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ABSTRACT 

P l a n d r i a n s e a - l e v e l changes i n the Fenland 

M i c r o p a l a e o n t o l o g i c a l , s t r a t i g r a p h i c , r a d i o c a r b o n , and 

p u b l i s h e d data have been a s s e s s e d to e l u c i d a t e s e a - l e v e l changes 

i n the Fenland during the F l a n d r i a n Stage. Up to 8 p e r i o d s 

c h a r a c t e r i s e d by p o s i t i v e t endencies i n s e a - l e v e l movement have 

been i d e n t i f i e d , Wash I - V I I I , s e parated by up to 7 p e r i o d s , 

Fenland I - V I I , dominated by nega t i v e tendencies i n s e a - l e v e l 
14 

movement. 102 C dates form the c h r o n o l o g i c a l framework on which 

t h i s scheme i s based. Negative tendencies cannot y e t be confirmed 

as a bsolute f a l l s i n s e a - l e v e l due to the e r r o r s i n v o l v e d i n the 

assessment of s e a - l e v e l i n d i c a t o r s . These e r r o r s r e l a t i n g to age 

and a l t i t u d e have been q u a n t i f i e d wherever p o s s i b l e . The v a r i a t i o n 

i n s t r a t i g r a p h i c s u r f a c e s has been b r i e f l y a s s e s s e d and the 

s t a t i s t i c a l l i m i t a t i o n s of p o l l e n a n a l y s e s have been shown by the 

a p p l i c a t i o n of confidence l i m i t s to the p o l l e n diagrams. A 

computer program, NEWPLOT, has been developed to draw the p o l l e n 

diagrams, i n c l u d i n g p o l l e n c o n c e n t r a t i o n , from 6 s i t e s a t Bourne 

Fen, Cowbit Wash and Adventurers* Land. Models have been suggested 

to a s s e s s the s t r a t i g r a p h i c and m i c r o p a l a e o n t o l o g i c a l changes a t 

the s a l t marsh-freshwater fen t r a n s i t i o n and to i d e n t i f y t e n d e n c i e s 

of s e a - l e v e l movement. 

Problems r e l a t i n g to the e x i s t i n g methodology of s e a - l e v e l 

s t u d i e s have been noted from the d i f f i c u l t y i n o b j e c t i v e l y 

c o r r e l a t i n g the d a t a and r e s u l t s of v a r i o u s a u t h o r s . The e r r o r s 

i d e n t i f i e d i n the c o l l e c t i o n , i n t e r p r e t a t i o n and c o r r e l a t i o n of 

s e a - l e v e l d a t a have r e p e r c u s s i o n s f o r the pla n n i n g of sea-defences 

and land-use i n l o w - l y i n g c o a s t a l a r e a s . 
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CHAPTER ONE 

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

The study of r e l a t i v e s e a - l e v e l change i n the Penland 

i s o f more than l o c a l importance s i n c e i t c o n t r i b u t e s t o the 

understanding of world-wide phenomena; i n c l u d i n g g l a c i o -

e u s t a s y , c l i m a t i c change, and n e o - t e c t o n i c s . The Penland i s 

the l o w - l y i n g a r e a surrounding the Wash and f o r a long time 

the r i c h s t r a t i g r a p h i c evidence f o r s e a - l e v e l change has 

been recorded (eg. S k e r t c h l y 1877). The time l i m i t o f the 

study i s nominally the F l a n d r i a n Stage but e f f e c t i v e l y t h e age 

of the e a r l i e s t p o s t - g l a c i a l marine or or g a n i c onshore d e p o s i t s 

to be re c o g n i z e d w i t h i n the Penland i s £.8600 BP. 

The approach used f o r t h i s r e s e a r c h i s s e t out w i t h i n 

t h i s c h a p t e r i n the f o l l o w i n g p a r t s -

1.1 

1.2 

1.3 
1.4 

1.5 

1.6 

Methodology. 

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

Scope of the study. 

S e l e c t i o n of the sampling a r e a s . 

Data c o l l e c t i o n and s t a t i s t i c a l t e s t i n g . 

O b j e c t i v e s . 

P a r t 1.1 Methodology 

S t u d i e s of s e a - l e v e l change l a c k any accepted f o r m a l 

methodology and t h e r e f o r e s c i e n t i f i c laws and t h e o r i e s . The 

treatment of d a t a i s i n d u c t i v e : i n f o r m a t i o n i s converted 

i n t o a n u m e r i c a l form and then by the p r o c e s s o f d e f i n i t i o n , 

measurement, and c l a s s i f i c a t i o n the d a t a are p l a c e d i n t o 

groups and c a t e g o r i e s t h a t impose some degree of seemingly 

) SCIENCE 
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-2-
r a t i o n a l order upon the d a t a . Two examples of t h i s approach 

can be g i v e n . 

"The... aim i s through the a n a l y s i s of data to p r o v i d e 
a r a t i o n a l and i n t e r n a l l y c o n s i s t e n t s e r i e s of 
arguments t h a t can be used to r e c o n s t r u c t the p o s t ­
g l a c i a l u p l i f t , emergence and c r u s t a l deformation of 
a r e a s t h a t vary i n s i z e from l o c a l , through r e g i o n a l , 
to c o n t i n e n t a l . The treatment i 3 p r i n c i p a l l y 
i n d u c t i v e and s t a t i s t i c a l r a t h e r than d e d u c t i v e . " 
(Andrews 1970 p . l ) . 

"The argument i s i n d u c t i v e , a n d s t r e s s i s l a i d on the 
nature and q u a l i t y of the f i e l d and l a b o r a t o r y 
o b s e r v a t i o n s and d e s c r i p t i o n s , as a b a s i s f o r s t r o n g 
e m p i r i c a l models." (Tooley 1978a p . 2 ) . 

The development of e x p l a n a t i o n v i a i n d u c t i v e models 

i s the normal route followed by a s c i e n c e during the p e r i o d 

of data c o l l e c t i o n . Problems a r i s e when a common language 

i s r e q u i r e d f o r c l a s s i f i c a t i o n . Without adequately r i g i d 

o p e r a t i o n a l d e f i n i t i o n s , and s t r i c t adherence to them, even 

s t a t i s t i c a l l y s i g n i f i c a n t f e a t u r e s are not capable of 

comparison. Furthermore problems i n v o l v i n g c i r c u l a r arguments 

e a s i l y a r i s e . These are d e s c r i b e d i n p a r t s 1.2 and 1.3. 

P a r t 1.2 : O p e r a t i o n a l d e f i n i t i o n s 

Without s t r i c t d e f i n i t i o n of terms c o m p a r a b i l i t y between 

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

Most of the n e c e s s a r y d e f i n i t i o n s , eg. those used i n the 

p o l l e n a n a l y s e s , are g i v e n when they f i r s t occur i n the 

succeeding c h a p t e r s , but the f o l l o w i n g , w i d e l y - u s e d terms a r e 

d e f i n e d here :-

A l t i t u d e and depth : the a l t i t u d e of a sample i s i t ' s 

l e v e l r e l a t e d to Ordnance Datum, Newlyn by l e v e l l i n g and i s 

g i v e n i n metres, whereas the depth of a sample t o the l o c a l 

datum, u s u a l l y ground l e v e l f o r a borehole, i s g i v e n i n 

c e n t i m e t r e s . 
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14 Radiocarbon age : these d a t a , a b b r e v i a t e d to C, are 

g i v e n as u n c o r r e c t e d ages, as shown i n Radiocarbon, w i t h a h a l f 
l i f e of 5570 - 30 y e a r s , and quoting the e r r o r to one s t a n d a r d 
d e v i a t i o n . A l l d a t e s are g i v e n as BP. 

F l a n d r i a n , Holocene, p o s t - g l a c i a l : the term used to 

d e s c r i b e the l a s t 10000 y e a r s i s u s u a l l y one o f t h e s e . The 

term F l a n d r i a n i s used here f o r the f o l l o w i n g r e a s o n s : -

- the term " P o s t - g l a c i a l " can be m i s l e a d i n g and i s only 

used i n the form " p o s t - g l a c i a l " as a g e n e t i c f a c i e s 

term i n d i c a t i n g sediments d e p o s i t e d o u t s i d e the 

i n f l u e n c e of the r e c e d i n g i c e (MSrner 1973a). 

- both F l a n d r i a n and Holocene cover the l a s t 10000 

y e a r s . F l a n d r i a n i s used here as the formal s t a g e 

name f o r the p r e s e n t i n t e r g l a c i a l stage f o l l o w i n g 

the recommendation of the Quaternary E r a Sub-

Committee ( M i c h e l l e t a l . 1973) and the arguments 

expr e s s e d by Hyvflrinen (1978 c f . Paepe e t a l . 1976, 

Mangerud and Berglund 1978). 

S e a - l e v e l and t i d e - l e v e l s : f o l l o w i n g J a r d i n e (1975a) 

mean s e a - l e v e l and mean t i d e - l e v e l are c o n s i d e r e d to be the 

same w i t h i n the c o n s t r a i n t s o f p r e s e n t r e s e a r c h t e c h n i q u e s . 

T i d e - l e v e l s are a b b r e v i a t e d and d e f i n e d from Admiralty Tide 

T a b l e s (1980). 

E u s t a t i c f a c t o r , i s o s t a t i c f a c t o r : Mfirner (1976a) 

e x p l a i n s t h a t the r e l a t i v e s e a - l e v e l , o r s h o r e l i n e d i s ­

placement, f o r any g i v e n p o i n t and age i s a f u n c t i o n of the 

water-based and the land-based v a r i a b l e s . The former c o n s i s t 

of the f o l l o w i n g components : g l a c i a l - e u s t a s y , t e c t o n o - e u s t a s y , 
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g e o i d a l - e u s t a s y , m e t e o r o l o g i c a l l o c a l e f f e c t s , h y d r o l o g i c a l 

l o c a l e f f e c t s and oceanographic l o c a l e f f e c t s . These are 

c o l l e c t i v e l y d e f i n e d as the e u s t a t i c f a c t o r . S i m i l a r l y the 

land-based v a r i a b l e s a re c r u s t a l movement and l o c a l compaction, 

which t o g e t h e r r e p r e s e n t the i s o s t a t i c f a c t o r . 

T r a n s g r e s s i o n and R e g r e s s i o n : these terms are w i d e l y 

used i n s e a - l e v e l s t u d i e s but are seldom e x p l i c i t l y d e f i n e d w i t h 

the r e s u l t t h a t meaningful c o r r e l a t i o n becomes d i f f i c u l t . 

Mflrner (1976b) uses t r a n s g r e s s i o n to i n d i c a t e a p o s i t i v e 

v e r t i c a l movement i n s e a - l e v e l , r e g r e s s i o n a f a l l i n s e a - l e v e l . 

I n c o r r e l a t i n g between h i s type a r e a , the K a t t e g a t t r e g i o n , 

and Bflborg Sfl, Denmark, he c l e a r l y d i s t i n g u i s h e s between 

s h o r e l i n e s , t r a n s g r e s s i o n s , and f j o r d s t a g e s . 

However i n d i f f e r e n t sedimentary environments, where the 

r e c o r d i s r e p r e s e n t e d by i n t e r c a l a t e d o r g a n i c and c l a s t i c 

h o r i z o n s , the d e f i n i t i o n of terms i s not so c l e a r . T h i s 

c o n t r i b u t e s to the c o n f l i c t i n g i n t e r p r e t a t i o n o f s i m i l a r 

sequences (eg. Kidson and Heyworth 1973, 1979, Tooley 1979). 

These papers i l l u s t r a t e the dispute over the form of the s e a -

l e v e l curve during the F l a n d r i a n Stage. The i n t e r p r e t a t i o n of 

"peat-above-clay" and n c l a y - a b o v e - p e a t n c o n t a c t s determines 

the form of the r e l a t i v e s e a - l e v e l curve produced. These two 

c o n t a c t s have been d e s c r i b e d as the r e g r e s s i v e and t r a n s -

g r e 8 8 i v e o v e r l a p s r e s p e c t i v e l y (eg. S t r e i f 1979a) and the 

problem a r i s e s when they have been a p p l i e d i n r e l a t i o n to 

l i t h o l o g i c changes, s e a - l e v e l movement and c h r o n o l o g i c a l 

schemes. 

The i n t e r p r e t a t i o n of i n t e r c a l a t e d o r g a n i c and c l a s t i c 
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horizons as f l u c t u a t i o n s i n s e a - l e v e l has been c l e a r l y s t a t e d 
by Donner (1970) and Tooley (1974). Tooley explains that 
(1974 p.38):-

nThe o s c i l l a t i n g , r e l a t i v e s e a - l e v e l curve from north­
west England shows periods of very r a p i d r i s e i n 
s e a - l e v e l followed by periods of apparent s t i l l s t a n d 
or f a l l . Each o s c i l l a t i o n comprehends a marine 
transgression; from the i n i t i a t i o n of the t r a n s g r e s s i o n , 
a r i s e i n s e a - l e v e l i s i n f e r r e d , whereas the 
culminating stages of the transgression i n d i c a t e a 
r e l a t i v e f a l l i n s e a - l e v e l . 1 1 

Tooley fs use of the term transgression becomes unclear 

with h i s introduction of "regression" (1976 p . l 4 4 ) : -

"The o s c i l l a t i o n s recorded on the s e a - l e v e l curve are 
c l o s e l y associated with periods of marine t r a n s g r e s s i o n 
and regression i n West Lancashire." 

His l i s t i n g of the transgressions, Lytham I to X, 

presumably implies that the intervening stages are r e g r e s s i o n s , 

represented by peat l a y e r s . However the terminology, explanation 

of r i s e and f a l l of s e a - l e v e l , and the diagrammatic repres­

entation are not consistent (Tooley 1974 fig.10, 1976 f i g . 2 ) . 

F i r s t l y the transgressions Lytham I I and I I I show an 

inconsistency with the i n t e r p r e t a t i o n of i n t e r c a l a t e d horizons 

outlined by Donner (1970). No period of f a l l i n g s e a - l e v e l i s 

shown on the curve (Tooley 1974 fig.10) even though there i s an 

intervening, i n t e r c a l a t e d dated peat l a y e r , at NB-10 and NB-2 

(Tooley 1974 f i g . 6 ) . Furthermore comparison of the s t r a t -
14 

igraphy, Lytham H a l l P a r k - 8 , the C data (Tooley 1976 

table 1 ) , i n f e r r e d s e a - l e v e l movement (1976 pi.43) and the 

o s c i l l a t i n g s e a - l e v e l curve (1976 f i g . 2 ) i n d i c a t e s a period 

of transgression to represent a r i s e and then f a l l of sea-

l e v e l and a regression a f a l l followed by a r i s e . This 

confusion has developed from the use of t r a n s g r e s s i o n to define 
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a f a c i e s u n i t , i e . marine sediments, at a type l o c a l i t y and 

then the use of t h i s l i t h o s t r a t i g r a p h i c unit as the equivalent 

to a period ©f r i s e or f a l l i n s e a - l e v e l . 

A simple s t r a t i g r a p h i c model (fig.1.1) shows the d i f ­

ferent meanings of transgression and regression following the 

examples of Mflrner and Tooley outlined above. Using l i m i t e d 

evidence, i e . dating the l i t h o l o g i c boundaries i n boreholes 

A, B, C, the r e s u l t i n g chronologies of periods of t r a n s g r e s s i o n 

and regression d i f f e r quite considerably. Therefore the 

sequences designated Lytham I to X should not be used i n a 

chronostratigraphic scheme to c o r r e l a t e with the chronology 

of transgressions and regressions proposed by MSrner (1976b) 

since the time boundaries r e f e r to d i f f e r e n t events ( c f . Devoy 

1979, Mflrner 1976b, Tooley 1978a). 

Devoy (1977a,b, 1979) recorded 5 organic, regression 

sequences and ^ c l a s t i c , transgression, sequences i n the lower 

Thames estuary. However there are s l i g h t discrepancies between 

the time l i m i t s given for the "Flandrian transgression 

sequences" (Devoy 1977b table 1) and the movement of s e a - l e v e l 

as shown on the time-depth graph (Devoy 1977b f i g . 2 ) . This i s 

despite a c l e a r d e f i n i t i o n of the terms transgression and 

regression contact. Devoy (1977a) a s s e r t s that a peat-over-

clay contact i s interpreted as showing a net negative or 

downward movement of s e a - l e v e l and not simply the e x c l u s i o n 

of marine or open water conditions due to the l o c a l changes 

i n c o a s t a l morphology, and t h i s v e r t i c a l movement i s termed 

a regression. 

This 1B quite d i f f e r e n t from Jelgersma (1961, p.87) 
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who s t a t e s : -

"the e x p r e s s i o n s ' t r a n s g r e s s i o n * and ' r e g r e s s i o n ' 
phase should not be i n t e r p r e t e d as a r i s e and 
f a l l of s e a l e v e l . Major f l u c t u a t i o n s o f s e a -
l e v e l are not i n d i c a t e d on our curve, the word 
t r a n s g r e s s i o n only e x p r e s s e s t h a t land was 
covered by the s e a , r e g r e s s i o n a withdrawal of 
the s e a . " 

However i t should be noted t h a t Jelgersina ( 1 9 7 9 ) 

a c c e p t s a peat l a y e r on top of the marsh c l a y i n the Eem 

v a l l e y as the s t a r t of the f a l l of s e a - l e v e l d u r i n g the 

Eemian. 

J a r d i n e ( 1 9 7 5 b ) i n d i c a t e d the problems a s s o c i a t i n g 

" t r a n s g r e s s i o n " and " r e g r e s s i o n " w i th l i t h o l o g y , chronology, 

and movements i n s e a - l e v e l by r e f e r r i n g the terms to p e r i o d s 

of landward and seaward m i g r a t i o n , e i t h e r by h o r i z o n t a l or 

by v e r t i c a l movement or by combined h o r i z o n t a l and v e r t i c a l 

movement, of the l i n e of i n t e r s e c t i o n of the l a n d and the 

s u r f a c e of the s e a . 

By u s i n g the terms t r a n s g r e s s i v e and r e g r e s s i v e 

o verlap S t r e i f ( 1979a ) i n d i c a t e s t h a t the l a t t e r need not 

n e c e s s a r i l y i n v o l v e a f a l l i n s e a - l e v e l at the open c o a s t . 

Therefore the consensus of o p i n i o n appears to favour 

the use of the terms i n a l i t h o s t r a t i g r a p h i c s e n s e , r e f e r r i n g 

to the t r a n s i t i o n or tendency f o r change from s e m i - t e r r e s t r i a l 

to m a r i n e / b r a c k i s h sedimentation and v i c e v e r s a . T h i s l e a d s to 

c o n f u s i o n where the terms are a p p l i e d to a c h r o n o s t r a t i g r a p h i c 

c o r r e l a t i o n scheme i n t r i n s i c a l l y l i n k e d to movements i n 

r e l a t i v e s e a - l e v e l (eg. Devoy 1979 f i g . 3 1 ) s i n c e the d e f i n i t i o n 

of the terms i s not s u i t a b l e . Indeed the r e l a t i o n s h i p 

between l i t h o l o g i c changes i n the t i d a l f l a t and l a g o o n a l 

zone and s e a - l e v e l changes a t the open c o a s t i s a major 
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question yet to be adequately answered. Due to h i s t o r i c a l 
misuse and over-use of the terms transgression and regres s i o n 
i t would appear unwise to use them i n studies of the t i d a l 
f l a t and lagoonal zone i n any other sense than aiding s t r a t -
igraphic d e s c r i p t i o n , such as transgressive and re g r e s s i v e 
overlap/contact. Therefore transgression and regres s i o n are 
used with no e x p l i c i t r e l a t i o n s h i p to v e r t i c a l change i n 
s e a - l e v e l , or formally i n the development of chronostratigraphic 
schemes, except when they have been used i n e x i s t i n g schemes 
to which d i r e c t reference i s made. 

Part 1.3 : Scope of the study 

The s p a t i a l and temporal s c a l e s cner which s e a - l e v e l 

changes are studied v a r i e s considerably since t h e i r o r i g i n and 

c a u s a l i t y are applicable i n many geomorphological models, 

ranging, for example, from earth h i s t o r y to s a l t marsh dev­

elopment. The components of the e u s t a t i c and i s o s t a t i c f a c t o r s , 

given i n part 1.2, only indicate the main groups of v a r i a b l e s 

but the d i s t i n c t i o n of cause and e f f e c t among geomorphic 

v a r i a b l e s v a r i e s with the extent of the landscape and time. 

The more s p e c i f i c the study the shorter the time span dea l t 

with and the smaller the space considered. S i m i l a r l y i f the 

va r i a b l e s are not considered with respect to the time span 

involved i t i s d i f f i c u l t to determine which v a r i a b l e s are 

independent (Schumm and Lichty 1965)• Thus the r e s o l u t i o n 

of the e u s t a t i c f a c t o r required i n a study of s e a - l e v e l 

response to ice-volume f l u c t u a t i o n s throughout the Quaternary 

Era i s quite d i f f e r e n t to the requirements f or planning 

present c o a s t a l defences and the status of the v a r i a b l e s changes. 
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The approach adopted here f o l l o w s the g u i d e l i n e s g i v e n 
by Tooley (1978b p.204) -

"The f i r s t c r i t e r i o n i s t h a t v a r i a t e s should come 
from a s m a l l homogeneous a r e a , so t h a t the e f f e c t s 
of t i d a l i n e q u a l i t i e s , e a r t h movements and 
v a r i a t i o n s i n geoid c o n f i g u r a t i o n would be 
minimised." 

T h i s c r i t e r i o n i s w i d e l y accepted i n theory but no 

f i g u r e i s i n d i c a t e d to what c o n s t i t u t e s a s m a l l homogeneous 

a r e a . R e l a t i v e s e a - l e v e l c u r v e s , due to t h e i r i m p l i c i t space 

dependence, should be p u b l i s h e d only w i t h the a r e a l measurements 

over which they are a p p l i c a b l e . Furthermore, the assessment o f 

the s t a t u s o f the v a r i a b l e s i s most important. The c l e a r e s t 

examples of t h i s d i f f i c u l t y are the s t a t u s o f p a l a e o - t i d a l 

range and g e o i d a l changes. They may be invoked to h i n d e r the 

comparison of s e a - l e v e l curves from d i f f e r e n t l o c a l i t i e s , i g n o r e d 

a l t o g e t h e r , or measured by the d i f f e r e n c e i n a l t i t u d e o f s e a -

l e v e l curves from d i f f e r e n t l o c a l i t i e s . 

The problem of c i r c u l a r arguments i s o f t e n d i f f i c u l t to 

a v o i d . For example an e a r t h v i s c o s i t y model and a s e a - l e v e l 

curve can be used to v e r i f y a g l a c i a l h i s t o r y model; a g l a c i a l 

h i s t o r y model and s e a - l e v e l curve to v e r i f y e a r t h v i s c o s i t y 

models ; an e a r t h v i s c o s i t y model and g l a c i a l h i s t o r y model to 

p r e d i c t s e a - l e v e l c u r v e s , w i t h g e o i d a l models sometimes added 

as a f u r t h e r refinement (eg. Andrews 1 9 7 4 , Chappel 1 9 7 4 , 

C l a r k and Bloom 1 9 7 9 , C l a r k and L i n g l e 1 9 7 7 , F a r r e l l and 

C l a r k 1 9 7 6 , Walcott 1 9 7 2 ) . 

T h e r e f o r e , the scope of the p r e s e n t study i s s e a - l e v e l 

changes i n the Fenland d u r i n g the F l a n d r i a n Stage. W i t h i n 

t h i s time i t i s h y p o t h e s i z e d t h a t such an a r e a has a c t e d 
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uniformly to changes i n a l l of the components of the e u s t a t i c 

f a c t o r . T h i s u n i f o r m i t y i s d e f i n e d by the l i m i t s o f the 

p r e s e n t l y measurable v a r i a t i o n of s e a - l e v e l index p o i n t s . 

Thus, the approach i s one of g a t h e r i n g l o c a l i n f o r m a t i o n , i t s 

q u a n t i f i c a t i o n , and the development o f l o c a l l y v a l i d i n d u c t i v e 

models which can then be t e s t e d f u r t h e r l o c a l l y and r e g i o n a l l y . 

P a r t 1.4 : S e l e c t i o n of the sampling a r e a s 

The Fenland i n c l u d e s a l l of the l o w - l y i n g l a n d , 

g e n e r a l l y l e s s than +10 m.OD, south of a l i n e between Chapel 

Point and Hunstanton ( f i g . 1 . 2 ) . The morphology and sediments 

of the Fenland are p r i m a r i l y the r e s u l t of p r o c e s s e s under the 

d i r e c t or i n d i r e c t i n f l u e n c e of s e a - l e v e l s d u r i n g the 

F l a n d r i a n Stage. 

The s u i t a b i l i t y of the Fenland as an a r e a f o r study 

i s shown by i t s long h i s t o r y of i n v e s t i g a t i o n (eg. Godwin 1 9 7 8 , 

S k e r t c h l y 1877) but now r e q u i r i n g r e - i n v e s t i g a t i o n u s i n g r e f i n e d 

t e c h n i q u e s . Furthermore the a r e a has a r e c e n t h i s t o r y of 

i n s t a b i l i t y between the s e a and the r e c l a i m e d marshes, f o r 

example the 1953 and 1978 f l o o d s , and has been deemed a 

p o s s i b l e s i t e of n a t i o n a l l y important development schemes, 

eg. water s t o r a g e , n u c l e a r power g e n e r a t i o n . Together t h e s e 

f a c t o r s warrant the s c i e n t i f i c i n v e s t i g a t i o n o f s e a - l e v e l 

changes a f f e c t i n g the a r e a during the F l a n d r i a n . 

The l o c a t i o n of i n d i v i d u a l s i t e s f o r d a t a c o l l e c t i o n 

was decided a t two l e v e l s o f s e l e c t i o n . F i r s t l y the g e n e r a l 

l o c a t i o n was decided by r e f e r e n c e to e a r l i e r i n v e s t i g a t i o n s , 

p a r t i c u l a r l y those of S k e r t c h l y ( 1 8 7 7 ) and Godwin ( 1 9 4 0 a ) , 

which r e v e a l e d both a r e a s w i t h l i t t l e or no d e t a i l e d 
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Figure 1.2 : The Penland, showing the l o c a t i o n o f the 
major s i t e s mentioned i n the t e x t . 



i n v e s t i g a t i o n and s i t e s of p a r t i c u l a r i n t e r e s t r e q u i r i n g 

r e - i n v e s t i g a t i o n . The e x a c t l o c a t i o n of the l i n e of b oreholes 

was h e a v i l y dependent on ground c o n d i t i o n s , p a r t i c u l a r l y l o c a l 

fanning p r a c t i c e s and acce33. 

P a r t 1.5 : Data c o l l e c t i o n and s t a t i s t i c a l t e s t i n g 

The c o l l e c t i o n of samples was c o n s t r a i n e d by the type 

of boring equipment a v a i l a b l e a t d i f f e r e n t times d u r i n g the 

p e r i o d of r e s e a r c h . Samples taken were supplemented by p u b l i s h e d 

data r e c o r d i n g ^C, p o l l e n , s t r a t i g r a p h i c and a r c h a e o l o g i c a l 

a n a l y s e s . The l o c a t i o n of the s i t e s mentioned i n the t e x t i s 

shown i n f i g . 1.2. 

The c o l l e c t i o n of data f o r the r e s o l u t i o n of a r e l a t i v e 

s e a - l e v e l curve f o r the Fenland attempts to f o l l o w the guide­

l i n e s f o r the IGCP P r o j e c t 61 (van de P l a s s c h e and Preuss 1978) 
1 h 

and the C data a d d i t i o n a l l y conform to c r i t e r i a o u t l i n e d by 

Tooley (1978b) t h a t the dated samples should come from s i m i l a r 

palaeoenvironments whenever p o s s i b l e and t h a t they should be 

capable of independent age c o r r o b o r a t i o n . 

S t a t i s t i c a l t e s t i n g of data i s not widely used i n s e a -

l e v e l s t u d i e s . T h i s i s probably due to the d i f f i c u l t y of 

o b t a i n i n g s u f f i c i e n t data but may a l s o r e f l e c t an u n w i l l i n g n e s s 

to t e s t the s t a t i s t i c a l weakness of the d a ta. I n the p r e s e n t 

r e s e a r c h s t a t i s t i c a l techniques have been a p p l i e d wherever 

p o s s i b l e to i n d i c a t e within-sample v a r i a t i o n , thus g i v i n g an 

i n d i c a t i o n of the r e s o l u t i o n t h a t can be expected from t h i s 

kind of study. Confidence l i m i t s and s i g n i f i c a n c e t e s t s have 

been a p p l i e d to the p o l l e n data ( c h a p t e r 5 ) . However i t has 

not been p o s s i b l e to use e x t e n s i v e s t a t i s t i c a l c o r r e l a t i o n 

t e c h n i q u e s f o r i n t e r - r e g i o n a l comparison. 
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P a r t 1.6 : O b j e c t i v e s 

The o b j e c t i v e of t h i s r e s e a r c h i s to study the r e l a t i v e 

s e a - l e v e l changes and sediment accumulation i n the Fenland 

during the F l a n d r i a n . T h i s i s achieved i n the f o l l o w i n g s t a g e s : -

d e s c r i p t i o n of s i t e s from the t i d a l f l a t and l a g o o n a l zone, 

a n a l y s i s of the data, 

i n t e r p r e t a t i o n of the d a t a . 

e s t a b l i s h m e n t of a t r a n s g r e s s i o n / r e g r e s s i o n tendency 
chronology. 

c o n s t r u c t i o n of a s e a - l e v e l c urve. 

c o r r e l a t i o n w i t h UK. and European schemes to 
i n d i c a t e events of r e g i o n a l s i g n i f i c a n c e . 

Within t h i s program pre s e n t methodologies, t e c h n i q u e s 

of data c o l l e c t i o n , p r e s e n t a t i o n , c l a s s i f i c a t i o n and i n t e r ­

p r e t a t i o n are a s s e s s e d to e v a l u a t e the r e s o l u t i o n and 

l i m i t a t i o n s of the r e s e a r c h c o n c l u s i o n s which can then be 

used i n other s c i e n t i f i c programs. 
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CHAPTER TWO 

Q e o l o s i c a l h i s t o r y up to the F l a n d r i a n Stage 

T h i s chapter i s d i v i d e d i n t o 3 p a r t s i n order t o 

cover the development of the r e g i o n a l g e o l o g i c a l e n v i r o n ­

ment which preceded the d e p o s i t i o n of the u n c o n s o l i d a t e d 

F l a n d r i a n sediments. The 3 p a r t s a r e : 

2.1 : The pre-Quaternary geology of the L i n c o l n s h i r e 

Marshes, Fenland and the North Sea. 

2.2 : Environmental changes d u r i n g the Quaternary 

Period up t o 10,000 BP. 

2.3 : The p r e - F l a n d r i a n landscape of the n o r t h e r n 

Fenland. 

P a r t 2.1 : The pre-Quaternary geology of the L i n c o l n s h i r e 
Marshes, Fenland, and the North Sea 

S i n c e a t l e a s t the J u r a s s i c Period, when the o l d e s t 

outcropping r o c k s of the a r e a were formed, the L i n c o l n s h i r e 

Marshes and Fenland have been an a r e a of change between 

t e r r e s t r i a l and marine environments. There have been 

a b s o l u t e v e r t i c a l movements of both land and s e a - l e v e l s . 

The l i m e s t o n e s and c l a y s of the L i n c o l n s h i r e Edge and 

Huntingdonshire were deposited i n a J u r a s s i c s e a of 

v a r y i n g w a t e r - q u a l i t y and depth. S i m i l a r l y , the sandstone, 

i r o n s t o n e , c l a y and e x t e n s i v e c h a l k d e p o s i t s of Cretaceous 

age, which ar e 330 m. t h i c k i n Norfolk and 100 m. i n 

L i n c o l n s h i r e , are of marine and e s t u a r i n e o r i g i n . However, 

between t h e s e two p e r i o d s of marine d e p o s i t i o n was a 

long p e r i o d of r e l a t i v e land u p l i f t w i t h e x t e n s i v e l a n d 

denudation (Chatwin 1961, Swinnerton & Kent 1976). 
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I t w i l l be a p p r e c i a t e d t h a t these r e l a t i v e s e a - l e v e l 
changes are due to changes of both l a n d and o c e a n i c v a r ­
i a b l e s . However, the r e l a t i v e importance of t h e s e v a r i a b l e s 
changes when a d i f f e r e n t time s c a l e i s used. I n g e o l o g i c a l 
time, measured i n 10 Ma, the changes of ocean b a s i n shapes 
and volumes are very important; indeed the s c a l e of the 
r e l a t i v e land-and s e a - l e v e l changes i n c r e a s e s as the 
t i m e s c a l e on which the movement can be i d e n t i f i e d becomes 
g r e a t e r . Ancient t e c t o n i c movements are r e c o g n i z a b l e i n 
the g e o l o g i c a l r e c o r d but i t has been argued (Mfirner 1979 ) 
t h a t a t e c t o n i c component to u p l i f t , i n a d d i t i o n to 
i s o s t a t i c r e c o v e r y , has been i d e n t i f i e d as a f e a t u r e 
s o l e l y of Fennoscandinavia and i s not found i n the r e c o r d s 
from the United Kingdom, I c e l a n d , and B a f f i n I s l a n d . 

Regional f o l d i n g and f a u l t i n g d u r i n g the Upper 

Carboniferous P e r i o d r e p l a c e d a n o r t h - w e s t e r l y t i l t i n g by 

an e a s t e r l y t i l t i n g and marked the e s t a b l i s h m e n t of the 

North Sea B a s i n (Pegrum et a l . 1 9 7 5 ) . T h i s b a s i n , p a r t 

of the s e i s m i c a l l y i n a c t i v e E a s t e r n A t l a n t i c c o n t i n e n t a l 

margin (Bott 1975) i s c h a r a c t e r i z e d by s u b s t a n t i a l v e r t i c a l 

movements. B a s i n subsidence i s e x p l a i n e d , by B o t t , as 

the r e s u l t of c r u s t a l creep i n response to the s t r e s s system 

a t a margin, r e s u l t i n g i n both r e g i o n a l and l o c a l subsidence 

w i t h normal f a u l t i n g i n the b r i t t l e uppermost c r u s t . 

However, the l i n e a r , sediment f i l l e d troughs, where c r u s t a l 

e x t e n s i o n was expreseed s i m u l t a n e o u s l y along t h r e e converging 

s p r e a d i n g a x i s , or t r i p l e p o i n t s , ( f i g . 2 . 1 ) , have a l s o been 

e x p l a i n e d by a s t r e t c h i n g motion i n a r i f t v a l l e y stage 

of development (Pegrum e t a l . 1 9 7 5 ) . Furthermore, C o l l e t t e 
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(1968,1971) has a t t r i b u t e d the subsidence t o c r u s t a l 

t h i n n i n g by t r a n s f o r m a t i o n of gabbroic m a t e r i a l t o e c o l o g i t e 

i n response t o thermal changes i n the u n d e r l y i n g mantle 

r a t h e r than p r o x i m i t y to a margin (B o t t 1975). The r e s u l t i n g 

s t r u c t u r e i s t h a t the mid-and n o r t h e r n North Sea have a 

c e n t r a l graben and f a u l t b l o c k system, o r i g i n a t i n g i n 

Permian t i m e s , w i t h major subsidence d u r i n g t h e ^ r a s s i c 

and Lower Cre t a c e o u s , concealed beneath an e s s e n t i a l l y 

u n f a u l t e d deep b a s i n of Upper Cretaceous and T e r t i a r y 

r o c k s (Kent 1975). The geology of the southern North Sea 

Troughs i s however f u r t h e r complicated by s a l t dome 

i n t r u s i o n and the development of i n v e r s i o n troughs (Pegrum 

e t s i . 1975). 

J u r a s s i c and Cretaceous rocks a r e the s o l e s o l i d 

outcropping r o c k s i n L i n c o l n s h i r e and around the Penland 

b a s i n but the subsidence of the North Sea B a s i n during the 

T e r t i a r y and the a s s o c i a t e d e r o s i o n of the land s u r f a c e 

a r e probably the most important g e o l o g i c a l events i n 

e x p l a i n i n g the p r e s e n t s t r u c t u r e . Away from the C e n t r a l 

Graben, e r o s i o n was widespread a t the end of the Cretaceous 

pe r i o d (63 MA ago), the i n v e r s i o n troughs of the southern 

North Sea reached t h e i r maximum u p l i f t (Pegrum e t a l . 1975 

f i g . 15)» and the s o f t c h a l k was eroded, as were the c o r e s 

of o l d e r sediments. The combined r e s u l t s of the e a s t e r l y 

t i l t i n g and e r o s i o n was t h a t the c l a y s were more e a s i l y 

denuded than the l i m e s t o n e s and chalk and t h e r e f o r e the 

c l a y v a l e s were sepa r a t e d by ranges of h i l l s w i t h westward 

f a c i n g s c a r p s and more g e n t l y dipping eastward s l o p e s . 

Kellaway and T a y l o r (1953) have shown t h a t i n the b a s i n s of 
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the r i v e r s Welland and Nene the p r e s e n t " e r o s i o n c y c l e " 
commenced as a s u r f a c e g e n t l y s l o p i n g towards the North Sea. 
S i m i l a r l y , Posnansky (1960) argued t h a t the p r e - g l a c i a l 
Trent flowed i n t o the Wash B a s i n through the A n c a s t e r G;ap, 
to be d i v e r t e d d u r i n g the Quaternary to the L i n c o l n Gap 
and f i n a l l y to the Humber e s t u a r y . The combination of the 
L i n c o l n s h i r e r i v e r s , the T r e n t , and oth e r s from the south 
were r e s p o n s i b l e f o r the wide gap i n the J u r a s s i c c l a y s and 
Cretaceous c h a l k sequence which now forms the Penland 
B a s i n and the Wash. 

However, over much of the North Sea B a s i n , away 

from the i n v e r s i o n troughs, u p l i f t was only g e n t l e , w i t h 

much of the c h a l k not being removed. The b a s i n was once 

again surrounded by emergent land masses p r o v i d i n g c l a s t i c 

sediments, g i v i n g r i s e to the T e r t i a r y c l a y s , s h a l e s and 

sandstones. The T e r t i a r y sedimentary b a s i n was never much 

g r e a t e r i n ex t e n t than the pr e s e n t day North Sea, - the 

London B a s i n , E a s t A n g l i a , Holland and nort h e r n Germany then 

l y i n g beneath the s e a . Where subsidence was continuous i n 

the c e n t r a l and nort h e r n North Sea the T e r t i a r y sediments 

l o c a l l y a t t a i n e d t h i c k n e s s e s i n ex c e s s o f 3500 metres 

(Pegrum e t a l . 1975). 

The depth contours on the base of the T e r t i a r y show 

i t to be elongated over the C e n t r a l Graben and a g e n e r a l 

conformity w i t h the p r e s e n t c o a s t l i n e , except f o r the a r e a s 

noted above. A remarkable f e a t u r e however, i s t h a t such 

major a n c i e n t s t r u c t u r e s as the Mid-North Sea and Fyn-

RingkBbirg Platforms a p p a r e n t l y had l i t t l e or no c o n t r o l on 

T e r t i a r y s e d i m e n t a t i o n . Subsidence i n the n o r t h e r n r e g i o n 
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appears to have been continuous f o r seventy m i l l i o n years, 
but t h i s was not the case f o r the whole basin. Thickness 
v a r i a t i o n s i n the Central and southern North Sea T e r t i a r y 
sequences show the continued p l a s t i c deformation of the 
underlying Zechstein s a l t bearing s t r a t a . I n the 
Netherlands the T e r t i a r y sequence i s over 1700 metres t h i c k 
and t e s t i f i e s t o the changes i n the marine environment at 
the edges of the basdnwith the i n t e r d i g i t a t i o n of marine 
and non -marine conditions. I n t e r v a l s of more r a p i d r e l a t i v e 
subsidence a l t e r n a t e d w i t h s t i l l stands or possible periods 
of u p l i f t and erosion around the margins. The i d e n t i f i c a t i o n 
of peneplanation surfaces, benches and graded r i v e r systems 
and t h e i r c o r r e l a t i o n w i t h such s t i l l stands, however, s t i l l 
appears d i f f i c u l t to prove unequivocally (Straw 1961, 
Swinnerton and Kent 1976). 

The Alpine epeirogenic movements, 25 Ma ago, made the 
Paris-Hampshire Basin s u p r a - t i d a l , and the S c o t t i s h Massif 
was probably f u r t h e r u p l i f t e d r e l a t i v e t o the North Sea 
Basin (Pegrum et a l . 1975). However, w i t h the T e r t i a r y Era 
approaching i t s end the North Sea Basin was more uniform i n 
i t s response to land-and sea-level changes than previously 
i t had ever been. Apart from h a l o k i n e t i c disturbances the 
ancient s t r u c t u r e s now exerted l i t t l e c o n t r o l but during the 
f o l l o w i n g Quaternary Period the North Sea area underwent 
extreme changes i n land-and sea-levels and environmental 
conditions. Their causes, e f f e c t s , and s p a t i a l v a r i a b i l i t y 
can be studied at much smaller spatial-and time-scales, and 
i n more d e t a i l than the e a r l i e r changes. Therefore the 
recognizable variables change i n importance as the p r e c i s i o n 
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and r e s o l u t i o n of the time-scale i s reduced from m i l l i o n s 
of years t o considerably less than 10,000 years i n the Late-
Quaternary . 

Part 2.2 : Environmental changes du r i n g the Quaternary 
Period up t o 10000 BP 

The Pleistocene Epoch of the Quaternary Period 
(Mangerud et a l . 1971*) covers the period 2 Ma ago t o 10,000 BP 
during which time sea-level i s known to have r i s e n above and 
f a l l e n below the present shoreline as the r e s u l t o f the 
i n t e r a c t i o n of the extreme changes of climate, i s o s t a s y , 
t e c t o n i c movements, the volume of water i n the oceans, ic e 
volumes and the c o n f i g u r a t i o n of the geoid associated w i t h 
the g l a c i a l and i n t e r g l a c i a l stages. West (1972) has 
presented evidence t o suggest a f l u c t u a t i o n of sea-level 
w i t h an amptitude of 218 m. during the Pi eistocene i n south­
east England. 

The Pliocene/Pleistocene boundary ( Tertiary/Quaternary 
Period boundary) i n B r i t a i n i s w i t h i n the crag sequence of the 
East Anglian basin; the Co r a l l i n e Crag i s of Pliocene age 
and the Red Crag Pleistocene ( M i l l e r et a l . 1979). West 
(1972) and M i t c h e l l et a l . (1973) have o u t l i n e d the stages 
of the B r i t i s h Pleistocene Epoch and the former has 
synthesized the evidence f o r changes i n land-and sea-levels 
w i t h i n the period. There are many d i f f i c u l t i e s , acknowledged 
by West, due both t o the paucity of data r e l a t i n g the 
sediments t o t h e i r contemporaneous t i d e - l e v e l and the 
d i f f i c u l t i e s of dating r e l a t i v e and absolute events. Indeed, 
there i s s t i l l controversy over the age and extent of the 
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g l a c i a l deposits of Lincolnshire and the Fenlands as noted 
by Turner (1973) and Catt (1977). Devensian t i l l s occur 
only i n North L i n c o l n s h i r e , while the "chalky boulder clay" 
to the west of the Fenland basin has been ascribed both 
Wolstonian and Anglian ages (Shotton 1973, Turner 1973). 

The Pleistocene sequence reaches a thickness i n 
excess of 600 m. i n the Netherlands and up to 70 m. near 
to Great Yarmouth i n East Anglia . These sequences provide 
some information on land and sea-level changes i n the 
southern North Sea area. The combination of d i f f e r e n t i a l 
land movements and a regression of sea-level to 183 m. 
between Lenham and south-east Suffolk f o r the upper 
Pliocene, and between Netley Heath and south-east S u f f o l k 
f or the lower Pleistocene, i s necessary to expla i n present 
differences i n height of the Crag deposits (West 1972). 
Other estimates of net downwarping have been made f o r 
i n t e r g l a c i a l deposits i n East Anglia (Wes.t 1972 f i g . 7 ) 
but i t i s d i f f i c u l t t o i n t e r p r e t r e g i o n a l rates due to the 
l i m i t e d d i s t r i b u t i o n of outcrops. 

There i s some d i r e c t evidence of Pleistocene movements 
of r e l a t i v e sea-level w i t h i n the Penlands and L i n c o l n s h i r e . 
The pre-Devensian shoreline, i n l a n d of the present coast 
of L i n c o l n s h i r e , consisted of bold chalk c l i f f s up t o 
75 m. high running north from Louth. The lower part of 
these c l i f f s i s buried beneath Devensian T i l l . This 
shoreline i s also exposed north of the Humber Estuary at 
Sewerby. I t ô e has b&e^ cyuen â > Ipswichian 
(Straw 1961), but^was undoubtedly formed e a r l i e r , f o r at 
Sewerby pre-Ipswichian deposits r e s t on the p l a t f o r m and 
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they themselves were planed by the Ipswichian sea (Catt 1977). 

At T a t t e r s h a l l a peat bed of s u p r a - t i d a l o r i g i n l i e s 
below present mean sea-level. The p o l l e n assemblage places 
the deposit i n Ipswichian zone l i b (Catt 1977). This 
i n t e r p r e t a t i o n of a low r e l a t i v e 3ea-level i n Ipswichian l i b 
c o r r e l a t e s favourably w i t h the s i t e s at Langham, A u s t e r f i e l d 
and Sewerby described by Gaunt et a l . (1974) where there i s 
evidence of a r i s e i n r e l a t i v e sea-level from -14 m. to +1 m 0D 
between the end of Ipswichian I to the middle of Ipswichian I I I . 

Horton et a l . (1974) report a sequence of i n t e r g l a c i a l 
r aised estuarine and l a c u s t r i n e beds to the west of 
Peterborough. The Woodston Beds are up to 7 m. t h i c k and 
t h e i r surface i s approximately +15 m 0D. The i n t e r g l a c i a l 
age i n f e r r e d from the p o l l e n assemblage i s not r e f u t e d by the 
radiocarbon assay; > 40000 (IGS-C14/125). The p o l l e n spectra 
i n d i c a t e a t r a n s i t i o n from s a l t marsh and estuarine 
environments to f l u v i a t i l e and possible l a c u s t r i n e sequences. 
I t i s not stated w i t h which i n t e r g l a c i a l period the beds 
are associated. 

Pleistocene gravels outcrop around the Penland Basin. 
Skertchly (1877) suggested t h a t the gravels are a l l of marine 
o r i g i n except f o r those o f f the Lincolnshire Wolds, but i t 
i s probable t h a t some of those along the western Fen edge 
are of f l u v i a t i l e or f l u v i o - g l a c i a l o r i g i n . However of 
proven marine o r i g i n are the March Gravels. These occur 
above the fen surface t o a height of +10—12 m. 0D at 
March (Baden-Powell 1934). They contain a r i c h f o s s i l 
marine fauna and have been c o r r e l a t e d w i t h the t h i r d t e r r a c e 
(Ipswichian) of the River Cam (Turner 1973, West 1977). 
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The F i r s t and Second Terraces of the River Cam are of 
Devensian age and a s i m i l a r sequence of terraces i s reported 
f o r the River Nene (Shotton 1973). 

However at S t u t t o n , S u f f o l k , brackiah water deposits 
from Ipswichian I I I are found at +1 m. OD and on t h i s basis 
West (1972) suggested a t i l t i n g of about 9 m. between the 
western and eastern part of East Anglia since t h a t time. 

Jelgersma (1979) has summarised the evidence f o r 
the Ipswichian (Eemian) sea-level maximum around the southern 
North Sea. The highest l e v e l reported i s +15 m. at Aveley 
i n the Lower Thames v a l l e y . On the continent and i n the 
adjacent North Sea Basin Eemian deposits trace the r i s e of 
sea-level from about 40 m. below the present l e v e l t o a 
maximum 8 m. below i n the Eem v a l l e y , Netherlands, 9 m. 
below i n Lower Saxony, 6.5 m. below on the I s l e of J u i s t 
and 5 m. below i n Schleswig-Holstein. Near Brugge, Belgium, 
marine Eemian deposits appear close t o the present sea-level 
(Jelgersma 1979). A l a t e Eemian f a l l i n sea-level i s 
ind i c a t e d by a peat layer on top of s a l t marsh clays i n the 
Eem v a l l e y and i n Friesland. Jelgersma concludes t h a t the 
differences i n e l e v a t i o n of the Eemian sea-level maximum 
might be caused by differences i n t e c t o n i c downwarping i n and 
around the southern North Sea basin. 

Eden et a l . (1978) have discussed the Quaternary 
deposits of the Central Graben of the North Sea. They note 
t h a t the greatest average r a t e o f T e r t i a r y subsidence 
i n the North Sea i s of the order of 5 mm/100 years, whereas 
the average subsidence f o r the whole of the Quaternary i n 
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the area north of the Fort i e s F i e l d i s c. 3 0 m m / 1 0 0 years, 
assuming the deposits to be shallow water f a c i e s . For the 
F o r t i e s , Auk, and Josephine Fields the average subsidence 
rates since the Late Devensian g l a c i a l maximum are reported 
as 3 6 0 , 2 9 0 and 3 6 0 mm/100 years r e s p e c t i v e l y . The conclusion 
i s t h a t the Devensian, i n p a r t i c u l a r , comprises a disprop­
o r t i o n a t e amount of the sediments deposited since the 
opening of the T e r t i a r y Period. The authors argue t h a t the 
average subsidence rates f o r the l a t e Pleistocene are too 
high to be accounted f o r by tec t o n i c subsidence alone, and 
that i s o s t a t i c movements, at times of g l a c i a t i o n p o s i t i v e 
i n the Central Graben and negative during d e g l a c i a t i o n , 
must be a major f a c t o r (Eden et a l . 1 9 7 8 ) . They argue t h a t 
t h i s i s i n accord w i t h Bott's hypothesis (Bott 1 9 7 1 ) of 
mantle flow r e s u l t i n g i n p r e f e r e n t i a l i s o s t a t i c subsidence 
i n the Northern North Sea. Their r e s u l t s are also compared 
w i t h the conceptual models of Cathles (Cathles 1 9 7 5 ) which 
involve a pe r i p h e r a l bulge followed by possible subsidence 
during a g l a c i a l - d e g l a c i a l cycle. Eden et a l . ( 1 9 7 8 ) argue 
th a t the f i e l d data support, but do not prove, t h i s type 
of explanation ( c . f . Jelgersma 1 9 7 9 ) . They conclude 
(Eden et a l . 1 9 7 8 p . 1 5 ) "that i f p e r i p h e r a l bulge during 
g l a c i a t i o n and subsidence f o l l o w i n g g l a c i a t i o n has involved 
mantle flow, r e g i o n a l geological considerations lend support 
t o a hypothesis t h a t v e r t i c a l movement may have been greater 
under the North Sea Graben than i s predicted by assuming 
l a t e r a l l y homogenous crust and mantle s t r u c t u r e " ( c . f . 
Kent 1 9 7 5 ) . They add that the r e l a t i o n s h i p between the 
sequence of events i n the area north of 5 6 ° N and t h a t 
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described f a r t h e r south, p a r t i c u l a r l y i n the Dutch area, 
where lower parts of the^sequence appear t o be b e t t e r rep­
resented, remain t o be i n v e s t i g a t e d . As these southern 
areas are more remote from the main centres of ice accum­
u l a t i o n , however, i t may be expected t h a t i s o s t a t i c e f f e c t s 
would be less pronounced. Jelgersma ( 1 9 6 1 ) noted t h a t 
t e c t o n i c subsidence even since Eemian (Ipswichian) times was 
u n l i k e l y to have been a continuous process and t h a t the 
Pleistocene i s characterized by increased t e c t o n i c a c t i v i t y 
i n the Netherlands. However, while accepting the p e r i p h e r a l 
bulge hypothesis of geophysicists (e.g. Walcott 1 9 7 2 ) , 

Jelgersma ( 1 9 7 9 ) i s of the opinion t h a t i n the area of the 
sedimentary basins of the North Sea region the amount of 
i s o s t a t i c downwarping i s questionable and highl y speculative. 

Therefore i t would appear tha t u n t i l more data are 
av a i l a b l e from Quaternary sequences i t i s not possible t o 
qua n t i f y subsidence rates around the North Sea. D i f f e r ­
e n t i a l downwarping i s evident but i t i s not yet possible t o 
d i f f e r e n t i a t e between long-term subsidence of sedimentary 
basins, e.g. movements i n i t i a t e d i n T e r t i a r y times, and 
i s o s t a t i c adjustment consequent upon the advance and r e t r e a t 
of ice sheets. A f u r t h e r complication i s the allowance t o 
be made f o r h y d r o - i s o s t a t i c e f f e c t s . Considerable research 
remains t o be done i n t h i s f i e l d . 

F i n a l l y , the Pleistocene Epoch was one of marked 
changes i n the drainage p a t t e r n of the Fenland r i v e r s . I t 
appears t h a t during the T e r t i a r y period the r i v e r systems 
were i n i t i a t e d on a land surface s l o p i n g gently towards the 
southern North Sea basin. However, the t i l l of two 
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g l a c i a t i o n s f i l l e d many of the p r e - g l a c i a l east d r a i n i n g 
v a l l e y s , and along w i t h the damming of v a l l e y s by g l a c i e r 
ice and w i t h g l a c i a l overflow channels, the present drainage 
p a t t e r n was i n i t i a t e d . The p r e - g l a c i a l v a l l e y s of the Trent, 
Witham, Glen and Braceborough were established upon the 
east e r l y sloping erosion surface but t h e i r present courses 
now cut across these at r i g h t angles due to the t i l l , sands 
and gravels of the "chalky boulder clay" g l a c i a t i o n , of 
Wolstonian or Anglian age (Rice 1965, Wyatt 1971). 

Part 2.3 : The Pre-Flandrian landscape of the northern 
Fenland 

The p a t t e r n , extent and thickness of Flandrian coastal 
sequences and associated environmental changes i s aided by 
a knowledge of the sub-surface topography of the g l a c i a l and 
l a t e - g l a c i a l sediments and landforms. This generally buried 
surface upon which Flandrian peats, s i l t s and clays have 
accumulated w i l l be r e f e r r e d t o as the pre-Flandrian 
topography or landscape even though, s t r i c t l y , i t w i l l have 
been modified during the Flandrian Stage p r i o r t o the 
accumulation o f the lowest peat or clay. 

The cover of deposits of Quaternary age on the 
Jurassic of the Fenland basin i s not uniform and i n places 
i t i s absent. The thickness of Flandrian deposits varies 
w i t h i n the basin, a t t e n u a t i n g against " i s l a n d s " of both 
pre-Quaternary and Quaternary sediments. Oxford clay r i s e s 
to the surface at Ramsey, Whittlesey and Thorney, while 
C h a t t e r i s , L i t t l e p o r t and Ely ( f i g . 1.2) are s i t u a t e d 
above the fen on outcrops of Kimmeridge Clay (Chatwin 1961). 
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Quaternary sediments form islands at March( over Kimmeridge 
Clay) Guthram Gowt and Stickney (Baden-Powell 1 9 3 ^ , 
Skertchly 1 8 7 7 ) . The pre-Flandrian landscape would c o n t r o l 
the l o c a t i o n and p a t t e r n of deposition of ea r l y Flandrian 
sediments and therefore influence the course of ear l y 
transgressions, and possibly reveal the areas i n which peat 
formation may have been i n i t i a t e d without the influence of 
a r i s i n g sea-level ( c . f . Jelgersma 1 9 6 1 , 1979). 

The data required f o r such an i n v e s t i g a t i o n are 
borehole records. The density of data points controls the 
d e t a i l of v a r i a t i o n i n r e l i e f which can be expected. For 
example, 6 5 0 borehole logs were used f o r an area 1 1 x 1 1 km. 
at Emden, West Germany, and i t was possible t o f o l l o w 
ancient channels i n the g l a c i a l sands which had subsequently 
been f i l l e d w i t h Flandrian (Holocene) sediments 
(Barckhausen and S t r e i f 1 9 7 8 ) . However i t was during the 
stage of data c o l l e c t i o n f o r the Fenland region, p a r t i c u l a r l y 
the northern p a r t , t h a t the i n v e s t i g a t i o n revealed i t s own 
l i m i t a t i o n s . Data o f the required q u a l i t y were not a v a i l a b l e 
i n s u f f i c i e n t q u a n t i t y . Most of the early records (Edmunds 
and Spires 1 9 ^ 5 , Jukes-Browne 1 8 8 7 , S k e r t c h l y 1 8 7 7 , 
Ussher et a l . 1 8 8 8 ) were not l e v e l l e d to Ordnance Datum 
(Liverp o o l ) and only i n a few cases was i t even possible 
to estimate t h e i r l o c a t i o n and ground height to an accuracy 
of - 1 . 0 m. from the 1 : 2 5 0 0 0 Ordnance Survey Series. 

However, w i t h the l i m i t e d data a v a i l a b l e an attempt 
to portray the topography has been made since i t reveals a 
series of methods tha t could be employed when, at a s u i t a b l e 
time i n the f u t u r e , s u f f i c i e n t i n f o r m a t i o n becomes a v a i l a b l e . 
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I t w i l l also reveal the l i m i t a t i o n s i n both the data and 
the techniques, and how to recognize the l i m i t a t i o n s . 

190 borehole records were used f o r an area bounded 
to the north and south by the l i m i t s of the TF 100 km. g r i d 
square, and landward by the +15 m. contour. Of these only 
33? were accurate t o -1.0 m. The fig u r e s produced i n t h i s 
p r eliminary analysis u t i l i z e the SYMAP and SYMVU packages 
developed at the Laboratory f o r Computer Graphics and 
Spa t i a l Analysis, Harvard U n i v e r s i t y . 

The l o c a t i o n of the boreholes used i s shown i n f i g . 2.2 
and w i t h a shaded contour map, w i t h hand drawn contours 
below O.D. added ( f i g . 2.3), together reveal the e f f e c t of 
c l u s t e r i n g i n the data, the complexity of the pre-Flandrian 
topography increasing w i t h the density of boreholes. The 
CONFORMANT MAP e l e c t i v e i n the SYMAP package, which divides 
the map i n t o nearest neighbour zones, shows how large areas 
are covered by single data points i n the coastal s i t e s , while 
the v a r i a t i o n i n the landward areas i s much greater ( f i g . 2.4). 
The problems associated w i t h using the SYMAP package f o r 
data sets without a s u i t a b l e q u a n t i t y of more or less evenly 
spaced data points possessing a high degree of auto­
c o r r e l a t i o n have been discussed by Liebenberg (1976). With 
these l i m i t a t i o n s i n mind the SYMVU diagram, f i g u r e 2.5, 
should be viewed c a u t i o u s l y , and only i l l u s t r a t i v e of general 
trends and how such data can be presented. Again the 
contrast between the coastal zones, showing large f l a t 
areas, and the apparently more complex landward zones r e f l e c t 
the l i m i t a t i o n s of the data. A l a r g e r data set should 
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Figure 2.2: SYMAP : Lincolnshire Fenland, lo c n r i o n of bor.-hoi 
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only be considered r e l i a b l e and s u i t a b l e f o r more d e t a i l e d 
topographic analysis i f such areas do not e x i s t . 

The r e l a t i v e complexity of the Lincolnshire fen 
edge region l e d t o f u r t h e r analysis of an area 20 x 10 km. 
between Spalding and Bourne, using 70, accurate t o -0.05 m., 
recorded borehole logs. However the same problems of data 
c l u s t e r i n g were encountered. 

Therefore, the conclusion i s t h a t borehole analysis 
using the SYMAP and SYMVU packages can provide p o t e n t i a l l y 
basic i n f o r m a t i o n on palaeogeographical sequences. Other methods of 

computer storage and analysis of borehole data have been 
put t o p r a c t i c a l use by Barckhausen and S t r e i f (1978). The 
density of borehole data required f o r d i f f e r e n t scales of 
study w i l l need c a r e f u l i n v e s t i g a t i o n . The method of using 
the SYMAP and SYMVU packages i s capable of re v e a l i n g the 
l i m i t a t i o n s o f the data ( f i g . 2.4), while a reasonable 
v i s u a l model can r e s u l t ( c . f . f i g . 2.5). However, the 
analysis of borehole data from the northern Fenland has 
unfortuna t e l y been unable t o reveal any r e l i a b l e major 
v a r i a t i o n s i n r e l i e f , such as r i v e r v a l l e y s , l i k e l y t o have 
af f e c t e d g r e a t l y the e a r l y Flandrian development of the area. 
Analysis of i s o l a t e d s i t e s and sections s t i l l appears to 
provide the most s u i t a b l e evidence f o r environmental 
reconstructions. 
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CHAPTER THREE 

Inv e s t i g a t i o n s of Fenland Flandrian Sequences 

Chapter Three summarizes the published r e s u l t s of 
research relevant t o Flandrian sea-level changes i n the 
Fenland and Lincolnshire Marshes. The chapter i s divided 
i n t o 4 parts : 

3.1 : Pre -1900 p u b l i c a t i o n s . 

3.2 : Publications a f t e r 1900. 

3 .3 : Fenland terminology. 
3.4 : Fenland sea-level index p o i n t s . 

Part 3*1 : Pre -1900 p u b l i c a t i o n s 

At the close of the Devensian (Weichselian) Stage the 
Fenland was a gently undulating p l a i n between the chalk and 
limestone uplands of eastern England. This land surface of 
g l a c i a l , f l u v i a t i l e and aeolian deposits, ranging from gravels 
to clays, bore the expanding Flandrian f o r e s t only t o be 
flooded f i r s t l y by fresh-water and then the r i s e i n sea-level 
consequent upon the melting of the ice sheets. The gentle 
slope of the p l a i n towards the North Sea basin made i t a 
se n s i t i v e area t o r e g i s t e r the course of the Flandrian 
transgressions. Sedimentary cycles representing marine and 
t e r r e s t r i a l stages have been recorded by workers from 
numerous d i s c i p l i n e s f o r over 100 years. During the e a r l y 
and middle 19th century there was a number of l i t e r a r y , 
r a t h e r than s p e c i f i c a l l y s c i e n t i f i c , accounts of the 
Fenland, mainly c o n t r a s t i n g the landscape before and a f t e r 
the major drainage schemes had been c a r r i e d out. 

Wheeler (1868 p.120) described the fens around the 
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o u t f a l l of the River Welland at the beginning of the 16th 

century p r i o r to drainage : "Higher up that same r i v e r l i e s 

Spalding, surrounded on a l l sides with r i v u l e t s and can a l s , 

an handsomer town than one would expect i n t h i s t r a c t among 

stagnated water", while following drainage of Deeping 

Fen; "•.. the Fen, which, before the drainage, was l i t t l e 

b e t ter than a morass, growing a course herbage and affording 

a scanty pasturage during the summer months, became r i c h 

arable and grass lands... This r e s u l t was not obtained without 

s e v e r a l serious r i o t s caused by the Fen men, ... The enclosure 

was regarded by the men as an infringement of r i g h t s and 

p r i v i l e g e s which they had long enjoyed." (Wheeler 1868 p.102). 

However, the major advance i n the s c i e n t i f i c enquiry 

of the Fenland deposits was i n 1877 with the publication 

of The Geology of the Fenland by S.B.J. Skertchly. This was 

the f i r s t p u b lication to synthesize a large amount of 

information from boreholes, cuttings and wells to present a 

t h e s i s of the development of the Fenland from the close of 

the g l a c i a l period. Whereas previous authors had j u s t 

described the topography (Wheeler 1868) Skertchly attempted 

to c o r r e l a t e sequences and i n f e r r e d processes: "The Fenland 

has been, and i s s t i l l , the battleground of s a l t and 

freshwater. Sometimes the sea has pushed i t ' s l i n e s into 

the country of freshwater for a time, sometimes the r i v e r s 

have invaded the d i s t r i c t of the sea ... whenever freshwater 

stagnated peat grew. And as the sea was continually damming 

i t s e l f back, by p i l i n g up i t s s i l t s , the peat followed i t s 

r e t r e a t i n g footsteps u n t i l the changing climate had so 

a l t e r e d as to have become unfavourable to i t s growth" 

(Skertchly 1877 p.129). 
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Many o f the i n t e r p r e t a t i o n s made by S k e r t c h l y have 
been r e i n f o r c e d d u r i n g the 20th century b ut the c o n t i n u i t y 
o f the F l a n d r i a n sequences has been shown t o be g r e a t e r 
than he had argued. This p o i n t had f i r s t been r a i s e d by 
Jukes-Browne (1887)• The comprehensive volume, The Fenland, 
Past and Present by M i l l e r and S k e r t c h l y (1878) was a broader 
account o f Fenland h i s t o r y and pr o v i d e d v a l u a b l e i n f o r m a t i o n 
on the f l o r a , fauna, and peat c u t t i n g . However, many o f 
the a r c h a e o l o g i c a l ideas enunciated by M i l l e r have stood 
the t e s t o f f u r t h e r i n q u i r y l e s s f a v o u r a b l y than the 
g e o l o g i c a l i n t e r p r e t a t i o n s o f h i s co-author (Godwin 1978). 

L i n c o l n s h i r e was w e l l documented by Ge o l o g i c a l 

Survey o f England and Wales i n the l a t e 19th century by, 

i n a d d i t i o n t o S k e r t c h l y f s monograph, The Geology of p a r t 

o f East L i n c o l n s h i r e by A.J. Jukes-Browne i n I887, f o l l o w e d 

the next year by The Geology o f the Country around L i n c o l n 

by W.A.E. Ussher, A.J. Jukes-Browne and A. Strahan. 

Thus by 1888 the whole o f the n o r t h e r n Fenland and 

L i n c o l n s h i r e Marshes was documented by s c i e n t i f i c 

p u b l i c a t i o n s . These works are s t i l l a v a l u a b l e r e f e r e n c e 

source o f the l o c a t i o n s o f the d i f f e r e n t F l a n d r i a n sequences 

and i t was another *J0 years before f u r t h e r advances were made 

i n the problems o f Fenland s t r a t i g r a p h y and chronology. 

Part 3.2 : P u b l i c a t i o n s a f t e r 1900 

The f i r s t major p u b l i c a t i o n i n the 20th century d e a l i n g 

w i t h Fenland s t r a t i g r a p h y was The P o s t - G l a c i a l d e p o s i t s o f the 

L i n c o l n s h i r e Coast by H.H. Swinnerton (1931) which was a 

thorough i n v e s t i g a t i o n o f an i m p o r t a n t sequence s t i l l 
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fundamental to the a n a l y s i s of s e a - l e v e l changes along the 

east coast of England (Akeroyd 1972, Gaunt and Tooley 197*, 

Smith 1970, Tooley 1978a). Following Swinnerton fs 

d e s c r i p t i o n of the c o a s t a l sequences Godwin and Godwin 

(193*) and Smith (1958) have analysed the pollen content of 

the sediments, Godwin and W i l l i s (1964) have dated peat and 

s h e l l s from the s i t e , Baker (1959) has investigated the 

Iron Age s a l t e r n s i t e s associated with the sequences, and 

Alvey (1969) has described the f l o r a l and faunal macrofossils 

from other exposures along the L i n c o l n s h i r e coast near to 

Chapel Point. 

l u s t as Swinnerton's d e t a i l e d 

s t r a t i g r a p h i c work along the L i n c o l n s h i r e coast has 

stimulated others into research i n the area, which continues 

at presentpothe work of Professor S i r Harry Godwin, mainly 

i n the southern Fenland, stimulated much of the post-war 

research into both the p o s t - g l a c i a l h i s t o r y of B r i t i s h 

vegetation a<\<J the environmental changes i n the Fenland 

during the Flandrian Stage. With his many s c i e n t i f i c papers 

from the e a r l y 1930 fs onwards Godwin was the major authority 

i n developing s c i e n t i f i c enquiry into the Fenland sequences. 

However, the work of h i s associates must not be overlooked, 

and the combined e f f o r t s of the Fenland Research Committee and 

other workers i s now admirably recorded i n Godwin's recent 

p u b l i c a t i o n , Fenland : I t s Ancient Past and Uncertain 

Future. (1978). 

The main breakthrough of the 1930 fs i n the southern 

Fenlands was the stimulus to fr e s h advance i n research 

coming from the development of ecol o g i c a l i d e a s , p a r t i c u l a r l y 

those of vegetation succession, the new technique of pol l e n 
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a n a l y s i s developed by O.G.E.Erdtman and L.von Post, and 
indeed the whole concept of Quaternary research based on a 
s t r a t i g r a p h i c approach (Godwin 1978), 

I n 1933, the f i r s t paper of the a n a l y s i s of pollen 

preserved i n the Fenland peats was published (Godwin and 

Godwin 1933) and of the foraminifera of the marine c l a y s at 

Wiggenhall S t . Germans (Macfadyen 1933)* The l a t t e r showed 

that the "Buttery Clay" contained mainly brackish water 

forms i n d i c a t i v e of quiet water sedimentation not wholly cut 

o f f from the sea. Old water courses, including s i l t roddens, 

had been traced i n the Cambridgeshire fens (Fowler 193*0 and 

the shrinkage of the peat consequent to drainage was already 

studied (Fowler 1933). 

The majority of s i t e d e s c r i p t i o n s , pollen analyses 

and e c o l o g i c a l i n t e r p r e t a t i o n s of Fenland s i t e s are within 

Godwin's e a r l y papers (Godwin 1940a, Godwin & C l i f f o r d 

1938) but the accuracy of chronological c o r r e l a t i o n s had to 
14 

await the C-dating method, by which time the majority of 

Godwin's research had been concluded. However, many of 

the s i t e s were r e v i s i t e d and resampled to provide material 

for radiocarbon assays. Most of Godwin's work was r e s t r i c t e d 

to the southern parts of the Fenlands and a r e l i a b l e 

l i t h o s t r a t i g r a p h i c and chronological c o r r e l a t i o n with the 

deposits of the r e s t of the Fenland and L i n c o l n s h i r e coast 

i s s t i l l needed ( C h u r c h i l l 1970, Tooley 1978a). 

Further d i s c u s s i o n of publications r e l a t i n g to 

Fenland sequences i s not included here i n order to avoid 

r e p e t i t i o n when the environmental development of the area 

i s discussed i n l i g h t of the new work presented i n t h i s 
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t h e s i s (see Ch. 6-7). 

Part "5.5 : Fenland Terminology 

Local terminology for deposits and sequences i s a 

common feature of geological i n v e s t i g a t i o n , indeed i t i s required, 

following c e r t a i n formal r u l e s , by the I n t e r n a t i o n a l 

Subcommission on S t r a t i g r a p h i c C l a s s i f i c a t i o n (Hedberg 1976), 

but the Fenland Flaildrian deposits have only been c l a s s i f i e d 

with an informal nomenclature. Godwin and C l i f f o r d (1938) 

presented a schematic model to i l l u s t r a t e the sequences from 

d i f f e r e n t locations within the Fenland and made a broad 

comparison with the sequences found i n Belgium, the 

Netherlands and West Germany. However, the c o r r e l a t i o n of 

sequences at the seaward s i t e s i n the Fenland i s s t i l l very 

d i f f i c u l t (Smith 1970, C h u r c h i l l 1970) and the development 

of litho-and chronostratigraphic systems comparable with 

those developed i n West Germany and the Netherlands s t i l l 

remains an aim for the future. Lessons can be taken from 

the continental workers with reference to the problems of 

terminology and c l a s s i f i c a t i o n e s p e c i a l l y i f both 

l i t h o s t r a t i g r a p h i c and chronostratigraphic c o r r e l a t i o n s are 

envisaged. 

Godwin developed the bas i c four-fold c l a s s i f i c a t i o n 

of the Fenland Flandrian sequence of Lower Peat, Fen Clay, 
O/K) Upper S'At-

Upper Peat^(note upper case l e t t e r s , f i g . 3*1). The Upper 

S i l t has a l s o been r e f e r r e d to as the Marine S i l t and 

Romano-British S i l t and the Fen Clay as the "Buttery Clay". 

This sequence, figure 3.1> equates w e l l with Hagemanfs (1969) 

scheme of perimarine zone and t i d a l f l a t and lagoonal zone. 
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Hageman's ter m i n o l o g y i s very u s e f u l as an a i d t o e x p l a i n i n g 

processes and c o a s t a l development but i t i s not a scheme f o r 

c l a s s i f y i n g sediments f o r any napping or s t r a t i g r a p h i c 

p r o j e c t , 

G a l l o i s (1979) nas discussed b r i e f l y the F l a n d r i a n 

d e p o s i t s o f the e a s t e r n Fenland near t o King's Lynn. The 

d i f f e r e n t u n i t s have been named a f t e r l o c a l s i t e s a t which 

they are represented but otherwise the scheme i s s i m i l a r t o 

Godwin's c l a s s i f i c a t i o n . 'Lower Peat' i s s t i l l r e t a i n e d 

and an age range o f 5000 t o 6000 BP i s suggested. The Fen 

Clay o f Godwin i s named tne Barroway Drove Beds w i t h i n which 

predominantly s i l t y - c l a y s , t i d a l creeks o f coarser sediments 

and o c c a s i o n a l t h i n peat beds are noted. G a l l o i s recognizes 

the complexity o f the F l a n d r i a n sequences and makes no 

attempt at f u r t h e r c o r r e l a t i o n or c l a r i f i c a t i o n . The Upper 

Peat, sensu Godwin, i s named the Nordelph Peat, w i t h 

approximate age l i m i t s o f 4000 t o 2000 BP, and the Upper 

S i l t becomes the T e r r i n g t c n beds, approximately dated 

between 3250 and 2250BP.Otherwise the e x p l a n a t i o n o f 

environmental changes o f f e r s n o t h i n g a d d i t i o n a l t o the 

work o f Godwin. 

A number o f problems have a r i s e n w i t h i n the t r a d i t i o n a l 

f o u r - f o l d c l a s s i f i c a t i o n f o r the Fenland since the terms have 

a t t a i n e d g e n e t i c and c h r o n o l o g i c a l c o n n o t a t i o n s as w e l l 

as being l i t h o s t r a t i g r a p h i c u n i t s . The problems have o f t e n 

been increased by a combination o f the l a c k o f d e t a i l e d 

borehole evidence and the attempt t o c o r r e l a t e i s o l a t e d 

l o c a t i o n s w i t h i n the t r a d i t i o n a l framework ( d . f . Smith 1970). 

As a s i m p l i f i e d example, i n f i g u r e 3.1> c o r r e l a t i o n between 

boreholes A and C would g i v e m i s l e a d i n g data about the 
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periods of peat growth without knowledge of B even though 

A and C would together show the ' t y p i c a l ' Fenland sequence. 

The f o u r - f o l d d i v i s i o n can be found i n many areas but i t i s 

d i f f i c u l t to apply i n seaward s i t e s where up to f i v e separate 

peat l a y e r s have been recorded, such as a t Guyhipn, Wiggenhall 

St. German's, and Spalding (Godwin and C l i f f o r d 1938, 

Smith 1970). A s e c t i o n from C h u r c h i l l (1970) i s i l l u s t r a t i v e 

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

sequences which do not e a s i l y f i t i n t o the d e s i r e d model 

"... extensive b o r i n g s . . . show the top o f 'The Fen Clay' 

from -6 t o -3 f t . O.D.N, o v e r l a i n by the 'Upper Peat' which 

extends t o the surface a t about -2 f t . O.D.N. F u r t h e r north 

at Shippea H i l l and at Welney, the top o f the Fen Clay l i e s 

at about -3 t o -4 f t . and i s o v e r l a i n by the Upper Peat..." 

( C h u r c h i l l 1970 p.13*0. Furthermore the h i g h e s t peat bed 

at Saddlebow has been r e f e r r e d t o as "the upper peat bed" 

(Godwin and W i l l i s 1961), "the s o - c a l l e d Upper peat bed" 

(Godwin e t a l . 1965), and "the Upper Peat" ( C h u r c h i l l 1970). 

I t would appear t h a t use of c a p i t a l l e t t e r s i s dependent 

on the c e r t a i n t y o f the c o r r e l a t i o n w i t h the sequence 

found i n the southern Fenland. 

The same terminology has a l s o been a p p l i e d t o the 

sequences along the L i n c o l n s h i r e coast and around the 

Humber Estuary (Smith 1958) l e a d i n g t o d i f f i c u l t i e s when 
"it 

a t t e m p t i n g t o apply, t o a c h r o n o s t r a t i g r a p h i c and 
A 

l i t h o s t r a t i g r a p h i c scheme. 

Therefore i t would be an advantage i f sequ nces 

could be recorded i n the f i e l d or from a r c h i v e m a t e r i a l 

without preconceived ideas o f the Lower Peat, Fen Clay, 



Upper Peat and Upper S i l t . Furthermore i t i s suggested t h a t 

these terms should be avoided whenever p o s s i b l e and only 

used w i t h c a p i t a l l e t t e r s , e.g. Upper Peat, i n a d i r e c t 

r e f e r e n c e t o the sequence i n the southern Fenland. The 

use of upper peat e t c . , w i t h lower case l e t t e r s , t h e r e f o r e 

r e f e r s t o the h i g h e r o f two peat beds at a p a r t i c u l a r 

s i t e and as such upper and lower peat cannot be used i f the 

s i t e has more than two peat l a y e r s . 

An attempt has been made t o u t i l i s e a newly developed 

system f o r the l i t h o l o g i c a l c l a s s i f i c a t i o n of F l a n d r i a n 

(Holocene) c o a s t a l sedimentary sequences (Barckhausen e t a l . 

1977). I t i s an h i e r a r c h i c system based on the v e r t i c a l 

succession and the l a t e r a l i n t e r f i n g e r i n g o f c l a s t i c 

sediments and peat (Appendix I ) . Three h i e r a r c h i c l e v e l s and 

corresponding p r o f i l e types are d i s t i n g u i s h e d : 

-Complexes, w i t h 3 p r o f i l e types : X* Y, Z. 

X : a c l a s t i c complex w i t h o u t i n t e r c a l a t e d 
peat l a y e r s 

Y : an i n t e r f i n g e r i n g complex i n which c l a s t i c 
sediments are i n t e r c a l a t e d oy peat l a y e r s 

Z : a peat complex w i t h only t h i n l a y e r s o f 
c l a s t i c sediments 

-Sequences, w i t h 12 subordinate p r o f i l e types : X I , X2, X3, 
X4, Y l . . . e t c . (Barckhausen e t a l . 1977) 

-Facies U n i t s , w i t h a v a r i a b l e number o f s p e c i a l 

p r o f i l e types dependent on the s p e c i f i c 

o b j e c t i v e s and p r e v a i l i n g c o n d i t i o n s 

The h i e r a r c h i c l e v e l s can be used f o r mapping at 

d i f f e r e n t scales and f o r d i f f e r e n t purposes, since the f a c i e s 

u n i t s can be represented i n an u n l i m i t e d number o f s p e c i a l 
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p r o f i l e types based on p e t r o g r a p h i c , g e n e t i c , s t r u c t u r a l 
and o t h e r c r i t e r i a . The h i e r a r c h i c l e v e l employed f o r 
mapping w i l l depend on the scale o f the map r e q u i r e d , i t s 
purpose, and the amount o f data a v a i l a b l e . For example, 
the f i r s t sheet produced u s i n g t h i s method, Emden West, 
was a t 1:25000 s c a l e , employed data from about 650 boreholes 
f o r an area approximately 11 km. square and u t i l i z e d 27 
s p e c i a l p r o f i l e types (Barckhausen and S t r e i f 1978). 

Fenland sequences can c o n v e n i e n t l y be c l a s s i f i e d and 

recorded w i t h t h i s system which i s s u i t a b l e f o r computer 

storage and d i s p l a y . Any borehole i n the c o a s t a l zone can 

be immediately a s c r i b e d t o one o f the 3 main p r o f i l e types 

(complex) and one o f the 12 subordinate p r o f i l e types 

(sequence) w h i l e i n the f i e l d or d u r i n g an e v a l u a t i o n o f 

p u b l i s h e d borehole data. The c o m p i l a t i o n o f f a c i e s u n i t s 

has t o await f u r t h e r analyses o f the data. By r e c o r d i n g the 

borehole data i n computer compatible form as o u t l i n e d by 

Barckhausen e t a l . (1977) t h e n , i n the f u t u r e , mapping o f 

Fenland sequences w i l l o f f e r the p o s s i b i l i t i e s o f c l a s s i f y i n g 

and r e p r e s e n t i n g the c o a s t a l d e p o s i t s i n numerous ways 

w e l l - s u i t e d f o r d i f f e r e n t t e c h n i c a l and s c i e n t i f i c purposes, 

i n c l u d i n g c o r r e l a t i o n . 

The system has been a p p l i e d t o the schematic s e c t i o n , 

f i g . 3-l> showing the complex types and sequence t y p e s . 

The d e f i n i t i o n o f f a c i e s u n i t s would be dependent on the 

s p e c i f i c o b j e c t s o f the p r o j e c t and the p r e v a i l i n g l o c a l 

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

problems would be avoided since sequences are only r e f e r a b l e 

t o a p a r t i c u l a r borehole or s e c t i o n u n t i l a l l o f the data 
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are analysed. The l i t h o l o g i c a l system can then be l i n k e d 
i l l 

w i t h a chronostratigraphic system w i t h C dated samples, 
but the two systems must be regarded as two independent 
methods of subdividing the Flandrian Stage f o r the Fenland 
region. This l a t t e r point was confused when l i t h o l o g i c a l 
and chronological i n t e r p r e t a t i o n s became inherent i n the 
use of such terms as Fen Clay and Upper Peat. However, 
the palaeogeographic re c o n s t r u c t i o n of the area can be done 
only w i t n a combination of both the l i t h o s t r a t i g r a p h i c and 
chronostratigraphic systems. 

Part 3.4 : Fenland sea-level index points 

Unfortunately the amount of fie l d w o r k and research 
devoted t o the Fenlands from 1960 onward appears to be 
less than f o r the previous decades w i t h the r e s u l t t h a t no 
l i t h o s t r a t i g r a p h i c system or chronology f o r the whole area 
i s a v a i l a b l e . Radiocarbon assays from numerous s i t e s 
are now recorded and c o l l e c t i v e l y form a working hypothesis 
on the e v o l u t i o n of the Fenland. 

The e a r l i e s t assays which can be r e l a t e d t o the 
Flandrian stage are from peat and g y t t j a samples now 
submerged beneath the North Sea. A moorlog from the Leraan 
and Ower Banks gave an age of 8422 - 170 BP (Q-105) 
(Godwin and W i l l i s 1959) which i s approximately 200 years 
a f t e r the separation of eastern England t o the continent 
(Jelgersma 1961). Recently Kolp (1976) has obtained a 
date on a p e a t y - g y t t j a , 9933 - 100 BP (no l a b . code) from 
the Austern Ground south-east of the Dogger Bank, at a 
depth of -42.75 m« below present sea-level. 
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However, the e a r l i e s t peat growth w i t h i n the present 

Fenland b a s i n was c o n f i n e d t o deep channels and hollows 

i n the u n d u l a t i n g g l a c i a l landscape. The lowest dated 

h o r i z o n at Shippea H i l l , recorded a t approximately -4.3m O.D., 

y i e l d e d an age of 8620 - 160 BP (Q-588). With the c o a s t l i n e 

at t h a t time n o r t h of the Dogger Bank the r e l a t i o n s h i p o f 

t h i s assay t o a r i s i n g s e a - l e v e l i s u n l i k e l y . As a working 

h y p o t h e s i s , however, i t can be assumed t h a t from approximately 

8600 BP the e f f e c t s of the F l a n d r i a n s e a - l e v e l r i s e were 

b e g i n n i n g t o be recorded i n the Fenland. 

The data a v a i l a b l e r e c o r d i n g the changes o f r e l a t i v e 

land-and s e a - l e v e l s have been d i v i d e d i n t o 4 s e c t i o n s : -

3.4.1 : s t r a t i g r a p h i c a n a l y s i s , supported by p o l l e n , 

diatom and f o r a m i n i f e r a l analyses, no 

radiocarbon dates. 

3.4.2 : h i s t o r i c a l and a r c h a e o l o g i c a l data r e l a t i n g t o 

r e l a t i v e movements o f s e a - l e v e l . 

3.4.3 : radiocarbon dated index p o i n t s . The r e l i a b i l i t y 

o f such index p o i n t s i s very v a r i a b l e , r a n g i n g 

from i s o l a t e d dated samples not o r i g i n a l l y dated 

w i t h the e v a l u a t i o n o f s e a - l e v e l movements i n 

mind, t o dated samples from a systematic sequence 

o f dates s p e c i f i c a l l y taken t o r e l a t e t o sea-

l e v e l changes and supported by p o l l e n , diatom and 

o t h e r l a b o r a t o r y a n a l y s i s . 

3.4.4 : t h e t w e n t i e t h c e n t u r y , t i d e gauge measurements, 

t i d a l and surge phenomena. 
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Section 3-4.1 : S t r a t i g r a p h i c Analysis 

The majority of the e a r l y work i n the Fenland 
r e l a t i n g to s e a - l e v e l movements f a l l s w i t h i n t h i s category 

14 
and formed the b a s i s on which the C programme was 
founded i n the 1960s. Godwin (1940a) presented the regional 
environmental changes and a r e l a t i v e s e a - l e v e l curve based 
on the s t r a t i g r a p h i c a n a l y s i s of many sections and the 
pollen and archaeological chronology. The B e a - l e v e l curve 

14 
appears to have been only s l i g h t l y amended with the C 
a n a l y s i s of c r i t i c a l s i t e s (Godwin 1978)• I t i s unnec­
essary to r e i t e r a t e the d e t a i l s of the e a r l y s t r a t i g r a p h i c 
studies (Godwin and C l i f f o r d 1938, Godwin 1940a, 1978) 

although a few important conclusions should be noted. Godwin 
c l e a r l y i l l u s t r a t e d that the Fen Clay of the southern 
Fenlands was a much better marker horizon than had been 
previously thought (Skertchly 1877). Notwithstanding the 
e f f e c t s of consolidation and the r i s e s which evidence old 
channels i n the Fen Clay the long sections studied within 
the southern Fenlands, such as the Woodwalton, Green Dyke 
and Trundle Mere se c t i o n s , showed that the top of the Fen 
Clay was i n general -1.0 m. to -1 .5 m. O.D., r i s i n g to 
0.0 m O.D. over channel deposits (Godwin and C l i f f o r d 
1938). The uniformity and o r i g i n of the Fen Clay i n areas 
away from the south l e v e l of the Fenland has since been 
questioned (Godwin and Vishnu-Mittre 1975) and i t i s not 
always c l e a r whether O.D. r e f e r s to the Liverpool or 
Newlyn Datum. Godwin (1940a, 1978) gave the a l t i t u d e 
of peat bed C at S t . Germans as C. -5.25 m. O.D., while 
C h u r c h i l l (1970) corrected the l e v e l to -5.7 m. O.D. 



