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

S u n b i g g i n T a r n and i t s s u r r o u n d i n g a r e a , see Map 3 
are s i t u a t e d i n C e n t r a l Westmorland, see Map 2, an u p l a n d 
area of moderate e l e v a t i o n th j a t l i n k s t he h i l l s o f the 
N o r t h Pennines t o t h o s e of t h e s o u t h - e a s t e r n p a r t of t h e 
Lake D i s t r i c t , see Map 1. The area o u t l i n e d c o n s i s t s 
b a s i c a l l y of an escarpment o f h i g h e r e l e v a t i o n t o the n o r t h 
r e a c h i n g up t o about kOO rn. i n h e i g h t which o v e r l o o k s a 
l o w e r , more u n d u l a t i n g area t o t h e south, of around 250m. 
i n h e i g h t . The escarpment t o t h e n o r t h i s formed of 
C a r b o n i f e r o u s l i m e s t o n e as i s the l o w e r arda t o the s o u t h , 
but i n the l a t t e r case, i t i s o v e r l a i n by v a r i a b l e amounts 
of g l a c i a l d e p o s i t s . 

The area i n which, t h i s i n v e s t i g a t i o n t o o k p l a c e has 
a l s o been t h e s u b j e c t of two papers by K o l d g a t e ( 1 9 5 5 ) . 
The f i r s t of these papers d e a l s w i t h t h e v e g e t a t i o n of 
some s p r i n g s and wet f l u s h e s on Tavn Moor. T h i s i s 
d e s c r i b e d as an area of u n d u l a t i n g moorland l y i n g t o the 
west of S u n b i g g i n T a r n , i n t h e p a r i s h of O r t o n i n C e n t r a l 
Westmorland ( N a t . G r i d Reference NY/67O7, l a t . 5h° 28 1N 
l o n g . 2 30' w). The second paper i s concerned w i t h 
areas of ' r i c h f e n ' . Some of t h e s e occur i n t h e area 
i m m e d i a t e l y s u r r o u n d i n g t h e T a r n and Cow Dub, an i r r e g u l a r l y 
shaped p o o l t o t h e south o f t h e T a r n , but a l s o i n some areas 
t o the west of the T a r n . 

The geology of t h e area i s d e s c r i b e d by Holdgate as 
m a i n l y of C a r b o n i f e r o u s l i m e s t o n e l o c a l l y i n t e r r u p t e d by 
bands of sandstone and covered by a v a r i a b l e amount of 
d r i f t , t h i s i n f o r m a t i o n being t a k e n fronji Dakyns, Tiddernan, 
R u s s e l l , Clough and S t r a h a n ( i 8 9 l ) . T h i s forms an uneven 
p l a t e a u about 250m.(825 f t . ) above Ordnance Datum. The 
d r a i n a g e upon these r o c k s and d e p o s i t s i s complex w i t h , 
numerous s p r i n g s and swallow h o l e s . Tq the n o r t h and 
s o u t h of t h i s p l a t e a u are r i ^ e s r i s i n g t o j u s t over 300m. 

Using d a t a f o r m W i l s o n ( l 9 3 8 ) and t h e C l i m a t o l o g i c a l 
A t l a s ( 1 9 5 2 ) , H o l d g a t e d e s c r i b e s t h e c l i m a t e as wet, w i t h 
an a n n u a l r a i n f a l l of about 55 i n . (-1375 mm), w i t h r a i n 
f a l l i n g on about 225 days i n t h e y e a r . The mean annual 
t e m p e r a t u r e i s a p p r o x i m a t e l y 44 F. (6.6 C.), J u l y a v e r a g i n g 
55°F. (12.8°C) and F e b r u a r y 35°F. (l.6°C.). Snow-cover 
may be expected on about t w e n t y - f i v e moxmings, and t h e 
'growing season', when t h e mean monthly t e m p e r a t u r e exceeds 
42 F. l a s t s f r o m A p r i l t o October ( i n c l u s i v e ) . 

The moor i s common land,; being useid f o r the g r a z i n g 
of sheep and c a t t l e , t he r i g h t s f o r t h i s ; b e i n g based on a 
system of ' s t i n t s ' . I t s u p p o r t s a f l u c t a t i n g p o p u l a t i o n 
of r a b b i t s and i s a l s o p r e s e r v e d as a grbuse moor, f o r w h i c h 
r e a s o n t h e d r i e r p a r t s are bur'nt p e r i o d i c a l l y . 

G l a c i a t i o n has had a marked e f f e c t on the d e t a i l e d 
t o p o g r a p h y of t h e moor, the summits of t h e low h i l l s and 
E'idges b e i n g d r i f t c o v e r e d . On such arjeas, C a l l u n a v u l g a r i s 
i s dominant, b e i n g g e n e r a l l y a s s o c i a t e d w i t h Nardus s t r i c t a 
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2 . 

i n t h e d r i e r p a r t s , w h i l e i n w e t t e r areas i t i s a s s o c i a t e d 
w i t h Sphagnum spp. , P oly t r ichum. commune!, Tr i c h o p h o r u m 
c a e s p i t o s u m and M o l i n i a caeru 1 ea . I n bore l o c a l areas where 
the d r i f t i s t h i n n e r , pa t c h e s of more c a l c i c o l o u s s p e c i e s 
o c c u r . Where t h e d r i f t i s absent a l t o g e t h e r and t h e l i m e s t o n e 
o u t c r o p s , t h e r e i s t y p i c a l l i m e s t o n e g r a s s l a n d . 

Between t h e low h i l l s and r i d g e s are numerous h o l l o w s 
and t h e s e H o l d g a t e t h o u g h might c o n t a i n ; deep p e a t , s u p p o r t i n g 
m i r e s r a n g i n g f r o m a c i d (ombrogenous) biogs t o e x t r e m e l y 
a l k a l i n e f e n s . 

Between t h e s e two areas of t h e Cap.luna moor and v a l l e y 
m i r e s are b e l t s dominated by sma11 Carex spp. ( e . g . C.panicea, 
C. l e p i d o c a r p a ) , and i t i s upon these b b l t s t h a t H o l d g a t e • s 
f i r s t paper i s based, being t h e areas i n w h i c h the s p r i n g s 
and wet f l u s h e s o c c u r . B a s i ; c a l l y these are areas where 
seepage of r e l a t i v e l y e n r i c h e d w a t e r of; h i g h a l k a l i n i t y 
o c c u r s , g i v i n g r i s e t o a v e g e t a t i o n t h a t f a l l s under the 
heading of r i c h f e n . 

However, i n t h e p r e s e n t s t u d y , i t i s t h e v a l l e y m i r e s 
and t h e peat t h e y c o n t a i n t h a t are of i n t e r e s t . I t was 
t h o u g h t t h a t s t r a t i g r a p h i c a l and p a l y n o l b g i e a l i n v e s t i g a t i o n 
of some of these d e p o s i t s might prove i n t e r e s t i n g , m a i n l y 
f o r two r e a s o n s . 

F i r s t l y , when one l o o k s c l o s e l y a t t h e p r e s e n t day 
v e g e t a t i o n of t h e a r e a , one n b t i c e s how r e l a t i v e l y r i c h 
th e f l o r a i s . T h i s i s m a i n l y a t t r i b u t a b l e t o t h e presence 
of t he C a r b o n i f e r o u s limestonie w h i c h as mentioned g i v e s r i s e 
t o r e l a t i v e l y f i c h ground water of h i g h ; pH. The d r a i n a g e 
of t h i s w a t e r b e i n g v e r y complex, i t comes t o t h e s u r f a c e 
by seepage and s p r i n g s i n many p l a c e s g i v i n g r i s e t o a 
r i c h f l o r a . Knowing t h i s , and by nioans of p a l y n o l o g i c a l 
s t u d i e s i t was hoped t o be a b l e t o spo t: l i g h t t h e e f f e c t s 
of t h e l i m e s t o n e on t h e v e g e t j a t i o n a l h i s t o r y of the area. 

The second p o i n t of i n t l e r e s t concerns t h e e x t e n t s of 
S u n b i g g i n T a r n i t s e l f . I t was a t h e o r y of a member o f 
s t a f f w i t h i n t he Department t h a t t he T a r n was once much 
l a r g e r e x t e n d i n g i n t o an area t o t h e s o u t h - w e s t , w h i c h i s 
now j u s t a channel c o n t a i n i n g f e n p e a t . Through t h i s 
c hannel now f l o w s T a r n Sike , a stream d r a i n i n g f r o m t h e 
T a r n w h i c h meanders away t o the west. I n t h e second paper 
on t h e a r e a , H o l d g a t e g i v e s evidence t h a t t he T a r n once 
covered a d i f f e r e n t area f r o m t h a t of t o d a y . T h i s i s 
t h o u g h t so because b o r i n g s t o t h e s o u t h of the T a r n , 
between i t and Cow Dub, and around Cow Dub i t s e l f , r e v e a l 
open water d e p o s i t s , showing t h a t these two areas of water 
were p r o b a b l y once one. The o b j e c t i v e of t h i s p a r t of 
th e s t u d y was t h e r e f o r e t o see i f the T a r n once extended 
f u r t h e r s t i l l . By s t u d y i n g peat d e p o s i t s i n and a d j a c e n t 
t o t h e c h a n n e l t o t h e s o u t h - w e s t , and by d e t e r m i n i n g t h e 
d a t e a t w h i c h f o f m a t i o n s t a r t e d i t was hoped t o g a i n some 
id e a of whether t h e Tarn d i d ever extend over a l a r g e r 
area arid i f so, how l a r g e an area and a t what r a t e i t 
receded t o i t s p r e s e n t p o s i t i b n . 
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T h e r e f o r e , i n s e l e c t i n g peat d e p o s i t s t o be s t u d i e d , 
b o t h these p o i n t s were c o n s i d e r e d i n a t t e m p t i n g t o f i n d ones 
t h a t would prove s u i t a b l e . 

The a c t u a l s i t e s , s t u d i e d are shown on Map 3-
A f t e r a p r e l i m i n a r y s u r v e y around t h e Tarn two s i t e s were 
chosen. The f i r s t was named Snipe Bog, as a t t h e time of 
s t u d y a Snipe was n e s t i n g on t h e bog s u r f a c e . T h i s i s a 
s m a l l area of peat l y i n g about 300m. to t h e west of T a r n . 
I t has formed i n a d e p r e s s i o n i n t h e d r i f t and a t i t s 
s o u t h e r n end a p e a t - f i l l e d c h a n n e l l e a d s f r o m i t down 
towards t h e main channel i n w h i c h T a r n Sike f l o w s away t o 
th e west. The bog l i e s between the 825 f t . and 8 5 0 f t . 
c o n t o u r s . 

The second s i t e chosen to.as j u s t under a h a l f - a - m i l e 
t o t h e south-west of t h e T a r n . T h i s i s i n the main channel 
l e a d i n g f r o m t h e T a r n w h i c h a t one t i m e may have beem 
submerged by t h e T a r n i f i t ever extended any f u r t h e r . 
The s i t e Mes j u s t below t h e 825 f t . c o r i t our . 

Thus two s i t e s r e l e v a n t t o the aims of t h e s t u d y were 
chosen. Both were w i t h i n a m i l e of the l i m e s t o n e pavement 
and a l s o i n areas a f f e c t e d by the d r a i n a g e of the a l k a l i n e 
w a t e r . As r e g a r d s t h e p a s t e x t e n t of t h e T a r n , t h e second 
s i t e a t p r e s e n t l i e s below t h e l e v e l o f t h e T a r n and t h u s 
would be expected t o show evidence of open w a t e r i t i t ever 
covered thfat p a r t . Snipe Bog was chosen, because i t l a y 
j u s t o u t s i d e 1 the main channel but a t a g r e a t e r h e i g h t t h a n 
th e s i t e i n the c h a n n e l . The aim of t h i s was t o see i f the 
T a r n had once f i l l e d t h e c h a n n e l , whether i t had reached 
the l e v e l p r e s e n t l y o ccupied by Snipe t o g . I n r f a c t when 
de t e r m i n e d by means of a s u r v e y i n g l e v ? ! and s t a f f t h e 
s u r f a c e of the bog i n the c h a n n e l was found t o be o n l y 
about 13 f e e t below the s u r f a c e of Snipe Bog, measured 
f r o m t h e l o w e s t t r a n s e c t p o i n t s of eaclji bog. I t i s t h e r e ­
f o r e c o n c e i v a b l e t h a t b o t h s i t e s may once have been covered 
by t h e same body of w a t e r . I n t h e o r i g i n a l s u rvey i t 
appeared t h a t t h e r e was a much g r e a t e r h e i g h t d i s p a r i t y 
between the bog surfaces and f o r t h i s r e a s o n the second s i t e 
was named D e c e p t i v e Bog. 

At a l a t e r stage i n t h e s t u d y i t was c o n s i d e r e d 
necessary t o l o o k a t a n o t h e r s i t e i n o r d e r t o make t h e 
o v e r a l l s t u d y more t h o r o u g h . F o r t u n a t e l y t h e r e was an 
area about a m i l e t o the west of the f i r s t two s i t e s . 
T h i s areas was d i s c o v e r e d by s t u d y i n g a s i x - i n c h map of the 
area where t h e peat d e p o s i t , named Ingtnoor Moss, was marked. 
A l t h o u g h i t l a y t o t h e west o f T a r n Moor, and was t h e r e f o r e 
n o t i n c l u d e d i n t h e area d e s c r i b e d by Holclgate , i t s g e n e r a l 
p o s i t i o n was v e r y s i m i l a r , l y i n g i n a p p r o x i m a t e l y the same 
p o s i t i o n i n r e l a t i o n t o t h e l i m e s t o n e escarpment on the 
same u n d u l a t i n g p l a t e a u as T a r n Moor. F u r t h e r m o r e i t showed 
the same t y p e of d r a i n a g e system so t h a t i t was f e l t t h a t 
i t would show a v e g e t a t i o n a l h i s t o r y s i m i l a r t o t h a t t h a t 
would be expected a t t h e o t h e r two s i t e s . Regarding the 
o t h e r p o i n t i t was r e a l i s e d t h a t i t would have no v a l u e i n 
d e t e r m i n i n g whether t h e T a r n was once l a r g e r . T h i s was 
c o n s i d e r e d n o t t o m a t t e r as i t was hoped t h a t t he o r i g i n a l 
two s i t e s would prove s u f f i c i e n t f o r t h i s . 



I I Methods. 

a) F i e l d w o r k . 

