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ABSTRACT 

A po l l e n diagram has been constructed f o r the Akeld 

Steads region of the Glen V a l l e y i n Northumberland. T h i s 

diagram provides an i n t e r e s t i n g v a r i a t i o n i n the v e g e t a t i o n a l 

h i s t o r y of the ar e a . Evidence suggests that although the 

l a t e post g l a c i a l v e getation was s i m i l a r to that of the 

r e s t of the region, Quercus appeared before Ulmus i n t h i s 

a r e a . This f e a t u r e i s co n t r a r y to the us u a l pattern suggested, 

however, i t i s seen on other northern diagrams but has not 

been commented upon by t h e i r authors. The p e r s i s t e n c e of 

pine i n the area u n t i l the l a t e Boreal period may be 

a s s o c i a t e d with the Cheviot H i l l s which overlook the ba s i n . 

The l a c k of deposit during the l a t e Boreal and e a r l y 

A t l a n t i c periods may be a t t r i b u t e d to l o c a l h y d r o l o g i c a l 

c o n d i t i o n s p r e v a i l i n g at that time. 

There i s some evidence for the presence of Man i n the 

area from the Boreal period onwards. T h i s evidence comes 

from the p o l l e n diagram and s t r a t i g r a p h y of the s i t e and 

i s f u r t h e r s u b s t a n t i a t e d by the a r c h a e o l o g i c a l d i s c o v e r i e s 

made i n the ar e a . 
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INTRODUCTION 

I t i s recognised and acknowledged i n the f i e l d of 

Quaternary Ecology that v e g e t a t i o n a l change fol l o w s and 

r e f l e c t s c l i m a t i c change. V e g e t a t i o n a l change i s n e c e s s a r i l y 

slow due to the time re q u i r e d for migration and the e s t a b l i s h 

ment of the various s p e c i e s i n the newly formed h a b i t a t s . 

The evidence fo r t h i s v e g e t a t i o n a l h i s t o r y comes from two 

forms of f o s s i l remains. These are, f i r s t l y the macroscopic 

fragments of f r u i t s , seeds and wood and secondly the 

microscopic p o l l e n g r a i n s . The l a t t e r have the highest 

r e s i s t a n c e of a l l plant p a r t s to b a c t e r i a l and fungal decay , 

although they may be l e s s r e s i s t a n t to o x i d a t i o n . T h i s 

r e s i s t a n c e i s due to the s p o r o p o l l e n i n s i n the exines of 

the p o l l e n g r a i n s . 

These f o s s i l remains occur i n peat deposits and i n 

f r e s h water and marine sediments and much of the evidence 

of plant d i s t r i b u t i o n during the post g l a c i a l period comes 

from po l l e n preserved i n peat bogs which began forming during 

t h i s time. 

The p o l l e n i s e x t r a c t e d from various l e v e l s of the 

deposit, the i n d i v i d u a l p o l l e n g r a i n s i d e n t i f i e d and the 

number of g r a i n s of each s p e c i e s or taxa counted. These 

numbers are then presented i n a form of a p o l l e n diagram. 

The numbers p l o t t e d on the diagram may be e i t h e r Absolute, 

that i s the a c t u a l number of p o l l e n g r a i n s counted for each 

s p e c i e s or taxum, or they may be Percentages, that i s the 

number of g r a i n s counted f o r each s p e c i e s or taxum c a l c u l a t e d 
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as a percentage of t o t a l t r e e p o l l e n . Therefore, both 

absolute p o l l e n counts and percentages have been used to 

d e s c r i b e v e g e t a t i o n a l changes. Although Hesselman maintained 

that the former may record changes i n s p e c i e s abundance more 

t r u t h f u l l y , von Post pointed out t h a t these might be mis

leading due to i n s u f f i c i e n t knowledge of sedimentation 

r a t e s . However, Davis (1967) has shown that although absolute 

counts record changes more f a i t h f u l l y than percentage diagrams, 

the changes thus demonstrated are almost i d e n t i c a l to those 

appearing i n percentage diagrams f o r the period of f o r e s t 

vegetation at l e a s t . 

When i n t e r p r e t i n g p o l l e n diagrams i t i s important to 

r e a l i s e that p o l l e n f a l l i n g onto a peat bog may have come 

from a c l o s e l o c a l source or from a r e g i o n a l one. The l a t t e r 

being p a r t i c u l a r l y represented by anemophilous p l a n t s whose 

po l l e n may d i s p e r s e i n t o the a i r c u r r e n t s above the t r e e 

canopy. Another problem a r i s e s from the d i f f e r e n t i a l production 

of p o l l e n and schemes have been devised to c o r r e c t t h i s 

f a c t o r . The most rece n t scheme produced by Anderson (1973) 

for north-west Europe f o r e s t vegetation proposes that the 

t r e e p o l l e n grains counted should be m u l t i p l i e d as f o l l o w s : -

Pinus, Betula, Quercus, Alnus x \ 

Carpinus, x 1/3 

Ulmus, P i c e a , x g 

Fagus, Abies x 1 

F i l i a , F r a x i n u s , x 2 

P o l l e n production may a l s o depend on c l i m a t e , s o i l 

c o n d i t i o n s and vegetation form. Corylus, for instance, seems 
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to be a low p o l l e n producer i n dense f o r e s t , where i t i s 

seen i n the r o l e of an understorey shrub but a great pollen 

producer i n the open. 

Bearing these problems i n mind and making allowances 

for them the v e g e t a t i o n a l h i s t o r y of an area can be described 

with some degree of confidence. 

T h i s p r o j e c t , as o r i g i n a l l y envisaged was an i n v e s t i g a t i o n 

of the v e g e t a t i o n a l h i s t o r y of a sma l l region of Northumberland. 

A p o t e n t i a l l y i n t e r e s t i n g s i t e had been noted by Dr. J . Turner, 

Department of Botany, U n i v e r s i t y of Durham, as co n t a i n i n g a 

peat deposit of some depth. I f o l d enough t h i s deposit could 

r e v e a l i n t e r e s t i n g information as to e a r l y p o s t - g l a c i a l h i s t o r y 

of the area and i f much younger i n age, of the changes i n 

the f o r e s t vegetation broughout about by p r e h i s t o r i c and 

h i s t o r i c man. I t was known from work by l o c a l a r c h a e o l o g i s t s 

that the area was occupied during N e o l i t h i c and Saxon times. 
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CHAPTER 1 

AREA AND SITE DESCRIPTION 

1.1 Location and Topography 

The s i t e of study (Akeld Steads O.S. Nu 966305) i s part 

of a large basin of some 16 square miles which i s bounded on 

the south and west by the north e a s t e r n f o o t h i l l s of the 

Cheviot Massif and on the north and e a s t by the Ford and 

Doddingtonhills ( F i g . 1 and 2 ) . For the purpose of t h i s 

study the basin w i l l be r e f e r r e d to as the "AKELD BASIN". 

The h i l l s of the Cheviot Massif occupy some 250 square 

miles and r i s e to 900 fe e t i n p l a c e s . They re p r e s e n t the 

north-eastern extremity of a prominant range of uplands known 

as the Cheviot H i l l s . The l a t t e r are al i g n e d predominantly 

from south west to north e a s t and r i s e to 1800 f e e t . As such 

they form an important watershed d i v i d i n g streams d r a i n i n g 

south east and e a s t i n t o the North Sea and those flowing 

northwards i n t o the r i v e r Tweed. 

Although the Cheviot Massif i s part of the Cheviot H i l l s 

i t d i f f e r s s t r u c t u r a l l y from the r e s t of them g i v i n g r i s e 

to d i s t i n c t i v e topography. I t s h i l l s a re predominantly 

gentle s l o p i n g with broad areas of plat e a u between the deep 

v a l l e y s . However steep sided v a l l e y s do occur i n the 

northern and e a s t e r n p e r i p h e r i e s i n c l u d i n g Akeld H i l l and 

Harehope H i l l which form the southern boundary of the b a s i n . 

(Fig.3). Outcrops of bedrock are r a r e o c c u r r i n g c h i e f l y as 

t o r s and crag s . 

The Massif i s drained by a f a i r l y dense network of streams 

some of which, l i k e the Coquet, become p r i n c i p a l streams, 
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FIGURE 2 

1 

ESCARPMENTS 

STONES 

HAMBLETON HILL 

F = AKELD STEADS FARM 
W = WOOD AND FEN/CARR 
A = SITE OF STUDY 
Ar = ARABLE FIELDS 

Photograph of the Akeld basin taken from the top of 
Hambleton H i l l (OS.967284) 
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others such as the Wooler Water and the r i v e r Glen, a r i s e 

i n various places on the Massif and becomes t r i b u t a r i e s to 

the l a r g e r r i v e r s . To the north-east of the h i l l s i s the 

broad lowland of the Merse and curving round the e a s t e r n 

perimeter of these h i l l s are a s e r i e s of low l y i n g b a s i n s . 

These b a s i n s , one of which i s the Akeld ba s i n , are s i t u a t e d 

between the f o o t h i l l s of the Massif and the assemblages of 

pronounced escarpments a few miles to the e a s t . These 

escarpments r i s e to 500-800 f e e t i n the north and the basin 

f l o o r s are mostly below 300 f e e t . 

Some r i v e r s , such as the Coquet, have broken through 

the escarpments to reach the North Sea, others l i k e the 

T i l l , flow northwards through the basins to j o i n the r i v e r 

Tweed c u t t i n g through the f o o t h i l l s r a t h e r than the escarpments. 

1.2 S t r u c t u r e and Lithology 

The Cheviot Massif c o n s i s t s c h i e f l y of an almost 

c i r c u l a r expanse of a n d e s i t i c l a v a s extruded during the 

Lower Old Red Sandstone period. Subsequent to the v o l c a n i c i t y 

a l a r g e mass of pink a u g i t e - g r a n i t e appears to have formed 

p o s s i b l y i n the former magma chamber that once fed the 

volcano. T h i s g r a n i t e outcrops e a s t of the centre of the 

Massif. 

The broad b e l t of low l y i n g country p a r t i a l l y e n c l o s i n g 

the Cheviot Massif i s composed of sedimentary s t r a t a . In 

the Merse these are p r i n c i p a l l y Upper Old Red Sandstone 

o v e r l a i n by rocks of cementstone group of Lower Carboniferous. 

The l a t t e r occur c h i e f l y i n the e a s t . The cementstone 

rocks a l s o u n d e r l i e the broad b a s i n s , i n c l u d i n g the Akeld 
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FIGURE 3 

A photograph taken of the Cheviot H i l l s looking north-west 

from the top of Hambleton H i l l . 

Feature to note:-

1. The steep sided v a l l e y on the south s i d e of Harehope 

H i l l . The f l a t area behind i t was a s i t e of a Roman camp, 

2. Akeld H i l l (upper r i g h t ) , Harehope H i l l ( r i g h t ) and 

Hambleton H i l l (foreground) form part of the southern 

boundary of the Akeld b a s i n . 

3. Smooth grassy slopes p a r t i c u l a r l y on the higher s l o p e s . 

The lower areas have been overgrazed by sheep and bracken 

predominates ( b r i g h t green). 
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Figure 4 
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basin, marginal to the ea s t e r n f o o t h i l l s of the igneous 

Massif. 

A wide v a r i e t y of Lower Carboniferous rocks i n c l u d i n g 

those from the Limestone group, the Sedimentary Coal group 

and the F e l l Sandstone group occur i n the east and i t i s the 

massive sandstones of the l a t t e r group which have produced 

the impressive escarpments f a c i n g towards the Cheviot 

Massif a c r o s s the b a s i n . ( F i g . 3 and 4 ) . 

1.3 E v o l u t i o n of R e l i e f and G l a c i a t i o n 

The s t r u c t u r a l arrangement of the area i s believed to 

be predominantly Hercynicn i n o r i g i n but the present r e l i e f 

was presumably fashioned during the subsequent phase of 

l a t e T e r t i a r y / e a r l y Pleisjtocene u p l i f t t h a t a f f e c t e d much 

of Europe. 

Many of the major streams flow i n narrow v a l l e y s the 

s i d e s of which r i s e p r e c i p i t o u s l y f o r 300-600 f e e t . Although 

f l u v i o g i a c i a i r i v e r s probably contributed i n some degree to 

the development of these v a l l e y s , much of t h e i r present 

form i s p r e g l a c i a l . The w e l l defined cementstone basins 

and the F e l l Sandstone escarpments were probably etched out 

i n t o r e l i e f consequent upon stream i n c i s i o n and slope r e t r e a t 

f o l l o w i n g u p l i f t . 

At the beginning of the g l a c i a l c o n d i t i o n s i t i s 

evident that the border h i l l s between north Tyne and Cheviots 

sent f o r t h c o n s i d e r a b l e streams of i c e i n a l l d i r e c t i o n s . 

These were checked and converged with other streams. One 

such stream, the Ca r t e r I c e , was barred by the great western 

sheet of i c e from the Solway d i s t r i c t and dr i v e n along the 

l e f t bank of the Tyne. Three great sheets converged near 

Redesmouth and were forced eastwards along the Wansbeck 
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and then south east towards Tynemouth. At maximum g l a c i a t i o n 

i t i s probable that the western i c e sheet held complete sway 

almost as f a r as the c o a s t . 

On the northern s i d e of the Cheviots i c e flowing down 

the Tweed V a l l e y seemed to have checked the flow of Cheviot 

i c e i n that d i r e c t i o n and to have surmounted the o u t f l y i n g 

spurs of the h i l l s . There i s some evidence that along the 

coa s t the sheet of i c e flowed southwards i n the e a r l y stages 

of g l a c i a t i o n due to the pressure of the North Sea i c e . T h i s 

e f f e c t i s recognisable f o r about 14 miles i n l a n d and might 

have j u s t a f f e c t e d the study area ( F i g . 1 ) . As a r e s u l t of 

t h i s Tweed and l o c a l i c e was t h r u s t up the v a l l e y of the 

T i l l but was barred near Hedgeley by the Cheviot i c e . The 

Cheviots were p a r t i a l l y enveloped by two major streams of 

g l a c i e r i c e from the west. The i c e flowed round the north

e a s t and south f l a n k s of the Massif and converged i n the 

v i c i n i t y of North Charlton. Subsequently the North i c e mass 

was caused to flow i n a s o u t h e r l y d i r e c t i o n over the t e r r i t a r y 

e a s t of Thrunton causing the d i s t a l extremety of the western 

i c e mass to swing round i n a s i m i l a r d i r e c t i o n . The reason 

fo r t h i s change i n movement of the north Tweed i c e mass i s 

not c e r t a i n but i t i s p o s s i b l e that the d e f l e c t i o n was caused 

by the North Sea i c e as f i r s t envisaged by Geiki e (1876). 

However, s i n c e there i s some doubt as to the extent of 

Scandinavian i c e and i t s i n f l u e n c e on the flow of B r i t i s h 

g l a c i e r s i t i s thought that the change might have been 

caused by the j o i n t Highland/Southern Upland i c e flowing out 

i n t o the North Sea basins and which was assumed to be 
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e x t e n s i v e enough to f o r c e the Tweed g l a c i e r to flow i n 

the s o u t h e r l y d i r e c t i o n down the e a s t coast of Northumberland. 

There i s no doubt, t h e r e f o r e , that the area of study 

was i n f l u e n c e d by g l a c i a t i o n from the e a r l i e s t part of the 

l a s t g l a c i a l period. Furthermore, i t was an area of i c e 

c o n f l i c t , where the west (Solway), north, (Highland) and 

e a s t (North Sea) i c e sheets met r e s u l t i n g i n a high pressure 

b e l t of i c e being forced to flow down the coast of Northumberland. 

As the i c e receded the basins and v a l l e y s behind i t f i l l e d 

w ith water forming shallow l a k e s . Therefore i t i s envisaged 

that the whole area of the basin, from the f o o t h i l l s of the 

Massif to the escarpments was under water forming one such 

shallow lake at the beginning of the post g l a c i a l period. 