Newlyn. The three main s i t e s used for the e a r l y a n a l y s i s 
of s e a - l e v e l movements were Shippea H i l l , Chapel Point and 

14 
Wiggenhall S t . Germans a l l of which have since been C 

dated, (See s e c t i o n 3 . 4 . 3 ) . 

Section 3.4.2 : Archaeological and h i s t o r i c a l data 

From the Mesolithic onward there i s an assemblage of 
data which can be used to i n t e r p r e t s e a - l e v e l movements. 
Two major archaeological s i t e s , Shippea H i l l , with Mesolithic 
and Neolithic occupation l a y e r s , and Chapel Point, Iron Age 
and Romano-British s a l t making s i t e s , have also been studied 

14 

from other approaches and are corroborated by C analyses. 
However, where s u i t a b l e deposits are not a v a i l a b l e arch­
aeological i n v e s t i g a t i o n s have given invaluable evidence 
for changes i n the c o a s t l i n e . The majority of the published 
material comes from the L i n c o l n s h i r e s i l t fens since the 
peat areas were inundated by freshwater. Of the c o a s t a l 
s i l t fens i n south L i n c o l n s h i r e Hallam wrote "We must 
envisage the e a r l i e s t Wash s e t t l e r s occupying a wide b e l t 
of mature c o a s t a l marshes, choosing s i t e s where deposition 
had been highest and most s i l t y alongside t i d a l creeks, with 
before them the wide pastures of the marsh for t h e i r sheep 
and behind them freshwater fens providing summer pasture 
and winter fodder for c a t t l e ; peat, s i l t y clay and clay 
for w a l l construction; reed for thatch, peat and brushwood 
for f u e l ; f i s h and fowl." (Hallam 1970 p.44). 

F a s c i n a t i n g evidence from the edge of the L i n c o l n s h i r e 
s i l t fens between Bourne and Sleaford shows that Iron Age 
s a l t e r n s , dated approximately at 200 B.C., occur at 
+4.6 m. O.D. or more, but not l e s s * S i m i l a r l y , those of 



the Roman period are on, or near, the 3 m. contour 

(Simmons 1978). Simmons also reports that c a r e f u l study 

of the surface pottery from 120 new Roman s i t e s suggests no 

occupation of the fens e a r l i e r than the second quarter of 

the second century, although A.D. 50 has a l s o been suggested 

(Salway 1970). Hallam (1970) o f f e r s evidence of a sharp 

increase i n the number of households on the c o a s t a l s i l t s 

taking place during the 2nd century A.D. Hallam suggests 

a f a l l i n r e l a t i v e s e a - l e v e l to such an extent that areas 

where freshwater had been held back to cause peat growth 

and /or preservation were now dry enough to allow the removal 

of peat down to the underlying clay l a y e r s . During the l a t e 

3rd and the 4th century A.D. former arable land was returned 

to pasture and once prosperous fen settlements languished 

(Hallara 1970, C h u r c h i l l 1970). However, Hallam (1970) 

argues that any transgression must have been during the 

5th-7th centuries A.D. 

Settlement studies (Hallam 1965) and further research 

into the s a l t making industry (Healey 1978) provide d e t a i l s 

of l a t e r movements of the c o a s t l i n e . 11... between about 

800 and the close of the eleventh century the east coast 

of England was emerging from the North Sea, but that i n 

the twelfth century a new marine transgression began, that 

i t became very much worse from 1236 onwafcds and that i t 

continued into the l a t e r Middle Ages and even beyond." 

(Hallam 1965, p.132). 

F i n a l l y Fowler has discussed b r i e f l y the more recent 

r i s e of r e l a t i v e s e a - l e v e l as deduced from the a l t i t u d e of 

s u c c e s s i v e l y seaward and younger sea-banks and concludes 
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a r e l a t i v e r i s e of approximately 2.5 m. i n 900 years 
( i n Godwin 1940a). 

Section 3*4.3 : Radiocarbon dated index points 

There are 81 dates (Table 3.1) which can be r e l a t e d 
to the Plandrian development of the Fenland. Unfortunately 
many of the samples dated are not reported as l e v e l l e d to 
O.D. These are widespread throughout the southern Penland 
and often represent the resampling of s i t e s that had been 

14 
studied i n the 1930s and 1940s. The majority of the C 
data that can be r e l a t e d to s e a - l e v e l events are of poor 
qu a l i t y when set alongside the evaluation for s e a * l e v e l 
points i n the IGCP Project No. 61 (van de Plassche 1977). 

W i l l i s (1961) discussed Flandrian s e a - l e v e l changes 
i n the Penlands using the s t r a t i g r a p h i c evidence of Godwin 

14 
and the e a r l y s e r i e s of C dates from the southern 

14 
Fenlands. The C data he used are discussed i n the 
following sections for each s i t e . Considering that W i l l i s * 
a n a l y s i s was at the outset of the period of radiocarbon 
dating of Fenland sequences i t i s not unexpected that the 
chronology he presented can now be questioned. He had 
advocated two periods of marine transgression, the f i r s t 
from around 4950 BP to 4150/3950 BP, and the second of 
Romano-British Age. 

The dates from the f l o o r of the North Sea have 
been discussed and the s e r i e s of dates for the Fenland, 
working from Chapel Point around to the Nar V a l l e y , are 
now described. 
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Table 3.1 : Published C dates from the Fenland 

No. Code Date(BP) height Mat- Layer Ten- Refer-
m.OD e r i a l dency Site ence 

1 Q823 1212^154 C.+0.40 Phrag.* qhA + Welney 14 1 
2 Q713 1464^154 C.+2.43 wood Kockwold 1 
3 IGS78 1615-100 c-3.0 to 

~ -3.4 
s h e l l s ?qhK Spalding 

A16.4 
11 

4 IQS124 1875^100 C.+0.90 Phrag.+ qhK Spalding 4 12 
5 IGS126 1875-100 c.0.0 peat qhA + Setch NV-1 12 
6 Q549 1875^100 c.0.0 to 

-0.02 
peat qhA + Saddlebow 3 

7 IGS77 1915-100 c-3.0 to 
-3.4 

s h e l l s ?qhK Spalding 
A16.14 

11 

8 Q820 1940*130 +0.40 to 
+0.38 

peat qhA + Welney 14 1 

9 Q819 1970*100 +0.20 to 
+0.18 

peat qhA + Welney 8 1 

10 Q550 2070*110 c-0.02 to peat 
" -0.04 

qhA Saddlebow 3 

11 Q829 2227-90 C.+0.40 peat** qhA + Welney 14 1 
12 Q806 2275*100 c-0.12 to peat 

"* -0.15 
qhA Saddlebow 6 

13 Q807 2377*100 c-0.23 to peat 
~ -0.25 

qhA Saddlebow 6 

14 Q8l 2455*110 c.0.0 wood qhA + Ingoldmells 3 
15 Q805 2495*110 c.0.0 to 

-0.02 
peat qhA + Saddlebow 6 

16 Q687 2630*110 C.+0.40 s h e l l s qhK Chapel Point 5 
17 Q688 2630*110 C.-2.74 s h e l l s qhK Chapel Point 5 
18 Q844 2815-100 C.+0.12 peat qhA + Chapel Point 1 
19 HAR1749 3010*80 C.+0.52 peat qhOB ? + Horbling Fen 
20 Q531 3065*110 +0.28 peat qhOB ? + Flaggrass 3 
21 IGS127 3215-100 c.-l.O peat qhA - Setch NV-1 12 
22 Q546 3260*110 C.-1.25 peat qhOD ? - Ugg Mere 3 
23 Q547 3305*120 peat qhA ? + Magdalene Bend 3 
24 Q686 3340-110 c.0.0 peat qhA - Chapel Point 5 
25 Q403 3400*120 C.-2.45 Galluna qhO Holme Fen 2 
26 Q404 3415-120 C.-2.50 Calluna qhO Holme Fen 2 
27 Q545 3415-110 peat qhO Woodwalton 3 
28 IGS58 3475*100 peat ?qhA Peterborough 10 



Table 3.1 (Continued) 
No. Code Date (BP) height 

m.OD 
Mat-
eriaL 

Layer Ten- Befer-
dency S i t e ence 

29 IGS117 3570*100 -1.95 to Phrag.+ qhKO Spalding 1 12 
30 HAR149 3621*130 

-1.95 to 
peat qhOB Woodhall Spa 

1.2 
7 

31 HAR1750 3750*70 C.+0.05 palaeosol Horbling Fen 
32 HAR148 3770*130 c.1.25 peat qhOB + Woodhall Spa 

TB 
7 

33 Q489 3905*120 c-0.71 to peat 
~ "0.73 

qhA - Saddlebow 3 

3^ Q49C 3915*120 c-O.69 to peat 
-0.71 

qhA - Saddlebow 3 

35 Q685 3943*100 -1.02 peat qhOB + Chapel Point 1 
36 IGS109 3945*100 c.l.45 peat qhOB + Woodhall Spa 

5.4 
12 

37 HAR189 3950*120 c-.-l.25 peat qhOB + Woodhall Spa 
TB 

7 

38 IGS111 3980*100 C.-0.90 peat qhOB + Woodhall Spa 
4 

12 

39 Q532 4055*110 -0.45 peat qhOB Flaggrass 3 
40 HAR147 4080*130 £.-0.90 peat qhOB + Woodhall Spa 

3.3 
7 

41 Q264 4085*110 C.-150 peat qhA - ^ • *>» 
Denver 3 

42 HAR151 4116*130 C.-0.90 peat qhOB + Woodhall Spa 7 
43 IGS112 4130*100 C.-1.25 r e p l i c a t e of No .32 Woodhlll Spa 

TB 12 

44 IGS110 4155*100 C.-1.70 peat qhOB + Woodhall Spa 
5.4 

12 

45 HAR150 4162*130 C.-1.45 r e p l i c a t e of No • 36 Woodhall Spa 
5.4 

7 

46 Q405 4190*130 C.-3.15 wood qhO Holme Fen 2 
47 Q544 4195*110 C.-1.50 peat qhO ?- Wood Fen 3 
48 Birml2 4201*60 wood qhO Isleham 8 
49 HAR192 4205*100 C.-1.70 r e p l i c a t e of No .44 Woodhall Spa 

5.4 7 

50 Q474 4345*110 cones qhOB ? + Glass Moor 3 
51 Q129 4380*140 wood qhO Wicken Fen 3 
52 Q263 4390*120 C.-1.50 wood qhA - Denver 3 
53 IGS118 4445*100 -2.52 to 

-2.55 
peat qhA + Spalding 1 12 

54 IGS57 4460*105 peat ?qhA Peterborough 10 
55 Q589 4495*120 wood qhO Ely 3 
56 Q130 4605*110 wood qhO Wicken Pen 3 
57 Q31 4690*120 C.-5.70 wood qhA • Wiggenhall 3 
58 Q499 4695*120 C.-3.20 wood qhOB ? + Shippea H i l l 3 
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(Table 3.1 (Continued) -46-
Refer­
ence 

No. Code Date (BP) Height 
m.OD 

Mat­
e r i a l 

Layer Ten­
dency S i t e 

Refer­
ence 

59 Q580 4800*120 c-3.04 to 
""-3.05 

peat qhOB + Shippea H i l l 3 

60 Q525/6 4870*120 c-3.5 to 
-3.7 

char­
coal 

qhOB Shippea H i l l 3 

61 IGS119 4890*100 -5.09 to 
-5.14 

peat ?qhOB + Spalding 1 12 

62 IGS64 4950*100 c-3-7 to 
~ -4.1 

peat ?qhA ? + Spalding 0 10 

63 Q527/8 4950*120 c-3.5 to 
-3.7 

char­
coal 

qhOB Shippea H i l l 3 

64 Q406 4958*130 C.-3.85 wood qhO Holme Fen 2 
65 Q581 5130*1^0 c-3.05 to 

~ -3.06 
peat qhOB ? + Shippea H i l l 3 

66 IGS121 5175*100 -5.83 to 
-5.88 

peat qhA + Spalding 2 12 

67 Q583 5295*120 C.-3.50 peat qhOB Shippea H i l l 3 
68 Q582 5310*120 C.-3.35 peat qhOB Shippea H i l l 3 
69 Q585 5330*120 C.-3.70 peat qhOB Shippea H i l l 3 
70 IGS128 5440*100 C.-3.60 peat qhOB Setch NV-1 12 
71 Q584 5465*120 C.-3.65 peat qhOB Shippea H i l l 3 
72 IGS122 5600*100 peat qhA - Spalding 2 12 
73 IGS120 5665*100 -5l60 to 

-5.65 
peat ?qhOB Spalding 1 12 

74 IGS123 5905*100 -6.49 to 
-6.51 

peat ?qhOB + Spalding 2 12 

75 IGS76 6220*120 C.-7.06 peat ?qhOB Spalding 
A16.11 

12 

76 IGS75 6240*120 c-8.46 to 
~ -8.91 

peat ?qhOB Spalding 
A16.8 

12 

77 Q1296 6600*120 C.-5.00 wocd qhO Holme Fen 9 
78 Q586 6695*150 C.-3.90 peat qhOB Shippea H i l l 4 
79 Q1297 6794*120 C.-5.00 peat qhO Holme Fen 9 
80 Q587 7610*150 C.-4.00 peat qhOB Shippea H i l l 4 
81 Q588 8620*160 C.-4.30 peat qhOB Shippea H i l l 4 
N.B. F u l l laboratory code for IGS dates i s IGS-Cl4/78etc. 

* washed rhizomes of Phragmites from peat. 
** peat matrix with Phragmites rhizomes removed. 
+ Phragmites rhizomes i n c l a s t i c sediments. 

Reference Key 1 = Godwin & SwitBur 1966, 2 = Godwin & W i l l i s 1960, 
3 = Godwin & W i l l i s 1961, 4 = Godwin & W i l l i s 1962, 5 = Godwin 
& W i l l i s 1964, 6 = Godwin et a l . 1965, 7 s Otlet & Slade 1974, 
8 = Shotton et a l . 1968, 9 = Switsur & West 1975, 10 = Welin 
et a l . 1972. 11 * Welin et a l . 1973, 12 = Welin et a l . 1974. 



I : CHAPEL POINT S e r i e s (14, 16, 17, 18, 24, 35 Table 3.1) 

The amount of research devoted to the c o a s t a l deposits 

along the s e c t i o n of coast between Sutton-on-Sea and 

Ingoldmells, from now on r e f e r r e d to c o l l e c t i v e l y as Chapel 

Point, i s quite considerable (Alvey 1969, Baker 1959, 1975, 

Godwin 1940a, Godwin and C l i f f o r d 1938, Godwin and Godwin 

1934, Godwin and Switsur 1966, Godwin and W i l l i s 1961, 

1964, Smith 1958, Swinnerton 1931). 

An extensive discussion w i l l be presented for t h i s 

s i t e since i t has often been quoted i n s e a - l e v e l studies 

(Gaunt and Tooley 1974, Tooley 1978a) and has a l s o yielded 

abundant plant macrofossils to corroborate the s a l t marsh 

to c o a s t a l swamp changes i n f e r r e d from the pollen and 

s t r a t i g r a p h i c analyses. I t i s i n t h i s respect that the 

peat/clay/peat/clay sequence at Chapel Point i s i n s t r u c t i v e 

i n the i n t e r p r e t a t i o n of other Penland s i t e s . 

Swinnerton (1931) described the two transgression 

sequences at Chapel Point. The undulating boulder clay 

surface i s o v e r l a i n by a woody d e t r i t a l peat of varying 

thickness, up to 0.6 m., containing broken branches of 

Alnus, Betula, Quercus, Prunus and Taxus, i n addition to 

numerous stumps rooted i n the boulder c l a y . Alvey (1969) 

recorded the following macrofossils from the upper contact 

of the equivalent peat bed at Anderby Creek : seeds of 

A t r i p l e x spp., 13 nuts of Corylus aveliana L., f r u i t s t o n e s of 

Crataegus monogyna Jacq., Prunus spinosa L., and Rubus 

fruticosuB L.agg., a seed of I r i s pseudacorus L. and 

I I specimens of Hydrobia ulvae (Pennant). 
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The woody d e t r i t a l peat, showing a c l e a r freshwater 
fen o r i g i n , i s conformably o v e r l a i n , though i n t e r s e c t e d by 
erosion channels i n places, by a t r a n s i t i o n a l deposit to a 
s a l t marsh clay containing macrofossils of T r i g l o c h i n 
maritima, Phragmites communis, Juncus maritima, Limonium and 
Armeria (Swinnerton 1931). The maximum date for the onset 
of highest s a l t marsh conditions i s given by a date on the 
upper contact of the peat bed of 3943 * 100 BP (Q-685) 
at -1.83 m. O.D. 

Only the lower l a y e r s of the c l a s t i c horizon contains 

the abundant macrofossils and passes into the barren middle 

layer s characterized by v e r t i c a l black streaks within the 

purple clay suggestive of S a l i c o r n i a (Swinnerton 1931). 

Above t h i s the f l o r a i s characterized i n sequence by an 

assemblage of T r i g l o c h i n and Juncus, then L imonium and Armeria 

before Phragmites communis becomes dominant. This 

Phragmites g y t t j a c l e a r l y represents a reduction i n marine 

influence. 

Alvey (1969) has analysed two samples of t h i s 

"freshwater c l a y " , one from a s i t e south of Chapel S t . 

Leonards and one at Anderby Creek. C o l l e c t i v e l y they 

contained macrofossil remains of A t r i p l e x spp., Carex 

s p i c a t a Hudson, Ranunculus batrachium ( L . ) , Schoenoplectus 

l a c u s t r i s ( L . ) , Centaurea nigra and Cirsium spp. Freshwater 

mollusca are a l s o recorded but the close proximity of a 

marine environment i s shown by the presence of s e v e r a l 

foraminifera. 

The Phragmites clay i s o v e r l a i n by a t h i n peat bed 

from 0.0 m. O.D. to +0.15 m. O.D. This ]ayer i s almost 
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t o t a l l y composed of h o r i z o n t a l l y bedded Phragmites rhizones 
i n an organic matrix, except near to Ingoldmells where leaves 
and twigs of S a l i x and Taxus have been recorded (Swinnerton 
1931). Smith (1958) has a l s o recorded the seeds and f r u i t s 
of the following species i n an exposure at Ingoldmells: 
Potamogeton p u s i l l u s (L.) Dandy & Taylor, Potamogeton 
natans L., Ranunculus s c l e r a t u s L., R.lingua L., Sparganium 
angustifolium Michx., Hydrocotyle v u l g a r i s L., Carex spp., 
Alnus glutinosa ( L . ) Gaertn, and Betula c f . verrucosa Ehrh. 

A further c h a r a c t e r i s t i c of t h i s upper peat bed i s 

the overlap between Quaternary ecology/geology and arch­

aeology which has a r i s e n i n the study of the fragments of 

s a l t making i n d u s t r i a l materials which have been found i n situ 

on the upper surface of the peat and within the c l a s t i c 

deposits immediately above i t (Swinnerton 1931, Baker 1959)• 

Swinnerton assigned a post-La Tene, probably H a l s t a t t , age 

to the salt-making debris, i n f e r r i n g a Late Bronze Age/Early 

Iron Age for the peat. However Smith (1958) argued for a 

Romano-British age for the same peat bed. This l a t t e r 

dating appeared to be corroborated by Baker (1959) but a 

r e a p p r a i s a l of the pottery suggested the 4th century B.C. 

for the commencement of the s a l t industry (Baker 1975). 

I t i s worthwhile to delay reference to the ^ C 

a n a l y s i s of the Phragmites peat bed and follow the 

s t r a t i g r a p h i c / a r c h a e o l o g i c a l arguments as they developed. 

This peat bed i s o v e r l a i n by a s o f t purple c l a y , conformably 

at some s i t e s but at others i n channels cut through the 

whole p o s t - g l a c i a l sequence into the weathered g l a c i a l t i l l . 

The lowest l a y e r s of t h i s purple clay contains s h e l l s of 
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Cardium edule Linne, S c r o b i c u l a r i a plana (Da Costa) and 
Hydrobia ulvae Pennant I n s i t u , and was named the 
S c r o b i c u l a r i a clay by Swinnerton (1931). Prom these data 
Swinnerton postulated a s e a - l e v e l approximately -8.0 m. O.D. 
at the time of the formation of the basal peat, -3.0 m. O.D. 
for the higher peat and a spring tide l e v e l 3.0 metres 
above the l e v e l of the S c r o b i c u l a r i a and Cardium horizon. 
On the basis of a Roman occupation layer only 1.3 m. above 
the S c r o b i c u l a r i a Clay Swinnerton suggested that "the 
[ r e l a t i v e land] subsidence which was followed by the 
deposition of the S c r o b i c u l a r i a c l a y s took place a f t e r the 
Roman occupation." (Swinnerton 1931, P-370). 

Baker (1959) accepted Swinnerton's evidence for the 

post-Roman age for the clay horizon but the evidence i s not 

unequivocal. There i s no intermixture of Iron Age and 

Roman pottery and Swinnerton c i t e s no lo c a t i o n where the 

Roman occupation l e v e l i s covered by c l a s t i c deposits 

containing s h e l l s of S c r o b i c u l a r i a and Cardium. This point 

was r a i s e d i n the disc u s s i o n of Swinnerton 1s paper by 

Warren (Swinnerton 1931, p. 374) "... he had never 

found Roman remains on or over the t h i n peat i n the middle 

of the s e r i e s , or i n or under the S c r o b i c u l a r i a clay 

overlying i t : that was the H a l l s t a t t horizon. He found 
i t d i f f i c u l t to place the horizon of the Roman remains 

anywhere but over the S c r o b i c u l a r i a c l a y , and consequently 

i n h i s view, the submergence which that deposit represented 

would f a l l between the H a l l s t a t t and Roman periods." 

Godwin a l s o noted d i f f i c u l t y 4n equating Swinnerton fs 

chronology with the stratigraphy and suggested that e i t h e r 
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the Ingoldmells Roman s i t e lay behind pr o t e c t i v e sea w a l l s , 

although Swinnerton found no trace of them, or that the 

bulk of the c l a s t i c deposit "had been deposited before the 

Romano-British c o l o n i s a t i o n of the f i r s t century, that 

during the f i r s t to t h i r d centuries there was temporary 

marine regression, and that at the end of t h i s time marine 

transgression, though not extensive, again became apparent." 

(Godwin 1940a p.293). 

The conclusions r e l a t i n g to a pre-Roman transgression 

r e s u l t i n g i n the deposition of the S c r o b i c u l a r i a bearing 
14 

clay appears to be confirmed by C a n a l y s i s . Saltmarsh 
peat, with macrofossils of Suaeda maritima and S a l i c o r n i a , 
at the contact with the Phragmites g y t t j a at 0.0 m. O.D. 
y i e l d e d a date of 3340 i 100 BP (Q-686). Wood, i n s i t u , at 
Ingoldmells gave 2455 * HO BP (Q-8l), but an older date for 
the top of the upper peat bed, from the same monolith 
as Q-686 at Chapel Point, i s 2815 * 100 BP (Q-844). Two 
assays on s h e l l s of S c r o b i c u l a r i a plana from the base of 
the S c r o b i c u l a r i a clay both gave 2630 * 100 (Q-687, Q-688). 
The former was on s h e l l s i n s i t u from a narrow channel 
deposit through the upper peat bed at +0.40 O.D. while the 
l a t t e r was on s h e l l s from the bottom of an erosion channel 
cut down to the chalky g l a c i a l t i l l at -3.0 ra. O.D. A l l of 
these dates agree with a pre-Roman date for the S c r o b i c u l a r i a 
clay t ransgression. 

However, a few comments are necessary concerning 

the sequences exposed along the L i n c o l n s h i r e coast. I t 

had been hoped to resample the sediments to study f u r t h e r 

the p o l l e n , diatom and p a r t i c l e s i z e d i s t r i b u t i o n s w i t h i n 
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the sediments, but even a f t e r s i x separate v i s i t s with 

t r i a l boring equipment no consistent p i c t u r e emerged. The 

ba s a l peat l a y e r was always w e l l exposed during low t i d e of 

the spring t i d a l c y c l e . I t was seen to be crossed by many 

erosion channels and was a l s o l i m i t e d by the undulations 

of the g l a c i a l t i l l . Unfortunately no s a t i s f a c t o r y samples 

of the basal p e a t / s a l t marsh clay t r a n s i t i o n could be found. 

Exposures of the upper peat and adjacent sequences 

were more d i f f i c u l t to f i n d since they were often covered 

by beach sand. On the occasions they were exposed a very 

confusing picture emerged. The whole length of the i n t e r -

t i d a l zone between Sutton-on-Sea and Chapel Point was 

examined i n e a r l y summer 1978 and at no l o c a t i o n did a 

boring through the upper peat reach the b a s a l peat, i t 

appeared that the b a s a l peat was l i m i t e d to depressions i n 

the g l a c i a l t i l l or that i t had been eroded by the pre-Iron 

Age transgression. S i m i l a r l y the upper peat was never 

found to be as extensive as Swirtnerton had recorded, 

probably due to modern wave action, and the only exposures 

were immediately south of Anderby Creek and approximately 

400 metres north of Chapel Point. Both of these sections 

showed the upper peat deposit to be r e s t r i c t e d to a narrow 

zone, varying between 0.30 to 2.0 m. wide, and following 

a meandering course along the i n t e r t i d a l zone (Plate I ) . 

The peat at Anderby was i n t e r s e c t e d by a s t r a i g h t channel 

f i l l e d with an organic s i l t y clay approximately 30 cm. 

wide (Plate I I ) . Meanwhile, at Chapel Point rectangular 

areas of d i f f e r i n g c l a s t i c deposits, surface area approximately 

2 x 4 metres, were exposed on one occasion. 



Plate I Meandering remnant of the i n t e r t i d a l 
peat bed south of Anderby Creek 

Plate I I : Close-up view of the organic c l a y c u t t i n g 
through the remnant of the peat bed 
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Therefore i t must be concluded that i n the l i g h t of 

recent exploratory s t r a t i g r a p h i c a n a l y s i s the schematic 

s e c t i o n presented by Swinnerton (1931) must be considered 

questionable with regard to the continuity of the beds. 

The sequence has never been recorded i n a tr a n s e c t of 

boreholes and the remaining deposits appear extremely 

l o c a l i s e d i n extent. Nevertheless these c o a s t a l sequences 

warrant a f u l l i n t e r d i s c i p l i n a r y study to elucidate some 

of the problems i d e n t i f i e d by the exploration a n a l y s i s . 

2 : WOODHALL SPA S e r i e s (30,32, 36, 37, 38, 40, 42, 43, 
44, 45, 49, Table 3-D 

11 radiocarbon assays are recorded i n t h i s s e r i e s 

( O t l e t and Slade 1974, Valentine and Dalrymple 1973, 

Welin et a l . 1974). A l l r e l a t e to a basal peat bed, 

ov e r l a i n by blue grey clay and d i r e c t l y above a humic grey 

s o i l developed i n coarse sands and c l a y s . The peat i s 

assumed to be the basal l a y e r of the Flandrian sequence with 

the underlying inorganic horizons being of g l a c i a l o r i g i n . 

None of the sections has t h e i r absolute l e v e l s recorded 

but approximate heights can be estimated from Valentine and 

DcOrymple (1973, f i g . 2 and Table 2 ) . The base of the peat 

bed, immediately overlying the sands, has been dated at 

5 s i t e s with a l t i t u d e s ranging from C.-1.7 m. O.D. at 

sec t i o n 5, Kirkstead Bridge, to approximately O.D. at 

se c t i o n 1, Thorpe Tilney Dales, and dates from 4205 * 100BP 

(HA 192) to 3620 * 130 (HA 149). There are two assays on 

the t r a n s i t i o n to the overlying clay at Kirkstead Bridge. 

This contact i s at approximately -1.45 m. O.D.and i s dated, 
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by r e p l i c a t e samples, 39^5 * 100 BP (IGS -C14 /109) and 

4 l 6 2 - 130 BP (HA 150). A s i m i l a r discrepancy for the 

two laboratories i s also evident from the dating of equiv­

alent samples from T a t t e r s h a l l Bridge. At t h i s l o c a t i o n 

the basal layer of the peat, at C.-1.25 OD, i s dated 

4130 - 100 BP (IGS -C14/112), while two r e p l i c a t e samples 

from the same horizon gave 3770 - 130 BP (HAR 148) and 

3950 - 120 BP (HAR 1 8 9 ) . This s c a t t e r for the Harwell 

dates may indicate the presence of a non-contemporary 

contaminant (Otlet and Slade 1 9 7 4 a r e n o t 
t h r i f t costly d'vffereAt. 

3 : HORBLING FEN (19, 30 Table 3.1) 

Two dates are a v a i l a b l e (B.B. Simmons pers.comm) 

from a se c t i o n over 1 km. long to the east of Horbling which 

was exposed during drainage work by the Anglian Water 

Authority (AWA). The samples are from the east end of the 

s e c t i o n where a palaeosol had developed on the boulder c l a y 

surface. Peat d i r e c t l y o v e r l i e s the buried s o i l and i s 

o v e r l a i n by c l a s t i c deposits of upper t i d a l marsh o r i g i n 

(Simmons pers.comm.). The assay from the palaeosol at 

C. +0.05 m. OD gave a date of 3750 ± 70BP (HAR 1750) while 

a sample from the middle of the peat bed, C. +0 .52 m. OD, 

yielded 3010 - 80 BP (HAR 1749). The pollen a n a l y s i s 

showed a post- Ulmus decline age, with high Alnus percentages, 

high Gramineae,Cyperaceae, very high Chenopodiaceae 

frequencies, and other marine i n d i c a t o r s : Plantago maritima, 

Artemisia, Armeria maritima and T r i g l o c h i n (Simmons pers. 

comm.). Therefore at a time, represented by approximately 

0.25 m. of peat, a f t e r 3010 - 80 BP Horbling Fen was 

transgressed by high s a l t marsh conditions at an a l t i t u d e of 

approximately +0.72 m. OD. 
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4 : SPALDING S e r i e s ( 3 , 4, 7 , 29, 53, 61, 62, 66, 72, 73, 
74, 75, 76 Table 3 .1 ) 

At Spalding there i s a s e r i e B of 13 radiocarbon 

dateB taken from 7 locations by the I n s t i t u t e of Geological 

Sciences ( I G S ) . The Spalding area had been studied 

previously by Jennings and the r e s u l t s published by Smith 

(1970) , when the d i f f i c u l t i e s of c o r r e l a t i n g the l e v e l s 

of biogenic deposits over large distances had been c l e a r l y 

i l l u s t r a t e d . Some of the d i f f i c u l t i e s may have a r i s e n from 

Smith fs use of engineering borehole logs which are not as 

r e l i a b l e as hand cored samples. 

Only two of the boreholes, Spalding - 1 and Spalding - 2 , 

have been accurately l e v e l l e d , the other ground l e v e l s 

being estimated. At Spalding - 2 a sample of peat between 

c l a s t i c sediments at -6.49 m. to -6.51 m. 0D has been 

dated at 5905 * 100 BP (IGS-C14 /123) . A peat l a y e r above 

t h i s , from -6 .26 m. to -5 .83 m. OD gave a date of 

5600 * 100 BP(IGS-C14/122) for i t s r e g r e s s i v e contact and 

5175 * 100 BP (IGS-C14/121) for i t s tr a n s g r e s s i v e contact. 

This peat horizon may be t e n t a t i v e l y correlated w i t h one 

sampled i n Spalding - 1 fran -5 .65 to -5.09 m. OD. The 

re g r e s s i v e and tran s g r e s s i v e contacts gave 5665 * 100 BP 

(IGS-C14/120) and 4890 * 100 BP (IGS -C14/119). A higher 

organic l a y e r i n Spalding-1, at -2 .55 m. to -2 .52 m. OD, 

gave a date 4445 - 100 (IGS-C14/H8) and reed r o o t l e t s 

i n s i t u w i t h i n c l a s t i c sediments at -1.95 m. to -2.10 m. OD 

were dated at 3570 * 100 BP (IGS-C14/117). 

The oldest biogenic phase recorded at Spalding 

was i n borehole A16 . 8 , dated 6240 1 120 BP(IGS-C14 /75) at 

approximately -8.46 m. to -9 .91 m. OD, assuming a ground 



l e v e l of +3.0 m.OD. With the same assumption, the youngest 

assay i s from Phragmites roots within c l a s t i c sediments 

at C.+0.9 m. OD i n Spalding-4; 1875 i 100 BP (IGS-C14/124). 

The remaining 4 dates are given i n table 3.1 and discussed 

fu r t h e r i n chapter 7. 

5 : PETERBOROUGH (28, 54 Table 3-D 

Two samples, of uncertain r e l a t i o n s h i p to marine 

processes, from the a l l u v i a l clay sequence of the River 

Nene have been dated. 4460 - 105 BP (IGS-C14/57) and 

3475 - 100 BP (IGS-C14 /58) are assays r e l a t i n g to the e a r l y 

stages of alluvium accumulation. 

6 : HOLME FEN - WHITTLESEY MERE (25, 26, 46, 64, 77, 
79 Table 3.1) 

6 assays are reported from Holme Fen. The oldest 

i s on unoxidised d e t r i t u s peat, 6794 - 120 (Q -1297) , which 

i s immediately below an oak trunk 12 m long x 0 .6 m. 

diameter l y i n g h o r i z o n t a l l y i n peat over reworked boulder 

c l a y . The outer rings of the oak are dated to 6600 - 120 

(Q-1296) and the boulder clay surface i s at approximately 

- 5 . 5 m. OD (Godwin and Vishnu-Mittre 1975). 

TheUlmus - decline i n the pollen diagram i s dated 

to 4958 - 130 BP (Q-406) by an assay on wood, i n s i t u , i n 

Cladium fen peat. The a l t i t u d e , i n 1957, of t h i s horizon 

was C r 4 . 7 m. OD, but t h i s has been affected by the 

drainage of Whittlesey Mere i n 1851. Holme Fen i t s e l f i s 

a perimarine s i t e at which Sphagnum bog developed and 

l i m i t e d the extension of the c l a s t i c deposits, the equivalent 
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of the Fen Clay. The peat was 7.3 m. thic k i n 1848 but l e s s 
than 3.3 m. i n 1957 due to shrinkage and wastage a f t e r 
drainage. Two t h i n clay bands, once thought to be the 
marginal extension of the Fen Clay (Godwin and W i l l i s 
1960) , but now shown to be the r e s u l t of freshwater 
flooding and upland s o i l erosion at about the same time as 
the maximum of marine transgression, were formed at 
appr-Qc irately OD yet are now at -3.3 m. OD and -3-4 m. OD 
(Godwin and Vishnu-Mittre 1975 p . 601 , c f . Godwin 1978 
f i g . 3 6 ) . 

The chronology a v a i l a b l e i s that of the t r a n s i t i o n 
from fen peat to Sphagnum peat at C.-4.0 m. OD which i s 
dated at 4190 * 130 (Q-405) and s t a t i g r a p h i c a l l y pre-dates 
the a r r i v a l of marine conditions l o c a l l y . The two clay 
bands are dated by assays on twigs of Calluna v u l g a r i s 
and rhizomes of Eriophorum vaginatum within them, 
3400 * 120 BP and 3415 - 120 BP (Q-403, Q-404), and 
immediately post-date the c l a s t i c deposition immediately 
seaward. 

7 : GLASS MOOR, Ramsey (50 Table 3.1) 

Cones of Pinus s y l v e s t r i s , i n a woody peat including 
Pinus stumps, beneath a t h i n l a y e r of brackish water clay 
y i e l d e d a date of 4345 * 100 BP (Q-474). However t h i s 
may not be a r e l i a b l e index for the onset of marine 
conditions at the s i t e since there were s h e l l s of Cardium 
edule growing upon the peat surface and pine stumps 
suggesting that the peat-clay boundary i s e r o s i o n a l 
(Godwin and W i l l i s 1961). 
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8 : FLAGGRASS, March (20,39 Table 3.1) 

This s i t e on the eastern margin of the gravel ' i s l a n d 1 

of March, at Flag g r a s s , was effected by one period of marine 

transgression, represented by t i d a l channel deposits 

bearing a Roman gravel causeway (Godwin 1978). The lowest 

peat formation, dated 4055 - 110 (Q-532) at -0.45 m. OD, 

may be r e l a t e d to general waterlogging as a consequence of 

an e a r l i e r marine (Fen Clay) incursion (Godwin and W i l l i s 

1961). The contact between the peat and the t i d a l s i l t s i s 

dated 3065 - 110 BP (Q-531) but the abrupt t r a n s i t i o n 

suggests an erosive contact (Godwin and W i l l i s 1961). 

9 : UGG MERE (22 Table 3.1) 

Along the Green Dyke section and at Ugg Mere the 

upper surface of the Fen Clay i s generally between -1.0 m. 

and -1.5 m. OD (Newlyn or Liverpool ?) away from channel 

sequences (Godwin and C l i f f o r d 1938). Thereafter Sphagnum 

peat developed p r i o r to a freshwater marl and droppings 

of e l k within i n t h i s peat l a y e r have been dated 

3260 i 110 (Q-546). 

10 : W00DWALT0N (27 Table 3 - D 

The i n i t i a t i o n of ombrogenous peat growth at t h i s 

perimarine s i t e i s dated by an assay on peat c h a r a c t e r i s e d 

by Dryopteris t h e l y p t e r i s of 3415 1 110 (Q-545) and i s held 

to post-date the extensive marine i n c u r s i o n since i t 

o v e r l i e s a Phragmites peat (Godwin and C l i f f o r d 1938). 
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11 : WICKEN, Adventurers 1 Fen (51, 56 Table 3.1) 

Two dates on Quercus wood/roots r e l a t i n g to the 

f o r e s t destroyed during waterlogging of the area are recorded; 

4380 i 140 BP (Q-129) and 4605 - 110 BP (Q-130). 

12 : ISLEHAM (48 Table 3.1) 

An oak within peat, dated 4201 - 60 BP (Birm-12), 

outside the l i m i t of any c l a s t i c deposition. 

13 : ELY, Queen Adelaide Bridge (55 Table 3.1) 

An assay on Quercus wood from the bas a l f o r e s t of the 

Fenland, 4495 - 120 BP (Q -589) 

14 : WOOD FEN, Ely (47 Table 3.1) 

Collected i n 1934 and dated i n 1960 a sample of 

woody peat, from the perimarine zone, yie l d e d a date of 

4195 - HO BP (Q-544). I t has been argued that the pine 

l a y e r from which the sample came immediately post-dates 

the Fen Clay (Godwin and W i l l i s 1961) and was compared with 

Q-405 (4190 - 130 BP) at Holme Fen, i n c o r r e c t l y assigned 

to a post Fen Clay age (Godwin and W i l l i s 1961 c f . Godwin 

and Vishnu-Mittre 1975). 

15 : SHIPPEA HILL, Peacock's Farm ( 5 8 , 59, 60, 6 3 , 65 
67, 68, 69, 71, 78, 8 0 , 81 Table 3.1) 

The excavations through the Flandfcian sequence at 

Shippea H i l l have given much valuable information on 

Fenland Mesolithic and Ne o l i t h i c communities and vegetation 
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h i s t o r y as w e l l as changes i n s e a - l e v e l . Once more i t i s 

not c l e a r whether Newlyn or Liverpool i s the reference 

datum. The base of the Fen Clay at Peacock's Farm i s 

given as -3 . 0 m. OD for the monolith taken for C samples 

(Clark and Godwin 1962) and occupies a channel eroded to 

a maximum depth of -7 . 0 m. OD (Godwin 1940a), but given as 

- 8 . 5 m. OD i n 1978 (Godwin 1978). 

There are 12 dated samples from Peacock's Farm* a l l 

from the lower peat bed. The lowest dated l e v e l i s from 

1.3 m. below the clay and gave 8620 * 160 BP (Q -588) while 

the youngest date i n the s e r i e s i s 4695 - 120 BP (Q -499) 

on wood, i n s i t u , from j u s t below the c l a y . However there 

are a l s o two dates on the clayey Phragmites peat below the 

clay to date the onset of marine conditions, 4800 - 120 BP 

(Q -580) and 5130 ~ 120 BP ( Q - 5 8 I ) . The date on the wood 

i s younger than those from the Phragmites peat, contrary 

to what may be expected for such samples from the dame 

horizon ( C h u r c h i l l 1 9 7 0 , S t r e i f 1 9 7 2 ) . Also the assays 

on charcoal samples give values at l e a s t 400 years younger 

r e l a t i v e to t h e i r s t r a t i g r a p h i c p o s i t i o n (Godwin and 

W i l l i s 1 9 6 1 , Godwin 1 9 7 8 ) . 

16 : HOCKWOLD ( 3 Table 3 .1 ) 

An assay on wood, 1464 ± 154 BP (Q-713), i s r e l a t e d 

to an episode of freshwater flooding at +2.44 m. OD. 

17 : WELNEY ( 1 , 8, 9, 11 Table 3 . 1 ) 

This s i t e i s the southernmost i n a s e r i e s along the 



eastern Fenlands which have given a l o t of d i f f i c u l t y i n 

t h e i r i n t e r p r e t a t i o n , i n t h i s case due to the younging 
14 

of C dates. I n 1964 p i t s were dug to obtain samples from 

the top of a peat bed between two c l a s t i c l a y e r s . An age 

of 1970 i 100 BP (Q-819) was f o r a peat at C. +0.2 m. OD 

d i r e c t l y below a Phragmites clay that i s o v e r l a i n by 

estuarine s i l t s of a rodden sequence. Q -820 , 1940 - 130 BP, 

at C. +0.4 m. OD i n a d i f f e r e n t p i t below the grey 

estuarine c l a y , appeared to give a consistent age f o r the 

upper content of the peat l a y e r . However "contamination of 

the peat by younger f o s s i l Phragmites rhizcroes was apparent, 

although there was no i n d i c a t i o n where these had penetrated 

the overlying c l a y " ( C h u r c h i l l 1970 p.138). Therefore 

C h u r c h i l l separated the Phragmites rhizomes and the matrix, 

the l a t t e r then being treated with NaOH to remove the soluble 

humic aci d f r a c t i o n . The washed Phragmites rhizomes gave 

1212 1 154 (Q-823) (Godwin and Switsur 1966), reported as 

680 AD i 154 (1270 ± 154 BP) by C h u r c h i l l ( 1 9 7 0 ) . The 

re p r e c i p i t a t e d residue gave 2227 - 90 BP (Q - 8 2 9 ) , although 

C h u r c h i l l again reported a d i f f e r e n t date:-

Godwin * Switsur (1966) C h u r c h i l l (1970) 

Q-819 1970 * 100 BP 2010 ± 100 BP 

Q-820 1940 * 130 BP 1980 ± 130 BP 

Q-823 1212 i 154 BP 1270 i 154 BP 

Q-829 2227 - 90 BP 2267 - 90 BP 

C h u r c h i l l argued that Q-819 and Q-820 should be 

re j e c t e d due to contamination by Phragmites» the same 

argument as developed by S t r e i f (1972), although the o r i g i n 

of the rhizcmes could not be explained sin c e there was no 
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t r a c e of them i n the overlying c l a y . Furthermore C h u r c h i l l 

argued that the humic aci d f r a c t i o n could s t i l l contain 

a l k a l i soluble m a t e r i a l derived from the Phragmites and 

therefore the true radiocarbon age of the peat could be up 

to 300 years older. 

Therefore t h i s c r i t i c a l s i t e remains problematical, 

The d i f f e r e n c e between Q-823 and Q-829 i s 1000 years yet 

the o r i g i n of the Phragmites i s not evident. 

18 : DENVER (41, 52 Table 3 . 1 ) 

Two assays on wood from a peat bed between the 

"Fen Clay" and "Romano-British S i l t " (Godwin and W i l l i s 

1961) gave 4390 * 120 (Q-263) and 4085 * 100 (Q-264). The 

wood i s not stated as being i n s i t u . 

19 : MAGDALENE BEND (23 Table 3 . 1 ) 

The top of a peat bed i n contact with sandy s i l t 

y i elded a date of 3305 - 120 (Q-547). However there were 

s h e l l s , Cardium edule, i n s i t u on the upper surface of the 

peat which could represent erosion of peat during the 

transgression. 

20 : WIGGENHALL ST. GERMAN1S (57 Table 3 . 1 ) 

Within peat bed C of the well-recorded s e c t i o n , an 

i n s i t u oak stump gave a date of 4690 * 120 (Q-3D. Godwin 

(1940, 1978) gave the a l t i t u d e for peat bed C at c. -5.25 m. 

OD ( ? ) , however C h u r c h i l l 'corrected 1 t h i s to the Newlyn 

datum, -5.7 m. OD ( C h u r c h i l l 1970). 
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21 : SADDLEBOW (6, 10, 12, 13, 15, 33, 3** Table 3.1) 

The d i f f i c u l t i e s encountered i n dating the Saddlebow 

sequence i s i l l u s t r a t i v e of the problem of a n a l y s i s 

of the youngest organic l a y e r s within the Fenland deposits. 

The peat l a y e r at Saddlebow was designated equivalent to 

the upper peat of the southern Fenland by C h u r c h i l l (1970) 

with a l t i t u d i n a l l i m i t s of 0.0 m. - 0.3 m. OD to 0.73 m. 

- 0.3 m. OD. The monolith was sampled f o r radiocarbon 

analyses i n 1961 and 1965 (Godwin and W i l l i s 1961, Godwin 

e t a l . 1965) 

Depth (cm) 1961 1965 

0 - 2 Q-549 1875 * 110 Q-805 2495 - 110 

2 - 4 Q-550 2070 i 110 

12 - 15 Q-806 2275 i 100 

23 - 25 Q-807 2377 - 100 

c. 70 Q-490 3915 * 120 

c. 73 Q-489 3905 J 120 

Both Godwin et a l . ( 1 9 6 5 ) and C h u r c h i l l ( 1 9 7 0 ) have 

c r i t i c i s e d the f i r s t s e r i e s of dates, f i r s t l y for the 

i n t e r v a l of 2000 years for 0 . 73 m. of peat, and secondly, 

for the young age f o r the upper samples compared to other 

dates from the same s t r a t i g r a p h i c horizon. They both quote 

Q-547 (3305 - 120 BP) at Magdalene Bend and C h u r c h i l l a l s o 

r e f e r s to the Flaggrass date, 3065 - 110 BP (Q 5 3 1 ) . 

However both of these could represent erosion channels* 

The problems represented by the dates for both the 

contacts of t h i s peat bed cannot be solved s a t i s f a c t o r i l y 

without new assays. There i s no age gradient for the second 
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s e r i e s of dates and 600 years for the r e p l i c a t e samples 

Q-549 and Q-805 i s di s t u r b i n g , f or although the monolith 

was penetrated by Phragmites roots and "great care was taken 

i n the radiocarbon age determinations" , "no attempt was 

made to remove the younger m a t e r i a l from the peat" 

( C h u r c h i l l , 1970, p.135). 

22 : SETCH, Nar V a l l e y (5, 21, 70 Table 3.1) 

A Y2 complex, the t y p i c a l 4 f o l d d i v i s i o n f o r the 

southern Fenland, was dated i n 1974 (Welin et al« 1974). 

A sample from the base of the lower peat, 7.3 m. below the 

surface yielded 5440 - 100 BP (IQS-C14/128). Above t h i s 

O .69 m. peat bed c l a y deposits come to within 4.7 m. of 

the surface. The base of the upper peat bed was dated at 

3215 - 100 BP (IGS-C14/127) and an assay near to the top 

of the peat bed, 3-7 m. below the surface, gave 

1875 - 100 BP (IGS-C14/126). 

I n addition to these 81 ^ C dates there are 12 

radiocarbon assays from the Humber Estuary which can be 

r e l a t e d to s e a - l e v e l changes. With the s e r i e s of assays 

taken for the present research p r o j e c t , over 100 radiocarbon 

dates w i l l form the ba s i s of the chronology of environmental 

changes discussed i n chapters 6-7. 

Section 3.4.4 : The Twentieth Century 

As many miles of the c o a s t l i n e become he a v i l y u t i l i z e d 

by man for various commercial uses the e f f e c t of marine 

flooding i s of great economic i n t e r e s t . The floods of 1953 

are probably the most famous, but marine flooding of low 

l y i n g c o a s t a l areas i s r e a l l y quite frequent. The Fenlands 



are p a r t i c u l a r l y dependant on modern c o a s t a l defences to 

prevent extensive inundation during each t i d a l c y c l e . The 

most recent sequence of marine flooding along the east 

coast s t a r t e d on the 1 1 t h January 1978 and highlighted many 

s a l i e n t features of the present p o l i c y on c o a s t a l protection. 

The South Holland I n t e r n a l Drainage Board ( P r i c e 1978) 

reported that on 5 occasions since 1953 sections of the 

c o a s t l i n e under t h e i r j u r i s d i c t i o n have recorded t i d e l e v e l s 

above those recorded i n 1953. "Following the 1953 t i d a l 

surge, a n a l y s i s of the incidence of high t i d e s at Sheerness 

led to the conclusion that t h i s was a 1 i n 200 year event. 

I f t h i s was cor r e c t i n 1 9 5 3 , land s i l t and the melting of 

the polar i c e cap would now reduce the frequency of the 

1953 surge l e v e l to 1 i n 100 years. The occurrence of the 

1953 type l e v e l s during the l a s t 25 years and the surge 

of the 1 1 t h January 1978 have cast doubt on the accuracy 

of the post - 1 9 5 3 reports or perhaps on t h e i r relevance 

to the Welland and Nene frontage. Because of t h i s doubt, 

i t has been decided that l o c a l records are the only r e l i a b l e 

b a s i s for our design standards. A s t a t i s t i c a l a n a l y s i s of 

annual maximum l e v e l s over the l a s t 25 years, using records 

at Lawyer's S l u i c e |R. Welland o u t f a l l ] , gives much more 

cre d i b l e f i g u r e s for return periods and which are much 

more i n accordance with l o c a l opinion. The return period 

of the 1953 l e v e l 1+ 5 . 3 9 m. ODJ i s shown to be 1 i n 10 

years, while the January 1978 l e v e l ( + 5 . 7 9 m.ODJ i s a 

1 i n 75 year event." ( P r i c e 1 9 7 8 ) . 

The need f o r studies on both long tern and short 

term changes i s c l e a r and i s recognized by the relevant 

a u t h o r i t i e s . There i s a reasonable data base f o r both 



-66-

long term and short term studies but these require l o c a l 
accuracy, r a t h e r than regional g e n e r a l i s a t i o n , whenever 
possibl e . However as P r i c e (1978) points out, the Ministry 
of Agriculture i n s i s t s on a measurement of cost to benefit 
gained when schemes are put to i t for a grant. 

In conclusion i t i s apparent that palaeoecological, 

archaeological, h i s t o r i c a l and present day studies together 

provide the background of environmental change over the 

l a s t 8600 years. However many s i t e s need c a r e f u l i n t e r ­

p r e t a t i o n , or even further a n a l y s i s , before r e l i a b l e 

c o r r e l a t i o n s can be made. The data presented i n t h i s 

chapter w i l l be discussed i n chapters 5 -7• 



CHAPTER POUR 

Techniques employed f o r e s t a b l i s h i n g 
s e a - l e v e l index points 

Chapter Pour i s divided into 7 p a r t s , each r e l a t i n g 

to a technique used i n assessing the environmental conditions 

i n the Penland during the Plandrian Stage and the c o l l e c t i o n 

and a n a l y s i s of samples to be used as s e a - l e v e l index points. 

The objective i s to produce r e l i a b l e high q u a l i t y data 

followi^ig the p r i n c i p l e s outlined f o r IQCP Project 61 : Sea-

l e v e l movements during the l a s t d e g l a c i a l hemicycle (about 

15000 y e a r s ) , (van de Plassche 1977): 

4.1 F i e l d sampling methods. 

4.2 L e v e l l i n g . 

4.3 S t r a t i g r a p h i c a n a l y s i s . 

4.4 Pollen a n a l y s i s . 

4.5 Diatom a n a l y s i s . 

4.6 P a r t i c l e s i z e a n a l y s i s . 

4.7 l i jC a n a l y s i s . 

Part 4.1 : F i e l d sampling methods 

Two main methods ha ve been adopted : coring, and 
free - f a c e exposures. 

Coring has been the most frequently used sampling 

technique; for rapid reconnaissance i n v e s t i g a t i o n s , d e t a i l e d 

s t r a t i g r a p h i c a n a l y s i s , and to provide samples for f u r t h e r 

laboratory a n a l y s i s . The coring techniques employed to 

obtain samples varied g r e a t l y depending on the nature of 

the sediments and the depth to the base of the Plandrian 

sequence. 
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I n a l l cases of s i t e s v i s i t e d the i n i t i a l borings 

were c a r r i e d out with a Duits' gouge sampler due to i t s 

easy and rapid use. This provided small diameter cores 

s u i t a b l e f o r s t r a t i g r a p h i c a n a l y s i s except i n cores through 

a l t e r n a t i n g tenacious c l a s t i c sediments and t h i n peat l a y e r s 

where gaps i n the core were revealed on e x t r a c t i o n . However 

i t was not possible to use any other sampling method i n 

t h i c k c l a s t i c deposits u n t i l 1979. At landward s i t e s , where 

peat and soft c l a s t i c deposits dominated, X4 p r o f i l e s with 

the peat l a y e r s t h i c k e r than the c l a y / s i l t , there were 

no problems with the Duits' gouge sampler. 

The most r e l i a b l e hand coring device used, before 

1979, was a Russian-type peat sampler. However, due to the 

i n t r a c t a b l e nature of the c l a s t i c sediments i t s use has been 

r e s t r i c t e d to the areas dominated by s o f t sediments, t y p i c a l l y 

X4 and Z l p r o f i l e types. This sampler was used to provide 

samples for s t r a t i g r a p h i c and pollen a n a l y s i s from Bourne 

Pen, and for diatom and p a r t i c l e s i z e a n a l y s i s at P r e i s t o n 

Marsh. The sampler was cleaned between taking each 50 cm. 

core and the sediment was t r a n s f e r r e d , undisturbed, i n t o 

50 cm. lengths of p l a s t i c guttering, sealed i n polythene 

and stored. 

I n an attempt to c o l l e c t samples large enough i n 

diameter to provide m a t e r i a l for a n a l y s i s from the s i t e 

at Adventurers' Land, Quyhirn, which had been sampled f o r 

pollen a n a l y s i s by Dr. M.J. Tooley, a U-4 boring was 

commissioned i n 1976. Unfortunately the 8.5 m. core was of 

disappointing q u a l i t y and only the bottom 0.5 m. r e s t i n g on 

the g l a c i a l sands were s u i t a b l e f o r f u r t h e r a n a l y s i s . 
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I n 1979 a modified Livingstone piston corer and 

percussion d r i l l (Merkt and S t r e i f 1970) became a v a i l a b l e 

and was used to provide undisturbed 48 mm. diameter 

samples, i n 1 m. lengths, from Cowbit Wash and Adventurers 1 

Land. 
14 

I n order to c o l l e c t samples for C a n a l y s i s from 

the Bourne Fen s i t e s 2 p i t s were dug. The dimensions were 

approximately 2m. x 1 m. x 1,5 n. depth. These p i t s 

provided a great amount of very u s e f u l s t r a t i g r a p h i c 

information as w e l l as ample sediment for further a n a l y s i s . 

After the p i t s had been excavated one long face and one end 

section were c a r e f u l l y prepared for s t r a t i g r a p h i c a n a l y s i s . 

Overlapping monolith samples for the v e r t i c a l extent of 

the c l a s t i c sequence and the upper and lower t r a n s i t i o n s 

to fen peat were c o l l e c t e d . The monolith samples were cut 

away from the face, sealed i n polythene, and stored at 0°C. 

Part 4.2 ; L e v e l l i n g 

A l l of the s i t e s have been r e l a t e d to O.D. Newlyn 

using a Kern l e v e l . Benchmark data were taken from the 

Ordnance Survey Bench Mark L i s t s . I n general i t has not 

been possible to use two benchmarks for each s i t e , but the 

distance to a s i t e , or the end of a s e c t i o n , has u s u a l l y been 

l e s s than 500 m. The l e v e l l i n g was always completed as a 

loop, except at F r e i s t o n Marsh, and the maximum c l o s i n g 

e r r o r was 2 cm. This value was f o r the Bourne Fen s e c t i o n 

where the distance from the nearest benchmark to a temporary 

benchmark set up by the author at the middle of the s e c t i o n 

was c- 1.3 km. The AWA c a r r i e d out work on the Bourne Eau 
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i n 1978 and t h e i r independent l e v e l l i n g confirmed the 

accuracy to 1 cm. Therefore, since the Bourne Fen l e v e l l i n g 

involved the longest closed t r a n s e c t i t would appear reason­

able to assume that a l l of the surface l e v e l s are accurate 

to - 2 cm. 

Part 4.3 : S t r a t i g r a p h i c Analysis 

S t r a t i g r a p h i c a n a l y s i s was c a r r i e d out i n the f i e l d 

except where the modified Livingstone c c r e r was used. The 

sediments were described according to the scheme of 

Troels-Smith (1955). 

With the samples from the hand-coring equipment the 

surface of the sediment was cleaned with a spatula, d i s s e c t e d 

to r e v e a l any i n t e r n a l mixing during sampling, and then 

divided into l a y e r s according to changes i n the p h y s i c a l 

properties. Each l a y e r was then recorded according to 

Troels-Smith. 

The two p i t sections i n Bourne Fen allowed much 

greater s t r a t i g r a p h i c d e t a i l to be recorded, e s p e c i a l l y since 

one of the faces cut the side of a channel eroded into 

the lower peat bed and subsequently f i l l e d with c l a s t i c 

sediments. Once the p i t had been dug one face and end 

s e c t i o n were planed to the v e r t i c a l and c a r e f u l l y cleaned 

with a trowel and spatula. 25 cm. sections of the face were 

then treated i n d i v i d u a l l y and the boundaries between l a y e r s 

marked by i n s e r t i n g matchsticks. This was done for each 

25 cm. s e c t i o n and therefore the boundaries could be followed 

along the whole face. 

A datum l i n e was set up at or near to the ground 

surface, c a r e f u l l y adjusted u n t i l h o r i z o n t a l , and then 
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l e v e l l e d to OD. A sketch could now be made of faces 

onto graph paper showing the changes i n l e v e l of the 

boundaries by recording t h e i r down and across coordinates. 

Any other major s t r a t i g r a p h i c features such as large pieces 

of wood or involutions of clay and peat could be noted 

by sketching on the graph paper and recording t h e i r co­

ordinates. Having recorded the hor i z o n t a l and v e r t i c a l 

extent of each l a y e r i t s properties were described 

according to Troels-Smith. 

The Troels-Smith scheme i s w e l l documented (1955) 
and i t s a p p l i c a t i o n to Plandrian c o a s t a l sediments proven 
(Tooley 1978a). However a few points need to be noted. 

The volume of sediment provided by the Duits* 
gouge sampler i s quite small, making the p h y s i c a l properties 
s t r a t i f i c a t i o and e l a s t i c i t a s d i f f i c u l t to assess f or t h i n 
l a y e r s . This however only applied to the Cowbit Wash 
s e r i e s of cores. 

The main d i f f i c u l t y i n using the scheme i s the 

des c r i p t i o n given to the microscopic p a r t i c l e s of mud­

l i k e material which form the matrix of a humified peat, 

e.g. a "Fen peat". Troels-Smith (1955) noted the 

d i f f i c u l t i e s of d i f f e r e n t i a t i n g between bimus d e t r i t u o s u s a 

L. humosus, Substantia humosa and highly humified Turfa. 

A fen peat could t y p i c a l l y c o n s i s t of fragmented pieces 

of wood (Detritus l i g n o s u s ) , leaves and stems of herbaceous 

plants (Detritus herbosus and Turfa herbacea), macroscopic 

remains of the roots and rhizomes of Phragmites (Turfa 

herbacea (Phragmites)) and a matrix of an organic mudlike 



substance. The d i f f i c u l t y i s assigning a c l a s s i f i c a t i o n 

to t h i s matrix. Substantia humosa could be used since the 

o r i g i n of the organic substance cannot be stated with 

certainty. I t cannot be s a i d that i t i s the product of 

i n s i t u decomposition of the Turfa, though neither need i t be 

e n t i r e l y a humous substance sedimented i n water, notably 

of undefined depth (Troels-Smith 1955). T r o e l s -

Smith outlined the d i f f e r e n t properties of colour and 

e l a s t i c i t y that can be given to Limus detrituosus +/-

L. humosuB (Troels-Smith 1955 PP. 62 -64 ) . This l a t t e r 

c h a r a c t e r i z a t i o n has therefore been used to describe 

the organic matrix of the peat/gyttja deposits, while Turfa 

and Detritus only describe the v i s i b l e plant remains. 

Therefore Limus i s taken to describe deposition i n water­

logged conditions, with water depths from a few centimetres 

upwards. Furthermore, the symbolisation developed by 

Troels-Smith has been adapted to provide a more l o g i c a l 

diagram. The number of symbols per unit area are d i r e c t l y 

proportional to the component's contribution, by volume, to 

the deposit. This i s not the case with Troele-Smith's 

o r i g i n a l scheme where, for example, the density of the 

symbol for Turfa lignosa (Troels-Smith 1955, Table V ) , for 

proportions 1:2:3:4 are 13:18:25:53 per unit area. The 

s t r a t i g r a p h i c sections drawn by computer (Part 4 . 4 below) 

e x h i b i t the extreme adaption of the 4 part d i v i s i o n (see 

f i g . 5.9 for example). 

Part 4 .4 : Pollen a n a l y s i s 

Pollen a n a l y s i s was c a r r i e d out on a l l of the s i t e s , 

apart from F r e i s t o n Marsh, with samples taken from the 
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cores transported back to the laboratory. This has the 

advantage over c o l l e c t i n g the samples i n glass v i a l s i n the 

f i e l d i n that, f i r s t l y , fieldwork i s quicker, and, second, 

extra l e v e l s can be counted for d e t a i l at c r i t i c a l points 

where necessary. 

The a c t u a l chemical preparation of samples followed 

w e l l - e s t a b l i s h e d techniques (Appendix I I ) . Counting was 

ca r r i e d out on a Zeiss photomicroscope with magnification 

up to 12.5 x 2 x 63 (eye-piece x cc u l a r x o b j e c t i v e ) . A 

pollen key (Faegri and Iversen 1964), ty p e - s l i d e c o l l e c t i o n , 

and pollen reference books and photomicrographs were 

used (Erdtman et al»1961-3* Moore and Webb 1978, Nilsson 

et a l . 1977). 

Corylus and Myrica pollen were counted together as 
Coryloid. Phragmites pollen i s included i n the Gramineae. 
Sparganium pollen was counted as Typha an g u s t i f o l i a - t y p e . 

For percentage diagrams 150 tree pollen, including 
Alnus, excluding Coryloid, were generally counted, 
although t h i s was not possible at a few l e v e l s where pollen 
was e i t h e r scarce or poorly preserved. 

The pollen concentration technique using Lycopodium 

t a b l e t s (Stockmarr 1971) was also employed, with between 

200 to 400 Lycopodium spores counted, where p o s s i b l e , and 

depending on the concentration of the other pollen g r a i n s . 

The d i f f i c u l t i e s and importance involved i n the 

choice of the pollen sum and the method used to c a l c u l a t e 

the percentage frequency of each taxa have been discussed 

by Moore and Webb (1978). A s p e c i f i c pollen sum i s chosen 
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to enable the separation of the immediately l o c a l elements 

i n the pollen assemblage from the regional elements. 

Local elements can be excluded from the pollen sum although 

the i n t e r p r e t a t i o n of the percentages for taxa outside the 

pollen sum (denominator) used can be d i f f i c u l t since the 

upper values are greatly i n f l a t e d by t h e i r inverse r e l ­

ationship to the pollen sum. Additionally i t i s possible 

to compare d i r e c t l y the true proportions of each taxon 

contributing to the pollen sum between l e v e l s , whereas 

counts outside the sum are s u i t e d to the study of l e v e l 

to l e v e l v a r i a t i o n i n r a t i o s of^proportions, the denominator 

always being the true proportion of marker grains, the 

pollen sum (Mosimann 1 9 6 5 ) . I n order to reduce these 

problems i t i s preferable to express pollen frequencies as 

e i t h e r a percentage of a t o t a l pollen sum or as a percentage 

of the l o c a l + arboreal pollen sum (Wright and Patten 1 9 6 3 ) . 

Two methods of representing the pollen data have 

been employed. The expression of taxa frequencies as a 

percentage of the arboreal sura + one of 4 l o c a l e c o l o g i c a l 

groups, (?AP + Group) : shrubs, herbs, aquatics, and spores 

of Bryophyte and Pteridophyte taxa; follows Tooley ( 1 9 7 8 a ) , 

while the use of a pollen sum c o n s i s t i n g of t o t a l land 

pollen (5CTLP), with aquatics and spores outside the main 

sum, has been used by Devoy ( 1 9 7 9 ) . Aquatics and spores 

can e i t h e r be c a l c u l a t e d outside the sum or with the 

addition of the group to the pollen sum (JTLP + Group), 

see Devoy ( 1 9 7 9 ) . I t i s f e l t that these two methods 

(%k? + Group, XTLP), i n addition to pollen concentration 

data allow the important l o c a l and regional e f f e c t s to be 

separated. 
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Mosimann (1965) published equations for c a l c u l a t i n g 
the confidence bands of the c a l c u l a t e d pollen frequency. 
The use of confidence bands i s widespread for pollen con­
centration and pollen i n f l u x studies but has found l i t t l e 
favour i n general percentage analyses. This may be due to 
the c a l c u l a t i o n s involved but t h i s problem i s e a s i l y 
solved by the use of a computer. Therefore a program, 
c a l l e d NEWPLOT, has been w r i t t e n i n FORTRAN IV, to c a l ­
culate the pollen data using d i f f e r e n t pollen sums and to 
present the r e s u l t s i n summary tables and as a s e r i e s of 
diagrams. 

The equations used i n NEWPLOT to c a l c u l a t e the 
95% confidence bands of the percentage estimates are taken 
from Mosimann (1965) and the standard error f o r the po l l e n 
concentration i s a f t e r Stockmarr (1971). 

The 95% confidence l i m i t s of the estimated true 
proportion, c a l c u l a t e d within the sum are given by:-

ft* [l . 96 2 / 2n ] - [ l . 9 6 ] / [ g ( l - p ) / n ] + [l . 9 6 2 M n 2 ] 
1 * [ l . 9 6 2 / n ] 

while the estimated r a t i o of a pollen type to the pollen 
sum has 9556 confidence l i m i t s given by:-

[l . 9 6 2 / 2 n ] i [ l . 9 6 ] / | u ( l + u ^ n ] + [l . 9 6 2 / 4 n * ] u + 
1 - [ l . 9 6 2 / n ] 

The standard e r r o r for the estimate of the p o l l e n 
concentration i s given by:-

N - N / j s/t.L. J%\ 2 + 1/x + l / l / 
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where y - number of grains counted of the taxon 

n = number of grains i n the pollen sum 

l ' = number of Lycopodiura spcres counted 

t s number of Lycopodium t a b l e t s used 

Lj » mean number of Lycopodium spores i n each t a b l e t 

s a standard deviation of the mean f L f 

p = x/n, wherex i s within the pollen sum 

u » *7n, whereX i s outside the pollen sum 

N a L.t.x/L, the estimate of pollen concentration 

Program NEWPLOT (Appendix I I I ) c a l c u l a t e d pollen concent­

r a t i o n , where applicable, and taxa as: 

- % Arboreal Pollen (*AP) 

- % AP + Oroup 

- % T o t a l Pollen 

Options within the program allowed the d e f i n i t i o n 

of the constituents of the AP sum, each e c o l o g i c a l group, 

and the t o t a l pollen sum to be defined. Aquatics and 

Spores were generally excluded from the t o t a l pollen 

sum, to represent t o t a l land pollen (£TLP). S i m i l a r l y 

i t was quite easy to re-run the program to consider the 

e f f e c t of the i n c l u s i o n and exclusion of Alnus and Coryloid 

pollen i n the ^AP. i t was decided to include Alnus i n 

the 5^AP for each of the s i t e s since i t was a component of 

both the l o c a l fenwood and the r e g i o n a l f o r e s t , and a l s o 

would have made the a n a l y s i s exceedingly time-consuming 

i f i t had been excluded. Cotyloid pollen was excluded 

from the 2^AP since Myrica pollen was not d i s t i n g u i s h e d 
f r o m Qoyylus pollen. 
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The use of confidence bands f o r percentage p o l l e n 
diagrams has been l i m i t e d , but w i t h widespread use of 
computers t h i s i s u n j u s t i f i e d . Confidence l i m i t s r eveal 
l i m i t a t i o n s i n the data otherwise not r e a d i l y apparent 
and the e f f e c t of a lower than normal £]AP can be c l e a r l y 
seen. Moore and Webb (1978) have summarized the advantages 
of using confidence bands and w r i t e " I n t h i s way one can 
e a s i l y d i f f e r e n t i a t e between random f l u c t u a t i o n s i n p o l l e n 
curves and changes due t o r e a l a l t e r a t i o n s i n the 
composition of the p o l l e n assemblage. These r e a l changes 
can then be used as the basis f o r constructing a zonation 
system f o r the diagram" (Moore and Webb 1978 p. 89)• 

Furthermore, Evans (1971* p. 168) states t h a t 'confidence 
bands permit a rough t e s t f o r the d i f f e r e n c e s between two 
samples. I f the bands do not overlap, then the samples 
are s i g n i f i c a n t l y d i f f e r e n t at a higher l e v e l of confidence. 
I f they do overlap, there i s some chance t h a t the samples 
d i f f e r at the l e v e l of the confidence band, though t h i s 
chance i s less the more the bands overlap". Evans shows 
t h a t the p r o b a b i l i t y t h a t two d i s t r i b u t i o n s w i t h non-
overlapping 9556 confidence bands are t r u l y d i f f e r e n t 
exceeds 99*. 

Therefore the point where the 95? confidence bands 
of c e r t a i n taxa do not overlap f o r two l e v e l s can be used 
as the basis f o r constructing the boundaries of a Local 
Pollen Assemblage Zone (LPAZ). There are no set r u l e s 
f o r the c o n s t r u c t i o n of LPAZs boundaries and the use of 
confidence bands seems more u n i f o r m a l l y a pplicable than 
the opinion of i n d i v i d u a l authors, yet i s a long way from 
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the s t a t i s t i c a l analysis reported by Gordon and Birks 
(1972, 1974). Godwin (19**0a, b) constructed p o l l e n zonation 
schemes f o r both the Penland and the whole of southern 
B r i t a i n . The Penland scheme was not a purely b i o s t r a t -
i g r a p h i c zonation since Penland Zone V I I c was r e l a t e d 
t o the d e p o s i t i o n of the Pen Clay (sensu Godwin). The 
scheme f o r southern B r i t a i n became associated i n t r i c a t e l y 
w i t h c l i m a t i c changes and therefore the p o l l e n zones came 
t o be regarded as a period of time. The d a t i n g by 
radiocarbon assay of the p o l l e n zone boundaries at type 
s i t e s , e.g. Red Moss (Hibbert et a l . 1971) gave r i s e t o 
the use of chronozones f o r the Flandrian Stage. A 
chronozone can be defined as a zonal u n i t embracing a l l 
rocks formed anywhere during the time range of some geologic 
f e a t u r e or s p e c i f i c i n t e r v a l of rock s t r a t a (Hedberg 1976). 
The basis f o r the time span of a chronozone may be the time 
range of a b i o s t r a t i g r a p h i c zone s u c h as a p o l l e n 
assemblage zone and therefore i s defined from a type s i t e 
where boundaries, of r e g i o n a l s i g n i f i c a n c e , have been C 

1*1 
dated. Thus, f o r s i t e s where C analyses have not been 
ca r r i e d out, l o c a l p o l l e n assemblage zones are c o r r e l a t e d 
b i o s t r a t i g r a p h i c a l l y w i t h Regional Pollen Assemblage 
Zones (RPAZ) end u l t i m a t e l y w i t h the chronozone system 
(e.g. West 1977, table 2.10). This method of c o r r e l a t i o n 
w i l l give a coarse approximation t o the age of the 
deposit. However f o r deposits younger than c.5000 BP, 
P 0 3^ tnjpus*»decline» p o l l e n assemblages cannot provide a 
f i n e r age estimate than "younger than 5000 BP". The use 
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of the chronozone and p o l l e n zonation scheme i s much more 
u s e f u l f o r the period 10000 t o 5000 BP. 

The chronostratigraphic use of p o l l e n zones has 
been c r i t i c i s e d by Smith and Pilch e r (1973) and Moore and 
Webb (1978). The l a t t e r two authors argue t h a t when dealing 
w i t h environmental changes during the l a s t 5000 years the 
regi o n a l p o l l e n zonation system should be abandoned i n 
favour of l o c a l zonation schemes which are v a l i d only w i t h i n 
the area of study. The t r a d i t i o n a l p o l l e n zonation f o r 
southern B r i t a i n (Godwin 19**0b) generally follows the 
concepts of a b i o s t r a t i g r a p h i c range - or acme-zonation 
scheme (Hedberg 1976) where the zone i s defined by the 
maximum development of c e r t a i n , generally a r b o r e a l , taxa. 
Regional p o l l e n assemblage zones can be corr e l a t e d w i t h the 
scheme i n a broad sense since the assemblage-zones defined 
by the arboreal taxa generally coincide w i t h the o r i g i n a l 
acme-zones. However the assemblage zone i s p a r t i c u l a r l y 
s i g n i f i c a n t as an i n d i c a t o r of environment; i t i s also a 
general i n d i c a t o r of geologic age, and i s of high value i n 
l o c a l c o r r e l a t i o n (Hedberg 1976). Therefore Moore and 
Webb (1978) suggest that a zonation of the p o l l e n diagram 
should incorporate the l o c a l l y derived p o l l e n as w e l l as 
tha t from more r e g i o n a l l y s i g n i f i c a n t taxa when concerned 
w i t h e l u c i d a t i n g l o c a l successional or re t r o g r e s s i v e 
developments i n vegetation. However i f one i s i n t e r e s t e d i n 
re g i o n a l changes, and c o r r e l a t i o n , the l o c a l p o l l e n types 
may be ignored i n zonation. D e f i n i t i o n of l o c a l and 
re g i o n a l p o l l e n types i s of utmost importance. 
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The great v a r i a t i o n i n water-table l e v e l s i n the 

Fenland during the Plandrian Stage caused great environ­

mental changes quite d i f f e r e n t to those at the s i t e s 

where regional pollen assemblage zones( and at some, 

chronozones) have been defined, e.g. Hockham Mere, Red 

Moss (Godwin 1975, Hibbert et a l . 1971). Therefore there 

are advantages i n defining pollen assemblage zones of l o c a l 

8 ignificance to f a c i l i t a t e the d e s c r i p t i o n of Fenland 

pollen diagrams, to elucidate vegetation development, and 

for l o c a l c o r r e l a t i o n . The system adopted i s therefore to 

study the whole pollen spectra and to define the Local 

Pollen Assemblage Zones by changes i n numerous taxa, not 

limited to the tree species. Therefore the LPAZs described 

i n Chapter 5 are of l o c a l s i g n i f i c a n c e and are only numbered 

and not named a f t e r s i g n i f i c a n t taxa ( B i r k s 1970, Hedberg 

1976, Moore and Webb 1978). The LPAZ boundaries may not 

coincide with Regional Pollen Assemblage Zones defined 

by mainly arboreal taxa, indeed Oodwin & C l i f f o r d (1938) 

noted the absence of a c l e a r Ulmus-decline i n many Fenland 

diagrams due to l o c a l e f f e c t s , but where possible the 

arboreal assemblages from each s i t e are compared to the 

chronozone system for southern B r i t a i n as an aid to 
14 

corroborate C data. 

The presentation of the low and sporadic occurrence 

of pollen of some shrubs, herbs, and aquatics i s a v a r i a b l e 

feature of pollen diagrams. I t i s preferable to show a l l 

of the pollen types recorded. However t h i s may make 

the diagram an unmanageable s i z e , e i t h e r r e q u i r i n g large 

fold-outs (Devoy 1979), gutter-bridging which i s not very 
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s a t i s f a c t o r y (Tooley 1978a), or having t o d i v i d e the 
diagram i n t o up t o 3 separate f i g u r e s (Moore and Webb 
1978, f i g s . 6 .8-6.10). A possible s o l u t i o n , used here, 
i s not t o p l o t i n d i v i d u a l l y taxa occurring i n low f r e q u ­
encies. These are grouped together i n t o separate classes 
dependent on t h e i r broad e c o l o g i c a l h a b i t a t s . Where the 
p o l l e n type covers a wide range of species w i t h d i f f e r e n t 
e c o l o g i c a l h a b i t a t s a d e f i n i t e c l a s s i f i c a t i o n i s not 
possible and therefore the 4 classes of herbs are kept 
broad. The same classes are retained f o r each p o l l e n 
diagram and are defined as f o l l o w s : -

Class 1 : p o l l e n of herbs not u s u a l l y associated 
w i t h fens or w i t h a coastal preference. 

Class 2 : p o l l e n of herbs usually growing i n wet, 
waterlogged or fen h a b i t a t s . 

Class 3 : p o l l e n of herb f a m i l i e s c h a r a c t e r i s t i c 
of disturbed h a b i t a t s i n c l u d i n g some 
taxa e x h i b i t i n g coastal a f f i n i t i e s . 

Class 4 : p o l l e n of herbs w i t h d e f i n i t e coastal 
preference. 

Therefore p o l l e n taxa which occur i n t e r m i t t e n t l y and at 
low frequencies are represented c o l l e c t i v e l y i n the p o l l e n 
diagrams. P r i o r t o the d e s c r i p t i o n of the Local Pollen 
Assemblage Zones f o r each s i t e the i n d i v i d u a l taxa i n each 
group are l i s t e d , along w i t h the t o t a l number of l e v e l s 
i n which each occurs and i t s maximum percentage frequency 
(S&AP + Group). To complete the hierarchy of data present­
a t i o n the p o l l e n counts o f a l l taxa i d e n t i f i e d f o r a l l 
s i t e s are given i n Appendix IV. 

Further j u s t i f i c a t i o n f o r t h i s grouping of taxa 
i s found when the 95% confidence bands are considered. 
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An example i s given using the data i n Table 4.1 taken 
from BPIO (see Chapter 5 ) . 

TABLE 4.1 : Sample Pollen data from BFIO 

Counts 
Trees(AP) Shrubs F i l i p e n d u l a Succisa Other 

her^s 
245 cm 150 39 3 3 255 
250 cm 150 33 10 1 250 

Percentages: lower 95* confidence limit-mean-upper 95* 
confidence l i m i t 

*AP *AP • Herbs %TL? 

F i l i p e n d u l a 
245 cm 0.6 - 2.0 - 5.8 0.2 - 0.6 - 1.7 0.2 - 0.5 -1.6 
250 cm 3.4 - 6.7 -12.1 1.1 - 2.0 - 3.6 1.0 - 1.8 - 3.4 

Succisa 
245 cm 0.6 - 2.0 - 5.8 0.2 - 0.6 - 1.7 0.2 - 0.5 - 1.6 
250 cm 0.1 - 0.7 - 3.7 0.0 - 0.2 - 1.1 0.0 - 0.2 - 1.1 

Table 4.1 reveals t h a t f o r Succisa, whichever method 
of c a l c u l a t i n g the percentage estimate i s used, the upper 
95* confidence l i m i t f o r 250 cm, 1 g r a i n , i s g r e a t e r than 
the mean f o r 245 cm, 3 grains. Even f o r F i l i p e n d u l a , 3 
and 10 g r a i n s , there i s s t i l l considerable overlap of the 
confidence bands. This should be taken i n t o account when 
comparing, say, the decrease from 7 t o 2*AP. S i m i l a r l y 
the d i f f e r e n t methods of c a l c u l a t i n g the percentage can 
be viewed i n c l e a r e r perspective when these s t a t i s t i c s are 
considered. I t i s c l e a r t h a t *AP shows l a r g e r apparent 
changes than the other methods i f the mean i s considered 
by i t s e l f w i t h no reference t o confidence bands. Therefore 
the use of confidence bands reveals the l i m i t a t i o n s i n the 
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i n t e r p r e t a t i o n of between l e v e l v a r i a t i o n of taxa recording 
low frequencies. 

The importance of these taxa i s t h e i r presence or 
absence and the c o l l e c t i v e q u a n t i t a t i v e changes of 
ec o l o g i c a l l y s i m i l a r types rather than the between-level 
change i n the estimates given by the mean without reference 
t o confidence l i m i t s . 

Part 4.5 : Diatom analysis 

The method f o r the preparation of f o s s i l diatom 
s l i d e s i s given i n Appendix I I . Diatom i d e n t i f i c a t i o n 
and counting were on the same microscope as f o r p o l l e n 
counting. I n i t i a l i n s t r u c t i o n was given by Dr. M a j - B r i t t 
F l o r i n , Department of Quaternary Geology, U n i v e r s i t y of 
Uppsala, and the main references used were Cleve-Euler 
(1951-3) f Hustedt (1927-62), Hendey (1964) and van der 
Werff and Huls (1958-74). Diatom nomenclature i s from the 
l a t t e r reference unless stated otherwise. 

Wherever possible, 200 diatom values were counted 
f o r each s l i d e . The presentation of diatcm data i s 
discussed i n Chapter 5. 

Part 4,6 : P a r t i c l e size analysis 

P a r t i c l e size analysis of the c l a s t i c sediments 
followed the p i p e t t e method, BS 1377 : 1967 ( B r i t i s h 
Standards I n s t i t u t i o n 1967). 
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Part 4.7 : C Analysis 

Radiocarbon assays were made i n c o l l a b o r a t i o n w i t h 
Dr. M.J. Tooley by Dr. M.A. Geyh at Niedersftchsisches 
Landesamt f f l r Bodenf orschung, Hannover and by N.E.R.C. at 
East K i l b r i d e . 

Before each sample was submitted a l l the macro­
scopic remains, generally the rhizomes of Phragmites, 
were removed from the well-humified organic samples. 
Macroscopic remains were not removed from samples where 
Turfa herbacea was a major con s t i t u e n t . The removal of 
penetrating Phragmites rhizomes was an attempt t o reduce 
the younging e f f e c t described by C h u r c h i l l (1970) and 
S t r e i f (19>72). The samples were heat sealed i n polythene 
before being sent t o the l a b o r a t o r i e s at Hannover 
or East K i l b r i d e . No f u r t h e r pre-treatment was c a r r i e d 
out i n Durham. The dates from each s i t e are given i n 
Chapter 5. 
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CHAPTER FIVE 
Sites i n v e s t i g a t e d : presentation of data 

The chapter i s divide d i n t o 4 p a r t s , each describing 
the data c o l l e c t e d from the series of boreholes and 
excavations. Discussion and c o r r e l a t i o n are reserved f o r 
chapter 6, except f o r some discussion of the r e s u l t s from 
Fre i s t o n Marsh which have influenced the method of data 
presentation f o r the other s i t e s . The 4 parts are : 
5.1 : Frei s t o n Marsh; 5*2 : Bourne Fen; 5.3 : Cowbit Wash; 
and 5.4 : Adventurers 1 Land. 

Part 5.1 : Freiston Marsh 

Freiston Marsh i s an i n t e r t i d a l area of saltraarsh, 
mud-and sand-flats i n the south-west corner of the Wash, 
nort h of the r i v e r Witham o u t f a l l , i n c o r p o r a t i n g F r e i s t o n 
Low and Butterwick Low ( f i g s . 1.2 and 5.1). I n November 
1978, 12 boreholes, 3 transects of 4 boreholes each, and 
one free-face excavation were made between TF 409435 
and TF 422429. Each s i t e was l e v e l l e d t o O.D. Newlyn and 
samples were co l l e c t e d f o r p a r t i c l e - s i z e and diatom analyses. 
91 samples were analysed f o r t h e i r p a r t i c l e - s i z e 
d i s t r i b u t i o n according t o BS 1377:1967 and 7 samples were 
prepared f o r diatom analysis. The proportions of f i n e 
sand, coarse s i l t , medium s i l t , f i n e s i l t and clay ( B r i t i s h 
Standards I n s t i t u t i o n 1967) are shown on a l i n e a r 
percentage scale w i t h each p r o f i l e r e l a t e d t o Ordnance 
Datum ( f i g . 5 . 1 ) . I n none of the 91 analyses was any 
s i g n i f i c a n t f r a c t i o n (>0.5>) coarser than 0.21 mm. ( f i n e 
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sand) recorded. The h o r i z o n t a l distances are measured 

from the sea bank. 

The p i t and boreholes A l , B l , CI and A2, B2, C2 
were located i n the area of saltmarsh vegetation. The 
higher s i t e s , between +3.55 and +3.58 OD, j u s t below 
MHWST (+3.7 rn.OD), were located i n a vegetation community 
dominated by P u c o i n e l l i a maritima(Huds.) with some 
S a l i c o r n l a spp. and Halimione portulacoldes L. and t r a c e s 
of Armeria maritima L., Artemisia maritima L., Aster 
tripolium L., Limonium vulgare M i l l . , Plantago maritima L. 
and T r i e l o c h i n maritima L. The second s e r i e s of s i t e s , 
+3.04 m. to +3.11 m.OD had vegetation mainly of P u c c i n e l l i a , 
Halimione and Aster with some S a l l c o r n i a and Suaeda 
maritima L. 

S i t e s A3, B3 and C3, +2.62 m. to +2.67 m.OD., at 
approximately mean high t i d e l e v e l , were close to a major 
creek and at the beginning of incomplete vegetation cover, 
dominated by S a l i c o r n i a and a l g a l mats with only occasional 
Aster, Spartina a n g l i c a E.Hubbard and Halimione. The 
lowest s i t e s , +1.43 m. to +1.55 m. OD. were below MHWNT 
and beyond the l i m i t of herbaceous vegetation. I n reference 
to the zonation of Evans (1965) s i t e s 1-3 were i n the 
saltmarsh zone, s i t e 3 almost at the seaward l i m i t , and 
s i t e 4 represented the higher mud f l a t - Arenicola sand 
f l a t t r a n s i t i o n . 

Section 5.1.1 : P a r t i c l e s i z e a n a l y s i s (fig.5.1) 

I n general the samples r e v e a l a coarsening with 
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deoreasing a l t i t u d e , depicted both i n a seaward d i r e c t i o n 
and down each core. 

The highest s i t e , cores A l , B l , CI and the p i t 
s e c t i o n , are characterized by a low f i n e sand f r a c t i o n , 
g enerally below 2*. Clay values are 20-40* w i t h a maximum 
of 43*, and there are a few sharp changes, e.g. i n Al 
where there i s a sharp increase i n the coarse s i l t 
f r a c t i o n . Only Al shows any general decrease i n the clay 
f r a c t i o n down the core. The coarse s i l t f r a c t i o n reveals 
a change w i t h depth. Within the surface 35 cm., below 
which root penetration i s very l i t t l e i n evidence, coarse 
s i l t o f t e n accounts f o r less than 50* of the t o t a l s i l t 
f r a c t i o n , while below t h a t depth, +3.20 m.OD at these 
s i t e s , i t i s always greater than 50* of the t o t a l s i l t 
p r o p o r t i o n . 

