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Depth in cm Grid Method Point Count Method 

0 400.0 396.6 
1.0 495.4 585.8 
2.0 771.0 1101.2 
3.0 740.5 622.6 
4.0 613.2 878.4 
5.0 801.6 1032.5 
6.0 506.0 458.3 
7.0 416.5 394.0 
8.0 297.0 620.3 
10.0 338.0 307.4 
11.0 266.6 250.5 
12.0 227.0 259.4 
13.0 269.0 521.1 
14.0 267.7 433.9 
15.0 260.8 235.7 
16.0 267.2 131.6 
17.0 291.9 288.6 
18.0 453.5 905.5 
19.0 366.1 371.6 
20.0 177.8 205.2 
21.0 171.1 0.0 
22.0 195.0 0.0 
23.0 188.5 291.0 
24.0 148.6 208.4 
25.0 110.2 0.0 
26.0 92.0 0.0 
27.0 107.6 0.0 
28.0 185.3 0.0 
29.0 116.6 0.0 
30.0 95.9 0.0 
31.0 115.8 0.0 
32.0 69.9 157.2 
33.0 46.8 0.0 
34.0 81.5 117.4 
35.0 76.3 0.0 
36.0 75.7 381.4 
37.0 204.3 0.0 
38.0 156.2 266.5 
39.0 181.7 360.7 
41.0 143.6 193.5 
43.0 116.0 0.0 
45.0 102.1 0.0 
47.0 129.6 95.4 
49.0 159.1 0.0 
51.0 103.2 145.1 
53.0 91.5 163.3 
55.0 114.7 0.0 

Mean= 246.9 263.6 

Table 2.1 Comparison of the Grid and Point Count Methods for 
estimating charcoal area for samples from The Bowl 
(from Backman 1984: Patterson et al 1987) 

/ O 



Observations and Generalisations Researchers 
Dispersal is essentially random and unpredictable. Chandler et al (1983); Patterson et 

al (1987); J S Clark (1988a). 
(Models are based on models of 
pollen transport or the movement of 
sand e.g., Bagnold 1941). 

Dispersal is determined by a variety of factors e.g. heat; smoke 
plumes. 

Chandler et al (1983); Patterson et 
al (1987); J S Clark (1988a). 
(Models are based on models of 
pollen transport or the movement of 
sand e.g., Bagnold 1941). 

Distribution to some extent reflects wind direction especially for 
small scale fires. 

Clark RL (1983); 
Rhodes (1996); 
Whitlock and Millspaugh (1996). Charcoal deposition is very susceptible to turbulence and eddies 

and also probably topography, i f it is a small scale fire. 

Clark RL (1983); 
Rhodes (1996); 
Whitlock and Millspaugh (1996). 

Charcoal deposition conforms to the distance decay principle i.e. 
quantity and size wil l decrease with distance travelled. 

Patterson et al (1987); Clark RL 
(1983); Clark JS et al (1998); Wein 
et al (1987). 

Larger heavier particles wi l l be deposited earlier than smaller 
lighter ones. 

Patterson et al (1987); Wein et al 
(1987);ClarkJS etal{\99%). 

Larger charcoal fragments represent local fires, and these are 
deposited within c.400m. 

Clark (1988a); Wein et al (1987); 
Clark ISet al (1998). 

Local fires deposit charcoal within a few hundred meters or even 
10's of meters. 

Rhodes (1996); Moore (2000); 
Day (1996). 

The specific definition of local charcoal particles often varies 
according to the researcher e.g. >150 urn l ° n g Clark (1988a); 
>50 grid squares Benton and Mannion (1995); >8800 um 2 

(Clark et al 1989); >75 urn i.e. 5625um2 (Tinner et al 1998). 

Clark (1988a); 
Benton and Mannion (1995); Clark 
etal (1989); 
Tinner et al (1998). 

Pollen-slide charcoal is considered to reflect regional fire 
histories. 

Clark (1988a); 
Clark and Royall (1995). 

Pollen slide charcoal can originate from local fires or fires 
within a few kms of a sampling point. Pollen slide charcoal can 
sometimes reflect the local fire history, better than the regional 
fire history. 

Nichols etal (2000) 
Pitkanen etal (1999). 

Charcoal in the size class <2800 urn2 was considered to 
represent background charcoal. 

Wein etal (1987). 

The majority of charcoal particles deposited by low intensity 
fires are of the same sizes that are most abundant on pollen 
slides. 

Pitkanen et al (1999). 

Charcoal from small fires wi l l be deposited locally e.g. domestic 
hearths generate insufficient energy to inject particles high into 
the atmosphere, so are not dispersed further than c.200m. Bennett etal(1990b). 
Charcoal from large fires wi l l be widespread, giving smooth 
records that are similar from site to site. 

Bennett etal(1990b). 

There is no significant correlation between the area of charcoal 
and: distance from fire, location, fire area or type. 

Clark RL (1983). 

Within moorland soils, in situ fires and ex situ fires can be 
distinguished based on correlations between charcoal size class 
distributions. 

Rhodes (1996). 

An increase in larger charcoal particles and a decrease in 
particles c.<10 | im in diameter (i.e. 100 um 2) suggests the 
occurrence of low intensity local fires. 

Pitkanen et al (1999). 

