600±60BP. Such activity may have eroded the

upper surface of the lower peat at HSF6 and removed most of the earlier Holocene

sediments from the palaeochannel. During, or perhaps before, the marine phase in the

palaeochannel there was at least one episode of lower RSL, dated to 5160±60BP at

HSF52, when freshwater pools existed at the palaeochannel margins. The pollen signals

from the silty sands at the palaeochannel margins suggest an open, wooded landscape

and contrast with the signal from HSF27, which was completely dominated by Poaceae

and may represent a later phase of erosion and deposition.

The upper organic sedimentary sequence at WH19 dates from 5530±90BP and

continued to be preserved until after 4770±50BP. Wholly terrestrial sedimentation was

interrupted around 4945±50BP by a return to saltmarsh conditions. (It is this phase of

enhanced marine influence, which lasted until 4770±50BP, that may be related to the

main marine episode recorded in the palaeochannel sediments.) At the HSF54 site,

which is around 100m from WH19 and closer to the top of the beach, the base of the

peat was dated to 5120±60BP. Beneath that peat, however, 10cm of slightly organic

sand and limus produced a prc-Ulmus decline pollen profile comparable to that from

WH19. Small amounts of saltmarsh pollen were also found throughout the organic

strata at HSF54. At WH4, between HSF54 and WH19, organic sedimentation

commenced with the Ulmus decline, prior to 5315±80BP, and continued until after

4680±60BP, the date of the Neolithic skeleton. Saltmarsh taxa were present in the

intervening sediments. There is also a short sequence of organic sedimentation from

WH2 on the nearby LWM, which dates from 5240±70BP and includes the Ulmus

decline and raised levels of saltmarsh taxa. All four of these sites, HSF54, WH19, WH2

and WH4, which are located near the northern end of the HSF transect, show evidence
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of enhanced marine influence around the time of the Ulmus decline and shortly

thereafter, without a dynamic shift in sedimentation.

In contrast, the upper phase of organic sedimentation in the palaeochannel began to be

emplaced around 4600BP and it is inferred that estuarine/marine activity in the

palaeochannel prevented organic sedimentation there until well after the Ulmus decline.

Conditions at WH19, HSF54, WH4 and WH2 were such as to permit organic

sedimentation from prior to the Ulmus decline and included evidence of enhanced

marine influence. That these sediment suites were unaffected by dynamic coastal

change around the period of the Ulmus decline indicates that the sites were located at a

sufficient altitude or distance from the sea, or were otherwise protected from the direct

impact of marine activity that was affecting the palaeochannel area.

Prior to the HSF excavations, the most complete picture of vegetation and

environmental change during the Late Holocene at Hartlepool is that derived from the

HB4 site, located over 1km north of the palaeochannel (Tooley & Innes, 1999). The

sediments and pollen preserved at HB4 have been interpreted as showing a transition

from alder carr woodland to saltmarsh and estuarine conditions during the first half of

the post-Ulmus decline period. It was inferred from the local presence of cultural

artefacts and the discovery of some cereal pollen that human agency had brought about a

cleared grassland phase but that RSL rise had induced the subsequent development of

freshwater pools, reed swamps and ultimately saltmarsh and estuarine conditions by

2865±75BP.

The picture of vegetation change derived from work on the HSF 19/20 sediments in the

palaeochannel is not easily reconciled with the findings from HB4. The top and bottom

of the main peat were not dated at HSF 19/20 but it is probable, as indicated earlier, that

organic sediment accumulation commenced around 4600BP. While Poaceae was
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dominant for much of the period of deposition, there were phases when trees and shrubs

were particularly strong. One such phase may be viewed as an arboreal expansion,

during which Alnus and Corylus then Salix and Betula were strong, and occurred prior to

a burning episode, dated to 3250±90BP. People were implicated in the burning episode

by the discovery of flint chippings within the charcoal layer (Waughman, in press). The

subsequent temporary herbaceous peak included a single Hordeum grain and a range of

arable, pastoral and ruderal indicators. The short pollen sequence from Seaton Carew

Funfair, 2km south of Carr House Sands, and dated between 4130±95BP and

3775±80BP, also showed an arboreal expansion led by Alnus (J. Innes, pers. comm.).

Two cereal grains were noted at one level, shortly before 3770±80BP, but otherwise

there was little to suggest that humans were active in the area.

The strongest evidence, therefore, for the presence of people in the Hartlepool area

during the Late Holocene comes from HB4 where the vegetation record, indicative of a

maintained clearance, is supported by a number of cultural finds. At HSF19/20, while

there is evidence of burning and a small number of cultural finds was made, the

vegetation record suggests that human use of the area was transitory. The short

vegetation sequence from Seaton Carew Funfair indicates that Alnus was able to expand

unchecked by the activities of people. It appears therefore that the focus of human

activity in the Hartlepool Bay area during the Neolithic and Bronze Age may have been

closer to the HB4 site than the palaeochannel. Indeed, the location of the Neolithic

skeleton found at WH4, which is close to HSF54 and halfway between HB4 and the

palaeochannel, may bear some relationship to the edge of a cultural group's sphere of

influence.
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Sediments younger than those at HB4 have not been clearly identified in the Hartlepool

intertidal area. However, it can be concluded from the present position of the HWM that

RSL rise truncated terrestrial sedimentation in the present intertidal area at some point

after c. 2865±75BP, eroding evidence of older and probably also younger sedimentary

environments
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Chapter 7

The Carr House Sidings Sites

7.1 Introduction

The results of analyses undertaken on samples from the Stell and CHS sites are reported

in this chapter. The locations of the two sites can be seen in the photograph in Fig. 7.1,

which was taken during July 1997 prior to the redevelopment of Carr House Sidings as a

residential estate. The positions of the two sites relative to each other and the HSF

intertidal sites are indicated in Figs. 7.2 and 7.3. The stratigraphy encountered at the two

sites in Carr House Sidings is depicted in summary form in Fig. 7.4 and is described in

detail within the section for each site. Findings from sedimentary analyses are reported

in graph format and discussed briefly in each section. The results of pollen analysis are

also reported for each site and include selected taxa diagrams and descriptions of local

pollen assemblage zones (LPAZ). Radiocarbon analysis was undertaken on 18 sediment

samples from the two sites in Carr House Sidings. The dates are listed, with

calibrations, in the Appendices and are indicated on diagrams and referred to at

appropriate points in the text. Discussion and interpretation of findings from the Carr

House Sidings sites is contained in Chapter 8.
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Fig. 7.2: The Carr House Sands intertidal area at Hartlepool and
Carr House Sidings. The boxed area is shown in more detail in
Fig. 7.3.
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12 The Stell Site - NZ 5209 3080

The three complete cores of one metre length (Fig. 7.5) recovered from the Stell site are

known as STL 3, STL 4 and STL 5. They extend from till at the base of STL 5 up

through organic sand and silty sands into a thick lower peat unit which comprises most

of STL 4. Overlying sandy peat gives way to a second silty sand layer in the lower part

of STL 3, which is completed by a second thinner peat horizon and a beige sand unit.

Sediments between the ground surface at the stream bank and the top of STL 3 were not

successfully recovered in STL 1 and STL 2 so precise details of the overlying

stratigraphy are not known. Approximately 1.5m of overburden forming the upper

stream bank, visible in Fig. 5.3, was not sampled but almost certainly comprises made
,. Stell 4 stell 3

ground in its entirety. i ✓

I taw % ' t '' I
stell 5 SMI ! II il ffjm :.:

Fig. 7.5: The three complete sediment cores obtained
from the Stell site.
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7.2.1 Stratigraphy

Initial stratigraphic descriptions were made separately for each core using the Trpels-

Smith (1955) system. The stratigraphic descriptions reported below have been adjusted

to reflect the results of loss-on-ignition and particle size analysis. Strata either side of the

joins between STL 3 and STL 4 and between STL 4 and STL 5 have been given the

same number. Depths for each stratum are given in three forms:- the depth within each

core, the depth below ground surface at the stream side and the depth relative to mean

sea level. Fig. 7.6 shows the simplified stratigraphy for the three Stell cores. Full

stratigraphic descriptions are reported below.

STL 3 - 220 to 320 cms below ground surface

Stratum 14, 0-27 cm (Summary) Fine beige sand with dark brown silty
220 - 247 cm BGS organic bands (between 1.5 to 5cm and 21 to 27cm)
-0.015 to -0.285 mOD Ga4, Ag+, (Ga4, Ag++, Ld++)

Nig 2, (Nig 3), strf ++, elas 0, sicc 2, Is +

Stratum 13, 27 - 29 cm Transitional beige organic silty sand
247 - 249 cm BGS Ga2++, Agl, Ldl
-0.285 to -0.305 mOD Nig 2+, strf 0, elas 0, sicc 2, Is +

Stratum 12, 29 - 57.5 cm Partly humified blackish turfa with occasional wood.
249 - 277.5 cm BGS Well compacted
-0.305 to -0.590 mOD Th23, Agl, D1++

Nig 3+, strf 0, elas 2, sicc 2, Is 3

Stratum 11, 57.5 - 58.5 cm Transitional mid-brown organic sandy silt.
277.5-278.5 cm BGS Ag2, Gal,Ldl+
-0.590 to -0.600 mOD Nig 2+, strf 0, elas +, sicc 2, Is +
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Stratum 10, 58.5 - 98.5 cm Light grey organic sandy silt with some organic particles
278.5 - 318.5 cm BGS and wood fragments
-0.600 to -1.000 mOD Ag2, Ga2, Ld++

Nig2, strf 0, elas 0, sicc 2, Is 1

Stratum 9. 98.5 - 100 cm Brown well-humified silty turfa with sand
318.5-320.0 cm BGS Agl++, Th3l, Gal +
-1.000 to -1.015 mOD Nig 3, strf 0, elas 1, sicc 2, Is 2

STL - 4, 320 to 420 cms below ground surface

Stratum 9, 0 - 3.5 cm

320 - 323.5 cm BGS

-1.015 to-1.050 mOD

Stratum 8. 3.5 - 70 cm

323.5-390.0 cm BGS

-1.050 to -1.715 mOD

Stratum 7. 70 - 81.5 cm

390-401.5 cm BGS

-1.715 to-1.830 mOD

Brown humified turfa with lenses of beige sand

Gal+++, Th2l, Agl +
Nig 3, strf +, elas 2, sicc 2, Is ?

Dark brown partially humified crumbly herbaceous turfa
with rare wood fragments

Th23, Agl, D1++, Ld++
Nig 3+, strf 0-, elas 2+, sicc 2, Is +

Transitional stratum of dark to mid-brown silty turfa
with occasional wood fragments. Greyer at base.

Th22++, Ag2, D1++
Nig 2+++, strf 0, elas 2, sicc 2, Is 0

Stratum 6. 81.5 - 85.5 cm Mottled mid-brown/grey organic silty sandy matrix with
401.5 - 405.5 cm BGS fibrous organic detritus and wood fragments
-1.830 to -1.870 mOD Ag2, Th11, Gal+, As+, Gs+

Nig 2+, strf +, elas +, sicc 2, Is +

Stratum 5. 85.5 - 95 cm

405.5-415 cm BGS

-1.870 to-1.965 mOD

Light grey sticky coarse silty sand with organic pieces
and wood fragments

Ga2+, Agl+, Gs++, Ld+, Dh+, D1+,

Nig 2, strf 0, elas 0, sicc 2, Is +
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Stratum 4, 95 - 100 cm Beige/grey stiff silty sand with coarse minerogenic
415 - 420 cm BGS fragments and some clay
-1.965 to -2.015 mOD Ga2++, Agl+, Gs+, As+

Nig 2, strf 0, elas 0, sicc 2, Is +

STL - 5, 420 to 525 cms below ground surface

Stratum 3. 0 - 10.5 cm

420-431.5 cm BGS

-2.015 to-2.120 mOD

Grey/beige sticky silty sand with rare detrital organic

pieces and rare coarse minerogenic fragments

Ga2++, Agl+, Gs+, As+, Dh+

Nig 2, strf 0, elas 0, sicc 2, Is ?

Stratum 2, 10.5 - 52.5 cm Light brown organic silty sand with occasional small
431.5 - 472.5 cm BGS lenses of grey silt/clay and rare wood fragments
-2.120 to-2.530 mOD Ga3, Agl, Ld+++, D1+

Nig 2+, strf +, elas 0, sicc 1, Is 2

Stratum 1, 52.5 - 104 cm

472.5 - 524 cm BGS

-2.530 to -3.045 mOD

Stiff, coarse silty sand with some organic flecks.

Predominantly grey with pinkish and yellowish zones.

Ga2, Ag2, Gs++, As+, Ld+

Nig 2, strf +, elas 0, sicc 2, Is 2

7.2.2 Sampling, Analyses and Presentation

A total of 75 sediment samples were taken from the three Stell cores. Loss-on ignition

(LOI) was carried out on all 75 samples. Particle size analysis was undertaken on

material remaining after LOI for the non-peat samples. Fig. 7.7 shows the results of

particle size analysis and LOI for the minerogenic samples. LOI values for the organic

samples can be seen in the selected taxa pollen diagram for the Stell site (Fig. 7.8).

Sediment analyses (Fig. 7.7) indicate that the till (Stratum 1), which was not sampled for

pollen, comprised a wide range of mineral sizes including significant coarse and fine

components. LOI was generally below 10%. The brown silty sand (Stratum 2) was
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Fig. 7.7: CARR HOUSE SIDINGS - STELL
Particle Size 8c Loss on Ignition
PS - % weight after LOI (0.71mm and greater)
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clearly dominated by the fine sand size component at values up to 60% of the mineral

fraction, while very fine and coarse sized particles were considerably reduced from

Stratum 1. LOI increased to around 15%. The immediately overlying strata (3 to 5),

with their more balanced range of mineral sizes and low LOI, showed some similarities

with the composition of Stratum 1. The silt-size fraction increased in Stratum 6 and

Stratum 7 as LOI rose to over 80% in the lower peat, a figure that was replicated in the

upper peat (Stratum 11). Particle size analysis on the grey sandy silt (Stratum 9) also

revealed a wide range of mineral sizes and an LOI value that rose above 10% only close

to the organic strata above and below. The uppermost horizon, the fine beige sand with
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slightly organic bands (Stratum 13) was dominated by 70% fine sand-size particles and

up to 25% medium sand-size particles. LOI was negligible but reached 5% in the

slightly organic bands.

Samples from 45 levels were prepared for pollen analysis using a standard procedure

(see Chapter 5). Sub-samples of the 30 samples not initially used for pollen analysis

were kept for possible future use. Obscuration of the pollen residue, by silica or organic

matter, increased the time needed to achieve the target of 500 land pollen for many

levels. A trial using a dense-media separation method (Nakagawa et al, 1998) was

undertaken in an attempt to improve the visibility and purity of the grains. The trial was

only partially successful and is discussed fully in Chapter 5. Pollen data from the four

levels successfully processed using the dense-media method were combined with data

obtained using the standard preparation method for the construction of the Stell pollen

diagrams. A selected taxa relative percentage pollen diagram for the Stell site can be

seen in Fig. 7.8. A concentration diagram for the principal taxa found at the Stell was

constructed (Fig. 7.9) and diagrams showing variations in the pollen preservation status

were also compiled for the main taxa; those for Poaceae, Corylus and Alnus can be seen

in Fig. 7.10. The pollen spectra were zoned using CONISS (Grimm, 1987) leading to the

differentiation of nine Stell local pollen assemblage zones (LPAZ)(Fig. 7.8), which are

listed below and described in detail in stratigraphic order within section 7.3.

The Stell Local Pollen Assemblage Zones

STL-9, 247 to 220cm, -0.275 to -0.005mOD, Poaceae with Cyperaceae
STL-8, 262 to 247cm, -0.425 to -0.275mOD, Alnus

STL-7, 278.5 to 262cm, -0.59 to -0.425mOD, Poaceae

STL-6, 323.5 to 278.5cm, -1.04 to -0.59mOD, Poaceae with mixed trees and

Chenopodiaceae
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STL-5, 353 to 323.5cm, -1.335 to-1.04mOD, Poaceae

STL-4, 377 to 353cm, -1.575 to -1.335mOD, Alnus with Quercus and

Corylus

STL-3, 400 to 377cm, -1.805 to-1.575mOD, Alnus and Poaceae

STL-2, 417 to 400cms, -1.975 to -1.805mOD, Alnus with Corylus and Pinus

STL-lb, 433.5 to 417cms, -2.14 to-1.975mOD, Poaceae and Alnus with

Corylus

STL-la, 475 to 433.5cms, -2.555 to -2.14mOD, Poaceae and Alnus with

Cyperaceae

7.3 STELL - Local Pollen Assemblage Zones (Fig, 7.8)

STL^T, 475 to 417cms, -2.555 to -2.14mOD, Poaceae and Alnus

STL 1 could be described as a 'Poaceae and Alnus' zone but has been divided into two

sub-zones principally on the basis of the relative strengths of Cyperaceae and Corylus.

However, the subdivision is supported by differences in absolute pollen values (Fig. 7.9),

which ranged between 60,000 and 100,000 gr./cc.w.sed. in sub-zone la but declined to

12,000 gr./cc.w.sed. in sub-zone lb.

STL-la, 475 to 433.5cms, -2,555 to -2.14mOD, Poaceae and Alnus with

Cyperaceae

Alnus dominated the arboreal taxa achieving a peak of 25%TLP but with values mainly

between 10 and 15%TLP. Quercus presented a steady signal of 5%TLP throughout the

sub-zone while Betula was slightly more variable at 6 to 9%TLP. Other arboreal taxa

were very sparse. Corylus and Salix were the dominant shrubs with Corylus present

throughout at ~7%TLP, apart from a peak of 14% near the top of the sub-zone. Salix too

provided a fairly steady signal of around 5%TLP. Very small numbers of other shrub

and heath taxa were also found.
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Fig.7.9:CARRHOUSESIDINGS-THESTELL PollenConcentrationDiagram-SelectedTaxa NZ52093080
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Herbaceous taxa were dominated by Poaceae, which was present at a steady value of

around 30%TLP throughout the sub-zone. Cyperaceae was slightly more variable,

dipping slightly from 15%TLP to the middle of the sub-zone before expanding to a value

of 20%TLP at the uppermost level, which represented a doubling in absolute terms. 37

other herbaceous taxa, apart from Poaceae and Cyperaceae, were found in this sub-zone,

including two grains of Cerealia undiff. at each of two levels near the base of the zone.

The majority of these other herbaceous taxa were represented at more than one level.

Plantago lanceolata achieved more than 2%TLP at most levels. Chenopodiaceae and

Lactuceae were present at each level occasionally reaching 2%TLP.

The wide range of aquatic taxa was dominated by Sparganium emersum-type but

included a few grains of Utricularia at the base of the sub-zone. Cryptogams were

sparse. A few grains of Polypodium and Pteridium aquilinum were noted but the main

component was Pteropsida monolete indet. at a value of 10%TLP.

A sample of the organic silty sand from the base of the zone was sent for dating to

establish a time frame for the earliest preserved vegetation growth at the site. The date

obtained, 4920±40BP, was later than expected but has been accepted and incorporated

into the discussion of environmental change at this site in Chapter 8.

STL-lb, 433.5 to 417cms, -2.14 to -1.975mOD, Poaceae and Alnus with

Corylus

With very low absolute pollen values, declining as low as 12,000 gr./cc.w.sed., in this

sub-zone, the local pollen signal may have been masked by a regional or derived pollen

signal. This sub-zone includes the level STL5-9cm, at 429cm, where dense-media

separation increased the pollen concentration value from 5,000 to a combined value of

12,000 gr./cc.w.sed. Alnus was the dominant arboreal taxon in STL-lb maintaining a
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value of around 15%TLP. Relative values of Quercus and Betula were similar to those

of STL-la, although both declined at the top of the zone. Pinus expanded in sub-zone

lb, achieving values of 2 to 5%TLP, as did Tilia, which reached 2%TLP at one level.

One Picea grain was found at the base of the sub-zone. The expansion of Corylus in

sub-zone lb enhanced the dominant woodland signal.

Poaceae retained its position as the dominant taxon, despite the relative expansion of

woodland taxa, while Cyperaceae declined to less than 8%TLP in this sub-zone. The

range of other herbaceous taxa was less diverse than in STL-la with only 26 taxa noted,

most present at more than one level. Of these, only Chenopodiaceae achieved more than

2%TLP at each level. Plantago lanceolata declined slightly but reached 2%TLP at one

level. Aquatic pollen was less plentiful in this sub-zone with Sparganium emersum-type,

the most numerous with a maximum of six grains at each level. Cryptogams expanded

slightly in relative percentage terms with Pteropsida monolete indet. reaching 20%TLP.

Polypodium and Pteropsida trilete indet. both achieved 2%TLP at one level.

STL-2, 417 to 400cms, -1.975 to -1.8Q5mOD, Alnus with Corylus and Pinus

Woodland taxa achieved their highest combined relative values for the whole profile in

this zone maintaining values of 90 to 95%TLP throughout. Absolute pollen values

increased strongly through this zone from 12,000 to 200,000 gr./cc.w.sed. Relative

values of arboreal pollen increased through the zone from 35 to 80%TLP due to the

Alnus expansion, while Pinus with its highest value of 25%TLP was important in the

first three levels of the zone. Betula was present throughout the zone with reduced

relative values of 2 to 3%TLP. Quercus and Ulmus expanded from very low counts at

the base of the zone and achieved values of 7 and 4%TLP respectively at the upper level.

Tilia was present throughout and peaked in mid-zone at 3%TLP. Shrub pollen, almost
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exclusively Corylus, accounted for 60% of the total land pollen at the base of the zone,

where absolute pollen values were low, but declined to 12%TLP by the uppermost level.

Species-wise, this is a rather impoverished zone, with a total of 7 herbaceous taxa

registering a maximum combined value of 10%TLP. Poaceae was the dominant

herbaceous taxon, with relative values ranging from 3 to 5%TLP, and expanded through

the zone in absolute terms. Cyperaceae, the only other herbaceous taxon present

throughout the zone, failed to achieve 2%TLP at any level in STL -2.

Aquatic pollen was very sparse and limited to two grains in the basal level. Cryptogam

representation was over 40%TLP at the base of the zone where Pteropsida monolete

indet. was dominant, although Polypodium made its strongest appearance for the whole

profile with 10%TLP over the first two levels.

A sediment sample from the base of this zone, located in Stratum 4, was sent for dating.

Stratum 4, (see section 7.2.1), was described as a sticky silty sand unit that was initially

interpreted as a flood deposit. The lack of pollen in the immediately underlying horizon

and the marked change in pollen spectra from STL-lb to STL-2 also hinted at a hiatus in

vegetation preservation at the site that ought to be dated. A date of 10970±40BP was

obtained from the sample.

STL-3, 400 to 377cm, -1.805 to -1.575mOD, Alnus and Poaceae

In this zone, woodland taxa declined steeply from a high relative value of 85%TLP and

then recovered slightly, due to a Corylus recovery, to 50%TLP by the top of the zone.

Herbaceous taxa achieved a peak of 55% in mid-zone before declining slightly in the

uppermost level. Absolute pollen values were generally much higher than for the

previous zone and ranged between 200,000 and 350,000 gr./cc.w.sed.
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Alnus dominated the arboreal pollen at relative values that declined from 40 to 10%TLP.

Quercus had a high initial value of 12%TLP but declined through the zone to 7%TLP.

Ulmus also declined from its highest value for the profile, 6%TLP, at the base of the

zone. Betula, Tilia and Pinus were present at each level, occasionally exceeding

2%TLP. Two single grains of Fraxinus were found. Apart from a single Salix grain at

the base of the zone, Corylus was the sole representative of the shrub group. Corylus

declined in the middle of this zone before recovering to 25%TLP in the uppermost level.

Despite the increased representation of herbaceous taxa in this zone, the number of

species in this group remained low with only 12 noted. Poaceae pollen dominated at

over 40%TLP in the upper two levels. In the basal level, Cyperaceae was stronger than

Poaceae at around 7%TLP. The only other herbaceous taxon to achieve more than

2%TLP was Chenopodiaceae with a 5%TLP peak at the middle level.

Low counts of Sparganium emersum-type and a single grain of Typha latifolia were

noted in STL-3, an increase for the aquatic group on the previous zone. Cryptogams

were less significant in relative terms than in STL-2, although Polypodium achieved its

highest absolute value in the basal level.

A sample of organic sediment from the bottom of the lower peat, at the base of this zone,

was dated to 6550±40BP.

STL-4, 377 to 353cm, -1.575 to-1.335mOD, Alnus with Quercus and

Corylus

Woodland pollen was dominant in this zone rising to a collective peak of 90%TLP in

mid-zone where arboreal taxa reached a maximum of 75%TLP. Consequently,

herbaceous pollen was much reduced with a high value of 25%TLP at the uppermost

level. Absolute pollen totals were lower than in STL-3 and ranged from 88,000
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gr./cc.w.sed. at the woodland peak in mid-zone to a maximum of 150,000gr./cc.w.sed.

The mid-zone concentration value represents a 20% increase following inclusion of data

from the dense-media preparation method.

Tree pollen was dominated by that of Alnus, which declined through the zone from a

high initial value of 35%TLP. Quercus attained its highest relative value for the profile

in STL-4 with a peak of 30%TLP in mid-zone and was a major contributor in absolute

terms to the tree dominance at that level. Ulmus, the only other tree taxon present

throughout the zone at more than 2%TLP, peaked at 5%TLP in mid-zone. Betula and

Tilia were also present at every level and achieved relative values greater than 2%TLP at

the woodland peak. Shrub pollen was dominated by that of Corylus, which ranged

between relative values of 15 and 25%TLP. Salix was also present at every level,

peaking at over 2% in mid-zone. One grain of Hedera helix and four of Lonicera

periclymenum, were also noted in mid-zone. Poaceae and Cyperaceae dominated the

herbaceous pollen in this zone. Other herbaceous taxa were very sparse with none

achieving more than six grains.

Aquatic taxa were also sparse in this zone. Sparganium emersum-type was present at

each level and achieved a peak of 2%TLP in mid-zone. Very few cryptogams were

noted although Thelypteris palustris was present at every level and Polypodium achieved

2%TLP peak in mid-zone.