The p i t section revealed much greater d e t a i l than 
the cores taken w i t h the Russian corers. Between 60-80 cm. 
depth there was a series of coarse-fine laminations which 
made p a r t i c l e size analysis i n t h a t depth range meaningless 
and marked the t r a n s i t i o n t o the coarser sediments below. 
These laminations were not noted i n the Russian oores and 
no doubt the t r a n s i t i o n t o sandy sediments provided the 
increased f r i c t i o n which prevented f u r t h e r penetration. 
Below the laminations the p r o p o r t i o n of f i n e sand r i s e s 
from 10* t o 23* w i t h i n 10 cm., clay values f a l l t o below 
10* and then t o 5*, and coarse s i l t t o t a l l y dominates the 
s i l t f r a c t i o n . The p i t section also revealed the t r a n ­
s i t i o n s of the laminated zone t o f i n e r and coarser sediments 
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above and below t o be v i r t u a l l y h o r i z o n t a l . However, t h i s 
consistent p i c t u r e does not preclude the p o s s i b i l i t y of 
coarser g u l l y deposits c u t t i n g through these high s a l t 
marsh deposits. 

The second s e r i e s , A2, B2 and C2, s t i l l above MHT, 
revealed a continuation of the sequence from the f i r s t . 
C2 revealed up t o 8% f i n e sand, while A2 and B2 contained 
less than 2% u n t i l about 35 cm. depth (c. + 2.7 m. OD). 
Only two samples recorded coarse s i l t less than 50* of 
t o t a l s i l t and these coincided w i t h the organic s t a i n i n g 
near the surface. Below 30-35 cm. depth the deposits were 
much browner compared t o those above which were predom­
i n a t e l y grey w i t h black organic p a r t i c l e s . The only i r o n 
s t a i n i n g i n these upper l e v e l s was around roots. Although 
not seen p r i o r t o analysis the cores from A2 and B2 
presumably penetrated the laminated zone since the prop­
o r t i o n of f i n e sand increases t o over 60% by +2.30 m.OD. 

The t h i r d series of boreholes, w i t h a surface height 
c. + 2.70 m. representing mean high t i d e l e v e l , shows f i n e 
sand a t 10-30* and may be comparable t o the t r a n s i t i o n a l 
zone, possibly w i t h laminations t o the bottom layers of 
A2 and B2 w i t h over 50% f i n e sand. The a l t i t u d e s would 
agree w i t h t h i s c o r r e l a t i o n . Coarse s i l t i s constantly 
greater than 50% of t o t a l s i l t and the clay f r a c t i o n i s 
between 10-20)5 of the t o t a l weight a f t e r pre-treatment. 

The f i n a l series o f boreholes, below MHWNT, show 
f i n e sand proportions between 50-80* w i t h coarse s i l t 
dominating the r e s t o f the m a t r i x . 
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These analyses confirm Evans' (1965) zonation for 
the surface sediment of the s a l t marsh to the higher mud 
f l a t / ^ r e n i c o l a sand f l a t t r a n s i t i o n . 5 sub-zones can be 
proposed from the present a n a l y s i s . The salt>-marsh zone 
i s most r e a d i l y defined by the surface vegetation while 
v e r t i c a l l y grading to the higher mud f l a t . No sharp 
changes i n p a r t i c l e s i z e proportions are apparent. The 
5 sub-zones recognized are:-

Sub-zone 1: S a l t marsh. Generally grey deposit. Fine 
sand <2*, clay 20-40*, decreasing i n a seaward d i r e c t i o n . 
Coarse s i l t o ccasionally >50* t o t a l s i l t f r a c t i o n . Present 
a l t i t u d e v a r i e s from +3.60 m. to +3.20 m. OD at s i t e 1 
to +3.20 m. to +2.70 m OD at s i t e 2. 

Sub-zone 2: Lower s a l t marsh. Fine sand <2*, clay 20-40*, 
coarse s i l t always accounts for more than 50* of the 
t o t a l s i l t f r a c t i o n . Generally a brown/orange colour. 
The a l t i t u d e of the base of t h i s sub-zone presently v a r i e s 
between +3.00 m. to +2.7 m. OD. Sub-zone 2 i s not 
always c l e a r l y d i f f e r e n t i a t e d from sub-zone 1. Perhaps 
organic content would be a better c r i t e r i o n for 
d i f f e r e n t i a t i o n . 

Sub-zone 3: Laminated zone. This zone was only noted i n 
the p i t sec t i o n although i t i s thought to have been sampled 
i n A2 and B2. 

Sub-zone 4: Higher mud f l a t s . Fine sand 20-40*, c l a y 

generally <20*. Coarse s i l t dominates the s i l t f r a c t i o n . 
This zone i s revealed i n the base of the p i t , below the 
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laminations, i n the middle/lower part of A2, B2, and 
by A3, B3, C3 . This represents the surface t r a n s i t i o n 
from the s a l t marsh - higher mud f l a t of Evans ( 1 9 6 5 ) . 

Sub-zone 5: Sand f l a t / h i g h e r mud f l a t t r a n s i t i o n . Pine 
sand 50-85/S, clay f a l l s from 11-2?, coarse s i l t >50# 

t o t a l s i l t . Revealed i n the base of A2, B2 and by 
A4, B4, C4 . 

These zones appear t o f i t i n w e l l w i t h Evans 1 

zonation but disagree i n the p o s i t i o n of the laminations 
when compared t o Amos1 (1974 f i g . 8 . 9 ) i n t e r p r e t a t i o n s . 
Since the laminations were only seen w i t h c e r t a i n t y i n the 
p i t section perhaps more r e l i a b i l i t y should be placed on 
the other 4 sub-zones. Therefore sub-zone 4 would 
c o r r e l a t e w i t h the higher mud f l a t (Evans 1965) as revealed 
at A3> B3* C3> but i s revealed below the laminations i n 
the p i t section. 

There i s t e n t a t i v e evidence of a seaward decrease 
i n a l t i t u d e of the sub-zone boundaries. I f the laminations 
are represented i n A2, B2, at C.+2.60 m.OD, compared t o 
+2 .90 m.OD i n the p i t , and the sub-zone 5 sand dominated 
deposits i n A2, B2 are at +2 .3 m.OD, below +2.2 m.OD i n 
A3, and occur on the surface, +1 .4 m.OD at A4, B4, C4, 
then a slope i n a seaward d i r e c t i o n i n the order of 
1 : 1000 i s revealed. This supports Amos ( 1 9 7 4 ) . 

To summarize : the p a r t i c l e size analysis o f the 
transect shows t h a t f i v e sub-zones have been recognized. 
These c o r r e l a t e w i t h the s a l t marsh, higher mud f l a t and 
Arenicola or higher sand f l a t of Evans ( 1 9 6 5 ) and Amos ( 1 9 7 4 ) . 
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The s a l t marsh i s defined by surface vegetation but 2 sub-
zones can sometimes be i d e n t i f i e d down a sec t i o n (sub-
zones 1 and 2 ) and i n a seaward d i r e c t i o n . The major change 
occurs at the l i m i t of 3 a l t marsh vegetation. Sites 1 

and 2 generally r e v e a l , 6 out of 7 sections,< 2% f i n e 
sand down t o approximately 35 cm. depth, while s i t e 3 

at the surface t r a n s i t i o n t o the higher mud f l a t , has 
10-35% f i n e sand. S i t e 4 reveals the second major t r a n s ­
i t i o n , sub-zone 5 , w i t h over 50% f i n e sand. This zonation 
i s thought t o run approximately p a r a l l e l t o the c o a s t l i n e 
(Evans 1 9 6 5)i although there are noticeable v a r i a t i o n s 
i n p a r t i c l e size d i s t r i b u t i o n around the Wash 
(Randerson, unpub.) i t may be postulated t h a t w i t h i n a 
section the r e l a t i v e changes through time may represent 
the changes i n r e l a t i v e p o s i t i o n of the s i t e i n the 
i n t e r t i d a l environment. 

Section 5*1*2 : Diatom analysis 

Diatoms have been used t o study changes i n s a l i n i t y 
and water depth (Berglund 1 9 7 1 , Devoy 1 9 7 9 , M i l l e r 1 9 6 4 , 

Tooley 1978a) by the i n t e r p r e t a t i o n of changes i n assem­
blages held to represent the movement of the s i t e r e l a t i v e 
t o the t i d a l cycle and of i n l e t connection t o the open sea. 
However there i s no agreement over the method of e i t h e r 
grouping the diatom species on a s a l i n i t y scale or 
c a l c u l a t i n g the r e l a t i v e frequencies as percentages. 

Two s a l i n i t y c l a s s i f i c a t i o n s are i n general use. 
Hustedt ( 1 9 5 5 ) developed the halobian diagram i n which 

there are 5 s a l i n i t y groups. Each s a l i n i t y group can be 



divided into planktonic, benthonic, and epiphytic groups. 

Van der Werff (1958-72) divides the species into seven 

groups according to the chloride content of the water body 

favoured by the species. 

Methods of representing e i t h e r the i n d i v i d u a l species 

or the groups of species vary. F l o r i n (1946) c a l c u l a t e d 

i n d i v i d u a l species frequencies as a percentage of the t o t a l 

valves counted. Devoy ( 1 9 7 9 ) used the halobian spectrum 

for groups of planktonic, epiphytic and benthonic species 

c a l c u l a t e d as a percentage of the t o t a l valves counted, 

while Berglund ( 1 9 7 1 ) used a selected sum of valves for 

the denominator i n the same way that the arboreal pollen 

sum i s used i n pollen a n a l y s i s . A quite d i f f e r e n t approach 

i s that of Van der Werff (1958-72) who favours the a n a l y s i s 

of species, with the sum of species within each s a l i n i t y 

c l a s s c a l c u l a t e d as a percentage of the t o t a l number of 

species counted (Devoy 1979, DuSaar 1978 i n Tooley 1978a). 

For the present a n a l y s i s the s a l i n i t y c l a s s i f i c a t i o n 

proposed by Van der Werff (1958-72) has been used : 

M Marine > 17000 mg Cl/L 
MB j Marine/brackish 10000-17000 mg Cl/L 
BM ! ! Brackish/marine 5000-10000 mg Cl/L 
B i Brackish 1000-5000 mg Cl/L 

BF J Brackish/Fresh 500-1000 mg Cl/L 
FB J Fresh/brackish 100-500 mg Cl/L 

F ; Fresh <100 mg Cl/L 

A sub-division to benthonic, epiphytic and planktonic was 

made throughout the a n a l y s i s . Approximately 200 valves 
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were counted t o enable e i t h e r the c a l c u l a t i o n of the 
percentage of valves (% valves) or the percentage o f species 
(% species) type of analysis to be performed. 

7 samples were taken; surface samples at the p i t 
and from the Cl-4 boreholes, and 2 samples from the p i t and 
borehole CI at 5 cm. (P:5> Cl:5, P:0, C1:0, C2:0, C3:0, 
C4:0). Since no great change i n the sediment appeared i n 
the top 5 cm. i t i s postulated t h a t the 4 spectra P:0, 
P:5, C1:0 and CI:5 should give an estimation of w i t h i n 
s i t e v a r i a t i o n while the comparison w i t h the others should 
reveal any zonation down the marsh. 

The computer program NEWPLOT can be used to c a l ­
culate diatom frequencies. 40 d i f f e r e n t diatom species 
were i d e n t i f i e d (Appendix IV) of which 17 occurred i n 
frequencies great enough to show s i g n i f i c a n t changes as 
% t o t a l valves. The remaining 23 species occurred i n low 
and sporadic frequencies and were grouped according t o t h e i r 
s a l i n i t y c l a s s i f i c a t i o n . Figure 5.2 shows the v a r i a t i o n s 
of the species i n c l u d i n g the 95% confidence bands 
(Mosimann 1965) and reveals t h a t very few species show 
s i g n i f i c a n t systematic changes. Nitzschia n a v i c u l a r i s 
appears to increase at the highest s i t e s but there are 
great differences between them, from 6.5 to 39.4?. 
Navicula d i g i t o r a d i a t a shows s t a t i s t i c a l l y s i g n i f i c a n t 
changes from C4:0 t o P:0 but i s not even i d e n t i f i e d i n 
the subsurface samples. Stauroneis g r e g o r i i may be a 
s i g n i f i c a n t i n d i c a t o r but i t i s only i d e n t i f i e d i n one 
sample, where i t i s the dominant diatom, and may r e f l e c t 
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only l o c a l conditions. F i n a l l y Diploneis didyma shows a 
peak at the upper s i t e s but again varies g r e a t l y , from 
4 . 5 ? to 2 6 . 5 ? and the lower 9 5 $ confidence band at C I : 5 

i s less than the mean at C4:0. Therefore i t must be 
concluded t h a t there are no unequivocal trends of i n d i v i d ­
ual diatom frequencies, as % t o t a l valves, along the s e c t i o n 
studied. 

Simonsen (19^9) suggests that i n an estuarine 
environment, where there i s a mixing of water bodies of 
d i f f e r e n t s a l i n i t y , only trie benthic diatoms should be 
used to i d e n t i f y the nature of the autochthonous f l o r a . 
I f an analogy can be made v/itn the s a l t marsh environment 
then the i n d i v i d u a l benthonic species should be ca l c u l a t e d 
as a prop o r t i o n of the t o t a l benthonic count. Perhaps 
epiphytic diatoms could also be included altnough Hustedt 
and Aleem (1951) found that the diatom spectra from 
mud-flats near Plymouth also included species from 3 
secondary sources, attached forms from the rock shore, 
pelagic forms from the plankton, and freshwater forms 
from r i v e r s and lakes, i n a d d i t i o n to those l i v i n g f r e e l y 
Eind moving w i t h i n the muddy substratum. Therefore the 
data were rec a l c u l a t e d as a percentage of the t o t a l of 
benthonic valves, but the r e s u l t s were e s s e n t i a l l y the 
same w i t n no s i g n i f i c a n t changes along the s e c t i o n . Within 
s i t e v a r i a t i o n was as great as between s i t e v a r i a t i o n . 
This i s i n complete agreement w i t h Hendey (1964), t h a t 
the h a b i t a t s are usually more r e s t r i c t e d or l o c a l and 
therefore i n d i v i d u a l peaks of diatoms should only be 
considered i n the context of the t o t a l change of the spectrum. 



-95-

As an a l t e r n a t i v e the species were grouped according 
to van der Werff fs c l a s s i f i c a t i o n and the possible 
combinations of the summary curves are shown i n f i g . 5 - 3 * 
The denominator i s again t o t a l valves counted and each 
s a l i n i t y class i s shown f o r benthonic, epiphytic and 
planktonic species and f i n a l l y a l l species. Once more 
the changes between the 4 samples P :0 , P:5, C1:0 and 
Cl:5are as great as those to the samples from the more 
seaward l o c a t i o n s . 

Rather than reproduce 3 other diagrams s i m i l a r t o 
f i g * 5-3 the f i n a l stages of analysis have been condensed 
i n f i g . 5 .4 to compare the proposed methods of pres­
e n t a t i o n of the diatom data. At the bottom of f i g . 5 * 4 

there i s the equivalent spectra from a single surface 
sample from a Phragmites bed at the l i m i t t o which t i d e s 
flow, due t o lock gates, along the River Welland at 
Spalding (TF 25952420) The section l a b e l l e d "% T o t a l 
Valves" i s the combination of the 5 separate graphs at 
the right-hand end of f i g . 5 . 3 . The other 3 sections of 
th a t type i n f i g . 5 .4 were redrawn from the same type of 
o r i g i n a l f i g u r e . 

The % Benthonic valves show large f l u c t u a t i o n s , 
p a r t i c u l a r l y between C4 :0 and the other s i t e s . However 
t h i s i s s o l e l y due t o the dominance of Stauroneis 
g r e g o r i i , c l a s s i f i e d as brackish-marine, at C 4 : 0 . 

Therefore i t appears t h a t the p e r i o d i c i t y of diatom growth 
i s the o v e r - r i d i n g f a c t o r and t h a t , i n agreement w i t h 
Hendey ( 1 9 6 4 ) , the conditions on a s a l t marsh may w e l l be 
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d e s c r i b e d a s a m o s a i c o f m i c r o - h a b i t a t s . However, f u r t h e r 

c o m p a r i s o n o f s u b - s u r f a c e and s u r f a c e s a m p l e s may show 

t h a t d u r i n g t h e a c c u m u l a t i o n o f a s e d i m e n t t h e d i a t o m 

a s s e m b l a g e i s i n d e e d more c o n s i s t e n t t h a n t h e s t u d y o f 

p u r e l y s u r f a c e s a m p l e s s u g g e s t as t h e peaks o f i n d i v i d u a l 

s p e c i e s become smoothed. 

I n an a t t e m p t t o overcome th e problem o f t h e s e 

i r r e g u l a r i t i e s o f i n d i v i d u a l diatom f r e q u e n c i e s v a n d e r 

W e r f f (1958-72) a d v o c a t e d the " q u a l i t a t i v e " a p p r o a c h , 

c o u n t i n g s i m p l y t h e number of s p e c i e s p r e s e n t w i t h i n e a c h 

c l a s s and r e p r e s e n t i n g t h e s e as a p e r c e n t a g e o f trie t o t a l 

number o f s p e c i e s p r e s e n t . Trie c a l c u l a t i o n o f 9 5 % 

c o n f i d e n c e l i m i t s 0 i v e n by Mosimann (1965) cannot be 

u s e d s i n c e once a s p e c i e s has been i d e n t i f i e d f u r t h e r 

o c c u r r e n c e s a r e i g n o r e d . However w i t h t h e t o t a l number 

o f s p e c i e s g e n e r a l l y between 10-50 i t may be assumed t n a t 

t h e 95% c o n f i d e n c e bands w i l l be q u i t e b r o a d . 

F u r t h e r s t a t i s t i c a l r e s e a r c n i s n e c e s s a r y i n t h i s a s p e c t . 

At t h e moment s l i g h t changes i n p e r c e n t a g e s u s i n g t h i s 

method must not be t a k e n as s i g n i f i c a n t . 

The methods o f c a l c u l a t i n g t h e f r e q u e n c i e s a s 

% T o t a l S p e c i e s % b e n t h o n i c S p e c i e s , f i g . 5.4 ( c f . Devoy 

1979, du S a a r 1978) r e v e a l e q u a l l y i n c o n c l u s i v e c h a n g e s 

when the v a r i a t i o n o f t h e 4 w i t n i n - s i t e s a m p l e s i s t a k e n 

i n t o a c c o u n t ( i n a d d i t i o n t o t h e comments on c o n f i d e n c e 

bands^ and does not s u g g e s t any g r e a t d i f f e r e n c e between 

C4:0 and t h e o t h e r s a m p l e s as nad been shown i n % 

B e n t h o n i c v a l v e s ( f i g . 5 . 4 ) . 
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F i n a l l y the p r o p o r t i o n of Benthonic, Epiphytic 
and Planktonic types as % valves and % species again shows 
the former t o be hi g h l y f l u c t u a t i n g and inconclusive and 
the l a t t e r t o be qu i t e regular but w i t h no d i f f e r e n c e down 
the section. 

I t i s apparent t h a t 7 samples are i n s u f f i c i e n t t o 
study the complexities of diatom assemblages from one 
s i t e . I t i s reasonable t o suggest, however, t h a t diatom 
assemblages cannot be used to d i s t i n g u i s h between s i t e s 
whose a l t i t u d e s d i f f e r by over 2 m. i n an area where t h i s 
represents a change from j u s t below MHWST to j u s t below MHWNT. 
A noticeable feature of the F r e i s t o n Marsh analysis i s the 
lack of f r e s h , or fresh-brackish diatoms, which accounts 
f o r much o f the d i f f e r e n c e w i t h the Spalding sample, and 
the l a t t e r s i t e i s dominated by brackish forms w i t h a 
noticeable lack of marine forms. This confirms the con­
clusions of Carter (1932-3) t h a t diatoms show no sharp 
zonation w i t h regard to l e v e l across a s a l t marsh. However 
the Freiston s i t e i s f a r from n a t u r a l since the embankment 
prevents a cont i n u a t i o n toward a freshwater environment. 
The lack of freshwater input may be a s i g n i f i c a n t d i f f e r e n c e 
to the n a t u r a l system p r i o r t o reclamation and th e r e f o r e 
the comparison t o f o s s i l communities may not be v a l i d . 
However the analysis has shown t h a t the whole spectrum 
needs t o be taken i n t o account when studying the changes o f 
diatom assemblages. The method of c a l c u l a t i o n i s important 
since n e i t h e r % valves nor % species i s s a t i s f a c t o r y by 
i t s e l f . I t i s suggested t h a t at l e a s t the methods shown 
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i n f i g . 5 . 4 be used t o study changes i n diatom assemblages. 
The change i n the benthonic types appears to be important, 
e.g. no marine benthonic forms were recorded at Spalding, 
and perhaps the most v a l i d conclusions about diatom 
assemblage changes would be tnose that are c o n s i s t e n t , i n 
the s e r a i sense, f o r a l l of the methods of c a l c u l a t i o n 
used. 

Clearly the present study i s not s u f f i c i e n t t o 
r e l a t e present i n t e r - t i d a l t o f o s s i l diatom assemblages. 
Much more d e t a i l e d research would be necessary. The 
fo l l o w i n g generalisations can be made. Diatom assemblages 
should be calculated as SSTotal Valves, iSBenthonic Valves, 
%Total Species % Benthonic Species and the pr o p o r t i o n 
of benthonic, epiphytic and planktonic valv.es and species 
( f i g - 5 - 4 ) i n order t o show consistent changes i n s a l i n i t y , 
input of freshwater, and exposure or distance t o the open 
sea. Where the methods of c a l c u l a t i o n show s i m i l a r changes 
a l l of the summary diagrams need not be presented. 
Therefore, f o r the other s i t e s studied i n t h i s p r o j e c t 
the c a l c u l a t i o n s o u t l i n e d above were c a r r i e d out bitt not 
always represented i n the diagrams i f the a l t e r n a t i v e s 
show no a d d i t i o n a l i n f o r m a t i o n . Diatom analysis does not 
appear t o show the changes of conditions between lower 
than MHWST and lower than MHWNT at F r e i s t o n Marsh. P a r t i c l e 
size d i s t r i b u t i o n i s a much b e t t e r index t o rev e a l changes 
i n t h i s s e c t i o n of the t i d a l zone. The embankment at 
Fr e i s t o n Marsh prevents a con t i n u a t i o n t o a coastal fen 
where increased a l t i t u d e and freshwater i n f l u e n c e should 

http://valv.es
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reveal broader changes i n the diatom assemblage and a 
continued f i n i n g of p a r t i c l e s i z e . Unfortunately i t i s 
t h i s t r a n s i t i o n whicn i s of most i n t e r e s t t o the study of 
Flandrian sea-level changes and only l o c a l l y have such 
successions been described (e.g.Ranwell 1974) 

Part 5*2 : Bourne Fen 

Bourne Fen extends east of the fen edge town of 
Bourne (TF0920) t o the River Glen (TF145179 t o TF173225). 
I t i s divide d i n t o Bourne North Fen and Bourne South Fen 
by the Bourne Eau, an embanked watercourse c a r r y i n g the 
outflow from a spring at Bourne to the River Glen. The 
unconsolidated Pleistocene and p o s t - g l a c i a l deposits 
of Bourne Fen were f i r s t discussed by Skertchly (1877) 
and Smith (1970) b r i e f l y discussed the general s t r a t i g r a p h y 
using early 20th century borehole records. 

The present i n v e s t i g a t i o n s at Bourne Fen have 
involved l e v e l l i n g , s t r a t i g r a p h i c a n a l y s i s , diatom, p o l l e n , 
chemical, p a r t i c l e size and radiocarbon analyses. This 
part i s divide d i n t o 4 sections 

5.2.1 : Stratigraphy of Bourne Fen 
5.2.2 : Bourne Fen - 10 
5.2 . 3 : Bourne Fen - PI 
5.2.4 : Bourne Fen - P2 

Section 5.2.1 : Stratigraphy of Bourne Fen 

Bourne Fen i s s t r a t i g r a p h i c a l l y s i m i l a r t o many o f 
the sections studied by Godwin i n the Fenlands to the 
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south (Godwin 1940a, 1978) w i t h an X4 p r o f i l e type : organic 
basal sequence, c l a s t i c sequence and organic cover sequence. 
Z-type p r o f i l e s , the perimarine zone of Hageman (1969) 
are r e s t r i c t e d to a narrow zone along the fen edge near 
Bourne. A g r i c u l t u r e has severely l i m i t e d the extent of 
the organic cover sequence: o f t e n a peaty-clay s o i l i s the 
only testament to i t s former existence. The surface peat 
sequence only extends a few kilometres north of Bourne 
North Fen to an area of surface s i l t s and clays i n Morton 
Fen. Inorganic surface deposits are continuous u n t i l the 
Witham Valley when surface organic s o i l s are found once 
more. 

The section studied follows the north bank of the 
Bourne Eau where a b e l t of grassland approximately ho m. 
wide between the Eau and i t s counter drain has been less 
a f f e c t e d by s o i l erosion. 30 boreholes, 3 excavated p i t sections 
and over 2 kilometres of cleaned dyke sections were used to 
study the s t r a t i g r a p h y . The boreholes and p i t s were each 
l e v e l l e d t o 0D. while the dyke sections were used t o confirm 
the c o n t i n u i t y of the horizons. The ground surface l e v e l s 
f o r the Bourne Fen section can be considered t o contain an 
e r r o r of -0.02 m. 

The l o c a t i o n of the boreholes and p i t s are shown i n 
f i g . 5 . 5 , while f i g . 5.6 represents the s t r a t i g r a p h y according 
to a modified version of Troels-Smith's scheme (Troels-Smith, 
1955). A d d i t i o n a l data are given i n t a b l e 5.1 t o avoid 
confusion i n the p r o f i l e , f i g . 5.6, between BFP1 and BF27A. 

The distance between BF16 and BF19 i s 2.15 km. 
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TABLE 5.1 : Borehole data, BF27A to BFP1 (Fig. 5.5) 

altitude (m. OD) 
Borehole 
Number 
(BP) 

ground 
surface 

regression !transgres-
contact sion contact 

base of 
Plandrian 
sequence 

27 A 1.96 1.44 1.29 0.61 

26A 1.87 1.47 1.22 0.32 

25A 1.91 1.44 1.11 -0.14 

24A 1.80 1.35 1.01 -0.41 

23A 1.75 1.20 0.97 -0.47 

22A 1.71 1.26 1.06 -0.49 

21A 1.82 1.22 1.04 -0.74 

10 3.21 1.11 0.81 -0.21 

2 1.91 - - 0.11 

26B 1.95 1.20 1.05 0.30 

25B 2.00 1.24 1.11 0.00 

24B 1.96 1.20 1.05 0.62 

23B 1.82 1.04 0.72 0.75 

22B 1.71 1.11 0.96 -0.99 

PI 1.91 1.06 0.85 -0.93 

f 4 APR J9gi 
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w i t h a surface height generally between +2.22 m.OD (BF15) 
and +1.46 m.OD (BF7) although BF16 (+3.15 m.OD) and 
BF10 (+3.20 m.OD) have much greater surface l e v e l s due 
to the a p p l i c a t i o n of an overburden during banking 
schemes. Indeed BF10 l i e s inside the north bank of the 
Bourne Eau. 

The greatest a l t i t u d i n a l range f o r any boundary i s 
f o r t h a t between the pre-Flandrian deposits and the base 
of the organic sequence. There i s a general decrease i n 
height from west to east, +1.25 m.OD at BF16, -1.33 m.OD 
at BF19- The lowest a l t i t u d e recorded f o r the surface 
of the pre-Flandrian deposits was at BF7> -2.30 m.OD, 
although i t could have been lower at BFP2 or BF9. The 
nature of the pre-Flandrian sediments i s v a r i a b l e . I n 
most cases a weathered horizon of blue c l a y / s i l t w i t h 
sand and organic roots was encountered, the thickness of 
t h i s stratum varying from 0.10 m. to more than 0.60 m. 
At some locations the highest pre-Flandrian deposits were 
predominately sandy. Where the weathered horizon was 
a s i l t y clay i t usually passed down i n t o a coarser deposit 
w i t h pebbles of chalk, greensand and c h e r t . 

Only BF16 represents a Zl p r o f i l e type, the other 
boreholes reveal one c l a s t i c horizon between 2 organic 
l a y e r s . The distance between BF16 and BF15 i s 60 m. and 
the l i m i t of marine sedimentation must l i e between these 
two s i t e s . This i s confirmed by the nature of the c l a s t i c 
horizon recorded at BF15> a clayey s i l t w i t h abundant 
remains of Phragmites. 
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A few other boreholes i n the western part of Bourne 
North Fen have revealed only a si n g l e t h i n organic 
horizon above pre-Flandrian sands, 0.4 m. of peat was 
recorded at TF 115208, near to the A151, which contrasts 
g r e a t l y w i t h over 3 metres of peat from Barne fs Drove 
(TF126218) reported by Smith (1970). Exploratory borings 
f a i l e d to f i n d any such t h i c k accumulations of peat and 
since Smith quoted a 1932 borehole record there i s l i a b l e 
t o have been some surface wastage. 

The continuation of the X4 p r o f i l e type eastwards 
i s confirmed by 3 sources. Skertchly (1877) reports 
0.6 m. of s i l t y clay between two peat beds from near 
Tongue End (c.TFI58185). Two boreholes by Pr e - P i l i n g 
Surveys Ltd. i n 1961 at Tongue End revealed c.2.0 m. of 
c l a s t i c deposits between two organic layers (TF153184 
and TF155183). The upper of the two organic layers i s 
only preserved i n these two boreholes which penetrate the 
banks of the River Glen and Counter Drain due to the 
p r o t e c t i o n afforded by the man made banks. Apart from 
Bourne South Fen the surrounding f i e l d s no longer reveal 
h i g h l y peaty s o i l s . F i n a l l y , confirmation of the X4 
sequence was provided by cleaned dyke sections west of the 
River Glen i n Bourne South Fen (TF151185). 

The area of Z l p r o f i l e types i s greater i n Thurlby 
Fen and Baston Common than i n Bourne Fen. Unlevelled 
boreholes at Whattoffs Bridge (TF140174) and M i l l Close 
(TF145178) revealed less than 1.0 m. of peat above a 
gravel/sand/clay matrix. Noble reported i n 1896 a peaty s o i l 
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c . l m. t h i c k above gravel at White House Farm, Baston 

Common (c.TF137149). 

The basal peat i n the Bourne Fen section can be 
divid e d i n t o 3 c h a r a c t e r i s t i c u n i t s ; a humified woody 
d e t r i t a l peat, a humified monocotyledenous peat w i t h 
rhizomes of Phragmites, and a s i l t y monocot. g y t t j a 
w i t h Phragmites rhizomes. The woody peat always occurs above 
the weathered g l a c i a l s i l t s and sands and usually has a 
high g y t t j a content. Only BF7 revealed any inorganic 
matter w i t h i n the horizon. The source of the wood i s 
t w o - f o l d . F i r s t l y remains of woody roots have occasionally 
been found i n the sampler chamber i n the pre-Flandrian 
s i l t s ana would represent the trees growing on the land 
surface p r i o r to the growth of peat. Secondly the wood 
remains found above the basal layers represent trees of 
the fen wood, mostly Alnus, but Quercus, Taxus, Pinus and 
S a l i x may be expected (Godwin 1973), which would have been 
rooted i n the growing peat i t s e l f . Therefore i n the 
broadest sense the woody d e t r i t a l peat represents the 
development of alder carr and fenwoods f o l l o w i n g the 
d e s t r u c t i o n of the f o r e s t which had grown on the pre-
Flandrian deposits. The t r a n s i t i o n to a humified monocot. 
peat i s very gradual and the l e v e l s i n d i c a t e d i n f i g . 5.6 

purely represent the highest occurrence of pieces of wood 
i n the chamber of the borer. The highest l e v e l recorded 
f o r t h i s t r a n s i t i o n i s at BFP1 since the greater sample 
s i z e , the surface area of the p i t compared to the chamber 
of a Russian borer, could be expected to record wood 
fragments more f r e q u e n t l y . 
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Th e humified monocot. peat i s represented i n a l l 
of the boreholes and t e s t i f i e s to a r i s i n g freshwater 
table and the development of reedswamp conditions. 
H o r i z o n t a l l y bedded rhizomes of Phragmites were usually 
an abundant constituent of the Turfa component. 

The succession to a coastal sequence i s confirmed 
by the siltymonocot. g y t t j a which marks the base of the 
inorganic sequence. This horizon represents a n a t u r a l 
t r a n s i t i o n t o coastal inorganic deposition and i t s absence, 
i n the end section of BFP2 and also revealed i n the dyke 
sections at TF130198, suggest s l i g h t erosion during the 
transgressive phase. 

The t o t a l thickness of the basal organic sequence 
varies from 9& cm. (BF15) to 273 cm. (BF7) . 

The inorganic deposits found i n the Bourne Fen 
section are the equivalent of the "Fen clay" or "Buttery 
cl a y " of the southern Fenland. F i e l d analyses, o u t l i n e d 
by Troels-Smith (1955)> showed only s i l t and clay size 
f r a c t i o n s . No sand was recorded. The organic content 
was very v a r i a b l e , being most abundant at the t r a n s i t i o n s 
t o the peat layer and as the c l a s t i c horizon attenuated 
towards the west. Therefore at BF15 the whole horizon 
was only 15 cm. t h i c k and was composed of about 50% 

Turfa, mainly Phragmites. 

As the c l a s t i c horizon thickened t o the east the 
o r ganic content decreased, except at the transgressive 
and regressive contacts which were represented by a 
t r a n s i t i o n a l deposit. The transgressive t r a n s i t i o n zone 
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was usually much thin n e r than the regressive t r a n s i t i o n zdne, 
The former was erosional i n three instances, at BF8, BF9, 
and exposed i n the end section of BFP2. I n these cases 
the contact was sharp, recorded as e i t h e r lira>2 or 3 
(Troels-Smith 1955). Conversely the regressive contact 
was always t r a n s i t i o n a l . At BFP1 the t r a n s i t i o n a l s i l t y 
organic regressive layer was up t o 13 cm. t h i c k , while the 
predominately inorganic s i l t y clay i t s e l f was only up t o 
14 cm. t h i c k . 

Two other important constituents of the c l a s t i c 
horizon were recorded i n the f i e l d . At BF9 a 3 cm layer 
of s h e l l s , Hydrobia spp., was encountered, while at 
BF8, BF9 and BF19 hard i r o n concretions were recorded i n 
the upper part of the horizon. The s i g n i f i c a n c e of these 
was revealed both by the ground levels and the exposures 
i n the cleaned dyke sections. A l l three boreholes were at 
locat i o n s where the ground surface was at a l o c a l maximum 
and where the l e v e l of the top of the c l a s t i c layer rose. 
These seem t o be the equivalent t o small roddens 
(Fowler 1933) and represent the f i n a l inorganic sedimentation 
i n channels p r i o r t o complete organic deposition (Godwin 
and Vishnu-Mittre 1975). 

BF9 also contained the t h i c k e s t inorganic sequence. 
I t was only j u s t possible t o reach the top of the basal 
organic deposit w i t h the Russian borer. The transgressive 
contact was ero s i o n a l . I t may be suggested t h a t t h i s 
represents a channel associated w i t h the inorganic 
deposition which has r e t a i n e d i t s course during the period 



-107-

of c l a s t i c sedimentation, BP8 also reveals an erosional 
transgressive contact but no obvious deepen! ng as was 
seen i n the cleaned dyke section at BF9. however, the 
transgressive contact at BF19 was t r a n s i t i o n a l and much 
more d e t a i l e d mapping would be required to study the 
course of channels through the c l a s t i c horizon. 

A e r i a l photographs from the c o l l e c t i o n held by 
Lincolnshire County Council were studied f o r the whole area 
but the ground conditions were not s u i t a b l e t o reveal the 
changes i n near-surface facies or s o i l - t y p e since crop 
growth was too advanced (Evans 1972). 

There are 2 noticeable features about the a l t i t -
u d i n a l l i m i t s of the c l a s t i c horizon shown i n f i g . 5 .6. 

F i r s t l y the horizon thickens i n the seaward d i r e c t i o n , to 
the east, and secondly, apart from the supposed channel 
deposits at BF8, BF9 and BF19, there are no great 
undulations i n the transgressive or regressive contacts, while 
the a l t i t u d e of both decrease t o the east. These v i s u a l 
conclusions can be tested not by the use of the mean and 
standard d e v i a t i o n s t a t i s t i c s ( c f . Tooley 1978a) but by 
regression analysis. The least squares l i n e a r regression 
s t a t i s t i c s were calculated f o r three data sub-sets using 
a Texas TI Programmable-58 c a l c u l a t o r . 

The f o l l o w i n g three data sub-sets were used 
( p r e f i x BF omitted) : 

- set 1 : P I , 22b, 23b, 24b, 25b, 26b, 21a,22a, 23a, 24a, 
25a, 26a, 27a, since the 13 samples represent a small area 
180 x 30 m. w i t h a gradual increase an a l t i t u d e of tne 
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g l a c i a l surface to the west and south. 

- set 2 : the 13 samples of set 1 + 5, 6, 7, 10, 13, 14, 
15, 17, 18 i n order t o study the i n t e r a c t i o n of the 
seaward thickening of the c l a s t i c deposits and the general 
decrease i n a l t i t u d e of the undulating g l a c i a l surface. 

- set 3 : set 2 excluding 10, since the l a t t e r may be 
influenced by i t s overburden of bank m a t e r i a l . 

TABLE!5.2 

T = a l t i t u d e of the transgressive contact, metres OD. 
R = a l t i t u d e of the regressive contact, metres 0D. 
S = standard d e v i a t i o n 

set 1 set 2 set 3 

R 1.25 1.19 1.19 
SR 0.14 0.22 0.22 

T" 1.03 0.87 0.88 

s T 0.15 0.40 0.41 

The s t a t i s t i c s i n table 5.2 show th a t the tranogressive 
and regressive contacts cannot be assumed h o r i z o n t a l and 
therefore adequately represented by the mean of the 
variates ( c f . Tooley 1978a). Both R and T show differences 
f o r the mean and standard deviations of data sets 1 and 
2. The e f f e c t i s greater f o r T. 

A least-squares l i n e a r regression was then applied 
to the 3 data sets f o r the variables given i n table 5 . 3 . 

For 5 of the 8 p a i r s of variables tested the c o r r e l a t i o n 
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TABLE 5»3 : Some linear regression s t a t i s t i c s , Bourne 
F e n stratigraphic data 

B x Base of Plandrian sequence ^ 
R * Regression contact I altitude i n m.OD, 
T a Transgression contact J 
P s 
D = 

thickness of lower peat 1 
distance from BP16 J 

metres 

data set linear regression equation r r 2 

R.B 1 R 3 1.32 + 0.21B 0.74 0.55 
2 R = 1.30 + 0.22B 0.86 0.74 
3 R 3 1.31 • 0.22B O.87 O.76 

R.P 1 R - 1.54 - 0.21P -0.62 0.38 | 
2 R = 1.55 - 0.26P -0.68 0.46 
3 R a 1.57 - 0.27P -0.70 0.49 

B.D 1 B s 5.81 - 0.008D -0.93 0.86 
2 B = 1.00 - 0.0018D -O.87 0.75 | 
3 B = 0.99 - 0.0018D -O.87 0.75 | 

P.D 1 P s -3.3^ + 0.0061D O.87 0.75 j 
2 P s 0.59 + 0.00091D O.67 0.45 I 
3 P s 0.61 + 0.00091D 0.67 0.45 1 

R.D 1 R 3 2.50 - 0.0016D -0.68 0.46 j 
2 R 3 1.57 - 0.00045D -O.87 0.76 j 
3 R 3 1.58 - 0.00045D -0.88 0.78 | 

T.D 1 T 3 2.32 - 0.00168D -0.68 0.46 
2 T 3 1.62 - 0.00087D -0.93 0.86 • 
3 T 3 1.63 - 0.00087D -0.93 0.87 

T.B. 1 T 3 1.11 • 0.22B 0.79 0.62 
2 T 3 1.08 • 0.38B O.85 0.71 j 
3 T 3 1.09 + 0.39B O.85 0.73 
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c o e f f i c i e n t f o r set 2 was greater than t h a t f o r set 1. The 
opposite was true f o r the r e l a t i o n s h i p s between the variables 
P,B and D. This may i l l u s t r a t e the e f f e c t of a r e g i o n a l 
phenomenon, the transgression which l a i d down the inorganic 
deposit superimposed over a l o c a l l y undulating pre-Flandrian 
surface. Therefore as set 1 covers a sample where the 
boulder clay surface decreases i n a l t i t u d e w i t h distance 
from the fen edge and sets 2 and 3 include those boreholes 
r e v e a l i n g undulations i t may have been a n t i c i p a t e d t h a t the 
highest c o r r e l a t i o n c o e f f i c i e n t s would have been found w i t h 
set 1 f o r BV.D and Pv.D. Unfortunately there are 
i n s u f f i c i e n t observations available to make d e t a i l e d 
inferences about the r e l a t i o n s h i p s . I t i s only possible to 
comment on general trends and the discussion of these analyses 
i n chapter 6 must be considered i n t h i s context. 

The most s i g n i f i c a n t feature of table 5.3 i s the 
high c o r r e l a t i o n c o e f f i c i e n t of a l l of the regression 
equations f o r variables paired w i t h D, the distance from 
BF16. This i s represented i n f i g . 5.7 which i s drawn from 
the f o l l o w i n g r e l a t i o n s h i p s : 

B = 0.99 - 0.0018D r = -0.87 

R = 1.58 - 0.00045D r = -0.88 

T = 1.63 - 0.00087D r = -0.93 

The slope of the regressive contact along the length of the 
section i s given a3 0.45 m/km. and the slope of the 
transgressive contact as 0.87m/km. The s o l u t i o n of the 
equation f o r the l i m i t of marine sedimentation, when T = R, 
i s +1.52 m.OD, which i s the maximum l e v e l recorded i n 
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Bourne Pen f o r the regressive contact (BF15). These are 
more use f u l f i g u r e s t o describe the v a r i a t i o n i n a l t i t u d e 
of the transgressive/regressive sequence rat h e r than the 
means of R and T which are d i f f i c u l t to i n t e r p r e t , given 
as +1.19 m.OD - 0.22 m. and 0.88 m.OD - 0 . 4 l m. resp e c t i v e l y 
i n table 5.2. 

The other r e l a t i o n s h i p s i n table 5.5 are more 
d i f f i c u l t t o i n t e r p r e t and c e r t a i n l y more data are needed. 

The surface peat was found i n each borehole except 
at BF2 and BF12 but due to surface wastage i t s thickness 
i s very v a r i a b l e . The overburden at BF10 reduced such 
wastage and the t h i c k e s t i n t e r v a l , 1.40 m., was recorded, 
while at BF8 and BF9 only a very crumbly humified black 
peat less than 10 cm. t h i c k remained. At BF2 and BF12 
the surface peat and the c l a s t i c horizon had both been 
removed and b a c k f i l l e d during some early excavation work. 

The h u m i f i c a t i o n of the upper peat depended g r e a t l y 
on the depth from the surface and modern r o o t l e t s o f t e n 
penetrated down to the lower boundary. The peat i s 
c h a r a c t e r i s t i c a l l y a monocot. peat w i t h Phragmites, 
h o r i z o n t a l l y bedded and penetrating the Turfa, abundant 
i n i t s lower l a y e r s . Occasionally wood remains have 
been found i n borings and exposed i n the dyke sections. 

I n conclusion, the s t r a t i g r a p h y of Bourne Fen i s 
now w e l l established. There i s a general t h i c k e n i n g of 
Flandrian deposits eastwards above an undulating boulder 
clay surface. The inorganic layer i s seen t o thicken i n 
a general seaward d i r e c t i o n w i t h a slope of 0.45 m/km. 
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f o r the regressive contact. The highest a l t i t u d e measured 
f o r marine/brackish sediments i s +1.52 m.OD. 

Section 5*2.2 : Bourne Fen-10. 

Bourne Fen-10 (BF10) was chosen f o r p o l l e n analysis 
i n an attempt t o provide a re g i o n a l p o l l e n diagram since 
i t e x h i b i t e d a t h i c k , r e l a t i v e l y unhumified, upper peat, 
a t h i n inorganic l a y e r , and a t y p i c a l lower organic 
sequence of monocot. g y t t j a above a woody d e t r i t a l g y t t j a . 
I n a s t r a t i g r a p n i c sense i t was t y p i c a l of the whole 
Bourne Fen section. I t i s s i t u a t e d immediately north 
of the bourne Eau, between the watercourse i t s e l f and i t s 
elevated northern bank, thus the ground l e v e l i s some 
1.4 m. higher than the adjacent boreholes. The m a t e r i a l of 
the banks of the Bourne Eau has been brought i n from 
outside the fen area i n connection w i t h drainage improvement 
schemes, however the older bank m a t e r i a l i s peat and 
therefore i t was not known i f the whole of the upper peat 
was i n s i t u . I t was hoped that p o l l e n analysis would 
reveal any d i s c o n t i n u i t i e s since there was no apparent 
hiatus i n the s t r a t i g r a p h y . 

The s t r a t i g r a p h y of the core i s given i n f i g . 5 .8 . 

The s l i g h t l y organic s i l t at the surface was assumed to 
be of modern o r i g i n associated w i t h bank improvement 
works. The whole of the core was below the present water-
t a b l e . 

I n order to study the environmental changes at the 
s i t e 24 samples were prepared f o r diatom analysis, 2 from 
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below the lowest peat and the r e s t between 246aA<l 204 cm., 
and 46 samples were prepared f o r p o l l e n a n a l y s i s , from 
338 t o 115 cm. (note depth from a datum l i n e , the ground 
surface except f o r the 2 p i t s , i s given i n centimetres, 
while a l t i t u d e , t o Ordnance Datum, i s i n metres). 

I n the 24 diatom samples no diatoms were recorded. 

The p o l l e n analyses d i d not involve p o l l e n concen-
14 

t r a t i o n techniques and no samples were taken f o r C 
dating. Only 23 of the 46 samples prepared yield e d s u f f i c i e n t 
p o l l e n to count. 7 samples from the c l a s t i c horizon, 
stratum 6 f i g . 5 . 8 , contained few p o l l e n and of the few 
grains of arboreal taxa observed f o r those l e v e l s Quercus 
p o l l e n always appeared dominant. The greatest f r u s t r a t i o n , 
however, was t h a t p o l l e n became too sparse to count above 
195 cm. Samples were examined up to 115 cm., i n which 
there was no p o l l e n at al], while at 190 cm. a count of only 
14 tree p o l l e n , most of which were corroded, yielded 600 
F i l i c a l e s spores. Therefore i t i s not possible to say i f 
the t h i c k upper peat i s i n s i t u above 190 cm. 

As a r e s u l t of poor p o l l e n preservation the p o l l e n 
diagrams from BF10 consist of 23 levels from the lower peat 
and only 3 from the upper. I t was not intended t o study the 
d e t a i l e d changes associated w i t h c l a s t i c sedimentation and 
therefore the sampling i n t e r v a l was constant at 5 cm., 
except f o r the basal l a y e r . The p o l l e n data are presented 
i n f i g s . 5.9> 5.10, 5.11> t a b l e 5.4 and the p o l l e n counts 
are given i n appendix IV. The herbaceous taxa which occur 
i n low frequencies are grouped as described i n chapter 4 
and the p o l l e n of aquatic taxa and spoies o f bryophytes 
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and pteridophytes f o r m 2 other groups. These l a t t e r 2 

groups are presented i n f i g . 5-9 as c a l c u l a t e d within the 

pollen sum (%k? + Group) while the pollen sum i n fig.SJLO 

i s T o t a l Land Pollen and aquatics and spores are c a l ­

culated outside the sum. These conventions are retained 

for a l l of the pollen diagrams unless stated otherwise. 

The c l a s s e s used for grouping taxa i n BF10 are given i n 

table 5.4, with the number of l e v e l s i n which each occurs 

and i t s maximum frequency, (%A? + Group). 

BF10 i s divided into 5 Local Pollen Assemblage 

Zones (LPAZ), zoned without reference to any other diagrams. 

LPAZ Depth C h a r a c t e r i s t i c s 

BF10A 338 cm. The zone c o n s i s t s of one l e v e l , dom­

inated by Alnus, 86% AP, 562 TLP, with 

correspondingly low Quercus frequencies. 

The upper boundary i s defined by the non-

overlapping confidence bands for both 

Alnus and Quercus as %k? and JfTLP. 

Other pollen frequencies show no s i g n i f ­

i c a nt difference with the overlying 

zone. 

BF10B 335 to 265 cm Alnus and Quercus dominate the arboreal 

taxa, although T i l i a i s c o n s i s t e n t l y 

above 32 AP, t h e i r inverse r e l a t i o n s h i p 

r e f l e c t s the c a l c u l a t i o n as % AP 

( f i g . 5.11). Alnus shows more i r r e g u l a r 

changes between adjacent l e v e l s as % TLP 

( f i g . 5.10). Gramineae, Cyperaceae, 
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Coryloid and aquatic pollen and spores 
of bryophytes and pteridophytes are 
important contributors to the pollen 
spectra. Towards the end of the zone 
aquatics increase to c.10% TLP and the 
upper boundary i s defined by a s i g n i f ­
i c a n t f a l l i n Quercus frequencies (JAP 
and *TLP), a r i s e i n Alnus, complem­
entary to the f a l l i n Quercus as JtAP but 
also evident as 55TLP, and by a s i g n i f i c a n t 
r i s e i n Gramineae (%h? + Herbs and 
*TLP) which i s a l s o r e f l e c t e d i n the 
summary, f i g . 5.11>as non arboreal pollen 
dominates the spectra. 

BF10C 260 to 2*15 cm. The diagnostic feature of t h i s zone 

i s the r i s e to dominance, U9% TLP, of 

Gramineae with a corresponding r i s e of 

Chenopodiaceae pollen to 13% TLP and a 

f a l l of Alnus, 41JS to 14* TLP. Class 

3 and 4 herbaceous pollen r i s e throughout 

t h i s zone. The r i s e of Quercus as 

jtAP • Group i s a consequence of the 

r e l a t i v e f a l l of Alnus since fig.5.10, 

shows Quercus as ZTLP to show c o n s i s ­

t e n t l y lower frequencies than i n BF10B. 

The upper boundary i s defined by 

l i t h o s t r a t i g r a p h y , pollen was too sparse 

to count i n the c l a s t i c l a y e r above. 
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BP10D 205 to 200 cm. Qramineae pollen dominates t h i s zone, 

78* TLP, Alnus dominates the arboreal 

sum and Coryloid pollen reaches a peak 

as %A? + Group, although t h i s does not 

show as % TLP due to the dominance of 

Graraineae. Betula reaches i t s maximum 

as 12% AP. The lower boundary i s 

l i t h o l o g i c , the lowest countable l a y e r 

above the c l a y / s i l t s , and the upper 

boundary i s defined by s i g n i f i c a n t f a l l s 

i n the Gramineae curve (both jKTLP and 

JAP + Herbs). Alnus (*AP) al s o shows 

a s i g n i f i c a n t decline and spores, 

p a r t i c u l a r l y F i l i c a l e s , show a large 

increase. 

BF10E 195 cm. Gramineae s t i l l dominates the spectrum, 

55% TLP, but the zone i s ch a r a c t e r i s e d 

by the presense of a l l of the arboreal 

taxa including Pinus, Fraxinus and 

Fagus. F i l i c a l e s show a maximum, 

57? AP • spores, and Cyperaceae, 

11JTLP, and aquatic taxa are present. 

14 
No samples were taken for C dating but the pollen diagram, 

f i g . 5.9 c l e a r l y shows the whole succession to have low 

frequencies of Ulmus pollen and therefore an age younger 

than 5000 BP i s assumed for the whole sequence. The 

environmental changes r e f l e c t e d by the po l l e n diagrams 

are discussed and compared to other s i t e s , from Bourne 
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TABLE 5 .4 : BF10 herbaceous, aquatic and spore c l a s s e s 
(23 l e v e l s ) 

Class 1 Droseraceae 2 : 0 . 4 * Rumex-type 2 : 0 . 5 * 

Taraxacum-type 7 : 1 - 5 * U r t i c a 4 : 1 . 3 * 

C l a s s 2 Caltha 1 5 : 2 . 1 * Cladium l 6 . : 3 . 9 * 

P i l i p e n d u l a 15:2.056 Mentha 2 : 0 . 5 * 

S u c c i s a 4 : 0 . 6 ? 

C l a s s 3 Artemisia 4 : 0 . 6 * Cirsium-type 5 : 3 . 1 * 

Polygonum 2:0.5% Senecio-type 1:1.8* 

Umbelliferae 4 : 2 .2% 

Class 4 Plantago 
maritima 

4 : 0 . 6 * 

Aquatics Hydrocotyle 1 : 0 . 3 * Lemna 1 3 : 1 2 . 4 * 

Nuphar 3 : 6 . 3 * Nymphaea 9 : 3 . 6 * 

Potamogeton 

T . l a t i f o l i a 

I 8 : l 4 . 1 j { Typha a n g u s t i f o l i a -
type 

13:18 .o* 
• 7 : 3 0 . 5 * 

Spores Equisetum 3 : 3 . 2 * F i l i c a l e s 2 3 : 5 7 . 0 * 

Polypodium 16:11.8* Pteridium 4 : 1 . 0 * 

Sphagnum 2:166* 
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Ften and more d i s t a n t l o c a t i o n s , i n chapter 6. 

Section 5*2 .3 : Bourne Fen-Pl. 

Bourne Fen-Pl (BFP1) was an open face excavation, 

2.5 x 1.0 x 1.4 m. deep, dug on the s t r i p of grassland 

immediately north of the banks of the Bourne Eau, approx­

imately 100 m. east of BF10. The aim was to study the 

l a t e r a l changes i n the stratigraphy and to provide adequate 
14 

mate r i a l for C analyses. 
The p i t was aligned i n an east-west d i r e c t i o n , the 

northern and western sections were c a r e f u l l y prepared for 

d e t a i l e d s t r a t i g r a p h i c a n a l y s i s according to Troels-Smith 

(1955) and are presented i n f i g . 5.12. Two overlapping 

50 cm. monolith samples were taken from the western end 

sec t i o n for further laboratory a n a l y s i s . 

The sequence recorded i s t y p i c a l of the Bourne Fen 

s e c t i o n (fig.5*6)» The woody d e t r i t a l peat was only exposed 

i n the end se c t i o n since i t was waterlogged below that l e v e l . 

A core was made through the base of the p i t to measure the 

thickness|of the basal peat. A s i l t y sand with gravel was 

reached 1.40 m. below the top of the woody d e t r i t a l peat. 

Due to the l e v e l of the water-table the lowest stratum 

exposed along the whole s e c t i o n was a r e l a t i v e l y uncompacted 

(e l a s . 2 ) monocot. peat. Seeds were noted throughout the 

l a y e r but have not been i d e n t i f i e d . The upper boundary 

was a t h i n , l e s s than 2 cm, t r a n s i t i o n l a y e r to a blue 

s t i c k y s i l t y c l ay with roots and stems of Phragmites and 

other Gramineae. The r e g r e s s i v e t r a n s i t i o n l a y e r , staatum 4, 
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was generally as t h i c k as the blue inorganic l a y e r i t s e l f , 

but was l e s s homogeneous than stratum 3 , with i n c l u s i o n s 

of higher organic content, p a r t i c u l a r l y Fhragmites, and 

yellow/brown concretions around some of the root channels. 

Layers 5 and 6 were s t r a t i f i e d biogenic sediments 

up to the present s o i l horizons (stratum confusum). The 

d i v i s i o n was on the b a s i s of humification and macrofossil 

content. Stratum 6 was very humified with a few modern 

r o o t l e t s at the upper contact and occasional elements of 

Detritus lignosus. Stratum 5 was a l e s s humified 

monocot. peat, r i c h i n macrofossil remains of Phragmites 3 

grasses, and sedges, probably Cladium. The microscopic 

remains accounted for a greater proportion of the deposit 

i n stratum 6, c.75£» than i n stratum 5» c.25^. These l a y e r s 

were quite compacted compared to stratum 2, a possible 

r e f l e c t i o n of seasonal changes i n watertable. 

The p i t s e c t i o n revealed that the sequence of 

sediments only previously recorded by borehole analyses 

was quite homogenous over the area exposed, 2.5 x 1.4 m. 

The most v a r i a b l e feature of the peat horizons was the 

l e v e l at which macrofossil wood remains could be found. 

The t r a n s i t i o n s to the c l a s t i c horizon were uniformly 

gradual although the a l t i t u d e was v a r i a b l e . This v a r i a t i o n 

of the t r a n s g r e s s i v e and r e g r e s s i v e contacts proved to 

be the most i n t e r e s t i n g feature of the excavation. 

The t r a n s g r e s s i v e contact, represented by a 2 cm. 

t r a n s i t i o n l a y e r , v a r i e d i n a l t i t u d e between +O.9O-O.88 m.OD. 
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(50-52 cm.) a t the eastern end of the face, to +0.77-0.75m. 
0D (63 -65 cm.) at the western end s e c t i o n from where 
the monolith sample was taken. The r e g r e s s i v e contact 
was more d i f f i c u l t to define. The stratum 3/4 boundary 
represents an increase i n organic content while the 
stratum 4 /5 boundary i s the highest l i m i t of inorganic 
sedimentation. This l a t t e r boundary i s taken as the 
regr e s s i v e contact and was recorded between +1.10 m.OD 
(30 cm.) and +1.02 m. OD (38 cm.). 

Over the sec t i o n exposed, 2 . 5 m., the tra n s g r e s s i v e 
contact showed an absolute v a r i a t i o n of 13 cm. with an 
8 cm. range for the re g r e s s i v e contact. Both of these 
values are l e s s than the standard deviations c a l c u l a t e d 
for the 13 boreholes, s et 1 data, which covered an area 
180 x 30 m. (Table 5.2). I t appears that s c a l e f a c t o r s 
are an important consideration i n the a l t i t u d i n a l 
v a r i a t i o n of s t r a t i g r a p h i c boundaries. A regional eastward 
slope of the transgressive and regres s i v e contacts has been 
measured yet the section i n BFP1 shows undulating boundaries 
with an o v e r a l l slope to the west. 

Ten samples, at 2 cm. i n t e r v a l s between 48 and 

66 cm. were prepared for diatom a n a l y s i s . Each s l i d e 

was scanned c a r e f u l l y over 15 traverses of the s l i d e , 

covering approximately 75% of an 11 x 11 mm. c o v e r s l i p , 

but no l e v e l contained s u f f i c i e n t diatoms to count. Many 

broken valves were seen but the only whole specimens 

encountered within the 10 samples were Diploneis didyma, 

Campylodiscus echeneis, Cocconeis placentula and 
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Navicula l y r a . 

Pollen a n a l y s i s was c a r r i e d out on 22 samples between 

80 and 5 cm. using pollen concentration techniques 

(Stockmarr 1971). As was the case i n BF10 the higher peat 

l e v e l s contained too few pollen to count. The samples 

5-25 cm. contained only F i l i c a l e s spores and exotic 

Lycopodium spores. Therefore the pollen diagrams from 

BFP1, f i g s . 5.13, 5.14, 5.15, 5.16, cover the section 

30-80 cm. from the monoliths. The counts are given i n 

appendix IV and the cumulative herbaceous, aquatic and fern 

spore c l a s s e s are shown i n table 5*5, g i v i n g the number of 

l e v e l s , maximum of 17, and maximum frequency, as *AP + Group, 

fo r each pollen type. 

BFPl i s divided i n t o 5LPAZs based pr i m a r i l y on the 

#AP • Group and jtTLP diagrams, and secondly on the concent­

r a t i o n diagram ( f i g . 5 . 1 5 ) . 

LPAZ Depth C h a r a c t e r i s t i c s 

BFP1A 80 to 75 cm. T i l i a frequencies, <10XAP, are higher 

than i n the r e s t of the diagram. Quercus 

i s at a temporary maximum, <5.20<AP, while 

Alnus i s lower than i n BFP1B. However 

Quercus i s more constant as J&TLP. A high 

F i l i c a l e s peak at 80 cm. i s replaced by an 

is o l a t e d Sphagnum maximum at 75 cm. 

Gramineae, at c o n s i s t e n t l y high frequencies 

throughout the diagram, and Cyperaceae show 

frequencies <20*TLP. The upper boundary 

of the zone i s defined toy s i g n i f i c a n t changes 
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i n the JSAP + Herbs curves for Quercus, 

T i l i a , Alnus, and Cyperaceae. 

BPP1B 70 to 66 cm. This zone i s dominated by very high Alnus 

frequencies and concentrations : 9l£AP, 

53* TLP, 86 x l o ' g r a i n s / c c . This shows 

corresponding minima f o r other curves 

as %A? • Group and $TLP, except f o r F i l i c a l e s . 

The concentration curves show the increases 

fo r P i l i c a l e s and Alnus while Quercus and 

Gramineae show s i m i l a r concentrations as i n 

BFP1. Cyperaceae curves f a l l i n a l l three 

diagrams. The upper boundary i s defined 

by s i g n i f i c a n t f a l l s i n the Alnus and 

F i l i c a l e s curves and increases i n the 

Coryloid, Chenopodiaceae and Class 4 herbs. 

BFP1C 64 to 49 cm. Quercus and Alnus f l u c t u a t e around 

35J5AP, 12? TLP, and 60*AP, 20J5TLP, 

r e s p e c t i v e l y . Coryloid frequencies r i s e to 

35% AP + shrubs. Gramineae drops to 9%TL? 

i n the middle of the zone but i s an important 

constituent of the spectra at the top and 

bottom of the zone. Chenopodiaceae and s a l t 

marsh taxa are c h a r a c t e r i s t i c of t h i s zone, 

up to 11% and 6% TLP r e s p e c t i v e l y . TLP 

concentration i s constant throughout the 

zone, 75 x 10^ grains/cc and the r i s e to 
x 

170 x 10"̂  g r a i n s / c c defines the boundary 
since many changes occur i n the zone 
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50-48 cm : Alnus decreases, Quercus and 
Coryloid increase (%h? + Herbs) while s a l t 
marsh herbs s t a r t t o d e c l i n e , 

BFP1D 48 t o 40 cm. This zone i s very s i m i l a r t o BFP1C except 
that p o l l e n concentration i s generally 
higher and more v a r i a b l e . Class 4, s a l t 
marsh, herbs are lower than i n BPP1C and 
disappear by the end of the zone. A f t e r 
f l u c t u a t i o n s at the boundary t r e e and 
shrub frequencies are s i m i l a r t o those i n 
BPPIC. Fagus i s present throughout the 
zone. The upper boundary i s defined by a 
s i g n i f i c a n t r i s e i n the Gramineae and 
aquatic p o l l e n and the disappearance of 
the Chenopodiaceae. 

BFPiE 35 t o 30 cm. Rising Gramineae, Cyperaceae, aquatics and 
F i l i c a l e s curves characterise t h i s zone. 
Pinus and Betula show low maxima, otherwise 
Alnus and Quercus are once more the major 
components of the tree p o l l e n . Pollen 
concentrations f a l l a t 30 an. as p o l l e n 
preservation becomes poor. Percentages may 
be more dominated by p o l l e n preservation 
f a c t o r s than usual. 

The p o l l e n diagrams from BFP1 are approximately equivalent t o 
the BF10 diagrams from 265 t o 195 cm. A more exact l i t h o -
s t r a t i g r a p h i c or b i o s t r a t i g r a p h i c c o r r e l a t i n n i s n e i t h e r 
possible or desirable at t h i s stage. I t i s sufficient t o say 
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TABLE 5. 5 : BPP1 herbaceous, aquatic and spore classes 
(17 l e v e l s ) 

! Class 1 Centaurea 2:1.1% Cer e a l i a 2:0.4* \ 
Qentianella 3:1.M Plantago 

lanceolata 
9:1.6* 

P.maj or/media 1:0.956 Rosaceae 1:0.3* 
Rumex 5:1.1* Sanguisorba 6:0.9* 
Taraxacum -

type 
4:0.7* U r t i c a 1:0.6* 

Valeriana 1:0.4* V a l e r i a n e l l a 1:0.4* 

Class 2 Caltha 4:1,7* Cladium 2:0.7* 
F i l i p e n d u l a 10:1.6* Gentiana 1:0.6* 
Ranunculus-

type 
14:3.2* Rubiaceae 5:0.5* 

Succisa 12:2.3* Veronica 2:0.8* 

Class 3 Artemisia 11:1.9* Caryophyllaceae 1:0.8* 
Cirsium-type 5:0.7* Cruci ferae 2:1.0* 
M a t r i c a r i a -

type 
7:1.0* Polygonum 13:3.7* 

Senecio-type 3:1.0* T r i g l o c h i n 3:0.5* 
Umbelliferae 3:0.5* 

Class 4 Armeria 
Plantago 
maritlraa 

5:2.1* 

9:4.3* 

Limonium 2:0.5* 

Aquatics Hydrocotyle 6:2.2* Lemna 8:55.4* 
Myriophyllum 

v e r t . 
1:1.1* Nuphar 1:1.8* 

Nymphaea 1:1.0* Potamogeton 6:7.9* 
Typha 
a n g u s t i f o l i a 

12:56.9* T . l a t i f o l i a 2:1.8* 

Pern F i l i c a l e s 17:64.5* Polypodium 8:1.2* 
spores Pteridium 8:4.0* 
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th a t the s t r a t i g r a p h y and p o l l e n analyses 
show broad s i m i l a r i t i e s , w i t h l o c a l d i f f e r e n c e s , between 
the two s i t e s . 

Five samples have been submitted f o r radiocarbon 
analysis and are given i n tables 5.6 and 7.1 

TABLE 5.6 Radiocarbon dates f o r BFP1 

depth a l t i t u d e BP m a t e r i a l 
Hv 9266 14-17 +1.26 t o 1.23 2625*65 L d 2 l , T i A Th 2 (Phra) 1 
Hv 9267 34-37 +1.06 t o 1.03 2780*70 Ld * 1, Th 31, Th 2 (Phr a A g 1 
Hv 8644 45-49 +0.95 t o 0.91 2970*65 Ld 3l,Th 3(Phra)l,Ag2 
Hv 8645 64-67 +0.76 t o 0.73 3485*75 Ld 32,Th 22 
Hv 9268 77-81 +0.63 t o 0.59 3430*60 Ld 22,Th 2l,DLl 

The three dates above the c l a s t i c deposits give a consistent 
age g r a d i e n t . Hv8644 dates the onset of organic accumulation 
while Hv 9267 dates the end of inorganic sedimentation, 
since above 34 cm. no inorganic f r a c t i o n was recorded. 
Hv 9266 was i n the peat where no p o l l e n was preserved. These 
dates suggest mean peat accumulation r a t e s of 6.05 cm/100 yr 
followed by 13.9 cm./lOO y r , although allowance f o r the 

14 
standard e r r o r s of the C dates makes the d i s t i n c t i o n less 
c l e a r , w i t h both sections overlapping at an accumulation 
r a t e of c.9 cm./100 y r . The two dates below the c l a s t i c 
deposits u n f o r t u n a t e l y show no age gradient. These two 
dates can be considered i d e n t i c a l since there i s considerable 
overlap of the standard e r r o r s . Such da t i n g problems are 
not uncommon i n closely spaced sequences i n Fenland deposits 
(see Table 3.1 and Godwin and W i l l i s 1961 f o r other examples). 
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However discussion of the problems of dating Penland sequences 
and c o r r e l a t i o n between s i t e s i s undertaken i n chapters 6, 
7 and 8. 

Section 5*2.4 : Bourne Fen-P2 

Bourne Fen-P2 (BPP2) i s 680 m. east of BPP1 ( f i g . 5 . 5 ) 
and had approximately the same dimensions. 

The s t r a t i g r a p h y , as recorded i n the f i e l d , i s shown 
i n f i g . 5.17. Two overlapping monolith samples were taken 
from the centre of the west-east face f o r laboratory analysis. 
The more seaward l o c a t i o n of BFP2 meant t h a t much more of 
the exposure consisted of s i l t and clay dominated sediments 
as the transgression deposits t h i c k e n seawards. I t was 
not possible t o expose the woody d e t r i t a l peat since the 
section was waterlogged 1.5 m. below ground l e v e l . Therefore 
the exposure j u s t revealed two layers of monocot. peat w i t h 
abundant Phragmites, separated by a blue s i l t y clay. 

Stratum 1, f i g . 5.17, was a w e l l - s t r a t i f i e d , r e l a t i v e l y 
uncompacted monocot. peat w i t h well-preserved roots and 
rhizomes of Phragmites, along which the deposit could be e a s i l y 
broken i n t o layers. This was o v e r l a i n by a t h i n t r a n s i t i o n 
l a y e r , stratum 2, t o the grey/blue s i l t y clay. However, 
t h i s layer revealed evidence of s l i g h t erosion i n the east 
section of BPP2. A small flame of monocot. peat i n t e r f i n g e r i n g 
stratum 2, and a sharper contact between s t r a t a 1 and 2, 
suggested s l i g h t erosion during the transgressive episode. 
The slope of stratum 2 i n d i c a t e s t h a t a cross-section of a 
small channel may have been exposed. A s i m i l a r channel 
sequence was revealed i n a cleaned dyke section 50 m. t o the 
north o f BFP2. 
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The c l a s t i c horizon can be d i v i d e d i n t o two. The 
upper d i v i s i o n , stratum 4, was i d e n t i f i e d i n the f i e l d as 
being s l i g h t l y coarser, w i t h a higher s i l t f r a c t i o n . T h i 3 

was confirmed by p a r t i c l e size analysis i n the l a b o r a t o r y . 
The s t r a t a 3/4 boundary nad been recorded at 30 cm. 
P a r t i c l e size analysis revealed an increase i n the prop­
o r t i o n of coarse s i l t from around c.10% below 30 cm. t o 
c. 258 above ( f i g . 5.21). Root channels w i t h a yellow 
powdery concretion (?sulpnur components) became more 
frequent at the top of stratum 4. However these concretions 
were q u i t e d i f f e r e n t t o the f e r r i c coretetions observed 
i n BP8, BF9 and BP19. 

The upper peat horizon, stratum 6, was separated 
from the c l a s t i c facies by a much thin n e r t r a n s i t i o n zone 
than i n EFP1. The t r a n s i t i o n was again a s i l t y Phragmites 
g y t t j a , but never t h i c k e r than 3 cm. Yellow concretions 
were present around the Phragmites r o o t s . The monocot. 
peat, stratum 6, was more compacted than stratum 1, and 
no woody d e t r i t a l elements were recorded. The compacted 
nature of t h i s layer and the yellow concretions around 
the r o o t channels may be a r e s u l t of w a t e r - l e v e l 
f l u c t u a t i o n s f o l l o w i n g the general drainage of the fen. 

The v a r i a t i o n of the a l t i t u d i n a l l i m i t s of the 
inorganic sediments noted i n EPP1 was also revealed i n 
BFP2. Over the t o t a l s ection exposed i n BFP2, 2.25 m. 
leng t h , the transgressive contact, the s t r a t a 1/2 boundary, 
va r i e d by a t o t a l of 11 cm, +0.20 to +0.09 m.OD 
(70 t o 81 cm.), and the regressive contact, s t r a t a 5/6 
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boundary, by 13 cm, +0.81 t o +0.9^ m.OD (9 cm, below to 
•4 cmt above datum)• These r e s u l t s are very s i m i l a r t o 
those from BFP1, 13 cm. and 8 cm. r e s p e c t i v e l y . 

Sixteen samples, at 10 cm. i n t e r v a l s between 5 and 
65 cm. and less across the l i t h o l o g i c boundaries, were 
prepared f o r diatom analysis. No diatoms, nor fragments, 
were seen i n the samples from 75, 70, 2, 0 and +5 cm. 
The samples from 3, 5, 10, 15, 68 and 69 contained broken 
valves but very few whole valves and therefore i t was not 
possible t o use those r e s u l t s i n any q u a n t i t a t i v e manner. 
Five samples, 25-65 cm., contained s u f f i c i e n t numbers of 
diatoms t o analyse. Though r e l a t i v e l y r i c h i n i n d i v i d u a l s 
(c.150 counted f o r each s l i d e ) the samples were poor i n 
the number of species present. The t o t a l number of species 
counted f o r each l e v e l only v a r i e d between 8 and 11, of 
which between 5 and 8 were benthonic species. The diatoms 
i d e n t i f i e d are l i s t e d i n appendix IV. 

Considering the low number of species i d e n t i f i e d 
and the e f f e c t on confidence bands when small samples 
are used i t seemed u n r e a l i s t i c t o use a summary diagram 
based on the p r o p o r t i o n of species i n t h i s case. However 
4 methods of c a l c u l a t i n g the proportions of diatoms i n 
each s a l i n i t y c l a s s , using the classes of van der Werff 
(1958-74), were c a l c u l a t e d ; % valves, % benthonic valves, 
% species and % benthonic species. The r e s u l t s from these 
analyses are presented i n f i g . 5.21 but the l a s t two are 
only discussed where s i g n i f i c a n t l y d i f f e r e n t c l a s s i f i c a t i o n s 
and r e l a t i v e changes are evident. 
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Only 3 species, a l l benthonic; Nitzachia n a v i c u l a r i s , 
Diploneis didyma and Diploneis s m i t h i i , ever a t t a i n values 
i n excess of 10* t o t a l valves. The * valves and * benthonic 
valves diagrams show the r e l a t i v e changes i n the Marine, 
Brackish-Marine and Fresh-Brackish classes. The dominant 
change i s an increase i n marine influence represented by 
a change from dominance by N . n a v i c u l a r i s a Brackish, t o 
D.didyma and D . s m i t h i i , both Marine-Brackish. The species 
analysis gave greater weight t o the low frequency types, 
one valve representing up to 13*. An increase of marine 
influence i s suggested by 50* Marine species at 55 and 45 cm. 
However i n t h i s case, w i t h low species t o t a l s , the consistent 
r e s u l t s of the *valves and *benthonic valves curves are 
p r e f e r r e d as an i n d i c a t o r of s a l i n i t y changes. 

The f a c t t h a t a l l of the more frequent diatoms are 
benthonic forms, 69-93* t o t a l valves, the absence of 
freshwater species, the high numbers of broken valves, and 
the high clay content of the sediment ( f i g . 5.21), point 
to a r a t h e r low energy high t i d a l sedimentation area, w i t h 
a strong brackish-marine influence r a t h e r than fresh-water 
i n p u t , and reached by the highest t i d e s . I t was not possible 
to study the r e v e r s a l t o the regressive contact due t o 
poor diatom preservation. However, i t should be noted t h a t 
the l e v e l s w i t h no diatoms are the organic t r a n s i t i o n layers 
and the monocot. peats while the l e v e l s w i t h extreme 
numbers of diatom fragments are those w i t h a high p r o p o r t i o n 
of coarse s i l t , both at the transgressive contact and 
above 30 cm. 
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Pollen concentration techniques were applied t o 
25 samples between 84 cm. and +9 cm. (Note t h a t the 1 - 1 

has been omitted f o r depths below the p i t datum, while 
f + f s i g n i f i e s above p i t datum. This i s the only s i t e w i t h 
values above the datum). A l l of the samples contained 
s u f f i c i e n t p o l l e n t o count and the data are given i n 
appendix IV. The frequencies are shown i n f i g s . 5.18, 
5.19, 5.20 and 5.21 w i t h the cumulative classes given i n 
table 5.7. 

I n comparison w i t h BP10 and BFP1, the BFP2 diagrams 
cover a longer period of c l a s t i c sedimentation and a 
r e l a t i v e l y short period of s e m i - t e r r e s t r i a l conditions. 
This i s evident i n the zonation of the p o l l e n diagrams, 
f i g s . 5.18 t o 5.21 i n c l u s i v e . The curves f o r the t r e e 
taxa, JAP, show a greater consistency than i n BFP1 and 
BF10 which r e f l e c t s a re g i o n a l component of the p o l l e n 
r a i n less susceptible t o the changes i n l o c a l fenwoods 
and alder carr at the more landward locations during the 
same time period. Therefore the l o c a l zonation of BFP2 
i s based on changes i n the herbaceous and aquatic taxa, 
using the two percentage diagrams and the p o l l e n concen­
t r a t i o n diagram t o r e f l e c t the l o c a l and r e g i o n a l changes. 

LPAZ Depth C h a r a c t e r i s t i c s 
BFP2A 84 t o 69 c m. Arboreal p o l l e n declines from 36% 

to 14if TLP, w i t h Quercus, Alnus, and 
T i l i a as XTLP f a l l i n g throughout the 
zone, while Gramineae, Typha l a t i f o l i a 
and Cyperaceae r i s e throughout. The 
upper l i m i t o f the zone i s a t r a n s i t i o n 
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TABLE 5.7 : BFP2 herbaceous, aquatic and spore classes 
(25 l e v e l s ) 

• Class 1 Cerealia 5:1.4* Malva 1:0.2* 
j 
! 

; 

i 

Taraxacum-
type 

6:1.0* Plantago 
lanceolata 

3:0.4* 

i 

Class 2 Caltha 3:0.5* Cladiura 4:1.4* 1 

i 
F i l i p e n d u l a 10.1.1* Ranunculus-

type 
17:2.1* I 

i 

Rubiaceae 3:0.3* Succisa 13:1.5* 

i 

Umbelliferae 2:0.4: 

Class 3 Artemisia 13:5.2* Caryophyll-
aceae 

3:3.2* i 
i 

i > 
Cirsium-type 4:0.7* Crucif erae 1:0.1* i 

\ i 
i Polygonum 9:3.7* Senecio-type 2:0.4* \ 

i 
i 
Class 4 Armaria 6:14* Limonlum 4:3.4* 

Plantago 
coronopus 

1:0.1* P.maritima 6:4.3* 

Aquatics Hydrocotyle 5:5.7* Lemna 11:13.2* 
Nuphar 9:10.0* Nymphaea 1:2.8* 
Potamogeton 14:15.8* Typha 

a n g u s t i f o l i a 
8:63.3* 

T . l a t i f o l i a 13-35.4* 

Spores Equisetum 2:3.7* F i l i c a l e s 23:73.8* 
Polypodiura 9:5.9* Pteridium 12:24.0* 
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from 70 t o 68 cm. where many taxa show 
s i g n i f i c a n t changes, TLP concentration 
also s t a r t s t o decl i n e . Gramineae, 
Chenopodiaceae and T r i g l o c h i n show 
s i g n i f i c a n t increases over the 2 cm. 
t r a n s i t i o n while Cyperaceae and F i l i c a l e s 
decrease over the same l e v e l s . 

BFP2B 69 cm t o This zone i s characterised by high 
p i t datum 

Gramineae percentages, reaching a 
maximum of 65*TLP at 0 cm, ( p i t datum), 
low Cyperaceae frequencies, and high 
frequencies of coastal species, such as 
Chenopodiaceae and T r i g l o c h i n , around 
20% TLP. Total Land Pollen concent­
r a t i o n s are low throughout but the %k? 
curve r e f l e c t s the nature of the r e g i o n a l 
p o l l e n r a i n ; Betula, Quercus, Pinus and 
Alnus «, Pinus percentages are higher than 
i n other zones while ULmus and Fraxinus 
are very infrequent. The upper boundary 
i s a zone, from 0 cm. t o +1 cm. over which 
t o t a l concentration increases. Therefore 
even though increasing i n concentration 
Gramineae percentages decrease, t o less 
than 30% TLP, while Cyperaceae and 
aquatic p o l l e n dominate the spectra. The 
boundary i s given as 0 cm. due t o the 
completed decline of Chenopodiaceae and 
T r i g l o c h i n by t h a t l e v e l . 
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BPP2C Ocm. t o +9 cm. This zone i s dominated by Cyperaceae, 
Gramineae and aquatic p o l l e n types. 
Each reveal peaks at d i f f e r e n t l e v e l s , 
w i t h the f l u c t u a t i o n s best revealed by 
the concentration diagram, f i g . 5*20. 

Potanogeton, Lemna, and Typha 
a n g u s t i f o l i a - t y p e a l l reach maxima, see 
Appeindix IV, although the l a t t e r i s the 
most consistent. Fraxinus and Ulmus both 
show s i g n i f i c a n t l y higher *AP, 
c.5"15*AP, throughout the zone. 

BFP2 i s the most seaward of the three s i t e s i n Bourne 
Fen and the p o l l e n diagrams r e f l e c t the environmental changes 
associated w i t h the transgressive and regressive phases of 
the period of inundation which extended about 1 .5 km. f u r t h e r 
i n l a n d . Therefore the p o l l e n spectra are of a more r e g i o n a l 
nature than those i d e n t i f i e d i n the more landward s i t e s 
BF10 and BFP1. C o r r e l a t i o n w i t h these s i t e s i s discussed i n 
chapter 6. 

Five samples were submitted from BFP2 f o r r a d i o ­
carbon analysis and are l i s t e d i n tables 7.1 and 5.8 

TABLE 5 .8 Radiocarbon dates f o r BFP2 

Lab^Code Depth:cm A l t i t u d e : g u C D D a t e :BP M a t e r i a l 

Hv8646 +3 t b +5 +0.93 t o 0.95 3435*65 L d 3 2 , T h 2 l , T h 2 ( P h r a ) l 
Hv9264 +1 t o +3 +0.91 t o 0.93 2635*100 Ld 32,Th 21,Th 2(Phra)1 
Hv8647 1 t o +1 +0.89 t o 0.91 3595*325 A g l , L d 3 l , T h 2 l , T h 2 ( P t o r a ) l 
Hv8648 69 t o 72 +0.18 t o 0.21 3580*90 Agl,Ld 32,Th 2l 
Hv9265 80 t o 84 +0.06 t o 0.10 3415*45 L d 3 2 , T h 2 l , T h 2 ( P h r a ) l 
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This s e r i e s of dates from BPP2 are i n c o n s i s t e n t . 

HV8648 and Hv9265 show no age gradient for the 15 cm. of 

organic deposition p r i o r to the a r r i v a l of inorganic 

deposits. However the allochthonous nature of part of 

Hv8648 sample may have included older carbon bearing 

sediment. 

The three contiguous samples, Hv8646, Hv9264 and 

Hv8647 r e v e a l a discrepancy of 960 years. Hv8647 contained 

a high proportion of inorganic sediment, with too l i t t l e 

carbon content to give an age estimate with an acceptable 

standard e r r o r . Therefore i t was deemed unacceptable and 

Hv9264 was submitted for dating. The difference between 

Hv8646 and Hv9264 i s d i f f i c u l t to explain from a v i s u a l 

a n a l y s i s of the o r i g i n a l samples. Both were treated 

s i m i l a r l y , they came from the same monolith, Phragmites 

rhizomes and r o o t l e t s were removed before submission, 

although Hv9264 was submitted for dating 7 months a f t e r 

Hv8646. Comparison with Hv9265 and the s e r i e s of dates 

from BFP1, section 5«2.3> would suggest that, for some 

reason as yet unknown, Hv8646 i s too old by some 800 years. 

However t h i s possible i n t e r p r e t a t i o n i s discussed i n further 

d e t a i l i n chapter 6, 

Part 5.3 2 Cowbit Wash 

Cowbit Wash i s the low-lying land (C. • 3m.OD) south 

of Spalding between the east bank of the River Welland and 

the b a r r i e r bank along which the A1073 trunk road runs. 

These washes (e.g. Cowbit Wash, Crowland Fodder Lots and 
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Crowland High Wash) are i n t e n s i v e l y farmed but also are the 
areas f o r s t o r i n g f l o o d water from the Welland when required. 

Six borings were put down across Cowbit Wash i n 
1978, 4 p a r a l l e l Handkerchief H a l l Drove and 2 p a r a l l e l 
t o the New River, w i t h an aim t o sample the peat and c l a s t i c 

14 
deposits which had been recorded, and C dated, by 
the I n s t i t u t e of Geological Sciences (IGS) during survey 
work f o r the proposed Spalding by-pass. 13 dates were 
reported f o r the Spalding s e r i e s , of which nine were from 
4 boreholes close t o Cowbit Wash. The l o c a t i o n of these, 
Spalding-O, Sp-1, Sp-2 and Sp-4, are shown i n f i g . 5.22. 

The s i x boreholes i n 1978, CW1 t o CW6 f i g . 5.22, 
were made using a Duit's gouge sampler, but even w i t h t h i s 
r e l a t i v e l y l i g h t - w e i g h t equipment i t was not passible t o 
reach the lowest peat beds recorded below -6.0 m.OD by 
I.G.S. However w i t h the percussion d r i l l and p i s t o n corer 
a v a i l a b l e i n 1979 i t became possible t o sample through the 
whole p o s t - g l a c i a l sequence and the combined p o l l e n , 
diatom and p a r t i c l e size analysis of CW7 w i t h the previously 

14 
published C r e s u l t s provide s a t i s f a c t o r y data on sea-
l e v e l changes i n t h i s part of the Penlands. 

The analysis of the s t r a t i g r a p h y of the area around 
Spalding was f i r s t attempted by Smith (1970) using selected 
commercial borehole records. These boreholes, and two 
made by Jennings (reported by Smith 1970)besi<k the Coronation 
Channel, or Welland Deviation, at Spalding, TP25962257, 
and at Broadgate Farm, Weston Fen, TF27711649, recorded up 
t o three peat beds at any one l o c a t i o n , ranging i n a l t i t u d e 



6 • 

\r\ u-i in 

"̂ N 
>N <N| 

- • - - - \ / • - v ' • • • v 

T *<§> 

• - • ^ - - - - < 

+ 
+ + + + + + 1 1+ + .11 + 

9t 

03 Q) 

Si I * 

—- j —v 

+ CO 

•H 
C O 

O J 
O J 

• 

0 



-136-

from c.+2 m. to c.-8 m.OD, although the v a r i a t i o n between 
boreholes was quite considerable. The r e l i a b i l i t y of 
commercial boreholes i n recording the a l t i t u d e of peat/clay 
i n t e r f a c e s i s low and therefore greater r e l i a b i l i t y i s 
placed on the boreholes of Jennings. 

During the present a n a l y s i s , boreholes CW1 to 
CW6 a l l f a i l e d t o reach the base of the Flandrian sequence. 
The Duit's gouge sampler used f o r CW1 to CW6 d i d not 
always b r i n g up complete samples and o f t e n there was 
mixing of sediments due t o shearing during sampling or 
extr u s i o n . This made the i d e n t i f i c a t i o n of some of the 
thinner layers very d i f f i c u l t . A D u i t ' s gouge sample 
taken adjacent t o the p i s t o n core sample CV<7 showed that 
the peat/clay t r a n s i t i o n s , sometimes r e v e a l i n g the shearing 
of adjacent sediments through the core, were recorded 
at depths d i f f e r i n g by up to 20 cm. Furthermore the 
comparison of the two boreholes made at CW7 showed t h a t 
the organic content of the s i l t y clays revealed i n a l l 
boreholes between C . + 1 . 5 m. and - 5 . 0 m.OD was very v a r i a b l e . 
The organic constituent was made up of two qu i t e d i f f e r e n t 
components. There was black organic s t a i n i n g throughout 
the s i l t y c l a y , o f t e n concentrated along root channels. 