Small scale fires may only charr the soil or peat to a depth of 1 -2 
mm 

Nichols et al (2000) 

Table 2.2 Taphonomic factors affecting the atmospheric dispersal of 

charcoal particles from a fire 



O b s e r v a t i o n s a n d G e n e r a l i s a t i o n s R e s e a r c h e r s 

Aside f rom aerial transport, stream transport is also an important 
contributor o f charcoal. 

Bonny (1978); 
Tauber(1977); 
Nichols et al (2000) 

Fluvial charcoal may be more abundant in sediments containing 
large amounts o f allochthonous versus autochthonous material. 

Patterson et al (1987). 

A large fire intensity may increase overland f l o w scouring new 
rivers and increasing erosion. 

Swanson(1981); 
Nichols et al (2000). 

A low intensity fire w i l l leave a vegetation mat and cause little 
erosion and runoff. 

Swanson(1981); 
Nichols et al (2000). 

High erosion rates may be responsible for bringing in large 
amounts o f particulate matter into the catchment including 
charcoal. 

e.g. (Swain 1973); 
Cwynar(1978) . 

Water transport may result in selective bias in favour o f wood 
charcoal. 

Nichols et al (2000). 

T a b l e 2 .3 T a p h o n o m i c f a c t o r s a f f e c t i n g t h e w a t e r b o r n e t r a n s p o r t 

o f c h a r c o a l p a r t i c l e s 



Observations and Generalisations Researchers 
The taphonomic processes affecting the deposition of charcoal in lake 
sediments have been evaluated mainly through studies of pollen 
taphonomy. 

Davis RB (1967); Davis MB (1968, 
1972); Davis and Brubaker (1973); 
Bonny (1978). 

Charcoal like pollen, may be redeposited, demobilised, redistributed, 
differentially deposited and concentrated or focused before final 
incorporation. 
Lakes with no inflow or outflow are clearly preferable. 

Whitlock and Millspaugh (1995). 
Large lakes are just as comparable as small lakes in recording fire 
history. Whitlock and Millspaugh (1995). 
The relationship between lake size and charcoal recruitment area 
remains unclear and other factors such as water depth and littoral area 
may be more significant. 

Whitlock and Millspaugh (1995). 

Charcoal recruitment is dependant on lake size. e.g. Waddington (1969); Swain (1973); 
Cwynar (1978); Gajweski et al (1985); 
Clark JS (1990); Tolonen (1986); 
Tolonen (1983); Edwards (1989). 

Charcoal fragments of the size counted in sediment cores , soon became 
saturated and sink rapidly, in contrast to the larger particles which may 
not. 

Skolnick(1958); 
Davis RB (1967). 

The true specific gravity of porous charcoal may be between 0.3-0.6, 
whereas pollen exines have a specific gravity of 1.4-1.5. 
Consequently the settling rates for charcoal are likely to be lower than 
for pollen. 

Renfrew (1973). 

The degree of sediment mixing in a small lake is directly related to 
depth and surface area of the lake. 

Larsen and MacDonald (1993). 

Wind induced water currents affect the ultimate deposition of charcoal 
particles. 
Wind can disperse fragments across a lake, altering the deposition 
pattern and size range of the fragments. 

Whitlock and Millspaugh (1996); 
Bradbury (1996). 

The sedimentary record of a single fire may take several years to 
accumulate due to redeposition and hydrological lag effects (e.g. 5 yr + 
in Yellowstone National Park and 70 years at Elk Lake). 

Whitlock and Millspaugh (1996); 
Bradbury (1996). 

However, once the sediment has been compacted, the fire event should 
register as a peak in the sediment profile and the majority of the 
charcoal will be concentrated to form a discrete peak with a small 
stratigraphic span. 
Millspaugh and Whitlock (1996:12) reported fire peaks spanning l-3cm 
in lakes from Yellowstone National Park, while Patterson et al (1987) 
quote a fire peak covering 30 years. 

Millspaugh and Whitlock (1996:12); 
Patterson et al (1987). 

Shallow water <9m may continue to receive charcoal for some time. 
Whitlock and Millspaugh (1996). There is little information available regarding the taphonomy at lake 

edges. 
Whitlock and Millspaugh (1996). 

Comparison of the macroscopic and microscopic charcoal profiles from 
Star Carr (Day 1993), shows that peaks in microscopic charcoal broadly 
reflect the pattern of the macroscopic charcoal, but there may be (not 
always) a slight stratigraphic delay. 

Day (1993). 

To resolve individual fires the sampling interval must be less than the 
fire frequency and will also depend on the differential charcoal 
deposition in non fire years. Clark, J.S. (1988a). 
Unless samples are contiguous no method will produce useful estimates 
of fire frequency as smoothing will occur. 

Clark, J.S. (1988a). 

Even modest sediment mixing will obscure the fire signal. 

Clark, J.S. (1988a). 

Fire frequency cannot be separated from intensity where individual 
fires have not been resolved (Clark 1988a) and the fire regime remains 
open as one cannot distinguish when and where the fire occurs. 

Clark, J.S. (1988a). 

Table 2.4 The taphonomic processes affecting the deposition of 

charcoal in lake sediments 



Question M e a n i n g 

/. Does it accurately portray the actual age of 
the sediments or the horizon that is being 
dated? 

NB. Unfortunately, the researcher is limited by the material 
available within the deposits. 

Does the material provide a causal link between the 
archaeology and vegetation changes? 
Or does it just provide a 'terminus post quern' (date after 
which) for the context (see Bowman 1990:50). 
Does the material come from a short-lived event e.g. a 
hazelnut rather than a piece of wood which may have 
been long lived. 
Short lived events will minimise the potential standard 
error of the dating result providing a more 'accurate' 
date. 

ii. Is the date a correct age 
estimate? 