STL-5, 353 to 323.5cm, -1.335 to-1.04mQD, Poaceae

This zone featured marked fluctuations between the alternately dominant herbaceous and

arboreal groups. The zone was dominated by herbaceous pollen at relative values

between 5 and 75%TLP, while arboreal taxa varied from 15 to 85%TLP. Shrub pollen

was reduced to 10 to 15%TLP in this zone. Absolute pollen totals declined from a high
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initial value of over 250,000 gr./cc.w.sed. to less than 100,000 gr./cc.w.sed. at the top of

the zone. The fluctuations between herbaceous and arboreal dominance were also

reflected in absolute values of Poaceae and Alnus.

Quercus, Corylus and Alnus were the dominant woodland taxa in STL-5. However,

while Quercus (8 to 20%TLP) and Corylus (8 to 14%TLP) varied in a rather subdued

manner, the meteoric but temporary expansion of Alnus, from 6 to 65%TLP by the

second level, caused the principal interruption to the dominance of the herbaceous group

in this zone. The Ulmus signal exhibited a temporary decline near the top of the zone

followed by a recovery to 4%TLP at the uppermost level, behaviour that was supported

by variations in the absolute pollen data. Betula and Tilia were both present at every

level but only achieved relative values greater than 2%TLP at the top of the zone. Shrub

taxa, other than Corylus, were extremely sparse.

Herbaceous pollen, primarily Poaceae, dominated STL-5 at three out of four levels

reaching a maximum value in excess of 70%TLP. However, at the level of the aberrant

Alnus peak, the Poaceae signal was reduced to 8 grains. Cyperaceae was sparse in this

zone registering only one grain in the basal level but rising to 3%TLP in the upper three

levels. A total of 15 herbaceous taxa were found in this zone but none apart from

Poaceae and Cyperaceae reached 2%TLP. Low counts of Rhinanthus were present at

every level.

Aquatic pollen was very sparse in this zone although three grains of Sparganium

emersum-type and one of Typha latifolia were noted in the uppermost level. Cryptogams

were very sparse until the upper level where Pteropsida monolete indet. reached

400%TLP and Thelypteris palustris achieved 20%TLP.
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A sample of organic sediment from the top of the lower peat unit, at the top of this zone,

was dated to 5230±40BP.

STL-6, 323.5 to 278.5cm, -1.04 to -Q.59mOD, Poaceae with mixed trees and

Chenopodiaceae

After a high initial relative value of 80%TLP for woodland taxa, total tree and shrub

values were reduced to between 45 and 65%TLP for the rest of the zone. Shrub values

varied between 10 and 25%TLP with the lowest values occurring with two herbaceous

peaks of 55%TLP. Absolute pollen values were much lower than in the previous zone

and fluctuated in the range 50,000 to 90,000 gr./cc.w.sed.

Arboreal pollen was dominated by Alnus, which expanded after an initial fluctuation, and

reached a peak of 25%TLP in mid-zone. However, in the basal level Quercus was

stronger than Alnus, having continued its expansion from STL-5, with a high of

22%TLP, but was less important than Alnus through the rest of the zone. Betula and

Pinus achieved values greater than 2%TLP at most levels. Ulmus declined at the base of

STL-6 with its final appearance at more than 2%TLP. Tilia recovered slightly in this

zone and achieved relative values close to or greater than 2%TLP at many levels,

especially near the base. Fraxinus remained sparse and one grain of Picea was noted

near the base of the zone. Shrub pollen was dominated by that of Corylus, which was

quite variable at relative values between 8 and 24%TLP. Salix contributed strongly to

the shrub taxa at the basal level with a 10%TLP signal but barely registered in the rest of

the zone. Other shrub pollen was very sparse.

Herbaceous taxa were dominated by Poaceae at relative values between 10% and

40%TLP. Chenopodiaceae was particularly strong in this zone with every level bar one

registering values greater than 2%TLP and two levels exceeding 10%TLP. Cyperaceae
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were very sparse in this zone, apart from at the basal level where a value of 7%TLP was

noted. This zone was particularly species-rich with pollen from a total of 42 herbaceous

taxa observed. Plantago lanceolata and Plantago maritima were found at most levels in

the zone, sometimes exceeding 2%TLP.

Aquatic taxa were slightly more plentiful than in STL-5 but remained very sparse.

Sparganium emersum-type, Myriophyllum spicatum and Potomogetonaceae were most

numerous near the base of the zone. Pteropsida monolete indet. declined from a high of

70%TLP at the base of the zone and maintained values of 5 to 10%TLP almost to the top

of the zone. Pteropsida trilete indet. were present throughout the zone and achieved

over 2% at one level. Polypodium also appeared at every level achieving a peak of

2%TLP near the top of the zone. Small numbers of Sphagnum were found at most

levels.

Two dates were obtained from silty sand at the base and top of this zone where the strong

Chenopodiaceae signal was suggestive of saltmarsh conditions. The dates from the base

and top of the deposit, respectively 10240±40BP and 8360±50BP, may have been

contaminated with older organic material.

STL-7, 278.5 to 262cm, -0.59 to -0.425mQD, Poaceae

Herbaceous taxa were dominant in this zone declining from a maximum value of 80% to

65%TLP. Arboreal taxa recovered from the basal level to just over 20%TLP by the top

of the zone. Shrubs fluctuated between 5 and 10%TLP. Absolute values were rather

variable in this zone with values ranging between 100,000 and 375,000 gr./cc.w.sed. in

the lower part of the zone. In the upper two levels, concentration values declined to

43,000 and 66,000 gr./cc.w.sed. These values include a 40 to 50% increase following

incorporation of data from the dense-media preparation.
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Quercus, Corylus and Alnus were the principal woodland taxa in this zone each varying

between 5 and 10%TLP but rarely contributing a combined total of more than 25%TLP.

Betula appeared at every level and achieved over 2%TLP in the upper two levels. Pinus,

Ulmus, Tilia and Fraxinus appeared at most levels at less than 2%TLP. Shrub pollen

was dominated by Corylus, which had declined from the slightly higher values of STL-7.

Other shrub taxa were very sparse but included two or three grains of Salix and Hedera

helix at some levels.

Herbaceous taxa were dominated by Poaceae, which expanded from STL-6 to over

70%TLP, its highest value for the site, at the second level. Poaceae maintained high

relative values in the lower part of the zone but declined to 35%TLP by the upper level.

After initial fluctuations, Cyperaceae expanded steadily through the zone achieving a

peak value of nearly 30%TLP at the uppermost level. A total of 32 herbaceous taxa were

noted in this zone, a reduction on the previous zone. Mentha-type and Chenopodiaceae

were the only taxa, apart from Poaceae and Cyperaceae, to achieve values over 2%TLP.

Many of the herbaceous taxa in this zone only registered one grain at any level. Solidago

virgaurea-type, Plantago lanceolata and Rubiaceae are amongst those which appeared

most frequently.

Aquatic taxa appeared at most levels in this zone. Typha latifolia was the dominant

taxon producing two peaks of over 2%TLP. Sparganium emersum-type also appeared at

four levels. Cryptogams were very sparse in this zone.

Organic sediment from the base of the upper peat gave a date of 4850±40BP for the re-

establishment of wholly terrestrial conditions at the base of this zone.
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STL-8, 262 to 247cm, -0.425 to -Q.275mOD, Alnus

Woodland taxa, principally Alnus, dominated this zone, expanding to a peak value of

85%TLP near the top of the zone. Herbaceous taxa continued the decline begun in STL-

7, dipping to a low of 15%TLP at the woodland peak before recovering to 40%TLP by

the uppermost level. Absolute pollen values fluctuated between 50,000 and 80,000

gr./cc.w.sed., higher values generally than for the two upper levels of STL-7.

Alnus was the dominant arboreal taxon in this zone but was quite variable in its

representation, fluctuating between 20 and 50%TLP. Quercus and Corylus also

contributed strongly to the woodland peak, particularly at the second level where Alnus

declined to a low of 20%TLP. Betula achieved over 2%TLP at three levels in this zone

expanding in the uppermost level to over 5%TLP. None of the other arboreal taxa

registered at over 2%TLP. While shrub taxa were dominated by Corylus, to a maximum

value of 15%TLP, Salix contributed over 2%TLP in the upper two levels of the zone.

Other shrub taxa were very sparse.

Poaceae and Cyperaceae dominated the herbaceous taxa in this zone. Poaceae continued

declining, from a high of 30%TLP at the base of the zone, to less than 10%TLP in mid-

zone before recovering to 20%TLP in the uppermost level. Cyperaceae peaked at over

30%TLP at the second level, where a single Cerealia grain was observed. A total of 24

herbaceous taxa were noted in this zone but many were quite sparse and none, apart from

Cyperaccac and Poaceae weie present at every level.

Aquatic taxa were very sparse in this zone with the largest representation being five

grains of Sparganium emersum-type in the upper level. Cryptogams were slightly less

sparse than in the previous zone with five grains of Dryopteris felix-mas noted at one

level and Pteropsida monolete indet. expanding at the top of the zone.
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Organic sediment gave a date of 4180±50BP for the top of the upper peat at the top of

this zone.

STL-9, 247 to 220cm, -0.275 to -0.005mQD, Poaceae with Cyperaceae

There was a counting hiatus in this zone due to the very low levels of pollen within the

fine sand in Stratum 13. However, pollen spectra from the upper and lower organic

bands appeared to be very similar so they have been included in the same zone. STL-9

was dominated by herbaceous taxa to a maximum value of 75%TLP while woodland

taxa declined from 50%TLP at the base of the zone. Absolute pollen values increased in

both organic bands achieving a high of over 90,000gr./cc.w.sed. before declining to

14,000 gr./cc.w.sed. at the uppermost level. Concentration values would probably have

been very low in the middle of the zone.

Alnus and Betula dominated the arboreal pollen with maximum relative values of 10 to

15%TLP each. Quercus declined in this zone with relative values of less than 2%TLP in

the two upper levels. Small amounts of Pinus were noted at each level but Ulmus, Tilia

and Fraxinus were rather sparse. Corylus and Salix were co-dominant in the shrub group.

Salix expanded from the previous zone to a peak of over 10%TLP, at the basal level, its

highest relative value for the site. Conversely, Corylus continued its decline from STL-

8. Both Corylus and Salix maintained values of 5%TLP or less through much of the

zone. Other shrub taxa were very sparse, although Calluna vulgaris made its strongest

appearance of the profile with values less than 2%TLP.

The herbaceous group was dominated by Poaceae, with strong support from Cyperaceae.

Poaceae expanded into the zone and then maintained relative values of over 35%TLP.

Cyperaceae also expanded achieving values of 15 to 25%TLP through most of the zone.

A total of 41 herbaceous taxa were found in this zone making it the second most-species-
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rich zone after STL-6. Plantago lanceolata was the only taxon apart from Poaceae and

Cyperaceae to register at over 2%TLP at every level and reached a maximum value of

6%TLP. Lactuceae undiff. also achieved 2%TLP at one level in the upper part of the

zone. Many other taxa were noted at every level at values less than 2%TLP. These

include Solidago virgaurea-type, Chenopodiaceae, Plantago maritima, Filipendula,

Brassicaceae and Potentilla-type. Cerealia undiff., were observed at three levels with a

maximum count of 7 grains.

Aquatic taxa were very sparse, although six types were found. Sparganium emersum-

type was dominant and reached a maximum value of 4%TLP. Cryptogams were also

very sparse and dominated by up to 10%TLP Pteropsida monolete indet. Pteropsida

trilete indet., Sphagnum, Pteridium aquilinum and Polypodium were present at most

levels at less than 2%TLP.

Two dates were obtained for this zone. The lower organic band that marked the

transition from peaty to sandy conditions was dated to 3930±40BP while the upper

organic band at the top of the profile was dated to 6100±40BP. The date from the top of

the profile may be the result of contamination of the sediment with older carbon.
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74 The CHS Site - NZ 5198 3082

Five 50cm monolith tins, denoted HF1 - HF5, were used to recover sediments from the

CHS site. HF1 - HF4 formed an overlapping sequence, while HF5 was positioned

below HF4 but offset by one metre (Figs. 7.4 & 7.11). The sediments sampled extend

from grey laminated silty sand at the base of HF5 and continue through a highly organic

unit over one metre in thickness. The base of the peat was sampled in the upper part of

HF5 while the bulk of the organic unit was sampled in HF4 and HF3. Parts of the peat

were woody, mainly in HF4, while other sections were crumbly or highly compressed.

The peat became sandy at the base of HF2, where much of the overlying sediment in

HF2 consisted of sandy limus. The top of HF2 and most of HF1 comprised a sand unit,

principally beige in colour, but with a black band in HF2 and two dark gritty slightly

organic layers in HF1. A transition to silty and sandy turfa continued the sequence in

HF1, which was topped by a coarse pebbly matrix of made ground. Pictures of the five

HF monoliths can be viewed in Fig. 7.12.

7.4,1 Stratigraphy

The stratigraphic descriptions below were made separately for each monolith using the

Trpels-Smith (1955) system and have been adjusted to reflect the results of loss-on-

ignition and particle size analysis. Strata are numbered from the base of HF5. Sediment

either side of the overlap between HF4 and HF3 and between HF2 and HF1 have been

given the same number. A compositional change was noted between the top of HF3 and

the base of HF2 and those strata are numbered consecutively. Depths for each stratum

are given in three forms;- the depth within each monolith, the depth below the ground

surface and the depth relative to mean sea level.
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Fig. 7.11: Diagram of the stratigraphic sequence
through the HF monoliths at Carr House Sidings.
Strata are numbered 1-18 from the base of HF5.
Each monolith is 50cm in length.
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Fig. 7.12: Photomontage of the HF monoliths from the CFIS site at Carr
House Sidings. Each monolith is 50cm in length with the top to the left.
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HF1 - 247.5 to 297.5 cm below ground surface

Stratum 18, 0 - 6 cm

247.5 - 253.5 cm BGS

1.595 to 1.535 mOD

Stratum 17. 6 - 14 cm

253.5-261.5 cm BGS

1.535 to 1.455 mOD

Stratum 16. 14 - 22 cm

261.5-269.5 cm BGS

1.455 to 1.375 mOD

Stratum 15. 22 - 50 cm

269.5 - 297.5 cm BGS

1.375 to 1.095 mOD

Dark brown gritty matrix with small and medium-sized
stones and fragments of coal. Some roots.

Gal, Gsl, Agl, Dhl+, Gg(min)+++

Nig 3, strf 0, elas 0, sicc 2, Is ?

Mid-brown fibrous sandy turfa with roots and rare small
stones.

Ga2, Th'l, Gsl, Ag++, Gg(min)+
Nig 2++, strf 0, elas 2, sicc 2, Is 1

Mid-brown silty sandy turfa.

Ga3, Th2l, Ag++
Nig 2++, strf 0, elas 2, sicc 2, Is +

Fine beige/yellow sand with two coarse, gritty, organic
bands at 27.5cm and 41cm, and fine silty laminations
between. Root channels penetrate from upper stratum.

Ga4, Ag+++, As+, Dh++

Nig 2, strf 2, elas 0, sicc 2, Is 2

HF 2 - 295.5 to 345.5 cm below ground surface

Stratum 15, 0-7 cm

295.5 - 302.5 cm BGS

1.115 to 1.045 mOD

Stratum 14, 7-11 cm

302.5 - 306.5 cm BGS

1.045 to 1.005 mOD

Stratum 13, 11 - 13 cm

306.5 - 308.5 cm BGS

1.005 to 0.985 mOD

Fine beige/orange sand with dark band at 4 to 5cm.

Ga4, Ag+

Nig 2 to 3+, strf 0, elas 0, sicc 2, Is ?

Transitional stratum of mid-brown organic silty sand
with intercalated beige sand layers.

Ga3, Agl, Ld++

Nig 2+, strf 1, elas + sicc 2, Is 1

Mid-brown sandy limus with a sharp upper boundary

Ag2, Gal, Ldl

Nig 2++, strf 0, elas +, sicc 2, Is 3
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Stratum 12. 13 - 33 cm

308.5-328.5 cm BGS

0.985 to 0.785 mOD

Stratum 11, 33 - 38 cm

328.5-333.5 cm BGS

0.785 to 0.735 mOD

Stratum 10, 38 - 50 cm

333.5-345.5 cm BGS

0.735 to 0.615 mOD

Dark brown sandy limus with crumbly peaty inclusions
and detrital roots and stems.

Ld2, Agl, Gal, Dh+, Tin-

Nig 3, strf 0, elas ++, sicc 2, Is +

Mid-brown sandy limus

Ag2, Ldl, Gal

Nig 2++, strf 0, elas +, sicc 2, Is +

Dark brown fibrous limus with detrital stems and roots;

rare sand and some wood fragments near base.

Ag2, Ldl++, Th 1, D1++, Dh+, Ga+

Nig 3, strf 0, elas ++, sicc 2, Is +

HF 3 - 341.5 to 391.5 cms below ground surface

Stratum 9. 0 - 45 cm

341.5-386.5 cm BGS

0.655 to 0.205 mOD

Stratum 8, 45 - 50 cm

386.5-391.5 cm BGS

0.205 to 0.155 mOD

Highly compressed dark brown fibrous limus with

twigs and bark. Some Phragmites roots.

Ld2, Th'l, Agl, D1++, Dh++
Nig 3, strf 0, elas 1, sicc 2, Is ?

Dark brown crumbly peat with detrital roots and wood.

Th22, Ldl, Agl, Dh+, D1+
Nig 3, strf 0, elas 1, sicc 2, Is +

HF 4 - 390 to 44 cms below ground surface

Stratum 8, 0 - 10.5 cm Dark brown fibrous Phragmites turfa with rare wood

Th22, Ldl, Agl, Dh+, D1+
Nig 3, strf 0, elas 2, sicc 2, Is ?

390 - 400.5 cm BGS

0.170 to 0.065 mOD

Stratum 7, 10.5 - 32 cm

400.5 - 422.0 cm BGS

+0.065 to -0.150 mOD

Dark brown fibrous, woody limus.

Th22, Ldl, Agl, Dh+, D1+++
Nig 3, strf 0, elas 2, sicc 2, Is +
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Stratum 6, 32 - 45 cm

422 - 435 cm BGS

-0.150 to-0.280 mOD

Stratum 5. 45 - 50 cm

435 - 440 cm BGS

-0.280 to -0.330 mOD

Dark brown crumbly woody limus with rare sand

Ld2, Th2l, Agl, Ga++, D1++
Nig 3, strf 0, elas 2, sicc 2, Is 0

Grey/brown organic, sandy, silty limus

Ld3, Agl, Ga++

Nig 2, strf 0, elas 0, sicc 2, Is +

HF 5 - 435 to 485 cms below ground surface

Stratum 4, 0 - 20 cm

435-455 cm BGS

-0.280 to -0.480 mOD

Stratum 3, 20 - 21.5 cm

455 - 456.5 cm BGS

-0.480 to -0.495 mOD

Stratum 2, 21.5 - 45 cm

456.5-480.0 cm BGS

-0.495 to -0.730 mOD

Stratum 1, 45 - 50 cm

480-485 cm BGS

-0.730 to -0.780 mOD

Dark brown partially humified herbaceous turfa with

Phragmites roots and some twigs.

Th'2, Ldl, Agl, D1++
Nig 3, strf+, elas 2, sicc 2, Is ?

Dark brown sandy, silty limus

Ag2, Ldl++, Gal

Nig 3, strf 1, elas +, sicc 2, Is 1

Mushroom grey finely laminated organic silt with more

sand and clay towards the base. Rare organic pieces.

Ag3, Gal, Ld+++, As+

Nig 2, strf 2, elas 0, sicc 2, Is 1

Beige/grey fine silty sand

Ga3, Agl

Nig 2, strf 0, elas 0, sicc 2, Is ++

7.4.2 Sampling, Analyses and Presentation

The five 50cm HF monoliths were each sampled every 2cm giving a total of 125

samples. Sub-samples were subjected to loss-on-ignition (LOI) and particle size analysis

was undertaken on the residues from 113 sub-samples, which covered most organic and

all minerogenic material. Between 13 and 19 samples from each monolith were prepared
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for pollen analysis, using a standard method (see Chapter 5), giving a total of 74 counted

levels from the five monoliths. Selected taxa pollen diagrams are presented as Figs. 7.13

and 7.14, which were zoned using CONISS (Grimm, 1987). Charcoal counts were

undertaken for all the pollen samples from the upper four monoliths (HF1-4), a total of

67 levels. Eight samples from the CHS site were sent for AMS dating, two from HF5

and six from the HF1-4 sequence. The dates have been displayed on the pollen

diagrams and are included in the pollen zone descriptions (see Section 7.5). A full list of

dates, with calibrations, can be viewed in the Appendices.

The results of particle size analysis and the charcoal counting for HF1-4 are shown in

Fig. 7.15, which includes LOI presented at a higher resolution than was possible for the

pollen diagrams. Particle size analysis for the highly minerogenic levels in HF5 can be

seen in Fig. 7.16, which includes the results from the HF1 and HF2 monoliths. (Possible

equivalence between CHS-1 and CHS5-3, suggested in Fig. 7.16, is discussed in Chapter

8.) LOI was very low in the silty sand at the base of HF5 but rose to around 10% with

the increased silt component in the laminated grey sandy silt (Fig. 7.16). LOI increased

through the transitional sandy limus, before reaching an average of 85% in the lower part

of the peat layer. LOI remained high through the peaty strata of HF4 and HF3 (Strata 5

to 9) with values fluctuating mainly between 75 and 85% (Fig. 7.15). Silt-size particles

were dominant in the minerogenic fraction throughout HF4 and HF3, the lower half of

the profile in Fig. 7.15, where peaks of fine sand-size and coarser particles were linked to

troughs in the LOI curve. The sand-size fraction increased as LOI decreased to 30%

through pollen zone CHS-6. Early peaks followed by dominance of the sand-size

component in CHS-7 reflected the temporary recovery of LOI, to 70%, and its

subsequent collapse to negligible values in the sandy sediments of Stratum 15 (CHS-8 to

CHS-9). Two 25 to 30% peaks of silt-size and finer particles in CHS-8 to CHS-9
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Fig. 7.15: CARR HOUSE SIDINGS, HF1-HF4
Particle Size, LOI S Charcoal
PS - % volume after LOI (cumulative);
% weight after LOI (0.71mm and greater)
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coincided with very small, 10 to 12%, LOI peaks. The LOI recovery, to over 40%, in

CHS-9 reflected a renewed expansion of fine-grained particles within the sandy peat of

Stratum 17, although the sand-size and coarser fraction remained dominant.

The results of the charcoal count from the HF1 to HF4 pollen samples are displayed in

Fig. 7.15. The charcoal count for 67 levels has been plotted alongside particle size and

LOI data for 98 levels. The continuity of the charcoal signal therefore appears more

fragmented than it should, because counts were not made at 31 levels, although there

were a few levels where little or no charcoal was found. Charcoal concentrations were

very low for most of the HF1 to HF4 sediments, rising to a maximum value of less than

2 310cm per cm at the top of the profile. The exaggeration (xlO) on the charcoal graph
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Fig. 7.16: CARR HOUSE SIDINGS, HF1.HF2, HF5
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helps in the identification of strata and pollen zones where charcoal values were raised.

These areas were principally in the upper half of the profile from CHS-6 (Stratum 10)

upwards and were associated in the main with lowered LOI values. The small charcoal

peak at the base of the profile was also associated with reduced LOI. The highest

charcoal value, however, was found at the top of the profile, where LOI values were

increasing. The relatively high apparent charcoal concentrations at the top of the profile

may be partially explained by the misidentification of coal particles, fragments of which

were found in the coarse gritty matrix comprising Stratum 18.

Relative percentage pollen diagrams were constructed separately for HF1 to HF4 and

HF5. Selected taxa diagrams are presented in the text as Fig. 7.13 (HF1-4) and Fig. 7.14
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(HF5), while complete pollen diagrams can be viewed in the Appendices. Pollen

concentration data for selected taxa can be seen in Fig. 7.17 (HF1-4) and Fig. 7.18

(HF5). Local pollen assemblage zones (LPAZ) are marked on the pollen and particle

size diagrams as CHS-1 to CHS-9 for the HF1 to F1F4 monoliths and CHS5-1 to CHS5-3

for the HF5 monolith. Graphs showing variations in pollen preservation status for the

principal taxa are displayed as Fig. 7.19, for the HF1-4 sequence, and Fig. 7.20, for HF5.

Local pollen assemblage zones for the CHS site are listed below and described fully in

stratigraphic order in Section 7.5.

The CHS Local Pollen Assemblage Zones

Monoliths HF1 to HF4

CHS-9, 277.0 to 248cms, +1.30 to +1,59mOD,

CHS-8, 302.5 to 277.0 cms,

CHS-7, 326.5 to 302.5 cms,

CHS-6, 341.5 to 326.5 cms,

CHS-5, 372.5 to 341.5 cms,

CHS-4, 381.5 to 372.5 cms,

CHS-3, 409 to 381,5cms,

CHS-2, 428 to 409cms,

CHS-1, 440 to 428cms,

The HF5 Monolith

CHS5-3, 449 to 435cm,

CHS5-2, 454 to 449cm,

CHS5-1, 485 to 454cm,

+ 1.045 to +1.30mOD,

+0.805 to +1.045mOD

+0.655 to +0.805mOD,

+0.345 to +0.655mOD,

+0.255 to +0.345mOD,

-0.02 to +0.255mOD,

-0.21 to-0.02mOD,

-0.33 to -0.21mOD,

-0.42 to -0.28mOD,

-0.47 to -0.42mOD,

-0.78 to -0.47mOD,

Poaceae with Cyperaceae,
Lactuceae and P. Lanceolata

Poaceae with Cyperaceae

Cyperaceae and Poaceae
Poaceae

Poaceae with Mixed Trees

Mixed Trees

Mixed Trees with Cyperaceae
Poaceae

Poaceae and Cyperaceae with
Alnus

Poaceae and Cyperaceae with
Alnus

Alnus with Cyperaceae and
Poaceae

Mixed trees and Poaceae with

Chenopodiaceae

265



Fig.7.17:CARRHOUSESIDINGS-HF1-4 PollenConcentrotionDiagram,SelectedTaxa <7>V
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Fig.7.18:CARRHOUSESIDINGS PollenConcentrationDiagram,SelectedTaxa
HF5
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Fig.7.19:CARRHOUSESIDINGS-HF1-4 PercentagePollenPreservationStatus
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7.5 Carr House Sidings - Local Pollen Assemblage Zones
Monolith HF5 (Fie. 7.14)

CHS5-1, 485 to 454cm. -0,78 to -0.47mQD, Mixed trees and Poaceae with

Chenopodiaceae

In this zone arboreal and herbaceous taxa were evenly balanced with both groups

declining from around 45 to 40%TLP through the zone. Shrub pollen, principally

Corylus, expanded from 10 to over 20%TLP. Many of the dominant taxa showed little

variation in relative terms but pollen concentration values (Fig. 7.18), which rose from

10,000 to 240,000 gr./cc.w.sed., suggest that two phases of absolute expansion occurred

in this zone.