A f t e r t he p r e l i m i n a r y survey when t h e s i t e s were 
chosen, a n o t h e r survey of each s i t e wad done t o d e c i d e 
how best t o t r e a t each. I n each case i t was a t t e m p t e d 
t o l a y t r a n s e c t s t o cover the deepest p a r t o f t h e p e a t . 
T h i s was done by a p u r e l y v i s u a l a s s e s s m e n t when by l o o k i n g 
a t t h e n a t u r e of the s l o p e s around t h e peat, i t was hoped 
t o be a b l e t o e s t i m a t e c o r r e c t l y where the l o w e s t p a r t of 
th e b a s i n i n w h i c h t h e peat was forming? l a y . When t h e 
p o s i t i o n s o f these were deicided t r a n s e c t s were l a i d r i g h t 
a c r o s s t h e s u r f a c e of the peat t o t h e p o i n t s where a change 
i n s l o p e f r o m t h e peat s u r f a c e t o the S u r r o u n d i n g s l o p e s 
o c c u r r e d . The t r a n s e c t s wejfe t h e n c o n t i n u e d f o r a 
s u f f i c i e n t d i s t a n c e up t h e s e s l o p e s so t h a t when l e v e l l e d 
t h e y would show up c l e a r l y on a p r o f i l e ; t h e t r u e s l o p e s of 
th e b a s i n i n w h i c h t h e peat was f o r m i n g . 

To s t a r t t h e l a y i n g of t h e t r a ^ e c t two canes were 
pushed i n t o t he peat a l o n g t h e l i n e r e c j u i r e d f o r t h e 
t r a n s e c t . Care was t a k e n t o make sure the canes were 
v e r t i c a l . U s i n g one of these as a base p o i n t o t h e r canes 
weee t h e n i n s e r t e d a l o n g t h e ; l i n e . Tlie i n t e r v a l used between 
them was u s u a l l y 5 metres but on the t r a n s e c t a t one s i t e 
10 m e t r e - i n t e r v a l s were used. The me4sura ing was done w i t h 
a metre t a p e , care b e i n g t a k e n t o make sure t h a t t h i s was 
n o t s l a c k t o g i v e a f a l s e measurement. The a l i g n m e n t of 
th e s t a k e s was done by eye and t h i s proved c o m p l e t e l y s a t i s ­
f a c t o r y and no d e v i a t i o n o f jjmy °f t h e t r a n s e c t s o c c u r r e d . 

When f i n a l l y i n p o s i t i o n a b e a r i n g was t a k e n a l o n g 
each t r a n s e c t . I n one case iwhere a second t r a n s e c t was 
l a i d on t h e same bog, t h i s was done a t r i g h t a n g l e s t o the 
f i r s t . 

The n e x t j o b i n every case was t o l e v e l a l o n g the 
t r a n s e c t s as t h e y were l a i d . T h i s was done t o measure the 
changes i n h e i g h t o f the s u r f a c e a l o n g the t r a n s e c t . The 
f i g u r e s o b t a i n e d were l a t e r t o be used t o draw up a p r o f i l e 
of t h e s u r f a c e a t each t r a n s e c t . AlsCj, i n o r d e r t o be 
a b l e t o c o r r e l a t e t he s t r a t i g r a p h y i t was e s s e n t i a l t o have 
some i d e a of r e l a t i v e h e i g h t d i f f e r e n c e s o f the t o p s of t h e 
b o r i n g s t h a t were made a l o n g i t h e t r a n s a c t s . 

The l e v e l l i n g was done by u s i n g a s t a f f marked a t 
h a l f - c e n t i m e t r e i n t e r v a l s and a s u r v e y i n g l e v e l . At f i r s t 
t h e l e v e l was p o s i t i o n e d on t h e ex a c t p o s i t i o n of one of 
the s t a k e s w h i l e the s t a f f was pl a c e d a t other s t a k e s , t h e 
base ©f^'the s t a f f r e s t i n g g e h t l y on t h e bog s u r f a c e a t t h e 
f o o t of t h e s t a k e . To o b t a i n a c c u r a t e r e s u l t s , c are was 
t a k e n t o ensure t h a t t h e l e v e l was c o m p l e t e l y h o r i z o n t a l 
and t h a t t h e s t a f f was v e r t i c a l . Readings were t a k e n 
by l o o k i n g t h r o u g h t h e l e v e l , where th<j m i d d l e of t h r e e 
h o r i z o n t a l l i n e s w i t h i n t he l e v e l c o i n c i d e d w i t h a r e a d i n g 
on t h e s t a f f . T h i s was t h e ; c o r r e c t f i g u r e . 
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However, i t proved e a s i e r t o t a k e r e a d i n g s i n 
an o t h e r way. W i t h t h e l e v e l p o s i t i o n e d above one o f t h e 
s t a k e s , a l l o w a n c e had t o be made f o r t h e h e i g h t of t h e eye­
p i e c e of the l e v e l above the s u r f a c e . T h i s f i g u r e had t o 
be s u b s t r a c t e d f r o m a l l o t h e r r e a d i n g s i n o r d e r t o b r i n g t h e 
st a k e a t the p o s i t i o n of t h e l e v e l i n t o ; accordance w i t h t h e 
o t h e r s . Where t h e s u r f a c e was changing c o n s i d e r a b l y i n 
h e i g h t and the p o s i t i o n o f the l e v e l had t o be changed 
o f t e n t h i s r e s u l t e d i n complex f i g u r e s . When t h e l e v e l 
was moved r e f e r e n c e was always made fr o f n t h e new p o s i t i o n 
t o a stake whose r e l a t i v e h e i g h t had bejen d e t e r m i n e d , b e f o r e 
measuring those o f new s t a k e s . Thus i t was p o s s i b l e t o 
t i e up f i g u r e s r i g h t a c r o s s t he t r a n s e c t . 

The a l t e r n a t i v e t o t h i s was t o pl a c e t he l e v e l i n 
a p o s i t i o n i n d ependent o f the t r a n s e c t . Care was t a k e n t o 
s e l e c t p o s i t i o n s t h a t would n o t n e c e s s i t a t e f r e q u e n t moving 
of t h e l e v e l . I n t h i s way, w i t h t h e l e v e l p o s i t i o n e d t o 
the s i d e o f t h e t r a n s e c t , r e a d i n g s were o b t a i n e d f o r the 
c o n s e c u t i v e s t a k e s f o r as lonig as r e a d i n g s c o u l d be t a k e n 
t h r o u g h t he l e v e l . The s t a f f was again, h e l d v e r t i c a l l y 
and s p e c i a l care was t a k e n to; see t h a t the l e v e l remained 
h o r i z o n t a l as i t was swung round t o get t h e d i f f e r e n t 
stakes i n t o v i e w . The o n l y e x t r a c a l c u l a t i o n t h a t t o o k 
p l a c e i n t h i s way was when the p o s i t i o n of the l e v e l was 
changed. Then a second r e a d i n g was t a k e n , as b e f o r e , 
f o r t h e l a s t s t a k e used a t t h e l a s t p o s i t i o n o f t h e l e v e l . 
T h i s enabled t h e f i g u r e s righfb :along; >the' t r a n s e c t . t b - be. t i e d 
together. No f i g u r e s needed to; be t a k e n pf t h e h e i g h t o f the 
eyepiece above t h e ground as the l e v e l Was independent o f 
the t r a n s e c t . The h e i g h t s o f t h e s u r f a c e a t each s t a k e 
c o u l d be c a l c u l a t e d i n r e l a t i o n t o one ano t h e r w i t h o u t t h i s 
and t h i s made the f i n a l p l o t t i n g o f the p r o f i l e s much e a s i e r . 

A f t e r c o m p l e t i n g t he l e v e l l i n g ait each s i t e t h e 
s t r a t i g r a p h y o f t h e d e p o s i t was t h e n examined by use o f 
b o r i n g equipment. I n a l l cases any b o r i n g done was c a r r i e d 
out a t t h e s t a k e s used i n the l e v e l l i n g , . I n some cases 
where i t was f e l t i t would shjow t h e s t r a t i g r a p h y b e t t e r 
b o r i n g was done a t 5 metre i n t e r v a l s , but i n others 10 metre 
and even 20 metre i n t e r v a l s were c o n s i d e r e d s u f f i c i e n t . 

Two t y p e s of b o r e r were used. While p e n e t r a t i o n was 
p o s s i b l e f o r i t a R u s s i a n b o r e r was used. At each b o r i n g 
50 c e n t i m e t r e samples were ; tajken. S t a r t i n g w i t h the t o p 
50 c e n t i m e t r es,samples were ta|ken l o w e r and lower u n t i l 
p e n e t r a t i o n was no l o n g e r p o s s i b l e . For the samples deeper 
t h a n 50 c e n t i m e t r e s e x t e n s i o n r o d s were f i t t e d t o the b o r e r . 
Two h o l e s were used a t each s t a k e b o t h b e i n g s i t u a t e d c l o s e l y 
a d j a c e n t t o i t . These wefe used a l t e r n a t i v e l y t o a v o i d 
t a k i n g a c o n t i n u o u s sample f r o m t h e same h o l e . T h i s would 
have proved u n s a t i s f a c t o r y as t h e p o i n t o f the b o r e r below 
the s ampling chamber d i s t u r b e d t he t o p of the peat i n the 
n e x t 50 c e n t i m e t r e column below. By v i r t u e of i t s a c t i o n 
th e R u s s i a n b o r e r b r o u g h t 4ip an uncompressed and r e l a t i v e l y 
u n d i s t u r b e d column o f peat a t each sample, w h i c h , when pieced 
t o g e t h e r gave a complete r e p r e s e n t a t i v e column of the 
s t r a t i g r a p h y a t the p o i n t pf s a m p l i n g . When p e n e t r a t i o n 
was no l o n g e r p o s s i b l e f o r a n o t h e r 50 c t e n t i m e t r e d e p t h , 



care was t a k e n t o measure how much f u r t h e r the bor e r had 
p e n e t r a t e d as t h e b o r e r would have a g a i n t a k e n some of the 
peat j u s t sampled p r e v i o u s l y . T h i s was d i s c o u n t e d , b e f o r e 
c o n t i n u i n g t o no t e t he s t r a t i g r a p h y . 

When t h e Ru s s i a n b o r e r would p e n e t r a t e no f u r t h e r , 
y e t t h e r e were s t i l l d e p o s i t s beneath, a screw auger was 
used. T h i s had t h e d i s a d v a n t a g e of compressing t he d e p o s i t 
but s t i l l gave a s u f f i c i e n t l y a c c u r a t e p i c t u r e of the 
s t r a t i g r a p h y . T h i s was a g a i n used i n a l t e r n a t e b o r e h o l e s , 
bringing up 30 c e n t i m e t r e samples a t a t i m e , and was c o n t i n u e d 
w i t h u n t i l i t would bore no deeper. 

When n o t i n g t h e d e t a i l s of the s t r a t i g r a p h y as the 
cores were examined s e v e r a l p o i n t s were watched f o r . 
F i r s t l y any ob v i o u s d i f f e r e n c e s i n t h e type o f peat and i t s 
c o l o u r were n o t e d , and a t what depths t h e changes f r o m one 
s o r t t o a n o t h e r o c c u r r e d . A l s o r e c o r d e d was whether these 
changes occured a b r u p t l y , or g r a d u a l l y and almost i m p e r c e p t ­
i b l y . T h i s done t h e v a r i o u s l a y e r s were t h e n p u l l e d t o 
p i e c e s when the t e x t u r e o f each c o u l d be d e t e r m i n e d . At 
t h i s stage a note was a l s o made of the degree o f h u m i f i c a t i o n . 
A t t e m p t s were made t o i d e n t i f y any p l a n t r e m a i n s , e s p e c i a l l y 
i n r e l a t i v e l y undecomposed l a y e r s . Any remains of good 
s t r u c t u r e t h a t were n o t i d e n t i f i a b l e th<ere and t h e n were pl a c e d 
i n a i r - t i g h t specimen t u b e s , f u l l y l a b e l l e d , and t a k e n back 
t o the l a b o r a t o r y f o r i d e n t i f i c a t i o n . A s p e c i a l s e a r c h was 
a l s o made f o r o t h e r more d i s c r e t e macro-remains such as seeds, 
l e a v e s and p i e c e s o f \i?ood w b i p h were a l s o l a b e l l e d and t a k e n 
back t o the l a b o r a t o r y . 

Much i n o r g a n i c m a t e r i a l was a l s o found i n t h e peat, 
m a i n l y a t t h e f i r s t two s i t e s . A note'was made o f what 
t y p e was p r e s e n t , and how b i g 1 a p r o p o r t i o n i t formed i n t h e 
peat . 

A f t e r c o m p l e t i o n o f the s t r a t i g r a p h i c a l i n v e s t i g a t i o n , 
when t h e p o s i t i o n o f t h e deepest peat was d e t e r m i n e d , cores 
were t a k e n f o r p o l l e n a n a l y t i c a l s t u d i e s . The proce d u r e 
f o r t h i s was e x a c t l y t h e same as b e f o r e , but extreme care 
was t a k e n t o keep any c o n t a m i n a t i o n t o an a b s o l u t e u n a v o i d ­
a b l e minimum. B e f o r e t he f i r s t b o r i n g and between subsequent 
ones the b o r e r was t h o r o u g h l y washed i n c l e a n w a t e r . Then 
as each sample was p u l l e d Up, b e f o r e opening t h e chamber 
the b o r e r was cleaned o f any peat s t u c k t o i t . Then on 
opening t h e chamber, the peat core was cleaned of any 
c o n t a m i n a t i n g peat. A p i e c e of c l e a n p l a s t i c g u t t e r i n g , 
50 c e n t i m e t r e s i n l e n g t h was t h e n p l a c e d over t h e peat which 
was s l i d o f f t he blade of t h e b o r e r . The g u t t e r i n g c o n t a i n ­
i n g t h e p e a t , a f t e r h a v i n g been f u l l y l a b e l l e d was t h e n p l a c e d 
i n s i d e a c l e a n p o l y t h e n e bag land wrapped up t o pre/ent l o s s 
of m o i s t u r e f r o m t h e peat. Each sample was t r e a t e d i n t h i s 
way u n t i l t h e whole d e p t h o f the core had been t a k e n . Only 
th e R u s s i a n b o r e r was used . No samplejs" ifcji" p o l l e n a n a l y s i s were 
t a k e n by t h e screw auger. 

A l l t h a t remained t o dio in. t h e f i e l d was t o make 
b r i e f s k e t c h maps of t h e s i t e s . No d e t a i l e d s t u d y was done 
on t he v e g e t a t i o n on and around t h e bogs, but t h e main a r e a s , 
dominated by c e r t a i n t y p e s of: v e g e t a t i o n were mapped. 
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These are shown i n maps 4 , <5 and 6 which, show sketch e s of the 
t h r e e s i t e s . A l s o i n c l u d e d are t h e t r a n s e c t s l a i d a c ross 
t h e s i t e s . 

( i ) Snipe Bog. 