Has the material been affected by a hard water error? 
Was there contamination from the burial environment? 
e.g. humic acids. 

Hi. How precise is this measurement? This relates to the statistical uncertainty. 
The statistical uncertainty (±a) indicates the value of 
one standard deviation of the error about the average (or 
68% probability). 

iv. Is it comparable to other dates? When comparing or correlating 1 4C dates some minor 
differences might be expected due to inter-lab 
differences and different counting methods. 
Pilcher (1991) warns of significant variability in the 
accuracy between some laboratories. 

T a b l e 2 .5 Q u e s t i o n s t h a t n e e d t o b e c o n s i d e r e d d u r i n g t h e 

i n t e r p r e t a t i o n o f r a d i o c a r b o n da tes 
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Table 3.4. IV and BV values for Selected Taxa in the Regional Profile 

ffi2L 

Time Window Species r v % 

(2a) 

B V % 

(2a) 

Bv+rv % 

V(BV2+IV2) 

(2a) 

Early Mesolithic Betula sp. ±4.1 ±9 ±9.9 

Poaceae ±2.73 ±4.2 ±5 

Dryopteris Jilix-mas ±1.53 ±4.2 ±4.47 

Pteropsida 

(monolete) undiff. 

±1.93 ±5.28 ±5.6 

Filipendula sp. ±1.86 ±2.7 ±3.3 

Salix sp. ±1.8 ±3.1 ±3.58 

Cyperaceae ±1.12 ±1.7 ±2.03 

Fine Resolution Betula sp. ±4.24 ±8.6 ±9.7 

Poaceae ±2.95 ±4.6 ±5.46 

Dryopteris Jilix-mas ±1.57 ±3.2 ±3.56 

Pteropsida 

(monolete) undiff. 

±2.06 ±3.56 ±4.11 

Filipendula sp. ±2.05 ±3.2 ±3.8 

Salix sp. ±1.77 ±2.1 ±2.75 

Cyperaceae ±1.15 ±1.9 ±2.25 

%»0 
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Table 10.2 Possible explanations for a 'low intensity' occupation phase. 

Explanation Reason 

Occupation was local, transitory and non-intensive. Very little is known about charcoal production, dispersal 
and taphonomy, so despite the charcoal profile, human 
occupation may have been very brief indeed. 

Occupation was local and longer-term but had little 
environmental effect. 

Only small changes to the pollen rain are visible, simply 
because very little disturbance took place. I f burning of 
the vegetation was designed to attract game or create 
vegetation diversity then a 1/10th or even less of the total 
vegetation would be required to be burnt (Mellars 1976) 
as larger clearances would be unlikely to attract game. 
Therefore, only subtle changes to the vegetation (and 
pollen rain) are likely to have occurred. 

Vegetation disturbance occurred at some distance from 
the sampling spot. 

The pollen changes are subtle, but this may be what 
would be expected from small-scale manipulation of 
vegetation at 30m (or more) away from the sampling site. 
A small clearing may be visible i f it disturbs the forest 
edge close to the sampling point but a small clearing away 
from the forest edge would not be detected in this way 
(Turner 1964:590). So vegetation clearance may have 
been at a distance even though the domestic fires were 
nearby. 

Changes in the pollen rain are not proportional to the 
changes in the vegetation. 

Mellars (1976) suggested that a small clearing created to 
encourage animal browse, would need to be 200-250m in 
scale, but this poses the question of size of disturbance in 
relation to pollen impact. Moore el al (1979) 
demonstrated that the percentage of Molinia grass pollen 
is inversely proportional to the percentage of grass cover 
(see Chapter 6). However, a change in the relative 
abundance of a population is unlikely to be so easily 
predicted. More than likely, the changes in the vegetation 
wil l be non-proportional to the change in the pollen 
profile. 

The approach is too simplistic. Actual woodland clearances might be expected to produce 
a large decrease in pollen percentages. However, this may 
be too simplistic. It is highly possible that the pollen 
diagrams are displaying the effects of a cluster of 
disturbances occurring within a small area. Recurrent fire 
disturbance in different areas and on different 
successional vegetation communities would be expected 
to produce a composite and cumulative change to the 
pollen rain (Williams 1985), Perhaps even producing 
contradictory pollen responses so that even relatively 
intense disturbance appears to have been low key. Or, 
flowering of the surrounding vegetation may have blurred 
or completely overshadowed any changes in the pollen 
rain. 



Table 10.2 (cont'd) Possible explanations for a Mow intensity'occupation phase. 

Explanation Reason 

The sensitivity of the ecosystem "A great deal depends on the sensitivity of the ecosystem 
to human exploitation and the degree to which this is 
reflected in the pollen analytical signal. Thus the burning 
of the forest understorey is more likely to be 
palynologically recognised i f the main beneficiary were 
the anemophilous Corylus with resistant pollen , rather 
than Macrozamia [or Juncus] with hardly recognizable 
and decaying microspores" (Walker and Singh 
1993:104,). "Perhaps we should not expect anything but 
the most extreme impacts to be as clearly recorded". 

Flowering may increase due to extra light (Vuorela 1970) Flowering of the surrounding vegetation may have 
blurred or completely overshadowed any changes in the 
pollen rain. 

Clearance may increase dispersal of pollen (Smith 1982) Iversen (1949:21) said that "the new open forest must 
have produced much more treepollen than the same area 
before clearing". 