Alnus and Corylus were co-dominant among the woodland taxa. Alnus varied little in

relative terms maintaining values around 20%TLP, while Corylus expanded, achieving

25%TLP at the top of the zone. Quercus was also a significant member of the woodland

group ranging in relative value between 10 and 18%TLP. Pinus achieved values up to

10%TLP in the lower five levels where pollen concentrations were less than 100,000

gr./cc.w.sed., but declined in importance at the top of the zone. Betula and Tilia were

present throughout at values less than 5%TLP. Ulmus and Fraxinus were very sparse.

Apart from Corylus, shrub counts were very low with Salix having the highest value, 9

grains, at the base of the zone.

Poaceae dominated the herbaceous taxa varying around 20 to 25%TLP through most of

the zone and expanding to over 30%TLP at the uppermost level. Cyperaceae was very

sparse but reached 4 or 5%TLP at the top and bottom of the zone. The only other strong

herbaceous signal came from Chenopodiaceae, which expanded to 9%TLP in mid-zone

before declining to less than 2% at the top of the zone. A total of 42 herbaceous taxa

were found in this zone although over one third (15 taxa) appeared only once at a single
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level. Some taxa, such as Solidago virgaurea-type and members of the Lamiaceae,

Plantaginaceae and Scrophulariaceae families appeared at several levels.

Aquatic pollen were very sparse. Potomogetonaceae were present at most levels,

declining from 2%TLP at the basal level. Cryptogams were dominated by Pteropsida

monolete indet., which declined through the zone from a high of over 12%TLP at the

base. Small amounts of Polypodium and trilete spores were also found at every level.

A sample of silty sand from the base of this zone was dated in an attempt to pin down the

earliest vegetation record from this site. It is suggested that the date obtained,

11060±30BP, resulted from contamination of the sample with older reworked organic

material.

CHS5-2, 454 to 449cm, -0.47 to -0.42mQD, Alnus with Cyperaceae and

Poaceae

This is a transitional zone of two levels with the first dominated by Alnus, and the second

dominated by herbaceous taxa, particularly Cyperaceae and Poaceae. Shrub values were

much reduced from the previous zone. In absolute terms the first level was highly

polleniferous with a concentration of 500,000 gr./cc.w.sed., while the second level was

rather impoverished with only 50,000 gr./cc.w.sed.

Although Alnus was dominant in this zone with an aberrant peak of 65%TLP at the first

level, Quercus and Corylus, amongst the woodland taxa, remained strong with high

absolute pollen values. Apart from a 2%TLP peak of Betula at the upper level, other

woodland taxa were very sparse. At the second level Cyperaceae and Poaceae became

dominant at a combined value of 60%TLP. Very few other herbaceous taxa were found

in this zone. Aquatic pollen were also very sparse in this zone. A few grains of Typha
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latifolia were found at both levels while Sparganium emersum-type was noted only at the

upper level. Six cryptogams were found in this zone, all at the upper level.

The end of a saltmarsh phase and the beginning of wholly terrestrial sedimentation was

dated to 4510±40BP using a sample of peat from the base of this zone.

CHS5-3. 449 to 435cm, -0.42 to -0.28mQD, Poaceae and Cvperaceae with
Alnus

This zone was dominated by herbaceous taxa, which declined initially from the previous

zone before expanding to a peak of 60%TLP in the upper half of the zone. Shrubs

fluctuated at 5 to 10%TLP throughout the zone. Arboreal pollen recovered to over

40%TLP in mid-zone before dipping to 30%TLP near the top of the zone. Absolute

pollen values also recovered in the basal levels to values around 175,000 gr./cc.w.sed.

and then declined in the upper levels.

Alnus dominated the tree pollen in CHS5-3 expanding to a peak of 35%TLP in mid-zone

before declining sharply to just over 15% at the top of the zone. Quercus and Corylus

also contributed to the woodland signal fluctuating individually at values between 5 and

15%TLP. Betula was sparse but achieved 2%TLP at three levels. Pinus, Ulmus, Tilia

and Fraxinus were present at most levels in this zone at values less than 2%TLP. Few

shrub pollen, apart from Corylus, were noted in this zone, and none achieved more than

tour grains at any level.

Poaceae and Cyperaceae dominated the herbaceous taxa in this zone. Poaceae expanded

initially from the previous zone to 30%TLP at the basal level and then fluctuated at

values between 18 and 35%TLP. Cyperaceae also fluctuated in this zone at values

ranging from 18 to 26%. Other herbaceous taxa were very sparse; Solidago virgaurea-
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type was the only other herbaceous taxon present at every level reaching 2%TLP twice

in the upper half of the zone.

Aquatic taxa remained sparse. Typha latifolia appeared at every level with a maximum

value of nine grains at the base. Cryptogams registered an expansion in the upper half of

the zone where Pteropsida monolete indet increased to over 30%TLP. Small amounts of

other taxa such as Dryopteris (cristata and felix-mas) and Polypodium were also found,

mainly in the upper part of the zone.

Monoliths HF1 to HF4 (Fig, 7.13)

CHS-1, 440 to 428cms, -0.33 to -0.21 mOD, Poaceae and Cvperaceae with
Alnus

Woodland taxa, mainly Alnus, declined slightly through this zone from 50 to 40%TLP.

The small range of herbaceous taxa was dominated by Poaceae and Cyperaceae, both of

which fluctuated within a combined expansion to around 60%TLP. Absolute pollen

counts declined through this zone from over 50,000 to 20,000 gr./cc.w.sed..

Alnus showed a general decline in this zone with fluctuations between 15 and 40%TLP.

Quercus and Corylus were also strongly represented among the woodland taxa

maintaining relative values of around 10%TLP each through the zone. Betula was

present at every level, expanding to 4%TLP by the top of the zone, while Pinus, Ulmus,

Tilia and Fraxinus were present at most levels at values less than 2%TLP. Although

Corylus was dominant amongst the shrub taxa, Salix was present throughout and reached

2%TLP at one level.

Poaceae and Cyperaceae were co-dominant in the herbaceous group at relative values for

each taxon that fluctuated between 15 and 35%TLP. A small number of other

herbaceous taxa were present at more than one level. These included Solidago virgaurea
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type, Lactuceae undiff., Plantago lanceolata and Rubiaceae, but none achieved values

greater than 2%TLP.

Small amounts of aquatic pollen were also found, principally Typha latifolia and

Sparganium emersum-type. Cryptograms expanded in CHS-1, as absolute pollen values

declined, with Pteropsida monolete indet. achieving over 20%TLP at the top of the zone.

The small number of positive identifications included Dryopteris cristata, Polypodiwn

and Thelypteris palustris.

CHS-2, 428 to 409cms, -0.21 to-0.02mQD, Poaceae

Herbaceous taxa, principally Poaceae, were dominant through this zone but declined

from a high initial value of 80% to 35%TLP. Woodland taxa showed an overall

expansion through CHS-2 from 20 to 65%TLP, despite a temporary decline in mid-zone.

Absolute pollen values were between 50,000 and 100,000 gr./cc.w.sed. for much of the

zone but dropped to less than 25,000 gr./cc.w.sed. in the two upper levels.

Alnus, Quercus and Corylus were the dominant woodland taxa in CHS-2. Alnus

continued the fluctuations of the previous zone, albeit with slightly lower relative values

between 7 and 27%TLP. In contrast, Quercus showed a steady expansion through the

zone, from 5 to over 20%TLP. Corylus also expanded through the zone, from 4 to

20%TLP, but was more variable than Quercus. Pinus, Ulmus, Tilia and Fraxinus were

present at most levels at values less than 2%TLP, while Betula achieved 2%TLP twice in

the upper part of the zone. Shrub taxa, apart from Corylus, were very sparse.

Poaceae displayed an overall decline in this zone, from 75% to 30%TLP. The very high

initial relative value of over 75%TLP at the basal level was accompanied by a tripling of

the total pollen concentration to around 70,000 gr./cc.w.sed. Cyperaceae was relatively

less significant in CHS-2 than in CHS-1, although the difference in absolute terms was
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not so marked. Other herbaceous appearing at more than one level included Lythrum

salicaria-type and Plantago lanceolata, although neither registered at more than 2%TLP.

Aquatic taxa were sparse in this zone apart from at the second level where a 4%TLP

Typha latifolia peak was noted together with a single Alisma grain. Small amounts of

Sparganium emersum-type were also found at three levels. Cryptograms were strongly

represented in CHS-2. Pteropsida monolete indet. achieved a peak of 75%TLP near the

top of the zone while Thelypteris palustris registered a peak of over 70%TLP at the same

level. Also at that level, Dryopteris cristata achieved a peak of nearly 15%TLP

following a mid-zone expansion. Dryopteris felix-mas appeared at three levels in this

zone and exceeded 2%TLP at the uppermost level.

The beginning of a woodland expansion phase, following a herbaceous peak at the base

of this zone, was dated to 4400±30BP.

CHS-3, 409 to 381.5cms, -0.02 to +Q.255mOD, Mixed Trees with Cyperaceae

Woodland taxa were dominant throughout CHS-3 achieving a mid-zone high of over

80%TLP. Herbaceous taxa declined steadily, from a basal value of 30%TLP, towards

the woodland peak before making a strong recovery with a 40%TLP peak near the top of

the zone. Absolute pollen values increased strongly through the zone from 20,000 to

150,000 gr./cc.w.sed., at the woodland peak, slumping temporarily to less than 100,000

gr./cc.w.sed. at the herbaceous peak.

Alnus continued its erratic representation at this site with relative values ranging between

18 and 35%TLP. Quercus and Corylus also contributed to the strong woodland signal in

this zone. Quercus declined through CHS-3 from its highest value for the profile,

25%TLP, at the base of the zone, rallying to 15%TLP at the uppermost level. Corylus

was present throughout at relative values between 12 and 22%TLP, its highest value for
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the profile. The other significant contributor to the mid-zone woodland peak was the

expansion of Salix to values over 15%TLP. Betula began expanding at the top of the

zone, contributing 8%TLP to the woodland recovery. Pinus, Ulmus, Tilia and Fraxinus

were found more frequently than in CHS-2, but failed to achieve 2%TLP. Shrub taxa

apart from Corylus and Salix were more widely represented in this zone than formerly

and included small amounts of Hedera helix, Frangula alnus and Calluna vulgaris.

Cyperaceae was the dominant herbaceous taxon in this zone, with relative values at a

general level of 10 to 15%TLP, and achieved a value of over 30%TLP in the herbaceous

peak. Poaceae continued the decline that began in CHS-2, falling to less than 2% before

recovering slightly near the top of the zone. The upper part of the zone, particularly,

featured an increased range of herbaceous taxa and included expansions of Filipendula,

Rhinanthus-type and Solidago virgaurea-type, the latter achieving over 2%TLP at the

uppermost level.

Aquatic taxa were very sparse in this zone. Cryptograms were plentiful in CHS-3 with

Pteropsida monolete indet. present throughout at values between 10 and 25%TLP.

Polypodium was found at most levels and occasionally reached over 2%TLP. Eight

Dryopteris felix-mas grains were found at one level at the base of the zone and three

grains of Osmunda regalis were noted in the uppermost level.

CHS-4, 381.5 to 372.5 cms, +0.255 to +Q.345mOD, Mixed Trees

This zone was dominated at all three levels by woodland taxa at a combined total of over

80%TLP. Herbaceous taxa were at their lowest values for the whole profile. Absolute

pollen values achieved the highest value for the HF1 to HF4 profile, over 250,000

gr./cc.w.sed., at the basal level but declined to one of the lowest values, c. 20,000

gr./cc.w.sed., by the upper level.
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Alnus and Quercus were the dominant arboreal taxa accounting jointly for around

40%TLP at each level. However, Betula continued its expansion from CHS-3, achieving

a peak of nearly 20%TLP in mid-zone before decreasing into the base of CHS-5. Pinus,

Ulmus, Tilia and Fraxinus, were present at each level, mainly at values of less than

2%TLP. Ulmus achieved its highest value for the diagram, 2%TLP, at the basal level.

Shrub pollen also contributed to the woodland signal and was dominated by Corylus, at

values around 15%TLP, and Salix, at values around 10%TLP. Few other shrub taxa

were noted.

Poaceae and Cyperaceae dominated the herbaceous taxa in CHS-4, both at relatively low

percentages. Cyperaceae continued its decline from the previous zone with a maximum

value of 8%TLP at the basal level, while Poaceae showed some signs of recovery with a

high value of 8%TLP at the top of the zone. The wide range of other herbaceous taxa in

this zone included Solidago virgaurea-tyipQ, Filipendula and Plantago lanceolata, which

made the first of many appearances at over 2%TLP.

Aquatic taxa continued to be very sparse in this zone with only five grains noted over the

three levels. Cryptograms were plentiful but were dominated by Pteropsida monolete

indet. at values that ranged from c. 15%TLP at the basal level to 55%TLP by the top of

the zone. Pteropsida trilete indet. achieved over 2%TLP for the first time at this site.

Polypodium was present at each level at less than 2% TLP and Osmunda regalis reached

over 2%TLP in mid-zone.

CHS-5, 372.5 to 341.5 cms, +0.345 to +Q.655mOD, Poaceae with Mixed Trees

Combined woodland taxa were dominant in this zone at relative values of 50 to

70%TLP, although Poaceae was the most important individual taxon at 20 to 35%TLP.

The cumulative diagram shows that there were strong fluctuations between herbaceous
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and woodland signals in CHS-5, variations that heralded the expansion to dominance of

herbaceous taxa in the upper zones. Absolute pollen values increased overall through

this zone, following an early peak and trough, and eventually reached over 100,000

gr./cc.w.sed.

Following a temporary herbaceous peak at the base of the zone, the first woodland peak

was dominated by arboreal taxa that included a 35%TLP Betula signal, the highest

relative value for this taxon in the profile. The Betula peak marked the last high value of

the profile for arboreal taxa, which began a steady decline thereafter. The expansion of

shrub taxa, particularly Salix in the upper part of the zone, contributed significantly to

the second woodland peak. Apart from the early Betula peak and the later Salix

expansion, the principal woodland taxa in CHS-5, Betula, Alnus, Quercus, Corylus and

Salix, contributed between 5 and 15%TLP at most levels. Pinus and Fraxinus appeared

at many levels at values less than 2%TLP, while Ulmus and Tilia were even sparser than

in the previous zones. A single Fagus grain was found at the top of the zone. Shrub taxa,

other than Corylus and Salix, remained sparse. Small amounts of Calluna vulgaris were

noted at most levels and Ulex made its only appearance of the profile in the middle of

this zone.

Poaceae was the dominant taxon in CHS-5, apart from at the level of the aberrant Betula

peak, and contributed between 20 and 35%TLP. Cyperaceae was present throughout

expanding to around 10%TLP by the top of the zone. The expansion of Cyperaceae

through this zone was steady in absolute terms and continued into CHS-6. A further 46

herbaceous taxa were found in this zone, although only Plantago lanceolata and

Filipendula achieved more than 2%TLP at any level. Plantago lanceolata was present at

2 to 5%TLP at most levels, while Filipendula achieved 3%TLP at the base of the zone,
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its highest value for the site. Cerealia undiff. made its first appearance of the profile;

one or two grains were noted at each of three levels with an enhanced herbaceous signal.

Five different aquatic taxa were noted in this zone but none reached 2%TLP.

Myriophyllum alterniflorum appeared at most levels while Myriophyllum spicatum,

Sparganium emersum-type and Potamogetonaceae undiff. were found mainly from mid-

zone upwards. Cryptograms declined through this zone from a combined value of over

30%TLP at the base. Pteropsida monolete indet. dominated the group at over 25%TLP

at the basal level but Pteropsida trilete indet. also achieved values greater than 2%TLP at

most levels. Osmunda regalis was found at over 2%TLP near the base of the zone, a

signal that marked the end of a short phase of enhanced representation begun in CHS-4.

Low counts of Polypodium and Pteridium aquilinum were noted at most levels.

The beginning of the woodland decline, marked by a herbaceous peak at the base of this

zone, and the establishment of a continuous Plantago lanceolata curve was dated to

3590±40BP.

CHS-6, 341.5 to 326.5 cms, +0.655 to +0.805mQD, Poaceae

Woodland taxa showed a decline at the base of the zone from CHS-5 values, a trend that

continued through CHS-6. Herbaceous taxa, dominated by Poaceae, expanded from 65 to

75%TLP through the zone. Absolute pollen values were higher than in the previous zone

and reached a value of over 175,000 gr./cc.w.sed. at the upper level.

The principal contributors to the woodland signal were Alnus at 10%TLP throughout

with Salix and Corylus at values between 5 and 10%TLP each. Quercus and Betula,

were present at values up to 5 or 6%TLP, but both declined towards the top of the zone.

Other arboreal taxa were sparse but included a second grain of Fagus sylvatica

accompanied at the same level by the only occurrence of Juglans at this site. Shrub taxa,
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apart from Corylus and Salix, were very sparse but included a single grain of Ilex

aquifolium at the base of the zone. Calluna vulgaris was present at each level and

showed some evidence, in absolute terms, of expansion by the top of the zone.

Poaceae declined slightly from a high relative value of nearly 40%TLP at the basal level,

recovering at the top of the zone. Cyperaceae continued its steady expansion from the

previous zone and achieved 20%TLP by the top of the zone. A wide range of other

herbaceous taxa was found in this CHS-6, many appearing at more than one level.

Plantago lanceolata appeared at more than 2%TLP throughout the zone reaching a peak

of c.7%TLP near the top of the zone. The Asteraceae signal was raised from the

previous zone and included a 2%TLP peak for Lactuceae undiff. Ranunculus acris-type

also achieved 2%TLP at one level. Eight grains of Cerealia undiff. were found at the

base of the zone.

Relative values of aquatic taxa were suggestive of an expansion phase in this zone. Four

out of five taxa were present throughout, while Myriophyllum spicatum and Sparganium

emersum-type achieved values greater than 2%TLP at one level. Alisma-type was noted

at two levels. With a total of nine different types, Cryptogams were varied but not

plentiful in this zone. Worthy of particular note was the appearance of Isoetes

echinospora, with a 5%TLP peak, and 7. lacustris in the upper two levels.

CHS-7, 326.5 to 302.5 cms, +0.805 to +1.045mQD Cyperaceae and Poaceae

Woodland taxa were reduced to between 5 and 15%TLP in this zone while herbaceous

pollen, dominated by Cyperaceae and Poaceae varied between 85 and 95%TLP.

Absolute pollen values ranged between 80,000 and 200,000 gr./cc.w.sed. The principal

arboreal contributors, Alnus and Betula, achieved values greater than 2%TLP at most

levels while Quercus and Pinus were more sparse. A single grain of Fagus sylvatica was
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also noted. In the shrub group, Corylus and Salix were also much reduced from previous

zones and reached 2%TLP at a few levels. Calluna vulgaris expanded in this zone and,

despite failing to achieve 2%TLP at any level, recorded its highest absolute values for

the profile.

Cyperaceae was the dominant taxon in this zone, expanding rapidly in the basal levels

and declining in the upper part of the zone. Fluctuations in the relative values of

Cyperaceae, 25 to 60%TLP, and Poaceae, 20 to 45%TLP, were quite marked through the

zone with high Cyperaceae values being linked to the herbaceous peaks. Numerous other

herbaceous taxa were found in this zone, with many present at several levels and

showing evidence of expansion. Plantago lanceolata was present at more than 2%TLP

at all levels bar one. Solidago virgaurea-type, Chenopodiaceae and Ranunculus acris-

type also achieved 2%TLP at one or more levels. Two grains of Cerealia undiff. were

found at each of three levels.

Aquatic pollen provided a strong signal in this zone, where Sparganium emersum-type

was dominant at relative values up to 10%TLP. Typha latifolia, Myriophyllum

alterniflorum and M. spicatum also achieved values over 2%TLP at one or two levels.

Four grains of Utricularia were found at one level near the base of CHS-7. Aquatic taxa

also dominated the cryptogams in the basal levels of the zone where an Isoetes

echinospora peak of over 20%TLP was preceded by a small peak of /. lacustris.

Rteropsida monolete indet., which were present throughout, expanded in the upper levels

achieving nearly 10%TLP.

The end of the woodland decline phase was dated to 2130±40BP at the base of this zone.

Towards the top of the zone, the transition from terrestrial to marine or intertidal

sedimentation was dated to 1900±40BP.
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CHS-8, 302.5 to 277.0 cms, +1.045 to +1.3QmOD. Poaceae with Cyperaceae

Herbaceous taxa were dominant in this zone at values of 85 to 90%TLP, apart from one

level where woodland taxa recovered temporarily to over 25%TLP. Absolute pollen

values were less than 10,000 gr./cc.w.sed. for most levels in this zone. One exception

was the level immediately below the woodland peak where pollen from a thin stratum of

darker, slightly silty organic sand produced a value of nearly 200,000 gr./cc.w.sed.

Alnus, which was present throughout at 2 to 7%TLP, and Corylus, which achieved

9%TLP at the woodland peak, were the principal woodland taxa in this zone. Betula was

also present at each level with values less than 5%TLP. Pinus was very variable in CHS-

8 and contributed its maximum value for the profile, 6%TLP, to the woodland peak.

Low values of other trees and shrubs, Quercus, Ulmus, Fraxinus and Salix, were noted at

some levels. Calluna vulgaris was present at most levels and achieved its highest value

for the profile, 5%TLP, which coincided with the woodland peak.

Poaceae returned to dominance in CHS-8 with relative values ranging between 30%TLP,

at the upper margin, and two values of 50%TLP in mid-zone. Cyperaceae remained

important in this zone but behaved rather erratically with values ranging between 5 and

35%TLP, the lowest value occurring at the level of the woodland peak. A wide range of

herbaceous taxa, apart from Poaceae and Cyperaceae, were also found in this zone.

Asteraceae, Brassicaceae, Chenopodiaceae and Plantaginaceae were represented at all

levels, occasionally registering values greater than 2%TLP. Plantago lanceolata was the

most abundant member of these families, expanding with a value of 10%TLP at the

uppermost level, where P. maritima and P. major/media also recorded values greater

than 2%TLP.
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The wide range of aquatic taxa was dominated by Sparganium emersum-type at values

up to 12%TLP. Other aquatic taxa were sparser than in CHS-7, although Typha latifolia

achieved 2%TLP at one level. Pteropsida monolete indet. dominated the otherwise

sparse cryptogam signal at values between 6 and 14%TLP.

A date of 11160±50BP from fine sand at the base of this zone is believed to have

resulted from contamination of the sediment with old reworked organic material.

CHS-9, 277.0 to 248cms, +1.30 to +1.59mOD, Poaceae with Cyperaceae,

Lactuceae and Plantago lanceolata

This zone represents the culmination of the herbaceous expansion, which reached over

95%TLP for much of the zone. Woodland taxa slumped from 5%TLP in the basal levels

to negligible values through most of the zone and then recovered to 25%TLP at the

uppermost level. Absolute pollen counts were quite variable in this zone. Throughout

the sandy turfa, Strata 16 and 17 in the middle of the zone, pollen concentrations ranged

between 50,000 and 90,000 gr./cc.w.sed. In the sand immediately below and in the

coarse gritty matrix above, absolute pollen values were extremely low. However, the

pollen concentration value in the band of organic, silty-sand at the base of the zone

produced a count of over 200,000 gr./cc.w.sed.

Corylus and Betula were the only woodland taxa to register any values over 2%TLP and

this was achieved at the top of the zone where Corylus reached 15%TLP and Betula

reached 5%TLP. Small amounts of the other principal woodland taxa, Alnus, Quercus,

Pinus Ulmus and Salix, were noted at many levels at values ranging from one to six

grains. One Picea grain was found at the uppermost level. Apart from Corylus and

Salix, shrub pollen was poorly represented in this zone. Heaths were also very sparse

with small amounts of Calluna vulgaris noted at a few levels.
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Poaceae was the principal taxon within the dominant herbaceous group and expanded to

a peak of 65%TLP near the top of the zone. Cyperaceae was the other major contributor

to the group expanding over the first three levels to a peak of 35%TLP before declining

gradually to the top of the zone. The other prominent taxa in this group were Lactuceae,

at values between 4 and 25%TLP, and Plantago lanceolata at values between 6 and

20%TLP. Both these taxa had their strongest signals, of the whole profile, at the base of

the zone, where Lactuceae was the dominant taxon. Solidago virgaurea-type, Plantago

maritima and Brassicaceae were present at most levels and achieved relative values up to

5%TLP in the lower part of the zone.

The balance of aquatic taxa shifted slightly in this zone with the rise to prominence of

Potomogetonaceae, which made its strongest showing with over 2%TLP recorded at

three levels. Sparganium emersum-type also registered a 2%TLP value, at the basal

level, and continued to decline from the higher relative values of the previous zone.

Cryptogams were very sparse in CHS-9 with Pteridium trilete indet. producing the only

value greater than 2%TLP. A single Hymenophyllum grain was noted at the same level

near the base of the zone.

An attempt to date the most recent undisturbed sedimentation at this site, the top of the

reliable pollen record, was made using a sample from the top of the sandy turfa. The

date obtained, 14510±50BP, is believed to have been contaminated with old carbon from

coal fragments that could have percolated into the top of the sandy turfa from the

overlying coarse gritty organic matrix.
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Chapter 8 - Discussion

Holocene Environmental Change at Carr House Sidings, Hartlepool

8.1 Introduction

The first part of this chapter includes a brief review of the Stell stratigraphy and pollen

spectra and will highlight problems raised prior to and confirmed by receipt of the

radiocarbon dates (full listing in the Appendices). These problems will be addressed in a

model that has been devised to explain how the Stell sediments came to be at the sample

site. The model depends on pre-existing knowledge of the till surface at Hartlepool, and

the probable effect of rising RSL (relative sea level) on coastal sediments and ground

water levels. This explanation also informs the subsequent interpretation of the

environmental history of Hartlepool Bay.