Map k i s of Snipe Bog. The bog i s surrounded 
m a i n l y by C a l l u n a moor, the G a l l u n a b e i n g a s s o c i a t e d m a i n l y 
w i t h g rasses and a l s o E r i c a t e t r a L i x i n the w e t t e r a r e a s . 
Many o t h e r s p e c i e s o c c u r , but do n o t p l a y a s i g n i f i c a n t 
p a r t i n the v e g e t a t i o n . The v e g e t a t i o n of the bog i t s e l f 
i s o f a f e n t y p e b e i n g dominated by many s p e c i e s of sedges, 
m a i n l y Car ex spp. , and Junjcus spp. Again o t h e r s p e c i e s of 
minor i m p o r t a n c e occur such as Lady's Smock, (Cardamine 
p r a t e n s i s ) and the B i r d ' s - e y e P r i m r o s e , ( P r i m u l a f a r i n o s a ) • 
To t h e east of the bog between t h e f e n v e g e t a t i o n and the 
C a l l u n a moor i s a wide b e l t o|f g r a s s l a n d . T h i s p r o b a b l y 
occurs where t h e d r i f t t h i n s and b e t t e r d r a i n e d c o n d i t i o n s 
occur so t h a t s o i l r a t h e r t h a n peat has; formed. A sward 
of v e r y f i n e g r a s s covers t hi i s a r e a , p r o b a b l y h e a v i l y grazed 
by sheep. A s s o c i a t e d w i t h i t are l o w - g r o w i n g s p e c i e s 
i n c l u d i n g t h e C o w s l i p ( P r i m u l a v e r i s ) , P r i m u l a f a r i n o s a 
and t h e E a r l y P u r p l e Orchib , (Orchis, majscula). T h i s b e l t 
o f g r a s s l a n d extends r i g h t a l o n g t h e n c j r t h e r n edge of the 
bog and i s f o l l o w e d by a r o u g h t r a c k . P o s s i b l y t h i s 
narrow s t r i p of g r a s s occurs b e c au se of h u rn a n i n f l u e n c e i n t h e 
l a y i n g of the t r a c k . E q u a l l y p o s s i b l e ; i s t h a t the t r a c k w a y 
was put here where an area of a d r i e r n a t u r e o c c u r r e d . 

Two t r a n s e c t s were l a i d a c r o s s the bog. The f i r s t 
was a t North. 206 and r a n f r o m the C a l l u n a moor t h r o u g h t h e 
bog t o where, a t t h e s o u t h e r n end, i t passed o b l i q u e l y f r o m 
the c hannel l e a d i n g f r o m t h e bog, back on t o t h e Ca11una 
moor. The second t r a n s e c t .runs a t r i g h t a n g l e s t o t h e f i r s t 
a t N o r t h 296 and runs a g a i n f r o m C a l l u n a moor a t the e a s t e r n 
s i d e , t h r o u g h t h e g r a s s y b e l t and acrosis t h e bog s u f f a c e 
b e f o r e p a s s i n g up onto the Cal l u na moor* a g a i n on t h e w e s t e r n 
s i d e of t h e bog. 

The p o s i t i o n of t h e t r a n s e c t s are shown on map k 
w h i c h a l s o shows t h e zones of v e g e t a t i o n . The p o s i t i o n s 
of t he s t a k e s are shown and a l s o i n d i c a t i o n i s g i v e n of a t 
w h i c h s t a k e s b o r i n g was c a r r i e d o u t . 

A s i m i l a r p r o c e d u r e was c a r r i e d out f o r the o t h e r 
two bogs. 

( i i ) D e c e p t i v e Bog. 

Map 5 shows t h e v e g i e t a t i o n and p o s i t i o n of t h e 
t r a n s e c t a t D e c e p t i v e Bog. The c h a n n e l here i s a l s o 
covered by a f e n t y p e of v l e g e t a t i o n , s i m i l a r l y dominated 
by sedges but w i t h a g r e a t e r v a r i e t y of- o t h e r p l a n t s . 
Some gra s s i s p r e s e n t tin a i nil y Holcus 1 a ri.a t u s and Phragmites 
communis; a l s o around Tarn Sike Meadow Sweet, ( F i 1 i p e n d u l a 
u l m a r i a ) and t h e Marsh M a r i g o l d , ( C a l t h 4 p a l u s t r i s ) are 
common. Many o t h e r t y p i c a l f e n s p e c i d s a l s o occur.. 
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I n a few s l i g h t l y h i g h e r areas on the Ipog s u r f a c e Sphagnum 
i s . becoming e v i d e n t so t h a t t h e area may p o s s i b l y j u s t be 
s t a r t i n g t r a n s i t i o n t o r a i s e d bog. On e i t h e r s i d e of the 
bog where the ground r i s e s the v e g e t a t i o n changes t o C a l l u n a 
moor, s i m i l a r t o around Snipe Bog, b e i n g a s s o c i a t e d c h i e f l y 
w i t h s p e c i e s of g r a s s . 

Only one t r a n s e c t was: l a i d p a s s i n g f r o m the C a l l u n a 
moor on t h e n o r t h e r n s i d e t h r o u g h t h e bog t o t h e C a l j u n a 
on t h e s o u t h e r n s i d e . I t was l a i d r o i j i g h l y a t r i g h t a n g l e s 
t o the stream a t a b e a r i n g of N o r t h 2"}$ . 

( i i i ) Ingmoor Moss. 

At Ingrnoor Moss shown i n map 6, the n a t u r e of the 
s i t e i s q u i t e d i f f e r e n t . The whole a.rea i s e n c l o s e d , 
b e i n g s e p a r a t e d f r o m the s u r r o u n d i n g p a s t u r e by stone w a l l s 
t o t h e s o u t h and west and a w i r e fence t o the e a s t . I t i s 
assumed t h a t t h i s i s p u r e l y t o keep s t o c k f r o m t h e area as 
t h e s u r f a c e of t h e bog i s q u i t e t r e a c h e r o u s . T o p o g r a p h i c a l l y 
the s u r r o u n d i n g area i s v e r y s i m i l a r t o t h a t around t h e 
o t h e r two s i t e s b e i n g v e r y u n d u l a t i n g . However, the 
v e g e t a t i o n i s v e r y d i f f e r e n t ! . Whether the area was once 
s i m i l a r , s u p p o r t i n g C a l l u n a moor on a t h i n peat cover w h i c h 
has been improved or who t h e v t h e g r a s s l a n d was always p r e s e n t , 
t h e area now s u p p o r t s a f a i r l y good p a s t u r e . Only i n v e r y 
low areas w i t h bad d r a i n a g e does the v e g e t a t i o n become 
p o o r e r , b e i n g dominated m a i n l y by Juncips spp. 

Ingmoor Moss i t s e l f s u p p o r t s t h r e e main t y p e s of 
v e g e t a t i o n . Around t h e p e r i p h e r y patches of t y p i c a l f e n 
v e g e t a t i o n are f o u n d , dominated by sedges, but w i t h some 
grasses arid many o t h e r s p e c i e s i n c l u d i n g ffilipendula u l r n a r i a , 
Bogbean (Menyanthes t r i f o l i a j b a ) , Marsh M a r i g o l d ( C a l t h a 
p a l u s t r i s ) , P o t e n t i l l a p a l j u s t i s and i n some p l a c e s t h e 
Globe Flower ( T r o l l i u s eur!opaeus) . Between t h e areas of f e n 
v e g e t a t i o n are areas where what once mijist have been f e n have 
now gone over t o w i l l o w c a r r . These areas are dominated 
almost e x c l u s i v e l y by S q l i x spp., w i t h o n l y an o c c a s i o n a l 
t r e e of Hawthorn (Crataegus monogyna-j a t the extreme 
p e r i p h e r y of t h e s i t e . 

The c e n t r e of t h e s i t e c o n s i s t s of a r a i s e d bog and 
i s covered by a t y p i c a l v e g e t a t i o n dominated by C a l l u n a 
v u l g a r i s , E riophorum v a g i n a t q m and Sphagnum s p e c i e s . 
The l a t t e r s p e c i e s i n d i c a t e a w ater t a b l e near t h e s u r f a c e , 
as does t h e presence of the Cross-leaved Heath ( E r i c a t e t r a j i x ) , 
and t h e C r a n b e r r y ( V a c c i n i u m o x y c o c c u s ) . A l s o i n evidence 
on t h e bog s u r f a c e are the! Bog Asphodel ( N a r t h e c i u m 
o s s j f r a g u m ) and P o t e n t i l l a e r e c t a . O c c a s i o n a l p o o l s occur 
c o n t a i n i n g Menyanthes t r i f o J - i a i t a w i t h i P o t e n t i l l a paLustris 
around them. A l i c h e n , po s s i b1y Clad o n i a , i s a l s o common 
on the bog s u r f a c e . . A few b i r c h t r e e s were a l s o p r e s e n t 
a t the n o r t h e r n end o f t h e r a i s e d bog. 

Only one t r a n s e c t was! l a i d , t h i s b e i n g almost e x a c t l y 
f r o m east t o west a c r o s s the s i t e e x t e n d i n g r i g h t a c r o s s 
t h e bog and s u r r o u n d i n g ' l a gg ' onto the p a s t u r e a t each s i d e 
of t h e bog. I t was p o s i t i o n e d t o pass t h r o u g h t h e h i g h e s t 



ST ream 

Pasture 

5 * Posjttio** of boftfvjs 

0 » Core 4*.Ke« Por f olle*. 

+ = 6\tcW trees 

tt*f 6. Sketck ftvaf of ln^moor Moss skowi^ 

ygytfttiovs ani y a r i f t o * oP -tccwsebt A. 



9. 

p o i n t of t h e bog. The p o s s i b i l i t y o f l a y i n g a t r a n s e c t t h r o u g h 
the same h i g h e s t p o i n t a t r i g h t a n g l e s tjo t h e f i r s t was 
c o n s i d e r e d . However b o r i n g s a t 40 metre i n t e r v a l s showed 
no d i f f e r e n c e i n the b a s i c s t r a t i g r a p h y or the depths o f t h e 
main l a y e r s so a f u l l s c a l e i n v e s t i g a t i q n was n o t c o n s i d e r e d 
n e c e s s a r y . 

b) L a b o r a t o r y Work. 

The f i r s t t h i n g t o do i n the l a b o r a t o r y was t o c u t up 
the cores f o r p o l l e n a n a l y s e s . I n a l l a s p e c t s of t h i s , 
p r e c a u t i o n s were t a k e n t o see t h a t no c o i n t a m i n a t i o n o c c u r r e d . 
A l l c u t t i n g s u r f a c e s used were wiped c a r e f u l l y between each 
cut and a l l t o o l s used f o r h a n d l i n g t h e peat were a l s o 
t h o r o u g h l y c l e a n e d a f t e r each t i m e of use, When c u t t i n g o f 
th e peat was done cubes of m a t e r i a l of rjoughly 1 c.c. were 
'obtained. At each d e p t h where a sample wa s r e q u i r e d a piece 
was c u t out of the core r e p r e s e n t i n g 1 cen time t re's h e i g h t 
of the c o r e . T h i s was t h e n trimmed t o remove the peat t h a t 
had formed t he o u t e r p a r t s o f the c o r e , l e a v i n g t h e 1 c.c. 
cube. As each specimen was p r e p a r e d i t : was p l a c e d i n an 
a i r t i g h t , f u l l y - l a b e l l e d , specimen t u b e . When a l l t he 
r e q u i r e d samples f r o m each core were completed, t h e y were 
p l a c e d i n a c o o l d a r k p l a c e u n t i l such tjime as t h e y were 
wanted. Any peat n o t used f o r p r e p a r i n g samples was p u l l e d 
t o p i e c e s and searched f o r any m a c r o - f o s i s i l s p r e s e n t . 

When p o l l e n a n a l y s i s was t o be s t a r t e d , samples were 
chosen t o cover t h e complete c|ore. Four samples were 
prepared a t a ti m e so t h a t t o i s t a r t w i t h ; one was t a k e n f r o m 
th e bottom o f the c o r e , one fro m t he top: and two a t r e g u l a r 
i n t e r v a l s between. Subsequent samples were chosen t o f i l l 
i n t h e se i n t e r v a l s e v e n l y so t,hat i d e a l l y , when completed, 
a n a l y s i s of a complete column o f l e v e l s , a l l t h e same v e r t i c a l 
d i s t a n c e a p a r t r e s u l t e d . 

The method used f o r p r e p a r a t i o n of p o l l e n f o r c o u n t i n g 
was b a s i c a l l y t h a t d e s c r i b e d by F a e g r i and I v e r s e n (l96k). 
The sample was f i r s t l y b roken down by b o i l i n g f o r a t i m e 
i n 10'$ p o t a s s i u m or sodium h y d r o x i d e , t h e m i x t u r e b e i n g 
immersed i n a b o i l i n g tube i n a b o i l i n g b a t h , and s t i r r e d 
o c c a s i o n a l l y w i t h a g l a s s r o d . The m i x t u r e was t h e n f i l t e r e d 
t h r o u g h a f i n e mesh s i e v e , t h e f i l t r a t e b e i n g r e t a i n e d . The 
m a t e r i a l r e t a i n e d i n the sieve: was washed and r e t a i n e d f o r 
subsequent macroscopic i n v e s t i g a t i o n . t h e f i l t r a t e was 
t h e n washed w i t h d i s t i l l e d w a t e r t o remove the h y d r o x i d e and 
t h e n d e h y d r a t e d w i t h g l a c i a l a c e t i c acid:. At each stage 
and between a l l subsequent stages t h e saijnple was c e n t r i f u g e d 
and t h e s u p e r n a t a n t l i q u i d poured o f f . Next a c e t o l y s i s was 
c a r r i e d out i n o r d e r t o remove the c e l l u l o s e of l e v e s , r o o t l e t s 
and such m a t e r i a l . 10 c.c. of a c e t i c a n h y d r i d e and 1 c.c. 
of c o n c e n t r a t e d s u l p h a r i c a c i d were added and t h e m i x t u r e 
heated i n a b o i l i n g tube i n a w a t e r b a t h f o r 1 m i n u t e . 
A f t e r c e n t r i f u g i n g and p o u r i n g o f f t h e s u p e r n a t a n t i t was 
washed a g a i n w i t h a few drops p f g l a c i a l a c e t i c a c i d and 
d i s t i l l e d w a t e r and a few drops of c a u s t i c a l k a l i was added 
t o t h e f i n a l washing w i t h d i s t i l l e d w a t e r b e f o r e b e i n g 
ready t o mount. 
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I n a d d i t i o n t o t h i s s t a n d a r d p r e p a r a t i o n i t was 
necessary i n some cases t o g i v e a d d i t i o n a l t r e a t m e n t . I n 
samples w i t h a h i g h c o n t e n t of c a l c i u m p a r b o n a t e , t h i s was 
f i r s t d i s s o l v e d by t r e a t m e n t w i t h c o l d 10% h y d r o c h l o r i c a c i d . 
T h i s was done b e f o r e h e a t i n g w i t h c a u s t i c a l k a l i . I n samples 
w i t h a h i g h c o n t e n t of s i l i c e o u s m a t f e r i i l s such as c l a y , 
s i l t or sand i t was n e cessary t o r e m o v e , t h i s as such m a t e r i a l s 
on a s l i d e make c o u n t i n g d i f f i c u l t . Tljiese were removed by 
b o i l i n g f o r about two t o t h r e e m i n u t e s ;i.n hO^o h y d r o f l u o r i c 
a c i d i n a p l a t i n u m c r u c i b l e , t a k i n g s u i t a b l e s a f e t y p r e c a u t ­
i o n s f o r t h i s r e a g e n t . A f t e r c e n t r i f u g i n g , the s o l i d s were 
heated w i t h lOfo h y d r o c h l o r i c a c i d t o remove c o l l o i d a l s i l i c a 
and s i l i c o f l u o r i d e s and c e n t r i f u g e d w h i l e h o t . No samples 
needed t o be t r e a t e d a second t i m e . T j i i s t r e a t m e n t was 
done a f t e r h e a t i n g w i t h t h e c a u s t i c a l k a l i , and b e f o r e t h e 
a c e t o l y s i s . 

