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ABSTRACT 

The Moray Firth area is recognized as an area deficient in data 

relevant to sea-level change. This thesis attempts to provide a 

preliminary assessment of the restoration of sea-level following the 

last glaciation, part icularly the last 10,000 years. 

The methodology used is essentially empirical and analytic, 

based upon stratigraphic description, micropalaeontological investig­

ation and radiocarbon dating of sites in former t ida l f l a t and 

lagoonal environments. 

Three sites at the head of the Beauly and Cromarty Fir ths, at 

Barnyards (NH 5247), Moniack (NH 5443) and Arcan Mains (NH 4954) 

provide stratigraphic and environmental evidence for the interpretation 

of sea-level change during the Flandrian Age. 

A preliminary chronological scheme of positive and negative 

tendencies of sea-level movement and a time-altitude graph is constructed 

using information from biostratigraphic and li thostratigraphic sea-

level indicators and nine new radiocarbon dates. An attempt is made 

to assess the magnitude of error inherent at a l l stages of the analysis. 

Correlation is made with other areas of Scotland and Fennoscandia. 

A comparison is made between the d i f f e r i ng methodologies employed in 

this thesis and other areas of Scotland where sequences of measured 

and named shorelines have been established. 

An isostatic curve fo r the inner Moray Fir th is constructed using 

eustatic calibration of index point a l t i tude . The results are compared 

to other published isostatic curves fo r Scotland. 



ACKNOWLEDGEMENTS 

I wish to express my sincere thanks to Dr. M.J.Tooley 

and Dr. J.D. Peacock, my j o i n t supervisors, for their advice 

and cr i t ic ism in a l l aspects of this work. Considerable help 

is also acknowledged from colleagues in the Department of 

Geography at Durham - Dr. I . Shennan fo r instruction in 

diatom ident i f ica t ion and assistance with computing; 

Dr. P.A. GreatRex fo r providing plant macrofossil i den t i f ­

ications; Mr. M.J. Davis and Miss F.M.J. Sutherland fo r 

advice and interesting discussion; Mrs. S. Everett, Miss H. 

Evans and Mrs. J. Dorril f o r help in the laboratory; 

Mr. Derek Hudspeth fo r photographically reducing the 

diagrams and Mrs. Margaret Bell for taking such care with 

the typing. 

I would also l ike to acknowledge the assistance i n the 

f i e l d of Mr. R. Jowett, Mr. C.E. Dempsey, Mr. D. Bar t le t t , 

Miss A.M. Wilson and Miss J. Ogston. Access to land was 

granted by Mr. Forbes of Wellhouse, Mr. Peterkin of Barnyards, 

Mr. Munro of Tomich, Mrs. Gunn of Cabrich and Mr. S t i r l i ng of 

Arcan Mains. 

Finally I would l i ke to thank Donald and Liz and my 

parents fo r their continual support and encouragement. 



i n 

CONTENTS 

Page No, 
ABSTRACT i 

ACKNOWLEDGEMENTS i i 

LIST OF CONTENTS i i i 

LIST OF FIGURES v i i i 

LIST OF TABLES x 

CHAPTER 1 : INTRODUCTION 1 

1.1 Objectives 2 

1.2 Methodology 3 

1.3 Definitions 3 

1.4 The Study area 8 

1.5 Form of the thesis ' 11 

CHAPTER 2 : GEOLOGICAL PERSPECTIVE ' - 13 

2.1 Introduction ^3 

2.2 Pre-Quaternary Geology ^ 14 

2.3 The Quaternary Period 24 

2.3.1 Quaternary events prior to the Devensian 

in Scotland 24 

2.3.2 The Devensian ice maximum 28 

2.3.3 Quaternary subsidence in the North Sea area. 34 

2.3.4 Late Devensian ice l imi t s and sea-levels 39 

2.3.5 Conclusion 51 
CHAPTER 3 : FLANDRIAN SEA-LEVEL CHANGES 53 

3.1 Introduction 53 

3.2 The Forth area 59 

3.3 The Tay and east coast of Scotland 63 

\ 



iv 
Page No. 

3.4 The Ayrshire coast and Solway Fir th 68 

3.5 Other areas of Scotland 74 

3.6 The Moray Fir th area 75 

3.7 A method of representing Flandrian coastal 78 
sequences 

CHAPTER 4 : TECHNIQUES OF ANALYSIS 88 

4.1 Introduction . ' 88 

4.2 Levelling 88 

4.3 Field Sampling 88 

4.4 Stratigraphic analysis 90 

4.5 Pollen analysis 92 

4.6 Diatom analysis 97 

4.7 Grain size analysis . 100 

4.8 Radiocarbon dating 100 

4.8.1 Variations in 1 4 C / 1 2 C rat io ; 101 

4.8.2 Isotopic fractionation 103 

4.8.3 The Reservoir Effect 104 

4.8.4 Contamination 105 

4.8.5 Thickness of sample 106 

4.8.6 Laboratory error 106 

CHAPTER 5 : SITES INVESTIGATED 108 

5.1 Barnyards 108 

5.1.1 Barnyards stratigraphy 111 

5.1.2 Barnyards 3B 118 

5.1.2.1 BY3B Pollen H9 

5.1.2.2 BY3B Diatoms 124 

5.1.2.3 BY3B Particle size 129 

5.1.2.4 BY3B l 4 C Dating 132 



v Page No. 

5.1.3 Barnyards 14B 132 

5.1.3.1 BY14B Pollen 134 

5.1.3.2 BY14B Diatoms 140 

5.1.3.3 BY14B Particle si'ze and loss on 
igni t ion 143 

5.1.3.4 BY14B 1 4 C Dating 143 

5.2 Moniack 144 

5.2.1 Moniack stratigraphy 147 

5.2.2 M29B 159 

5.2.2.1 M29B Pollen 163 

5.2.2.2 M29B Diatoms 167 

5.2.3 M4B 172 

5.2.3.1 M4B Diatoms 173 

5.2.3.2 M4B 1 4 C Dating 178 

5.3 Arcan Mains 178 

5.3.1 Arcan Mains 7 . 185 

5.3.1.1 AM7 Pollen 188 

5.3.1.2 AM7 Diatoms 192 

5.3.1.3 AM7 Particle 'Size and Loss on 192 
igni t ion 

5.3.1.4 AM7 1 4 C Dating 192 

CHAPTER 6 : ENVIRONMENTAL EVIDENCE FOR SEA-LEVEL CHANGE 194 

6.1 Introduction 194 

6.2 Indicative range 197 

6.3 Lithostratigraphic and biostratigraphic evidence of . 1 9 9 
sea-level change 

6.4 Interpretation of data i n terms of sea-level 201 
movement 



Page No. 

6.4.1 Barnyards 3B 202 

6.4.2 Barnyards 14B 205 

6.4.3 Barnyards - s i te interpretation 210 

6.4.4 Moniack 29B 211 

6.4.5 Moniack 4B 215 

6.4.6 Moniack - s i te interpretation 216 

6.4.7 Arcan Mains 7 218 

6.4.8 Arcan Mains - s i te interpretation 221 

6.5 Conclusion 222 

CHAPTER 7 : FLANDRIAN SEA-LEVEL CHANGES IN THE INNER 223 
~ MORAY FIRTH AREA : 

7.1 Barnyards 223 

7.2 Moniack 227 

7.3 Arcan Mains 229 

7.4 Summary Chronology of Flandrian Sea-Level Change in 230 
the Inner Moray Fir th 

7.5 A Time-Altitude Graph of Flandrian Sea-level changes 232 
in the inner Moray Fir th 

7.5.1 Graph construction 238 

7.6 Flandrian sea-level change in the inner Moray 241 
Fir th area 

CHAPTER 8 : INTER-REGIONAL CORRELATIONS 243 

8.1 Introduction 243 

8.2 s Stat is t ical evaluation of 1 4 C data ' 245 

8.3 Comparison of sea-level changes in the inner Moray 259 

Fir th with other areas of Scotland 

8.4 A preliminary isostatic curve fo r the Moray Fir th area 269 

8.5 Other correlations .276 



v i i 

Page No 

CHAPTER 9 : CONCLUSIONS 283 

9.1 Flandrian coastal evolution in the Moray Firth 283 

9.2 Proposals fo r further research 286 

BIBLIOGRAPHY 289 

APPENDIX I 314 

APPENDIX I I 324 

APPENDIX I I I 339 

APPENDIX IV 344 

APPENDIX V 365 



v i i i 

LIST OF FIGURES 

Facing Page 
W7 

1.1 Location of study area 9 
2.1 Major Permian to Mesozoic tectonic elements 15 

of the North Sea 

2.2 Distribution of Old Red Sandstone in the Moray 18 
Fir th area including the l imi t s of the 
Mesozoic sedimentary basin 

2.3 Interglacial and interstadial sites in Scotland 25 

2.4 Central North Sea with location of boreholes 35 
and radiocarbon dates 

2.5 Late Devensian ice retreat stages and marine 43 

l imi ts of the inner Moray Fir th 

3.1 Published sea-level curves fo r Scotland 54 

3.2 Provisional isobases fo r the 'Post-glacial 56 
25-foot beach. ; 

3.3 Provisional isobases fo r the Main Postglacial 56 
Shoreline 

3.4 Schematic section showing most commonly 81 
encountered p ro f i l e types in the Inner 
Moray Fir th coastal area 

3.5 Diagrammatic section of the Grangemouth - Airth 84 
area showing main elements of the 
stratigraphy 

3.6 Diagrammatic section of the Upper Forth Valley 84 

5.1 Barnyards s i te map 109 

5.2 Barnyards stratigraphy. Boreholes BY8 to BY18 112 

5.3 Barnyards stratigraphy. Boreholes BY2 to BY7 U2 

5.4 Barnyards 3B, %TLP + Group 121 

5.5 Barnyards 3B, Pollen concentration , 121 

5.6 Barnyards 3B, % Total vales 125 

5.7 Barnyards 3B, Diatom summary diagram 125 

5.8 Barnyards 3 B, Summary diagram 130 

5.9 Barnyards 14B, S6TLP + Group 136 



\ 

i x • 
Facing Page No. 

5.10 Barnyards 14B, Pollen concentration 136 

5.11 Barnyards 14B, Summary diagram .141 

5.12 Moniack si te map 145 

5.13 Moniack stratigraphy Ml - Ml2 149 

5.14 Moniack stratigraphy M16 - M28 149 

5.15 Moniack stratigraphy M39 - M42 149 

5.16 Moriiack stratigraphy M28 - M33' . 149 

5.17 Moniack 29B, %TLP + Group 164 

5.18 Moniack 29B, Pollen concentration 164 . 

5.19 .Moniack 29B, Sttotal valves 169 

5.20 Moniack 29B, Diatom summary diagram 169 

5.21 Moniack 4B, % Total valves 175 

5.22 Moniack 4B, Diatom summary diagram 175 

5.23 Arcan Mains s i te map 179 

5.24 Arcan Mains stratigraphy, AMI - 8 182 

5.25 Arcan Mains stratigraphy, AM9 - 14 182 

5.26 Arcan Mains, %TLP + Group 189 

5.27 Arcan Mains, Pollen concentration 189 

6.1 Arcan Mains Pollen Diagram (Davis 1979) 219 

7.1 Tidal range around Scotland 236 

7.2 Sea-level index points for the inner Moray Fir th area 

showing tendency of sea-level movement ' 2 3 9 

8.1A Location of unscreened index points 251 

8.IB Frequency distr ibut ion histogram using 99 unscreened 

'4c dates from a Flandrian coastal context 251 

8.2A Location of screened index points 256 

8.2B Frequency distr ibut ion histograms using screened 
data 256 

8.3 Selected sea-level curves from Scotland compared to 

the inner Moray Fir th index points 262 

8.4 Isostatic recovery curves for Scotland I 270 

, 8.5 Isostatic recovery curves for Scotland I I 273 



X 

LIST OF TABLES 
Page No. 

3.1 Published dates on transgressive and regressive 
overlaps related to the formation of the 
'Main Postglacial Shoreline1 i n eastern Scotland. 65 

3.2 Published 1 4 C dates relating to the formation of the 

'grey s i l t y f ine sand layer' in eastern Scotland. 67 

3.3 Published gradients on the Main Postglacial Shoreline. 74 

5.1 Altitude of the 'grey s i l t y sand' unit at Moniack. 158 

6.1 Indicative range of commonly dated materials in a 
coastal context. 198 

7.1 Correlation of Pollen assemblage zones, BY3B and 224 
BY14B. 

7.2 Summary chronology of Positive and Negative tendencies 231 
of sea-level movement. 

7.3 Tidal data and correction factors fo r the Moray 235 

Fir th area. 

7.4 Index points used in graph construction. 241 

8.1 Scottish 1 4 C data - unscreened. 249 

8.2 Scottish 1 4 C data, with tendencies. 254 

8.3 The age and alt i tude of the 'Main Postglacial 268 
Shoreline' in Scotland. 

8.4 Periods of Transgressive overlap and Regressive overlap 278 
from northern England between 6750 and 
5500 B.P. 

8.5 Postglacial Transgression Maxima.for the Kattegatt 280 
region 8800 - 5500 a.P. 

8.6 Transgressions in Blekinge, South Sweden between 281 
6950 and 5250 B.P. 



- 1 -

CHAPTER 1 

INTRODUCTION 

I.G.C.P. Project No.61 - 'Sea-Level movements during the last 

deglacial hemicycle' was in i t ia ted on 19 April 1974 and assigned 'Key 

Project' status. The primary objective of the project was 

"to establish a graph of mean sea-level during the last de-glacial 
hemicycle (about 15,000 yrs) and continuing to the present. 
This objective (is to) be realized by establishing sea-level 
curves based on empirical data from di f ferent regions of 
t h e w o r l d " (Tooley, 1978c, 66) 

Additional objectives included the evaluation of vertical crustal 

movements including glacio-isostasy, hydro-isostasy and epeirogenic 

movements and the evaluation of the.relationship of sea-level change to 

climatic change and changes in the global hydrological cycle, a l l of 

which are of great importance fo r planning considerations in low-lying 

coastal areas (Tooley 1979). 

Mflrner (1976) drew attention to the fac t that the present geoid 

configuration is uneven with , fo r example, an amplitude of 180 m. between 

a high point near New Guinea and a low point near the Maldives. Changes 

in the geoid through time and space therefore mil i ta te against a concept 

of global eustasy. 

Recent policy has been directed towards the construction of sea-

level curves, the variates of which 

"come from a small homogeneous area so that the effects of t ida l 
inequalities, earth movements and variations in the geoid 

• configuration would be minimized" ( T o o l e y w ^ m ) 

In this way local ly consistent data bases could be in i t ia ted and 

improved with the objective of evaluation of the inter-regional differences 

in the factors of sea-level.change. 



However a lack of consistency and rigour in methodology s t i l l 

exists and agreement on the exact meaning and relationship of an index 

point to the contemporary sea-level is s t i l l elusive. This means, in . 

e f fec t , that some differences between sea-level curves from d i f fe ren t 

areas are apparent ones rather than real ones. The need is fo r a 

consistency in methodology and operational definit ions to aid meaning­

f u l correlation. 

In the remainder of the chapter the objectives of the study, the . 

methodology adopted and defini t ions of commonly used terms w i l l be 

outlined. 

1.1 Objectives 

Certain areas of Bri tain were ident i f ied as deficient in sea-level 

data including the Moray Fir th area. No previous work has dealt exp l i c i t l y 

with Flandrian sea-level changes in the area.' Ogitvie's (1923) monograph 

s t i l l remains the basic descriptive work on the Moray Fir th coastlands 

and is s t i l l widely used by later workers (Sissons 1967, 1976, Steers 1973). 

This research is therefore preliminary in nature and broad in 

outlook. The objectives are 

the description of new sites from former t ida l f l a t and lagoonal 

environments. 
14 

the use of stratigraphic, pollen, diatom and C analyses from 

these sites to provide new data fo r sea-level change. 
- the interpretation of these data in terms of sea-level movement. 

the establishment of an i n i t i a l chronology of sea-level movement. 

14 
the construction of a sea-level curve based on C dated index points. 

comparison with other areas of Scotland and NW Europe to iden t i fy 

events of regional significance and differences in the registration 
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of these events between areas. 

an i n i t i a l estimate of the form of isostatic recovery fo r the 

area during the Flandrian Age. 

1.2 Methodology 

The methodology advanced in this study is well t r i ed by research 

workers in the Fenland (Godwin 1940a, Shennan 1980), North-Western 

England (Tooley 1978a), the Bristol Channel (Kidson and Heyworth 1973) 

and the Netherlands (Jelgersma 1961). I t is based on precise instrum­

ental levell ing and stratigraphic and micropalaeontological analyses of 

former t ida l f l a t and lagoonal environments to ident i fy suitable samples 

for 1 4 C dating and the production of a sea-level curve. 

In Scotland the t radi t ional practice has been f i r s t to establish 

the sequence of raised and t i l t e d shorelines (sensu Sissons 1966, 

Cullingford et a l . 1980) - in e f fec t a form of 'marine l i m i t ' sequence - on 

a regional scale. Once such a sequence has been established i t provides 

an indicator of the direction of sea-level movement and the upper 

a l t i tudina l l imi ts of rises in sea-level. I t also provides s t r a t i -

graphic control fo r the interpretation of index points. 

In areas such as the Moray Fir th where the shoreline sequence has 

not yet been established rises and f a l l s in sea-level need to be argued 

from other indicators of sea-level movement. The methodology used is 

essentially a site-based one aimed at the construction of inductive, 

local ly val id arguments fo r the nature and timing of sea-level change 

which can then be compared with similar schemes from other regions. 

1.3 Definitions 

Flandrian. In recent years the term Flandrian has been used as a formal 

stage name fo r the present interglacial stage in place of the equivocal 
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term postglacial. Its use has been.recommended in Britain by the 
Quaternary Era Sub-Committee (Mitchell et a l . 1973) and its lower limit 
is defined as 10,000 B.P. to coincide with the lower limit of the Holocene 
series. The early use of the term as a local formation name in the 
Flemish coastal plain has fallen into disuse by present researchers in 
the area. Indeed the term Flandrian has not been properly defined in 
the type area (Paepe et a l . 1976) and this has led Mangerud and Berglund 
(1978) to suggest the term should not be used until properly defined 

t 

in the type area. 

Hyvarinen (1978) suggests that much confusion can be avoided by 

realizing that the chronostratigraphic use of the term Flandrian is 

different from its original use in the type area. Its basic chrono­

stratigraphic meaning is essentially climatostratigraphic, based on 

pollen evidence for climatic warming after the last glacial period. As 

such i t is consistent with the original definition and subsequent use 

of the terms Holsteinian and Eemian. In principle therefore the definition 

of the Flandrian Stage in chronostratigraphic terms is clear and well used 

in practice. In this study Flandrian is used as a formal term to denote 

the present interglacial with a lower limit at 10,000 B.P. The term 

Flandrian Age is used in a str ict chronostratigraphic sense (following 

Hedberg 1976) while Flandrian Stage refers to the deposits laid down 

during that time. 

Altitude - altitude is used specifically to denote altitude in relation 

to Ordnance Datum (Newlyn), the national reference level of the United 

Kingdom, defined as the average MSL at Newlyn between 1915 and 1921. 

Since 1921 0D (Newlyn) has moved relative to MSL and is today 0.086 m. 

below MSL at Newlyn. All altitudes are +ve unless shown otherwise. 

Depth - depth is used solely for depth below present ground surface 

and is given in centimetres. 



- 5 -

Radiocarbon age - The radiocarbon ages are as given in Radiocarbon. 

The error quoted is one standard deviation about the mean. All dates 

are uncorrected and are based on a half-l ife of 5570 yrs. 

Sea-level - sea-level, a term that has been used'with many different 

meanings (Jardine 1975). Mean Sea-Level is a calculated value, in theory * 

the surface level the worlds oceans would adopt i f tidal forces ceased. 

However, values for Mean Sea-Level are only available for the Past c.150 

yrs. and have no significance in the sedimentary record. Mean Tide Level, 

the average of high and.low water over time at a particular location can 

be reconstructed approximately from former indicators of high or low 

tide and a knowledge of the tidal range. It is therefore Mean Tide Level 

rather than Mean Sea Level that is commonly used to construct sea-level 

curves. In this study however Mean Sea Level and Mean Tide Level are 

considered synonymous within the range of error present in the method. 
« 

Eustasy - Eustasy is taken to include al l water-based variables affecting 

the level of the world's oceans and includes glacial-eustasy, tectoho-

eustasy, geoidal eustasy and local effects on the sea-level surface 

contributed by meteorology (e.g. barometric pressure),.hydrology and 

oceanography. 

Isostasy - Isostasy is taken to represent the variables of crustal 

movement including glacio-isostasy* tectono-isostasy,. hydro-isostasy 

and local factors such as consolidation of sediments. 

Factors of scale operating in time and space affect the status, 

relationships and measurement of variables. In a study of flood manage­

ment and prediction, for example, the Anglian Water Authority has shown 

that the 1953 storm surge in the North Sea was a 1 in 10 yrs event and 

the 1978 flood a 1 in 75 yr. event. These studies however were based 

mainly on tidal and meteorological variables with changes in sea-level 



assuming the status of an independent variable (Tooley 1979). The status 

would be quite different in a study of changing sea-levels over a 

l ( r - 10 yr time scale. For instance in a study of sea-level change 

during the Cretaceous, tidal and meteorological variables are incapable 

of resolution and variables such as geotectonic movements assume dependent 

status. 

TransgressionfRegression and Over!ap. Shennan (1980) and Tooley (1982) have 

effectively summarized the different usage of the terms transgression and 

regression and the problems this causes in correlation between areas. 

The main problem has arisen through the mixing of lithologic, process and 

chronological meanings. 

For instance, Jelgersma (1961) suggests the terms transgression and 

regression should be used to describe a covering and removal of marine 

deposits with no connotation of process. Jard-jne (1975) however includes 

a process meaning since the terms 

"are used to indicate a respectively landward and seaward 
migration - either by horizontal or by vertical movement or by 
combined horizontal and vertical movement - of the line of inter­
section of the surface of the land and the surface of the sea" (p.174) 

In 1969 Tooley used transgression and regression in a descriptive sense 

but by 1974 transgression was associated with a rise of sea-level and 

regression with a fall (Tooley 1982). Shennan (1980) has shown that the 

Lytham transgression sequences were constructed using mixed criteria so 

that a transgression included information from both transgressive and 

regressive overlaps. The problems occur in correlation between areas 

when like processes or lithologies are not compared with l ike. 

In this study i t is proposed that transgression and regression are 

used purely for lithologic description in conjunction with the term 

overlap, a term with a long usage in hard rock geology. 



A transgressive overlap is defined as the replacement of terrestrial 

sedimentation by brackish then marine facies. A regressive overlap is 

defined as the replacement of fully.marine facies by brackish or littoral 

then non-marine terrestrial facies. No processes are associated with a 

transgressive overlap, nor are the terms used in the development of a 

chronostratigraphic scheme. Where reference is made to existing schemes 

the terms transgression and regression are used in their original sense. 

Shoreline. Jardine (1981) defines a shoreline at any given location and 

any given time as 

"the line of intersection of mean tide level at the given time 
and the terrestrial surface at the given location" (p.297) 

He considers that in practice, however, frequently the mapped shoreline 

of any given time is a line joining points located at MHWST. 

The definition suggests that in former tidal f lat and lagoonal 

zones any transitional contact between terrestrial biogenic and marine 

clastic sedimentation can be classed as a shoreline. Information on the 

changes in age and altitude of regressive and transgressive overlaps 

can therefore chart the change in the position of shoreline positions 

through time. 

This means that the shoreline sequence (sensu Sissons 1966) of 

the western Forth Valley is in effect a form of 'marine limit' sequence. 

For instance the Main Buried Shoreline is defined as the maximum al t i t -

udinal limit reached by the rising sea-level that deposited the sediments 

of the Main Buried Beach. 

There is a distinction to be made between landward limit and 

altitudinal limit however. Under certain circumstances of local peat growth 

and sea-level r ise, biogenic and marine sedimentation can keep pace with 

one another. In such cases the most landward expression of marine deposits 
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may not necessarily represent the limit of the rise in sea-level 

(e.g. Jardine 1975, Sissons and Smith 1965). 

Morrison et a l . 1981 define the Main Postglacial Shoreline in 

eastern Scotland as the highest of several Flandrian raised shorelines 

formed by the culmination of the Flandrian marine transgression. In 

a study on the dating of the Main Postglacial Shoreline near Montrose, 

Smith et a l . 1980 described a site at Fullerton. The site, a small gully 

feature, showed the basal contact of the upper peat to rise in a seaward 

direction so that the carse deposits at the mouth of the gully are 1 -2 m. 

higher than the most landward expression. If local compaction factors can 

be discounted then sea-level was s t i l l rising while peat formation occurred. 

The feature they measured therefore may well be a shoreline prior to the 

formation of the Main Postglacial Shoreline - a suggestion supported by 

the subsequent 'old' radiocarbon date. 

1.4 The study area 

It was decided to restrict the area of study to the inner Moray 

Firth. This effectively means the head reaches of the Beauly and 

Cromarty Firths. 

Three sites, Barnyards near Beauly (NH 5247), Moniack near Kirkhill 

(NH 5443), and Arcan Mains in Strathconon (NH 4954) provided material for 

radiocarbon dating. They were init ial ly located from O.S. 6" maps from 

which areas considered suitable for further investigation were identified. 

The sites are located in f ig. 1.1 together with other place names 

mentioned in the text. 

Three additional sites were investigated at Munlochy Bay (NH 6351), 

Delny (NH 7372) and Rhynie - Mounteagle (NH 8478). Over 50 boreholes were 

put down at these later three sites to enable a more regional picture of 

variation in the age and altitude of measured features to be assessed. 
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Fig. 1.1 Location of study area 
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Only stratigraphic analysis has been carried out at these sites / their 

full significance is as yet uncertain and they are not included in this 

study. Samples for pollen, diatom and radiocarbon analyses will be 

taken and interpreted at a later date. 

1.5 Form of the thesis 

Chapters 2 and 3 are primarily concerned with published literature. 

In Chapter 2 the present knowledge of the geological setting of the study 

area will be reviewed. The study area lies on the edge of the subsiding 

Mesozoic Moray Firth Basin yet i t is within 50 km. of the main watershed 

of Scotland - the site of ice accumulation during the Quaternary glacial 

periods.In Chapter 3 published literature on Flandrian sea-level change 

in Scotland is reviewed and together the two chapters provide a pers­

pective for the present study. Also in Chapter 3 , in a brief section on 

terminology, i t is proposed that a new lithostratigraphic scheme be 

introduced in Scotland to avoid some of the confusion caused by the well 

used, but ill-defined terms such as carse clays, sub-carse peat, post-

carse estuarine deposits and carse deposits. 

In Chapter 4 the techniques used in this study to provide data 

for sea-level change are outlined. 

In Chapter 5 stratigraphic, environmental and chronological 

data from three sites in the area and in .the following chapter these 

data are interpreted in terms of sea-level movements. 

In Chapter 7 the chronological and altitudinal factors of sea-level 

change are described and a preliminary chronological scheme and time-

altitude graph of sea-level change based on nine ^ C dated index points 

are proposed. 

The proposed scheme is briefly compared to other areas.of Scotland 
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and NW Europe in Chapter 8. This chapter "also contains a preliminary 
attempt to construct an isostatic recovery curve for the inner Moray 
Firth. The final chapter contains concluding remarks and suggests 
further lines of research. 
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CHAPTER 2 

GEOLOGICAL PERSPECTIVE 

2.1 Introduction 

In sea-level research i t is important to appreciate the direction 

and rate of long term earth movements both horizontally and vertically. 

The measurement of geological inheritance 1s however exceedingly difficult 

since the resolution of such comparatively small rates of change is often 

encompassed within the accuracy of contemporary measuring techniques. In 

addition, in areas such as Scotland and Fennoscahdia the accumulation 

and removal of a succession of ice sheets has led to glacio-isostatic 

depression and recovery which mask the confident identification of long 

term vertical movements. Between these two areas the northern North Sea 

Basin has also undoubtedly had a complex history of vertical movements 

during the Quaternary with peripheral, bulging'during ice loading and sub­

sidence during ice decay. The study area is located on the edge of the 

Moray Firth Basin which is genetically linked to the slowly subsiding North 

Sea Basin yet 1t is within .45 km. of the main watershed, the high ground of 

which nourished the last ice sheet and presumably Its antecedents. 

An equally important feature in the geological setting of the area 

has been activity along the Great Glen and related faults such as the Strath- -

Glass and Strath Conon faults. The Great Glen Fault runs from Inverness in 

a north-north-easterly direction controlling the course of the coastline 

between Ethie and Tarbat Ness downfaultlng the later Jurassic sediments 

against the Old Red Sandstone. It is a complex zone with a long history 

of activity and in this light the possibility of dislocation of shorelines 

1n the inner Moray Firth as reported from the Forth Valley (Sissons 1972) 

should be noted especially since the Beauly Firth may also be fault 

controlled (Armstrong, 1977). 
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The intensive search for oil and gas reservoirs since 1959 and the 
beginning of offshore research by institutions such as the I.G.S. has 
resulted in a proliferation of basic data that has prompted an improvement 
in the knowledge of North Sea stratigraphy and the wider geological 
evolution of the North West European continental margin. In this chapter 
the evidence for long term vertical and horizontal earth movements, the 
extent of the last ice sheet and its implications for Quaternary uplift 
and subsidence and Late Devensian ice retreat and sea-level change will be 
reviewed. 

2.2 Pre-Quaternary Geology 

The whole of the North Sea area has been dominated by subsidence and 

deposition since at least Devonian times, though the exact nature and extent 

of the Devonian and succeeding Carboniferous basins is unclear at present, 

especially in the northern North Sea. During.the Devonian the Caledonian 

massifs of Wales, London-Brabant, the Pennines, Southern Uplands and 

Highlands provided stability to the west and south whilst to the east and 

north-east the Ringkflbing-Fyn high and Fennoscandian massifs stood essen­

t ial ly in the same relationship they show today (Kent 1975 and f ig. 2.1). 

The geological evolution of the North Sea area, though possessing 

several tectonic and depositional cycles, can be traced to this time and 

is to be seen in view of the subsequent responses of these fragmented yet 

stable elements to deformation caused by global plate movements. Since 

Devonian times the North Sea area has been occupied by a number of intra-

cratonic, subsiding sedimentary basins each of which is the response to 

different tectonic settings (P.A. Ziegler 1975). 

The Old Red Sandstone ini t ia l ly described by Murchison (1839, 1859 

in Small and Smith 1971) and by Miller (1841) is the dominant rock type 

of the Moray Firth coastal belt (fig. 2.2). I t was laid down in large 
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Fig. 2.1 Major Permian to Mesozoic tectonic elements of 

the North Sea (Zlegler and Louwerens 1979) 

1. Thick Jurassic series 
* 

2. Sedimentary basins 

3. Highs 

4. Boundary of Zechsteln salts 

5. Faults 
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F1g. 2.2» Distribution of Old Red Sandstone in the Moray Firth 

area Including limits of the Mesozolc sedimentary 

basin (Chesher and Bacon 1975) 

1. . Old Red Sandstone 

2. Permian to Jurassic outcrops 

3. Basin centres 

4. Major faults 

5. Zones of Uplift ' 
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a thick granitic body at shallow depth (Collette 1960 in Sunderland 1972). 
A programme of research undertaken by the I.G.S. beginning with shallow 
seismic profiling (Eden et a l . 1970), drilling (Chesher et a l . 1972) and 
followed by a further deep seismic survey (McQuillin and Bacon 1974) indie 
ated the presence of two Mesozoic basins, one to the north-east, the other 
to the south and separated by a prominent zone of uplift (Chesher and 
Bacon 1975 and fig.2.2). This complex basin probably has its origins in 
the early Permian and 1s genetically linked to the Northern Permian 
Basins of the North Sea. Its Importance lies in the fact that such a 
basin has controlled sedimentation in the area ever since and its con­
tinuing subsidence contributes one factor in the complex history of 
vertical movements in the area. 

The simple two-basin sedimentation was Interrupted by the 

initiation during the early Permian of a complex graben system forming 

part of the northern North Atlantic - Norwegian - Greenland Sea - Eurasion 

Arctic r i f t system which gradually widened during the Mesozoic leading 

to the early Tertiary separation of the North American - Greenland and 

European plates and the onset of sea-floor spreading (Ziegler and 

Louwerens 1979). The two-basin system in the North Sea was gradually 

modified by the development of a north-south graben system that breached 

the east-west Mid North Sea - RingkjJbing - Fyn high. The formation of the 

Viking and Central grabens, the Horn graben and the Horda fault system -

which has been likened to a false start in the opening of the Atlantic 

Ocean - allowed thick accumulations of Mesozoic, Tertiary and even 

Quaternary strata (Caston 1977). 

Through the Tertiary the entire North Sea area developed as a 

single, synclinal, subsiding basin centred on the main r i f t system and 

showing an absence of fault control. .This pattern came into being during 

the Eocene since by this time the North American - Greenland and European 



plates had separated, sea-floor spreading had commenced and as a result 

the extensional stresses produced ceased to affect the North Sea graben 

system. Thicknesses of Tertiary strata of the order of 3500 m. were 

deposited in the Central graben near Ekofisk. 

Clarke (1973) in an examination of data from fourteen wells from 

the central area (56°- 58°N, 1 °- 3°E) of the North Sea has noted accel­

erated subsidence throughout the Tertiary from just over 0.01 m./lOOO yrs. 

during the Cretaceous to over 0.5 m./lOOO yrs. during the Quaternary. 

Overall the North Sea has been dominated by negative movements 

since the Caledonian orogeny. In the central North Sea i f Devonian 

sediments are taken into account subsidence of some 10 km. must have 

occurred at rates of 0.003 to 0.05 m./yr. in pre-Tertiary times (Collette 

1971) while peripheral areas such as the Scottish and Fennbscandian 

massifs appear to have undergone complimentary up l i f t and erosion. Other 

blocks such as the Southern Uplands, Mid North Sea High and Ringk0bing -

Fyn High have, however, remained static, nearer sea-level (Kent 1975). 

The mechanism of subsidence is not entirely known. Bott (1971, 

1975) considers the cause of subsidence to have been an isostatic response 

to crustal thinning and suggests this may be related to continental margin 

development. Stresses set up in the crust at this time could lead to 

flow in the mantle resulting in regional and local subsidence with normal 

faulting in the br i t t l e crust. 

Collette (1968, 1971) proposes that non-mechanical processes 

involving a load-controlled transformation of basalt to eclogite in the 

lower part of the crust can explain the amount of crustal thinning needed 

to explain the observed amounts of subsidence. 

Ziegler and Louwerens (1979) accept that thinning of the crust may 

have been accomplished by extensional stresses causing flow in the mantle 
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and also by subcrustal erosion. However, they propose that the main 

features of the Mesozoic r i f t i n g stage and later events could be explained 

by the emplacement and subsequent disappearance of a r i f t cushion at the 

crust-mantle interface, resulting in bulging and volcanism followed by 

collapse and subsidence which, in turn, caused the development of the 

single, broad, saucer-shaped North Sea .basin that has characterized the 

Cainozoic. 

In addition to vertical earth movements associated with basin 

development the Great Glen Fault and associated features have provided a 

complex history of horizontal as well as vertical displacement. 

The Inverness area is certainly one of the more seismically active 

in Britain. Between 1768 and 1906 more than 56 earthquakes have been 

recorded on the faul t , primarily from three active seismic centres 

(Ahmad 1967), the three largest tremors having taken place in 1816, 1901 

and 1934 (Lilwall 1967). The fault is only one of a suite of faults 

trending SE - NE (the main Caledonian trend) both north and south of 

Glen More i t se l f . There is some suggestion that the Great Glen Fault had 

i t s origins during the Caledonian diastrophism caused by the collision and 

relative shearing of the Asian and North American plates, a process 

lasting from Cambrian to Devonian times, through the absence of suitable 

time-markers makes a definite statement on the early movement of the faul t 

impossible (D.I . Smith 1977). 