Tree canopies may remain intact (Mellars 1976) Repeated fires would be required to actually ki l l trees 

One tree may be replaced by another 
Pollen from another tree completely replaces the pollen 
from the felled tree, so no change is recorded in the 
sedimentary record. 

Filtration of pollen caused by fringe or fen vegetation 
should not be underestimated (Waller et al 1999:25) 

Pollen from (etra-local) disturbance areas are completely 
masked by pollen inputs from in situ or very local plants 

During increasing tree invasion (in the early Mesolithic) 
arboreal pollen may mask any decreases in pollen 

Increasing population of trees and other plants in the 
surrounding environment makes up for any local 
reductions in vegetation cover. 



Fi and Illustrations gures 



Chapter One 



u 

30 m Bfgj 120 m 
| | GO m H 180 m 

! -30 m>-35 m 

( Lakg Flixion ! 

<-35 m 

Figure 1.1 
Vale of Pickering 

The location of the 
and 'Lake 

Flixton' in North-east England 
(from Mellars and Dark 1998). 
The position of the contemporaneous sea 
level at c. 9600 , 4 C yrs BP is estimated at 
around the -35m contour (University of 
Durham, Sea-level Research Unit 1998; 
Van Andel 1998). 



CO 

n a 

0 o g u. a 
S 

••• 

u 
o CO 

3 
7 Lfl 

0) o 

0 

CO 

40 

Q) r-j 

so 

0) 
to 

u 
1 o 

o 
f— 3 X 

o 
U Q 

( J 
7 

PC 
a 

CM 

^ 6 4 



3 SO 09 CSJ CM CM CSJ 

• 

L 

0> 
08 00 

T3 CO OX 08 

CO - J <U 0> E/3 
1/5 

0> 
on 4> 

• 

08 
CO a 
08 

01 

08 

• L 
• • 

1 
• 5? 

L • 

i J 'a 
4» 

3 B 
4/ 

c/3 



(8S6L Aevuns |BO!6o|oeo) buue>|0!d jo a|BA ei|J jo Abo|oeo P9!i!|dLU|s BmMoijs deiAl VI a jnbj j 

• » • • 
• • • 

* • • • 

-
— j r . 

nmtAftfiy 

•<•: -t J - JO .<..:l.\„j 

Ffl 

Ae>| |Do.i6o|oe9 

PUD|S| S.AjJDfl 

i 

— ' "V 
.AC 

•a 

looips 

nr-mn 

'* • 1 

I I 

i T n u . u j 

U O l V 

s ^ 
'A ^ J ' 

3 ^ 
f a 



Northumberland 

I—L D im l i ng ton S t a d i a l i ce l imit 
y n e 

Main ice m o v e m e n t d i r e c t i o n s 

Ma in g l a c i a l l a k e s 

Limit of W i t h e r n s e a Ti l l ,0 House Gill in H o l d e r n e s s 
Yo rk and E s c r i c k m o r a i n e s 

Robin Hoods 
B a y 

'nmore <?. Kildale 

R Swale 
North Yorkshire 

Moors R Ure 

Lake Pickering 
Filey Bngg 

Flamborough 
Head 

Bridlington v.* 

V 
*Hor 

York Stamford 

a n e Hornsea 

Holderness 
Leeds 

Brayto 
Bartl Roos 

< 

Doncaster '••> 

Balby 

Welton~le-Wold 

/ 
Sheffield 

I—i i i 
kilometres 

Figure 1.5 Devensian ice movements in North-east England 
(Catt 1990) 



6 . 0 - J ! — . 

5 . 0 -

3 . 0 -

2 . 0 -

1 . 0 -

\ I I r • '•- " l 

-^w ( , A/r^ *\\\V 
\ \ \ \ \ v , v. 

r 
/ IrV / - * f̂ , u > \ ^ v_ i 

\ \ —~— s . y ' • • ( j )\ | ̂  . i 
i u \ s. .•vi// 

/ ; — ^ Stor Corr ' 
occupation / V ' - - " : ; 4 . C ^ ' V! 
area f VPB5B\'\^B( 

V P 8 5 A i^D U 

i! LSI Wetland and open water 

0 . 0 -
0 . 0 1 .0 

X AXIS « 1 0 2 
T AXIS « 1 0 z 

2 . 0 
1 r 

3 . 0 CO 5 . 0 6 . 0 T .O 

Clark excavations 
_ — T r e n c h A 

•7777T*fr. | .:!:. 
• • • • • • • • • • • • • • • 

• • • « • • 
• • • • • 

• • 
• 

• • * • • 

• • • • • • 
• • • • • 

• • • • 

Approximate no. of flints 
1 5 10 20 30 40 

• • • • • • 

0 50 m 

• • • • • • 
• • « 
• • • • 
• • • 

• 
• • • 

• • 
• 

• • • 
• 

N 
A 

Figure 1.6 The extent of archaeological scatters at Star Carr after 
excavations in 1948-52 and 1985-1992 [ from Clout-
man and Smith 1988: • from Me Mars and Dark 19981. 



CM CM CM CM CM 

C/5 
ca 

i 
4» 

en 
0> 

4> 
si d CN 

oo °9 
O N 

o ^2 " 00 oT1 ON 
o> 3s

 ON CO cd 

e e CJ 

4< 
C3 es 

u 53 

u u 

09 
4> 

if] 

4> 

41 
ca 
03 

1 

53 - J A 3-. 