To mount, m o l t e n g l y c e r o l j e l l y c o n t a i n i n g s a f r a n i n 
was added t o the p o l l e n , about t w i c e as:much j e l l y as p o l l e n 
p r e s e n t b e i n g added. The ; satnple was s t i r r e d t h o r o u g h l y 
and k e p t m o l t e n and t h e n one d r o p was p l a c e d on a c l e a n 
3" x 1" microscope s l i d e and covered w i t h a 22 m i l l i m e t r e 
c o v e r s l i p . The j e l l y was spread t o coyer t h e whole area 
of t h e c o v e r s l i p by h e a t i n g oVer a h o t w a t e r b a t h . As t h e y 
mere mounted, t h e s l i d e s were checked t o ensure t h a t t h e y 
would be s u i t a b l e t o c o u n t ; d e c r e a s i n g pr i n c r e a s i n g the 
amount of m i x t u r e on each, s l i c l e as n e cessary. F i n a l l y , 
when the j e l l y was s e t t h e s l i d e s , f o u r prepared a t every 
l e v e l , were f u l l y l a b e l l e d . 

C o u n t i n g was done w i t h a normal microscope by moving 
t h e s l i d e a c r o s s t h e microscope stage sp t h a t c o n t i n u o u s 
t r a n s e c t s were counted f r o m one edge of; the s l i d e t o t h e 
o t h e r . Care was t a k e n t o ensure t h a t a t l e a s t one 
d i a m e t e r ' s w i d t h o f the f i e l d o f v i e w w^s l e f t between 
a l l t r a n s e c t s t o a v o i d any p o s s i b i l i t y of c o u n t i n g t h e 
same g r a i n t w i c e . T r a n s e c t s : were counted a c r o s s t h e whole 
w i d t h o f the c o v e r s l i p t o overcome i r r e g u l a r d i s t r i b u t i o n 
o f p o l l e n g r a i n s . A l l p o l l e n g r a i n s ajid o t h e r m i c r o s p o r e s 
were c o u n t e d , except those which were n o t i d e n t i f i a b l e . 
F r e quent r e f e r e n c e was made t o a key, ( f a e g r i and I v e r s e n 
1964), t o run. down g r a i n s n o t i m m e d i a t e l y r e c o g n i z a b l e and 
the a s s i s t a n c e o f a t r a i n e d p f e i l y n o l o g i s t was ask^d f o r t o 
c o n f i r m g r a i n s t h a t had bepn r u n down arid t o g i v e some 
guidance on r e a l problem g r a i n s . Reference was a l s o made 
t o a c o l l e c t i o n of m o u n t e d : m a t e r i a l . 

The t o t a l of p o l l e n , counted depended on the p r o p o r t ­
i o n s of p o l l e n t y p e s p r e s e n t km . th e s l i d e . I n a l l cases 
the o r i g i n a l count aimed a t was 150 t r e e p o l l e n g r a i n s w i t h 
whatever o t h e r n o n - t r e e p o l l e n g r a i n s and m i c r o s p o r e s were 
counted i n r e a c h i n g t h i s t o t a l . I f however a t o t a l of 
t r e e and n o n - t r e e p o l l e n of 500 was reaphed b e f o r e 150 t r e e 
g r a i n s t h e n t h i s t o t a l was used. Sporjss of f e r n s and 
mosses were n o t i n c l u d e d i n t h i s t o t a l p f 500. On s l i d e s 
w i t h v e r y sparse p o l l e n , as o f t e n happehs wi t h , s l i d e s such 
as those prepared f r o m l a t e - G i l a c i a l d e p p s i t s a t o t a l o f 200 
g r a i n s was used. T h i s was niot t hought, t o be as a c c u r a t e 
as i f 500 g r a i n s bad been. coujrited b ut a's such s l i d e s were 
e x t r e m e l y time-consuming t h e , l i m i t was drawn at 200 g r a i n s . 
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The macroremains friom t he s i e v i n g a f t e r t r e a t m e n t 
w i t h c a u s t i c a l k a l i were s t u d i e d w i t h tjhe a i d of a low-power 
b i n o c u l a r m i c r o s c o p e . A n o t e was rtiade| o f any r e c o g n i s a b l e 
remains i n d i c a t i n g t h e presence of c e r t a i n genera and s p e c i e s . 
Some Sphagnum s p e c i e s and some o t h e r bijyophytes i n good 
c o n d i t i o n were r u n down w i t h k e y s . Any seeds p r e s e n t were 
a l s o i d e n t i f i e d . The sarnie was done w i t h o t h e r r n a c r o f o s s i l s 
e x t r a c t e d d u r i n g t h e f i e l d l w o r k . Any p i e c e s of wood found 
were t h i n l y s e c t i o n e d t r a n s v e r s e l y t o enable them t o be 
i d e n t i f i e d . 

I l l Re s u i t s . 

a) S t r a t i g r a p h y . 

The r e s u l t s o f t h e s t r a t i g r a p h i c a l i n v e s t i g a t i o n of 
the bogs are r e p r e s e n t e d d i a g r a m m a t i c a l ] ^ i n f i g u r e s 1 t o k 
i n c l u s i v e . Each f i g u r e sjhotys f i r s t l y a p r o f i l e o f t h e bog 
a l o n g t he c o r r e s p o n d i n g t r a n s e c t w i t h a l i n e drawn i n t o 
r e p r e s e n t t h e base of the o r g a n i c d e p o s i t s . T h i s i s a t the 
p o i n t where t h e d e p o s i t s change f r o m beiing p r e d o m i n a n t l y 
o r g a n i c m a t e r i a l t o m a i n l y i n o r g a n i c m a t e r i a l . Beneath each 
p r o f i l e i s an exploded diagram of t h e s t r a t i g r a p h y . The 
symbols f o r t h i s a re based m a i n l y on those g i v e n by West 
(.1969) but where these are n o t e n t i r e l y s a t i s f a c t o r y t h e y are 
m o d i f i e d s l i g h t l y u s i n g those shown i n F a e g r i and t v e r s e n , 
(1964), or o t h e r improviseid pnes . 

( i ) S n i pe Bog. 

The f i n d i n g s f r o m t he two t r a n s e c t s a c r o s s Snipe Bog 
are shown i n t h e diagrams i n f i g u r e s 1 and 2 w h i c h r e p r e s e n t 
t r a n s e c t s A and B r e s p e c t i v e l y . Om t i a n s e c t A s t a k e s 17 t o 
22 shown on the s k e t c h map i n map k have heen missed out 
f r o m the p r o f i l e . These d i d n o t h i n g riiore t h a n c o n f i r m t h a t 
t he s l o p e above t h e bog c o n t i n u e d t o r i s e a t t h e same a n g l e . 
A q u i c k l o o k a t the p r o f i l e s o f these t r a n s e c t s shows t h a t 
t h e peat has formed i n a f a i r . 1 y t y p i c a l b a s i n w h i c h has a 
channel l e a d i n g f r o m i t s sjouthern end. T h i s h o l l o w i s 
formed i n g l a c i a l d e p o s i t s t h a t have been l a i d down over 
t h e a r e a . These are e v i d e n t when one l o o k s a t the b a s a l 
d e p o s i t s of t h e borehofes where v a r i o u s '• a d m i x t u r e s of c l a y , 
sand, s i l t and stones are p r e s e n t , mixed w i t h t h e bo t t o m 
o r g a n i c d e p o s i t s i n p l a c e s . These d e p o s i t s have undergone 
some wa t e r s o r t i n g , w i t h d e p o s i t s of f i n e r s i l t and c l a y on 
th e f l a t t e r p a r t s w i t h c o a r s e r sand anqi a n g u l a r stones on 
th e s t e e p e r s l o p e s of the b a s i n . Evidence of the presence 
once of open w a t e r i s show|n i n t r a n s e c t B, where t o t h e 
w e s t e r n p a r t of t h e bog, f i n e b l u e - g r e y l a c u s t r i n e c l a y 
has been l a i d down i n a deeper h o l l o w i n t h e g l a c i a l d e p o s i t s 
These d e p o s i t s form; a l e n s of c l a y , s l i g h t l y s i l t y i n p l a c e s 
between t h e u n d e r l y i n g g l a c i a l t i l l and t h e o r g a n i c d e p o s i t s 
f o r m i n g on t o p . 



2 5 

! 

a 0 

W'I'i'illllliW r.'J 

a) * W i l l i 
CD mm\\\m 

CO 

CP 
wo 

o mm 
CO 

01 
a-7 

i£ 

n Mi4 J MM y ! l - V 

J i J J ' . O J i '->_!<! 1,1.1,1.1 J , ' J . ' J - . a Si<ia J. 1 

l.li'ilr:J:*J«J 

TO 



8 t | •n «s * 
• 

05 

a 8 
N 

\ 

<T7 

B CD 0 

C T 5 

!?l!! i! i ! i i^lWili l !gP? 

1.1,1,1,1, III 

^ 4 

In 
X 

lift 
X CD 

x d 

X 
t/3 

X. 

CD 
x 

X 

PI 1/1 
1 I I I I Li 

V-t 

<T7 

vi W S i i Hi f 
Z <t Ui 

3: 
I! 8 I * 5 2 * 

« 3 W W 

• i.i.i I . I I ' r i 



12 . 

The o r g a n i c d e p o s i t s c o n s i s t b a s i c a l l y of t h r e e 
l a y e r s : -

a) a low e r p e a t y c l a y , 
b) a peat of moderate h u m i f i c a t i o n above t h i s , 
c ) an upper w e l l h u m i f i e d p e a t . 

A l l l e v e l s c o n t a i n e d n u t l e t s of Carex spp., and 
seeds of b o t h Juncus a r t i c u l a t u s and Juncus e f f u s u s so i t 
i s p r o b a b l e t h a t the peat i s v e r y much a l l the same, a t y p e 
of f e n p eat, t h e d i f f e r e n c e s b e i n g accounted f o r by the 
amounts of i n o r g a n i c m a t e r i a l ; , t h e s i z e of o r g a n i c p a r t i c l e s 
and t h e degree of h u m i f i c a t i o h of t h e peat. 

V a r i a t i o n s of t h i s above p a t t e r n do occur as a t 
some b o r e h o l e s c e r t a i n bands are missed o u t . A l s o 
d i f f i c u l t y i n d i f f e r e n t i a t i n g t h e l a y e r s was e x p e r i e n c e d 
a t some h o l e s due t o v a r i a b l e h u m i f i c a t i o n of t h e peat 
h a v i n g o c c u r r e d . Stakes -5 and -6 on t r a n s e c t A are a l s o 
not r e g a r d e d as r e p r e s e n t a t i v e as i t was a t t h i s p o i n t t h a t 
th e t r a n s e c t passed out of the channel onto t h e C a l l u n a moor. 
The s t r a t i g r a p h y here j u s t r e p r e s e n t s the b l a n k e t peat l y i n g 
d i r e c t l y above t h e s o r t e d d r i f t . The d e t a i l s , i n c l t i d i n g 
t h e i n f o r m a t i o n f r o m the m a c r o f o s s i l s are i n c l u d e d on t h e 
d iagram. 

( i i ) D e c e p t i v e Bog. 

F i g u r e 3 shows t h e same d e t a i l s f o r D e c e p t i v e Bog. 
I n the p r o f i l e s t a k e s 1, 2 and 20 shown on t h e s k e t c h map 
have been missed out f o r the same r e a s o n as a t Snipe Bog. 
The p r o f i l e shows the c ha ane1 t o be a f l a t t i s h round-bottomed 
v a l l e y w i t h i n which peat d e p o s i t s have formed. The n a t u r e 
i s v e r y s i m i l a r t o a t Snipe Bog. The channel i s carved out 
of t h e g l a c i a l d e p o s i t s which t o some e x t e n t have been water 
s o r t e d . The o r g a n i c d e p o s l i t s however are much more d i f f i c u l t 
t o c o r r e l a t e . I n g e n e r a l t h e y f o l l o w l o o s e l y t h e same 
g e n e r a l p a t t e r n . I n t h e lower l a y e r s t h e r e i s much m i x i n g 
of o r g a n i c and i n o r g a n i c m a t e r i a l s . Only does t h e v e r y t o p 
l a y e r of modern, w e l l h u m i f i e d peat appear c o n t i n u o u s a c r o s s 
th e s t r a t i g r a p h y . The d e t a i l s of t h e b o r i n g s are shown 
i n f i g u r e 3 but no a t t e m p t i s made t o c o r r e l a t e them. 

( i i i ) Ingmoor Moss. 

The s t r a t i g r a p h y of Ingjmoor Moss shows a g r e a t d e a l 
more of i n t e r e s t t h a n t h e f i r s i t two s i t e s . The d e t s i i l s 
are shown i n f i g u r e 4. Good r e g u l a r i t y i s shown t h r o u g h o u t 
the d e p o s i t . 

The base o f the d e p o s i t c o n s i s t s of l a y e r s of 
b l u e - g r e y c l a y and c a l c a r e o u s g y t t j a , th;e l a t t e r g r a d i n g 
i n t o a d e t r i t u s mud i n p l a c e s . At a l l b o r e h o l e s where 
b o t h were reached t h e g y t t j a was o v e r l y i n g t h e b l u e - g r e y 
c l a y . At s t a k e s 3 and h a seicond l a y e r of c a l c a r e o u s 
g y t t j a was found beneath the b l u e - g r e y c l a y . Comparing 
these w i t h o t h e r b o r e h o l e s i t i s l i k e l y t h a t t h i s l a y e r would 
have been reached i n o t h e r cases i f deeper b o r i n g had been 
p o s s i b l e . The b l u e - g r e y c l a y c o n t a i n e d no ' m a c r o f o s s i l s 
except f o r one p i e c e of f o s s i l c o r a l , p r o b a b l y d e r i v e d f r o m 
the l i m e s t o n e i n the a r e a . The c l a y was l i g h t - c o l o u r e d and 
f a i r l y s o f t a t t h e t o p but beciame d a r k e r and s t i f f e r towards 
i t s base. O c c a s i o n a l l a r g e , ( l ^ c e n t i m e t r e d i a m e t e r ) , 
a n g u l a r stones were found w i t h i n i t . The upper l a y e r of 
g y t t j a was e s p e c i a l l y i n t e r e s t i n g as i t c o n t a i n e d numerous 
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w e l l p r e s e r v e d m o l l u s c s h e l l s , b o t h o f g a s t r o p o d s and 
b i v a l v e s. 