The fault comprises a central zone of crushed and comminuted rock 

some 2.5 to 4 km. wide with a zone of decreased breakage extending away 

from the main hollow. Chesher and Bacon (1975) have traced i ts contin­

uation offshore some 70 km. to the north-east ( f i g . 2.2) while Flinn has 

suggested that the Walls Boundary Fault is perhaps i ts continuation in 

Shetland, a possibility refuted by Mykura (1975). 
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Before 1946 the accepted view was that i t had acted exclusively 
as a normal faul t . Home and Hinxman (1914) proposed that in the Inverness 
area the land to the east had been downfaulted some 1800 m. In 1946, 
Kennedy (in D. I . Smith 1977) made the revolutionary suggestion that the 
main movement had been a transcurrent one. He proposed a sinistral move­
ment of 104 km. during Devonian-Carboniferous times which was based on a l l 
the information then available. A second detailed piece of work by Holgate 
(1969) suggested that the available evidence pointed to two periods of 
transcurrent movement, the f i r s t being a sinistral sh i f t of 133 km. during 
the Lower and Middle Devonian and the second one of 29 km. in a dextral 
sense during the Eocene. Garson and Plant (1972) however proposed two 
phases of transcurrent faulting in the reverse sense to Kennedy and 
Ho Igate, a dextral movement of 120 km. during the Lower Devonian and a 
second dextral movement of 32 km. in the Upper Cretaceous. Offshore 
seismic work by Bacon and Chesher (1974) points to activity in a normal 
sense during the Mesozoic which seems at variance with the Eocene trans­
current movements of Holgate. 

There is today a wide variety of opinion concerning the nature and 

timing of movements on the faul t , evidence of differing kinds being 

put forward to postulate normal or transcurrent displacements of various 

sizes and directions. Undoubtedly the fault is a complex zone with a 

long history of activity. Moreover i ts Tertiary and Quaternary expressions 

s t i l l remain largely unknown. Mttrner (1979a) considers that the Fennoscan-

dian u p l i f t is by no means as uniform as previously claimed. Isobase 

irregularities are found at many major bedrock seams and old faultlines 

and he has established postglacial faulting at several places. In 

Scotland the only detailed investigation of this type has shown the main 

buried shoreline of the Forth Valley to have been dislocated by neotectonic 

block movements in two places (Sissons 1972 ) . 
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2.3 The Quaternary Period 

I t is probably correct to suggest that in Scotland Quaternary erosion 

processes merely modified in detail a landscape inherited from Tertiary and 

earlier times (Linton 1959). The Quaternary glaciationsmay be regarded as 

an exceptional event in the geological time scale. In particular the 

deposition of large quantities of unconsolidated material, the products of 

glacial erosion created a vast potential for subsequent reworking by the 

sea. Of greater importance has been the glacial-eustatic control of sea-

level. Most authors agree that the lowest position of Devensian sea-level 

was reached at about 18000 B.P., coinciding with the maximum extension of 

land ice. At this time sea-level is considered to have been some 120 to 

130 m. below present sea-level (Jelgersma 1979). In addition, as glacio-

isostatic recovery is the main contributor to the raising and t i l t i n g 

of Quaternary marine landforms and sediments relative to sea-level an 

understanding of the glacial sequence is required. 

2.3.1 Quaternary events prior to the Devensian in Scotland 

Evidence from East Anglia has demonstrated a succession - perhaps 

as many as fourteen - of colder and warmer stages since the beginning of 

the Quaternary (Mitchell et a l . 1973, West 1981). Shotton (1975) considers 

that the cold cycles were not severe enough for the production of glaciers 

until the beginning of the Anglian stage. This means, however, that 

Scotland as the supposed main ice-accumulation area in Britain during the 

Quaternary has probably been overrun by ice at several times since the 

Anglian glaciation. Due to erosion during each successive advance, the 

ice sheets have tended to produce a clean slate for deposition during 

deglaciation with the result that very l i t t l e is known about pre-last ice 

sheet events. 

A number of interglacial sites has been suggested for Scotland, two 
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Fig. 2.3 Interglacial and interstadial sites In Scotland 

1. Htgh level in situ early glacial shell 

beds (Sutherland 1981) 

2. ' Interglacial/interstadial sites 

3. Unglaciated areas (Synge 1977) 

4. Wee Banfcle Moraine and eastern l imi t of 

Scottish Devensian ice (Thomson and Eden 1977) 
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in Shetland at Fugla Ness (Birks and Ransom 1969) and Sel Ayre (Birks and 
Peglar 1979) with a third at Teindland in Moray (Edwards et a l . 1976). 

The Fugla Ness peat has been dated three times, Sel Ayre once and 

al l four determinations show an unexpected f in i t e age ( f i g . 2.3). In the 

light of Sutherland's warning (1980) concerning the effects of contamination 

on samples with a radiocarbon activity close to background or containing 

small amounts of carbon, such dates should be treated with caution. The 

age of the proposed interglacial at Teindland has not been dated, i t can 

only be presumed earlier than a higher horizon dated at 28, 140 - B.P. 

The assignation of these sites'to the Ipswichian interglacial is 

based only on pollen and stratigraphic cr i ter ia , radiocarbon dating does 

not provide an answer. With the nearest Ipswichian sites in northern 

England at Hutton Henry (Beaumont et a l . 1968) and Scandal Beck (Carter 

et a l . 1978) a considerable distance to the south, i t must be realized 

that correlation of pollen assemblage zones over such distances must be 

regarded as tentative especially since Shetland is known to have exhibited 

a different vegetation history to Scotland in the Flandrian interglacial. 

Evidence for Ipswichian sea-levels in the North Sea basin is 

fragmentary. Jardine (1979) references a number of sites where Ipswichian 

sea-levels have been studied on the east and south coasts of England. 

Because of the uncertainties involved in dating these fragments i t is 

by no means certain that at each site the same event is recorded and 

statements on possible post-formational warping must remain exceedingly 

speculative. 

In western Scotland there are a number of fossil rock platforms and 

c l i f f s that have been attributed to an interglacial (=Ipswichian) age. 

One recent contribution (Sissons 1981c) suggests there are three sets of 

platform present, an interglacial suite, a glacial suite and a Late-

Devensian feature, each exhibiting different attributes of height and 
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gradient. The interglacial set, unlikely to have survived in the a l t i t -
udinal zone affected by later erosion is suggested to be present in the 
intertidal zone and a few metres above and below present sea-level. The 
fragments are often ice-moulded and striated and probably do not represent 
a single horizontal platform (c . f . Dawson 1980) rather they suggest the 
existence of more than one horizontal or gently sloping shoreline. The 
fact that they l ie close to present sea-level has been taken to suggest that 
glacio-isostatic recovery for Scotland is almost complete. 

On the east coast of Scotland there are no undisputed interglacial 

shorelines recorded. However Eden et a l . (1977) propose that the clear 

expression of the Main Lateglacial Shoreline at Burnmouth and i ts occur­

rence over an altitudinal range of several metres could mean i t may be 

an older shoreline that has been exhumed. This might not be unexpected 

due to the close altitudinal association of the Main Lateglacial Shoreline 

and interglacial suite of rock platforms in western Scotland. 

2.3.2 The Devensian ice maximum 

the amount of Late Devensian and Flandrian isostatic u p l i f t in areas 

formerly under direct ice load and the characteristics of forebulge 

migration and subsidence in peripheral areas is directly related to the 

extent, thickness and timing of the last ice sheet. However the present 

state of knowledge concerning these variables has probably never been in 

such confusion despite the ever-growing body of data. The situation is 

so complex that Sissons (1981a) correctly states that : 

"after 140 years of research i t is surprising how l i t t l e we really 
know about the extent of the last Scottish ice-sheet and 
associated events." (p.16) 

I t is not known from continental evidence alone when the last 

Scottish ice sheet began to build up. However, the oxygen isotope stage 

5/4 boundary from the Pacific core V28 - 238 (Shackleton and Opdyke 1973) 
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dated at c 75,000 B.P. suggests a major global build up of glaciers, a 
feature also noted for the Atlantic (Ruddiman et a l . 1981). This fact has 
led Sutherland (1981) to depart from accepted theory and propose that the 
last Scottish ice sheet accumulated extremely rapidly some 75,000 years B.P. 
enabling rapid isostatic depression allowing a marine transgression to 
deposit the high level shell beds subsequently covered by t i l l that are 
known to be present at a number of localities close to the present coast 
of Scotland ( f i g . 2.3). The in situ nature of some of these deposits as 

.claimed by Sutherland for a l l must be called into question especially 
those from Claya (Peacock 1975a) and Gardenstown (Peacock 1971). 

The accepted date for last ice sheet ini t iat ion is around 27,000 B.P. 

though this suggestion is in fact based on only two radiocarbon assays 

from the Scottish mainland. Teindland, dated at 28,100 * J®Q B.P. and 

Bishopbriggs, dated at 27,333 ~ 240 B.P. supposedly illustrate that Scotland 

was ice free prior to this time. Recently the. validity of the inferences 

based on these dates has been called into question (Sissons 1981a). 

The Teindland date is from a buried soil horizon overlain by a 

minerogenic deposit. Detailed analysis by Edwards et a l . (1976) suggest 

the overburden is t i l l which would make the date a maximal one for the 

arrival of glacial conditions. Romans et a l . (1966 in Edwards et al.1976) 

provide an alternative theory that i t may be soliflucted material. The 

additional fact that Edwards et a l . 1976 propose that the organic horizon 

is interstadial underlain by a yellow sand showing a possible and inter­

glacial (Ipswichian?) pollen flora renders the site unique in Scotland. 

As Sissons (1981a) comments both interstadial and interglacial sites are 

rare in Scotland and to have both at one site separated by less than one 

metre is exceptional. Consequently the interpretation of the Teindland site 

must remain enigmatic and firm inferences using i t must be viewed 

with caution. 
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The Bishopbriggs date is from a woolly rhinoceros bone embedded 
in fluvioglacial deposits beneath t i l l . However when compared to two 
nearby dates from Kilmaurs, 30 km. south west of Glasgow, in essentially 
a similar stratigraphic position, a l l three give widely differing results. 
I t may be concluded that the data previously held to suggest Scotland 
was ice free prior to 27000 B.P. is equivocal. 

In addition to the lack of data concerning last ice sheet ini t iat ion 

there is confusion over the number and extent of ice sheets needed to 

explain the existing evidence. The problem lies not in central areas but 

in the peripheral areas of Aberdeenshire, Banffshire, Orkney, Shetland, 

Caithness, the Outer Hebrides and the North Sea. 

Aberdeenshire and Banffshire have proved to be one of the more 

enigmatic of such areas. Here there are t i l l sheets, often superimposed, 

that are related to ice masses from different sources. T.F. Jamieson 

(1906a) recognized three different t i l l s at Ellon related to two glacial 

episodes and a third local ice readvance down the Dee Valley. Further 

schemes involving mutliple glaciation were proposed by later fieldworkers 

such as Bremner, Simpson, Charlesworth and Synge and a summary of their 

most important contributions is given by Gemmell (1975). Synge (1956) 

offered one new development involving obstruction of ice flowing to the 

north east by Scandinavian ice causing a bifurcation which l e f t 

'mbraineless Buchan' ice-free ( f i g . 2.3). 

Recent papers by Clapperton and Sugden (1972, 1975) and Sugden and 

Clapperton (1975) have tended to reject Synge's 'moraine!ess Buchan' 

theory believing instead that the continuity of landform mapped could best 

be explained by the downwasting of only one ice sheet retreating westwards. 

Their work is primarily of a morphological nature however and there s t i l l 

remains a basic lack of stratigraphic and time control for the north-east 

of Scotland. > 
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Organic horizons which could eventually provide that time control 
for interglacial or interstadial events are known from various localities 
but their exact relationships remain unresolved. One radiocarbon assay . 
has been carried out on lenses of peat in the basal layers of Late Dev-
ensian red t i l l at Burn of Benholm near Inverbervie. I t gave an age of 
>42,000 B.P. (Donner 1979) which negated an earlier hypothesis that the 
peat erratics were Late Devensian (Donner 1960). The only conclusion 
that is possible from this site is that the peat and grey shelly t i l l 
which occur as erratics within the red t i l l predate the deposition of the 
latter, i t does not give evidence for a pre-Late Devensian glaciation. 
Peacock (1980b) has recently recalled the earlier literature of Bremner 
and drawn attention to two other sites showing peat horizons beneath the 
red Strathmore d r i f t at Tipperty and Balmedie. Edwards and Cdnnell 
(1981) review the options available from these and similar sites and 
conclude that no firm deductions can be made concerning a pre-Late 
Devensian interglacial or interstadial event and by implication pre-
Devensian glaciation in the area at present. 

A second peripheral area, Caithness and Orkney exhibit widespread 

deposits of shelly t i l l with striae and erratics indicating a general 

north-westwards flow of ice classically attributed to the deflection of 

Moray Firth ice by ice from Scandinavia. There is conjecture that these 

t i l l s represent a pre-Devensian glaciation the evidence for this con-
14 

si sting of inf in i te C dates and intense periglacial modification of 

d r i f t . However, the inference that the age determinations prove these 

t i l l s to be pre-Devensian is not valid. When allochthonous material is 

dated i t merely gives a maximal age, the incorporation could have occurred 

at any time afterwards and when the date is inf in i te not even that 

supposition can be held. 
A third peripheral area, the Outer Hebrides, is at present the 



object of controversy concerning glacial events. Flinn (198o) and Peacock 

(198oa) give evidence for easterly ice flow in Lewis, Harris, the Uists 

and Benbecula and suggest the Hebrides nourished a local ice cap with an 

ice sheet to the west of the present watershed, i t also implies modific­

ation of views concerning the extent of the mainland Scottish ice sheet 

westwards. Sissons (1980, 1981a) infers from ciimatic and topographic 

data that the Outer Hebrides could not init iate an independent ice mass. 

He envisages a maximum extent of the Scottish ice over the Outer Hebrides 

with subsequent separation due to calving in the Minch. Peacock (1980a) 

questions the validity of using data from mainland erratics to prove 

Scottish ice sheet invasion and suggests that other evidence for mainland 

ice may relate to an earlier, pre-Late Devensian glaciation. There is 

however the suggestion that mainland ice may have reached the north of 

Lewis since at Tolsta Head ( f i g . 2.3) a limnic deposit containing an 

interstadial pollen flora and dated at 27,333 - 240 B.P. (Von Weymarn 

and Edwards 1973) is covered by t i l l with a north westerly component of 

flow. 

The North Sea is classically the area of conflict between Scottish 

and Scandinavian ice and as such should give information regarding the 

eastward extent of Scottish ice. In this area too, however, there is 

controversy. From seismic records and borehole data a provisional 

succession has been outlined for the Quaternary in the central North 

Sea. Holmes (1977) suggests that at the Devensian maximum the central 

North Sea area between 56° and 58°N was ice covered to the median line. 

The maximum is thought to correlate with the Lower Channel Deposits, 

tunnel valleys formed in proximity to an ice margin. Janssen et a l . 

(1979) produce a map depicting the Scottish and Fennoscandian ice sheets 

confluent at the latitude of Orkney but he suggests they did not meet in 

the central North Sea. Sissons (1981a) in an intentionally speculative 
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paper concludes that the two ice sheets were never confluent and that a 
delta was situated in the eastern central North Sea fed from the Scand­
inavian ice sheet, the gradual subsidence of which is seen to explain the 
cut and f i l l episodes of the deep Lower Channels. The arguments are 
complex and rely heavily on the interpretation of sporadic data. The 
only incontrovertable evidence in the North Sea for a glacial l im i t , 
however, is the Wee Bankiemoraine system (Thomson and Eden 1977). 

Taken together the evidence from peripheral areas relating to the 

extent of the last ice sheet is inconclusive, i t cannot be proved that 

Orkney, Caithness, the Outer Hebrides, North-East Scotland and the mid-

North Sea were reached at the last ice maximum. This has tremendously 

important repercussions on the amount and nature of isostatic recovery 

and i ts effect on raised shorelines. With a 'small' Scottish ice sheet 

coming into favour.it also influences the extent and timing of the English 

glaciations. Long held views that the last Scottish ice sheet built up 

some 27,000 years ago, advanced into the Midlands of England, overran the 

Hebrides, became confluent with the Fennoscandian ice and then retreated 

from 18000 B.P. are being called into question. I t could be that the -

'normal' conditions for the Devensian included a smaller Scottish ice 

sheet in a state of equilibrium, grounded in the Inner Hebrides to the 

west and close to the present Scottish coast on the east. Such limits also 

mean that complex and elaborate models of glaciation (e.g. Boulton et a l . 

1977) are shown to be based on doubtful premises. 

I f the extent of the last Scottish ice sheet is not known with 

certainty then ice thicknesses cannot be calculated and this has serious 

repercussions for glacial isostasy. Sissons (1981c) suggested that since 

the proposed interglacial suite of rock platforms are at and around the 

altitude of present mean sea-level on the west coast most, i f not a l l , 

loading effects due to glacier ice have been compensated for . I f true, 

http://favour.it


this could mean the figure Of c 3.5 mm./yr. present u p l i f t for the central 

Highlands (Valentin 1953) represents a pure tectonic movement. Gordon 

(1957) in a less publicized paper refutes much of Valentin's conclusions 

as unsupported by the evidence and that the contour map of present u p l i f t 

(Valentin 1953, f i g . 2) is almost entirely conjectural. Gordon concludes 

that 

"in Scotland such evidence as there is for supposing that the 
highlands are rising is purely geological - and geological 
theory at that" (p.32) 

An interesting postscript is given by Mflrner (1979a) who has ident­

i f ied a long term trend of subsidence in Fennoscandia upon which isostatic 

recovery has been superimposed. He considers that the exponential isostatic 

factor ceased at c 4500 B.P. but from c 8,000 B.P. there has also been a 

linear u p l i f t factor, of as yet unexplained origin, of c 10 mm./yr. Here 

i t should be noted that total absolute u p l i f t in Fennoscandia due to ice-

loading is 830 m. in Angermanland, three times that of Scotland so there 

is much more chance of isolating such factors. Such a difference in 

total absolute u p l i f t implies a great difference in size of the ice sheet 

and i f Mflrner (1979a) is correct in suggesting isostatic recovery is 

complete for Fennoscandia, i t could be also for Scotland. The near-

horizontal gradients of the Main Postglacial Shoreline of the Forth 

Valley (Sissons 1976) suggest i t could be the case. The f ie ld is certainly 

wide open for further study. 

2.3.3 Quaternary subsidence in the North Sea area 

In the northern North Sea the thickness of deposits formed during 

the last 75,000 years is equal to that of those formed during the whole 

of the Quaternary. Subsidence rates cited by Clarke (1973) and Eden 

et a l . (1977) show a marked increase towards the present from 0.01 m./lOOO yrs 

during the Cretaceous to over 0.5 m./lOOO yrs. during the Quaternary and 

even higher rates of 2.04 m./lOO years during the Middle and Late Oevensian. 
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Fig. 2.4 Central North Sea with location of 

boreholes and radiocarbon dates used 

to calculate sedimentation rates. 

(Holmes 1977) 
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Taken together there does seem to be a trend of increase i n the 

average sedimentation rate from the Ter t i a ry and tha t i n many areas 

Devensian sediments occupy a disproportionate thickness wi th respect to 

the Quaternary sediments as a whole. Undoubtedly one f a c t o r i s that o f 

peripheral response t o g l a c i a t i o n . 

I f much o f the central North Sea rose i n response to g lac ia t ion o f 

adjacent land areas then erosive episodes could have removed much of the 

e a r l i e r Quaternary deposits. During deglaciat ion the North Sea i n sub­

siding would provide excel lent conditions f o r the preservation o f sediments 

at a rate superimposed on the underlying tectonic subsidence. 

One example however may serve to i l l u s t r a t e the inaccuracy i n data 

used to calculate subsidence rates . Eden et a l . (1977) provide a table 

of subsidence rates calculated from a small number of radiocarbon dates 

and estimates based on geological pos i t i on . The loca t ion of the radio­

carbon dates and boreholes i s given i n f i g . 2.4. They propose tha t between 

32,700 B.P. and 21,760 B.P. rates o f subsidence i n the Western Platform 

and Josephine F ie ld areas was 2.04 m./lOO y r s . - an anomalously high f i g u r e . 

This i s based on two dates, one from each area, and cor re la t ion i s derived 

from unsupported seismic evidence. The 32,68^2 * B.P. date i s from 

p a r t i a l l y l i g n i t i z e d wood from 320 - 328 m. beneath sea-level and i s 

c l ea r ly allochthonous suggesting tha t the sediments containing the wood 

fragments could be younger, or the sample could have been contaminated by 

younger material ( c . f . the f i n i t e " i n t e r g l a c i a l " dates from Shetland). 

Of two dates i n the same borehole above the allochthonous wood at 183 - 201 

and 259 - 267 m. below sea- level , the f i r s t i s i n f i n i t e at>23,170 and the 

second on marine she l l s , 6,970 - 100, i s ignored without f u r t h e r explanation 

The 21,768 - 630 B.P. date used by Eden et a l . (1977)is the same 

as the 21,707 - 680 B.P. date reported by Holmes (1977) though no correct ion 

f a c t o r i s mentioned. The sample i s from f i n e l i g n i t e pa r t i c l e s sieved 



from 1.5 m. of f i n e sand a t t r i bu t ab l e to the Marr Bank Beds and as such 

i s open to contamination. The lowermost date from th i s borehole, 74/7, 

shows an age inversion and i s ignored i n subsequent treatment. Therefore, 

the apparent average subsidence rate o f 2.04 m./lOO y r s . i s based on 

unsound premises. The argument i s not against a substantial increase i n 

subsidence during the Middle and Late-.Devensian but to i l l u s t r a t e tha t 

apparently accurate f igures o f subsidence quoted to two decimal places 

could be an order of magnitude i n e r r o r . 

Eden et a l . (1977) consider the best explanation f o r peripheral 

bulging and subsidence i n the North Sea i s f o r mass t rans fe r from the 

ice accumulation areas of Fennoscandia and Scotland, i n a low v i scos i ty 

channel i n the upper mantle. They consider stable massifs to the east 

of Fennoscandia and west o f Scotland could produce a p re fe ren t i a l move­

ment i n towards the North Sea where the graben system is probably under­

l a i n by a more mobile mantle showing a r e l a t i v e l y high heat f low and 

also that a pos i t ion on the meeting edge o f such channel f low would be 

conducive to enhanced bulging and subsidence. This has in te res t ing 

repercussions f o r , i f t r u e , the raised shorelines on the east coast o f 

Scotland should e x h i b i t steeper gradients than those on the west, though 

o f course unequal ice loading could produce the same e f f e c t . 

MOrner (1979a) has delineated an u p l i f t cone surrounded by a 

subsidence trough f o r the Fennoscandian Shield area. Calculations of 

mass suggest they are roughly equal at c 7.0 x 10 s km3 and t h i s i s taken 

as proof of rapid deformation and l a t e r a l transformation o f mass almost 

e n t i r e l y w i t h i n the aesthenosphere. On deglaciat ion he considers the 

disappearance o f mass from the forebulgawas exponential and took 

c 8,000 years (c 16,000 - 8,000 B.P.) and-the appearance o f mass i n the 

u p l i f t cone was sigmoidal i n shape and took 9,000 years (13,000 - 4,000 B . P . ) . 

However, these conclusions are subject to many caveats. Some o f 
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them inc lude : -

.. - a l l radiocarbon dates are converted to sidereal years 

- the Scott ish ice sheet i s not taken i n t o account 

an homogeneous upper mantle i s assumed under and around the 

Fennoscandian sh ie ld 

A constancy o f shape of the forebulge trough i s also assumed. 

The e f f e c t of a rapid disappearance of a-forebulge i n the North 

Sea would be t o increase the subsidence rates dramat ical ly , i n i t i a l l y 

they could be very great indeed. MOrner (1979a) has suggested that a l l 

i so s t a t i c recovery had taken place by c 4,000 B.P. In t h i s case the 

decrease i n subsidence rates of the North Sea proposed by Eden e t a l . 

(1977) during the Flandrian should be noted. Perhaps as on the Scott ish 

mainland continuing tectonic movement ' in a .ver t ica l sense i s re la ted to 

old geological trends. The whole question of modern crustal movement 

and i t s component parts s t i l l await accurate measurement. In addi t ion 

a f u r t h e r unknown f a c t o r on i s o s t a t i c recovery i s the e f f e c t of the 

accumulation and disappearance of the Loch Lomoid Readvance ice sheet. 

2.3.4 Late Devensian ice l i m i t s and sea-levels 

The Scott ish ice sheet retreated towards i t s source areas p r i o r to 

13,000 B.P., the r e su l t o f c l ima t i c amelioration (Gray and Lowe 1977) • 

Contemporaneous wi th the decay o f the ice sheet there occurred i s o s t a t i c 

recovery and a complementary eusta t ic r i se i n world sea- level . Apart 

from a few shorelines cut i n rock on the west coast o f Scotland assigned 

to an i n t e r g l a c i a l age (Dawson 1980, Sissons 1981c) the remaining shorelines 

on both east and west coasts owe t h e i r a l t i t u d e and gradient to the s ingle 

though complex process of i s o s t a t i c recovery. 

Some shorelines can be traced to 'contemporary ice l i m i t s (Sissons 

et a l . 1966). However, there i s a danger that ice f r o n t posi t ions may be 
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located wrongly using the evidence of the f u r t h e s t inland expression of 

any pa r t i cu la r Late Devensian shorel ine. For example, Cu l l ing fo rd (1977) 

has located an ice f r o n t inStrathearn at Dunning, the f u r t h e s t west 

that the Main Perth Shoreline has been traced. 

Armstrong e t a l . (1975), Browne (1980) and Browne e t a l . (1981) 

have cogently argued that the occurrence o f high level a r c t i c marine clay 

to the west o f any recognizable shoreline and at higher a l t i tudes must 

mean the contemporaneous ice f r o n t lay s i m i l a r l y f u r t h e r west. In the 

case o f the example given, the presence o f marine clay at C r i e f f to 

the west of the l a s t trace of the Main Perth Shoreline and at higher 

a l t i tudes must mean the ice f r o n t lay not at Dunning but some 18 km. to 

the west (Browne et a l . 1981). 

S imi l a r l y marine l i m i t s tha t drop sharply over the proposed boundary 

o f an ice l i m i t have o f t en been used to conclude tha t ice occupied or 

readvanced t o tha t l i m i t and remained there f o r some considerable time 

al lowing i so s t a t i c u p l i f t to cause a f a l l i n r e l a t i v e sea-level which i s 

recorded inside the l i m i t once the ice re t rea t s . For example Sissons 

(1976 ) noted an abrupt f a l l i n the marine l i m i t from 38 ro. to 20 m. at 

the S t i r l i n g gap. In the Moray F i r t h area Synge (1977a) also recognized 

a 'dramatic ' drop i n the marine l i m i t from 42 m. a t Lochardil to 26 m. 

at Ba lb la i r ( f i g . 2.5) suggesting ice occupied the Beauly F i r t h f o r 

some t ime. 

West o f the S t i r l i n g gap new deposits o f marine clay have been found 

at 34 m. proving an actual drop i n the marine l i m i t , not o f 18 m. but of no 

more than 5 m. As Browne e t a l . (1981) co r rec t ly state : 

"the terminus o f a marine feature may not represent the contem­
poraneous ice f r o n t and tha t the highest shoreline i n the area 
may not represent the marine l i m i t " (p.13) 

Great caution must therefore be exercised when accepting the current 



scheme of ice l i m i t s and sea-levels f o r the Moray F i r t h area. High level 

marine clays wi th an a rc t ic - subarc t ic fauna are known a t Ardersier (Wallace 

1882), Fort George (Wallace 1883), Muirton Mains i n the Conon Valley 

(Horne and Hinxman 1914) and possibly some of the brick-clay s i tes reported 

by Eyles and Anderson (1946) may be included here, moreover there probably 

remain more. 

Westwards from Elgin to Ardersier the interconnected and uninterrupted 

nature of meltwater channels and esker ridges suggest a continuous phase 

of down and backwasting i c e . At Ardersier however there i s a large and 

complex cuspate landform in terpre ted by Horne e t a l . (1923) as a high 

raised beach. The discovery o f a r c t i c shel ls by Jamieson (1865) and 

Wallace (1882) i n a clay stratum associated wi th the fea ture together wi th 

i t s morphology and composition (predominantly sand and s i l t ) has led 

J.S. Smith (1977) to consider i t as a readvance moraine, the shel ls 

presumably dredged from the f l o o r of the Inverness F i r t h . Subsequent sea-

levels have trimmed the feature to i t s present complex cuspate form 

(Ogi lv ie 1914). 

The next stage i n deglaciat ion i s thought to be represented a t 

A l t u r l i e , some 7 km. east o f Inverness. Synge (1977a) notes a complex 

of asymmetric ridges l inked by shingle bars. However, inspection o f the 

A l t u r l i e feature reveals i t as a large mass o f f l u v i o g l a c i a l sand and 

g rave l , the surface expression o f which shows kame and dead ice hollow 

forms, i t i s c e r t a i n ly not a true moraine and as such may not represent 

a marked ice f r o n t p o s i t i o n , rather i t could be a remnant o f outwash 

from an ice f r o n t f u r t h e r west. 

The e a r l i e s t jux tapos i t ion o f ice f r o n t and sea-level i s reported 

from Inverness where the Lochardil de l ta grades to a level o f 42 m. O.D. 

(Synge 1977a). I t i s proposed tha t since no marine features are found 

westward at levels o f over 34 m. i . e . a drop i n the marine l i m i t , the 



ice f r o n t stood at Inverness f o r some t ime. A steep slope j u s t to the 

s outh i s in terpreted as an ice contact feature lending support f o r 

t h i s hypothesis. 

The Lochardil del ta provides one point f o r Synge's highest 

' shorel ine ' (the a i or Kildrummie shore l ine) . The only other point i s 

to the east where the eastern end of the Flemington esker i s considered 

to have been washed by the sea at 38 m. Further to the east Peacock 

e t a l . (1968) have i d e n t i f i e d fragments o f Late Devensian shorelines, the 

highest a t 27.5 m. , on Clark ly H i l l , but co r re la t ion wi th any o f Synge's 

features i s impossible. 

There i s apparently no evidence f o r t h i s high sea level between 

Kildrummie and Lochardi l , however at Ardersier there i s a lower bench 

cut at 32 m. (the a 2 or Culcabock shoreline) trimming the g lac ia l sands 

and s i l t s and forming beach ridges as noted by J.S. Smith (1968) at 

Hil lhead Farm. This level i s also represented at A l t u r l i e and Culcabock 

i n Inverness where a lower del ta formed while the ice f r o n t remained 

near Lochardi l . At t h i s time a s l i g h t recession o f the ice f r o n t i s 

presumed allowing marine a c t i v i t y to enter the Ness narrows to Clachnahulig 

where a ke t t lehole i s apparently i n f i l l e d by what i s termed beach material 

(Synge 1977a). 

At Englishton an impressive f l a t - topped del ta at c 34 m. O.D. 

i s fed by a large meltwater channel ( f i g . 2 . 5 ) . Classic foreset bedding 

wi th included t i l l ba l l s (R. Cornish, pers. comm.) capped by topset 

bedding does suggest the proximity o f i c e . West o f the del ta there i s 

reported to be another drop i n the marine l i m i t to 26 m. at Ba lb l a i r 

(Synge 1977a). A supporting l i n e o f evidence given i s the large gravel 

fan at Bunchrew 0.5 km. to the east which i s graded towards present 

sea-level i . e . much lower than the Englishton de l t a . The size o f th i s 

del ta i s taken to suggest i t was deposited by g l ac i a l meltwater while the 
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Flg . 2.5 Late Devensian ice re t rea t stages and marine 

l i m i t s o f the inner Moray F i r t h (Synge 

1977a and J.S. Smith 1977) 

1 . F luvioglacia l outwash 

2. Ice l i m i t s 

3. Esker systems 

4 . Arc t i c marine faunas 

5. I n t e r s t a d t a l / i n t e r g l a d a l s i t e 

6. Marine l i m i t 
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ice stood nearby. The f a c t tha t i t i s graded to a much lower level 

supposedly i l l u s t r a t e s a dramatic f a l l i n sea-level accompanied the h a l t 

at t h i s stage. 

However,a diagram given by Synge and Smith (1980, s i t e 9) f o r the 

Englishton delta shows i t s surface slopes from 37.8 m. to 28.4 m. not f a r 

removed from the 26 m. marine l i m i t a t Ba lb la i r i l l u s t r a t i n g the main 

problem wi th deltas that subsequent erosion can remove much of the d i s t a l 

end reducing the accuracy of the ind ica t ive meaning. In addi t ion the 

knowledge that high level shel l beds have been reported but not r ed i s ­

covered a t c 30 m. above Cononbank Farm and adopting the caution advised 

by Browne e t a l . (1981) i t would be unwise a t t h i s time to suggest a long 

h a l t a t the Englishton l i m i t . 

There may well have been a dramatic f a l l i n sea-level as evidenced 

by the Bunchrew del ta but there are some doubts : f i r s t l y , the duration 

of the h a l t a t Englishton has been questioned and secondly, the vast 

Flandrian expression o f the Noniack del ta f u r t h e r to the west (see 

Chapters 5 and 6) casts doubt on the l i n e of argument that suggests simply 

because o f large size and const i tuent composition a g l ac i a l o r i g i n i s the 

only one possible f o r the Bunchrew de l t a . Similar i n f e r e n t i a l arguments 

have been used i n other areas o f Scotland and without f i r m dating are 

dangerous foundations on which to bu i ld i n t e r p r e t a t i o n . 

Synge's ' b ' series o f shorelines i s the most prominent and wide­

spread r i s i n g from 24 m. a t Ardersier to 26 m. at Ba lb la i r where a del ta 

wi th backing ice contact slope proves the jux tapos i t ion of ice and sea-

level a t t h i s l o c a l i t y . 

There i s also evidence o f marine penetration accompanying ice re t rea t 

in to the Conon Val ley . Home and Hinxman (1914) record f i n e l y laminated 

blue and grey estuarine c lay near Muirton Mains y i e l d i n g an a r c t i c fauna. 
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Below the Fal ls o f Rogie there i s a large dissected outwash fan composed 
of coarse gravel i n i t s upper parts but f i n i n g towards Contin (J.S.Smith 
1968) . Kirk .Rice and Synge (1966) consider the evidence consistent wi th 
a marine i n l e t i n the Conon Valley with the prograding Contin fan a t i t s 
head fed by an ice f r o n t i n the v i c i n i t y of Loch Garve, the rock bar a t 
Rogie protecting the fan from l a t e r destruct ion as the ice re t reated. 

The Muir of Ord f l u v i o g l a c i a l complex has t r a d i t i o n a l l y been 

explained as a stage i n ice re t rea t from Beauly to Conon Bridge and Contin 

(J.S. Smith 1977). A more log ica l explanation could be tha t the sea 

penetrated from the north down the Cromarty F i r t h and from the south via 

the Beauly F i r t h cu t t ing o f f a lobe of ice i n the isthmus of Ord (Ogi lv ie 

1923) and allowing i t to stagnate, thereby explaining the vast amount o f 

dead ice topography, eskers, kames and ke t t les i n the v i c i n i t y . 

A date from basal organic s i l t s a t Loch Droma of 12810 - 155 B.P. 

(Kirk and Godwin 1963) has long been r e l i e d upon to suggest deglaciat ion 

of most of the Northern Highlands by t h i s t ime. The date i s from 

allochthonous plant debris probably derived from material from recently 

deglaciated t e r r a i n and i s therefore open to many possible sources of 

er ror (Sutherland 1980). 