• 4» 

v - — J * 

4) 

01 "3 e 

03 



• 

rw 

J. 

NORTH YORK! 
MOORS: 

s -i 

i d 

s & , 4*-"-
Stan 4 s 

r.uV:h. f 

.̂<L::WOLDS--' 
Ulroine 

• Skipsea 

Brandsburton 

r 

Moft 
I 0 0 « 

1000ft ' •Km 

M i 
Kifemtna Mi!. 

Figure 1.8 Location of the Vale of Pickering in relation to early 
Mesolithic sites in North-east Yorkshire (Schadla-
Hall 1988) 



I 8 CD US 
CM CM CM CM CM CM 

J 
4> 

OS 

01 to 
4> 

O <x> 4< 
C5 

CD BO V) 
s - Oi 

"J 
' J 

C3 4) 
4< 5S 

01 C/3 -

C3 E0 

4» 

4> 

4) 

C3 4> 

4) 

• </3 
• 

,' I. I. 

• 

• c: C5 
u 

ON 
4> 

51 3 = 



Chapter Two 



N 400 0 BECK SW 1 i m e t r e s 

m e t r e i n t e r v a l tou a t 

\ 
or u a r r o r c h a e o i o c \ c m 

i t e ( e a r l y m e s o l ' i t h i c ) 

R A B B I T ? ' a : n c i e n t bed of m v e r 
y H e r t f o r d 

MANHAM %1 H i t 

1 25 

/ J y' -si 

1 s 
y. / X ( V ^ / SNA NO NAM 

\ / 

r 
\ 

t 
^ - 2 6 \ 23 25 

51! 

^•7 FL IXTON 
I S L A N D 

*3 
i 

t 

23 

Figure 2.1 Basal contours along the western edge of palaeo-
Lake Flixton (from Cloutman 1988a) 



•SI 

> 3 HO in CM eg in, CM ,••1 CM CM 

« .s ... 

CO 

CO 

yi 

is 

© e/) 

— o Mi 

CO U 04 
ra 
CO 5« « 

4> 

CO 73 

0> 

(0 

3 
(0 
CD 

i 

(0 

0 ) 

• 1 
n 

• 

• L 

CM 
CM 

"3 
LJ I • 



o 

5 9 a 

+ 

i 9P CO 

CO 
0) 

6£ 
CO 

ze 00 I 1 
•I 

CO 

O co 
CD I in 

1 
l-K 

o 2 

n LZ 

= CO 92 O CD 

c CO 

(0 61 

o 5 DO 
O (1) 

.2 E 
2 

6 

CO 
CM 
0) 

I 

8 8 8 8 CM CM 



Area of site (ha) 
cot 0.10 1.00 10.0 50.0 0.01 0.10 10.0 50.0 1.00 100 i 

Regional 
Exlralocal 

50 

Local CD 

CD 

1 I 

10 100 1000 10 100 tooo 
D i a m e t e r of s h e ( m ) 

Figure 2.4 Schematic relationship between the size of a lake and 
relative areal source of pollen (from Jacobson and 
Bradshaw (1981) 



n 
0) 

o 
CO o 11 

CD 

CO CD 

1 'J 

0) V" 
rr 

CO 

CD 

o 

CM in 
'7> :r. c." ; c 0 I 

I • i : 03 i 
CO 

CO O) 

CM i. 

O CO m CO 

OB "O 

t l 
CO en O) 

a} 

O CO ra tn 

u CI) 
CD 

" I CD 

CO P 
co IS 

CD 3 
co 

• CO CD U 4-1 
CO 

: I : 

o 

CM ra CO C O CD 
OS •3 CN 

0 
( d 8 96B uoqjBOOipeH 

a 
Li_ 



Chapter Three 



is to LSI eg CN csi CM 

00 

n3 3J 

C I vi 

t / 5 

as i CN S3 

oo 0 0 
-

o> oo po en 
CN 

so 
os (/2 O^ 5 s os 2 2 S5 

r 

ts v. 05 
Oli " J >1 5? & 

Q Q U 

ea 

05 

r/3 U 4> 3C 

i 3> 

is O • 
I / ) 

A "3 rn 
4> 

1/1 
64 



CO 
-J 

ma o i -a <B •J 

CO N a CO 

i 
0) 

CD 
cn w 
CD 0) 

cN CD in m co : co i n 
co c/i en Ico Ico c/i co CO 

S 

ID 

CD 0) 

CO 

I 
O IS) 

.[ IIJH m i! 

• • ,1 
f I • 

i 
CD i N • ! I 

N a <>.: 1- i oo CN CM 

ft CN i 
• ! • 

CO 
<2 

(1) 2 

to 

t-0 

c3 

CD O 

CD 

cP 

! 
0 , rd 

n n m i i i i i i i i i i i n i i i i i t i I i i 

LO ' 0 
C D C D i n CN ro ro 

a o O O Q o cn cor­ es n Q u i 
O - t - l CN ro C N 

ro 
aero enc) 

CD 



Tumnitniri 

nmncmnnmami 

JflDin aa a a Mm m i a a a a m j j a a j • » i 

LL 



toe a : o » 

X \ 

NX — « f = 1 

X 

2 
i 

X I 

\ X ^ 
X X M 

f 
r 

X N 
!E 

I 
i 

X^M 

X j 
X 

X 

X 
X ii • 

a. Ha E 
Xo 
X 1 

1 
i 

X 

n-ITTl 

\ / T V E X X E 

7 

SI l LL Si * i i i 



. M 

% » 7 

^ > |^vfTTnTrtrt». 