These were of s e v e r a l s p e c i e s , k i n d l y i d e n t i f i e d 
i n t h e f i r s t i n s t a n c e by Mr. Chailes S t e e l , who r e f e r r e d t o 
B o y c o t t , ( 1 9 1 8 ) . U s i n g these i d e n t i f i c a t i o n s , a f u r t h e r 
s t u d y was made i n o r d e r t o r e c o g n i s e these s p e c i e s , i n t h i s 
case w i t h r e f e r e n c e t o Macan, (1960). They are l i s t e d below 

Gastropods 
Lymnaea p e r e g r a 
V a l v a t a p i s c i n a l i s 
P l a n o r b i s c r i s t a 
P. l a e v i s 
P. a l b u s 

B i v a l v e s 
P r o b a b l y a t l e a s t t h r e e s p e c i e s o f P i s i d i a , p o s s i b l y 

i n c l u d i n g 
P i s i d i u m n i t i d u m 
P. s u b t r u n c a t u m . 

No s t r a t i f i c a t i o n of the s p e c i e s was observed, t h e i r 
d i s t r i b u t i o n b e i n g f a i r l y random t h r o u g h o u t t h e d e p o s i t . 

At t h e t o p of the g y t t j a a t r a n s i t i o n o c c u r r e d , 
g r a d u a l i n pl a c e s but sometimes q u i t e marked. T h i s was f r o m 
t h e g y t t j a t o a f e n peat. T h i s was m a i n l y a b r y o p h y t e peat 
but w i t h , some sedge r e m a i n s . Some of t h e mosses were 
i d e n t i f i a b l e w i t h t h e a i d of a key, (Watson,1966), and the 
f o l l o w i n g were r e c o g n i z e d : -

S c o r p i d i u m s c o r p i o i d e s 
A c r o c l a d i u m giganteuijn 

and one p r o b a b l y Drepanocla|us', p o s s i b l y exannulaturn. 

Phra3m.ites remains were; found r e g u l a r l y t h r o u g h o u t 
t h i s l a y e r . Towards t h e t o p of t h i s f e n peat i n p l a c e s , 
sedges became dominant in. t h e p e a t . Some wood was a l s o 
found here, some of w h i c h was i d e n t i f i a b l e as B e t u l a . 

Above t h i s a t r a n s i t i o n t o r a i s e d bog o c c u r r e d . 
T h i s peat was v a r i o u s l y composed o f w e l l h u m i f i e d Sphagnum, 
C a l l u n a and Eriophorum remains but i n places bands o f 
m a i n l y u n h u m i f i e d Sphagnum remains o c c u r r e d . 

The e x c e p t i o n t o t h i s g e n e r a l p a t t e r n i s seen a t 
sta k e 2. T h i s b o r i n g was t a k e n t h r o u g h t h e 'lag g ' a t 
th e s i d e of t h e r a i s e d bog and c o n s i s t e d o f a t h i n band o f 
sandy c l a y r e s t i n g on u n d e r l y i n g t i l l andi above which l a y 
about a h a l f a metre o f h i g h l y h u m i f i e d f e n p e a t . More 
d e t a i l s are i n c l u d e d i n the diagram o f t h e s t r a t i g r a p h y i n 
f i g u r e 4. 

b) P o l l e n a n a l y s i s . 

The r e s u l t s o f t h e p o l l e n a n a l y s i s are summarized 
i n t h e t h r e e diagrams i n f i g u r e s 5 and 6. I n these diagrams 
e v e r y t h i n g was c a l c u l a t e d as a percentage o f the t o t a l t r e e 
p o l l e n . F u r t h e r i n f o r m a t i o n was gained by p r o d u c i n g a 
t r e e - s h r u b - h e r b r a t i o . T h i s was done f o r each l e v e l by 
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e x p r e s s i n g each of t h e t h r e e p o l l e n t y p e s as a pe r c e n t a g e 
of t h e t o t a l number of g r a i n s f o r a l l tljie t h r e e t y p e s . 
I t was done i n an a t t e m p t t o g i v e some i d e a of t h e 

r e l a t i v e p r o p o r t i o n s of these t h r e e t y p e s o f v e g e t a t i o n and 
a l s o t o see how t h e y changed t h r o u g h o u t t he v e g e t a t i o n a l 
h i s t o r y . 

When s t u d y i n g the p o l l e n diagrams i t w i l l be n o t i c e d 
t h a t t hose f r o m Snipe Bog and: D e c e p t i v e Bog had v e r y few 
l e v e l s counted on them. T h i s i s t i e d up w i t h t h e f a c t t h a t 
as t h e s t u d y p r o g r e s s e d i t was c o n s i d e r e d necessary t o f i n d 
a n o t h e r area of peat t o work on, as mentioned e a r l i e r . 
T h i s was because when p o l l e n a n a l y s i s was s t a r t e d on t h e 
peat f r o m Snipe Bog, the p o l l e n , was found t o be i n a v e r y 
poor s t a t e o f p r e s e r v a t i o n and some e x t r e m e l y d i f f i c u l t 
t o i d e n t i f y . T h i s was c o n s i d e r e d t o be p o s s i b l y due t o 
the n a t u r e o f t h e peat w h i c h , b e i n g a f e n pe a t , was n o t a c i d 
and t h e r e f o r e p o s s i b l y a l l o w e d some d e c o m p o s i t i o n of the 
p o l l e n . A l s o most l e v e l s i c o n t a i n e d some s i l i c e o u s m a t t e r 
w h i c n may have c o n t r i b u t e d t o e r o s i o n of the p o l l e n , b o t h 
p h y s i c a l l y , i n s i t u , and by n e c e s s i t a t i n g the use o f 
h y d r o f l u o r i c a c i d . 

A l t h o u g h w i t h enougfi wiork i t was p o s s i b l e t o i d e n t i f y 
most of t h e p o l l e n , i t was v e r y t i m e consuming. T h e r e f o r e 
o n l y f o u r l e v e l s were counted; f r o m Snipe Bog t o s t a r t w i t h . 
I t was f e a r e d , due t o i t s s i n r i l a r i t y , t h a t the p o l l e n f r o m 
Deceptive Bog would a l s o be d i f f i c u l t tio c o u n t . T h e r e f o r e 
the n e x t l o t o f c o u n t i n g was done f r o m the peat of Ingmoor 
Moss. As w i l l be seen f r p m rthe diagraim t h i s produced a 
good p o l l e n diagram s t r e t c h i n g a l m o s t from t h e l a t e - G l a c i a l 
p e r i o d t o t h e p r e s e n t day. T h i s was f i o r t u n a t e and i t was 
t h e r e f o r e used as t h e main diagram f o r the a r e a . Four l e v e l s 
were l a t e r a n a l y s e d f r o m a core f r o m D e c e p t i v e Bog. The 
i n t e n t i o n was t o use t h a t frojm Ingmoor Moss as a k i n d o f 
y a r d s t i c k and t o t r y and f i t ! t h e o u t l i n e diagrams f r o m the 
o t h e r two bogs i n t o t h i s t o g et some idiea of t h e p e r i o d t h e y 
covered . 

To s t a r t w i t h an a t t e m p t was made t o zone the l e v e l s 
on t h e diagram f r o m Ingmooir Moss based on the z o n a t i o n c r e a t e d 
by Godwin, ( l 9 ^ 0 ) . The v e r y base of t h e core a n a l y s e d 
showed a p o l l e n spectrum l i k e 1 t h a t of Zone' I I I of l a t e - G l a c i a l 
d e p o s i t s . Some d i f f i c u l t y Was experieinced i n p l a c i n g t h e 
boundary of Zones I I I and IV however, f o r a number of reasons. 
F i r s t l y , t h e b o t t o m two l a y e r s showed t h e presence of 
c o n s i d e r a b l e q u a n t i t i e s o f p o l l e n of t y p i c a 1 l a t e - G l a c i a l 
p l a n t s such as A r t e m i s i a and T h a l i c t r u m , t o g e t h e r w i t h 
many o t h e r o p e n - h a b i t a t p l a n 1;s such as members of t h e 
Ca r y o p h y l l a c e a e , Compositae and a l s o Ruinex, F i l i p e n d u l a , 
grasses and sedges. Less t y p i c a l l y however Sa1ix i s q u i t e 
How and B e t u l a and Pinus q u i t e h i g h so t h a t t r e e p o l l e n 
forma a h i g h e r p e r c e n t a g e how (a b o u t 30^)? of t h e t o t a l 
p o l l e n t h a n i t does a t tinges d u r i n g t h e mid-pcsb-Glacial . 
T h i s , t o g e t h e r w i t h t h e f a c t t h a n no J i i n i p e r u s p o l l e n was 
r e c o g n i s e d , and t h e r e f o r e no marked r i d e i n Zone I V of t h e 
p o s t - G l a c i a l was observed, and t h e f a c t t h a t no marked r i s e 
i n B e t u l a o c c u r r e d made i t d i f f i c u l t t o p l a c e t h e boundary. 
I t was i n f a c t p l a c e d between t h e 265 cm. and 255 cm. l e v e l s . 
I t was here t h a t t h e percentages of A r t e m i s i a and i n 
p a r t i c u l a r T h a l i c t r u m dropped q u i t e markedly, and B e t u l a 
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and t o t a l t r e e p o l l e n showed a s l i g h t r i s e . T h i s was 
c o n s i d e r e d t o be about t h e b o s t p o s s i b l e p o s i t i o n and 
f u r t h e r w e i g h t was g i v e n t o t h i s f r o m t h e change i n 
s t r a t i g r a p h y . I t was a t about t h i s l e v e l t h a t the b l u e -
g r e y c l a y , t a k e n t o r e p r e s e n t t h e l a k e c l a y s l a i d down i n 
Zone I I I of t h e l a t e - G l a c i a l changed t o t h e c a l c a r e o u s 
g y t t j a , a more o r g a n i c m a t e r i a l d e p o s i t e d i n Zone I V . 

Zone I V , t h e p r e - B o r e a l p e r i o d i s t y p i f i e d by a 
decrease i n t h e q u a n t i t y of herb p o l l e n w h i l e t h a t o f 
B e t u j a and Pinus i n c r e a s e s . We see t h e spread o f a 
p r e - B o r e a l b i r c h - p i n e f o r e s t dominated by b i r c h . The zone 
ends and passes onto Zone V of t h e B o r e a l p e r i o d when 
C o r y l u s f i r s t appears and q j u i c k l y i n c r e a s e s i n amount. 
B e t u l a remains f a i r l y h i g h t h r o u g h o u t t h e zone but f a l l s away 
at t h e t o p when a l a r g e i n c r e a s e i n Pinus o c c u r s . 

The boundary between Zones V and V I i s pla c e d where 
the t h e r m o p h i l o u s t r e e s Queircus and U1 mus f i r s t p l a y a 
s i g n i f i c a n t p a r t i n the trele p o l l e n spectrum. A p o s s i b l e 
s u b d i v i s i o n o f the zone i n t o t h r e e p a r t s , as r e c o g n i s e d by 
Godwin i s g i v e n . The main c r i t e r i a f o r t h i s are n o t o u t ­
s t a n d i n g l y c l e a r but t h e r e are c e r t a i n f e a t u r e s t h a t show 
up. F i r s t l y t h e r e i s an area where Ulnjius exceeds Quercus 
and where C o r y l u s has i t s maximum c o r r e s p o n d i n g t o Zone V i a . 
Then Quercus exceeds Ulmus c o r r e s p o n d i n g w i t h Zone V I b b e f o r e 
Alnus f i r s t appears d e n o t i n g Zone V i c . 

The boundary between Zone V i c o f t h e l a t e - B o r e a l and 
Zone V i l a , t h e A t l a n t i c p e r i o d i s drawn where t h e p o l l e n , 
f r e q u e n c y of Alnus suddenly r i s e s and f r o m where i t remains 
h i g h . T h i s c o r r e l a t e s w e l l w i t h t h e appearance of T j 1 i a 
pollendnithe d i a g r a m , which d i d n o t r e a l l y r e a c h t h e n o r t h of 
England u n t i l t h e opening of the A t l a n t i c . Other t r e e p o l l e n 
f i g u r e s were f a i r l y t y p i c a l f o r t h e zone. 

Some d i f f i c u l t y was e x p e r i e n c e d i n p l a c i n g t h e boundary 
between Zone V i l a and the zones above i t . The upper l i m i t 
Zone V i l a was pla c e d a t th e p o s i t i o n of the d e c l i n e i n 
Ulmus p o l l e n . T h i s was i r i s p i t e o f the presence o f t h e 
p o l l e n of open h a b i t a t s p e c i e s such as P l a n t a g o and Rumex 
below t h e l e v e l o f t h e elm d e c l i n e . Above t h i s l e v e l a 
marked change i n t h e dia g r a m occurs t o a more modern p o l l e n 
spectrum w i t h low t r e e and shrub p r o p o r t i o n s and h i g h h e r b 
p o l l e n l e v e l s . Thus over a V e r t i c a l d i s t a n c e o f about 10 cm. 
we have passed f r o m the A t l a n t i c p e r i o d i n t o a modern t y p e 
of v e g e t a t i o n w i t h no evidence of any s i i b - B o r e a l v e g e t a t i o n 
of Zone V l l b . The p o s s i b l e reasons f o r t h i s w i l l be put 
f o r w a r d d u r i n g t h e d i s c u s s i o n ^ 

Having gained an i d e a of t h e v e g e t a t i o n a l h i s t o r y o f 
the area f r o m t h i s diagram a comparison between t h i s and the 
s k e l e t o n diagrams f r o m Snipe Bog and De c e p t i v e Bog can be 
made. The f i r s t t h i n g t h a t i s ap p a r e n t i s how r e c e n t the 
d e p o s i t a t Snipe Bog i s . A l t h o u g h f o u r l e v e l s were p r e p a r e d , 
the b o ttom one f r o m t h e b l u e - g r e y c l a y was v i r t u a l l y d e v o i d 
of p o l l e n and no count c o u l d be o b t a i n e d . The n e x t l e v e l 
up t h a t was counted was I n the l o w e r peaty c l a y n o t f a r 
above t h e base of t h e o r g a n i c d e p o s i t s . T h i s c o n t a i n e d 
a h i g h count of a l d e r p o l l e n , w h i c h dated t h e d e p o s i t as 
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r e c e n t , u n l i k e l y t o have been d e p o s i t e d b e f o r e t h e A t l a n t i c 
p e r i o d . T h i s same l e v e l a l s o c o n t a i n e d a h i g h count of 
P l a n t a g o l a n c e o l a t a p o l l e n making i t even more r e c e n t . 
F u r t h e r m o r e t h e t r e e - s h r u b - h e r b r a t i o fojrms a p i c t u r e v e r y 
s i m i l a r t o t h a t a t t h e t o p of Ingmoor Moss a g a i n making the 
d e p o s i t v e r y modem. I t l o o k s t h e r e f o r e as t h o u g h t h e 
d e p o s i t s t a r t e d f o r m i n g a t l e a s t no e a r l i e r t h a n t h e opening 
of Zone V l l b . 