This was recorded as an Ld component and varied between 
4 4 4 

Ld + and Ld 1 - . The representation of Ld 1 - and not 
ji 

Ld + on f i g . 5.22 r a t h e r overemphasizes the v a r i a t i o n 
found i n the f i e l d even though a l i g h t e r symbol than t h a t 
proposed by Troels-Smith (1955) has been used. The greater 
diameter p i s t o n core, CW7, showed how va r i a b l e t h i s 
organic content was i n a core cross-section. This could 
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not be seen i n the Duit's gouge sample. The other organic 
component w i t h i n the s i l t y clay horizons were d i s c r e t e 
b a l l s of eroded and redeposited monocot. peat. The frequency 
was again v a r i a b l e and the d i f f e r e n c e between Dh+ and 
Dhl- i s v i s u a l l y overemphasized i n the diagram. I n general 
reworked peat was not common above -1.0 m. OD. 

Therefore, due t o the greater sampling e r r o r s inherent 
i n the boreholes CW1 t o CW6, the Cowbit Wash sequence i s 
best described by considering CW7 i n d e t a i l and comparing 
the other boreholes w i t h t h i s "type" core. 

COWBIT WASH : CW7. F i e l d d e s c r i p t i o n of constituents only. 
Limtsupo = 0 unless stated otherwise. 

Stratum Height Depth 

24 •2.62 74 
t o t o 

+2.01 135 
23 + 2.01 135 

to t o 
+1.67 169 

22 •1.67 169 
to t o 

+1.39 197 
21 +1.39 197 

t o t o 
+1.27 209 

20 +1.27 209 
to t o 

+0.96 240 

19 +0.96 240 
t o t o 

+0.80 256 
18 +0.80 256 

to t o 
-0.52 355 

Description 

Ag3> Gal, p a r t . t e s t . ( m o l l . ) + , Lf+. 
Brown sandy s i l t w i t h i r o n concretions 

Ag3, Gal, Part. t e s t . (moll.)+ 
Grey sandy s i l t 

L d 2 3 , L d 3 l . 
S t r a t i f i e d monocot. peat, sharp upper 
Lim.mup. 3+ boundary 
Ld 22, Th 2 ( P h r a ) l , A g l , Ga+ 
S i l t y Phragmites monocot. peat. 

Ag2, Gal, Th 2 ( P h r a ) l . 
Sandy s i l t w i t h Phragmites rhizomes 

Ag2, As2, Ld**+ 
Light yellow/grey clayey s i l t 

Ag2+, As2-, Ga+, t e s t . ( m o l l . ) + , Ld +,Th 
Clayey blue s i l t , some s h e l l s , (Phra)+ 
f i n e sand, h u m i f i c a t i o n products 
i n r o o t channels, b e t t e r preserved 
rhizomes of Phragmites. 
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Stratum Height Depth 
number m.OD. cm 

17 -0.52 388 
t o t o 

•1.22 458 
16 -1*22 458 

to t o 
-1 . 61 497 

15 -1.61 497 
t o to 

-1 .80 516 
14 -1.80 516 

t o t o 
-2.97 633 

13 -2.97 633 
and t o to 
13a -3.31 667 

12 -3.31 667 
t o t o 

-3.33 669 
11 -3.33 669 

t o t o 
-4.34 770 

10 -4.34 770 
t o t o 

-4.54 790 
9 -4.54 790 

t o t o 
-5.14 850 

8 -5.14 850 
t o t o 

7 -5.16 852 
t o t o 

-5.64 900 

6 -5.64 900 
t o t o 

-5.72 908 
5 -5.72 908 

t o t o 
-5.87 923 

4 -5.87 923 
t o t o 

-5.90 926 

Description 

Ag3# A s l , Ga+, t e s t , ( m o l l . ) * , Ld +. 
S l i g h t l y coarser than stratum 18. 

A83, Agl, Dh+, t e s t . ( m o l l . ) + , Ld + . 
S i l t y clay w i t h b a l l s of eroded peat 
and organic s t a i n i n g . 

ii 
As2+, A g l , Ld l - t t e s t . ( m o l l . ) * . 
Organically stained s i l t y clay. 

As3» Agl, Dh*, Ld + , t e s t . ( m o l l . ) * . 
Blue s i l t y clay w i t h organic s t a i n i n g , 
s h e l l s and reworked peat. 

4 
As2, Ag2, Dh+, t e s t . (molL)*, Ld *. 
Blue clayey s i l t . Prom 633 t o 637 
abundant s h e l l s Hydrobia spp., 
stratum 13a : t e s t , (moll.) 3* Agl. 
Ld 52, As2. 
Clayey g y t t j a 

As2, Ag2, Dh*, Ld + , t e s t . ( m o l l . ) • 
Blue clayey s i l t , some s h e l l s , organic 
s t a i n i n g and reworked peat. 
Ag3, A s l , Dh++, 
Blue clayey s i l t w i t h many b a l l s of 
eroded peat. 
Ag3, A s l , Dh+ 
Blue clayey s i l t . 

L d ^ t A s l , Th-7*. 
T r a n s i t i o n zone. 
Ld 34, D1+, Th 3*. 
Compressed peaty g y t t j a w i t h some wood 
and monocot. r o o t l e t s . 
DL3, L d 3 l . 
Piece of wood 

Ld ' / 3, DL1, Th-'+ 
Fragments of wood i n a humified g y t t j a . 

As2, Agl*, D L 1 - , 
Blue s i l t y c l a y , wood at the upper contact. 
Lim.sup 1. 
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Stratum Height Depth 
3 - 5 . 9 0 9 2 6 

t o t o 
- 5 . 9 3 9 2 9 

2 - 5 . 9 3 9 2 9 

t o t o 
- 6 . 0 7 9 1 3 

1 - 6 . 0 7 9 4 3 

t o t o 
- 6 . 2 0 9 5 6 

D e s c r i p t i o n 
Ld*2, T h 3 l , Asl. 
S l i g h t l y s i l t y g y t t j a w i t h monocot. 
r o o t l e t s . 
Ld**2, Th 3 2 - , DL+. 
Humified, compacted monocot, g y t t j a 
w i t h pieces of wood. 
Ag 3, L d ^ l , Ga+, Th 2+ 
Organic s i l t , w i t h f i n e sand and 
herbaceous r o o t s . Becoming sandier 
at depth w i t h chalk and pebbles. 

The Cowbit Wash series of boreholes revealed up t o 4 

organic layers w i t h i n a predominantly c l a s t i c sequence of varying 
proportions of s i l t and clay sized p a r t i c l e s . The p r o p o r t i o n 
of f i n e sand was generally low below the highest organic l a y e r 
( s t r a t a 2 1 , 22) although the surface deposits appeared coarser 
during f i e l d a nalysis. P a r t i c l e size analysis i n the laboratory 
( B r i t i s h Standards I n s t i t u t i o n 1967) d i d not always corroborate 
the f i e l d analysis. The p r o p o r t i o n of f i n e sand never exceeded 
8% i n any of the 16 samples, taken at 5 0 cm. i n t e r v a l s , where 
possible, through the core; Table 5 . 9 . The c l a s s i f i c a t i o n 
'Ga* coincided w i t h high proportions o f the coarse s i l t r a t h e r 
than sand. For example 4 samples from s t r a t a 17 and 18 

showed coarse s i l t between 4 2 and 5355, but designated Ga+ i n 
the f i e l d , while 3 samples, from s t r a t a 20 , 23 , 2 4 , designated 
Gal, showed 83?, 74%, 69% coarse s i l t r e s p e c t i v e l y . 

Pour c l a s t i c horizons are revealed i n CW7. The 
lowest, from - 5 . 9 0 t o - 5 . 8 7 m. OD l i e s between two layers 
of woody d e t r i t a l peat. The transgressive boundary i s 
marked by a 3 cm. t r a n s i t i o n zone while the regressive 
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boundary appears sharp due to woody pieces being quite 

abundant across the contact. Although only a t h i n l a y e r 

the horizon has a l s o been recorded at S p - 2 , f i g . 5 . 2 c 

The second c l a s t i c horizon i s recorded at CW7 

from - 5 . 1 4 m. to - 3 . 3 3 m. OD ( s t r a t a 9-11). The prop­

ortions of s i l t and clay vary and there i s a trace of f i n e 

sand throughout ( <l>t). The proportion of clay f a l l s 

from 5 8 % at the tr a n s g r e s s i v e contact to 10$ at 750-745 cm. 

(C.-4.14 m. OD), although f i n e s i l t does r i s e to 44)6, 

and s t a r t s to r i s e again towards the r e g r e s s i v e contact, 

although the l a t t e r l e v e l i t s e l f was not analysed. 

The break i n c l a s t i c sedimentation i s recorded 

i n CW7 at - 3 . 3 3 m.OD by a very t h i n g y t t j a horizon with 

a high inorganic content. Less inorganic l a y e r s are 

recorded at s i m i l a r a l t i t u d e s , ( t a b l e 10). 

TABLE 5.10 : Thin organic l a y e r s below OD c o r r e l a t e d 
with W 

r 
Description A l t i t u d e , m.OD. 

CW7 Clay g y t t j a As3, Ld^2 -3.33 to -3.31 
CW1 S i l t y peaty L d 3 2 , T h 2 l , 

g y t t j a Agl -2.90 to -2.93 

CW2 monocot.peat T h 3 l , L d 3 3 -2.58 to -2.67 

CW3 monocot.peat Th 22,Ld 32 -1.75 to -1.85 

CW4 not recorded 

CW5 monocot .peat T h 2 l , T h 2 (Phra)l 
Ld 32 -3.17 to -3.22 

CW6 s i l t y g y t t j a Ag2,Ld 3l, 
T&21 -2.63 to -2.70 

Sp*l peat -2.52 to >-2.55 
Broadgate peat -2.66 to -2.76 
Farm 
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The v a r i a t i o n i n a l t i t u d e of t h i s organic l a y e r 

i s large although sampling d i f f i c u l t i e s may explain some 

of the d i f f e r e n c e s . The clay g y t t j a i n CW7 was indeed 

the lowestorganic and thinnest representation of t h i s 

l a y e r . I t i s not possible to say i f CW3 rev e a l s the same 

layer or not for i t i s recorded at a much greater a l t i t u d e 

not expl i c a b l e by sampling errors and unfortunately the 

borehole does not reach the a l t i t u d e at which the organic 

horizon i n CW7 was recorded. The v a r i a b l e nature of 

the layer may indicate the area i s marginal to the maximum 

seaward extension of the l a y e r . However i t s a?eal s i g ­

n i f i c a n c e may be expressed by the recording of peat l a y e r s 

at Spalding-1 and Broadgate Farm, Weston Fen (Smith 

1970). 

The c l a s t i c horizon above t h i s t h i n organic l a y e r 

i s recorded i n CW7 by s t r a t a 13-20. The proportion of 

clay f a l l s from 48% at 650-645 cm. ( a -3.14 m.OD) to 

25% at 450-445 cm ( c . - l . l 4 m. OD), at the l e v e l where 

fine sand i s 8%. The proportion of coarse s i l t stays 

high, >40%, and clay lower, u n t i l 250-245 where the 

proportion of clay returns to 49J. Above 240 cm., 

stratum 20, the c l a s t i c horizon i s quite d i f f e r e n t . 

The blue/grey organic s t a i n i n g was replaced by a yellow/ 

brown colour, some concretions were present and there was 

a coarsening of the deposit, recorded both by f i e l d 

a n a l y s i s and confirmed i n the laboratory, 3% f i n e sand 

and 83% coarse s i l t . The majority of t h i s c l a s t i c horizon 

however was a s i l t y clay with black organic s t a i n i n g , 

p a r t i c u l a r l y along old root channels and b a l l s of eroded 
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and reworked peat were recorded i n a l l the Cowbit Wash 

boreholes. Fragments of s h e l l s and whole v a l v e s of 

Hydrobla spp were found throughout and a p a r t i c u l a r l y 

r i c h horizon was recorded at -2.97 to -3.01 m.OD i n CW7• 

Seeds of Suaeda maritima were also recorded. 

Stratum 20 was o v e r l a i n at +1.27 m, i n CW7, by a 

s i l t y Phragmites g y t t j a which marked the t r a n s i t i o n , over 

9 cm, to a s t r a t i f i e d monocot. peat. This peat l a y e r , 

though nearly 30 cm. t h i c k at CW7 was not recorded i n 

CW2, CW5 and CW6 and was considerably thinner i n CW4 and 

CW3. This peat bed was covered by a sandy s i l t charac­

t e r i s e d by f e r r i c concretions and parts of s h e l l s . The 

boundary between the la y e r s was sharp. 

The stratigraphy of the Plandrian sediments 

of Cowbit Wash has been presented. Notwithstanding the 

sampling d i f f i c u l t i e s encountered, the core CW7 can be 

taken as representative of the sequence. Above a weathered 

g l a c i a l t i l l , containing gravel-size p a r t i c l e s including 

chalk, a sequence of i n t e r r e l a t e d peats and s i l t s / c l a y s 

developed. Up to 4 separate peat horizons have been 

recorded. 

Thirty-two samples were prepared f or pollen a n a l y s i s 

of the peats and c l a y s from CW7. The only inorganic 

samples analysed were those adjacent to the organic l a y e r s 

i n order to study the changes i n the pollen spectra 

associated with the a l t e r a t i o n of the sedimentary e n v i r ­

onment. There was i n s u f f i c i e n t time to study the pollen 

content of the majority of the c l a s t i c sequence. 4 pollen 



-144-

diagrams are pre s e n t e d ; f i g s . 5 . 23 , 5.24, 5 . 2 5 , 5 .26 . 

They are from the s e l e c t e d s e c t i o n s of the core , mainly 

the o r g a n i c l a y e r s , w i t h the f u l l c l a s t i c l a y e r s not shown 

i n the s t r a t i g r a p h i c s e c t i o n i n order to c l a r i f y the diagram 

s i n c e the samples a n a l y s e d cover such a s m a l l f r a c t i o n of 

the c o r e . P i g . 5.23, %AP+Group, does not i n c l u d e the samples 

from 170 to 200 cm. s i n c e the low t r e e p o l l e n counts, and 

c o n c e n t r a t i o n s , g i v e unacceptable p e r c e n t a g e s , e.g. Pinus 

a t 200 cm. i s est i m a t e d a t 22%AP, w i t h the 95% confidence 

l i m i t s g i v e n as 6 and 55%. The grouped herbaceous, a q u a t i c 

and f e r n t a x a are g i v e n i n t a b l e 5 . 1 1 * 6 samples, from 

860 t o 900 cm. a t 8 cm. i n t e r v a l s , d i d not c o n t a i n s u f f i c i e n t 

p o l l e n to count, e.g. f o r the sample from 900 cm 50 

Lycopodium spores were counted w h i l e only two other g r a i n s 

were seen. 

6 L o c a l P o l l e n Assemblage Zones have been i d e n t i f i e d . 

LPAZ Depth D e s c r i p t i o n 

CW7A 942 to 938 cm. The zone i s def i n e d by a hig h , but 

f a l l i n g , Alnus c o n t r i b u t i o n to the 

a r b o r e a l p o l l e n sum and a cons t a n t TLP 

c o n c e n t r a t i o n a t c . 7 0 x 1 0 3 g r a i n s / c c . 

The a r b o r e a l p o l l e n sum d e c r e a s e s from 

56-27% TLP mainly due to an i n c r e a s e i n 

the c o n c e n t r a t i o n of Gramineae and 

Chenopodiaceae. A l l other c o n t r i b u t o r s 

t o 2 TLP decrease i n c o n c e n t r a t i o n 

through the zone. The Chenopodiaceae 

show an i s o l a t e d peak, 21%AP+Group, at 

938 cm. The upper boundary i s d e f i n e d 
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by a f a l l i n Alnus, 49*-20* AP, with 

a complementary r i s e i n Quercus, and 

a s i g n i f i c a n t increase i n pollen 

concentration of a l l taxa. 

CW7B 931* to 920 cm. CW7B i s characterised by Quercus 

frequencies c o n s i s t e n t l y greater than 

those of Alnus. Gramineae are high, 

reaching a maximum of 56jfTLP at the 

top of the zone. Many taxa show an almost 

symmetrical f l u c t u a t i o n around the 

middle of the zone at 925 m. Chen-

opodiaceae, although lower than the 

peak at 938 cm, shows a r i s e and f a l l , 

to 8.52 AP+Herbs maximum. S i m i l a r l y 

Pinus, Coryloid and P i l i c a l e s have 

small maxima at that l e v e l . Pollen 

concentration i s more v a r i a b l e , 

compared to CW7A and CW7B, with 

generally high concentrations up to 

269 x 10^ g r a i n s / c c , but f a l l i n g to 

68 x 10 3 grains/cc at 925 cm. The 

upper boundary i s defined by s i g ­

n i f i c a n t changes i n the Gramineae 

and Alnus curves and i n a sharp f a l l 

i n TLP concentration. 

CW7C 916 to 904 cm. T h i s z o n e i s v e r y s i m i l a r to the 
opening of CW7A except S a l i x r i s e s 

to 7.5* AP+Shrubs. The dramatic 
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f a l l i n the concentration of 
Gramineae i n CW7B accounts for the 
lower TLP concentrations i n CW7C 
and the dominance of arboreal taxa, 
e s p e c i a l l y Alnus; up to 50* TLP. 
The Chenopodiaceae show a further 
peak at 904 cm. The top of the zone 
i s given by the absence of pollen 
i n the samples from 900 to 860 cm. 

CW7D 856 to 850 cm. This i s a t r a n s i t i o n zone with the 
opening being very s i m i l a r to the 
end of CW7C, apart from a peak of 
F i l i c a l e s ; 80*TLP f but most taxa 
showing s i g n i f i c a n t changes through 
the zone. Quercus replaces Alnus 
as the dominant arboreal pollen, 
Gramineae and Coryloid pollen r i s e 
through the zone while S a l i x , Typha 
ang u s t i f o l i a - t y p e , aquatics and fern 
spores d e c l i n e . Chenopodiaceae are 
co n s i s t e n t l y present. TLP concen­
t r a t i o n r i s e s from 33 to 80 x 10^ 
g r a i n s / c c . 

CW7E 670 to 666cm. 0W7E i s almost i n d i s t i n g u i s h a b l e from 
the top of CW7D although 180 cm. of 

c l a s t i c deposits separate them. Most 

of the % curves are almost symmetrical 

around 668 cm. although the confidence 

l i m i t s overlap i n most cases; 
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Chenopodiaceae and other c o a s t a l 

i n d i c a t o r s , Classes 3 and 4 , showing 

minima at 668 while the aquatics, 

Typha angustifolia-type and Gramineae 

r e v e a l small maxima. 

CW7P 200 to 170 cm. This zone i s quite d i f f e r e n t to the 

r e s t of the diagram with low pollen 

concentrations of a l l types except 

Gramineae, Cyperaceae and 

T.angustifolia-type. The great 

v a r i a t i o n i n concentration of thsee 

3 types from l e v e l to l e v e l produces 

i r r e g u l a r changes i n the % diagrams. 

Herbaceous pollen dominates 2TLP, 

up to 9 7 * . 

Pollen a n a l y s i s of the biogenic l a y e r s of CW-7 

has been used to provide information on the l o c a l and 

regional environmental changes. The pollen assemblages of 

the uppermost biogenic l a y e r are c l e a r l y quite d i f f e r e n t 

from those of the three below i t . Chenopodiaceae and 

c l a s s 3 herbaceous p o l l e n types have been i d e n t i f i e d i n 

almost every l e v e l , with intermittent occurrences of 

Limonium, Plantago coronopus and P.maritima, which may be 

interp r e t e d as i n d i c a t i n g proximity to the c o a s t a l zone. 

However further d i s c u s s i o n of environmental i n t e r p r e t a t i o n s 

w i l l be made i n Chapter 6 . 

The p o l l e n analyses can only provide a rough guide 
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TABLE 5.11 CW7 herbaceous, aquatic and spore c l a s s e s 
(26 l e v e l s ) 

C l a s s I Centaurea 1:0.5* Me r c u r i a l i s 3:2.5*TLP 
Plantago 
laneeolata 

1:0.6*TLP P.major-type 3:0.5* 

Rumex 4:0.7* Taraxacum-
type 

3:1.0* 

Class 2 Caltha 4:1.0* Cladiura 2:0.7*TLP 
Pi l i p e n d u l a 5:1.1* I r i s 1:0.4* 
Ranunculus-

type 
16:2.6* Rubiaceae 9:1.0* 

Succ i s a 1:1.0*TLP 

Class 3 Artemisia 3:1.5* Cal y s t e g i a 1:1.0*TLP 
Caryophyll-

aceae 
1:0.4*TLP Cirsium-type 2:0.6* 

Cruciferae 1:5.8* M a t r i c a r i a -
type 

1:1.2*TLP 

Polygonum 5:1.3* Senecio-type 10:2.9* 
Spergula 4:3.2* T r i g l o c h i n 3:3.2* 
Umbelliferae 7:1.5* 

Class 4 Limonium 

P.maritima 

2:0.6% 

1:0.6* 

Plantago 
coronopus 

1:0.5* 

Aquat-
m 

Hydrocotyle 3:2.2* Lemna 9:13.6* 
i c s Myriophyllum 

s p l c . 
1:2.7* Nuphar 1:0.8* 

Nymphaea 1:9.7* Potamogeton 5:2.2* 
Typha 
l a t i f o l i a 

4:9.5* 

Pern P i l i c a l e s 23:61* Polypodium 11:3.6* 
spores Pteridiura 8:0.9*TLP 

NB. Where the maximum value f a l l s i n the range of samples 
170- •200 cm. where SAP i s very low and the l e v e l s not 
shown on f i g . 5.23, the value i s given as *TLP. 
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to absolute dating of the sequence. The high Alnus 

f r e q u e n c i e s throughout, excluding CW7F, show that the 

oldest l e v e l s are of A t l a n t i c age, 7000-5000 BP. Due to 

the complexities as a r e s u l t of l o c a l water-level changes 

the Ulmus-decline i s not c l e a r l y revealed i n the diagram. 

Ulmus reaches a maximum of 15% i n CW7B, f a l l s to 6% 

at 916 cm, the opening of CW7C, and continues to 1.8$ AP 

at 912 cm. However the confidence bands of these two 

samples overlap and furthermore Ulmua has r i s e n to 4$ AP 

by CW7D. Therefore while there i s a general decline 

of Ulmus from CW7B to CW7C, an a c t u a l boundary cannot be 

given within or between CW7C and CW7D. 

Diatom samples were prepared from 12 samples. The 

counts are given i n Appendix IV. 

Diatom preservation was v a r i a b l e . No diatoms or 

fragments were found i n the samples from 949, 925 or 212 cm, 

while only occasional fragments were seen from 250 cm. At 

928 cm. no whole f r u s t i l e s were seen although fragments 

were abundant. Within the 7 l e v e l s which contained 

s u f f i c i e n t diatoms to count considerable v a r i a t i o n i n 

species and preservation was noted. The data are summarized 

i n f i g . 5 .26 . The samples analysed can be divided into 

4 broad groups. 

F i r s t l y the s i n g l e sample taken from below the 

lowest peat, from 949 cm, was to check that the inorganic 

l a y e r was not of marine o r i g i n , or even a freshwater 

limnic deposit. The lack of e i t h e r diatoms or fragments 

does not prove that i t i s not of marine o r i g i n , s i m i l a r l y 

i t does not show that i t i s , but with the chalky coarser 
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m a t e r i a l below the s i l t y c l ay from which the sample was 
taken i t does seem reasonable to conclude that the l a y e r 
represents the weathered g l a c i a l t i l l . 

The samples from 928, 925 and 923 cm. were to study 
the nature of the t h i n inorganic l a y e r , s t r a t a 3 and 4 . 

The lower two la y e r s did not provide a quantitative count 
while 923 revealed a strong brackish influence. Nibschia 
n a v i c u l a r i s was the dominant species although there was 
a high proportion of fragments and t h i s p a r t i c u l a r diatom 
can be e a s i l y recognized from fragments whereas many other 
fragments are recorded as "indeterminable 1*. Only 11 species 
were i d e n t i f i e d , giving an M-B-F species r a t i o of 54-27-9 

compared to 36-65-I for valves. This would suggest a 
possibly stronger marine influence but 2 of the 4 Marine 
or Marine/Brackish species were represented by only one 
valve each. The dominance of one species, 43? Total 
Valves, may be explained by diatom productivity but which­
ever method i s employed the benthonic diatom spectra 
r e v e a l s i m i l a r M-B-F r a t i o s and therefore there i s 
unequivocal evidence that the t h i n inorganic l a y e r i s of 
brackish/marine o r i g i n . The character and st a t e of pres­
ervation of the assemblage point to sedimentation i n the 
t i d a l area. 

The samples from 850,750,670,666,300,250 and 212 cm. 
represent the main period of c l a s t i c sedimentation at 
CW-7 with the small i n t e r r u p t i o n revealed by the organic 
g y t t j a at 669 to 667 cm. The sample from 850 cm. represents 
the beginning of t h i s predominantly c l a s t i c sedimentation. 
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Diatom preservation was very good and r i c h i n the number 
of i n d i v i d u a l s although only 14 species were i d e n t i f i e d . 
The assemblage was dominated by 2 species, Nifcschia 
n a v i c u l a r i s and N. granulata, 38* and 31* valves r e s ­
p e c t i v e l y . The M-B-F valves r a t i o was 51-^9-0 and 
46 -54-0 f o r benthonic valves. This assemblage and the 
diatom preservation may i n d i c a t e a low energy brackish/ 
marine environment. 

The assemblage at 750 cm. was r i c h i n species and 
i n d i v i d u a l s . The most frequent, Diploneis didyma, 
represents only 15* t o t a l valves counted. 74* of the 
i n d i v i d u a l s were benthonic forms which i s lower than 
at 850 cm. The M-B-F r a t i o i s 62-30-8 for i n d i v i d u a l s , 
59-33-8 for species, 58-40-2 for benthonic valves and 
50-39-11 for benthonic species. The c l o s e r agreement 
between the use of 2 species or S v a l v e s i s due to, 
f i r s t l y , no one type dominating the valves t o t a l and, 
secondly, more species, 25, bating present. The M-B-F 
r a t i o s show an increased freshwater r a t i o and also an 
increased t o t a l l y marine influence. This i s associated 
with a higher proportion of non-benthonic species and 
may represent a more open environment with mixing of 
marine and freshwater. 

The assemblages from 670 and 666 are very s i m i l a r 
to 850 cm, dominated by N i t z s c h i a n a v i c u l a r i s with 
N.granulata, N. punctata and Diploneis didyma the other 
more frequent types. M-B-F r a t i o s i n the order of 
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c. 40-60-0 with good diatom preservation suggest a low 
energy brackish/marine environment. 

Low frequencies of diatoms at 300 cm. made a n a l y s i s 
slow and the t o t a l count, 69 i d e n t i f i e d v a l v e s , 16 species, 
and 15 fragments, make the r e s u l t s l e s s r e l i a b l e from 
t h i s l e v e l and the M-B-P r a t i o s vary considerably, 
50-50-0 v a l v e s , 37-63-0 benthonic v a l v e s , 63-37-0 sp e c i e s , 
50-50-0 benthonic species, but a brackish/marine e n v i r ­
onment i s again evident. 

I t was disappointing that the nature of the f i n a l 
stages of c l a s t i c sedimentation was represented by samples 
with no diatoms, at 250 and 212 cm, p a r t i c u l a r l y since 
there was a d e f i n i t e coarsening of the sediments, stratum 
20, see table 5.9. 

The sample from 160 cm. proved very important since 
the nature of the sediment above the highest peat l a y e r 
was quite d i f f e r e n t to the majority of the other inorganic 
l a y e r s , being generally coarser. The diatom assemblage 
was r i c h i n species and quite r i c h i n i n d i v i d u a l s . 24 
species were recorded and the assemblage was dominated by 
Cocconeis placentula, Epithemia turgida and Navicula 
radiosa, representing 24?, 15? and 14? t o t a l valves 
r e s p e c t i v e l y . Species and valves M-B-F r a t i o s were quite 
s i m i l a r , since no s i n g l e species t o t a l l y dominated and 
24 species were present, although only 33? of the valves, 
50$ species, were benthonic forms. The M-B-F valves 
r a t i o was 1-13-86 and for benthonic valves i t was 0-4-96. 

This represents an almost t o t a l l y freshwater environment 



-153-

for the surface s a n d y - s i l t at CW7. 

Therefore preliminary diatom a n a l y s i s has shown that 
the sequence a t CW7 r e v e a l s 3 periods of marine/brackish 
sedimentation, -5.90 to -5.87 m. OD (926-923 cm.), -5.1** 
to -3.33 m.OD (850-669 cm), and -3.31 to +1.26 m.OD 
(667-210 cm), assuming that the sediments from 250-212 
which do not contain diatoms are of marine influenced 
environments. However the sandy s i l t s above the highest 
peat are of freshwater o r i g i n . 

14 

Six samples have been submitted for C a n a l y s i s . 

Results are not a v a i l a b l e . 
Hv CW7 ; 170-175 

Hv CW7 ; 191-196 

Hv CW7 J 854-859 

Hv CW7 . 917-922 

Hv CW7 1 928-934 

Hv CW7 : 938-943 

Part 5.4 : Adventurers 1 Land, Guyhirn 

Adventurers 1 Land i s si t u a t e d immediately north 

of the embanked River Nene, to the west of Guyhirn, and 

south of the Guyhirn-Thorney, A47, trunk road, f i g . 5.27. 

The i n t e r c a l a t e d Plandrian s i l t s , c l a y s and peats were 

f i r s t recorded by Godwin and C l i f f o r d (1938), when the 

s i t e was c a l l e d Bankhouse Parm-G, and formed part of the 

Dog-in-a-Doublet to Pear Tree H i l l s e c t i o n . The Bankhouse 

Parm-G borehole was also r e f e r r e d to by Smith (1970). 
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Tooley ( 1 9 7 8 a )reported s t r a t i g r a p h i c and pollen a n a l y t i c a l 

i n v e s t i g a t i o n s from a s i t e AL - 2 , although t h i s was the 

f i r s t sampling s i t e named Adventurers 1 Land and has now 

been designated A L L Comparison of the a l t i t u d i n a l l i m i t s 

of the peat/clay t r a n s i t i o n s given by Godwin and C l i f f o r d 

and Tooley r e v e a l s very l i t t l e c o r r e l a t i o n . Godwin and 

C l i f f o r d ( 1 9 3 8 ) recorded 5 organic l a y e r s at approximately 

+ 0 . 4 0 to - 0 . 3 0 m.OD, - 4 . 0 0 to - 4 . 6 0 m.OD, - 6 . 5 0 to 

- 6 . 8 0 m.OD, - 7 . 85 t o - « . 0 0 m.OD and - 8 . 2 0 to - 8 . 2 5 m.OD, 

( a l t i t u d e s taken from o r i g i n a l text f i gure 2 7 ) . Tooley 

( 1 9 7 8 a )also recorded 5 organic l a y e r s but at - 2 . 9 6 to 

- 3 . 2 2 m.OD, - 3 . 5 9 to 3 .66 m.OD, - 4 .36 to - 4 . 5 1 m.OD, 

- 5 . 6 6 to - 5 . 8 3 m.OD and - 7 . 0 0 to -7.74m.OD. Pollen 

a n a l y s i s showed the b a s a l organic l a y e r to be of Flandrian 

I I age. 

I n an attempt to resolve the sequence at Adventurers 1 

Land a U-4 borehole was obtained i n 1976• This was 

designated AL2 but the r e s u l t s proved very disappointing. 

The samples were of very poor q u a l i t y with the sediments 

often found on e x t r a c t i o n to be mixed and twisted. Only 

the lowest 50 cm. sample appeared to be s u i t a b l e for 

further a n a l y s i s , although the upper surface of the basal 

sand was found to vary by 4 cm. across the diameter of the 

core. Detailed pollen and diatom analyses however showed 

that the samples were undisturbed. Therefore AL2 only 

c o n s i s t s of a 50 cm. s e c t i o n from -7 .85 to - 8 . 3 5 m. OD, 

825 to 875 cm. depth. 

Further s t r a t i g r a p h i c a n a l y s i s was not possible 
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u n t i l 1979 when a p i s t o n corer and percussion d r i l l were 
obtained. Two boreholes were made between 790328 and 
7 9 0 3 3 0 . AL3 was a Duit's-type gouge sampled borehole 
taken f o r i n v e s t i g a t i v e purposes while AL4 was made w i t h 
the modified Livingstone p i s t o n corer. AL3, s i t u a t e d 
adjacent t o the outbuildings of Bankhouse Farm, revealed 
7 organic horizons. AL4 was 10 m. south of AL2. The 
s t r a t i g r a p h y of Bankhouse Farm-G, AL2 and AL4 are shown i n 
f i g . 5 . 27 and show a very consistent sequence. AL1 and 
AL3 both gave poor c o r r e l a t i o n w i t h these and w i t h each 
other, and t h i s can be explained by sampling d i f f i c u l t i e s 
of the sediments w i t h the Duit's-type corers. AL3 revealed 
5 organic layers at s i m i l a r a l t i t u d e s to BFG, AL2 and A L 4 , 

but 2 e x t r a organic layers were recorded i n the chamber 
where mixing or shearing of the sediments was apparent. 
S i m i l a r problems of sampling can be postulated f o r ALL 
Therefore u n t i l f u r t h e r undisturbed samples prove 
otherwise the s t r a t i g r a p h y of the section i s best described 
by reference t o BFG, AL2 and AL4. 

The pre-Flandrian deposits are reached at C.-8.25 m. 
OD i n BFG, -8.13 t o -8.17 m. OD i n AL2, and at -7.95 m.OD 
i n AL4. AL2 shows the pre-Flandrian deposits as a layer 
of brown sand t o -8.25 m. OD above compacted gravel and 
sand. The character of the deposit i s q u i t e d i f f e r e n t 
at AL4, A s i l t y sand w i t h organic s t a i n i n g and herbaceous 
roots extends t o -8.05 m. OD above a blue/yellow s i l t y 
sand t o -8.24 m. OD before a yellow/grey sand w i t h small 
gravel i s reached. 

The thickness of the s i l t y sands above the gravel 
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at AL4 compared to AL2 i s the probable explanation for the 

absence of the lowest c l a s t i c deposits recorded i n AL2 

and BFG, at -8.08 to -8.12 m.OD and C . - 8 . 0 0 to -8.20 m.OD 

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

The lowest c l a s t i c deposits, designated Guyhirr>-1 

( G l ) , are recorded at AL2 as a clayey s i l t with s l i g h t 

g y t t j a content, with some flames of enriched g y t t j a and a 

s l i g h t f i n e sand f r a c t i o n . This i s o v e r l a i n by 10 cm. of 

dark brown g y t t j a with monocot. fragments well-laminated 

in the top 6 cm. This i s c o r r e l a t e d with the peat l a y e r 

between C . - 7 . 8 5 and -8.00 m.OD at BFG and a monocot. 

g y t t j a , with rhizomes of Phragmites and a few small wood 

fragments, between - 7 . 9 5 and - 7 . 8 7 m.OD at AL4• The 

second c l a s t i c horizon, G2, has a transgressive contact 

measured at - 7.85, - 7 . 8 7 and - 7 . 8 7 m.OD. Both AL2 and 

AL4 show t h i s c l a s t i c deposit to be a s i l t y clay with a 

s l i g h t g y t t j a content, s h e l l fragments, some reworked 

peat i n the lowest centimetres, and a quite sharp lower 

boundary, recorded as Limes 1 or 2. The regressive 

contact of G2 i s recorded i n AL4 at - 6 . 9 7 m.OD where 

there i s a t r a n s i t i o n to a 4 cm. t h i c k , s l i g h t l y clayey 

compressed monocot. g y t t j a with rhizomes of Phragmites 

and fragments of s h e l l . The t r a n s i t i o n to the overlying 

c l a s t i c l a y e r , G3, i s represented by a clay g y t t j a with 

s h e l l s and flames of Phragmites peat between -6.93 and 

-6.90 m.OD. This contact may i n d i c a t e some erosion during 

the onset of c l a s t i c sedimentation. The biogenic deposits 

i n AL4 from - 6 . 9 7 to - 6 .90 m.OD were recorded by Godwin 

and C l i f f o r d ( 1 9 3 8 ) as a l e a f of the lower peat at an 
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a l t i t u d e of c_.-6.50 t o -6 .80 m.OD. 

The o v e r l y i n g c l a s t i c horizon continues u n t i l 
-4.32 m.OD. Shells were recorded i n i t s lower l e v e l s up 
t o -6.64 m.OD while the g y t t j a content i s highest below 
-6.76 m.OD and above -4.84 m.OD. Rhizomes of Phragmites 
are also found above t h i s l e v e l . The t r a n s i t i o n t o over­
l y i n g organic sedimentation i s c o r r e l a t e d w i t h the peat 
at -4.60 t o -4.00 m.OD at BPG. 

The humified monocot. peat, s t r a t i f i e d along 
rhizomes of Phragmites, i s o v e r l a i n by a 4 cm. layer at 
flames of peat and clayey g y t t j a t o -4.02 m.OD. The next 
c l a s t i c horizon, G4, contained some r o o t l e t s and a few 
she l l s at i t s base while at -1 .53 m.OD the nature of the 
sediment changed w i t h the presence of f e r r i c concretions. 
At -0.73 m.OD a crumbly humified monocot, peat or g y t t j a 
was recorded, equivalent t o the peat bed from -0.30 t o 
+0.40 m.OD at BFG. Godwin and C l i f f o r d (1938) recorded 
the Romano-British S i l t above t h i s peat layer but at 
AL4 the surface deposit was not sampled i n an undisturbed 
core. However disturbed samples showed t h a t i t was a 
s l i g h t l y sandy s i l t . Modern r o o t l e t s were evident i n the 
top of the highest peat l a y e r . 

Section 5»**«1 * Adventurers 1 Land-2 

Due t o the sampling d i f f i c u l t i e s only the bottom 
50 cm. of the U4 core was considered undisturbed. This 
section included 20 cm. of presumed pre-Flandrian sands 
and gravels. Two organic layers were separated by a 5 cm. 

http://c_.-6.50
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c l a s t i c l a y e r r i c h i n diatoms. T h i s sequence seemed 

undisturbed and p o l l e n a n a l y s i s was c a r r i e d out a t 2 cm. 

i n t e r v a l s to confirm t h i s c o n c l u s i o n . Pour diagrams are 

pre s e n t e d , f i g s . 5 - 2 8 , 5 . 2 9 , 5 . 3 0 and 5 . 3 1 and 4 L o c a l 

P o l l e n Assemblage Zones have been r e c o g n i s e d which show 

t h a t the peat l a y e r s are q u i t e d i f f e r e n t and not a r e s u l t 

of d i s t u r b e d sampling. S i m i l a r l y diatom a n a l y s i s showed 

t h a t the two c l a s t i c l a y e r s have q u i t e d i f f e r e n t assemblages. 

A very n o t i c e a b l e f e a t u r e of f i g . 5 . 2 8 , ?AP+Group 

diagram, i s the c o n s i s t e n c y of the curves f o r the major 

t r e e t a x a . Quereus, Alnus, B e t u l a and Ulmus show l i t t l e 

v a r i a t i o n w h i l e Pinus, T i l i a and F r a x i n u s r e v e a l b a r e l y 

s i g n i f i c a n t changes. The whole diagram c l e a r l y f a l l s 

i n the F l a n d r i a n I I chronozone and t h e r e f o r e the LPAZs 

are b e s t c h a r a c t e r i z e d by changes i n non-tree t a x a and 

p o l l e n c o n c e n t r a t i o n . The p o l l e n d a t a are g i v e n i n 

appendix I V and the herbaceous and a q u a t i c c l a s s e s are 

shown i n t a b l e 5 * 1 2 . 

TABLE 5•12 : AL2 herbaceous and a q u a t i c c l a s s e s (8 l e v e l s ) 

C l a s s 1 Rosaceae 
Taraxacum-type 

1:0.1? 
1.1.0? 

Rumex 1:0.1? 

C l a s s 2 C a l t h a 
Ranunculus 

3:0.6? 
3:1.0? 

Cladium 1:0.3? 

C l a s s 3 A r t e m i s i a 
Polygonum 

3:0.2? 
4:1.3? 

Cirsium-type 
Senecio"-type 

1:1.0? 
1:1.5? 

C l a s s 4 Planta^o 
maritima 

2:0.5? S p e r g u l a r i a 1:0.3? 

A q u a t i c s Lemn.a 

Nuphar 
Potamageton 

6:31.5? Myriophyllum 
s p i c . 1:1.0? 

1:0.2? Nymphaea 1:0.6? 
3:1.9? Typha 6:4.7? 

a n g u s t i f o l i a - t y p e 
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LPAZ Depth Description 

AL2A 855 to 853 cm. The zone i s characterised by high 
aquatic frequencies, noticeably Lemna 
and Typha a n g u s t i f o l i a - t y p e . Gramineae 
account f o r over k0% TLP. To t a l Land 
Pollen concentration i s high, 318-410 
x 10"* grains/cc. 

AL2B 348 to 844 cm. AL2B i s very s i m i l a r to AL£A except 
th a t aquatic percentages and concen­
t r a t i o n s are much lower while the 
percentages of Cyperaceae, both %A? + 

Herbs and JTLP, are higher, although 
they decline through the zone. Total 
Land Pollen concentration increases 
through the zone from 149 t o 537 

x 10** grains/cc. Gramineae show the 
larg e s t increase i n concentration and 
therefore also show an increase as 
both JAP+Herbs and JTLP. Chenopodiaceae, 
Class 4 and Class 3 herbs, e.g. 
Polygonum, Plantago maritima, Senecio-
type, are more frequent than i n AL2A 
and decline from maxima at the opening 
of the zone. Arboreal p o l l e n i s 
constant at c.40?TLP. 

AL2C 842 to 840 cm. The zone i s t o t a l l y dominated by high 
proportions and concentrations of 
F i l i c a l e s spores. Pollen preservation 



-160-

i s generally poor, even the F i l i c a l e s 
spores are corroded. Aquatics are 
t o t a l l y absent and most p o l l e n types show 
a s i g n i f i c a n t decrease i n concentration 
from the subjacent l a y e r , p a r t i c u l a r l y 
Gramineae. With Cyperaceae almost 
disappearing and only 3 other herb 
p o l l e n grains counted arboreal p o l l e n types 
show a r e l a t i v e increase as JTLP, 
c o l l e c t i v e l y t o 56*TLP. Pinus and T i l i a 
are more frequent than i n AL2B, 7J»cf. 
2% AP and 20% c f 9%A? r e s p e c t i v e l y . 
Due t o the low p o l l e n concentration 
and accordingly smaller p o l l e n sums 
involved the 95% confidence bands i n 
AL2C are broader and therefore the 
s i g n i f i c a n t changes are not so numerous 
as might have been expected. 

AL2D 838 cm. The zone i s defined by s i g n i f i c a n t 
increases i n the curves f o r 
Chenopodiaceae, t o 8% AP+herbs, and 
aquatics, t o 2% AP+aquatics, both of 
which were absent i n AL2C. 

Eighteen samples were prepared f o r diatom analysis. 
They were taken at 2 cm. i n t e r v a l s from 826 to 860 cm. 
Two samples from the basal sand contained no diatom 
f r u s t u l e s or fragments. S i m i l a r l y 5 samples from the organic 
layers contained no fragments at a l l . However the sample 
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from 846, at the base of the g y t t j a layer contained a few 
fragments, but not possible to count. The sample from the 
top of the organic l a y e r , stratum 6, at 838 cm, immediately 
below the contact t o o v e r l y i n g c l a s i c deposits, contained 
ample whole diatom f r u s t u l e s t o count. 9 samples from 
the two c l a s t i c l a y e r s , Gl and the lower part of G2, a l l 
contained diatoms and the spectra are shown i n f i g . 5 .31 . 

Stratum Gl, 852 t o 848 cm, revealed marked s a l i n i t y 
changes. The lowest l e v e l , 852 cm, shows a very low prop­
o r t i o n of benthonic diatoms, 16% valves, 29% species, and 
a spectrum dominated by the Fresh-Brackish forms F r a g i l a r i a 
b r e v i s t r i a t a and Qpephora m a r t y i i . However the jlbenthonic 
valves and two species spectra show a predominance of more 
brackish forms. The small benthonic group i s dominated by 
Diploneis didyma. The other two samples from Gl are 
dominated by the benthonic Brackish diatom Campylodiscus 
echeneis, reaching 97% of t o t a l valves. 

The M-B-F diagrams f o r G2, 836 t o 826 cm, appear t o 
show d i f f e r e n t s a l i n i t y changes, dependent on the method 
of c a l c u l a t i o n used. The pr o p o r t i o n of benthonic valves 
f a l l s from 85% at the contact immediately to 27% and then 
f l u c t u a t e s t o reach 55? at 826 cm. The % valves and % 
benthonic valves show large changes i n M-B-F r a t i o s . 
However i n comparison the % benthonic species remains 
r e l a t i v e l y constant, 37 to 442, and the two diagrams based 
on species are s i m i l a r l y c onsistent. 

I n terms of the p r o p o r t i o n of valves brackish and 

marine forms dominate. Meloaira sulcata i s important 
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throughout while Diploneis i n t e r r u p t a i s dominant at 

838 cm. Nitzschia n a v i c u l a r i s , Brackish and benthonic, 
Synedra t a b u l a t a , Brackish-Marine e p i p h y t i c , and the 3 
Marine-Brackish epiptytes Cocconeis scutellum, Actino-
ptychus undulatus and Diploneis s m i t h i i are the most 
frequent forms up to 832 cm, while above t h i s l e v e l 
N i t z s chia punctata, Brackish-Marine benthonic, and 
Rhopalodia gibberula, a Brackish epiphyte, are more 
frequent. Diatoms favouring low s a l i n i t i e s are infrequent 
throughout G2. While the % valves and % benthonic valves 
show large changes, due to d i f f e r e n t forms becoming 
dominant the species diagrams are more constant, but show 
a broad r e l a t i v e agreement of brackish forms being 
replaced by s l i g h t l y more marine types w i t h some f l u c t ­
u a t i o n towards the top of the sampled s e c t i o n . 

Therefore d e t a i l e d p o l l e n and diatom analysis has 
shown t h a t the lowest 50 cm. of an otherwise unsatis­
f a c t o r y core are undisturbed and record two organic 
layers and two c l a s t i c layers,each w i t h i n d i v i d u a l l y 
d i s t i n g u i s h a b l e m i c r o f o s s i l f l o r a s . Three samples were 

14 
submitted f o r C analysis t o record the absolute age 
l i m i t s of the organic layers sampled. The three samples 
are:-
Hv 9261 AL2 : 839-843 cm, -7 .99 t o -8.03 m.OD : 5580±?0 BP 

Hv 9262 AL2 : 845-848 cm, -8.05 t o - 8 .08 m.OD : 6275*125 BP 

HV 9263 AL2 : 852-857 cm, -8.12 t o -8 .17 m.OD : 6 4 l 5 ± l 8 5 BP 
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Section 5*4.2 : Adventurers' Land-4 

Adventurers 1 Land-4 i s s i t u a t e d approximately 10 m. 
south of AL2. The s t r a t i g r a p h y has already been described. 
Pollen analysis has been c a r r i e d out on 13 of 15 prepared 
samples, the basic data i s given i n Appendix IV, and the 
herbaceous and aquatic classes are shown i n Table 5*13. 

TABLE 5*13 : AL4 herbaceous and aquatics classes 
( 1 3 l e v e l s ) 

Class 1 PIantago 
lanceolata 
Taraxacum-

type 

2:2.5?TLP 

2:8.1?TLP 

PI.maj or/media 1:0.4? 

Class 2 Caltha 
Ranunculus 
Valeriana 

3:0.6? 
8:2.0? 
1:0.2? 

Fi l i p e n d u l a 
Rubiaceae 

1:0.3$ 
5:20.2? 

Class 3 Artemisia 
Cruciferae 
Polygonum 
Spergula 

1:2.7?TLP 
1:0.6? 
2:0.3? 
1:0.5? 

Cirsium-type 
Matricaria-type 
Senecio-type 
Umbelliferae 

2:0.6? 
1:0.4? 
5:17 .5?TLP 
7:5.0? 

Aquatic Hydrocotyle 1:1.^? 
Typha 13:95-0? 
a n g u s t i f o l i a -

type 

Lemna 
T . l a t i f o l i a 

9:30.0? 
4:4.2? 

NB, Where the maximum value f a l l s i n the samples 108-104 
where SAP i s very low, and the l e v e l s not shown on 
f i g . 5.30, the value i s given as ?TLP. 

As was the case w i t h CW7 the uppermost peat l a y e r 
at AL4 was found t o contain very few arboreal p o l l e n 
grains and therefore the two le v e l s from t h i s peat layer 
are not shown on f i g . 5.32. Two samples, 826 and 462 cm, 
were found to contain black p a r t i c l e s which obscured the 
p o l l e n grains which prevented counting. They were reprepared 
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but the black p a r t i c l e s were again present. The counted 
l e v e l s are shown i n f i g s . 5.32, 5.33, 5.34 and 5 .35 and 
5 LPAZs have been recognized. 

LPAZ Depth Description 

AL4A 824 t o 818 cm. Quercus accounts f o r 5035 AP at the base 
of the zone and declines t o 88* at 
818 cm. I n a complementary fashion 
Ainus increases 24 to 31*, jUmug 4 t o 13* 5 

Praximus 0 t o 2%, while T i l i a f a l l s and 
then rises,13 t o 5 t o 11* AP. Gramineae 
r i s e s to 54* TLP and then f a l l s t o 
15* TLP w i t h a complementary r i s e of 
most arboreal types as *TLP. SAP r i s e s 
from 25 t o 43* TLP. Senecio-type and 
Chenopodiaceae are important i n the 
lowest l e v e l while the l a t t e r only occur 
i n low frequencies at 818 cm. Aquatics 
and Class 2 herbs, p a r t i c u l a r l y 
Ranunculus, are c o n s i s t e n t l y present 
and Cyperaceae r i s e at the end of the 
zone. TLP concentration v a r i e s from 
190 x 10*' grains/cc at the base t o 
390 x 10-5 grains/cc at the t o p , i n 
the t r a n s i t i o n t o predominantly inorganic 
sedimentation. 

AL4B 730 t o 726 cm. Cyperaceae, up t o 26* TLP, and Gramineae 
22* TLp dominate the base of the zone. 
A l l of the therraophilous arboreal species 
are present, except Pagus, w i t h Ulmus 
up t o 19* AP. T o t a l land p o l l e n 
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concentration f a l l s from 228 x 10J to 

47 x 10 3 g r a i n s / c c with only Chenogod-

iaceae and Senecio-type increasing i n 

concentration through the zone, 

therefore showing increased percentages. 

AL4C 466 to 458 cm. The zone i s characterised by the 

dominance of Coryloid pollen, 48 to 57% 

TLP. For many other taxa the zone i s one 

of s i g n i f i c a n t change, Alnus 0 to 29% 

AP, Pinus 19 to 7% AP, Chenopodiaceae 

5 to <IX AP+herbs, Rubiaceae 0 to 20% 

AP+herbs and aquatics 13 to 95% 

AP+aquatics, the peak being mainly 

Typha angustlfolia-type. Quercus 

dominates the arboreal pollen, with no 

Ulmus. AP f a l l s to 1056 TLP. Total 

land pollen concentration r i s e s from 

45 x 10 3 to 148 x 10 3 g r a i n s / c c . 

AL4D 454 to 444 cm. Quercus continues as the dominant t r e e 

pollen although Alnus r i s e s to 37% AP. 

Coryloid now <11% TLP. Gramineae are 

constant at 45? AP+herbs, as i n AL4C, 

but have increased i n JfTLP as herbs 

dominate, 51 to 71% TLP, due to the 

demise of Coryloid frequencies. 

Chenopodiaceae pollen i s high throughout, 

up to 25% AP+herbs,while aquatics 

and Rubiaceae d e c l i n e from the peak 
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established at the end of AL4C t P i l i c a l e a 

r i s e through the zone to 77% AP+Spores* 

TLP concentration r i s e s to a peak at 

450 cm, 366 x 10^ g r a i n s / c c , mainly 

due to Gramineae and Chenopodiaceae 

concentrations, although most arboreal 

taxa show concentration maxima f o r 

AL4C and AL4D at the same l e v e l . A 

s i n g l e Pagus was seen at 454 cm. 

AL4E 108 to 104 cm. Total land pollen concentration i s 

low, 40 x 10-* and 21 x 10^ g r a i n s / c c , 

and the spectra are dominated by aquatics 

and P i l i c a l e s . The low TLP sum, 40, 

i s c l e a r l y r e f l e c t e d by the broad 95% 

confidence bands. Chenopodiaceae, 

Taraxacum-type, Senecio-type, Umbelliferae, 

Plantago lanceolata and Artemisia occur 

i n low concentrations, but are r e f l e c t e d 

by quite high percentages. Pollen 

preservation was very poor with many 

disformed grains. Unidentifiable grains 

would be represented as 40* TLP, c a l c u l a t e d 

outside the sum. 

Further p o l l e n a n a l y s i s was not c a r r i e d out Ibr the highest 

peat bed due to the low and poor pollen content and the f a c t 

that the overlying inorganic sediments, ?G5» recorded by 

Godwin and C l i f f o r d (1938) were not sampled because they were 

disturbed. 
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14 5 samples have been submitted for C a n a l y s i s 
Results are not a v a i l a b l e f o r a l l o f the samples. 

SRR 1588 1845-50BP AL4 99 to 105 cm. 

SRR 1589 4l80±75BP AL4 437 to 443 cm. 

SRR 1590 4500±50BP AL4 459 to 464 cm. 

Not y e t submitted AL4 726 t o 730 cm. 

Hv AL4 819 to 823 cm. 

Hv AL4 823 to 827 cm. 

To summarize the data from the a n a l y s i s of AL2 and 

AL4 5 organic and 4 inorganic horizons have been recorded 

and p a r t i a l l y analysed f o r t h e i r m i c r o f o s s i l content. The 

e a r l i e s t , and lowest, organic deposits have been dated 

6415 - I85BP and the peat layer at -4.32 m.OD i n AL4 i s the 

lowest occurrence of post-Ulmus decline organic sediment­

ation. Diatom analyses of AL2 show the basal c l a s t i c deposits 

to be marine or brackish i n o r i g i n . 

P a r t i c l e - s i z e , diatom, p o l l e n , s t r a t i g r a p h i c , and 
14 

C analyses have been used at 4 s i t e s , P reiston Marsh, 

Bourne Pen, Cowbit Wash, and Adventurers 1 Land, to provide 

data on the Plandrian sequences of the Penland. I n t e r p r e t ­

ation of these data and c o r r e l a t i o n within the Penland 

sequences follow i n chapter 6. 
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CHAPTER SIX 

The a n a l y s i s of transgressive and regressive overlaps 

The data described i n the preceding chapter permit 

an evaluation of the changes i n e a r l y c o a s t a l environments 

i n the Fenland between 6400-2600 BP, r e l a t i n g the changes 

i n sediment to water-table movements, and enable e x i s t i n g 

models of s t r a t i g r a p h i c and m i c r o f o s s i l change at the 

s a l t marsh-freshwater fen t r a n s i t i o n to be modified. The 

chronology of s e a - l e v e l and environmental change i s described 

i n chapter seven. 

Chapter s i x i s divided into 8 parts : 

6.1 : E x i s t i n g models for the i n t e r p r e t a t i o n of tr a n s g r e s s i v e 

and regressive overlaps. 

6.1.1 : The Godwin model - arboreal pollen as 

i n d i c a t o r s of water table movements. 

6.1.2 : Tooley - evidence for f l u c t u a t i n g s e a - l e v e l s . 

6.1.3 : Kidson and Heyworth - evidence for con­

tinuously r i s i n g s e a - l e v e l s . 

6.2 : I n t e r p r e t a t i o n of the Bourne Fen data i n comparison to 

the e x i s t i n g models. 

6.2.1 Regional s i g n i f i c a n c e . 
6.2.2 BF10 

6.2.3 BFP1 

6.2.4 BFP2 

6.2.5 Cor r e l a t i o n of the Bourne Fen s i t e s . 

6.3 Cowbit Wash 

6.3.1 Regional s i g n i f i c a n c e . 
6.3.2 In f e r r e d palaeoenvironments. 
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6.4 : Adventurers' Land. 

6.4.1 : Regional s i g n i f i c a n c e . 

6.4.2 : I n f e r r e d palaeoenvironments. 

6.5 s Estimation of the a l t i t u d e , age and meaning of 

tr a n s g r e s s i v e and regressive overlaps. 

6.5.1 s Measurement of the present a l t i t u d e . 

6.5.2 : Estimate of the o r i g i n a l a l t i t u d e . 

6.5.3 5 I n d i c a t i v e meaning of the sample. 

6.5.4 : Age of the sample. 

6.6 : L i t h o l o g i c changes and s e a - l e v e l movements„ 

6.7 : Models of the s a l t marsh-freshwater fen t r a n s i t i o n . 

6.7.1 i Time-stratigraphic model. 

6.7.2 : Pollen content model. 

6.8 : Conclusions 

Part 6.1 : E x i s t i n g models for the i n t e r p r e t a t i o n of 
transgressive and regressive overlaps. 

The i n t e r p r e t a t i o n of transgressive and r e g r e s s i v e 

overlaps can be r e l a t e d to three informal models. Each of 

these models i s discussed i n a separate s e c t i o n . 

Section 6.1.1: The Godwin model - arboreal pollen as 
i n d i c a t o r s of water-table movements. 

Whereas pollen a n a l y s i s i s widely used i n s e a - l e v e l 

studies to assess changes i n l o c a l environment and as a 

corroboration for data (e.g. Tooley 1978a, b and 

s e c t i o n 6.1.2 below) i t i s not always appreciated that i n 

favourable circumstances the arboreal pollen types can r e v e a l 

changes i n l o c a l conditions complementary to the non-arboreal 

pollen changes. 
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I t has been noted f o r many years that the i n t e r ­
pretation of pollen diagrams from coastal sites i s very 
d i f f i c u l t due to the high percentages of Alnus that are 
generally encountered i n deposits of Zone V i l a and l a t e r 
(Godwin 1940a, b, Janssen 1959) and therefore many Penland 
pollen diagrams appear to be best employed for studying 
l o c a l vegetational changes. Even so there i s a complexity 
i n t h e i r i n t e r p r e t a t i o n . 

Godwin (1940a, 1978, Godwin and C l i f f o r d 1938) has 
used the fluctuations of the Alnus and Quercus pollen curves 
to explain phases of wetness and dryness i n fen woods. On 
the one hand Godwin (1940a, p.243) explains that 

w I n the dry phases fen woods developed, and i n the 
wet ones [transgressions] they were destroyed. 
The dry periods show a marked loca l r i s e of 
alder pollen. In the wet periods a f a l l i n 
the alder pollen indicates destruction of the fen 
woods, and then oak pollen from the upland rises 
i n complementary fashion." 

While on the other hand he states (Godwin and C l i f f o r d 
1938, p.385) 

•'The pollen d r i f t s from dominance of alder to 
dominance of oak ...replacement of alder scrub by 

[ l o c a l ] fen oak woods." 

Therefore i t appears that a replacement of Alnus pollen 
by Quercus pollen can represent either increasing r e l a t i v e 
wetness or dryness. F i r s t l y when alder carr i s replaced 
by reedswamp, e.g. p r i o r to a transgression, i t i s a period 
of increasing r e l a t i v e wetness and the Alnus contribution 
to the arboreal pollen r a i n i s reduced, therefore revealing 
an increase i n the regional component, dominated i n most 
Penland diagrams by Quercus. However when peat growth i s 
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i n excess of the ri«e i n the water-table, i . e . a r e l a t i v e 
increase i n dryness, waterlogging becomes more r e s t r i c t e d 
and may re s u l t i n the extension of other tree species, e.g. 
Quercus and also Pinus, onto the bog to compete with the 
Alnus, Salix and probably Betula (Godwin 1978). Therefore 
Quercus pollen may increase i n r e l a t i v e frequency and 
Alnus decrease due to competition. Furthermore Godwin argues 
that the development of a fen oak wood i s usually accompanied 
by macrofossil remains of oak wood, poor pollen preservation, 
pollen often too sparse to count, and a ri s e i n the frequency 
of F i l i c a l e s spores (Godwin 1978, Godwin and C l i f f o r d 1938). 

Godwin1s in t e r p r e t a t i o n of the inverse relationship 
between the Alnus and Quercus curves i s supported by 
Iversen (1960) who noted a clear negative correlation between 
Alnus and Quercua pollen during the t r a n s i t i o n from 
Phragmites reed swamp to alder carr to oak forest following 
the regression of the sea i n Sub-boreal time at Lundergard 
Moss. 

The fluctuations of the arboreal pollen types 
complement the ri s e and f a l l of non-arboreal pollen types, 
especially the Chenopodiaceae, and Godwin (1940a) relates 
the i n f e r r e d change from Phragmites freshwater peat to s a l t 
marsh, or vice versa, as occurring at ĉ. MHWST with fenwood 
development at a s l i g h t l y higher a l t i t u d e . However, Godwin 
pointed out that the water lev e l c o n t r o l l i n g fenwood 
growth i s dependent on the distance to the sea since the 
t i d a l influence w i l l vary up-channel, and away from d i r e c t 
t i d a l influence i t may drop to MSL (or MTL). This l a t t e r 
value i s the one given f o r the i n i t i a t i o n of peat growth 
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on a sloping Pleistocene sand surface (Jelgersma 1979 

cf. 1961, van de Plassche 1979). 

Therefore the fluctuations of the Alnus and Quercus 
curves and the non-arboreal pollen types noted i n chapter 
f i v e may be related to t h i s informal model which f o r 
convenient future reference i s a t t r i b u t e d to Godwin. This 
assessment i s presented i n parts 6.2 - 6.4. 

Section 6.1.2 : Tooley - evidence f o r f l u c t u a t i n g 
sea-levels. 

Tooley (1978b, 1979) has presented mechanical, chemical 
and micropalaeontological analyses from Downholland Moss to 
i l l u s t r a t e the changes of water quality and water depth at the 
transgressive and regressive overlaps. He summarized 
(Tooley 1979 p.504) 

" A l l the palaeoenvironmental indicators point to 
an i n i t i a l l y increasing and then decreasing 
marine influence i n the minerogenic layers and to 
a li m n i c - t e l m a t i c - t e r r e s t r i a l - t e l m a t i c - l i m n i c 
cycle i n the biogenic layers. The conclusion i s 
d i f f i c u l t to avoid that these changes i n water 
qual i t y and water depth were a consequence of 
actual changes i n the sea-level surface." 

Tooley also suggests that the transgressive and 
regressive overlaps indicate the change of processes at 
c.MHWST,and each intercalated peat layer should be dated by 
two assays, one f o r each overlap. 

Section 6.1.3 : Kidson and Heyworth - evidence f o r 
continuously r i s i n g sea-levels. 

Kidson and Heyworth (1973, 1979) o f f e r a quite d i f f ­
erent i n t e r p r e t a t i o n of transgressive and regressive 

overlaps. They maintain that the intercalated organic and 
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c l a s t i c layers are the re s u l t of a continuously r i s i n g sea-
le v e l characterised by periods of rapid sea-level r i s e and 
periods of slow sea-level r i s e . Associated with these 
periods the gradual change in the r e l a t i v e sedimentation 
rates of the c l a s t i c or organic deposits w i l l determine 
the type of overlap developed. They also suggest that 
storm surges, the breaching of coastal barriers and other 
normal coastal processes adequately explain the s t r a t -
igraphic and micropalaeontological evidence without invoking 
positive and negative movements i n the sea-level surface. 

Furthermore they have c r i t i c i s e d the technique 
of dating the transgressive and regressive contacts i f they 
are not characterised by woody peat, arguing that only the 
l a t t e r material i s suitable material for dating, being 
formed at a more constant t i d e l e v e l than other commonly 
dated materials (Kidson and Heyworth 1979). Originally 
they suggested that such formations occurred at jj.MHWNT to 
MHWST (Kidson and Heyworth 1973* 1978). However they now 
conclude that the lower l i m i t of trees i s midway between 
MHWST and HAT for the regressive overlap, or periods of slow 
sea-level r i s e , and j u s t below MHWST for the transgressive 
overlap, or periods of rapid r i s e i n sea-level (Kidson and 
Heyworth 1979). This point r e l a t i n g to a d i f f e r e n t i n d i c ­
ative meaning ( c f . van de Plassche 1977) for the trans­
gressive and regressive overlaps should also be applied to 
other dated materials i f i t i s assumed to be correct. 

The data from Adventurers 1 Land, Cowbit 
Wash, and Bourne Fen are used to test the major contentions 
between the informal models of Tooley and Kidson and 
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Heyworth, i . e . whether a f a l l i n sea-level i s i n evidence 
or whether loc a l phenomena r e l a t i n g to storm surges and 
normal coastal change during a period of continuously 
r i s i n g sea-level o f f e r an adequate explanation. 

Part 6.2 : In t e r p r e t a t i o n of the Bourne Fen data i n 
comparison to the e x i s t i n g models 

Section 6.2.1 : Regional significance 

The X4 sequence was recorded i n a section over 
2 km. long. Cleaned dyke sections and borehole records 
revealed the same sequence c .3 km. further east, to Tongue 
End, c.2 km. north i n t o Bourne North Fen (Smith 1970) 
and c . l km south i n t o Bourne South Fen. L i t h o l o g i c a l l y 
the sequence appears to correlate with the Southern 
Fenlands but the timing of the deposition of the c l a s t i c 
deposits may d i f f e r (Godwin 1940a, Godwin and Vishnu-
Mittre 1975). The lower peat and c l a s t i c deposits were 
recorded further to the north and south but the surface peat 
has been removed due to wastage and i s only preserved i n 
favourable locations. 

Section 6.2.2 : BF10 

The pollen diagrams from BF10 ( f i g s . 5-9, 5.10, 5.11) 
i l l u s t r a t e the negative correlation between the Quercus and 
AlnuB curves as discussed i n section 6.1.1. 

A r i s e i n the freshwater table i s inferr e d from the 
destruction of the forest species, which had grown rooted 
i n the pre-Flandrian deposits of Bourne Fen, due to the 
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i n i t i a t i o n of peat growth. No diatoms were found i n either 
the lowest peat or the pre-Flandrian deposits. The high 
Alnus peak i n BP10A suggests an early development of alder 
carr but i t s regional significance i s unclear. 

LPAZ BF10B covers a large part of the diagram 
( f i g . 5.9) and the i n t e r r e l a t i o n s h i p of the Alnus and Quercus 
curves i s envisaged as the result of lo c a l competition and 
pollen production since there are no s i g n i f i c a n t fluctuations 
i n the curves of the other regional forest species, e.g. 
T i l i a and Ulmus, as might be expected i f the destruction of 
alder carr was taking place. The presence of wood macro-
f o s s i l s and abundant F i l i c a l e s spores would indicate the 
development of l o c a l l y d r i e r fen oak woods but the f l u c ­
tuating aquatic curve s t i l l suggests waterlogging. There 
appears to be a delicate balance between peat growth, alder 
carr/fen oak wood s t a b i l i t y and freshwater-table r i s e caused 
by the approaching marine conditions. 

The r i s e i n aquatic pollen frequencies at 275 to 245 cm. 
must be divided i n t o two parts. From 275 to 265 cm. 
Potamogeton dominates while from 260 to 245 cm. f i r s t l y Lemna 
and then Typha l a t i f o l i a pollen i s important. This i s 
interpreted as a change from small shallow pools to reed-
swamp and i s corroborated by the s i g n i f i c a n t r i s e i n the 
Gramineae curve at 260 cm. which would include Phragmites 
pollen, the rhizomes of which were also recorded at that 
l e v e l . 

I f t h i s general waterlogging was to affect any oak 

present before alder then once the lower threshold was 
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reached a gradual ri s e i n water l e v e l would reduce the 
arboreal pollen spectra quite d r a s t i c a l l y , e.g. at the 
BF10B/C boundary. Alnus pollen would show a peak (#AP), 
due to the preceding decline of oak i n the fenwood, but 
the decline of AP as JTLP suggests that as the water lev e l 
continued to r i s e the alder carr was destroyed and replaced 
by reedswamp. Therefore, the regional component of Quercus 
pollen i s expressed as a r e l a t i v e r i s e (JAP). The rapid 
change of the Alnus/Quercus curves may be exaggerated due to 
the changing pollen productivity of ind i v i d u a l plants as the 
growth and flowering conditions changed. 

The r i s i n g water table i s clearly connected to the 
ri s e i n t i d e - l e v e l evidenced by the deposition of the s i l t 
and clay between 240-210 cm. The Chenopodiaceae curve 
rises at 250 cm. and Plantago maritima and Artemisia pollen 
were also i d e n t i f i e d . 

The regressive contact, coinciding with BF10D, i s 
dominated by Gramineae and aquatic pollen with a low prop­
o r t i o n of arboreal pollen. The higher proportion of tree 
species other than Alnus and Quercus i n the arboreal spectra 
indicates that these woody fen taxa had not yet extended 
over the s i t e . Large trunks of trees were occasionally 
seen i n the dyke exposures of the surface peat but the 
development to fenwood was not revealed i n the pollen 
record. BF10E reveals the s t a r t of increased pollen corrosion. 

F i n a l l y the pollen diagram from BF10 shows the whole 
sequence to be post-Ulmus decline, Ulmus i s never > 5% AP 
and often <15tAP. I t has not been possible to recognize 
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Zone V I I - V I I I (Godwin and Vishnu-Mittre 1975). 

I n conclusion the BF10 pollen diagrams are interpreted 
as revealing a r i s i n g water table during which time alder 
and oak fenwoods developed at an equal rate since no periods 
of destruction and regeneration are noted p r i o r to the 
development of reedswamp communities and then marine c l a s t i c 
sedimentation. The regressive overlap i s very similar to 
a reversal of the transgressive sequence and there i s some 
evidence for the return to fen wood conditions. 

Section 6.2.3 : BFP1 

BFP1 ( f i g s . 5.13 to 5.16) i s close to BF10 (c.100 m) 
and the pollen analyses show broad s i m i l a r i t i e s but also 
important loc a l changes. The peak i n the Alnus curve i n 
BFP1B appears to correlate with that of BF10C. However i n 
the former the aquatics frequencies are lower than would be 
expected. But the isolated peak of Sphagnum spores at 
75 cm, the same leve l as the highest recorded macrofossil 
wood remains, may represent a s i g n i f i c a n t difference between 
lo c a l conditions at BFP1 and BF10. Godwin (1978) has 
reported that i n many places i n the alder-birch carr at 
Calthorpe Broad, Norfolk, there was a discontinuous growth 
of a carpet of Sphagnum moss, showing a tendency f o r the 
a c i d i f i c a t i o n of fenwoods. However, conditions at BFP1 
were not suitable for the continued succession to raised 
bog due to the r i s i n g water table and alder carr i s strongly 
represented i n BFP1B. 

The complementary curves for Alnus and Quercus noted 
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i n BP10 are also seen i n BFP1A and BFP1B. However the 
pollen concentration diagram ( f i g . 5.15) shows that the 
f l u c t u a t i o n s are due to changes i n Alnus concentrations 
whereas Quercus i s quite constant. The two s i t e s show 
consistent changes i n environment during the approach of 
marine conditions. With only l o c a l i s e d d i f f e r e n c e s , as 
would be expected i f the comparison with Calthorpe Broad 
i s v a l i d , both s i t e s show a gradual r i s e of water table 
and the replacement of Cyperaceae pollen by Gramineae, which 
would include Phragmites pollen. 

The f a l l i n the Alnus curve i s rapid and coincides 

with r i s i n g aquatics, Gramineae and Chenopodiaceae which 

c l e a r l y represent the approaching s a l t marsh conditions. 

The stratigraphy, loss on i g n i t i o n curve, and the pollen 

spectra a l l r e f l e c t a r e l a t i v e l y rapid transgressive episode 

with constant conditions during the period of predominant 

inorganic deposition up to 50 cm. (depth below p i t datum), 

and a gradual regressive phase. The predominsjtly inorganic 

deposits show a more regional pollen spectra, with a l l the 

major tree species represented while from 50 cm. upwards 

organic accumulation increases, although the proximity to 

s a l t marsh or t i d a l creeks i s t e s t i f i e d by high Chenop­

odiaceae concentrations. 

The regressive sequence shows unequivocal evidence 

for the replacement of highly inorganic sedimentation by 

biogenic sedimentation and an associated lessening of the 

saltwater influence. The minimum i n the Alnus curve at the 

base of BFP1D may t e n t a t i v e l y represent the maximum r e c e s s i o n 

of the alder c a r r at more landward locations and the increase 
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through BPP1D a res u l t of i t s migration back onto the fen. 
The development of freshwater fen i s evident from contin­
ually r i s i n g Gramineae percentages followed, i n sequence, 
by rises i n Cyperaceae, Lemna, and Typha ang u s t i f o l i a . 
Apparent pollen corrosion i n BPP1E precludes any further 
environmental i n t e r p r e t a t i o n . 

Section 6.2.4 ; BFP2 

This s i t e ( f i g s . 5.18 to 5.21) i s the most seaward of 
the three Bourne Fen sites studied and LPAZ BPP2A represents 
the reedswamp community p r i o r to the transgressive c l a s t i c 
deposits. Typically the Gramineae, Cyperaceae, Typha 
l a t i f o l i a and F i l i c a l e s curves show high frequencies while 
AP has a maximum f o r the whole diagram of 36? TLP. The 
more regional nature,cf.BFPl and BF10, of a l l the tree 
components i s evidenced by r e l a t i v e l y low Alnus frequencies, 
never reaching 502AP, and the lack of great locally-induced 
fluctuations i n the tree pollen curves. The t r a n s i t i o n to 
BFP2B, coinciding with stratum 2, closely follows Tooley's 
model (section 6.1.2); the Cyperaceae curve i s replaced by 
the Gramineae curve i n the percentage diagrams, and a 
f a l l i n the frequency of aquatic pollen and a ri s e i n the 
pollen of coastal species also conform to the model. 

The c l a s t i c horizon i s t y p i f i e d by constant and low 
tree pollen concentrations and ?TLP, with the major changes 
i n the pollen spectra f o r the Gramineae, Chenopodiaceae 
8 1 1 ( 1 Triglochin of the l o c a l s a l t marsh environment. 

The diatom spectra from BFP2 suggest that the c l a s t i c 
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deposit8 were l a i d down i n a low energy, high t i d a l sed­
imentation area, with a strong brackish-marine influence 
rather than freshwater input, reached by the highest t i d e s . 
This i s very similar to the results of the diatom and 
foraminiferal analyses from the Green Dyke section (Godwin 
and C l i f f o r d 1938) but any suggestion that the marine 
sediment was l a i d down by storm tides i s not borne out by 
the results of the diatom and p a r t i c l e size d i s t r i b u t i o n s ; 
the predominance of clay size p a r t i c l e s and no sand size 
f r a c t i o n suggests the absence of a high wave energy envir­
onment. The diatoms do not allow a fine d i s t i n c t i o n of 
changes i n water s a l i n i t y or depth due to t h e i r absence across 
the transitions to the peat although the pollen analyses 
reveal the vegetational successions across these l i t h o l o g i c 
boundaries. 

The regressive overlap at BFP2 reveals, i n the same 
way as BFP1 and BF10, the t r a n s i t i o n from saltmarsh through 
coastal reedswamp to freshwater fen. This t r a n s i t i o n occurs 
over a narrower zone i n BFP2 than i n BFP1. The increased 
pollen concentration i n BFP2C may r e f l e c t a change i n pollen 
sedimentary conditions from BFP2B. The s.ource of the pollen 
i n both the c l a s t i c and organic horizons i s not known i n 
d e t a i l but certain factors are apparent. I t may be suggested 
at t h i s stage that there are three major components; pollen 
from plants growing at the s i t e , airbornepollen, and water 
transported, redeposited pollen. I t i s d i f f i c u l t to 

distinguish between these i n the pollen sura. Local pollen 
i s l i k e l y to be more important i n the organic deposits 

due to the r e s t r i c t e d movement of water while the airborne 
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and water transported pollen may dominate i n the c l a s t i c 
horizon. The airborne pollen source i s evidenced by the 
distance decay e f f e c t , for example the differences of the 
Alnus and quercus percentages and concentrations between 
BFP1 and BFP2. Reworking by water may be suggested by the 
increased Pinus frequencies i n BFP2B due to i t s bouyancy. 
The source of the pollen r a i n and i t s path to the sampling 
s i t e i s an important consideration i n the development of the 
model considered i n part 6.7. 

Section 6.2.5 • Correlation of the Bourne Fen s i t e s 

The correlation of the 3 s i t e s , BF10, BFP1 and BFP2, 
reveals the problems of the d i f f e r e n t methods used for 
stratigraphic correlation and the need to d i f f e r e n t i a t e between 
l o c a l and regional environmental changes. 

Lithostratigraphic correlation of the sites i s simple 
because they a l l show an X4 type sequence; a c l a s t i c horizon, 
between two organic sequences, at similar a l t i t u d e s . 
However biostratigraphic and chronostratigraphic correlation 
i s more d i f f i c u l t , especially i n correlating BFP2 with the 

c k <~0 no logical 

other 2 s i t e s . The^validity of the l i t h o s t r a t i g r a p h i c 
c orrelation depends on the scale of the investigated area 
since facies which follow immediately i n time, or i n a 
p r o f i l e without a sedimentary hiatus, can only have formed 
side by side i n space. Therefore l i t h o s t r a t i g r a p h i c units 
w i l l only occasionally correlate with each other i n time. 
This i s the problem with Tooley's use of the term transgression 
(see part 1.2). Similarly the biostratigraphic units w i l l 
not correlate exactly i n time. The biostratigraphic units 
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are the LPAZst each i n i t i a l l y defined according to the 
s i g n i f i c a n t changes i n the pollen spectra for that diagram, 
and therefore not related to preconceived ideas of a general 
model. Furthermore the LPAZ boundaries do not reveal the 
same environmental changes for each s i t e . The environmental 
changes at each s i t e were a continuous process and the 
boundaries purely r e f l e c t a point of rapid change i n one, two 
or more dependent variables. The boundaries should not be 
expected t o , and indeed do not, always r e f l e c t equivalent 
environmental changes at each s i t e . The d e f i n i t i o n of the 
zones i s a r e f l e c t i o n of the r e l a t i v e position of the s i t e 
to the maxima of marine inundation, at that time, and the 
regional forest, thus being based on both regional and l o c a l 
changes. 

As sites pass along the ecological gradient the 
recorded environmental changes at one s i t e w i l l be recorded 
by an equivalent, but d i f f e r e n t , change at another s i t e . For 
example the change from coastal reedswamp to highest 
saltmarsh at BFP2 may be registered, at the same point i n 
time but at a d i f f e r e n t point on the ecological gradient, 
at BFP1 by a change i n the fen wood or fen carr towards 

14 
a sedge fen community. The l i m i t a t i o n s of C analyses 
preclude an accurate assessment of the rate of change f o r 
these ecological successions. 

Fig. 6.1 i s an attempt to relate the LPAZs f o r each 
s i t e , which were defined purely on w i t h i n - s i t e v a r i a t i o n s , 
to a common ecological succession, each then i d e n t i f i a b l e 
to a point i n r e l a t i v e time for a d i f f e r e n t point i n space. 



Middle Salt Marsh_ 
High Salt Marsh _ 
Highest Salt Marsh 

Coastal Reed Swamp 

Sedge Fen 

Fen Carr 

Fen Wood 

Acidic Fen Wood 

Raised Bog 

BFP1A 

BF10B 

Time •* 

Figure 6.1 : B i o s t r a t i g r a p h i c and c h r o n o s t r a t i g r a p h i c c o r r e l a t i o n 
6T the Bourne f e n s i t e s . The LPAZs f o r each s i t e are 
r e l a t e d t o a g e n e r a l i z e d e c o l o g i c a l succession and 
. r e l a t i v e time s c a l e . No reference i s made to the 
l2*C data. 
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i ii 

No reference i s made t o the l i m i t e d C data from Bourne 
Pen. Therefore LPAZ BPP2B i s b i o s t r a t i g r a p h i c a l l y c o r r e l a t e d 
w i t h the top of BFP1C yet may be c h r o n o s t r a t i g r a p h i c a l l y 
equivalent t o the end of BFP1A, a l l of BFP1B, BFP1C and 
the beginning of BFP1D. 

Therefore LPAZs appear to be best employed i n t h i s 
s i t u a t i o n f o r evaluating l o c a l environmental changes. These 
l o c a l changes can then be incorporated i n any model of 
proposed changes of re g i o n a l importance. Only when the 
l o c a l e f f e c t s have been i d e n t i f i e d can a comparison be made 
w i t h RPAZs and the chronozone system be used to v e r i f y 
ll4C date. 

Part 6.3 : Cowbit Wash 

Cowbit Wash was analysed i n less d e t a i l than Bourne 
Fen and at t h i s stage i t i s s u f f i c i e n t to analyse the extent 
and nature of the i n t e r c a l a t e d organic and inorganic deposits. 

Section 6 .3-1 i Regional s i g n i f i c a n c e 

Three periods of marine sedimentation and a surface 
inorganic deposit of freshwater o r i g i n were noted i n 
part 5 . 3 . The lowest marine layer was very t h i n , from 
- 5 . 9 0 t o - 5 . 8 7 m.OD., i n CW7 and was only recorded i n one 
other borehole, SP-2, by the I n s t i t u t e of Geological 
Sciences. However from Broadgate Farm Smith (1970) reported 
a grey s l i g h t l y s i l t y clay w i t h Hydrobi.a ulvae and H.ventrosa 
from - 5 . 9 7 t o - 7 . 5 2 m.OD, below a compressed peat and 
ov e r l y i n g a s h e l l y organic mud. This s i l t y clay could 
possibly be an eastward extension of the lowest c l a s t i c 
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horizon at CW7. 

Other borehole data from the Spalding-Cowbit Wash 
area allow f u r t h e r analysis ( f i g . 6.2). The records are 
from engineers' logs and were sometimes bulk disturbed 
samples and therefore the boundaries of the layers should 
perhaps be estimates, -25 cm, and t h i n a l t e r n a t i o n s of 
d i f f e r e n t sediment types should not be expected, c f . CW7. 

The s i t e s from Spalding which show 2 peat layers 
(WD7, 8, 9* 11 and 12) are between 3.2 and 4.4 km. from 
CW7 i n a general seaward d i r e c t i o n . The i n t e r c a l a t e d peat 
l a y e r , also recorded at NCI, may be equivalent t o the peat 
recorded at - 3 . 3 3 t o - 3*31 m.OD at CW7, but w i t h a l t i t u d e s 
ranging up t o -1 .75 m.OD ( t a b l e 5.10), i f there i s a sea­
ward slope of the deposits as recorded i n Bourne Fen 
(pa r t 5.2) due t o e i t h e r consolidation of the sediments or 
changes i n the a l t i t u d e o f the sedimentary environments 
through time, o f which a f a l l i n sea-level would be one 
f a c t o r . However an equally v a l i d argument can be made t h a t 
the i n t e r c a l a t e d peat layer at Spalding may be r e l a t e d t o the 
peat from -5.87 t o -5.14 m OD. at CW7. This problem cannot 
be resolved without f u r t h e r sampling, and w i t h r e l i a b l e 
c o ring equipment, i n the Spalding area where organic deposits 
have been recorded to C . - 8 . 5 m.OD. 

The peat layer a t WD10 appears anomalous but may be 
the equivalent t o the second i n t e r c a l a t e d peat from CW7 i f 
the lower peats at Spalding are co r r e l a t e d w i t h the lowest 
i n t e r c a l a t e d peat at CW7. 

The highest peat at CW7, also recorded at CW1 and 



i i i r i i > i i i i i i i t i i i i i i i i 

i E I 

1 
Q L i — i " i i i I i i i i I i i i i I i . i i i I 

2 ? • •? « ^ 

1 1 1 1 1 i r i r | i i 1 i | i i i i 

B H B t 

f • MHK06 

, . ,a°a° i 

M>3-**-**-i _ j _ J _ j _ i _ I _ J _ i . 
K w t f f y - t - i - i - « - i - I - I - i -s 

5 £3 

I W E M K W ™ .act 

I I I I 

[ 
' i ' ' i ' ' \ 1 1 1 ' 1 • I 

5 

Figure 6.2 : Borehole data from the Spaldinp - Cowbit Wash are 
extracted from engineers' logs. The s t r a t i g r a o h y 
i s generalised, showing peat (black shading), 
sand, s i l t / c l a y , s h e l l s and basal g r a v e l . 
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CW3, appears to correlate with those at 19D and NCI (fig.6.3) 
and also NC2 (Smith 1970). 

Broad conclusions may be made r e l a t i n g to the nature 
of the inorganic horizons at Spalding and Cowbit Wash. Those 
at Spalding al»e generally coarser than at CW7, being either 
sand or sandy s i l t s , apart from the group between WD7 and 
WD12 along the eastern side ( f i g . 6.3). The coarser sed­
iments coincide with the boreholes showing no intercalated 
peat (WD1, WD5), no basal peat (WD2, 50, 49, 37C, 41, WD4, 
WD3, WD6, WD13» WD14, WD15, WD16, 45) and the deeper sequences 
to a gravel layer taken as the base of the Plandrian sequence 
(especially 37C and 41). These coarser and deeper sediments 
appear to represent an early channel or estuary of what i s 
now the embanked River Welland. A detailed survey of the 
Spalding area i s necessary to trace the extent of the coarse 
and fine sequences and t h e i r relationship to the transgressive 
and regressive overlaps. 

Section 6.3.2 : Inferred palaeoenvironments 

Diatom analyses from CW7 have shown t h a t there were 
3 periods of marine sedimentation at t h a t s i t e . Such data 
are not ava i l a b l e f o r any of the Spalding boreholes except 
f o r NCI and from the s i t e of Romano-British f i n d s close t o 
NCI where Smith (1970) reports the r e s u l t s of foraminifera 
a n a l y s i s . Sample D was from d i r e c t l y below the Romano-
B r i t i s h f i n d s a t approximately the same a l t i t u d e as the 
highest peat at NCI. Sample A was from the surface s i l t s 
above the same peat bed while B came from the middle of the 
c l a s t i c layer between the two peats i n NCI and sample C was 
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from below the lower peat. Sample A waB of c l e a r l y e s t -
uarine aspect, w i t h a str o n g l y marked marine element, w i t h 
numerous species i n t o l e r e n t o f admixed fresh water. Samples 
B, C, and D are of more brackish water h a b i t a t s , showing much 
lower numbers of species (no more than 20, c f . 50 f o r 
sample A). Sample D appeared t o have s l i g h t l y b e t t e r access 
to the sea than the r e s t r i c t e d brackish water h a b i t a t s of 
B and C (Smith 1970). 