\ X \ i 

V* 
.V \>4 
XV44 

v 5 * 

4 

'St1 

x: 
i—I—̂  

J L g 
o 
Q. 

CO 
•a 
c 
co 
c 
J2 
o 
a. 
•a c ca 

CD 



11 i t 

IS 33 «3 55" 
Q firtift a >,a',6-ci Q 

f t 
i t t 

11 i i 
i t t 
I I I 
I I f CO 
I I Of f 

•4>. i i 
I t t CM J 
I I 

} 
i t 

I t I 
s i Q t i i 

1 1 
i i t GO 

I I ffl I S .5* 1 1 t 
i 

i 
I I t 
I I I I 

I t i 
I i 

t 
t r § *i f 

11 i 
1 f 

0» CO 1 1 

% V s 11 
03 

-to s 

s a, CM 

s 
o 

J 4> 

3 

M 
CM 

t 
I I J 

I I 

in t 
f 

CM CO is 9 i t i 
1:1 4 

i 

i 
lffr»i II A a I I i 

im 
s a . 

* CO 
•4W 

CM O 

i \ 1 . 1 . 1 • 1 1 1 1 1 I i i i i i i i i i I I r i l l i I I (3 
8 Si 3 to in CM CM co CO 



n : erf 1 1 

I i 

• 
6 

1 A J I 
<2 

1 I 
I i 

I I 
I I 

i 

8 i 

CO I 

(0 I 

11 I 1 I 

tali 
> • i 

I 

CO 
0) 

CO 8 
o 

I 
I 

i i j i jfcftlTi fri ' 
i * i i i 

(0 

4 
CM 

• 
c9 

1 1 i 

i CM 
I 

CO 
i 

• 
CN I 

2 CO ill 

•» CO + J i 
I I 

r CO 

• 

a i 

i (ii h i i f l i i i w i 
8 0 I 

I I 

s I 

i 

to s I 
CO CO t i 

t i 

t 
• 

1 55 

i 8 
I 

I 

I 

6 i 
3> I 

t 

8 
> 2 1 1 1 1 1 1 1 1 1 1 1 1—1 n 1 r-i 'T-i I 1 i i 

s 8 to to (O CM CN en 



200-, 

250-

300-

350' 

::D;9: 

D-2a 

400-

450-

500-

550-

600-

650-

700-1 grains x1000 

Figure 3.7 The Regional Profile • Polilen 
Concentration Curve 



Q_ cn T l 

0 o o 

LU 

o 

a> 

o o 
to 

0) 

a> 8 

s a> 
Q. 
<U 

Q 

o o 

00 
> 

o o 
CO CO 

0) 

o 

• • 

O CM 

CO CM 

da 



20Oi 

250-

300-

350-

400-

450-

500-

550-

600-

650-

700J 

Zone 

20 40 

% T L P + s p o r e s 

Figure 3.9 The Regional Profile 
Pollen Preservation 



Ll anflftflimt B 

• i i i i B l i i B a l l B 

Ll i lU 111 m • • a i B I 

I I B I 
• • 1 • • • " 1 • 

l u l l ! 



(9661. >|oeqmen mojj) dg -lA OOOZ o; da ^ 000ZZ mojj sipode pe;o9|es j o j s\iuu\\ ;eaijs QO\ pue seujiejons pepjpaJd *o sde|/\| eseqosi 

to) 

!' 

A-1 

\ ^ 

0) (9) « 

I 
b." 

I* 
i 

i 

r 4 
• 

MP 



Figure 3.12 Photograph of Open Birch Woodland. This 
photo-graph illustrates the low density of the 
undergrowth which allows ease of movement 
throughout the woodland. It also show the 
high percentage of light that is able to filter 
through the canopy. 
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Figure 3.17a - Baseline Betuta levels during zone D-5 of the Regions 
I Profile. Showing Lfrnrts of Background Variability (BV) and internal 
Variability (IV) .... 
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Figure 3.17b - B a s e l i n e P o a c e a e leve ls during zone D-5 of the Reg iona l Profile 
S h o w i n g Limits of Background Variabil i ty (BV) and Internal Var iabi l i ty (IV) 
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Figure 3.17e - B a s e l i n e Filipendula l e v e l s during zone D-5 of the Reg iona l Profile 
showing B a c k g r o u n d Variabil ity (BV) and Internal Variabil ity (IV) 
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Figure 3 17f - B a s e l i n e Sa / ix l eve ls during z o n e D-5 of the Reg iona l Profi le : 

showing B a c k g r o u n d Variabil i ty (BV) and Internal Variability (IV) 
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J Figure 3 17g - Baseline Cyperaceae levels during zone D-5 of the Regional Profile, showing Background Variability (BV) 
and Internal Vanabil i ty (IV) 
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Figure 3.18a F ine resolut ion Betuia l eve ls from the Regional Profile, showing 
Background Var iat ions (BV) and Internal Variabil i ty (IVJ 
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Figure 3.18b - F ine Reso lu t ion P o a c e a e leve ls from the Regional Profile, 
showing B a c k g r o u n d Var ia t ions (BV) and Internal Variabil ity (IV) 
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8c - Rrte Resolution Pteropgida levels from the Regional Profile, showing 
! Background Variations (BV) and Internal Variability (IVj 
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Figure 3.18d - F ine resolut ion Dryopferis filix-mas l eve ls from the Regional Profile, 