D e c e p t i v e Bog on t h e o t h e r hand shows evidence of 
h a v i n g formed s i n c e v e r y e a r l y i n t h e p o s t - G l a c i a l p e r i o d . 
The l o w e s t l e v e l counted shows a f o r e s t of m a i n l y Be t u l a 
and Pinus w i t h a l i t t l e Queircijis and some C o r y l u s a l r e a d y 
p r e s e n t . However, v a l u e s f o r Sal i x , Enjtpetrum, Rumex and 
members of t h e C a r y o p h y l l a c e a e f a m i l y are q u i t e h i g h and a l s o 
o t h e r o p e n - h a b i t a t p l a n t p o l l e n i s p r e s e n t i n c l u d i n g t h a t of 
T h a l i c t r u m . The p i c t u r e best p a i n t e d i s p r o b a b l y one of 
s p r e a d i n g b i r c h - p i n e - h a z e l .woodland but w i t h s u f f i c i e n t open 
spaces f o r l a t e - G l a c i a l p l a n t s t o c o n t i n u e . The p o s i t i o n 
of t h i s l e v e l i s t h e r e f o r e placed a t about t h e Zone IV - V 
bound a r y . 

The l e v e l above t h i s sees the development o f a v e r y 
c l o s e d v e g e t a t i o n cover dominated by b i r c h , p i n e , elm and 
h a z e l w i t h a g a i n a l i t t l e oak; T h i s p l a c e s t h e l e v e l i n 
about Zone V I , p r o b a b l y V i a due t o t h e h i g h v a l u e s o f 
C o r y l u s and t h e f a c t t h a t l|limits exceeds Quercus i n p o l l e n 
f r e q u e n c y . I t i s n o t i c e a b l e t h a t t h e h e r b f r e q u e n c y i s 
e x t r e m e l y low a t t h i s p o i n t . The l e v e l above sees a marked 
i n c r e a s e i n h e r b p o l l e n w i t h a decrease i n t r e e p o l l e n and 
a marked f a l l i n shrub p o l l e n . Values of Be t u l a are h i g h 
w h i l e Pinus i s a b s e n t . Ulmus i s low a g a i n s t q u i t e h i g h 
v a l u e s of Quercus• Alnus i s now p r e s e n t but C o r y l u s has 
f a l l e n and t h i s zone i s p l a c e d i n e a r l y Zone V i l a . 

The t o p l e v e l i s seen t o be r e c e n t as a t Snipe Bog. 
The spectrum of t r e e p o l l e n does not r e f l e c t t h a t seen a t 
Snipe Bog but t h i s may be because v e r y few t r e e g r a i n s were 
b e i n g counted i n the t o t a l s g i v i n g s t a t i s t i c s t h a t were n o t 
i d e a l . However, b o t h s i t e s show the low l e v e l s of t r e e and 
shrub p o l l e n , as a l s o shown a t Ingmoor Moss, and t h e y b o t h 
agree on t h e dominance of sedges, grasses and C a l l u n a i n t h e 
upper l e v e l s t o g e t h e r w i t h , o t h e r herbaceous p o l l e n t y p e s . 

I V D i s c u s s i o n . 

The area around Sun.bi.ggin T a r n has many areas o f peat 
d e p o s i t s . Of t h o s e s t u d i e d , the o l d e s t , g i v i n g the most 
complete v e g e t a t i o n a l h i s t o r y of t h e area i s Ingmoor Moss. 
The s t r a t i g r a p h y shows t h a t t h i s i s a r a i s e d bog w h i c h has 
developed on t h e s i t e of an o l d l a k e t h r o u g h a normal h y d r o s e r e 
s u c c e s s i o n . The l a y e r s , as g i v e n i n the r e s u l t s were a 
c a l c a r e o u s g y t t j a - d e t r i t u s mud c o n t a i n i n g s h e l l s , o v e r l y i n g 
a b l u e - g r e y c l a y , w h i c h i n t u r n o v e r l a i d a n o t h e r l a y e r of 
c a l c a r e o u s g y t t j a . P o l l e n a n a l y s i s showed t h e upper 
c a l c a r e o u s g y t t j a t o be of about Zone I V age, a c c o r d i n g t o 
Godwin's z o n a t i o n . A n a l y s i s f r o m t h e t o p o f the c l a y a l s o 
showed a spectrum f r o m Zone I I I . A l t h o u g h no b o r i n g s were 
p o s s i b l e below t h e b o t t o m g y t ' t j a i t was assumed t h a t a lower 

http://Sun.bi.ggin


17-

l a y e r o f c l a y would a l s o have bee f o u n d . The reasons f o r 
t h i s a s sumption are t h a t t he l a y e r o f c l a y f r o m Zone I I I 
r e p r e s e n t s t h e l a k e c l a y s l a i d down i n the second c o l d p e r i o d 
of t h e l a t e - G l a c i a l p e r i o d . The upper g y t t j a and d e t r i t u s 
mud, h a v i n g a Zone I V spectrum, r e p r e s e n t s t h e p e r i o d o f 
r i s i n g t e m p e r a t u r e s i n t h e i e a r l y - p o s t - G l a c i a . 1 p e r i o d when 
d e p o s i t s of more o r g a n i c n a t u r e were l a i d down. I t was 
t h e r e f o r e t a k e n t h a t the l o w e r g y t t j a would r e p r e s e n t 
d e p o s i t s of Zone I I age la i ; d down d u r i n g t h e warmer A l l e r o d 
i n t e r s t a d i a l , and t h a t a lo w e r l a y e r o f l a k e c l a y would have 
been l a i d down beneath t h i s i n Zone I of the l a t e - G l a c i a l , 
when the c l i m a t e would have been c o l d e r , as i n Zone I I I . 

A l l t hese l a y e r s were l a i d down under open w a t e r . 
Evidence f o r t h i s comes from t h e presence of m a c r o f o s s i l s 
i n t h e upper g y t t j a . F i r s t l y , a seed pf the White Water-
l i l y , Nymphaea a l b a , was found i n t h i s l a y e r , a p l a n t t h a t 
needs open w a t e r , b u t not of t o o g r e a t a d e p t h . A l s o , t h i s 
\ipper l a y e r c o n t a i n e d numerous s h e l l s of f r e s h - w a t e r m o l l u s c s 
A l t h o u g h s e v e r a l s p e c i e s were p r e s e n t , l i t t l e c o u l d be gained 
f r o m them as t o the p r e c i s e c o n d i t i o n s a t the t i m e the l a y e r 
was d e p o s i t e d . T h i s was a t t e m p t e d by comparing them w i t h 
t h e i r p r e s e n t day d i s t r i b u t i o n s and h a b i t a t r e q u i r e m e n t s , 
( B o y c o t t , 1936, and E l l i s , 1926). A l l s p e c i e s p r e s e n t were 
ones t h a t t o d a y l i v e i n a wide v a r i e t y of h a b i t a t s r a n g i n g 
f r o m s m a l l bodies of water t o l a r g e l a k e s and r i v e r s . 
R egarding t h e t y p e s o f water,!most s p e c i e s were ones t h a t 
w i l l t o l e r a t e b o t h hard and s o f t w a t e r , none b e i n g r e s t i c t e d 
i n any way by the t y p e of water. Present-day d i s t r i b u t i o n 
of t hese s p e c i e s p r o v i d e s l i t j t l e more i n f o r m a t i o n . A l l 
s p e c i e s range t h r o u g h o u t Europe and most t h r o u g h o u t A s i a . 
A few are a l s o p r e s e n t i n N o r t h America and N o r t h A f r i c a . 
T h e r e f o r e none i s today r e s t r i c t e d enough i n i t s range t o 
g i v e some i d e a of t h e type of c l i m a t i c regime a t the t i m e 
t h a t t he d e p o s i t was l a i d dowfi, o t h e r t h a n what i s a l r e a d y 
known about t h e ea r l y - p o s t - ^ G l a c i a l c l i m a t e . 

However, i t i s alm o s t c e r t a i n t h a t t h e water of t h e 
area was h a r d . The g y t t j a when t e s t e d w i t h d i l u t e 
h y d r o c h l o r i c a c i d was h i g h l y e f f e r v e s c e n t , as e x p e c t e d , 
and even t h e b l u e - g r e y c l a y e f f e r v e s c e d t c o n s i d e r a b l y when 
t e s t e d . The p r o b l e m however was s o l v e d i n t h e peat 
i m m e d i a t e l y o v e r l y i n g t he g y t t j a . T h i s peat was t y p i c a l l y 
a f e n peat and t h e bo t t o m of i t was found t o c o n t a i n oospores 
°f Chara. The presence of t h i s , an algae c h a r a c t e r i s t i c 
of hard w a t e r , and p r e s e n t day knowledge of the area c o n f i r m s 
i t as an area of d r a i n a g e pf hard w a t e r . 

The change i n s t r a t i g r a p h y f r o m the g y t t j a t o t h e f e n 
peat ita r k e d t h e change f r o m l i m n i c t o t e l m a t i c d e p o s i t s 
a l t h o u g h t h e t r a n s i t i o n was p r o b a b l y n o t sudden. T h i s i s 
t h o u g h t so because t h e Chara oospores were found j u s t above 
the b o t t o m of t h e f e n peat and t h u s t h e r e must have been 
some s t a n d i n g water as t h i s peat formed. Above t h e 
t r a n s i t i o n a peat c h a r a c t e r i s t i c of e u t r o p h i c c o n d i t i o n s 
has formed. The m a j o r i t y of, the peat i s composed of w e l l 
p r e s e r v e d mosses, but l a r g e p i e c e s of Phragmite s were 
r e g u l a r l y f o u nd among t h e b r y o p h y t e s , d e n o t i n g a d e p o s i t 
formed w i t h t h e water t a b l e f l u c t u a t i n g a t around t h e 
s u r f a c e . Remains of sedges were a l s o f r e q u e n t l y found i n 
t h i s p e a t . A q u i c k s t u d y of, t h e e c o l o g y of those mosses 
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i d e n t i f i a b l e , (Watson, 1966), shows them t o be s p e c i e s o f 
boggy and marshy areas and one., Scorpidiujm s c o r p i o i d e s , i s 
s a i d t o be r e g a r d e d by some a u t h o r i t i e s as a c a l c i p h i l e , 
c o n f i r m i n g a g a i n t he n a t u r e o f t h e ground water of t h e area. 

The p e r i o d o f f o r m a t i o n o f t h i s peat c o v e r s f r o m t h e 
l a s t p a r t o f Zone I V t h r o u g h Zone V and i n t o p a r t o f Zone V I . 
B e t u l a , which was q u i t e h i g h i n Zone I I I reached i t s peak 
i n Zone IV and remained h i g h i n Zone V u n t i l f a l l i n g a t 
about t h e boundary o f Zones V and V I as the t h e r m o p h i l o u s 
t r e e s spread. D e s p i t e f a l l i n g , i t s t i l l remained a t q u i t e 
h i g h l e v e l s composing a ppr ope inn a t e l y 50^ of t h e t o t a l t r e e 
p o l l e n a t t i m e s , i n agreement w i t h o t h e r s i t e s i n t h e up l a n d 
areas o f B r i t a i n . P i n u s , however, behaves q u i t e i r r e g u l a r l y . 
I t reaches a peak i n Zone V, r e m a i n i n g h i g h i n Zone V i a where 
i t reaches a n o t h e r peak.. T h i s i s i n c o n t r a s t w i t h i t s u s u a l 
peak i n Zone V i c i n t h e n o r t h o f England, ( P e n n i n g t o n , 1969). 
Why t h i s s hould be i s d i f f i c u l t t o say. I t does, however, 
behave more n o r m a l l y i n l a t e r p o l l e n zones. 

Quercus and Ulrnus b o t h behave n o r m a l l y i n the samples 
f r o m t h i s peat as do most o t h e r p o l l e n t y p e s . Cyperaceae 
p o l l e n t hough, and t o some e x t e n t t h a t o f t h e Graminae r e a c h 
q u i t e h i g h p e r c e n t a g e s i n t h i s p e a t . T h i s i s c o n s i d e r e d t o 
be due t o t h e l o c a l e f f e c t of the f e n i t s e l f as the peat 
c o n t a i n e d c o n s i d e r a b l e sedge remains and a l s o some of 
Phragniites . Thus q u i t e a h i g h p r o p o r t i o n of h e r b p o l l e n 
i s seen i n t h e t r e e - s h r u b - h e r b r a t i o , a t a t i m e when the 
f o r e s t would have been dominant, and one would have expected 
a v e r y low p r o p o r t i o n o f herbaceous p o l l e n i n t h e r e g i o n a l 
p o l l e n r a i n . 

A t t h e t o p of t h e f e n peat t h e r e i s evidence t h a t i t 
changed from a t e l m a t i c peat t o a peat f o r m i n g under more 
t e r r e s t r i a l c o n d i t i o n s . T h i s i s marked by a change i n 
s t r u c t u r e f r o m a m a i n l y b r y o p h y t e peat w i t h some sedge remains 
t o a sedge peat c o n t a i n i n g p i e c e s of wood, some of which was 
i d e n t i f i a b l e as b i r c h . T h i s sedge l a y e r i s most marked on 
the w e s t e r n s i d e o f t h e t r a n s e c t . I n o t h e r p l a c e s i t i s 
j u s t seen as an i n c r e a s e i n t h e amount of sedge remains i n 
the b r y o p h y t e p e a t , w i t h wood b e i n g found a t t h e t o p of t h i s . 