The second and major portion of this chapter is an interpretation of the vegetation data

recorded from the Carr House Sidings sites. The interpretation proceeds chronologically

focusing on the continuous composite sequence provided by the Stell and CHS material.

In particular, the integration of the contrasting and complementary environmental

records from the two sites will be discussed in full for the overlap time-frame. The

apparent mismatch between some dated horizons and the vegetation history derived from

pollen analysis will be addressed within the chronological sequence. Information from

other sites in the Hartlepool Bay area, particularly data from the HSF sites collected

during the early part of this project, has been incorporated into the overall picture of

environmental change through the Holocene.

It may be helpful at this juncture to remind the reader that full pollen diagrams for sites

at Carr House Sidings and the intertidal area are folded into a pocket at the back of this
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thesis. Most of these diagrams have already featured in the text, often in an abbreviated

format, and retain the previously assigned Fig. X.x reference in addition to the letter

reference indicated below:

E Figs. 7.17, 7.18 CHS - HF1 - HF5, Absolute Pollen Diagram, Selected Taxa;

Three metres of sediment were recovered from the Stell cores (Fig. 8.1). (Stratigraphic

units have been prefixed with S to differentiate them from the CHS units, prefixed C.)

The basal layer, a stiff pinkish grey till unit (SI) was overlain by approximately 40cm of

wet, brown, organic sand (S2). Above this basal sand were four grey, silty sand units

(S3-S6) and a suite of well-compacted organic horizons (S7-S9) referred to as the lower

peat, which was itself covered by a further silty sand unit (S10). A second organic

sequence (SI 1-SI3), the upper peat, lay above the middle sand and was in turn topped by

the upper sand unit (S14), which included two silty, slightly organic bands. The

straligraphic record indicates that the site had undergone some dynamic shifts in

environmental conditions during the Holocene with alternations between terrestrial and

marine deposition (eg, Tooley & Innes, 1999).

An initial interpretation of the pollen diagram confirmed the dynamic nature of the

changes that have occurred at the Stell site (Foldout A). Abrupt changes in pollen spectra

A Fig. 7.8
B Fig. 7.9
C Fig. 7.14
D Fig. 7.13

Stell, Relative Percentage Pollen Diagram;

Stell, Absolute Pollen Diagram, Selected Taxa;
CHS - HF5, Relative Percentage Pollen Diagram;
CHS - HF1 to HF4, Relative Percentage Pollen Diagram;

F Fig. 8.9
G Fig. 6.33
H Fig. 6.17

WH19, Relative Percentage Pollen Diagram;

HSF52, Relative Percentage Pollen Diagram;

HSF19/20, Relative Percentage Pollen Diagram.

8.2 Stell Review
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pointed to the possibility of hiatuses in the vegetation record. This, together with the

features described below, presented a rather confusing and unsatisfactory picture of

Holocene vegetation and environmental change at Hartlepool, particularly before the

dates were received.

The following points illustrate some of the problematic features of the data that need to

be addressed within the overall interpretation.

1. Pollen spectra (STL-la) in the basal brown sand unit (S2) appeared to be

homogenous, with LOI and PS analyses (Fig. 8.2) producing relatively unvarying

results throughout the deposit. However, the slight pollen variations recorded in

STL-lb, where there were differences in the amounts of Pinus, Corylus, Salix and

Chenopodiaceae, were indicative of a slight change of environment or sediment

source, possibly related to the stratigraphic change in S3. The stratigraphic position

of these deposits in the core, sitting on the underlying till, suggested initially that the

material would date to the Early/Mid-Holocene. However, the pollen spectra raised

doubts about an Early/Mid Holocene date for the brown sand (S2) or the overlying

transitional grey/brown silty sand (S3). Low Ulmus values throughout together with

a strong Alnus signal were more suggestive of a Late Holocene date for these strata.

2. The pollen spectra in STL-2, from the grey silty sand strata (S4-6) above the

transitional grey/brown sand, showed an abrupt change to shrubby woodland

dominance, perhaps indicating an hiatus in deposition. STL-2 also showed the

clearest pollen transition of the profile - a change from high relative values of

Corylus and Pinus to high Alnus values. Such a change to high Alnus values might

be expected around 7000BP (Huntley & Birks, 1983) well before the Ulmus-decline

and yet there seems to have been very little Ulmus in STL-2.

288



3. The lower peat bed (S7-S9), was woody near the base and sandy at the top. LOI rose

steadily through the organic horizons and then remained high. There were no

obvious laminations or minerogenic strata apart from the woody and sandy zones.

The peat had every appearance of a continuous deposit, but the pollen spectra (STL-3

to STL-5) fluctuated strongly between high Poaceae and high Alnus values. It is

possible that these fluctuations reflected changes in the local environment due to the

relative proximity of the sea. Reasonable amounts of Ulmus throughout the deposit

suggested a pre-5000BP date for the lower peat.

4. The middle sand, S10, showed only slight variations in pollen spectra (STL-6)

through the stratum, but no apparent trend. Particle size and LOI data for this

assemblage zone showed some similarities with those from the transitional sand unit

(S3). Apart from Lhe paucity of Cyperaceae ip STL-6, the pollen spectra are also

very similar to those of STL-lb. The homogenous nature of the signals from this

unit was suggestive of deposition during a single episode and this point will be

discussed further within the overlap section of the interpretation.

Holocene sediments, which one might reasonably expect to become progressively

younger with altitude, overlie the till surface at the Stell. However, the pollen spectra do

not seem to reflect the expected chronology. The strength of the Ulmus signal suggested

that the lower peat bed was older than the upper peat (SI 1-SI3), but the lowest Holocene

deposit, the brown organic sand (S2) also appeared to be post-Ulmus decline in age and

therefore younger than the lower peat bed, which it lies beneath.

The ten radiocarbon dates that were granted by NERC for the Stell site (Fig. 8.1) showed

a striking absence of chronological order but also confirmed suspicions about the relative

ages of some of the strata. The dates showed that the brown organic sand from the base
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of the sequence, dated to 4920±40BP, was much younger than the overlying lower peat,

dating from 6550±40 to 5230±40BP. Another point worthy of note is that the base of the

upper peat postdates the radiocarbon age of the basal organic sand by such a small

margin that their error bars overlap. The radiocarbon dates from the other minerogenic

strata appear to be problematic in that they are all considerably older than those for the

peat beds.

It is clear that many of the radiocarbon dates are incompatible with the vegetation

sequences revealed by the pollen diagram. These problems need to be accommodated

within the overall interpretation of the Holocene environmental history of Hartlepool

Bay and will be discussed fully in later sections of this chapter. However, the most

striking problem with the Stell data is the position of the lower peat bed above the

organic sand, which seems to be younger in age. A model to explain the inversion of

these sediment units, based on what is known of the pre-Holocene land surface at

Hartlepool and how RSL rise could have affected coastal sediments and groundwater

levels, is presented below.

8.3 Model 1 - Context

8.3.1 Early Holocene land surface

The till surface that underlies the Holocene sediments at Hartlepool Bay is known to be

irregular, containing small and large depressions, many of which became filled initially

with freshwater organic deposits as groundwater levels rose in response to rising RSL

(Tooley & Innes, 1999). There are also palaeochannels in the till, one of which emerges

from beneath the landscaped and armoured former dunes where the Stell stream enters

the beach at Carr House Sands (Waughman, in press). The margins of this channel (Fig.
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Fig. 8.3: Locations of pollen sites in the intertidal area at 292

Hartlepool and behind the foreshore at Carr House Sidings.



8.3), which were exposed at the top of Carr House Sands during the 1995-96

excavations, were approximately 200 metres apart. Pollen sites HSF 6 and HSF 52 (Fig.

8.3) were located respectively on the northern and southern margins of this

palaeochannel. Pollen analysis was also undertaken on peat from the middle of the

palaeochannel (HSF 20/19), which was underlain by at least 1.5 metres of marine sands

and silts. The presence of such sediments is evidence that marine influence could have

extended well into Carr House Sidings during the Holocene via the palaeochannel. The

depth of the contact between the till and the basal brown sand at the Stell site, -

2.50mOD, is at least lm deeper than the confirmed extent of marine deposits in the

middle of the palaeochannel in the present intertidal area.

8.3.2 Early Holocene coastal change

Changes in sediment supply, RSL and groundwater conditions in the coastal lowlands of

Hartlepool Bay during the Early Holocene would have impacted upon the preservation of

organic deposits formed in the intertidal and other low-lying areas. Following

downwastage of the Devensian ice sheet, large quantities of unconsolidated material

were released into the sediment transport system. Much of this material was reworked

by fluvial action and deposited offshore. The River Tees would have acted as a major

conduit for such sediments. As RSL rose during the Early/Mid Holocene, erosion and

throughput of sediment would have declined leading to a build-up of unconsolidated

material within the present estuary and coastal area (Horton et al, 1999).

Shennan et al (2000c) estimated that the tidal range at c. 8000BP was only 60% of the

present value (c. 5m.), increasing to 90% by c. 6000BP. Horton et al (1999) argued that

such a rapid increase in tidal range could have been associated with tidal asymmetry,

which would have increased coastal and particularly estuarine sedimentation. Therefore,
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as RSL rose and approached the present coastline during the Early/Mid Holocene

significant amounts of unconsolidated sediment would have accumulated in the

Hartlepool Bay area. The earliest known tidal sediments in the Tees estuary date from

9680±110BP and were found at -10.61 metres at Thornaby on Tees, giving an estimated

contemporary RSL of -13.11 metres (Shennan et al, 2000c). This figure assumes a 5m

(present day) tidal range. Modeling of North Sea palaeoshorelines by Shennan et al

(2000c) suggested that the coastline of NE England was very close to its present position

by 9000BP. Using the -10.61m figure as a putative High Water Mark has allowed the

approximate position of the coastline to be estimated for Hartlepool Bay. The figure of -

10.60m translates to -34.8 feet in imperial units. Using the 1851 map of Hartlepool Bay

(Sharp, 1851), reproduced as Fig. 8.4, on which depths below LWM (Springs) are

marked, the contemporary OD level would be at approximately -27feet (Spring tidal

range for 1851 given as almost 16 feet). This reconstruction merely gives an estimate of

where the sea might have been at 9680BP (assuming there to have been no major

difference in crustal behaviour between Hartlepool Bay and the Tees estuary during the

Holocene), and shows OD as being only 600m offshore from the Headland (Fig. 8.4).

However, the configuration of unconsolidated coastal sediments may have been

considerably different from that of 1851, or indeed the present day.

With an ample sediment supply and rising RSL, unconsolidated coastal sediments would

have been reworked, offshore sediments would have been moved inshore, assisted by

tidal asymmetry, and extensive intertidal flats could have developed on gently sloping

terrain. Onshore winds would have caused sandbars and dunes to build up along the

coastal margin altering and locally restricting surface drainage. The approach of rising

RSL would also have had the effect of raising the local ground water table. Restricted

drainage and a rise in groundwater level, both due to the approach of the sea, would have
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allowed fresh water to pond and organic remains to be preserved in abandoned channels

and depressions in the weathered till surface.

M Model 2 - The Stell Site

Previous work in the Hartlepool area suggested that freshwater organic sediments began

to accumulate in depressions on the weathered till surface of the present intertidal area

(Fig. 8.5.a) during the Early-Mid Holocene, possibly from around 7000BP onwards

(Tooley & Innes, 1999). The accumulation of terrestrial organic sediments was certainly

ongoing in the Carr House Sidings depression by 6550±40BP, the earliest peat date from

the Stell, and continued uninterrupted at this location until some time after 5230±40BP

(Fig. 8.5.b). The accumulation of organic sediments would have gathered pace as RSL

and groundwater levels rose and may have been encouraged further by the build-up of

coastal sediments (Regnauld et al, 1996), which would have restricted drainage.

Sometime after 5230±40BP, most probably around 4920±40BP, the sea penetrated Carr

House Sidings eroding some of the earlier organic sediments and leaving an organic

enriched sand deposit. This marine inundation was possibly due to a storm surge that

burst through a dune barrier. Support for the possibility of such a mechanism comes

principally from the damage caused by the storm surge on January 31st, 1953, which

affected southern North Sea coasts (Steers, 1953). Many low-lying areas were flooded

and there was significant loss of life. Dune systems were breached in many locations

and an aerial photograph of the effect of one such episode, at Palling in Norfolk

(opposite p.288 in Steers, 1953), illustrates the localised inwash of substantial quantities

of sand. Steers et al (1979) reported on the effects of another storm surge on the E coast

of England that took place in January 1978. They noticed that while high dunes were

frequently cut back and steepened, depositional aprons of beach and dune material were
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most common landward of where the dunes had been relatively low. These depositional

aprons could be up to 50cm thick and extended inland as far as 600m in places. Erosion

during a storm surge would have been most severe where the sea broke through the dune

barrier, and would have caused the dislocation and removal of earlier Holocene

sediments that were exposed to the flow.

The present sedimentary model proposes that within the Carr House Sidings depression,

Early-Mid Holocene organic sediments would not have been completely removed.

Those deposits furthest from the sea or perched at the side of the depression may have

been protected from erosion or dislocation and would have remained relatively

undamaged by the initial effects of the marine inundation (Fig. 8.5.c). Contemporaneous

unconsolidated freshwater sediments would have been more mobile and may have been

pushed further into Carr House Sidings by the force of the surge. It is suggested here that

the contemporaneous freshwater deposits would have formed an admixture with marine

sediments and, as the surge subsided, such sediments (for example the brown organic

sand, S2) would have been left covering most of Carr House Sidings. Where earlier

Holocene deposits were completely eroded, the sediment left by the surge would have

formed the basal unit in the Holocene stratigraphic sequence, as at the Stell site (Fig.

8.5.c). The basal brown sand at the Stell, S2, presents a homogeneous pollen and

stratigraphic signal that is supportive of deposition during a single dynamic event. This

event, probably a storm surge, was dated to 4920±40BP.

Further support for the sequence of events proposed to explain the origin of the basal

organic sand stratum comes from an interpretation of the overlying silty sand strata.

These four silty sand strata have less fine sand and more silt, clay and coarse particles

than the underlying organic brown sand (S2). In ascending order these strata are:
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53 - a sticky grey/beige silty sand with detrital organic pieces and coarse fragments;

54 - a beige/grey stiff silty sand with coarse fragments;

55 - a light grey coarse sticky silty sand with detrital organic fragments; a date of

10970BP was obtained at the base of this unit;

56 - a transitional unit of organic brown/grey silty sand with peat and wood pieces; some

fining upwards.

Stratigraphically and polleniferously the first of these strata, S3, shows characteristics

intermediate between those of the organic sand, S2, and the coarse silty sand units above.

It is probable that as the storm surge subsided, leaving a cover of organically enriched

sand, the upper part of this stratum, now represented as S3, became contaminated with

sediments, mainly weathered till, seeping and collapsing from the wet sides of the Carr

House Sidings depression (Fig. 8.5.d).

The three upper grey silty sand units, S4 to S6, probably belong chronologically and

stratigraphically immediately beneath the lower peat bed. The first of these units, the

stiff beige/grey coarse silty sand, designated S4, is believed to be part of the till unit from

the side of the depression. This assertion is supported by the fact that particle size

analysis and LOI data from SI, the basal till, and S4 appear to be very similar (Fig. 8.2).

The initial interpretation of the light grey sticky silty sand, S5, as a possible flood

horizon, was based on stratigraphy and pollen data. But this view was altered when the

radiocarbon dates were received. S5 is now believed to be weathered till also from the

edge of the depression. The S5 deposit had the appearance of the underlying unit, S4,

but was wetter and contained more organic detritus. (The date of 10970±40BP from the

base of S5 may be too early but this will be discussed further within the chronology

section.) The brown/grey silty sand with detrital organics, designated S6, is believed to
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be transitional between the weathered till and the lower peat sequence, S7-S9, above.

LOI increased through S6 and particle size analysis showed upwards fining of the

sediment into the peat bed.

Sedimentary analyses of these three strata, S4 to S6, provided strong evidence of

sequential development. The pollen data are also supportive of this view. Pollen

concentrations increased through the strata from negligible values at the base of S4 and

the pollen spectra also displayed a transition from high relative values of Pinus and

Corylus to high Alnus. It is believed that these three strata preserve evidence of local

environmental changes at the Stell site during the Early Holocene. As groundwater

levels rose in response to rising RSL, the stratigraphic record from S4 to S6 shows the

sedimentary change from weathered till to peat as the site became incorporated into the

expanding lower peat at the edge of the depression.

During the storm surge, much of the Early-Mid Holocene sedimentary sequence may

have been removed from or dislocated within the palaeochannel and Carr House Sidings

depression. However, sediments at the margins of the dune burst scar may have been

relatively unaffected and left perched at the side of the depression (Fig. 8.5.c). It is

suggested that, as part of the recovery of equilibrium after the storm surge, the lower peat

sequence (S7-S9) together with some of the underlying sediments (S4-S6), which were

also no longer supported, subsided into the depression on top of the brown sand (Fig.

8.6.a). The difference in date between the organic sand, S2 (4920±40BP) and the top of

the lower peat, S7-S9 (5230±40BP) can be explained by the loss of overlying

unconsolidated organic material to the admixture of brown organic sand left by the

surge.
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Back flow from the initial surge and dune burst, which would have contained a

significant proportion of contemporaneous organic material from the depression, would

have issued from the dune scar depositing a mixture of marine and terrestrial sediments

onto the intertidal area. Subsequent marine flooding, possibly caused by the next high

tide or surge, could have returned some this locally derived organic silty sand (S10) from

the intertidal area to the channel and depression. Long et al (1989) suggested that storm

surges have a tendency to remove sediments from the littoral zone but that the landward

transfer of sediment can be significant in topographically constrained areas. One can

only speculate on the exact configuration of the Hartlepool Bay coastline at the time of

the storm surge. Apart from RSL being lower, it is likely that the Long Scar rocks

formed a substantial promontory around 5000BP making parts of the Bay less vulnerable

to marine attack from some directions. The slumped lower peat bed was buried by over

40cm of grey organic sandy silt, S10, (Fig. 8.6.b) suggesting a substantial movement

inshore of sediments that would have contributed to the healing of the breach caused by

the dune burst. The stratigraphy and pollen signals from S10, STL-6, were very similar

to those from S3, STL-lb, (Foldout A & Fig. 8.2) where it was earlier suggested that

contemporaneous pollen and reworked pollen derived from the depression margins had

been mixed with marine surge sediments. (The two radiocarbon dates from the base and

top of S10, STL-6, are not believed to be contemporary with sediment deposition but

will be discussed later.)

At the Stell site, freshwater organic accumulation recommenced almost immediately

following the storm surge activity at Carr House Sidings (Fig. 8.6.c). The date of

4850±40BP from the base of the upper peat overlaps with the date of 4920±40BP from

the base of the organic sand. The recommencement of peat accumulation at the Stell
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indicates that groundwater levels remained high locally. This was probably due to the

reconfiguration of coastal and channel sediments including slumping at the margins of

the depression, which could have impeded drainage locally. Evidence from the CHS

site, 140m to the W, suggests that tidal influence was retained at that site for a further

300 radiocarbon years. It is likely therefore that a stream channel became established

near the CHS site after the storm surge. Peat accumulation continued at the Stell site at

least until 4180±50BP. By 3930±40BP dune sand was being mobilised inland burying

the organic and marine sediment sequence at the Stell site (Fig. 8.6.d). The date of

3930±40BP comes from an organic band within the sand that may represent dune slack

conditions. A second organic band near the top of the Stell 3 core produced a date of

6100±40BP that does not fit with the chronological sequence. This discrepancy will be

discussed later within the chronology section.

In summary (Fig. 8.7), the model presented here suggests that the Stell sediments from

the organic sand up to and including the middle sand unit were emplaced as the result of

a single dynamic event, a storm surge, which inundated the Carr House Sidings area

around 4920±40BP. The resulting reconfiguration of coastal sediments and deposits

within Carr House Sidings allowed the accumulation of organic sediments to continue

almost immediately at the Stell site, although tidal access to the CHS site further inland

was maintained for a period.

303
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8.5 Chronological vegetation and environment record from Carr

House Sidings

8.5.1 Early-Mid Holocene (STL-2) c. 7000 - 6500BP

In view of the interpretation and model offered in the previous section, it is likely that the

earliest pollen spectra recorded on the pollen diagram for the Stell site (Foldout A) are

from the two upper coarse silty sand units, S5 and S6, in STL-2, which immediately

underlie the lower peat sequence (S7-S9). Insufficient pollen for a statistically

meaningful count was found in the single level counted from S4, believed to be till

material originating at the side of the depression. Ten spores and 10.5 land pollen were

positively identified from 23 traverses and there were also five unidentifiable grains.

This level has been omitted from the pollen diagram, which, as a consequence, shows an

hiatus in the pollen record between STL-lb and STL-2.

The environment suggested by the pollen in STL-2 is one that was well wooded with

over 90% woodland taxa recorded throughout the zone. The pollen spectra showed a

transition from high Pinus and Corylus values to high Alnus, with Alnus remaining

strong into the base of the lower peat sequence. However, the radiocarbon date obtained

near the base of this zone, 10970±40BP in S5, was not acceptable given the pollen

spectra observed. Variations in pollen concentration values and LOI need to be

addressed accordingly before the timing and environment represented by this zone can

be described with any certainty.

Pollen concentration values, which were negligible in S4, the till material, remained low

into the base of S5 but improved strongly towards the top of S6 as LOI increased and

Alnus expanded. The nature of the sediment and the state of the pollen suggested that
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conditions for the preservation of pollen were not good in the weathered till, S5. If, as

was proposed in Section 8.4 (Fig. 8.6.a), the sampled material originated on a slope or

bench at the side of the palaeochannel, it is probable that pollen and spores contained

therein would be dominated by those types resistant to deterioration. Such a location

would have been subject to desiccation and deflation, and rainwash would have tended to

remove loose particles downslope towards the depression. There were high numbers of

unidentifiable pollen and Polypodium spores within STL-2, which could be suggestive of

reworking. Polypodium is one of the more easily identified spores, which, because of

their resistance to corrosion under some conditions (Havinga, 1984) can be indicative of

a mineral soil (Birks & Birks, 1980).

Towards the top of STL-2, LOI and pollen concentration values increased sharply

suggesting a change in local sedimentary conditions, probably due to a rise in

groundwater levels. Sediments at the side of the depression would have become

permanently saturated allowing the better preservation of organic material. It is therefore

suggested that STL-2 represents the ground saturation phase just prior to commencement

of peat accumulation at the side of the depression.

A date of 10970±40BP was obtained from S5 at the base of STL-2 where LOI was less

than 10%. The 2cm of sediment sent for dating straddled the first level counted in STL-

2, which was dominated by woodland taxa. It is believed, therefore, that this date cannot

record the period of deposition represented by the pollen spectra, which might be more

appropriately placed within the period 8000-7000BP. An explanation frequently used

for an older than expected date such as this is sediment contamination. In this case it is

possible that the till contained minute fragments of coal derived from Carboniferous

deposits to the W, even though no particles were seen under xlO magnification. XRD
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analysis (Fig. 5.5) revealed that no crystalline carbonaceous minerals were present in the

dated sample but small amounts of amorphous organic material, that might have included

coal, were detected. An alternative explanation for the date is offered below.

It is possible that the 10970±40BP date reflects a true date for organic material of Loch

Lomond Stadial age which could have been contained within the upper few cm of the till

surface. Plant roots of that age, especially dwarf tree or shrub roots, are a possibility -

organic fragments and woody matter were noted in the stratigraphic description for S5.

However, the conjunction of Loch Lomond Stadial age material with younger pollen

needs some discussion. Pollen from contemporary pollen rain would have been present

in the top of the till where, under aerobic conditions, the sediment surface would have

been weathered and most pollen and spores would have deteriorated rapidly. At the side

of the depression it is likely that weathered material would have been removed and that

the pollen surviving in the weathering surface would be likely to be dominated by the

most recent pollen rain and the more resistant types. With continuing weathering it

would be possible for contemporary pollen to be found in conjunction with older woody

root remains undergoing exhumation from the till.

The well-wooded character of the local area indicated by the pollen spectra in STL-2 has

already been alluded to. Few herbaceous taxa were found within the STL-2 pollen

assemblage, but small amounts of Poaceae and Cyperaceae pollen were noted and,

togethei with a small number of Plantago lanceolata grains, pointed to the presence

locally of some open and possibly disturbed areas. It is possible, in view of the poor

preservation status of the pollen, that identifications could have been skewed in favour of

some of the more easily distinguished tree pollen. Pinus, for instance, was strongly

represented with over 20%TLP at the base of the zone, yet the majority of the count,
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throughout the zone, was made up from corroded and broken grains. 25 to 40% of the

total Pinus count were broken half grains suggestive of prolonged abrasion. Tilia pollen,

which is also very distinctive, appeared at values higher than suggested likely by Huntley

and Birks (1983) for any period of the Holocene, although some even higher values were

recorded in the lower peat sequence. Over 50% of the Tilia pollen in STL-2 were found

to be corroded. Given the resistance of this grain to deterioration (Havinga, 1984) and its

distinctive morphology (Huntley & Birks, 1983), Tilia may also have been over-

represented from reworked sediments. Quercus and Ulmus appeared at values lower

than might be expected in the period immediately before 6550±40BP and may have been

under-represented because of difficulties with their identification in a corroded state.

The high values of Pinus in STL-2, its association with Corylus and their simultaneous

decline are features that were also observed at Bishop Middleham (Bartley et al, 1976).

But at other Tees Lowlands sites closer to Hartlepool, such as Hutton Henry and Thorpe

Bulmer, high values of Pinus were not noted during the Early-Mid Holocene (Bartley et

al, 1976). A method by which Pinus pollen could have been over-represented at

Hartlepool has already been intimated, however, the Pinus counts are high enough to

merit some further discussion as to the origin of the pollen when so little was observed at

neighbouring regional sites.