The r e s u l t s o f the f o r a m i n i f e r a analysis provide 
i n t e r e s t i n g comparison w i t h the diatoms of CW7 ( p a r t 5*3)• 
The c o r r e l a t i o n of the layers below the highest peat at 
NCI and CW7 i s enhanced by the m i c r o f o s s i l a n a l y s i s . The 
diatom samples revealed a low energy brackish/marine 
environment w i t h some v a r i a t i o n i n aspect t o open or est-
uarine waters and therefore some mixing w i t h fresher water. 
This i s i n good agreement w i t h the f o r a m i n i f e r a l analyses. 
However the diatom analysis of the sandy s i l t above the 
highest peat at CW7 revealed a freshwater environment q u i t e 
d i f f e r e n t t o the estuarine surface s i l t s at NCI. The age of 
the surface s i l t s at CW7 are not known but may be very recent, 
deposited during the f l o o d i n g of the Welland washlands 
during periods o f high r i v e r discharge. 

The organic layers at CW7 were analysed f o r t h e i r 
p o l l e n content ( f i g s . 5.23 to 5.26) to corroborate the 
14 
C data and t o reveal any unconformities i n the changes 

from s e m i - t e r r e s t r i a l to c l a s t i c sedimentation. 
I t was noted i n pa r t 5.3 t h a t the oldest organic 

deposit at CW7 accumulated i n p o l l e n Zone V i l a , c.7000-5000 BP. 
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N o u l r o u s decline could be defined apart from an o v e r a l l 
decline from CW7B t o CW7D. An age of C.5000BP might be 
expected f o r l a t e CW7C or CW7D. 

The Alnus and Quereus curves i n LPAZs CW7A t o CW7C 
closely f o l l o w Godwin's model f o r a r i s e and f a l l of water 
t a b l e ; Quereus, along w i t h other t r e e types, r i s e s immed­
i a t e l y p r i o r t o c l a s t i c sedimentation as Alnus frequencies 
f a l l , w i t h a re v e r s a l of trends at the regressive overlap. 
The Gramineae, Cyperaceae, and Typha a n g u s t i f o l i a curves 
show the expected trends while the f l u c t u a t i n g Chenopodiaceae 
curve reveals close proximity t o a coastal environment through 
the time i n t e r v a l of these LPAZs. An uninterrupted t r a n s -
gressive and regressive cycle i s evident. 

The humified wood peat from 860-900 cm. contains 
no p o l l e n , apart from some P i l i c a l e s , but t h i s also f i t s i n 
w i t h Godwins model f o r the development of r e l a t i v e l y d r i e r 
fen oak woods. Therefore there i s good evidence of a f a l l 
i n watertable p r i o r t o the r i s e subsequent t o the next 
transgression sediments* 

The trimsgressive contact t o the second c l a s t i c l a y e r 
i s t r a n s i t i o n a l w i t h no unconformity. Alnus i s replaced by 
Quereus, S a l i x f a l l s , Gramineae and Chenopodiaceae r i s e and 
Typha a n g u s t i f o l i a and the other aquatics decrease. 

The t h i r d organic l a y e r i s very poorly represented 
at CW7 but i s recorded i n other boreholes ( t a b l e 5.10) and 
dated a t Sp-1 by the I n s t i t u t e of Geological Sciences 
( t a b l e 3.1). A short i n t e r r u p t i o n of c l a s t i c sedimentation 
at the s a l t marsh-freshwater fen t r a n s i t i o n i s represented 



-188-

by the p o l l e n analyses at CW7. 

The t r a n s i t i o n to the highest organic layer appears 
gradual i n the s t r a t i g r a p h y and t h i s i s confirmed by p o l l e n 
analysis. Tree p o l l e n are v i r t u a l l y absent, w i t h the p o l l e n 
spectra dominated by freshwater fen p o l l e n types, w i t h 
Chenopodiaceae at the lower boundary. 

Therefore p o l l e n and s t r a t i g r a p h i c analyses confirm 
t h a t a l l of the transgressive and regressive overlaps a t CW7 
are t r a n s i t i o n a l . The s t r a t i g r a p h i c boundary to the surface 
s i l t s was sharper and since they were shown to be o f freshwater 
o r i g i n t h i s i s the only contact unsuitable f o r dating as a 
sea-level index p o i n t . P a r t i c l e - s i z e analyses ( t a b l e 5.9) 
revealed a dominance of clay and s i l t size p a r t i c l e s i n d i c a t i n g 
a low energy de p o s i t i o n a l environment and the models o f both 
Godwin and Tooley can be used t o explain the p o l l e n and 
s t r a t i g r a p h i c changes i d e n t i f i e d i n CW7. Whereas l o c a l 
environmental changes have been compared between Cowbit 
Wash and Bourne Fen, by reference t o the models described i n 
p a r t 6.1, no l i t h o s t r a t i g r a p h i c or chronostratigraphic 
c o r r e l a t i o n has been attempted due to the lack of borehole 
evidence i n the area between the s i t e s and the absence o f 
l!*C data from CW7. 

Part 6.4 : Adventurers' Land 

Section 6.4.1 : Regional s i g n i f i c a n c e 

The extent o f the i n t e r c a l a t e d peats and clays 
recorded at Adventurers 1 Land was discussed b r i e f l y i n 
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p a r t 5.4. The 2 new boreholes, AL2 and AL4, can be compared 
t o 3 sections reported by Godwin and C l i f f o r d (1938). 

F i r s t l y a 15 km. west t o east section along the River 
Nene from the Dog-in-a-Doublet Sluice t o Guyhirn railway 
bridge and continued t o Pear Tree H i l l (Godwin and C l i f f o r d 
1938, fig.27) revealed a th i c k e n i n g Flandtian sequence towards 
Guyhirn w i t h up t o 5 peat l a y e r s . Only 10 borehole records 
were used i n t h i s section but there i s remarkable agreement 
w i t h AL2 and AL4 ( f i g . 5.27) i n the Cross Guns Public 
House-B and Bankhouse Farm-G area. The organic layer at 
c.-4 m.OD i s not present at Guyhirn Bridge while the peat 
layers below t h a t l e v e l at Adventurers 1 Land are recorded 
at lower l e v e l s , down t o C.-10.5 m.OD. The c o r r e l a t i o n of 
these peat layers must remain r e l a t i v e l y uncertain u n t i l more 
d e t a i l e d sampling i s possible. 

A second section from the Pigwater at Yaxley, and along 
the Twenty Foot River t o Guyhirn Railway Bridge and then t o 
Wisbech Bridge (Godwin and C l i f f o r d 1938 f i g s . 21 & 26) 
revealed a less complex sedimentation sequence. From the 
south-west and along the Twenty Foot River t o Guyhirn only 
one c l a s t i c layer was recorded (an X4 sequence). The lowest 
i n t e r c a l a t i o n s of c l a s t i c sediments i n the Y2/Y4 sequences 
of Adventurers 1 Land have been excluded from the area running 
south-west from Guyhirn towards Whittlesey Mere, between 
the " i s l a n d s " o f Whittlesey t o the north and March and Ramsey 
to the south (Godwin & C l i f f o r d 1938 f i g s . 21 & 22). 

The deepened v a l l e y form containing the Flandrian 
deposits below -4 m.OD i n Adventurers* Land i s confirmed by 
the t h i r d section from Bankhouse Farm-G t o the Old River 
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Nene 3 km. west of Guyhirn (Godwin and C l i f f o r d 1938 f i g . 30). 
The base of the Plandrian sequence f a l l s r a p i d l y from 
-4 .5 m.OD j u s t north of the Twenty Foot River t o -6m.0D at 
Moreton's Leara t o - 8 . 3 m.OD at Bankhouse Farra-G ( f i g . 5.27). 

Further evidence from Adventurers 1 Land from borehole 
records from Monk & Co.Ltd. show t h a t the v a l l e y r i s e s 
northwards t o w i t h i n 2.3 m. of the ground surface i n £. 1.2 km. 
( f i g . 5.27). Therefore w i t h the evidence presently a v a i l a b l e 
the Flandrian sequence below -4.0 m.OD at Adventurers' Land i s 
confined t o a WSW-ENE running v a l l e y deepening towards Guyhirn. 
The continuation of the v a l l e y towards Wisbech where the 
Flandrian sequence extends t o -17 m.OD i s not clear since v a l l e y 
forms have only been suggested i n a section and not w i t h a g r i d 
sampling survey. 

Therefore although l i m i t e d i n area the deeper Flandrian 
sequence at Adventurers' Land may be p a r t i c u l a r l y favourable f o r 
recording the e a r l i e r sea-level movements. The r e l a t i o n s h i p of 
the deposits t o a marine environment therefore must be assessed. 

Section 6.4.2 : I n f e r r e d palaeoenvironments 

Only the two lowest recorded c l a s t i c l a y e r s , Gl and 
G2, have been analysed f o r t h e i r diatom content (Part 5.4). 
Gl showed a change from a spectrum dominated by e p i p h y t i c 
fresh-brackish forms t o a benthonic brackish community 
dominated by the form Campylodiscus echeneis. The basal 
10 cm. of G2, no other samples being analysed, showed no 
conclusive s a l i n i t y change, only a s l i g h t increase i n 
marine forms compared t o brackish forms. Freshwater types 
were generally absent. 
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Since no diatoms were present i n the organic layers 
p o l l e n analysis and s t r a t i g r a p h i c analysis must be used t o 
i d e n t i f y the nature o f change at the sedimentary boundaries. 

At AL-2 the Quereus and Alnus curves show very l i t t l e 
change, Ulmus values are above 10% except at 840 cm, and 
cannot be used i n the same way as at Bourne Fen t o i d e n t i f y 
changes i n water l e v e l . The onset o f the transgression 01 
i s only evidenced by a f a l l i n g aquatics curve and j u s t one 
Chenopodiaceae and two Plantago maritima p o l l e n grains. 
There i s a trace of sand i n both the subjacent dark brown 
g y t t j a and i n the clayey s i l t ( 0 1 ) , and the boundary between 
the two layers i s recorded as l i m . l . The regression overlap 
to the o v e r l y i n g dark brown g y t t j a shows a receding marine 
i n f l u e n c e ; f a l l i n g Chenopodiaceae and Class 4 herb curves, 
w i t h an i n s i g n i f i c a n t r i s e and then f a l l o f aquatics 1 p o l l e n . 
Therefore while the evidence f o r the gradual removal o f 
marine c o n i i t i o n s , or s p e c i f i c a l l y brackish as shown by 
the diatom analyses, appears conclusive the nature o f the 
transgression overlap i s more problematic. The diatoms i n 
the lowest l e v e l show a more fresh-brackish spectrum than 
any other analysed, i n c l u d i n g those from Bourne Fen, Cowbit 
Wash and Frei s t o n Marsh, there i s some sand i n both the 
organic and c l a s t i c deposits adjacent to the boundary, and 
the p o l l e n i n d i c a t o r s o f s a l t marsh communities are poor. 
Therefore the transgressive contact t o Gl i s the l e a s t 
r e l i a b l e sea-level index p o i n t evaluated so f a r i n t h i s 
chapter. There appears t o have been s l i g h t erosion o f the 
transgressive contact i n a s l i g h t l y higher energy, f r e s h -
brackish environment. Further analysis o f t h i s c l a s t i c 
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layer which has been recorded at lower a l t i t u d e s (Godwin and 
C l i f f o r d 1938) would be desirable. 

The transgressive contact to G2 i a represented by 
Chenopodiaceae at 8,4? (AP + herbs) although the aquatics and 
Class 2 herbs show a s i m i l a r r i s e from the previous l e v e l . 
This may be a r e s u l t o f q u i t e r a p i d , but t r a n s i t i o n a l , 
changes from the period covered by AL2C, which i n d i c a t e d 
a drying out o f the fen and possible break i n peat accum­
u l a t i o n . This was i n t e r p r e t e d from the absence of aquatic 
and Class 2 herbs i n AL2C, changes i n p o l l e n concentration, 
the dominance of F i l i c a l e s spores and abundance of corroded 
p o l l e n i n agreement w i t h Godwin's model. The age d i f f e r e n c e 
between the top and bottom of the peat layer was 558O - 70 

t o 6275 * 125BP and corroborates the i n t e r p r e t a t i o n of e i t h e r 
very slow peat accumulation or a break i n peat accumulation. 
The very sandy nature of the pre-Flandrian deposits at t h i s 
s i t e may have made i t p a r t i c u l a r l y s u i t a b l e f o r recording 
f l u c t u a t i o n s i n the water t a b l e , possibly equivalent t o the 
donken s i t e s described as favourable locations f o r sea-level 
index points by Jelgersma (1961) and van de Plassche (1979) . 

The close proximity of these sandy deposits may also account 
f o r the presence o f sand at the transgressive overlap of Gl 
and the fresh-brackish diatom spectrum may have been the 
r e s u l t of enriched fresh water seepage through the sand. 
Such an e f f e c t would only be possible before peat accumulation 
became too t h i c k t o reduce the seepage of fresh water. 

The peat layer between Gl and G2 at AL2 i s c o r r e l a t e d 
w i t h the basal peat at AL4. Pollen analysis of the basal 
peat at AL4 does not i n d i c a t e whether i t developed 
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synchronously w i t h only the upper peat revealed i n AL2 
or w i t h the c l a s t i c sediment Gl and the basal peat as w e l l . 
Noticeably there i s no equivalent p o l l e n zone t o AL2C. The 
sample from 8l8 cm., 1 cm. below a q u i t e sharp boundary 
( l l m . 2) t o the ove r l y i n g s i l t y c l a y , contains only 2 
Chenopodiaceae (0.5* AP • herbs) and 2 Spergula-type grains 
as i n d i c a t o r s of approaching marine conditions. Gramineae 
p o l l e n have decreased, Cyperaceae have increased and aquatics 
are consistent. Comparison w i t h Bourne Pen would suggest 
t h a t the sequence t o s a l t marsh conditions i s not complete, 
w i t h an expected f a l l i n Cyperaceae and aquatics and a r i s e 
i n Gramineae t o f o l l o w , and therefore s l i g h t erosion of t h i s 
contact may have occurred. This conclusion i s supported by 
the b a l l s of reworked peat, w i t h s h e l l s and s h e l l fragments, 
i n the lowest 20 cm. of the c l a s t i c layer G2 at AL4. 

This transgression came t o an end at AL4 at -6,96 m.OD 
w i t h a compressed monocot. g y t t j a w i t h Phragmites, some i n ­
organic f r a c t i o n and s h e l l fragments. The proximity t o the 
s a l t marsh-fresh water fen t r a n s i t i o n i s evidenced by the 
Chenopodiaceae, Gramineae and aquatics record. With s i m i l a r 
estimates t o the basal peat i n AL4 the Ulmus curve i s up t o 
1956 AP i n d i c a t i n g a Zone V i l a age t o both peat horizons. 
No sedimentary hiatus or erosion on the transgression over­
lap i s apparent. 

The t h i r d peat layer at AL4 at -4.32 t o -4.06 m.OD 
(464-438 cm.) i s c o r r e l a t e d w i t h an i n t e r c a l a t e d peat la y e r 
at a s i m i l a r a l t i t u d e at Bankhouse Farm-G. This i s f u r t h e r 
c o r r e l a t e d by Godwin and C l i f f o r d (1938) t o an«ntercalated 
peat at Cross Guns Public House-B and the basal peat i n the 
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Woodwalton-Quyhirn and Yaxley-Wisbech sections. Even though 
i t was not possible t o count the sample from 462 cm. the 
change from inorganic sedimentation, sample 466 cm., 
t o organic sedimentation, sampled at 458 cm., revealed a 
change i n the p o l l e n spectra w i t h i n LPAZ AL4C. Separated 
from AL4D s o l e l y on the great d i f f e r e n c e i n the Coryloid 
curve A L 4c represents the replacement of s a l t marsh 
sedimentation by freshwater f e n , indicated by a decline 
i n the Chenopodiaceae curve and a r i s e i n the aquatics 
curve, t o t a l l y Typha a n g u s t i f o l i a - t y p e , and Class 2 h e r b s , 
mainly Rubiaceae . AL4D represents a r e v e r s a l towards a 
s a l t marsh environment w i t h high Chenopodiaceae but s t i l l 
very high aquatics. The r a t h e r constant t r e e curves, apart 
from the absence of Alnus at 466 cm., and the large changes 
of the herbs and aquatics percentages and concentrations 
suggest l o c a l i s e d changes close t o the saltmarsh-freshwater 
fen t r a n s i t i o n . 

The absence of Ulmus p o l l e n indicates a post - 5 0 0 0 BP 
14 

age f o r t h i s peat l a y e r . This i s borne out by the two C 
assays, 4500 - 50 BP (SRR 1589) f o r the regressive contact, 
and 4180 - 75 BP (SRR 1589) f o r the transgressive contact. 
The l a t t e r contact i s represented by a mixed layer of flames 
of peat and clay. S l i g h t erosion i s suggested but the 
pro x i m i t y t o a s a l t marsh environment i s evidenced by the p o l l e n 
spectra. However i t i s not possible t o say, using a v a i l a b l e 
data, i f there was a time lapse p r i o r t o c l a s t i c sedimentation. 

The base of the highest organic l a y e r , - 0 . 73 t o 
-O.56 m.OD, revealed a f a l l i n Chenopodiaceae, high aquatic 
values, very low tree p o l l e n frequencies and the occurrence 
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of herbs of disturbed h a b i t a t s : Senecio-type, Taraxacum-type, 
Umbelliferae, and Plantago lanceolata. This f i n a l regression 

14 

overlap at AL4 seems t r a n s i t i o n a l and y i e l d e d a C age of 
1845 - 50 BP (SRR 1588) . 

I t has been seen t h a t models r e l a t i n g 
changes i n the p o l l e n spectra t o water l e v e l changes are 
applicable t o basal peats, i n t e r c a l a t e d peats, and surface 
peats. Changes i n the arboreal types may r e f l e c t water 
l e v e l changes during the t o t a l l y freshwater stages while 
non-arboreal p o l l e n changes are p a r t i c u l a r l y good i n d i c a t o r s 
of the change t o saltmarsh conditions and vice-versa. 
Therefore the models of Godwin, Tooley, and Kidson and Heyworth 
are combined i n pa r t 6.7. 

Part 6.5 : Estimation of the a l t i t u d e , age, and 
meaning of transgressive and regressive 

overlaps. 

A sea-level index p o i n t on a time/depth diagram i s 
dependent on the assessment of the f o l l o w i n g c r i t e r i a , each 
discussed i n a separate section : 

Section 6 .5 .1 : measurement of the present a l t i t u d e . 
Section 6 .5 .2 : estimate of the o r i g i n a l a l t i t u d e . 
Section 6 .5 .3 : I n d i c a t i v e meaning of the sample. 
Section 6 .5 .4 : age of the sample. 

Section 6 .5 .1 : Measurement of the present a l t i t u d e 

Errors may a r i s e at three stages of measurement ing 
the measurement of depth, e.g. i n a borehole, during l e v e l l i n g 
of the s i t e t o an Ordnance Survey benchmark, and f i n a l l y 
w i t h the assessment of the benchmark's accuracy t o OD Newlyn. 
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The measurement of depth w i l l vary g r e a t l y depending 
on the s i t u a t i o n of the sample, e.g. f r e e face exposure or a 
vibrocore sample from the offshore zone. I n the present 
study c a r e f u l f i e l d w o r k should allow an accuracy of -1 cm. 
f o r hand coring equipment. This however assumes t h a t the 
borer was exactly perpendicular t o the zero plane of the 
country. This assumption may not be v a l i d and the r e a l depth 
may be given by D .Cos* where Dm i s the measured depth and 
* the mean angle between the borer and the v e r t i c a l plane. 
The e r r o r i s therefore depth dependent and u n i d i r e c t i o n a l , 
equal t o c.0.4 cm/m. where i » 5° and 1.5 cra/m where * = 10°, 
the r e a l depth always being less than the measured depth. 

This only applies t o hand coring techniques. For 
commercial boreholes while the core i s more l i k e l y t o be 
v e r t i c a l the measurement of depth i s much less r e l i a b l e . 
Observation of techniques i n the f i e l d suggest a rough 
estimate of -5 cm. f o r undisturbed U-4 techniques and perhaps 
- 25 cm. f o r disturbed bulk samples. 

Further depth measurement e r r o r i s equipment-dependent. 
Piston corers may reveal some compaction of sediment on 
extrus i o n and less than 1005 sample r e t r i e v a l . Estimates of 
these equipment-sample errors can always be made. The e r r o r 
i s u n i d i r e c t i o n a l i f the sample i s extruded from the same end 
of the chamber through which i t was sampled; the measured 
depth always being greater than the r e a l depth. W i t h i n the 
present research only one metre-unit of sediment was a f f e c t e d 
by such e r r o r , but t h i s u n i t was t o t a l l y organic and t h e r e ­
fore none of the transgressive/regressive overlaps i s a f f e c t e d . 
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Such problems do not occur w i t h the Russian-type 
sampler, however the poor q u a l i t y of samples from the 
Duits-gouge sampler has already been noted i n p a r t 5.3. 
The depth e r r o r i s estimated as up t o +20 cm. f o r the Cowbit 
Wash sequence, i . e . i t i s u n i d i r e c t i o n a l , but i t i s 
sediment-dependent and l i m i t e d t o w i t h i n — 1 m. sample-
lengths. I t was noted t h a t the Duits-gouge sampler was i n 
good agreement w i t h the Russian sampler i n the predominantly 
organic sequences i n Bourne Fen. Furthermore the Duits-
gouge sampler has not been used t o provide samples f o r 

C-datmg. 

Within the present study the l e v e l l i n g of the s i t e 
t o a benchmark was given an accuracy of - 2 cm. i n p a r t 4.2 
f o r the longest transect. However f o r Adventurers* Land 
the benchmark was so close t h a t no l e v e l l i n g e r r o r need 
be considered. 

The importance of the f i n a l e r r o r i n the measurement 
of the present a l t i t u d e of the sample i s scale-dependent. 
This e r r o r i s the assumed accuracy of the Ordnance Survey 
benchmark. Since the accuracy of l e v e l l i n g i s dependent 
on the length of the survey l i n e from Newlyn, and varies 
f o r the order of benchmark and l e v e l l i n g ( A l l a n et a l . 1975), 
i t can be assumed t h a t w i t h i n 0.5 km. benchmarks are accurate 
to -0.01 m. r e l a t i v e t o each other but f o r i n t e r - r e g i o n a l 
comparison more e r r o r i s involved. This i s estimated 
at -0.15 m. f o r England and Wales and -0.20 m. f o r Scotland 
r e l a t i v e t o O.D. Newlyn (Eady 1976). 

Furthermore the accuracy of the measured a l t i t u d e 
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of a stratigraphic boundary i s dependent on the sampling 
density, i . e . the number of boreholes. Any strat i g r a p h i c 
boundary can be viewed as a t e r r a i n surface and therefore 
to get an accurate assessment of the surface the sampling 
density must be matched with the lo c a l t e r r a i n roughness 
(Makarovic 1973). The analysis of the stratigraphic 
boundaries i n Bourne Pen, part 5.2., gives an in d i c a t i o n of 
the land t e r r a i n roughness, i . e . the undulations of s t r a t ­
igraphic boundaries over short distances. 

I t was argued that the mean and standard deviation of 
the a l t i t u d e of transgressive and regressive contacts should 
not be used to describe such sedimentary boundaries 
( c f . Tooley 1978a). The data for Bourne Pen, table 5.2 
show quite d i f f e r e n t values dependent on the data set, 

( i . e . scale) used, and a line a r regression solution showed that 
the a l t i t u d e of the boundaries were highly correlated with 
distance f o r a section c.2 km. i n length. The use of the 
mean and standard deviation can also be rejected on hypoth­
e t i c a l grounds since the basic assumption i s of a horizontal 
surface, therefore precluding the well-documented tapering 
of marine sediments landwards and semi-te r r e s t r i a l sediments 
seawards. However the mean and standard deviation are 
useful to describe the a l t i t u d e of a contact where i t i s 
assumed horizontal. 

The a l t i t u d i n a l range for the transgressive contact 
was measured as 13 cm. i n BFP1 and 11 cm. i n BPP2, and 
the regressive contact as 8 cm. and 13 cm. respectively, 
while the standard deviation ( 8-) fo r T and R for subset 1, 
table 5#2, was -0.15 and -0.14 m. Furthermore a regional 
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slope to the east was indicated by the linear regression 
solutions yet the BFP1 and BFP2 sections both show a slope 
w i t h i n the p i t s to the west. These indicate the t e r r a i n 
roughness, which may be related to a l o c a l dendritic pattern 
on the former marsh superimposed on a regional slope. 

Therefore the accuracy of each borehole as an estimate 
of the contact's a l t i t u d e i s proportional to the sampling 
density. I f a single borehole was to represent an area the 
size of one of the p i t s the error, t o t a l range, would be 
c. -6 cm.f while a single borehole assumed to represent the 
area 180 x 30 m. the standard deviation ( 6* ) given by 13 
estimates was up to ±14 cm. This gives 95? confidence l i m i t s 
of c. -0.30 m. These assume a horizontal surface f o r the 
area covered. 

The estimated errors a f f e c t i n g the measured a l t i t u d e 
of stratigraphic boundaries are shown i n table 6.1. 

Table 6.1 : Errors a f f e c t i n g the measured a l t i t u d e of 
stratigraphic boundaries (present study) 

i d e n t i f i c a t i o n of boundary ±0.01 m. 
measurement of depth - handcoring -0.01 m. 

w " commercial U4 -0.05 m. 
w " commercial 

disturbed ±0.25 m. 
compaction & extrusion of piston cores -0.06 m. 
Duits gouge (not f o r C samples) -0.20 m. 
angle of borehole up to +0.04 m. 
l e v e l l i n g to nearest benchmark up to ±0.02 m. 
accuracy of benchmark to OD ±0.15 m. 
sampling density - p i t size c. ±0.06 m. 

" " 180 x 30 m. c. ±0.14 m. 
l i m i t s = ±0.30 m. 
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Section 6.5.2 : Estimate of the o r i g i n a l a l t i t u d e 

The majority of the materials dated i n the Fenland 
for use as sea-level index points are not presently at the 
a l t i t u d e at which they were deposited : consolidation of 
the underlying peats, clays and s i l t s i s an important factor. 
There appears no satisfactory method of allowing f o r con­
solid a t i o n even though van de Plassche and Preuss state 
e x p l i c i t l y (1978 p.3) 

"Relative sea-level curves based upon index points 
that have been subject to compaction f o r which no 
r e l i a b l e correction can be applied, are of very 
l i t t l e use to the Sea-Level Project". 

However t h i s c r i t e r i o n may lead to a bias of the data base 
subject to the theoretical observation that dates from 
peats on the unconsolidated pre-Flandrian sands and gravels 
are the most suitable material f o r sea-level index points. 

Two methods of allowing f o r consolidation of sed­
iments have been employed i n sea-level studies. Either 
to use dated samples not subject to consolidation (e.g. 
Jelgersma 1961, 1979» van de Plassche 1979) or to compute 
a correction factor (Kidson and Heyworth 1973). 

The assumptions behind the dating of peats r e s t i n g 
on pre-Flandrian sands have been more s t r i c t l y adhered to 
since Jelgersma's early statements (Jelgersma 1961), and 
the term basis peat has been suggested where careful study 
of the stratigraphy, the regional slope and nature of the 
pre-Flandrian sediments, and pollen analysis of the peat 
has revealed those samples which r e f l e c t the general r i s e 
of the watertable and therefore sea-level (van de 
Plassche 1977). 
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However the fundamental argument against using solely 
the basis peat i s that the relationship of peat growth 
to sea-level may not t h e o r e t i c a l l y allow for f a l l s i n sea-
l e v e l . Indeed Jelgersma (1979 p.243) states that 

"only the points located i n the lowest places f o r 
a given age represent a ground-water table that 
coincide with sea-level. I n t h i s way a smooth 
curve i s obtained. A l l aberrations must be 
considered as errors and not as fluctuations of 
sea-level." 

This i s quite i r r a t i o n a l . I t would mean that the indicative 
meaning (see section 6 .5.3) of a sample and i t s r e l i a b i l i t y 
i s age-dependent and furthermore^ ignores stratigraphic 
changes• 

A better approach i s that adopted by van de Plassche 
(1979) who uses a close and regular sampling i n t e r v a l to 
reveal any variations i n the speed of the lo c a l water l e v e l 
r i s e . Even so, existing fen vegetation and peat w i l l act 
as a reservoir and only when a f a l l i n water-table i s suf­
f i c i e n t to overcome t h i s l o c a l effect w i l l peat growth 

14 

cease. Therefore i f the analysis of many C dates (van de 
Plassche 1979) does reveal periods of reduced peat growth 
then an important water-level f l u c t u a t i o n i s probably 
recorded. However the complex relationship between l o c a l 
and regional water-tables, r i v e r discharge, and sea-level, 
especially with a coastline that shows great horizontal 
movements, means a possible change i n the indicative meaning 
of basis peat samples as indicated by Godwin (1940a). When 
detailed analysis of basis peats i s completed (van de 
Plassche 1979) i t w i l l be most interesting t o compare the 
periods of most rapid and reduced peat growth t o the timing 
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of the deposition of c l a s t i c sediments. For the present, 
however, the dating of basis peats i s believed to produce a 
biased sample. 

The second method used to allow for consolidation i s 
to compute a correction factor for each sample. Kidson and 
Heyworth (1973 p.578) state 

"The precision with which the effects of compaction 
can be estimated varies with the type of sediment. 
The behaviour of clays under applied overburden 
pressures i s f a i r l y well understood. Peats, 
however, are of such varied types and undergo such 
complicated changes during humification, that 
figures can only be approximate. The height of 
each dated peat before compaction has been 
calculated, following the method of Skempton (1970)." 

However the discussion of the o r i g i n a l paper (Skempton 1970 

p.410) clearly states that 

"clays with a high carbonate or organic content had 
been excluded from the paper as the rather 
fragmentary information on such sediments suggested 
that they behaved i n a manner quantitatively 
d i f f e r e n t from the commonly occurring inorganic 
clays." 

The former i s exactly the type of sequence to which Kidson 
and Heyworth applied the correction factors. Furthermore 
they showed no actual examples of how they calculated the 
correction factor nor how they dealt with the consolidation 
of peat layers. Even though they said that the results must 
be approximate no indication of an error margin was given. 
U n t i l f urther empirical studies are carried out such correction 
factors should not be applied. 

A d i f f e r e n t approach which may prove useful when more 
data are available i s the mu l t i v a r i a t e analysis of data sets 
similar to the Bourne Fen data for which exploratory s t a t ­
i s t i c a l analyses were carried out i n part 5.2. 
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I t was acknowledged that s u f f i c i e n t data were not 
available to draw any f i r m conclusions but certain r e l a t i o n ­
ships were apparent. The seaward slopes, 0.45 m/km. for 
the regressive contact and 0.87m/km. f o r the transgressive 
contact, were calculated from a non-random data set and 
other relationships could be investigated with f u r t h e r 
analysis. For example, the changes i n the a l t i t u d e of the 
pre-Plandrian surface i n the region of 27a-Pl ( f i g s . 5.6 
and 5.7) i s much greater than f o r T and R while the slopes 
of T,B and R with distance, table 5 .3, f o r set 1 are a l l 
greater than for sets 2 and 3• The difference i s greatest 
fo r B but the difference f o r T and R may be an eff e c t of 
consolidation. However a figure such as 90%, the maximum 
value suggested by Jelgersma (1961) i s not l i k e l y . 
Furthermore f i g . 5.7 shows an increase i n the a l t i t u d e of 
the pre-Flandrian surface between 1400 and 2000 m. from 
BF16. The slope of the transgressive and regressive 
oontacts for the 3 points given does not r e f l e c t the c . l m. 
change i n B. The further development of t h i s type of 
inquiry i s awaited. 

Consolidation remains a problem i n the estimation 
of the accuracy of sea-level indicators. No satisfactory 
method of correction i s available. Multivariate analysis 
of large data sets i s suggested, f o r problems of scale can 
then be analysed by subdivision i n t o smaller data sets. 
Regional slopes, i n three dimensions by trendsurface analysis, 
can be calculated f o r the various surfaces and residuals 
p l o t t e d . I t might then be hypothesized that positive 
residuals i n the pre-Flandrian surface should correlate 
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with positive residuals i n the transgressive and regressive 
contacts i f consolidation i s an important consideration. 
This type of analysis has the advantage over li n e a r regr­
ession, since i t was assumed f o r Bourne Pen that the l i n e 
of the section followed the regional seaward drainage 
pattern whereas a dendritic palaeodraina^e pattern i s more 
l i k e l y . 

Overall i t i s clear that larger data sets should be 
encouraged to be used rather than the detailed analysis of 
special boreholes which i s the s i t u a t i o n that predominates 
at the moment. I t would be very interesting to apply the 
correction factors as outlined by Kidson and Heyworth (1973) 
to a large data set to see whole stratigraphic sections 
p r i o r to consolidation are represented ( c f . Godwin and Vishnu-
Mittre 1975 f i g . 22). Large data sets could then be used i n 
the development of computer simulation models of sequence 
development i n an attempt to overcome the apparent impasse 
concerning the problem of consolidation. 

Finally the consideration of the time factor must be 
included i n the assessment of consolidation. To ley (1978a) 
has noted, from a paper by MacFarlane, that the primary 
consolidation of the peat, which can account f o r 50% of t o t a l 
consolidation, occurs extremely rapidly when a load i s applied. 
Therefore a uniform correction f a c t o r cannot be applied 
proportionally through a single core f o r separate transgressive 
and regressive overlaps since the lowest sediments i n the 
core w i l l have completed much more of t h e i r t o t a l consolidation. 
The effects of consolidation of peat by the overburden of a 
f u r t h e r 1 m. of overlying peat i s not known. Is there 
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s u f f i c i e n t time for primary consolidation to be completed? 
Similarly i s the overburden of the sediment and waterbody 
during c l a s t i c sedimentation s u f f i c i e n t to account f o r 
primary consolidation or even part of secondary consolid­
ation? A further consideration i s the effect of the removal 
of overburden,causing the occurrence of over-consolidated 
layers such as those recorded by Greensmith and Tucker 
(1973) i n the outer Thames estuary. 

Therefore f o r a more accurate assessment of consol-
id a t i o n i t i s suggested that many C data from a small area 
would be necessary to consider the effect of time so that the 
rate of peat growth, v e r t i c a l l y at d i f f e r e n t s i t e s , could be 
compared with the i n i t i a t i o n of peat growth up a sloping 
pre-Flandrian surface, and the a l t i t u d e and extent of 
transgressive and regressive overlaps. These considerations 
are included i n the development of a model i n part 6.7. 

For the present study no empirical consolidation 
correction factors have been applied since no r e l i a b l e method 
for t h e i r calculation i s available. 

Section 6.5.3 : Indicative meaning 

The indicative meaning of a dated sample i s the 
relationship of the environment i n which i t accumulated to a 
reference t i d e - l e v e l (van de Plassche 1977). Since sea-level 
curves are seldom produced from a single type of dated 
material, and to allow f o r comparison between d i f f e r e n t 
areas, each sample i s related to a reference t i d e - l e v e l . This 
t i d e - l e v e l may not be constant and therefore the i n t e r p r e t a t i o n 
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of composite sea-level curves must take i n t o account two 
factors; f i r s t l y the accuracy of the in d i c a t i v e range f o r 
the dated sample, and secondly the accuracy of the t i d e -
l e v e l to which i t i s referenced. Whereas there i s an 
obvious advantage i n dating the same type of material f o r 
a l l points i n a sea-level curve rigorous adherence to t h i s 
p r i n c i p l e may result i n the omission of some suitable data. 

14 

Most of the Fenland C dates, chapters 3 and 5, 

are on Phragmites peat/gyttja, monocot. peat, and woody 
d e t r i t a l peat. Where possible any wood dated should be 
shown to be i n s i t u . 

There i s a general lack of information on the contem­
porary relationships between sea-level, s o i l conditions, 
and the succession of coastal plaint communities (Tooley 
1978a). When t h i s i s extended to those communities which 
form peat the lack i s even greater. The main reason i s that 
sites where such relationships could exist have been u t i l i z e d 
and extensively altered by man. Five examples can be cited 
which are barely the equivalent of hypothesized f o s s i l 
sequences• 

Tooley (1978a) describes a sandy Phragmites peat 
foming c.15 cm. below MHWST at the A l t Mouth. However the 
Phragmites u t i l i z e freshwater seepage from the sand dunes 
and together with Ihe sandy nature of the peat do not present 
a t y p i c a l sequence ccmpared t o the f o s s i l ones. 

On Loch Scridain (Oillham i n Tooley 1978a) a mixed 
grass, sedge and rush community was recorded from 23 to 59 cm. 
above MHWST followed by a t r a n s i t i o n t o a moorland community 
above a deep accumulation of peat. However i t should be 
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noted that t h i s s i t e at the head of a narrow sea loch may 
be subject t o quite d i f f e r e n t hydrological and t i d a l con­
diti o n s to the wide expanses of marsh envisaged f o r the f o s s i l 
Fenland sequences. 

Tooley (1978a) also mentions the example of Cold 
Spring Harbour, USA, where fen wood peat i s seen to accumulate 
80 cm. below spring t i d e l e v e l while a reedswamp peat occurs 
from 70 t o 200 cm. below the same datum. These values are 
much lower than any other quoted levels and the l o c a l con­
ditions r e a l l y require accurate re-investigation since i f they 
are t y p i c a l values then the ind i c a t i v e meaning of certain 
dated materials w i l l have to be revised. 

Ranwell (1974) described the saltmarsh to t i d a l wood­
land t r a n s i t i o n i n the Fal Estuary but the lack of an accurate 
t i d e - l e v e l relationship, unnatural hydrological conditions 
caused by an a r t i f i c i a l causeway and bridge crossing the narrow 
estuary, and high r i v e r sediment loads due to kaolin workings 
w i t h i n the catchment suggest that the vegetation levels and 
marsh development may not be p a r t i c u l a r l y useful comparisons 
to f o s s i l situations. 

Kidson and Heyworth (1979) suggest that the best material 
14 

f o r accurate C dating of sea-level movements i s submerged 
forest wood, usually oak. However Heyworthfs (1978) adherence 
to i n t e r - t i d a l 'submerged fo r e s t ' peat i s too r e s t r i c t i v e 
and baaed on poorly tested theory. F i r s t l y the r e s t r i c t i o n t o 
such sites provides an extremely biased sample; where the 
present i n t e r - t i d a l zone coincides with a location at which 
an e a r l i e r coastline crossed the l i n e of the present one and 
is subsequently revealed as the r e s u l t of favourable i s o s t a t i c 
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movements and coastal processes (Heynprfch 1978 f i g . 2). 
Secondly his explanation f o r the genesis of a r e l a t i v e l y 
d r i e r environment upon which the forest may grow; rapid 
and temporary inorganic deposition following the breaching 
of a coastal b a r r i e r or r i v e r bank, i s hardly applicable as 
a model t o explain the pollen, diatom and pa r t i c l e - s i z e 
d i s t r i b u t i o n records from Bourne Pen, Cowbit Wash, 
Adventurers 1 Land and Downholland Moss. But i t must be 
said that submerged forests can be extremely good indicators 
of past sea-level movements i f there i s careful stratigraphic 
and microfossil analysis, as argued by Tooley (1979). 

Kidson and Heyworth (1979) suggest that the oak trees 
at Roudsea Wood, Morecambe Bay, are of great significance 
as sea-level indicators. However they f a i l to mention a 
few important facts r e l a t i n g to the s i t e . F i r s t l y the 
saltmarsh i s very narrow, <100 m. i n some instances, i t i s 
i n a narrow estuary, with a bridge and embankment constructed 
across the mouth i n the nineteenth century and with the input 
of freshwater from the Windermere catchment the hydrological 
conditions cannot be representative of the palaeoenvironments 
of the Fenlands or Somerset Levels or south-west Lancashire. 
Furthermore the trees are often rooted i n a shallow s o i l 
on s o l i d rock with a few decimetres of organic s i l t s and 
clays around t h e i r roots. Thus the present position of the 
oaks i s more indicative of the basal forest of the Fenland 
rather than those found i n intercalated peat horizons. 

Therefore the question to be answered i s whether any 
r e l i a b l e estimate can be given for the range over which 
certain vegetation communities occur. Preuss (1979) gives 
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the i n d i c a t i v e range of Phragmites from a f o s s i l swamp that 
produced peat accumulation as 70 cm. He does not state 
whether t h i s i s tide-dependent or not. Clearly, i n d i c a t i v e 
ranges should be calculated, from several l o c a l i t i e s i n 
d i f f e r e n t t i d a l environments, as a function of t i d a l parameters. 
However suitable present ccmmunities are rarely encountered 
i n s u f f i c i e n t locations to allow site-dependent f a c t o r s , e.g. 
estuary shape, t i d a l range, bedrock, freshwater input, to 
be assessed. 

However the present use of indicative range (e.g. van 
de Plassche and Preuss 1978, S t r e i f 1979b) may result i n a 
greater error-box, f o r a l t i t u d e , than i s necessary. The rule 
that deposits found one above the other without an hiatus 
i n a sequence must have formed i n environments encountered 
side by side i n space should be remembered. Therefore the 
t r a n s i t i o n from saltmarsh to freshwater fen does not have 
an indicative range equal to the range of the saltmarsh 
conmunity or the freshwater fen community, whichever i s dated, 
but the range of the t r a n s i t i o n from saltmarsh to freshwater 
fen. The altitudes from present l o c a l i t i e s where either of 
the components i s absent w i l l give spurious indicative ranges. 
The v a r i a t i o n of altitudes of mature saltraarshes i n Morecambe 
Bay (Tooley 1978a) does not represent the indicative range 
of the saltmarsh to freshwater fen t r a n s i t i o n . Therefore 
the l e v e l where pollen diatom, macrofossil and stratigraphic 
analysis reveal a change i n sedimentary environment provides 

14 
the best sample f o r C dating. I n t h i s way the ind i c a t i v e 
range i s reduced and tendencies of watertable movement can 
be evaluated. Dated samples from the middle of homogeneous 
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peat layers are therefore less useful sea-level index points. 

Kidson and Heyworth (1979) state that an a l t e r a t i o n 
of -10 cm. i n a l t i t u d e w i l l a l t e r the pattern of oak regen­
eration at the coast, therefore i f i t can be assumed that oak 
trees are ready to colonize the s i t e as soon as i s feasible, 
as should be evident from the pollen analysed, then the 
indicative range may be taken as 20 cm. 

The indicative meaning of commonly dated materials 
i s shown i n table 6.2 along with the default values applied 
by the Hannover group f o r the evaluation of IGCP Project 61 
sea-level data ( S t r e i f pers.ccram.). 

I f the two sets of indicative meanings shown i n table 
6.2 are applied t o model data i t can be seen that the 
comparability of the curves i s dependent on the t i d a l para­
meters. This i s shown i n f i g . 6.3 and table 6.3. The 
stratigraphy shows a Y2 sequence with seven possible sea-level 
index points represented. Four model "curves" are calculated, 
using the alternative indicative meanings shown i n table 6.2 
for 2 sets of t i d a l data. Tidal data set 1 i s " r e a l " , giving 
the mean values for 3 stations along the southern end of 
the Wash (Admiralty TidtTables 1980) while t i d e data set 2 
i s a manipulation of set 1; r e l a t i v e to the same mean t i d e 
level the other parameters are given values 2535 of the 
o r i g i n a l . The calculation of the movement of MTL during the 
period of samples 1-7» assuming a constant t i d a l regime, i s 
shown i n table 6.3 and f i g . 6.3. The coincidence of the 
two "curves" f o r data set 2 confirm that the default values 
used i n the IGCP Project No. 61 res u l t from present day 
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Table 6.2 : Indicative range and reference water l e v e l 
f o r commonly dated materials ~ 

Default values, IGCP Project 61 ( S t r e i f pers.comm) 
Indicative reference water 

range l e v e l 
Phragmites peat 70 cm MHT • 18 cm 
Sedge peat 40 cm (b)MHT + 20 cm (est.) 
Fenwood peat 80 cm (a)MHT + 40 cm 
Moss Peat (not i n raised bog) 10 cm (b)MHT + 20 cm (est.) 
Puccinella grasses 40 cm MHT - 0 cm 
Spartina grasses 30 cm MHT - 30 cm 

(a) only i n coastal fen and level backswamps, otherwise 
groundwater table 

(b) decreases with distance from open coast, approaches MSL 
i n lagoons and coastal backswamp. 

(est.) estimate only. 

Proposed values (inferred from Godwin 1940a, Kidson and 
Heyworth 1979* van de Plassche 1979> 
Tooley 1979) 

Indicative 
range 

Phragmites or monocot.peat: 
- d i r e c t l y above saltmarsh 20 cm 

w below w d e P * 8 i t 20 cm 
w above fen wood 

deposit 
" below n n 

- middle of layer 

20 cm 

20 cm 
70 cm 

reference water 
le v e l 

((MHWST + HAT)/2)-20 cm 
MHWST-20 cm 
MHWST-10 cm 

((MHWST+HAT)/2)-10 cm 
in f e r from stratigraphy 

Fen wood peat: 
- d i r e c t l y above Phragmites 

or s a l t marsh 20 cm 
w below Phragmites 

or s a l t marsh 20 cm 

(MHWST+HAT/2) 

MHWST 

Basis peat: ?80 cm MTL to MHWST 
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Figure 6.3 : Reconstruction o f K3L u s i n c model data. Seven 1^C samples, 
of ages 1-7, are taken from the s t r a t i g r a p h i c s e c t i o n shown. The i n f e r r e d 
heights of MT1 at.points i n time 1-7 are c a l c u l a t e d f o r 2 s e t s of data 
(see text and tables 6.2, 6.3, 6.4) and 2 methods of a s s e s s i n g the 
indicative meaning of sea-level index p o i n t s : IGCP v a l u e s ( o D e n c i r c l e s ) , 
proposed values (shaded c i r c l e s ) . C l o s e agreement f o r the l o w " t i d a l range 
data and less agreement f o r high t i d a l range d a t a suggests more r e s e a r c h 
i s necessary to relate i n d i c a t i v e v a l u e s to p r o p o r t i o n s o f t i d e l e v e l s 
(eg. "proposed values 1 1) r a t h e r than constant d i f f e r e n c e s (eg.IGCP v a l u e s ) . 
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studies i n zones of r e l a t i v e l y small t i d a l range. The 
a p p l i c a b i l i t y of these dafaiult values t o other areas i s 
not proven and the evidence from the UK suggests t h a t the 
a l t e r n a t i v e values shown i n t a b l e 6.2 may be b e t t e r (e.g. 
Godwin 19^0a, Devoy 1979, Kidson and Heyworth 1979, Tooley 
1979). 

Pig. 6.3 also shows the care needed i n assessing the 
t i d a l conditions at the time of deposition. The r e l i a b i l i t y 
of a sea-level index po i n t must be considered i n l i g h t 
of the f o l l o w i n g f a c t o r s . 

Ordnance Datum Newlyn does not represent mean t i d e 
l e v e l , i n e f f e c t the same as "mean sea l e v e l " (Jardine 1975a^ 
f o r the whole of the United Kingdcm. The n a t i o n a l datum was 
mean sea-level a t Newlyn f o r the period 1915-21 but i t i s 
now 0.086 m. below mean sea-level at t h a t l o c a t i o n (Jardine 
1976). Therefore i t i s necessary t o know the 

accuracy o f a l o c a l t i d e - l e v e l ^ t o OD. This i s important 
f o r height c o r r e l a t i o n between d i f f e r e n t coastal u n i t s and 
the r e l a t i v e coarseness of the Admiralty Tide Tables f o r 
p a r t i c u l a r estuarine s i t u a t i o n s should be noted (Kidson and 
Heyworth 1979). Everard (1979) states t h a t annual mean sea-
l e v e l tends t o have a standard d e v i a t i o n of 2 or 3 cm. from 
the datum mean but t h i s e r r o r i s e a s i l y covered by the 
-0.05 m. e r r o r i n the Admiralty Tide Tables (1980) where the 
t i d e l e v e l s , r e l a t i v e t o chart datum, are rounded o f f t o the 
nearest 10 cm. 

For comparison of f o s s i l l e v e l s t o the present the 
r e l a t i o n s h i p of the reference t i d e - l e v e l used t o OD must be 
assessed. The problem arises i n which t i d e - r e c o r d i n g s t a t i o n 
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Table 6.4 % Tide l e v e l s i n the Wash 

Levels r e l a t i v e t o OD, i n metres (source: Admiralty Tide 
Tables 1980) 

HAT* MHWST MHWNT MTL MLWNT MLWST LAT* 
Hunstanton* 4.25 3.90 3.55 1.75 0.30 -1.25 -2.85 -3.65 
Kings Lynn 4.77 4.32 3.87 2.07 0.67 -1.23 -2.03 -2.53 
Wisbech Cut x 5.20 4.70 4.20 2.30 -1 .00 
Tabs Head 4.80 4.30 3.80 1.90 0.35 -1 .30 -3 .00 -3 .90 
Boston 4.63 4.18 3.73 1.93 0.43 -1.07 -2.87 -3.97 
Skegness* 3.95 3.55 3.15 1.55 0.15 -1.25 -2.85 -3.75 

* extrapolated values 
• excluded from "inner Washn values 
x incomplete data, excluded from f u r t h e r c a l c u l a t i o n s 
M1* (HAT + MHWST)/2 

NB. o r i g i n a l data, i . e . chart datum, given t o - 0.05 

+ 
Mean values and c o r r e c t i o n f a c t o r s (- 1 * ) 

a l l ( 5 ) inner Wash (3 ) 
HAT 4.48 + 0.37 4.73 + 0.24 
M 1 4.05 i 0.33 4.27 0.08 
MHWST 3.62 + 0.29 3.80 + 0.07 
MHWNT 1.84 0.20 1.97 0.09 
MTL 0.38 + 0.19 0.49 0.13 
MLWNT -1.22 0.09 -1.20 0.12 
MLWST -2.72 + 0.39 -2.63 0.55 
LAT -3.56 0.59 -3.47 + 0.79 
MX-MHWST 0.43 + 0.06 0.47 + 0.03 
MHWST-MTL 3.24 + 0.16 3.32 + 0.13 
M̂ -MTL 3.67 4. 0.20 3.78 + 0.15 
HAT-M1 0.43 i 0.06 0.47 0.03 
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should be used since many are s i t u a t e d some distance away 
from the open coast. The v a r i a b i l i t y of the data i s shown 
i n t a b l e 6.4. The p r e f e r r e d l e v e l s f o r the Fenland s i t e s 
are those calculated from the 3 "inner Wash" s t a t i o n s . 

The t o t a l e r r o r involved from the t i d a l data i s 
dependent on the nature o f the study. For within-Fenland 
studies only the " c o r r e c t i o n f a c t o r s " between d i f f e r e n t 
t i d e - l e v e l s are important. S i m i l a r l y f o r c o r r e l a t i o n between 
regions, e.g. the Fenland, North-West England, B r i s t o l 
Channel and Cardigan Bay, where the reference datum i s a 
present t i d e - l e v e l the same " c o r r e c t i o n f a c t o r s " , calculated 
f o r each r e g i o n , can be used, but i f the r e l a t i o n s h i p t o OD 
i s r equired then the mean value, and standard d e v i a t i o n , 
of the t i d e - l e v e l estimate must be used. For the Fenland 
data the standard d e v i a t i o n , f o r the t i d e data, t o draw a 
curve of MHWST from the commonly dated materials - "proposed 
values" i n t a b l e 6.2 - i s -0.03 m., tab l e 6.4, or up t o 
-0.15 m. f o r a MTL curve. To r e l a t e the movement of MHWST 
to OD the a d d i t i o n a l e r r o r i s given by a standard d e v i a t i o n 
-0,07 m., or -0.13 m. f o r MTL. 

I t i s possible t o ignore the " c o r r e c t i o n f a c t o r " 
e r r o r by i n d i c a t i n g the reference t i d e - l e v e l of each data 
po i n t on the sea-level curve ( S t r e i f 1979b) but t h i s i s 
considered less s a t i s f a c t o r y i n l i g h t of the comparisons 
between the "IOCP" and "proposed" i n d i c a t i v e meanings i n 
tables 6.2 and 6.3 and f i g . 6.3. 

A l l o f the r e l a t i o n s h i p s t o t i d a l conditions need 
not have remained constant through time and the understanding 
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e f p a l a e o - t i d a l changes i s fundamental t o the c o r r e l a t i o n 
of sea-level curves from d i f f e r e n t areas* The problem i s 
h i g h l i g h t e d by Tooley (1979 p.505): 

"The o s c i l l a t i n g sea-level curve traces the change 
i n mean high-water mark o f spring t i d e s i n West 
Lancashire. Prom t h i s curve, a mean sea-level or 
mean t i d e curve cannot be constructed assuming 
a constant t i d a l r e l a t i o n s h i p since the present, 
contrary t o former p r a c t i c e , because changes i n 
p a l a e o t i d a l amplitudes have not yet been e s t ­
ablished f o r t h i s area." 

Therefore i f the present t i d a l conditions cannot be 
r e f e r r e d t o e a r l i e r c o n d i t i o n s , then no c o r r e l a t i o n of 
a l t i t u d e can be made, e i t h e r f o r a s i n g l e curve c o n s i s t i n g 
of index points r e f e r r e d t o d i f f e r e n t t i d e - l e v e l s or f o r 
regio n a l comparison. Therefore the evaluation of i s o s t a t i c 
movement (e.g. Kidson and Heyworth 1978, MSrner 1976b) f o r 
areas w i t h d i f f e r i n g t i d a l conditions i s dependent on the 
precept of constant p a l a e o t i d a l r e l a t i o n s h i p s . 
I t i s necessary to avoid a c i r c u l a r argument^where a 
constant p a l a e o t i d a l range i s assumed and the corrected 
curve f i t s i n w i t h other independently established r e s u l t s 
then t h i s may lend support t o a theory of l i t t l e or no 
change i n t i d a l c o n d i t i o n s . The whole problem o f palaeo­
t i d a l changes needs evaluating i f d e t a i l e d i n t e r - r e g i o n a l 
a l t i t u d i n a l changes are t o be stu d i e d , since the form of 
a l o c a l sea-level curve w i l l vary i f d i f f e r e n t t i d e - l e v e l 
i n d i c a t o r s are used. Only i n favourable sedimentary 
conditions has the p a l a e o t i d a l range been evaluated 
(Roep et a l . 1975) but the evidence i s not t o t a l l y con­
v i n c i n g . However i t has been claimed (Jelgersma i n Streif 
1979c) t h a t the p a l a e o - t i d a l range f o r the l a s t 4000 years 
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has been constantly 2 m. i n the Netherlands. Further devel­
opment i n t h i s research f i e l d i s awaited. 

Therefore the e r r o r s involved i n assessing t i d a l 
r e l a t i o n s h i p s and i n d i c a t i v e meanings can be reduced by 
studying a small homogeneous area, "small" being dependent 
on t i d a l complexities, coastal morphology, i s o s t a t i c move­
ment and, i n p r a c t i c e , i n f o r m a t i o n a v a i l a b l e . The e r r o r s 
discussed have a greater influence on the absolute, c f . 
r e l a t i v e , t i d e - o r sea-level s o l u t i o n and on between-area 
c o r r e l a t i o n . Accuracy w i l l be increased by comparing 
dated m a t e r i a l from s i m i l a r palaeoenvironments. 

Section 6*5.4 t Age o f the sample 

Organic layers are used t o give age l i m i t s f o r periods 
of c l a s t i c sedimentation. Once the i n d i c a t i v e meaning of 
the organic sediment i s assessed the next consideration i s 

14 
the accuracy o f the C date. 

S t r e i f (1972) and C h u r c h i l l (1970) have shown t h a t 
PhragmiteB peats can provide u n r e l i a b l e dates while Kidson 
and Heyworth (1979) have suggested t h a t saltmarsh peats may 
be equally unsuitable. 

Problems have been encountered i n the dating of 
Fenland Flandrian sequences (see also Downholland Moss i n 
t a b l e 1, Tooley 1978a) s the Welney and Saddlebow s i t e s 
were discussed by C h u r c h i l l (1970) and i n chapter 3. Dis­
crepancies were noted f o r adjacent samples from Bourne Fen 
(tables 5»6 & 5«8), the i m p l i c a t i o n s of these i n terms of 
Fenland chronology are discussed i n the next chapter but 
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the possible causes of e r r o r are now assessed. 
14 

The main sources o f e r r o r i n the C assays from 
Bourne Pen are l i k e l y t o be from e i t h e r the penetration of 
younger r o o t s , presumably Phragmites, or by the inwashing 
of older organic m a t e r i a l . The l a t t e r i s always l i k e l y 
i n coastal fen deposits w i t h i n t e r m i t t e n t overland flow of 
water. Care was taken t o remove the v i s i b l e remains of 
Phragmites although the samples from the regressive overlap 
of BFP1 were extremely r i c h i n w e l l preserved monocot. 
r o o t l e t s and therefore only the l a r g e s t rhizomes were then 
removed. These samples showed high Gramineae p o l l e n f r e ­
quencies i n d i c a t i n g t h a t at l e a s t some of the monocots. were 
contemporaneous w i t h the sediment accumulation. 

14 
The C samples from Bourne Fen were submitted on 

two occasions and the second batch, Hv 9264 t o 9268, may 
be more r e l i a b l e , a greater sample size was sent and the 
removal of r o o t l e t s was more thorough. 

The 10 dates from the Bourne Fen s i t e noticeably 
f a l l w i t h i n 2 age groups, 3400-3600BP and <3000BP, but only 
i n the regressive overlap of BFP1 i s there a consistent 
age gradient. 

The lack of an age gradient f o r the transgressive 
overlaps may be due t o allochthonous older sediment^during 
the stages p r i o r t o c l a s t i c sedimentation (see also Behre 
et a l . 1979 p«101). Upwards of 30Jt contaminant aged 
4500BP would be required t o age a sample from 3300 t o 
3500BP (Olsson 1979 f i g . 5 ) . Such contamination was not 
evident i n e i t h e r p o l l e n or s t r a t i g r a p h i c a n a l y s i s , but 
may be impossible t o i d e n t i f y anyway. No Phragmites 
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rhizomes were seen t o pass completely through the c l a s t i c 
sequence and therefore any younging e f f e c t would be associated 
w i t h the plant succession during the transgressive phase. 
I t i s i n t e r e s t i n g t o note t h a t these age inversions coincide 
w i t h the time of submission of the samples, the youngest 
and lowest samples, Hv9265 and Hv9268, may have possibly 
suffered b a c t e r i a l a c t i v i t y during storage. 

No r a t i o n a l decision favours e i t h e r the younger or 
older dates, the arguments f o r both are equally a l i d . A 
possible s o l u t i o n i s t o combine the two dates f o r each s i t e 
t o give a mean estimate. 

Even though the samples d i f f e r by 15 cm. i n the 
v e r t i c a l succession t h i s i s not great compared t o other 
a l t i t u d i n a l e r r o r s * However i n terms of palaeoenvironmental 
r e c o n s t r u c t i o n t h i s i s f a r from the p e r f e c t s o l u t i o n . 

Olsson (1979) gives the f o l l o w i n g equations f o r the 
estimate of the mean age and e r r o r of f n f samples: 

n 
0 0 n 

0 0 
n 

1 
m 

0 
n 

x « mean age 
s standard e r r o r 
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These give mean values of 3448 * 40BP at BFP2 and 
3451 - 47BP at BPP1. 

The regressive overlap at BFP2 provided a very com­
p l i c a t e d series o f assays. Hv8647 contained too l i t t l e carbon 
f o r a r e l i a b l e assay due t o allochthonous inorganic p a r t i c l e s , 
and therefore may also contain inwashed older carbon. However 
the great d i f f e r e n c e between the adjacent samples 
Hv8646 : 3435 - 65BP, and HV9264 : 2635 - 100BP i s d i f f i c u l t 
to e x p l a i n . The samples were t r e a t e d i n the same way as those 
from BFP1 which gave a consistent age gradient f o r the 
regressive overlap and therefore contamination by Phragmites 
rhizomes i s u n l i k e l y , e s p e c i a l l y f o r such a l o c a l i s e d e f f e c t 
on two adjacent samples. Hv8646 and Hv8647 show very s i m i l a r 
ages t o the 4 assays on the transgressive overlap and t h i s 
could be i n d i c a t i v e of the inwashing of eroded peat. The 
close p r o x i m i t y of channels has been revealed, p a r t 5-2, and 
LPAZ BFP2C shows r a p i d changes i n the p o l l e n percentages and 
concentration of l o c a l taxa; Gramineae, Cyperaceae and 
aquatics, at the s t r a t i g r a p h i c boundary ( f i g s . 5.17 t o 5.21). 
Contamination i n excess o f 30* (Olsson 1979)* and i n s p e c i f i c 
l a y e r s , would be required t o e x p l a i n the age discrepancies. 

While accepting the p o s s i b i l i t y of such an explanation, 
which would also conform w i t h the BFP1 r e s u l t s , w i t h Hv9265 
being "the most acceptable estimate", the a l t e r n a t i v e i s t o 
c a l c u l a t e the mean s 3208 i 5**BP or 3197 - 54BP i f Hv 8647 
i s omitted. 

The samples from BFP1 show an age gradient f o r over 

30 cm. of the regressive overlap. Any arguments considering 
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contamination must allow f o r an equal e f f e c t over t h i s u n i t 
of sediment and therefore the 3 samples would appear t o 
be the most r e l i a b l e i n d i c a t i o n f o r the age of the regression 
overlap. 

The 3 dates from AL2 show a s a t i s f a c t o r y age gradient, 
are corroborated w i t h i n the accuracy of p o l l e n analysis, and 
confirm the s t r a t i g r a p h i c and p o l l e n i n d i c a t e d break i n peat 
accumulation between Hv9262, 6275 - 125BP, and hv926l, 
5560 - 70BP. However the age r e l a t i o n s h i p t o marine conditions, 
s l i g h t erosion and poor marine i n d i c a t o r s between Hv926l and 
the o v e r l y i n g c l a s t i c sediment were revealed i n p a r t 6,4 

Three assays are a v a i l a b l e from AL4. The two from the 
i n t e r c a l a t e d peat l a y e r , 4180 ^ 75 BP (SRR 1569) and 
4500 - 50BP (SRR1590), show a clear age gradient and confirm 
the p o l l e n analyses f o r a post-Ulmus decline age. The age 
on the regressive overlap of the uppermost peat, 1845 - 50BP 
(SRR 15&8), can only be analysed f u r t h e r by comparison w i t h 
other s i t e s (see part 7.2). 

14 
Other C r e s u l t s are awaited f o r AL4 and CW7. I n 

14 
a d d i t i o n the r e l i a b i l i t y of the C data described i n 
chapter 3 as sea-level index points i n the chronology f o r 
the Fenland are assessed i n the next chapter. 

Part 6.6 : L i t h o l o g i c changes and sea-level movements 

There i s i n c o n t r o v e r t i b l e evidence t h a t m i c r o f o s s i l 
analysis of i n t e r c a l a t e d peat and c l a s t i c sediments can reveal 
periods of r i s i n g watertable and f a l l i n g watertable. However 
the r e l a t i o n s h i p t o sea-level movements i s not necessarily 
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so clear ( c f . Tooley 1979* p.504 o p . c i t ) . 

"The whole syfctem of changing water q u a l i t y and 
water depth, however, i s governed by the 
e c o l o g i c a l l y v a l i d relevant hydrology, which i s 
not necessarily r e l a t e d t o sea-level f l u c t u a t i o n s •11 

( S t r e i f 1979a, 304). 

The r e l a t i o n s h i p between watertable changes at any 
p a r t i c u l a r s i t e t o sea-level changes at the open coast i s 
now one of the most important questions t o be solved i n 
sea-level studies. 

There are too many estimates of a l t i t u d e t o be made 
and the o v e r a l l imprecision of the palaeoenvironmental 
r e c o n s t r u c t i o n from even the most d e t a i l e d analyses prevents 
the e l u c i d a t i o n of the a l t i t u d i n a l changes of r e l a t i v e 
sea-level j u s t by studying single s i t e s . However, although 
the e r r o r s involved i n the estimation of ancient t i d e l e v e l s 
may be great, such errors i n themselves are i n s u f f i c i e n t t o 
r e j e c t the hypothesis of a f l u c t u a t i n g r e l a t i v e sea-level 
curve. The a l t i t u d i n a l e r rors hinder c o r r e l a t i o n w i t h 
increasing distance between s i t e s but do not explain away the 
l i t h o l o g i c changes at i n d i v i d u a l s i t e s or the associated 
change i n process associated w i t h t h e i r formation. Therefore 
normal s t a t i s t i c a l smoothing, or the more frequently used 
n o n - s t a t i s t i c a l smoothing, of data points on a time-depth 
curve from d i f f e r e n t s t r a t i g r a p h i c boundaries, e.g. tra n s -
gressive and regressive overlaps, i s i n v a l i d . Changes i n 
the time and space environments which can be measured i n both 
h o r i z o n t a l and v e r t i c a l dimensions i n Flandrian sequences 
must be assessed. 

I t i s the scale of r e s o l u t i o n i n both time and space 
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t h a t i s important i n such studies as sea-level change. No 
s c i e n t i s t at present r e j e c t s the hypothesis t h a t sea-level 
f l u c t u a t e d during geological time, e.g. since the T e r t i a r y , 
or during the Quaternary g l a c i a l and i n t e r - g l a c i a l periods, 
and even during the period 20,000BP t o 10,000BP. Furthermore 
the d a i l y , monthly and yearly f l u c t u a t i o n s i n t i d a l cycles 
are noted. But there i s a reluctance t o accept f l u c t u a t i o n s 
w i t h i n the generally r i s i n g sea-level curve during the 
l a s t 10,000 years. The processes c o n t r o l l i n g sea-level 
movements change i n importance as the time and s p a t i a l 
r e s o l u t i o n scales change. Short term t i d a l changes can be 
ea s i l y measured d i r e c t l y while sea-level changes before 
10,000 BP can be broadly c o r r e l a t e d w i t h c l i m a t i c changes 
and ice-cap volumes. Between these two scales f a l l the 
Flandrian sea-level changes; d i r e c t observation i s not possible 
except f o r the l a s t few hundred years (e.g. MBrner 1973b) 

and f o r most o f the period i t has not been possible t o 
co r r e l a t e the f l u c t u a t i o n s o f ice-cap volume and ocean-levels. 
There i s also opposition i n the demonstration of f l u c t u a t i o n s 
i n r e l a t i v e sea-level changes on more l o c a l scales. The 
main problem i s t h a t no model developed t o explain the 
succession i n one area i s e a s i l y applicable to other areas. 
For example the successional build-up and breakdown of coastal 
b a r r i e r s (e.g. Jelgersma et a l . 1979) i s not applicable t o 
those areas where evidence f o r s u p r a - t i d a l b a r r i e r s has 
never been found, yet s i m i l a r Flandrian successions are 
recorded (e.g. Devoy 1979, Tooley 1978a, b ) . 

The main discussion r e l a t e s t o the i n t e r p r e t a t i o n o f 
the regressive overlap. Dates on t h i s horizon were once 
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r e j e c t e d as u n r e l i a b l e i n d i c a t o r s due t o the e f f e c t s of 
conso l i d a t i o n (Jelgersma 1961). However, unless the consol­
i d a t i o n i s invoked as the cause of the a l t e r n a t i n g c l a s t i c 
and biogenic deposition then i t only a f f e c t s the a l t i t u d e 
at which the formation i s recorded and not the processes 
which formed the sequence* 

There i s l i t t l e o b j e c t i o n t o a regressive overlap 
representing a r e l a t i v e f a l l i n sea-level i n time-space 
s i t u a t i o n s , apparently, other than of Flandrian age i n a 
subsiding area. For example, Jelgersma (1979) i n t e r p r e t s 
the regressive overlap i n the Eems v a l l e y t o represent 
the f a l l o f sea-level at the beginning of the next g l a c i a l 
period. S i m i l a r l y Sissons and Brooks (1971) i n t e r p r e t 
the regressive overlap i n the western Forth Valley as a 
r e l a t i v e f a l l i n sea-level and since t h i s i s an u p l i f t e d area 
during the Flandrian stage the i n t e r p r e t a t i o n remains u n c h a l l ­
enged. S t r e i f (1979a,b) i m p l i c i t l y contrasts the d i f f e r i n g 
i n t e r p r e t a t i o n s of the regressive overlap i n t h e i r age and 
a l t i t u d i n a l r e l a t i o n s h i p t o present sea-level, i . e . between 
u p l i f t e d and subsided sequences, by s t a t i n g t h a t the height 
of these overlaps gives the l o c a l l i m i t i n g value f o r sedim­
e n t a t i o n under marine influence but each p o i n t need not 
i t s e l f represent the onset of a f a l l i n sea-level. I n the 
case when peat accumulation i s i n excess of sea-level r i s e 
a regressive overlap occurs. However by evaluating the 
tendencies of sea-level movement using a number of i n d i c a t o r s , 
time depth p o i n t s , S t r e i f (1979b) accepts a f a l l i n sea-level 
at the l o c a t i o n of the regressive overlap i n question. 

Therefore, i t i s the tendency o f sea-level movement, 
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i n time and three-dimensional space, t h a t must be evaluated, 
i n d i v i d u a l points themselves can r a r e l y prove sea-level 
movement. At the same time observations cannot be purely 
r e j e c t e d on the basis o f poor height c o r r e l a t i o n , e.g. due 
to c o n s o l i d a t i o n . The l o c a l f a c t o r s must be studied and 
resolved and the tendencies of movement then evaluated. 
S t r e i f (1979a) has l i s t e d 3 p a r t i c u l a r s i t u a t i o n s r e v e a l i n g 
changes i n l o c a l water table : 

- fen peat l a y e r s , 
- horizons of decomposition of fen peat, 
- horizons of s o i l formation. 

Even these cases by themselves need not represent a 
f a l l i n sea-level, but w i t h other evidence showing the same 
tendency o f sea-level movement, although the time and a l t i t u d e 
errors may allow no exact l e v e l to be given, the p r o b a b i l i t y 
of sea-level movement can be i n f e r r e d . 

" I f the curve had been based on the...top 
layers of the sediments only (without regard 
to the veg e t a t i o n a l development), the curve 
would have been nearly smooth... The depressions 
i n the curve are mainly based on changes i n 
vegetation and on l i t h o l o g i c a l changes" 
(Behre et a l . 1979 p.102). 

Therefore i t must be concluded t h a t a regressive 
overlap can represent a f a l l i n sea-level. The necessity i s 
to i n d i c a t e over which scale i t i s applicable, the accuracy 
w i t h which the age and a l t i t u d e can be given, and what 
outstanding evidence i s required t o confirm or refute 
the f a l l i n sea-level. The conclusion allowable i s governed by 
the accuracy o f the temporal and s p a t i a l scales required and 
ther e f o r e by the o r i g i n a l hypothesis. 
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Part 6.7 : Models o f the Saltmarsh-freshwater fen t r a n s i t i o n 

There i s an obvious need t o present cl e a r e r models 
to e xplain the environmental changes associated w i t h the 
sedimentary changes at the transgressive and regressive 
overlaps. The evidence a v a i l a b l e can then be compared, 
eventually by s t a t i s t i c a l e v a l u a t i o n , w i t h the relevant 
models. At present there i s too much uncoordinated evidence 
r e l a t e d t o poorly defined models thus p r o v i d i n g a plethora 
of equivocal conclusions. Modern a n a l y t i c a l techniques, i n 
a mathematical sense, have outstripped the amount and q u a l i t y 
of data a v a i l a b l e . 

Section 6.7.1 • Time-stratigraphic model 

The r i s e i n r e l a t i v e sea-level along the southern 
North Sea coast amounts t o c.25 m. during the l a s t 8000 
radiocarbon years ( S t r e i f 1979a). The r e l a t e d facies u n i t s 
are generally t h i c k e s t at the present c o a s t l i n e , t h i n n i n g 
out r a p i d l y seawards as erosion ra t h e r than deposition 
dominates. Landward there i s a wide b e l t of c l a s t i c and 
organic deposits as presented i n f i g . 3.1. Detailed micro-
f o s s i l and s t r a t i g r a p h i c analysis can be used t o reveal 
periods o f r i s i n g and f a l l i n g l o c a l watertable and changes 
i n sedimentary environment but the models developed need t o 
assimilate these f l u c t u a t i o n s w i t h the h o r i z o n t a l s h i f t i n g 
of f a cies zones over many kilometres and v e r t i c a l sea-level 
movements• 

A diagrammatic, two-dimensional, s t r a t i g r a p h i c model 
i s given i n f i g . 6.M i n d i c a t i n g the d e t a i l e d evidence 
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required t o substantiate the v e r t i c a l sea-level changes 
associated w i t h the h o r i z o n t a l and v e r t i c a l f acies changes. 
Fig. 6 .4 assumes t h a t "^C dates are av a i l a b l e wherever 
necessary and may the r e f o r e be required i n great numbers. 

The f o l l o w i n g assumptions are made. F i r s t l y each 
14 

C sample from the base of peat d i r e c t l y above the pre-
Flandrian sand has been shown t o f u l f i l the c r i t e r i a o f 
"basis peat". The i n d i c a t i v e height i s taken as MSL 
(equal t o MTL) a f t e r van de Plassche (1979) but the u n i f o r m i t y 
of t h i s r e l a t i o n s h i p must be questioned. As the h o r i z o n t a l 
distance between the s i t e and the nearest t i d a l water i s 
reduced the h y d r o l o g i c a l conditions change and the i n d i c a t i v e 
height may be nearer t o MHWST (Godwin 1940a). The problem 
of using the lowest peat layer t o construct a sea-level 
curve has also been noted by Behre et a l . (1979 p.99) : 

"This marker [the beginning of marine i n f l u e n c e ] 
was assumed t o be more s i g n i f i c a n t than the 
s t a r t o f peat formation. However, the r e l a t i o n 
between the s t a r t o f peat formation and the mean 
sea l e v e l (or mean high water l e v e l ) at t h a t time 
w i l l remain t o be a puzzling problem, and only 
the upper parts of most of the mentioned layers 
are " B a s i s t o r f " i n the sense of Lange and Menke." 

The problem of a va r i a b l e r e l a t i o n s h i p t o t i d e - l e v e l s 
f o r "basis peat" i s c l e a r l y evident from table 6 . 3 and 
f i g . 6 . 3 and could be applicable t o the s i t u a t i o n between 
Efe and i n f i g . 6 . 4 , 

Secondly each transgressive and regressive overlap 
i s shown t o be t r a n s i t i o n a l , w i t h no erosion. The i n d i c a t i v e 
range i s as i n d i c a t e d i n ta b l e 6 . 2 , r e l a t e d t o functions o f 
MHWST and HAT. I n d i v i d u a l l y a regressive overlap i s i n t e r -
prete4 s o l e l y as the replacement o f marine t i d a l 



sedimentation by freshwater organic sedimentation and without 

fur t h e r a n a l y s i s and c o r r e l a t i o n the arguments for a f l u c ­

tuating s e a - l e v e l cannot be substantiated. I t i s necessary 

to assess the tendency of s e a - l e v e l movement by as many 

l i n e s of evidence as p o s s i b l e . The c e r t a i n t y of the r e s u l t i n g 

hypothesis i s dependent on two factors : 1 - the observation 

of s i m i l a r features over, presently undefined, regional 
14 

d i s t a n c e s , 2 - s u f f i c i e n t accurate C data f o r c o r r e l a t i o n . 

The i d e n t i f i c a t i o n s of the tendencies of s e a - l e v e l 

movement are suggested to be found with the following evidence 

( i ) The c o r r e l a t i o n of periods of slower r i s e of the 

regional water table up the sloping pre-Flandrian 

surface with a regressive overlap suggests a h a l t 

or even f a l l i n the regional water t a b l e . 

( i i ) Decomposition l a y e r s i n peats attenuating against the 

pre-Flandrian sand and the development of palaeosols 

within the l a t t e r at the contact are very strong 

evidence of a lowering i n the regional watertable. 

This i s because there w i l l be a time l a g between a 

f a l l i n t i d e - l e v e l at the seaward lo c a t i o n and a 

f a l l i n watertable against the sloping sand surface 

due to the ponding back of water by the peat land 

whereas a subsequent r i s e i n t i d e - l e v e l would lead 

to a much quicker response i n watertable r i s e . 

( i i i ) S u f f i c i e n t mapping of sequences and the dating of 

the s i g n i f i c a n t horizons must show that the f l u c ­

tuations i n the r a t e of peat growth on the sloping 

sand surface does not i n d i c a t e a change i n i n d i c a t i v e 
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meaning due to the ho r i z o n t a l movement of the coast 

l i n e . The importance of t h i s f a c t o r depends on the 

present and i n f e r r e d past t i d a l regime, 

( i v ) By the c o r r e l a t i o n of time-depth points on the pre-

Plandrian sands with the development of peat l a y e r s , 

and the s p e c i a l case where marine f a c i e s a c t u a l l y a t t ­

enuate against these sands, accurate data can be 

gathered to check the combined e f f e c t s of consolidation, 

i n d i c a t i v e meanings and t i d a l changes to reconstruct 

past water l e v e l s . 

The i d e n t i f i c a t i o n of the development of fenwood peat, 

decomposition l a y e r s or s o i l horizons within i n t e r c a l a t e d 

peat horizons or d i r e c t l y on top of c l a s t i c sediments are 

much b e t t e r i n d i c a t o r s of the tendency of water l e v e l 

movements than homogeneous peat l a y e r s . The l a t t e r can only 

show the tendency before and a f t e r t h e i r deposition and 

therefore a dated sample from the middle of such a l a y e r 

i s not d i r e c t l y r e l a t e d to a change i n the tendency of water 

l e v e l movement. I f changes i n peat stratigraphy can be 

traced over s i g n i f i c a n t areas then the evidence for a f a l l 

i n s e a - l e v e l i s good. Whereas s o i l horizons may develop at 

seaward locations the equivalent formation inland might be 

a decomposition l a y e r or the change from monocot. to fenwood 

peat. These equivalent but not i d e n t i c a l changes are of 

great s i g n i f i c a n c e . 

The problem of estimating sedimentation rates i s 

important i n any model of s e a - l e v e l movement i n order to 

explain both the h o r i z o n t a l and v e r t i c a l sequence development. 

At the landward l i m i t of the vegetated s a l t marsh zone there 

i s a quite stable low energy environment with clay sedimentation 
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and l i t t l e erosion away from creek systems. There i s a 

d e l i c a t e balance with the freshwater fen system. The reduction 

i n p a r t i c l e s i z e d i s t r i b u t i o n noted for present day s a l t 

marshes may r e v e a l important changes i n f o s s i l sequences. I t 

has already been shown that t y p i c a l l y the c l a s t i c l a y e r s do not 

reveal high energy environments, e s p e c i a l l y at the contacts, 

thus giving l i t t l e weight to the opinion of Heyworth (1978) 

for the breach of a c o a s t a l b a r r i e r model as being a general 

model of sequence development. 

Any possible check on the v a r i a t i o n i n sedimentation rate 

i s dependent on the accurate estimation of consolidation. 

Changes i n sedimentation rate should be revealed i n the p a r t i c l e 

s i z e d i s t r i b u t i o n since as the rate of s e a - l e v e l r i s e increases 

the higher marsh environment becomes narrower (Kidson and 

Heyworth 1979) and therefore the coarser sediments, i n e f f e c t , 

are deposited c l o s e r to the organic l a y e r below. However with 
of accrehon a d sea-leuel t*CHi**iA 

a regressing shoreline the equilibrium p o s i t i o n ^ i s within the 

high marsh and freshwater fen and with a s i g n i f i c a n t reduction 

i n watertable t h i s moves to more landward zones, r e s u l t i n g i n a 

wedging out of the depositional zones i n a seaward d i r e c t i o n . 

Therefore the t r a n s i t i o n on the regressive overlap should get 

thinner seaward, as i s perhaps revealed i n the stratigraphy 

at BPP1 and BFP2, u n t i l the s i t u a t i o n of s o i l development on 

c l a s t i c deposits i s p o s s i b l e . Therefore no sudden change i n 

sedimentation rate i s envisaged. Furthermore the average 

sedimentation rate of the d i f f e r e n t thicknesses of c l a s t i c 

deposits should be c a l c u l a t e d and compared with the growth, and 

i n f e r r e d consolidation, of the b a s a l and i n t e r c a l a t e d peat layers. 
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The development of a u n i v e r s a l l y applicable model 
may be rendered impossible u n t i l the importance of l o c a l 
environmental f a c t o r s such as freshwater input, estuary or 
open coast s i t u a t i o n , nature of onshore and offshore sediment 
supply, and wa ve environment are assessed. For example S t r e i f 
and Koster (1978 p.37) point out : 

"This pattern of d i s t r i b u t i o n [ b a r r i e r i s l a n d s and 
sand bars ] can be traced back to the t i d a l range. 
I n t i d e free areas, or i n c o a s t a l zones with small 
t i d a l ranges continuous b a r r i e r systems are b u i l t 
up. Towards the inner part of the German bight 
where the t i d a l range i n c r e a s e s , these are broken 
and replaced f i r s t by b a r r i e r i s l a n d s and then by 
a system of sand banks." 

Therefore any model envisaging a c o a s t l i n e with sandy 

b a r r i e r s or i s l a n d s must incorporate these t i d a l changes i f 

t h e i r permanent build-up or breakdown i s suggested. 

However the p o s s i b i l i t i e s of sediment-types and processes 

are becoming too complex to be considered and the data of 

s u i t a b l e q u a l i t y are not a v a i l a b l e . The only possible develop­

ment i s two-fold. F i r s t l y to c o l l e c t the data, i n i t i a l l y 

i n v o l v ing considerable f i e l d mapping, and secondly to develop 

the model by computer simulation techniques. For the present, 

however, only the fragmentary evidence for the tendency of 

s e a - l e v e l movements i s a v a i l a b l e for c o r r e l a t i o n . Formal 

c o r r e l a t i o n schemes should be kept separate, e.g. l i t h o -

s t r a t i g r a p h i c and chronostratigraphic, but comparable, to 

allow for f l e x i b i l i t y during the period of model modification. 

Section 6 .7.2 : Pollen content model 

A possible new i n s i g h t i s the development of p o l l e n 

concentration techniques i n the c o a s t a l environment. The 
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model r e l a t i n g to the changes a t the saltmarsh-freshwater 

fen t r a n s i t i o n i s given i n f i g . 6 . 5 . No s c a l e s are shown 

for any axes since too few e m p i r i c a l data are a v a i l a b l e . The 

model i s only intended to portray the trends along the e c o l ­

o g i c a l gradient. 

As i t stands the Model explains many of the features 

observed not only i n Bourne Pen, Cowbit Wash and Adventurers 1 

Land but also as outlined by Godwin ( 1940a , 1978, Godwin and 

C l i f f o r d 1938) and Tooley ( 1 9 7 8 b ) : the change from fen oak 

wood to alder c a r r , to freshwater swamp, characterized by 

peaks of aquatic taxa and Cyperaceae. A further seaward 

movement often reveals an increase i n Gramineae and then 

saltmarsh taxa. Furthermore the behaviour of the Quercus and 

Alnus curves i s also represented. 

The distance decay e f f e c t suggested by the model 1b 

revealed i n BFP1 and BFP2 during the periods of c l a s t i c 

sedimentation. I n BFP2 the proportion of trees as %TL? i s 

l e s s than at BFP1, concentration of TLP i s lower and Quercus i s 

>Alnu8 as JfAP i n BFP2 whereas Alnus >Quercus as %A? i n BFP1. 

Pollen concentration fi g u r e s throughout the period of 

c l a s t i c sedimentation for non-saltmarsh taxa, i . e . other than 

Chenopodiaceae, T r i g l o c h i n and Gramineae, are remarkably 

constant. The major changes occur at the transgressive and 

regre s s i v e boundaries. Pollen concentration and i n f l u x 

diagrams have been widely used f o r the a n a l y s i s of lake 

sediments (e.g. Pennington 1975) whereas peat, because of i t s 

v a r i a b l e s t r u c t u r e and sedimentation rate has not been widely 

used for such s t u d i e s . The s i t u a t i o n s where peat has been 
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studied (e.g. Beckett and Hibbert 1976, Moore and Webb 1978) 
have been quite d i f f e r e n t to the i n t e r c a l a t e d peats and c l a y s 
of the c o a s t a l Plandrian sequence. Normally pollen i n f l u x 
can be c a l c u l a t e d by the product of the pollen concent­
r a t i o n and the sedimentation r a t e . I f however the pollen 
i n f l u x can be assumed constant then the concentration data 
w i l l r e v e a l changes i n sedimentation r a t e . Therefore i f 
the l o c a l and regional pollen component can be i d e n t i f i e d ^ 
when the percentage diagrams r e v e a l no s i g n i f i c a n t changes 
i n the regional and l o c a l p o l l e n assemblages, then any 
s i g n i f i c a n t change i n the concentration i s the r e s u l t of 
changes i n e i t h e r the sedimentation rate and/or sedimentary 
environment. 

Without further information the following suggestions 

are t e n t a t i v e l y proposed. The major fluctuations i n pollen 

concentration for Bourne Pen are r e l a t e d to s t r a t i g r a p h i c 

changes and therefore pollen concentration cannot be used 

as an i n d i c a t o r of changing sedimentation rates where there 

i s a major change i n pollen trapping conditions. However 

where i n t e r n a l stratigraphy appears constant and the regional 

pollen percentages r e v e a l no s i g n i f i c a n t changes then pollen 

concentration reveals changes i n sedimentation r a t e . The 

d e f i n i t i o n of "regional tree pollen" must be assessed since 

i t i s dependent on the s t a b i l i t y of the regional f o r e s t and 

therefore the same r e l a t i o n s h i p s cannot be applied over long 

time periods as the vegetation changes. Within the Bourne 

Fen context the lack of v a r i a t i o n of pollen concentration for 

most of the tree species in the c l a s t i c sediments may provide 

evidence of a rather constant sedimentation rate since the 
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main changes, e.g. at BPP1 50 cm., c l e a r l y coincide with 

s t r a t i g r a p h i c changes. Rapid changes of the c l a s t i c sedim­

entation rate are not suggested. Therefore i t would be 

h e l p f u l to compare the rate of peat accumulation before and 
1 ji 

a f t e r the c l a s t i c sedimentation but the C data are not 

a v a i l a b l e . 