A subsequent readvanee termed the Gharbhrain stage (J.S. Smith 

1977) was characterized by a readvance to the l i m i t o f the Gharbhrain 

moraine ( f i g . 7 .4 ) . One controversy here concerns g l ac i a l a c t i v i t y a t . 

t h i s time i n adjoining glens. K i rk et a l . (1966) suggest the g lac ia l 

sequence i n Strath Vaich to the east i s equivalent however Sissons (1977) 

i n his treatment of the Loch Lomond Readvance in the Northern Highlands 

ignores the Strath Vaich evidence presumably not regarding i t as equivalent to 

the Gharbhrain stage. I t must be remembered that Late Oevensian pollen s i tes 

and radiocarbon dates only provide negative evidence f o r g l ac i a l episodes 

and to place so much rel iance on one date from derived material gives a 
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fa l se precision to the i n t e rp re t a t i on . Much more work needs to be undertaken 

on the g lac ia l chronology of the area wi th greater emphasis on time c o n t r o l . 

The ' b ' shoreline series that Synge (1977a) traces i n the Beauly and 

Inverness F i r ths i s also apparently found around the shores of Loch Ness. 

The question of marine penetration in to Loch Ness i s an in te res t ing one 

especial ly i n the l i g h t of new theories put forward by Sissons (1981b). 

Synge (1977a) traces a 'prominent marine shorel ine ' 10 to 15 m. above the 

present surface of the loch. At Dores i t consists of a f i n e arcuate beach 

ridge a t 2 9 m. O.D. ( f i g . 2 .5 ) . F ie ld observation shows two other beach 

ridges at 19-20 m. and 18.5 m. both of which, though iden t ica l i n appearance 

are termed l a c u s t r i n e . , Further notches are described a t Inverfar igaig 

(28 m.)> Foyers (28.9 m . ) , Rubha Ban and a t Dunain i n the Ness narrows 

where the 'b* shoreline i s seen to truncate a terrace graded to a low 

r e l a t i v e sea-level ind ica t ing perhaps the ' b ' shoreline i s a transgressive 

feature (Synge and Smith 1980). 

One s i t e c r i t i c a l to i n t e rp re t a t ion i s at Borlum near Fort Augustus 

where a break i n slope a t 22.5 m. O.D. i s not termed marine by Synge since 

i t i s w i t h i n the proposed Loch Lomand Readvanee l i m i t - a younger event. 

The age of the proposed marine incursion in to Loch Ness i s in fe r red 

from i n d i r e c t evidence. Peacock 1974 and Peacock et a l . (1980) i n t h e i r 

study o f Late Devensian and Flandrian s trat igraphy and marine faunas from 

two boreholes i n the Cromarty F i r t h found no s t ra ta s imi la r to the Errol 

clays of the Tay estuary with t h e i r charac te r i s t i c a r c t i c fauna (Peacock 

1975) though admittedly the base o f the marine succession was not reached. 

The lowermost s t ra ta (Lower Findan Beds) contained high boreal to low 

a r c t i c marine faunas s imi l a r to the Late Devensian Clyde Beds of western 

Scotland dated between 13,000 and 10,000 B.'P. (Peacock et a l . 1978). This 

suggests the e a r l i e r a r c t i c marine conditions characterized by Errol clay 

elsewhere i n eastern Scotland and f u r t h e r out i n the Moray F i r t h 



(Chesher 1977) were excluded from the Cromarty F i r t h by the presence o f 

ice . Synge (1977a) therefore proposes that as the marine l i m i t i n the 

inner F i r ths i s formed by the ' b ' shoreline series i t seems reasonable 

to assume an age of c 12,600 B.P. based on Clyde Bed dates elsewhere i n 

Scotland. Hence the marine incursion in to Loch Ness i s in fe r red at that 

date a lso . 

The f a c t of marine penetration in to Loch Ness has been cal led in to 

question by Sissons who f inds the evidence d i f f i c u l t to reconcile wi th 

his work i n the v i c i n i t y of Glens Roy and Spean (Sissons 1979a, b, C i 

1981b) which suggested that the 260 m. ice dammed lake held up i n these 

valleys f i n a l l y drained ca tas t rophica l ly through the Spean gorge, along 

the Great Glen, through Loch Ness and out to sea a t Inverness. Such was 

the proposed volume o f water, 5 km 3 , that i t i s suggested the level of the 

loch was raised c 8.5 m. i n about 6 hours and the large plug of g l a c i a l 

d r i f t i n the Ness narrows was removed and deposited i n the sea a t 

Inverness, the contemporary sea-level being l . o - 0.5 m. O.D. 

(Sissons 1981b). 

One c ruc ia l point of evidence relates to the large spread of 

chao t i ca l ly ke t t l ed outwash to the south west of Fort Augustus which ends 

a t Borlum overlooking the loch a t 31 m. O.D, some 15 m. above the present 

level of the loch . Sissons considers t h i s feature as having been l a i d 

down by the j t ikulhlaup and a notch a t 22.5 m. i s considered lacust r ine -

the same notch termed non-marine by Synge (1977a, above). 

There i s l i t t l e doubt tha t the Loch Lomond Readvance l i m i t i s 

present a t Fort Augustus since cores .wi thin and without the l i m i t a t 

Lochs Oich and T a r f f ( f i g . 2.5) show respectively the presence and absence 

of a f u l l Late Devensian sequence (Pennington e t a l . 1972). 

Synge needs the l i m i t to extend north east i n to the 1 och beyond 

Fort Augustus to erode the evidence of previous marine shorelines, hence 
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the erosional notch a t 22.5 m. i s not considered marine. Sissons however 
proposes that the notch i s a high lake shoreline post-dating the jbkulhlaup 
deposit . He reasons that i t must be lacustr ine since evidence from 
elsewhere i n the Inverness area suggests that no sea-levels have reached 
the threshold to Loch Ness since Loch Lomond times. 

The s i t ua t ion i s complex and the correct i n t e rp re t a t i on i s impossible 

to evaluate on morphological grounds alone. There appear several 

p o s s i b i l i t i e s -

(a) Synge's hypothesis i s cor rec t , there was a marine incursion i n to 

Loch Ness at c 12,600 B.P. cu t t i ng the V series of shorelines and pre­

dating the Loch Lomond Readvance. 

(b) Sissons 1 hypothesis i s cor rec t ; the marine incursion i s not proven 

but a l l the features described by Synge as marine are i n f a c t high lake 

shorelines postdating the jokulhlaup deposit . 

(c) Both are cor rec t . I t seems cer ta in that a marine incursion could 

only have occurred p r i o r to Loch Lomond times during ice sheet decay. In 

addi t ion the loch may have occupied a s i m i l a r level subsequent to the 

jOkulhla.up. While t h i s i s not a very sa t i s fac to ry explanation i t must be 

stated tha t i t i s not known i f more than one shoreline i s present at the 

approximate level of Synge's 'b* series stated heights f o r t h i s feature 

range from 25 - 31 m. O.D. around Loch Ness, a wide range i n a l t i t u d e . 

Cer ta inly the area needs to be mapped ob jec t ive ly and l eve l l ed i n d e t a i l . 

The answer, however, may l i e i n the sedimentary sequence. Pennington 

e t a l . (1972) have taken several Mackereth cores from Loch Ness, four from 

Inchnacardoch Bay to the south west and two from Dores Bay to the north 

west ( f i g . 2 . 5 ) . They found no deposits of organic lake mud or mic ro fos s i l s , 

the cores consist ing o f grey microlaminated g lac ia l c lay . They a t t r i b u t e 

t h i s lack o f organic matter to strong water movements down to at leas t 

50 m. depth t r ans fe r r i ng such sediment to deeper water. The widespread 
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occurrence of laminated clays however suggests they were deposited under 

very d i f f e r e n t c l ima t i c conditions to the present, perhaps wi th a winter 

ice cover r e s t r i c t i n g thermal gradients. 

One core from Dores Bay taken i n 21 m. o f water was analysed f o r 

t o t a l halide content. Pennington e t a l . (1972) concluded that : 

"at no horizon i s there a s i g n i f i c a n t l y higher halogen content 
than that found i n the varved clays of the Lake D i s t r i c t lakes 
so i t seems un l ike ly that sea water was present i n the loch 
during the formation o f these clays" (p. 267) 

However, there is one sample from 133 - 133.5 cm. taken from a 

stratum of grey clay wi th brown sand which has a halide content double 

tha t of the res t , a f a c t Synge and Smith (1980) th ink s i g n i f i c a n t . 

The other Dores Bay core was kindly given by F.M. Synge i n order 

that a diatom analysis could be carr ied out . The s trat igraphy consisted 

o f (adapted from F.M. Synge, pers. comm.) 

0 - 40.5 cm. Bedded s i l t 

40.5 - 92.0 cm. Sand i n s i l t i n d i s to r t ed beds 

92.0 - 157.0 cm. Laminated s i l t and f i n e sand 

157.0 - 201.0 cm. Over 215 laminations (varves?) 

201.0 - 291.0 cm. Laminated s i l t and f i n e sand 

291.0 - 293.0 cm. Plant remains ( inc lud ing Caryophyllaceae seed) 
i n s i l t and f i n e sand 

293.0 - 316.0 cm. Red sand 

316.0 - 329.0 cm. Laminated f i n e sand and s i l t 

329.0 - 332.0 cm. Laminated f i n e sand and s i l t wi th sand 
lenses at top 

332.0 - 356.0 cm. Laminated s i l t s 

356.0 - 387.0 cm. Slumps (large granite pebble 0.025 m. across) 

387.0 - 393.0 cm. Sand (base of laminated s i l t s ) 

393.0 - 490.0 cm. Fine s i l t 
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29 levels were sampled and sl ides prepared i n the standard manner 
(Appendix I I ) . A systematic scan across the s l ides revealed no diatoms 
or fragments of diatoms present i n 27 of them. However, two levels at 
c 350 cm. revealed diatoms of f resh and fresh-brackish a f f i n i t y (Tabe l la r ia , 
Gomphonema and Eunotia spp. wi th Diploneis oval i s ) . More work needs to be 
undertaken on the core before d e f i n i t e statements can be made. No time 
control i s avai lable though the s t ra t igraphy seems to s p l i t i n t o two sets 
of laminates separated by a t h i n f i n e sand and s i l t layer including derived 
plant mate r ia l . One in t e rp re t a t i on could be that the two sets o f laminates 
are related to ice sheet decay and the Loch Lomond Readvance wi th the 
plant remains a t t r i bu t ab l e to zone I I . I f t h i s were so, the diatoms would 
re la te to a stage during ice sheet decay. I f a marine incursion were to 
have occurred i t s e f f e c t on the diatom f l o r a i n Loch Ness wi th i t s great 
throughflow of f resh water added to by g lac ia l meltwater i s questionable 
i n any case. 

The e f f e c t of a jbkulhlaup on the sedimentary sequence i n Loch Ness 

i s also questionable, the most probable ind ica tor would be bands of sand 

showing erosive lower contacts as much o f the heavier material would tend 

to be deposited at the Fort Augustus end of the loch . The s i t u a t i o n 

remains speculative and very i n t e r e s t i ng . A concerted programme of 

research such as that carr ied out by Dickson et a l . (1978) f o r Loch Lomond 

i s needed. 

2.3.5 Conefusion 

A c r i t i c a l review o f the data r e l a t i ng to ice l i m i t s and contem­

porary marine accompaniment reveals many inconsistencies i n the area. One 

major problem i s the lack of time c o n t r o l . From Teindland at 28,140 B.P. 

to Loch Droma a t 12,810 B.P. both geographically and chronological ly there 

i s a d i s t i n c t lack of dated s i t e s . This means that r e l a t i v e dating by 
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inference from superposition o f landforms and successive events i s the -

only method o f providing an i n t e r p r e t a t i o n . I t must, therefore , be 

remembered tha t the scheme of g lac ia l re t rea t stages outlined by J.S.Smith 

(1977) and tha t of Synge (1977a) f o r Late Devensian sea-levels has no 

chronological base and the cor re la t ion of g lac ia l l i m i t s and shorelines 

over large distances (as i n f i g . 2.5) when the intervening areas have 

not been studied and mapped i n de ta i l i s but one in te rp re ta t ion that can 

be placed on the evidence. 
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CHAPTER 3 

FLANDRIAN SEA-LEVEL CHANGES 

3.1 Introduction 

The two informal methodologies that have been used to study sea-level 

change in Scotland are in rea l i ty l i t t l e d i f fe ren t . Both shoreline studies 

and those involving sea-level curves are essentially concerned with the 

determination of the alt i tude and age of features related to former sea-

levels, the difference is essentially one of emphasis. Shoreline diagrams, 

especially the more commonly used shoreline-distance diagram show the 

change in al t i tude with distance (gradient) of a single shoreline or groups 

of shorelines normal to the proposed isobases. The method has been well 

used in Scotland and many of the problems associated with i t have been 

discussed by Gray (1975) and Gemmell (1976). Maj'or d i f f i c u l t i e s arise 

with the dating of raised shorelines, especially on open coasts since here 

there is generally a lack of organic material in s i tu . However the r e l ­

ationship between age and gradient of shorelines has been used by Andrews and 

Dugdale (1970) to date the earl ier East Fife shorelines. 

Sea-level curves are constructed with index points taken from former 

t idal f l a t and lagoonal environments. I t is in areas such as these, at 

the heads of estuaries or embaj ments that the measurement of present 

and past t ida l range can be greatly in error. 

However the dis t inct ion between types of site used is not a clear 

one. Sissons and Brooks (1971) and Cullingford et a l . (1980) working in 

the western Forth valley and lower Strathearn respectively have used the 

shoreline sequence produced fo r each area as a geomorphological constraint 
14 

on the time control given by the C dated index points. 

Nine published sea-level curves from Scotland are shown in f i g . 3.1 
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Fig. 3.1 Published sea-level curvesfor Scotland, 

1. . Sissons and Brooks 1971 

2,3. Jardine 1975 

4. Peacock et a l . 1978 

5. Peacock et a l . 1977 

6. Cullingford et a l . 1980 

7. Paterson et a l . 1981 

8,9. Donner 1970 
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Fig. 3.2 Provisional isobases for the 'Post-glacial 25-foot 

beach' Dormer 0 963). Isobases in metres. 

Fig. 3.3 Provisional tsobases for the Main Postglacial Shoreline 

(STssons 1976). Isobases in metres. 

1 
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(Sissons and Brooks 1971» Jardine 1975, Peacock et a l . 1977, Peacock et a l . 

1978, Cullingford et a l . 1980, Donner 1970 and Paterson et a l . 1981). Only 

those using index points of Flandrian age w i l l be considered. The seven 

remaining curves ( f i g . 3 . 1 , 1, 2, 3, 6, 7, 8 and 9) effect ively summarize 

knowledge of relative sea-level movement in the Forth, Tay and Solway 

Fir th areas. 

W.B. Wright was perhaps the f i r s t to produce a generalized map and 

statement of the extent - or zero isobase - and nature of the '25 foot* 

raised beach (Wright 1911). In this work he clearly owes a debt to 

Jamiesoh (1865) who was one of the f i r s t to recognize and explain the 

height variation in Scottish raised shorelines. 

Provisional isobases for the Main Postglacial shoreline shown in 

f i g . 3 . 2 and f ig .3 .3 (Sissons 1976, Donner 1963) describe an e l l i p t i c 

u p l i f t dome centred on the Rannoch Moor area. I f this was the general 

form of u p l i f t a l l the relative Flandrian sea-level curves fo r Scotland 

should be broadly similar in shape though d i f f e r i ng in detail on the 

chronology and maximum extent of transgressions and regressions. Clearly 

the two curves for the Solway F i r th area are d i f fe ren t in shape. This 

could either be because the differences are real , the cause being a 

d i f fe ren t i a l isostatic history coupled-.with regional eustasy,or the 

differences are apparent ones. 

In this chapter the data fo r sea-level change during the Flandrian 

in Scotland w i l l be reviewed using the sea-level curves as a basis but 

also using shoreline or raised beach studies where necessary. 

3.2 The Forth area 

Over the past twenty years the Forth valley has become the most 

intensively studied area fo r sea-level change in Scotland (Sissons 1962* 

1963, 1969, 1972, 1976 , Sissons and Brooks 1971, Sissons et a l . 1965, 
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Sissons et a l . 1966, Sissons and Rhind 1970, Sissons and Smith 1965 , D.E 

Smith 1968, Smith et a l . 1978, Kemp 1975) and the sequence of sea-level 

changes defined there has become accepted as an informal model with which 

to compare other areas of Scotland. Much of the work undertaken has been 

the ident i f ica t ion of shorelines and gradients. 

The succession outlined fo r the Forth during the Flandrian w i l l be 

discussed using the sea-level curve fo r the western Forth valley (Sissons 

and Brooks 1971) as a basis. I t is based on data from seven sites f ive 

of which provide seven radiocarbon dates. The curve is shown in f i g . 3 . 1 , 1 . 

Immediately outside the Menteith moraine - formed at the maximum of 

the Loch Lomond Readvance - l ies the earliest of a suite of buried beaches. 

Termed the High Buried Beach (Sissons 1966) i t is a continuous feature 

running some 3 km. in an east-west direction with no discernible gradient. 

Often the pink sands of the beach are overlain by a thin peat layer. Pollen 

analysis of the thin peat suggests a hiatus in deposition between beach 

formation and peat i n i t i a t i o n and therefore the beach can only be dated 

with respect to i t s stratigraphic position. The pink sands partly overlie 

f luvioglacial material associated with the moraine but do not occur within 

i t . Sissons (1966) concludes that the beach must have been formed shortly 

af ter c. 10,300 B.P. while ice stood at the Menteith moraine - s t r i c t l y 

therefore i t is a Late Devensian feature. The f i r s t index point shown in 

f i g . 3 .1 , 1 is consequently based on stratigraphic evidence alone and shows 

a rise to 12.1 m. followed by a f a l l . 

The horizontal expression of the High Buried Shoreline is unexpected 

because later shorelines do show a measurable gradient. Sissons (1972) 

suggests this is due to local circumstances such as the ava i l ab i l i ty of 

f luvioglacial material from the west during beach formation. An additional 

factor could be the i n a b i l i t y to make meaningful measurements further 

east due to the poor development and subsequent erosion of the beach. 
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Sissons (1966) however also notes that the pink sands of the beach which 
were penetrated to a maximum of c. 4 m. often show dis t inct laminations 
which could represent varves. I f this is true and a s t r i c t def in i t ion for 
varve is applied then a non-marine origin may be assumed for at least part 
of the beach deposits. No laboratory analysis of the pink High Buried 
Beach deposits has been undertaken. 

The alt i tude of the second index po.int is the average of sixteen 

measurements on the Main Buried Shoreline immediately east of the Menteith 

moraine (9.9 m.). This Main Buried Beach formed'later than the High Buried 

Beach since i t occurs both inside and outside the Menteith moraine and is 

at a lower a l t i tude. Composed of l i gh t grey s i l t s and clays i t is said 

to be dislocated in two places by neotectonic faul t ing (Sissons 1972). 

The age of the feature is inferred from pollen analysis of the 'upper 

levels of the beach deposit.and the bverlying peat layer (Durno 1956. 

Newey 1966, Brooks 1971). No hiatus in deposition is suggested and peat 

i n i t i a t i o n is considered to have begun immediately af ter the withdrawal 

of marine conditions. An age of c. 9600 B.P. is assumed with reference 

to the Godwin zone IV/V boundary at Scaleby Moss and a date of 

9640 t 140 B.P. ( I 2796) on a comparable feature at Carey in lower 

Strathearn. 

The th i rd index point has been ^4C dated. I t is on the lower 

contact of the thin peat layer overlying the Low Buried Beach - the lowest 

in a staircase of buried features - at Kippen and has an age of 

8690 - 140 B.P. ( I - 1839). Pollen analysis (Newey 1966) shows the contact 

at 7.2 m. to be transitional in nature and again peat i n i t i a t i o n is regarded 

as ref lect ing the removal of marine conditions from the s i te . 
« 

Kemp (1975) and Smith et a l . (1978) have found essentially the same 

pattern of buried beaches, of assumed similar age, on the north side of 

the Forth and in the Teith valley. The evidence from the buried beaches 
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of the Forth taken together, shows an intermittent f a l l in sea-level 
of c. 5 m. between c. 10,300 B.P. and c. 8800 B.P. 

The rapid rise of sea-level, some 0.7 m./lOO years, started at 

c. 8500 B.P. bracketed by the regressive and transgressive contacts of 

the thin peat layer at Kippen, the transgressive contact having a date 

of 827 0 - 160 B.P. ( I 1838) and an al t i tude of 7.68 m. Further radio-

carbon dated index points at South Flanders, 9.5 m. and 8010 - 130 B.P. 

and Easter Offerance, 13.3 m. and 7480 - 125 B.P. on the transgressive 

contact at higher altitudes show the rapid nature of the transgressing sea. 

The culmination of the Flandrian rise in sea-level is given by a 

date of 6490 - 125 B.P. f o r the basal 10 cm. of the surface peat at West 

Flanders Moss, a date supported by pollen analysis. Subsequently sea-

level f e l l intermittently to the present. D.E. Smith (1968) has ident i f ied 

three shorelines below the alt i tude of the Main Postglacial Shoreline of 

the Forth and one of these is shown schematically in f i g . 3 . 1 , 1. 

The curve fo r 'central parts of Scotland' (Donner 1970 and f ig .3 .1 ,8 ) 

includes two radiocarbon dated index points used by Sissons and. Brooks 

(1971), from Kippen I 1838 and I 1839 and two index points - t h e age 

established by pollen analysis - from West Flanders Moss (Newey 1966). 

However, Donner's curve departs from that of Sissons and Brooks through 

the inclusion of index points from Air th Coll iery, Flanders Moss and 

Garscadden Mains. Of these la t te r three points the Flanders Moss date 

(Q 553, 5492 - 130 B.P. is from a sample of wood 10 - 12 cm. above the 

transit ion from the carse (4 on f i g . 3 .1 , 8) and the age of the Garscadden 

index point is established by pollen analysis as late zone I . Garscadden 

is in the Clyde basin, an area that has a d i f fe ren t isostatic history 

from the Forth and Donner overlooks evidence from the Forth of a low sea-

level during the Loch Lomond Readvance which is considered to have cut the 

Main Lateglacial Shoreline. This early part of the curve is.therefore 

unreliable. 
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3.3 The Tay and east coast of Scotland 

A recent Flandrian sea-level curve fo r lower Strathearn (Cullingford 

et a l . 1980 and f i g . 3 .1 , 6) shows essentially the same shape as the western 

Forth valley curve but at a lower alt i tude reflect ing less isostatic 

recovery. For example the alt i tude of the shoreline considered the equiv­

alent to the Main Buried Shoreline of the Forth is 3.2 m. as opposed to 

9.9 m. and the altitudes of the Main Postglacial Shoreline in the lower Tay 

estuary and the western Forth are c 10 m. and 14.4 m. respectively. 

14 

The lower Strathearn curve is based on 15 c dates with supporting 

pollen and diatom evidence from six sites. The main difference between 

the curves occurs in the timing of the low point postdating the formation 

of the Low Buried Shoreline and the start of the rise to the Main Postglacial 

Shoreline. In lower Strathearn this low point is dated between 

8370 - 45 B.P. (SRR 1147) and 7525 - 50 B.P. (SRR 1394) whereas in the 

western Forth valley the comparable minimum has an age between 8690 - 140 B.P. 

( I 1839) and 827,0 - 160 B.P. ( I 1838). 

The age of the culmination of the Flandrian rise in sea-level is 

quite comparable - between 6679 - 40 B.P. (SRR 1150) and 6083 - 40 B.P. 

(SRR 1151) in the Glencarse area and at 6490 - 125 B.P. in the western 

Forth. The lower Strathearn curve is not drawn through the Glencarse 

index points SRR 1150 and SRR 1151 ( f i g . 3 .1 , 6) since the Glencarse si te 

l ies some 5-6 km. north-east of the other sites used in the study. 

A recent generalized sea-level curve fo r the Errol area (Paterson 

et a l . 1981) shows many features in common with the lower Strathearn curve, 

indeed fo r the period the curves overlap i t is based on much the same 

data. There are important differences however. The High and Main Buried 

Shorelines shown on f i g . 3 .1 , 7 are based on data from lower Strathearn 

whilst the Low Buried Shoreline is based on data from the Carse of Gowrie. 
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As Paterson et_al_. (1981)admit the morphology of the buried terraces in this 
la t ter area have not yet been investigated in de ta i l , the correlation 
between the two areas, is purely chronostratigraphic. This may account 
for the difference in alt i tude between the Low Buried Shoreline in lower 
Strathearn at 2.8 m. and near Errol where i t is close to Ordnance Datum. 

A second important difference is the marked osci l la t ion in the curve 

on the rise to the Main Postglacial Shoreline. This is derived from the 

presence of a sandy channel f i l l at Kingston in the Carse of Gowrie the 

upper parts of which are considered equivalent to the lower part of the 

'carse deposits' elsewhere in the v i c in i t y and interpreted as a minor 

transgressive episode. The th i rd major difference is the schematic rep­

resentation of a shoreline younger than the Main Postglacial Shoreline 

the age of which is not known fo r certain. 

In theory the formation of a single shoreline in an area undergoing 

isostatic u p l i f t , such as the Main Postglacial Shoreline should be time-

transgressive, with the removal of marine conditions occurring earlier 

in areas where isostatic u p l i f t is greater. Radiocarbon dates are now 

available from sites where the estuarine 'carse deposits' of the Main 

Postglacial Transgression of the Tay and east coast of Scotland wedge 

out in a landward direction. In table 3.1 only published dates are 

used and relate to the transgressive and regressive overlaps which bracket 

the culmination of the Main Postglacial Shoreline. 



TABLE 3.1 

Site Details Lab-code Age (B.P) . Altitude W 
St.Michael's RO 0.15 m. St. 3062 5830 + n o 0) 
St.Michael's TO 0.15 m. St. 3063 7605 + 130 (1) 

St.Michael's RO 0.01 m. SRR 1331 5890 + 95 6.76 (20 

St.Michael's TO 0.01 m. SRR 1332 7310 + 100 7.24 (2) 

Hole of Clieri RO 0.02 m. SRR 1510 6170 + 90 10.04 (2) 

Hole of Clien TO 0.02 m. SRR 1511 7500 + 90 9.62 (2) 

Glencarse RO 0.01 m. SRR 1151 6083 + 40 . 9.82 (2) 

Glencarse TO 0.01 m. SRR 1150 6679 + 40 9.53 (2) 

Fullerton RO - 0.01 m. SRR 1148 6704 + 55 6.34 (3) 

Fullerton TO 0.01 m. SRR 1149 7086 + 50 5.57 (3) 

W.Flanders RO 0.10 m. 6490 + 125 14.4 (4) 

Sources : (1) Chisholm (1971) (2) Morrison et a l . (1981) (3) Smith et a l . 
(1980) (4) Sissons and Brooks (197TT 

RO = Regressive overlap TO = Transgressive overlap 

The data for the western Forth, lower Strathearn and the more 

peripheral east coast sites do seem to suggest that the culmination of the 

Main Postglacial Transgression, defined as the transgression which led to 

the formation of the Main Postglacial Shoreline in eastern Scotland, was 

diachronous. The regressive overlap has dates of c. 6500 B.P. in the 

western Forth Valley, c. 6100 B.P. in the middle Tay estuary and 

c. 5850 B.P. in north east F i fe . The date of 6704 - 55 B.P. (SRR 1148) 

from Fullerton near Montrose interrupts the sequence however. Unpublished 

dates from areas north of Aberdeen, at Waterside and Philorth suggest 

the regressive overlap here has a date of c. 5700 B.P. (D.E. Smith, 

unpublished). 

The anomalous dates from Fullerton may be due to local conditions. 

The stratigraphic diagram given by Smith et a l . (1980 f i g . 16.3) shows 
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the maximum alti tude reached by the 'carse* is at least 1-2 m. higher than 
the alt i tude of the landward l i m i t of the carse. In other words the 
regressive overlap of the \jpper peat* at Fullerton shows a rise seawards. 
In such cases - the same type of occurrence can be seen at West Flanders 
Moss (Sissons and Smith 1965, f i g . 2 ) - the cause must either be subsequent 
compaction or an interplay between peat growth and marine deposition. I f 
compaction can be dismissed then local sedimentation factors must predom­
inate and the date may be only locally s ignif icant . Major problems arise 
here too in the def in i t ion of what constitutes the Main Postglacial 
Shoreline - is i t the highest express-ion of Flandrian marine deposition? 
or the alt i tude of the landward l imi t? 

A further reason fo r the apparent diachroneity could be that the 

same event has not been dated in each area. D.E. Smith (1968) ident i f ied 

three shorelines younger than the Main Postglacial Shoreline in the Forth 

and i t may mean in some of the peripheral areas less affected by isostatic 

u p l i f t i t is a younger shoreline that has been dated. This argument is 

hard to disprove unless detailed morphological, stratigraphic and bio-

stratigraphic evidence suggests a comparable feature. Each si te must 

also be evaluated fo r a possible delay in resumption of peat growth which 

could also produce an observable diachroneity. 

At certain sites prior to the culmination of the Main Postglacial 

Transgression a minor transgressive episode may have occurred. At Easter 

Offerance in the western Forth Valley (Sissons and Smith 1965), St. 

Michael's Wood in north east Fife (Morrison et a l . 1981), Fullerton near 

Montrose (Smith et a l . 1980) and perhaps Philorth near Fraserburgh 

(D.E. Smith unpublished) i t is manifested by a thin - usually less than 

20 cm. - s i l t y sand layer often containing marine or marine-brackish 

diatoms, overlain by a thin peat in turn succeeded by the estuarine 

.'carse deposits' proper. In seaward sites the peat layer is absent and 

file:///jpper
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the sand layer forms a d is t inc t unit within the 'carse deposits'. The 

Kingston Sand (Paterson et a l . 1981) and a shelly sand layer in the Carse 

of Gowrie in a similar stratigraphic position could also correlate with 

this feature. 

Published ^4C dates above and below this silty-sand horizon i . e . 

dates on the transgressive overlap of the lowermost peat and regressive 

overlap of the middle peat are shown in Table 3.2. 

TABLE 3.2 ; 

Site Details Lab-code Age (B.P) 

St.Michaels RO 0.01 m. SRR 1333 7050 1 100 

St.Michaels TO 0.01 m. SRR 1334 7555 - 110 

Fullerton RO 0.02 m. Birm 867 6880 - no. 

Fullerton TO 0.02 m. Birm 823 7140 ± 120 

Altitude 
—W~ 

6.39 (2) 

6.20 (2) 

5,50 (3) 

5.32 (3) 
Sources : as for Table 3.1 

Both these sites show an age inversion with depth within the 

'middle peat' layer (the transgressive overlap dates fo r the 'middle peat' 

are given in table 3 .1) . In such cases the best approximation of age is 

given by a weighted mean and standard deviation using the formula of 

Olsson (1979) on both dates for the transgressive and regressive overlaps. 

This results in weighted means of 7180 - 70 B.P. for St. Michael's Wood 

and 7050 - 45 B.P. for Fullerton. The age brackets for the sand layer 

may now be considered as 7555 - 7180 B.P. at St. Michael's Wood and 

7140 - 7050 B.P. at Fullerton. Unpublished data from the Forth Valley 

also indicates a comparable age of 6900 - 7000 B.P. fo r a similar sand 

layer (Sissons, unpublished). 
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3.4 The Ayrshire coast and Solway Fir th 

The only other Flandrian sea-level curves are from the Ayrshire 

and Solway Fir th coasts. Three sea-level curves have been published 

(Donner 1970, Jardine 1975). 

Donner's curve for 'marginal parts of Scotland' (1970, f i g . 3 and 

this vo l . f i g . 3 . 1 , 8) contains dated index points from such widespread 

areas as Irvine in Ayrshire and Redkirk Point in Dumfriesshire. Never­

theless the overall shape is similar to the western Forth and lower 

Strathearn curves with a pronounced minimum relative sea-level between 

c. 8000 B.P. and 9000 B.P. with the culmination of the main Flandrian rise 

in sea-level at an alt i tude of c. 9m. and an age of c. 7000 B.P. 

14 

However of the nine . C dated index points only three are used to 

plot the curve, Q640, Q637 and Q818 (Godwin and Wil l i s 1962, Godwin 

et a l . 1965). Q818, 6244 - 140 B.P. is from wood fragments in a lens 

of peat which is embedded in marine/estuarine deposits at Gatehouse of 

Fleet. Q637, 8135 - 150 B.P. is a sample cut from a tree stump in s i tu 

at Redkirk Point. The tree rests on a peat layer 23 cm. thick overlain 

by c. 3.65 m. of 'carse' type deposits and i t s exact relationship to sea-

level must be open to question. Q640, 9020 - 150 B.P. is from Girvan, 

Ayrshire and dates wood fragments and peat overlying a sand and gravel 

layer, there is no supporting evidence to suggest this index point refers 

to a marine event. The curve is derived from data points from a wide 

area and the three points through which i t passes are suspect. Other 

possibly more suitable points such as Q638, 6645 - 120 B.P. which dates 

the basal 2 cm. of peat at Lochar Moss, Dumfriesshire are ignored in 

preference to less reliable ones e.g. Q818. Nichols (1967) considers the 

Lochar Moss date to be strongly supported by pollen analysis from the 

nearby Racks Moss. 
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Jardine's curves for the Solway Fir th ( f i g s . 3 .1 , 2 and 3.1,3) 

although charting the course of mean tide level as opposed to a high 

water mark impl i c i t ly assumed for the other curves s t i l l has a shape 

that is unlike any other for Scotland during the Flandrian Age. This has 

important repercussions fo r i f the difference in shape is real i t implies 

a d i f ferent isostatic and perhaps eustatic history for the Solway Fir th 

area. These curves, especially the curve for eastern Kirkcudbright and 

Dumfriesshire ( f i g . 3.1,2) w i l l be studied more closely in an attempt 

to determine any real differences from apparent ones. : 

the curve for eastern Kirkcudbright and Dumfriesshire (Jardine 

1975) is based on eleven dates and shows a rise of mean sea-level 

from -5.23 m. at 9390 - 130 B.P. (Birm 323) to a maximum of 3.18 m. at 

4290 - 100 B.P. ( I 5070). I t also depicts a smooth curve with no short 

term low amplitude oscillations characteristic of curves from the western 

Forth and lower Strathearn.Jardine (1975) states: 

" i t is acknowledged that this feature probably is due in 
large measure to the incompleteness of the data available 
on the area covered by the curve. I t is questioned, however, 
whether the addition of more detailed information leading to 
the construction of a curve showing minor oscillations would 
do more than indicate local changes in coastal configuration 
accompanied perhaps by adjustments in the t ida l range" (pp.192-3) 

The curves are unsupported by pollen evidence as an independent 

means of age corroboration and there are no other micropalaeontological 

techniques used as an aid to the ident i f ica t ion of unbroken succession 

over l i thologic boundaries. The curves also have poor stratigraphic 

control. Rises and f a l l s in sea-level are determined solely by the age 

and alt i tude of the derived index points and local indicators of a f a l l in 

sea-level are ignored. The only date to record a f a l l in sea-level on 

the eastern Kirkcudbright and Dunfriesshire curve is consequently the 

youngest at West Preston with an age of 1850 - 95 B.P. ( I 5069) and an 

al t i tude of 1.00 m. 
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Of the two curves published byJarcfine only the f i r s t , for east 
Kirkcudbright and Dumfriesshire - considered the most reliable - w i l l be 
studied fur ther . The earl iest index point is from the South Carse 
borehole (Birm 323, 9390 - 130 B.P.). The sample is from an 0.15 m. thick 
layer of organic detritus above marine sands and probably contains material 
from both the transgressive and regressive contacts. The local s t rat-
igraphic setting is unknown since only one borehole was recorded and i t 
is also unknown i f peat accumulation began immediately af ter the withdrawal 
of marine conditions nor i f the transgressive contact is erosional. The 
index point incorporated in the curve shows a rise in sea-level, i t could 
perhaps equally be interpreted as a f a l l . 