Pinus prefers sandy soils (Clapham et al, 1987) and such conditions would have been

available on the deposit of glacial sands and gravels (509322, Fig. 2.8) 1.5km NW of the

site. Alternatively, the substantial outcrops of Magnesian Limestone at West Hartlepool

and on the Headland could have provided similar conditions to those at Bishop

Middleham which, it was argued, were favoured by Pinus at that site (Bartley et al,

1976). The preponderance of poorly drained till around the immediate area of Carr
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House Sidings, prior to the first episode of Post-glacial sea level rise, means that Pinus is

unlikely to have thrived locally during the Early-Mid Holocene, although individual trees

may have grown in suitable sites. Pinus is a prolific producer of easily dispersed and

transported pollen that remains recognisable even in a poorly preserved state (Huntley

and Birks, 1983). These features of the taxon mean that caution must be exercised when

trying to interpret even relatively large Pinus totals. If the Pinus pollen found in STL-2

had been derived from trees growing on suitable terrain within the Hartlepool area during

the Early-Mid Holocene, a similar pollen signal should be discernible at other sites in the

locality. Unfortunately, the only possible candidate, an 'old ground surface' beneath

sediments dated to 6180±100BP at WH19 (Tooley and Innes, 1999) was not sampled for

pollen. The highest Pinus pollen value from any other Hartlepool site, 10% TLP at HSF

52, occurred above a probable old ground surface dated to 5160±60BP and is unlikely

therefore to represent reworking of Early-Mid Holocene sediments.

There is, therefore, a question mark over the origin of the substantial amounts of Pinus

pollen found in STL-2. A single Pinus tree close to the Stell site during the period prior

to 6550±40BP, could have led to high levels of Pinus pollen being preserved in the

immediate locality. Alternatively there could have been a more distant but well-

established source on suitable terrain within the local area that would have caused pollen

to be dispersed at comparable rates over the whole Hartlepool area. Either of these

scenarios could have produced all or part of the Pinus signal in STL-2, but in the absence

of other local pollen profiles from sediments of the period, neither possibility can be

discounted. However, the possibility that the bulk of the badly damaged Pinus pollen

could be derived from reworked Early Holocene deposits cannot be discounted.

309



The vegetation at the Stell during the period covered by STL-2 was that of mixed

deciduous woodland dominated at first by Corylus with Pinus and then Alnus as the

latter taxon spread into the area. Tilia, Quercus and Ulmus played a subsidiary role in

the mixed woodland, although Quercus and Ulmus may have been more numerous than

the pollen spectra suggest. The very low levels of herbaceous pollen suggest that there

were few openings in the canopy. Alternatively, it may be argued that since both Betula

and Pinus need open conditions for germination, the presence of both these taxa suggests

that more open areas existed within the locality. The strong Pinus signal is also

supportive of a local presence on better drained ground but it is not unlikely that at least

some of the Pinus pollen may have been derived from reworked Early Holocene

deposits.

A basal date for STL-2 has to be speculative given the unacceptably early date of

10970±40 BP for the first counted level. Huntley and Birks' (1983) isochrone map

suggests that in the Tees Estuary area Corylus pollen fell below 50% of tree and shrub

pollen after 7000BP. This value was reached at the Stell near the top of STL-2

suggesting that much of the pollen from the lower part of this zone might date from prior

to 7000BP. The rise of Alnus, a prominent feature of STL-2, is traditionally accepted as

having occurred around 7000RCBP (Huntley and Birks, 1983) possibly in response to

increasing climatic wetness. However, Smith (1984) argues that coastal areas,

particularly estuaries, affected by changes in RSL may have been very important primary

sites for the expansion of Alnus, irrespective of climate. Alnus was well established at

Bishop Middleham by 6760±120BP and had begun to expand at Neasham Fen by

6962±90BP, both inland sites (Bartley et al, 1976). In the absence of any other dating

guides, it is suggested here that STL-2 dates from 7000RCBP or earlier at the base and
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represents continuous deposition over the following 500 radiocarbon years into the base

of the lower peat bed.

8.5.2 Mid-Holocene - Stell Lower Peat (STL-3 to STL-5) c. 6500 -

5000BP

The lower peat bed, S7-S9, dates from 6550±40BP at the base to 5230±40BP at the top.

No further subdivision of the stratigraphy was deemed necessary, apart from noting the

slightly woodier area near the base (S7) and a sandier zone at the top (S9). The Stell

lower peat sequence was divided into three local pollen assemblage zones (Foldout A),

the first two of which, STL-3 and STL-4, reflected respectively a mixed

arboreal/herbaceous assemblage and an arboreal dominated assemblage. The third zone,

STL-5, showed fluctuations between high herb and high arboreal assemblages. There

was no evidence to suggest that the lower peat sequence represents other than a

continuous deposit and it is believed, therefore, that the marked fluctuations in pollen

spectra reflect local environmental changes.

Variations in Marine Influence at the Hartlepool Sites

Viewed as a whole unit, the pollen spectra through the lower peat bed behaved very

erratically, with two or three temporary interruptions to the almost complete arboreal

cover that had been established in STL-2 prior to 6550±40BP. Alnus and Poaceae were

the principal variants but Corylus and Cyperaceae also contributed to the fluctuations.

Absolute pollen values indicated that the other main tree taxa, Quercus, Ulmus, Betula,

Tilia and Pinus, contributed little to the major pollen fluctuations observed through the

lower peat bed and are likely, therefore, to represent pollen from more stable woodland

to landward of the Stell site. The behaviour of the major variants, Poaceae and Alnus,

was suggestive of an environment in a state of flux, alternating between alder-carr
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woodland and reedswamp in response to variations of a local vector, such as the

influence of the sea.

There is evidence from most sites in the intertidal area for at least one marine episode

during the Mid-Holocene (Fig. 8.8). The most tightly delimited marine event was

recorded at WH19 (Foldout F & Fig. 8.9) between 4945±50BP and 4770±50BP (Tooley

& Innes, 1999), dates that support the suggested date of c. 4900BP for the storm surge

event at the Stell. At three sites, HSF 52, HSF 54 and WH3 (Tooley, pers. comm) a

marine episode that occurred after approximately 5200BP can probably be linked to the

same event. At HSF-6, the limiting dates of 5610±80BP and 4600±60BP for a marine

episode indicate that marine erosion of the lower peat could have occurred at this

location. All of this evidence is supportive of the major coastal changes that would have

occurred during the marine inundation recorded at the Stell site around 4900RCBP.

There is also evidence at the WH-19 site for one or two earlier, less invasive marine

events during the period of deposition of the Stell lower peat. The possibility that these

marine episodes may have been responsible for some of the vegetation fluctuations

observed at the Stell site between 6550±40BP and 5230±40BP, STL-3 to STL-5, will be

discussed in the following paragraphs.

The WH19 site

This site is situated some 600m to the north of the Stell site and lies midway between the

present high and low water marks (Fig. 8.3)(Tooley & Innes, 1999). A suite of

approximately 75cm of freshwater and marine sediments overlay the weathered former

ground surface of the till, which was reached at -1.10m OD. Pollen and diatom analyses

were undertaken on the sediments at WH19, the results of which are shown in brief

format in Fig. 8.9, taken from Tooley & Innes (1999), and more fully as Foldout F. A
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thin sand and silty limus that incorporated marine diatoms interrupted the earliest

freshwater deposits, which were dated between 6180±100BP and 5975±120BP. A more

substantial (25cm) blue/grey silty (sandy) clay unit containing marine, brackish and then

freshwater diatoms provided evidence for a second marine event that ended before

5530±90BP. Terrestrial sediments continued to be deposited at the WH-19 site until

after 4770±50BP but were interrupted before that date by a polleniferous silty limus that

contained marine diatoms.

It is not possible to be certain whether the basal strata at WH-19 represent one or two

marine events. The thin sand and silty limus, containing marine diatoms, was deposited

around 6180±100BP (Tooley & Innes, 1999) and may have been a precursor to the

inundation that occurred after 5975±120BP. The errors on these two dates mean that

they are not strictly separable but they are at least in chronological order. The timing of

the main (second?) inundation cannot be precisely dated, but occurred before the limiting

date of 5530±90BP, when terrestrial organic sedimentation recommenced at the site.

The blue/grey, sandy clay deposited by this event may represent a period of raised RSL

that lasted over 400 radiocarbon years. Alternatively the marine event may have been of

shorter duration, possibly eroding post-5975±120BP terrestrial sediments, and therefore

be entirely distinct from the episode dated to around 6180±100BP.

Comparison between Stell and WH-19 sites

At present WH-19 lies approximately 400m closer to the sea than the Stell site and it is

possible that a similar relationship may have held in the past. If that had been the case,

any effect on the vegetation at the Stell due to increased marine influence at WH-19

should have registered at the same time or later. Unfortunately, there are only two dates

associated with the lower peat bed at the Stell site - 6550±40BP at the base and
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Fig. 8.10: Cumulative pollen diagrams for the organic strata at the Stell and
WH19 sites. Interpolated dates have been used to show correspondence
between marine impact and variation in pollen spectra at the two sites.
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5230±40BP at the top - and it is therefore necessary to use interpolation to estimate dates

for the major fluctuations in pollen taxa observed at this site. Fig. 8.10 shows

interpolated dates for the Stell lower peat pollen levels. The interpolated dates were

calculated arithmetically, assuming a constant sedimentation rate, and can be gauged

from the age-depth curve for the Stell samples (Fig. 8.11), which shows interpolated

ranges for the Stell pollen zones. (Fig. 8.10) illustrates possible relationships between

the Stell pollen spectra and marine episodes at the WH-19 site. As sedimentation is

unlikely to have been constant over such a long period, relationships between the two

sites remains speculative.
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Fig. 8.11: Stell age-depth curve indicating interpolated age ranges for the local
pollen assemblage zones in the upper and lower peat.

Bearing in mind possible deficiencies with the interpolation, Fig. 8.10 indicates a

tentative link between the main marine episode at WH-19, prior to 5530±90BP, and the

major expansion of Poace<ie at llie base of STL-b, dated by interpolation to 5670BP. The

overwhelming dominance of Alnus at the next level, with an interpolated date of

5532BP, coincided closely with the recommencement of terrestrial organic

sedimentation at WH-19 and, if the two are related, suggests that any marine effect at the

Stell during this period was short-lived. The possibility that the Alnus peak at the Stell

was aberrant is unlikely because Quercus also expanded at this level. The strong

herbaceous signals from the two upper levels in STL-3 at the base of the lower peat,

were dated by interpolation to between 6400BP and 6200BP. A marine effect may be

implicated at the Stell during this period and is also supported by a Chenopodiaceae

peak. The temporary marine conditions at WH-19, c. 6180±BP, are therefore unlikely to

have caused the herbaceous peak in STL-3, but may represent the end of a phase of
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enhanced marine influence that has not yet been recognised at any other site in the

intertidal zone.

The terrestrial sediments at WH-19 were not extensive but showed none of the major

fluctuations between Poaceae and Alnus pollen that were recorded at the Stell site. High

levels of arboreal pollen were maintained through all the polleniferous strata at WH-19,

which featured only minor variations in Poaceae and Corylus pollen after 5530±90BP.

The WH-19 site undoubtedly experienced two or three episodes of marine deposition

during the Mid-Holocene, yet the extra-local vegetation does not appear to have been

disturbed greatly from arboreal dominance. These observations cast some doubt on

whether the vegetation changes at the Stell can be related directly to changes in marine

influence at WH-19. An assumption of parallel coastal retreat was made earlier with the

suggestion that the WH-19 site may have been around 400m closer to the sea than the

Stell throughout the Holocene. This assumption may have been misguided and needs to

be reassessed in view of the rather tenuous relationship between the vegetation histories

of the two sites suggested by the interpolation diagram. Other factors may have had a

controlling influence on vegetation response at the two sites.

Reconfigured Coastline and Impact of Storm Surges

The area between The Headland and Long Scar, now occupied by the northern part of

Hartlepool Bay, may have been less deeply indented during earlier parts of the Holocene

(Tooley, 1978). The Headland continues to offer considerable protection to the

Hartlepool Bay area from the erosive effects of north-south coastal drift (Hill, 1973),

while the outcropping rocks of Long Scar reef extend into the bay for over 1km like a

groyne. The 5 fathom (approximately -10m) contour skirts to within 400m of the rocks

at the Headland but lies at least 2km offshore from the Hartlepool Bay coastline (Figs.
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2.8 & 8.12). During the Mid-Holocene, RSL was rising and unconsolidated terrestrial

sediments could have been protected and remained as land between Long Scar and The

Headland for longer than in the area south of Long Scar. This scenario means that the

coastal configuration of Hartlepool Bay could have been quite different from its present

form prior to and during the major trangressions of the Mid-Holocene. A suggested

coastal outline is depicted in Fig. 8.12, which shows how drainage from the low-lying

Carr House Sidings area could have crossed the present intertidal area to the south of

Long Scar. The two sites, the Stell and WH-19, may thus have experienced a different

relationship with rising RSL during the Mid-Holocene. Evidence for such a suggestion

may be seen in the manner in which Carr House Sands protrudes towards the rocks of

Long Scar at the present day. Indeed, the 1851 map of Hartlepool Bay (Fig. 8.4)(Sharp,

1851) indicates that only 150 years ago Long Scar was linked more securely to Carr

House Sands at low tide than is the case today.

The evidence for the Mid-Holocene coastline depicted in Fig. 8.12 is speculative, but

requires exploration in view of the rather tenuous relationship between the vegetation

histories at the WH-19 and Stell sites. However, the unequal responses of the two sites to

Mid-Holocene marine events could also be explained by storm surges with a strong

directional component. Support for this suggestion can be derived from the lithological

data for the two sites. The full-size WH-19 pollen diagram (Foldout F) was constructed

using original data (Tooley, pers. comm.) and shows a significant (c. 25%) sand

component (not reported in Tooley & Innes, 1999) in the (marine/blue) silty clay unit

dating from prior to 5530±90BP. This contrasts with the much finer (polleniferous)

limus reported for the marine event dated to c. 4900BP. The nature of the sediments

from the two marine events indicates that the first, prior to 5530±90BP, was more

dynamic and had more impact, at WH-19, than the second, dated to c. 4900BP. At the
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Fig. 8.12: Map of Hartlepool Bay showing the suggested reconfiguration
of the Mid-Holocene coastline (hatched line) described in the text. Such
a coastal configuration would have made the Carr House Sidings area
particularly vulnerable to storm damage from the E or SE, while offering
protection from marine impacts emanating from the NE. 320



Stell there was no physical or lithological evidence for the first marine event, prior to

5530±90BP, while the inundation dated to c. 4900BP was very dynamic and brought in

large amounts of sandy sediments to the site. The weather and its direction of origin,

rather than simple RSL rise, may thus have been largely responsible for the differences

in sedimentation and vegetation response at the two sites to these two marine events.

Sharp (1851) cited data for wind direction at Hartlepool over a six-year period from 1807

to 1813, which revealed that the principal wind direction was from the WSW. However,

the effects of two very damaging equinoxial gales in September 1849 and March 1850

were also described. These gales emanated from the NE and SE (Sharp, 1851, p 131), the

two directions that could have had a major and exclusive impact on the WH-19 and Stell

sites respectively, particularly if the coastline had been more like that suggested in Fig.

8.12. A less deeply indented coastline between The Headland and Long Scar, would

have had the effect of making WH-19 exclusively vulnerable to storm surges from the

NE, while being relatively protected from most other directions. The Stell would have

been particularly exposed to storm damage from the E and SE. Storms from the NE and

SE continue to have a major impact on the coastline of eastern England (for example

Steers, 1979) despite the predominance of weather from the west.

Vegetation Reactivity

Attempts have been made through this section to link the vegetation changes observed

through the lower peat at the Stell site to the changing influence of the sea as recorded at

WH-19 and other intertidal sites at Hartlepool. Comparisons using radiocarbon and

interpolated dates showed a strong link across many sites for the main Mid-Holocene

marine event dated to around 4900BP (Fig. 8.8). However, the evidence was not entirely

supportive of other cross-site environmental links during the period of deposition of the
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Stell lower peat. Further consideration of the data led to suggestions that the shape of the

Mid-Holocene coastline and the direction of origin of storm surges may have been

important in controlling the impact of marine events at the two sites. But neither of these

factors fully explains the highly reactive nature of the Stell vegetation compared to that

atWH-19.

Further examination of Fig. 8.10 confirms that the strongest environmental link between

the two sites is the proposed storm surge, dated to c. 4900BP, which had a major impact

at the Stell and a minor impact at WH-19. The major marine event at WH-19, prior to

5530±90BP, can probably be linked to the second herbaceous peak at the Stell. The

possibility of an enhanced marine influence at both sites before c. 6200BP is tentative in

the absence of corroborative evidence from other sites. However, as already intimated,

the most striking feature of the diagram is the difference in the behaviour of the pollen

spectra. Those from WH-19, which was affected by three marine events, are far less

variable than the pollen spectra at the Stell where marine influence left no physical

evidence until c. 4900BP. The explanation for the strong fluctuations at the Stell is

probably site specific and related particularly to the nature of the hinterland. The drift

map (Fig. 2.8) shows that the low-lying area of Carr House Sidings has a natural fill of

alluvium of unspecified origin having acted as a depository for sediments of both

terrestrial and marine origin. These sediments together with the pollen and macrofossils

they contain testify to habitat alternations at Carr House Sidings between Poaceae-

dominated herbaceous vegetation (cf reedswamp) and mixed Alnus woodland, which

were interrupted temporarily by periods as a tidal embayment and saltmarsh. The

enclosed nature of the site and the role of groundwater levels were probably pivotal in

controlling the type of vegetation growing in the Carr House Sidings depression.
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RSL was rising through the period of deposition of STL-2 allowing the preservation of

terrestrial sediments in the Carr House Sidings depression to spread at the margins. The

lower peat, STL-3 to STL-5, represents continuous terrestrial sedimentation during a

period of heightened but relatively stable sea level. Direct access by the sea to Carr

House Sidings may have been limited by the build-up of coastal sediments in the area to

the S and SW of the Long Scar promontory. The small catchment area and consequent

lack of competent stream flow would have allowed coastal and terrestrial sediments to

accumulate further restricting surface drainage. The whole of the Carr House Sidings

depression would thus have behaved like a sump with drainage seeping through the

sandy barrier. Although RSL was relatively stable during the deposition of the lower

peat, minor fluctuations would have affected the local ground water table. It is suggested

here that Poaceae-dominated vegetation, probably reedswamp, completely colonised

Carr House Sidings during periods of slightly raised RSL, when ground water levels

would have been high. During periods of slightly lower RSL, ground and surface water

would have been able to seep away more easily and the area would have been drier

allowing A/mrs-dominated woodland to expand over much of the area. The pollen

fluctuations illustrate the alternation between the two types of vegetation, an effect that

was enhanced and amplified by the extensive low-lying area of Carr House Sidings but

was ultimately controlled by ground water levels under the influence of small changes in

RSL.

At the top of the Stell lower peat there is a 4.0cm layer that contains beige sand lenses,

stratum S9. As this stratum was split between two cores, Stell 3 and Stell 4, there was

initially some concern about contamination during coring. However, another possibility

is that S9 may represent some sand-blow activity resulting from the storm surge damage

dated to c. 4900±BP. In order to penetrate Carr House Sidings, the sea may have
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breached a dune barrier, probably quite violently. During such an event sand could have

been thrown and blown about and may have been incorporated into the top of the freshly

exposed and truncated lower peat at the side of the depression.

The Stell lower peat deposit was truncated just after 5230±40BP when pollen spectra

indicate that woodland taxa, particularly Quercus, were expanding. It is possible that

evidence for another herbaceous phase dating to before 4920±40BP was lost during the

storm. In Section 8.4 it was suggested that relatively unconsolidated material dating

between 5230±40BP and 4920±40BP might have flowed away once the dunes were

breached by the storm surge. Alternatively the whole land surface could have been

pummelled by heavy rain loosening and removing the upper few centimetres of

accumulated sediment from the top of the Stell lower peat during the storm surge. The

loss of organic sediments dating between 5230±40BP and 4920±BP means there is an

hiatus in the vegetation record at Carr House Sidings for this period.

The only pollen record at Hartlepool covering the whole of the Carr House Sidings

hiatus is from WH-19, 600m to the N (Foldout F). The pollen spectra at the Stell and

WH-19 have not previously shown a close relationship. However, there is slight

evidence, at WH-19, for a more open environment with increased saltmarsh taxa

immediately following the Ulmus decline and around the time of the high-energy storm

event recorded at the Stell. At HSF 52 (Foldout G), in the intertidal area 400m to the E

of the Stell site, a short pollen record straddling the establishment of an old ground

surface, was investigated. The pollen diagram showed a fairly balanced mix of arboreal

and herbaceous taxa, mainly Alnus and Poaceae, and included the Ulmus decline dated to

just after 5160±60BP. A slight upwards trend towards more herbaceous taxa also

included an increase in saltmarsh taxa. Diatoms taken from the old ground surface and
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the overlying minerogenic sediments, which were not sampled for pollen, indicated a

transition from fresh to marine and then brackish conditions before the undated

commencement of upper peat deposition. The position of HSF52, on the southern edge

of the palaeochannel and more than one metre higher than the post-surge deposits at the

Stell, may have protected these sediments from erosion during the Mid-Holocene marine

inundation.

8.5.3 Mid-Holocene, c. 4920±40BP - Storm surge deposits

(STL-la, lb, 6)

Sediments relating to the storm surge event at the Stell form the next part of the

chronological sequence at Hartlepool and include the basal organic brown sand (S2 and

S3) and the sandy silt (S10) overlying the lower peat. A brief description of the probable

origin and mechanism of emplacement of these deposits has already been presented

Sections 8.3 and 8.4. The homogeneity, both sedimentologically and polleniferously, of

the two main deposits, S2 and S10, suggests that they were emplaced as single deposits.

S3 is comparable to S2 but shows evidence of further mixing with overlying slumped till

material (S4).

The pollen spectra in STL-la, from the main part of the organic sand, S2, were

suggestive of a mixture of habitats contemporary with or just preceding the storm surge

event. Poaceae-dominant and woodland vegetation from within and around the Carr

House Sidings depression were both represented. Saltmarsh and herbaceous-rich flora,

which were not present in the lower peat assemblages, were probably derived from

coastal habitats beyond or within the dune zone. Betula, Salix and Cyperaceae were

relatively more numerous in the organic sand than in the lower peat. This may reflect
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expansion during the period of sedimentation lost from the top of the Stell lower peat and

therefore be reflecting a change of environment within Carr House Sidings prior to the

storm surge. Betula thrives in more open areas and its increase at the top of the Stell

lower peat may indicate the proximity of marginal habitats. Alternatively, these three

taxa could have originated in a slightly wetter part of Carr House Sidings, the sediment

from which was readily incorporated into the organic sand. The low levels of Ulmus in

STL-la drew attention to the possibility that this deposit could be younger than the lower

peat and this view was confirmed by the radiocarbon date of 4920±40BP obtained at the

base of the organic sand.

The upper part of the basal organic sand (S3) was described in the Section 8.4 as being

intermediate sedimentologically and polleniferously between the basal organic sand and

the overlying till. There was speculation that, following the first phase of the storm

surge, seepage of sediments from the side of the depression contaminated the upper part

of the organic sand. The pollen signal in STL-lb (Foldout A) showed some subtle

changes from that of the main organic sand stratum (STL-la). These changes included

increases in Pinus and Corylus and reductions of Salix and Cyperaceae, and marked a

transition to the values of STL-2.

A 40cm stratum of grey sandy silt (S10) overlies the lower peat (S7-S9) at the Stell site.

Two radiocarbon dates obtained at the base (10240±40BP) and top (8360±50BP) of the

deposit were not contemporary with the likely period of deposition. The suggestion in

Section 8.4 was that the second phase of the storm surge (possibly the next high tide)

returned some of the organic enriched sandy silt to the Carr House Sidings depression

where it was deposited on top of the Stell lower peat. However, there are differences

between the organic sand (S2) and the sandy silt (S10) that need to be discussed.

326



Particle size analysis (Fig. 8.2) showed that the basal organic sand was predominantly

fine sand-size material with lesser amounts of silt and medium sand-size fractions. The

sandy silt (S10) was predominantly of silt-size and was more akin to the organic sandy

silt of S3 or the till unit of SI. LOI (Fig. 8.2) in S10 was higher than in either SI or S3

and closer to that from the organic sand, S2. As already intimated, the pollen spectra,

STL-6, from the sandy silt stratum, S10, appeared to be well mixed and reflected a

combination of Poaceae reedswamp, mixed woodland and saltmarsh habitats. S10 (STL-

6) and S3 (STL-lb) pollen assemblages were very similar, apart from reduced amounts

of Salix and Cyperaceae in S10.

In the light of these observations it was suggested, in Section 8.4, that S10 was emplaced

as a result of the second phase of the storm surge. When the water receded after the

dune-burst, seepage from the exposed sides of the palaeochannel and depression would

have been widespread, particularly if there had been heavy rainfall. The resulting silt-

enriched wet sediment, S3, would have formed a skim in the lower parts of Carr House

Sidings. The next high tide would have returned a mixture of intertidal with saltmarsh

and terrestrial sediments to the depression where they would have combined with the

silty seepage from freshly exposed surfaces in Carr House Sidings. It is probably this

combination of sediments that formed the sandy silt unit overlying the Stell lower peat.

The dates at the base and top of the deposit can only be explained by contamination.

Older organic material could have contaminated the S10 silty sand by a number of

routes. Minute fragments of coal from offshore deposits (Orford et al, 2000) may have

become incorporated into the S10 sandy silt as a result of the storm surge activity, but

none were observed under low power magnification. XRD analysis (Fig. 5.5) showed

that there were no crystalline carbonaceous minerals in either sample. However, low
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levels of amorphous organic material were present in both samples and this could have

included coal. Another possibility is that detrital organic flotsam eroded from older

terrestrial sediments lying offshore could have been concentrated inshore where they

became incorporated into the storm surge deposits. The date at the base of S10

(10240±40BP) was not too far removed from that recorded from the weathered till

material in S5 (10970±40BP) and may indicate a similar origin for the contaminants at

the base of S10. Detrital organic material such as roots, which were cited as a possible

explanation for the S5 date, could have been washed out of the exposed till to become

incorporated in S10 by the method described. The date at the top of S10 (8360±50BP) is

younger than that at the base of S10 but could also be derived from detrital organic

material reworked by the tide. Roots from the overlying upper peat, dated to

4850±40BP, would have infiltrated the marine sandy silt and may have reduced the

contaminated age of the sediment as a consequence.