Above t h e f e n peat t r a n s i t i o n t o an a c i d r a i s e d bog 
occurred. A c c o r d i n g t o P e h n i h g t o n , (1969S) > "the opening of 
t h e A t l a n t i c p e r i o d , Zone V i l a , was the t i m e when r a i s e d 
bog f o r m a t i o n began i n B r i t a i n w i t h t h e : advent o f oceanic 
c o n d i t i o n s . I f , however, the suggested z o n a t i o n f o r t h i s 
d iagram i s c o r r e c t , t h i s r a i s e d bog s t a r t e d t o grow a t about 
t h e s t a r t of Zone V I b . C e r t a i n l y t h e p l a c i n g o f the V I c -
V l l a boundary appears c o r r e c t ; , m a i n l y because of the be h a v i o u r 
of t he Alnu s c u r v e . T h i s is , a l s o s u p p o r t e d by t h e presence 
of T i l i a , w h i c h reached t h e n o r t h o f England a t the opening 
of Zone V i l a and had i t s w i d e s t e x t e n s i o n t h e n , and a l s o t he 
Pinus c u r v e , w h i c h f a l l s a t the s t a r t of Zone V i l a , i n agree­
ment w i t h t h e g e n e r a l s c a r c i t y of t h i s t r e e i n t h e A t l a n t i c 
p e r i o d f o r e s t s o f England. I t i s almo s t c e r t a i n t h e r e f o r e 
t h a t t h i s r a i s e d bog started t o grow b e f o r e t he opening of 
Zone V i l a a t about t h e openirig o f Zone V I b as suggested. 
I n f a c t , f r o m P e n n i n g t o n , !(l9,70), i t appears t o be a 
c h a r a c t e r i s t i c of t h e n o r t h - n e s t o f England t h a t i n Zone VIb 
of t h e B o r e a l p e r i o d , t h e r e Was a wet s p e l l . I n g i v i n g 
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evidence t o s u p p o r t t h i s , P e n n i n g t o n uses : a p o l l e n d iagram 
f r o m one s i t e i n t h e south-Vest of the Lake D i s t r i c t , B r a n t 
Rake Moss. T h i s diagram shows a g r e a t ideal of s i m i l a r i t y 
i n some r e s p e c t s t o t h a t of Irigmoor Moss. I n Zone VIb a 
sudden r i s e i n t h e percentage of Sphagnujm spores accompanies 
a change f r o m a wood peat o v e r l y i n g a seldge peat t o a 
Sphagnurn-Briophorum p e a t , we 11 below t h e B o r e a l - A t l a n t i c 
t r a n s i t i o n . A f t e r t h i s h i g h peak, t h e percentage of 
Sphagnum spores f a l l s w h i l e ! a t the same time t h a t of C a l l u n a 
p o l l e m r i s e s , presumably d u r i n g a d r i e r s p e l l towards the end 
of t he B o r e a l p e r i o d . Thus the t r a n s i t i o n t o a c i d bog a t 
Ingmoor Moss i s c o r r e l a t e d w i t h s i t e s i n t h e Lake D i s t r i c t , 
where, u n l i k e o t h e r s i t e s I n t h e c o u n t r y , a wet s p e l l i n 
Zone VIb of t h e B o r e a l p e r i o d enabled r t l i s e d bog t o f o r m . 
Zone V i c i s r e p r e s e n t e d o n l y by a v e r y narrow l a y e r o f peat 
and i s marked by the f i r s t r e c o r d of AThus p o l l e n i n t h e 
diagram. 

The t r a n s i t i o n t o Zone V i l a , t h e A t l a n t i c p e r i o d i s 
marked by a r a p i d r i s e i n A l n y s p o l l e n t o a m a i n t a i n e d 
l e v e l . The a c i d peat c o n t i n u e d t o grow b e i n g composed 
m a i n l y of Sphagnum, Ca l l u n a and i n p l a c e s Eriophorum remains. 
The p o l l e n spectrum of t h i s p e r i o d remained f a i r l y t y p i c a l 
w i t h the g r e a t e s t e x t e n s i o n of deciduous t r e e s and a p e r i o d 
of d e c l i n e o f P i n u s . There a r e however one or two p o i n t s 
of i n t e r e s t . One i s t h e presence of ash ( F r a x i n u s ) p o l l e n , 
a l b e i t i n s m a l l amounts, a t r e e t h a t does not n o r m a l l y make 
i t s f i r s t appearance u n t i l t h e opening of Zone V l l b . T h i s 
was when man began t o d e s t r o y ! the f o r e s t and F r a x i n u s , b e i n g 
a p i o n e e r t r e e c o u l d c o l o n i z e open, spaces. One p o s s i b l e 
e x p l a n a t i o n may be t h a t as i t i s a t r e e t h a t l i k e s c a l c a r e o u s 
s o i l , i t may p o s s i b l y have found a f a v o u r a b l e h a b i t a t on. the 
l i m e s t o n e o u t c r o p s i n t h e a r e a , and as a r e s u l t been a b l e t o 
c o l o n i z e t h e area e a r l i e r t h a n i t would n o r m a l l y have done. 
A second, and perhaps more l i k e l y e x p l a n a t i o n may come f r o m 
a s t u d y of the c u r v e s f o r g r a s s e s , Planfcago and some o t h e r 
herbs w h i c h are seen t o r i s e . N o r m a l l y t h e appearance of 
the R i b w o r t P l a n t a i n (Plantagjo l a n c e o l a j t a ) i s a s s o c i a t e d w i t h 
the Elm D e c l i n e and the t r a n s i t i o n f r o m Zone V i l a t o Zone V l l b 
the s u b - B o r e a l . C l e a r l y I t i s p r e s e n t here d u r i n g V i l a 
t o g e t h e r w i t h i n c r e a s e d grass; p o l l e n and p o l l e n of o t h e r 
p a s t o r a l h e r b s . S i m i l a r o c c u r r e n c e s were found by Walker, 
( l 9 6 6 ) , i n N o r t h and West Cumberland. Here a r e d u c t i o n i n 
Ulmus p o l l e n w i t h a s m a l l i n c r e a s e i n grasses and 
P. l a n c e o l a t a f i r s t l y o c c u r r e d . T h i s was f o l l o w e d by a 
marked d e c l i n e i n t r e e p o l l e n a t w h i c h istage t h e p o l l e n , of 
g r a s s e s , P. l a n c e o l a t a and, Rumex was h i g h enough t o suggest 
c l e a r i n g s o f s i g n i f i c a n t s i z e i n the f o r e s t s . S i m i l a r 
h o r i z o n s a l s o appear i n a n a l y s e s from B j a r f i e l d T a r n , 
( P e n n i n g t o n , 1970)• A l s o , a t a l l her West Cumberland 
s i t e s , and a t many around Morecambe Bay t h e f i r s t f a l l i n 
Ulmus p o l l e n was f o l l o w e d by a second s t e e p e r f a l l in. t h i s 
t r e e , t h e l a t t e r b e i n g accompanied by evidence f o r s i g n i f i c a n t 
f o r e s t c l e a r a n c e . 

From t h i s i t seems t h a t t h e r e was a p e r i o d of minor 
f o r e s t c l e a r a n c e i n t he N o r t h - V e s t b e f o r e the A t l a n t i c - sub-
B o r e a l t r a n s i t i o n , and t h i s i s t e n t a t i v e l y suggested as the 
most l i k e l y r e a s o n why Frajxinus was p r e s e n t d u r i n g the A t l a n t i 
p e r i o d . F u r t h e r support, i s g i v e n t o t h i s s u g g e s t i o n by the 
f a c t t h a t c e r e a l p o l l e n , a l t h o u g h v e r y l i t t l e , was found a t 
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t h e t o p of the peat formed d u r i n g t he A t l a n t i c p e r i o d , 
more evidence o f c l e a r a n c e and Man's a c t i v i t y . 

T h i s a l s o c o n f i r m s t h e a f f i n i t y of t h i s s i t e w i t h t h e 
North-West and the Lake D i s t r i c t , r a t h e r : t h a n w i t h t h e r e s t 
of England, i n p a r t i c u l a r t h e N o r t h . At Moorhou.se, f o r 
i n s t a n c e , on t h e c l o s e l y adjacjent N o r t h Pennine s , (Johnson 
and Dunham, 1963), s e v e r a l s i t e s were s t u d i e d and a t none was 
B Janeeolata or Rumex c o n s i s t e n t l y p r e s e n t b e f o r e t h e s t a r t 
of t h e s u b - B o r e a l p e r i o d , and offcen i t was not u n t i l w e l l 
a f t e r . The same was t r u e t o some e x t e n t fox-' t h e i n c r e a s e 
i n g r ass p o l l e n . Turner e t a l , ( i n P r e s s ) , w o r k i n g i n 
Upper Teesdale a l s o found t h e f i r s t spread of g r a s s l a n d , 
i n d i c a t e d by P l a n t a g e f r e q u e n c y , t o be n o t u n t i l w e l l a f t e r 
th e s t a r t of the s u b - B o r e a l p e r i o d . 

The upper boundary of t h e A t l a n t i c p e r i o d i s p l a c e d 
where t h e sudden d e c l i n e i n t h e p o l l e n f r e q u e n c y of Ulrnus 
occurs on t h e diagram. However, some d i f f i c u l t y i s 
encounted here i n d e c i d i n g what happened t o t h e bog f r o m 
here upwards. The n e x t l e v e l has a p o l l e n spectrum of a 
v e r y r e c e n t make up. T h i s l e v e l a t 35 cm. d e p t h l i e s j u s t 
above t h e base of some v e r y f r e s h Sphagnum p e a t . T h i s i s 
t a k e n t o r e p r e s e n t the advent of the wet s u b - A t l a n t i c p e r i o d 
when such bog surfaces responded t o t h e sudden i n c r e a s e in. 
o c e a n i c i t y w i t h v e r y r a p i d g r o w t h o f almost e x c l u s i v e l y 
Sphagnum. T h e r e f o r e , a change has o c c u r r e d f r o m the 
A t l a n t i c a t k5 cm. d e p t h t o the s u b - A t l a n t i c a t 35 cm. d e p t h 
w i t h t h e s u b - B o r e a l p e r i o d being r e p r e s e n t e d i n t h e peat 
l y i n g somewhere between. ThfLs i s not u n u s u a l because w i t h 
the d r y c o n d i t i o n s d u r i n g tho s u b - B o r e a l , peat grew v e r y 
s l o w l y , and i n some cases e r o s i o n of the peat may have o c c u r r e d 
D e s p i t e t h i s , t h e Zone i s t e n t a t i v e l y i n c l u d e d i n t h e diagram. 

.Because o f t h i s p e r i o d ! of slow g r o w t h , or no g r o w t h 
a t a l l , a marked change occurs i n t h e diagram between these-
two l e v e l s . T h i s i s shown w e l l by the t r e e - s h r u b - h e r b r a t i o , 
w h i c h shows a sudden r i s e i n t h e percentage of h e r b p o l l e n . 
T h i s i s due m a i n l y t o C a l l u n a , and sedges and g r a s s e s . 
The f i r s t of t h e s e i s c o n f i n e d e x c l u s i v e l y t o the r a i s e d bog 
s u r f a c e a t Ingrnoor Moss. Seldges and g r a s s e s , however, have 
a w i d e r l o c a l d i s t r i b u t i o n . Both occur on the areas of 
f e n around t h e bog, and sedges occur b o t h on t h e r a i s e d bog, 
m a i n l y as Eri o p h o r u m , and areas o u t s i d e t h e l i m i t s of Ingmoor 
Moss, i n t h e w e t t e r areas of t h e s u r r o u n d i n g f i e l d s . I t i s 
on these f i e l d s of p a s t u r e though t h a t t he g r a s s e s , shown 
by the h i g h percentage i n the 1 t o p f o u r l e v e l s of the diagram, 
r e a l l y dominate. From t h i s i t i s t a k e n t h a t t h e area has 
been under t h e same type of landu.se thrioughout t he p e r i o d 
covered by these f o u r l e v e l s . I n f a c t t h i s makes sense 
s i n c e t h e p e r i o d o f f o r e s t c l e a r a n c e , l e a d i n g t o an i n c r e a s e 
i n p a s t u r e , would have o c c u r r e d m a i n l y d u r i n g t h e sub-BoEeal 
p e r i o d which, i s n o t r e p r e s e n t e d i n any of t h e l e v e l s counted. 
Thus when a f r e s h Sphagnum, peat s t a r t e d t o grow a t t h e onset 
of t h e s u b - A t l a n t i c period!, t he p a s t u r e i n the area was a l r e a d y 
w e l l e s t a b l i s h e d and i s r e c o r d e d i n t h e p a l y n o l o g i c a l 
i n v e s t i g a t i o n . Besides the h i g h l e v e l s o f g r a s s p o l l e n , 
p o l l e n p e r c e n t a g e s of o t h e r p a s t o r a l p l a n t s , such as P l a n t a g o 
1 a nc e o 1 a t a and Rum ex were alqso h i g h . 
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I n c o r r e l a t i n g the p o l l e n diagramjs f r o m t h e o t h e r 
two s i t e s w i t h t h a t f r o m Ingmoor Moss, we have seen t h a t 
t h a t f r o m Snipe Bog has a r e c e n t p o l l e n spectrum. A s t u d y 
of t he t r e e - s h r u b - h e r b r a t i o shows t h e whole of Snipe Bog 
t o be s i m i l a r t o the t o p f o u r 'layers of Ingmoor Moss. 
T h i s may be due t o t h e v e r y h i g h l e v e l s of sedge p o l l e n , 
making the p r o p o r t i o n of t r e e p o l l e n s m a l l . I t i s d i f f i c u l t 
t h e r e f o r e t o say whether t h i s peat s t a r t e d f o r m i n g i h u t h e 
s u b - B oreal or s u b - A t l a n t i c . I t i s u n l i i k e l y t h a t i t s t a r t e d 
b e f o r e the s u b - B o r e a l though as t h e percentage of P. l a n c e -
o l a t a p o l l e n i s h i g h . A l t h o u g h the l e v e l s of herbaceous 
p o l l e n are v e r y h i g h a t b o t h i n these l e v e l s the make up 
of t h i s v a r i e s a t each. A t ingmoor Mos;S f o r i n s t a n c e , 
C a l l u n a reaches much h i g h e r l e v e l s t h a n i t does a t Snipe 
Bog. H e r e . C a l l u n a i s found i n the immediate area o n l y on 
the bog s u r f a c e , y e t a t Snipe Bog t h e bog: i s surrounded by 
l a r g e areas of C a l l u n a moor, much more e x t e n s i v e t h a n the 
area of C a l l u n a a t Ingmoor Moss. The s i t u a t i o n i s d i f f e r e n t 
f o r Cyperaceae p o l l e n . At Snipe Bog, where t h e bog s u r f a c e 
i s dominated by sedges, v e r y h i g h l e v e l s of Cyperaceae p o l l e n 
are f o u n d . At Ingmoor Mo sis, a l t h o u g h some sedges occur on 
the bog t h e m a j o r i t y are found i n t h e f e n s u r r o u n d i n g t h e bog 
and i n t h e w e t t e r areas of t h e s u r r o u n d i n g f i e l d s , and 
s m a l l e r p e r c e n t a g e s of t h i s p o l l e n o ccur. T h i s demonstrates 
how the v e g e t a t i o n of an area of peat i n f l u e n c e s the p o l l e n 
d i agram o b t a i n e d f r o m i t and f o r w h i c h r e a s o n care must be 
t a k e n i n t r y i n g t o d e t e r m i n e t h e r e g i o n a l v e g e t a t i o n a t t h e 
t i m e the peat was f o r m i n g . 