(Clapperton 1967). The lake probably p e r s i s t e d u n t i l the 

e a r l y Boreal period when, due to s u c c e s s i o n and the dry 

c l i m a t e , i t gave way to Fen/Carr type of h a b i t a t and l a t e r , 

a t the end of Boreal, to a dry h a b i t a t . However, there i s some 

s t r a t i g r a p h i c a l evidence to show that the lake might have 

been r e c r e a t e d for a s h o r t period at l e a s t during the e a r l y 

A t l a n t i c period. 

1,4 Archaeology and H i s t o r y 

Following the r e t r e a t of the i c e and the a m e l i o r a t i o n 

of the c l i m a t e man began to move northwards from the southern 

part of B r i t a i n and the Continent. I t i s g e n e r a l l y thought 

that c o l o n i s a t i o n of t h i s part of Northern England occurred 

comparatively l a t e . The probable l i n e s of immigration were 

from the south along the Pennines, along the Tyne V a l l e y 

from the west and eastwards from the Dumfries - S e l k i r k a r e a . 
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Th e e a r l i e s t i n h a b i t a n t s a r e thought t o have been h u n t e r s 

l i v i n g i n temporary s h e l t e r s of t i m b e r and s k i n s . Bones 

of d e e r , r a b b i t s and f i s h ( i n c l u d i n g s h e l l f i s h ) have been 

found i n the middens a s s o c i a t e d w i t h t h e s e p e o p l e , a l t h o u g h 

s i g n s of t h e i r h a b i t a t i o n have l o n g s i n c e d i s a p p e a r e d . 

S m a l l f l i n t s c r a p e r s , f l a k e s and axeheads of v a r i o u s o r i g i n s 

i n d i c a t e t h e p r e s e n c e of t h e s e e a r l y s e t t l e r s . 

E v i d e n c e p a r t i c u l a r l y from s o u t h S c o t l a n d p o i n t s t o 

the development of s e t t l e m e n t p a t t e r n s w h i c h might have t a k e n 

p l a c e i n t h e a r e a . T h i s s e t t l e m e n t p a t t e r n began w i t h t i m b e r 

p a l i s a d e d s t r u c t u r e s and i t i s w i t h t h i s c u l t u r a l development 

t h a t man began t o a f f e c t t h e v e g e t a t i o n . F o r i t was not u n t i l 

man was a b l e t o c l e a r l a r g e enough a r e a s of l a n d f o r 

c u l t i v a t i o n t h a t a s t a b l e a g r a r i a n c u l t u r e c o u l d d e v e l o p . 

N e o l i t h i c man i s known m a i n l y by h i s custom of b u r i a l i n s m a l l 

s t o n e - l i n e d chambers and l o n g c a i r n s . Two s u c h c y s t s have 

been found n e a r Wetwood Moor about t h r e e m i l e s from t h e 

s i t e . 

The i n f l u e n c e of t h e Beaker people s p r e a d n o r t h w a r d s 

to t h i s a r e a , i t i s thought between 2000 BC and 1,500 BC. 

B u r i a l s of t h i s age t y p i c a l l y c o n t a i n p o t t e r y u r n s or food 

v e s s e l s . The c a i r n s a r e round i n shape and m e g a l i t h s a r e 

o f t e n a s s o c i a t e d w i t h t h e b u r i a l s . T h e r e a r e a number of 

s t o n e c i r c l e s of t h e age i n t h e a r e a a l t h o u g h t h e i r purpose 

i s unknown. ( F i g . 5 ) . The i n t r o d u c t i o n of bronze and 

copper i t e m s t o Northumberland seems t o have been o v e r t h e 

C h e v i o t s from t h e w e l l - d e v e l o p e d G a l l o w a y c e n t r e . Copper 

o r e a s w e l l a s n a t i v e g o l d was found i n t h e a r e a so t he raw 
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m a t e r i a l s were a v a i l a b l e f o r l o c a l m a n u f a c t u r e . Bronze 

axeheads and a d z e s a s w e l l a s ornaments and weapons have 

been e x c a v a t e d . The f i n d s i n d i c a t e t h a t a s t a b l e a g r a r i a n 

c u l t u r e had d e v e l o p e d . However few c o n v i n c i n g examples 

of the e x i s t e n c e of f i e l d s s u r v i v e comparable t o t h o s e of 

l a t e Bronze age i n s o u t h e r n B r i t a i n a l t h o u g h i m p r i n t s of 

b a r l e y s e e d s have been found on p o t t e r y of t h a t t i m e . I t i s 

t h i s c u l t u r e t h a t i s a c c r e d i t e d w i t h the c a r v i n g of t h e cup 

and r i n g marked s t o n e s , examples of w h i c h may be s e e n i n t h e 

a r e a ( F i g . 5 ) . 

C e ramic e v i d e n c e o f the I r o n age i s of poor q u a l i t y and 

p r o b a b l y i n d i c a t e s C e l t i c i n v a s i o n around 100 BC i n t h i s 

p a r t of B r i t a i n , though the C e l t s had p e n e t r a t e d n o r t h w a r d s 

to S c a r b o r o u g h by 450 BC. The s e t t l e m e n t s had by now e v o l v e d 

t o s t o n e s t r u c t u r e s whose r e m a i n s appear i n r i n g s . With 

the coming of the C e l t s t h e r e p r o b a b l y was a t e n d e n c y t o 

c o n c e n t r a t e t h e s e h u t s w i t h i n p r o t e c t i v e w a l l s . I t i s 

d e b a t a b l e whether the many h i l l f o r t s were a c t u a l l y p l a c e s 

of d e f e n c e a t t h i s t i m e . A l t h o u g h t h e p o s i t i o n s c h o s e n 

a r e on s p u r s and p r o m a n t o r i e s commanding good v i e w s over t h e 

v a l l e y s t h e s e s i t e s a r e on w e l l d r a i n e d s l o p e s w i t h v e r y 

l i t t l e t h i c k n e s s of d r i f t and t h u s i d e a l f o r a g r i c u l t u r e . 

I t i s p o s s i b l e t h a t some of t h e s e f o r t s o v e r l i e p a l i s a d e 

s t r u c t u r e s of e a r l i e r t i m e s . 

The c o l o n i s a t i o n of the n o r t h - e a s t by t h e Romans began 

about AD 79 w i t h t h e i r u s u a l network of r o a d s w i t h s t a n d i n g 

camps. T y p i c a l l y t h e s e r a n where t h e y c o u l d g i v e maximum 

communication and c o n t r o l w i t h minimum e f f o r t . Thus the 
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n o r t h w a r d r o u t e s l a y between t h e d a l e s and t h e c o a s t a l p a r t 

of t h e c o u n t r y . E a s t - w e s t communication was v i a t h e v a l l e y s 

o f the Tyne, T e e s and Tweed. The Roman i n f l u e n c e s u b s i d e d 

somewhat u n t i l 122 AD when H a d r i a n v i s i t e d t h e a r e a . As 

a r e s u l t of t h i s v i s i t t h e w a l l was b u i l t and t h e Roman 

i n f l u e n c e r e t u r n e d t o t h e C h e v i o t a r e a once more. The 

Roman t r o o p s were wi t h d r a w n from t h e a r e a i n 196 AD t o 

f i g h t e l s e w h e r e but r e t u r n e d i n 208 AD. However due t o the 

new economic p o l i c i e s the l a n d p a s s e d out of Roman hands 

i n t o t h e Romano - B r i t i s h i n h a b i t a n t s . 

A l t h o u g h R o m a n i s a t i o n was g r e a t e s t n e a r the w a l l and 

i n camps s u c h a s R e d e s d a l e i d e a s must have p e n e t r a t e d i n t o 

the T i l l v a l l e y a r e a . 

The A n g l i a n i m m i g r a t i o n o c c u r r e d on t h e c o a s t a l p l a i n 

w i t h Bamburgh b e i n g an i m p o r t a n t c e n t r e . From h e r e r o a d s 

p a s s e d i n l a n d towards Y e a v e r i n g , M i l l f i e l d , K i r k n e w t o n and 

Wooler where A n g l i c a n t r a c e s have been found. T h i s main 

i n f l u e n c e was p r o b a b l y f e l t between 7 t h and 8 t h c e n t u r i e s and 

began t o t a i l o f f w i t h the i n f l u x of Normans. 

Wooler was p r o b a b l y t h e c r o s s r o a d s of t he n o r t h - s o u t h 

and e a s t - w e s t t r a f f i c and a l s o a c r o s s i n g p l a c e f o r Wooler 

Water. A cemetry h e r e shows t h a t t h e r e was a s e t t l e m e n t . 

How much of the a r e a was u s e d i s d i f f i c u l t t o s a y but 

p r o b a b l e t h e h i l l t o p s and h i g h e r s l o p e s were used a s p a s t u r e 

w h i l e l o w e r - l y i n g l a n d was c u l t i v a t e d f o r c r o p p r o d u c t i o n . 

B e g i n n i n g w i t h t h e d e f e a t of t h e Northumbrians i n 1018 AD 

t h e r e f o l l o w e d a s e r i e s of b o r d e r s q u a b b l e s w h i c h c o n t i n u e d 

u n t i l t h e 16th c e n t u r y . T h i s r e s u l t e d i n more l a n d b e i n g 
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t u r n e d o v e r to p a s t u r e . The a g r i c u l t u r a l p a t t e r n i n t h i s 

p a r t of E n g l a n d was the S c o t t i s h ' r u n r i g ' s y s t e m of i n f i e l d s 

w h i c h were i n t e n s i v e l y manured from farms and o u t f i e l d s . 

T hese l a t t e r were t e m p o r a r i l y r e c l a i m e d by p l o u g h i n g , sown 

f o r one y e a r and t h e n l e f t to r e c o v e r . T h i s sytem was 

p r a c t i s e d u n t i l the 1830s. when the a g r i c u l t u r a l d e p r e s s i o n 

saw t h e f i e l d s t u r n e d over t o p a s t u r e once more. S i n c e 1937 

t h e low l a n d h a s been s u b j e c t e d t o modern a g r i c u l t u r a l 

p r a c t i c e s w h i l s t t h e h i l l s and h i g h e r s l o p e s a r e s t i l l used 

a s p a s t u r e . 

1.5 S i t e d e s c r i p t i o n 

As d i s c u s s e d i n S e c t i o n 1.1 the A k e l d b a s i n i s t h e most 

n o r t h e r l y of the low l y i n g b a s i n s c u r v i n g round t h e e a s t e r n 

p e r i m e t e r of t h e M a s s i f . T h i s b a s i n i s d r a i n e d by the r i v e r 

T i l l w h i c h e n t e r s i t a t t h e s o u t h e a s t e r n e x t r e m i t y h a v i n g 

broken through the r i d g e of t h e f o o t h i l l s of the M a s s i f . The 

r i v e r c o n t i n u e s t o f l o w westward f o r a m i l e or so and t h e n 

t u r n s n o r t h - e a s t w a r d s t o f l o w d i a g o n a l l y a c r o s s t h e b a s i n . 

I t l e a v e s t h e a r e a v i a a gap i n the M a s s i f f o o t h i l l s a t the 

n o r t h e r n end of the b a s i n and j o i n s t h e r i v e r Tweed some 

f i v e m i l e s f u r t h e r n o r t h . 

Two t r i b u t a r i e s j o i n the T i l l a s i t f l o w s through the 

A k e l d b a s i n . The Wooler Water e n t e r s t h e b a s i n from the 

s o u t h and j o i n s the T i l l b e f o r e i t t u r n s n o r t h - w e s t w a r d . The 

s econd r i v e r , t h e Glen, emerges from t h e w e s t e r n f o o t h i l l s of 

t h e M a s s i f and f l o w s e a s t w a r d s . H a l f way a c r o s s the b a s i n 

i t t u r n s n o r t h w a r d s , f o l l o w i n g a t e r r a c e ( demarcated by t h e 

150 f o o t c o n t o u r l i n e on the OS 1 i n c h map) and j o i n s t h e 



-19-
F i g u r e 4a 

S i t e Geology S c a l e 1 i n c h = 1 m i l e 

1. SOLID GEOLOGY 

Cementstone group 
B a s a l t L a v a s 

V.'.'ii!i F e l l S andstone 

A k e l d S t e a d s 

DRIFT GEOLOGY 

A l l u v i u m 

A n d e s i t e 

B o u l d e r c l a y 

' . • i ' . i / i Sand and G r a v e l 

T e r r a c e s 

A k e l d S t e a d s 



-20-

r i v e r T i l l about a m i l e and a h a l f f u r t h e r n o r t h from the 

t u r n . ( F i g . 4a) 

On t h e i n s i d e of t h a t bend about h a l f a m i l e from the 

r i v e r and on the t e r r a c e s t a n d s A k e l d S t e a d s farm. Between 

the farm and j u s t below i t i s the s i t e of s t u d y ( F i g . 6 ) . 

The s i t e c o n s i s t s of two f i e l d s a l i g n e d s o u t h - w e s t t o n o r t h 

e a s t . T h i s c o n s t i t u t e s one of the l o w e s t a r e a s of the b a s i n 

have been d e s i g n a t e d a s wet p a s t u r e . To t h e n o r t h and n o r t h 

west i s a s m a l l c o n i f e r and mixed d e c i d u o u s p l a n t a t i o n , 

and a s m a l l pond w i t h a F e n / C a r r around i t w h i c h e x t e n d s 

i n t o a f i e l d n o r t h e a s t of t h e s i t e . Beyond t h i s f i e l d and 

behind the F e n / C a r r i s the h i g h e r ground of the t e r r a c e . 

To the west a r e some p a s t u r e f i e l d s but t o the e a s t l e a d i n g 

t o the banks of the r i v e r and on s l i g h t l y h i g h e r ground a r e 

some a r a b l e f i e l d s . 

The s i t e i s not f l o o d e d because the r i v e r f l o w s i n a 

deep c h a n n e l and the w a t e r l e v e l i s below the l e v e l of the 

s i t e . However i n s p r i n g t h e watez* i s p r o b a b l y above the 

l e v e l of the s i t e but t h e s i t e does not become f l o o d e d 

because of the h i g h banks of the r i v e r p a r t i c u l a r l y n e x t t o 

the a r a b l e f i e l d s , the f l o o d p l a i n on t h e o t h e r s i d e and the 

s l u i c e g a t e s p r o t e c t i n g the d r a i n a g e d i t c h e s w h i c h s u r r o u n d 

and c r o s s the wet l a n d p a s t u r e . 

The geology of t h e s i t e i s somewhat complex. The b a s i n 

i s u n d e r l a i n by cementstone r o c k s w h i c h t h e m s e l v e s r e s t on 

r o c k s o f the Old Red Sandstone p e r i o d . E r o s i o n a l m a t e r i a l 

from the v o l c a n i c M a s s i f and s a n d s t o n e s from the e s c a r p m e n t s 

were d e p o s i t e d on t h e cementstone b e f o r e the g l a c i a l p e r i o d . 
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S u b s e q u e n t l y t h e s e were m o d i f i e d and added t o d u r i n g t h e l a s t 

g l a c i a l p e r i o d . F u r t h e r d e p o s i t s , o r i g i n a t i n g from the 

M a s s i f and e s c a r p m e n t s have been l a i d down i n t h e e a r l y 

p o s t g l a c i a l p e r i o d when t h e a r e a c o n s t i t u t e d a s h a l l o w 

l a k e . Thus t h e immediate l a y e r of m a t e r i a l u n d e r l y i n g 

the mass of peat c o n s i s t s of sand and c l a y w i t h some 

g l a c i a l d r i f t . 
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CHAPTER 2 

STRATIGRAPHY 

2.1 I n t r o d u c t i o n 

I n o r d e r t o d e t e r m i n e the b e s t p o s i t i o n t o o b t a i n t h e 

c o r e f o r p o l l e n a n a l y s i s and t o g a i n an i m p r e s s i o n of the 

s i t e d u r i n g the p e r i o d of p e a t f o r m a t i o n , t r a n s e c t s were 

l a i d a c r o s s the s i t e and t h e o r g a n i c d e p o s i t examined 

throughout i t s depth a t s e v e r a l p o i n t s a l o n g t h e s e t r a n s e c t s . 