8.5.4 Mid-Late Holocene - Stell Upper Peat and Sand
(STL-7 to STL-9) c. 49Q0-3900BP

The second phase of peat development at the Stell site commenced very shortly after the

storm surge event that penetrated Carr House Sidings around 4920±40BP. As will be

discussed later, it is probable that Carr House Sidings retained some access to the sea

during the early post-storm surge period. However, at the Stell site, slumping and the

deposition of reworked coastal and terrestrial sediments blocked drainage sufficiently to

allow organic terrestrial deposits to be preserved almost immediately. The Stell upper

peat, SI 1 and SI2, dates from 4850±40BP to 4180±50BP and was truncated shortly after

the second date by the spread of dune sand onto the site. The pollen spectra from the

upper peat have been divided into two local pollen assemblage zones, STL-7 and STL-8
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(Foldout A), which reflect respectively Poaceae-dominated and Alnus woodland habitats,

a pattern that was observed in the Stell lower peat.

Absolute pollen values (Foldout B) were quite high at the base of STL-7, possibly

reflecting good conditions for pollen preservation, a view that was supported by some of

the pollen preservation status diagrams (Fig. 8.13). High pollen concentration values

may also indicate slow peat growth. The pollen preservation status diagram for Quercus

in particular showed a marked improvement over that for the underlying sandy silt unit,

S10, with a sharp relative increase in folded grains at the minerogenic/organic interface.

Improvement in the condition of Poaceae and Alnus was more gradual through the upper

peat.

In contrast to the lower peat, the upper peat featured a more diverse range of herbaceous

taxa, which included possible coastal indicators such as Solidago virgaurea-type and

Chenopodiaceae. This range of flora fits with the possible contemporary presence of

saltmarsh conditions slightly further inland at the CHS site, which maintained access to

the sea for longer than the Stell site. Small peaks of Typha latifolia and Mentha-iype in

the lower part of the peat bed were indicative of damp conditions which together with the

dominant Poaceae signal in STL-7, could be interpreted as a reedswamp habitat. Typha

latifolia, which favours sites with an inorganic substrate, such as the sandy silt unit at

this site, would not be out of place in these conditions (Clapham et al, 1987).

Cyperaceae (sedges) increased in importance towards the top of zone STL-7 only

declining as Alnus expanded in STL-8 at the top of the peat.

Following the high absolute pollen values and dominance of Poaceae at the base of the

upper peat bed, pollen concentrations fell (Foldout B) and remained low through the rest

of the stratum. This marked reduction in absolute pollen values in the middle of STL-7
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was not accompanied by any change in LOI, which remained around 80% through the

upper peat. However, the preservation status of Alnus, which became dominant in STL-

8, and Poaceae, which declined, both improved in the upper part of the peat bed. This

could indicate a reduction in the deposition of extra-local, and potentially more damaged

pollen in STL-8 and a change to more sheltered conditions such as might be found within

an alder carr woodland.

Deposition of the upper peat bed at the Stell site was truncated shortly after 4180±50BP

when the site was overwhelmed by fine sand (S14) containing two slightly organic silty

bands. A transitional layer (S13) immediately overlying the upper peat bed was dated to

3930±40BP. LOI at this point was between 5 and 25% over the 3cm that were sampled

for the AMS date. It is reasonable, given the transitional nature of the stratigraphy, to

infer that the majority of the organic material within that sample would have been locally

derived and therefore contemporary with the start of sand deposition. The date of

3930±40BP was also acceptable in relation to the two dates in the underlying upper peat

stratum. LOI through the fine sand unit (S14) was below 5% while values for the silty,

organic bands were only marginally higher than 5%. An AMS date of 6100±40BP for

the upper silty band cannot be accepted as being contemporary with the period of

deposition. With such a low LOI value (5%), the AMS date could have been adversely

affected by contamination. XRD analysis (Fig. 5.5) indicated that two carbonaceous

minerals, dolomite and calcite, were present in this sample and were possible sources of

contamination.

It is argued here that the fine sand stratum at the top of the sampled Stell sequence

represents re-mobilisation of dune sand from the contemporary upper beach area to a

position slightly further inland. The slightly organic silty layers within the sand could be
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interpreted as representing dune slack conditions that were interrupted by the deposition

of blown sand. There is no evidence, either at the CHS site or from sites within the

current intertidal area, for a marine transgression at this time.

Pollen spectra from the two silty organic bands at the top of the Stell 3 core were similar

and showed a dominant Poaceae and Cyperaceae signal enriched by a wide range of

herbaceous flora. The overall arboreal signal was reduced, relatively, from that of the

Alnus woodland phase but showed increased amounts of Betula and Salix together with

Alnus, Corylus and some Quercus. A dune slack habitat has been inferred for these

strata and is supported by the increased presence of aquatics, damp-loving plants and

coastal indicators. The small amount of Cerealia pollen in both silty organic bands may

be due to the presence of coastal grasses (Stace, 1991) such as Agropyron pungens (sea

couch), Ammophila arenaria (marram) and Hordeum marinum (sea barley), which can

produce large pollen grains (Andrew, 1984).

8.5.5 Mid-Late Holocene - Stell and CHS sites, c. 4500 - 3900BP

Having reached the top of the Stell 3 core, links between the Stell and CHS sites can be

investigated and discussed in order to establish a composite chronology of environmental

change at Carr House Sidings. Four overlapping monoliths, HF1-HF4, and one offset

monolith, HF5, were used to sample the upper peat and overlying pre-modern sediments

at the CHS site, 140m W of the Stell. The stratigraphic relationship between the two

sites is shown again in Fig. 8.14.

The CHS stratigraphic record for the HF monoliths (Fig. 8.15) began at the base of HF5

with 5cm of grey silty sand, CI, the top of a more extensive deposit. The sand was

overlain by 25cm of finely laminated and increasingly organic sandy silt, C2, the upper

2cm of which (C3) was designated as a limus transitional to the overlying upper peat. A
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20cm section of the upper peat (C4) completed the stratigraphic sequence in HF5. The

peat continued for lm through HF4 and HF3, designated C5 to C9, which included

sandy, woody and highly compressed layers. The peat was succeeded by 40cm of less

organic brown limus containing sandy, silty or more organic layers (CIO to CI3), which

continued the sequence from the base of HF2. A sharp erosional contact marked the

boundary with a 5cm unit of intercalated sandy and organic layers, CI4. Overlying C14

was a substantial stratum of beige sand (CI5) that continued through much of HF1 and

included several black bands. 8cm of silty sandy turfa (CI6) and 8cm of fibrous sandy

turfa (CI7) completed the natural sedimentary sequence, which was overlain at the top of

HF1 by 6cm of a coarse gritty deposit (CI8) containing coal and brick waste.

The lowest organic rich sediments sampled at the CHS site were dated to 4510±40BP at

the base of C4 in HF5. This postdates by over 300 radiocarbon years the second phase

of peat development (SI 1-SI2) at the Stell site, the commencement of which was dated

to 4850±40BP. It is possible that the difference in dates could be due to a failure to

sample at the base of the organic layer at the CHS site. Within transitional sediments it

is difficult to be precise about the location of the first horizon marking a change of

environment. However, LOI values were used as a guide and the sample for radiocarbon

dating was taken just below the first level with 80% LOI. If the radiocarbon dates

accurately reflect the chronology of the strata, this suggests that the organic sediments at

these two sites, only 140m apart, commenced development at different times.

Both peats, SI 1-S12 at the Stell and C4-C9 at the CHS site, were found at approximately

the same altitude, c. -0.5mOD at CHS and c. -0.6mOD at the Stell, and developed on

sediments that appear to have had some marine or estuarine input. Analysis of pollen

spectra (Foldouts A & D) within the (marine) sandy silts and the peat strata showed a
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similar mix at the two sites and supported the view that the pollen they contained may be

derived from the same source or sources. It will be argued here on the basis of pollen

spectra, stratigraphy and radiocarbon dates for the peats, which suggest an overlap of c.

600 radiocarbon years (from 4510±40BP at CHS to 3930±40BP at the Stell), that the

lowest sampled units at the CHS site can be related to the uppermost sampled units at the

Stell. Further discussion is needed to establish a detailed chronostratigraphy.

HF5 Minerogenic Strata - (CHS5-1) and links to the Stell

The radiocarbon date (11060±30BP) from the silty sand, CI, at the base of HF5, like the

dates from S5 and S10 at the Stell, was not supportive of Mid-Holocene deposition.

However, the presence of a lower peat deposit below the silty sand at CHS, even though

that peat could not be sampled at this site, together with accumulated evidence from the

Stell site, pointed to a Mid-Holocene date for this stratum. LOI was very low at the

sampled level (Fig. 8.16), probably less than 2%, so contamination of the sediment by

older detrital organic material appeared to be unlikely. However, XRD analysis (Fig.

5.5) revealed that two crystalline carbonaceous minerals, dolomite and calcite, were

present in the sample and could have contributed old carbon that would have aged the

date.

It was suggested earlier, on the basis of homogeneity of pollen and lithology, that the

silty sand, S10, unit at the Stell marked a single episode of deposition. The basal

minerogenic units at the CHS site, CI to C3, appeared to be very similar in their pollen

spectra, CHS5-1, to the signal from STL-6 in S10. However, there were stratigraphic

differences between the sites and trends within the CHS material, which, together with

the radiocarbon dates from the overlying peats, indicated that different habitats existed at

the two sites during the post-storm surge period.
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Fig. 8.16: CARR HOUSE SIDINGS, HF 1 ,HF2, HF5
Particle Size & LOI
PS - % volume after LOI (cumulative);
% weight after LOI (0.71mm and greater)
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At the CHS site the stratigraphic change from silty sand, CI, to laminated sandy silt,

C2/3, together with the steady rise in LOI was indicative of a reduction in energy

allowing periodic accumulation in an increasingly terrestrial habitat. This view was

supported by the increase in absolute pollen values through CHS5-1 (Foldout E) to levels

far in excess of those found in STL-6. The trends displayed by all the main taxa in

CHS5-1 were indicative of a strengthening local pollen signal within an environment of

continuing deposition. This could be due either to reduced minerogenic input within an

area of steady pollen production and deposition, or could be the result of increasing

pollen production and deposition as local vegetation approached and colonised the area
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close to the site. At the Stell site there were no such trends to suggest ongoing

sedimentation or a gradual change of environment.

The CHS5-1 pollen assemblage was indicative of woodland and herbaceous vegetation

and appeared to suggest, initially at least, that pollen from saltmarsh, reedswamp and

mixed woodland habitats were represented in the storm-surge deposits. However, as

LOI and absolute pollen values increased towards the top of CHS5-1, relative values of

Pinus, Tilia and Chenopodiaceae declined. It is probable that Pinus and Tilia were

principally derived from reworked Early Holocene sediments, cf. STL-2, and

consequently became less sigificant in the pollen spectra of CHS5-1 as the area became

more terrestrial and influenced dominantly by contemporary pollen. The

Chenopodiaceae decline through CHS5-1 was indicative of a reduction in saltmarsh

habitats locally and a withdrawal of coastal influence.

The similarities and differences between the two sites suggested that the pollen within

the minerogenic strata, C1-C3 and S10, were derived from similar sources within a time

frame of perhaps 300 to 400 radiocarbon years, and that deposition occurred under

slightly different local conditions. Immediately following inundation of the area by the

sea around 4920±40BP, the basal date from the Stell, the whole Carr House Sidings area

would have offered a fresh landscape for the operation of coastal geomorphological

processes. Movements of sediment may have swiftly blocked drainage at the Stell site

but preserved an open access to the coast for longer at the CHS site. Location close to a

channel would have reduced the opportunity for vegetation to colonise or be preserved at

the CHS site until the channel moved or was blocked by later movements of coastal

sediments and/or RSL withdrew slightly. At the Stell site, access to the sea appears to

have been blocked suddenly, by shifting intertidal or blown sands, shortly after the
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events that led to the emplacement of the lower peat into the channel. The local water

table must have been sufficiently high to allow terrestrial sedimentation to proceed

almost immediately at the Stell, while at the CHS site the change from marine/estuarine

to terrestrial conditions appears to have been more gradual, and later than at the Stell,

within an intertidal creek or upper saltmarsh environment.

HF5, peat development (CHS5-2) and links with the Stell

Environmental links have already been established between the silty sand units at the

Stell and CHS sites, S10 and C1-C3. Given the radiocarbon dates from the Stell upper

peat, SI 1 -S12, and the organic sediments in HF5 and HF4-HF1, it should be possible to

extend the composite environmental history of the Carr House Sidings area from the

Early Mid-Holocene until Roman times. Evidence is therefore needed which shows the

environmental overlap between the organic sediments at the two sites, C4-C9 and SI 1-

S12.

A vegetational record was preserved at the CHS site from at least 4510±40BP until after

1900±40BP, a total of some 2600 radiocarbon years. In monolith HF5 the increase in

LOI to around 80% was accompanied by an apparently aberrant Alnus peak, in CHS5-2,

and was followed by a slight reduction in relative amounts of tree and shrub pollen. The

Alnus peak marked the culmination of a period of increasing absolute pollen values and

rising LOI through the laminated sandy silt unit, C2-3 (CHS5-1) and into the base of the

peat unit (C4) and doubtless signified the development of alder woodland close to the

site. However, the absolute pollen diagram (Foldout E) confirmed that Alnus behaved in

an extreme manner in CHS5-2 relative to changes in the other main taxa, Poaceae,

Corylus, Quercus and Cyperaceae. The aberrant Alnus peak is attributed here to the

growth of one or two alder trees within a reedbed habitat close to the site. This would

339



have allowed the incorporation of a high concentration of Alnus pollen into the sampled

material, relative to the pollen of other taxa. This interpretation is supported by the

changes in pollen preservation status of the four main taxa (Fig. 8.17), which all

improved through the upper part of the laminated silty sands. However, only the

condition of Alnus continued to improve into the peat, achieving an exceptional 80%

folded grains at the level of the peak, while the percentage of folded and perfect grains of

Poaceae and Corylus declined markedly. At the Stell site a matching expansion in the

main taxa can be seen in the basal layers of the upper peat (Foldout B), the first half of

STL-7, but without the extreme value for Alnus. It is suggested here that the changes in

pollen spectra recorded through the laminated silty sand, C2/3, and into the base of the

peat (C4) at CHS prior to and just after 4510±40BP were contemporary with the changes

observed at the STL-7 to STL-8 transition at the Stell site.

HF5 links to HF4 (CHS5-3, CHS-1)

Before continuing the discussion of the environmental overlap between the Stell and

CHS sites, links between HF5 and HF4 need to be established. Although HF5 was offset

by about one metre from the vertical line of monoliths HF1 to HF4, an elevation overlap

should have allowed some replication in environmental representation between the top of

HF5 and the base of HF4. Zones CHS5-3 and CHS-1 were both dominated by Poaceae

with Cyperaceae and Alnus and there were other similarities between the two zones. LOI

was around 80% in both zones, although more variable in CHS-1, and the cumulative

diagrams (Foldouts C & D)) showed an overall decline in total trees and shrubs. The

cumulative diagrams look slightly different due to the more compressed nature of the

graphic representation in the HF1 to HF4 diagram. Absolute pollen data for HF5 and

HF1-HF4 have been combined into a composite diagram (Foldout E) with the overlap
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occurring between 435 and 440cm. This diagram also shows the equivalence between

the two zones with a decline in absolute pollen values at the top of CHS5-3 matched by a

similar decline from the base of CHS-1. Representation of terrestrial and aquatic pollen

and spores was also fairly well matched between the two zones, which is reassuring

given their relative positions only one metre apart.

The environment represented at the base of the upper peat at CHS is the development of

a reed bed habitat. The basal peat at HF5 contained Phragmites rhizomes and this

together with the presence of Typha latifolia in CHS5-3, CHS-1 and into CHS-2 is

supportive of this interpretation. The presence of a single grain of Scheuzeria palustris in

CHS5-3 was further evidence for very wet conditions at this time (Stace, 1991), just after

4510±50BP.

CHS Links to Stell site (CHS-1, 2, 3) c. 4500 to 3900BP

The radiocarbon date near the base of HF4 (4400+30BP) allowed the identification of

possible chronostratigraphical and environmental links between HF4 and the probable

reedswamp, alder carr and dune slack habitats at the Stell site. Following the storm

surge, coastal sediments continued to be reworked at the CHS site until more stable

conditions developed prior to 4510±40BP (at HF5). Herbaceous taxa began to expand,

and culminated in an 85% TLP peak at the base of CHS-2 that was dated to 4400±40BP.

The dominance of Poaccac pollen through CHS-1 and into CHS-2 was highly suggestive

of a reed bed habitat, especially in the presence of aquatics and some Lythrum salicaria-

type. Lythrum salicaria-type (Purple Loosestrife) prefers reedswamp and littoral habitats

(Clapham et al, 1987). Such wet habitats would have provided favourable conditions for

the preservation of local and extra-local pollen, including that of woodland vegetation

peripheral to both sites.



Fig. 8.18: CARR HOUSE SIDINGS, HF1-HF4
Particle Size, LOI & Charcoal
PS - % volume after LOI (cumulative);
% weight after LOI (0.71mm and greater)
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The locations of the herbaceous pollen peaks referred to in the text are marked in red.

A temporary reduction in LOI at the base of CHS-1 was accompanied by a similarly

short-lived increase in fine sand-size particles (Fig. 8.18), an association that was

repeated to a lesser extent at the base of CHS-2. Such relationships higher in the CHS

sequence will be linked to blown sand movements at the Stell and possible human

disturbance, but there is no evidence for major sand movement at this time, just prior to

4400±30BP. Charcoal concentrations for the HF1-HF4 monoliths are also indicated in

Fig. 8.18 and reveal a very low background signal through CHS-1, so the sedimentary

evidence for Neolithic burning of the vegetation is equivocal.
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However, finds of artefacts and the discovery of a male skeleton dating from 4680±60BP

(Tooley, 1978) showed that Neolithic people were present in the area. The skeleton was

found at WH4, 600m north of the CHS site, within wetland sediments on the foreshore

(Fig. 8.3). Pollen from sediments close to the inhumation were interpreted as showing

evidence for both arable and pastoral activity (Tooley, 1978) although the evidence was

not overwhelming. The closely neighbouring WH19 site produced one possible Cerealia

grain (Tooley, & Innes, 1999) from pre-4770±50BP sediments. Charred twigs

associated with a charcoal layer close to the HSF19/20 site in the intertidal

palaeochannel area (Fig. 8.3) were dated to 4340±70BP. Although none of the

aforementioned pieces of Neolithic evidence can be tied directly to the LOI reduction,

which occurred just prior to 4400±30BP, the presence of humans in the wider area has

been established for the immediate post-Ulmus decline period. It is therefore possible

that the very low charcoal signal found in the CHS-1 sediments is evidence for domestic

fires or even clearance of vegetation within the local area. Such burning could have led

to the reworking of unvegetated sediments and would have offered colonisation

opportunities to light demanding taxa such as Betula, which expanded in CHS-1. At the

Stell too, Betula expanded temporarily in the two upper levels of STL-7, dated by

interpolation to c. 4600BP (Fig. 8.11).

A drawback to this scenario is that there was no corresponding LOI reduction in the

overlap zone sediments from the HF5 monolith. Extrapolating back on the CHS age-

depth curve (Fig. 8.19) from the 4400±30BP date in CHS-2 gives an interpolated date of

4560BP for the LOI dip in CHS-1 at 435cm. This pre-dates the establishment of stable

terrestrial sediments at HF5 and implies that a contemporaneous reduction of LOI may

have been lost within the laminated reworked sediments of C2/3.
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Fig. 8.19: CHS age-depth curve based on four dates from monoliths HF1 -4 and
one date from HF5.

The herbaceous peak at the base of CHS-2 heralded an initially erratic arboreal

expansion which commenced around 4400±40BP and achieved 80% TLP before being

interrupted in the middle of CHS-3. The timing of woodland development at the CHS

site compared favourably with the interpolated date of c. 4450BP for the STL-7 to STL-8

boundary at the Stell (Fig. 8.11), which marked the transition from Poaceae-dominated

vegetation (cf reedswamp) to Alnus woodland at that site. The development of Alnus

woodland at the Stell was probably in part successional, signifying a response to drier

conditions following a slight fall in RSL. Although it has been shown that the

development of terrestrial conditions was delayed at the CHS site relative to the Stell,

interpolated dates suggest that the spread of Alnus woodland may have been synchronous

at the two sites. The pollen preservation status diagrams for Poaceae, Alnus and Corylus
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(Figs. 8.13 & 8.20) showed similar patterns over the relevant period and were supportive

of a parallel response to a change in local environment.

The protected location of the CHS site, within a silted-up lagoonal embayment, means

that the spread of Alnus woodland to this site was potentially achievable more rapidly

than at the exposed location of the Stell. This view is mainly speculative but the sharp

fluctuations between arboreal and herbaceous dominance observed through the lower

and upper peats at the Stell hinted at the precarious nature of arboreal habitats at that site

and contrast with the steadier behaviour of woodland taxa at the CHS site.

An interesting vegetational change at the CHS site that was not replicated at the Stell is

the temporary expansion of two types of fern. Thelypteris palustris and Dryopteris

cristata both increased meteorically as trees and shrubs began to expand at the top of

CHS-2. Both ferns are often found in marshes and fens. Thelypteris palustris (Marsh

Fern) can also be abundant in carr or alder woodland (Clapham et al, 1987) and may be

found shaded among taller herbs and shrubs (Stace, 1991). Dryopteris cristata (Crested

Buckler Fern) can also be found on wet heaths and dune slacks and is often associated

with the Marsh Fern (Stace, 1991). After four levels, both ferns completely disappeared

from the microfossil record. The preferred conditions of these two ferns are supportive

of the spread of alder carr woodland onto the site during the period just after

4400±40BP.

The absence of these ferns from the Stell record raised questions about the

transportability of the spores. The pollen record through CHS-2, which included the

spore peak, was dated from before 4400±30BP to c. 4150BP (Foldout D & Fig. 8.19).

The equivalent time-frame at the Stell site occurred in the lower part of STL-8, which

dated from c. 4460BP to 4180±50BP (Foldout A & Fig. 8.11). The ferns appeared

346
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strongly on three levels at the CHS site so it is likely that if they had been present at the

Stell during this period they would have registered in at least one level, and would have

been noted even if only as Pteropsida monolete indet. The fern spores were absent from

the Stell site. This implies that conditions particularly suitable for the ferns existed only

at the CHS site and that the spores did not travel far.

Alnus woodland began to decline at the Stell shortly after 4180±50BP, probably due to

the movement of dune sand, which was on-site by 3930±40BP. A temporary reduction

in arboreal cover towards the top of CHS-3 at the CHS site commenced c. 3900BP (Fig.

8.19), and was accompanied by a deterioration in the preservation status of Poaceae

pollen (Fig. 8.20). This herbaceous episode, hereafter denoted HI, probably reflects the

impact at Carr House Sidings of blown sand overwhelming the Stell site. Particle size

analysis (Fig. 8.18), showed that HI was preceded by a small temporary peak of fine

sand-size particles, which may reflect the translocation of beach and dune sand at this

time. Salix pollen, which featured in both dune slack layers at the Stell, also expanded at

the CHS site prior to HI.

The environmental overlap between the Stell site and CHS was broken following the

movement of dune sand onto the Stell site around 3900BP, an event that linked the first

dune slack habitat at the base of STL-9 (S13) to the HI peak at the top of CHS-3. The

organic silty sand level near the top of Stell core 3 has not been dated accurately but

appears to represent a similar (dune slack) habitat to that at the base of the sand unit

(S13-14). The similarity of the pollen spectra across the two silty organic bands raised

the possibility that deposition of the second band followed swiftly on that of the first.

However, a second herbaceous peak (H2) at CHS, which might be linked to the second

dune slack layer at the Stell, has an interpolated date of 3550BP (Fig. 8.19), representing
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a gap of over 350 radiocarbon years from the lower silty sand unit (SI3). The raised

values of Betula and Salix in the dune slack layers at the Stell are not helpful markers as

both taxa were found in abundance at the CHS site over a lengthy period.

The establishment of two links between the Stell and the main CHS sequence - the

development of woodland at both sites after c. 4400BP and the impact on the pollen

record at the CHS site of the movement of dune sand at the Stell - confirmed the

chronological and environmental overlap between the two sites. Fig. 8.21 shows

sections of the cumulative pollen diagrams for the Stell, the two CHS sites and

HSF19/20. Dominant vegetation and habitat types are indicated and have been linked to

show the relationships between the sites. The Mid-Holocene storm surge, c. 4900BP,

affected the whole Carr House Sidings area. While reed bed habitats were re-established

almost immediately at the Stell, storm surge sediments were reworked at the CHS site

within a saltmarsh and tidal creek environment. As Carr House Sidings silted up and

became gradually less affected by the sea, reedswamp vegetation, with the occasional

rogue alder, colonised the whole basin. Mixed woodland of alder, oak and hazel would

have been peripheral to the basin throughout the reedswamp phase but was able the

spread onto both sites after c. 4400BP, probably in response to a slight reduction in RSL.

Alder carr became dominant at the Stell site and probably also within the basin where the

mixed arboreal signal is likely to reflect its more landward location with mixed oak

woodland on higher drier ground. The movement of dune sand onto the Stell site after

4180±50BP has already been discussed but the impact of this event can be detected in

HI at the top of CHS-3 and probably in two further herbaceous episodes higher up the

CHS sequence.
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8.5.6 Late Holocene, c. 4000 - 210QBP

During the c. 2000 radiocarbon years from the top of the environmental overlap phase

until the deposition of the upper marine sand, CI5, at the CHS site, the habitat around

Carr House Sidings changed from one dominated by trees and shrubs to one where

arboreal taxa had almost completely disappeared. This change was not achieved

smoothly and featured fluctuations in the pollen record between c. 3900 and 2900BP,

which were suggestive of three episodes of habitat disturbance, HI, H2 and H3, at or

close to the CHS site. The first of these herbaceous episodes, HI, has already been

discussed and has been linked to the movement of dune sand at the Stell site. Recovery

of trees and shrubs after HI, at the top of CHS-3, was completed to previous levels of

tree and shrub pollen. However, with each succeeding habitat disturbance cycle arboreal

recovery was less successful and, following the weak recovery after H3, herbaceous

pollen began its final expansion and achieved over 90%TLP by 2130±40BP.

The changes in the pollen record from HI, dated to c. 3900BP, until just prior to

2130±40BP showed a strong positive correlation between LOI and total tree and shrub

pollen. As herbaceous taxa became more dominant in the pollen record, LOI declined.