Obviously to confirm these observations as being 

more generally applicable i t i s necessary to have many more 

s i t e s studied to show the r e l a t i o n s h i p s between thickness 

and i n t e r n a l homogeneity of the c l a s t i c deposit, i n f e r r e d 

sedimentation r a t e , distance from the i n f e r r e d r egional 
14 

f o r e s t , l o c a l environments and C c a l c u l a t e d sediment­
ation r a t e s . 

F i n a l l y pollen concentration may be u s e f u l i n the 

i n v e s t i g a t i o n of peat accumulation r a t e s and consolidation. 

For^other factors being equal, p o l l e n concentration i s prop­

o r t i o n a l to the amount of consolidation although the r e s u l t s 

from AL2, AL4 and CW7 are inconclusive i n t h i s respect. 

However the reduction or h a l t i n peat accumulation i n AL2 
at 842 cm., suggested by the pollen assemblage and corrob-

14 
orated by C a n a l y s i s , revealed a maximum i n pollen concen­

t r a t i o n at 844 cm. 

Therefore i t i s suggested that the model given i n 

f i g . 6.5 can be adapted not only to re v e a l the expected 

pollen changes i n i n f e r r e d c o a s t a l palaeoenvironments but 

may a l s o permit the i n v e s t i g a t i o n of possible changes i n 

sedimentation rate and consolidation. 
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Part 6.8 : Conclusions 

This a n a l y s i s of transgreBsive and regressive overlaps, 

from both o r i g i n a l research and published data or informal 

models, has shown that while there i s evidence for major 

ho r i z o n t a l f l u c t u a t i o n s of the c o a s t l i n e and v e r t i c a l 

changes of l o c a l water table i n the Penlands during the 

Flandrian Stage, due mainly to the un c e r t a i n t i e s of the 

a l t i t u d i n a l parameters i t i s not possible to confirm or 

refute the presence of flu c t u a t i o n s within the o v e r a l l r i s i n g 

s e a - l e v e l curve. However d i f f e r e n t techniques of a n a l y s i s 

have shown that there are examples of the tendency of f a l l i n g 

water tables and i t i s an aim for future research to assess 

t h e i r s p a t i a l and temporal extent. Computer simulation 

(e.g. Randerson, unpublished) appears an a t t r a c t i v e method 

of modelling complex c o a s t a l systems. 

Therefore i t i s proposed that the a n a l y s i s of s e a - l e v e l 
index points on a time-depth graph, chapter seven, should 
not exclude the tendencies of f a l l i n g water-levels since 
the a l t i t u d i n a l e rrors only r e l a t e to the absolute l e v e l and 
do not refute e i t h e r the s t r a t i g r a p h i c or i n f e r r e d veget-
a t i o n a l changes. 
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CHAPTER SEVEN 

Tendencies of s e a - l e v e l during the Plandrian Stage 

I t i s now possible to r e l a t e the s e a - l e v e l and e n v i r ­

onmental changes i n the Penlands to a general chronostratigraphic 

scheme based on the tendencies of r e l a t i v e s e a - l e v e l movements, 

periods of p o s i t i v e and negative tendencies of s e a - l e v e l 

movement are given the names Wash I - V I I I and Fenland I - V I I 

r e s p e c t i v e l y * When these tendencies are shown to be of 

regional s i g n i f i c a n c e they would be comparable with the 

terms transgression and regression as used by MSrner (1976a>b) 

but not with Devoy (1979) and Tooley (197 2*, 1 9 7 8 a ) . The 

chapter i s divided into 4 parts -

7 .1 : E x i s t i n g chronologies of s e a - l e v e l movement 
i n the Fenland. 

7*2 : Methods used i n developing the new chronology. 

7 .3 : Proposed Flandrian chronology of Fenland 
development. 

Godwin (1978 fig. 3 3 ) has presented a r e l a t i v e sea-

l e v e l curve for the Fenland which e f f e c t i v e l y supercedes 

the e a r l i e r chronologies of himself and others working from 

Cambridge (Godwin 1940a, Godwin and C l i f f o r d 1938 , W i l l i s 1961). 

Godwin18 curve shows an uninterrupted r i s e i n r e l a t i v e sea-

l e v e l culminating around 4200 BP at £.1.5 m. above "present 

s e a - l e v e l " . This was the "Pen c l a y " t r ansgression. A 

regr e s s i o n then took place to 2 m. below "present s e a - l e v e l " 

7 .4 : Conclusions. 

Part 7.1 E x i s t i n g chronologies of s e a - l e v e l movement 
i n the Fenland 

Section 7.1.1 Godwin 1s r e l a t i v e s e a - l e v e l curve 
and chronology 
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at around 3400 BP. The next r i s e i n s e a - l e v e l , depositing 

the "Upper" or "Romano-British S i l t s " a ttained +2 m. at 

c.1900 BP (AD50). P a l l i n g s e a - l e v e l then predominated u n t i l 

c.1100 BP (850 AD) apart from a small transgression at 1750 BP 

(AD200) to 1625 BP (AD325). F i n a l l y s e a - l e v e l rose to i t s 

present l e v e l . 

However Godwin and Vishnu-Mittre (1975) pointed out that 

the nature and timing of the "Fen Clay 1 transgression away 

from the type area of the southern Fenland may w e l l be quite 

d i f f e r e n t . T h i s , and other d i f f e r e n c e s , are confirmed 

here (see 7 . 3 ) • 

Section 7.1.2 : Other chronologies. 

Two other chronologies are of i n t e r e s t due to t h e i r 

recent publication . They are both derived from the i n t e r ­
im 

pretation of l i m i t e d C data with an incomplete assessment 

of s t r a t i g r a p h i c and m i c r o f o s s i l analyses and regional 

s i g n i f i c a n c e . 

F i r s t l y G a l l o i s (1979) proposed the following s t r a t ­

igraphic d i v i s i o n . I t has alre^Ay been c r i t i c i s e d (part 

3 . 3 ) and should be developed no further as a scheme for the 

whole Fenland. 

Lower Peat c.6500-5000 B P 

Barroway Drove Beds 5000-4000 BP ( i n f e r r e d ) 

Nordelph Peat c.4000-2000 BP 

Terrington Beds ? tr o3250/2250 BP 

Tooley (1974 fig.11) proposed the following transgression 

sequences (cf.chapter 1) for the Fenland 2 (approximate dates) 

I - 6000 BP 
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I I 5600 

I I I 4600 

IV 3300 

V 2250 

VI 1700 

This chronology was based on l i m i t e d "'""'C data and the 
time l i m i t s f o r VI are from d i r e c t c o r r e l a t i o n with T i e l II/Dunkirk 
I I i n the Netherlands. This chronology was accepted by Devoy 
(1979 f i g . 3D without question but w i l l be seen to be erroneous 
i n view of the evidence discussed i n part 7.3 

Part 7*2 : Methods used i n developing the new 
chronology 

The data base on which the chronology i s founded comprises 

the 8 l l2*C dates discussed i n chapter 3 (table 3-l)> 16 new 
assays from Bourne Pen and Adventurers* Land, and 5 new dates, 
as yet unpublished communicated by R.J. Wyatt to M.J. Tooley, 
from the Welland Washes, upstream of Cowbit Wash. The changes 
since c.2000 BP i n p a r t i c u l a r have been i n f e r r e d from published 

i l l 

archaeological and h i s t o r i c a l data. Table 7.1 shows those C 
assays not l i s t e d i n table 3.1. 

The f i r s t stage of a n a l y s i s i s shown i n fig. 7 . 1 where the 
14 

102 C data a v a i l a b l e are plotted on a time-depth graph with no 
consideration of the accuracy of t h e i r a l t i t u d e or i n d i c a t i v e meaning. 
However, the chronology explained i n part 7.3 i s not i n f e r r e d 

14 

purely from the C data since the s t r a t i g r a p h i c evidence a v a i l a b l e 
must also be considered. For example data point 62 i s from an i n t e r ­
calated peat bed and therefore the assay reveals that some time 
before 4950 - 100 BP there was a period of negative tendencies of 
se a - l e v e l and at some time afterwards there was a period of p o s i t i v e 

- 4750 BP 
- 4000 BP 

- 1750 BP 
- 1300 BP 



-239-

Table 7*1. New ±HC dates from the Fenland 

mat- tend-
No. Code date height m.OD e r i a l l a y e r ency S i t e 

82 HV8644 2970*65 +0.95 to +0.91 peat qhOD - BFP1 

83 HV8645 3485*75 •0.76 to +0.73 peat qhOB + BFP1 

84 HV9266 2625*65 •1.26 to +1.23 peat qhOD ?- BFP1 

85 HV9267 2780*70 •1 .06 to +1.03 peat qhOD ?- BFP1 

86 HV9268 3430*60 •0 .63 to +0.59 peat qhOB + BFP1 

87 HV8646 3435*65 +0.95 to +0 .93 peat qhOD - BFP2 

88 HV8647 3595*325 +0.91 to +0.89 peat qhOD - BFP2 

89 HV8648 3580*90 +0.21 to +0.18 peat qhOB + BFP2 

90 HV9264 2635*100 +0.93 to +0.91 peat qhOD - BFP2 

91 HV9265 3415*45 +0.10 to +0.06 peat qhOB + BFP2 

92 HV9261 5580*70 -7.99 to -8.03 peat qhA + AL2 

93 HV9262 6275-125 - 8 . 0 5 to -8 .08 peat qhA - AL2 

94 HV9263 6415*185 - 8 . 1 2 to - 8 . 1 7 peat qhOB + AL2 

95 2550*60 C.+1 .5 peat qhO ? + WW5 

96 3860*80 C.-3.3 peat qhA + WW4 

97 4030*80 C.-3.4 peat qhA - WW4 
98 5000*70 C.-3.9 peat qhOB + WW4 

99 5140*60 C . - 4.2 peat qhOB ? + WW4 
100 SRR1588 1845*50 -0.67 to -0.73 peat ?qhA - AL4 

101 SRR1589 4180*75 -4.05 to -4.11 peat qhA + AL4 

102 SRR1590 4500*50 -4.27 to -4.32 peat qhA - AL4 
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tendencies, f u r t h e r c l a r i f i c a t i o n of t h i s s i n g l e data point 

i s not possible. 

Therefore the chronology given i n part 7.3 i s considered 

the most s a t i s f a c t o r y scheme for explaining the periods of 

po s i t i v e and negative s e a - l e v e l tendencies when both the 

s t r a t i g r a p h i c and dating evidence i s considered. However t h i s 

must then be resolved i n the dimensions of a l t i t u d e and 

space. I t i s not possible to trac e the a l t i t u d i n a l changes 

i n r e l a t i v e s e a - l e v e l with any great accuracy. Due to many 

serious inadequacies of the data, eg. lack of an accurate 

r e l a t i o n s h i p to O.D. Newlyn, no accurate assessment of i n d i c ­

a t i v e meaning i n many cases, no adequate method to allow for 

the consolidation of sediments,^limited data r e l a t i n g to the 

regional s i g n i f i c a n c e of a horizon, only the general trend of 

MHWST can be given i n f i g s . 7.2 and 7.3> based on the i n t e r ­
im 

p r e t a t i o n of 31 C data, considered to be the most r e l i a b l e , 

and 8 i n f e r r e d index points, based on s t r a t i g r a p h i c and/or 

archaeological considerations. 

Each index point i s r e l a t e d to MHWST according to 

the r e l a t i o n s h i p s given i n table 6.2 and table 6.4. Obviously 

t h i s assumes a constant r e l a t i v e t i d a l regime. A constant 

absolute t i d a l regime must be assumed to r e l a t e the curve to 

present conditions. By making these assumptions the value of 

the curve i s reduced but i t i s necessary whenever index points 

with d i f f e r e n t i n d i c a t i v e meanings are used. 

Figure 7.2 i s constructed from the data given i n tab l e s 

7.2 and 7.3. The di f f e r e n c e i n table 7.2 between " a l t i t u d e 

of sample" and "e r r o r range of measured l e v e l " i s due to the 
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Table 7.2. 1 4 6 data used for constructing f i g . 7*2 

No. Lab. 
code 

l4C.BP 
4 

altitude of 
sample m.OD 

error range of 
measured level 

m.0D. 

range of 
MHWST 
M.0D. 

94 + HV9263 6415*185 -8.12 to -8.17 -7.94 to -8.24 -7.58 to -8.34 
93 - HV9262 6275*125 -8.05 to -8.03 -7.91 to -8.20 -8.03 to -8.60 
74 4 IGS-C14/123 5905*100 -6.49 to -6.51 -6.09 to -6.87 -5.79 to -6.77 
72 - I0S-C14/122 5600*100 -6.23 to -6.26 -5.83 to -6.62 -5.97 to -7.02 
66 + IGS-C14/121 5175*100 -5.83 to -5.88 -5.43 to -6.21 -5.13 to -6.11 
65 4 Q-581 5130*120 -3.05 to -3.06 -2.95 to -3.16 -2.75 to -3.06 
61 4 IOS-C14/119 4890*100 -5.09 to -5.14 -4.69 to -5.50 -4.39 to -5.40 
59 • 0-580 4800*120 -3.04 to -3.05 -2.94 to -3.15 -2.74 to -3.05 
58 • 0-499 4695*120 -3.20 -3.05 to -3.35 -2.95 to 
57 • 0-31 4690*120 -5.70 -5.55 to -5.85 -5.45 to -5.95 
102 - SRR1590 4500*50 -4.27 to -4.32 -4.13 to -4.44 -4.27 to -4.84 
53 • IGS-C14/118 4445*100 -2.52 to -2.55 -2.14 to -2.91 -1.84 to -2.61 
52 - 0-263 4390*120 -1.50 -1.15 to -1.85 -1.49 to -2.45 
47 - 0-544 4195*110 -1.50 -1.15 to -1.85 -1.29 to -2.25 
101 4 SRR1589 4180*75 -4.05 to -4.11 -3.91 to -4.23 -3.61 to -4.13 
45 • HAR150 4162*130 <] | -1.45 -1.30 to -1.60 -1.00 to -1.50 
36 4 IGS-C13/109 3945*100 • 
35 • 0-685 3943*100 -1.82 -1.72 to -1.94 -0.70 to -1.24 
33 - 0-489 3905*120 -0.71 to -0.73 -O.56 to -0.88 -0.70 to -1.28 
83 HV8645 ] 3451*47 +O.76 to +0.59 40.86 to 40.49 41.19 to 40.46 
86 HV9268 J 
89 HV8648 } 3448*65 40.21 to 40.06 40.31 to -0.04 40.64 to -0.07 
91 H79265 J 
24 - 0-686 3340*110 0.0 40.12 to -0.12 40.77 to 40.15 
87 - HVB646' 
88 - HV8647 3208*54 40.95 to 40.89 41.05 to 40.79 41.01 to 40.39 
90 - HV9264-
82 - HV8644 2970*65 40.95 to 40.91 41.05 to 40.81 41.01 to 40.41 
18 4 0-844 2815*100 40.12 40.24 to 0.0 41.26 to 0.70 
15 4 0-805 2495*110 • 
6 4 0-549 1875*100. 1 0.00 to -0.02 40.15 to -0.17 40.45 to -0.07 
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Table 7.3 

No. -
tend 
ency 

IP1 
+ 

IP2 

IP3 

IP4 

IP5 

IP6 

IP7 

IP8 

I n f e r r e d data points for constructing figure 7.2 

range (m.OD) Comments 
MHWST 

5600- -5.6 to -6.9 ranges for r e g r e s s i v e and 
5500 -6.0 to -7.** t r a n s g r e s s i v e overlaps of 

int e r c a l a t e d peat layer 
at AL4 

2400- <+3.7 lowest l e v e l of Iron Age 
2150 s a l t e r n s , +4.6 m.OD (Simmons 

1973) gives coarse approx­
imation of MHWST dependent 
on the r e l a t i o n s h i p of s a l t ­
erns to t i d e - l e v e l s : H.A.T. 
or higher? - gives maximal 
estimate. 

2350- +3.3 to +2.2 highest l e v e l of levees 
1900 colonised by Romans 

(Hallam 1970) - +3.3m. Indic­
a t i v e meaning estimated : 
HAT to MHWST 

1900- +1.24 to +0.74 regres s i v e contact of 
1750 2 undated peat l a y e r s near 

Spalding : CW7 and NCI 

1350- £.+1.2? Roman ditching down to 
1750 +1.2 m.O.D. 

(Hallam 1970) ̂  MHWST? 

1850- <+2.1 Roman s a l t e r n s down to 
1750 +3.0 ra.OD 

(Simmons 1978), c f . IP2 
and I P 5 . 1 

1550- C.+2.9? l e v e l of post-Roman 
1150 estuarine deposits 

(Smith 1970) ^ MHWST? 

3400- +1.48 to maximum recorded a l t i t u d e 
3300 +1.02 of the r e g r e s s i v e overlap 

i n Bourne Pen = +1.52 m.OD. 
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allowance made for e r r o r s i n the measurement of depth, ident­
i f i c a t i o n of boundaries, sampling method, borehole density, 
and an assessment of compaction where l o c a l evidence i s 
a v a i l a b l e , eg. between AL2 and AL4. Where there i s 
i n s u f f i c i e n t evidence a v a i l a b l e the e r r o r s themselves are 
estimated i n r e l a t i o n to table 6.1, For example index 
point 74, Ias-Cl4/123 : 5905 i 100 BP i s measured at an 
a l t i t u d e -6«49 to -6.51 m.OD, however the following e r r o r s are 
allowed f o r : -

I d e n t i f i c a t i o n of boundary - 0.01 m. 
measurement of depth - 0.05 m. 
angle of borehole + 0.04 m. 
sampling density - 0.30 m. 

i _ t i i • +0.40 
t o t a l sampling error m. 

This gives a possible e r r o r range of the measured a l t i t u d e as 
-6.09 to -6.87m.OD. The i n d i c a t i v e range of a presumed 
Phragmites or monocot. peat subjacent to marine sediments i s 
taken as 20 cm. below MHWS - 0.10 m. giving a range for MHWST 
as -5.79 to -6.77 m. OD at 5905 i 100 BP. 

The curve i n f i g . 7.3 i s for MHWST fo r the inner Wash 
(see table 6.4) and therefore to enable the Chapel Point 
data to be used the difference between the Skegness and inner 
Wash t i d a l data must be allowed f o r . However t h i s may mean 
that data points 35» 24 and 18 ( f i g . 7.2) are l e s s r e l i a b l e . 
The a l t e r n a t i v e was to r e l a t e a l l of the data to the t o t a l 
t i d a l data for the Wash giving a greater error range f o r 
a l l the index points. 
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Pigure 7.3 i s i n f e r r e d from f i g . 7.2 and shows the 

approximate 60% and 90% confidence l i m i t s for MHWST. The two 

confidence bands are taken from the same a l t i t u d i n a l ranges 

but -10" and ^20" of the l i |C data. The "extra 1 1 5% e r r o r i s to 

allow f o r those e r r o r s not yet assessed and i n f a c t the 6056 

and 90% figures themselves are only meant as a guide. 

Consolidation i s hardly allowed for i n t h i s curve and 

therefore future research may show that the "true 1 1 curve l i e s 

towards the top of t h i s band or even higher. 

Therefore the confidence bands show no unequivocal 

f l u c t u a t i o n s i n s e a - l e v e l but t h i s i s due to the r e s o l u t i o n 

of a l t i t u d e and time which the evidence and methods of a n a l y s i s 

allow. Very r a r e l y have the l i m i t s of p o s i t i v e and negative 

tendencies been i d e n t i f i e d and dated, eg. at Bourne Pen, and 

u n t i l the extent of the i n t e r c a l a t e d peat and clay deposits are 

c a r e f u l l y mapped the importance of each period of r i s i n g and 

f a l l i n g tendencies of s e a - l e v e l movement cannot be further 

assessed. Therefore f i g . 7.3 shows the l i k e l y l i m i t s w i t h i n 

which MHWST w i l l have occurred and i d e n t i f i e s the periods most 

l i k e l y to be characterised by r i s i n g and f a l l i n g s e a - l e v e l . 

Part 7*3 : Proposed Flandrian chronology f o r 
the Fenland 

The time l i m i t s discussed below are given as an estimate 

only, with a probable accuracy of -100 years. The boundaries 
14 

are not expressed as a s i n g l e C assay since t h i s may suggest 

an unwarranted accuracy. However where a period of, say, 

f a l l i n g tendencies of s e a - l e v e l i s designated a length of 

100 years i t i s not v a l i d to argue that t h i s period i s 
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unrecognizable uue to the s i z e of the age e r r o r s because the 
i l l 

period i s i n f a c t defined by stratigraphy as well as C 
data. The uncertainty a r i s e s from the method of absolute 
dating which i s i n s u f f i c i e n t l y accurate to e l u c i d a t e changes 
over short time periods. Each suggested boundary i s w i t h i n 
• 14 
- 20" of the l i m i t i n g C assays for presumed t r a n s i t i o n a l 
contacts. 
Wash I : ? - c.6300 BP 

Dated evidence for a r i s i n g water-table and subsequent 
inundation by t i d a l waters i s limited to the Guyhirti-Adventurers 
Land area (Godwin and C l i f f o r d 1938 f i g . 27, and f i g . 7- 4 )• 
The lack of evidence r e f l e c t s the paucity of research and the 
d i f f i c u l t y of r e t r i e v i n g samples from these seaward l o c a t i o n s . 

P o s i t i v e tendencies are dated,AL2: 6415 * 185 BP, 
and are reported further east at Guyhirn and west to Cross Guns 
PH-B. The l a t t e r borehole and AL4 together point to a l i m i t 
of C.-7.8 ra. OD for c l a s t i c sediments of that age. On the 
b a s i s of height c o r r e l a t i o n alone, some of the ba s a l peats 
from boreholes around Spalding, f i g . 6.2, may be of s i m i l a r 
age. The age of the < eroded b a s a l peat at Wiggenhall St.Germans 
i s not known. E a r l i e r datable material probably l i e offshore 
(see part 3.4 and G a l l o i s 1979). 

The l o c a l l i m i t i n g age of marine influenced sedim­
entation i s given as 6275 * 125 BP at AL2, with the r e g r e s s i v e 
overlap recorded c.1.5 m. lower at C.-9.5 m. OD at Guyhirn. 
Pollen evidence f or marine species i s generally lacking and 
the diatoms show a high freshwater input f or the t r a n s g r e s s i v e 
contact and a pure brackish r e g r e s s i v e overlap. O v e r a l l the 
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d i r e c t evidence for the nature, extent and age of t h i s 
episode of r i s i n g s e a - l e v e l i s very l i m i t e d ( f i g . 7.4). 

Fenland I : c.6300 - c.6200 BP 

The evidence i s once more l i m i t e d to the Adventurers 1 

Land - Guyhira se c t i o n . Immediately a f t e r 6275 - 125 BP 
there i s a break i n peat accumulation of AL2. The re g r e s s i v e 
tendencies are recorded to -9.5 m.OD. at Guyhirn. The end 
of t h i s period i s defined from data at Spalding for the opening 
of Wash I I . However the s t r a t i g r a p h i c and m i c r o f o s s i l 
control i s very poor and t h i s boundary may have to be amended 
when fur t h e r data are a v a i l a b l e . 

Wash I I : c.6200 - c.5600 BP 

Only two areas, Adventurers* Land and Cowbit Wash/Spalding, 
provide evidence of r i s e - a n d - f a l l tendencies of s e a - l e v e l f or 
the s i x t h millenium before present. 

The opening of Wash I I i s given as c.6200 BP from 2 rath e r 
u n s a t i s f a c t o r y dates on peat at Spalding (no.75 and 76 f i g . 7.1) 
which are of unknown r e l a t i o n s h i p to s e a - l e v e l . Therefore 
these dates are maximal, i f the peat s t a r t e d to form indepen­
dently of s e a - l e v e l then only the upper boundaries of the l a y e r s 
would provide s u i t a b l e data. 

Better evidence i s a v a i l a b l e from the borehole Sp-2, 
corr e l a t e d by stratigraphy with CW-7, i n which the a r r i v a l and 
end of marine sedimentation are dated between 5905 * 100 BP 
and 5600 - 100 BP, The a l t i t u d e of the r e g r e s s i v e overlaps 
are -6.2 m.OD at Sp-2, -6.96 m. OD at AL4 and _c.-6 m.OQ at 
Cross Guns Public House-B (Godwin and C l i f f o r d 1938). 
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The time l i m i t s of Wash I I do not agree w e l l with the 

assay from the tr a n s g r e s s i v e overlap at AL2 : 5580 - 70 BP. 

I t i s thought that t h i s date i s s l i g h t l y young, although 

by allowing -20" of the e r r o r i t j u s t f a l l s w i t h i n Wash I I , 

but t h i s would leave l i t t l e time for the accumulation of 

the overlying c l a s t i c sediment. The r e s u l t of an assay on the 

equivalent horizon from AL4 i s awaited. 

Fenland I I : c.5600 - c.5500 BP 

The tendency for a f a l l i n s e a - l e v e l i s i n f e r r e d 

from the date at Sp-2 : 5600 - 100 BP. The b a s a l peat dated 

5665 - 100 BP at Sp-1, at a higher a l t i t u d e , i s of unknown 

i n d i c a t i v e meaning. The onset of marine conditions at Sp-1 

i s not recorded u n t i l 4890 - 100 BP, at -5.09 m.OD and i n 

Sp-2 at 5175 ~ 100 BP, -5.83 m. OD. The onset of tendencies 

of r i s i n g water l e v e l s i s not dated at any l o c a t i o n and 

therefore the end of Fenland I I i s probably maximal, 

given a t c.5500 BP. 

Wash I I I / I V :0.550..O-o.4500 Bp or ? Wash I I I : c.5500-c.5200 BP 

? Fenland I I I : C.5200-C.5100 BP 

? Wash IV : C.5100-C.4500 BP 

The period 5500-4500 BP i s a complex one i n the Fenland. I t 

i s generally dominated by tr a n s g r e s s i v e tendencies but the 

c o r r e l a t i o n between the southern and northern Fenland by both 
14 

l i t h o s t r a t i g r a p h y and the a v a i l a b l e C data i s d i f f i c u l t . 
14 • P r i o r to the r e s u l t s of the C assays from AL4 the 

s t r a t i g r a p h i c evidence presented by Godwin and C l i f f o r d (1938) 

suggested that the highest peat i n the Dog-in-a-Doublet - Pear 

Tree H i l l s e c t i o n c o r r e l a t e d with the "upper p e a t w of the 
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southern Fenland. Therefore the peat l a y e r at c.-4 m.OD, 

als o recorded i n AL4, must have formed between Penland I I and 

Fenland IV, the l a t t e r being dated i n the southern Fenland 

at Denver. Thus t h i s peat l a y e r was taken as the evidence f o r 

the period Fenland I I I (Shennan 1980). The supporting evidence 

was not strong, the fen oak wood l a y e r at Wiggenhall S t . Germans, 

dated 4690 - 120 BP, may have s t a r t e d to have been formed i n 

Penland I I I but t h i s assay represented the time of i t s 

destruction rather than formation. The main reasoning f o r 

the i d e n t i f i c a t i o n of the period Fenland I I I was the i n t e r ­

p r e t a t i o n of the stratigraphy given by Godwin and C l i f f o r d . 

However i t i s important to s t r e s s that t h e i r sampling i n t e r v a l 

was often between 1-3 km. and no d e t a i l e d or complete s t r a t -

igraphic i n v e s t i g a t i o n linked the Nene Valley s i t e s to the 

southern Fenland. Their transect ( f i g . 33 Godwin and 

C l i f f o r d 1938) s i g n i f i c a n t l y shows that the "Fen C l a y t f was 

not continuous throughout the se c t i o n , not being recorded at 

Coldham Bank. 

The a l t e r n a t i v e to the i d e n t i f i c a t i o n of Fenland I I I i n 

the Adventurers 1 Land area was to equate the peat l a y e r at 

c.-4 m.OD with the i n i t i a t i o n of the "upper peat w of the southern 

Fenland. This would then agree b e t t e r with the evidence from the 

Spalding area but there would be a s i z e a b l e a l t i t u d i n a l 

d i fference with the southern Fenland, -4 m*0D compared to 

C.-1.5 m.OD. However chronostratigraphic c o r r e l a t i o n of the 

-4 m.OD peat l a y e r at AL4 with the period Fenland IV was 
14 

confirmed by the C analyses. Therefore the now favoured 

chronostratigraphic scheme designates the period Wash I I I / I V 

from C.5500 - C.4500 BP. 



-249-

The evidence f or r i s i n g water-levels from jc.5500 BP 
i s good. At Shippea H i l l whereas the lowest 60 cm. of peat 
accumulated between 8620 - 160 BP and 5330 - 120 BP an assay 
on Phragmites peat 65 cm* higher gave 5130 - 120 BP. ThiB 
apparent increased peat growth i s taken to represent the 
r i s i n g freshwater table associated with Wash I I I / I V . However, 
only a further 2 cm. higher an assay yi e l d e d 4800 - 120 BP 
and may ind i c a t e a decrease i n peat accumulation p r i o r to the 
deposition of the c l a s t i c sediments which are of Wash I I I / I V age. 

At Setch NV-1 the base of the lower peat was dated 
5440 - 100 BP but unfortunately the transgressive overlap to 
the c l a s t i c sediments was undated. 

The recognition of the combined Wash I I I / I V period 
gives much e a s i e r c o r r e l a t i o n between Adventurers 1 Land and 
the Spalding/Cowbit Wash area. At Sp-1 peat accumulation 
was continuous between 5665 - 100 BP and 4890 - 100 BP (basal 
peat) and at Sp-2 following negative tendencies at 
56OO - 100 BP the transgressive overlap i s dated 5175 * 100 BP. 
Very s i m i l a r records are given by the assays at Sp-0 and 
Welland Wash-4. 

The r i s e i n water l e v e l s indicated by the replacement 
of peats by c l a s t i c sediments at Spalding/Cowbit Wash, 
Adventurers 1 Land, Shippea H i l l and Wiggenhall S t . Germans 
was a l s o r e g i s t e r e d at various perimarine s i t e s : Adelaide 
Bridge - E l y , Holine Pen, and probably at Wicken Fen (table 3 . 1 ) . 

The maximum extension of the "Fen Clay" sensu Godwin i n the 
southern Fenland f a l l s towards the end of Wash I I I / I V 
( f i g . 7 . 4 ) . 
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Penland IV i c.4500 - c.4200/3900 BP 

While t h i s i s the period during which the well-recorded 

"upper peat" of the southern Penland s t a r t e d to form there 

i s a major d i s t i n c t i o n to be made between the southern and 

northern Penland. The maximum extension of marine sed­

imentation was not synchronous, with marine transgressions 

recorded a f t e r £.4200 BP away from the southern Penland. I t 

i s now c l e a r that the t r a d i t i o n a l "Fen Clay 9 1 was deposited i n 

two separate periods. 

The Wash II I / I V / P e n l a n d IV boundary i s given by dates 

from AL4, SP-1 and Denver a f t e r which time negative tendencies 

have been recorded but t h e i r timing and duration appears 

very dependent i n l o c a l conditions. 

The Denver s i t e i s p a r t i c u l a r l y enlightening. Wood, 

i n peat, above the regres s i v e contact gave an age of 

4390 - 120 BP and a second assay 8 cm. higher : 4085 - 110 BP. 

The environment of deposition can be compared with pollen 

analyses at Nordelph, 3 km. to the west, where the same 

broad s t r a t i g r a p h i c sequence i s recorded (Qodwin and C l i f f o r d 

1938, Godwin 1978). These pollen analyses showed that 

following the period of fen woods Sphagnum r a i s e d bog and 

pine communities developed u n t i l a fur t h e r episode of fen 

wood and then renewed marine deposition. This i s a c l e a r 

i n d i c a t i o n of a negative tendency of s e a - l e v e l followed by 

a renewed r i s e . 

Purther south the end of the extensive marine t r a n s ­

gression i n the southern Penland i s recorded at Shippea H i l l , 

Southery and Wood Pen. At the former two s i t e s the base 
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of the upper peat i s given as e a r l y Bronze Age which could be 
0.4100 BP (Godwin 1978 f i g . 3 3 ) . At Wood Pen a l 4 C assay on 
pine wood gave 4195 - 110 BP and was i n t e r p r e t e d as i n d i c a t i n g 
the extension of Sphagnum bog communities at a perimarine 
s i t e following the maximum landward extension of marine 
deposits (Godwin and W i l l i s 1961). 

At Sp-1 a date on the top of an i n t e r c a l a t e d pea<? l a y e r , 

shown by c o r r e l a t i o n with the Cowbit Wash s i t e s to be of 

v a r i a b l e t h i c k n e s s , gave an assay of 4445 - 100 BP. The upper 

surface may be eroded and i s not used to estimate the next 

p o s i t i v e tendencies. 

The best r e g i s t r a t i o n of Penland IV i s at AL-4 where 

p o s i t i v e tendencies have resumed by 4l80 - 75 BP, although 

the transgressive overlap suggests s l i g h t erosion. 

However, while negative tendencies are recognizable 

from c.4500 BP the conditions vary l o c a l l y within the Penland 

and t h i s may suggest a period of almost s t i l l s t a n d i n s e a * l e v e l 

tendency c.4200 - c.3900 BP. Negative tendencies are not 

recorded u n t i l 3915 - 120 BP at Saddlebow and 4030 - 80 BP 

at We Hand Washes, but there i s no micropalaeontological 

evidence from the l a t t e r s i t e to give an accurate i n d i c a t i v e 

meaning. But there i s good evidence for a renewed r i s e i n 

water table from Chapel Point at l e a s t by 3943 * 100 BP, i n 

the Witham Valley at 3945 +100 BP and possibly as e a r l y as 

4205 - 100 BP and at AL4 by 4180 - 75 BP. V a r i a t i o n between 

s i t e s i n the Fenland i s a l s o seen with the a l t i t u d i n a l 

evidence f o r the associated transgressive and r e g r e s s i v e 

contacts. The dated r e g r e s s i v e tendencies of Fenland IV 

generally occur a t -0.7 m. to -1.5 m.OD between Saddlebow 
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and Shippea H i l l while the l e v e l s at Sp-1 and AL-4 are 

o>-2«5 m.OD and C.-4.2 m.OD although these may have been 

more greatly affected by consolidation. Transgressive overlaps 

are again lower i n the Spalding and Adventurers 1 Land s i t e s 

while i n the Witham Valley they range from -1.7 m.OD t o c.0,0111.00 
the l a t t e r from a date of 3620 - 130 BP. These within-Penland 

differences of age and a l t i t u d e may in d i c a t e changes i n 

sedimentary and geological processes. D i f f e r e n t i a l c r u s t a l 

movement cannot be overlooked as a possible cause but no 

more evidence i s yet a v a i l a b l e . An important area i s around 

Adventurers' Land where the a l t i t u d i n a l c o r r e l a t i o n shows the 

greatest discrepancies. 

Part of the explanation i s a t t r i b u t a b l e to the regional 

di f f e r e n c e s p r i o r to 4500 BP. Marine transgressions were 

more widespread i n the southern Fenland but i t i s not known 

i f t h i s was due to d i f f e r e n t i a l c r u s t a l movement or the 

a l t i t u d e of the pre-Flandrian topography. At 4500 BP the 

southern Fenland was covered by a r e l a t i v e l y h o r i z o n t a l , 

extensive clay surface. When s e a - l e v e l f e l l , f i r s t fen wood 

and then r a i s e d bog could develop aided by the impeded 

drainage conditions on the clay s u r face. Raised bog was to 

develop as f a r seaward as Nordelph. Raised bog communities 

a l s o occurred a t Hcfcie Fen, dated 4190 - 130 BP, but p r i o r 

to the a r r i v a l of marine conditions at s l i g h t l y seaward 

l o c a t i o n s . However, away from the southern Fenland the 

deposits of Wash I I I / I V were much l e s s extensive ( f i g . 7 . 4 ) , 

drainage was b e t t e r and therefore peat development l e s s 

r a p i d . When s e a - l e v e l s t a r t e d to r i s e once more the 

s i t u a t i o n was quite d i f f e r e n t between the north and south. 



-253-

Peat development could keep pace with the s e a - l e v e l r i s e i n 

the south. The t r a n s i t i o n between the two areas appears to be 

the Guyhirn to Holme Fen/Woodwalton s e c t i o n s . 

Wash V i c.4200/3900 - c.3300 BP 

C l a s t i c deposits of t h i s age were excluded from the 

southern Fenland ( f i g . 7 * 4 ) . At Holme Fen/Woodwalton Sphagnum 

bog began to develop but did not produce a r e g r e s s i v e overlap 

and the continued r i s e of water-table i s represented by the 

s i l t s and c l a y s abutting against ombrogenous peats. Within 

t h i s drainage area between the March-Ramsey-Chatteris and 

Whittlesey ridges of pre-Flandrian deposits there i s adequate 
14 

C data to i l l u s t r a t e the chronology. Woody peat formation 

i s dated 4345 - 110 BP at Glass Moor, but t h i s date i s l i k e l y 

to be maximal since s h e l l s of Cardium edule were recorded i n 

t h e i r growth p o s i t i o n on pine stumps. The a c t u a l age of these 

s h e l l s could be much younger. Ombrogenous peat growth was 

i n i t i a t e d at 4190 - 130 BP a t Holme Fen and the maximum extension 

of the c l a s t i c deposits i s estimated at c.3415 - 120 BP and 

Sphagnum bog was only able to form a regressive overlap by 

C.3260 - 110 at Ugg Mere. 

Marine deposits of Wash V age were the f i r s t t r a n s g r e s s i v e 

tendencies to be recorded at Bourne Fen, the Witham V a l l e y , 

and Chapel Point up to at l e a s t 3450 BP. The a l t i t u d e s recorded 

for t r a n s g r e s s i v e tendencies range from c.-2 m.OD, i n the Witham 

Valley to w e l l above OD. Regressive tendencies are recorded 

up to +1.52 m.OD at Bourne Fen, and i n the Guyhirn-Holme Fen-

Whittlesey t r a n s i t i o n area the l e v e l s are up to +1.0 m.OD. 

These are c l e a r l y higher than the Wash IV deposits to the south. 
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However much more evidence i s needed to estimate the amplitude 

of the negative tendencies associated with Fenland IV. Two 

apparent anomalies to t h i s scheme should be noted, the dates 

at Flaggrass and Magdalen Bend both being a f f e c t e d by erosion 

at the t r a n s g r e s s i v e overlap (Godwin and W i l l i s 1961). 

Fenland V : c.3300 * c.3000 BP 

This period i s marked by the end of marine sedimentation 

at Bourne Fen, Ugg Mere and Chapel Point. No d i r e c t evidence, 

i e . t r a nsgressive overlap, i s dated u n t i l 2815 - 100 BP at 

Chapel Point but 3000 BP i s estimated as the renewal of 

p o s i t i v e tendencies from an assay i n a basal peat l a y e r at 

Horbling Fen, 3010 * 80 BP. 

Wash VI : c.3000 - c.1900 BP (AD.50) 

This t r a n s g r e s s i v e episode i s quite widely dated, eg. 
14 

Chapel Point,but some of the C data have proved d i f f i c u l t 

to i n t e r p r e t , eg. the transgressive overlaps at Welney and 

Saddlebow. Archaeological evidence r e c o n c i l e s much of the 

evidence and provides a more accurate time s c a l e . The time 
l i m i t s are therefore based on archaeological dating methods 

14 
and the C data would therefore be s l i g h t l y young (Damon 

et a l . 1973) but with confidence bands that are too broad to 

corroborate the changes. Fluctuations i n s e a - l e v e l have 

been shown by Simmons (1978), Salway (1970$, Hallam (1970) and 

C h u r c h i l l (1970) f or d i f f e r e n t times from the Iron-Age to post-

Roman times which are not w e l l represented by peat-clay 

sequences. 
Archaeological evidence suggests no re g r e s s i v e tendencies 
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before AD.50 (1900 BP) (Salway 1970) although l o c a l conditions 
may have prevented c o l o n i s a t i o n of former marshes u n t i l AD.150 
(Hallam 1970, Simmons 1978) . An important c r i t e r i o n to be 
assessed i s the s o c i a l change which occurred with the Roman 
invasion and therefore the reg r e s s i v e tendencies may be given 
a minimal estimate by the archaeological evidence. The evidence 
i s c l e a r for a f a l l i n the a l t i t u d e of s a l t e r n s between the 
Iron Age and AD.150 (Simmons 1978) but the a c t u a l onset of 
negative tendencies i s not i d e n t i f i e d . 

14 

The C data from Saddlebow, Welney, Spalding and 

Setch may suggest transgressive tendencies a f t e r t h i s time but 

t h e i r i n t e r p r e t a t i o n and accuracy are not unequivocal 

(see part 3 . 4 ) . The assay from AL4 on the regressive contact 

of the highest peat l a y e r , 1845 - 50 BP, i s i n t e r e s t i n g and 

requires future v e r i f i c a t i o n . C orrelation with the Dog-in-a-

Doublet-Pear Tree H i l l Section (Godwin and C l i f f o r d 1938 

f i g . 27) i n d i c a t e s a pre-Romano-British age for the peat l a y e r , 

with c l a s t i c deposits of Wash VI above, and of Wash V below. 

But the assay suggests that the peat s t a r t e d to form i n 

Fenland VI and therefore the subjacent c l a p s must be of 

combined Wash V and VI age, with no peat l a y e r of Fenland V 

age recorded. There i s a s l i g h t change i n the stratigraphy 

of the c l a s t i c l a y e r at - 1 . 5 3 m.OD i n AL4 but only d e t a i l e d 

a n a l y s i s of the c l a s t i c l a y e r and a mapping survey w i l l i n d i c a t e 

whether any re g r e s s i v e tendencies are recorded. S i m i l a r l y , 

re-dating of the peat l a y e r , preferably at s i t e s where the 

peat i s at s l i g h t l y greater depth, ( c f . 1m. at AL4) to le s s e n 

the p o s s i b i l i t y of recent contamination of the sample, w i l l 

confirm or refute the assay from AL4, 
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Penland VI : e.AD.50 (1900 BP) - c.AD.400 (1550 BP) 

There i s some disagreement over the movement of sea-* 

l e v e l during the Roman period. During the l a t e 3rd and the 

4th century AD. arable land was returned to pasture and once 

prosperous fen settlements languished (Hallam 1970) and at 

Welney two occupation l a y e r s are separated by 1*9 m- of 

s i l t ( C h u r c h i l l 1970, Godwin 1978). This was a t t r i b u t e d to a 

small transgression although problems with the s i l t i n g up of 

drainage channel o u t f a l l s were evident from AD.200 onwards 

(Hallam 1970). Hallam therefore concludes that the main 

transgression was not underway u n t i l the 5th - 7th centuries AD. 

At f i r s t i t may appear that the evidence f o r s e a - l e v e l 

change since the Roman period should be more easy to i d e n t i f y 

than e a r l i e r changes. However from t h i s period onwards the 

evidence i s more r e a d i l y destroyed by l a t e r a c t i v i t i e s since 

i t i s generally found nearer the surface and furthermore very 

l i t t l e d i r e c t research has been made. Most of these con­

clusion s are i n f e r r e d from settlement studies and the d i f f ­

e r e n t i a t i o n between s e a - l e v e l change and periods of flooding 

becomes very d i f f i c u l t . As man changes the c oastlands by the 

construction of drainage channels, sea defences and the 

removal of peat for f u e l the movement of the c o a s t l i n e becomes 

l e s s dependent on s e a - l e v e l change and more dependent on l o c a l 

sedimentological, s o c i a l , technological and economic f a c t o r s . 

Therefore i t w i l l be to the c r e d i t of h i s t o r i a n s and 

archaeologists to modify t h i s scheme i n the future. 

Wash V I I : c.AD.400 (1550 BP) - c.AD.800 (1150 BP) 

Settlement and saltmaklng studies provide the time 
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l i m i t s for t h i s t r ansgressive episode during which there was 
f i r s t a landward movement of the c o a s t l i n e covering Roman 
deposits (eg. Smith 1970) followed by continued a c c r e t i o n i n 
the c o a s t a l zone (Hallam 1965f Healey 1978). 

Fenland V I I ; c.AD.800 (1150 BP) - c.AD. 1000(9 50 BP) 

This period of a r e l a t i v e f a l l i n s e a - l e v e l i s i n f e r r e d 

from settlement studies and documentary evidence (Hallam 1965). 

Wash V I I I : c.AD.loOO (950 BP) -

Prom t h i s time onwards land reclamation and natural 

a c c r e t i o n dominate the c o a s t l i n e of the Wash and therefore 

v e r t i c a l and horizontal changes i n s e a - l e v e l and the 

co a s t l i n e cannot be e a s i l y separated. The a l t i t u d e of sea-

banks and reclaimed land t e s t i f y to a generally r i s i n g r e l a t i v e 

s e a - l e v e l (Fowler i n Godwin 1940a). Whereas deposition became 

dominant i n the Wash, along the Linc o l n s h i r e coast a more high 

energy environment developed. 

Part 7»^ : Conclusions 

The following periods have been i d e n t i f i e d on the ba s i s 

of s e a - l e v e l tendencies:-

or 

Wash I - c.6300 Bp 
Fenland I c.6300 - c.6200 BP 
Wash I I c.6200 - c.5600 BP 
Fenland I I c.5600 - c.5500 BP 
Wash I I I / I V C.5500 - C.4500 BP 

? Wash I I I c.5500 - C.5200 BP 
? Fenland I I I c.5200 - C.5100 BP 

? Wash IV c.5100 - C.4500 BP 
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Fenland IV c.4500 - JB.4200 or C.3900 BP 

Wash V c.4200 or 3900 BP - 0.3300 BP 

Fenland V c.3300 - c.3000 BP 

Wash VI c.3000 - 0.1900 BP 1050 BC - AD.50 

Fenland VI c.1900 - C.1550 BP AD.50 AD. 400 

Wash V I I c.1550 - C.1150 BP AD.400 - AD.800 

Fenland V I I c.1150 - C.950 BP AD.800 - AD-10 00 

Wash V I I I c. 950 AD.1000 -

This chronology i s the most s a t i s f a c t o r y scheme to 
14 

explain the s t r a t i g r a p h i c , pollen, diatom and 0 evidence 

presently available. I t i s not dependent on any one type of 

evidence i n i s o l a t i o n and since the data are only estimates, 

with a c e r t a i n p r o b a b i l i t y of representing the true values, 

the questioning of the accuracy of exceptions to, or r e s i d u a l s 

from,the general chronology i s to be expected. The major 

problems that are apparent with the present chronology are 

summarized 

1. there i s no si n g l e s i t e which e x h i b i t s a l l of the 

periods l i s t e d above. This i s not s u r p r i s i n g since 

Fenland VI - Wash V I I I are based on archaeological 

and h i s t o r i c a l data. However the combination of AL2 

and AL4 appears to cover Wash I - Wash V at l e a s t , 

and possibly up to Fenland V I . 
14 

2. the major 0 problems are those from Saddlebow and 

Welney (eg. C h u r c h i l l 1970) and are as much t e c h n i c a l 

problems as chronostratigraphic ones. For Saddlebow 

i t i s necessary to i n v e s t i g a t e the l a t e development of 

regr e s s i v e tendencies, £.3900 BP compared to 

0.4500 - 4400 BP at Spalding, Denver and AL4, while 
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t r a n s g r e s s i v e tendencies were being recorded i n the 

Witham V a l l e y , AL4 and Welland Washes. Furthermore 

i t i s necessary to explain the exclusion of c l a s t i c 

deposits during Wash V at Saddlebow. Did r a i s e d 

bog develop here as i t did at Nordelph? 

3. the s e r i e s of dates from Setch do not agree w e l l with 

the other dates i n the v i c i n i t y and r e - i n v e s t i g a t i o n 

of the stratigraphy and dating of sequences i n the 

Setch-Saddlebow - Wiggenhall S t . Germans area would 

provide much u s e f u l information. 

4. the major l i t h o s t r a t i g r a p h i c problem i s the explanation 

o^ the a l t i t u d i n a l d ifference between Fenland IV 

peat l a y e r s i n the southern Fenland and those further 

north : at Spalding and Adventurers 1 Land i n p a r t i c u l a r . 

However the problem cannot be dismissed as being due 

to consolidation( the Spalding s i t e s and AL4 record 

Fenland IV as an i n t e r c a l a t e d peat) since at more 

landward s i t e s ( Bourne Fen, and between Guyhirn and 

Holme Fen) dated sequences r e v e a l b a s a l peats apparently 

forming at lower a l t i t u d e s than the upper peat of the 

southern Fenland but of Wash V age. 

5. figure 7.3 shows a broad s e a - l e v e l band, compared to 

the misleading "curve" u s u a l l y drawn i n s e a - l e v e l s t u d i e s , 

due to the e r r o r s involved i n the assessment of sea-

l e v e l index points. However the band i s p a r t i c u l a r l y 

wide for two periods, Wash I I I / I V and Wash V I . For the 

former t h i s i s believed to be the combined e f f e c t of 

consolidation and within-Fenland d i f f e r e n c e s of 
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sedimentation processes and possibly o r u s t a l movement. 
For the period Wash VI the a l t i t u d i n a l range i s due 
to the as yet unresolved r e l a t i o n s h i p of c e r t a i n 
archaeological evidence ( s a l t e r n l e v e l s , and l e v e l s of 
colonised l e v e l s ) to pa s t t i d e l e v e l s and the i n t e r ­
p r etation of l i m i t e d l i jC data (table 7.2, 7.3, f i g . 7 . 2 ) . 

6. the chronology i s dependent on the ***C method. Technical 

problems and the measured v a r i a b i l i t y of the l2*C and 

dendrochronologic time-scales (eg. Damon et a l . 1973) 

do not permit the i d e n t i f i c a t i o n of short time periods. 

Age gradient r e v e r s a l s for c l o s e l y spaced samples are 

quite common, eg. Shippea H i l l , Saddlebow, Bourne Fen; 
14 

and these a l l together i n d i c a t e that C analyses 

must be dependent on other forms of a n a l y s i s i n the 

development of any chronology. I t i s on these combined 

c r i t e r i a that the periods of r i s i n g and f a l l i n g sea-

l e v e l tendencies have been i d e n t i f i e d . 

Therefore, despite the problems a r i s i n g from t h i s chronology, 

i t can be s a i d that the evidence i s overwhelming for the 

i d e n t i f i c a t i o n of periods of a l t e r n a t i n g r i s i n g and f a l l i n g 

s e a - l e v e l tendencies at i n d i v i d u a l locations. The dating and 

c o r r e l a t i o n of i n d i v i d u a l locations to i d e n t i f y the regional 

s i g n i f i c a n c e of these tendencies are the major aims f o r 

future research. Figure 7.4 i n d i c a t e s the extension of c l a s t i c 

deposits of the periods Wash I - VI. Later c o a s t l i n e s cannot be 

r e a d i l y r e l a t e d to periods of s e a - l e v e l tendency. Furthermore 

i t can be seen that large areas of the Fenland s t i l l r e q u ire 

i n v e s t i g a t i o n to i d e n t i f y the age, nature and extent of the 

marine deposits. 
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F i g u r e 7 A : The maximum e x t e n s i o n of marine d e p o s i t s , 
Wash I - V I , i n the Fenland. 
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Differences i n the extent and age of the various 
marine deposits have been noted. I t i s apparent that the most 
extensive marine deposits are gradually younger from the south 
to the north, up to the Witham Valley ( f i g . 7 . 4 ) . The 
a l t i t u d i n a l l i m i t s of the d i f f e r e n t organic and c l a s t i c horizons 
a l s o require f u r t h e r i n v e s t i g a t i o n . Whefoer d i f f e r e n t i a l c r u s t a l 
movement during the past 7000 years within the Fenland has 
occurred, with h y d r o - i s o s t a t i c e f f e c t s being a f a c t o r , i s a 
question deserving an answer. C e r t a i n l y the Fenland did not 
act i n a uniform manner to the changes i n s e a - l e v e l i d e n t i f i e d 
throughout t h i s a n a l y s i s . Figure 7 s h o w s that there are 
se v e r a l drainage basins within the Fenland which would have 
affected the l o c a l nature and extent of transgressions. I t i s 
necessary to resolve the palaeoenvironmental conditions at the 
seaward end of these basins to see how they have controlled the 
sedimentary conditions within the basins. 

I t i s concluded that the data a v a i l a b l e i n d i c a t e 7 

(possibly 8) periods of r i s i n g s e a - l e v e l interspersed with 

periods of r e g r e s s i v e tendencies. The regional and a l t i t u d i n a l 

s i g n i f i c a n c e i s not always c l e a r due to the combined e f f e c t s 

of the e r r o r s involved i n the assessment of s e a - l e v e l index 

points and the use of the whole Fenland as the s c a l e of study. 

I f the periods of r e g r e s s i v e tendencies are considered to be 

of regional importance then f i g . 7.3 can be resolved one stage 

further to give a constrained confidence band. Whereas the 

60% and 90% confidence bands are e f f e c t i v e l y drawn by smoothing 

between the extremes of the e r r o r boxes the constrained curve 

i s based on the tendencies of s e a - l e v e l for that time. Once 

more i t i s c l e a r that the regional s i g n i f i c a n c e of negative 

tendencies needs to be assessed to e l u c i d a t e the d e t a i l e d sea-

l e v e l , environmental and i s o s t a t i c h i s t o r y of the region. 
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CHAPTER EIQHT 

I n t e r - r e g i o n a l comparison of s e a - l e v e l chronologies 

The a l t e r n a t i o n s of c l a s t i c and biogenic sediments 

discussed i n the preceding chapters r e f l e c t the i n t e r a c t i o n 

of l o c a l and regional phenomena, of which r e a l e u s t a t i c 

movement of s e a - l e v e l i s only one v a r i a b l e . I n i s o l a t i o n a 

r e l a t i v e s e a - l e v e l graph from a s i n g l e area, e.g. the Fenland, 

can seldomly show unequivocal evidence of r e g i o n a l l y 

s i g n i f i c a n t e u s t a t i c f l u c t u a t i o n s and comparison with other 

areas must be made. This comparison i s developed i n the 

following p a r t s : -

8 . 1 

8.2 

8.3 

8.4 

8.5 

Problems of s c a l e and technique. 

Comparison with other areas. 

C r u s t a l movements. 
ill 

S t a t i s t i c a l evaluation of C data. 

Conclusions. 
Part 8 . 1 : Problems of s c a l e and technique 

Each s e a - l e v e l index point has dimensions of l o c a t i o n , 

age and a l t i t u d e . Regional comparison therefore requires 

the assessment of within-area variance and between-area 

variance of the age and a l t i t u d e parameters f o r the index 

points taken to represent a defined area. I n p r a c t i c e c o a s t a l 

u n i t s are subdivided into areas of i n v e s t i g a t i o n f o r which 

c e r t a i n v a r i a b l e s can be taken as constant, f o r example, where 

d i f f e r e n t i a l i s o s t a t i c movement i s not considered l i k e l y , or 

where t i d a l parameters can be considered constant. I t was 
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shown i n the preceding chapter that i t may not be v a l i d to 

t r e a t the Fenland as an homogeneous c o a s t a l u n i t . Moreover 

i t i s c l e a r that i n d i v i d u a l s e a - l e v e l index points, t r a n s ­

posed from the ti m e - l o c a t i o n - a l t i t u d e dimensions, as they 

e x i s t i n r e a l i t y , to the time-altitude dimensions of a sea-

l e v e l graph, are subject to a v a r i a b i l i t y which must be taken 

into consideration. Therefore the measurement errors of age 

and a l t i t u d e and the.eytatfowhich tt*y represent the defined c o a s t a l 

u n i t must be assessed i n order to estimate the within-area 

variance. Without such an assessment between-area comparison 

i s of much lower value. 

I n Chapter 7 i t was shown that i n using widely 

accepted fieldwork techniques the i n d i c a t i v e a l t i t u d e of an 

i n d i v i d u a l s e a - l e v e l index point can be given to c.- 0.40 m. 

This assumes that the i n d i c a t i v e ranges given i n t a b l e 6.2, 

i n f e r r e d from Kidson and Heyworth (1979) are c o r r e c t , and 

should they not be so then t h i s e r r o r must be greater. 

Furthermore, the complicated allowance for consolidation has 

not been made. The figure of - 0.40 m. assumes a dense 

borehole network, i . e . a c. 150 m. g r i d , and therefore for 

l e s s d e t a i l e d borehole surveys t h i s e r r o r must be assumed 

mlinimal. 

I n addition to the e r r o r i n the estimate of a l t i t u d e 

of the former s e a - l e v e l given by i n d i v i d u a l index points, the 

variance i s increased by extending the area over which the 

s e a - l e v e l index point i s assumed i n d i c a t i v e . For t r e a t i n g 

the Fenland as a whole i t was shown that the accuracy could 

only be - 2.0 m. f o r c e r t a i n periods at which the a v a i l a b l e 

data show greatest discrepancies. 
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The within-area e r r o r of the age estimate which ought 

to be expected can be i l l u s t r a t e d from the d i f f i c u l t i e s 

encountered i n the preceding chapters to develop chronologies 

both for i n d i v i d u a l s i t e s , BFP1, and BPP2 f and a l s o for the 
14 

whole Penland. Only 102 C data, of v a r i a b l e q u a l i t y , 

were a v a i l a b l e and the proposed chronology could not expect 

an accuracy betrter than - 100 years and future modification 
14 

of the chronology i s l i k e l y . However t h i s number of C 

assays i s greater than the t o t a l used elsewhere i n the UK • 

(eg. Devoy 1979f Kidson ajid Heyworth 1973* Tooley 1978a). 
14 

The r e l i a n c e on I s o l a t e d C assays i s p a r t i c u l a r l y hazardous 

since the • r i a l * e r r o r i s greater than the " t e c h n i c a l " e r r o r 

given by the radiocarbon dating laboratory. The problem i s 

e a s i l y i l l u s t r a t e d by the Fenland data ( t a b l e s 3*1 and 7*1)* 

There are only 9 s i t e s which have been dated by 2 or more 

samples with l e s s than 15 cm. between the samples, and of 

these, 4 s i t e s : Saddlebow, Shippea H i l l , BFP1 and BFP2, 

r e v e a l inversed age-gradients. I n addition, two s i t e s 

from Woodhall Spa, WS-TB and ws-5.4, have had r e p l i c a t e 

samples sent to d i f f e r e n t l aboratories with i n c o n s i s t e n t 

r e s u l t s obtained. Therefore, of 11 s i t e s used f o r the w i t h i n -

area chronology, 6 show age discrepancies. The conclusion 
14 

i s unavoidable that too few C data oversimplify the assumed 
14 

chronology and r e f l e c t too much r e l i a n c e on the C method 

to i d e n t i f y short periods of change. C l e a r l y f u r t h e r 

research i s required to assess the aocuracy that can be 
14 

expected from the C method f o r the development of l o c a l 

chronologies. 
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Part 8.2 : Comparison with other areas* 

The methodology developed for the c o r r e l a t i o n of 

d i f f e r e n t areas i s v i r t u a l l y non-existent and the same may 

be s a i d of l o c a l chronologies. Even though the preceding 

chapters have I d e n t i f i e d and p a r t i a l l y quantified e r r o r s 

which have previously been e i t h e r disregarded or not quant­

i f i e d , the development of the chronology and the comparison 

of the evidence w i t h i n the Penland was s t i l l very s u b j e c t i v e . 

The chronology was developed by "informed comparison* r a t h e r 

than s t a t i s t i c a l c o r r e l a t i o n . The technique can only be 

defended by pointing to the lack of data a v a i l a b l e and the 

statement of the e r r o r s involved. This approach i s not 

unusual i n s e a - l e v e l studies and only r a r e l y are s t a t i s t i c a l 

methods employed (eg. Smith et a l . 1969). This 

p r a c t i c e must be encouraged, although the d i f f i c u l t y of 
14 

r e t r i e v i n g samples and the expense of C dating w i l l always 

l i m i t the s i t e of the data s e t . 

Just as the unwarranted accuracy portrayed by a sea-

l e v e l curve drawn as a l i n e must be c r i t i c i s e d - although 

Mflrner (1980) does assess the e r r o r i n h i s curve and con­

cludes an accuracy of 0.1 m. - then the present p r a c t i c e of 

c o r r e l a t i n g transgression episodes must also be c r i t i c i s e d . 

The methodology for the c o r r e l a t i o n of these time s e r i e s has 

not been developed. Mflrner (1980, p.285) does, however, 

acknowledge, 
"Due to chrono-stratigraphical u n c e r t a i n t i e s , 
differences i n dated mat e r i a l and i t 9 s r e l a t i o n to 
sea l e v e l , and differences between various radio­
carbon l a b o r a t o r i e s , i t i s generally not possible to 
achieve so good a time r e s o l u t i o n that c o r r e l a t i o n s 
c l o s e r than within some 100-200 years can be 
su b s t a n t i a t e d . n 
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Even so the techniques of " c o r r e l a t i o n " are generally 

no more than educated guesses, yet the following statement, 

quoted from the o r i g i n a l t e x t , i s not uncommon * 

"The Thames curves ( f i g u r e 30) correspond w e l l with 
each of the others for the southern North Sea 
region, showing the same trend of sea l e v e l r i s e 
and timing of transgress!ve/regressive phases during 
the Flandrian. The broad synchronelty of these 
r e l a t i v e s e a - l e v e l movements i n NW Europe i s w e l l 
demonstrated i n figure 31" .(Devoy 1979> p.391) . 

The j u s t i f i c a t i o n of these statements by Devoy requ i r e s 

close s c r u t i n y . F i r s t l y he assumes that a l l of the authors 

from whom he derives evidence have defined the terms "trans­

gress ive and regressive phases" on the same bases. I n view of 

the d i s c u s s i o n i n chapter 1 t h i s i s highly u n l i k e l y . Even i f 

t h i s were so the evidence as presented does not allow such 

conclusions. Mflrner (1969) explained that during the Flandrian 

Stage regions of subsidence, i e . the southern North Sea 

region, w i l l have been dominated by transgressive tendencies 

and therefore only major regressions should be recorded. 

However Devoy*s (1979) figure 30 shows very poor agreement 

for the c o r r e l a t i o n of r e g r e s s i v e tendencies, for only between 

c .2750-c .2850 BP do the sequences he quotes a l l show re g r e s s i v e 

periods. This i s hardly "the same trend of sea l e v e l r i s e 

and timing of t r a n s g r e s s i v e / r e g r e s s i v e phases" for the 9000 

years the diagram covers. 

S i m i l a r l y the use of such diagrams as given by Devoy 

(1979 f i g . 31) and Tooley (1976 f i g . 3) should be discouraged 

due to the d i f f e r e n t d e f i n i t i o n s used for transgressions by 

authors. Furthermore, Devoy's (1979) conclusions are s t i l l 

not j u s t i f i e d . The broad synchroneity of r e l a t i v e s e a - l e v e l 

movements i n NW Europe i s not w e l l demonstrated. From 
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Devoy*s figure 31 each region can show e i t h e r a transgression 

( t ) or regression ( r ) , therefore for a given time t o t a l 

agreement would be shown by e i t h e r a l l transgressions or a l l 

regressions and no synchroneity by an equal d i v i s i o n (NB. 

further a n a l y s i s may r e l a t e these with u p l i f t e d and subsided 

a r e a s ) . This can be measured by a s i m i l a r i t y index ( I s ) 

given by the formi-

I , I * - Zr 
Zt • S> 

I g has a range zero to 1, no s i m i l a r i t y to t o t a l 

s i m i l a r i t y , and i f c a l c u l a t e d for each 200 year period 

between 8600-1000 BP from Devoy*s diagram gives an o v e r a l l 

mean of 0.38. This represents a s i t u a t i o n only s l i g h t l y 

b e t t e r than where f o r each 2 regions showing a transgression 

1 shows a regression : hardly "broad synchroneity*. 

Therefore i n the absence of any acceptable method­

ology, and without the r e - i n t e r p r e t a t i o n of other r e s e a r c h e r s 9 

data to compare uniformly defined periods of p o s i t i v e and 

negative tendencies of s e a - l e v e l movement i t would be unwise 

to attempt a c o r r e l a t i o n with other areas except i n the 

broadest terms. 

The main question to be answered i s whether the 

l i t h o l o g i c changes noted for the Fenland, and interpreted 

i n a chronological scheme of periods of r i s i n g and f a l l i n g 

s e a - l e v e l tendencies, represent l o c a l phenomena or synchronous 

events over l a r g e r areas. The major d i f f i c u l t y preventing 

a s o l u t i o n to the problem i s the c o r r e l a t i o n of data des­

c r i b i n g l i t h o s t r a t l g r a p h i c u n i t s , i e . a l t e r n a t i o n s of peats 
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and marine f a c i e s , with s e a - l e v e l movements* Without consid­
erable re-evaluation of the published data t h i s i s not f e a s i b l e 
at the moment. However on the assumptions that the Fenland 
has been an area of c r u s t a l subsidence throughout the Flandrian 
Stage and the regional e u s t a t i c s e a - l e v e l has shown a generally 
r i s i n g l e v e l then any periods c h a r a c t e r i s e d by evidence of 
f a l l i n g s e a - l e v e l s , i . e . Fenland 1-V11, should be i d e n t i f i e d 
i n areas l e s s affected by c r u s t a l subsidence i f the periods 
of negative tendencies are of more than l o c a l s i g n i f i c a n c e . 

The only possible approach considering the data and 

methodology a v a i l a b l e i s to i n d i c a t e those areas which show 

broad agreement and disagreement. This method, however, cannot 

give unequivocal r e s u l t s . 

The area nearest to the Fenland which has been studied 

i s the Humber Estuary (Gaunt & Tooley 1974). Only i s o l a t e d 

data are a v a i l a b l e from t h i s area. A possible o s c i l l a t i o n i n 

s e a - l e v e l movement p r i o r to any recorded i n the Fenland i s 

recorded a t Kingston-upon-Hull while the f i r s t possible cor­

r e l a t i o n between the two areas i s the development of woody 

peat above marine deposits at Spux^. This peat i s dated 

6170 - 180 BP (Hv 3 3 5 9 ) . This would represent the development 

of woody communities following the period of negative tendencies 

designated Fenland I . 

At Stoneferry the t r a n s g r e s s i v e tendencies recorded 

seme time a f t e r 5240 - 100 BP (IQS-C14 /97) may probably be 

c o r r e l a t e d with Wash IV, and Wash V appears to be represented 

by the dates on s h e l l s of Cerastoderma edule and Macoma b a l t h i c a 

at Stoneferry. Furthermore the t r a n s g r e s s i v e deposits at 

Brigg, i n d i r e c t l y dated to 2552 ~ 120 BP (Q-77)and 

2784 * 100 BP(Q-78) f a l l w i t h i n Wash VI. However the nature, 
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extent and timing of marine inf luenced deposits i n the Humber 

estuary and adjoining v a l l e y s i s not c l e a r (Smith 1958, Tooley 

1978a) . C o n f l i c t with the proposed Fenland scheme may be 

given by the s i t e at North F e r r i b y and Brigg where 0 assays 

on I r o n Age boats and associated s t r u c t u r e s suggest the 

deposition of c l a s t i c sediments C.3500-3100BP (McOrail & 

Switsur 1 9 7 5 ) , two fu r t h e r assays on the "Brigg Haft" 

(McGrail & Switsur 1975) corroborate those given above 

(Q77, Q78), and therefore the two periods of c l a s t i c deposition 

would appear to c o r r e l a t e with Wash V and Wash V I . However, 

there i s no apparent s t r a t i g r a p h l c evidence for an intervening 

re g r e s s i v e phase and the suggested time l i m i t s f o r one of the 

boats from North Ferri b y would f a l l i n Fenland V. Detailed 

mapping and palaeoenvironmental i n v e s t i g a t i o n s are c l e a r l y 

required i n t h i s important area to corroborate further or 

refute the scheme for the Fenland as being of more regional 

importance. 

Transgressive and regressive tendencies are noted at 

Hartlepool (Gaunt and Tooley 1974, Tooley 1978c), where 

c.1 .7 m. of c l a s t i c deposits were dated as accumulating between 

5285 * 120 BP (Hv 4712) and 5240 - 70 BP (Hv 3459). These 

v i r t u a l l y i d e n t i c a l assays are not very s a t i s f a c t o r y but 

may give weight to the s i g n i f i c a n c e of the Wash 111/Fenland 111 

o s o i l l a t i o n at c.5200 BP. 

To the south of the Fenland i t i s l e s s easy to compare 

the Fenland chronology with e x i s t i n g schemes. The Norfolk 

Broads appear to be a s u i t a b l e area f o r c o r r e l a t i o n (Jennings 

1952, Lambert et a l . 1960) but only now are the required 

i n v e s t i g a t i o n s being undertaken (Alderton Pers.comm.). 
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The evidence a v a i l a b l e from the outer Thames estuary 

(Greensmith arid Hicker 1973) i s not d i r e c t l y comparable to the 

Fenland data since d i f f e r e n t techniques of a n a l y s i s have been 

used. These problems were noted by Tooley (1978a) i n ident­

i f y i n g the lack of d e t a i l e d concurrence between the outer 

Thames estuary and west Lancashire. However, while the 

techniques can be c r i t i c i s e d (Tooley 1978a), Greensmith and 

Tucker have resolved the evidence into a curve of s e a - l e v e l 

movement. Their curve, however, bears l i t t l e v i s u a l resem­

blance to the curve ff>r Tilbury given by Devoy (1979). The 

lack of agreement between two r e l a t i v e l y close s i t e s must be 

the r e s u l t of a combination of the following factors w i t h i n 

or between each area : incomplete evidence, u n r e l i a b l e i n d i c a t o r s 

of past s e a - l e v e l s , l o c a l differences i n t i d a l parameters, or 

differences i n the techniques used. Perhaps, therefore, i t i s 

not s u r p r i s i n g that the outer Thames estuary curve does not 

c l o s e l y agree with the Fenland scheme. The former curve i s 

dominated by tr a n s g r e s s i v e tendencies but r e g r e s s i v e tendencies 

are noted for the periods c.5100-4300 BP, c.3200-2700 BP and 

c.1900-1700 BP. These, from an area l i k e l y to have been 

aff e c t e d by more subsidence than the Fenland, only show broad 

agreement with r e g r e s s i v e phases i n the Fenland : Fenland 

(?111)1V, Fenland V, Fenland V I . 

The problems o r i g i n a t i n g from the use of d i f f e r e n t 

techniques should not a r i s e during a comparison with the 

evidence from the r e s t of the Thames estuary (Devoy 1979). 

However Devoy's a n a l y s i s i s remarkable i n that he u t i l i s e s 3 

curves to represent the data (Devoy 1979 f i g . 2 9 ) . F i r s t l y , he 

describes 2 o s c i l l a t i n g curves separated i n a l t i t u d e by up 
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to 3 m.- although his index point 16 from Braadness Marsh 
l i e s s i g n i f i c a n t l y below both of the curves. Indeed, the 
recognition of 2 curves i s less j u s t i f i e d when viewed i n a 
sp a t i a l sense; the Broadness Marsh s i t e i s midway between 
Tilbury and Stone Marsh - New Dartford Tunnel, with Crossness 
further removed, yet Tilbury i s isolated from the others f o r 
the curve drawing exercise. This i s important since i t means 
that the amount of r e l a t i v e downwarping, 1.5 m. since 7000 BP, 
Is applicable over a much shorter distance, £.5-9 1cm, rather 
than c. 18 km. (Crossness-Tilbury) as suggested by Devoy (1979). 
With the l i m i t e d information available i t i s better to consider 
the Thames data as a whole with the present index points 
Indicating the l i k e l y range of past sea-levels. The data 
could then be given i n a form similar to f i g . 7.3, giving the 
confidence band w i t h i n which MHWST was l i k e l y to have occurred 
and at the same time showing the periods dominated by r i s i n g or 
f a l l i n g sea-levels. This approach i s more useful than Devoy9a 
t h i r d curve : a mean curve calculated from a l l the sea-level 
index points, which i s of l i t t l e value when no error range i s 
expressed since i t i s obviously designed to show the mean 
trend, but gives no i n d i c a t i o n of variance around the mean. 

However, by in t e r p r e t i n g Devoyfs evidence i n terms of 
periods of r i s i n g and f a l l i n g tendencies of sea-level a 
comparison can be made with the Fenlands. Thames I ended 
c.7000 BP which i s p r i o r to any dir e c t evidence of sea-level 
movements i n the Fenland and therefore the f i r s t comparison 
should be the culmination of Thames I I . 

Devoy designates the period Thames I I as a period of 
r i s i n g sea-level between 6600-5500 BP but "Between 5500/5000 
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and 4000 BP a major regression, Tilbury I I I , took place*.. r t 

(Devoy 1979 p.389)* The evidence from the Thames estuary 
i s very complex f o r t h i s period as i s evident from Devoy's 
d i f f i c u l t y i n giving a clear d e l i m i t a t i o n f o r Tilbury I I I . 
Furthermore he had previously shown (eg. fig.28) that a 
regressive overlap at Tilbury was dated 6200 BP. I n fa c t 
Devoy shows an age range for the end of c l a s t i c deposition 
designated Thames I I of 6200-4930 BP, with renewed c l a s t i c 
deposition s t a r t i n g c.4000 BP, possibly as early as 
4190 * 100 BP. Obviously i t i s not possible to correlate 
t h i s complex period with the s i t u a t i o n i n the Fenland since 
no such long period of regression was recorded, Penland 
I-IV a l l f a l l between c.6300 and c.3900 BP. 

The best correlation between the Thames estuary and the 
Penland, but by no means unequivocal, i s the age of Tilbury 
IV; regressive tendencies were i n i t i a t e d as early as 
3240 * 75 BP at Tilbury, and transgressive tendencies resumed 
at 3020 - 65 BP, although the dates at Broadness Marsh and 
Stone Marsh are s l i g h t l y younger. The older dates suggest 
close agreement with the period Penland V. Overall, however, 
i t must be said that the Thames estuary does not show close 
agreement with the Penland while the period 6200-4000 BP remains 
so complex i n the former area. 

Of the other sections of the coastline of England and 
Wales which have been subject to suitable study : Bridgwater 
Bay and the B r i s t o l Channel (Kidson and Heyworth 1973, 1978), 
the Dovey Estuary (Wilks 1979 )* and NW. England (Tooley 197 
1976, 1978a)j only the evidence from the l a t t e r area i s 
interpreted i n terns of periods of r i s i n g and f a l l i n g sea-levels, 
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even though Kidson and Heyworth claim that t h e i r corrected 
curve represents a regionally s i g n i f i c a n t eustatic curve. 
Devoy (1979) has re-interpreted Kidson and Heyworth1s evidence 
and selected 24 sea-level index points to represent an 
o s c i l l a t i n g curve f o r SW. England. This curve shows very 
l i t t l e agreement with the Penland scheme but the curve Devoy 
devises (1979 fig.3 3 ) clearly needs more information to delimit 
accurately the periods of r i s i n g and f a l l i n g sea-level. Indeed 
i f the evidence from SW. England i s to be interpreted d i f ­
f erently from the way i n which Kidson and Heyworth have con­
cluded i t must be with a re-appraisal of a l l t h e i r data, i e . 
stra t i g r a p h i c , pollen, diatom etc., and not by the r e t r i e v a l 
of isolated ***C index points. Therefore i t i s not considered 
possible to correlate the sequences of SW. England with the 
Penland at the moment. 

Wilks (1979) gives the most recent analysis of the 
Dovey estuary and reaches general conclusions similar to 
those of Kidson and Heyworth, while noting further that the 
stratigraphic sequence there " i s , i n a l l l i k e l i h o o d , a localised 
phenomenon.tt (Wilks 1979 p.33). 

The best possible correlation tilth the Penland that can 
be attempted i s from NW. England. Tooley (1974, 1976, 1978a) 

recognised 11 periods of marine transgression but i t has been 
shown, (part 1 .2 ) , that these periods do not represent solely 
times of r i s i n g sea-levels. However by comparing the estimated 
l i m i t s of periods of r i s i n g and f a l l i n g sea-level, (from 
figure 2 Tooley 1976), a good f i t i s gained with the Penland 
data. Therefore the periods discussed below are indicated as 
i / l - i/X to distinguish these, inferr e d from the sea-level 
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curve, from the periods designated i n the text by Tooley 
(1976 p.144). 

A regressive overlap at Nancyfs Bay-6 i s dated 
6 2 9 0 - 8 5 EP, l / IV, and provides the ea r l i e s t correlation with 
the Fenland scheme, Fenland 1. Positive tendencies are 
recorded soon a f t e r at the same s i t e at 6 2 4 5 - 8 5 BP which 
agrees with the suggested short duration of the regressive 
phase i n the Fenland. A further f l u c t u a t i o n i s recorded 
c . 6 0 5 0 BP but no similar event i s recorded i n the Fenland. 
The next period of negative tendencies a f t e r the i / v maxima 

•f 1 4 i s dated 5 7 7 5 - 85 BP, 1 7 5 C years before the opening of 
Fenland I I . 

i / VI i s given two maxima, the f i r s t dated at 5 2 5 0 

- 3 8 5 BP may correlate with Wash III/Fenland I I I , but the 
second, at 5 0 0 5 - 65 BP has no equivalent i n the Fenlands. 

However i / v i a i s clearly represented by Fenland IV, the 
assay at Altmouth( 4 5 4 5 - 9 0 BP ) being equated to the opening 
of Fenland IV at c . 4 5 0 0 BP. The ensuing period of f a l l i n g 
and then r i s i n g sea-level i s interpreted from Tooley fs graph 
and i s seen to reach a minimumin the t r a n s i t i o n period 
Fenland IV/Wash V and reaches a maxima sometime p r i o r to 
3 1 5 0 - 1 5 0 BP, This i s i n very close agreement with Wash V/ 
Fenland V. The following f l u c t u a t i o n does not agree so wel l 
with the Fenland scheme, i e . negative tendencies a/te dated 
2 2 7 0 i 65 BP at Lytham Hall Park - 8 while Wash VI was 
given as continuing u n t i l c . 1 9 0 0 BP. However i t was noted 

1 4 

(part 7 . 2 ) that the C evidence f o r the end of Wash VI 
was not very strong and the archaeological data could indioate 
a pre-Roman age f o r the i n i t i a t i o n of regressive tendencies. 
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Final d i r e c t dating evidence of sea-levels are the minimal 
dates f o r regressive tendencies following i / i x , c . 1 6 0 0 BP, and 
appears out of phase with the Fenland scheme, f a l l i n g at the 
end of Penland V I , 

B r i e f mention can be made of the comparison with the 
sea-level record from south-east Scotland where the u p l i f t e d 
region i s obviously dominated by a f a l l i n g r e l a t i v e sea-level 
a f t e r c.7000 B P (Sissons 1967). A broad correlation of the 
positive fluctuations since that time reveals a close agreement 
with the beginnings of Wash IV, V and VI. 

The Penland scheme should also be compared to some of 
theEuropean schemes. I t i s d i f f i c u l t to compare d i r e c t l y 
with those enunciated by many Dutch workers since i n t h e i r 
operational d e f i n i t i o n s (eg. Jelgersma 1979) negative move­
ments of sea-level are not allowed f o r , and the chronistrat-
igraphic schemes developed are not readily adapted to an 
i n t e r p r e t a t i o n of r e l a t i v e sea-level movements. However, 
without a r e - i n t e r p r e t a t i o n of the o r i g i n a l author's work 
only a few published accounts allow direct correlation. 

This i s possible due to the invaluable palaeobotanical 
and biostratigraphic work of Menke and Behre (1973). They 
appeared u n t i l recently to stand alone i n the recognition of 
s i g n i f i c a n t periods of regressive tendencies : 

"Considering the hydrographic conditions during the 
growing season, which can be deduced from changes i n 
the former plant communities a much more complicated 
picture of ecologically important water levels i s 
r e s u l t i n g . As there was no sedimentation over 
vast areas during the more or less regressive phases, 
but wide-spread peat and...even s o i l formation, the 
regressive phaees are taken only i n s u f f i c i e n t l y i n t o 
consideration when subdividing the Holocene i n 
coastal regions l i t h o l o g i c a l l y (Brand et a l . 1965)" 
(Menke & Behre 1973 p.263)• 
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Further they noted the "great marine ingressions" as 
occurring c.7200 - 6500/6300 BP ( Wash I ) , c.6000 - 5300 BP 
and C . 5000 - c.4400 BP, which together do not correlate with 
the Fenlands i n that Fenland I I has no corollary although 
Fenland I I I f a l l s between t h e i r l a t t e r two periods of ingression* 
Fenland IV f a l l s at the end of t h e i r period of ingression at 
4400 BP. Closer agreement for the next i n t e r r u p t i o n i n 
ingressions i n NW. Germany and the Fenlands i s seen : 
c.3300 - 2600 BP c f . 3300 - 3000 BP. Fi n a l l y Menke and Behre 
note an i n t e r v a l between two ingressions f o r the period 
C.2050 - 1950 BP. This i s further evidence suggesting that the 
14 
C data f o r the Roman period i n the Fenland may be insuf­

f i c i e n t l y accurate and that the archaeological evidence 
r e l a t i n g a f a l l i n sea-level between the pre-Roman Iron Age 
and Romai colonisation i s probably a better dating technique. 

The German evidence suggests renewed transgression 
from AD100/200. This i s at odds with the Fenland evidence. 
Clearly there appears evidence throughout the southern North 
Sea f o r a pre- or early Roman f a l l i n sea-level followed by 
l a t e r ingression. However i t i s at t h i s time that man was 
able to modify the coastline and therefore the time l i m i t s 
indicated by both archaeological and bi o s t r a t l g r a p h i c a l 
techniques may be diaohronous due to social and economic 
variables. 

A more recent scheme fo r Schleswig-Holsteln has been 
published (Behre et a l . 1979)» recording 8 periods of 
regression between c.9000 - 1400 BP. A l l of these do not 
agree i n d e t a i l with the Fenland scheme. However there are 
periods of regression i n Schleswig-Holstein during 
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Fenland I f I I I f IV, V and once more the jc.2000 BP regression 
i s placed as being pre-Roman. This may be so on the time-
depth diagram but i n the text the settlement of coastal lands 
was shown as being diaohronous and often l a t e r * Clearly the 
detailed work from Germany suggests that the Fenland scheme 
may be too s i m p l i f i e d at the moment due to inadequate data. 
However the Fenland evidence certainly agrees with S t r e i f v s 
(1979a) assertion that there was a f a l l i n sea-level c.2000 BP 
and c.3200 - 2800 BP. Regionally s i g n i f i c a n t periods of 
f a l l i n g sea-levels also appear at c.4500 - 4200 BP but 
pre-5000 BP events are less clear. 

Finally a comparison can be made with M8rnerfs (1976b) 

eustatic curve f o r North West Europe. On the assumption 
that the Fenland i s an area marked by subsidence throughout 
the Flandrian Stage then periods of r i s i n g sea-levels i n the 
Fenlands may occur either during periods of eustatic r i s e or 
f a l l depending on the absolute height relationships. However 
periods of regression i n the Fenland should always coincide 
with periods of regression i n M8rner's chronology. This 
i s not always the case, although given the age accuracies of 
- 100 years described i n part 7*2 and Mflrner's own comment, 
part 8.1, a conclusion of no correlation f o r short periods of 
f a l l i n g sea-levels i s equally untenable. B r i e f l y the periods 
Fenland I - V I I compare with Morners scheme i n the following way. 

Fenland I actually coincides with PTM-3B and Fenland I I 
with the end of PTM-4. Fenland I I I correlates with the 
regression p r i o r to PTM-5A and Fenland IV with the regression 
between transgressions 5B and 6. Fenland V occurs at the 
end of the regression p r i o r to transgression 6/7 but also 
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overlaps the beginning of that transgression and once more 
Fenland VI appears s l i g h t l y l a t e . Fenland V I I coincides with 
PTM-10. 

I n general the agreement i s not always good. However, 
14 

given the errors involved i n the C method better agreement 
may not be possible. I t i s becoming increasingly apparent 
that most of the periods of f a l l i n g sea-level recorded i n the 
Fenland have been recorded elsewhere, p a r t i c u l a r l y Fenland I , 

14 

IV, V and VI ( s l i g h t l y e a r l i e r than the present C evidence 
suggests). 
Part 8 . 3 : Crustal movements 

An important part of any research involving r e l a t i v e 
sea-level change i s to assess the indi v i d u a l roles of the 
ocean-based and land-based variables. The regionally s i g n i f ­
icant land-based variables are dominated by crustal movements. 
I t has been suggested throughout the preceding sections that 
the Fenland i s an area characterised by crustal subsidence 
throughout the Flandrian Stage. Subsidence has been a 
noticeable feature of the area f o r much longer periods (see 
chapter 2 ) but i t should be recalled that Eden et a l . (1978) 

noted that average subsidence rates f o r the North Sea north 
of the Forties Field were over 50 times greater f o r the 
Flandrian Stage compared to the average rate of Tertiary 
subsidence. I t w i l l be an aim of future research to compare 
these figures with those from the southern North Sea area 
and to d i f f e r e n t i a t e between long term c r u s t a l subsidence 
and that a t t r i b u t a b l e to i s o s t a t i c movements (of•Jelgersma 
1 9 7 9 ) * The f i r s t stage i s to compare the a l t i t u d i n a l 
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v a r i a t i o n s of s e a - l e v e l index points f o r the Fenland and other 

areas through the Flandrian Stage* 

The usual method to show c r u s t a l movement i s to compare 

s e a - l e v e l curves from d i f f e r e n t areas, each curve r e l a t e d 

to i t s l o c a l "sea l e v e l " (Kidson & Heyworth 1979)» so that 

changes since the present can be compared. Conclusions made 

from such analyses (eg. Devoy 1979, Kidson and Heyworth 1978, 

Mflrner 1976b, Tooley 1978b) are based on visual comparison and 

compound a l l the e r r o r s inherent i n a l l of the previous stages 

of a n a l y s i s . Present evidence suggests that the south-east 

of England i s an area marked by subsidence and the north 

of England and Scotland are c h a r a c t e r i s e d by i s o s t a t i c 

u p l i f t . However there i s dispute over the extent of c r u s t a l 

movement i n south-west England and mid-Wales (eg. Devoy 1979* 

Kidson and Heyworth 1978, Wilks 1979). Further i n d i c a t i o n of 

d i f f e r e n t i a l c r u s t a l movement i n the B r i t i s h I s l e s may be 

indicated by recent geodetic and tide gauge data (Kelsey 

1972, R o s s i t e r 1972) but there are other possible explanations 

for t h e i r systematic a l t i t u d i n a l d i f f e r e n c e s . 

The present a n a l y s i s can be used to t e s t the general 

model of north-south d i f f e r e n t i a l movement and also the 

methodology on which the model i s based. 