The second index point Is from Redkirk Point (Q637, 8135 - 150 B.P.) 

and dates wood from a tree trunk growing in s i tu on organic detr i tus. The 

tree is interpreted as having been k i l l e d by the transgressing sea that 

subsequently covered the s i t e . The provenance of the sample is unknown 

but i f the dated material was from the centre rings of the tree i t could 

be in error by a few hundred years. Similarly i t s exact relationship 

to sea-level is unknown. 

At Newbie Mains (GU375, 7812 - 131 B.P.) the index point comes from 

aO.lOm.thick layer of organic detritus again dating both the transgressive 

and regressive overlaps and without regard to i t s local stratigraphic 

relations. Of three other dates from the nearby Newbie Cottages 

(Birm 222, 7540 - 150 B.P. Birm 325, 7400 - 150 B.P. and GU64, 

7254 - 101 B.P.) a l l from the same organic detritus layer overlying a 

podzolic soi l formed on f luvioglacial deposits only the l a t t e r two are 

included on the curve. The f i r s t , Birm 222, is not included on the curve 

because i t does not " l i e on the general l ine of such a curve" (Jardine 

1975, p.191), a circular argument. 

Two seemingly suitable dates at Nether Locharwoods and Midtown 
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(Q638, 6645 - 120 B.P. and Birm 324, 6470 - 280 B.P.) on the basal layers 
of a peat overlying brackish-water deposits and supported by pollen evidence 
from the nearby Racks Moss (Nichols, 1967) are ignored. Instead t ida l 
differences caused by the configuration of the Lochar Gulf are proposed as 
causing errors in the al t i tude adjustment to the best f i t mean sea-level 
curve. 

The f i n a l points on the curve are dates from allochthonous wood 

fragments from Newbie Cottages (Birm 220, 5630 - 116 B.P.) and the basal 

0.07 m. of the 0.4 m. thick peat in which the wood was located ( I 5070, 

4290 - 100 B.P.). Both are essentially components of the same contact and 

both points are plotted, one showing a rise in sea-level, the other 

denoting the culmination of the Flandrian rise in sea-level. The West 

Preston date ( I 5069, 1850 - 95 B.P.) is from the basal 0.05 m. of a 

1 cm. thick surface peat layer and is the only index point to record a 

f a l l in sea-level. 

Alternative interpretations can be placed on the basic data. The 

South Carse index point could equally be taken to indicate a f a l l of sea-

level followed by a r i se . I f true this would be approximately the age of 

a f a l l in sea-level during the Boreal period to a low sea-level quite 

comparable with the Forth and Tay. Omitting Q637, the date on the tree 

trunk from Redkirk Point and the allochthonous wood fragments of the 

Sandyknowe Bridge date (GU65) and including Birm 222, the Newbie Cottages 

date omitted because i t did not l i e on the curve, results in an increased 

rate of sea-level rise between c. 7500 and 7000 B.P. The inclusion of the 

two index points from the Lochar Gulf at Midtown and Nether Locharwoods 

gives a culmination of the Flandrian rise in sea-level at 6645 - 120 B.P. 

and c. 9.15 m. O.D. very comparable to other areas of Scotland. 

The argument of Jardine (1975) that the Lochar Gulf dates do not 

represent the end of the Flandrian marine transgression in the Solway Fir th 

area is also open to alternative interpretation. He argues that the 
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presence of a baymouth bar "admittedly seen only to be par t ia l ly blocking the 
entrance to the Gulf" ( p i . 83) may have been the cause of the exclusion of 
the sea from the Lochar Gulf. Much more s t r a t i graphic control is needed 
unt i l f i rm conclusions can be made. 

Using supporting evidence, he suggests that continued marine penet­

ration east of the Lochar Gulf is recorded af ter this time. At Newbie 

Cottages east of the Lochar Gulf the 'carse deposits' characteristically 

contain abundant molluscs, foraminaferids, ostracods and echinoids, the 

later 'carse deposits' only contain rare occurrences. In the Lochar Gulf 

a l l 'carse deposits', predominantly of sand, contain a rich fauna indicating 

i t correlates with the earlier unit at Newbie Cottages and hence that the 

Lochar Gulf, unlike Newbie Cottages, was cut o f f suddenly from marine 

conditions. 

Jardine argues that the s i t ing of a mesolithic settlement at 

Barsalloch dated 6000 - 110 B.P. on top of a c l i f f instead of at the base 

suggests the sea was very close to or actually at the c l i f f foot - again 

suggesting marine penetration east of the Lochar Gulf a f te r c. 6600 B.P. 

An alternative explanation could be that the c l i f f top si te was favoured 

i n i t i a l l y by mesolithic peoples because of the natural advantages of such 

a s i t e . 

Radiocarbon evidence fo r the continued marine penetration af ter 

c. 6600 B.P. east of the Lochar Gulf is based on the two samples from 

Newbie Cottages. The peat date ( I 5070, 4290 - 100) may simply relate to 

a stage in the general f a l l i n sea-level from the maximum as shown on 

f i g . 3 .1 , 2. In addition, i t is not knownif there was a delay in resumption 

of peat growth following the removal of marine conditions. 

Evidence is given of a continued rise in sea-level a f te r 6600 B.P. 

west of the Lochar Gulf at the head of Wigtown Bay. Dates at Palnure fo r 
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the peat matrix and wood fract ion (Birm 415, 6540 - 120 B.P., Birm 189, 
6240 - 240 B.P.) give a weighted mean of 6480 - 117 B.P. However, Jardine 
argues that two dates at Carseminnoch ( I 5514, 6325 - 120 B.P.) and 3.5 km. 
west of Palnure (Q639, 6159 - 120 B.P.) are evidence fo r the persistence 
of estuarine conditions af ter the beginning of peat growth at Palnure. 
Both dates are on allochthonous wood and a l l four are indistinguishable at 
the 95% level . 

The curve for Wigtown Bay ( f i g . 3.1,3) shows the culmination of the 

Flandrian rise in sea-level between 4746 - 50 B.P. and 4000 - 100 B.P. 

(SRR 26 and I 5513 respectively). The former Muirfad Flow date is from 

twigs i n the basal 0.05 m. of the surface peat layer and the la t te r is 

from wood fragments from the basal 0.05 m. of the surface peat at Moss of 

Cree. 

The dates are from derived material and show that the date of 

4746 - 50 B.P. is not l i ke ly to give reliable age estimate fo r the culmin­

ation of the Flandrian rise in sea-level in Wigtown Bay. 

In summary many of the differences between sea-level curves fo r the 

Western Forth and lower Strathearn and the Solway Fir th can be explained 
14 

through differences in the use and application of the C dated material 

to sea-level studies and the interpretations inherent in the d i f fe ren t 

approaches used. I t is proposed that the Solway Fir th area can be looked 

upon as similar in isostatic and eustatic reponse to other areas of 

Scotland and differences between the areas are more apparent than real . 

Much more rigorous work needs to be undertaken in peripheral areas with a 

lower rate of isostatic recovery i f real differences are to be detected 

between curves. 
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3.5 Other areas of Scotland 

There is abundant published evidence relating to peat layers beneath 

present high water mark or beneath later marine deposits from a l l parts of 

Scotland (Sissons 1967). Very l i t t l e detailed work has been done on buried 

peats outside the areas so fa r discussed. Many ideas have been invoked to 

explain the presence of such peats though i t was Jamieson (1865) who was 

the f i r s t to realize that the majority'"of such peat layers give evidence 

for a period of lower sea-level. The buried peats are certainly not members 

of.a single population and vary greatly in age and in mode of i n i t i a t i o n . 

The oldest buried peat, 12, 290 - 250 B.P. from Redkirk Point (0816, Godwin 

et a l . 1965) l ies on a grey carbonaceous s i l t s of a stream deposit cut into 

t i l l and is overlain by grey s i l t s and f ine sands of marine origin (Bishop 

and Coope 1977). The buried peats of the Forth l i e on a suite of buried 

beach forms dated from c. 10300 B.P. to c.8800 B.P. and are covered by 

carse deposits. Final ly, Sissons (1967) states that peat that is s t i l l 

growing at the present time is being submerged in the outer islands. 

The main point to be made here is that many buried peats probably 

started to accumulate during the early Flandrian either in response to a 

regressing or transgressing sea and were covered by later marine and estuarine 

deposits during the main Flandrian rise in sea-level. 

Flandrian raised shorelines have also been studied in other areas of 

Scotland - in the Oban area (Gray 1974), the Fir th of Lome to Loch Broom 

(McCann 1966), Wester Ross (Kirk et a l . 1966) and northern Scotland. 

Published gradients f o r these areas and those, already discussed include -

TABLE 3.3 

West Coast 0.075 m./km. (McCann 1966, Synge and Stephens 1966) 

Oban area 0.05 m./km. (Gray 1974) 

Tay 

Forth 

Easter Ross 0.09 m./km. 

0.076 m./km. 

0.09 m./km. 

(Sissons 1976) 

(Cullingford 1972 in Gray 1974) 

(J.S. Smith 1966) 
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Because of the d i f ferent approaches adopted in some of the studies, 
for example in f i e l d methods and sampling stategy, i t is not known i f a l l 
the results are s t r i c t l y comparable. In addition i t is not known i f thev 

measurements of alt i tude relate to the same shoreline, or i f some studies 
use points on more than one shoreline. Problems of def in i t ion and inter­
pretation mean no specific conclusions can be reached other than that a l l 
methods do show a gradient normal to the proposed isobases of c. 0.05-0.1 m/km. 

3.6 The Moray Firth area 

.L i t t l e or no previous work exp l i c i t l y dealing with sea-level change 

has been published fo r the Moray Fir th area during the Flandrian Age. 

This is surprising since Ogilvie (1923) states that the area 

"includes some of the f ines t and most complex examples of 
raised beach at several levels" (p.377) 

•Ogilvie's monograph is however primarily a morphological study 

concerned with the changing shape of the coast between Golspie and Port 

Gordon. I t is perhaps indicative of the quality of Ogilvie's work, coupled 

with the lack of research since 1923, that Sissons (1967, 1976) and Steers 

(1973) continue to use Ogilvie's work extensively. I t contains a f ine 

description of the variety of beach forms encountered in the Moray Fir th 

area from the high fault-controlled c l i f f s of the Black Isle to the f l a t 

'carselands' of the inner Beauly F i r t h , the wide sand and shingle foreland 

of the Culbin Sands and the composite spits of Dornoch Point and Cuthil l 

Links but i t pays l i t t l e attention to stratigraphy and offers nothing in 

time control. 

Evidence for sea-level change is often impl ic i t in the published 

l i terature and there is no synthesis available. Certain lines of evidence 

point to a period of low sea-level during the early Flandrian. At a number 

of sites peat is found beneath la ter , marine deposits. Wallace (1883,1896) 
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recordslocal memory of an extensive peat bed covering the f loor of Burghead 
Bay; the rights of turbary were the subject of a law sui t in 1787. The peat 
layer was apparently much more extensive than now; present occurrences are 
sporadic. However in places beneath the compact peat layer are occurrences 
of blue s i l t y sand containing abundant shell fragments. 

Eyles et a l . (1946) provide information of a buried peat layer in 

the Spynie depression. A brick-clay p i t , worked unt i l 1939 near Loch 

Spynie, c. 5 km. north of Elgin contained a peat layer 38 cm. thick, 

570 cm. from the surface overlain by a shell bed and blown sand and under­

la in by c. 45 cm. of l i g h t blue clay and over 600 cm. of dark clay. 

Jamieson (1865) recorded the presence of Scrobicularia plana da Costa, a 

mollusc that favours muddy estuarine conditions. The stratigraphic position 

of the f ind is unreported however. 

Smith and Mather (1973) described a peat layer which outcrops on or 

at the back of the f r inging beach of the Morrich More, Ross and Cromarty. 

The peat is suggested to predate the Flandrian transgression and underlies 

much of the ridge and slack system. 

J.S.Smith (1968) recorded a thin layer of peat in f i e l d drains close 

to Delny church. The si te is on the fr inge of an extensive area mapped 

as a lagoon of Flandrian Age (Ritchie et a l . 1967). Notes on the original 

6" Geological-Survey maps record the discovery of a peat stratum containing 

Alnus and Betula twigs and seeds of Menyanthes sp. near Lower Kincraig. 

Some morphological forms too have been used as evidence fo r a lower 

sea-level. J.S. Smith (1963) i n a short note calls attention to the we l l -

developed gullies between Cromarty and Jemimaville on the southern shore 

of the Cromarty F i r th . The gullies are incised into higher beach deposits 

and are graded to a level below that of the Flandrian raised beaches in the 

area. There are no debris cones at or below their point of debouchement 

onto the raised beach indicating that the gullies are older forms. Smith 
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favoured an early Atlantic age c. 5,000 B.P. Sissons et a l . (1965) c r i t i c ized 
the paper and described similar forms in the Forth and Tay area that are 
older and were i n existence at least 8,000 to 8500 B.P. 

The only detailed stratigraphic record with independent age corrob­

oration pertaining to Flandrian sea-level change is that given by Peacock 

et a l . (1980) fo r the Cromarty Fi r th borehole C2. Using a l l borehole data 

three informal l i thologic units have been described : from the base up, 

the Findon beds, Ardullie beds and Cromarty beds. Many problems of inter­

pretation exist but i t is proposed that only the Cromarty beds are 

exclusively of Flandrian Age though perhaps the Ardullie beds span the 

transit ion from Late Devensian to Flandrian. There are three radiocarbon 

dates from the lower Cromarty beds, SRR1068, 8748 - 80 B.P. dating plant 

debris and two dates on shells, SRR1069 at 7326 - 360 B.P. and SRR 1070 

at 8156 - 150 B.P. A l l dates have been normalized with respect to the 

P.D.B. standard. The lower Cromarty beds therefore probably accumulated 

during the early Flandrian 

I f the marine shell dates are to be questioned then the lower 

Cromarty beds accumulated c. 8750 B.P. at the time of the relative low 

sea-level recorded in the Forth. The lower Cromarty beds have a high 

proportion of very shallow water species and the stratigraphy contains 

possible channel lag deposits. I f the age quoted above is correct, an 

alt i tude of -6 m. O.D. for the contemporary sea-level is reasonable 

(Peacock et a l . 1980). 

I f the plant debris date is to be questioned and shell dates 

accepted then the lower Cromarty beds accumulated between 8000 B.P. and 

6500 B.P. at the time of the rise in sea-level to the Flandrian maximum in 

the Forth. The shallow water fauna could then be explained through down­

ward translocation of shallow water and in ter t ida l species. 
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. The fauna of the Upper Cromarty beds indicate deposition in deeper 

water which may relate to the culmination of the Flandrian transgression 

and subsequent events. . 

Flandrian raised beaches have been described by the f i e l d off icers of 

the Geological Survey (Horne and Hinxman 1914, Peach 1912, Read et a l . 

1925, Read et a l . 1926) by Ogilvie (1923) and Steers (1937) though accurate 

height measurements and overall synthesis are lacking. Smith (1966) 

notes two Flandrian raised beaches,the higher one rises from 8.22 m. at 

Kessock to 9.14 m. at Tarradale, a gradient of c.0.09 m./km. The lower 

beach is at 3.9 m. O.D. but accurate height determination was impossible 

due to disturbance by road building. 

The present state of knowledge concerning Flandrian sea-level 

change in the inner Moray Fir th area is fragmentary. There is no adequate 

time control given by radiocarbon dating and l i t t l e accurate alt i tude 

information. The data that are available are fragmentary and often impl ic i t 

rather than e x p l i c i t , nevertheless i t does suggest a relat ively low 

sea-level during the early Flandrian followed by a rise to produce the 

well developed raised beach at c. 9-10 m. in the inner Fir ths. 

3.7 A method of representing Flandrian coastal sequences 

I t is not known when the term 'carse' - f i r s t referenced in semi-

Gaelic form in 1143 (Grant and Morrison 1929 - 76) and defined as a 

stretch of f l a t land bordering a r iver estuary - came to include a 

l i thostratigraphic connotation with the addition of the word clay. Nor 

is i t certain when the chronostratigraphic and genetic connotation of 

being formed during the main Flandrian rise and f a l l in sea-level in ' 

Scotland came into being, though Jamieson (1865) certainly uses the 

term 1carse clay' with a l l three uses i m p l i c i t . Stemming from the use of 

the term 'carse clay' has been the adoption by some workers of the term. 
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'sub-carse peat' referring to the widespread thin peat layer occurring on 

beaches of d i f fe ren t ages and subsequently buried by the transgression 

that deposited the 'carse clays' (e.g. Newey 1966, Paterson et a l . 1981). 

Paterson et a l . (1981) have also used the term 'post-carse' estuarine 

deposits which refers to a number of terraces formed below the level of 

the Main Postglacial Shoreline "as a result of f luctuating sea-level 

f a l l " , (p.21). Whether the term also includes a l i thostratigraphic 

connotation is not clear. 

At Fullerton near Montrose (Smith et a l . 1980) and other sites on 

the east coast of Scotland (Morrison et a l . 1981) the Flandrian rise in 

sea-level probably involved at least two marine transgression episodes. 

In places there are three peat layers in the coastal peat mosses 

separated by two marine clastic horizons. Subsequent to the Main Post­

glacial Shoreline of the Forth and Tay there are lower beaches, the 

product of minor transgressions or sti l lstands'during a general f a l l in 

sea-level (e.g. D.E. Smith 1968). Hence the 'carse clay* is composed of 

several episodes encompassing proposed rises and f a l l s in sea-level. I t 

is also comprised of several d i f fe ren t lithologies and is clearly unsat­

isfactory fo r the process of correlation. 

The use of a newly developed system fo r the description and l i t h o -

logical c lassif icat ion of Flandrian coastal sequences is therefore proposed 

(Barckhausen et a l . 1977). Developed specif ical ly fo r coastal sedimentary 

sequences i t is an hierarchical scheme based on the vertical succession and 

lateral interfingering of clastic sediments and peat. There are three 

levels in the hierarchy, complexes, sequences and facies units. Each level 

contains a number of p ro f i l e types. 

Complexes contain 3 prof i le types:-

clast ic (X) types : a body of clastic sediments without intercalated 

peat layers. Peat may occur at the base or top of the complex. 
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interfingering (Y) types : a body of coastal deposits in which clastic 

sediments are intercalated by peat layers. 

peat (Z) types : a body of peat and limnic deposits. Thin layers of 

clastic sediments can either be intercalated in the peat complex or can 

occur at the base or on top of the peat complex. 

Sequences are subdivisions of the complexes and consist of one or 

more facies units. S t re i f (1978) outlines ten sequences characteristic 

of the c las t ic , interfingering and peat complexes and a description of 

these is given in Appendix V. In a coastal context there are a f i n i t e 

number of interrelationships these ten sequences can hold. St re i f 

(1978, f i g . l ) outlines twelve subordinate p rof i l e types ( X I , Y l , Z etc.) 

and these are shown diagrammatically in Appendix V. 

Facies units, the lowest division of the hierarchy have a. variable 

number of special p rof i l e types which are defined individually with regard 

to specific objectives such as geological, engineering or resource 

potential . In this study the use of special p ro f i l e types is specif ical ly 

aimed at isolating ter res t r ia l clastic (or non-marine) sequences from 

marine clastic sequences especially where they interf inger with peat layers. 

They are defined as fa r as possible on l i thologic properties with 

stratigraphic relationships andmicropalaeontological analyses also considered. 

A schematic diagram of the most common special p rof i le types encountered 

in this study is given in f i g . 3 . 4 and are described in Appendix V. 

The advantage of such a system is that i t avoids the confusion of 

terms such as 'carse-clay', 'sub-carse peat', 'post carse estuarine 

deposits' which have come to include a l i thostrat igraphic, chronostratigraphic 

and genetic meaning. This loose use of terminology leads to d i f f i c u l t y in 

correlation between areas. 

The scheme can be linked to a chronostratigraphic system based on 
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Fig. 3.4 Schematic section showing most commonly encountered 

p ro f i l e types in the inner Moray Firth coastal area 

following the scheme of Barckhausen et a l . (1977). 
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radiocarbon dates tq provide a f l ex ib l e method of explaining coastal dev­

elopment in a palaeogeographic sense through time and space. However, the 

va l id i ty of lithostratigraphic correlation depends on the scale of the 

investigated area. In the f i r s t instance this is taken to represent the 

si te scale. Because by i t s very nature a transgressive episode for example 

is time transgressive the l i thological classif icat ion and chronostrati-

graphic scheme must be regarded as two independent methods to be used in 

conjunction i f c l a r i f i ca t i on of coastal development is the aim. 

The scheme has many practical applications such as the ease of 

incorporation into data bank management systems. The new type of geological 

map fo r Emden West (Barckhausen and Streif 1978) contained information 

from 650 boreholes, 10,000 m. of sedimentary cores and 25,000 individual 

layers a l l processed from original f i e l d data capture using the scheme. 

There are some basic differences in applying the scheme to coastal 

sequences in eastern Scotland. The method is universal but the underlying 

model of coastal development is d i f fe ren t . Inherent in the scheme as 

applied to the southern North Sea are certain situations that do not 

transfer. In the southern North Sea the basal unit often consists of a 

sandy deposit with podzol formation and is widely regarded as Late 

Weichselian or early Flandrian. U pon this sloping surface the marine 

deposits and peat were la id down under conditions of a slowly r is ing 

sea-level, perhaps with short term low amplitude oscillations af ter c.7000 

B.P. This has resulted, with the continued geological subsidence of the 

southern North Sea, in a basic t r i p a r t i t e succession, the X, Y and Z 

complexes. 

In eastern Scotland the effects of glacial isostasy and eustatic 

sea-level movements mean that often the local basal deposits comprise 

glacial units or bedrock. Above these Late Devensian marine clays and 

s i l t s are sometimes preserved. In i t s application to this study therefore 
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Fig. 3.5 Diagrammatic section of the Grangemouth-Airth area 

(mid Forth Valley) showing main elements of the 

stratigraphy (Sissons et a l . 1966). 

1 = Main Perth Shoreline 

2 = Lower Perth Shoreline 

3 s Main Lateglacial Shoreline (Sissons 1976) 

4 = Main Buried Shoreline 

5 « Low Buried Shoreline 

6 * Main Postglacial Shoreline 

7, 8, 9 = Later Flandrtan Shorelines 

Dtagram also shows the application of the scheme of 

Barckhausen et a l . 0977) showing i t s equivalence 1n 

complex and subordinate p ro f i l e type. 

Fig. 3.6 Diagrammatic section of the Upper Forth Valley 

(Sissons and Smith 1965). Symbols as for f i g . 3.5 

except the buried beaches are unshaded. Diagram also 

shows the application of the scheme of Barckhausen 

et a l . (1977) giving the equivalent in complex and 

subordinate p rof i l e type. 
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the basal units are considered to be of glacial origin or bedrock and 

this means an extension of the scheme into the Late Devensian. 

Geological inheritance and relative sea-level changes in eastern 

Scotland mean that large f lat areas equivalent to.the coastal plains of 

the southern North Sea are not available for marine sedimentation. 

Fig. 3.5 shows a model sequence for the mid-Forth Valley including 

common terms used for sequences (.Sissons 1976, Newey 1966, Brooks 1971). 

Their equivalent in the scheme of Barckhausen et a l . (1977) is also 

shown. For instance a borehole through the carse clays, sub-carse peat, 

buried beach and t i l l would essentially record a Yl profile with an upper 

clastic sequence (qhKO) a splitting-up sequence comprising only one peat 

layer (qhA) and a lower clastic sequence (qhKU). 

Fig. 3.6 shows a model sequence for the Upper Forth Valley 

(Sissons and Smith 1965) and the equivalent profiles and subordinate 

profile types of the new scheme. 
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CHAPTER 4 

TECHNIQUES OF ANALYSIS 

4.1 Introduction 

The need for accurate and reliable data is the prerequisite for al l 

further analysis and the foundation of all subsequent interpretation. The 

techniques outlined below are standard and have been used extensively in 

research on sea-level changes in the Netherlands (Jelgersma 1961), the 

Fenland (Godwin 1940a.Shennan 1980) and eastern Scotland (Smith et a l . 1980, 

Morrison et a l . 1981). It is regarded as essential that procedures adopted 

for data collection should be presented to enable independent evaluation of 

any subsequent interpretation. Accordingly the seven techniques used to 

study the nature and age of sea-level changes in the Moray Firth area are 

outlined below. 

4.2 Levelling 

All boreholes and sampling sites were instrumentally levelled to 

Ordnance Datum (Newlyn) using a Kern GK-1A level. Benchmark heights were 

taken from Ordnance Datum Benchmark Lists derived from the Third Geodetic 

Levelling of Great Britain ( 1951/59). All levelled transects were 

closed, the highest compound closing error being 0.23 m. for Moniack 1 ^ 7 , 

however the majority of surface altitudes are considered accurate to 0.05 m. 

there is also an error inherent in the use of O.S. Benchmarks. Eady (1976) 

states that: 

"within a distance of 0.5 km. their maximum relative error should 
not exceed 1 cm. However, at this stage i t is not yet possible 
to guarantee that the published heights in relation to Mean Sea 
Level at Newlyn are any more accurate than about 15 cms. in 
England and Wales and about 20 cms. in Scotland." 

4.3 Field sampling 

Three different types of sediment sampler were used for the recon-
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naissance of stratigraphy and sampling for further laboratory examination. 

Initially a gouge sampler provided rapid results. The sampler comprised 

a 1 m. half-chamber and 1 m. extension rods compatible with a percussion • 

dri l l and jack attachment. Boreholes of up to 10 m. depth were easily 

achieved by one person in all sediment types save for compact sand and 

gravel. 

Problems were encountered with' contamination in wet, non-cohesive 

peats and organic clays. Shennan.(1980) has shown that shearing of adjacent 

sediments through a core using such a gouge sampler could mean an error 

on peat/clay boundaries of up to 0.02 m. This makes the confident ident­

ification of thin peat bands difficult in some circumstances and in addition 

the small amount of sediment retrieved presents difficulty in accurate 

sediment description. 

A Russian sampler compatible with the percussion dri l l and jack 

attachment enabled half-cores of 0.5 m. to be taken with l i t t le contamination 

or shearing of adjacent sediments. At Moniack 4B the use of multiple shots 

enabled a complete core to be retrieved for further micropalaeontological 

examination and to provide material for analysis. : In this case the 

sampler was cleaned between samples and the sediment transferred to plastic 

guttering in 0.5 m. lengths and sealed in polythene. 

The third sampler used comprised a modified Livingstone corer (Merkt 

and Streif 1970) also compatible with the percussion dri l l and jack attach-* 

ment which provided undisturbed cores 1 m. in length and 0.048 m. in 

diameter. Some trouble was experienced in using two adjacent boreholes to 

provide overlap and ensure contamination-free sampling since vibration 

during the down stroke caused early sampling. In such cases, as at BY 14B, 

only one borehole was continued with resulting loss of an overlapping 

sequence of samples, the possibility of slight contamination at the top of 

each sample and small gaps in the sequence. Extrusion of the cores 
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provided another source of error, the compression of the sample. This 

error, while affecting different materials in different ratios is unidir­

ectional since compression always occurs from above and will result in 

measured depths being slightly deeper than actual. 

4.4 Stratigraphic analysis 

Stratigraphy was described in the field according to the scheme 

proposed by Troels-Smith (1955). It is considered essential that general­

ization of stratigraphic description should begin at a secondary stage. If , 

for example, an intercalated peat layer is described init ial ly as a single 

unit the possibility of establishing information regarding tendency of 

water-level movement from evidence within such layers as shown by Tooley 

(1974) is denied. Similarly i f a minerogenic layer is considered a single 

entity in a coastal context i t denies the possible recognition of discrete 

events such as storm surges which although common have left l i t t le trace in 

the sedimentary record, a fact remarked upon by Walcott (1975). AIT changes 

in stratigraphy have significance and only additional work can differentiate 

the scale on which they operate. 

This leads to a related point of objectivity. Stratigraphic subdivision 

and description must be undertaken without reference, implicit or explicit, to 

any model of formation. The dangers of only finding evidence to support such 

schemes or models are obvious here. 

The Troels-Smith system for characterizing unconsolidated sediments 

(Troels-Smith 1955) is a procedure with widespread applicability since i t 

is based on the assumption that each basic unit of stratigraphy or stratum, 

once designated,is a mixture of a limited number of elements (deposit 

components) which can be described and summed to arrive at a simple char­

acterization. I t has gained increasing acceptance as a descriptive tech­

nique and was recommended in 1974 for use by I.G.C.P. Project no.61 and 



more recently for I.G.C.P. Project no.l58.(Aaby 1979). 

There are problems, however, with its application principally in the 

characterization of the matrix of totally humified microscopic organic 

material which surround the recognizable macroscopic remains in a peat 

deposit or is in association with minerogenic components in an organic 

clay. Troels-Smith gives two main alternatives : Substantia humosa (Sh) 

consists of completely disintegrated and decomposed organic matter without 

macroscopic structure. The term can be used in a descriptive sense when 

the origin of the material cannot be stated with certainty. Limus humosus 

(Ld4) is similarly made up of microscopic particles of organic material but 

results from sedimentation in water,. This is a genetic interpretation, 

however, and departs from the original intention to provide an objective 

descriptive scheme. Obviously a gyttja or organic lake mud formed entirely 

of material produced from primary productivity within a lake ecosystem may 

have a matrix including Ld 4 . However, Troels-Smith does not define the 
4 

depth or type of water body in which Ld is envisaged as being deposited. 

At the other extreme i t could be applied to mean organic deposition almost 

in situ in a few centimetres of an ephemeral water body. This raises 
4 

questions over the transition from Sh to Ld and to avoid confusion 

Substantia humosa has been used to describe the totally humified organic 

matrix of any given deposit without regard to its origin. 

The signatures used in the stratigraphic diagrams have the same 

meaning as originally proposed though their arrangement has been altered. 

Trace elements are omitted and the stratigraphic column is divided into 

four, each symbol representing J presence in the deposit. This refinement 

is simply to reduce the time-consuming and difficult practice of drawing 

the symbols to the original specification and to provide a consistency with 

the computer-drawn diagrams. 
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In addition to field stratigraphic analysis, a supplementary technique 

has been the analysis of material retained on 180 uu sieves during prep­

aration for. pollen analysis. Though not carried out in such a formal or 

quantitative sense as proposed by Berglund (1979) each level was assessed 

on a 4 point scale for deposit components and interesting plant macrofossils 

extracted, many of which were kindly determined by Dr. P.A. GreatRex 

4.5 Pollen Analysis 

Preparation of samples followed established procedures (Appendix I ) . 

Prior to chemical treatment,however, Lycopodium tablets were added to a 

known volume of sediment allowing the pollen concentration technique of 

Stockmarr (1971) to be used. Routine counting was carried out on a Zeiss 

photomicroscope at a magnification of 625x with crit ical identification under 

oil-immersion possible up to 2500x. The standard pollen keys of Faegri 

and Iversen (1964) and Moore and Webb (1978) were used in conjunction with 

an extensive type-slide collection. 

The counting procedure adopted involved the systematic traversing of 

each slide until 200 Lycopodium spores had been registered (400 at BY3B). 

The basic pollen and spore data for each site are tabulated in Appendix I. 

The following should be noted : 

Cory!us and Myrica pollen were not differentiated and are grouped 

accordingly under Coryloid. 

Cerealia type is taken to represent Gramineae-type pollen with a 

diameter over 45 uu. 

Betula nana pollen was not differentiated from Betula as suggested 

by Birks (1968) though a number of grains suggestive of Betula nana 

encountered at the lower levels at Arcan Mains and Barnyards. 

Typha angustifolia type includes Typha angustifolia and Spargahium. 
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Many attempts have been made to quantify the relationship between 
sediment lithology and pollen deterioration (Havinga, 1964, 1967, Sangster 
and Dale 1961, 1964). Differential pollen preservation is an important 
question to which attention must be given i f one of the goals of pollen 
analysis is held to be the reconstruction of past vegetation assemblages. 
Most pollen studies attempting to describe the various forms of deterior­
ation and their relationship to depositional environment have tended to 
focus on the Late Devensian (Birks, H.J.B. 1970, Cushing 1967, Lowe and 
Walker 1977) and in fully marine sediments (Stanley 1966). None have 
concentrated on coastal environments showing intercalations of peat on 
marine s i l ts and clays. 

All pollen grains encountered, save those from Arcan Mains, were 

classified as determinable or indeterminable. The determinable category 

was then identified and counted as normal, though registered as either 

corroded, degraded, broken, folded or well-preserved. Where one igrain 

exhibited more than one aspect of deterioration a subjective decision was 

taken regarding the more important form. Unknown grains formed a subset 

of determinable grains. The indeterminable grains were also listed 

separately as corroded, degraded, broken, folded and concealed. 

Indeterminable and unknown pollen grains are represented at the 

right hand side of each pollen diagram, whilst the determinable group is 

included separately in the summary diagram for each si te. It must be 

noted, however, that while a relationship between sediment lithology and 

pollen preservation is intuitively obvious i t has rarely been convincingly 

demonstrated perhaps, in part, due to the variety of factors operating on 

a pollen grain en route to deposition and subsequent to deposition. The 

multitude of depositional environments through time and space in a coastal 

area exhibiting a migrating coastline, together with differential 

susceptibility of different pollen types to different forms of degradation, 
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must mitigate against such a simple relationship. 

Correction factors ('R' values) f i rs t described by Iversen (1947 in 

Andersen, 1973) and also by Davis (1963) have often been used in an attempt 

to correct for differential pollen productivity and dispersal to facilitate 

the use of pollen frequencies in reconstructing past vegetation assem­

blages and their change through time (Andersen 1970, Birks 1977 in Tooley 

1981). Most work has been undertaken in mixed woodland using present day 

measures of vegetational area and surface pollen frequencies. Several 

problems are encountered here when applying such factors to fossil pollen 

spectra : 

with a range of possible pollen source strengths and a range of 

possible distances from the sampling si te, the same recorded frequencies 

can be made up of an infinite number of combinations of pollen source, 

strength and distance. This means, in effect, that unless the distance and 

strength of a pollen source are known, correction factors cannot strictly 

be used to convert pollen frequency recorded at the sampling site into a 

measure of the abundance of the taxon which produced i t in the contem­

porary vegetation (Oldfield 1970). 

in reality l i t t le such work has been accomplished and the replin­

ability of such correction factors in other geographic areas and different 

environments, especially those which gave rise to peat layers intercalated 

with marine facies in low-lying coastal areas must be questioned. 

Accordingly, no correction factors are used in this study. 

All pollen counts were processed using the computer program NEWPLOT 

developed at Durham by Shennan (1980). Various options are available to 

calculate and draw 95% confidence limits for taxa within and without a 

basic sum, a factor which i tsel f can be varied. This enables a wide range 

of possible combinations. In addition, pollen concentration values are 

calculated again with upper and lower 95% confidence limits. 
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Moore and Webb (1978) have shown the need to be aware of the importance 
of choosing the basic pollen sum with respect to the problem in question. 
The use of pollen analysis in this study is threefold : 

as an independent age determination to supplement and verify 

dating. . 

as an indicator of continuous sedimentation, any hiatus in deposition 

may be represented by a marked change in the pollen spectra. 

to outline the environmental changes shown by vegetation communities 

consequent upon transgression and regression. 

The f i rs t use relies implicitly on the age connotations of the regional 

pollen rain whilst the third needs a treatment that will emphasize the 

predominantly local and extra-local component. 

In a coastal environment which has not been continuously wooded 

during the Flandrian Age since i t comprises an ecotone alternately favouring 

the extremes of marine and terrestrial regime, a basic sum is needed that 

will not over-emphasize the local component when the regional arboreal 

component is small. A sum based on total pollen - in this case total land 

pollen + group (%TLP + Group) - is therefore proposed. With pollen concen­

tration forming another line of evidence i t is felt that sufficient material 

is available to attempt to answer questions posed by the use of pollen 

analysis in this study. 