B e fore l e a v i n g the d i s c u s s i o n of the p o l l e n , diagrams 
two p o i n t s are o f i n t e r e s t f r o m Ingmoor Moss. One i s t h e 
o c c u r r e n c e of a v e r y h i g h l e v e l of p o l l e n of Rumex acetosa 
a t one p o i n t i n t h e t o p of Zone V i a . T h i s i s n o t accompanied 
by an i n c r e a s e i n o t h e r h e r b p o l l e n so i t seems u n l i k e l y t h a t 
a c l e a r a n c e o c c u r r e d and an e x p l a n a t i o n i s v e r y d i f f i c u l t t o 
f i n d . The second p o i n t i s t h e presence of p o l l e n of 
Centaurea cyanus a t two l e v e l s d u r i n g the A t l a n t i c p e r i o d . 
T h i s i s a weed of c o r n f i e l d s w h i c h would mean t h a t a c l e a r a n c e 
would have had t o have o c c u r r e d . I n f a c t t h e r e i s evidence 
f o r a minor c l e a r a n c e i n the A t l a n t i c but t h e l e v e l s where 
t h i s happens are above those where t h e 'pentaurea o c c u r s . 
E i t h e r t h e presence of t h i s s p e c i e s r e p r e s e n t s the v e r y s t a r t 
of t h i s c l e a r a n c e , or i t was j u s t chance t h a t t hese two g r a i n s 
were counted. 

As y e t n o t h i n g has been mentioned of the problem of 
the f o r m e r e x t e n t of S u n b i g g i n T a r n , but now t h a t the h i s t o r y 
of Ingmoor Moss has been d i s c u s s e d , and i t becomes p o s s i b l e 
t o t r y and f i t i n t h e o t h e r diagrams, i t i s p e r t i n e n t t o do 
so. Snipe Bog i s the h i g h e r area above t h e Tarn of t h e two 
s t u d i e d . T h e r e f o r e , i f t h e Tarn ever reached t h i s l e v e l i t 
should have receded f r o m here f i r s t and t h e peat a t t h i s 
p o i n t would be o l d e r t h a n peat< f o r m i n g l o w e r . At t h i s t i m e , 
no p o l l e n a n a l y s i s had been done f r o m D e c e p t i v e Bog. The 
presence of t h e b l u e - g r e y c l a y i n t h e n o r t h - w e s t c o r n e r of 
Snipe Bog meant t h a t open water must once have been p r e s e n t 
i n t h i s a r e a , but whether i t was j u s t a l o c a l , s e p a r a t e body, 
or p a r t of a l a r g e r system was d i f f i c u l t t o say. However 
the problem was s o l v e d when a n a l y s i s from D e c e p t i v e Bog was 
c a r r i e d o u t . T h i s showed t h e peat t o have s t a r t e d f o r m i n g 
in. e a r l y p o s t - G l a c i a l t i m e s and t h e r e f o r e t h e r e c o u l d have 

A RY 



2 2 . 

been no l a r g e body of open water p r e s e n t here a t the t i m e . 
I t i s t h e r e f o r e assumed t h a t as the peat a t Snipe Bog s t a r t e d 
f o r m i n g v e r y r e c e n t l y t he area was covered by a d i s c r e t e , 
s m a l l body of w a t e r u n t i l r e c e n t l y when i t was c o m p l e t e l y 
i n f i l l e d and peat began t o f o r m . 

The above i m p r e s s i o n i s gai n e d f r o m t h e core t a k e n 
f o r p o l l e n a n a l y s i s which was ta k e n f r o m an area where 
these l a c u s t r i n e d e p o s i t s o c c u r r e d . I t i s p o s s i b l e , t h o u g h , 
t h a t i n o t h e r areas of the bog, where no open w a t e r occurred.,: 
peat may have begun t o fornji e & r l i e r . However, as t h e 
s t r a t i g r a p h y i s c o n s i s t e n t r i g h t a c r o s s the bog, and t h e 
l o w e s t l a y e r s of o r g a n i c m a t e r i a l over the l a k e c l a y s 
c o r r e spond w i t h t h e l o w e s t l a y e r s above t h e d r i f t e l s e w h e r e , 
i t appears t h a t the whole of the area of peat began t o f o r m 
a t much t h e same tinge . T h e r e f o r e those areas t h a t were 
not covered hy open w a t e r are presumed t o have s u p p o r t e d 
a v e g e t a t i o n w h i c h decayed n o r m a l l y . I n f a c t , as t h e peat 
f o r m a t i o n was f a i r l y c o n s i g t e h t over t h e whole a r e a , i t i s 
l i k e l y t h a t t he area of open water was f i l l e d i n w e l l b e f o r e 
any peat f o r m a t i o n began. 

We t h e r e f o r e know t h a t i f t h e Tarn wqs once l a r g e r , 
i t was b e f o r e e a r l y - p o s t - G T a c i a l t i m e s . However, b o r i n g s 
below t h e peat on t r a n s e c t A 'at D e c e p t i v e Bog show no 
evidence of open water d e p o s i t s . There i s evidence of 
water s o r t i n g o f t h e u n d e r l y i n g t i l l as : a t Snipe Bog, 
t h i s p r o b a b l y h a v i n g o c c u r r e d a t t h e end of the l a s t 
G l a c i a t i o n , when the m e l t i n g i c e produced v e r y wet c o n d i t i o n s , 
but no a c t u a l open w a t e r d e p o i s i t s were found a t the bottom 
of the borings. However, as menjtioned e a r l i e r , H o l d g a t e , (1955/1) 
i n t h e second paper on t h e ar.ea', d e s c r i b e d some b o r i n g s done 
i n t he peat t o t h e s o u t h of the T a r n , around Cow Dub. At 
the base of t h e d e p o s i t wa£ a! l a y e r of b l u e - g r e y c l a y , h ard 
and s t o n y i n p a r t s and s u b d i v i d e d i n p l a c e s by a c e n t r a l band 
of c a l c a r e o u s m a t e r i a l . Above t h i s wais a lafer of fawn or 
w h i t e c a l c a r e o u s sediment, up t o 5 metres t h i c k . 'This l a y e r 
c o n t a i n e d gastropoall she 11 s and f r a g m e n t s of Chara and F o n t i n a l i s 
and was v e r y s i m i l a r t o the sediments c b v e r i n g p a r t o f the 
p r e s e n t t a r n bed. Above t h i s was a s u r f a c e l a y e r of peat 
up t o 3 metres t h i c k , w i t h Phragraites rhizomes i n t h e lower 
p a r t s and a Phragmites-Car jax peat h i g h e r up. T h i s s t r a t i ­
graphy i s v e r y s i m i l a r t o t h a t seen a t t h e b o t t o m of the 
Ingmoor Moss d e p o s i t s . I f the assumed, lower l a y e r of b l u e -
grey filay i s p r e s e n t i n these t h e n therie would be a c o r r e s ­
ponding l a y e r of c l a y s e p a r a t e d by the c a l c a r e o u s m a t e r i a l 
a t b o t h s i t e s . A l s o t h e upper c a l c a r e o u s m a t e r i a l c o n t a i n s 
m o l l u s c s h e l l s a t each, and Qhara remains are e v i d e n t a t 
b o t h s i t e s . The o n l y d i f i f e i ' e n c e i s t h a t t h e upper c a l c a r e o u s 
l a y e r was much deeper around S u n b i g g i n T a r n w h i c h would i m p l y 
a much l o n g e r p e r i o d of open watei- b e f o r e t h e peat began t o 
form . I n f a c t , as the Phjragmites rhiziom.es found i n t h e lo w e r 
peat near t h e T a r n were 3 metres below t h e p r e s e n t l e v e l o f 
the T a r n , Holdgate t h i n k s t h a t t h e T a r n l e v e l must be r i s i n g . 
T h i s would have a l l o w e d a l o n g p e r i o d o f d e p o s i t i o n , o f open 
water sediments u n t i l such t i m e as t h e w a t e r became s h a l l o w 
enough f o r a f e n peat t o s t a r t forming,, 
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As no d e p o s i t s l i k e t h e above were found on the 
t r a n s e c t a t D e c e p t i v e Bog, i t seems l i k e l y t h a t t h e Ta r n 
d i d n o t ever extend much f u r t h e r . Even though t h e l e v e l 
of the Ta r n i s now above t h a t of D e c e p t i v e Bog, and one 
would have t h o u g h t i t l i k e l y f o r t he whole area t o be w a t e r -
covered, t h e f a c t t h a t t h e d e p o s i t s around Cow Dub have g r o w n 
upwards f o r a c o n s i d e r a b l e 'height may mean t h a t t h e wa t e r 
l e v e l was once below t he l e v e l o f D e c e p t i v e Bog. I t 
t h e r e f o r e appears t h a t S u n b i g g i n T a r n may once have covered 
a d i f f e r e n t area i n t h a t i t may have i n c l u d e d t h e area of 
Cow Dub b e f o r e peat began f o r m i n g t o s e p a r a t e the two. 
I t does n o t mean thou g h t h a t I t covered a l a r g e r area and 
indeed i t may have been s m a l l e r b e f o r e the t i m e t h a t t h e 
l e v e l r ose and i t was ponded back over mew area s . 

The second p o i n t of t h e s t u d y , t o d e t e r m i n e t he 
e f f e c t o f t h e C a r b o n i f e r o u s l i m e s t o n e on t h e taegetational 
h i s t o r y of t h e a r e a , shows i t s i n f l u e n c e t o be m a i n l y on 
the t y p e s o f v e g e t a t i o n r a t h e r t h a n j u s t on i n d i v i d u a l 
s p e c i e s . T h i s i s b r o u g h t about by t h e d r a i n a g e o f e n r i c h e d 
w a t e r of h i g h pH t h r o u g h o u t t h e are a . T h i s has m a n i f e s t e d 
i t s e l f i n a number of ways shown, w e l l a t Ingmoor Moss. 
T h i s was once an area o f open w a t e r , p r o b a b l y s i m i l a r t o 
what S u n b i g g i n T a r n i s t o d a y , and a t t h a t t i m e c a l c a r e o u s 
d e p o s i t s were l a i d down. The b l u e - g r e y c l a y proved t o be 
c a l c a r e o u s but more e s p e c i a l l y so was the c a l c a r e o u s g y t t j a . 
T h i s contained numerous s h e l l s of m o l l u s c s , as mentioned, 
w h i c h must have b e n e f i t e d f r o m t he c a l c a r e o u s w a t e r , and 
remains of Chara, an a l g a c h a r a c t e r i s t i c o f hard w a t e r s . 
When the open water gave wa}' t o f e n , t h e ground w a t e r 
produced a v e g e t a t i o n c h a r a c t e r i s t i c of e u t r o p h i c c o n d i t i o n s , 
w i t h mosses and sedges. A s i m i l a r s t o r y i s seen i n the 
peat around S u n b i g g i n Tarn' anjd Cow Dub. Areas of such r i c h 
f e n a re common tod a y on. T a r n Moor. Only i n areas where 
b l a n k e t peat has formed on g l a c i a l d r i f t or where r a i s e d 
bog has formed l i k e a t Ingihoolr Moss i s t h e v e g e t a t i o n n o t 
i n f l u e n c e d by t h e ground wateir. 

However, h a v i n g s a i d t h a t t h e i n f l u e n c e of t h i s 
ground water i s m a i n l y on the t y p e of' v e g e t a t i o n , r a t h e r t h a n 
on i n d i v i d u a l s p e c i e s , i t has n e v e r t h e l e s s had some e f f e c t 
i n t h i s l a s t r e s p e c t . For I n s t a n c e , i n comparing t h i s 
diagram w i t h ones f r o m n o r i r c a l c a r e o u s a r e a s , one sees a 
g r e a t e r d i v e r s i t y i n herbaceous p l a n t s and a l s o a g r e a t e r 
p e r c e n t a g e i n some of t h e s e . For exampie a t Moorhbuse, 
(Johnson and Dunham, 1963)) a l t h o u g h l i m e s t o n e occurs i n 
the a r e a , i t i s w i t h sandstone arid s h a l e , and these are 
l a r g e l y o v e r l a i n by b o u l d e r c l a y . Thujs t he l i m e s t o n e 
would n o t be a b l e t o d i r e c t l y a f f e c t t h e v e g e t a t i o n so 
much. At t h e s i t e s s t u d i e d t h e r e , the p e r c e n t a g e s of some 
of t h e h e r b s , such as P1 anjtago and Rumeix are lowe r t h a n 
a t Ingmoor Moss, and a l s o thej o v e r a l l v a r i e t y of herbs i s 
not so g r e a t . The g r e a t e r v a r i e t y and l a r g e r p r o p o r t i o n s 
of some herbs near S u n b i g g i n T a r n may t h e r e f o r e t o some 
e x t e n t be due t o t h e ground w a t e r a l t h o u g h t h e g r e a t e r 
v a r i e t y may be a l s o due t o the wide v a r i e t y of h a b i t a t s i n 
the a r e a . 
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Having seen t h e f a i r l y l a r g e p r o p o r t i o n and the 
v a r i e t y of herbs t h a t e x i s t e d ;In the area t h r o u g h o u t t h e 
p o s t - G l a c i a l p e r i o d one wonder's a l s o whether the area might 
have been a r e f u g e f o r l a t e - G l a c i a l p l a n t s d u r i n g t h e f o r e s t 
maximum as i n c e r t a i n areas o f Upper Teesdale. 

I n summing up t h e r e f o r e , t h e v e g e t a t i o n a l h i s t o r y of 
th e a r e a , as shown f r o m the p a i l y n o l o g i c a l i n v e s t i g a t i o n has 
c h a r a c t e r i s t i c s t h a t r e l a t e i t more t o the North-West of 
England and the Lake D i s t r i c t t h a n t o the r e s t of N o r t h e r n 
England. The r i c h ground w a t e r , d e r i v e d f r o m t h e 
C a r b o n i f e r o u s l i m e s t o n e o f the area has s u p p o r t e d a r i c h 
v e g e t a t i o n d u r i n g t h e h i s t o r y :of t h e area) w h i c h i s main­
t a i n e d t o d a y wherever t h i s groundwater flox^s a t or near the 
s u r f a c e . I t i s l l m l i k e l y t h a t S u n b i g g i n T a r n ever covered 
a l a r g e r area t h a n i t does todjay, t h o u g h i t s p o s i t i o n and 
o u t l i n e has p r o b a b l y changed somewhat. 
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