The problem must be viewed on d i f f e r e n t s c a l e s . F i r s t l y 

there i s the p o s s i b i l i t y of d i f f e r e n t i a l c r u s t a l movement 

within the Penland. Indeed unless the movement took place 

i n the form of v e r t i c a l and uniform block movement there 

should have been a gradual t i l t w ithin the Fenland. However, 

present methods of a n a l y s i s do not allow the i d e n t i f i c a t i o n 
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of such movements although the confidence bands shown i n 

f i g . 7.3 would include their temporal and a l t l t u d i n a l e f f e c t s . 

Along the east coast of England there i s evidence of 

d i f f e r e n t i a l movement. Although there are few r e l i a b l e 

s e a - l e v e l index points a v a i l a b l e ( i . e . where the i n d i c a t i v e 

meaning i s c l e a r ) a d i r e c t comparison can be made with the 

Fenland data by allowing for sampling e r r o r s and present 

t i d a l range. By c a l c u l a t i n g the e r r o r s as for the Fenland 

data (table 7*2) and allowing for the present value f o r 

MHWST : 4-3.4 m.OD for the Humber and *2.4 m.OD at Hartlepool, 

the r e l a t i o n s h i p to present t i d e - l e v e l s can be compared. 

Table 8.1 shows the relevant data. Only i f the confidence 

bands for the Fenland and east coast data do not overlap i s 

there a s i g n i f i c a n t d i f f e r e n t i a l c r u s t a l movement ident­

i f i a b l e . The values shown r e l a t e to the r e l a t i v e s e a - l e v e l 

r i s e at that s i t e since the age of the sample. Therefore only 

where the maximum r i s e indicated by the east coast data 

(the minimum value being ignored for the comparison with 

the Fenland) i s l e s s than the minimum estimated r i s e f o r the 

Fenland( s i m i l a r l y the maximum value i s ignored) then are 

the two estimates deemed s i g n i f i c a n t l y d i f f e r e n t . 

Table 8.1 : Minimum estimate of s e a - l e v e l r i s e i n the 
Fenland compared to maximum estimate of s e a - l e v e l 

r i s e for other east coast s i t e s . ^ a . . ̂  
Pen. S i g n i f y 

S i t e Age Code m.OD Max. Min. l e a n t 
West Hartlepool - 2 5240*70 Hv3459 -0 .34 3.2 6.4 yes 
West Hartlepool - 3 5285*120 Hv4712 -1 . 95 5.1 6 . 4 yes 
Spurn 6170*180 Hv3359 -2.35 6 . 6 9 .6 yes 
Stoneferry - A 5240*100 IGS-C14 /97 -4.00 8.2 6 .4 no 
Brigg trackway 2552*120 Q-77 c.-l.OO 5.2 0 . 5 no 



-281-

There are s i g n i f i c a n t d i f ferences i n r e l a t i v e s e a - l e v e l 

r i s e between the Fenland and Hartlepool but the confidence 

bands i n comparison with the Humber area overlap since at l e a s t 

5240 BP. Only the i n f e r r e d d i f f e r e n t i a l movement between 

the Fenland and the Humber estuary can be i d e n t i f i e d for 

sediments at l e a s t as old as 6000 BP; for which r e l a t i v e 

movement has been greater than present sampling and interpreted 

e r r o r s . Therefore conclusive evidence of d i f f e r e n t i a l move­

ment within the Fenland s h a l l only be i d e n t i f i e d when sea-

l e v e l index points giving ages 6-7000 BP have been sampled 

unless d e t a i l e d mapping and other advances i n research reduce 

the values of the e r r o r s suggested i n chapter 6. 

For comparison with the r e s t of England figure 8.1 shows 

the i n d i v i d u a l data points for NW. England (Tooley 1976), the 

Thames estuary (Devoy 1979)• Bridgwater B a y / B r i s t o l Channel 

(Kidson and Heyworth 1973)» and the c.90* confidence bands for 

the Fenland, without the use of corrections for consolidation i n 

any case. I n addition the maxima for each PTM shoreline for 

the proposed e u s t a t i c curve for north-west Europe are shown 

(B8rner 1976b). A l l of the curves are reduced to "present sea-

l e v e l " on the assumption of constant p a l a e o - t i d a l regimes 

( c f . Tooley 1979 c f . Kidson and Heyworth 1978). By assuming 

M8mer fs curve to be e u s t a t i c i t i s confirmed that the Fenland 

i s subsiding, always occurring below the transgression maxima. 

The Fenland 1s r e l a t i v e p o s i t i o n to the r e s t of the country 

i s l e s s c l e a r ; the curve always l i e s below that for the north­

west, but o c c a s i o n a l l y overlaps those from the south-west and 

south-east. The s i g n i f i c a n c e of these points cannot be 

substantiated u n t i l the e r r o r s i d e n t i f i e d for the Fenland have 
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Figure 8.1 Sea-level band f o r the Fenland compared w i t h the 
index points given by Tooley (1976) from West 
Lancashire, Devoy (1979) from the Thames Estuary, 
and Xidson and Heyworth (1973) from the B r i s t o l 
Chanel, and the PTM maxima of the oroposed 
re g i o n a l e u s t a t i c curve (MiJrner 1976a). A l l 
are reduced t o present mean sea-level. 
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been quantified for other areas* 

These conclusions may appear somewhat broad compared 

to the statements made by others using e s s e n t i a l l y the same 

type of data and techniques (eg. Kidson and Heyworth 1978, 

Devoy 1979$ Mfirner 1976b). The degree of accuracy, as given 

by Mfirner f o r example, i s unwarranted, considering the e r r o r s 

of measurement, assessment of i n d i c a t i v e meaning, i n t e r ­

p r e t a t i o n of present t i d a l parameters from t i d e - t a b l e s , and 

assumptions of constant p a l a e o - t i d a l parameters ( c f . Tooley 

1979). 

An attempt has been made to estimate net downward 
movement of s e a - l e v e l index points i n the Penland since 
£.6500 BP ( f i g . 8.2). Of course, t h i s i s a combination of, 
e s s e n t i a l l y , consolidation and o r u s t a l subsidence. The method 
involves c a l c u l a t i n g the difference between the r e l a t i v e sea-
l e v e l curve ( S ) , adjusted to present " s e a - l e v e l " ( f i g . 8.1), 
and the e u s t a t i c depth (£), from MSrner (1976b). I n the 
absence of any r a t i o n a l method of " s h i f t i n g " the time l i m i t s 
of periods of p o s i t i v e and negative tendencies i n the Fenland 
to c o r r e l a t e d i r e c t l y with the PTM maxima ( c f . MSrner 1976b), 
I-values (where I « S4E) were c a l c u l a t e d f o r the maxima and 
minima on M8rner fs curve. Therefore for each E-value two 
I-values for the Fenland are ca l c u l a t e d . Three hypothetical 
curves, 1^, I 2 and ly are drawn. 1^ f a l l s t o t a l l y w i t h i n 
the l i m i t s i n d i c a t e d by the Fenland data but shows an 
i n f l e x i o n i n a smooth curve c.6500-5500 BP. I 2 shows a 
s t r a i g h t l i n e from £.6500 BP to present while I j shows a 
smooth curve f o r the same period. Any i n t e r p r e t a t i o n of these 
curves assumes that t i d a l regimes have not changed through time. 
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Figure 8.2 : Possible l i m i t s of the I s o s t a t i c f a c t o r ( I ) curve 
f o r the Fenland. Calculated from the r e l a t i v e sea-
l e v e l maxima and minima f o r the Fenland (S) and the 
eu s t a t i c depth (E), PTI-I maxima and minima, from 
MBrner (1976b). 
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The point at £.6500 BP comes from the Adventurer's Land s i t e 
where the dated material l i e s d i r e c t l y on pre-Flandrian 
sands and gravels and subjacent to brackish sediments. 
Therefore i t should not be affected substantially by consol­
id a t i o n . Thus, i f i t s assumed indicative meaning i s correct 
i t should be the most r e l i a b l e index point i n an a l t i t u d i n a l sense. 
A l l the other data may have been affected by consolidation 
to some extent and therefore, notwithstanding a l l of the 
assumptions made so f a r , the difference between either curve 
I 2 or I j , or any l y i n g above ly and the index points must 
represent the effects of consolidation. 

However, the i n f l e x i o n minima at £.5800 i s int e r e s t i n g . 
The sea-level index point on which the Fenland S-value 
originates i s from Spalding-2, where the stratigraphy i s not 
reported (Welin et aL. 1974) but correlation with CW-7 
(part 5*3) indicates 0.17 m. of compressible organic material 
near to the l i m i t of marine sedimentatinn. Consolidation 
i n excess of 1 m. must have occurred i f a smooth (1^) or 
str a i g h t ( I 2 ) I-ourve i s to be assumed. These broad con­
clusions d i f f e r greatly to the similar analysis of Tooley fs 
curve (1974) by Mflrner (1976b) when no consideration of 
consolidation was made. 

Therefore to summarise the evidence of crustal move­
ment i n the Fenlands during the Flandrian Stage, i t can be said 
that about 5 m. of subsidence has occurred since £.6500 BP, 
compared to £.6 m. suggested by Churchill (1965), and the 
area i s subsiding r e l a t i v e to the north-west and north-east of 
England. I t i s not possible to d i f f e r e n t i a t e between areas 
to the south given . the present stage of analyses. 
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Furthercnore the precise nature of crustal subsidence; 
l i n e a r , exponential, variable; cannot be resolved at present 
but should be a major aim f o r research. However, the mean rate 
of subsidence i n the Fenland over the last 6500 years appears 
to be i n the order of 77 mm/100 years. I n comparison with 
the figures f o r the Central Graben of the North Sea (Eden 
et a l . 1978) t h i s rate i s greatly i n excess of the mean 
subsidence since the opening of both the Tertiary Period, 
c.5 mm/100 years, and the Quaternary Period, 6 . 30 mm/100 years 
i n that area. The Fenland i s towards the periphery of the 
subsiding Tertiary structure and t h i s comparison of mean 
rates suggests that crustal movements operating during the 
Flandrian Stage,<tac te>the i s o s t a t i c f a c t o r , overshadow any 
long-term movement f o r which therefore no figure can be 
suggested. 

Part 8.4 : S t a t i s t i c a l evaluation of C data 

The s t a t i s t i c a l evaluation of sea-level data can be 
divided i n t o two groups. The f i r s t i s the s t a t i s t i c a l 
analysis of both time and a l t i t u d e parameters, and always 
results i n a smoothed or mean curve (eg. Devoy 1979» Segota 
1973). The use of such analyses i s t o t a l l y dependent on the 
resolution required f o r further analysis. The a p p l i c a b i l i t y 
t o l o c a l changes i n sea-level tendency i s misleading. 
S t a t i s t i c a l assessment of the significance of periods of 
fluctuations i n l o c a l sea-level i s presently undergoing 
consideration (Preuss 1979). U n t i l Preuss 1 research i s 
complete the main attention on s t a t i s t i c a l techniques l i e s 
i n the treatment of time data only. 
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The s t a t i s t i c a l evaluation of C data has been used 
i n the recognition of periods of movement of the shorelines 
around the North Sea (Geyh 1969* 1971* Geyh and S t r e i f 1970), 
solving problems of Weichselian chronostratigraphy (Geyh 
and Rohde 1972), the age d i s t r i b u t i o n of post-glacial marine 
deposits of Eastern Canada and New England, U.S.A. ( H i l l a i r e -
Marcel and Occhietti 1977), and the chronology of marine 
changes on the western seaboard of Europe during the l a s t 
10,000 years (Morrison 1976). Considering the number of 
14 

C assays published i n each volume of Radiocarbon i t i s l i k e l y 
14 

that the c o l l e c t i v e analysis of C data, rather than 
dependence on i n d i v i d u a l assays, w i l l become an important 
f i e l d of future research, r̂wA nob j u s t f o r sea-level studies. 

Each C date i s represented by a normal d i s t r i b u t i o n 
curve, the dimensions of which are dependent on the standard 
deviation of the date, and the same weight i s applied to each 
date by keeping the area under the curve constant. Morrison 
(1976) used a method of summing the ordinates of a continuous 
curve while Geyh approximated the normal d i s t r i b u t i o n curve 
by using four rectangles. I f Geyh*s method i s employed i t i s 
important t o decide the size of the class i n t e r v a l i n t o which 
the histogram i s to be divided. A very small class i n t e r v a l used 
f o r the time axis w i l l give many fluctuations superimposed 
on larger changes, while a too large class i n t e r v a l w i l l smooth 
out possibly important changes. Hillaire-Marcel and 
Ocohletti (1977) i l l u s t r a t e t h i s point using classes of 100 
and 200 years. However the best size of the class i n t e r v a l i s 
probably dependent on the average size of the standard error 
of the dates used (Geyh 1979)* Such problems are not overcome 
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by using Morrison*8 (1976) technique since the minimum s i g ­
n i f i c a n t time period of a f l u c t u a t i o n i n the complete histogram 
must then be defined. 

The construction of the histograms i s f a i r l y standardised 
but the rest of the analyses can follow one of two approaches. 
Geyh (eg. 1979) and Hillaire-Marcel and Occhietti (1977) 
relate the maxima and minima of the histograms of the c o l l e c t i v e 
Ik 

C-data to sea-level and/or climatic events whereas Morrison 
(1976) f i r s t screens the data i n t o separate classes and then 
analyzes the differences and s i m i l a r i t i e s of the d i f f e r e n t 
histograms. Both of these approaches should be investigated. 

Although Geyh1s approach i s essentially the analysis 
of a single histogram there must be some screening of data t o 
make sure that a l l the data f u l f i l the relevant conditions. 
For i d e n t i f y i n g periods of enhanced or retarded peat growth 
i n low-lying coastal zones, which are therefore dependent on 
l o c a l sea-level or coastline changes, the broad assumption i s 
that ingressions i n h i b i t peat growth i n the t i d a l f l a t and 
lagoonal zone. Therefore basal peats and perimarine peat data 
should be excluded from the data set. Further data v e r i f ­
i c a t i o n techniques should be employed to show that there i s 
no bias i n age or s p a t i a l d i s t r i b u t i o n due to the a c c e s s i b i l i t y 
of samples or t h e i r preferred c o l l e c t i o n to date, say, human 
occupation horizons or pollen zone boundaries, since the data 
used need not have been sampled s p e c i f i c a l l y f o r sea-level 
studies• 

Once the histogram has been constructed the problems 
to be overcome can be divided i n t o two types : s t a t i s t i c a l 
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and i n t e r p r e t a t i o n a l . 

The s t a t i s t i c a l problems are f i r s t l y i n dealing with 
the problems of random fluctuations and therefore the s i g n i f ­
icance of the size of maxima and minima and the number of 
14 
C data available. Geyh and Rohde (1972) noted that a large 

number of dates were necessary but the minimum number was 
not defined. I l l u s t r a t i o n of the problem was clearly made 
by Shennan (1979) using randomly generated data. I t was 
shown that at least 200 dates per 5000 year period, using a 
50 year class i n t e r v a l , were necessary to give a Coefficient 
of Variation f o r the whole histogram clearly d i f f e r e n t from 
one expected from random data. This analysis, however, did 
not give any method of measuring the significance of maxima 
and minima. However, Geyh (1979) indicated that the s i g n i f ­
icance of maxima and minima was dependent on the size of the 
population and the selected class i n t e r v a l , concluding that 
r e l i a b l e histograms are constructed from at least 25 dates 
per class i n t e r v a l , of two standard deviations of the 

14 
"average" C data, when re a l gaps of a width of at least one 
class i n t e r v a l can be r e l i a b l y recognized. 

Obviously a large number of data are required f o r 
t h i s type of analysis since the measurement of significance 
of deviation i s taken from the mean of the whole population. 
This problem has been tackled by Hillaire-Marcel and 
Occhietti (1977) by measuring the deviation from a f l o a t i n g 
mean using up to 19 class frequencies. However, i t i s not 
d e a r how t h t decision of the size of the population f o r 
calculating the f l o a t i n g mean should be arrived at since 
both r e a l and s t a t i s t i c a l fluctuations w i l l be smoothed. 
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Therefore although the methodology behind the analysis of 
14 

histograms of C data i s advancing the s t a t i s t i c a l v a l i d i t y 
i s not yet adequately proven and merits further research i n 
t h i s d i f f e r e n t approach to sea-level studies. 

Further to the s t a t i s t i c a l problems of such an analysis 
there are i n t e r p r e t a t i o n a l problems. Once maxima and minima 
have been shown to be s i g n i f i c a n t , although i t appears that 
minima are probably more r e l i a b l e (Geyh 1979, Sherman 1979), 
t h e i r geological significance must be assessed. The s i g n i f ­
icance of peat growth i n the t i d a l f l a t and lagoonal zone i s 
not clear i n i t s relationship to sea-level movement, i t may 
form a regressive overlap but at the same time the subsequent 
transgressive overlap relates to periods of r i s i n g water 
levels. Therefore while such an analysis may reveal the 
significance of regionally synchronous periods of peat growth 
i n the t i d a l f l a t and lagoonal zone i t i s not clear how to 
relate these to sea-level chronologies established by other 
techniques. While present data sets are not r e a l l y large 
enough to allow s i g n i f i c a n t s t a t i s t i c a l evaluation (eg. Geyh 
1979 f i g . 5) i t i s probably only a matter of time u n t i l such an 
approach i s practicable. Such an analysis w i l l 
also give information on the relationship between sea-level 

14 
changes, climatic change and C fluctuations through time 
(Geyh 1979, Hillaire-Marcel and Ocehietti 1977). 

Morrison 1s (1971, 1976) approach was quite d i f f e r e n t , 
i t involved the separation of data i n t o d i f f e r e n t classes 
dependent on t h e i r indicative meaning and also used data from 
widely d i f f e r i n g depositional and i s o s t a t i c environments 
covering a l l of the Plandrian Stage. I n l i g h t of more recent 



-289-

analyses (eg. Oeyh 1979, Sherman 1979) the conclusions given 

by Morrison (1976) r e l a t i n g periods of e u s t a t i c s e a - l e v e l 

change of as l i t t l e as 100 years duration from about 500 dates 

for a 10000 year period must be r e j e c t e d . f l u Vhe problems noted 

for the e a r l i e r method of a n a l y s i s are s t i l l present and 

fu r t h e r problems occur. The problem of biased sampling i s 

very important, p a r t i c u l a r l y r e l a t i n g to areas of d i f f e r i n g 

i s o s t a t l c and environmental h i s t o r y . The s p a t i a l d i s t r i b u t i o n 

of data must be r e l a t e d to lsobase maps rath e r than simple a r e a l 

measurements to allow f o r the d i f f e r e n t recognition of 

transgressions and regressions i n u p l i f t e d and subsiding 

areas (MBrner 1969)* However, assuming such v e r i f i c a t i o n of 

data and a s u f f i c i e n t l y large data s et the approach of 

Morrison appears promising. Much more t e s t i n g i s required, i n 
14 

the f i r s t Instance using randomly generated C data from an 

hypothesized area showing i s o s t a t i c v a r i a b i l i t y , since the 

s i g n i f i c a n c e of maxima and minima of the transgression and 

regression histograms, as defined by Morrison (1976), may not 

be best represented by a*mean or difference cumulative 

histogram. However Morrison's approach may o f f e r a method of 

defining the l i m i t s between periods of p o s i t i v e and negative 

tendencies whereas the other methods only define the maxima 

and minima with no method of defining boundaries. 
14 

Therefore the whole approach of analysing C data i n 

cumulative histograms i s believed to o f f e r an i n c r e a s i n g l y 

v i a b l e method of i d e n t i f y i n g r e g i o n a l l y and even g l o b a l l y 

s i g n i f i c a n t processes; however i t i s c l e a r that given the 

presently a v a i l a b l e data f or the Fenlands such a s t a t i s t i c a l 

approach i s not yet possible on a l o c a l s c a l e . The 
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data base i s growing f o r an analysis of the data from the 
southern North Sea region as a whole (Geyh 1979). 

Part 8.5 : Conclusions 

This chapter has shown that present methods of i n t e r ­
regional comparison of sea-level chronologies are inadequate, 
being l i t t l e i n advance of informed visual correlation. E x p l i c i t 
statements r e l a t i n g to the synchroneity of events are not made 
since the available data precludes any great degree of accuracy. 
However, an indica t i o n i s made to the effect that periods of 
negative tendencies i n the Fenland do occur at approximately 
the same time as similar tendencies i n other areas. U n t i l an 
objective method of correlation i s available i t i s always 
possible t o f i n d some correlation with any lo c a l chronology; 
but i f the problem i s too d i f f i c u l t to solve, one cannot claim 
that i t i s solved by indic a t i n g those e f f o r t s made to solve 
i t . However, the presence of regionally s i g n i f i c a n t periods of 
r i s i n g and f a l l i n g sea-levels i s not dismissed since i t would 
be equally misleading to say that a smooth r i s e i n sea-level has 
occurred during the Plandrian Stage. Periods of l o c a l l y 
s i g n i f i c a n t f a l l s i n water-table are unequivocal but the errors 

involved i n t h e i r assessment do not allow comments of regional 
i l l 

significance t o be substantiated. As the body of C data 
increases t h e i r s t a t i s t i c a l analysis w i l l o f f e r an alt e r n a t i v e 
approach. 

Even though clear correlation with other areas i s not 
possible the Fenland has been shown to have been characterised 
by crustal subsidence throughout the past 6500 years but the 
rate of such movement, and i t s va r i a t i o n through time, w i t h i n 
the Fenland and i n England i s not quantifiable t o any great 
degree of certainty. 
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CHAPTER NINE 

Conclusions 

The conclusions are discussed under the following 
headings: 

9.1 : The physical evolution of the Fenland during 

the Flandrian Stage. 

9.2 : Sea-level research techniques and methodology. 

9.3 : Planning considerations. 

9.4 : Future research topics. 

Part 9.1 : The physical evolution of the Fenland during 
the Flandrian Stage. 

14 
102 C dates for,m the chronological framework on 

which the Flandrian evolution of the Fenland i s discussed. 
Reference has been made to published accounts of stratigraphic 
and palaeontological investigations to assess the accuracy 
of these dates. By comparison with the guidelines set by 
the I.G.C.P. Project 61, many are of r e l a t i v e l y poor q u a l i t y . 
Therefore, some dates assume more importance than others w i t h i n 
the context of t h i s research programme. 

Four new s i t e s , Freiston Marsh, Bourne Fen, Cowbit 
Wash and Adventurers 1 Land, i n areas of the Fenland not studied 
previously i n any great d e t a i l , were investigated. The deta i l s 
of each s i t e are given i n chapter 5. The main aims were to 
indicate the proximity to marine conditions at the transgressive 
and regressive overlaps, to asse^ the evidence i n d i c a t i n g 
directions of water-table and sea-level movements, to o u t l i n e 
the evolution of the Fenland during the Flandrian Stage, and 
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to permit an assessment of the present and future s t a b i l i t y of 
the Fenland. Additionally, the data from the sites provided 
much valuable information on general sea-level research tech­
niques and methodology (Part 9.2). 

Freiston Marsh was investigated i n order that a comparison 
could be made between the present coastal environment of the 
Washan<J the f o s s i l sequences recorded at the other s i t e s . The 
l a t t e r were found to d i f f e r greatly i n most aspeots of sediment 
and microfossil content investigated. The role of man, through 
the embankment schemes, i s probably the main reason f o r t h i s . 

The pollen analysis from each s i t e was categorized 
using l o c a l pollen assemblage zones which were then the basic 
units f o r description, correlation, model building and, wherever 
possible, corroboration of dates. The micropalaeontological 
techniques were used c o l l e c t i v e l y to interpret the tendencies 
of water table and sea-level movement. The development of fen 
wood layers and peat humification were noted as being p a r t i c ­
u l a r l y important but many d i f f e r e n t lines of evidence were also 
used. 

The r e l i a b i l i t y of the data has been assessed throughout 
and quantified wherever p o s s i b l e . V h o u g h , f o r example, 

14 
102 C dates were used the chronology elaborated i n 

chapter 7 can only have an accuracy of - 100 years. The following 
scheme has been produced to cla s s i f y the data presently available. 
As research techniques improve and the data base increases, 
modification of t h i s scheme i s inevitablez-

Wash I -c.6300 BP 
Fenland I c.6300 -c.6200 BP 
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Wash I I c.6200 -c.5600 BP 
Fenland I I C.5600 -c.5500 BP 
Wash I I I / I V c.5500 -C.4500 BP 

? Wash I I I c.5500 -c.5200 BP 
? Fenland I I I c.5200 -£•5100 BP 
? Wash IV c.5100 -C.4500 BP 

Fenland IV C.4500 -c.4200 or 3900 BP 
Wash V c.4200 or 

" 3900 
-c.3300 BP 

Fenland V c.3300 -c.3000 BP 
Wash VI C.3000 -c.1900 BP 
Fenland VI c.1900 -c.1550 BP 
Wash V I I c.1550 -C.1150 BP 
Fenland V I I c.1150 -c. 950 BP 
Wash V I I I c. 950 -

The Wash periods represent times when a r i s i n g water-table 
and sea-level i s predominant i n the area while the Fenland 
periods indicate those times when the evidence f o r a f a l l i n g 
water table and/or sea-level appears to be of more than l o c a l 
significance and a freshwater or t e r r e s t r i a l regime obtained. 
The r e l i a b i l i t y with which these alterations can be i d e n t i f i e d 
i s variable. The period Fenland I I I was o r i g i n a l l y suggested 
on the stratigraphic evidence given by Godwin and C l i f f o r d 
(1938) but t h i s l i t h o s t r a t i g r a p h i c correlation was not confirmed 
by the ̂ C dates from AL-4. Therefore there i s a p o s s i b i l i t y 
that Fenland I I I should not be individualised but i t s omission 
makes correlation between the Fenland south-east of the March 
"island" and the Fenland north-east of the same feature less 
straightforward. There would be a recorded a l t i t u d i n a l 
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difference of 4m. f o r organic sediments, of Penland IV age, 
between these two areas. Furthermore there i s a s i g n i f i c a n t 
regional d i v e r s i t y w i t h i n the Fenland at the end of Fenland IV. 
At sites to the south and east negative tendencies are apparent 
u n t i l C3900 BP while to the north, p a r t i c u l a r l y i n the Witham 
valley, a r i s e i n sea-level may be inferre d from c4200 BP 
onwards. The explanation of these differences i n a l t i t u d e and 
processes w i t h i n the Fenland requires further investigation. 

The Wash/Fenland scheme was used to describe r e l a t i v e 
sea-level changes and the geographical extent of marine facies. 
The use of present research techniques and the v a r i a b i l i t y of 
Fenland sea-level index points i n the time/altitude dimensions 
give a broad band of r e l a t i v e sea-level change. The accuracy 
may be no better than -2m. f o r some periods ( f i g . 7 . 3 ) . Within 
the confidence bands shown fluctuations i n the mean t i d a l 
parameters are very l i k e l y and have caused great horizontal 
changes i n the coastline. The extent of the c l a s t i c deposits 
associated with each period of r i s i n g sea-level i s not known 
i n d e t a i l f o r much of the Fenland. However the l i m i t s , where 
known, clearly show ( f i g . 7.4) that the maximum extent of 
marine deposits was diachronous. The pre-Flandrian topography 
was l i k e l y to have been a major explanatory factor. Knowledge 
of the e a r l i e s t transgressive episodes i s l i m i t e d to a few 
sites where deep boreholes have been made and more detailed 
sampling of the areas close to the present coast w i l l show how 
extensive the deposits of pre-6300 BP age are. At present they 
appear to be r e s t r i c t e d to the floors of narrow valleys i n 
the pre-Flandrian Fenland. 
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More recent marine deposits become more extensive 
although i n the southern Penland they are c h a r a c t e r i s t i c a l l y i n 
semi-enclosed basins. Variation i n conditions at the mouth 
of these basins would control the timing of marine sedimentation. 
However i t i s clear that the age of the maximum extent of 
marine deposits varies from the Cambridgeshire fens, Wash IV 
age, to some of the Lincolnshire fens, Wash VI age. Furthermore 
the sediments of Wash IV and l a t e r are generally coarser 
than the e a r l i e r c l a s t i c sequences. Thus further attention 
should be given to the changes i n processes which would 
explain the differences i n age and nature of the sediments 
found w i t h i n the Fenland. The d i f f e r e n t results from r e a l 
changes i n regional enstatic sea-level are due to within-area 
v a r i a b i l i t y of coastal morphology, hydrology, sedimentation and 
consolidation rates and crustal movements. The importance 
of these loc a l and regionally s i g n i f i c a n t parameters cannot 
be assessed at present. 

Crustal subsidence over the l a s t c.6500 years gives a 
mean rate of ci.77mm/100 years. This i s l i k e l y to be a 
maximal figure f o r the present since the form of the recovery 
curve remains hypothetical w i t h i n certain l i m i t s . The mean 
rate, £.77mm/100 years, i s calculated from the estimation of 
5m. subsidence since 6500 BP. The d i f f e r e n t factors, p a r t i c ­
u l a r l y i s o s t a t i c subsidence, consolidation of sediments, 
crustal downwarping since the Tertiary Period, could not be 
i n d i v i d u a l l y i d e n t i f i e d although the l a t t e r i s l i k e l y to have 
had the least affect during the Flancfciall. D i f f e r e n t i a l 
c r u s t a l movement w i t h i n the Fenland may contribute to the 
v a r i a t i o n i n age and a l t i t u d e of the marine sediments and 
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any correlation with geological structures merits investigation 
( c f . the conclusions of Greensmith and Tucker (1980) r e l a t i n g 
to the Essex coast). Continuing crustal subsidence may be 
indicated by geodetic levellings although other interpretations 
of such data have been offered (Kelsey 1972). 

Xt has been possible to study the eff e c t of 
sea-level changes i n the Penland since 6500 BP. The inferred 
changes since c.2000 BP have not been d i r e c t l y investigated 
w i t h i n the present research programme since the approach taken 
uses techniques of analysis favouring undisturbed, subsurface 
sampling. Thus the micropalaeontological analyses have shown 
that between 6500^2000 BP the Fenland has undergone substantial 
changes i n coastline. Despite the differences i n age and 
al t i t u d e one point remains remarkably applicable to the whole 
area. The nature of the c l a s t i c sediments i n most of the 
sequences described show that a low energy environment of 
deposition has been present f o r most of the Flandrian. Typically 
sediments of Wash VI, and l a t e r , are s l i g h t l y coarser but 
even these r e f l e c t lower energy environments than occur i n 
the present s a l t marshes around the Wash. Prior to the 
saltmarsh reclamation schemes and fenland drainage the sed­
imentary record has revealed no periods of extensive erosion by 
a transgressing sea. The t r a n s i t i o n i s t y p i c a l l y gradual. The 
freshwater fen/salt marsh t r a n s i t i o n would have been a location 
protected by a wide i n t e r - t i d a l marsh and i n t e r t i d a l f l a t s 
which reduced the energy of any exceptional t i d e levels or 
surges. The combination of natural accretion processes and 
embankment schemes f o r coastal protection and fenland drainage 

has reduced the i n t e r - t i d a l areas so that the more recent 
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coastal sequences exhibit higher energy environments. 

However i t cannot be over-stressed that a l l of the 
conclusions must be viewed with consideration of the errors i n ­
herent i n the o r i g i n a l data. Such considerations must also 
lead to a re-assessment of the methodology of sea-level studies. 

Part 9*2 : Sea-level research techniques and methodology. 

The lack of an accepted methodology f o r sea-level 
investigations was noted i n chapter 1. This point has been 
p a r t i c u l a r l y evident whenever comparison between t h i s research 
programme and previous accounts has been attempted. Due to 
inadequate operational d e f i n i t i o n s i t has been impossible to 
compare and classify the data for inter-regional correlation 
using a common language. Therefore the population available 
for s t a t i s t i c a l t e s t i n g i s very l i m i t e d and some methods could 
not be adequately tested, yet while the conclusions made may 
appear rather broad t h e i r precision i s indicated. The accuracy 
of the data, i n t e r p r e t a t i o n and conclusion must be assessed 
at every stage. This has not been the case with most pub­
lished sea-level studies. 

Imprecision of the datahas been indicated both i n the 
co l l e c t i o n of stratigraphic data and with i t s i n t e r p r e t a t i o n . 
P a r t i c u l a r l y i t must be realised that a transgressive or 
regressive overlap w i l l not be a plane surface but an 
undulating and inclined one. An inadequate assessment of the 
topography of buried surfaces, using a suitable sampling 
plan, w i l l give serious errors i n subsequent conclusions. 

Furthermore, large data sets of borehole results supplemented 
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by c and micropalaeontological analyses could then be used 
i n the development of computer simulation models of sequence 
development i n an attempt to overcome the present impasse 
concerning the problem of consolidation. Thus a more integrated 
approach i s required giving a three dimensional analysis 
of stratigraphy, horizontal and v e r t i c a l movements of 
coastlines, consolidation and sedimentation rates. While 
detailed micropalaeontological investigations of a single 
borehole w i l l reduce within-borehole error - i . e . give an 
accurate assessment of indicative meanings - i t i s of l i t t l e value 
i f between-borehole variance i s not assessed. Furthermore, 
the value of detailed investigation i s ultimately l i m i t e d 
by the radiocarbon analyses : the accuracies of the detailed 
microfossil analyses from Bourne Fen were severely l i m i t e d by 

T i l 

the resultant unsatisfactory C dates. I f radiocarbon 
techniques are the only method of dating available the other 
types of analysis must be r e s t r i c t e d accordingly and not 
purport to show a correlation between samples with an absolute 
age difference, giving no error, less than the s t a t i s t i c a l 
errors of the radiocarbon data. 

The assessment and importance of s t a t i s t i c a l errors 
have been shown i n the pollen analyses given i n chapter f i v e . 
Whereas a specific pollen sum could be employed to give a 
pollen diagram favouring a p a r t i c u l a r i n t e r p r e t a t i o n of the 
data to confirm or refute a predetermined point of view the 
combined use of d i f f e r e n t pollen sums and t h e i r effect on the 
confidence l i m i t s enables the i n s i g n i f i c a n t changes to be 
i d e n t i f i e d and the l o c a l and regional phenomena to be assessed. 
Furthermore, i t was shown that the occurrence of ecologically 
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s i g n i f i c a n t pollen types i n low frequencies were best i n t e r ­
preted c o l l e c t i v e l y on a continuous presence or absence d i s t ­
r i b u t i o n rather than the changes i n low frequencies which are 
seldomly s t a t i s t i c a l l y s i g n i f i c a n t . 

These comments regarding s t a t i s t i c a l confidence l i m i t s 
of data sets do not only apply to pollen and diatom frequencies. 
They should be related to a l l stages of sea-level analysis. 
Such tests have not been applied so rigorously to the rest of 
the analysis for the following reasons:-

- available data sets are often small; 
- the formulae are not always known; 
- data, p a r t i c u l a r l y from other published sources, 

are not i n a suitable or equivalent form to be 
s t a t i s t i c a l l y analysed. 

Therefore, i t i s suggested that i t i s now time to pause 
i n the analysis of sea-level data using well established 
techniques i n order to draw up rules for the co l l e c t i o n and 
c l a s s i f i c a t i o n of data and to develop a methodology which 
allows the s t a t i s t i c a l testing of data, giving a r e a l assess­
ment of the errors, and permit true correlation, i n a math­
ematical sense, to be measured. 

The complexity i n the development of the research 
methodology has been the transfer of age-altitude - location 
data to the two dimensions of age and a l t i t u d e and the f i n a l 
description of such data i n a graphical form. Thus, essentially 
the same data have been interpreted i n one of three ways i n 
the recent past ; a smooth curve drawn through selected points; a 
f l u c t u a t i n g curve drawn through selected points; and occasionally 
a s t a t i s t i c a l l y calculated curve. None of these are universally 
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acceptable. I t i s suggested that a confidence band drawn from 
the error boxes of the r e l i a b l e data i s the best representation 
of past sea-levels since the relevant variance i s clearly 
shown. 

The i d e n t i f i c a t i o n of past sea-levels always entails 
correlation of data from i n d i v i d u a l s i t e s . This correlation 
relates to age, a l t i t u d e and location. The present methodologies 
do not allow a l l the errors to be considered and often the 
process of correlation i s l i t t l e i n advance of visual comparison. 
Therefore a sea-level curve, i e . a l i n e , i s misleading. But 
i t i s also misleading to describe the mean of a confidence band 
as indicative of the Flandrian restoration of sea-level unless 
the variance from the mean i s considered an adequate description 
of the data when used i n any subsequent i n t e r p r e t a t i o n . I n 
the i n t e r p r e t a t i o n of the development of the Fenland during 
the Flandrian t h i s would be misleading since there i s incon­
t r o v e r t i b l e evidence that there have been periods characterised 
by a f a l l i n g water table and/or sea-level tendencies. The 
scales at which the various data may be averaged are time-
dependent and i t i s necessary to recognize the temporal and 
sp a t i a l scales at which the status of each variable i s decided. 
Thus, processes occurring over 10 ̂ ears may be indicated but 
t h e i r absolute age, regional significance and correlation cannot 
be confirmed due to the an a l y t i c a l errors. Events occurring 

2 
over periods of 10 years are l i k e l y to be more widely 
recorded yet dating techniques may s t i l l prevent unequivocal 
co r r e l a t i o n . Thus, evidence exists f o r a lowering of sea-level 
or water table at ind i v i d u a l locations but present techniques 
cannot yet d i f f e r e n t i a t e between events at the required 
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l e v e l of r e s o l u t i o n . 

Whether or not s e a - l e v e l has fluctuated during the 

Flandrian Stage i s only important over the s p e c i f i c time s c a l e 

of the study and area considered. A smooth curve i s equally 

as misleading as a f l u c t u a t i n g one. The only conclusion that 

can be made within the l i m i t a t i o n s of present data and techniques 

i s that sea l e v e l s are l i k e l y to have occurred within the 

s p e c i f i e d band and fluctuated within the band as shown by the 

dominance of p o s i t i v e or negative tendencies f or c e r t a i n periods, 

even though the regional and a l t i t u d i n a l synchroneity cannot 

be assessed. The importance of recognising the predominant 

s e a - l e v e l tendencies of a given period and the associated 

a l t i t u d i n a l l i m i t s are t o t a l l y dependent on the underlying 

problem. For time s c a l e s i n excess of l o ' years the s e a - l e v e l 

band may be generalised and the alternations of periods of 

p o s i t i v e and negative tendencies may become i n s i g n i f i c a n t as the 
li 

time s c a l e approaches 10 years when the a l t i t u d i n a l e r r o r s 
2 

are considered. As the resolution decreases to 10 years 

the same v a r i a b l e s r e f l e c t e d by the confidence band of the 

s e a - l e v e l curve increase i n importance yet t h e i r accuracy i s 

unchanged. The generalizations that could r e l a t e to the longer 

periods can no longer be made. The long term v a r i a b l e s may 

have changed t h e i r status f/rom dependent to independent, the 

smaller s c a l e v a r i a b l e s from indeterminable to dependent. As 

the time s c a l e approaches 10 1 years the r e s u l t s of t h i s research 

programme become l e s s applicable. The v a r i a b i l i t y of the data 

i s too great, the v a r i a b l e s measured become independent and 

quite d i f f e r e n t research techniques are required. However, only 

by consideration of the relevant temporal and s p a t i a l s c a l e s can 

the a p p l i c a b i l i t y of these research r e s u l t s be assessed. 
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Part 9*3 • Planning considerations. 

Due to the nature of the data a v a i l a b l e c l e a r f l u c t u a t i o n s 

i n the s e a - l e v e l curve cannot be confirmed or refuted e i t h e r 

i n a l t i t u d e or time. Tendencies of s e a - l e v e l movement have been 

c l e a r l y i d e n t i f i e d and therefore the use of a smooth s e a - l e v e l 

curve i s dangerously misleading for sea-defence planning since 

the f l u c t u a t i o n s may occur over 100 years. Future planning 

should allow f or a range of t i d e - l e v e l s i n f e r r e d from the 

confidence bands and the changes i n dominant processes indicated. 

The b u i l d i n g of sea-defences and reclaiming marshes i s 

removing the n a t u r a l protection against widespread marine 

flooding. By reducing the area of vegetated marsh the s i t ­

uation has a r i s e n where any tid e above c.MHWST w i l l r i s e against 

an embankment. This bank w i l l have to withstand every exceptional 

tide and the wave energy w i l l not have been reduced by a long 

journey over a vegetated marsh. Therefore the occurrence of 

sea floods has been compounded by man's defence schemes and the 

lowering of the landward fens due to drainage pr o j e c t s increases 

the d i s a s t e r f a c t o r i f the banks are overtopped. Land values 

turn the argument into an economic one but even so the v a r i a b i l i t y 

of the data a v a i l a b l e to predict changes over 100 years and more 

should be c a r e f u l l y considered i n the future. 

Part 9.4 : Future research topics 

There are many research problems, both s c i e n t i f i c and 

applied, to be investigated. These are of s i g n i f i c a n c e to the 

Fenland i t s e l f , to regional phenomena and also methodological 

developments. Throughout t h i s t h e s i s i t has been noted where 

more research i s considered necessary. The proposed route 



-303-

of i n v e s t i g a t i o n has s t r e s s e d the need for accurate d e f i n i t i o n 

of terms to allow a numerical and s t a t i s t i c a l a n a l y s i s of 

v a r i a b l e s . A few new techniques have been introduced to 

s e a - l e v e l research, e.g. pollen concentration, a n a l y s i s of 

borehole l e v e l s and sedimentary surfaces, histogram a n a l y s i s 
14 

of C data by random numbers, confidence l i m i t s of pollen 

data, and models have been t e n t a t i v e l y developed. These require 

t e s t i n g and modification but c o r r e l a t i o n with other areas w i l l 

only be f e a s i b l e when f i r s t l y the data from other areas are 

assessed, the errors i d e n t i f i e d , and then when r e l i a b l e 

methods of c o r r e l a t i o n have been developed. This mainly 

t h e o r e t i c a l research i s urgently required. 



-304-

BIBLIOGRAPHY 

ADMIRALTY TIDE TABLES 1980, European waters including the 
Mediterranean Sea ( v o l . 1 ) . Hydrographer 
of the Navy. Admiralty Hydrographic 
Department : Taunton. 

AKEROYD, A.V., 1972, Archaeological and h i s t o r i c a l evidence 
fo r subsidence i n southern B r i t a i n . 
Phil.Trans.R.Soc.Lond.A. 272 : 151-169. 

ALLAN, A.L., HOLLWEY, J.R., & MAYNES, J.H.B., 1975, P r a c t i c a l 
f i e l d survey and computations. London : 
Heinemann. 

ALVEY, R.C., 1969* P o s t - g l a c i a l fauna and f l o r a from i n t e r - t i d a l 
exposures i n the Ingoldmells area, 
L i n c o l n s h i r e . Mercian Geol. 3:137-142. 

AMOS, C.L., 197^, I n t e r t i d a l f l a t sedimentation of the Wash - E. 
England. Ph.D. t h e s i s , U n i v e r s i t y of 
London. 

ANDREWS, J.T., 1970, A Qeomorphological Study of P o s t - G l a c i a l 
U p l i f t with p a r t i c u l a r reference to 
A r c t i c Canada. Inst.Br.Oeogr.spec.Pub1. 
No.2. 

ANDREWS, J.T. ed. 1974, G l a c i a l i s o s t a s y - Benchmark papers 
i n geology, vol.10. Stroudsburg 1 
Dowden, Hutchinson & Ross. 

BADEN-POWELL, D.F.W., 1934, On the marine gravels at March, 
Cambridgeshire. Geol.Mag. 71:193-

BAKER, F.T., 1959* The Ir o n Age s a l t industry of L i n c o l n s h i r e , 
Lines•Archit.Archaeol.Soc.Rep.Pap. 
New Ser., 8:26-3**. 

BAKER, F.T., 1975 f Saltmaking s i t e s on the L i n c o l n s h i r e coast 
before the Romans. I n , de BRISAY, K.W. 
and EVANS, K.A., eds. S a l t , the study of 
an ancient industry, 31-44. Colchester : 
Colchester Archaeological Group. 

BARCKHAUSEN, J . , LOOK, E.R., VINKEN, R.& VOSS, H.H., 1975, 
Symbolschlftssel Geologie, Symbole fttr 
die Dokumentation und Automatische 
Paten verarbeitung - ADV - Qeologischer 
Feld - und Aufschlu Bdaten. Hannover : 
Nieders&chsisches Landesamt ffir 
Bodenforschung. 

BARCKHAUSEN, J . , PREUSS, H. & STREIF, H., 1977, E i n 
l i t h o l o g i s c h e s Ordnungsprinzip fflr das 
KUstenholoz&n und seine Darstellung i n 
Form von Pr o f i l t y p e n . Geol.Jb., A44 : 
45-77. 



-305-

BARCKHAUSEN, J . & STREIF, H., 1978, Erl•geol.Kt.Niedersachsen 
1 : 25,000* B1.2608 Emden West : 005. 

BECKETT, S.C. & HIBBERT, F.A., 1976, An absolute pollen diagram 
from the Abbot fs Way. Somerset Levels Pap. 
2 : 24-27. ~ 

BEHRE, K.-E., MENKE, B. & STREIF, H., 1979, The Quaternary 
geological development of the German part 
of the North Sea. I n OELE, E.,SCHOTTENHELM, 
R.T.E. & WIGGERS, A.J., eds., The 
Quaternary History of the North Sea. 
Acta Univ. Ups. Symp. Univ. Ups. Annum 
Quingentesimum Celebrantis, 2 : b5-113« 
Uppsala. 

BERGLUND, B.E., 1971> L i t t o r i n a transgressions i n Blekinge, 
south Sweden : a preliminary survey. 
Geol. F8r. Stockh. Fffirh. 93 : 625-652. 

BIRKS, H.H., 1970, Studies i n the vegetational h i s t o r y of 
Scotland. I . A pollen diagram from 
Abernathy Forest, I n v e r n e s s - s h i r e . 
J . E c o l . 58 : 827-46. 

BOTT, M.H.P., 1971, Evolution of young continental margins 
and formation of s h e l f basins. 
Tectonophysics, 11:319-327. 

BOTT, M.H.P., 1975, Eastern A t l a n t i c continental margin. 
In : Qeodyna^csl Today. A Review of 
the Earth|s Dynamic Processes. TFhe 
Royal Society of London. The B r i t i s h 
National Committee for Geodynamins), 
113-118. London : The Royal Society. 

BRAND, G., HAGEMAN, B.P., JELGERSMA, S., & SINDOWSKI, K.H., 
1965, Die l i t h o s t r a t i g r a p h i s c h e 
Unterteilung des marinen Holozftns an der 
Nordseekuste. Qeol.Jb. 82 : 365-384. 

BRITISH STANDARDS INSTITUTION. 1967, Methods of t e s t i n g 
s o i l s for C i v i l Engineering purposes. 
B r i t i s h Standard 1377 : 19b7 : 1-234. 

CARTER, N., 1932 -3 , A comparative study of the alga f l o r a 
of two B a i t marshes. Parts 1-4. 
J.E c o l . , 20:341-370, 21:128-208, 
385-403. 

CATHLES, L.M. 1975, The v i s c o s i t y of the e a r t h y s mantle. 
Princeton, New Jersey : Princeton 
University Press. 

CATT, J.A. 1977* Yorkshire and L i n c o l s h i r e . Guidebook for 
Excursion C7 (Ed.D.Q.Bowen)^INQUA 
Congress, 1977. Norwich ; Geoabstracts. 



-306-

CHAPPELL, J . 1974, Late Quaternary Glacio- and Hydro-isostasy, 
on a Layered Ea r t h . Quaternary Res.» 
4:405-428. 

CHATWIN, CP., 1961, B r i t i s h Regional Geology - East Anglia 
a n d Adjoining Areas. London : HMSO. 

CHURCHILL, D.M. 1965» The displacement of deposits formed at 
s e a - l e v e l , 6500 years ago i n Southern 
B r i t a i n . Quaternaria 7:239-247. 

CHURCHILL, D.M. 1970, Post-Neolithic to Romano-British 
Sedimentation i n the Southern Fenlands 
of Cambridgeshire and Norfolk. I n , 
PHILLIPS, C.W., ed. The Penland i n 
Roman Times : studies of a major area of 
present colonization with a Gazetteer covering 
a l l known s i t e s and f i n d s . R.G.S. Res. Ser. 
5 : 132-146. 

CLARK, J.A. & BLOOM, A.L., 1979, Hydro-isostasy and Holocene 
emergence of South America. Proceedings 
of the "j-978 I n t e r n a t i o n a l Symposium on 
Coastal Evolution i n the Quaternary" 
Sao Paulo B r a s i l (1979) : 41-60. 

CLARK, J.A. & LINGLE, C.S. 1977, Future s e a - l e v e l changes 
due to West Antarctic i c e sheet 
f l u c t u a t i o n s . Nature» 269:206-209. 

CLARK, J.G.D. & GODWIN, H. 1962, The N e o l i t h i c i n the 
Cambridgeshire fens. Ant. 36:10-23. 

CLEVE-EULER, A. 1951-1953, Die Diatomeen von Schweden und 
Finnland. K.Svenska Vetensk-Akad. 
Handl. F.iarde. 2(1):1-165. 515771-153, 
4(1):1-158, 4 ( 5):l-255. 

COLLETTE, B.J.,1968, On the subsidence of the North Sea area. 
I n , DONOVAN, D.T. ed. Geology of s h e l f 
seas, 15-30. Edinburgh : O l i v e r and 
Boyd. 

COLLETTE, B.J., 1971, V e r t i c a l c r u s t a l movements i n the North 
Sea Area through geological time. I n 
DELANY, F.M. ed. ICSU/SCOR Working Party 
31 Symposium, Cambridge 1970 : The 
geology of the East A t l a n t i c continental 
margin. 3. Europe (continued). Rep;.Inst. 
Geol.Sci. No.70/15:1-8. 

DAMON, P.E., LONG, A. & WALLICK, E . I . , 1973, Dendrochronol-
pgic c a l i b r a t i o n of tfre Carbon-14 time 
s c a l e . I n , RAFTER, T.A. add GRANT-TAYLOR, 
T.eds. Proceedings of the Eighth I n t e r -
nationaT Conference on Radiocarbon Dating, 
Wellington, New Zealand. A29-A43. 



-307-

DEVOY, R.J.N.,1977a, Flandrian sea l e v e l changes and vegetational 
h i s t o r y of the lower Thames Estuary. 
Ph.D. t h e s i s , U n i v e r s i t y of Cambridge. 

DEVOY, R.J.N.,1977b, Flandrian sea l e v e l changes i n the Thames 
Estuary and the implications for land 
subsidence i n England and Wales. Nature, 
270:712-715. 

DEVOY, R.J.N.,1979, Flandrian sea l e v e l changes and vegetational 
h i s t o r y of the lower Thames estuary. 
Phi1.Trans.R.Soc.Lond.B 2^5:555-410. 

DONNER, J . J . , 1970, Land/Sea Level Changes i n Scotland. I n , 
WALKER, D. and WEST, R.G., eds. 
Studies i n Vegetational History of the 
B r i t i s h I s l e s : essays i n honour of 
Harry Godwin, 23-59/ Cambridge University 
Press. 

DUPHORN, K., GRUBE, F., MEYER,K-D,STREIF, H., & VINKEN, R. 1975, 
A.Area of the Scandinavian G l a c i a t i o n . 
1. Pleistocene and Holocene. 
E i s z e i t a l t e r Gegenw. 25/24:222-250. 

EADY, J.,1976, The Monitoring of Tide Gauges by The Ordnance 
Survey. I n , Proceedings of the Symposium 
on Tide Recording (Southampton l4-15th 
A p r i l 1976). Hydrogr.Soc.spec.Publ. 
4:57-45. 

EDEN, R.A.,HOLMES, R., and FANNIN,N.G.T., 1978, Quaternary 
deposits of the c e n t r a l North Sea, 6. 
Depositional environment of offshore 
Quaternary deposits of the Continental 
S h e l f around Scotland. Rep.Inst.Qeol.Sci. 
No. 77/15. ~ ~ ^ 

EDMUNDS, F.H., & SPIRES, R.H., 1945, Water supply from 
underground sources of the Linftoln -
Nottingham D i s t r i c t parts IV and V 
Wartime Pamph.Pep•Sci.Ind.Res.Qeol. 
Surv. UK.> 11. 

ERDTMAN, G., BERGLUND, B. & PRAGLOWSKI, J . 1961-1965 An 
Introduction to a Scandinavian PoTTen 
F l o r a V o l . I - i l . Stockholm : Almquist 
and Wiksell 

EVANS, G., 1965, I n t e r t i d a l F l a t Sediments and t h e i r Environment 
of Deposition i n the Wash Q.J.Qeol.Soc. 
Lond. 121:209-245. — 

EVANS, I . S . , 1974, The geomorphometry and asymmetry of g l a c i a t e d 
mountains with s p e c i a l reference to the 
Bridge River D i s t r i c t . B r i t i s h Columbia. 
Ph.D.thesis, University of Cambridge. 



-308-

EVANS, R., 1972, A i r photographs for s o i l survey i n lowland 
England : s o i l patterns. Photogramm. 
Reo., 7:302-322. 

EVERARD, C.E., 1979 f Marine geomorphology - mean sea l e v e l 
Prog. Phys. Qeogr., 3:587-596. 

FAEGRI, K., & IVERSEN, J . , 1964, Textbook of pollen a c l a l y s i s . 
New York : Hafner Publishing Co. 

FARRELL, W.E. & CLARK, J.A., 1976, On p o s t g l a c i a l sea l e v e l . 
Geophys.J.R.astr.Soc. 46:647-667. 

FLORIN, M-B., 1946, Clypeusfloran i p o s t g l a c i a fornsjfilager 
f f l l j d e r i S s t r a Mellansverige. Qeol.Fflren 
Stockh.Fflrh. 68:429-458. 

FOWLER, G., 1933, Shrinkage of the peat-covered Fenlands. 
Qeogrl.J. 81:149-150. 

FOWLER, G., 1934, The e x t i n c t waterways of the Fens. Geogrl.J. 
83:30-39. 

GALLOIS, R.W., 1979, Geological investigations for the Wash 
Water storage scheme. Rep.Inst.Qeol.Sci.» 
No.78/13. 

GAUNT,G.D•,BARTLEY, DD.& HARLAND,R., 1974, Two i n t e r g l a c i a l 
deposits proved i n boreholes i n the 
southern part of the Vale of York and 
t h e i r bearing on contemporaneous sea 
l e v e l s . Bull.Geol.Surv.Q.B. 48:1-24. 

GAUNT, G.D. & TOOLEY, M.J., 1974, Evidence for Flandrian S e a - l e v e l 
changes i n the Humber Estuary and adjacent 
areas. B u l l . I n s t . G e o l . S c i . 48:25-41. 

GEYH, M.A., 1969, Versuch e i n e r chronologischen Gliederung des 
marinen Holoz&ns an der Nordseekttste mit 
H i l f e der s t a t i s t i s c h e n Auswertung von 
^C-Daten. Z.dt.geol.Qes. 118:356-360. 

GEYH, M.A., 1971, Middle and young Holocene Sea Level Changes 
as global contemporary events. 
Geol.F3r.Stockh.F8rh., 93:679-692. 

GEYH, M.A., 1979, Holocene Sea-Level History. Case Study of the 
S t a t i s t i c a l Evaluation of x4g p a t e s . 
Manuscript of a paper given at the 
In t e r n a t i o n a l Conference on Radiocarbon 
Dating, Heidelberg, 1979. 

GEYH, M.A. & ROHDE, P., 1972, Weichselian Chronostratigraphy, 1 4C 
Dating and S t a t i s t i c s . Proceedings of the 
24th I n t e r n a t i o n a l Geological Congress 
TMontreal), sec t i o n 12:27-56. P ^ o . r r r i n t 



-309-

GEYH, M.A. & STREIF, H., 1970, Studies on c o a s t a l movements and 
sea**level changes by means of the s t a t ­
i s t i c a l evaluation of l4c-data, 
Proceedings of the Symposium on Coastal 
Geodesy (MUnich), 599-oll. 

GODWIN, H., 1940a, Studies of the P o s t - G l a c i a l History of 
B r i t i s h Vegetation. I I I . Fenland Pollen 
Diagrams. IV. P o s t - G l a c i a l Changes of 
Rel a t i v e Land and Sea-Level i n the E n g l i s h 
Fenland. Phil.Trans.R.Soc.B. 230:239-303. 

GODWIN, H., 1940b, Pollen a n a l y s i s and fore s t h i s t o r y of 
England and Wales. New Phytol. 39:370-400. 

GODWIN, H., 1975* The hi s t o r y of the B r i t i s h f l o r a , 2nd e d i t i o n . 
Cambridge University Press. 

GODWIN, H., 1978, Fenland : I t s Ancient Past and Uncertain Future. 
Cambridge University Press. 

GODWIN, H.& CLIFFORD, M.H., 1938, Studies of the P o s t - G l a c i a l 
History of B r i t i s h Vegetation. I . Origin 
and Stratigraphy of Fenland Deposits near 
Woodwalton, Hunts. I I . Origin and S t r a t ­
igraphy of deposits i n Southern Fenland. 
Phil»Trans.R.Soc.B., 229:323-406. 

GODWIN,H. & GODWIN, M.E., 1933* Pollen a n a l y s i s of Fenland peats 
at S t . German 1s near Kings Lynn. Geol.Mag. 
70:168-180. 

GODWIN, H. & GODWIN, M.E., 1934, Pollen a n a l y s i s of Peats at 
Sco l t Head I s l a n d , Norfolk. I n , STEERS, 
J.A. ed. Sco l t Head I s l a n d : the story 
of i t s o r i g i n , the plant and animal l i f e 
oi the dunes and marshes, 6*1-76. 
Cambridge : Heffer and Son. 

GODWIN, H. & SWITSUR, V.R., 1966, Cambridge University Natural 
Radiocarbon Measurements V I I . Radiocarbon 8 : 
390-400. 

GODWIN, H. & VISHNU-MITTRE, 1975, Studies of the P o s t - g l a c i a l 
History of B r i t i s h Vegetation XVI, Flandrian 
deposits of the Fenland Margin at Holme 
Fen and Whittlesey Mere, Hunts. P h i l . 
Trans.R.Soo.Lond.B. 270:561-604. 

G0DWIN,H. & WILLIS, E.H., Cambridge University Natural Radiocarbon 
Measurements I . Am.J.Sci.Radiocarbon 
Supplement 1:63-75. 

G0DWIN,H. & WILLIS, E.H., 1960, Cambridge Un i v e r s i t y Natural 
Radiocarbon Measurements I I . Am.J.Sci. 
Radiocarbon Supplement 2:62-72. 



-310-

GODWIN, H. & WILLIS, E.H., 1961, Cambridge U n i v e r s i t y Natural 
Radiocarbon Measurements I I I Radiocarbon 
3:60-76. — 

GODWIN,H. & WILLIS, E.H., Cambridge University Natural Radiocarbon 
Measurements V, Radiocarbon 4:116-137. 

GODWIN,H & WILLIS, E.H., 1964, Cambridge Un i v e r s i t y Natural 
Radiocarbon Measurements VI Radiocarbon 6 : 
116-136. 

GODWIN, H., WILLIS, E.H.& SWITSUR, V.R.,kCambridge University 
Natural Radiocarbon Measurements V I I 
Radiocarbon 7:205-212. 

GORDON, A.D. & BIRKS, H.J.B., 1972, Numerical methods i n Quat­
ernary palaeoecology. 
1. Zonation of pollen diagrams. New Phytol. 
71:961-979. 

GORDON, A.D. & BIRKS, H.J.B., 1974, Numerical methods i n 
Quaternary palaeoecology. I I . Comparison 
of pollen diagrams. New Phytol. 73 : 
221-249. 

GREENSMITH, J.T. & TUCKER, E.V., 1973, Holocene transgressions 
and regressions on the Essex coast, outer 
Thames estuary. Geologie Mijnb. 52: 
193-202. 

GREENSMITH, J.T. & TUCKER, E.V., 1980, Evidence for d i f f e r e n t i a l 
subsidence on the Essex coast. Proc. Geol. 
Ass., 91:168-175. 

HAGEMAN, B.P., 1969, Development of the Western Part of the 
Netherlands during the Holocene. Geologie 
Mijnb 48:373-388. 

HALLAM, H.E., 1965, Settlement and Society. A study of the 
Ea r l y Agrarian History of South L i n c o l n s h i r e . 
Cambridge studies i n Economic History. 
General E d i t o r M.M. Poston. Cambridge 
University Press. 

HALLAM, S.J., 1970, Settlement around the Wash. I n , PHILLIPS, C.W. 
ed. The Fenland i n Roman Times : Studies 
of a major area of peasant c o l o n i s a t i o n 
with a Gazetteer covering a l l known s i t e s 
and f i n d s . R.G.S. Res.Ser. 5, 22-113. 

HEALEY, R.H., 1978, Medieval s a l t making. South Lines.Archaeol.. 
1:4-5. ^ 

HEDBERG, H.D.(ed.), 1976, I n t e r n a t i o n a l s t r a t i g r a p h i c Guide. 
A guide to s t r a t i g r a p h i c c l a s s i f i c a t i o n , 
terminologyjj and procedure, by I n t e r n a t i o n a l 
Subcomraission on S t r a t i g r a p h i c C l a s s i f ­
i c a t i o n of IUGS Commission on st r a t i g r a p h y . 
New York : John Wiley and Sons. 



-311-

HENDEY, N.I* , 1964, An Introductory Account of the Smaller 
ITgae of B r i t i s h Coastal Waters. Part V. 
Sacillarrophyceae (Diatoms). London : HMSO. 

HEYWORTH, A., 1978, Submerged f o r e s t s around the B r i t i s h I s l e s : 
t h e i r dating and relevance as i n d i c a t o r s 
of P o s t - g l a c i a l land and sea l e v e l changes. 
I n FLETCHER, J . , ed. Dendrochronology 
i n Europe. Brit.Archaeol.Rep.Int.Ser., 
51:279-288. 

HIBBERT, F.A.,SWITSUR, V.R.& WEST, R.G., 1971, Radiocarbon dating 
of Flandrian pollen zones at Red Moss, 
Lancashire. Proc.R.Soc.Lond.B. 177:161-176. 

HILLAIRE-MARCEL,C.& OCCHIETTI, S., 1977, Frequence des datations 
au 14c <ie faunes marines p o s t - g l a c i a i r e s de 
l ' E s t du Canada et v a r i a t i o n s paleoclimatiques• 
Palaeogeogr., Palaeoclimatol. 5Palaeoecol., 21:17-54. 

HORTON,A.,LAKE,R.D., BISSON,G., & COPPACK,B.C., 1974, The 
Geology of Peterborough. Rep.Inst.Geol.Sci. 
No 73/12. 

HUSTEDT, F. 1927-1962, Die Kiesdalegen. Deutschlands, Osterreichs 
und de Schweizunter Berticksichtigung der 
TTbrigen lander Europas Sowie der angrenden 
Weeresgebiete. Academische v e r i a g e s g e l l s c h e f t . 
L e i p z i g : Geest & Po r t i g . 

HUSTEDT, F., 1955, Marine l i t t o r a l diatoms of Beaufort, North 
Carolina. Duke Univ.Mar.Stat.Bull. No.6 : 
1-67. 

HUSTEDT, F. & ALEEM, A.A., 1951, L i t t o r a l diatoms from the Salstone, 
near Plymouth. J.mar.biol.Ass., 30 :177-196. 

HYVJIRINEN, H., 1978, Use and d e f i n i t i o n of the term Flandrian. 
Boreas, 7:182. 

IVERSEN, J . 1960, Problems of the E a r l y P o s t - G l a c i a l Forest 
Development i n Denmark Danm.geol.Unders.IV. 
4(3) : 1-32. 

JANSSEN, C.R., 1959, Alnus as a disturbing f a c t o r i n pollen 
diagrams. Acta bot.neerl. 8:55-58. 

JARDINE, W.G., 1975a, The Determination of Former Sea Levels 
i n Areas of Large T i d a l Range. I n SUGGATE, 
R.P. & CRESSWELL, M.M. eds., Quaternary 
Studies, 163-168. The Royal Society of 
New Zealand, Wellington. 

JARDINE, W.G. 1975b, Chronology of Holocene marine transgression 
and regression i n south-western Scotland. 
Boreas, 4:173-196. 



-312-

JARDINE, W.G., 1976, Some problems i n p l o t t i n g the mean surface 
l e v e l of the North Sea and the I r i s h Sea 
during the l a s t 15000 years. Qeol.Fflren. 
Stockh.Fflrh. 98:78-82. 

JELGERSMA, S., 1961, Holocene Sea Level Changes i n the 
Netherlands. Meded.Qeol.Sticht.Serie C. 
VI. 7:1-100. 

JELGERSMA, S. 1979, Se a - l e v e l changes i n the North Sea basin. 
I n , OELE, E., SCHUTTENHEIM, R.T.E. & 
WIGGERS, A.J., eds. The Quaternary History 
of the North Sea. Acta Univ.Ups.Symp. Univ. 
Ups.Annum.Quingentesimum Celebrantis : 
2:233-248. Uppsala. 

JELGERSMA, S., OELE, E. & WIGGERS, A.J., 1979, Depositional History 
and c o a s t a l development i n the Netherlands 
and the adjacent North Sea since the Eemian. 
115-142. I n , OELE, E., SCHOTTENHELM, R.T.E. & 
WIGGERS, A.J. eds., The Quaternary History 
of the North Sea. Acta. Univ. Ups.Symp. Univ. 
Ups.Annum Quingentesimum Celebrantis : 2: 
115-1^2. Uppsala. 

JENNINGS, J.N., 1952, The Origin of the Broads, R.G.S.Res.Ser. 
2:1-66. 

JUKES-BROWNE, A.J., 1887, The Geology of part of East L i n c o l s h i r e 
including the country near the towns of 
Louth, Alford, and Spilsby. Mem.geol. 
Surv.U.K. London : HMSO. 

KELLAWAY, G.A. & TAYLOR, J.H., 1953 (for 1952) E a r l y stages i n 
the physiographic evolution of a portion 
of the East Midlands. Q.J.Geol.Soc.Lond. 
108:343-375. 

KELSEY, J . , 1972, Geodetic aspects concerning possible subsidence 
i n southeastern England. Phil.Trans.R.Soc. 
Lond.A. 272:141-149. 

KENT, P.E., 1975, Review of North Sea Basin development. 
Q.J.Qeol.Soc.Lond. 131:435-468. 

KIDSON, C. 4 HEYWORTH, A., 1973, The Flandrian Sea-Level r i s e 
i n the B r i s t o l Channel. Proc.Ussher Soc. 
2:565-584. 

KIDSON, C. & HEYWORTH, A., 1978, Holocene e u s t a t i c sea l e v e l 
change. Nature, 273:748-750. 

KIDSON, C.& HEYWORTH, A., 1979, Sea " l e v e l " . Proceedings of 
the "1978 I n t e r n a t i o n a l Symposium ofl 
Coastal Evolution i n the Quaternary." 
Sao Paulo, B r a s i l U979) :l-28. 



-313-

KOLP, O,, 1976, Submarine Uferterassen der siSdlichen Ost-und 
Nord See a l s Marken des HolozSnen 
Meeresanstiegs und der ttberflutungsphasen 
der Ostsee. Peterm.Geogr.Mitt. 120:1-23. 

LAMBERT, J.M., JENNINGS, J.N., SMITH, C.T., GREEN, C., & 
HUTCHINSON, J.N., 1960, The making of 
the Broads. A reconsideration of t h e i r 
o r i g i n i n the l i g h t of new evidence. 
R.Q.S.Res.Ser .3. 

LIEBENBERG, E. 1976 Symap : I t s Uses and Abuses. Cartogr.J. 
13:26-36. 

MACPADYEN, W.A., 1933* The Foraminifera of the Fenland Clays 
at St.Germans, near Kings Lynn. 
Geol.Mag. 70:182-91. 

McGRAIL, S. & SWITSUR, R., 1975, E a r l y B r i t i s h boats and t h e i r 
chronology. Int.J.Naut.Archaeol. & 
Underwater Explor., 4:191-200. 

MAKAROVTC, B., 1973, Progressive sampling f o r d i g i t a l t e r r a i n 
models. ITC. J . 1973 : 397-416. 

MANGERUD, J . , ANDERSEN, S.T., BERGLUND, B.E. & DONNER, J . J . , 1974, 
Quaternary stratigraphy of Norden, a 
proposal for terminology and c l a s s i f i c a t i o n . 
Boreas, 3:109-127. 

MANGERUD, J . & BERGLUND, B.E., 1978, The subdivision of the 
Quaternary of Norden : a disc u s s i o n . 
Boreas, 7:179-181. 

MENKE, B. & BEHRE, K-E., 1973, 2. History of Vegetation and 
Biostratigraphy. E i s z e i t a l t e r Gegenw. 
23/24:251-267. ~ " ~ ^ 

MERKT, J . & STREIF, H. 1970 Stechrohr-BohrgerSte ftlr limnische 
und marine Lockersedimente. Geol.Jb., 
88:137-148. 

MILLER, G.H., HOLLIN, J.T. & ANDREWS, J.T., 1979, Aminostrat-
igraphy of UK Pleistocene deposits. 
Nature 281:539-543. 

MILLER, S.H. & SKERTCHLY, S.B.J., 1878, The Fenland, Past 
and Present. Wisbech : Leach & Son. 

MILLER, U. 1964, Diatom f l o r a s i n the Quaternary of the GBta 
River Valley (Western Sweden). 
Sver.geol.Unders. S e r i e Ca,44:1-67. 

MITCHELL, G.F., PENNY, L.F., SHOTTON, F.W. & WEST, R.G., 1973, 
A c o r r e l a t i o n of Quaternary deposits i n 
the B r i t i s h I s l e s Qeol.Soc.Lond.Spec. 
Re£., 4. 



-314-

MOORE, P.D. & WEBB, J.A., 1978, An i l l u s t r a t e d guide to Pollen 
A n a l y s i s , London : Hodder & Stoughton. 

MflRNER, N-A., 1969, The Late Quaternary History of the Kattegatt 
Sea and the Swedish West Coast. Sver.geol. 
Unders. S e r i e C. 640:1-487. — - — 

MORNER, N-A., 1973a, P o s t g l a c i a l - a term with three meanings. 
J . Q l a o l o l . 12:64:139-140. 

MORNER, N-A., 1973b, E u s t a t i c changes during the l a s t 300 years 
Pa TT Palaeogeogr.,Palaeoclimatol.,Palaeoecol., 

— • 1—14 • 
MORNER, N-A., 1976a, Eustasy and Geoid changes. J.Geol., 

84:123-151. 
MORNER, N-A., 1976b. E u s t a t i c changes during the l a s t 8,000 years 

i n view of radiocarbon c a l i b r a t i o n and 
new information from the Kattegatt region 
and other northwestern European c o a s t a l 
areas. Palaeogeogr., Paleoclimatol., 
Palaeoecol., 19:b3-§5. 

MORNER, N-A., 1979, South Scandinavian sea l e v e l records : a 
t e s t of regional eustasy, regional 
paleoenvironmental changes and global 
paleogeoid changes. Proceedings of the 
"1978 I n t e r n a t i o n a l Symposium on co a s t a l 
evolution i n the Quaternary", Sao PauloT 
B r a s i l (1979) : 77-15^ 

MORNER, N-A., 1980, The northwest European " s e a - l e v e l laboratory" 
and regional Holocene eustasy. Palaeogeogr., 
Palaeoclimatol., Palaeoecol., 29:2bl-300T 

MORRISON, I.A., 1976, Comparative stratigraphy and radiocarbon 
chronology of Holocene marine changes on 
the western seaboard of Europe. I n 
DAVIDSON, D.A., & SHACKLEY, M.L. eds. 
Geoarchaeology : 159-175. London : Duckworth. 

MOSIMANN, J.E., 1965, S t a t i s t i c a l methods for the pollen a n a l y s t . 
Multinomial and negative multinomial 
techniques. I n , KUMMEL, B.G. & RAUP, D.M., 
eds., Handbook of Palaeontological Techniques, 
636-673. San Francisco : Freeman. 

NILSSON, S., PRAGLOWSKI, J.& NILSSON, L., 1977, Atlas of 
Airborne Pollen Grains and Spores i n 
Northern Europe. Stockholm : Natur och 
Kultur. 

OLSSON, I.U., 1979, Radiometric dating. I n , BERGLUND, B.E., ed. 
Palaeohydrological changes i n the l a s t 
15,000 years. IGCP 158B. Lake and more 
environments. Project guide, I I . s p e c i f i c 
methods, I - 3 8 . Lund : Department of 
Quaternary Geology. 



-315-

OTLET, R. L, & SLADE, B.S., 1974, Harwell radiocarbon measurements I 
Radiocarbon 16:178-191. 

PAEPE, R., SOMME, J.,CUNAT, N. & BAETEMAN, C , 1976, Flandrian, 
a formation or j u s t a name? Newsl.Stratigr., 
5 : 18-30. 

PEGRUM, R.M., REES, G. & NAYLOR, D., 1975, Geology of the North­
west European Continental Shelf-Volume 2 -
The North Sea. London : Dudley. 

PENNINGTON, W., 1975, A chronostratigraphic comparison of Late-
Weichselian and Late-Devensian subdivisions, 
i l l u s t r a t e d by two radio-carbon dated 
p r o f i l e s from western B r i t a i n . Boreas 4 : 
157 - 171. 

van de PLASSCHE, 0. , 1977, A manual for sample c o l l e c t i o n and 
evaluation of sea l e v e l data, ( d r a f t , 1 

unfinished}. Amsterdam : Free U n i v e r s i t y . 
van de PLASSCHE, 0. , 1979, S e a - l e v e l research i n the province 

of South-Ho Hand, Netherlands. Proceedings 
of the "1978 I n t e r n a t i o n a l Symposium on 
Coastal Evolution i n the Quaternary""! 
gao~Paulo 3 B r a s i l (1979) : 534-551. 

van de PLASSCHE, 0. & PREUSS, H., I.G.C.P. Project 61. S e a - l e v e l 
movements during the l a s t d e g l a c i a l hemi-
cycle (ca 15>000yK Explanatory guide-
l i n e s for completion of the computer"*form 
for sample documentation. Unpublished 
t y p e s c r i p t . Amsterdam/Hannover. 

POSNANSKY, M., 1960, The Pleistocene succession i n the middle 
Trent basin. Proc.Geol.Ass., 71, 
285-311. 

PREUSS, H., 1979, Progress i n computer evaluation of s e a - l e v e l 
data within the IGCP Project No. 6 l . 
Proceedings of the "1978 I n t e r n a t i o n a l 
Symposium on the co a s t a l evolution i n 
the Quaternary." ^ao Paulo, B r a s i l (19*79) : 104-134. * — 1 

PRICE, H., 1978, Engineer's Report on The Ti d a l Surge - 11th 
January, 197B* Unpublished report. 
South Holland I n t e r n a l Drainage Board, 
Spalding. 

RANDERSON, P.P. unpublished. The s a l t marshes of the Wash. Wash 
F e a s i b i l i t y study. E c o l o g i c a l Report, 
S c i e n t i f i c study D. Draft. 

RANWELL, D.S., 1974, The s a l t marsh to t i d a l woodland t r a n s i t i o n . 
Hydrobiol. B u l l . , 8:139-151. 



-316-

RICE, R.J., 1965, The e a r l y Pleistocene evolution of north­
eastern L e i c e s t e r s h i r e and parts of 
adjacent counties. Trans. I n s t . Br. Geogr. 
37:101-110. 

ROEP, T.B., BEETS, D.J., & RUEGG, C.H.J., 1975, Wavebuilt 
st r u c t u r e s i n subrecent beach b a r r i e r s of 
the Netherlands. Proceedings of the Ninth 
I n t e r n a t i o n a l Congress of sedimentology, 
Nice : 141-145. 

ROSSITER, J.R., 1972, S e a - l e v e l observations and t h e i r s e c u l a r 
v a r i a t i o n . Phil.Trans.R.Soc.Lond.A. 
272:131-139~ 

du SAAR.A., 1978, Diatom I n v e s t i g a t i o n of a Sediment Core. 
Downholland Moss - 15. Geological Survey 
of the Netherlands. Department of Diatoms 
and Ostracods. Report No.150, 1969- I n , 
TOOLEY, M.J., Sea-Level Changes i n North-
West England during the Flandrian Stage : 
203-2087 Oxford : Clarendon Press. 

SALWAY, P., 1970, The Roman Fenland. I n , PHILLIPS, C.W., ed. 
The Fenland i n Roman Times : studies 
of a major area of present colonization with 
a Gazetteer covering a l l known s i t e s and 
f i n d s . R.G.S. Res.Ser. 5:1-21. 

SCHUMM, S.A., & LICHTY, R.W., 1965, Time, space and c a u s a l i t y 
i n Geomorphology. Am.J.Sci., 263:110-119;'. 

SEGOTA, T., 1973, Radiocarbon Measurements and the Holocene 
and Late Wttrm Se a l e v e l Rise. E i s z e i t a l t e r 
Gegenw., 23/24:107-115. 

SHENNAN, I . , 1979, S t a t i s t i c a l evaluation of s e a - l e v e l data. 
Sea L e v e l . Information B u l l , of IGCP 
Project No. b l , 1:5-11. 

SHENNAN, I . , 1980, i n preparation. The nature, extent and timing 
of marine deposits i n the E n g l i s h Fenland 
during the Flandrian stage. Manuscript 
submitted 1-5-80 ( S t r i a e ) . 

SHOTTON, F.W., 1973, English Midlands. I n , M i t c h e l l e t a l . 
A c o r r e l a t i o n of Quaternary deposits i n 
the B r i t i s h I s l e s . Geol.Soc.Lond.Spec. 
Rep. 4:18-22. 

SH0TT0N,F.W., BLUNDELL, D.J.,& WILLIAMS, R.E.G., 1968, Birmingham 
Uni v e r s i t y Radiocarbon Dates I I . 
Radiocarbon 10:200-206. 

SIMMONS, B.B., 1978, Ancient c o a s t l i n e s around the Wash. South 
LinPs,, Archaeol., 1:6-9. 



-317-

SIMONSEN, R., 1969, Diatoms as In d i c a t o r s i n Estuarine 
Environments. Veroff Inst.Meeresforsh.> 
11:287-292. 

SISSONS, J.B., 1967, The evolution of Scotland's Scenery. 
Edinburgh : Olive r & Boyd. 

SISSONS, J.B., & BROOKS, C.L., 1971, Dating of E a r l y Post­
g l a c i a l Land and Sea Level Changes i n 
the Western Forth V a l l e y . Nature, 234: 

124-127. 

SKEMPTON, A.W., 1970, The consolidation of cl a y s by g r a v i t ­
a t i o n a l compaction. Q.J.Geol.Soc.Lond. 
125:373-412. 

SKERTCHLY, S.B.J., 1877, The Geology of the Penland. Mem.Geo1. 
Surv.U.K. London : H.M.S.O. 

SMITH, A.G., 1958, P o s t - G l a c i a l Deposits i n South Yorkshire and 
North L i n c o l n s h i r e . New Phytol. 
57 : 19-49. 

SMITH, A.G., 1970, The stratigraphy of the Northern Fenland. 
I n , PHILLIPS, C.W. ed. The Fenland i n 
Roman Times : studies of a major area of 
peasant colonisation with a Gazetteer 
covering a l l known s i t e s and f i n d s . 
R.G.S. Res.Ser. 5:147-164. 

SMITH, A.G. & PILCHER, J.R., 1973, Radiocarbon dates and 
vegetational h i s t o r y of the B r i t i s h 
I s l e s . New Phytol. 72:903-914. 

SMITH, D.E., SISSONS, J.B. & CULLINGFORD, R.A., 1969, Isobases 
for the Main Perth Raised Shoreline i n 
south-east Scotland as determined by 
trend-surface a n a l y s i s . Trans.Inst.Br. 
Geogr. 46:45-52. 

STOCKMARR, J . , 1971, Tablets with spores used i n absolute pollen 
a n a l y s i s . Pollen Spores» 13:615-621. 

STRAW, A., 1961, D r i f t s , meltwater channels and ice-margins 
i n the Li n c o l n s h i r e Wolds. Tra n s . I n s t . 
Br. Geogr. 29:115-128. 

STREIF, H., 1972, The r e s u l t s of s t r a t i g r a p h i c a l and f a c i a l 
i n v e s t i g a t i o n s i n the c o a s t a l Holocene 
of Woltzeten/Ostfriesland, Germany. 
Geol.FBr. Stockh.F8rh. 94:281-299. 

STREIF, H., 1978, A New Method for the Representation of 
Sedimentary Sequences i n Coastal Regions 
Proceedings of the Itfch Coastal Engin­
eering Conference. ASCE/Hamburg. West 
Germany (August 2b- S e p t . l 1 1973) : 
1245-1256. 



-318-

STREIF, H., 1979a, C y c l i c formation of c o a s t a l deposits and 
t h e i r i n d i c a t i o n s of v e r t i c a l s e a - l e v e l 
changes, Oceanis 5:303-306. 

STREIF, H., 1979b, Holocene sea l e v e l changes i n the S t r a i t 
of Malacca. Proceedings of the "1978 
I n t e r n a t i o n a l Symposium on Coastal 
Evolution i n the Quaternary", Sao Paulo, 
B r a s i l gmj : 5&-$1t>.~^ 

STREIF, H., 1979c, Report of the meeting on "Holocene Sea 
Level Changes tt organized by DFG, held 
at Hannover on 1. and 2. March 1979-
Sea Level. Information B u l l , of IQCP 
Project No. 61, 2:1-3. 

STREIF, H., & KOSTER, R., 1978, The Geology of the German North 
Sea Coast Die Kuste, 32 : 31-65. 

SWINNERTON* H.H., 1931, The p o s t - g l a c i a l deposits of the 
Linco l n s h i r e coasts. Q.J.Geo1.Soc.Lond. 
87:360-375. 

SWINNERTON, H.H. & KENT, P.E., 1976, The Geology of L i n c o l n s h i r e 
2nd Edtn. Lincoln : Linc o l n s h i r e 
N a t u r a l i s t s Union. 

SWITSUR, V.R., & WEST, R.G., University of Cambridge Natural 
Radiocarbon Measurements XIV. Radiocarbon 
17:301-312. 

TOOLEY, M.J., 1971*, Sea-level changes during tie l a s t 9000 years 
i n northwest England. Geogrl.J. 140 : 
18-42. 

TOOLEY, M.J., 1976, Flandrian sea l e v e l changes i n west 
Lancashire and t h e i r implication f o r 
the "Hillhouse Coastline". Geol.J. 11 
137-152. 

TOOLEY, M.J., 1978a, Sea-Level Changes i n North-West England 
during the Flandrian Sta;ge. Oxford ; 
Clarendon Press. 

TOOLEY, M.J., 1978b, Holocene sea l e v e l changes : problems of 
i n t e r p r e t a t i o n . Geol.FSren Stockh. 
Fflrh. 100 ; 

TOOLEY, M.J., 1978c, The h i s t o r y of Hartlepool Bay I n t . J.Naut. 
Archaeol. & Underwater Explor. s 7;71-87. 

TOOLEY, M.J., 1979* Se a - l e v e l changes during the Flandrian 
Stage and the implications for c o a s t a l 
development. Proceedings of the "1978 
InternationalTymposium on Coastal 
Evolution i n the Quaternary". Sao 
Paulo, 6 r a s i i (19?9) : 552-572. 



-319-

TROELS-SMITH, J . , 1955, K a r k t e r i s a r i n g af Ldse j o r d a r t e r 
( C h a r a c t e r i s a t i o n of Unconsolidated 
Sediments). Danm. geol. Unders IV. 3:1-73* 

TURNER, C , 1973, Eastern England. I n , M i t c h e l l et a l . Â  
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APPENDIX I 

L i t h o l o g i c a l C l a s s i f i c a t i o n 

This scheme f o r the l i t h o l o g i c a l c l a s s i f i c a t i o n of c o a s t a l 

Flandrian sequences was developed at NiedersSchsisches L. desamt fflr 

Bodenforshung, Hannover, (Barckhausen et al» 1975, 1977, 

Barckhausen & S t r e i f 1978, S t r e i f 1978). 

The f i r s t l e v e l of the h i e r a r c h i c system defines the 

complexes?-

- X Type : c l a s t i c complex (seaward region) 

- Y Type : i n t e r f i n g e r i n g complex ( t r a n s i t i o n zone) 

- Z Type : peat complex (back swamp region) 

The middle l e v e l c o n s i s t s of the sequences, which are con­
sidered as s t r a t i g r a p h i c a l elements and l a b e l l e d according to the 
system wSymbolschlussel Geologic" (Barkhausen et a l . 1975, 
S t r e i f 1978). The 12 sequences are represented schematically i n 
f i g u r e Al and described below (from S t r e i f 1978): 

clastic sequence (qhK) : c l a s t i c sedimentary succession without 
i n t e r c a l a t e d peat l a y e r s . S o i l horizons and l a y e r s i n which 
r o o t l e t s of Phragmites are abundant are regarded as a part of 
the c l a s t i c sequence. 

Organic basal sequence (qhOB) : succession of peat and limnic 
ooze or organic s o i l horizons at the base of c l a s t i c F landrian 
(Holocene) deposits. 

Organic cover sequence (qhOD) : succession of peat or limnic 

ooze which occurs at the present surface and which i s under­

l a i n by c l a s t i c Flandrian (Holocene) sediments. 

The organic b a s a l sequence and the organic cover sequence 

can occur i n the c l a s t i c complex and i n t e r f i n g e r i n g complex but 
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may al s o be absent. The following are found only i n the i n t e r ­

f i n gering complex and are c h a r a c t e r i s t i c of i t : 

lower c l a s t i c sequence (qhKU): c l a s t i c sedimentary u n i t , at 

l e a s t 5 cm. t h i c k , which underlies the lowermost i n t e r c a l a t e d 

peat l a y e r and may be underlain by an organic basal sequence. 

s p l i t t l n g - u p sequence (qHA): sedimentary sucession between 

the bottom of the lowermost i n t e r c a l a t e d peat l a y e r and the 

top of the uppermost one. Thus, the s p l i t t i n g - u p sequence 

c o n s i s t s of peat l a y e r s ( i n c e r t a i n cases only one l a y e r ) 

as w e l l as c l a s t i c sediments which l i e between the i n t e r c a l a t e d 

peat l a y e r . 

upper c l a s t i c sequence (qhKO): c l a s t i c sedimentary unit at 

l e a s t 5 cm. t h i c k which o v e r l i e s the uppermost i n t e r c a l a t e d 

peat and may be o v e r l a i n by an organic cover sequence. 