The c o r e s were t a k e n u s i n g a R u s s i a n b o r e r and a s c r e w a uger 

was used t o c h e c k f o r the bottom of t h e d e p o s i t when 

e v i d e n c e f o r t h i s was not c l e a r i n t h e d e p o s i t s brought up 

u s i n g t h e R u s s i a n s a m p l e r . The s u r f a c e topography was 

s u r v e y e d u s i n g a Dumpy type l e v e l and s t a - f f . 

The r e s u l t s a r e shown i n F i g u r e s 8 and 11 and d e t a i l s 

t a b u l a t e d i n a p pendix 1. 

2.2 The s o u t h 49° E a s t t r a n s e c t 

The t r a n s e c t , s t a t i o n s A-N, was l a i d i n t h e most 

e a s t e r l y of the two f i e l d s . The 13th p o s t (23.1 m e t r e s from 

the d i v i d i n g f e n c e ) was t a k e n t o mark the f i r s t s t a t i o n , A 

and t h e r e s t of the t r a n s e c t was l a i d a l m o s t p a r a l l e l t o the 

d r a i n a g e d i t c h r u n n i n g i n the s o u t h w e s t e r l y d i r e c t i o n . Canes 

were p l a c e d e v e r y 10 m e t r e s and the t r a n s e c t was l e v e l l e d 

( F i g . 7 ). C o r e s were t a k e n e v e r y 40 m e tres a t s t a t i o n s B, F, 

and N. The f i r s t sample was t a k e n a t B i n o r d e r t o a v o i d 

c o n t a m i n a t i o n due t o the d r a i n a g e d i t c h . The s h a l l o w e s t 

d e p o s i t was found n e a r t h e wood a t s t a t i o n B and the d e e p e s t 

a t the o t h e r end of the t r a n s e c t a t N. ( F i g . 8). The o t h e r 

s a m p l e s b e i n g i n t e r m e d i a t e i n d e p t h . The bottom o f t h e 

d e p o s i t t h u s r e s e m b l e d a g e n t l e s l o p e of a pond or l a k e m a r g i n . 
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FIGURE 7 

Photograph t a k e n from s t a t i o n "A" on the South E a s t 

t r a n s e c t t o show. 

1. The AN t r a n s e c t w i t h t h e s t a f f a t s t a t i o n M2. 

2. The a r a b l e f i e l d beyond t h e f e n c e and d r a i n a g e d i t c h 

( c e n t r e , l e f t t o r i g h t ) 

3. The t r e e ( c e n t r e r i g h t ) marks the s o u t h c o r n e r of the 

n o r t h - e a s t f i e l d and t he j u n c t i o n of two d r a i n a g e d i t c h e s . 

4. The s i t e of the r i v e r demarcated by the t r e e s i n the 

background. 
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FIGURE 8 
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I t was not p o s s i b l e t o sample beyond s t a t i o n N (130 m) a s 

t h i s was t he boundary of t h i s f i e l d and t he f i e l d beyond 

was under c u l t i v a t i o n . 

The s a m p l e s f o r p o l l e n a n a l y s i s were t a k e n from a 

p o i n t i n t e r m e d i a t e between M and N a t M2 t o g a i n maximum 

depth and a v o i d c o n t a m i n a t i o n of the d e p o s i t a l o n g the 

t r a n s e c t . N o u n i f o r m i t y of t e x t u r e c o u l d be s e e n a t 

c o r r e s p o n d i n g l e v e l s , however v e g e t a t i o n a l c o n t e n t o f the 

d e p o s i t was s i m i l a r . The d e p o s i t c o n s i s t e d p r e d o m i n a n t l y 

of sedge peat w i t h a few r e m a i n s of P h r a g m i t e s i n deeper 

d e p o s i t s . Wood i s e v i d e n t t o v a r i o u s d e g r e e s throughout 

the p r o f i l e s and i n some i n s t a n c e s (180 cms a t N and M) 

th e d e p o s i t c o n s i s t e d a l m o s t e n t i r e l y of wood. 

C l a y i s more e v i d e n t i n t h e deeper d e p o s i t s p e r h a p s 

because t h e w a t e r d r a i n e d i n t o t h e s e lower a r e a s f o r m i n g 

s t a n d i n g w a t e r where the c l a y c o u l d s e t t l e and t he major 

bands of c l a y were a t 200 cms i n M and Mg ( F i g s . 8 and 1 1 ) . 

The d e p o s i t l a y on g r e y c l a y and sand w h i c h c o n t a i n e d 

s m a l l a n g u l a r c h i p s of v o l c a n i c r o c k and i n one i n s t a n c e 

some p e b b l e s were brought up. T h e s e c o a r s e d e p o s i t s a r e of 

g l a c i a l o r i g i n l a i d down a t t h e end of the l a s t g l a c i a l 

p e r i o d a s t he g l a c i e r r e c e d e d from the a r e a . 

2.3 The s o u t h - w e s t and n o r t h - e a s t t r a n s e c t s . 

As s t a t i o n M 2 was one of the d e e p e s t p o i n t s on t he A-N 

t r a n s e c t and a l s o t h e p o i n t a t w h i c h t h e c o r e was t a k e n f o r 

p o l l e n a n a l y s i s i t was d e c i d e d t o c o n s t r u c t t h e o t h e r 

t r a n s e c t s t h r o u g h t h a t p o i n t . However i t was not p o s s i b l e 

t o c o n s t r u c t a t r a n s e c t a t r i g h t a n g l e s t o the A-N t r a n s e c t 
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FIGURE 9 

Photograph of s i t e l o o k i n g e a s t t o show:-

1. The a r e a of the n o r t h e a s t t r a n s e c t . 

2. Doddington H i l l s . 

3. The n e a r row of hawthorn bushes d e m a r c a t i n g t h e d r a i n a g e 

d i t c h . 

4. The l i n e of t r e e s i n the background on t h e banks of the 

r i v e r G l e n . 
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and sample both f i e l d s b ecause of t h e shape of t he f i e l d s 

and t h e r e f o r e two s e p a r a t e t r a n s e c t s were l a i d from Mg• 

One t r a n s e c t was l a i d a t 80° t o the A-N t r a n s e c t and a t 

a b e a r i n g n o r t h 41° e a s t from M and the o t h e r a t 70° and 
2 

w e s t 29° s o u t h from ( F i g u r e s 9 - 1 1 ) . I n t h i s way i t was 

p o s s i b l e to a v o i d the d r a i n a g e d i t c h e s and t h e c u l t i v a t e d 

f i e l d s and sample the e n t i r e l e n g t h of t h e s t u d y s i t e . 

The s u r f a c e of the s i t e s l o p e s towards the n o r t h e a s t 

and t h e r i v e r w h i c h l i e s beyond the F e n / C a r r ( S e c t i o n 1 . 5 ) . 

2.3.1. The N o r t h - e a s t t r a n s e c t . 

The depth of t he d e p o s i t i s f a i r l y u n i f o r m and the 

d e e p e s t p a r t s a r e a t M2
 a " d 200 m n o r t h e a s t of Mg ( F i g . 1 1 ) . 

The p r o f i l e shows some u n i f o r m i t y i n v e g e t a t i o n t y p e 

and c l a y d e p o s i t i o n , however t h e d e c o m p o s i t i o n and 

d i s t r i b u t i o n of wood v a r i e s from p r o f i l e to p r o f i l e . However 

the wood d e p o s i t a t 180 cm found i n t he A-N tran>sect and 

i d e n t i f i e d a s b i r c h a t Mg, i s e v i d e n t h e r e but d e e p e r d e p o s i t s 

o f wood a r e a l s o p r e s e n t . C h a r c o a l was found a t a d e p t h of 

113 cm a t s t a t i o n 50 i n N.E. of M2, 99 cms and 200 cm a t 100 m 

N.E. and 50 cms a t 300 m. N.E. of M2-

2.3.2. The South-west t r a n s e c t . 

T h i s t r a n s e c t ( F i g . 11) produced an un e x p e c t e d r e s u l t 

and one not i n d i c a t e d by p r e l i m i n a r y i n v e s t i g a t i o n s . A 

d e p o s i t of 520 cms was d i s c o v e r e d a t 100 metres S.W. of M 2 

i n t h e w e s t e r l y f i e l d . T h i s d e p o s i t s h a l l o w e d r a p i d l y t o 

200 cm i n t h e n e x t 50 m e t r e s and d e c r e a s e d more s l o w l y t o 

90 cm i n t h e r e m a i n i n g 200 m e t r e s of t he t r a n s e c t . 
The d e p r e s s i o n d i s c o v e r e d may have been formed d u r i n g 
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FIGURE 10 

11L 

A photograph of the s i t e l o o k i n g a t A k e l d M i l l and s o u t h 

w e s t . 

F e a t u r e s t o n o l e : -

1. The s l o p e l e a d i n g to A k e l d H i l l f o r m i n g the edge of the 

b a s i n . 

2. The l i n e of t r e e s ( m i d d l e l e f t t o r i g h t ) a t t he bottom 

of t h e s l o p e d e m a r c a t i n g the r i v e r G l e n . 

3. The a r e a of wet p a s t u r e beyond the d r a i n a g e d i t c h 

demarcated by the hawthorn bushes (middle t o r i g h t ) . 



- 3 0 -

t h e l a s t g l a c i a l p e r i o d . There i s ev idence t h a t t h e 

C h e v i o t i c e coming down the Glen V a l l e y was f o r c e d t o 

t u r n s o u t h by t h e Tweed i c e f l o w i n g up t he T i l l V a l l e y , 

( F i g . 1) and t h e p r e s s u r e s t h u s s e t up may have caused the 

d e p r e s s i o n . A s i m i l a r d e p r e s s i o n , caused by t h e same f o r c e s 

has been d e s c r i b e d by C. H . T u r n e r ( 1 9 6 8 ) . 

The d e p o s i t i n t h e p r o f i l e s i s somewhat v a r i e d and 

l i t t l e p a t t e r n can be seen . However, t he wood d e p o s i t 

con fo rms t o t h e N . E . t r a n s e c t . 

The deepes t d e p o s i t shows a marked d i f f e r e n c e f r o m 

t h e o t h e r c o r e s f r o m 420 cm onwards . The d e p o s i t c o n s i s t s 

a l m o s t e n t i r e l y o f Sphagnum n o t e v i d e n t anywhere e l s e and 

wood i s absen t a t t h i s d e p t h . C h a r c o a l i s f o u n d a t t h e 

d e p t h o f 73 cms 200 m S.W. o f Mg. 

2 . 4 C o n c l u s i o n 

The o v e r a l l s t r a t i g r a p h y i n d i c a t e s a dynamic mosaic 

o i h y d r o l o g i c a l h a b i t a t s p e r s i s t i n g t h r o u g h o u t t h e p e r i o d 

o f pea t g r o w t h . 

As t h e a rea d r a i n e d and s u c c e s s i o n t o o k p l a c e w a t e r 

p e r s i s t e d i n t h e d e p r e s s i o n s , l i k e t h e one f o u n d on t h e 

t r a n s e c t , as s h a l l o w p o o l s o f open w a t e r and l a t e r r a f t s o f 

v e g e t a t i o n fo rmed ove r these p o o l s . These r a f t s were 

unab l e t o s u p p o r t t r e e g r o w t h , p r o b a b l y due t o a l e n s o f 

w a t e r b e n e a t h , as i n d i c a t e d by the l a c k o f wood i n t h e 

d e p o s i t i n t h e deepes t a r e a . One such p o o l s t i l l p e r s i s t s 

( i n t h e F e n / C a r r ) t o t h e n o r t h o f the s i t e . 

The c l a y d e p o s i t s i n d i c a t e t h a t t h e a rea was f l o o d e d 

s e v e r a l t i m e s d u r i n g the p e r i o d o f d e p o s i t i o n . The t h i c k 

c l a y d e p o s i t a t 180 cm c o i n c i d e s w i t h t h e b e g i n n i n g o f t h e 
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FIGURE 11 
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£ t l a n t i c p e r i o d and the abundance o f A l n u s . T h i s 

ev idence w o u l d sugges t t h a t t h e e a r l y p o s t - g l a c i a l l a k e 

t h a t had d r i e d up d u r i n g t h e B o r e a l p e r i o d had been 

t e m p o r a r i l y r e c r e a t e d d u r i n g t h i s p e r i o d . 

T h i s n e c e s s a r i l y l e d t o c o n s i d e r a b l e changes i n 

v e g e t a t i o n as w e l l as d i f f e r e n t i a l r a t e s o f d e p o s i t pea t 

g r o w t h and d e p o s i t i o n under d i f f e r e n t h y d r o l o g i c a l h a b i t a t s . 

T h i s i s r e f l e c t e d i n t he v a r i e d d e c o m p o s i t i o n a l s t a t e o f 

the pea t i n t h e d i f f e r e n t p r o f i l e s examined . 

Thus t h e f l o r a o f the s i t e was t y p i c a l o f t h e p e r i o d 

examined b u t t h e d i s t r i b u t i o n d e p i c t e d t h e d i f f e r i n g 

h y d r o l o g i c a l h a b i t a t s o f t h e s i t e . 
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CHAPTER 3 . 

POLLEN DIAGRAM 

3 . 1 P r e l i m i n a r y Work 

W h i l s t i n v e s t i g a t i n g t he d e p t h o f t h e p e a t , samples o f 

t he d e p o s i t f r o m v a r i o u s dep ths were c o l l e c t e d t o d i s c o v e r 

t h e age o f t h e d e p o s i t and t o de te rmine whe the r p o l l e n 

was p r e s e n t . Some doubt a b o u t . t h e l a t t e r was expressed 

as i t had been n o t e d by C l a p p e r t o n (1963) t h a t t h e peat 

exposed by t h e Wooler Water some 2 m i l e s away had been 

a l m o s t c o m p l e t e l y d e v o i d o f p o l l e n . 

On e x a m i n a t i o n o f t h e p r e s e n t d e p o s i t p o l l e n was 

f o u n d i n a l l samples , however , t h e f r e q u e n c y and 

p r e s e r v a t i o n d i m i n i s h e d w i t h d e p t h and w i t h t h e o c c u r r e n c e 

o f c l a y . I t was a l s o d i s c o v e r e d t h a t t h e samples examined 

c o n t a i n e d v a r y i n g amounts o f i n o r g a n i c m a t t e r and, t h e r e f o r e , 

a method f o r i t s r e m o v a l had t o be i n c o r p o r a t e d i n t o t h e 

p rocess o f p o l l e n s l i d e p r e p a r a t i o n , 

The b o t t o m o f the d e p o s i t was f o u n d t o be p r e - A l n u s r i s e 

and c o r r e s p o n d t o e i t h e r zone V o r V I o f G o d w i n ' s d i a g r a m 

f o r Eng land and Wales ( 1 9 4 0 ) . As t he se zones a re d a t e d 

p r e - N e o l i t h i c t h e d e p o s i t was o l d enough t o y i e l d some 

i n t e r e s t i n g i n f o r m a t i o n about t h e i m m i g r a t i o n o f t h e e a r l y 

man i n t o t h e area and t h e r e f o r e t he c o n s t r u c t i o n o f a 

comple t e p o l l e n d i a g r a m o f t he d e p o s i t was u n d e r t a k e n . 

3 .2 C o l l e c t i o n o f Samples. 

Peat c o r e s were t a k e n w i t h t h e Russ i an sampler w h i c h 

g i v e s a v e r y c l e a n c o r e . Two bores were made and t h e 

s u c c e s s i v e 50 cms o f d e p o s i t e x t r a c t e d f r o m a l t e r n a t e h o l e s 
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i n o r d e r t o a v o i d c o n t a m i n a t i o n and c o m p a c t i o n o f t h e 

upper 15 cms o f t he f o l l o w i n g co re by t h e t i p o f t h e b o r e r . 