In certain parts of Scotland i t has become accepted that the pollen 

zones defined by Godwin (1940) for England and Wales do not apply. Connot­

ations of synchroneity, climatic equivalence and a parallelism in vegetation 

development inherent his scheme became established underpinnings contrary 

to the original intention. In order to consider more easily the obvious 

regional differences found in peripheral'parts of the country and to avoid 

misleading correlation, R.G. West (1970) advocated the adoption and use 
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of the Assemblage Zone in pollen stratigraphy. Based entirely on the 

presence and relative proportions of its constituent fossils i t is indep­

endent of any of the assumptions that became inherent in Godwin's scheme. 

This method, now widely used, has been of great value in illustrating the 

patterns of regional difference in Flandrian vegetational history (Birks,H.H. 

1970, 1972a, 1972b, Birks, H.J.B. 1973, Peglar 1979). 

The approach provides a useful and flexible method of correlation. 

Local Pollen Assemblage Zones (LPAZ) defined solely with respect to locally 

derived pollen may be correlated with a Regional Pollen Assemblage Zone 

system (RPAZ) defined after inspection of other available pollen profiles 

from the area showing similar successions and comparable assemblages 

(Birks, H.H. 1970). A further stage in this biostratigraphic correlation 

is for Regional Pollen Assemblage Zones to be tied to a formally designated 

chronozone system comprising radiometrically dated pollen zone boundaries 

at a type site (Hibbert et a l . 1971, Hibbert and Switsur 1976). 

However, the use of chronostratigraphy has been questioned by Lowe 

and Gray (1980) who suggest the scheme does not adapt i tself to the 

essentially time-transgressive nature of vegetational change since being 

isochronous surfaces, chronozone boundaries when traced laterally will be 

out of accord with times of significant environmental change, one of the 

original problems in Godwin's scheme. Similarly, there are problems in the 

represent!vity of type sites or reference sections over large areas. 

The type of study proposed for the Moray Firth area differs in some 

respects to the ideal circumstances for pollen assemblage zone construction 

and correlation. The type of site investigated is different in behaviour 

with respect to pollen recruitment to the large lake and bog sites tradit­

ionally used to define Regional Pollen Assemblage Zones. In addition there 

have been few pollen sites studied in the Moray Firth coastlands which 

could provide a basis for the establishment of an RPAZ system. The procedure 
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adopted here will be to define several LPAZ for each site incorporating 
changes in the whole pollen spectra since i t is felt that the construction 
of a local-regional hierarchy for the Moray Firth is not merited at present. 
A Local Pollen Assemblage Zone system is seen as having aertain advantages 
in that i t is flexible and allows for local variations which may be expected 
in the area of diverse habitat under study. 

The zones,described in the next; chapter, are considered to be of 

local significance only and are numbered (not named) following H.H. Birks 

(1970). Zone boundaries are placed where simultaneous changes appear to be 

taking place in a number of pollen types. The program NEWPLOT (Shennan 

1980) in calculating 95% confidence intervals provides an admirable tool 

for zonation in that two levels that exhibit no overlap of confidence 

intervals in any particular taxon (that is they are statistically different . 

at the 95% level) are more likely to show real rather than random differences. 

4.6 Diatom Analysis 

Samples were treated with 30% warm hydrogen peroxide to remove organic 

matter. A random sample of distil led water and sediment were then dried 

on a No.l 22 x 22 mm. coverslip and mounted in Microps 163 mountant. The 

analyses were carried out on the same microscope as for pollen identification, 

routine counting was undertaken at 625x and crit ical identifications were 

carried out under oil inmersioh up to a magnification of 2500x. At least 

200 valves were counted at al l levels. No absolute diatom analyses were 

carried out. 

The main references used for identification were Cleve-Euler (1951-5), 

Hendey (1964), Hustedt (1927-62) and van der Werff and Huls (1958-74) with 

nomenclature following Cleve-Euler unless otherwise stated. 

It is recognized that classification of species into l i fe form classes 

and especially salinity groupings will in some cases be arbitrary. There is 
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no general agreement on such classification, in many cases authors are at 
variance concerning specific allocations. Overall there is a shortage of 
information on the ecological tolerances and preferences of most taxa even 
though there have been great advances in the numbers of autecological 
studies (Battarbee 1979). 

There are two salinity classifications in use at present. Hustedt 

(1927-62) developed the Halobian system in which there are five groupings 

ranging from polyhalobous through mesohalobous, halophilous, oligohalobous 

indifferent to halophobous. The salinity classification proposed by van 

der Werff and Huls (1958-74) has been used for this study. They identified 

seven groupings according to the chloride ion concentration in water -

Marine (M) >17,000 mg. C l7 l 

Marine-Brackish (MB) 10,000 - 17,000 mg. C l ' / l 

Brackish-Marine (BM) 5,000 - 10,000 mg. Cl"/1 

Brackish (B) 1,000- 5,000 mg. CI~/l 

Brackish-Fresh (BF) 500- 1,000 mg. Cl"/1 

Fresh-Brackish (FB) 100 - 500 mg. Cl"/1 

Fresh (F) < 100 mg. Cl"/1 

Diatom frequencies can be expressed as a percentage of the total 

valves counted or special sums can be constructed as in pollen analysis, 

for example Kjemperud (1981) uses total valves - Fragi1gria spp. as a basis 

for calculations. Since all fossil diatoms exhibit the property of 

thanatacoenosis and are essentially allochthonous, having been transported 

and redeposited subsequent to death, there is perhaps some merit in con­

structing a basic sum of benthonic valves in the underlying hope that this 

will more readily reflect the environmental conditions of deposition. 

Eronen (1974),among others, has noted that the large fluctuations in 

individual curves may well represent many factors, including primary 
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productivity, differential deposition and survival and perhaps also reflect 

the mosaic of microhabitats that are potentially available on a salt marsh 

surface within a very limited area. . Stress is therefore to be laid on the 

interpretation of overall changes in the assemblage rather than on individual 

curves. 

Van der Werff and Huls (1958-74) have proposed a qualitative approach 

based on the number of species present within each salinity class and 

represented as a percentage of total species in an attempt to overcome 

irregularities in individual diatom curves. This method gives no weighting 

to frequency of occurrence of individual species as once a species has 

been identified, further occurrences are ignored. 

There is no agreed method of representing either individual species 

or classes of species. Shennan (1980) has drawn attention to the variety 

of ways information can be enumerated and presented in a qualitative or 

quantitative way. In sea-level studies diatom analyses have often 

provided evidence for succession or retrogression in assemblages consequent 

upon an increase or decrease in the marine effect. When so l i t t le is 

known about the autecology and community ecology of littoral and marine 

diatoms and so many permutations of representation are available, great 

care must be taken in the objective presentation and interpretation of 

diatom data. 

In this study several different methods of representing diatom counts 

. will be used. All diatom counts are given in Appendix I I . The computer-

drawn diagram shows individual species calculated as a percentage of total 

valves with unknown valves and species outside the sum. The species are 

arranged from left to right following the seven salinity classes of Van 

der Werff and Huls and within each class according to l i fe form class i .e. 

benthonic, epithytic and planktonic. Within each of these secondary classes 

the taxa are arranged alphabetically. In addition, a summary diagram is 
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presented for each site showing diatom data in six ways. The f i rs t four 
sections show taxa according to salinity class with a basic sum calculated 
as % total valves, % benthonic + epiphytic valves, % species and % benthonic + 
epiphytic species. The latter two show taxa summed according to l ife form 
class with a basic sum calculated as % total valves and % total species 
respectively. This departs from the treatment given by Shennan (1980) 
since i t is considered that removal of the planktonic element only will give 
a better approximation to environmental conditions during deposition of the 
sediment. Zonation of the diatom diagrams has been carried out in exactly 
the same manner as for pollen. 

4.7 Grain size analysis 

The procedure adopted involved standard dry sieving and sedimentation 

techniques as described in the British Standards Institution Handbook 

(BS 1377:1967). The technique tends to amplify the amount of coarse s i l t 

in the fraction since i t is determined by sub traction from the amount of 

material retained on sieves above 0.075 mm. (fine sand + coarser material) 

added- to the amount of medium s i l t + finer material calculated by sedim­

entation. In reality this means i t encompasses the size range 0.02-0.075 mm. 

The amount of material needed, 30-50 g. may also mask important 

changes, for example sampling a laminated sediment is of l i t t le use due to 

the averaging effect. 

The data are shown in simple percentage frequency - depth diagrams 

incorporated in the site summary diagrams. 

4.8 Radiocarbon Dating 

It is probably the case that not enough attention has been paid in 

sea-level research to the errors involved in radiocarbon dating and the 

inferences that can and cannot be drawn from the final date. This section 

wil l consider the uncertainties in radiocarbon dating and in particular 
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their ef fect on sea-level index points. 

4 .8 .1 . Variations in 1 4 C / 1 2 C rat io 

14 12 

Variations through time and space in the proportions of C to C 

in atmospheric carbon dioxide f i r s t suggested by de Vries (1958) are now 

well established as fac t . Traditionally the method used to determine the 

character of the changes in ratio which cause calculated radiocarbon 

years to deviate from calendar years has been to date samples of known age 

such as those provided by a f ixed tree-ring time scale. Suess (1970) 

provided a calibration curve that exhibited an osci l la t ing course, though as 

in sea-level studies there is an alternative school of thought that consider 

the 'wiggles' can be covered by experimental error, their amplitude often 

being smaller than the l imi ts of error of many laboratories. Clark (1975) 
14 

for instance suggests that the relationship between specific C ac t iv i ty 

.and calendar years is best described by a smooth curve. The direction and 

rate of change in the relationship is. s t i l l not agreed upon. Pearson 

et a l . (1977) state that although -
' i t is 19 years since the de Vries report there is s t i l l no 
satisfactory experimentally-derived calibration curve that 
can be used unambiguously to convert radiocarbon ages to 
calendar dates' (p. 25). 

Their precise and exhaustive work on a 1,200 y r . section of a 

2,990 y r . f loat ing tree ring chronology derived from sub-fossil oaks in 

Northern Ireland does not show any of the 'wiggles' predicted by Suess 

fo r the time period investigated. Suess (1980) has recently confirmed the 
14 

existence of short-term low amplitude oscillations in specific C ac t iv i ty 

with time and using Fourier analysis suggested there were cycl ic , non-

random features to the variat ion, including a 200 y r . component. In 

addition, the oscillations were found to exhibit a steeper rise (c. 1% 

in 20 yrs . ) than f a l l (c. 1% in 40 yrs . ) and to be largely independent of 
geographic location. 

5 AUG 1982 
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14 
The causes of secular change in specific C ac t iv i ty havealso been 

under intensive study and work has tended to concentrate on two main aspects, 
14 

variations of the rate of C production in the atmosphere and reservoir 

changes within the global carbon cycle. Stuiver and Quay (1980) suggest 

that modulation of the cosmic ray f lux arr iving in the upper atmosphere 

by changes in the magnetic properties of the solar wind and the interaction 

closer to earth of the incoming cosmic ray f lux and the earth's geomagnetic 
14 

f i e l d can between them best explain changes in the atmospheric C 

record - with climatic change having only a secondary e f fec t . Siegenthaler 

et a l . (1980) however emphasized the influence of changes in the global 
carbon cycle, prompted by climatic change, to explain the variations in the 
14 

C record. The three main carbon reservoirs of the ocean, atmosphere and 

biosphere have undoubtedly been greatly affected by climatic change on 

the glacial- interglacial scale. They conclude that during phases of rapid 

climatic variat ion, such as during the Late Devensian - Flandrian t rans i t ion , 
14 

rates of change of C in the atmosphere of the order of 1% per century 

may have been caused by rapid changes in the ocean circulation pattern. 

During more stable times, however, other changes in the carbon reservoir 

system are unlikely to explain fluctuations such as the Suess 'wiggles' . 

Empirical evidence, fo r example, by Oescheger et a l . (1980) provides . 
supporting evidence in that detailed analyses from peat profi les in 

14 

the Wachseldorn area of Switzerland point to a compression of the C 

time scale during the Younger Dryas caused perhaps in part by variation in 

the ^ C / ^ C ra t io . Similarly, the dating of the Late Devensian - Flandrian 

boundary in Scotland has shown a great variation in ages even from such a 

small geographical area as Rannoch Moor (Lowe and Walker 1980) in spite of 

a consistent sampling strategy again suggesting a contributory factor may 

well have been variations in the ^C/^ 2C ra t io . 
In sea-level studies few dates have been determined f o r the period 
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14 
18,000 B.P. to 10,000 B.P. and changes in specific C ac t iv i ty through time 

have rarely been taken into account. However, for Flandrian index points, 

where close sampling of radiocarbon dates indicates an age inversion, then 

perhaps in addition to the many other possible causes, variation in the 

^ C / ^ C rat io may be a factor. In eastern Scotland at least two sites, 

Fullerton near Montrose (Smith et a l . 1980) and Silver Moss, East Fife 

(Morrison et a l . 1981) dating of the 'middle' peat layer above a marked 

grey s i l t y f ine sand layer and below the t radi t ional 'carse clays' has shown 

age inversion with depth on closely spaced samples. While accepting the 

views of Pearson et a l . (1977) above, i t is interesting to note that the 

computer-drawn diagram of Suess (1980, f i g . 3) showing variations in the 
14 

atmospheric C level during the past 8,000 years has a pronounced maximum 

at c. 7250 B.P. f a l l i n g to a minimum at c.6750 B.P. with oscillations 

at c.7075 B.P. and c. 6850 B.P., the absolute change of which appears to 

be as great as any since, save fo r the recent man-induced variations such 

as the Suess ef fec t . The age of the inverted determinations l ies between 

6880 - 110 B.P. and 7310 - 100 B.P. and the ef fec t of such a rapid f a l l in 

content during this period would be to make older samples younger and 

younger samples older. 

4.8.2. Isotopic Fractionation 

14 
The d i f fe ren t isotopes of carbon have d i f fe ren t masses, C has a 

13 
mass 15% greater than C (Ogden 1977) and w i l l therefore be absorbed 
d i f f e r e n t i a l l y by l i v i n g matter so that most l iv ing tissue is deficient in 
14 1 2 13 C with respect to the atmosphere. Using the rat io of C to C in the 

13 

PDB limestone standard, most ter res t r ia l material is deficient in C by 

c.24-35%,and knowing the relationship between ^3C and i t is an easy 

matter to use a correction factor to account fo r d i f fe ren t i a l isotopic 

fract ionat ion. I t is customary fo r dating purposes that a l l ages should 
13 

be adjusted or normalized to a 6 C value of -25%o. 
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In sea-^level studies this normalization w i l l mean a considerable 
13 

adjustment. Olsson (1979) provides a table of 6 C values fo r commonly 

dated samples and their mean age correction required. Marine shells need 

a correction factor of c. +400 years, foraminifera c+380 years, brackish 

water shells c+260 years, peat c.-30 years and gyt t ja c.-15 years. In 

addition, salt marsh plants such as Spartina sp. operate on a d i f fe ren t 

carbornfixation cycle (C^) and w i l l take up the heavier preferentially 

so that i f dated the result could be too young by 150 to 300 yrs . compared 

to wood samples (Stuckenrath 1977). 

13 
Use has often been made of the stated 6 C value to dif ferent ia te 

between aquatic and t e r res t r i a l ly synthesized carbon. The arguments of 
13 

Sutherland (1980) are relevant i n a coastal context. A 6 C value of 

-27.2%,as at Barnyards 3B (Hv 10.010) does not suggest a lack of carbon 

from sal t marsh taxa. The value is an average and could include a proportion 

of sal t marsh plants which would tend to produce a young age. Theoretically 
• 13 

a dated index point could contain 50% terres t r ia l material with a 6 C 
13 

value of -34%.and 50% salt marsh material at -15% which would give a 6 C 

value of 24.5%owhich is well within that generally accepted fo r the range of 

terres t r ia l material. 
4.8.3. The Reservoir Effect 

Due to the slow mixing rate of the oceans, marine organisms f i x 

carbon that can be up to 400 years old in the case of the North Atlant ic . 

With marine molluscs i t has often been suggested that the correction fo r 

isotopic fractionation (c.+400 y r s . ) and the reservoir e f fec t cancel each 

other out and should be ignored. This is a bad practice and as Olsson 

(1979) suggests the two corrections should be kept separate, although being 

roughly equal but in opposite senses. 

In the context of a salt marsh peat the species that f i x carbon 
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th rough the cycle could also be drawing on carbon in water supplied by 

t idal inundation that has a s l ight reservoir e f fec t . Dating an admixture 

of terrestr ial and salt marsh peats could involve d i f fe ren t ia l reservoir 

effects since once peat begins to form above the t ida l range the plants 

that form i t would use fresh water with l i t t l e reservoir e f f ec t . In 

sampling material to produce index points, therefore,care should be taken 

not to sample across s t ra t i graphic boundaries since these may incorporate 

material from d i f fe ren t carbon exchange reservoirs. 

4.8.4 Contamination 

Al l obvious macro foss i l contamination was removed from the samples 

and coring equipment was cleaned before each sampling run. The larger 

visible pieces of Phragmites and woody detritus were removed by hand sorting 

to minimize the risk of contamination by younger or allochthonous material. 

With Phragmites Stre i f (1972) has reported age differences of 845 - 210 
14 

C years between the rhizome and matrix fractions and van de Plassche 

(1980). has noted a similar younging ef fec t of c.400 years. 

Alternatively contamination by small amounts of very old carbon 

cannot be ruled out, especially when the sediment is to some extent inorganic. 

Baxter et a l . (1980) indicate: 
'the need to consider natural foss i l carbon contamination as a 
potential and s ignif icant source of error in dating 
sediments'. (p. 36). 

However, their work was carried out in the Clyde Sea area where many 

coal seams outcrop along the coast and in the catchment. The Moray Fir th 

area is devoid of coal measures save for a small deposit near Brora. 

Finally Sutherland (1980) has mentioned other sources of contamination 

that could affect ^4C determinations on index points, including sediment 

mixing, bioturbation, percolation of humic acids and the 'hard water' e f fec t 

where submerged aquatics f i x old carbon in a freshwater lake, the old 
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carbon coming from calcareous groundwater seepage or simply the reservoir 

effect of a water body. 

4.8.5 Thickness of sample 

Sample thickness was kept to a minimum to reduce the averaging 

ef fec t of including older with younger organic material. Sutherland (1980) 

has shown that since radiocarbon decay is exponential i t tends to weight 

the 'average' age towards the younger end of the sample. Obviously the 

sedimentation rate of organic material is important here, the higher the 

rate the less the younging e f fec t . Similarly, compaction may well affect 

this factor and w i l l tend to weight the averaging ef fec t to the older 

portion of the sample. 

The maximum sample thickness used i n this study was 0.06 m. which 

af ter removal of obvious contamination, younger roots and allochthonous 

material usually gave a wet weight of 50-75 g. While this is not recognized 

as ideal i t must be noted that often the (praiseworthy) e f f o r t in achieving 

small sample thicknesses (Walker and Lowe 1979, Lowe and Walker 1976, 1980, 

Morrison et a l . 1981) i s not rewarded by a corresponding accuracy of result . 

4.8.6 Laboratory error 

Few laboratories quote errors other than those resulting from the 

random process of radioactive decay which usually includes the sum of 

background, standard and sample errors. Indeed Pardi and Marcus (1977) 

suggest that quoted standard deviations may underestimate the actual 

physical measurement errors quite considerably. Pearson et a l . (1977) 

investigated and corrected fo r eight s ignif icant error sources in the 

physical determination and their 25 y r . standard deviation on a l l 

determined ages covered a l l errors in experimental procedure. Some 

errors such as background variation with barometric pressure could have 

caused an error of up to 100 years. Care should therefore be taken in 
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accepting the standard deviation given with each date as a measure of the 

absolute accuracy of that date. One way to overcome this would be to use 

replicate sampling with d i f fe ren t laboratories but the cost of such an 

exercise would be prohibit ive. 
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CHAPTER 5 

SITES INVESTIGATED 

5.1 Barnyards 

The Barnyards si te is located at the head of the Beauly Firth 20 km. 

east of Inverness and 0.5 km. north of Beauly i t s e l f . I t l ies north-west 

of the Ki rkh i l l ridge on the larger section of the Beauly carse which 

rises from the Beauly r iver at £.2 m. to £.10 m. at which alt i tude the 

Flandrian marine deposits wedge out against a marked break in slope. No 

detailed work has been published on the Flandrian stratigraphy of the area. 

Wallace (1883) reported the discovery of mussels and other marine molluscs 

in gravels at Wester Lovat and behind the school house at Beauly. Eyles 

et a l . (1946) made reference to a t r i a l p i t excavated for brick clay in 

the Beauly area on Barnyards Farm. The stratigraphy was recorded as 

fol lows:-

To the north l ies the Muir of Ord outwash terrace mapped by Ogilvie 

(1923) and J.S. Smith (1968) which terminates to the south and east between 

Tomich and Tarradale in a prominent erosional notch, the backslope of which 

rises in alt i tude from c 10 m. to c 23 m. Exposures in the terrace prove 

i t s distal end to be comprised mainly of sa'nd, and a r e l i c t sand bar, 

presumably derived from the outwash projects southwards from Tomich 

towards Beauly reaching a maximum alt i tude of £.9 m. 

To the south at Balblair an impressive delta is graded to a sea-

level at £. 26-28 m. Exposures of foreset bedding capped by topset 

bedding in Balblair Quarry, together with an ice contact slope to"the 

south west in Balblair wood,suggest an ice marginal delta prograding into 

the Beauly Firth at an al t i tude of 26-28 m. and fed by a glacier flowing 

Brown clay (including topsoil) 

Grey clay 

c 6 f t . (1.83 m.) 

c 5 f t . (1.52 m.) 

Peat c 1 f t . (0.3 m.) 



-109-

Fig. 5.1 Barnyards si te map 

1. Beauly carse 

2. Relict sand spit 

3. Fluvioglacial outwash 

4. Borehole 

5. Sampling sites 
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down the Beauly gorge (Synge and Smith 1980). 

The Beauly Firth i t s e l f is a complex estuary. The dominant feature 

to the east is the outflow of the r iver Ness which not only flows eastwards 

to the sea, but also westwards, at flood t ide , into the inner Beauly F i r th . 

West of a l ine from Charlestown to the outlet of the Caledonian canal 

the estuary has a reversed water circulation with upper water moving 

westwards and deep water moving slowly eastwards (Craig and Adams 1969). 

Freshwater input to the Beauly Firth is therefore quite considerable and 

can be from two directions. 

The configuration of the f i r t h is also important to t idal movements. 

At the Kessock narrows the constriction can often produce surface t idal 

streams of 4 knots on ebb and flood tides. Tidal range measured at 

Inverness is 4.1 m. (springs) and 1.9 m. (neaps) with MHWS reaching 4.8 m.O.D. 

(Admiralty Tide Tables 1981). I t is not known i f t ida l range increases 

eastwards towards Beauly. In the Tay estuary, for example, a f a l l in 

t idal range is recorded in the inner estuary (Williams and Nassehi 1980). 

5.1.1 Barnyards stratigraphy 

21 boreholes were put down, a l l except two, BY1 and BY6 in a transect, 

normal to the break in slope and 0.8 km. in length. The locations of the 

boreholes are given in f i g s . 5.1 and the stratigraphy is shown diagram­

matical ly in f i g s . 5.2 and 5.3. The majority of the transect shows a 

Yl,2 p rof i l e with a lower marine clastic sequence overlain by a sp l i t t i ng -

up sequence capped by an upper clastic sequence. BY14A, BY14B and BY15 

show a Yl , 11 p r o f i l e , BY16 a Y1.12, BY17 a Yl ,10 and BY18 an XI ,18 

p ro f i l e . I t is not known however i f part of the clastic cover sequence in 

BY!6 or the intercalated s i l t y clay layer in BY17 relate to a marine event. 

In 5 boreholes, BY13B, 14B, 15, 16 and 18 the basal deposit 

encountered comprises pink s i l t , sand and gravel, some gravel being quite 
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Fig. 5.2 Barnyards stratigraphy.Boreholes 

BY 8 to BY 18 

Fig. 5.3 Barnyards stratigraphy. Boreholes 

BY2 to BY7 
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coarse - up to 40 x 25 x 20 mm. at BY14B. I t is considered to represent 
the surface layers of a t i l l deposit, the colour and composition of which 
are derived from the local Old Red Sandstone conglomerate. The t i l l 
surface slopes sharply south-eastwards away from the break in slope with 
a gradient of 39.6 m./km. (based on only 4 boreholes). I f projected this 
would result in a depth of the boulder clay surface of c -25 m. O.D. at BY2. 

Overlying the t i l l is a complex series of grey marine clays, s i l t s 

and sands up to 5 m. thick in BY13B. In this borehole the sequence 

. comprises three units, 67 cm. of l i gh t grey s i l t y clay overlain by 72 cm. 

grey s i l t y sand and succeeded by 361 cm. of grey s i l t s and clays, a 

f iner •*• coarser -»• f ine r succession that is repeated elsewhere i n the area 

(e.g. at Moniack). Above the t i l l at BY14B, 15 and 16 only the la t ter 

two units are represented, the coarser grey s i l t y sands with the f iner 

grey s i l t s and clays succeeding them. Boreholes BY2 to BY13A only penetrate 

the upper unit of the succession. More detailed analysis of the stratigraphy 

at BY3B including particle size analysis revealed a grey sandy s i l t with 

laminations of l ighter grey s i l t y sand. I t is not known i f such laminations 

are present elsewhere at Barnyards within this unit since the method of 

sampling precludes the confident ident i f ica t ion of thin laminae because 

the gouge sampler tends to destroy f iner structures. 

Above the qhKU sequence rests a widespread layer of peat encountered 

in a l l boreholes except BY1, 2 and 18. In general i t thickens in a 

landward direction ranging from 4 cm. at BY5 to 129 cm. at BY14B and BY15, 

while the alt i tude of the regressive overlap varies from 1.94 m. at 

BY3B to 8.76 m. at BY14B, a slope of 6.32 m./km. (based on 17 boreholes). 

The composition of the peat layer also varies along the transect 

and an ecological gradient is apparent. At BY3B where the layer is 

17 cm. thick i t comprises a wel1-strat i f ied Phragmites peat with l i t t l e 

internal variat ion. At BY14B the peat layer is 129 cm. thick and comprises 
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three dist inct units, a lower monocotyledonous peat 10 cm. thick overlain by 

a well humified peat including woody detritus of 68 cm. in turn overlain 

by another monocotyledonous peat 52 cm. thick. I t is usual for the tran­

si t ion zone between the underlying grey marine sequence and the lower peat 

to be extremely th in . At BY3B the transit ion is marked over 1cm , however 

at BY14B the zone is more gradual with an intermixed peat and s i l t y clay 

stratum (stratum 5) perhaps representing a reworked peat ball (Greensmith 

and Tucker 1973) beneath the lower peat proper. 

The transgressive overlap has a gradient of 7.43 m./km. (based on 

17 boreholes) though this is undoubtedly affected by a number of erosion 

contacts. Evidence for erosion of this peat layer can be seen in a number 

of boreholes. At BY7 the peat layer is c. 1 m. lower than surrounding 

boreholes and has the character of a mixed organic and minerogenic deposit, 

perhaps representing the f i l l of a small channel. Supporting evidence 

comes from BY5, 6 and 8 which shows a marked thinning of the peat layer 

to 6, 4 and 6 cm. respectively with an increased minerogenic component 

within the peat at BY6. The existence of a former channel in the area of 

these boreholes is inferred. At BY14B the top of the lower peat is clearly 

eroded with a large piece of gravel, 55 x 40 x 26 mm. resting unconformably 

on the peat surface. As this borehole is near the shoreline of the clastic 

deposit between the lower and upper interfingering peat layers, increased 

erosive ac t iv i ty is expected. 

The al t i tude of the transgressive overlap varies from 2.11 m. at 

BY3B to 7.88 m. at BY14B, a rise of 5.77 m. As the peat layer exhibits a 

marked decrease in thickness seaward a linear regression for both 

transgressive and regressive overlaps was performed with distance from 

BY18 as the independent variable. 

The solution of the equation for the l i m i t of biogenic sedimentation 

when T R is +2.18 m. O.D. at a distance of 74.4 m. from BY18. B.Y3B, the 
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site chosen for further analysis is 750 m. from BY18 and the thin peat 

layer is at 1.94 - 2.11 m. O.D. close to the extrapolated l i m i t of 

biogenic sedimentation. The regression equations comprised:-

TC = 7.708 + -0.00743 Dist r = -0.98 n = 17 

RC = 6.883 + -0.00632 Dist r = -0.98 n = 17 

BC = 8.25 + -0.0396 Dist r = -0.99 n = 4 

Overlying the lower peat and underlying the upper peat at Barnyards 

is a succession of marine clays, s i l t s and occasionally sand. The 

succession is characteristically divided into three facies units at 

Barnyards. Directly above the lower peat, apart from local i t ies eroded toy 

later channelling and wave ac t iv i ty are grey s i l t s and clays which range 

in thickness from 57 cm. at BY13B to 199 cm. at BY7. Particle size 

analysis at BY3B ( f i g . 5.8) shows them to be composed of c. 50% coarse 

s i l t , 15% medium s i l t , 10% fine s i l t and 25% clay. The second unit of 

these interfingering clastic deposits is found only in boreholes BY2, 

3A, 3B, 4, 5, 6, 7, 8, 9 10 and perhaps 12 ( f i g s . 5.2 and 5.3) where 

coarser sandy s i l t s and s i l t y sands overlie the f iner greyer s i l t s and 

clays. Whether this unit represents an erosive event is d i f f i c u l t to 

ascertain since the gouge samper used makes the ident i f ica t ion of erosion 

contacts d i f f i c u l t , however, the upper and lower boundaries do show a 

markedly gentler gradient rising from 4.73 m. at BY2 to 6.27 m. at BY12. 

Above this coarser layer l i e f iner orange and yellow iron-stained 

s i l t s . This iron-stained unit can be up to 220 cm. thick as at BY3B 

and often contains iron concretions of f ine gravel size. I t is 

interesting to note that where an upper peat overlies the marine clastic 

sequence in boreholes BY14A, 14B, 15 and 17 there is no trace of iron-

staining which suggests that a condition of permanently high groundwater 

levels occurred. The division of this marine clastic sequence into an 

upper orange-brown iron-stained layer and a lower grey unoxidized layer 
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suggested by Eyles et a l . (1946) above has also been reported from the 

carse clays of the Forth Valley (D.E. Smith 1968). 

In three boreholes BY14A, 14B and 15 an upper peat layer overlies 

the marine clastic deposits and completes the qhA sequence in these 

boreholes. The peat layer varies in thickness from 22 cm. at BY14A 

to 122 cm. at BY!5, the al t i tude of the regressive overlap varying 

from 8.65 m. at BY14A to 8.70 at BY!5. In BY14B there is a lower monocot. 

peat with Phraqmites of underlying a woody detr i ta l peat and overlain 

by a monocotyledonous peat. The layer is not present in BY16, here 

a dark grey s i l t y sand and gravel is overlain by a dark grey s i l t y clay 

which may point to the total erosion of the peat by channelling. I t is 

not known i f these minerogenic units forming the upper clastic sequence 

relate in whole or part to a marine event. Similarly the thin s i l t y 

clay unit interfingering with peat layers at 10.5 m. in BY17 i s ' o f unknown 

origin though for the present i t has been classed as ter res t r ia l which 

makes the p ro f i l e a Y l , 10 type. 

Above the upper peat in boreholes BY14A to 17 and lying unconform-

ably orr i t is a colluvial deposit. This unit is variable in composition 

though comprising orange and brown s i l t y sand and gravel up to 95 cm. 

thick at BY14B. 

5.1.2 Barnyards 3B 

The Barnyards 3B site was chosen for further micropalaeontological 

analysis since i t is situated near the seaward l i m i t of lower peat 

accumulation. A large diameter core of 48 mm. was retrieved using a 

modified Livingstone sampler and levels were selected for pollen, diatom, 

particle size, loss on igni t ion and radiocarbon analyses. The strat­

igraphy of the core comprised 
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m.O.D. Description 

0 - 9 2 4.95 - 5.87 Not sampled. 

9. 92 - 120 4.67 - 4.95 Yellow brown sandy s i l t with iron-staining. 
Ag2 Gal L f l nig. 1 s t r f . 2 elas. 0 sice.3. 

8. 120 - 155.5 4.315- 4.67 Yellow brown s i l t with iron-staining 
Ag3 L f l Ga+ As+ nig.l s trf . 2 elas. 0 sice.3.1 .s.O. 

7. 155.5 - 191 3.96 - 4.315 Yellow brown s i l t y sand with iron-staining 
Ga2 L f l Agl As+ Lf+nig. 1 s t r f . 2 elas.O 
sice.3. l . s . 4 . 

6. 191 - 220 3.67 - 3.96 Yellow brown and grey s i l t with iron-staining. 
Ag2 L f l Ga+. Asl nig. 2 strf . 2 elas. 0 sice.2.1 .s.O. 

5. 220 - 248 3.39 - 3.67 Grey s i l t with occasional iron-staining. 
Ag3 Asl Lf+ nig.2 s t r f . 2 elas. 0 sice.2 l .s .O. 

4. 248 - 376 2.11 - 3.39 Grey s i l t . Ag3 Asl Dh+ Ga+ nig.2. s t r f . 
2 elas. 0. sice. 2 1.s.O. 

3 . 376 - 393 1.94 - 2.11 "" Well humified dark brown peat. Sh 3 Th 2 (Phra.) 1 
Ag+ As+ nig. 3 s t r f . 3 elas. 1 sice. 3 l .s .O. 

2. 393 - 402 1.85 - 1.94 Grey sandy s i l t . Ag3 Gal As+ Dh+ nig. 2 s t r f . 
2 elas. 0. sice. 2 l . s . 3/4. 

1. 402 - 440 1.47 - 1.85 Laminated sands and s i l t s with occasional 
root channels. Ag-2 Ga2 Sh+ As+ Th2+ Dh+ nig.2. 
s t r f . 2 elas.O sice. 2 l .s .O. 

5.1.2.1. BY3B Pollen 

35 levels were analysed for pollen between 355 and 430 cm. at 1 cm. 

intervals throughout the 17 cm. thick peat layer and into the clastic 

layers above and below at 5 and 10 cm. intervals. Low numbers of pollen 

grains were encountered in stratum 2, the grey sandy s i l t d i rect ly beneath 

the peat layer. However, these levels are included in the pollen diagrams 

( f i g s . 5.4 and 5.5) since the large 95% confidence intervals on the counts 

are indicative of the uncertainty involved. The diagrams have been 

divided into 5 local pollen assemblage zones, numbered from the base upwards 

and with the prefix BY3B. 

Pollen counts are tabulated in Appendix I . 
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Zone BY3B1 . 430 - 393.5 cm. 

The pollen of Betula and Gramineae dominate the zone with Betula 

rising to 49.7% at 420 cm. Gramineae is characterized by a continuous 

curve of c. 15% with no signif icant changes throughout the zone. The mean 

value of Pinus rises from 0.7% at 430 cm. to 12.5% at 395 cm. though again 

there is no significant change. Coryloid, Salix and Cyperaceae are present 

in low percentages and Filicales rises throughout the zone from 11.2% at 

430 cm. to 58.9% at 394 cm. The sporadic occurrence of Ulmus, Picea, Alnus 

and Myriophyllum alterniflorum points to reworking under marine conditions. 

Concentration values are uniformly low, the total being higher in the lower 

three levels but never exceeding 50 grains x 10 a/cm 3. The upper boundary 

is placed at the significant rise in Gramineae from 19.6 to 34.2% and a 

significant f a l l in Filicales from 58.9% to 8.2% and with increases in the 

concentration of Betula, Pinus, Coryloid, Salix, Gramineae and Cyperaceae 

pollen. 