Given the location of the site close to or on the coast, it is likely that physical processes,

including RSL change, played a major role in driving the habitat changes suggested by

the pollen diagrams.

Further Habitat Disturbance Episodes and the Main Herbaceous Expansion

(CHS - 4, 5, 6)

The arboreal recovery after the first habitat disturbance cycle, HI, achieved pre-dune-

mobilisation levels of over 85%TLP, probably by c. 3700BP (Fig. 8.19) at the base of

CHS-4. The mixed woodland of Alnus, Quercus, Corylus and Salix was increasingly
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augmented by Betula, which achieved over 15%TLP in this zone, support perhaps for the

local presence of open and disturbed habitats (Huntley & Birks, 1983). (The increased

amounts of Betula pollen within STL-9 at the Stell may also reflect this period of

environmental adjustment.) All pollen taxa declined quite markedly in absolute terms

through CHS-4 (Foldout E), a factor that could be related to the decline in LOI and

coarsening of the minerogenic fraction in the deposit. Other evidence for habitat

disturbance in the locality during this period, just prior to 3590±40BP, includes the first

sustained appearance of Plantago lanceolata (Ribwort Plantain) at over 2%TLP.

Pteridium aquilinum (bracken), which can be a coloniser of disturbed or burnt ground

(Grime et al, 1989), was probably present locally. This cryptogam was not specifically

identified with confidence very often but may have been included within the Pteropsida

trilete indet. category.

A second temporary habitat disturbance episode, H2, at the base of CHS-5, the beginning

of which was dated to 3590±40BP, followed a slight fall in LOI and a coarsening of the

minerogenic sediment fraction in CHS-4. These changes echo those observed prior to

the sand movement at the top of the Stell, which caused the HI peak at CHS, and may

reflect similar sedimentary and habitat changes. Betula expanded strongly to its highest

relative value during the recovery phase of H2. A third habitat disturbance episode, H3,

also in CHS-5, interrupted the arboreal recovery from H2, and was itself truncated by the

main expansion of herbaceous taxa. This third herbaceous peak was not preceded by a

decline in LOI but there was a coarsening of the minerogenic fraction suggesting that H3

could have been an extension of H2.

It is probable that the three episodes of habitat disturbance, HI to H3, represent the

effects of two or three phases of landwards transfer of sand as a result of damage to
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coastal vegetation. Sand movement could have happened only with onshore winds and a

supply of sediment, possibly from extensive tidal flats or destabilised dunes. The

herbaceous peaks were accompanied by only minor reductions in LOI, values for which

were maintained in the region of 75 to 85%, until the commencement of the main

herbaceous expansion. Absolute pollen values declined during these episodes and were

preceded or accompanied by coarsening of the minerogenic fraction of the sediment.

Stronger onshore winds coupled with the exposure of tidal flats would have carried

coarser sediments further inland, along with pollen from the coastal strip, and would

have given pollen from more landward locations less opportunity to settle. Disturbance

of the littoral vegetation by burning and trampling could have produced a similar effect

on pollen and stratigraphic spectra.

Many herbaceous taxa appeared for the first time or increased their representation from

3590±40BP onwards. In particular Plantago lanceolata (Ribwort Plantain) began to

appear, almost continuously, at values greater than 2%TLP. P. lanceolata is generally

accepted as an anthropogenic indicator and can be indicative of both pastoral and arable

activity. But Behre (1981) advises caution with regard to early and less complicated

economies. Perhaps even more caution is required at this site as there has been nothing

unequivocal so far to support an argument for human interference in the locality during

this period. Godwin (1975, p.330) cites Groenman van Waateringe who pointed out that

"... P. lanceolata is not necessarily indicative everywhere of man's activities since it still

grows in communities of the Agropyro-Rumicion crispi alliance that occurs in naturally

unstable contact zones such as coasts and river-sides." The continuous presence of P.

lanceolata may therefore simply reflect increasing coastal influence on the site. The

intermittent appearance of Cerealia, from 3590±40BP onwards, does not provide

conclusive evidence for the presence of cultivation in the locality either. The grains
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listed under this classification were mainly 'big grasses', and only three were regarded as

possible cereal grains. (Several coastal grass species of dune and saltmarsh habitats

produce large pollen grains that are not easily distinguished from those of cultivated

cereals.) However, Cerealia undiff. pollen (big grasses) were noted, at both the Stell and

CHS sites, exclusively in sediments of Neolithic age or younger, so it is possible that

human interference played a part in the habitat disturbance episodes, H1-H3.

Other Evidence for Human Interference in the Carr House Sidings Locality

Charcoal counts (Fig. 8.18) at the CHS site were very low for the period of the habitat

disturbance episodes and offered no independent support for local burning at that time.

However, at the HSF19/20 site (Figs. 8.3, 8.21 & Foldout H), which is situated in the

middle of the palaeochannel on the foreshore 400m E of the CHS site, two charcoal

bands indicated that episodes of burning did occur at that site. The earlier charcoal band,

offset slightly from the sample site, was associated with a burnt stick of Neolithic age,

dated to 4340±70BP, which has been discussed in a previous section. The later charcoal

band, from within HSF19/20, was dated to 3250±90BP and was associated with a flint

scatter (Waughman, in press), confirming that people were active in the area during the

Bronze Age.

The later charcoal band at HSF19/20 (Foldout H) was preceded by a prominent

(>30%TLP) Betula peak within a phase of raised Betula and Salix values, a combination

that was echoed in CHS-5 where a (>35%) Betula peak was dated to just after

3590±40BP (Fig. 8.21). It is considered here that the Betula peaks were coeval and can

probably be dated to around 3400BP. The presence of a common environmental marker

raised the possibility of a shared habitat at the two sites for part of the Late Holocene.

The time frame covered by this proposed shared habitat cannot be firmly identified due
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to the lack of radiocarbon dates at the top and bottom of HSF19/20. However,

comparisons with and interpolations from dated levels in the HSF6 and Carr House

Sidings sediments suggest that the HSF19/20 peat can be dated from around 4500BP at

the base to 2600BP at the top.

Links between the cumulative diagrams from the CHS site and HSF 19/20 can be judged

in Fig. 8.21 where inferences have been made between the vegetation histories of the two

sites. The strong herbaceous peak in HSF 19/20-3 can be linked, by elevation, to the

offset lower charcoal layer (and burnt stick), dated to 4340±70BP, which compares well

with the 4400±30BP date for a similar herbaceous peak at the base of CHS-2. Both sites

experienced a comparable arboreal expansion thereafter with a prominent Betula peak,

dated to around 3400BP, in CHS-5 and HSF19/20-5, followed by a habitat disturbance

episode (H2-3 and the upper charcoal layer) and the beginning of woodland decline. P.

lanceolata began to appear strongly at both sites before the Betula peak and was

accompanied by the occasional Cerealia grain.

The evidence outlined above is supportive of a shared habitat, or at least a shared

response to environmental change, at CHS and HSF19/20 during part of the Late

Holocene. However, if such a scenario is to be accepted, consideration must be given to

the location, extent and movement of the remnant dune sand, part of which overwhelmed

the upper peat at the Stell site around 3930±40BP. It has previously been argued that the

storm suige, dated Lo 4920±40BP, penetrated Carr House Sidings by bursting through a

dune barrier. The identification of dune slack habitats at the top of the Stell 3 core led to

the assumption that remains of the dune barrier were located only slightly to seaward of

the Stell site, and that repeated mobilisation of these deposits, due to human or climatic

pressures, eventually overwhelmed the Stell site and contributed to the habitat
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disturbance episodes recorded at the CHS site. Of concern is whether remnant dune

fragments, approximately at the position of the Stell site, and their counterparts at the

other side of the dune-burst scar, conflict with the possibility of a shared habitat between

CHS and HSF19/20. Furthermore, consideration needs to be given to the impact such a

shared habitat, extending from Carr House Sidings to beyond HSF19/20, would have on

the inferred shape of the Mid-Holocene coastline.

There was no visible evidence in the HSF19/20 stratigraphic record for sand movement

episodes such as those that overwhelmed the Stell. This observation alone indicates a

lack of exposed sand, either as remnant dunes or tidal flats, close to the HSF 19/20 site

during the period represented by the peat and reflects the likely position of the site, in the

middle of the dune-burst scar. In addition, the similarity of the vegetation response,

including the Betula peak marker, at both sites, and the probable link between the upper

charcoal band and the H3 disturbance episode, support the view that the northern edge of

the dune burst scar was some distance away and did not impinge on the integrity of the

shared habitat. It is therefore suggested that the main line of the Mid-Holocene dunes

probably extended from Long Scar in a gentle southward curve slightly to the W of the

reconstructed coastline depicted in Fig. 8.12. Following the 4920±40BP storm surge,

which, it was suggested, emanated from the SE as WH19 was barely affected, dune

remnants would have remained to the south of the dune-burst site, near to the Stell, and

probably also on the Long Scar promontory. Disturbance of remnant dunes to the E of

the Stell site, possibly through human interference, led to the burial of the upper peat at

this site after 3930±30BP. HSF 19/20 may have been sufficiently distant from any dune

fragments that disturbance episodes prior to deposition of the 3250±90BP charcoal layer

were not discernible in the stratigraphic record. However, more subtle changes in the

pollen and minerogenic records, such as were noted in HI to H3 at CHS, could have
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been missed due to the wide sampling interval and lack of Particle Size Analysis at

HSF19/20. The wide sampling interval may also explain the lack of an increased

charcoal signal in support of the offset (Neolithic) charcoal layer at HSF19/20.

The preceding few paragraphs have highlighted some of the likely environmental links

between the Carr House Sidings area and the HSF19/20 site and are supportive of the

coastline shape first proposed in the Mid-Holocene section (Fig. 8.12). Neolithic and

Bronze Age folk would have been able to exploit sheltered bays to either side of Long

Scar, depending on wind direction, and fishing in relatively deep water would have been

available from the Long Scar rocks. While evidence for the presence of humans in the

local area is unclear at the CHS site, the environmental links to HSF19/20, where the role

of people is more certain, lends weight to earlier suggestions that HI to H3 were

anthropological in origin. The gathering of wood around the HSF19/20 site, the cutting

and trampling of vegetation and the burning of campfires would have damaged plant-life

sufficiently to expose the sandy sediments to erosion, leading to the transport (inland) of

coarser sediments. Herbaceous taxa would have been quickest to recover from such

pressures and this could have had a temporary effect on the pollen deposited in the

locality and carried inland, until arboreal taxa recovered. Such changes are recorded in

the habitat disturbance episodes (H1-H3) at the CHS site and in the raised relative values

for birch, which would have been able to take advantage of cleared areas. The absence

of charcoal layers or significant microscopic charcoal within the CHS sediments suggests

that the focus of human activity in the Carr House Sidings area may have been transitory

and closer to the littoral zone prior to the main herbaceous expansion.
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Main Herbaceous expansion

A major decline in LOI and coarsening of the minerogenic fraction accompanied the start

of the main herbaceous expansion from the point near the top of CHS-5 where the H3

arboreal recovery was truncated. This event can be dated by interpolation to around

2900BP. The reduction in LOI, to 30% near the top of CHS-6, may be related to

sustained habitat disturbance in the nearby littoral zone, culminating around 2400BP.

(This view is speculative and cannot be clearly supported by data from the HSF19/20

site, where the top of the peat was eroded by later marine activity. Arboreal recovery at

HSF19/20 (Foldout H) following deposition of the charcoal layer dated to 3250±90BP,

was short-lived and the subsequent herbaceous phase was not clearly part of a major

expansion.) Charcoal concentrations (Fig. 8.18) increased very slightly during CF1S-6,

which together with the sedimentary data, may be further support for human activity in

the area during the Later Bronze Age and Early Iron Age.

Clues to the nature of the changing habitat at the CHS site can be seen in the expansion

of aquatic taxa, which began slowly after 3590±40BP and increased after c. 2900BP, as

LOI declined. The rising numbers of aquatics implies that the ground water table was

rising from the beginning of the main herbaceous expansion. As the water table slowly

rose through zones CHS-5 and CHS-6, trees and shrubs became less important in the

local vegetation. Alnus and Salix, which thrive in wet conditions became more numerous

than other arboreal taxa and persisted longer in the locality as the local habitat gradually

reverted to a reed-swamp. In part, the increasing wetness of the Carr House Sidings area

may reflect the removal of woody species for fuel, which would have reduced demand

on the water table. However, the changes in ground water level could also be indicative

of a rise in RSL which is supported by the strengthening signal from coastal indicators
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(.Solidago virgaurea-type, Lactuceae undiff., Chenopodiaceae, P. maritima and P.

coronopus) through CHS-6.

The herbaceous expansion at Carr House Sidings was completed just prior to

2130±40BP during the Pre-Roman Iron Age, after which time arboreal taxa failed to

recover. The timing of the major clearance at CHS contrasts with the much earlier

herbaceous expansion at HB4, 1 km to the north (Tooley & Innes, 1999). At that site the

transition from 95% arboreal to 85% herbaceous dominance was achieved quite

smoothly between 3685+75BP and c. 3100BP, during the Early to Middle Bronze Age.

A partial arboreal recovery, to 30%TLP, followed, but was truncated after 2865±75BP

by the second of two marine episodes which were recorded at HB4 (Tooley & Innes,

1999). The first marine episode, represented by a thin stratum of laminated silts and

clays, was deposited prior to 3210±80BP and before the herbaceous peak. This marine

event did not register at the CHS site or at HSF19/20, where the upper charcoal layer was

dated to 3250±90BP. The altitude of the HSF19/20 charcoal band, +0.90mOD, 30cm

below the laminated silts and clays at HB4, provides further support for the presence of

protective coastal deposits between the palaeochannel sites and the sea at this time. The

laminated silts and sands at HB4 are suggestive of a low energy backwater environment

just accessible by the tide via a channel or embayment to the north of the Long Scar

promontory.

Finds of artefacts together with ruderal and cereal pollen were interpreted as evidence for

the activities of Neolithic and Bronze Age folk at the HB4 site (Tooley & Innes, 1999).

Following the temporary marine event at HB4, the increasing presence of anthropogenic

indicators led to the suggestion that Late Bronze Age people were settled on nearby

higher ground (Tooley & Innes, 1999). The earlier clearance at HB4 compared to that at
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CHS led to speculation that the Carr House Sidings area and its neighbouring littoral

zone were peripheral to the main sphere of activity for Bronze Age people. Carr House

Sidings (and HSF19/20) may have been exposed only to intermittent demands on their

resources, perhaps during periods of increased need in the main area of settlement, and

this may have delayed the clearance. However, by 2130±40BP clearance around the

CHS area and the strengthening signal from agricultural and ruderal pollen provided

evidence of increasing population pressure during the Pre-Roman Iron Age.

8.5.7 Late Holocene, c. 2100BP to the Present (CHS-7, 8, 9)

Groundwater levels continued to rise following woodland clearance at Carr House

Sidings, which was completed before 2130±40BP. Aquatic taxa, which had been

increasing through CHS-6, became even more prolific in CHS-7 indicating the presence

of pools of open water within the sedge and reed bed habitat. The initially rapid rise of

groundwater levels, probably due to RSL rise, is reflected in the presence around

2130±40BP of the sporophyte Isoetes lacustris, which prefers clear water conditions

(Clapham et al, 1987). The disappearance of I. lacustris and the marked expansion of

Sparganium emersum-type and Typha latifolia, both of which prefer silty conditions

(Stace, 1991), indicated a change to higher turbidity. This inferred sedimentary change

is supported by particle size analysis, which shows a peak of silt near the base of CHS-7

(Fig. 8.18) coinciding with the joint Sparganium/Typha peaks dated to just after

2130±40BP. The presence of four grains of Utricularia (Bladderwort) is further

evidence for deepish water at this time. Another aquatic sporophyte, Isoetes

echinospora, which prefers a peaty substrate, had started to expand at the top of CHS-6

and became prominent in the lower half of CHS-7. The rise and fall of I. echinospora

may be linked in part to the recovery of LOI, to a temporary peak of 65% near the base
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of CHS-7, and its subsequent decline. The establishment of a large population of /.

echinospora at the CHS site, within relatively still water conditions, could have led to a

local increase in preserved vegetation matter.

The very low concentrations of charcoal found in the lower part of CHS-7 coincide with

the high groundwater levels implied by the range and numbers of aquatic taxa and

suggest that any anthropogenic activity may have been concentrated in drier areas at this

time. In the upper part of CHS-7, however, fluctuations in the particle size distribution,

lower values for LOI and raised charcoal values may point to renewed episodes of

human activity and sediment disturbance in the littoral zone. The preservation status of

Poaceae pollen (Fig. 8.20) showed a severe but short-lived deterioration coincident with

a peak in sand-size fraction, evidence that is supportive of aerial transport of sediments

and damage to coastal pollen and vegetation.

The rich herbaceous flora present during the c. 200 radiocarbon years covered by CHS-7

hints at the presence of a range of natural and modified habitats surrounding the Carr

House Sidings reedbeds. Arboreal pollen was very sparse during this period, fluctuating

in the range 5-15%. Alnus, Betula and Corylus were the only woodland taxa to regularly

exceed 2%TLP and probably represent isolated remnants of the former woodland cover.

The strengthening signals from Solidago virgaurea-type, Lactuceae, Chenopodiaceae, P.

maritima and P. coronopus are indicative of approaching coastal habitats. The local

presence of people in the area may be indicated by taxa such P. lanceolata, Rumex

acetosa, Ranunculaceae and Trifolium, which could reflect pasture and wet meadows. It

is also possible that the low values of Calluna vulgaris and Rumex acetosella could

reflect some dry overgrazed pasture nearby, while the latter taxon, together with

Polygonum, Brassicaceae and P. major-media could indicate the presence in the locality

of cultivated and fallow land.
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Late Holocene Marine Transgression, c. 1850BP

Intercalated organic silts and sands (CI4) at the top of CHS-7 were deposited after

1900±40BP and show that RSL had risen sufficiently to penetrate Carr House Sidings at

this time. The nature of the stratigraphic transition suggests that the marine inundation

was not catastrophic or erosional at the CHS site. It is likely that sediments between the

site and the coast were subject to gradual erosion with washover deposits affecting the

reedbed habitat. LOI declined steeply through the intercalated silts and sands (CI4) as

the proportion of the sand-size fraction increased to over 90% at the top of CHS-7,

before Carr House Sidings was flooded by the sea.

A date of 11160±50BP was obtained from the base of the sand unit (CI5) in CHS-8 but

cannot be accepted as reflecting the period of deposition. The reduction of LOI to less

than 2% at the dated level means that the AMS date would have been susceptable to

contamination from allochthonous organic material possibly derived from offshore.

Support for this view comes from the pollen spectra within CHS-8, which showed only

slight changes from those of CHS-7 and suggested the continuation locally of herbaceous

habitats dominated by Poaceae and Cyperaceae. Freshwater aquatic taxa, apart from

Sparganium emersum-type, were reduced in representation, particularly after the first

silty organic band. The continued presence of Sparganium emersum-type (Bur-reed)

may be due to reworking of reedbed pollen or could represent mire habitats close to the

site. The slightly increased relative values of easily identified grains such as Pinus

sylvestris (pine) and Calluna vulgaris (heather) could be a feature of the low pollen

concentration values and generally poor preservation status in this stratum. Arboreal taxa

fluctuated at slightly higher relative values than for the previous zone, probably due to

the introduction of some reworked material into the sandy deposits.
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Two silty, slightly organic bands were observed within the fine sand stratum (CI5). The

first, in the middle of the sand stratum, is within CHS-8, while the second, towards the

top of the sand unit, is at the base of CHS-9. Slightly raised values for charcoal at the

levels of the two silty organic bands provide some evidence for the continuing presence

of people in the area during this period of higher RSL. LOI increased in both silty bands,

to over 8% and 12% respectively, and pollen concentration values were raised to values

around 200,000 g./cc.w.sed., in contrast to values of less than 10,000 g./cc.w.sed. in the

surrounding sand. Between the two silty organic bands, the sand appeared to be weakly

laminated, indicative possibly of a tidal creek location. The sand unit, CI5, appears

therefore to represent three phases of enhanced marine influence, which occurred before,

between and after the deposition of the two silty organic bands.

Following the initial phase of marine flooding, in the lower half of CHS-8, pollen spectra

within the first silty organic band were found to be comparable with other levels in the

zone, although relative values for Cyperaceae, a delicate grain, were noticeably higher.

It is suggested therefore that the first silty organic band represents a period during which

direct marine influence was suspended and terrestrial vegetation was able to colonise the

sand surface temporarily. This view is supported by the high pollen concentration value,

raised LOI and enhanced relative preservation, at this level, of Cyperaceae (sedge),

which would have been adversely affected by mixing in sandy sediments.

Pollen spectra from the weakly laminated sand towards the top of CHS-8 show the

continuing dominance of Poaceae with Cyperaceae in the local area. The increased

relative values of P. maritima and Lactuceae are suggestive of a marginal coastal habitat

at the limit of tidal influence. Pollen concentration and LOI values increased at the top
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of CHS-8, a trend that continued to the next level, the upper silty organic band at the

base of CHS-9, indicating the advent of a second phase of reduced marine sedimentation.

The uppermost pollen assemblage zone, CHS-9, covers the transition from the sand unit

through a 15cm sandy turfa, C16-C17, and into the base of a coarse gritty organic matrix,

CI8, and was differentiated primarily on the strength of the Lactuceae signal. Lactuceae

was the dominant taxon, at 25%TLP, in the silty organic band at the base of the zone,

where Poaceae and Cyperaceae were also important. The high pollen concentration

value for the upper silty organic band is supportive of a second episode of reduced

sedimentation and renewed stability during the marine phase. Terrestrial vegetation was

able to expand temporarily onto the sandy surface within Carr House Sidings. This thin

vegetation layer was sealed by a further episode of marine flooding, during which LOI

and pollen concentration declined, and after which the sea retreated allowing a sandy

turfa to develop.

A radiocarbon date of 14510±50BP from close to the top of the sandy turfa (C16-C17)

cannot be accepted as representing the period of deposition for this stratum. Fragments

of coal and slag deposits from the overlying coarse gritty matrix are believed to have

contaminated the sample sent for dating. During the Victorian period, and later, railway

yards were established in Carr House Sidings, hence the name, where coal and slag from

steam engines would have been common underfoot. It is suggested here that the

uppermost stratum at the CHS site forms the base of the made-up ground and landfill

material that would have included the Victorian and later horizons from the railway

yards. The sample for dating from the top of the sandy turfa was taken at least 1cm

below the upper contact but it now seems likely that microscopic pieces of coal could

have percolated into the underlying sandy turfa and aged the date, despite an LOI value

of around 40%.
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The pollen record from the sandy turfa was completely dominated by herbaceous taxa,

mainly grasses and sedges with a significant admixture of Lactuceae and P. lanceolata.

Arboreal taxa were reduced to less than 2%TLP probably as a consequence of the sea

having only recently vacated the area. LOI increased steadily through the sandy turfa to

values in excess of 40% at the top of the stratum, an indication, supported by the

increasing silt-size fraction, of the establishment and growing stability of the coastal

vegetation.

The stratigraphic record clearly shows the withdrawal of the sea from Carr House

Sidings following the inundations of the Roman period, post-1900±40BP. Sand deposits

lying within the former lagoonal embayment and intertidal areas would have been

progressively exposed to aerial transportation leading to a renewed phase of dune

building along the coast. The Long Scar rocks were undoubtedly overtopped during the

post-1900±40BP marine flooding episodes, which would have led to the establishment of

the coastline at a position close to that of the present day. Unconsolidated coastal

sediments previously protected from longshore drift by the Long Scar promontory would

have been reworked creating an enlarged single bay at Hartlepool. Dune material,

described as older blown sand on the drift map (Fig. 2.8), may have begun to accumulate

along the new coastal fringe following the marine flooding episodes post-1900±40BP,

and would have impounded wet sediments within the Carr House Sidings area. The

sandy turfa, designated CI6-17, may have accumulated as a direct consequence of the

establishment of the coastal dune fringe, which is now buried and protected by the sea

wall and esplanade at Hartlepool. In the absence of an acceptable date from either

deposit, the timing of this sedimentation phase is unknown but may be assigned

speculatively to the late Roman or early post-Roman periods.
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8.6 Summary

The accumulation of terrestrial sediment sequences began in Carr House Sidings during

the Early Holocene in response to RSL rise. Immediately beneath the lower peat at the

Stell site, Early Holocene pollen spectra were detected within sediments that were

interpreted as weathered till from the margins of a palaeochannel. The vegetation record

for the weathered till deposits was suggestive of mixed woodland of pine, birch and

hazel with plentiful ferns but included a high proportion of pollen and spores that may

have been reworked. The dominant woodland signal was at odds with the date of

10970±40BP obtained at the base of the weathered till, but the transition to alder-

dominance at the top of STL-2 was supported by the date of 6550±40BP from the base

of the overlying peat (STL-3). The pollen data and the radiocarbon date from the base of

the lower peat were interpreted as evidence that the Stell area became waterlogged, in

response to RSL rise, prior to 7000BP and possibly as early as 8000BP.

The pollen record from the Stell lower peat, which dated from 6550±40 to 5230±50BP,

revealed a sequence of sharp fluctuations between woodland and grassland dominance.

These alternations in the character of the pollen record at the Stell were interpreted as

reflecting episodes of enhanced and reduced marine influence within the low-lying Carr

House Sidings area. Periods during which woodland taxa were dominant at the Stell

were linked to phases of reduced marine influence at WH19 (Tooley & Innes, 1999), in

the present intertidal area, while herbaceous peaks at the Stell were linked to marine

diatom peaks at WH19. The contrast in the nature of the local vegetation signals

between the Stell and WH19, where there was a dominant mixed woodland signal, also

led to the suggestion that WH19 had been relatively protected from the effects of the sea

during the Late Mid-Holocene compared to the Stell site.
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Consideration of the stratigraphic record from the three Stell cores, together with pollen

and radiocarbon dating evidence, suggested that the sea had inundated the Carr House

Sidings area around 4900BP. An organically enriched sand unit lying immediately

above the till at the base of the Stell sequence was dated to 4920±40BP and revealed

homogenous pollen spectra supportive of Mid-Holocene post-elm decline date. The

presence of younger sediments beneath an older sequence (the lower peat) led to the

development of a model to explain the erosion and dislocation of Early- and Mid-

Holocene sediment sequences in Carr House Sidings. The pollen, stratigraphic and

dating evidence was interpreted in terms of dislocation caused by storm damage. The

absence of evidence for a significant marine impact at WH19 around 4900BP gave

further support to the view that the WH19 site was better protected from marine

inundation during the Mid-Holocene than the Stell site. Two factors therefore, the

difference in pollen spectra at the two sites and the lack of a strong marine impact at

WH19 around 4990BP, led to the proposition that a substantial Long Scar promontory,

with a less deeply indented shoreline between it and the Headland, protected WH19 from

the sea during the Mid-Holocene. Furthermore, a strong directional component was

implicated in the Mid-Holocene storm damage at Carr House Sidings, which, in the

presence of a Long Scar promontory, would have been particularly vulnerable to the

impact of weather from the E and SE.