Cores were c a r e f u l l y p l a c e d i n l a b e l l e d p r o t e c t i v e 

p l a s t i c l i n e r s o f 5 cms d i a m e t e r and t he se i n t u r n were 

wrapped i n a p o l y t h e n e bag t o a v o i d d e s i c c a t i o n and f o r ease 

o f t r a n s p o r t . The deepes t d e p o s i t was e x t r a c t e d f r o m b o t h 

o f t he bores i n o r d e r t o check t h a t t he b o t t o m had been 

reached r a t h e r t h a n j u s t an o b s t r u c t i o n met . However, i t 

was r e a l i s e d t h a t t he b o t t o m o f t he d e p o s i t was some 15 cms 

below t h a t e x t r a c t e d , t h i s b e i n g t h e l e n g t h o f t h e t i p o f 

t he b o r e r . A l t h o u g h t h e r e m a i n i n g pea t was e x t r a c t e d u s i n g 

a screw avigar the d e p o s i t was t o o c o n t a m i n a t e d f o r p o l l e n 

a n a l y s i s . 

The pea t was t r a n s p o r t e d t o t he p o l l e n e x t r a c t i o n 

l a b o r a t o r y where i t was s e c t i o n e d i n t o 5 cms l e n g t h s . The 

t o p one c e n t i m e t r e o f each 5 cms b l o c k was c u t o f f , t h u s 

g i v i n g 1 citi samples o f co r e eve ry 5 cms t h r o u g h o u t t h e d e p t h 

o f t h e d e p o s i t . The o u t e r l a y e r s o f t h e 1 cm b l o c k s were 

t r immed o f f t o remove any c o n t a m i n a t i o n , l e a v i n g a 1 cm cube 

o f d e p o s i t w h i c h was p l a c e d i n l a b e l l e d , a i r l i g h t spec imen 

t u b e . The r e m a i n i n g 4 cms b l o c k s were r e p l a c e d i n t o the 

p l a s t i c l i n e r s , wrapped i n p o l y t h e n e bags and s t o r e d i n 

case o t h e r s e c t i o n s were r e q u i r e d . 

Care was t a k e n t o c l e a n t h e i n s t r u m e n t s used f o r c u t t i n g 

and h a n d l i n g t h e d e p o s i t a f t e r each c u t was made i n o r d e r t o 

a v o i d any c o n t a m i n a t i o n f r o m d i f f e r e n t d e p t h s o f t h e d e p o s i t . 

3 .3 P r e p a r a t i o n o f s l i d e s 

The m a t e r i a l f o r p o l l e n a n a l y s i s was p r e p a r e d by the 
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s t a n d a r d method o f F a e g r i and I v e r s o n (1964) f o r r e m o v i n g 

t h e e x t r a n e o u s o r g a n i c m a t t e r . However, s i n c e t h e d e p o s i t 

c o n t a i n e d v a r i a b l e amounts o f i n o r g a n i c m a t e r i a l i n a l m o s t 

a l l samples a p rocess t o remove t h i s m a t e r i a l had t o be 

i n c o r p o r a t e d i n t o t he method . 

D e t a i l s o f Method 

3 . 3 . 1 . T rea tmen t w i t h sod ium H y d r o x i d e 

T h i s d e f l o c c u l a t e s t h e d e p o s i t and removes t h e 'humic 

a c i d ' a t t h e same t i m e . 

H a l f o f t h e pea t f r o m the specimen tube was t r a n s f e r r e d 

t o a b o i l i n g t ube and 20 mis o f 10% NaOH was added . The 

tube and c o n t e n t s were hea ted i n a b o i l i n g w a t e r b a t h f o r 

30 m i n u t e s . The c o n t e n t s was t h e n poured t h r o u g h a f i n e 

m e t a l s i e v e and the f i l t r a t e washed and c e n t r i f u g e d 

r e p e a t e d l y u n t i l t h e s u p e r n a t a n t was c l e a r . M a c r o f o s s i l s 

were washed and r e t a i n e d . 

3 . 3 . 2 . Removal o f i n o r g a n i c m a t t e r 

I f t h e r ema ins l o o k e d w h i t i s h and f e l t g r i t t y t h e n 

s i l i c a had t o be d i s s o l v e d ou t i n o r d e r t o make t h e p o l l e n 

g r a i n s and i n p a r t i c u l a r t he pores more d i s t i n g u i s h a b l e . 

A l l samples were t r e a t e d . The method chosen t o remove t h e 

s i l i c a was by means o f h o t h y d r o f l u o r i c a c i d and one sample 

c o u l d be d e a l t w i t h i n 15 m i n u t e s . The method was as 

f o l l o w s : 

( i ) A f t e r d e f l o c c u l a t i o n w i t h NaOH the r e s i d u e was washed 

c e n t r i f u g e d and t r a n s f e r r e d t o a n i c k e l c r u c i b l e u s i n g 

m i n i m a l amounts o f 10% HC1. 

( i i ) 2-3 mis o f 40% h y d r o f l u o r i c a c i d was added and the 



- 3 6 -

m i x t u r e b o i l e d f o r 2-3 m i n u t e s . 

( i i i ) T h i s m i x t u r e was t h e n t r a n s f e r r e d i n t o a p l a s t i c 

c e n t r i f u g e tube u s i n g 10 mis o f 10% HC1 and c e n t r i f u g e d . 

( i v ) The r e s u l t a n t r e s i d u e was t r a n s f e r r e d t o a 15 cc 

g l a s s c e n t r i f u g e tube u s i n g 10% HC1 and hea ted t o remove 

c o l l o i d a l SiOg and s i l i c o f l u o r i d e s . A f t e r 2-3 m i n s . i t was 

c e n t r i f u g e d w h i l e s t i l l h o t and the s u p e r n a t a n t d i s c a r d e d . 

( v ) The r e s i d u e was washed w i t h d i s t i l l e d w a t e r b e f o r e 

the n e x t p r o c e s s . 

3 . 3 . 3 . A c e t o l y s i s 

T h i s p rocess removes c e l l u l o s e o f t h e s t i l l r e m a i n i n g 

o r g a n i c m a t t e r , a l s o e x i n e f e a t u r e s come o u t more d i s t i n c t i v e 

t han b e f o r e . The method was as f o l l o w s : 

( i ) A f t e r d e f l o c c u l a t i o n and HF t r e a t m e n t t he r e s i d u e was 

washed, d e h y d r a t e d w i t h 4 -5 mis o f g l a c i a l a c e t i c a c i d and 

c e n t r i f u g e d . 

( S T ** TMto T ™ e a - i r f n d tsiss cs I t *n — \- c±f\ -4 i-* o ViA - i 1 -i n r r n i e f a n V.e-S-V-. f ^ - . n "! - . T 

w i t h a m i x t u r e o f 10 mis a c e t i c a n h y d r i d e and 1 ml c o n c e n t r a t e d 

s u l p h u r i c a c i d , c e n t r i f u g e d and washed w i t h d i s t i l l e d w a t e r 

c o n t a i n i n g a few drops o f g l a c i a l a c e t i c a c i d . 

( i i i ) The r e s u l t a n t r e s i d u e was washed once more w i t h d i s t i l l e d 

w a t e r b u t c o n t a i n i n g a f ew d rops o f NaOH and d e t e r g e n t . T h i s 

m i x t u r e was shaken v i g o r o u s l y b e f o r e c e n t r i f u g a t i o n . 

T h i s p rocess comple t ed t he t r e a t m e n t o f t h e d e p o s i t 

and the r e s u l t a n t r e s i d u e c o n t a i n i n g m o s t l y p o l l e n g r a i n s and 

spores was then mounted on mic roscope s l i d e s u s i n g g l y c e r i n e 

j e l l y mixed w i t h s a f r a n i n . 

3 .4 . P o l l e n A n a l y s i s . 

A b i n o c u l a r V i c k e r s mic roscope w i t h i n t e g r a t e d l i g h t i n g 
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and v e r n i e r s t a g e was used and most i d e n t i f i c a t i o n and 

c o u n t i n g was done w i t h x 8 eyep i ece and a x 40 o b j e c t i v e 

g i v i n g a t o t a l m a g n i f i c a t i o n o f x 320 . D i f f i c u l t g r a i n s 

were examined under x 100 o i l i m m e r s i o n l e n s ( t o t a l x 8 0 0 ) . 

I n o r d e r t o coun t the p o l l e n g r a i n s on t h e s l i d e , t r a v e r s e s 

ac ros s t he s l i d e were made e v e r y l £ f i e l d s o f v i e w . T h i s 

d i s t a n c e was chosen t o a v o i d any o v e r l a p and t o a c h i e v e 

maximum coverage o f the s l i d e . I n t h i s way over 30 

t r a v e r s e s c o u l d be made per s l i d e . 

A s t a n d a r d method o f c o u n t i n g was employed and each 

coun t was t e r m i n a t e d when e i t h e r , 150 t r e e p o l l e n g r a i n s 

( e x c l u d i n g C o r y l u s ) o r a t o t a l o f 500 l a n d p o l l e n g r a i n s 

e x c l u d i n g a q u a t i c , P t e r i d o p h y t e and B r y o p h y t e p o l l e n and 

spores had been c o u n t e d . Only specimens t h a t c o u l d be 

i d e n t i f i e d w i t h h i g h degree o f c e r t a i n t y were i n c l u d e d , 

even i f some g r a i n s were p r e s e n t i n p a r t o n l y . 

The a c t u a l p o l l e n i d e n t i f i c a t i o n was f a c i l i t a t e d by t h e 

p o l l e n t y p e c o l l e c t i o n i n the Depar tment o f Botany and Keys 

o f F a e g r i and I v e r s o n ( 1 9 6 4 ) . F u r t h e r m o r e , when i n d o u b t , 

t he p o s i t i o n o f the p o l l e n g r a i n s i n q u e s t i o n were n o t e d 

and second o p i n i o n was sough t as t o t h e i r i d e n t i t y . 

An o v e r a l l t o t a l o f more t h a n 11 ,000 g r a i n s was c o u n t e d 

on 49 s l i d e s and these r e p r e s e n t e d 29 l e v e l s . The r a t i o o f 

s l i d e s coun t ed t o l e v e l s r e p r e s e n t e d i s somewhat h i g h e r t h a n 

expec t ed due t o t h e s c a r c i t y o f p o l l e n g r a i n s and poor 

p r e s e r v a t i o n i n t he deeper p a r t s o f t h e d e p o s i t and i n t h e 

a reas o f c l a y d e p o s i t i o n . 

Of t h e 29 l e v e l s shown 17 a re r e p r e s e n t e d by c o u n t s o f 
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500 p o l l e n g r a i n s o f t e n u s i n g 2-3 and on one o c c a s i o n 

4 s l i d e s t o a c h i e v e t h i s number. T h i s p roved e x t r e m e l y 

t ime consuming as a comple te day was o f t e n r e q u i r e d t o 

coun t t h e 500 p o l l e n g r a i n s f o r one sample . 

The comple t e p o l l e n d i a g r a m i s p r e s e n t e d i n f i g u r e s 12 

( t r e e s and s h r u b s ) and 13 ( h e r b s and s p o r e s ) . 

3 .5 Z o n a t i o n and i n t e r p r e t a t i o n o f P o l l e n Diagram 

The p o l l e n zones i n t o w h i c h the d i ag ram can e a s i l y 

be d i v i d e d do n o t c l e a r l y c o r r e s p o n d t o t h e scheme proposed 

by Godwin (1940) f o r Eng land and Wales and t h e r e f o r e , f o r 

ease o f d e s c r i p t i o n , d i s c u s s i o n and compar i son i t has been 

d e c i d e d t o d i v i d e the d i ag ram i n t o l o c a l p o l l e n assemblage 

zones . These zones r e p r e s e n t t h e s u c c e s s i v e , d i s t i n c t a reas 

o f t he p o l l e n d i ag ram w h i c h e x h i b i t s i m i l a r p o l l e n s p e c t r a 

and as s u c h , r e f l e c t a s i m i l a r t y p e o f v e g e t a t i o n . 

F i v e c l e a r assemblages a re r e c o g n i s e d and each i s 

p r e f i x e d by AK (AKELD) and numbered f r o m o l d e s t fco younges t 

as t h e y appear i n t h e d i a g r a m . 

The zones a re l i s t e d be low showing t h e i r d e p t h and 

c h a r a c t e r i s t i c v e g e t a t i o n . 

Zone AK1 355-421 cms C o r y l u s , S a l i x , B e t u l a , H e r b s . 

Zone AK2 335-355 cms C o r y l u s , S a l i x , P i n u s . 

Zone AK3 255-335 cms C o r y l u s , P i n u s , Que rcus , Ulmus . 

Zone AK4 65-255 cms A l n u s 

Zone AK5 0 - 65 cms Herbs 

Zone AK1 and AK2 

3 . 5 . 1 Zone AK1 

The e a r l y and mid p a r t s o f t h i s zone a r e c h a r a c t e r i s e d 
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by h i g h h e r b p o l l e n f r e q u e n c i e s (40%) . However these g i v e 

way t o h i g h s h r u b p o l l e n f r e q u e n c i e s (60%) a t t h e end o f 

the p e r i o d . Tree p o l l e n i s l ow (15%) and i n t he e a r l y s t ages 

i s r e p r e s e n t e d by two genera o n l y , B e t u l a (14%) and P inus (86%) . 

The f r e q u e n c i e s however , change t h r o u g h o u t t h e p e r i o d , t h a t 

o f P inus d e c l i n i n g t o 33% and t h a t o f B e t u l a r i s i n g t o 64% 

by 360 cm, when t h e y are j o i n e d f o r the f i r s t t i m e by t h o s e 

o f Quercus and A l n u s . The e a r l y r e c o r d o f Quercus ( 1 g r a i n ) 

a t 400 cms may be a t t r i b u t e d t o l o n g d i s t a n c e t r a n s p o r t s i n c e 

i t i s u n l i k e l y t h a t i t had m i g r a t e d i n t o t he area by t h i s 

t i m e , however t he presence o f A l n u s (7%) a t t he same l e v e l i s 

t o o h i g h t o be r e g a r d e d as l o n g d i s t a n c e t r a n s p o r t . I t s 

p r e sence , a t such an e a r l y s t age i n t h i s a rea i s p r o b a b l y due 

t o t h e l o c a l c o n d i t i o n p r o v i d i n g s u i t a b l e wet h a b i t a t s f o r 

i t s g r o w t h . These h a b i t a t s had been c r e a t e d by the s h a l l o w 

l a k e t h a t o c c u p i e d the b a s i n d u r i n g t he e a r l y p a r t s o f t h e 

pos t g l a c i a l p e r i o d . The he rb p o l l e n t axa r e c o r d e d i n c l u d e 

C a l l u n a , E r i c a l e s , Ranunculaceae , Leguminosae and F i l i p e n d u l a . 

These occur i n s u b s t a n t i a l amounts a t f i r s t bu t d e c l i n e by 

t he end o f t h e zone . The same f a t e i s shared by Graminae and 

Cyperaceae c u r v e s , w h i c h d e c l i n e f r o m 200 t o 20% and 1000% t o 

80% r e s p e c t i v e l y . 

Spores a re r e p r e s e n t e d by P o l y p o d i u m , F i l i c a l e s and 

Sphagnum, t h e f o r m e r two showing a s l i g h t i n c r e a s e and t h e 

l a t t e r a f a l l . 

The p o l l e n f r e q u e n c i e s i n d i c a t e t h a t t he v e g e t a t i o n o f 

t he area resembled t h a t i n much o f t h e r e s t o f N o r t h Eng land 

d u r i n g t h i s p e r i o d . The p e r i o d r e c o r d e d began w i t h an open 
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woodland o f b i r c h , p i n e and h a z e l on the h i l l s and i n the 

v a l l e y s s u r r o u n d i n g the l a k e w h i c h o c c u p i e d t h e b a s i n . ( W i t h 

a m e l i o r a t i o n o f c l i m a t e ) . The b i r c h s l o w l y r e p l a c e d the p i n e 

and t h e h a z e l sp read t o invade the herbaceous communi t i e s and 

t o f o r m an u n d e r s t o r e y t o t he t r e e s . I n f a c t t h e r e has a lways 

been some c o n t r o v e r s y as t o whe the r t he h a z e l grew as an 

under s h r u b be low t h e woodland canopy o r i n pure h a z e l woods. 