Zone BY3B2 393.5 - 391.5 cm. 

Gramineae, Betula and Pinus are the dominant taxa with a high 

Chenopodiaceae value of 11.3% at 392 cm.' Gramineae reaches 34.2% at 

393 cm. Total concentration increases through the zone from 49.9 to 

122.2 grains x 10 3/cm 3. The upper boundary is placed at the rational l i m i t 

of the Coryloid pollen curve, a significant rise from 2.2% to 25% and from 

12.3 to 100.0 grains x 10 3/cm 3. 

Zone BY3B3 391.5 - 384.5 cm. 

Coryloid and Gramineae pollen are the most abundant taxa in the 

zone. Coryloid values reach 41.9% at 390 cm. and then f a l l throughout the 

zone to 24.9% at 385 cm. The Gramineae curve undergoes a complementary 

rise from 14.9% at 391 cm. to 26.2% at 385 cm. but with no significant 

change from level to leve l . The concentration of Coryloid f a l l s throughout 
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Fig. 5.4 Barnyards 3B, %TLP + Group 

Fig. 5.5 Barnyards 3B, Pollen concentration. 

Horizontal scale should read 'Taxa Axes 

in 10 x 103grains/cm3 units ' 
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the zone from 54.0 to 15.2 grains x 103/cm3 between 390 cm. and 385 cm. 

pinus, Salix, Cyperaceae, Chenopodiaceae and Filicales are present in 

consistent, i f low, percentages. The upper boundary is placed where 

Coryloid concentration f a l l s from 15.2 to 5.2 grains x 10 3 / cm3. 

Zone BY3B4 384.5 - 367.5 cm. 

Gramineae pollen rises from 29.7% at 384 cm. to 49.2% at 372 cm. 

but fluctuates markedly from level to level . Coryloid f a l l s more evenly 

from 27.6% to 14.1% between 383 cm. and 370 cm. The upper boundary is 

placed at a rise in Pinus pollen from 5.9% to 15.6% between 370 cm. and 
r-

365 cm. 

Zone B.Y3B5 367.5 - 355 cm. 

Gramineae, Pinus and Coryloid are the dominant taxa with Pinus 

recording a maximum of 23.8% at 360 cm. Salix is present in low' percentages 

5.1.2.2. BY3B Diatoms 

16 levels were prepared and counted for diatoms between 365 cm. 

and 430 cm. The sampling interval comprises 5 and 10 cm. intervals in the 

lower minerogenic layer, 1 cm intervals from 395 to 392 cm. and 2 cm. 

intervals into the upper minerogenic layer. The diagram produced ( f i g . 5 . 7 , 

see also the summary diagram f i g . 5.8) was divided into six local diatom 

assemblage zones. Diatom counts are tabulated in Appendix I I . 

Zone BY3BD1 430 - 415 cm. 

The zone comprises only one level and i t is dominated by 

Achnanthes delicatula, 43.6% and Opephora martyii (21.5%). The upper 

boundary is placed at a s ignif icant f a l l in both these taxa and a rise 

is Paralla sulcata from 7.7% at 430 cm. to 22.4% at 420 cm. The zone is 

characterized by fresh-brackish and brackish water taxa. 
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r 

Fig. 5.6 Barnyards 3B Diatoms, %Total Valves 

Fig. 5.7 Barnyards 3B Diatom summary diagram 
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Zone BY3BD2 415 - 397.5 cm. 

Paralia sulcata rises throughout the zone from 22.4% to 63.4% at 

400 cm. Opephora martyii and Achnanthes delicatula disappear from the 

spectrum and Podosira s te l l iger increases to 13.8% at 400 cm. The zone is 

dominated by marine-brackish and marine taxa. The upper boundary is placed 

where there is a significant rise in Pi pi oneis interrupta a brackish 

benthonic species from 14.5% at 400 cm. to 76.5% at 395 cm. There is also 

a significant f a l l in both P. sulcata and P. steTliger at the same level . 

Zone BY3BD3 397.5 - 392.5 cm. 

D. interrupta dominates the zone,characteristically brackish and low 

in species diversi ty. I t reaches 89.9%'of total valves at 393 cm. P.sulcata 

continues to f a l l throughout the zone and at 393 cm. the fresh and fresh-

brackish taxa Pinnularia subcapitata and Navicula pusilla appear.' The upper 

boundary is placed at a significant f a l l in D. interrupta from 89.9%.to 

32.8% and a complementary rise in P.subcapitata from 1.0% to 24.7% and 

N.pusilla from 3.0% to 24.7%. 

Zone BY3BD4 392.5 - 392 cm. 

The zone comprises only one spectrum dominated.by P.subcapitata, 

N.pusilla and D. interrupta. Navicula peregrina also reaches 7.0%. The 

zone is predominantly fresh and fresh-brackish. 

Zone BY3BD5 380 - 375 cm. 

N. pusilla rises through the zone to 29.1% at 376 cm. though with no 

significant change from level to leve l . D. interrupta and Diploneis 

smithii are constant at c. 34% and c. 13% respectively while P.sulcata rises 

from 4.9% at 380 cm. to 15.3% at 376 cm. The zone contains taxa attributable 

to fresh,brackish and marine forms in the rat io of 28 : 46 : 26. Although 

there are no" significant changes in taxa the upper boundary is located 
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where the curve for D. interrupta f a l l s and N. pusilla and P.sulcata r ises. 

Zone BY3BD6 375 - 365 cm. 

N. pusilla reaches a value of 34.5% at 372 cm. and is the most 

abundant taxon of the zone with P. sulcata reaching 26.3% at 372 cm. 

D. interrupta and D. smithii are consistently present and again i t is a 

mixed zone containing fresh, brackish and marine forms. 

5.1.2.3 BY3B Particle size 

Nine samples bulked from 5 cm. lengths of core were prepared for 

particle size determination and are shown diagrammatically in f i g . 5.8. 

Twelve loss-on-ignition determinations were carried out below and above 

the peat layer and are also shown in f i g . 5.8. The results of both 

analyses are given in Appendix I I I . 

Particle size analysis showed a tendency for f i e l d observation using 

the Troels-Smith scheme to overemphasize the presence of sand. For 

instance between 420 cm. and 395 cm. the largest sand fract ion was 1Q.3% 

at 400-405 cm. Stratum 1 however has been described as Ga 2 Ag 2 implying 

50% presence of sand. Overall the particle size analysis shows the 

minerogenic layers to be dominated by the s i l t sized fraction with clay 

content increasing towards the regressive overlap. An interesting note is 

that in BY3B the qhKO or upper clastic sequence, strata 4 - 9 the equiv­

alent of the t radi t ional ly term 'carse clays' contains only 24% clay at 

365-370 cm, the remainder made up of the s i l t f rac t ion. 

Loss on igni t ion results show the lower marine deposits to be 

deficient in organic content, the %loss only reaching above 2% at 

393-5 cm. The upper marine clastic sequence however shows a loss of 

12.5% at 365-370 cm. 
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Fig. 5.8 Barnyards 3B Summary Diagram. 

Pollen preservation curve, 

A = Corroded 

B = Degraded 

C = Broken 

D = Folded 

E = Well Preserved 

Diatom summary curve, shading as for 

f i g . 5.7 

Pollen summary curve, shading as for 

f i g . 5.4. 
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5.1.2.4 BY3B 1 4 C Dating 

A 0.05 m. thick sample of Phragmites peat from the regressive overlap 

was submitted for 1 4 C assay. Full details are given on I.G.C.P. sea-level 

computer forms in Appendix IV. The most relevant data comprised however -

Lab. code Hv. 10010 

Depth - 388 - 393 cm. 

Altitude - 1.94 - 1.99 m. O.D. 

Age 9200 - 100 B.P. 

5.1.3 Barnyards 14 B 

A second si te was chosen at Barnyards near to the break in slope 

where Flandrian marine deposits wedge out. In addition the upper peat is 

sporadic in occurrence on the Beauly carse. At BY14B the upper peat is 

51 cm. thick and the lower peat 129 cm. thick. Even though the' trans-

gressive overlap of the lower peat is clearly eroded i t was f e l t that 

further analysis of the site could give information on the i n i t i a t i o n 

of the 'Boreal period' regression and the culmination of Flandrian marine 

deposition in the area. A borehole was put down using a modified 

Livingstone sampler and a 48 mm. diameter core was retrieved. The strat­

igraphy, as described in the laboratory, comprised:-

cm. m. O.D. Description 

0 - 4 8 9.74 - 10.22 Not sampled. 

20. 4 8 - 5 8 9.64 - 9.74 Brown sand and gravel, small patches of 
iron mottl ing, some organic content, 
roots, Ga4, Gg (maj.)+ Sh+ Lf+ Ag+ 
Th2+ nig. 3 strf . 0 elas. 0 sice. 3. 

19. 58 - 74 9.48 - 9.64 Mottled brown and yellow s i l t y sand. 
Sand lamination at 64-65 cm. Upper 
boundary d i f fuse . Ga3 Agl Sh+ Lf+ 
nig. 2 s t r f . 1 elas. 0 sice. 3 l . s . 0 . 

18. 7 4 - 9 2 9.30 - 9.48 Brown-yellow laminated micaceous sand, 
s i l t i e r towards upper boundary. Small 
pieces of organic material, possibly 
charcoal. Ga4 Ag+ Lf+ Sh+ nig.. 2-s t r f . 2 
elas. 0 sice. 3 1.s.0. 
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cm. m.O.D. Description 

17. 92 - 93 (5) 9.20 - 9.30 Yellow-grey s i l t y c lay . Small diagonal 
band over 1 cm. Some material reworked 

-.from peat below. As3 Agl Sh+ Lf+ n ig . 2-
s t r f . 3 elas. 0 sice.3 l . s . O . 

16. 93(5) - 114 9.08 - 9.29 Dark brown well humified monocot. peat 
wi th traces of sand. Upper boundary 
an erosion contact, diagonal and sharp 
over 0.5 mm. Sand lamination at 110 cm. 
Sh3 Th 3 l Ga+ nig.3 s t r f . 2 elas. 1 
s ice. 3 1.s.4. 

15. 1 1 4 - 1 4 1 8 . 8 1 - 9 . 0 8 Dark brown well humified monocot. peat 
with some included woody d e t r i t u s . Sh2 
Th22 DC+ n i g . 3 s t r f . 1 elas. 1 
s ice. 2+ 1.s.O. 

14. 14i - 146 8.76 - 8.81 Dark brown well humified monocot;peat. 
Some included s i l t and Phragmites 
rhizomes. Sh2 7h 2 (Phra.) l Th* 1 
Dh+ DI+ Ag+ n i g . 3 s t r f . 2 elas. 1 
s ice. 2 1.s.O. 

146 - 158 8.46 - 8.76 Not sampled. 

13. 158 - 183. .8.39 - 8.64. Mid grey organic clayey s i l t with 
herbaceous d e t r i t u s . Dark banding of 
t o t a l l y humified organic material (or 
perhaps FeS?) Upper boundary not 
sampled. Ag2 Asl Dhl Sh+ n ig . 2 s t r f . 2 
elas. 0 sice.2+ l . s . O . 

12. 183 - 199 8.23 - 8.39 Mid grey organic clayey s i l t wi th 
included herbaceous de t r i tu s and traces 
of micaceous sand. Coarse s i l t / f i n e 
sand lamination 2 mm., t h i ck over la in by 
t h i n band of t o t a l l y humified organic 
material at 191 cm. Ag2 As2 Sh+ Dh+ 
Ga+ n ig . 2 s t r f . 2 elas. 0 sice.2+ l . s . O . 

11 . 199 - 222 8.00 - 8.23 Light grey micaceous s i l t y sand wi th 
included herbaceous d e t r i t u s . Upper 
boundary d i f f u s e Ga3 Agl As+ Dh+ nig2 
s t r f . 1 elas. 0 s ice .3- l . s . O . 

10. 222 - 234 7.88 - 8.00 Light grey micaceous sand and gravel . 
.Some included herbaceous d e t r i t u s . 
One piece o f coarse gravel 55 x 40 x 26mm. 
res t ing unebnformably on peat surface. 
Ga3 Gg ( m a j . ) l As+ Dh+ nig.2 s t r f . l 
elas. 0 sice.3 1.s.O. 

9. 234- 286 7 . 3 6 - 7 . 8 8 Dark brown well humified monocot. 
peat. Upper boundary an erosion 
contact. Sh3 T h 2 l nig.3+ s t r f . 0 
elas. 1 sice.3 1.s.4. 
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cm. m.O.D. Description 

8. 286 - 346 6.76 - 7.36 Dark brown well humified monocot. 
peat wi th woody d e t r i t u s . Upper 
boundary d i f f u s e . Sh2 Th 2 l Dfll nig.3+ 
s t r f . 0. elas 1. s ice . 3 l . s . O . 

346 - 352 6.70 - 6.76 Not sampled. 

8. 352 - 354 6.68 - 6.70 As 286 - 346. 

7. 354 - 363 6.59 - 6 .68 Dark brown well humified monbeot. peat. 
Upper boundary d i f f u s e . Sh3 Th 2 l Dl+ 
nig.3 s t r f . 0 e l a s . l sice.2+ l . s . O . 

6. 363 - 375 6.47 - 6.59 Light grey s i l t y clay wi th traces o f 
included herbaceous d e t r i t u s . Upper 
boundary sharp over 1 cm. As 3Agl Dh+ 
n i g . l + s t r f . 2 elas. 0. sice.2+ 1 . s . l . 

5. 375 - 382 6.40 - 6.47 1 Intermixed peat and s i l t y c lay . Has 
the appearance of reworked mate r ia l . 
Sh2 Th?l Asl Ag+ n ig .3 - s t r f . 0 
elas. 1 sice.2+ 1.s.O. 

4. 382 - 446 5.76 - 6.40 Light grey s t i cky clayey s i l t , Upper 
boundary d i f f u s e . Ag3 Asl n i g . 2 - s t r f . 2 
elas.O sice.2+ l . s . O . 

3. 446 - 463 5.59 - 5.76 Light grey sand and f i n e gravel . Gravel 
subrounded -*• subangular. Ga3 Gg (ma j . ) l 
n i g . 2 - s t r f . 0. elas.O sice.2 l . s .O . 

2. 463 - 483 5.39 - 5.59 Light grey sand and traces of f i n e 
gravel . Upper boundary d i f f u s e . 
Ga4 Gg(maj.)+ n ig .2 - s t r f . 0 elas.O 
sice. 2 1.s.O. 

1. 483 - 538 4.84 - 5.39 Pink sand and gravel , including 
quartz. Coarse gravel 40 x 25 x 20 mm. 
at 502-504 mm. Ga3 Gg(maj.)l n ig .2 
s t r f . 0. elas.O sice.2 l . s . O . 

5.1.3.1 BY14B Pollen 

36 levels were counted f o r pollen between 525 and 80 cm. 3 l eve l s , 

525, 485 and 445 cm. contained v i r t u a l l y no pol len . The pollen diagrams 

( f i g s . 5.9, 5.10) and summary diagram ( f i g . 5 . 1 1 ) have been divided in to 

10 local pollen assemblage zones numbered from the base upwards. Because 

of a low pollen count, the spectrum counted at 405 cm. has not been 

included in the zonation scheme. On the pollen diagrams ( f i g . 5 . 9 , 5 . 1 0 ) 

Cory!us should read Coryloid . 
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Zone BY14B1 380 - 362.5 cm. 

Coryloid, Gramineae, Cyperaceae and Betula are the most abundant 

taxa though each f luc tua tes throughout the zone. Total pollen concen­

t r a t i o n i s low at c. 27 x 10 3 g r a i n s / cm3 f o r the zone. The upper boundary 

is placed at a s i g n i f i c a n t increase i n t o t a l concentration to 45,0 

grains x 10 3 /cm 3 at 362 cm. Although most taxa show change through the 

zone boundary, none i s s i g n i f i c a n t at the 95% l e v e l . 

Zone BY14B2 362.5 - 335 cm. 

The pollen of Cyperaceae, Gramineae and Betula are the most abundant 

taxa. Cyperaceae reaches 31.1% at 355 cm. but f luc tua tes above and below 

th i s l e v e l . Gramineae remains constant at c.20% throughout the zone. 

Juniperus reaches a maximum o f 19.0% at 360 cm. but f a l l s to 3.9% at the 

boundary which is placed at a s i g n i f i c a n t increase in Betula from 3.9% at 

340 cm. to 38.7% at 330 cm. and a s imi la r increase in concentration from 

1.7 to 29.8 grains x 10 3 /cm 3 . Cyperaceae f a l l s from 20.9% to 9.2% and 

Gramineae from 13.1% to 4.2%. 

Zone BY14B3 335 - 305 cm. 

Coryloid and Betula dominate the zone. Coryloid pollen rises from 

17.6% to 31.8% through the zone while Gramineae and Cyperaceae do not occur 

above 10%. Total concentration f luc tuates from 77 to 11.4 to 63.3 

grains x 10 3 /cm 3 . The upper boundary i s located where there i s a s i g n i f ­

icant f a l l i n the Betula curve from 24.8% to 3.3% and a complementary r i s e 

i n Coryloid from 31.8% to 61.7%. 

Zone BY14B4 305 - 246 cm. 

The zone i s characterized by high frequencies o f the pollen of 

Coryloid (c.33-63%). Betula declines and does not r i se over 4%. Gramineae, 

Cyperaceae and Salix are present i n small percentages. The upper boundary 
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5.9 Barnyards 14B, %11P + Group 

N.B. Cory!us should read Coryloid 

5.10 Barnyards 14B, Pollen concentrat ion. 

Horizontal scale should read 'Taxa 

Axes i n 10 x 10 s g ra ins /cm 3 uni t s ' . 
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is located at a level where there i s a s i g n i f i c a n t decline in Coryloid 
pollen from 25.3% to 8.5%, at a s i g n i f i c a n t r i se in F i l i c a l e s from 46.5% 
to 70.8% and 72.7 to.101.7 grains x 10 3 /cm 3 between 252 and 240 cm. The 
l i m i t also records the ra t iona l l i m i t o f the Pinus curve where i t r ises 
from 1.4 to 4.7%. 

Zone BY14B5 246 - 217 cm. 

F i l i c a l e s , Coryloid and Pinus are the main components of the pollen 

spectra with F i l i c a l e s . dec l i n ing from 70.8% to 38.1% between 240 cm. and 

234 cm. Pinus r ises from 4.7% to 14.9% over the same in te rva l and the 

Coryloid curve remains constant at c.15%. Pollen concentration reaches a 

maximum f o r the zone o f 202.4 grains x 10 3 /cm 3 at 236 cm. of which 

F i l i c a l e s represents 124.8 grains x 10 3 /cm 3 . Gramineae, Cyperaceae, 

Betula and Salix are present i n low percentages. The upper boundary i s 

placed where a s i g n i f i c a n t r i s e i n Pinus occurs from 14.9% to 52.2%. 

F i l i c a l e s f a l l s from 38.1%. to 8.7% and the Cyperaceae curve disappears. 

Zone BY14B6 217 - 143 cm. 

Pinus reaches a maximum o f 53.2% and 138.3 grains x 10 3 /cm 3 a t 

170 cm. Gramineae r ises from 4.3 to 28.3% through the zone and the 

Coryloid curve remains constant at c.10%. The empirical l i m i t o f A!nus 

occurs w i t h i n the zone at 170 cm. The upper l i m i t is placed where there 

i s a s i g n i f i c a n t r i s e i n A!nus and F i l i c a l e s and wi th a s i g n i f i c a n t f a l l 

i n the Pinus curve. 

Zone BY14B7 143 - 115 cm. 

The pollen of Pinus and A!nus dominate the zone wi th Pinus decl ining 

throughout to 12.3% at 120 cm. Alnus however reaches a maximum of 42.6% 

at 120 cm, i t s disappearance at 130 cm. may be seen as an a r t e f ac t of a 

low count. The Gramineae curve reaches a peak of. 37.5% at 130 cm. and 

Cyperaceae reappears as a continuous curve. The empirical l i m i t o f 
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Quercus l i e s i n the zone at 120 cm. The upper boundary i s located where there 

i s a s i g n i f i c a n t f a l l i n Pinus and Alnus and a s i g n i f i c a n t r i s e i n Gramineae 

and Cyperaceae. 

Zone BY14B8 115 - 94 cm. 

Gramineae reaches 29.3% at 110 cm. and f a l l s to 20.8% at 95 cm. 

while Cyperaceae r ises i n the same in te rva l from 17.9% to 43.5%. The Alnus 

and Coryloid curves are constant at c.12.5% and c.10% respect ively . Total 

pollen concentration i s high reaching 151.9 grains x 10 3 /cm 3 at 100 cm. 
p 

The upper l i m i t of the zone i s located at a s i g n i f i c a n t r i s e i n the Col lo id 

curve from 8.6% to 46.9% and a f a l l i n Cyperaceae from 43.5% to 3.5%. Total 

pollen concentration also f a l l s to 77.6 grains x 10 3 /cm 3 . 

Zone BY14B9 94 - 80 cm. 

The pollen of Alnus, Coryloid and Gramineae dominate the zone wi th 

Alnus reaching 29.4% at 80 cm. and Coryloid 46.9% at 93 cm. Concentration 

values are low however wi th the t o t a l concentration at 80 cm. only 

18.4 grains x 10 3 /cm 3 . 

5.1.3.2 BY14B Diatoms. 

14 samples from above and below the lower peat were prepared f o r 

diatom analysis . A l l those beneath the lower peat at 364, 370, 390, 410, 

430, 450, 470, 490, 510 and 530 cm. contained no diatoms or fragments of 

diatoms. S imi l a r ly two samples above the the lower peat at 220 cm. and 230 cm. 

contained neither en t i r e valves nor fragments of diatoms. At 160 cm. 

however the systematic t raversing of the s l ide revealed only one diatom 

a t t r i bu t ab l e to c . f . Asterione!1 a formosa, a fresh-brackish water epiphyte, 

and a t 234 cm. a s imi l a r procedure revealed only one valve a t t r i b u t a b l e to 

c . f . F rag i l a r i a lapponica, a fresh-water epiphyte. No f u r t h e r diatom 

analysis was carr ied out . 
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5.11 Barnyards 14B, Summary Diagram. 

Pollen summary curve shading as f o r 
• 

f i g . 5.8. Pollen preservation curve notat ion 

as f o r f i g . 5 . 8 . Par t i c le size summary 

1 - Gravel, 2 - Coarse sand, 3 - Medium sand, 

4 - Fine sand, 5 - Coarse s i l t , 6 - Medium s i l t , 

7 - Fine s i ' l t , 8 - Clay. . 
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5.1.3.3 BY14B Par t i c le size and loss on i g n i t i o n 

34 samples each usually bulked from 5 cm. lengths of core between 

525 cm. to 365 cm. and 230 cm. to 220 cm. were prepared f o r p a r t i c l e size 

determination and are shown i n f i g . 5 . 1 1 . The resul ts are tabulated i n 

Appendix I I I . 

Strata 1 to 3, 538 cm. to 446 cm. are predominantly sand and gravel 

though wi th a peak i n the s i l t f r a c t i o n between 460 cm. and 490 cm. Above 

446 cm. s t ra ta 3 to 6 show a markedly d i f f e r e n t p a r t i c l e size d i s t r i b u t i o n 

comprising the coarse s i l t to clay f r a c t i o n . Stratum 5 has the appearance of 

an intermixed minerogenic and biogenic deposit , most probably a peat b a l l . 

Peat ba l l s are more of ten found i n association wi th transgressive overlaps, 

as at M4B though perhaps a renewed period of downcutting during a regressive 

phase may erode and rework peat growing on a recently abandoned surface 

elsewhere i n the v i c i n i t y . Loss on i g n i t i o n determinations f o r ' t h i s stratum 

reach 28.5% between 375 cm. and 380 cm. Below 385 cm. the organic content 

i s low, never exceeding 1% and above the 'peat b a l l 1 ' values f a l l again. 

Indeed the sample d i r e c t l y beneath the regressive overlap of the lower peat 

has only 3.29% organic content even though the medium and f i n e s i l t and clay. . . 

f r a c t i o n comprise 71% of the deposit . 

Only two samples were analysed d i r e c t l y above the lower peat at 

220-225 cm. and 225-230 cm. The p a r t i c l e size analyses show the gravel 

and f i n e sand f r ac t i ons represent 70% to 75% of the deposit confirming 

the lack of a t r a n s i t i o n zone and the erosive nature of the transgressive 

overlap i n t h i s borehole. Organic content only reaches 2.25% and 2.19% 

5.1.3.4 BY14B 1 4 C Dating 

Two samples were submitted from BY14B to the Univers i ty of Birmingham, 

Department of Geological Sciences f o r assay and the resul ts are expected 

i n November or December 1981. The s t ra t igraphic re la t ions of the samples 
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are shown in f i g . 5.2 and f u l l de ta i l s are given on I .G.C.P. sea-level 

comupter forms in Appendix I V . The more important data comprises 

Depth 141 -. 146 cm. 358 - 363 cm. 

A l t i t u d e 8,76 - 8.81 m.O.D. 6.59 - 6.64 m.O.D. 

Thickness 0.05 m. 0.05 m. 

Components Sh2 Th 2 (Phra . ) l 
Th 2 l 

Sh3 Th 2 l D1 + 

The f i r s t sample 141-146 cm. was submitted to date the regressive 

overlap o f the upper peat. The exact boundary was not sampled since 146 

to 158 cm. was not re t r ieved in the core. The date may not be too much 

in error since the lowermost pollen spectrum i n the upper peat at 146 cm. 

shows the presence o f Chenopodiaceae and the s t ra t igraphy has inclusions 

o f s i l t and Phragmites rhizohes. 

The second sample submitted from 358 - 363 cm. i s on the regressive 

overlap o f the lower peat. Although no diatoms are present i n the lower 

minerogenic layers and pollen preservation i s bad, i t i s considered that 

at least s t ra ta 4 to 6 re la te to a marine event since the charac ter i s t ic 

f i n i n g upwards o f grain s i ze , presence of a peat ba l l and Chenopodiaceae 

pollen mit igate against a t e r r e s t r i a l o r i g i n . 

5.2 Moniack 

The Moniack s i t e i s located to the south-east o f the K i r k h i l l r idge 

2 km. south-west o f K i r k h i l l i t s e l f . Field mapping at a scale o f 1 : 10,000 

enabled the construction o f f i g . 5.12. 

The most impressive morphological feature i n the area i s the large 

a l l u v i a l fan deposited by the Moniack Burn which f a l l s from 41 m. south o f 

Reelig House to 12 m. at the l o c a l i t y o f borehole M12 and covers an area 

o f approximately 1.1 km 2 . 500 m. to the south-east o f Moniack Castle there 

are a series o f esker ridges and dead-ice hollows. The eastern esker i s 
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Fig . 5.12 Moniack s i t e map, showing loca t ion o f boreholes 

1 . Beauly carse 

2. ' Undi f fe ren t ia ted Late Devensian marine? deposits 

3. Fluvioglacia l r idge 

4 . A l l u v i a l fan 

5. Boundary of a l l u v i a l fan uncertain 

6. Crag and t a i l features 

7. Dead-ice hollows 

8. Eskers 

9. Sampling s i t e 

10. Surface peat 

1 1 . Meltwater channel 

12. Small channel forms 
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180 m. long and 10 m. high, i t s north-east side having been cut and sharpened 
by subsequent erosion of the Moniack burn. Two small exposures prove the 
fan to be composed predominantly o f sand wi th some subrounded gravel and 
cobbles. The system can be traced south-westwards discontinuously f o r 
250 m. to Knockbain Farm where a larger exposure confirms a composition 
of sand wi th some grave l . 

Above M i l i f i a c h there i s a l i nea r ridge trending SW-NE which may be 

the continuation o f the much larger ridge.which runs from Easter Moniack 

through Drumreach to Drumchardine. Ogi lv ie (1923, 393) described t h i s 

impressive l i nea r ridge 1.5 km. long and 25-27 m. O.D. as a kame or 

drum!in " f la t tened by su r f " . One small exposure on the north-western side 

o f the feature was recorded as showing a brown sandy t i l l . To the east of 

the l i nea r ridge and bounded by i t is a depression which Ogi lv ie considers 

a drained lake . The f a c t tha t the Moniack fan terminates at the'depression 

i n a marked break slope does suggest a water body causing subsequent erosion. 

To the west o f the Moniack fan i s an area o f surface peat approx­

imately 0.8 km2 i n extent divided in to two separate basin forms by the 

eastern o f two imposing crag and t a i l features. The western crag rises 40m. 

to reach 60 m.O.D. and sections in Balchraggan Quarry show i t to be 

composed o f a complex series o f sch is t s . The eastern crag is a smaller, 

more complex double feature r i s i n g 25 m. to 38 m.O.D. - here the schists 

contain intrusions o f pegmatite. 

5.2.1 Moniack s t ra t igraphy 

47 boreholes were put down, 44 i n the two basins to the west o f the 

Moniack fan and 3 to the east. Ogi lvie (1923) suggested t h a t : -

" i t i s doubtful i f the sea at the 25 to 30 f t . level 
passed the Moniack fan" (p.393) 

yet the r e su l t s , f i g s . 5.13, 5.14, 5.15 and 5.16 show a complex s t ra t ig raphic 

sequence o f g lac ia l and marine c l a s t i c , t e r r e s t r i a l organic and t e r r e s t r i a l 
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c las t i c u n i t s , which suggests marine penetration to 10 m. O.D. in Ml . 

For ease o f descript ion the two sub-basins w i l l be treated separately, 

the north-western one, less a f fec ted by the Moniack fan w i l l be considered 

f i r s t . 

Boreholes Ml to 12 and Ml9 to 25 ( f ig s .5 .13 and 5.14) show essent­

i a l l y a Y3 p r o f i l e type wi th a lower c l a s t i c sequence, in terca la ted peat 

layer and upper c l a s t i c sequence overlain by an organic cover sequence. 

Problems are caused however by the in t e rca la t ion o f a l l u v i a l fan material 

in M6, 7, 8/24, 10, 1 1 , 12, 25, 26 and 27. The cor re la t ion l ines between 

boreholes should therefore only be seen as a preliminary attempt. 

The basal c l a s t i c sequence i n M5A, 9, 12, 20 and 25 usually consists 

o f a grey s i l t y sand, 31 cm. th i ck at M5A or a grey sand and rounded gravel , 

168 cm. th ick at M9. Above t h i s coarser uni t there is a f i n e r facies of 

grey s i l t y clay or clay s i l t , f o r example 30 cm. th ick at M9. This may well 

corre la te wi th the l a t t e r two stages in the in terna l va r i a t ion found w i t h i n 

the lower c l a s t i c sequence noted at Barnyards ( f i n e r •*• coarser -*• f i n e r 

at BY13B) and elsewhere at Moniack (e.g. 'M36, f i g . 5.15). 

Above the lower c l a s t i c sequence is a widespread in terca la ted peat 

layer present i n a l l boreholes save f o r Ml6, 17, 18, 26, 27 and 28. The 

lower, regressive contact shows a gradual slope seawards from 7.48 m.O.D. 

at Ml to 4.33 m. at M9, a distance o f 0.88 km. although t h i s masks marked 

undulations i n the contact . The peat layer i t s e l f shows marked var ia t ion 

though probably more i n response to local conditions than an overal l 

regional ecological gradient . At M20 th.ere i s a basal layer of yellow-brown 

well humified bryophyte peat perhaps r e f l e c t i n g enhanced groundwater levels 

at the foo t o f a slope, At M 8/24 and M9 a small depression i n the sub-

peat surface suggests the p o s s i b i l i t y o f organic deposition i n a small 

basin form. Indeed w i t h i n the peat at M8/24 there are two t h i n layers o f 
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Fig. 5.13 Moniack strattgraphy, Ml - Ml2 

Fig. 5.14 Moniack stratigraphy, M16 - M28 

Fig. 5.15 Moniack stratigraphy, M39 - M42 

Fig. 5.16 Moniack stratigraphy, M28 - M33 
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JJJJJJJJî JJJJJJJJJJJ JJJJJJJJJJJJII 11 I l.l-I....Jl..lJ>..JJJJJJJ^J JJJJ.JJJiJJJJJJ.J).'-*-'-'-' »* L=J 

JJJJJTJ n 111—i i 
JJJJJJJJ 

•...•.JJJJJ..JJJ.IJ..J • ' t-lll • • • - " i-LzJ 

\V\N!1!>!l!):<!J!W!l!lj{i rrmr TTT4 



-153-

• • • •/I - • il)l/lI I/l1 If " • • • • 

\ > lljMljlll 4llljMlllllll< l l l l l ' l l / IH/l l /HI/..IMIIIIII 

A IjlllJIMjMNIIUllTjl'jt- Jill J < Vl I HI * J V • I • I 

v \ lit-1 11-1,1-r,ii-tt-i-i-i-i ii-n-t ij-liJ-l i J—i llnliii M ilti IWIJJI- -<- ' • • • • • ' • • • • • • • 

IV V I ^ ' - I ^ ' • I ^ T ^ ^ I - ^ I ^ ' T l l J i f n > | I • -I • r IJ i M ITT| Mil IJJJ IJ I I I f I / r I I f t i I f 1 I V I i . • | • ' 8 J • • • J ' • • J . 

t-i-i-i — i-i-if > I J i %i fnj.j^.^Di m uu^i t i I I \ I * i v 11 • 11 > i r 111 \ • ^ IJ...J..-J-.... 

| © J 1 i j" i i jjjjJ«I JJJJJJJJJJJJJJJJJJI ii UJJI I-I jj' 
iifj-ifjjjjjjiJJJJJJJJJJJJJJJJJJI • II • ji i i - i j* 

I— j F j I j I j J J - J j j -1J I I * 1 - IJ I -J'JJJJJJ j ' J J j JJZJ~T 
-i-iijijijj'j-j'jj-f '"i-i J i — • ^ JJJJJJJJJ •> jJjiiJ< 

. Hi I • 

• •.̂ •l-.-!-. J J - . J 



-154-

light brown organic s i l t , the result of deposition in a small water body 
at this location. They are present also in M23 but are too thin to be 
shown in f ig.5.14. Woody detrital peat at M2 and Ml9 and M20 suggest 
more wooded habitats on the slopes surrounding the basin, supporting the 
idea of considerable lateral variation in habitat during the time of lower 
p e at formation. 

The transgressive contact of the lower peat fa l l s from 9.95 m. at 

Ml to 5.53 m. at M7 though from M7 to M12 i t r ises again to 6,13 m. A 

simple least-squares l inear regression was performed on the altitudes of 

the transgressive and regressive contacts in 12 boreholes with distance from 

a point 10 m. south-west of Ml as the independent variable. The regression 

equations were:-

TC = 8.80 + . - 0.00392 D r = -0.85 n = 12 

RC = 6.91 + - 0.00330 D r = -0.86 n = 12' 

and the solution for T = R, the point at which biogenic accumulation ceases 

was -3.19 m. O.D. at a distance of 3.049 km. seaward from Ml. However, 

Moniack is a semi-enclosed s i te and the constriction afforded by the 

Moniack fan serves to decrease the overall gradients of the contacts. 

Indeed the seaward gradient for both overlaps is roughly half that for 

Barnyards, a more exposed s i t e . 

Above the lower intercalated peat layer is a single c l a s t i c sequence 

of blue-grey stfty clays in boreholes M5B to Ml2 and Ml 9 to M26. There is 

variation within this c l a s t i c sequence similar to that found at Barnyards. 