J s h o w i n g B a c k g r o u n d Variabil ity (BV) and Internal Vanabil i ty (IV) 
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F igure 3.18e - F ine Reso lu t ion Fiiipendula l eve ls from the Reg iona l Profile, 
s h o w i n g B a c k g r o u n d Var ia t ions (BV) and Internal Variabil ity (IV] 
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Figure 3.1Bf - Fine Resolution Sa/ jx levels from the Regional Profile, showing Background Variation (BV) and Internal Variability 
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Figure 3.18g Fine Resolution Cyperaceae levels from the Regional Profile, showing Background Variability (BV) and Internal 
Variability 0¥] 
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Figure 4.2 The stratigraphy in Trench NM. to the south of No 
Name Hill, showing the position of the 0.5 m 
monolith tins. 
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F igure 5.10a F i n e resolut ion Beru /a pol len p e r c e n t a g e s from N A Q c o m p a r e d to C h a r c o a l concent ra t ions 
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Figure 5.10a -F ine Reso lu t ion Betula p e r c e n t a g e s from NAQ c o m p a r e d to n u m b e r s of macro c h a r c o a l part ic les 
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Figure S.10c F ine resolution, Pteropsida pe rcen tages fo r NAQ compared with 
charcoa l concentrat ions. 

ft • 

\ 5 50 0 

A 8 40 0 

v. 

U Pteropsida 

* 2 0 0 

/ a 

\ 
[Charcoal \ 

!5>. i 

Depth in cm 

•JX i. 
Figure 5.10c - Fine resolution, Pteropsida percentages for NAQ c o m p a r e d to numbers of m a c r o charcoa l 
part icles 

2 4O.0 

[Pteropsida 

• 2 0 0 

\ 
i 75 : 130G 5 •64 0 136 () 

Ai u 

Depth in cm 



o 60 0 

i 
c 

01 
c 
s 

"c
a

a
l 

40 0 
2 
u 
"a 

'i 
30 0 

< 

* 
s 20 0 
1 
1 
D 

Figure 5 i0d - naq fine resolution Cyperaceae pollen compared with charcoal concentrations 

176.0 177.0 1780 179.0 180.0 181 0 182 0 183.0 
Depth in cm 

184.0 185.0 186.(1 

00 
17*0 

Figure 5.10d - NAQ Fine resolution Cyperaceae pollen compared with numbers of charcoal particles 

{Charcoal 

|cyperaceae | 

A 

177.0 178.0 179.0 180.0 181 0 182.0 183.0 184.0 185.0 186 C 



Figure 5.10e - Dryoptens mix-mas percentages for NAQ compared to charcoal 
concentrations 
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Figure 5.11a • Betula percentages compared to Charcoal concentrations throughout profile NAQ 
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[Figure 5.11b - Poaceae percentages compared to Charcoal concentrations throughout profile NAQ 
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Figure 5.11b -Early Mesolithic Poaceae percentages from NAQ compared to numbers of macro charcoal particles 
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Figure 5.11c Early Mesolithic Pteropsida spores from NAQ compared to Charcoal concentrations 
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Figure 5.11d -Dryopteris RHs-mas percentages compared to Charcoal concentrations throughout profile NAQ 
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Figure 5. l i e - Cyperaceae percentages from profile NAQ compared to charcoal concentrations 
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r igure 5.1 If - Corylus percentages from profile NAQ compared to charcoal concentrations 
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Figure 5.11 g - Thelypteris palustris percentages compared to Charcoal concentrations throughout profile NAQ 
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Figure 5.1 l b - Salix percentages from profile NAQ compared to numbers or macro charcoal 
particles 
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• ••••• igure 5.14a NAQ Betula pollen percentages in zone NAQ-5, showing 95% Confidence Limits nits | 
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ts(IV) Figure 6.14c -Pteropsida percentages during zone NAQ-S, showing 95% Confidence Limits 
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Figure 5.14d - NAQ Dryopteris filix-mas percentages during zone NAQ-5. showing 95% 
21 Confidence Limits (IV) 
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Figure S.14e - NAQ Cyperaceae percentages during zone NAQ-5, showing 95% Confidence Limits (IV) 
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Figure 5.14f - Salix percentages during zone NAQ-5, showing 95% Confidence Limits 
IjV) 

10 

1 6 1 171 i HI 191 J 1 . i>; 

Dspth In cm 



20 

Figure 5.14g - Filipendula percentages during zone NAQ-5, showing 95% Confidence 
Limits (IV 
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Figure 5.15a NAQ Betula Pol len- F ine Reso lu t ion P h a s e showing 95% 
C o n f i d e n c e Limits (IV) 
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Figure 5.15b NAQ P o a c e a e Pol len - F ine Reso lu t ion P h a s e , showing 95% 
• C o n f i d e n c e Limits (IV) 
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Figure 5.15c- NAQ Pteropsida values - Fine Resolution Phase showing 
95%Confidence Limits (IV) • 
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Figure 5.15d - NAQ Dryopteris filix-mas values -Fine Resolution Phase, 
showing 95% Confidence Limits (IV) - : 
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Figure S.15e - NAQ Cyperaceae Pollen -Fine Resolution Phase showing 96% Confidence 
Limits (IV) 
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Figure 5.15f - NAQ Salix percentages- Fine Resolut ion P h a s e , showing 95% Conf idence 
Limits (I 
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Figure 5.16a - Zone NAQ-5 Betula pollen, showing 95% Confidence Limits (IV) and 
Background Variability (BV) 
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Figure 5.16b - Zone NAQ-5 OrvofltHfsKbt-fntm values, showing 96%Conndanca Limits (IV) and : 
Background Variations (BV) 
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F i g u r e 5.16e - Z o n e N A Q - 5 Salix p e r c e n t a g e s , s h o w i n g 95% C o n f i d e n c e L i m i t s ( IV) a n d B a c k g r o u n d 