I n t h i s case t h e r e i s no doubt t h a t i t was g r o w i n g i n the 

open, because as the herbs d e c l i n e d t h e r e was no c o r r e s p o n d i n g 

i n c r e a s e i n t r e e s , bu t t he h a z e l f r e q u e n c i e s i n c r e a s e d by 

30%. 

By the end o f the p e r i o d the o n l y herbaceous communi t i e s 

r e m a i n i n g were p r o b a b l y t hose i n t he m a r g i n a l a reas o f t he 

l a k e and on the s t e e p s i d e d v a l l e y s , b o t h u n s u i t a b l e f o r t r e e 

g r o w t h . Most o f t he open wet a reas near t h e l a k e must have 

d r i e d up c o n s i d e r a b l y by t he end o f t h i s p e r i o d as shown by 

t h e f a l l i n the Cyperaceae (1000% t o 80%), S a l i x and wet l a n d 

h e r b s . However t he r e m a i n i n g c a r r s t i l l s u p p o r t e d a c o n s i d e r a b l e 

amount o f w i l l o w s (24%) and t h e few a l d e r t h a t had managed 

t o r e a c h the a rea by t h e n . 

3 . 5 . 2 Zone AK2 

The main c h a r a c t e r o f t h e AK2 zone i s the i n c r e a s e i n 

P inus (33%-73%), an a l m o s t c o r r e s p o n d i n g decrease i n B e t u l a 

(64%-35%) and t h e h i g h l e v e l o f s h r u b s . The t h e r m o p h i l o u s 

t r e e s began t o m i g r a t e i n t o t h e area and Quercus and A l n u s 

became e s t a b l i s h e d by the end o f t h i s p e r i o d . However Ulmus 

had n o t y e t a r r i v e d . The r e c o r d o f 1 g r a i n a t 350 cms may 

by a t t r i b u t e d t o l o n g d i s t a n c e t r a n s p o r t . 
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There a re i n d i c a t i o n s i n the i n c r e a s e i n Fen s p e c i e s 

such as Cyperaceae, S a l i x and F i l i p e n d u l a and the decrease i n 

bog s p e c i e s such as C a l l u n a and E r i c a l e s t h a t t h e a rea may 

have become s l i g h t l y w e t t e r t h a n i t had been. However t he 

g e n e r a l p i c t u r e o f t h e r e g i o n does n o t change, as the area 

was s t i l l cove red by a woodland o f p i n e , h a z e l and b i r c h 

w i t h t h e a d d i t i o n o f l i t t l e oak 7%. The h e r b c o m m u n i t i e s , 

a l t h o u g h a l i t t l e more e x t e n s i v e , due t o t h e e x p a n s i o n o f 

wet l ands were s t i l l c o n f i n e d t o the l a k e marg ins and areas 

u n s u i t a b l e f o r most t r e e s . The w e t - l a n d s , however a re i d e a l 

h a b i t a t s f o r S a l i x and t h u s i t s f r e q u e n c y doub l ed a t the 

b e g i n n i n g o f t h i s p e r i o d . 

I n t r y i n g 1 t o compare t h i s d i ag ram w i t h n t h e r s from t he 

a rea i t has been n o t i c e d t h a t zone AK1 and AK2 t aken t o g e t h e r 

c o r r e s p o n d t o zone V on o t h e r d iagrams and t h a t i s why t h e y 

a re b e i n g c o n s i d e r e d t o g e t h e r . They c l o s e l y resemble zone V 

a t F i i x t o n ( Y o r k s ) and f o r m an a l m o s t p e r f e c t match w i t h 

zone V E m b l e t o n ' s Bog ( N o r t h u m b e r l a n d ) , t h e l a t t e r bog b e i n g 

o n l y 13 m i l e s e a s t o f t h e p r e s e n t s i t e . The main f e a t u r e s o f 

s i m i l a r i t y a re t h e B e t u l a and P inus c u r v e s and the h i g h v a l u e s 

o f C o r y l u s . The r i s e i n C o r y l u s has been used by Goodwin 

(1940) t o e s t a b l i s h t he I V / V zone b o u n d a r y . 

S ince t h e r e a r e no r a d i o c a r b o n da te s a v a i l a b l e f o r t h i s 

s i t e , i t i s hoped t h a t by making compar i sons w i t h o t h e r 

d iagrams f r o m t h e a rea i t w i l l be p o s s i b l e t o e s t a b l i s h some 

da te s f o r t h e p r e s e n t s i t e . The s i t e s used f o r compar i son 

a re Neasham Fen (Co. Durham) , Sca leby Moss and D i n Moss b o t h 

i n N o r t h u m b e r l a n d w h i c h a re t h e n e a r e s t d a t e d d e p o s i t s t o t h e 

p r e s e n t s i t e . I n f a c t D i n Moss l i e s o n l y 10 m i l e s wes t o f 
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A k e l d , a l t h o u g h Sca leby Moss l i e s 53 m i l e s s o u t h - w e s t . 

Chambers has d a t e d t h e C o r y l u s r i s e a t Neasham Fen 

(Co. Durham) t o 9 , 0 8 2 - 9 0 r a d i o c a r b o n years BP. T h i s c l o s e l y 

resembles t h e da t e o f 8 ,809-192 r a d i o c a r b o n yea r s BP f o r 

t he t o p o f t he same zone a t Sca leby Moss (Godwin Walke r and 

W i l l i s 1 9 5 7 ) . 

The most s t r i k i n g f e a t u r e o f t h e d i a g r a m a t t h i s 

l e v e l i s t he appearance o f Quereus b e f o r e Ulmus t he r e v e r s a l 

o f what i s n o r m a l l y f o u n d b o t h i n t h i s area and indeed i n 

t h e r e s t o f t h e c o u n t r y . However, a c l o s e i n s p e c t i o n o f 

s e v e r a l d iagrams has r e v e a l e d a s i m i l a r t r e n d a t E m b l e t o n ' s 

Bog ( N o r t h u m b e r l a n d ) and B l e l h a m b a s i n c o r e s B and D i n t he 

Lake D i s t r i c t a l t h o u g h these were n o t commented upon by 

t h e i r a u t h o r s . A l s o the s i m u l t a n e o u s appearance o f b o t h 

t r e e s has been r e c o r d e d a t a few o t h e r s i t e s i n c l u d i n g 

B le lham b a s i n c o r e A i n the Lake D i s t r i c t , Lang lee Moor i n 

"KT v% v . +• l - i n m K n v i 1 « «-» n 11/4 O r, +- lm3 A - i - I - ' 1 1 t-t - i ~\~ ~ « -t- 1~ T a* —. — *- 1^ ~ . — 1—. » -*-

n o t f r o m f u r t h e r s o u t h . T h e r e f o r e , i t seems t h a t Quercus 

managed t o e s t a b l i s h i t s e l f i n some l o c a l i t i e s o f N o r t h e r n 

England b e f o r e Ulmus d i d , a l t h o u g h t h e l a t t e r may have been 

p r e s e n t i n s m a l l amounts . 

The o t h e r f e a t u r e w o r t h n o t i n g i s t h e r e l a t i v e abundance 

o f S a l i x and t h e d i v e r s i t y o f he rbs f o u n d i n t h i s a rea as 

compared w i t h o t h e r s i t e s . These f e a t u r e s , however , a r e 

l o c a l and may be a t t r i b u t e d t o the v a s t amounts o f m a r g i n a l 

l a n d t h a t must have e x i s t e d due t o t h e presence o f t he l a k e 

i n the b a s i n , and r e p e a t e d f l o o d i n g s . These a reas were 

u n s u i t a b l e f o r t r e e s bu t i d e a l f o r w i l l o w s and h e r b a c i o u s 

c o m m u n i t i e s . 
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3 . 5 . 3 Zone AK3 

The o p e n i n g o f t h i s zone sees a r i s e i n Quercus 

and Ulmus p o l l e n f r e q u e n c i e s . These c o n t i n u e t o r i s e 

t h r o u g h o u t the zone t o r e a c h f r e q u e n c i e s o f 23% and 14% 

r e s p e c t i v e l y . P inus and B e t u l a f r e q u e n c i e s d e c l i n e 

s l i g h t l y bu t C o r y l u s r i s e s t o i t s maximum of384% a t 300 cms. 

A l n u s i s p r e s e n t i n low f r e q u e n c i e s and F r a x i n u s p o l l e n i s 

r e c o r d e d f o r t h e f i r s t t i m e . S a l i x f r e q u e n c y o s c i l l a t e abou t 

a 40% mean. 

T h i s zone , as t he p r e v i o u s one i s domina ted by s h r u b 

p o l l e n (60%) most o f w h i c h i s C o r y l u s w h i c h p resumably i s 

s t i l l g r o w i n g as a t r e e . The t r e e and he rb p o l l e n f r e q u e n c i e s 

represen t , o n l y 35% o f t he v e g e t a t i o n at- t h e i r maximum w i t h 

the t r e e f r e q u e n c i e s b e i n g more p r e v a l e n t t h r o u g h o u t as 

the h e r b f r e q u e n c i e s have d e c l i n e d s i n c e the l a s t zone .The 

herbs i n c l u d e C a l l u n a , E r i c a l e s , F i i i p e n d u l a , Leguminosae , 

L 'omposi tae , a l s o C a r y o p i i y i i & c e a e , Chemopodiaceae and 

Ranunculaceae , F i l i c a l e s m a i n t a i n a h i g h l e v e l t h r o u g h o u t 

t h e zone and Sphagnum and Po lypod ium a re p r e s e n t . Graminae 

show a s l i g h t r i s e and t h e n d e c l i n e , bu t Cyperaceae m a i n t a i n 

h i g h p o l l e n f r e q u e n c i e s t h r o u g h o u t ( o v e r 100%). 

The v e g e t a t i o n o f t h i s zone was v e r y s i m i l a r t o t h a t 

o f t h e p r e v i o u s one , The area was s t i l l sh rouded i n dense 

w o o d l a n d , however t h e r e was a h i g h e r f r e q u e n c y o f oaks 

and e lms among t h e b i r c h e s , p i n e s and h a z e l s . I n t h e we t 

l ands a l d e r had become w e l l e s t a b l i s h e d among t h e s t i l l 

abundant w i l l o w s . The h e r b c o m m u n i t i e s had been r educed 

somewhat as compared w i t h t he l a s t zone p r o b a b l y due t o 
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r e c e s s i o n of the l a k e and the r a p i d s u c c e s s i o n t h a t must 

have t a k e n p l a c e throughout t h e wet l a n d s i n f l u e n c e d by t h e 

warm, d r y c l i m a t e of the B o r e a l p e r i o d . 

In t r y i n g t o c i m p a r e t h i s zone w i t h s i m i l a r ones on 

o t h e r diagrams the Q u e r c u s and Ulmus r i s e and the d e c l i n e of 

B e t u l a a r e d i a g n o s t i c . These a r e the f e a t u r e s u s e d a t 

Embleton Bog t o e s t a b l i s h the V/VI t r a n s e c t i o n zone, and 

t h i s boundary has been d a t e d 8,809-122 r a d i o c a r b o n y e a r s B.P. 

a t S c a l e b y Moss ( N o r t h u m b e r l a n d ) . T h i s d a t e c o r r e s p o n d s 

w e l l w i t h 8,684 140 r a d i o c a r b o n y e a r B.P. a t D i n Moss 

( R o x b u r g h s h i r e ) f o r t h e Quercus r i s e and C o r y l u s maximum 

which r e p r e s e n t the mid p o i n t of zone AK3. F u r t h e r m o r e t h e 

h i g h e r f r e q u e n c y of Q u e r c u s than Ulmus and the p i n u s peak 
+ 

shown a t the end of the zone have been d a t e d 7,670-150 

r a d i o c a r b o n y e a r s B.P. a t Din Moss and r e p r e s e n t the V I / V I I 

boundary on the p r e s e n t diagram. However, t h i s may not be 

the t r u e boundary a s the s h a r p t r a n s i t i o n between the zones 

s u g g e s t t h a t a p a r t of the d e p o s i t i s m i s s i n g . T h i s m i s s i n g 

d e p o s i t may be of l a t e B o r e a l and/or e a r l y A t l a n t i c o r i g i n . 

The absence of t h e l a t e B o r e a l p e a t may be a c c o u n t e d f o r by 

the d r i e r c o n d i t i o n s p r e v a i l i n g a t t h a t time w h i c h would 

c a u s e the mire s u r f a c e t o dry out and e r o s i o n to t a k e p l a c e 

b e f o r e the i n c r e a s e d r a i n f a l l of the A t l a n t i c renewed peat 

growth. T h i s f e a t u r e has a l s o been found a t Wetwood Moor, a 

s i t e 3 m i l e s away a t the s o u t h w e s t e r n e x t r e m i t y of the 

b a s i n ( C . H. T u r n e r 1 9 6 8 ) . 

From the d e s c r i p t i o n a bove i t i s c l e a r t h a t the 

AK3 zone c o r r e s p o n d s w i t h zone V I , or a t l e a s t most of i t , 

on o t h e r diagrams from E n g l a n d and Wales. T h i s p e r i o d l a s t e d 
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f o r o v e r a thousand y e a r s (8,809-122 B.P. - 2,670±150 B.P.) 

and i s r e p r e s e n t e d by 80 cm of the p r e s e n t peat d e p o s i t 

(255-355 cm). 

3.5.4 Zone AK4 

The b e g i n n i n g of t h i s p e r i o d i s marked by a d r a m a t i c 

i n c r e a s e i n A l n u s p o l l e n f r e q u e n c i e s ( 4 % - 62%) and r e a c h i n g 

a maximum o f 140 cms and a d e c l i n e i n C o r y l u s ( 2 2 0 % t o 6 3 % t o 

9%) . W h i l s t B e t u l a , Q u e r c u s , Ulmus, and S a l i x p o l l e n f r e q u e n c i e s 

a l s o show a phase of d e c l i n e , T i l i a a p p e a r s f o r the f i r s t 

time a t the b e g i n n i n g o f t h i s zone and i s r e c o r d e d throughout 

t h i s p e r i o d . The zone a s a whole shows h i g h e r t r e e p o l l e n 

f r e q u e n c i e s than b e f o r e r e a c h i n g a maximum of 8 9 % a t 220 cms. 

Alt h o u g h u n i f o r m i n many r e s p e c t s t h i s zone can be s u b d i v i d e d 

i n t o t h r e e subzones on the b a s i s of t r e e - h e r b p o l l e n f r e q u e n c y 

r a t i o s . T h e s e subzones a r e c o n s i d e r e d below. 

3.5.4.1 Subzone AK4a 

T h i s subzone r e p r e s e n t s the i n i t i a l r i s e i n the t o t a l 

t r e e p o l l e n f r e q u e n c i e s t h a t r e a c h a maximum ( 8 9 % a t 220 cms) 

a t the end of the p e r i o d . T h e r e a r e a l s o s u b s t a n t i a l 

i n c r e a s e s i n he r b p o l l e n f r e q u e n c i e s a t the b e g i n n i n g of 

t h i s subzone but t h e s e may be l o c a l and due t o the e x p a n s i o n 

of w e t l a n d communities d u r i n g t h e e a r l y A t l a n t i c p e r i o d . 

However t h e s e communities must have undergone r a p i d s u c c e s s i o n 

a s t h e y a r e soon r e p l a c e d by s h r u b s and l a t e r by t r e e s 

( p r e d o m i n a n t l y A l d e r ) . 