Data from the HSF sites on Carr House Sands indicated that Early- and Mid-Holocene

terrestrial sediments were largely absent from the palaeochannel where it crosses the

present intertidal area. Remnants of pre-storm surge deposits were found at the northern

(HSF6) and southern (HSF52) margins of the palaeochannel, where they were protected

by later marine deposits, but were not detected in mid-palaeochannel. It was suggested

that the marine event that overwhelmed HSF6, between 5610±80 and 4600±60BP, and
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that recorded at HSF52 after 5160±60BP, were coeval and that both impacts are

evidence for the storm surge that affected Carr House Sidings around 4900BP. No

evidence for the storm surge was found at HSF54, situated near but to landward of the

WH19 site to the N of Long Scar rocks, where terrestrial organic sedimentation was

dated from 5160±60BP onwards.

Following the storm surge, which left a thick deposit of silty sand at the CHS site, parts

of Carr House Sidings retained links with the sea, possibly for several hundred years. At

the Stell site, however, peat began to accumulate again almost immediately. The upper

peat at the Stell was dated between 4850±40 and 3930±40BP. The vegetation record

during this period continued the fluctuations of the lower peat with reedswamp

vegetation giving way to mixed alder woodland by 4180±50BP. By 3930±40BP a dune

slack habitat had developed at the Stell, and the site was subsequently overwhelmed by

sand.

Slightly further inland at the CHS site, the post-storm surge sedimentary sequence dates

from prior to 4510±40BP in HF5 where laminated silts and sands confirm that the sea

maintained access to Carr House Sidings for some time after the storm surge event. The

Late Holocene terrestrial sedimentation record continued at the CHS site until after

1900±40BP when the site was again inundated by the sea. Vegetation change at the

CHS site was marked by an early transition from grassland (cf. reedswamp) dominance

to mixed alder woodland dominance after 4400±30BP in CHS-2 and CHS-3,

corresponding well with the changes noted in the Stell upper peat (Fig. 8.21).

The Late Holocene dominance of the mixed alder woodland at the CHS site was

interrupted by three herbaceous peaks, H1-H3 (Fig. 8.21), between c. 3900 and 2920BP

(interpolated dates), the first of which was linked to sand mobilisation at the Stell site.
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Attempts to identify links between the CHS herbaceous peaks and vegetation changes at

the HSF19/20 site in mid-palaeochannel (Fig. 8.21) were not particularly successful in

the absence of an unequivocal radiocarbon date from the lower part of that sequence.

Indeed, the presence of a strong birch signal at both sites, dating to shortly after

3590±40BP at the CHS site and shortly before 3250±90BP at HSF19/20, offers the

strongest possibility of habitat link between the two sites. However, the H1-H3

herbaceous peaks from the CHS site may reflect episodes of terrain disturbance, either

natural or anthropogenic, occurring to the E and SE of the site, disturbance that may not

have directly affected the HSF19/20 site. The thick charcoal layer at HSF19/20, dated to

3250±90BP, was associated with a flint scatter (Waughman, in press) and provided the

strongest evidence for the presence of humans in the area, however transitory, during the

Late Holocene.

The third herbaceous peak at CHS was followed by a steady decline in woodland taxa

and culminated in the complete dominance of herbaceous (grassland) habitats by

2130±40BP. During the woodland decline phase, from c. 3000BP to 2130±40BP at the

CHS site, the evidence for human agency in the alteration of the environment, through

woodland clearance and cultivation, was equivocal. Increased percentages of ruderal,

arable and pastoral indicators were found in the pollen record from the middle of CHS-5

onwards but many of these indicators can have coastal affinities. Background levels of

charcoal in the sediments were only slightly raised in CHS-6, and again in CHS-7 after

2130±40BP.

The approach of rising RSL to the site was indicated after 2130±40BP by the expansion

of aquatic taxa and the dominance until 1900±40BP of sedges within the herbaceous

group. Subsequently, the sea was able to reach the site again for an undefined period.
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When the influence of the sea receded, a sandy turfa began to accumulate on the site.

The radiocarbon date from the upper part of the natural sediment sequence was not

acceptable so the age of the sandy peat is unknown. The pollen spectra reflect a strong

coastal assemblage. The high levels of charcoal found in the upper part of the sandy peat

may indicate local burning but could also be due to misidentified coal dust that may have

percolated from overlying made ground.
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Chapter 9 - Conclusion

9.1 Introduction

Analysis of pollen-rich sediment sequences from two sites at Carr House Sidings has

allowed a detailed picture of Holocene vegetation and environmental change in

Hartlepool Bay to be constructed. Radiocarbon dated horizons from the two sites in Carr

House Sidings confirm the deposition of intercalated terrestrial and marine sediment

suites between 6550±40BP and 1900±40BP, although peat accumulation may have

begun earlier than 7000BP in some parts of the basin. While analysis of the Carr House

Sidings sediments has provided a continuous and overlapping framework for the

vegetation history of the locality, data from short sediment sequences within the present

intertidal area, examined by the present author and others, have furnished contrasting and

complementary records permitting reconstruction over a wider area.

9.2 Findings

The principal aim of this thesis is the reconstruction and interpretation of the vegetation

and environmental history of Hartlepool Bay during the Holocene. Much has been

achieved towards this goal. Individually, the vegetation histories gleaned from the

current sites at Hartlepool have revealed a great deal about conditions close to those sites

but relatively little about vegetation changes in the wider area of Hartlepool Bay. Given

that the study area has formed part of a dynamic coastal belt through a large part of the

Holocene, it is perhaps not surprising that this should be the case. Collectively, however,

the sites in the current study have provided the opportunity to create a composite picture

of environmental change in the central part of Hartlepool Bay. The vegetation and

habitat history derived from the two overlapping sites in Carr House Sidings has been

enhanced and extended by the incorporation of information from many of the shorter
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sediment sequences in the intertidal area. The identification of environmental and

vegetation differences between sites that are well-constrained chronologically, such as

between the Stell and WH19 prior to c. 5000BP, or between the Stell and CHS sites post

c. 4900BP, have been interpreted as reflecting differential coastal effects. These

differences in coastal impact between the intertidal area and Carr House Sidings have

been interpreted as evidence for a coastal configuration markedly different from that of

the present day, a configuration that left the Carr House Sidings area particularly

vulnerable to the storm surge dated to c. 4900BP.

The identification of Holocene vegetation change in the wider area around Hartlepool

Bay has not been achieved because of the dominant impact of coastal effects. The

dominance of coastal processes and the creation of transitory habitats at and close to the

studied sites makes the vegetation signal from the wider area less easy to detect. This

argument also holds for the identification of anthropogenic effects on the local

environment, particularly in the absence of a confirmed settlement site in the area before

the Roman period. Although ruderal and possible cultivation indicators were found in

the pollen record from the Mid-Holocene, in increasing amounts from the Bronze Age

onwards, many of these indicators also have strong coastal affinities rendering

anthropogenic interpretations equivocal. Charcoal analyses from the CHS site provided

only minimal support for anthropogenic activity near that site during the Late Holocene,

but the presence of charcoal layers and associated flints and sherds in the intertidal area

confirmed that people were making casual use of the area during that period.

The sediment sequences studied at Hartlepool owe their presence in part to the local

effects of RSL rise through much of the Holocene. It has been suggested that the

Hartlepool area lies in a zone between regions to the S that are experiencing RSL rise
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and regions to the N that are experiencing falling RSL (Shennan, 1989). In such an area,

it is difficult to separate the effects of RSL change from other coastal processes,

particularly variations in sediment supply and the impact of extreme events. Two dated

organic horizons from the HSF transect, from HSF 54 and the lowest date from HSF 6,

may be considered as new sea-level index points, as they have been subject to minimal

post-depositional compression.

9.3 Recommendations for Further Work

The reconstruction of the environmental history of any area depends on the availability

of suitable sediment sequences. Many of the sediment sequences examined at Hartlepool

are short, truncated or interrupted by interaction with the sea during the Holocene. The

investigation of two longer overlapping sequences from Carr House Sidings has

improved the resolution of the environmental reconstruction for the central part of

Hartlepool Bay. To carry this work further could involve three separate but

complementary lines of enquiry. These are:

i. the investigation of any short sediment sequences from the intertidal area or from

behind the beach when they are exposed or discovered in connection with further

sea-wall improvements or archaeological finds.

ii. the search for and investigation of more long sediment sequences from the local

area. Carr House Sidings may offer the best opportunity in this regard but with

continuing redevelopment in the area there is the increasing likelihood of

damage and dislocation to sediments from building work and limited

accessibility as a consequence.

iii. further sampling and investigation of the sediment samples collected during the

HSF excavations, of which only a small proportion were examined. Closer
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sampling and investigation of some of the sediment sequences studied for the

current work would be useful in refining the interpretations offered here.

All future work at this site would benefit from a multi-disciplinary approach. The

current work has focused on reconstruction of the vegetation and environmental history

of the area primarily through pollen and sediment analyses. The small amount of diatom

analysis that was undertaken by Dr. Zong for the HSF excavation was extremely useful

in establishing habitat changes. Future work at Hartlepool should include both diatom

and foraminifera work.
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Sample
Lab.No.

AgeBP

CalBC1sd
CalBP1sd
Prob

CalBC2sd
CalBP2sd
Prob.

STL3-1

cams60847
6100±40

5060-4940

7009-6889

1

5208-5172

7157-7121

0.075

5142-5117

7091-7066

0.035

5082-4906

7031-6855

0.828

4883-4850

6832-6799

0.063

STL3-2

cams60348
3930+40

2471-2400

4420-4349

0.671

2559-2529

4508-4478

0.051

2380-2348

4329-4297

0.329

2495-2295

4444-4244

0.949

STL3-3

cams60349
4180±50

2877-2851

4826-4800

0.13

2889-2620

4838-4569

0.988

2813-2679

4762-4628

0.87

2604-2598

4553-4547

0.012

STL3-4

cams60850
4850±40

3695-3672

5644-5621

0.199

3708-3625

5657-5574

0.739

3667-3633

5616-5582

0.654

3587-3528

5536-5477

0.261

3556-3542

5505-5491

0.147

STL3-5

cams60851
8360+50

7521-7492

9470-9441

0.224

7543-7310

9492-9259

0.984

7489-7448

9438-9397

0.341

7219-7201

9168-9150

0.016

7432-7427

9381-9376

0.066

7405-7351

9354-9300

0.37

STL3-6

cams60852
10240+40
10344-10285
12293-12234
0.146

10387-9791
12336-11740
0.985

10177-9952
12126-11901
0.583

9769-9750

11718-11699
0.015

9871-9807

11820-11756
0.271



Sample
Lab.No.

AgeBP

CalBC1sd
CalBP1sd
Prob.

CalBC2sd
CalBP2sd
Prob.

STL4-1

cams60853
5230±40

4213-4205

6162-6154

0.087

4213-4195

6162-6144

0.08

4046-3975

5995-5924

0.913

4161-4122

6110-6071

0.134

4109-4096

6058-6045

0.032

4076-4058

6025-6007

0.021

4056-3964

6006-5913

0.732

STL4-2

cams60854
6550±40

5536-5475

7485-7424

1

5612-5585

7561-7534

0.114

5560-5468

7509-7417

0.831

5435-5422

7384-7371

0.037

5394-5391

7343-7340

0.019

STL4-3

cams60&55
10970±40
11178-11126
13127-13075
0.241

11204-10910
13153-12859
0.953

11092-10967
13041-12916
0.759

10765-10721
12714-12670
0.047

STL5

cams60856
4920±40

3753-3751

5702-5700

^0.085

3774-3644

5723-5593

1

3712-3651

5661-5600

0.915



Hartlepool Bay -
Radiocarbon dates from HSF intertidal sediments -1995/96 excavation

Uncalibrated Calibration Lab. No.
BP to 1 sd BC to 2 sd (Beta)

Context details

5650+/-70 4680-4350 099222 bottom of basal peat HSF95U; HSF 6.
-0.03 to -0.04mOD

5610+/-80 4606-4330 099223 top of basal peat HSF95U; HSF 6.
+0.04 to -0.05mOD

5160+/-60 4070-3800 101954

5120+/-60 4015-3780 099226

possible old ground surface at edge of
palaeochannel, HSF 52, +0.44m OD

base of upper peat HSF95 ; HSF 54,
+0.62 to +0.63mOD

4860+/-80 3790-3505 101956 HSF95 area Y, twigs from
palaeochannel bank,

4700+/-70 3645-3340 96938 ash stake tip from HSF95
stake row 326

4600+/-60 3510-3100 099224 base of upper peat HSF95 U;
HSF 6. +0.34m OD

4470+/-60 3350-2920 099227 HSF95, P061, AMS date on red deer bone

4340+/-70 3100-2875 101955 HSF95, charred wood associated with sherd
of pottery near HSF19, +0.47m OD

3250+/-90 1730-1315 099225 charcoal layer HSF95 P/W 051, HSF 20.
+0.90 to +0.92m OD



Hartlepool Bay -
Intertidal area radiocarbon dates obtained prior to 1995 excavations

Uncalibrated
BP to 1 sd

13440+/-720

8700+/-180

7330+/-90

6180+/-100

5975+/-120

5595+/-135

5530+/-90

5285+/-120

5240+/-70

5215+/-80

4980+/-42

4945+/-50

4770+/-50

4680+/-60

4615+/-70

3865+/-75

3500+/-75

3210+/-80

3105+/-75

2865+/-75

Lab. No. Context details

Hv-5218 anomalous date from the Slake, elm decline expected,
-1.32mOD

BM-80 Trechmann's antler, provenance doubtful

HAR-10331 Aurochs foot from possible marine sediments

Q-2660 ?old ground surface WH19

Q-2661 top of basal peat WHI9: start of marine sedimentation.

Hv-5216 charcoal and elm decline at WH2

Q-2662 base of upper peat WH 19

Hv-4712 top of basal peat -WH3: start of marine sedimentation,
-2.05m OD

Hv-3459 base of upper peat WH2

Hv-5217 elm decline WH4, +0.45 to +0.47mO.D

GU-5435/36 wattle panel; weighted mean from two dates

Q-2663 WH 19 -0.48 to 0.50mOD

Q-2664 top of monolith WH19, -0.40 to -0.42mOD

Hv-5220 bone from human skeleton at WH4

Hv-18060 charcoal within hillwash clay in HSF90, CI 1, HB4
+0.82 to +0.87mOD

Hv-18061 HSF90, peat at top of layer C06, HB4,
+0.47mOD

Hv-18062 HSF90, peat at top of layer C03, HB4,
+ 1.12 to +1.14mOD

Hv-18063 HSF90, peat at base of C02, HB4, +1.19 to +1,22mOD

Hv-18065 Hazel stake tip, HSF90, A10

Hv-18064 HSF90, top of upper peat layer C02, HB4, start of
estuarine sediments, +1.39 to 1.42



The Extraction of Pollen and Spores from Sediments
Expanded from Moore et al (1991)

Lois Wood, 1998; Margaret Donaldson 2002

The extraction of pollen grains from sediments relies on the highly resistant nature of the
pollen grain wall, which allows removal of almost all of the other components of the
sediment without greatly affecting the pollen grains. These pollen grains are concentrated in
the residue after chemical treatment and then mounted on microscope slides for
examination.

The chemical process is multi-stage, although the number of stages depends upon the type of
sediment and the requirements as to the quality and longevity of the slides.

The major stages include:-

1. Hydrochloric acid treatment - removes carbonates.

2. Sodium hydroxide treatment - removes humic soil colloids.

3. Sieving - removes large particles.

4. Hydrofluoric acid treatment - removes silica and silicates.

5. Acetolysis - removes lignin and cellulose.

6. Drying and storing.

7. Mounting the residue.

IMPORTANT:

Chemical processing must be carried out in an operational fume cupboard:

gloves and lab, coat must be worn at all times. A full-face mask must be worn

during the HF treatment and goggles are required during Acetolvsis.



1. Hydrochloric Acid Treatment

a) If the exotic marker grain method is being used, add one Lycopodium tablet to each
colour-coded 50ml polypropylene tube (one for each sample). Working in the fume
cupboard, add a small amount of 10% HC1 to each tube and wait for effervescence to
subside.

b) Pour 4ml of de-ionised water into a 5ml measuring cylinder and, using a clean
spatula, add sample until the level reaches 4.5ml. This gives 0.5ml of sample by
displacement. Tip the contents of the 5ml measuring cylinder into the appropriate 50ml
polypropylene tube, rinsing with de-ionised water until all the sample has been transferred.

c) Repeat with the other samples using a clean spatula and measuring cylinder for each
displacement.

d) After all effervescence has stopped, centrifuge the samples at 3000rpm for 3
minutes. Decant the supernatant.

e) Add approximately 20ml of de-ionised water to each sample tube, centrifuge and
decant as above.

2. Sodium Hydroxide Digestion

Add approximately 20ml of 10% NaOH to each polypropylene tube, stir the contents with
separate glass rods and place the tubes in a boiling water bath in a fume cupboard for up to
30 minutes (depending on how fibrous the samples are) stirring occasionally with clean
glass rods. Remove tubes from the water bath to a rack wiping bottoms of tubes with a
paper towel.

3. Sieving

a) Set up colour-coded beakers with 180pm sieves for each sample. Pour sample liquid
through the appropriate sieve. Rinse each tube with de-ionised water and flush through the
material in the sieve to ensure that all pollen has been rinsed through.

b) If the sievings have to be kept for macroscopic examination, collect into labelled
petri dishes.

c) Pour the samples from the beakers into colour-coded 15ml polypropylene test tubes
and centrifuge at 3000rpm for 3 minutes. Decant the supernatant liquid leaving the
concentrated residue in the bottom of the tubes.

d) Repeat the centrifuging and decanting for each sample until all the beakers are empty
and all residues have been transferred to the 15ml test tubes.

e) Half fill test tubes with de-ionised water, stir contents using a vortex mixer,
centrifuge at 3000rpm for 3 minutes and decant the supernatant.



4. HF Treatment (if necessary)

HF is extremely corrosive and gives off harmful vapours. It also dissolves glass. Great care
must be taken when carrying out this treatment. Protective face mask, gloves and lab. coat
must be worn and all work carried out in a shallow polypropylene tray in a specially
designed fume cupboard (with scrubber unit on). An HF first aid kit must always be
available and it must be possible to summon help quickly. Waste or spilt HF can be
neutralised with Na2C03.

a) Place a large polypropylene beaker half full of water in the fume cupboard.
Supporting test tubes with tongs or a long polypropylene rod, carefully add HF to residues
until tubes are '/3 full. Stir contents of each tube with a clean polypropylene rod, which
should be transferred temporarily to the beaker before washing. Place test tubes in a boiling
water bath for 10 minutes, stirring once during this time with clean polypropylene rods. (A
longer boil-up may be needed for highly minerogenic samples.)

b) Transfer test tubes from water bath to rack, drying bases with paper towels. If
necessary, balance the HF levels in tubes with 10% HC1, then centrifuge at 3000rpm for 3
minutes. Decant the supernatant into the polypropylene beaker of water. Remove
polypropylene rods from beaker for washing.

c) Slowly and carefully, with the tap running, pour the contents of the beaker down the
sink in the fume cupboard. Rinse out the beaker several times. Wash beaker and rods.

d) Half fill the tubes with 10% HC1 and stir using a vortex mixer. Place tubes in a
warm, but not boiling, water bath for 3-5 minutes. Centrifuge and decant. This HC1
treatment removes silicofluorides that may have been produced during the HF treatment.

e) Half fill the tubes with de-ionised water, stir using vortex mixer, centrifuge and
decant.

5. Acetolvsis

Goggles and gloves must be worn.

a) The residues must be dehydrated before acetolysis begins. This is done by half
filling the test tubes with glacial acetic acid, stirring using the vortex mixer and centrifuging.
The supernatant acid should then be decanted into a clean, dry polypropylene beaker in the
fume cupboard.

b) The acetolysis mixture is 9 parts acetic anhydride to 1 part concentrated sulphuric
acid. Mix the acetolysis mixture by pouring 45ml of acetic anhydride into a clean, dry
100ml measuring cylinder. Slowly add 5ml of concentrated sulphuric acid to the acetic
anhydride (NOT THE OTHER WAY ROUND). Stir with a long polypropylene rod, which
should then be placed in the beaker containing the discarded glacial acetic.

50ml of acetolysis mixture will treat 8 samples, 16 with care. This mixture is
corrosive, gives off fumes and must on no account be mixed with water.



c) Add acetolysis mixture to each of the test tubes until they are /j or V2 full. Stir the
residues carefully using a vortex mixer and place the tubes in a boiling water bath in the
fume cupboard for 3 minutes. Do not boil for longer or the pollen grains may swell or even
burst. A small amount of glacial acetic acid should be swilled around the inside of the
measuring cylinder, and emptied into the beaker, to neutralise the acetolysis mixture prior to
washing.

d) Remove samples from the water bath to the rack, drying bases with paper towels,
centrifuge (3000rpm, 3 minutes) and decant the supernatant into the beaker.

e) Half fill the tubes with glacial acetic acid, stir, centrifuge and decant into the beaker.
Carefully empty the contents of the beaker down the sink in the fume cupboard, rinsing
away with plenty of running water.

f) Half fill test tubes with de-ionised water, stir, centrifuge and decant the supernatant.
Repeat the wash with de-ionised water once more.

6. Drying and Storing

a) Half fill the test tubes with 95% ethanol, stir with vortex mixer, centrifuge and
decant the supernatant.

b) Half fill the test tubes with absolute ethanol, stir, centrifuge and decant.

c) Label a small glass heating tube for each sample, securing the label with sellotape.
Using a glass rod, drizzle a small amount (c. 0.5cc) of silicone fluid into each tube.

d) For each sample, use a small pipette to just cover the residue in each test tube with
tertiary butyl alcohol. Stir with a clean, dry glass rod and transfer the sample to the
appropriately labelled heating tube. Repeat if any residue remains in the test tube. Tertiary
butyl alcohol is crystalline at room temperature and should be melted by gently heating the
container in a bath of warm water. (Loosen cap.)

e) Place heating tubes into a heating block at 90 C and leave in the fume cupboard for 4
days. The tertiary butyl alcohol will combine with any water left in the samples; both will
be driven off in the heating block leaving a water-free pollen sample suspended in silicone
fluid.

f) Remove tubes from heating block, cap and store in racks.

7. Mounting the residue

Adjust the density of the suspension, if necessary, by adding more silicone fluid. Stir well
using a small spatula and transfer a small amount of the residue onto a clean, labelled slide.
Cover the residue with a cover-slip and, when material has spread completely, secure by
applying a small drop of nail varnish to each corner.



Dense Media Pollen Separation Method
(after Nakagawa et al, 1998)

Measuring out and HC1 treatments — disperses Lycopodium spores and removes

carbonates

1. Working in a fume cupboard, add one Lycopodium tablet and 5cl of 10% HC1 to

each of four colour-coded 50ml polypropylene tubes. Wait for effervescence to

subside.

2. Measure out 0.5cc of sample by displacement into de-ionised water and add to

appropriate colour-coded tube, rinsing out measuring cylinder into tube using more

de-ionised water. Repeat using clean spatula and measuring cylinder for each

sample.
3. After effervescence has stopped, centrifuge for 3 minutes at 3000 rpm. Pour off

supernatant carefully so as not to disturb pellet in tube.
4. Add 20ml of 36% HC1 to each tube and stir samples using glass rods. Remove glass

rods and covering tubes with a paper towel leave in fume cupboard for at least 12

hours/overnight.
5. Centrifuge at 3000rpm for 3 minutes decanting supernatant. Add de-ionised water to

each tube and stir using vortex mixer. Centrifuge at 3000 rpm for 3 minutes and
decant supernatant. Repeat wash once more.

Sodium hydroxide treatment — removes decomposed humic acids and fine-grained

mineral material.

1. Add 20ml of 10% NaOH to each tube, stir using glass rods and place tubes in a hot
water bath in the fume cupboard - 90°C for 10 minutes.

2. Remove tubes from hot water, drying bottoms with a paper towel, and centrifuge

samples at 3000 rpm for 3 minutes. Decant supernatant.
3. Reset centrifuge to give 3 minutes at 2200 rpm and set up a separate marked tube

containing a glass rod for stirring for each of the sample tubes. Add 30/35ml of de-
ionised water to each sample, stir and centrifuge, decanting supernatant carefully.
This rinsing cycle must be repeated between six and 20 times until the supernatant is

completely clear.



Dense media separation

1. Add lOcl of 36% HC1 to each sample, stir and leave to stand for a few minutes in the
fume cupboard. Centrifuge the samples at 3000 rpm for 3 minutes decanting

supernatant carefully.
2. Add 20ml of dense liquid to each sample. We use LST - Lithium

heteropolytungstates with a density of 2.85±0.02 g/ml diluted with de-ionised water

to a density of 1.88 g/ml. Stir samples well using a vortex mixer and centrifuge at

1800 rpm for 20 minutes. Liquid in tubes should have separated into three layers.
At the bottom a pellet of material of density >1.88 g/ml and on the top of the dense

liquid a thin layer of material of density <1.88g/ml which should contain pollen.
3. The two upper layers, supernatant plus pollen, should be poured carefully into clean

colour-coded tubes and the pellet discarded. (The pellet could be treated with dense

liquid again if wished, to extract more pollen.)
4. The dense liquid containing pollen should be diluted with de-ionised water to less

than 1.3g/ml and then centrifuged at 3000 rpm for 3 minutes. The supernatant

should be decanted into a clean container for recycling. Wash samples with de-
ionised water twice more discarding the supernatant.

Acetolysis, Drying and Storing, and Mounting

These processes are carried out following standard pollen preparation methods, for

example see Moore et al, 1991.