The following sequences are found i n the peat complex: 

organic sequence (qhO): succession of peat and limnic ooze 

with at most one interbedded layer of c l a s t i c sediments 

more than 5 cm. thick. 

c l a s t i c b a s a l sequence (qhKB): c l a s t i c sedimentary u n i t which 

occurs i n the basal part of the c o a s t a l Flandrian (Holocene) 

deposits and which i s covered by an organic sequence. The 

thickness of the ba s a l c l a s t i c sequence i s l e s s than that of 

the overlying organic sequence. 

c l a s t i c interbedded sequence (qhKE): unit of c l a s t i c sediments 

interbedded i n the organic sequence and unrelated to an upper 

or lower c l a s t i c sequence as defined above or to c l a s t i c 

u n i t s of a s p l i t t i n g - u p sequence. This clastic interbedded sequence 
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may not exceed 50% of the t o t a l thickness of the organic 

sequence. I t may c o n s i s t of one i n d i v i d u a l l a y e r and/or 

of s e v e r a l t h i n l a y e r s l e s s than 5 cm. t h i c k . 

c l a s t i c cover sequence (qhKD): c l a s t i c sedimentary unit 

which occurs at the present surface and which i s underlain 

by the organic sequence. The thickness of the c l a s t i c 

cover sequence must be l e s s than that of the underlying 

organic sequence. 

The lowest h i e r a r c h i c l e v e l i n the scheme i s the f a c i e s u n i t . 

These are v a r i a b l e i n number and i n range, taking into account 

any s p e c i a l c r i t e r i a f o r the study. 

I t should be noted that the c r i t e r i a f o r d i s t i n g u i s h i n g 

between a XI p r o f i l e type and a Z-type with one c l a s t i c l a y e r 

more than 5 cm. t h i c k are not made c l e a r by S t r e i f (1978). The 

former has been used throughout t h i s t h e s i s . 
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APPENDIX I I 

Laboratory schedule f o r pollen a n a l y s i s 

1 - Preparation f o r pollen concentration method. 

1.1. Measure 0.5 cc of sediment by displacement of 
water i n 5 cc. Grade A measuring c y l i n d e r . 

1.2 Wash i n t o small beaker and add 5 Lycopodium t a b l e t s . 

2 - Solution of carbonates and disaggregation of Lycopodium 
t a b l e t s 

2.1. t cold 10% HCL u n t i l effervescence stops. S t i r . 

2.2. Centrifuge. Decant. 
3 - Evacuation of a l k a l i - s o l u b l e organic compounds. 

3.1. + 10* KOH. S t i r . 
3.2. Heat i n b o i l i n g water 10-30 minutes. S t i r o c c a s i o n a l l y . 

3.3. Decant through sieve (mesh 180 microns). Wash residue. 

3.4. Centrifuge, decant and wash u n t i l supernatant 
l i q u i d i s unstained. 

4 - Hydroflouric d i g e s t i o n of s i l i c e o u s m a t e r i a l . 

4.1. + HP. S t i r . 

4.2. Heat i n b o i l i n g water u n t i l sediment dispenses. 
At l e a s t 1 hour. 

4.3. • HCL ( 1 0 * ) . Heat i n b o i l i n g water 3-5 minutes. 

4.4. Centrifuge. Decant. 
4.5. Wash with d i s t i l l e d water. S t i r . Centrifuge. Decant. 

5 - Acetylation. Evacuation of unaltered l i g n i n and c e l l u l o s e . 

5.1. +Glacial a c e t i c a c i d . S t i r . Centrifuge. Decant. 

5.2. +Acetylation s o l u t i o n (1:9 cone.HgSO^:Acetic anhydride) 
S t i r . 

5.3. Heat i n b o i l i n g water, 1 minute. S t i r . Top up with 
g l a c i a l a c e t i c a c i d . 

5.4. Centrifuge. Decant. 
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5.5. ^ G l a c i a l a c e t i c acid. S t i r . Centrifuge. Decant. 

5.6. ^ D i s t i l l e d water. S t i r . Centrifuge. Decant. 2x. 

6m - Staining. 

6.1. +Tertiary Butyl Alchohol + 2 drops s a f r a n i n s o l u t i o n . 
Centrifuge. Decant. 

6.2. +lcc. T e r t i a r y Butyl Alchohol, t r a n s f e r to v i a l . 
Centrifuge. Decant. Drain. 

6.3. • S i l i c o n e f l u i d . Leave overnight. 

Laboratory schedule for diatom a n a l y s i s 

1 - Removal of carbonates. 

1.1. Disperse 1 cc. sediment i n a few drops of d i s t i l l e d 
water i n small beaker. 

1.2. +HCL (10*) 

2 - Removal of organic m a t e r i a l . 

2.1. +30* HgOg, gently heat over water bath, 12 hours. 

2.2. Wash. Centrifuge. Decant. 

2.3. Transfer to storage v i a l . 

3 - Mounting. 
3.1. Flood cover s l i p , on hot p l a t e , with diatom + water 

mixture. Evaporate slowly. 

3.2. • C r y s t a l s of NAPHRAX on miscroscope s l i d e . Heat 
u n t i l c r y s t a l s l i q u i f y . 

3.3. Place the dry cover s l i p , diatoms downwards, on 
the s l i d e . Cool and allow to s e t . 
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J S E * ~ j T T H E P L O T T I N G R O U T I N E S APE O N L Y . ?OR USE 
C WITH * f * L O T S Y S A T N U P AC .FULL D E T A I L S ON HOW TO RUN 
T T H £ PRO'jRA-'i S H O U L D f i t O B T A I N E D F R O M I • ShENNAN. 
C C O P Y R I G H T I . S H E N N A N 1^7* 
C P J J O G ' A K IS IN 2 
C 1 - . C A L C U L A T E S A N D T A B U L A T E S P O L L E N D A T A 
r * : D * A W S POLLEN D I A G R A M W I T H S T R A T I G R A P H Y 
C C A L C U L A T E S 4 C U R V E S W I T H 9 5 % L I M I T S 
C P O L L E N C O N C . I F U S I N G L Y C O P O D I U M T A B L E T S 
C X TREE POLLEN 
C % TRESS+SELCTED.OTHER TAXA 
C I TOTAL LAND POLLEN 
C I N P U T D A T A 

C 1 : 1-20:TITcE O F S I T E 
C 2 : 2 - 3 : N U M L E V E L S C O U N T E D<:50 
C 5~6:NUM P O L L E N T Y P E S < = 6 0 
C3:IN 1 3 F O R M A T 1 1 V A L U E S IN A S C E N D I N G ORDFR G I V I N G 
C THE N U M E R I C A L ID'S O F THE F I R S T A N D L A S T T A X A O F 
C 5 S P E C I A L G R O U P S S U C H A S : T R E £ S / S H R U B S / H £ R9 S / A TU AT I C S / S P'O R£ S . 
C T M E 11TM V A L U E I S U S E D IF T A X A W I T H G R E A T E R ID'S A R E T O 
C 3E E X C L U D E D F R O M " T O T A L P O L L E N S U M " . 
C4 T o K*3/N«NUM POLLEN TYPES 
C :1-2:TAX* ID FROM 1 T O 60 
r- . _ -j o . r A y A NAME 
CTHE N E X T C A R D S ARE IN SETS OF 4 FOR E A C H LEVEL C O U N T E D 
C T C P LEVEL F I R S T 
R C O L 1-6 D E P T H R E L A T I V E TO D A T U M (+0R- MUST 3 E U S E D ) 
C 5 - 3 N U M B E R O F L Y C O P O D I U M G R A I N S C O U N T E D F O P 0 . 5 C C S E D I E N'T 
: NEXT C A R D S 0? E A C H S E T IN 2013 F O R M A T T H E C O U N T S FOR E A C H T A X * 
£ M U S T H A V E 4 CARDS FOR E A C H LAYER 
: 5 C A R D S E A C H W I T H A P P R O P R I A T E T I T L E < 2 0 C POLLEN C O U N T S . . . . 
C POLLEN C O N C (LEAVE B L A N K IF CCNC M E T H O D NOT U S E D ) C XTREE POLLEN 
C XTREE+SROUP 
C XTOTAL POLLEN 
r 

w c C A ZERO IN COL 3 O F THE N E X T CARD WILL E N D C T H E P R O G R A M 3 E F 0 R E IT A T T E M P T S TO °LOT A D I A G R A M 
C 

D I M E N S I O N - S I T E ( 5 ) r N U M C 6 0 ) / N T A / a ( 5 / 6 0 ) / D E P T H C 5 C ) / E X O T I C ( 5 J ) , 
>'XDFSC (5) / , \ : ( 6 ) / T I T L = ( 5 / 6 0 ) / N U M J E P ( 6 0 ) / N U M T A X ( 6 0 / 2 0 ) / 
S T O T 1 ( 5 0 / 6 0 / T O T 2 ( 50/60) ,T0T3( 50/60 )/T0T4( 50/ 60) / X L N G T H ( 60 ) / 
^ X ( 5 0 / 6 0 ) / D E S C ( 5 / 5 ) / TREES (50)/SHRUBS(5 0)/HE^3S(^0)/AQUAT ( - O ) 
i;^oP = S (50)/TOTAL (50) /CONr-'E'A( 50/60 )/CONUP( 50/60) /CONLCW( 50/6 
«PTPff (SO/60) /PT U P ( 50/60) / P T L O A ' (50/60) / PGROUP<50/60)/PGUP C50 
* T O ° ( 2 0 ) / T 0 T M ( 5 0 / 6 C ) / T O T L ( 5 0 / 6 G ) / T 0 T U ( 5 0 / 6 0 ) / S I 7 . E ( 6 ) / 
^ E X 0 L 1 ( 5 ) / E X P L 2 ( 5 ) / Z T I T L E ( 4 ) / Z N A M E ( 2 ) / _ ^ X 

^PGLOW (5 0 / 6 0 ) / P.TOT (5 0 / 6 0 )/PTOTU ( 5 0 / 6 0 ) / PTOTL ( 5 0 / 6 0 ) 
C 

1 F O R M A T ( 5 A 4 ) 
2 F O R M A T ( I 3 / 2 F 3 . 1 / F 7 . 1 / F 5 . 1 ) 
3 F 0 R M A T ( 1 1 I 3 ) 
4 F O R M A T ( I 2 / 5 A 4 ) 
5 F0fcKAT(2F4.G) 
6 F O R M A T ( 2 0 F 4 . 0 ) 
7 F O R M A T ( 1 H 1 / ' P O L L E N T O T A L S A N D S U M M A R Y T A B L E ' / I H O / 

^ ' D E P T H T^EES S H R U B S H E R B S A Q U A T $ SPORES TOTAL EXOTIC 1/ 
AM TREES* S H R U R X H E R B S * AQUAT% SPORE*') 

5 FORMATdH / 1 3 F 7 . 1 ) 
9 F 0 R M A T ( 1 H 1 / 5 A 4 ) 

10 F0ftM AT d H 0 / 5 A4) 
1 1 F O P | M A T ( 2 I 3 / 4 I 1 , 4 F 6 . 0 / I 2 ) 
1 ? FORMATC13) 
1 3 F 0 R M A T ( 2 0 I 3 ) 
1 4 F 0 » M A T ( F 6 . 1 / 4 ( F 4 . 2 / I 3 > ) 
15 F O R M A T ( 1 H 1 / 5 A 4 / • TOTAL CONCENTRATION (GRAINS X 1000 PEP CC) 
16 FOPMATdH / 4 F S . 1 ) 
17 FOWMATdHO/ 1 DEPTH 1 ) 
1 8 F 0 R M A T ( F 4 . 2 ) 
1 ? F O R M A T ( I 2 / 4 A 4 ) 
20 F0RMATC2F6.1/2A4) 
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READ DATA 

PEAD<5/1> CSITE(I>/I=1'5> , RSADC 3/ 2) NLEV/CC/TA31/TA82/TA33 
PEAD (5/3)LTP/MTR/LSH,N}5H/LH.£/MH£/LA0/MAO/ LS P/PS P/MT.OT 
DO 50 N = 1 / \ T A X 
R E A D ( 5 / 4) \U M(N)/(NT A X A ( 2 / N ) / I s 1 / 5 ) 

50 CONTINUE 
DO 51 N = 1 / U E V *£Ai) < 5/5 ) DEPTH < N ) /EXOTIC <N) R E A D ( 5 / 6 ) ( * < N / I ) / I = 1 / 2 0 ) READ(5/6) ( X CM/J)/J = 21 /4Q) 
RL" AD ( 5 / 6 ) (X (N/ J ) /J =41 /60) 

51 CONTINUE 
DO 52 1=1/5 
READC5/1)(DE$C ( K/I ) / K=1/5) 

52 CONTINUE 
CALCULATIONS 

C A L L S G P O U P ( N L c V / L T R / N ! T R / X / T P E E S ) 
C A L L S G R 0 U P ( \ ' L E V / L S H / N - S H / X / S H P U 3 S ) 
C A L L S G R O U P ^ L S V / L H E / P H E / X / H S R - S ) 
C ALL S G R O U P ( N L r . V / L A 2 / M A 0 / X / A Q U A T ) 
C A L L S G R O U P C N L E V / L S P / ^ I S P / X / S P O R E S ) 
C A L L S G P O U P (N 'LEV/LTR/VtTOT/ X / T O T A L ) 
I F ( E X O T I C ( 1 ) . EG.G . O ) GOTO 5 ? 
C A L L C O N ^ R R ( N L E V / NT AX / X / E X O T I C / C O N M E A / C O N - U P / C O N L O V / 

& C C / T A B 1 / T A B 2 / T A 3 3 ) 
53 - C O N T I N U E 

C A L L E R R I N ( N L E V / L T R / F T P / X / T f i EES/T RS E S / P TP E E / P T U P / ? T L O W ) 
C A L L c0P0UT(NL^V/LSr»/60/X/T9EES/ :?TxEE:/ 3TU 3/ oTL' %-V) 
C A L L E R R I N ( N L E V / L T R / W T ^ / X / T P E E S / T R E E ? / P G R O U P / ; , : - U P / P G L ' N ' . - ; ) 
C A L L E R P ̂  J ( N L E V / L S H / S H / X / T ? E E S / S H P U 3S / P G R 0 U P / P G U 5 / P 5 L C *) 
C A L L E R R I N ( N L E V / L H E / t f H E / X / T R E = $ / H E R 3 S / P G P C U P / P G U P / P G L 0 > ! ) 
C A L L E R R I N ( N L E V / L A 0 / M A O yX / T R ? E S / A S U AT/P G P 0 U P/P G U P / P G L ) 
C A L L E D R I N ( N L E V / L S P / t V S ! P / X < r - T R E £ S / S P O R E S / P G P O U P / P G U P / P ^ u O W ) 
C A L L E R P T N ( N L E V / L T R / ^ T i 0 T / X / T 0 T 4 L / T 0 T A L / ? T 0 T / P T 0 T U / P T 0 T L ) 
I f ( K T O T . E 0 . 6 Q ) G C T O 5 6 
'•• D U = M T 0 T + 1 

C A L L E R R O U T (.NLE V / ^ D U M / 6 0 / X / T O T A L / P T C T / P T O T U / P T O T L ) . 

T A B U L A T I O N 56 CALL TA3LE1 ( NL E V / S I T E / D E 3 C / 1. / D E P T H / X/ NT AX A ) 
'A' R I T E ( 6 / 7 ) 
DO 54 N L = 1/N L E V 
T = T R £ £ S ( M L ) * 1 0 0 / T O T A L ( N L ) 
S = S H R U£S (NL )+100/T0T AL(NL) 
H=HER3S(NL)*100/TOTAL(NL) 
A = AQUAT(ML)*100/'TOTAL(NL) 
P=SPORES(NL)»100/TOTAL(NL) 
WRITE ( 6 / 8 ) ^zPTH (NL) /TREES (ML >-/SH P UD S ( NL ) /HE P3S (ML)/ A3»J AT (NL> /?SPOPES(NL)/ TOT A L ( N L ) / EXOTIC (NL)/T/S/H/A,P 

54 CONTINUE , ^ ^ 
IF (EXOTIC(I) .50.0.0) GOTO 55 
CALL TA'iLE2(SITE/DESC/2/NLEV/DEPTH/CONMEA/CONLOW/CONUP/NTAXA 
WRITE(6/15)SITE 
DO 5 7 NLL-1/NL = V 
CO = (TA''>/(7A-1*-T.A^2*(tA?1**'?. c)))**? 
ST£?R«( <1 / ̂ OTAL (?»LL>>* (t/s^'OT IC CVLL) ) ) * * " . 5 C' o 8 T A -1 * T A :. ? * ( 1 / C C ) * T 0 T AL (? i L L ) / ( : X 0 * I C (M L L ) * 1 * 0 n . 0 ) 
C ij s r Ni • (1 4- r j r a P ) 
C L = C VJ * ( 1 - R T * R ~ ) 
W' 5 I T E < c /1 * ) 0 £ n T M (*j L L ) / C L / C V / C U 

" 5 ^LL'TA^LE: (CITE / Or S C / l / ^ C V O ^ T u ^ r s f f ^ p T L - r ^ - J T ' i ^ ' T - . o 
CALL TA 3 L £ 2 ( S'l T E / D E S C / * / f.L 5 V / D E P T H , o r. ; 0 UP / ? C L C w = G L ? / \ T A . A ) ' 
'CALL TA5LE'(SIT£/5ESC/5/NL£V/D£PTH/PT0T/PTCTL/PT0TU/\TAyA) 

DRAWS POLLEN DIAGRAMS 
HAXIMU M OF 15 FRAMES 
MAXIMUM OF 20 TAXA IN A GROUP 
INPUT FORM OF D AJ A : A L L RIGHT ADJUSTED 
FIRST CARD 

COL 3 M'sYES/PLOT OPTION REQUIRED 
•O'sNO/NO PLOT REQUIRED 

COL 5-6 ^NUMBER OF PLOT FRAMES 



COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 

THEN FOR 
1 

7 sM's»LOT 
6 =•1'=PLOT 
v =•1 1 sPLOT 
10 = ' 1 ' = P L 0 T 
11-16=SCALE OF 
17"22=3CALE CF 
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OF POLLEN CONCENTRATION PEGUXRE'D 
OF X' TREE POLLEN J 

0- s/. TP£F + GROUD POLLEN 
OF X TOTAL POLLEN 
X-AXIS** PER INCH 
Y-AX!S = t>EPTH UNITS PER INCH T N ) 

N5. 
-EG 

2 3-20» = LOWEST LEVEL OF Y-AXIS 
29-34&Y-AXTS LENGTH (MAX -10 i 
35-36 = NO. SIR ATI GRAPHIC LAY EtfS 

EACH PLOT / A SET OF THREE CA?DS 
COLS 1-2C = TITLE OF T A X A OR GROUP (ECOLOGICAL GROUP?) 
COLS 2-3 =NUM3£R OF T A X A IN ^HE GR0U5/MAX=20 
IN 13 FOPMAT=TAXA ID'S FOR THOSE IN THE* GR0Up 

CANNOT USE %TREES+3 ROUP IF T A XA FROM DIFFERENT TYPE GRCU-S-
HE.R3S AND AQUATICS-ARE PUT INTO T-H E SAME ECOLOGICAL GROUP. 
READ ( 5/1 1 )NOYES/N PLOT /N CON /NTR/NGR/NTOT/XF/YF/DMIN'/.YAXL/LAY 
IF(NOYES.EQ.0)G0TO \9999 
RSADC5/18)REDUCE \ 
READC5/1)(EXPL1(I)/I«1v5) 
R E A D < 5 / 1 ) ( E X p L 2 ( I ) / I = 1 / 5 ) 
CALL PLTSI2(REDUCE) 

; DRAW TITLE 
CALL PLTXMX(60.0) 
CALL PSYM3(0.2/9.0v-0.3/SITE/0.0/20) 
CALL PSY^B(0.2/3.5/-0.2/EXPL1/O.0/20) 
CALL PSYM3(0.2/8.0/-0.2/EXPL2/0.0/20) 
CALLS=0.C 
DO 1000 1*1/4 
I J = I + 1 
GOTO(1101/1102/1103/1104)/ I 

1101 IF(NC0N.N~E.1)G0T0 1000 
NSYM=G 
GOTO 1105 

1102 IFCNTR.NE.DGOTO 1000 
NSYM=3 
GOTO 1105 

1TC3 IF(NGR.NE•1)GOTO 1000 
NSYM=4 
GOTO 1105 _ 

1104 IFCNTOT.NE.DGOTO 1000 
NSYM= 1 3 

1105 CONTINUE DO 1106 K=1/5, . XDESC (<) = DF.SC(K/U) 1106 CONTINUE 
CALLS = CALLS + 1 .0 Y 0 = 3 0 — C A' L S 
C ALL * P S Y M 3(0.2/Y0/-0.2/NSYM/0.0/-3) 
CALL PSYM3(0.5/Y0/-0.2/XDESC/O.0/20) 

1000 CONTINUE 
CALL PSYM3(0.2/3.0/-0.15/124/0.0/-3) 
CALL ?SYM3(0.5/3.0/-0.15/PR0GRAM COPYRIGHT 

#0.0/32) 
I .SHENNAN 1 979-

65 
64 
63 

D O 6 0 N P - 1 / N P L 0 T % M . 
R E A D ( 5 / 1 ) ( T I T L E ( J / N P ) / J = 1 / 5 ) 
R £ A D ( 3 / 1 2 ) N U - « U 3 E R < N P ) 
N U M X = N U M 3 E R ( N P ) 
R E AD ( 5 / 1 3 ) ( N U M T A X <NP/J.)/J = 1 /NUMX) 
P M A X = 0 . 0 
D O 6 3 N L = 1 / N L E V 
T 0 T 1 ( N L / N P ) = C . D 
T O T 2 ( N L / N = > ) = 0 . 0 
T 0 T 3 < N L / N P ) * 0 . 0 
T 0 T 4 ( N L / N P ) = 0 . 0 
T O T M ( N L / N P ) = 0 . 0 
D O 6 4 < = 1 / N U M X 
N T X = N U M T A X ( N P / K ) 
T 0 T 1 < N L / N P ) = T O ' T J ( N L / N P ) • C O N M E A ( N L / N T X ) 
T O T 2 < M L / N P ) * T O T 2 C N L / N P ) * P T R E E C N L / N T X ) 
T 0 T 2 ( N L / N P ) = T O T 3 ( N L / N P ) + P G R O U P ( N L / N T X ) 
T C T 4 ( N L / N P ) = T 0 T 4 ( N L / N ? ) * R T O T ( N L / N T X ) 
T * 0 T K < N L / N P > = T O T . M N L / . \ ' * > + X ( N L / N T X . ) 
I F ( T O T 2 ( N L / N P ) . L T . 2 0 0 . 0 ) G O T O 6 5 
T O T 2 ( N L / N P ) = 2 0 0 . 0 
P M A X = A M A X 1 ( P M A X » / T O T 1 ( N L / N P ) * N C O N / T O T 2 ( N L / N P ) * N T R / T O T 3 ( N L / N P 

* G R / T 0 T 4 ( N L / N P ) * N T O T ) 
C O N T I N U E 
C O N T I N U E 
XLNGTH(NP)=(AINT(PMAX /10)+1 .0) *1O.O/XF 

60 CONTINUE' 

file:///9999
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N C 0 M 3 S N C 0 N + NT R + N G R * NT 0 T 
IFCNCOMiJ.N'E.I >GOTO 701 
DC 700 N'P = 1/MPL0T 
PN!AX = 0.0 
: F < N C O N . N E . 1 ) G O T O 601 
C A L L C O N F R R ( N L E I V / ^ P / T O T M / E X O T I C / T 0 T 1 / T O T U / T O T L / 

# C C / T A G l / T A 0 2 / f A B 3 ) 
G O T O i>9<"> 

601 I f (NTR.NE.1 )6OT0 602 
I F ( N U * T A X ( N ? / 1 ) •GT.v!TR)GOTO 6011 
CALL ERRIN(NLEV/NP/NP/T0T | Vl/TRSES /TPEES/T0T2/T0TU/T0TL> 
GOTO o99 

6 0 1 1 CALL ERROUT ( N L E V / . N ' P / N P / T O T M / T R E E S / T 0 T 2 / T 0 T U / T 0 T L ) 
DO 6012 NLL S1/NLEV 
IFCTCT2CNLL /NP).LT.200.0)GOTO 6013 
T 0 T 2 ( N L L / N P ) = 2 0 0 . 0 
TOTU ( N L L/NP)=200.0 
T 0 T L ( N L L / N P ) = 2 0 0 . 0 

6013 CONTINUE 6012 CONTINUE 
G O T O fc99 602 IFCNGR.NE.1)GOT0 603 I F (NUfiTAX (NP / 1 ) . G T . M T R ) G O T O 6021 
C A L L ERPINCNLEV/NP/N°/TOTM/TREES/TREES/TOT3/TOTU/TOTL) GOTO 69? 

6021 IF(NUMTAXCNP/1).GT.^SH)GOTO 6022 
CALL ERRIN(NLEV /NP/NP/T0Tri,TREES'/SHRU3S /T0T3/T0TU/T0TL) 
G O T O 6<*9 

6022 IF ( N U M T A X ( N P / 1 ) . G T • H E ) G 0 T 0 6023 
CALL ERR IN(NLEV/NP/NP/TOTM/TREES/HERBS/T0T3/T0TU/T0TL) 
GOTO o99 

6023 IFCMUMTAX(NP/1>.GT.«AQ>GOTO 6024 
CALL E P P I N < N L EV/N P/NP/TOT * 1 / T P E E S / A Q U A T / T O T 3 / T 0 T U / T O T L ) G0 T0 699 

602A C A L L ERRIN(NLEV/NP /NP/TOTM/TPEES/SPORES/TOT 3/TOTU/TOTL) 
GOTO 699 

603 IF<NUf'*.TAX (NP/1) .GT.MTOT) GOTO c>031 
CALL ERPLN (NLEV/NP/NP/TOTM/TOTAL/TOTAL/TOT4/T0TU /T0TL) 
G O T O . 693 

60 31 C A L L E P R O U T ( N L E V / N P / N P / T 0 T M / T O T A L / T 0 T 4 / T 0 T U / T O T L ) 
699 CONTINUE 

DO 6^3 NL=1/NLEV 
PMAX-AKAX1(PMAX/TOTUCNL/NP)> 

698 CONTINUE 
X L N G T H < N P ) * < A I N T < P M A X / 1 C > + 1 . 0 > * 1 0 . 0 / X F 

700 CONTINUE 
7 0 1 CONTINUE 
PLOTTING COMMENCES 

CALL PAXISC6.5-/0.6/ 
DO 70 NPs1/.NPL0T 
I C(NP.GT.1)G0T0 71 
X0PG=6.5 
YDUvi = C . 1 

DEDTH (CM.)»/+11/YAXL/90.0/DWIN/VF/1,0) 

71 
72 

77 
73 

73 
74 
75 
76 

70 
7C 

GOTO 72 
X 9P G* XOR G + XLNGTH(NP-1)+0•5 
XAXL=XLNGTH(NP) 
IF(XLNGTH(NP-1)•LT•3.0)GOTO 77 
YDUM=0.11 
GOTO 73 
YDU?'i = YDUK* (-1 .0) 
CONTINUE-
CALL PLTC eS(0.0/XF/DMIN/YF/X0RG/0.6) 

?ENUP(X0RG/C6) 
PENDNCXORG/YAXL+O.6) 
PEMON.CXCRG/0.6) 
PAXISCX0PG/0.6/ 1 "/-1/XAXL/0.0/0.0/XF/0.5) 
?SY^ :i(X0PG/u.14 + YDUr/-0.14/TITLE(1/NP)/O.0/20) 

IF (NCON.NE.1)GOTO 7 3^ t x CALL PL IN EC TOT 1 (1 / NP)/DEPTH(1)/NLEV/1/-1/0/1.0) 
I F(NTR .NE.1)GOTO 74 
CALL P L I N*E ( T 0 T 2 ( 1 / N p ) /DEPTH (1.)/NLEV/1/-1/3/1 ,0) 
IFCNGR.NE.1)G0T0 75 
CALL PLLNc(T0T3(1/NP)/DEPTH(1 )/NLEV/1/-T/4/1 .0) 
IFCNTOT.NE.DGOTO 76 
CALL PLINE(T0T4(1/NP)/DEPTHd)/NLEV/1/-1/13/1.0) 
CONTINUE 
IF(NC0M9.NE.1)G0T0 79 
CALL PLINE(TOTL (1/N°)/DEPTH(1)/NLEV/1/-1/13/1.0) 
C ALL PL INE<T0TU(1/NP)/DEPTH(1)/NLEV/1/-1/13/1.0) 
CONTINUE 
CONTINUE 

CALL 
CALL 
CALL 
CALL 
CALL 

D R A W I N G S T R A T I G R A P H Y 
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3 4 1 c 
342 IF(LAYERS.ECJ .O) GOTO 30 
343 YLEV=0.6 
344 NCALLS=0 

T0PC1)=DMIN A Y E P S 

9 £ A D ( 5 / 1 4 ) T 6 P ( L Y R + 1 ) / ( ( S I Z E ( J ) / N S ( J ) ) / J * 1 / 4 ) 
345 NS(6)=NS(2) 
3<*9 NS(5)=NS ( 1 ) 
350 M0VE*1 351 S I Z E ( 6 ) = S I Z E ( 2 ) 352 SIZE(5>=S I Z E (1 ) # . 
7 5 3 TDIFF=T0P(LYR+1)-TOP ( L Y * ) 
754 T S C A t t = T O l F P / Y F 
355 T .VJM=TSCALE*4 .0 
356 N T M = A I N T ( T N U M + O . 5 ) 
^57 T0P<LYR + 1 )*T\OP<LYR>*<FL0AT<AtTM).*YF*O.25> 
353 DO 82 I N T M = 1 / N T M 
759 NCALLS=MCVE 
360 MOVEs-NCALLS 
3o1 IF(NS ( t 1).NE.NS (3 ) - ) GOTO £5 
362 I F(KOVE.GT . O ) GOTO 35 
363 MCVE=0 
364 85 CONTINUE 
365 CALL PSYM3(5 .00/YLEV/-SIZt (2*WOVE) ,NS<2 + *iOVE>/0.n./-T) 
366 CALL P5Y. V3(5.25/YLEV/-SIZS(3 *J?OV E)/MS( 3+MOVE) / O . Q/ - 3) 
367 CALL P S Y f 1 2 ( 5 . 5 0 / YLE V /-S I Z E ( 4 + M0VE ) / MS ( 4 +M0VE ) / 0 .0 / - 3 ) 
5c3 CALL P S Y M 3 ( 5 . 7 5 / Y L E V / - S I Z E ( 5 + M O V E ) / N S ( 5 + M O V £ ) /G . 0 / - 3 ) 
369 YLEV=YLEV+0.25 
370 f*OVE»-NCALLS 
3?1 32 CONTINUE 
372 81 CONTINUE 
373 CALL PENUP(5.0/YAXL + G.1+0.6.) 
374 CALL PENDN(6.0/Y-AXL+0. 1 + 0 , 6 ) 
375 CALL PEN0N(6.0/(3.6) 
376 CALL P E . N D N ( 5 . O / 0 . . 6 ) 
377 CALL P E N D . N(5 . 0/YAXL + 0.1+ 0 . 6 ) 
378 80 CONTINUE 
379 C DRAWS LOCAL POLLEN ASSEMBLAGE ZONES 
330 C ZERO I N COLS 1-2 OMITS L°AZ$ 
381 C F O R DETAILS T O USE THIS SECTION 
3?2 C PLEASE R E F E R T O I.3HENNAN. 
333 C N3. LPAZS APE N O T CALCULATED B Y THE 
354 C PROGRAM. 
335 XFIN-XORG+XAXL+0,5 
336 READ(5/19)NZONE/ZTITLE 
357 IF<NZ0NS.sC.G)G0TO B4 ^ 
333 CALL PSYf-'B(XFIN/10.7/-C-.2/ZTITLE/0.0/16) 
339 D O 83 NZ0=1/NZ0N6 
3 90 R £>A D ( 5 / 20) Z 9 A S E / Z T OP/ Z NA FE 
391 YOASE = C .6 + CZBASE - D K I N )/YF 
39 2 Y T 0 P = 0 • 6 + ( Z T 0 ° - D M I N ) / Y F 
393 YN»<Y3A$£+YTOP)/2 .0 -0.1 3Q4 CALL P E N U P ( X F I N / Y C J A $ E ) 
395 CALL P £ N D N ( X F I N +1 .0/Y 9 A S E) 
396 CALL P$YMfi(XFIN/YN / -0.2/ZNAME/0 .0/8) 
397 CALL ?ENUP ( X * I N/YT0P) 
393 CALL P.ENDN(XFIN + 1 .O/YTOP) 
399 33 CONTINUE 
40C XFIN = XFIfJ + 1 .5 
4C1 84 CONTINUE 
402 XFIN=XFIN+0 .5 
403 CALL PENU ^ C O . 0 / 1 1 . 0 ) 
404 CALL PENDN ( XFIN / 1 1 . 0 ) 
405 CALL PENDNCXFIN/O.C) 
406 CALL PENDN ( 0 .0 /0 .0 ) 
407 CALL PENDN(0.0/11.0) 
403 CALL PLTEND 
409 9999 CONTINUE 
410 STOP 
411 END 
412 C 
4 1 ? c I : : : : : : : : : : : : : : 
415 C 416 C 'TO S U M THE POLLEN GROUPS 417 SUBROUTINE S G R O U P ( H I / M I N / M A X / X / S U M ) 
413 DIMENSION X < 5 0 / 6 0 ) /S U M < 5 0 ) 
419 00 ?. I = 1/NL 
420 SUfKI) = 0 
421 D O 1 J * M I N / M A X 
42? $ U M ( I ) = S U M I ) * X < I / , J ) 
423 1 CONTINUE 
424 2 CONTINUE 
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ENO 

T:"rMLCULATt~:: f c'C: K T R ^ T I C ^ © 5 V C C M { : I D E N C E L I M I T S 
S U = ? O 'JT I N * : j ' J E (LEv'/\"AY/ ?P, C ON vEA / C ON I 9 / C O N L O W / 

N ? i f v, x (s : / * : • ) / S ^ C S T ) / C C N M E A ( ? : / O ? ) / C O N U P ( 5 0 / 6 G ) / 
« , C C V \ L O ^ C 5 J / 6 ? ) 

: : ? V I L = 1 / L r v 
DO 1 N T - 1 / \ R A Y 

5 ( C "3 / ( ' 1 * * 0 ) ) / ( * '2)) ? 
I - C X O ' L / N T ) . E C C ^ ^ C 3 
S T E - R - ( S C * ( 1 / v ( N L / • , " • ) ) * M / S ° ( N L ) ) ) * * 3 . 5 

2 C ^ N V E A ( N L / \ " ) = T i * , r 2 * ( 1 / C C ) * Y ( N L / \ ' P ) / ( S ? C N L ) * 1 C C O . O ) 
C O N L P ( N L / N T ) - C O N K ? - ( N L / N T ) * ( 1 - S T E D R ) 
C * \ L 2 C \ L / N " ) - C * \ v E fi ( N L / N T ) * ( * - S T E R 5 ) 
: * ( C O \ * . O W C \ L / N T ) . ? r . 3 . : > 
C O N L O ^ ( N i . / > D = : . C 

1 c: \ T 1 M J 1 
-yj C 1 

v • r c 

TO CALCULATE •OUTSOE SUM' 95% CONFIDENCE LIMITS 
SUBROUTINE ERROUT(LEV/MIN/MAX/X/TP/PCMEANVPCUP/PCLOW) 
DIMENSION X( 50/ 60)/TP(50)/PC ME AN(50/60)/PCUP(50/60)/PC LOW(5 0/ 
DO 2 N L=1/LEV 
DO 1 NT = M I N/MA X 
P C M E A N ( N L / N T ) = X ( N L / N T ) * 1 0 0 / T P (NL) 
IF(X(NL/NT).EQ.C.O) GOTO 3 
P=X(NL/NT)/TP(NL) 
E = 1 .96*.<P*(1*P) /TP(NL)+0.9604/TPCNL)**2)**Q.5 
P C U P(NL"/NT)=100*(P + (1 •920 8/TP(NL)) + E)/(1-3.8A16/TP(ND) 
PCL0W(NL/NT)=100*(P+(1.9208/TP(NL))-E)/(1"3.8416/TP (NL)) 
GOTO 1 

3 P C U P ( N L / N T ) = 0 . 0 
PCLOW(NL/NT)=0.0 

1 CONTINUE 
2 CONTINUE 

RETURN 
END 

w C UL ATE •INSIDE SUM1 95% CONFIDENCE LIMITS 
S U3 ROUT INS ERRIN(LEV/MIN,MAX/X/TP/GR/PCMEAN/°CUP/PCLOw) 
DIMENSION X(50/60)/TP<50)/GR<50)/PCMEAN(50/60)/PCUP(50/60)/ 

#PCLOW(50/60) 
DUM=1.0 
I F ( T P ( 1 ) . N E . G R ( 1 ) ) GOTO 4 
DUM=2.0 

4 CONTINUE 
DO 2 NL=1/LEV 
D = (TP (ND+GR (NL) ) / DUM 
DO 1 N T = M I N/M A X 
PCMEAN(NL/NT)=X(NL/NT)*1 00/D 
I F(X(NL/NT).EQ.O.O) GOTO 3 
P = X (NL/NT)/D ^ 
E=1.9t*(P*(1-P)/D+0.9 604/D**2)**C.5 
PCUP(NL/NT)a100*<P+<t.°2 03/D)*E)/<-1+3.8416/D) 
PC LOW(NL/NT)*100*(P*<1.92Q8/D)-E)/<1*3.8416/D> 
GOTO 1 

3 PCUP(NL/NT)=0.0 
PCLOW(NL/NT)=0.0 

1 CONTINUE 
2 CONTINUE 

p E T U R N 
END 

2 
3 
1 
5 
6 7 
q 
5 

10 

SUBROUTINE TA3LE1 (NLEV/SITE/DEWSC/N/DEPTH/X/NTAXA) DIMENSION SITE(5)/DEPTH(50)/X(50/60)/NTAXA(5/60)/DESC(5/5) F 0 R M A T(1H1 / 1 ») FORMAT (1 H 0 / 5"A 4 / 2 X /5A4) H /F6.0/20F5.0) 
H * 9X/4(5A4/5*)) 
H /14X/4C5A4/5X)) 
H /19X/4(5A4/5X)> 
H /24X/4C5A4/5X)) 
H /29X/4(5A4/5X)D 

FORMATC1H0/1DEPTH') 

FORMAT(1 
FORMAT(1 
FORK ATM 
F0»MAT(1 
FORM A\T (1 
F 0 R MAT(1 
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DO 2.0 *M*1/3 MTAX-MM*^0 M*MTAX-19 
M2 = M-r2 M3=tf+3 
W R I . T E C 6 / 2 ) 
W R I T E C 6 / 7 . ) ( S I T E ( I ) / I = 1/ 5 ) / ( D E S C ( I / N ) / I = 1/ 5) 
W R I T E C 6 / 1 0 ) DO 1 i\L*1/NLEV W R I T E ( 6 / 4 ) D E P T H ( M L ) / ( X ( N L / J ) / J = M , M T A X ) 1 CONTINUE W R I T E ( 6 / 5 ) ( ( N T A X A ( I / J ) / I = 1 / 5 ) / J - M/M TAX/5) W R I T E ( 6 / 6 ) ( ( N T A X A ( I , J ) , 1 = 1 , 5 ) / J * M 1 / M T A X / 5 ) WRITE ( 6 / 7 ) ( ( N T A X A ( I / J ) / I = 1 / 5 ) / J - w i 2 /MTAX/5) W R I T E C 6 / 8 ) (•( NT A X A ( I / J >, 1 = 1 / 5 ) /J--M3/f*TAX/5) WRITE ( 6 / 9 ) ( (NTAXACI/J)/I*1 /5) / J = *!4/MTAX,5) 20 CONTINUE RETURN EN'D 

SUBROUTINE TABLE2(SITE/DESC/N/NLEV/D/X/XL/XU/NTAXA) DIMENSION D(50) /X ( 50/60)'/ XL ( 50/60 ) / XU < 5 0/60) / NT AX A (5/6 0) / #SITE(5)/DESC(5/5) 3 F0RMAT(1H1/' ') 
9 F0PMAT<1H0/5A4/2X/5A4) 

10 FORMAT(1 HO/'DEPTH • ,3X/5(3X/5A4)) 
11 F0RNATC1H /Fo.0/1X/5(3F7.1/2X)) WRITE(6/3) DO 2 Mf. = 1/12 >*TAXSMH*5 K*»1T AX-4 WRITE ( 6 / 9 ) ( S I T E ( I ) / I = 1/5)/(DESC(I/N)/I = 1/5) WRITE(6 /10)((NTAXA( I / K ) / I = 1 / 5 ) / < = M/MTAX) 

DO 1 N L -1/NL EV 
WRITEC6/11)0<NL)/ ( ( XL < NL / J ) / X (NL / J ) / XU < NL / J ) ) / J /'UAX ) 

1 CONTINUE 
WRITE (6/12) ((NTAXA(I/J)/I-1/5)/J=M/MTAX) 

12 F 0 R M A T C 1 H /3X/5'C3X/5A4) ) 2 CONTINUE RETURN END 
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APPENDIX IV 
POLLEN AND DIATOM COUNTS OF ALL SITES INVESTIGATED 

BOURNE FEN-10 POLLEN COUNTS 
DEPTH -195-200-205-245-250-255-260-265-270-275-280-285-2 90-2 95-300-305-310 
BETULA 6 18 4 0 1 0 0 0 0 2 1 3 3 1 1 1 0 

raws 6 0 1 0 2 1 1 1 3 2 3 0 0 1 0 3 2 

ULMUS 2 4 5 1 1 0 0 2 2 7 5 3 4 5 7 1 2 

QUERCUS 33 32 33 69 48 17 15 84 84 76 72 33 50 59 60 23 56 
TILIA 1 4 0 4 4 1 0 5 4 10 4 10 8 9 7 8 6 
ALNUS *41 85 95 75 92 134 84 56 60 56 87 101 113 75 78 80 86 
FRAXINUS 8 0 5 1 2 0 0 2 2 0 1 1 1 4 1 0 1 
FAGUS 3 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CORYLOID 30 75 115 35 28 17 9 20 31 35 39 35 32 65 38 46 37 
SALIX 6 13 6 4 0 6 0 0 1 1 3 2 7 2 6 1 0 
ILEX 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 0 
CALLUNA 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
HEDERA 0 2 0 0 5 1 0 1 0 0 0 1 0 0 0 0 0 
LONICERA 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
GRAMINEAE 236 5421072 211 268 104 81 53 25 46 41 38 23 42 77 41 84 
CYPERACEAE 46 16 16 42 33 31 29 36 37 38 23 10 29 38 92 5 16 
CLADIUM 2 0 0 0 0 1 0 3 3 2 3 2 2 4 6 0 10 
RANUNCULUS-TYPE 0 1 0 1 5 1 2 18 5 8 19 11 16 15 26 6 9 
CALTHA 0 1 0 0 0 0 0 1 1 0 0 1 4 3 3 G 1 
DROSERACEAE 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
POLYGONUM 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
URTICA 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
CHENOPODIACEAE 1 6 1 71 29 1 2 1 1 1 0 0 0 0 o. G 1 
FILIPENDULA 1 1 1 3 10 2 1 0 1 1 2 1 0 1 1 0 1 
TARAXACUM-TYPE 0 0 1 2 3 1 3 1 0 0 0 0 0 0 0 0 
UKBELLI FERAE 0 0 0 1 0 0 0 1 0 0 0 0 1 6 0 0 0 
RUMEX 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 
SUCCISA 0 1 0 3 1 0 0 0 0 1 0 0 0 0 0 0 0 
CIRSIUM-TYPE 0 1 0 16 7 7 2 0 0 0 0 0 0 0 0 0 0 
PLANT AGO MARITIMA 0 0 7 1 2 1 0 0 0 0 0 0 0 0 0 0 0 
SENECIO-TYPE 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 
ARTEMISIA 0 1 1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 
MENTHA 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NYMPHAEA 1 0 0 0 0 0 0 1 1 1 0 0 2 0 0 0 0 
TYPHA LATIFOLIA 7 33 1 36 27 10 2 0 1 4 1 0 3 0 0 0 0 
LEMNA • 15 39 5 3 4 10 13 2 0 1 0 0 0 0 0 2 3 
POTAMOGETON 3 2 0 11 5 3 5 20 26 21 6 5 5 12 10 1 12 
T. ANGUSTIFOLIA 42 96 1 0 7 2 0 1 0 0 0 0 0 0 5 0 6 
NUPHAR 0 1 0 0 0 0 0 0 2 12 0 0 0 0 0 0 0 
HYDROCOTYLE 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
POLYPODIUM 6 0 0 7 0 0 2 0 0 6 5 4 1 7 2 20 5 
FILIC ALES 142 4 4 18 41 65 33 29 17 46 20 16 12 30 2 33 32 
EQUISETUM 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 

SPHAGNUM 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
PTERIDIUM 1 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 



-334-

DOURNE PEN-10 POLLEN COUNTS-CONTINUED 

DEPTH 315-320-325- 330-335-•338 
BETULA 0 1 2 1 1 0 
PINUS 1 0 4 3 0 1 
ULMUS 0 0 2 1 2 0 
QttERCUS 11 35 53 66 62 22 
TILIA 4 4 3 9 4 2 
ALNUS 34 30 82. 80 85 176 
FRAXINUS 0 0 4 4 2 3 
FAGUS 0 0 0 0 0 0 
CORYLOID 23 14 22 42 31 47 
SALIX 0 1 4 2 3 3 
ILEX 1 5 2 1 0 0 
CALLUNA 0 0 0 0 0 0 
HEDERA 0 0 0 0 0 0 
LONICERA 0 0 0 0 0 0 
GRAMINEAE 21 22 39 27 24 39 
CYPERACEAE 8 14 32 25 8 10 
CLADIUM 0 5 6 4 5 4 
RANUNCOLUS-SYPE 3 12 1 2 2 1 
CALTHA 1 2 5 1 2 2 
DROSERACEAE 0 0 0 0 0 1 
POLYGONUM 0 0 0 0 0 1 
URTICA 0 1 0 3 1 0 
CHENOPODIACEAE 1 1 0 0 0 0 
FILIPENDULA 1 0 0 0 0 0 
TARAXACUM-TYPE 0 0 0 0 0 0 
UMBELLIFERAE 0 0 0 0 0 0 
RUMSX 0 0 0 0 0 0 
SUCCISA 0 0 0 0 0 0 
CIRSIUM-TYPE 0 0 0 0 0 0 
PLANTAGO MARITIMA 0 0 0 0 0 0 
SENECIO-TYPE 0 0 0 0 0 0 
ARTEMISIA 0 0 0 0 0 0 
MENTHA 0 0 0 0 0 0 
NYMPHAEA 0 0 1 2 6 1 
TYPHA LATIFOLIA 0 0 1 0 0 1 
LEMNA 0 5 0 0 3 0 
POTAMOGETON 4 3 0 0 0 0 
T.ANGUSTIFOLIA 0 0 0 0 0 0 
NUPHAR 0 0 0 0 0 0 
HYDROCOTYLE 0 0 0 0 0 0 
POLYPODIUM 4 2 1 2 0 3 
FILICALES 5 16 15 24 22 19 
EQUISETUM 2 0 0 0 0 0 
SPHAGNUM 1 0 0 0 0 0 
PTERIDIUM 0 0 0 0 0 0 



BOURNE FEN-P1 
DEPTH BSTULA 
pr:us 
ULi HIS QUERCUS TILIA FRAXINUS FAGUS ALNUS CORYLOID SALIX ILEX HEDERA PLAKTAGO MAJOR CEREALIA ORAKLNEAB CYPSRACEAE CLADIUM MATRIC ARIA-TYPE CIRSIUM-TYPE CIIENOPODIACEAE POLYGONUM TARAXACUM-TYPE RANUNCULUS-TYPE FILIPSNDULA ARTEMISIA CARYOPHYLLACEAE PLAN7AGO LANCEOLATA 0 PLANT AGO MARITIMA 0 0 0 0 

1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

POLLEN COUNTS -335-

-30 -35 2 12 2 0 0 2 14 26 
0 3 0 0 0 0 22 70 32 74 0 1 0 0 

-40 -45 
11 5 

3 0 6 7 
78 63 2 1 
5 5 

100 51 
191 113 
5 3 

-48 -49 -50 
3 o 3 
2 0 1 
6 8 3 

92 43 37 

-55 -60 1 2 1 2 
2? 3^ 

I \ I 

0 0 0 
53 229 17 '15 0 0 

0 1 0 
1 

RUBIACEAE 
SUCCISA SENECIO-TYPE SANGUISORBA RUMEX ARMERIA GENTIANELLA CENTAUREA LIMONIUM CALTHA GENTIANA UMBELLIFERAE CRUCIFERAE ROSACEAE VALERIANELLA VALERIANA VERONICA UR7ICA TRIGLOCHIN TYPHA ANGUSTIFOLIA58 T.LATIFOLIA 0 LEMNA 4 153 NYMPHAEA 0 0 POTAKOGETON 0 N'UPHAR 0 HYDROCOTYLE 0 MYRIOPUYLLUM VERT. 0 IS02TES 0 PTERIDIUM 0 POLYPODIUM 0 SPHAGNUM 0 FILICALES . 56 
LYCOPODIUM 

0 0 2 

0 7 1 2 0 6 0 0 2 0 3 0 1 0 2 0 1 0 0 2 0 0 0 4 
3 0 

0 0 0 0 5 0 0 
9 1 0 

0 0 0 
1 

14g 86 

2 4 4 64 210 5 0 0 0 0 

1 

0 
0 
0 

91 26 
8 2 0 5 0 4 0 

3 
3 0 1 0 0 
1 
0 0 0 0 
1 
0 0 0 0 1 1 0 0 0 

13 12 0 0 0 0 0 0 0 0 0 

1 

;3 64 • 1 50 4 0 

1 5 0 

o o o o 

o 
0 0 0 121 45 53 2 3 2 

0 0 0 
0 0 0 

*.° 0 0 

^4 30 30 
6 2 3 

0 0 0 0 

0 
3 0 3 0 0 1 0 2 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 
1 6 0 0 0 1 0 0 0 0 0 
1 
0 
5 

0 7 0 4 0 0 2 0 1 0 0 0 0 2 0 0 0 0 
1 
0 0 0 0 0 0 0 
9 1 0 0 0 0 0 0 0 0 0 
1 
1 

0 
1 
0 

0 3 0 2 0 
1 
6 0 4 1 0 0 3 0 0 0 
3 1 0 0 0 0 0 0 0 0 3 0 0 0 0 0 
1 
0 0 2 1 0 
5 

3I, 0 1 60 
\0 63 2 0 

-62 -63 -64 
2 1 2 
0 2 3 
3 1 2 

30 25 35 
0 1 2 2 0 0 
0 0 0 38 47 55 41 41 45 

0 

-66 -68 -70 3 2 1 
3 1 0 2 22 0 0 0 

33 1 
0 0 

1 

-7b -80 
4 6 0 3 1 4 24 22 
'0 0 

0 0 0 0 
23 61 
2 7 

0 0 0 0 0 

0 
1 
0 
0 

0 0 
1 
0 
0 

193 283 291 
19 23 25 0 0 

16 10 
0 0 
0 0 62 60 
29 26 

0 0 0 

51 76 104 4 12 16 0 0 0 

0 0 0 0 0 

0 0 0 0 

0 
0 
0 
0 

86 101 108 
27 46 57 0 0 0 

31 15 0 0 
0 
3 1 2 0 0 7 0 1 0 1 2 0 
3 0 
1 
0 0 0 0 0 0 0 0 0 0 
1 
0 0 0 0 0 0 0 0 1 1 0 8 

0 
2 
0 
0 
0 

1 1 
0 
0 
0 

87 85 
79 111 
1 2 

400 400 400 400 400 .400 400 400 400 

0 0 2 1 2 1 3 3 
0 0 0 1 3 b 2 2 
20 26 28 5 2 2 1 1 

7 2 1 1 3 2 0 1 0 0 1 0 1 2 2 0 
2 1 1 0 1 3 2 0 3 2 1 2 4 1 1 0 3 0 1 1 0 1 0 0 0 0 0 0 0 2 0 0 0 0 1 1 3 1 0 0 6 5 2 0 0 0 0 0 
0 1 1 1 2 1 0 0 
4 1 0 0 1 1 0 0 
0 2 1 0 0 0 0 0 1 1 1 0 0 0 0 0 
1 0 3 0 0 0 0 0 
4 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
0 3 2 1 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 1 2 0 2 0 1 0 0 0 0 0 0 0 1 1 3 9 0 0 1 0 2 
0 0 2 0 0 0 0 0 0 1 1 5 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
0 0 0 0 1 3 1 1 1 0 0 1 0 0 0 2 
2 4 1 0 0 

298 170 400 400 
6 106 1 6 39 36 

0 0 
298 170 400 400 213 50 185 100 4 00 M 00 
0 0 

298 170 400 400 400 400 400 



BOURK& FEN-P2 POLLEN COUNTS 

,;y* * ' 1 9 7 5 3 1 0 
'7*!tT A 5 3 12 8 15 2 
?i:;us 0 1 4 2 2 0 
•JLM'JS c 0 7 36 12 18 2 
ffERCOS 51 36 96 50 76, 20 
riLiA 5 3 2 5 4 2 

70 32 120 50 90 24 
FRAXINUS 7 12 8 17 37 1 
FAGUS 0 1 0 2 2 0 
COTYLOID 59 53 76 45 62 18 
SALIX 5 13 16 1 5 6 
ILEX 0 0 0 0 0 0 
SEDERA 3 0 0 1 0 0 
CRUCI FERAE 0 0 0 0 1 0 
PLANTAGO CORONOPUS 0 0 0 0 1 0 
RUBIACEAE 2 0 0 1 1 0 
P.LANCEOLATA 2 3 0 1 0 0 
GRAMTNEAE 85 79 316 96 560 170 
CERE ALIA 0 0 0 0 0 0 
CYPERACEAE 349 537 360 248 33 6 
CLADIUM 0 0 0 0 0 0 
RANUNCULUS-TYPE 2 3 12 6 9 3 
CHENOPODIACEAE 2 2 0 0 4 6 
FILIPENDULA 0 0 2 1 0 2 
UMBELLIFERAE 0 0 0 0 0 0 
SUCCISA 0 0 0 0 0 0 
MALVA 0 0 0 0 0 0 
ARK2RIA 0 0 0 0 0 0 
SENECIO-TYPE 0 0 0 0 0 0 
CIRSTUM-TYPE 0 0 0 0 0 0 
CARYOPUYLLACEitE 0 0 0 0 0 0 
ARTEMISIA 0 0 0 0 1 0 
POLYGONUM 4 5 0 1 16 0 
TARAXACUM-TYPE 0 0 0 0 0 0 
PLANTAGO MARITIMA 0 0 0 0 1 0 
LIMONIUM 0 0 0 0 1 0 
CALTHA 0 4 1 0 1 0 
TRIGLOCHIN 0 0 0 0 0 0 
POTAMOGETON 7 2 2k 8 6 0 
LEMMA 5 1 4 4 45 0 
TYPHA LATIFOLIA 1 0 12 0 6 0 
T. ANGUSTIFOLIA 65 52 548 99 39 0 
HYDROCOTYLE 0 0 0 0 1 0 
NUPHAR 0 0 0 0 0 0 
NYKPHAEA 0 0 0 0 0 0 
POLYPODIUM 1 1 0 1 0 1 
FILICALES 3 8 20 5 7 5 
EQUISETUM 0 0 0 0 0 0 
PTERIDIUM 0 0 2 1 0 1 
LYCOPODIUM 400 400 400 400 400 400 

- 3 3 6 -

-5 -10 -15 -20 -25 -30 -35 -40 -45 -[-0 -55 
1 0 1 3 0 1 1 3 0 0 .) 

1 5 5 5 1 1 2 5 G 1 
1 0 0 0 0 0 1 1 0 0 0 

19 15 24 19 9 6 9 8 5 6 7 
0 0 0 0 0 1 0 0 0 0 0 
15 10 12 10 5 4 5 5 4 6 2 
0 0 0 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
10 4 16 13 5 4 4 9 5 0 1 
3 3 1 1 0 0 1 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 G 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0. 0 0 
79 82 74 60 87 70 67 85 17 19 42 
0 0 0 0 0 0 0 0 0 0 0 
1 3 3 5 1 1 5 2 1 1 4 
0 0 0 0 0 0 0 0 0 0 0 
0 1 1 2 2 0 0 0 0 0 1 

28 13 35 40 40 8 8 19 19 6 
0 0 0 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
1 2 1 1 1 0 0 2 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
4 2 0 4 0 1 2 4 3 2 2 
0 0 0 0 0 2 0 0 1 0 0 
1 0 0 1 0 1 1 0 0 0 0 
4 0 0 0 0 1 2 0 0 0 3 
0 0 1 0 0 0 0 1 2 0 0 
0 0 0 0 0 0 0 0 0 0 0 
1 2 11 32 5 15 30 4 0 2 6 
0 0 0 0 0 3 0 0 0 0 2 
1 0 0 0 0 0 0 0 0 0 0 
3 2 1 1 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 3 2 0 1 1 2 2 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 1 0 0 
4 6 2 1 4 0 5 2 1 0 J 
0 0 0 0 0 0 0 0 0 0 0 
2 2 1 4 6 3 3 0 0 1 0 

400 400 400 400 400 400 400 400 400 400 400 
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BOURNE FEN-P2 POLLEN COUNTS-CONTINUED 

DEPTH -60 -65 -68 -69 -70 -75 -80 -84 
I3ETULA 0 2 0 2 0 0 8 3 
PINUS 5 5 1 3 3 5 3 2 
ULMUS 0 0 0 1 0 1 2 1 
QUERCUS 16 14 35 23 30 54 62 
TILIA 0 0 1 2 2 1 9 11 
ALNUS 1 8 5 30 15 22 72 
FRAXINUS 0 0 0 0 1 0 2 1 
FAGUS 0 0 0 0 0 0 0 0 
CORYLOID 7 6 13 43 28 24 61 45 
SALIX 1 1 0 2 0 0 1 0 
ILEX 0 0 0 0 0 0 1 0 
HEDERA 0 0 0 0 0 0 0 0 
CRUCIFERAE 0 0 0 0 0 0 0 0 
PLANTAGO CORONOPUS 0 0 0 0 0 0 0 0 
RUDIACEAE 0 0 0 0 0 0 0 0 
P.LANCEOLATA 0 0 0 0 0 0 0 0 
GRAMINEAE 89 87 142 185 149 155 192 117 
CEREALIA 0 0 0 2 4 5 1 1 
CYPERACEAE 19 37 62 159 187 118 143 85 
CLADIUM 0 0 0 0 1 5 4 5 
RANUNCULUS-TYPE 1 0 0 1 1 4 1 8 
CIIENOPODIACEAE 2 9 3 15 9 0 1 1 
FILIPENDULA 0 0 1 2 2 3 1 4 
UMBELLIFERAE 0 0 1 0 0 0 0 1 
SUCCISA 1 1 1 4 1 0 1 2 
MALVA 0 0 0 0 0 0 1 0 
ARMERIA 2 0 0 0 0 2 1 0 
SENECIO-TYPE 0 0 0 2 0- 1 0 0 
CIRSIUM-TYPE 0 0 0 1 0 0 0 '0 
CARYOPHYLLACEAE 0 4 7 15 0 0 0 0 
ARTEMISIA 0 5 6 8 0 0 0 0 
POLYGONUM 0 1 0 2 0 0 0 0 
TARAXACUM-TYPE 0 1 1 0 0 0 0 0 
PLANTAGO MARITIMA 4 0 0 0 0 0 0 0 
LIMONIUM 0 0 0 0 0 0 0 0 
CALTHA 0 0 0 0 0 0 0 0 
THIGLOCHIN 3 2 3 4 0 0 0 0 
POTAMOGETON 3 2 2 5 2 5 0 1 
LEMNA 0 2 0 0 3 2 1 1 
TYPHA LATIFOLIA 0 0 8 17 28 39 11 10 
T.ANGUSTIFOLIA 0 0 0 4 0 5 0 0 
HYDROCOTYLE 0 0 2 6 2 2 0 0 
NUPHAR 0 0 0 0 0 0 6 1 
NYMPHAEA 0 0 0 0 0 0 0 0 
POLYPODIUM 0 0 0 1 0 0 6 6 
FILICALES 2 5 4 58 124 45 139 173 
EQUISETUM 0 0 0 2 0 4 0 0 
PTERIDIUM 0 0 1 0 0 0 0 0 
LYCOPODIUM 400 400 400 • 400 400 400 68.1 437 



- 3 3 8 -

O'CT? WASH-7 POLLEN COUNTS 

170- 172- 176-180-184-183-192- 196--200-.666-•663-.670-850-854-856- 904- 90 q 

S I T J L A 0 •*> 0 1 1 2 3 0 0 2 1 3 3 0 1 1 1 

I H U 3 0 4 2 0 2 0 2 0 1 6 2 8 2 2 4 2 4 
0 0 1 0 0 0 0 0 0 1 2 1 1 3 2 3 
2 10 4 1 4 0 G 2 4 42 70 57 57 9 14 13 ?4 

; : . : A 0 0 0 0 0 0 0 0 0 4 8 3 7 9 4 i/ c 
0 0 0 0 1 0 0 0 0 2 1 0 1 0 0 0 C 
0 1 2 0 1 0 0 0 k 21 21 28 28 22 49 45 120 

D3YL0ID 0 2 0 0 4 0 0 4 2 24 22 39 48 10 12 9 12 
\ L I X 0 3 0 0 0 1 5 0 2 0 3 3 4 14 J 7 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
iDSRA 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 G 0 

0 0 0 0 0 0 0 2 1 0 0 0 1 0 0 0 0 
FAMINE A 3 17 27 37 16 31 34 95 14 96 40 63 49 39 20 5 10- 17 
• P S R A C S A E 20 79 55 112 217 33 43 390 34 8 9 4 7 12 6 1 1. 

*t 
EfiCIO-TYPE 0 0 1 0 0 0 3 1 1 0 0 3 0 3 0 0 G 
tfiUSCULUS 0 0 0 0 1 0 2 0 0 2 4 1 2 2 0 0 
3LYGONUM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 
JSIACf iAC 0 1 0 0 1 0 2 0 1 0 0 2 1 0 0 0 0 
• R S T ' J M - T Y P E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
sSSOPODIACEAE 0 1 1 0 1 4 0 4 6 18 9 27 24 22 4 20 
iLTHA 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 
EAGULA 0 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 
•'JClF̂ RAo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 
(HCURIALIS 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
ADIUM 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
3SLLIFSRAE 0 1 0 0 0 1 1 0 2 0 0 3 0 1 0 0 C 

V/ST2GIA G 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C C I S A 0 0 1 0 0 0 0 0 0 0 0 0 0 0 G 0 c 
M X A C U K - T Y P E 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 G 
ftTACO MAJOR 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 c 
RYOPKYLLACEAE 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 
:E>:XSIA 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 
: S I C A R I A - T Y P E 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
-IPSS'DULA 0 0 0 0 0 0 0 0 0 1 0 1 2 1 0 0 u 
wiTAGO LANCEOLATAO 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
KTAGO MAR 1TI MA 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
:'o;;nj!-: 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
I 5 L 0 C K I M 0 0 0 0 0 0 0 0 0 5 1 0 0 0 0 0 
STAUHEA 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
SiTAGO CORONOPUS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
:s 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0 0 c 
K'OPHYLLUM SPIC* 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 
•-HAEA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 

?HA ANGUSTI FOLIA 3 2 17 39 169 144 131 51 145 6 12 7 0 1 8 9 22 
-WIFOLIA 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
taOGETON 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
* A 0 0 0 0 0 0 9 0 1 2 4 1 2 0 0 0 0 
P:IAH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 0 
^ O C O T Y L E 0 0 0 0 0 0 0 0 0 0 0 0 1 1 p 0 0 

0 0 0 0 0 0 0 0 1 0 1 0 1 1 1 0 0 
S O D I U M 0 0 0 0 0 0 0 0 0 1 2 0 0 2 6 0 "1 

SCALES 1 15 3 2 2 3 7 1 9 15 11 11 10 71 86 1 0 

0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 
BSPonTim n r\r\ Ji AO linn 311 ann 400 4Q0 



339-

C0W3IT WASH-7 POL 

DEPTH 912-916. 
BETULA 3 0 
PIN US 3 1 
ULMUS 2 3 
QUERCUS 23 13 
TILIA 6 1 
FRAXINUS 1 2 
ALNUS 74 29 
CORYLOID 10 5 
SALIX 10 0 
ILEX * 0 
HEDERA 0 1 
CALLUNA 0 0 
GRAMINEAE 11 8 
CYPERACEAE 7 2 
SENECIO-TYPE 0 0 
RANUNCULUS 3 1 
POLYGONUM 0 0 
RUBIACEAE 0 0 
CIRSIUM-TYPE 0 0 
CHEMOPODIACEAE \ 1 
CALTHA 0 0 
SPERGULA 0 2 
CRUCIFERAE 0 0 
MERCURIALIS 0 0 
CLADIUM 0 0 
UM3ELLIFERAE 0 0 
CALYSTEGIA 0 0 
SUCCISA 0 0 
TARAXACUM-TYPE 0 0 
PLANTAGO MAJOR 0 0 
CARYOPHYLLACEAE 0 0 
RUMEX 0 0 
ARTEMISIA 0 0 
MATRICARIA-TYPE 0 0 
FILIPEMDULA 0 0 
PLAMTAGO LANCEOLATAO 0 
PLANTAGO MARITIMA 0 0 
LIMONIUM 0 0 
TRIGLOCHIN 0 0 
CENTAUREA 0 0 
PLANTAGO CORONOPUS 0 0 
I R I S 0 0 
MYRIOPKYLLUM SPIC . 0 0 
NYMPHAEA 0 0 
TYPHA ANGUSTIFOLIA 8 14 
T.LATIFOLIA 0 2 
POTAMOGETON 0 1 
LEMNA 0 0 
NUPHAR 0 0 
HYDROCOTYLE 0 0 
PTERIDIUM 1 0 
POLYPODIUM 1 0 
FILICALES 0 0 
3THAGNUM 0 0 
LYCOPODIUM 400 427 

SN COUNTS-CONTINUED 

920-923- 925- 923-934- 938- 942 
7 /" o 6 6 5 0 0 
3 .» o 10 6 1 6 1 

14 14 7 14 23 2 1 
75 69 51 72 79 20 43 
16 17 3 10 12 7 11 
1 3 2 1 1 0 0 

60 35 28 41 31 33 94 
19 33 54 28 30 24 25 
0 2 0 0 0 0 0 
0 0 0 0 0 0 0 
2 0 0 1 1 0 1 
0 0 0 0 0 0 0 

275 277 62 82 92 85 26 
12 14 6 20 63 20 58 
1 1 0 0 0 2 3 
5 1 3 3 4 0 2 
0 0 0 1- 0 3 2 
0 1 0 0 0 1 1 
0 0 0 0 2 1 0 
4 14 17 2 2 47 0 
1 0 0 1 0 0 0 
0 0 2 0 0 0 o, 
0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 1 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 2 0 0 0 0 
0 0 1 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 2 0 0 0 
0 0 0 4 0 0 0 
0 0 0 0 0 0 0 
0 1 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 1 0 0 0 0 
0 0 0 1 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

62 30 30 31 52 17 0 
0 0 2 0 0 9 0 
4 0 0 0 0 1 0 

21 4 2 0 32 0 0 
2 0 0 0 0 0 0 
0 1 0 0 0 0 0 
0 0 0 0 0 1 1 
0 1 1 1 1 0 2 
2 1 10 1 0 5 48 
0 0 0 0 0 1 0 

200 392 400 241 231 400 401 



ADVENTURERS LAND-2 POLLEN COUNTS 

DEPTH -838--840-842-844. -846-848-853-855 
BETULA 3 1 0 11 7 1 7 8 
PI WIS 2 4 5 6 2 0 2 8 
ULMUS 11 2 7 57 25 13 30 40 
QUERCUS 35 30 26,167 75 38 130 157 
TILIA 13 16 14 33 14 21 20 26 
FRAXINUS 6 0 0 11 3 1 1 2 
ALNUS 30 19 18 75 62 38 71 95 
CORYLOID 65 40 23 207 95 75 155 244 
SALIX 0 0 0 2 3 0 0 5 
HEDERA 0 0 1 2 1 1 0 2 
CALLUNA 0 1 0 1 0 0 0 0 
GRAMINEAE 35 29 27 378 154 59 308 550 
CYPERACEAE 3 3 1 23 19 15 19 29 
POLYGONUM 2 0 0 0 1 0 1 4 
ARTEMISIA 0 0 0 1 0 0 1 1 
RANUNCULUS 0 0 0 8 0 0 3 1 
ROSACEAE 0 0 0 0 0 0 0 1 
RUMEX 0 0 0 0 0 0 0 1 
CLADIUM 0 0 0 0 0 0 2 0 
CALTHA 1 0 0 4 0 0 2 0 
CBENOPODIACEAE 13 0 2 4 2 7 1 0 
PLANTAGO. MARITIMA 0 0 0 0 0 1 2 0 
SENECIO-TYPE 0 0 0 0 0 3 0 0 
CIRSIUM-TYPE 0 0 0 0 0 2 0 0 
SPERGULARIA 0 0 0 0 1 0 0 0 
TARAXACUM-TYPE 0 0 1 0 0 0 0 0 
LEMMA 1 0 0 5 8 1 61 160 
TYPI1A ANGUSTIFOLIA 1 0 0 4 3 3 16 7 
POTAMOGETON 2 0 0 1 0 0 0 4 
NUPHAR 0 0 0 0 0 0 0 1 
NYMPHAEA 0 0 0 0 0 0 2 0 
MYRIOPHYLLUM SPIC. 1 0 0 0 0 0 0 0 
IS02TES 2 0 0 0 0 0 0 0 
POLYPODIUM 0 5 3 0 0 0 0 0 
SPHAGNUM 0 0 1 0 0 0 0 0 
FILICALES 12 2001400 2 0 0 0 0 
LYCOPODIUM 200 200 200 200 200 200 200 400 



-341-

ADVENTURERS LAND-4 1 POLLEN COUNTS 

DEPTH -104-108-444-450-454-458-466-726-730-818-820-822-824. 
BETULA 0 0 1 4 4 2 1 1 1 10 12 5 1 
PINUS 0 1 2 9 5 4 4 1 1 1 3 1 10 
ULMUS 0 0 0 1 0 0 0 11 14 33 19 17 7 
QUERCUS 0 0 33 33 66 31 14 35 33 95 87 70 76 
TILIA 1 0 3 12 7 5 2 9 2 28 10 12 20 
FRAXINUS 0 0 0 0 0 0 0 1 2 3 4 2 0 
FAGUS 0 0 0 0 1 0 0 0 0 0 0 0 0 
ALNUS 4 3 10 41 48 17 0 12 20 78 59 45 37 
CORYLOID 8 9 17 51 44 310 40 20 32 177 87 65 60 
SALIX 0 0 1 4 17 6 0 0 0 1 1 0 3 
HEDERA 1 0 0 0 1 0 0 1 0 1 2 1 0 
CALLUNA 1 2 0 0 0 0 0 0 0 0 0 0 0 
ILEX 1 0 0 0 0 0 0 0 0 0 0 0 0 
GRAMINEAE 5 9 60 311 154 106 15 27 46 87 183 554 326 
CYPSRACEAE 4 4 3 16 10 12 3 28 54 41 38 6 7 
POLYGONUM 0 0 0 0 1 0 0 0 0 0 0 0 1 
ARTEMISIA 0 1 0 0 0 0 0 0 0 0 0 0 0 
RANUNCULUS 0 0 0 1 4 0 0 3 2 5 7 5 4 
CALTHA 0 0 0 0 0 0 0 0 1 0 0 2 1 
CHENOPODIACEAE 3 5 23 171 29 1 2 12 2 2 0 0 6 
SENECIO-TYPE 7 0 0 2 1 0 0 13 0 0 0 0 30 
CIRSIUM-TYPE 0 0 0 2 0 0 0 0 0 0 0 0 3 
TARAXACUM-TYPE 2 3 0 0 0 0 0 0 0 0 0 0 0 
MATRICARIA-TYPE 0 0 0 0 0 0 0 0 0 0 0 0 2 
IJMBELLI FERAE 2 0 0 1 2 3 1 0 0 0 0 3 3 
RUBIACEAE 0 0 2 9 7 46 0 0 0 0 0 0 1 
VALERIANA 0 0 0 0 0 0 0 0 0 0 0 0 1 
SPERGULA 0 0 0 0 0 0 0 0 0 2 0 0 0 
FILIPENDULA 0 0 0 0 0 0 0 0 0 1 0 0 0 
PLANTAGO MEDIA 0 0 0 0 0 1 0 0 0 0 0 0 0 
CRUCIFERAE 0 0 0 4 0 0 0 0 0 0 0 0 0 
PLANTAGO LANCE0LATA1 0 1 0 0 0 0 0 0 0 0 0 0 
LEMNA 0 2 1 0 0 1 2 0 13 4 66 2 
TYPHA ANGUSTIF0LIA21 18 2 15910001200 1 3 4 19 11 2 3 
TYPHA LATIFOLIA 0 1 0 0 1 2 1 0 0 0 0 0 0 
HYDROCOTYLE 0 0 0 0 0 0 0 0 0 0 0 0 2 
PTERIDIUM 0 1 0 0 0 0 1 0 0 0 1 0 0 
POLYPODIUM 0 0 1 2 0 1 1 0 0 1 0 0 0 
SPHAGNUM 0 0 0 0 0 0 1 0 0 0 0 0 0 
FILICALES 12 28 167 60 14 5 2 1 0 5 0 1 5 
LYCOPODIUM 200 100 200 214 400 400 200 400 100 157 200 249 342 



- 3 4 2 -

BOURNE PEN - P2 s diatom counts 

25 35 45 55 65 

Diploneis bombus MB B 1 1 - - 1 

M e l o s i r i a s u l c a t a M P - 2 4 3 2 

Pleurosigma angulatum M B 1 - - - -
S u r i r e l l a fastuosa M B - 1 7 6 -
Triceratium favus M P - - - 1 -
Actinoptychus undulatus MB P - 1 - - 1 

Diploneis didyma MB B 94 102 73 10 35 

s m i t h i i MB E 19 8 31 43 27 

Raphoneis amphiceros MB E 1 - - - -
Synedra tabulata BM E 1 - 1 - 1 

Caloneis formosa B B 2 3 5 13 2 

Campylodiscus echeneis B B 8 - 1 2 2 

N i t z s c h i a n a v i c u l a r i s B B 22 23 29 72 75 

s c a l a r i s B B - 5 - - -
Cymbella aspera PB E - - - 1 

Navicula radiosa PB B - 1 - - 2 

Broken ( u n i d e n t i f i e d ) - - 9 13 7 2 2 



- 3 4 3 -

COWBIT WASH - 7 : diatom counts 

160 300 666 670 750 850 923 

Aulacocliscus argus M B - - - 1 - — — 

Auliscus sculptus M B - - - - - -
Diploneis bombus M B - - - 1 - -

l i n e a t a M B - - - " 1 -
Hemidiscu8 cuneiformis M P - - - 1 - -
Melosira s u l c a t a M P 5 8 12 1 8 -
Navicula l y r a M B 2 1 1 2 - 12 

praetexta M B 1 - - - - -
Opephora p a c i f i c a M E - - - - - 4 

Podosira s t e l l i g e r M E 1 1 - - 2 -
Rhabdonema minutum M E - - 1 - - -
S u r i r e l l a fastuosa M B - - 1 20 2 -
Triceratium favus M P «•> — » 1 - - - -

reticulum M B - - - - - 1 

Actinoptychus undulatus MB P 2 9 2 11 11 1 

Cocconeis scutellum MB E 1 m - - - -
Coscinodiscus excentricus MB P 1 - - - - -
Diploneis didyma MB B - 15 12 15 17 11 

s m i t h i i MB E - 4 2 29 - -
Navicula a r e n a r i a MB B - - 7 - -

marina MB B — mm 1 2 3 5 -
N i t z s c h i a acuminata MB B - - 1 19 3 -

ergadensis MB B - - 4 - -
granulata MB B 1 1 18 44 6 76 -

Raphoneis amphiceros MB E 5 2 4 4 - -
s u r i r e l l a MB E 1 mm mm 



COWBIT WASH - 7 t Diatom counts (continued) 

160 300 666 670 750 850 923 
Synedra c r y s t a l l i n a MB E - - mm 1 - - — 

Achnanthes brevipes BM E - 1 - - - - -
N i t z s c h i a punctata BM B - 4 17 8 10 21 1 

Stauroneis g r e g o r i i BM B - - - - 1 # 

Caloneis formosa B B - 11 8 1 - - -
Campylodiscus echeneis B B mm - 3 1 1 2 8 

Diploneis i n t e r r u p t a B B - - 3 1 - - 13 
Gyrosigma balticum B B - - - - 4 - -
Navicula d i g i t o r a d i a t a B B - 2 - - 20 1 -

elegans B B 2 - - mm - - -
N i t z s c h i a n a v i c u l a r i s B B 2 16 81 108 3 92 43 
Cocconeis pediculas BF F 13 1 - - 13 - -
N i t z s c h i a sigma BP B - - - 1 29 2 -
Synedra p u l c h e l l a BF E 2 - - - - - -
Amphora o v a l i s v. 

pediculus 
Cymatopleura solea 

FB 

FB 

B 

B 
1 
2 

mm mm 

mm 

DiploneiB o v a l i s PB B 3 - - - -
Epithemia sorex PB E 2 - - - - - -

turgida FB E 22 - - - -
P r a g i l a r i a b r e v i s t r i a t a PB E 8 *• - - - - -

construens v .venter PB E 2 - - - - - -
Gyrosigma acuminatum FB B 1 - - - - - -
Navicula a n g l i c a PB B 2 - - - - mm 

hungarica FB B 10 - - - - -
radiosa FB B 21 m - - 1 - -
rhynchocephala PB B 1 mm - - mm -

N i t z s c h i a f o n t i c u l a PB B 2 - - - - -
f r u t i c o s a PB B 3 - - — — 



-345-

COWBIT WASH - 7 : Diatom counts (continued) 

160 300 666 670 750 850 923 

Opephora m a r t y i i PB E 8 - - - - - mm 

P i n n u l a r i a v i r i d i s PB B - - - - - - 1 

S u r r i r e l l a ovata PB B - - - 2 - -
Synedra ulna PB E 3 - mm - - - -
T a b e l l a r i a f e n e s t r a t a PB E - - 1 - - - -
Cocconeis placentula F E 36 - - - - - -
F r a g i l a r i a intermedia P F 1 - - - - - -
N i t z s c h i a angustata F B 1 - - - - -
Broken (unidentified) 40 15 38 83 46 11 170 



-346-

ADVENTURERS1 LAND - 2 : diatom counts 

826 828 830 832 834 836 838 848 850 852 
Aulacodiscus M P I - - - 1 - - - 2 -
argus 

Auliscus M B - - l 1 - - - - -
sculptus 

Biddulphia M E - 1 2 4 - - - - - -
a u r i t a 

Coscinodiscus M P - - - 1 - - - - - -
c e n t r a l i s 

Dimerogramma M B - 2 - - - - - - - -
minor 

Dru^idgea 
compressa M E - - - - 1 

Melosira M P 25 17 21 19 29 31 15 1 16 9 
s u l c a t a 

Navicula M B I - - I 1 2 1 - - -
l y r a 

Navicula M B 1 - 2 3 2 - - - - -
praetexta 

Plagiogramma M E 1 - - 1 - - - - - -
staurophorum 

Pleurosigma M B - - - - - 2 - - - -
formosum 

Podosira M E 2 - - 4 2 3 1 - - -
s t e l l i g e r 

Rhabdonema M E - - - - - 1 - - 3 -
minuturn 

Trachyneis M B - - 1 2 2 1 - - - -
aspera 

Triceratium M P 1 - 2 5 4 2 - - - -
favus 

Actinoptychus MB P 4 3 2 27 37 8 3 - 2 1 
undulatus 

Cocconeis MB E 1 1 7 5 28 1 - 25 9 
scutellum 

Coscinodiscus MB P 1 - 2 2 2 1 - - 2 -
excentricus 

Diploneis MB B - 4 4 9 7 14 - 2 1 20 
didyma 

Diploneis MB E 2 5 21 20 23 3 5 - 10 3 
s m i t h i i 

Navicula M B B 1 
humerosa 

Raphoneis MB E 9 - 1 1 4 17 9 2 - - 5 
amphiceros 



- 3 4 7 -

ADVENTURERfS LAND - 2 : diatom counts (continued) 

826 828 830 832 834 836 838 848 850 852 
R a p h o n e i s M B E - - - 2 

s u r i r e l l a 

Synedra M B E 2 1 - - - - - - - -
c r y s t a l l i n a 

Synedra MB E - - 3 1 
g a l l i o n i 

Achnanthes B M E 9 6 6 2 1 4 - - - -
brevipes 

N i t z s c h i a BM B 139 45 88 36 14 5 
punctata 

Pleurosigma BM B 2 -
elongatum 

Synedra B M E 5 2 1 2 3 19 2 16 - - 2 7 
tabulata 

Caloneis B B - - - 3 1 - - - - -
formosa 

Campylodiscus B B 1 - 1 1 - - 2 271 55 6 
echeneis 

Diploneis B B - - - - - 1 122 5 - -
Anterrupta B 

Navicula B B - - - - - - - - 1 2 
peregrina 

N i t z s c h i a B B 7 14 - - 1 - - - - -
a p i c u l a t a 

N i t z s c h i a B B 2 4 8 11 19 26 20 1 34 4 
n a v i c u l a r i s 

Rhopalodia B E 36 44 39 22 2 13 - - 1 1 
gibberula 

S u j e i r e l l a B B - 1 6 8 - - - - - -
s t r i a t u l a 

Coconeis BP E 28 60 19 - 7 - 1 - 3 
pedicuius 

N i t z s c h i a BP B - - 1 - 1 2 1 0 - 1 -
hungarica 

N i t z s c h i a B P B 3 5 1 2 3 - - - - -
sigma 

Synedra BP E - J 2 
p u l c h e l l a 

Achnanthes PB E - - - • 1 
l a n c e o l a t a 

Epithemia P B E I - - - 2 - 3 - 4 1 
turgida 

P r a g i l a r i a PB E - 1 - 7 1 - - - 10 108 
b r e v i s t r i a t a 



- 3 4 8 -

ADVENTURERfS LAND - 2 s diatom counts (continued) 

826 828 830 832 834 836 838 848 850 852 

Gyrosigma FB B - - - 1 4 1 
acuminatum 

Navicula PB B 1 - - • 
hungarica 

Navicula F B B 1 5 * 1 - 2 1 - 1 1 
r a d i o s * 
Opephora F B E 1 1 1 - 3 5 1 - 5 22 
martyi 

S u r i r e l l a F B B 1 - 1 - - - - - * -

elagans 
S u r i r e l l a PB B - - - 2 - - - - 1 " 
ovata 

Synedra PB P 1 - • • 
acus 

Synedra FB E - - - - - 5 
ulna 

Cocconeis F E - 1 - 8 7 - - - " * 
placentula 

C y c l o t e l l a F P 3 3 1 1 - - - - - * 
antiqua 

Broken ( u n i d e n t i f i e d ) not counted 



- 3 ^ 9 -

PREISTON MARSH AND RIVER WELLAND, SPALDING : diatom counts 

P:0 P:5 C1:0 01 :5 C2:0 C3:0 Ck:0 RW 

Actinoptychus M P 2 m a. 1 
splendens 

Amphora o s t r e a r i a M B - - - - 1 - — -
Biddulphia M E -. - — • 1 2 -

alternans 

a u r i t a M E - - - mm - - 1 2 

rhombus M E - 1 - 7 3 2 1 -
Hemidiscus 1 P mm «. mm 2 — 

cueiformi8 
Lichmorphora M E - - - - 2 mm - -

abbreviata 
Melosira M P 28 38 83 19 17 18 

s u l c a t a 
Navicula distans M B - 1 - - - 1 4 

hennedyi SI B - - - 1 - - - -
l y r a M B 1 - 1 - - 3 -

Opephora p a c i f i c a M E - - - 1 - - -
Plagiogramma M E 1 - - 3 - 1 4 -

staurophorum 
Pleurosigma M B - - - - - 1 - -

marinum 
Podofcira s t e l l i g e r M E 2 1 1 5 2 — 3 mm 

Trachyneis aspera M B mm 1 - - - - 3 -
Actinoptychus MB P 12 10 9 32 30 18 27 5 

undulatus 
Cocconeis MB E - - 1 - - - - -

scutellum 
Coscinodiscus MB P - - 1 1 - 1 

excentricus 
Diploneis didyma MB B 27 39 53 9 1 1 6 1 

s r a i t h i i MB E 1 3 - 1 2 6 1 -
Navicula a r e n a r i a MB B - - - - - 2 13 -

f o r c i p a t a MB B - - - - 1 - mm -
humerosa MB B mm - - - - - 1 -
marina MB B - - - - 1 - 3 -

MB B 19 - - - 3 3 - 1 
granulata MB B - - - 1 1 1 mm 
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FREISTON MARSH AND RIVER WELLAND, SPALDING : diatom counts (cont.) 

P :0 P:5 C1:0 C l : 5 C2:0 C3:0 C4:0 RW 

Raphoneis MB E 11 16 10 33 10 33 28 12 
amphiceros 

Achnanthes brevipeaBM E 12 - 30 3 6 4 1 mm 

Scoliopleura BM B 7 - mm mm 18 2 - -
tumida 

67 Stauroneis BM B - - - - - - 67 -
g r e g o r i i i. Synedra tabulata BM E — • *• • 

Achnanthes B E mm - mm mm - - 1 -
hauckiana 

1M3 Caloneis B B - - - - - 1M3 
araphisbaena 
f.su b s a l i n a 

Caloneis formosa B B 3 2 9 5 2 - -
Gyrosigma B B 10 17 1 8 2 1 3 

wansbeckii 
Navicula dementis B B - - mm — — — — 1 

d i g i t o r a d i a t a B B 26 - 22 69 83 6 4 

peregrina B B - - 1 - 1 - -
pseudopalpebralisB B - - - - 3 - -

N i t z s c h i a B B - - • - 2 - - -
b i l o b a t a 

n a v i c u l a r i s B B 25 86 55 13 1 - 1 -
Cocconeis BF E mm - 3 2 1 - 1 

pediculus 
Diatoma BF P - - - - - - - 1 

elongatum 
Navicula peregrina BF B - - - - - - — 1 

f . minor 
N i t z s c h i a sigma BF B 13 3 2 1 11 5 1 19 

Achnanthes FB E - - - - - - 1 
laneeolata 

Cymatopleura s o l e a FB B — mm mm — — H 

Navicula radiosa FB - - - - - 15 

Synedra acus FB P - - m. - - - 1 

Cocconeis F - - - - - mm 1 
placentula 

U n i d e n t i f i e d - mm 65 38 ^ 5 0 > ^ 33 57 83 99 23* 
(broken) 

99 23* 
(broken) 

SCIENCE 
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