The v e g e t a t i o n of t h e a r e a had changed somewhat from the 

end of the l a s t p e r i o d . Quercatum mixum and C o r y l u s 

c o mmunities had been r e p l a c e d by A l n u s dominated woodlands 
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w i t h a l i t t l e oak, elm, b i r c h , p i n e and h a z e l s t i l l p r e s e n t , 

p r o b a b l y o c c u p y i n g the d r i e r s o u t h f a c i n g s l o p e s . The h a z e l 

may have been more abundant t h a n t h e p o l l e n f r e q u e n c i e s 

i n d i c a t e but now i n the r o l e o f an u n d e r s t o r e y s h r u b when 

i t s p o l l e n p r o d u c t i o n i s s e v e r e l y c u r t a i l e d . 

When comparing t h i s diagram w i t h o t h e r s i t i s e v i d e n t 

t h a t subzone 4a c o r r e s p o n d s w i t h a t l e a s t p a r t of the Godwin' 

V i l a zone f o r E n g l a n d and Wales ( 1 9 4 0 ) . I t i s the l a t t e r 

p a r t o f the V i l a zone t h a t i s r e p r e s e n t e d and, t h e r e f o r e , i t 

i s e v i d e n t t h a t not o n l y i s t h e l a t e B o r e a l d e p o s i t m i s s i n g 

( s e c t i o n 3.5.3) but a l s o the e a r l y A t l a n t i c d e p o s i t i s not 

p r e s e n t . T h i s l a c k of peat d e p o s i t i o n i n the e a r l y A t l a n t i c 

was p r o b a b l y due t o l o c a l h y d r o l o g i c a l c o n d i t i o n s . As the 

s i t e i s one of the l o w e s t a r e a s of the b a s i n and ne a r a r i v e r 

i t was undoubtedly s u b j e c t e d t o s e v e r e f l o o d i n g and p r o b a b l y 

formed p a r t of the r i v e r f l o o d p l a i n d u r i n g the e a r l y A t l a n t i 

per l O u . ( X i i u c c d , a s iiiSiit i G i i S u 3»i"liSA!, w c l c i t 11 Ot xOl* t h e 

h i g h banks of the r i v e r and t h e s l u i c e g a t e s the a r e a would 

be s u b j e c t e d t o p e r i o d i c f l o o d i n g a t the p r e s e n t t i m e ) . The 

wa t e r depth and/or t h e r a t e of f l o w must have been s u c h a s to 

p r e v e n t peat growth and s e d i m e n t a t i o n from t a k i n g p l a c e . 

However, s u b s e q u e n t l y t h e s e l i m i t i n g f a c t o r s s u b s i d e d and 

peat growth began once more, a l s o c l a y d e p o s i t i o n i s e v i d e n t 

and i n c r e a s e s throughout the p r o f i l e . 

I t i s not p o s s i b l e t o date the b e g i n n i n g of the 4a 

subzone by comparing i t w i t h t h e V l / V I I a d a t e s e l s e w h e r e 

b e c a u s e of t h e gap i n the peat f o r m a t i o n . A l l t h a t c a n be 

s a i d i s t h a t t h e b e g i n n i n g of t h i s subzone p o s t - d a t e s t h e 
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V l / V I I a t r a n s i t i o n zone w h i c h has been d a t e d 7,360-140 

r a d i o c a r b o n y e a r s B.P. a t D i n Moss Northumberland. 

The 4a subzone ends w i t h the elm d e c l i n e u s u a l l y t a k e n 

t o i n d i c a t e t h e V l l a / V I I b boundary and d a t e d t o 5,441-70 

r a d i o c a r b o n y e a r s B.P. a t D i n Moss. Al t h o u g h the elm d e c l i n e 

i s not a c l e a r f e a t u r e of t h i s diagram, t h e g e n e r a l t r e e 

d e c l i n e , w h i c h i s t a k e n t o c o i n c i d e w i t h the former e v e n t , 

i s v e r y marked. T h i s t r e e d e c l i n e , which seems f a i r l y s y n c h r o n o u s 

throughout the c o u n t r y a t about 5,000 B.P. and d a t e d 5,505-120 

and 5,335-120 r a d i o c a r b o n y e a r s B.P. i n the Fens compares w e l l 

w i t h the d a t e of the elm d e c l i n e f o r Din Moss. 

T h e r e f o r e t h e t r a n s i t i o n between subzones AK4a and AK4b 

i s t a k e n t o r e p r e s e n t the o n s e t of t h e V I l b zone (Godwin 1340) 

a t about 5,400 B.P. 

The c a u s e of the elm d e c l i n e i s u n c e r t a i n but a s i t 

c o i n c i d e s w i t h the g e n e r a l t r e e d e c l i n e a t the b e g i n n i n g of 

the s u b - B o r e a l p e r i o d , i t c o u l d have been c l i m a t i c . However, 

P e n n i n g t o n ( 1 9 7 0 ) s t a t e s - "Whatever may u l t i m a t e l y prove 

to have been the c l i m a t i c c h a r a c t e r of t h e c e n t u r i e s on 

e i t h e r s i d e of 3000 B.C., the v e r y r e g u l a r a s s o c i a t i o n 

between the elm d e c l i n e and p r e s e n c e of P l a n t a g o l a n c i o l a t a 

i s s t r o n g e b i d e n c e t h a t man's a c t i v i t i e s p l a y e d some p a r t 

i n the v e g e t a t i o n a l change". 

I n t h i s diagram P l a n t a g o l a n c i o l a t a i s f i r s t r e c o r d e d 

a t t h e b e g i n n i n g of the next subzone. 

3.5.4.2 Subzones AK4b AK4c 

T h e s e two subzones show r e m a r k a b l e s i m i l a r i t i e s and 

t h e r e f o r e , t h e y a r e c o n s i d e r e d t o g e t h e r . The b e g i n n i n g o f e a c h 
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subzone i s marked by a d e c r e a s e i n t r e e p o l l e n f r e q u e n c i e s 

and c o r r e s p o n d i n g r i s e i n herb, i n c l u d i n g g r a s s , p o l l e n 

f r e q u e n c i e s and a r e v e r s e of t h e s e f e a t u r e s i s s e e n towards 

the end of the s u b z o n e s . 

A l l t h e h e r b s i n t h e s e subzones have been r e c o r d e d 

b e f o r e w i t h two n o t i c a b l e e x c e p t i o n s o f P l a n t a g o and A r t e m i s i a . 

P l a n t a g o a p p e a r s a t t h e b e g i n n i n g o f t h e 4b subzone but 

d i s a p p e a r s a g a i n when the h e r b p o l l e n f r e q u e n c i e s d e c r e a s e . 

I t r e a p p e a r s i n subzone 4c w i t h t h e i n c r e a s e i n h e r b p o l l e n , 

and c o n t i n u e s t o be r e p r e s e n t e d to the p r e s e n t t i m e . A r t e m i s i a 

a l s o a p p e a r s a t the b e g i n n i n g of t h e 4b subzone, however i t 

does not d i s a p p e a r but i s r e c o r d e d throughout the r e s t of t h e 

diagram. Both P l a n t a g o and A r t e m i s i a peaks c o i n c i d e w i t h t h e 

h i g h e s t h e r b f r e q u e n c i e s r e c o r d e d i n each subzone. 

The p r e s e n c e of t h e s e two h e r b s and lower t r e e p o l l e n 

f r e q u e n c i e s a r e n o r m a l l y a s s o c i a t e d w i t h t h e i n f l u e n c e of 

Man ( P e n n i n g t o n 1970) and, t h e r e f o r e , t h e two sub z o n e s a r e 

t a k e n t o r e p r e s e n t s u c c e s s i v e p e r i o d s of l a n d c l e a r a n c e s by 

Man. I t i s thought t h a t a t t h i s t ime Man p r o b a b l y u s e d t h e 

l a n d a s p a s t u r e and f o r c r o p growing. F o r the l a t t e r t h e 

l a n d was c l e a r e d by chopping down the t r e e s and b u r n i n g t h e 

r e m a i n s . Crops were p l a n t e d f o r s e v e r a l y e a r s u n t i l t h e 

s o i l was e x h a u s t e d then Man moved on l e a v i n g t h e l a n d t o 

r e c o v e r . The a n i m a l s were p r o b a b l y a l l o w e d t o roam w i t h i n 

t h e f o r e s t s . T h e s e a n i m a l s would have d e s t r o y e d the under-

s t o r e y s h r u b s and p r e v e n t e d r e g e n e r a t i o n of t he f o r e s t by 

e a t i n g the young s e e d l i n g s . T h i s would have l e d to f u r t h e r 

d e g e n e r a t i o n of t he f o r e s t . 
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F u r t h e r e v i d e n c e f o r Man's p r e s e n c e i n t h i s a r e a and 

a t t h i s time comes from s t r a t i g r a p h i c a l r e c o r d s ( F i g u r e s 8 

and 1 1 ) . C h a r c o a l has been found i n the d e p o s i t a t l e v e l s 

c o r r e s p o n d i n g t o t h e c l e a r a n c e s w i t h i n the subzones and a l s o 

i n o r g a n i c m a t e r i a l began t o be d e p o s i t e d i n s u b s t a n i a l amounts 

on the s i t e . T h i s i n o r g a n i c d e p o s i t i o n i m p l i e s an a l t e r a t i o n 

i n d r a i n a g e p a t t e r n and a c c e l e r a t e d e r o s i o n w h i c h c o u l d be 

c a u s e d by major d e f o r e s t a t i o n , e s p e c i a l l y of t h e u p l a n d a r e a s . 

A l t h o u g h Man must have t e m p o r a r i l y moved from the 

l o c a l i t y of the s i t e a t the end of subzone 4b, w h i c h i s r e c o r d e d 

a s an i n c r e a s e i n t h e t r e e p o l l e n f r e q u e n c i e s from 34.5% t o 

78.1% a t 200 cms and 150 cms r e s p e c t i v e l y , he undoubtedly 

p e r s i s t e d i n the b a s i n . The e v i d e n c e f o r t h e l a t t e r i s shown 

by the t r e e p o l l e n f r e q u e n c i e s w h i c h do not a t t a i n t h e 

p r e v i o u s maximum of 8 8 . 8 % r e c o r d e d p r i o r t o the e a r l y c l e a r a n c e . 

F o l l o w i n g t h i s i n i t i a l f o r e s t r e c o v e r y t h e r e was a n o t h e r 

p e r i o d of t r e e d e c l i n e , w h i c h i m p l i e s the s e c o n d i n f l u x of 

Man i n t o the a r e a . However t h i s d e c l i n e was l e s s e x t e n s i v e 

a s the t o t a l t r e e and s h r u b p o l l e n f r e q u e n c i e s do not f a l l 

below 60%. 

C e r t a i n of the v e g e t a t i o n a l changes of zone AK4 were 

not e n t i r e l y due t o Man. F o r example, t h e l a r g e amount of 

S a l i x ( 6 0 % ) and C y p e r a c e a e ( 4 1 8 % ) i n subzone 4a, the r i s e 

i n C y p e r a c e a e from 9 2 % t o 253.9% i n subzone 4b and a l s o the 

c o r r e s p o n d i n g i n c r e a s e s i n a l l h e r b s a t t h e s e t i m e s were 

p r o b a b l y due to the l o c a l h y d r o l o g i c a l c o n d i t i o n s of the 

s i t e and i n deed of the whole b a s i n . I t i s e n v i s a g e d ( s e c t i o n 

1.3 and 2.3) t h a t the e a r l y p o s t - g l a c i a l l a k e may have been 
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r e c r e a t e d i n the e a r l y A t l a n t i c p e r i o d and t h e n r a p i d 

s u c c e s s i o n took p l a c e . The s i t e i t s e l f must have p e r s i s t e d 

a s a F e n / C a r r w i t h open p o o l s f o r a l o n g p e r i o d of time a s 

s u c c e s s i o n may have been a r r e s t e d due to the p e r i o d i c a l 

f l o o d i n g . 

The i n c r e a s e i n c l a y c o n t e n t of the d e p o s i t a t 210 cms 

t o 140 cms i s a s s o c i a t e d w i t h t h e s e h y d r o l o g i c a l c o n d i t i o n s . 

D a t i n g s ubzones 4b and 4c i s e x t r e m e l y d i f f i c u l t i n the 

a b s e n c e of r a d i o c a r b o n d a t e s from t h e s i t e a s t he v e g e t a t i o n , 

r e p r e s e n t e d by the p o l l e n s p e c t r u m , has become e x t r e m e l y 

l o c a l due to the i n t e r a c t i o n of the a t i p i c a l h y d r o l o g y of the 

a r e a and the i n f l u e n c e of Man. 

3.5.5 Zone AK5 

The b e g i n n i n g of t h i s zone i s marked by the d e c r e a s e i n 

t o t a l t r e e p o l l e n f r e q u e n c i e s and the i n c r e a s e i n h e r b and 

g r a s s f r e q u e n c i e s j u s t a s i n the p r e v i o u s two s u b z o n e s . 

However, the main d i f f e r e n c e i s t h a t B e t u l a , C o r y l u s , S a l i x 

and P i n u s f r e q u e n c i e s r i s e s l i g h t l y a s the A l n u s f r e q u e n c i e s 

f a l l . T h i s may i n d i c a t e the t r a n s i t i o n from the s u b B o r e a l 

t o the sub A t l a n t i c c l i m a t e . 

The change i n t r e e p o l l e n f r e q u e n c i e s may not a l t o g e t h e r 

be c l i m a t i c . The i n c r e a s e i n A r t e m e s i a and P l a n t a g o f r e q u e n c i e s 

would s u g g e s t t h a t Man had began t o use the a r e a once more. 

As the t r e e p o l l e n f r e q u e n c i e s ( 2 0 % ) a r e t h e l o w e s t r e c o r d e d 

s i n c e t h e B o r e a l p e r i o d Man's a c t i v i t y must have been more 

i n t e n s e t h a n e v e r b e f o r e . F u r t h e r e v i d e n c e of t h i s comes 

from t h e peaks i n A r t e m e s i a and P l a n t a g o 50cm, w h i c h c o i n c i d e 

w i t h t h i s low t r e e p o l l e n f r e q u e n c y . 
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The o n s e t of t h i s p e r i o d i n d i c a t e s the t h i r d i n f l u x of 

Man i n t o the a r e a and t h u s the v e g e t a t i o n changed once more 

from a f o r e s t t o an open woodland, p a s t u r e and c u l t i v a t e d 

l a n d . 

A l t h o u g h the b e g i n n i n g of t h i s zone may c o r r e s p o n d t o the 

o r i g i n a l Godwin (1940) V I I I zone i t i s f e l t t h a t s u c h a 

d i v i s i o n may not be j u s t i f i a b l e and indeed the v a l i d i t y of 

s u c h a d i v i s i o n i s not c e r t a i n . 

West (1969) s t a t e s : - " I n N e o l i t h i c and P o s t N e o l i t h i c 

t i m e s , zone V I l b onwards, t h e r e d eveloped much d i v e r s i t y of 

v e g e t a t i o n . D e f o r e s t a t i o n was accompanied by a r a p i d s p r e a d 

of weeds and r u d e r a l s , a d e c r e a s e i n the woodland f l o r a 

and development of s c r u b , and w i d e s p r e a d c u l t i v a t i o n r e s u l t e d 

i n the i n t r o d u c t i o n of a l i e n c r o p p l a n t s and a l i e n weeds. 

Temporary and e x t e n s i v e c l e a r a n c e s have been d i s t i n g u i s h e d 

by r e s p e c t i v e l y low and h i g h f r e q u e n c i e s of g r a s s e s . P a s t o r a l 

a c t i v i t i e s have been d i s t i n g u i s h e d from a r a b l e , the former 

showing h i g h f r e q u e n c i e s o f P l a n t a g o and P t e r i d i u m p o l l e n 

and t h e l a t t e r w i t h marked f r e q u e n c i e s of A r t e m i s i a , Compositae, 

Rumer, Chenopodiaceae and R a n u n c u l a c e a e p o l l e n . 