In M20, 21, 22, 23 and perhaps M8/24 ( f ig . 5.14) a prominent s i l t y sand 

layer is recorded between 6.95 m. (M20) and 7.61 m.(M8/24). In the 

Ml-12 transect ( f ig . 5.13) the altitudinal variation in the s i l t y sand unit 

is greater and i t is not knownif such coarser layers in M4B, M5A, M8/24, 

M9 and Mil relate to the same event. 
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In borehole M20 the s i l t y sand unit provides an erosive contact with 
the lower peat. However, boreholes M4B and M5A form a Y3, 4 profile 
type with two interfingering c las t i c units separated by a thin peat layer. 
In both these boreholes the lower of these c las t ic deposits comprises the 
lateral equivalent of the s i l t y sand unit found in M 20-24 above. The 
thin (c.16 cm.) interfingering 'middle-peat' present is comprised of 
Phragmites rhizomes with other monocotyledonous rootlets in a matrix of 
total ly humified material. Above the peat layer the blue-grey s i l t y clay 
unit i s present through Ml to M4A forming an upper c l a s t i c sequence in these 
Y3, 3 profile types. Made ground at Balchraggan Quarry (fig.5.12) denied 
the possibi l i ty of recording a Z type profile landward of Ml. 

Above the blue-grey s i l t y clay unit is a widespread thick, peat 

layer. In boreholes Ml to M5B and Ml9 to M22 i t forms an organic cover 

sequence (qhoD) and these boreholes exhibit Y3, 3 and Y3, 4 profile types. 

In boreholes nearer to the al luvial fan, from M6 to Ml2 and M23 to M27 

c las t i c units of non-marine origin provide interfingering sequences within 

the upper peat. The transition from the underlying blue s i l t y clay to the 

upper peat i s gradual, over c . 50 cm. Woody detrital peats occur within 

the layer in boreholes Ml, M2, M4A, M5B, M20 and M21. The maximum thickness 

is 355 cm. at M3. 

Boreholes M6 to Ml2 and M23 to M27 are greatly affected by the inter­

calation of terrestr ia l c l a s t i c material which interfingers with organic units 

generally at altitudes above the marine blue-grey s i l t y clay sequence. In 

M6, M7, M23 and M8/24 there i s only one interfingering c las t i c sequence and 

these boreholes exhibit Y3, 6 type prof i les. In M10, M12, M25 and M26 

however there are two and these boreholes represent Y3, 7 and Y3, 9 prof i les. 

In Ml2 and M25 the lower of the two terrestr ia l c las t ic layers, a grey-

blue s i l t y sand has completely eroded the peat layer that usually rests 

above the blue-grey s i l t y clay sequence. Taken together, the evidence of 
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intercalation of terrestr ia l al luvial fan material in the upper parts of 

many boreholes suggests renewed f luvial act ivi ty at or sl ightly after the 

culmination of the blue-grey, s i l t y clay sequence. 

The second and smaller of the two basins is today entirely enclosed 

by the eastern crag and ta i l feature to the north-west, the Moniack al luvial 

fan to the east and the higher ground of Cabrich to the south-east and 

south-west. Surface altitudes in the central parts of the basin are 

generally 1-2 m. higher than the larger north-western basin (figs.5.15 

and 5.16). Boreholes M33, M41 and M42 are Y l , 13 and 14 type profiles 

with multiple intercalations of terrestr ia l c las t ic and organic layers 

while M38 and M39 are X4, 15 type prof i les. The remainder show intercal ­

ations of marine c las t ic sequences and peat while boreholes nearer to the 

Moniack al luvial fan also contain terrestr ia l c las t ic interfingering sequences 

at altitudes above the position of the marine units. 

The lower c las t ic sequence (qhKU) seems to exhibit a succession of 

finer and coarser units as in boreholes M29A, M36 and M37. The upper, finer 

grey s i l t y clays and clay s i l t s that predominate as the upper unit in the 

lower c las t i c sequence of the north-western basin ( f igs. 5.13 and 5.14) are 

not distinguishable in the secondary basin. The lowermost stratum recorded 

in M37 comprises a blue-grey s i l t y clay with laminations of grey-white 

sand indicating a rhythmic deposition. Above this unit is a tenacious blue-

grey s i l t y c lay , the correlative of a similar unit at M29A and M36. This 

s i l t y clay unit i s extremely s t i f f and compact, d i f f icu l t to penetrate 

even with a percussion d r i l l attachment. In M29A comminuted shell fragments 

of undetermined origin were recovered from stratum 2. Above this unit 

there is generally a coarser deposit of grey s i l t y sand and sometimes 

gravel, 225 cm. thick and containing shell, fragments in M30 but also found 

in M29A, M29B, M30, M31, M32, M35, M36, M37, M41 and M42 - reaching a 

maximum altitude of 7.17 m. at M37. 
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Above the grey s i l t y sand and gravel layer i s a widespread well humified 

peat layer often dry and crumbly. The transition from the lower c las t ic 

sequence to the peat layer i s variable in thickness and character. In bore­

holes M29B, M31, M35, M36 and M37 there i s a gradual transition zone of 

brown organic s i l t s and clays while in M29A, M30 and M32 the transition is 

abrupt over 1 cm. at M32. The regressive contact f a l l s in altitude from 

7.33 m. at M37 to 5.60 m. at M30 though i t i s not known i f the lower c las t i c 

units in M41 and M42 relate to a marine event.. The thickness of the peat 

layer also varies from 38 cm. at M29B to 240 cm. at M30. 

In certain boreholes, M29B, M31 and M32 the peat layer is succeeded by 

a thin intercalated c las t ic layer - not exceeding .19 cm. at M29B. In M29B, 

a larger diameter borehole,this unit is i t s e l f comprised of three parts, a 

lower dark grey organic s i l t overlain by a grey sandy s i l t which is in turn 

overlain by a grey-brown organic s i l t . In M31 such detail was not observed, 

the unit comprising an 18 cm. thick grey organic s i l t . No such layer was 

recorded in M30 though bad sampling through the lower peat sequence may 

have resulted in the layer not being observed. 

A similar layer has been recorded between 8.00 m. and 8.19 m. at 

M36 and also in M37 ( f ig . 5.15) though in these boreholes the altitudes are 

generally higher and there is no intercalated peat layer between 'it and the 

blue-grey s i l t y clay of the upper c las t i c sequence. 

I f the correlations shown on f igs. 5.13 to 5.16 are correct then 

there is evidence atMoniack for a thin grey s i l t y sand layer, proved at 

M4B to be of marine origin, intercalated between peat in boreholes M4B, 

M5A, M29B, M31 and M32 and within the blue-grey s i l t y clay sequence in 

boreholes M8/24, M9, M20, M21, M22, M23 and perhaps M26, M36 and M37. 

Given in tabulated form the unit shows a vertical range of 152 cm. 

using only the upper surface values and has a mean thickness of 25 cm. 

Asterisks denote uncertain correlation. 
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TABLE 5.1 

Borehole base top 

Mil 5.95 • 6.12 

M4B 6.87 7.24 

M5A 6.50 6.81 

M29B 6.93 7.06 

M31 6.93 7.11 

M32 7.94 8.09 

M8/24 7.38 7.61 

M9 7.21 7.42 

M20 6.95 7.05 

M21 6.89 6.94 

M22 6.66 6.73 

M23 6.50 6.91 

M26* 7.90 8.33 

. M36* 8.00 8.19 

M37* 7.65 8.32 

In boreholes M29B, M31 and M32 there is a peat layer above the thin 

grey s i l t y sand unit , 142 cm. thick in M31. The transgressive contact of this 

peat f a l l s from 9.59 m. at M32 to 7.29 m. at M29B where stratigraphy and 

diatoms prove the contact i s erosive. 

Overlying the interfingering peat'sequences in M29B, M30* M31, M32 and 

M35 and above the grey s i l t y sand unit in M36 and M37 is a blue-grey s i l t y 

' clay unit 205 thick in M29B. There is l i t t l e internal variation in the unit 

within each borehole though i t changes la te ra l ly , in M30 and M31 there is a higher 

organic content. Diatom analysis from M29B shows this unit to be predominantly 

of marine origin. In M41 however the lateral equivalent of this unit i s a 

grey-brown s i l t y sand. Diatom samples taken in the f ie ld at this level proved 

entirely fresh and fresh-brackish forms including Tabellaria fenestrata, 
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Anomaoneis ser ians, Cymbella ventricosa, Pinnularia mesolepta, Diatoma 

c.f. hiemale, Navicula pus i l la , Stauroneis smithi i , Eunotia s p . , Gomphonema 

sp. and other Pinnularia sp. confirming the l ithologic evidence for a 

difference between the two layers . As such the c las t ic layer between 

8.33 m. and 9.59 m. in M41 is attributable to an al luvial or other fresh­

water habitat. Similarly a l l other c las t ic units above this in M41 are 

non-marine in origin. 

Above the blue-grey s i l t y clay unit in M35 and M36 there is an 

organic cover sequence of 462 cm. and 442 cm. respectively showing a 

lower woody detrital peat and an upper well humified monocotyledonous 

peat. In boreholes M29A to M33 the upper peat is intercalated by a series 

of c las t ic units , three in M29B which diatom analysis (f igs.5.19 and 5.20) 

shows to be of fresh and fresh-brackish origin. In M41 diatom analysis 

from al l c l a s t i c layers contain fresh and fresh-brackish forms indicating 

that a l l the c las t i c horizons above the blue-grey s i l t y clay sequence 

which reaches a maximum of 9.57 m. in M37 (above the upper l ine in 

f igs.5.15 and 5.16) are either al luvial fan deposits or slopewash. The 

coarser sandy s i l t stratum in M37 between 9.57 m. and 10.77 m. may well 

be such a col luvial deposit. The surface sequence in M29A, M30, M41 

and M42 comprises 150 cm. orange brown sand and gravel in M42, a s i l t y 

sand and gravel in M41 and grey sandy s i l t in M30 - i t is the surface 

expression of the Moniack al luvial fan. 

5.2.2 M29B 

M29B (fig.5.12) was chosen for further analysis since the complex 

stratigraphy, 6 organic layers and 6 minerogenic layers needed further 

explanation. The borehole was also considered typical of those nearer 

to the Moniack al luvial fan and knowledge of the influence of this feature 

is an important factor i f the detailed history of marine c l a s t i c , terres­

t r ia l c l a s t i c sedimentation is to be evaluated at the Moniack s i t e . The 
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sample was taken using a 48 mm. diameter modified Livingstone sampler and 

the stratigraphy described in the laboratory comprised 

cm. ,m.O.D. Description 

0 - 9 9 12.33 - 13.32 

31. 99 - 108 12.24 - 12.33 

30. 108 - 163 11.69 - 12.24 

29. 163 - 176 11.56 - 11.69 

28. 176 - 188 11.44 - 11.56 

27. 188 - 211 11.21 - 11.44 

26. 211 - 216 11.12 - 11.21 

25. 216 - 224 11.08 - 11.12 

24. 224 - 242 10.90 - 11.08 

23. 242 - 254 10.78 - 10.90 

22. 254 - 258 10.74 - 10.78 

not sampled. 

Dark brown to black well humified 
monocot, peat with traces of s i l t 
and sand and with woody detritus. 
Sh2 Th 2 l Dll Ag+ As+ nig. 3+ s t r f . 2 
e l a s . l . s i c c . 3. 

Lighter brown fibrous monocot. peat 
and Phragmites rhizomes. 
Shi Th z2 Th*(Phra.) 1 nig. 3 
s t r f . 1 elas.2 s ice . 2 l . s . O . 

Dark brown well humified monocot. 
peat with woody detritus. Traces 
of carbon also present. Sh2 Th22 
D1+ anth.+ nig. 3+ s t r f . 1 elas.2 
sice.2 l . s . O . 

Brown monocot. peat. Wood at 
183 - 184 cm. Sh2 Th 2 l Dll nig.3 
strf.. 2 e las. 1 s ice . 2 l . s . O . 

Dark brown, crumbly, well-humified 
monocot. peat. Wood (Pinus ?) at 
203-204 cm. Sh3 Th 2 l D1+ nig.3+ 
s t r f . 0 e las . l s ice . 2+ l . s .O . 

Finely laminated brown and dark 
brown organic s i l t . Sh2 Ag2 As+ 
nig.3 s t r f . 3 elas.O sice.2 l . s . O . 

Light grey sand flecked with dark 
brown organic material. Ga4 Sh+ Ag+ 
nig. 2 strf .O elas.O sice.2 l . s . 3 . 

Light grey s i l t y sand with some 
herbaceous detritus and dark brown 
organic staining. Ga3 Agl As+ Dh+ Sh+ 
nig.2- strf .O elas.O s ice.3 l . s . l . 

Grey s i l t y sand. Wood at 244 cm. 
Increasing organic content. 
Ga3 Agl As+ D1+ Sh+ nig.2+ strf.O 
elas.O sice.2 l . s . l . 

Yellow grey sand. Traces of 
carbonized material. Ga4 Ag+ anth.+ 
n i g . H s t r f .0. elas.O s ice .2 - l . s . l . 
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cm. m.0.0. Description 

21. 258 - 270 10.62 - 10.74 

20. 270 - 285 10.47 - 10.62 

Grey organic s i l t with traces of 
sand and carbonized wood. 
Ag3 Shi As+ Ga+ anth.+ nig.2+ 
st r f .2 elas.O sice.2 l . s . l . 

Dark brown detrital peat with some 
s i l t . Betula sp. f rui t and leaf 
fragments at 284 cm. 
Sh3 Dll Dh+ Ag+ nig.3 s t r f . 1 elas.2sicc.; 
1 . s . l . 

19. 285 - 296 10.36 - 10.47 

18. 296 - 311 10.21 - 10.36 

17. 311 - 333 9.99 - 10.21 

Light grey s i l t y clay with black 
banding of total ly humified organic 
material. Agl As3 Dh+ Sh+ anth.+ 
nig.2- s t r f . 2 elas.O sice.2 l . s . O . 

Dark brown monocot. peat with some 
herbaceous detritus and Phragmites 
rhizomes. Hippuris vulgaris seed at 
296 cm. Sh2 Th z l Th*(Phra . ) ! Dh+ 
nig.3 s t r f .2 elas.2 sice.2 l . s . l . 

Dark brown detrital peat, 
natans seed at 311 P.c . f . 

Potamogeton 
alpinus, 

Juricus sp. seeds at 330. 
Sh3 Dll Dh+ nig.3 s t r f .2 e las . l 
s icc:2 1.s.O. 

16. 333 - 393 9.39 - 9.99 

15. 393 - 398 9.34 - 9.39 

14. 398 - 441 8.91 - 9.34 

Grey brown clayey s i l t with traces 
of mica. Some root channels and 
carbonized herbaceous material. Betula 
sp. f ru i t and Juncus effusus type 
seed at 333 cm. Carex rostrata seed 
at 334 cm. Ag3 As! Ga+ Sh+ Dh+ Th3+ 
anth.+ nig.2+ strf .O elas.O sice.2 
l . s . O . 

Grey brown clayey peat. 
Sh3 Dh+ Th 2I As+ Ag+ D1+ nig.3-
str f .2 e las . l s ice.2 l . s . l . 

Grey s i l t y clay with monocot. rootlets. 
As3 Agl Th2+ nig.2 s t r f .2 elas.O 
s ice . l . s . O . 

13. 441 - 472 8.60 - 8.91 

12. 472 - 511 8.21 - 8.60 

Light grey clay s i l t with traces 
of mica. Fines upwards, some organic 
staining at top of layer. 
Ag3 Asl D1+ Ga+ Sh+ Dh+ nig.2 
s t r f . l elas.O sice.2+ l . s . O . 

Light grey s i l t y clay with herbaceous 
and woody detritus. As3 Agl Ga+ Dh+ 
D1+ nig.2- s t r f . l elas.O sice.2 
l . s . O . 
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11. 

cm. 

511 - 540 

10. 540 - 603 

9. 603 - 606 

m.O.D. 

7.92 - 8.21 

7.29 - 7.92 

7.26 - 7.29 

Description 

Light grey s i l t y clay. Woody 
detr i tus, possibly tree roots present. 
As3 Agl D1+ nig.2 s t r f . l elas.O 
s ice .2 1.s.O. 

Light grey s i l t y c lay , with woody 
detritus. As3 Agl D1+ nig.2 s t r f .2 
elas.O sice.2 1.s.O. 

Dark brown, dry, very well humified 
monocot.peat. Sh4 Dh+ D1+ nig.3+ 
st r f .2 e las . l s ice . 2+ l . s . 2 . 

606 - 617 7.15 - 7.26 

8. 617 - 626 7.06 - 7.15 

7. 626 - 631 

6. 631 - 639 

5. 639 - 645 

4. 645 - 650 

3. 650 - 688 

2. 688 - 705 

1. 705 - 718 

7.01 - 7.06 

6.93 - 7.01 

6.87 - 6.93 

6.82 - 6.87 

6.44 - 6.82 

6.27 - 6.44 

6.14 - 6.27 

not sampled. 

Dark brown, dry, crumbly monocot.peat. 
Sh4 Dh+ D1+ nig.3+ s t r f .2 e las . l 
sice.2+ 1.s.obscured. 

Grey brown organic s i l t with traces 
of mica. Transition zone. 
Shi Ag3 Ga+ As+ Dh+ nig. 2+ strf.O 
elas.O. s ice . 2 l . s . O . 

Grey sandy s i l t . Ag3 Gal Sh+ 
As+ Dh+ nig. 2. s t r f . 0 elas.O 
sice.2 l . s . O . 

Dark grey organic s i l t with some sand 
and organic staining. Monocot. roots 
present. Ag3 Shi As+ Ga+ Th2+ Dh+ 
nig.2+ s t r f . l elas.O sice.2 l . s . O . 

Light brown organic clay with organic 
staining. Seeds of Menyanthes 
t r i fo l ia ta and Carex sp. (2) at 649 cm. 
Shi As3 Dh+ nig.T+ s t r f .2 elas.O 
s ice . 2 l . s . O . 

Dark brown well humified monocot. peat, 
s i l t y inwash at 673-675 cm. Juncus articul-
atus type .seed at 685 cm. Sh3 Th z l D1+ " 
nig.3 s t r f .2 e las . l s ice.2 l . s . O . 

Light grey organic clay with laminations 
of darker organic material. Laminations 
diffuse. Bryophyte remains (Fontinalis?) 
at 690 but widespread throughout the 
layer, l b 3 As2 Shi D1+ Dh+ nig.2+ 
strf*2 elas.O s ice .2 l . s .O . 

Light grey sand and gravel with some 
herbaceous detritus in the upper part of 
the layer. Ga2 Ag+ Gg(min)l Gg(maj)l Dh+ 
nig.2- strf.O elas.O sice,2 l . s . O . 
Base not reached. Further samples down 
to c 825 cm. were not retained in the 
sampling chamber. 
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5.2.2.1 M29B Pollen 

14 samples were counted for pollen between 270 cm. and 685 cm. The 

results are shown in f igs . 5.17 and 5.18 and the diagrams zoned into four 

local pollen assemblage zones. The counts are tabulated in Appendix I. 

On f igs. 5.17 and 5.18 Cory!us should read Coryloid. 

Zone M29B1 685 - 670 cm. 

The zone comprises only one l eve l , at the base of the lower peat. 

Pollen concentration is high at 160.6 grains x 10 3 /cm 3 but this is almost 

entirely composed of Cyperaceae at 87.2% TLP + Group and Gramineae with 

8.4%. The upper l imit i s located at the significant fa l l in the pollen 

of Cyperaceae from 87.2% to 19.2% and r ises in Betula, Pinus and Coryloid. 

Zone M29B2 670 - 620 cm. 

The zone consists of counts either side.of the c las t ic sequence, 

strata 5 to 7 and is dominated by Coryloid which reaches 38.1% at 625 cm, 

Cyperaceae and Gramineae. Equisetum reaches 27.4% at 620 cm. 

Zone M29B3 395 - 290.5 cm. 

The zone comprises six leve ls , the lowermost,395 cm. within the 

thin peat layer overlying the marine s i l t y c lays . The other f ive are 

at the base and top of an organic horizon, strata 17 and 18 which is 

underlain and overlain by non-marine c las t i c sequences, strata 16 and 

19 respectively. Alnus and Gramineae dominate the zone, the former 

reaching 38.6% and 29.1 grains x 10 3 /cm 3 at 395 cm. though fal l ing to 

6.9% at 296 cm. Gramineae has consistent, high per cent values of c 45% 

in the three levels at the base of stratum 17 though i t too f a l l s to 

21.1% and 15.9% at the top of stratum 18.• Pinus r ises consistently 

through the zone from 3.7% at 395 cm. to 11.6% at 296 cm. Equisetum 

too r i s e s , reaching 43.9% at 296 cm. Total concentration is high, 
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5.17 Monlack 29B, %TLP + Group. 

N.B. Cory!us should read Corylold 

5.18 Monlack 29B, Pollen concentration 

Horizontal scale should read "Taxa Axes 

in 10 x 10 3grains/cm 3 units. 
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334.7 grains x 103/cm3 at 395 cm. The upper boundary is placed at the 
significant rise in Salix from 1.1% at 296 cm. to 63.855 and 150.8 
grains x 103/cm3 at 285 cm. 

Zone M29B4 290.5 - 270 cm. 

The zone comprised of three levels - two at the base and one at 

the top of stratum 20, a dark brown detrital peat over and underlain by 

non-marine clastic units - is dominated by Salix which reaches 63.8% at 

285 cm. but fal ls to 5.4% at 270 cm. Quercus, Alnus and Coryloid rise 

at 270 cm. to 14.6%, 17.1% and 17.1% respectively. 

5.2.2.2 M29B Diatoms 

32 levels were analysed and counted for diatoms, at 690 cm, 700 cm. 

and 710 cm. in stratum 1, 630 cm, 635 cm, 645 cm, and 649 cm. through 

strata 4 to 7, 11 levels at 20 cm. intervals through strata 10 to .14, 

7 levels through stratum 6 at 10 and 20 cm. intervals, 3 levels, 286 cm, 

290 cm, and 294 cm. 1n stratum 19, one at 269 cm in stratum 21 and the 

remainder at 216 cm, 230 cm and 240 cm. 

In all levels traversed below 600 cm. diatoms were absent or too 

few to count. At 649 cm. and 645 cm. only a few fragments attributable to 

Pinnularia sp. and Cymbella sp. remained. At 294 cm. diatoms were present 

though sparse and all were fresh and as all were fresh and fresh-brackish 

forms the count was discontinued. At 240 cm, 230 cm and 216 cm. again 

diatoms were rare, often only fragments encountered, the few species 

identifiable were fresh or fresh-brackish taxa. 

The remaining 21 levels between 600 cm. and 269 cm. are shown in 

figs. 5.19 and 5.20 and are zoned into 3 local diatom assemblage zones. 

Counts are tabulated in Appendix I I . 
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Zone M29BD1 600 - 450 cm. 

Marine and marine-brackish forms dominate the zone most notably 

Paralia sulcata and Grammatophora oceanica var. macilenta. P.sulcata is 

consistent in showing high values from 84.5% at 600 cm. to 62.2% at 

460 cm. G. oceanica var. macilenta, a marine-brackish epiphyte rises 

from 4.7% at 600 cm. to 18.9% at 500 cm. and falls subsequently to 

12.0% at the end of the zone. Another consistent curve is that of 

Nitzschia punctata, a brackish-marine benthonic form which reaches 6.7% 

at 570 cm. Numbers of species recorded at each level is also consistent 

through the zone (fig.5.20) ranging from 13 at 600 cm. and 460 cm. to a 

maximum of 20 at 500'cm. The upper limit is placed where there is a 

significant fall in the curves of P.sulcata and G.oceanica var. macilenta, 

a termination of the curves of many marine and marine-brackish forms 

formerly showing sporadic occurrence and at the significant rise in the 

curve of Pi pionei s 1nterrupta from 4.4% at 460 cm. to 89.8% at 440 cm. 

Zone M29BD2 450 - 396.5 cm. 

Pi pioneis interrupta, a brackish benthonic form reaches values 

of 89.8%, 91.5% and 95.5% for the three levels included in this zone. 

The only other notable contribution is from Paralia sulcata which is 

present in much reduced numbers at 3.4%, 2.0% and 1.0%. The number of 

species recorded also fal ls to only 4 at 400 cm. The upper boundary is 

placed at 396.5 cm. at a marked change from brackish to fresh forms. 

With the exception of sporadic counts of Caloneis formosa and Nitzschia 

punctata no brackish to marine forms occur above zone M29B02. The zone 

boundary also coincides with the middle of a thin peat layer, stratum 15. 

Zone M29BP3 396.5 - 269 cm. 

The zone is dominated by fresh and fresh-brackish taxa even 
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/ 

Fig. 5.19 Moniack 29B, Dfatoms, % Total Valves 

Fig. 5.20 Montack 29B Diatom summary diagram. 

Shading as for f ig. 5.7. 
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though the counts cover three separate clastic sequences interrupted by 

organic layers. The zone is characterized by large numbers of species 

occurring in low percentages. Tabellaria fenestrata reaching 66.2% at 

340 cm, Synedra Ulna rising to 14.6% at 290 cm, Gomphonema angustatum, 

Cymbella ventricosa, Navieula radiosa and Eunotia pectinalis are the 

dominant forms. There is l i t t le Internal variation save in the decline 

of T.fenestrata from 44.4% at 334 cm. to only sporadic occurrences above 

that level. 

5.2.3 Moniack 4B 

The M4B borehole was chosen for further micropalaeontological 

analysis because the grey, si l ty sand horizon, mentioned in section 5.2.1 

here forms an Intercalated sequence with the lower peat. In M4B it is 

37 cm. thick. The stratigraphy of the core, taken with a Russian sampler 

and described in the laboratory comprised:-

cm. m. P.P. Description 

0 - 280 8.79 - 11 .59 Not sampled 

10. 280 - 289 8.70 - 8.79 Dark brown detrltal peat. Dhl Th2l 
Sh2 D1+ nig.3 strf.2 elas.l sice.2 l .s.O. 

9. 289 - 305 8.54 - 8.70 Grey-brown organic clay. Diploneis 
interrupta and other brackish diatoms 
at c. 295 cm. Sh2 As2 lso+ Dh+ 
nig.2 strf . 1 elas.O sice.2 l .s .O. 

8. 305 - 419 7.40 - 8.54 Grey-brown laminated organic clay 
Diploneis oval is at 320 cm. Shi Dh+ 
As3 Lsb+ Ag+ Th2+ nig.2 str f . l 
elas.O sice.2 1.s.O. 

7. 419 - 431 7.28-7.40 Dark brown monocot.peat with 
Phragmites rhizomes. Sh2 Th22 Dh+ 
Th*(Phra.)+ nig.3 strf.2 elas.l 
sice.2 1.s.O. 

6. 431 - 435 7.24 - 7.28 Dark brown monocot. peat with some 
clay. Transition zone. Some Phragmites 
rhizomes. Th2(Phra.)l Th22 Shi As+ 
nig.3 strf.3 elas.l sice.2 l .s .O. 



cm. m.O.D. 

5. 435 - 442 7.17 - 7.24 

4. 442 - 467 

1 . 472 - 490' 

6.97 - 7.17 

3. 467 - 468.5 6.905- 6.92 

2. 468.5 - 472 6.87 - 6.905 

6.69 - 6.87 

Description 

Grey si l ty clay with herbaceous 
detritus. Agl As2 Dhl Th2+ nig.2 
strf.2 elas.O sice.2 l .s .O. 

Grey clay-si l t with herbaceous 
detritus A32As2Dh+ Th2+ nig.2 
strf . l elas.O sice.2 l .s .O. 

Dark brown totally humified peat. 
(Peat ball) Sh4 As+ Ag+ nig.4-
strf.O elas.O sice.2 l .s .O. 

Dark grey micaceous si l ty fine sand 
Marine diatoms Paralia sulcata and 
Grammatophora oceahica at 471 cm. 
Ga2 Ag2 Lso+ nig.2+ strf.O elas.O 
sice. 2 1.s.O. 

Dark brown well humified monocot. 
peat with some Phragmites and 
s i l t in the upper layers of the 
stratum. Th2(Phra.)+ Sh3 Th2l D1+ 
Ag+ nig.3 str f . l elas.l sice.2 
l .s.3/4 erosion contact. 

Stratum 3 directly overlying the si l ty fine sand of stratum 2 is 

only 1.5 cm. thick and probably represents an eroded peat ball incor­

porated in the marine clastic sequence. Above stratum 3 the clastic 

units fine upwards changing from a grey clay-si l t to a si l ty clay. The 

peat layer represented by strata 6 and 7 1s only 16 cm. thick and is 

succeeded upwards without break by a grey-brown organic clay that 1s the 

lateral equivalent of the blue-grey si l ty clay sequence of boreholes M5A 

to M12. 

5.2.3.1 M4B Diatoms 

12 samples were prepared for diatom analysis, ten between 471 and 

442 cm. in strata 2 -*• 4 and two, 400 cm. and 410 cm. in stratum 8. All • 

contained sufficient diatoms to count and are shown in figs. 5.21 and 

5.22. Counts are tabulated in Appendix I t . The diatoms are divided into 

3 local diatom assemblage zones. 
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Zone M4BD1 471 - 447.5 cm. 

The zone is characterized by the dominance of the marine diatom 

Paralia sulcata which rises to 48.5% at 445 cm. It is present in con­

sistently high values throughout the zone. Cocconeis scutellum, a 

marine-brackish epiphyte rises from 7.255 at 471 cm. to 33.7% at 469 cm. 

but fal ls subsequently through the zone to 5.8% at 455 cm. Grammatophora 

oceanica var.macilenta is the third main constituent of the zone reaching 

23.8% at 465 cm. Numbers of species recorded is high - 28 at 471 cm. 

There may be some justification for regarding the f i rst three levels of 

the zone as a sub-zone since at 471 cm, 470cm. and 469 cm. there is 

evidence for transition. Certain forms such as Amphora oval i s , Achnanthes 

lanceolata, Tabel1aria fenestrata and Navicula peregri na occur along with 

other fresh-brackish to brackish species. Together with smaller values 

for the three main marine and marine-brackish taxa mentioned above i t does 

suggest a slight brackish-marine transition. The upper boundary is much 

clearer, placed at the significant ri se i h Navi cula peregri na and a fall in 

Paralia sulcata. 

Zone M4BD2 447.5 - 442 cm. 

Navi cula peregri na appears for the f i rst time since 471 cm. at a 

value of 25.3% and has values of 77.2% and 69.6% for the remaining levels 

in the zone. Paralia sulcata fal ls from 46.1% at 450 cm. to 35.4% at 445 cm. 

over the zone boundary but the most significant fal l is between the next 

two levels to 4.2% at 443 cm. Other fresh-brackish to brackish forms such 

as Amphora oval is and Navi cula radiosa return and new ones such as 

Epithemia argus appear. 

Zone M4BD3 410 - 400 cm. 

The zone comprises only two levels and contains mainly fresh-brackish 

to brackish forms. Fragi1ari a brevistriata dominates the lower spectrum 
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Fig. 5.21 Monlack 4B, Diatoms, % Total Valves 

Fig. 5.22 . Monlack 4ff, Diatom summary diagram. 

Shading as for f ig. 5.7 
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with 79.0%, the only other notable contribution is from Navicula 

peregrina with 4.3%. The upper level contains Diploneis ovalis, 19.8%. 

Nitzschia sigma, 6.6%, Nitzschia bilobata, 6.1% Diploneis smithii, 9.4%, 

Grammatophora oceanica var. macilenta, 10.3% and Paralia sulcata at 16.0% 

and forms perhaps a slightly more saline spectrum. 

5.2.3.2 M4B 1 4 C Dating 

4 samples were submitted from M4B to the University of Birmingham, 

Department of Geological Sciences for radiocarbon assay. Results are 

expected in November or December 1981. The four samples, full details 

of which are given in Appendix IV on I.G.C.P. sea-level computer forms 

and the positions of which are illustrated by asterisks in f ig. 5.14, 

comprised -

Depth (cm.) 283 - 288 419 - 424 426 - 431 472' - 477 

Altitude (m.O.D.) 8.71 - 8.76 7.35- 7 .40*7.23- 7.28 6 .82- 6.87 

Thickness (m) 0.05 0.05 0.05 0.05 

Components Sh2 Th 2l Sh2 Th22 Th22 Shi Sh3 Th 2 1 
Dhl Th2(Phra.)l 

Wet wt. (g) 79 76 63 . 52 

5.3 Arcan Mains 

The Arcan Mains site is located in lower Strathconon, 3 km. east 

of Marybank and 1 km. west of Arcan Mains i tsel f (fig.5.23). 

The site is small, measuring only 90 m2 and fourteen boreholes 

were put down in two transects across the small gully feature, 1 to 8 in 

a north-south direction and 9 - 1 4 oriented east-west (fig. 5.23). Despite 

the close sampling interval great variation is seen in the stratigraphy. 

Because of this the stratigraphic diagrams (figs. 5.24 and 5.25) will be 

discussed in groups of boreholes rather than systematically by sequence. 



-179-

F1g. 5.23 Arcan Mains site map showing Vocation 

of boreholes • J • . 
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Boreholes AMI to 4 are a l l o f shallow depth. Apart from a t h i n 
surface peat i n AMI a l l are dominantly minerogenic; sampling usually 
was stopped by compact s i l t y sand or sand and grave l . A l l four boreholes 
are outside the central area of the g u l l y and probably represent r i ve r ine 
channel deposits. The vegetation, predominantly Juncus e f fusus , 
Sphagnum sp, Equisetum s y l v a t i i a , Gramineae sp. and Carex sp . , d i f f e r e n t 
from the surrounding areas does suggest the' p o s s i b i l i t y o f former channels. 

The central area o f the g u l l y now dominated by Sal ix sp. including 

Sal ix cinerea and Sal ix caprea form s a Sa l ix -car r wi th Equisetum 

s y l v a t i c a , Fi l ipendula ulmaria, Galium palus t re , S t e l l a r i a p a l u s t r i s , 

Solanum dulcamara and Juncus e f fusus . This area shows the greatest con­

sistency i n s t ra t ig raphy . Boreholes AM5, 6, 7, 10 and 11 a l l show a basal min­

erogenic sequence which exhibits a coarse -»• f i n e r succession. For 

example i n AM7 grey sand between 4.52 m. and 4.84 m. i s succeeded upwards 

by at l eas t 35 cm. of sandy s i l t . In AM11 grey sand between 3.35 m. and 

4.22 m. i s over la in by 47 cm. o f grey-brown organic s i l t . Above the basal 

c l a s t i c sequence i n the central area i s an in terca la ted peat layer which 

also shows great va r i a t i on i n a l t i t u d e and composition between boreholes. 

In AM5 the peat layer i s 71 cm. th ick and i s composed o f a lower mixed 

monocot. - bryophyte peat and an upper monocot. peat wi th woody d e t r i t u s . 

At AMI 1 i t i s 149 cm. thick.* again comprising a lower bryophyte peat and 

an upper wel l humified monocot. peat. At AM6 the peat sequence appears 

to be d i v i s i b l e i n t o three u n i t s , a lower well humified monocot. peat, a 

middle yellow-brown bryophyte peat and an upper brown monocot. peat wi th 

woody de t r i t u s and s i l t . 

The lower contact o f the peat varies i n a l t i t u d e from 6.88 m. 

at AM10 where i t contains a s i g n i f i c a n t s i l t component t o 5.08 m. at 

AM11 and 4.71 m. a t AM6. The upper contact s i m i l a r l y shows va r i a t i on from 

7.28 m. a t AM5 to 6.70 m. a t AM6, a d i f fe rence o f 58 cm. i n 7.5 m. 
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Fig i 5.24 Arcan Mains s t ra t ig raphy , AM 1 - 8 

F1g. 5.25 Arcan Mains s t ra t ig raphy , AM 9 - 14 
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Above the lower peat sequence i s a sandy s i l t u n i t . In boreholes 

AM5, 7, 10 and 11 i t i s over la in by an upper peat but i n AM6 the peat 

i s absent and i t forms the cover sequence. This c l a s t i c un i t containing 

marine diatoms a t 7.81 m. i n AM7 varies i n thickness wi th l i t t l e 

consistency between boreholes, though there i s a broad s i m i l a r i t y i n 

a l t i t ude of the regressive contact of the overlying peat i n boreholes 

AM5, AM10 and AM11 at 8.30 m, 8.39 m and 8.77 m. respect ively . At AM7, 

the sampled s i t e , t h i s contact i s a t 9.00 m. 