V a r i a t i o n s (BV) 
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F i g u r e 5.17a NAQ Betula P o l l e n - F i n e R e s o l u t i o n P h a s e - 9 5 % C o n f i d e n c e L i m i t s (IV) ?2 
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Figure 5.17b - NAQ P o a c e a e P e r c e n t a g e s -F ine Reso lu t ion P h a s e , s h o w i n g 95% C o n f i d e n c e Limits 
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Figure 5.17c - NAQ Pteropada levels- Fine Resolution Phase, showing 95%Confidence 
Limits (IV) and Background vanabons (BV) 
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Figure 5.17d - NAQ Dryopteris filix-mas v a l u e s - Fine Resolut ion Phase , showing 95% Conf idence Limits 
(IV) and Background Var iat ions (BV) 
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Figure 5.17g - NAQ Filipendula percentages-Fine Resolution Phase, showing 95% Confide nee Limits (IV) 
and Background Variations (BV) 
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Figure 6.8a Corylus pollen percentages from profile NAZ compared to 
charcoal concentrat ions 
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6.8b Poaceae pollen percentages from profile NA2 compared to charcoal 
concentrations 
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Figure 8.16a Betula percentages compared to the charcoal concentrations during Phase 80.000 

1 atFlixton School 
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Figure 8.16a Betuta and Coryfus percentages compared to Charcoa l 

concentrations during Phase 2 at Flixton School, 
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Figure 8.20a Betula pollen percentages in zone FS-5, showing IV and BV 80 
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2 3 Figure 8.20b Poaceae percentages during zone FS-5 showing IV and BV 
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Figure 8.20c Dryopteris Ullx-mas percentages during fine resolution Phase 1 of profile 
FS, showing BV and IV 
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Figure 8.20d Cyperaceae percentages during zone FS-5, showing BV and IV | 

| + 2 . 5 % BV+lvj 

1+1.83% IV I 
8 

r 
3 

6 S 

1-1.83% IV I 

2 . 5 % B V + I V | 

7 

2 8 0 285 290 295 3 0 0 3 0 5 310 315 

D e p t h In c m 



34 
Figure 8.20e Pteropsida percentages during fine resolution Phase 1 in profile FS , 32 
showing BV and IV 
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Figure 8.20f Salix percentages during fine resolution Phase 1 in Profile FS, showing IV and BV| 
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LABORATORY PROCEDURE FOR POLLEN ANALYSIS 

Evacuation of A l k a l i - s o l u b l e Organic Compounds 

Add Potassium h y d r o x i d e 

Heat i n b o i l i n g w a t e r f o r 30 m i n u t e s . S t i r 
o c c a s i o n a l l y 

Decant t h r o u g h 180 m i c r o n s i e v e . Wash r e s i d u e 

C e n t r i f u g e .Decant and wash u n t i l s u p e r n a t a n t 
l i q u i d i s u n s t a i n e d 

H y d r o f l u o r i c D i g e s t i o n of S i l i c e o u s M a t e r i a l . Not 
u s u a l l y necessary f o r samples o f peat. 

Add H y d r o f l u o r i c a c i d 
Heat i n b o i l i n g w a t e r u n t i l sediment dispenses and 
s t r a t i f i e d sediment appears - l h o u r 

S t i r , c e n t r i f u g e , d e c a n t . 

Add h y d r o c h l o r i c a c i d (10% s o l n ) Heat i n b o i l i n g w a t e r 
f o r 3 t o 5 minutes. 

C e n t r i f u g e . D e c a n t . Wash w i t h d i s t i l l e d w a t e r . S t i r . 
C e n t r i f u g e . Decant. 

T r a n s f e r t o s m a l l t u b e s . 

Evacuation of Unaltered L i g n i n and C e l l u l o s e . 

Add g l a c i a l a c e t i c a c i d . S t i r . C e n t r i f u g e . Decant, x l 

Add a c e t y l a t i o n m i x t u r e . S t i r w e l l .(1:9 cone . s u l p h u r i c 
a c i d - a c e t i c a n h y d r i d e ) 

Heat i n b o i l i n g water f o r 1 m i n u t e . Top up w i t h g l a c i a l 
a c e t i c a c i d 

C e n t r i f u g e . Decant. 

Add g l a c i a l a c i d , s t i r . C e n t r i f u g e , decant. 

Add d i s t i l l e d water. S t i r . C e n t r i f u g e . Decant X2. 

STAINING 

Wash w i t h E t h a n o l X2 ( r i n s e T/Tube w a l l s ) t o remove 
w a t e r . C e n t r i f u g e . D e c a n t . 

Add 2mls T e r t i a r y A l c o h o l , 2 drop s o f s a f r a n i n t h e n 
t r a n s f e r i n t o s m a l l sample v i a l s . C e n t r i f u g e . D e c a n t . 

Add s i l i c o n e f l u i d , same volume as sample . S t i r . P l u g w i t h 
c o t t o n wool. 