As Man had become t h e dominant f a c t o r i n the v e g e t a t i o n a l 

change he o b l i t e r a t e d any changes w h i c h might have a r i s e n 

from c l i m a t i c and e d a p h i c f a c t o r s . T h i s a n t h r o p o g e n i c 

i n f l u e n c e on v e g e t a t i o n i s e v i d e n t on the d iagram and t h e r e 

f o r no f u r t h e r d i v i s i o n d i s t i n g u i s h i n g zone V l l l h a s been 

made. 

I n the a b s e n ce of r a d i o c a r b o n d a t e s f o r t h i s s i t e i t 

i s d i f f i c u l t to c o r r e l a t e the t r e e p e r i o d s of t r e e d e c l i n e , 
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r e c o r d e d on the diagram w i t h the d i f f e r e n t c u l t u r e s of 

P r e h i s t o r i c and H i s t o r i c Man. However, u s i n g a r c h a e o l o g i c a l 

d a t a , an a t t e m p t has been made t o a s s o c i a t e t h e s e p e r i o d s 

of f o r e s t c l e a r a n c e w i t h c u l t u r e s of Man known t o have 

e x i s t e d i n the a r e a . 

T h e r e i s c o n s i d e r a b l e a r c h a e o l o g i c a l e v i d e n c e t o 

s u p p o r t the view t h a t Man was p r e s e n t i n the a r e a from 

P r e h i s t o r i c t i m e s ( S e c t i o n 1 . 4 ) . As s u c h he a f f e c t e d the 

v e g e t a t i o n t o a g r e a t e r or l e s s e r degree and some of t h e s e 

e f f e c t s a r e r e c o r d e d i n t h e c h a n g i n g p o l l e n r a i n o f t h a t 

p e r i o d . E ven b e f o r e Man began t o c l e a r and c u l t i v a t e the 

l a n d e x t e n s i v e l y , he farmed a n i m a l s , used n a t u r a l c l e a r i n g 

f o r c u l t i v a t i o n and b u i l t s h e l t e r s and s t o c k a d e s o f wood. 

Such a c t i v i t i e s would u n d o u b t e d l y have c a u s e d a l o c a l e f f e c t 

on the v e g e t a t i o n but not l a r g e enough t o be r e c o r d e d a s a 

change i n t h e p o l l e n s p e c t r u m . 

The t h r e e p e r i o d s of major t r e e d e c l i n e r e c o r d e d on 

the diagram must have r e p r e s e n t e d c o n s i d e r a b l e a c t i v i t y i n 

t h e a r e a and a r e thought t o r e p r e s e n t the N e o l i t h i c and 

E a r l y Bronze age, the I r o n age and the Anglo-saxon p e r i o d s . 

The e v i d e n c e f o r N e o l i t h i c and Bronge age Man i s o v e r 

whelming ( s e c t i o n 1.4 F i g u r e 5) and t h u s Man must have been 

p r e s e n t i n c o n s i d e r a b l e numbers. I t i s not s u r p r i s i n g 

t h e r e f o r e t h a t h i s a g r i c u l t u r a l p r a c t i c e s and i n d u s t r y ( c o p p e r 

s m e l t i n g b e i n g one of them) had s u c h a c a t a s t r o p h i c e f f e c t on 

the f o r e s t of the a r e a ( t h e t r e e p o l l e n f r e q u e n c y f e l l from 

8 8 . 8 % t o 3 4 . 1 % ) . T h i s t r e e d e c l i n e was d a t e d about 5,000 

B.P. and c o i n c i d e s w i t h the known d a t e s f o r the N e o l i t h i c 

per i o d . 
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The r e c o v e r y of the f o r s t i n t h e a r e a , a s shown by t h e 

t r e e p o l l e n f r e q u e n c i e s r i s i n g t o 78.1% shows t h a t Man must 

have abandoned the a r e a , or a t l e a s t g r e a t l y r e d u c e d h i s 

a c t i v i t i e s , f o r a c o n s i d e r a b l e p e r i o d of t i m e . The r e a s o n 

f o r t h i s i s unknown. 

The second p e r i o d of t r e e d e c l i n e c o i n c i d e s w i t h t h e 

I r o n age ' h i l l f o r t s ' t h a t o v e r l o o k the b a s i n . However, t h i s 

t r e e d e c l i n e was of a l e s s e r magnitude, t h a n the p r e v i o u s 

one ( t h e t r e e p o l l e n f r e q u e n c i e s do not f a l l below 60%) 

w h i c h would s u g g e s t t h a t the l a n d was not u s e d t o s u c h an 

e x t e n t a s i t was d u r i n g t h e N e o l i t h i c t i m e s . I t i s p r o b a b l e 

t h a t d u r i n g the Roman p e r i o d , w h i c h f o l l o w e d , people had 

come i n t o t h i s a r e a t o s e e k r e f u g e from t h e i r c a p t o r s , a s 

i s e x e m p l i f i e d by t h e i r r e f u s a l t o pay t a x e s t o the Romans 

and the Romans' d i f f i c u l t i e s i n c o n t r o l l i n g the a r e a . T h i s 

would s u g g e s t t h a t the p o p u l a t i o n of the a r e a was s m a l l and 

the r e g i o n f o r e s t e d t o some d e g r e e . 

The o n s e t of the t h i r d and f i n a l f o r e s t d e c l i n e f o l l o w s 

the d a r k ages and c o i n c i d e s w i t h the A n g l i a n i n f l u e n c e of 

the 7 t h and 8 t h c e n t u r i e s . T h i s was f o l l o w e d by the Saxon 

c u l t u r e and d w e l l i n g s of t h a t p e r i o d have been found n e a r 

the s i t e ( S e c . 1 . 4 ) . As the t r e e p o l l e n f r e q u e n c y f a l l s t o 

19.9% a t 50 cm and i s the l o w e s t r e c o r d e d s i n c e the B o r e a l 

p e r i o d t h e l a n d must have been u s e d t o a g r e a t e r degree th a n 

e v e r b e f o r e . 

A s l i g h t r i s e i n t r e e p o l l e n f r e q u e n c y t o 2 4 . 5 % a t 

40 cms i s s e e n and t h i s may be a t t r i b u t e d t o the u n r e s t i n 

t h e a r e a f o l l o w i n g the d e f e a t of t h e Northumbrians ( s e c t i o n 
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1 . 4 ) . However a f t e r t h i s p e r i o d a s m a l l d e c l i n e i n the 

t r e e p o l l e n f r e q u e n c i e s i s s e e n once more ( 2 1 . 7 % a t 20 cms) 

p r o b a b l y i n d i c a t i n g t h e renewed a g r i c u l t u r a l a c t i v i t i e s of 

the 16th C e n t u r y . 

The p o l l e n s p e c t r u m a t the s u r f a c e does not markedly 

d i f f e r from t h a t a t 20 cms. The two main d i f f e r e n c e s a r e 

s e e n i n the h i g h e r p e r c e n t a g e of wet l a n d v e g e t a t i o n a t 20 cm 

and the h i g h e r p e r c e n t a g e of p i n e a t the s u r f a c e . T h e s e 

d i f f e r e n c e s a r e l o c a l , the former i n d i c a t i n g t h a t the s i t e 

had not been d r a i n e d a t t h a t time and the l a t t e r i s due t o 

the p i n e p l a n t a t i o n t o the n o r t h of the s i t e . T h e r e f o r e , 

t h e v e g e t a t i o n of the a r e a has not a l t e r e d c o n s i d e r a b l y s i n c e 

the d e p o s i t a t 20 cms was formed and th u s the d e p o s i t may be 

t a k e n to be r e c e n t ( 1 6 t h C e n t u r y ) . 

However, peat growth must have c e a s e d about t h i s time a s 

the t r a n s i t i o n zone from the c l a y s o i l above t o the peat 

oeiow t a k e s p l a c e from 15 t o 23 cms. 
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Appendix 1 

TABLE 1 
LEVELLING DATA FOR L I N E TRANSECT PROFILE 

THE SOUTH-EAST TRANSECT 
Hei g h t R e l a t i v e t o the 

D i s t a n c e from 13th Base of the N.E. Gate 
S t a t i o n Fence P o s t i n Metres P o s t i n Metres 

P o s t -30.9 0 

A 0 -1.86 
B 10 -1.71 
C 20 -1.75 
D 30 -1. 76 
E 40 -1.91 
F 50 -2.14 
G 60 -2.21 
H 70 -2.31 
I 80 -2.25 
J 90 -2.25 

K 100 -2.26 
L 110 -2.28 
m t nn O 0 1 

A i J l 

M 2 125 -2.32 
N 130 -2.26 

BEARING s o u t h 49 e a s t 

ADDITIONAL DATA 

T e r r a c e 40m beyond g a t e p o s t + 1.27 m 
T e r r a c e 75m M " p o s t + 3.35 m 
(TOP OF THE SLOPE) 

• 
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Appendix 1 

S t r a t i g r a p h y - D e s c r i p t i o n of c o r e s f o r the 
A-N t r a n s e c t . 

Depth cms Core a t B 

0 - 18 Sandy c l a y s o i l , mid grey-brown, f r e s h r o o t s . 

18 - 24 T r a n s i t i o n zone. 

24 - 28 D i f f u s e l a y e r of b l a c k p e a t . 

28 - 100 Wood-sedge p e a t ( p r o b a b l y some P h r a g m i t e s ) 

100 - 230 P o o r l y decomposed sedge peat w i t h wood. 

230 - 232 I n c r e a s i n g amount of c l a y . 

Core a t F 

0 - 21 S a n d - c l a y s o i l . 

21 - 26 Dark d i f f u s e l a y e r of p e a t . 

26 - 42 W e l l h u m i f i e d sedge p e a t . 

42 - 231 S l i g h t l y h u m i f i e d peat + wood. 

231 - 250 More h u m i f i e d , d a r k e r p e a t . 

250 - 260 I n c r e a s i n g amount of c l a y . 

Core a t J . 

0 - 18 P e a t y c l a y s o i l e v i d e n c e of g l a y i n g . 

18 - 42 Dark brown w e l l h u m i f i e d peat + wood. 

42 - 59 L e s s h u m i f i e d wood. 

59 - 72 Dark brown d i f f u s e l a y e r of peat w e l l h u m i f i e d . 

72 - 100 H u m i f i e d p e a t + wood. 

100 - 165 L e s s h u m i f i e d + wood. 

165 - 185 Wood-sedge p e a t . 

185 - 200 P l u s some c l a y . 

200 - 300 P o o r l y h u m i f i e d peat + wood. 

300 - 365 H u m i f i e d p e a t + wood. 

365 - 375 P l u s i n c r e a s i n g amounts of c l a y . 
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S t r a t i g r a p h y - D e s c r i p t i o n of cores f o r the 
A-N t r a n s e c t . 

Depth cms Core a t N 

0 - 31 Clay-sand 

31 - 42 I n c r e a s i n g amounts of peat. 

42 - 71 Sedge peat + c l a y 

71 - 150 Sedge wood peat w e l l humified. 

150 - 200 Peat + wood + l a r g e amounts of c l a y . 

200 - 250 Decrease i n c l a y . 

250 - 300 Sedge wood peat, w e l l humified. 

300 - 400 Sedge peat + wood poorly humified 

400 - 422 + c l a y . 

422 - 436 Some peat and wood i n the c l a y . 

Core a t Mg 

0 - 15 Clay - humus s o i l . 

15 - 23 T r a n s i t i o n zone. 

23 - 45 Humified sedge peat + some wood. 

45 - 5» D i f f u s e l a y e r o i black peat + wood. 

59 - 63 As above but more humified + c l a y . 

63 - 74 Clay + some peat and wood. 

74 - 120 Dark brown peat with some wood. 

120 - 162 As above some c l a y . 

162 - 180 Clay with wood. 

180 - 194 Peat + c l a y + wood. 

194 - 250 Sedge peat with i n c r e a s i n g amount of wood. 

250 - 298 Wood peat ( b i r c h ) 

298 - 330 Dark brown sedge peat + wood. 

330 - 400 More compact. 

400 - 422 As above with i n c r e a s i n g amount of c l a y . 
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Appendix 1 

TABLE 2 

LEVELLING DATA FOR LINE TRANSECT PROFILE 

SW-NE (LONG) TRANSECT 

S t a t i o n 

M2 

IE 

2E 

4E 

Distance from S t a t i o n M„ 
on S.E. Transect i n Metres, 

0 

50 

100 

300 

Height i n R e l a t i o n to 
N.E. Gate Post i n Metres 

-2.32 

-2.35 

-2.42 

-2.64 

1W 

2W 

3W 

4W 

5W 

100 

150 

200 

300 

340 

-1.98 

-1.89 

-1.80 

-1.24 

-1.34 

BEARINGS 

I E - 4E North 31° E a s t from S t a t i o n M 

1W - 5W South 61° West from S t a t i o n M, 
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Appendix 1 
St r a t i g r a p h y - d e s c r i p t i o n of cores for the 
N. E. t r a n s e c t . 

Depth cms Core a t 50 metres N.E. of M2 

0 - 23 Clay-sand s o i l . 

23 - 26 T r a n s i t i o n zone. 

26 - 40 Dark brown w e l l humified peat. 

40 - 72 Less w e l l humified peat. 

(50 - 62) D i f f u s e l a y e r of dark peat. 

72 - 113 Sedge peat + some c l a y . 

90 Maximum c l a y . 

113 - 164 More compact, humified peat. 

139 Charcoal. 

J . u 0 — 166 Some c l a y . 
1 K G _ 
.a. vr v 

Sedge wood peat, l e s s humified. 

190 - 192 As above + c l a y . 

200 - 212 Compact peat w e l l humified no wood. 

212 - 300 Sedge peat, humified with l i t t l e wood 

300 - 327 As above. 

316 - 317 Band of c l a y . 

324 - 350 Wood peat with some sedge peat + c l a y 

350 - 375 Well humified peat. 

375 - 385 I n c r e a s i n g amounts of c l a y . 
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Appendix 1 
S t r a t i g r a p h y - d e s c r i p t i o n of cores for the 
N. E. t r a n s e c t . 

Depth cms Core a t 100 metres N.E. of 

0 - 22 Clay s o i l . 

22 - 34 T r a n s i t i o n . 

34 - 60 Poorly humified, b l a c k i s h peat. 

60 - 100 Poorly humified brown, sedge peat plus some wood. 

L i t t l e c l a y . 

Charcoal. 

100 - 133 Brown, sedge peat + wood, humified. 

133 - 150 I n c r e a s i n g amount of wood. 

150 - 195 Poorly humified, l i g h t brown peat very l i t t l e wood. 

195 - 200 Dark band - c h a r c o a l . 

200 - 250 Sedge peat very l i t t l e wood. 

Large piece of wood. 

250 - 338 Humified peat plus wood. 

310 - 315 Wood. 

338 - 350 Sedge peat, very l i t t l e wood. 

350 - 373 I n c r e a s i n g amount of c l a y , sedge peat. 
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Appendix 1 

S t r a t i g r a p h y - d e s c r i p t i o n of cores f o r the 
N. E. t r a n s e c t . 

Depth cms Core at 2 0 0 metres N. E. of M2 

0 - 2 1 Clay s o i l . 

2 1 - 2 5 T r a n s i t i o n . 

2 5 - 3 5 Brown w e l l humified peat. 

3 5 - 5 6 Less humified peat - sedge. 

5 6 - 6 1 Darker peat. 

6 1 - 6 6 A l i t t l e c l a y i n the peat. 

6 6 - 9 0 Humified sedge peat. 

9 0 - 1 0 0 Poorly humified sedge peat and wood. 

1 0 0 - 1 4 2 Humified peat + wood. 

1 4 2 - 1 6 6 Poorly humified sedge peat. 

1 6 6 - 1 9 5 Well humified l i g h t brown peat. 
_ 

-L %* v 2 0 0 A l i t t l e c l a y i n the peat. 

2 0 0 - 3 4 5 I , i crht. h r n w n n i i i t f i w e l l humified Deat 
O — " - — — 

3 2 0 Large piece of wood 

3 4 5 - 4 0 0 Poorly humified l i g h t brown peat. 

4 0 0 - Poorly humified peat i n c r e a s i n g amounts of c l a y . 
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Appendix 1 

St r a t i g r a p h y - d e s c r i p t i o n of cores f o r the 
N.E. t r a n s e c t . 

Depth cms Core at 300 metres N. E. of Mg 

0 - 2 3 Clay s o i l . 

23 - 31 T r a n s i t i o n . 

31 - 58 Dark w e l l humified peat. 

50,58 Charcoal. 

58 - 68 Clay with l i t t l e peat. 

68 - 122 I n c r e a s i n g amounts of peat poorly humified. 

83 Wood. 

122 - 173 Humified sedge peat. 

173 - 190 I n c r e a s i n g amounts of wood peat w e l l humified. 

190 - 234 Compact, w e l l humified peat, very l i t t l e wood. 

234 - 246 Light brown w e l l humified peat. 

246 - 250 Some c l a y i n the peat. 

250 - 267 Well humified sedge peat. 

267 - 294 L i t t l e l e s s humified. 

294 - 350 Well humified peat + wood. 

350 - 360 Dark brown w e l l humified peat with i n c r e a s i n g 

amounts of c l a y . 
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Appendix 1 

St r a t i g r a p h y - d e s c r i p t i o n of cores for the 
S. W. t r a n s e c t . 

Depth cms Core a t 100 metres S.W. of M2 

0 - 31 Clay s o i l . 

31 - 36 T r a n s i t i o n . 

36 - 72 Poorly humified black peat. 

72 - 108 Light brown poorly humified sedge peat + wood 

108 - 122 Considerable amount of c l a y i n the peat. 

122 - 177 Light brown humified sedge peat + some wood. 

177 Large piece of wood. 

177 - 181 A l i t t l e c l a y i n the peat. 

181 - 200 S l i g h t l y more humified peat. 

200 - 270 Wood peat with a l i t t l e sedge peat. 

270 - 310 Sedge-wood peat + l e s s humified 

310 - 325 Wood peat poorly humified. 

325 - 350 Sedge peat poorly humified. 
«% r™ *•«. 

J3U - Brown sedge peat w e l l humified. 

423 - 480 Poorly humified sphagnum peat. 

480 - 520 I n c r e a s i n g amounts of c l a y i n the Sphagnum peat. 
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Appendix 1 

St r a t i g r a p h y - d e s c r i p t i o n of cores for the 
S.W. t r a n s e c t . 

Depth cms Core a t 150 metres S.W. of 

0 - 22 Clay s o i l . 

22 - 28 T r a n s i t i o n . 

28 - 35 Well humified sedge peat, some c l a y . 

35 - 84 Poorly humified sedge peat + wood. 

83 - 110 Poorly humified sedge peat + c l a y . 

110 - 121 Clay wood-sedge peat. 

121 - 145 Humified sedge peat. 

145 - 158 Poorly humified sedge peat. 

158 - 193 Poorly humified sedge peat + wood. 

193 - 244 Brown f a i r l y w e l l humified + wood. 

244 - 255 Well humified sedge peat with i n c r e a s i n g amounts 
of c l a y . 
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Appendix 1 

Str a t i g r a p h y - D e s c r i p t i o n of cores for the 
S.W. t r a n s e c t . 

Depth cms Core a t 200 metres S.W. of M2 

0 - 21 Clay s o i l . 

21 - 31 T r a n s i t i o n . 

31 - 35 Band of c l a y . 

35 - 50 Peaty s o i l . 

50 - 84 Clay s o i l with bands of black peat. 

73 Charcoal. 

84 - 105 Mostly c l a y i n c r e a s i n g amounts of peat 

105 - 108 Black peat poorly humified. 

108 - 125 Large piece of wood + d i f f u s e peat. 

125 - 187 Sedge peat poorly humified -i- wood. 

187 - 189 Band of c l a y . 

189 - 195 Decreasing amounts of c l a y . 

195 - Band of woody peat. 

199 - 200 Sand. 
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Appendix 1 
S t r a t i g r a p h y - D e s c r i p t i o n of cores for the 
S.W. t r a n s e c t . 

Depth cms Core a t 300 metres S.W. of Mg 

0 - 20 Clay s o i l . 

20 - 23 T r a n s i t i o n . 

23 - 50 Well humified sedge peat + wood. 

50 - 150 Humified sedge peat + wood. 

150 - 175 More d i f f u s e w e l l humified sedge peat. 

175 - 178 I n c r e a s i n g amounts of c l a y . 

Core at 340 metres S.W. of M2 

0 - 18 Clay s o i l . 

18 - 21 T r a n s i t i o n . 

21 - 49 Well humified sedge peat. 

49 - 50 Band of c l a y . 

50 - 66 Le s s humified peat some c l a y . 

66 - 70 I n c r e a s i n g amounts of c l a y + wood. 

70 - 82 Grey c l a y . 

82 - 90 Small p i e c e s of angular rock + c l a y . 

90 - 100 A l i t t l e c l a y , sand and wood. 
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Appendix 2 

POLLEN COUNTS FOR 

si to a) Trees +-> to > 73 a s n H 

Q B P U 
0 21 1 6 46 1 
20 13 1 9 5 3 
40 24 1 2 8 12 
50 29 1 3 6 0 
60 21 1 5 2 5 
70 18 1 3 2 4 
80 13 1 1 6 2 
100 19 1 8 5 12 
120 17 1 2 3 3 

140 14 1 2 1 5 
150 21 1 1 8 11 
160 26 I 3 14 2 
180 51 2 4 4 10 
200 26 1 2 13 3 
210 3 3 1 4 4 3 

220 3 1 3 10 10 
230 23 1 8 3 10 
240 37 2 6 31 3 

250 62 3 4 16 3 
260 38 2 7 48 12 
280 44 2 12 26 10 
300 61 2 6 38 3 
320 77 3 13 41 7 
340 54 2 12 43 + 
350 56 2 16 46 + 
360 77 3 71 37 0 
380 42 2 14 8 0 
400 119 4 11 13 0 
420 47 2 7 24 0 
421 34 2 3 18 0 

TABLE 1 

AKELD DIAGRAM. TREES 
NUMBER OF POLLEN 

F r Tree 
Q T A (Fa) Tota! 
4 0 10 10 77 
1 0 39 2 59 
9 0 48 0 79 

18 3 30 (2) 66 
14 2 104 0 132 
10 0 130 1 150 
6 1 133 1 150 

31 4 90 0 150 
5 + 130 4 150 
5 0 135 2 150 
4 0 123 3 150 
11 1 118 J . 150 

» / 84 2 120 
23 2 48 0 91 
17 I 130 1 150 
4 1 122 0 150 
18 1 109 1 150 
14 0 93 3 150 
3 2 44 0 72 

21 0 4 0 92 
16 0 6 7 77 
11 0 9 0 64 
11 0 7 3 82 
3 0 0 2 59 
1 0 0 0 63 
1 0 2 0 111 
0 0 0 0 22 
0 0 2 0 26 
0 0 0 0 31 
0 0 0 0 21 

AND SHRUBS 

LAINS 
Shrubs 

Shrub 
c S T o t a l T o t a l 
11 3 14 91 
19 13 32 91 
12 20 32 111 
19 26 45 111 
16 11 27 159 
19 5 24 174 
13 7 20 170 
31 8 39 189 
14 4 18 168 
13 1 14 164 
15 4 19 169 
29 5 34 184 
48 o a 56 176 
45 4 49 140 
27 2 29 179 
12 + 12 162 
47 4 51 201 
88 90 178 328 
45 6 51 123 

203 45 248 340 
253 48 301 378 
223 15 238 302 
156 38 194 276 
82 91 173 232 
52 104 156 219 

174 86 260 371 
28 36 64 86 
32 36 64 90 
18 35 53 84 
9 50 59 80 
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Appendix 2 

TABLE 2 

POLLEN COUNTS FOR AKELD DIAGRAM. TREES AND SHRUBS AS 

% TOTAL TREE COUNT EXCLUDING CORYLUS 

Depth TREE POLLEN SHRUBS 
cms B P H Q T A Fr (Fa) C S 

0 7 . 8 5 9 . 2 1 . 3 5 . 2 0 1 3 1 3 1 4 . 3 3 . 9 

2 0 1 5 . 3 8 . 5 5 . 1 1 . 7 0 6 6 . 1 3 . 4 3 2 . 2 2 2 

4 0 2 . 5 1 0 . 1 1 5 . 2 1 1 . 4 0 6 0 . 8 0 1 5 . 2 2 5 . 3 

5 0 4 . 6 9 . 1 0 2 7 . 3 4 . 6 4 5 . 6 5 . 1 $ 2 8 . 8 3 9 . 4 

6 0 3 . 8 1 . 5 3 . 8 1 0 . 6 1 . 5 7 8 . 8 0 1 2 . 1 8 . 3 

7 0 2 . 0 1 . 3 2 . 7 6 . 7 0 8 6 . 7 0 . 7 1 2 . 7 3 . 3 

8 0 0 . 6 4 . 0 1 . 3 4 . 0 0 . 6 8 8 . 7 0 . 6 8 . 7 4 . 7 

l r%n Q O u • «j Q r> *if\ n 
a\j . i 

o n i c r\ r\ r\ 
KJ 2 0 . 7 5 . 3 

1 2 0 1 . 3 2 . 0 2 . 0 3 . 3 + 8 6 . 7 2.7(l) 9 . 3 2 . 7 

1 4 0 1 . 3 0 . 6 3 . 3 3 . 3 0 9 0 . 0 1 . 3 8 . 6 0 . 6 

1 5 0 0 . 6 5 . 3 0 . 6 7 . 3 2 . 7 8 2 . 0 2 . 0 9 . 8 2 . 7 

1 6 0 2 . 0 9 . 3 1 . 3 7 . 3 0 . 6 7 8 . 7 0 . 6 1 9 . 3 3 . 3 

1 8 0 3 . 3 q i 8.3 7 = 5 8 t \J • i n 
J. i s 

/ i n r\ 
i v y . \J 6 . 6 

2 0 0 2 . 2 1 4 . 3 3 . 3 2 5 . 3 2 . 2 5 2 . 7 0 4 9 . 5 4 . 4 

2 1 0 2 . 7 2 . 7 2 . 0 4 . 7 0 . if 
i 8 6 . 7 0.7 1 8 . 0 1 . 3 

2 2 0 2 . 0 6 . 7 6 . 7 2 . 7 0 . 7 8 1 . 2 0 8 . 0 0 

2 3 0 5 . 3 2 . 0 6 . 7 1 2 . 0 0 . 7 6 6 . 7 0.7 3 1 . 3 2 . 7 

2 4 0 4 . 0 2 0 . 7 2 . 0 9 . 3 0 6 2 . 0 2.0 5 8 . 2 6 0 . 0 

2 5 0 5 . 6 2 2 . 2 4 . 2 4 . 2 2 . 8 6 1 . 1 0 6 2 . 5 8 . 3 

2 6 0 7 . 6 5 2 . 2 1 3 . 0 2 2 . 8 0 4 . 4 2 2 0 . 6 4 8 . 9 

2 8 0 1 5 . 6 3 3 . 8 1 3 . 0 2 0 . 8 0 7 . 8 9.0 3 2 8 . 6 6 2 . 3 

3 0 0 9 . 4 5 9 . 4 4 . 7 1 7 . 2 0 1 4 . 0 0 3 4 8 . 4 2 3 . 4 

3 2 0 1 5 . 9 5 0 . 0 8 . 5 1 3 . 4 0 8 . 5 3.7 1 9 0 . 2 4 6 . 3 

3 4 0 2 0 . 3 7 1 . 2 + 5 . 1 0 0 3.4 1 3 9 . 0 1 5 4 

3 5 0 2 5 . 4 7 3 . 0 0 1 . 6 0 0 0 8 2 . 5 1 6 1 . 1 

3 6 0 6 4 . 0 3 3 . 3 0 0 . 9 0 1 . 8 0 1 5 6 . 7 7 7 . 4 

3 8 0 6 3 . 6 3 6 . 4 0 0 0 0 0 1 2 7 . 3 1 6 3 . 6 

4 0 0 4 2 . 3 5 0 . 0 0 0 0 7 . 3 0 1 2 3 . 7 1 7 7 

4 2 0 2 2 . 6 7 7 . 5 0 0 0 0 0 5 8 . 1 1 2 . 9 

4 2 1 1 4 . 3 8 5 . 7 0 0 0 0 0 4 2 . 8 2 3 8 . 1 
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Appendix 2 

TABLE 3 

POLLEN COUNTS FOR AKELD POLLEN DIAGRAM. TREE/SHRUB/ 
HERB RATIOS AS % TOTAL POLLEN AND % TOTAL POLLEN 
MINUS BOG SPECIES (CALLUNA, ERICALES & CYPERACEAE). 

% T o t a l P o l l e n % Tot. P o l l e n - Bog Spp. 
Depth 
cms Trees Shrubs Herbs Trees Shrubs Herbs 

0 15.4 2.8 81.8 21.6 3.9 74.5 
20 11.8 6.4 81.8 21.7 11.8 66.5 
40 15.8 6.4 77.8 24.5 9.9 65.6 
50 18.2 9.0 77.8 19.9 13.5 66.6 
60 26.4 5.4 68.2 33.5 6.9 59.6 
70 43.4 6.9 49.7 68.8 11.0 20.2 
80 39.3 5.2 55,5 61.0 8.1 30.9 

100 A ̂  r\ i i n 
-a. .4. a • 

At P 61.7 16.1 22.2 
120 59.8 7.2 33.0 71.8 8.6 19.6 
140 62.8 5.8 31.4 74.3 6.9 18.8 
150 72.1 9.1 18.8 78.1 9.9 12.0 
160 66.4 15.0 18.6 73.2 16.6 10.2 
1 art 24.0 11.2 64.8 44.4 20.8 34.8 
200 18.2 9.8 72.0 34.5 18.6 46.9 
210 36.0 7.0 57.0 54.5 10.5 35 • 0 
220 82.4 6.6 11.0 88.8 7.1 4.1 
230 61.2 20.8 18.0 68.2 23.2 8.6 
240 39.5 47.0 13.5 42.9 50.9 6.2 
250 14.4 10.2 75.4 36.5 25.9 37.6 
260 18.4 49.6 32.0 23.5 63.4 13.1 
280 15.4 60.2 24.4 18.3 71.3 10.4 
300 12.8 47.6 39.6 15.8 58.8 25.4 
320 16.4 38.8 44.8 22.2 52.6 25.2 
340 11.8 34.6 53.6 21.2 62.0 16.8 
350 12.6 31.2 56.2 24.6 60.6 14.8 
360 22.2 52.0 25.8 27.2 63.9 8.9 
380 4.4 12.8 82.8 14.1 41.3 44.5 
400 5.2 12.8 82.0 16.7 41.0 42.3 
420 6.2 10.6 83.2 23.0 39.3 37.7 
421 4.2 11.8 84.0 14.9 41.8 43.3 
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ABBREVIATIONS USED IN TABLES 

B Betula Ch Chenopodiaceae 

P Pinus Cr Cruciferae 

U Ulmus F F i l i p e n d u l a 

Q Quercus Le Leguminosae 

T T i l i a Pot Potamogeton 

A Alnus PI Plantago 
Fa Fagus Po Polygonum 
Fr Fraxinus Ra Ranunculaceae 

C Corylus Ru Rubiacaee 

S S a l i x Rx Rumex 

G Gramineae S Succisa 

Cy Cyperaceae U Urn be l l i f erae 

c Calluna D Drosera 

E E r i c a l e s Ly Lycopodium 

Co(t) Compositae (t u b . ) Pol Polypodium 

Av F t t-terici ium 

Co(L) Compositae ( L i g . ) Sp Sphagnum 

Ca Caryophyllaceae F i F i l i c a l e s 