The upper peat layer forms the upper organic u n i t i n the qhA or 

s p l i t t i n g up sequence o f the central gu l ly area. I t i s composed of a 

woody d e t r i t a l peat a t AM11 and shows l i t t l e r e g u l a r i t y i n thickness - a t 

AM6 and AM10 there i s a c l a s t i c cover sequence o f grey sand,si I t and 

c lay . No diatoms were counted i n t h i s sequence and i t s o r i g i n must 

remain speculative but i t could re la te to*a r i ve r ine f l o o d deposit . 

Floods were common before c. 1853 when the embankment c o n t r o l l i n g the 

course o f the Conon was b u i l t (Davis 1979). In these boreholes the upper 

peat i s e i the r completely eroded or contains a s i g n i f i c a n t minerogenic 

component. 

The margins o f the g u l l y , shown by boreholes AM8, 9, 12, 13 and 

14 show no in te rca la t ions o f peat and the c l a s t i c uni ts i n these boreholes 

must re la te to marine c o l l u v i a l and a l l u v i a l deposi t ion. Further 

d i f f e r e n t i a t i o n o f these deposits i s not possible without f u r t h e r analysis . 

5.3.1 Arcan Mains 7 

AM7 was considered the best loca t ion to sample f o r f u r t h e r laboratory 

analysis since i t i s representative o f the central g u l l y area. The core 

was taken wi th a 48 mm. diameter modified Livingstone corer and the 

s t ra t igraphy, described i n the laboratory comprised -
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cm. m.O.D. 

0 - 6 3 9.68 - 10.31 

19. 6 3 - 6 5 9-66 - 9.68 

18. 65 - 71 

17. 71 - 88 

9.60 - 9.66 

9.60 - 9.43 

16. 88 - 128 9.03 - 9.43 

15. 128 - 131 9.00 - 9.03 

14. 131 - 236 7.95 - 9.00 

13. 236 - 252 7.79 - 7.95 

12. 252 - 268.5 7.625 - 7.79 

11 . 268.5- 272 7.59 - 7.625 

10. 272 - 276.5 7.545 - 7.59 

Description 

Not sampled 

Light brown crumbly organic s i l t 
wi th occasional i r on concretions and 
monocot. r o o t l e t s . Ag2 Asl Shi 6a+ 
Lf+ Th 2+Dl+ nig.2+ s t r f . O e l a s . l 
sice. 2. 

Dark brown well humified peat wi th 
crumbly s t ruc ture . Sh3 T h 2 l As+ 
nig.3 s t r f . l e l a s . l sice.2 l . s . O . 

Dark brown well humified peat w i t h 
crumbly s tructure and occasional 
woody d e t r i t u s . Sh3 D1+ T h 2 l As+ 
nig.3+ s t r f . 1 e l a s . l sice.2 l . s . O . 

Dark brown well humified peat. 
Sh2 Dl l T h 2 l As+ nig.3 s t r f . l 
e l a s . l sice.2 l . s . O . 

Dark brown well humified peat w i th 
some included s i l t and sand. 
Transi t ion zone. Upper boundary 
d i f f u s e . Sh2 Dl l Th^l 6a+ Ag+ As+ 
nig.3 s t r f . l e l a s . l sice.2 l . s . O . 

Light grey sandy s i l t wi th 
occasional herbaceous d e t r i t u s and 
root channels. Wood a t 194-206. 
Gal Ag3 As+ D1+ Dh+ n i g . 2 s t r f . 0 
elas.O sice.2 l . s . O . 

Light grey s i l t y clay wi th sand 
laminations a t 238 and 246 cm. Root 
channels present. Agl Ga+ As3 Th x+ 
n ig .2 - s t r f . 3 elas.O sice.2 l . s . O . 

Grey s i l t y sand. Agl Ga3 Dh+ nig .2 
s t r f . O elas.O sice.2 l . s .O 

Grey-brown organic s i l t . Short 
t r a n s i t i o n zones above and below a 
t h i n organic band of t o t a l l y 
humified ma te r i a l . Agl As+ Sh2 
T h 3 l D1+ n i g . 3 - s t r f . 2 elas.2 
sice.2 l . s . l . 

Trans i t ion zone. Grey-brown organic 
s i l t . Occasional herbaceous roo t l e t s 
and d e t r i t u s . As2 Sh2 *' Ga+ Th 2+ 
Dh+ nig.2+ s t r f . l elas.O s ice .2- l . s .O . 
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cm. m.O.D. 

9. 276.5 - 284 7.47 - 7.545 

8. 284 - 288 7.43 - 7.47 

7. 288 - 296 7.35 - 7.43 

: 6. 296 - 304 7.27 - 7.35 

5. 304 - 431 6.00 - 7.27 

400 - 408 

4. 431 - 465 5.66 - 6.00 

3. 465 - 490 5.41 - 5.66 

2. 490 - 525 5.06 * 5.41 

525 \ 5 4 7 4.84 - 5.06 

1. 547 - 579 4.52 - 4.84 

Description 

Grey sandy s i l t . Rare fragments of 
monocot. d e t r i t u s . Upper boundary 
gradual. Gal Ag3 As+ Dh+ Sh+ n i g . 2 -
s t r f . 2 elas.O sice.2 l . s . O . 

Grey-brown organic s i l t wi th woody 
and herbaceous d e t r i t u s . D1+ Sh2 
As2 Ag+ Ga+ Dh+ nig.2 s t r f . 2 e l a s . l 
sice.2 l . s . O . 

Grey organic s i l t wi th monocot. 
roo t l e t s and herbaceous de t r i t u s . 
Ag3 T h 2 l Ga+ As+ Sh+ Dh+ n i g . 2 -
s t r f . 2 e l a s . l s ice.2 l . s . O . 

Transi t ion zone. Grey-brown organic 
s i l t wi th Phragmites rhizomes a t 
297 cm. and black laminations of 
t o t a l l y humified organic material (Sh) 
a t 299 and 301 cm. More organic to 
base. Sh3 Agl Th 2 (Phra.)+ Th2+As+ 
Ga+ n ig .3 - s t r f . 3 elas.2 sice.2 l . s .O 

Dark brown well humified peat wi th 
occasional monocot. roo t l e t s 
wood a t 333 - 38 cm, 329 - 31 cm, 
354 - '58 cm, 410 - 12 cm. T h 3 l Sh3 
Ga+ Dh+ nig.3 s t r f . 2 elas.2 sice.2 
l . s . O . 

Not sampled. 

Grey-brown s i l t y peat. Trans i t ion 
zone. Upper boundary d i f f u s e . 
Sh2 Agl D l l Dh+ Ga+ nig.2+ s t r f . 2 
elas.2 s ice.2 l . s . O . 

Grey organic s i l t wi th woody d e t r i t u s . 
Wood at 483 - 85 cm. D1+ Dh+ Sh2 Agl 
Gal As+ n ig .2 s t r f . 2 e l a s . l sice.2 l . s . O . 

Light grey s t i cky sandy s i l t wi th rare 
monocot. r o o t l e t s . No v i s i b l e s t ructures . 
Upper boundary a sharp erosion contact 
running diagonally through 1 cm. 
Ag3 As+ Gal Th 2+ n i g . l s t r f . O elas.O 
sice.2 l . s . 3 / 4 . 

Possible contamination. 

Grey sand wi th occasional quartz 
grains Ga4 Ag+ As+ nig .2 s t r f . O 
elas.O sicc.2+ l . s . 2 . 
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5.3.1.1 AM7 Pollen 

A standard pollen diagram f o r Arcan Mains already exis ts (Davis 

1979) and i t was decided only to analyse levels a t the upper and lower 

contacts o f the lower peat and the lower contact of the upper peat. 

12 levels were analysed f o r pol len though a t 500 cm. the pollen 

content was n e g l i g i b l e . I t was not possible to zone the diagrams in the 

normal manner and the three local pol len assemblage zones described merely 

r e f l e c t the three separated areas of core analysed. The pollen diagrams 

are shown i n f i g s . 5.26 and 5.27 and the. pollen counts are tabulated i n 
* 

Appendix I . On f i g s . 5.26 and 5.27 Cory1us should read Corylo id . 

* * 

Zone AMI 491 to 485 cm. 

Betula i s present i n consis tent ly high values ranging from 65.5% 

at 490 cm. to 76.1% a t 485 cm. Other taxa present but i n lower percentages 

are Pinus, Corylo id , Jiiniperus, Sa l ix , Gramineae, Fi l ipehdula and 

Myriophy11 urn a l te rn i f1orum. Total concentration values increase from . 

75.4 grains x 10 3 /cm 3 a t 490 cm. to 121.0 grains x 10 3 /cm 3 a t 486 cm. the 

greater part of which i s contributed by Be t i l l a. 

Zone AM2 302 - 301 cm. 

This zone consists o f only two leve ls .Corylo id and Gramineae are 

the predominant taxa wi th 40-50% and 18-20% respect ively . Concentration 

values are 71.6 and 87.9 grains x 10 3 / cm 3 and Coryloid i s the major 

con t r ibu to r . 

Zone AM3 132 - 128 cm. 

The most noticeable feature o f t h i s zone i s the high concentration 

and percentage values o f Alnus a t 153 grains x 10 3 /cm 3 and 43.2% at 132 cm. 

The Coryloid and Pinus curves f a l l from \32 cm. to 130 cm. perhaps 

r e f l e c t i n g the change from minerogenic to biogenic sedimentation recorded 
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F1g. 5.26 Arcan Mains, %TLP + Group. 

N.B. Cory!us should read Corylo id . 

F ig . 5.27 Arcan Mains, Pollen concentrat ion, 

N.B. Horizontal scale should read 

"Taxa Axes 1n 10 x 10? grains/cm 3 un i t s " 
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a t the boundary between s t ra ta 14 and 15. Also of note i s the consistent , 

i f low, value f o r the T i l i a curve. Though only reaching 1.7% a t 130 cm. 

i t s concentration i s 6.0 grains x 10 3 /cm 3 , a high value f o r such a 

northerly s i t e . 

5.3.1.2 AM7 Diatoms 

Representative samples were taken from the lower and upper c l a s t i c 

sequences a t AM7 and prepared f o r diatom analysis . Strata 1 to 3 • 

contained no diatoms or fragments of diatoms. Strata 7 to 14 however 

contained s u f f i c i e n t f o r counting and a q u a l i t a t i v e scan revealed 

diatoms of f resh to fresh-brackish a f f i n i t y . Only i n stratum 13 at 

250 cm., 7.81 m. , were diatoms of marine and brackish diatoms found 

comprising, Para!ia sulcata, Nitzschia punctata, Cocconeis scute!1 urn, 

Diploneis s m i t h i i , Cocconeis clandestina, Grammatophofa oceanica 

var. macilenta, Navicula l y r a , Navicula c l emeriti's and Calorieis formosa. 

5.3.1.3 AM7 Par t i c le Size and Loss on I g n i t i o n 

Eleven samples were bulked from contiguous i n t e r v a l s , usually 

5 cm., between 575 and 505 cm. and p a r t i c l e size analysis carr ied 

out . A subsample o f each was also taken f o r loss on i g n i t i o n 

determination, however none contained more than 1% organic content. 

The r e su l t s , tabulated i n Appendix I I I do show a f i n i n g upwards 

sequence from 91% sand a t 570 - 575 cm. through 56% sand 40.5% 

s i l t a t 555 - 560 cm. to 4.5% sand, 75.9% s i l t , 19.6% clay a t 

500 - 505 cm. 

5.3.1.4 AM7 1 4 C Dating 

3 samples were submitted from AM7 f o r radiocarbon assay. Fu l l 



de ta i l s are given i n Appendix IV 

The most relevant data comprised 

Lab.no. Hv 10.012 

Depth (cm.) 126 - 131 

A l t i t u d e (m.O.D.) 9 . 0 0 - 9 . 0 5 

Age (B.P.) 5775 - 85 

1 3

C ( % ) • -26.7 

Thickness (m) 0.05 

Components Sh2 DU 

: T h 2 l Ga+ Ag+ 
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on I.G.C.P. sea-level computer forms, 
however:-

Hv 10.013 Hv 10.014 

303 - 308 484 - 490 

7.23 - 7.28 5.41 - 5.47 

7700 - 80 5420 - 280 

-26.2 -27.2 

0.05 0.06 

Sh3 T h 2 l Sh3 Gal Ag+ 
Ga+ DJ+ Dl + Dh+ 

http://Lab.no
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CHAPTER 6 

ENVIRONMENTAL EVIDENCE FOR SEA-LEVEL CHANGE 

6.1 Introduction 

The previous chapter provides new data from sites in the inner 

Moray Firth area for changes in deposition within the coastal zone. This 

zone i s characterized by alternating biogenic and minerogenic sequences, 

the changes between which are often implicit ly accepted as evidence for 

rises and f a l l s in sea-level . The situation is far more complex 

however - as Streif (1979) correctly states: 

"Without a doubt, this zone is most sensitive to water-level 
fluctuations, but the vertical changes of sea level are only 
one component among a great variety of factors which influence 
the paleogeographic tendencies of a retreating or prograding 
coastline" (p.304) 

The need to prove that the alternation of biogenic and minerogenic 

sequences mirror a change in the contemporary sea-level i s just as great 

for the inner Moray Firth area as in areas showing less isostatic up l i f t . 

Isostatic recovery contributes only to the rate and direction of sea-level 

movement, not to the relationship of depositional environment and sea-level. 

Many researchers engaged in outlining Flandrian sea-level changes 

accept that a transgressive overlap is generally good evidence for a 

positive movement of sea-level . However, especially in areas of l i t t l e 

isostatic up l i f t , s tabi l i ty or subsidence d i f f i cu l ty often arises over the 

interpretation of the regressive overlap representing a f a l l in sea-level. 

I t is essentially this debate that has divided studies into two informal 

schools, those who accept evidence for short term, low amplitude osci l lations 

in sea-level (Fairbridge 1961, Tooley 1974, 1978b) and those who suggest 

that a l l the evidence can be explained by a smoothly rising sea-level 

(Jelgersma 1961). 

Kidson and Heyworth (1973, 1979) suggest that the characteristic 

interfingering of biogenic and marine c las t i c layers is due to a 
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continuously ris ing sea-level though the rate of change may vary. Local 
sedimentation conditions are considered of major importance. The overlap 
of a peat layer over marine facies i s seen as the result of high biogenic 
sedimentation rates superimposed upon a lower rate of sea-level r i s e . 
Storm surges, local changes in the hydrological regime and other coastal 
processes such as the bufld-up and break-down of coastal barriers are 
considered adequate to explain the characteristic lithologic changes 
encountered. This view is similar to that of Jardine (1975) in his 
explanation of the regressive overlap of the upper peat in the Lochar 
Gulf area of the Solway Firth (see Chapter 3) . 

Tooley (1978a, 1979) cites evidence from north-west England of 

continuity in deposition and an inherent cyc l i c i ty in the removal and 

replacement of marine conditions as shown by pollen, diatoms and chemical 

analyses to suggest positive and negative movements of sea-level. At 

Downholland Moss 15, for instance, the successive pollen assemblages 

"indicate an autogenic plant succession followed by a retrogressive 
one, from saltmarsh plant communities to reedswamps and oak-
dominated fen, back through reedswamps to saltmarsh communities" 
(Tooley 1979, 504) 

When further micro and macrofossil analyses of the c las t i c layers reveal 

an increasing followed by a decreasing marine influence 

"the conclusion i s d i f f i c u l t to avoid that the changes in water 
quality and water depth were a consequence of actual changes in 
the sea-level surface" (Tooley 1979, 504) 

The debate has not attracted much attention in Scottish sea-level 

research primarily because isostatic recovery in conjunction with the 

eustatic sea-level has produced a series of raised and t i l ted beaches. 

Once the succession of shore l ines ,™ effect marine limits, has been det­

ermined i t can provide an excellent 'sea-level indicator'- defined here as 

any lithostratigraphic or biostratigraphic evidence used as an indicator 

to the direction of sea-level movement. The investigation of the Flandri 
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shoreline sequence of the Forth by Sissons (1966), Sissons et al . (1966), 
Kemp (1975) and Smith et a l . (1978) provided detailed evidence for the 
direction and relative timing of sea-level movements. When coupled to a 
sea-level curve based on dated index points of known position in the 
shoreline sequence i t gives incontrovertible evidence for rises and f a l l s 
in sea-level (Sissons and'Brooks 1971). 

However where such a comprehensive stratigraphic succession has 

not yet been developed the interpretation of regressive and transgressive 

contacts in terms of sea-level movement must be argued from other sea-level 

indicators. 

In the Sol way Firth area for example - an area comparable in 

isostatic upl i f t to the Tay - the shoreline sequence has not been deter­

mined with the result that the sea-level curves produced ( f igs . 3.1, 2 

and 3) have no limits set on the direction of sea-level movement save 

for the original or derived altitude of the index point and its age. No 

other sea-level indicators are used and consequently there is no consistent 

model for the interpretation of transgressive and regressive overlaps. 

Indeed as noted in Chapter 3 the same regressive contact at Newbie 

Cottages provides evidence for a r i se in sea-level and also the culmination 

of the Flandrian r ise in sea-level in the area. 

In the inner Moray Firth area the supporting arguments of a shoreline 

sequence, more s t r i c t l y a marine l imit sequence, have not been determined. 

An alternative approach is therefore proposed using other l i thos tra t i -

igraphic and biostratigraphic sea-level indicators to interpret the peat-

clay transitions as vertical movements in sea-level . 

In the remainder of the chapter the idea of indicative meaning 

wil l be outlined. Indicative meaning (van de Plassche 1979, Shennan 

1980) is the concept that plant and animal assemblages and geomorphological 
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features in the coastal zone have a measurable relationship to sea-level. 
I t is an idea that is basic to a l l attempts at the reconstruction of 
former sea-levels (Johnson 1931). Some informal and formal models using 

i 

l i thostrat igraphic and biostratigraphic sea-level indicators w i l l be used 

to develop an argument for vert ical movements in sea-level. Final ly the 

data presented in Chapter*5 w i l l be interpreted with the aid of these models. 

6.2 Indicative range 

Underpinning a l l reconstructions of former sea-level is the assumption 

that geomorphological features or biostratigraphic assemblages have a 

relationship" to a contemporary tide level (indicative meaning). For 

instance Scott and Medioli (1978) claim to be able to ident i fy accurately 

the position of former tide levels in a saltmarsh sequence to an accuracy 

of -0.05 m. •• in favourable circumstances - using foraminiferid assemblages. 

In this study index points have been taken from Phragmites or other 

monocotyledonous peats and i t is the understanding of the indicative 

meaning of former coastal plant communities that is essential for recon­

struction of former sea-levels. 

The evaluation of former indicative meanings is based on the study 

of contemporary indicative meanings. However there is a lack of contem­

porary sites showing a vegetation succession from low marsh through high 

marsh to reedswamp and fen woods remaining free from anthropogenic 

influence. Tooley (1978a) summarized the more relevant data but concludes 

that: 

"the a l t i tud ina l range of peat forming plant communities in the 
in ter t ida l zone makes the interpretation of boundaries and 
boundary zones between biogenic and minerogenic strata d i f f i cu l t " (p .21) 

However, as Shennan (1980) suggests the question to be asked is whether any 

rel iable estimate can be given of the range over which certain vegetation 

communities occur with respect to a reference tide level (the indicative 
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range). The size of the indicative range w i l l almost certainly be affected 

by local factors such as aspect, wave energy, freshwater input and soil 

conditions but the error can be reduced by only using samples from levels 

showing a change in the sedimentary environment from saltmarsh to fresh­

water reedswamp or fen. This is because the transit ion between the zones 

does not have an indicative range equal to the sum of both. Homogeneous 

layers are therefore less useful in reconstructing former sea-levels. 

Shennan (1980) using information from Kidson and Heyworth (1979), 

van de Plassche (1979) and Tooley (1978a) provides a table of indicative 

range of commonly dated material. 

TABLE 6.1 

Indicative range reference 
(cm) water level 

Phragmites or monocot. peat 

d i rect ly overlying saltmarsh 20 M1 - 20 cm. 

d i rect ly below saltmarsh * 20 MHWST - 20 cm. 

above fen wood peat 20 MHWST - 10 cm. 

below fen wood peat 20 M* - 10 cm. 

middle of layer • 70 infer from s t ra t ig . 

Fen wood peat 

d i rect ly overlying Phragmites or 
saltmarsh deposit 20 cm. M1 

direct ly below Phragmites or 
saltmarsh deposit " " 20 cm. MHWST 

M1 = HAT + MHWST/2 

These proposed values for reference water level contain two factors, 

a constant and a t ida l factor which means the importance of the indicative 

range is dependent on the t idal range. For example the indicative range 

of a Phragmites peat below a saltmarsh deposit ( i . e . at a transgressive 



-199-

overlap) is in effect at a former MHWST - 20 - 10 cm. This w i l l encompass 

a greater proportion of the t idal curve in areas of low t idal range as 

opposed to areas of high t idal range. This has important repercussions 

in comparing sea-level curves from areas of d i f fer ing t idal range and 

much more research needs to be undertaken on relating indicative range 

to proportions of the t idal curve (Shennan 1980). The proposed values 

for indicative range (table 6.1) w i l l be used as an aid to the con­

struction of a sea-level curve in chapter 7. 

No published Flandrian sea-level curve for Scotland includes an 

exp l ic i t statement on the indicative range of the index points, nor which 

reference tide level the curve is supposed to represent. Peacock et a l . 

(1977) and Peacock et a l . (1978) do add error boxes for the a l t i tud inal 

error on the index points which do include impl ic i t use of the indicative 

range of certain marine molluscs. These curves are for the Late 

Devensian ( f ig 3 .1 , 4, 5). 

6.3 Lithostratigraphic and biostratigraphic indicators of sea-level change 

Once the relationship to a t ide level of the feature to be used 

in reconstruction has been assessed the next step is the interpretation of 

the change in sedimentary environments in terms of sea-level movements. 

In the inner Moray Fir th the shoreline sequence (sensu Sissons 1976) has 

not been determined and the assessment of tendency of sea-level movement 

depends on other sea-level indicators. 

Shennan (1980): provides a l i thostrat igraphic model based on the 

work of Streif. (1979) that is applicable in part to the successions found 

in the inner Moray F i r th . He considers that only through evaluating the 

tendencies of sea-level movement using a number of indicators can vert ical 

movements, especially negative ones, be proved. Strei f (1979) provides 
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three situations which can individual ly reveal negative movements of the 

watertable. These are:-

fen peat layers which can occur within an intercalated peat layer 

or in a perimarine peat 

horizons of decomposition within fen peat layers 

soil horizons which cannot form below the water table nor below 

mean high t ide level and their occurrence on top of t idal f l a t and lag-

oonal sediments can indicate a f a l l in watertable. 

The evaluation of sedimentation rates is extremely important in the 

assessment of sequence development, especially since i t is acknowledged 

that peat formation can keep pace wi th , and exceed sea-level r ise in certain 

contexts, as at Flanders Moss (Sissons and Smith 1965). An important 

concept here is the equilibrium position of accretion and sea-level movement. 

According to Kidson and Heyworth (1979) vert ical accretion is l imited to 

the top of the contemporary high marsh and this probably represents the 

equilibrium posit ion. Undoubtedly a prime factor in sedimentation rates and 

the vert ical and horizontal succession of vegetation zones is the rate of 

sea-level movement. A change in the rate of sea-level rise would sh i f t 

the equilibrium position to the low marsh, the high marsh environment would 

become narrower and i f looked at in cross-section,coarser sediments would 

be deposited nearer to the transgressive overlap of the organic layer 

beneath. With the reverse, an increase in the rate of sea-level f a l l , the 

equilibrium zone is within the high marsh and this causes the depositional 

zones to wedge out in a seaward direction (Shennan 1980). 

One possible method of evaluating sedimentation rates in both 

minerogenic and biogenic layers is through pollen concentration techniques. 

I f pollen in f lux can be regarded as constant then changes' in pollen con­

centration should ref lect changes in sedimentation rate. I t is unlikely that 

pollen in f lu x could ever be regarded in this study as constant, however, 
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due to changes in the regional forest composition caused by immigration of 
new species and changes in local pollen production and preservation con­
sequent upon environmental change. 

Pollen and diatom evidence for consistent change, in environment, 

coupled with l i thologic changes outlined above, constitute sea-level 

indicators which taken together give good evidence for sea-level change. 

The Moray Firth area has undergone considerable post-glacial u p l i f t . 

Shennan (1982) considers that in an upl i f ted area the registrat ion of a 

positive tendency of sea-level movement is more than a local phenomenon. 

Since isostat ic u p l i f t operates in the opposite direction only when the 

rate of eustatic sea-level r ise exceeds the rate of isostatic u p l i f t 

w i l l a r ise in sea-level be recorded. Similarly a f a l l in sea-level w i l l 

be amplified. 

Therefore in an upl i f ted area where a transgressive and regressive 

overlap sequence can be shown to be t rans i t iona l , i f an age and al t i tude 

range can be demonstrated along both contacts then factors of regional 

significance can be ident i f ied . 

The corollary is of great importance in correlat ion. In a sub­

siding area where a regressive overlap is suggested to represent a f a l l in 

sea-level then this is l i ke ly to be an event of regional significance. 

6.4 Interpretation of data in terms of sea-level movement 

The remainder of the chapter w i l l deal with interpretation of the 

pollen diatom, stratigraphic and data presented in Chapter 5 in an 

attempt to produce evidence for sea-level change. An attempt w i l l also 

be made to assess the scales at which these interpretations are va l id . 

Only brief account w i l l be taken of the chronology of events. This w i l l 

be discussed f u l l y in Chapter 7. 



-202-

6.4.1 Barnyards 3B 

The stratigraphy of the lower c last ic sequence at BY3B comprises 

two uni ts , lower laminated grey sands and s i l t s and an upper homogeneous 

grey sandy s i l t . The presence of laminated units within the coastal 

sequences has often been taken to indicate an in ter t ida l environment 

(Tooley 1978a). • 

Certainly diatom zones BY3BD1 and 2 show a mixture of fresh,brackish 

and marine forms such as Achnanthes delicatula - a brackish epiphyte, 

Opephora martyii - a fresh-brackish epiphyte and Para!ia sulcata - a 

marine planktonic form, which would tend to support such a hypothesis. 

Above 400 cm. the marine influence demonstrated by such diatoms as 

P. sulcata, Podosira s te l l i ge r , Grammatophora oceanica var. macilenta, 

Biddulphi a aurita and Actinoptychus undulatus decreases and the diatom 

spectra becomes almost monodominant with the rise of the brackish benthonic 

form Diploneis interrupta. This brackish zone corresponds approximately to 

stratum 2 between 393 and 402 cm. Pollen concentration in this stratum is 

uniformly low and with a high percentage of Fi l icales spores i t probably 

indicates poor pollen preservation caused either by increased mechanical 

destruction or a decreased t idal cover allowing oxidation. The good pres­

ervation of diatom frustules and gradual decrease in part ic le size support 

the la t te r . A th i rd interpretation could be that the stratum 2 represents 

a small channel deposit or pipe f i l l , common on salt marshes in the area 

today (Kesel and Smith 1978). 

Pollen content is l i t t l e help in interpreting environments of 

deposition within the lower clast ic sequence. The major component of the 

tree pollen is Betula which is a characteristic feature of early Flandrian 

pollen diagrams from northern Scotland. 

The transit ion to the biogenic layer stratum 3 is sharp, over 1 cm, 



-203-

is in accord with the models of Shennan (1980) and Kidson and Heyworth 

(1979) for the regressive overlap near the seaward extreme of biogenic 

sedimentation under an increased rate of sea-level f a l l . 

A single diatom count from the base of the peat at 392 cm. includes 

the fresh diatom Pinnularia subcapitata which is also an acidophile t o l ­

erant of habitats with a p>l between 4.0 and 8.0. The occurrence of seeds 

attr ibutable to Juncus effusus type and one to J.geradii suggest s l ight ly 

acid waterlogged conditions. J . geradii is an important component of the 

upper saltmarsh and commonly found in estuarine-marine deposits of Flandrian 

age (Godwin 1975). However the diatom spectrum at 392 cm. s t i l l contains 

a large element of brackish and marine forms also. 

The pollen data for BY3B2 supports the suggestion of an upper 

saltmarsh - reedswamp environment since the zone contains Gramineae in high 

percentages, probably attr ibutable to Phragmites, the rhizomes of which 

are abundant in the stratigraphy. The marked rise in pollen concentration 

through the zone is a remarkable feature of the s i te ( f i g .5 .8 ) . I t is 

probably due to an increase in pollen production by reedswamp vegetation 

but also perhaps to an increase in pollen preservation in the prevailing 

waterlogged conditions allowing the regional pollen.rain to be preserved 

with the increased local pollen contribution. 

The marked rise in Coryloid pollen at the beginning of zone BY3B3 

is a further notable feature of the pollen diagram. I t may represent a 

s l ight lowering of the watertable allowing Corylus to colonize drier areas 

in the v i c i n i t y , or al ternat ively i t could be explained in climatic terms. 

The Corylus r ise is a widespread feature in Br i t ish pollen diagrams and 

has t rad i t ional ly been used to delimit the Godwin zone IV/V boundary 

(Godwin I940b)and the Flb/c chronozone boundary (Hibbert & Switsur 1976). 

Corylus is considered a high pollen producer in open conditions (Birks 1973) 

and the high pollen frequencies recorded may suggest small amounts of the 
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shrub growing in the local area. 

There is supporting evidence for a s l ight f a l l in watertable. Seeds 

attr ibutable to Juncus effusus type are common to 389 cm. Fil ipendula, 

Chenopodiaceae and Umbelliferae pollen decline at this level also. In 

addition the appearance of desmids at 389 cm. points to a s l ight lowering 

of the watertable and a disappearance of brackish conditions. Kidson 

and Heyworth (1979) suggest that desmids are useful indicators in defining 

the upper l im i t of standing brackish water. The interpretation is only 

one of degree for the continued high values of Gramineae through zone 

BY3B4, together with the continued presence of Chenopodiaceae and the 

appearance of the aquatics Potamogeton and Typha l a t i f o l i a , i l l us t ra te 

reedswamp conditions persisted throughout the formation of the peat layer. 

The transgressive overlap is gradual above 376 cm. and diatoms 

show l i t t l e variation throughout zones BY3BD5 and 6 with a mixture of 

fresh, brackish and marine forms suggesting l i t t l e change in water depth 

or sa l in i t y . Three part ic le size determinations show a lack of the sand 

and coarser fractions suggesting a position high in the t ida l range. 

Strata 6 to 9 show a s l ight coarsening of the part icle size d is t ­

r ibut ion and a decrease in organic content ref lect ing an increase in water 

depth. The existence of an iron-stained layer to a depth of c. 220 cm. 

suggests a subsequent f a l l in watertable and by implication sea-level. 

In conclusion the 1ithostratigraphy and biostratigraphy of the 

deposits recorded in BY3B suggests a gradual decrease in water depth from 

inter t ida l through saltmarsh to reedswamp formation. The entire peat 

layer is probably attr ibutable to deposition in a reedswamp environment, 

perhaps with some sl ight evidence for a lowering of the watertable but not 

of suf f ic ient duration or magnitude to allow fen woods to colonize the s i te . 

Above the peat layer the transi t ion to in ter t ida l conditions and f u l l 
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marine cover is gradual, without any discernible hiatus. A f ina l f a l l in 

watertable is inferred from the presence of the iron stained layer to a 

depth of c. 220 cm. 

6.4.2 Barnyards 14B 

Although no diatoms were counted through the lower c last ic sequence 

at BY14B, strata 4 to 6 are interpreted as marine or estuarine in or ig in . 

Particle size analysis ( f i g . 5.11) shows a predominance of the s i l t and 

clay fract ion and a tendency to f ine upwards towards the regressive over­

lap. Stratum 5 is considered to be a reworked deposit consisting of 

intermixed peat and s i l t y clay. The presence of peat balls is not 

uncommon in Flandrian marine sediments. At Innernethy in lower Strathearn 

a similar peat band, 1 cm. th ick, l ies 18 cm. below the base of the main 

peat bed. I ts presence is taken to prove that the buried shoreline of the 

estuarine deposits upon which the main peat bed rests is transgressive 

in character (Cullingford et a l . 1980). Greensmith and Tucker (1973) 

consider that peat balls are a product of erosion on saltrnarshes and 

require only the existence of a peat seam or plant r ich c layey-s i l t layer 

v/ithin or at the surface of the marsh undergoing erosion, i t does not 

require a specific direction of sea-level change. The pollen content of 

stratum 5 is essentially the same as the lowermost "levels of the main 

peat layer suggesting l i t t l e difference in age. I t is considered here 

that the reworked nature of stratum 5 represents a phase of channel cutting 

during a period of sea-level f a l l . 

The transi t ion from the lower clast ic sequence to the lower peat 

layer is again sharp, over 1 cm., which is contrary to the suggestion of 

Shennan (1980) that the transi t ion zone of a peat layer should be thicker 

at landward sites under conditions of an increasing rate of sea-level change. 

This could be taken as an argument for an i n i t i a l rapid.rate of sea-level 
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fal l since In an uplifted area isostatic recovery would tend to Increase 
the rate of sea-level f a l l . Alternatively i t could suggest an hiatus 1n 
deposition. 

Pollen in stratum 6 at 366, 364 and 363 cm. contains no indication 

of an hiatus. High, values of Gramineae, Cyperaceae and the sporadic 

occurrence of Chenopodlaceae i s Interpreted as evidence for a reedswamp 

environment. The transition to biogenic sedimentation is marked by a 

significant increase In total pollen concentration to 45.0 grains x 10 3/cm 3, 

by an increase in the broken and folded classes of determinable pollen 

(fig. 5.11) and the broken, folded and concealed classes of indeterminable 

pollen (fig.5.9)r The-environment"during the transition was~probably 

one of reedswamp with Salix carr and Cory!us on the surrounding drier areas 

and slopes overlooking the si te. 

The Corylold curve is considered to represent the presence of 

Cory!us rather than Myrica. Myrica gale grows in acidic fen conditions 

of extreme oligotrophy or eutrophy and is common in the area today 

(Duncan 1980). Chesters (1931) reported the macrofossil remains of Myrica 

from the basal layers of an oligotrophic peat overlying the "50' beach" 

near Crinan. At Barnyards and Moniack however the pollen and strati graphic 

evidence suggests that suitable acid conditions preferrred by Myrica were 

not present. Most peats encountered are considered eutrophic with no evidence 

of ombrogenous peat development. 

Of note also 1n the transition zone and basal layers of the lower 

peat at BY14B is the Juniperus curve which shows a peak of 19.0% at 

360 cm. Juniperus does not reach above 2% throughout the deposition of the 

thin peat layer at BY3B and this is taken to suggest a distance decay 

effect away from the source area of the Juniperus pollen which would 

probably be located on the driver slopes to the east of the sampling s i te . 
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I t could also be taken as evidence for the time-transgressive nature of 

peat development at Barnyards. In pollen zones BY14B2 to 4 there is a 

record of the r ise in Coryloid pollen - again probably attr ibutable to 

Cory!us - at the expense of Betula perhaps ref lect ing competition between 

these species. 

There is evidence for watertable fluctuations throughout the formation 

of the lower peat. High Gramineae, Cyperaceae, Salix, Filipendula and 

Potamogeton values suggest an environment transit ional between reedswamp 

and freshwater fen dominated by Salix with a high watertable during 

zones BY14B1 and 2. Between 286 and 346 cm. the stratigraphy comprises 

a monocotyledonous peat with woody detri tus and th is corresponds with the 

disappearance of the aquatics Potamogeton and Myriophyl1 urn alternif1orum 

which suggests a s l ight lowering of the watertable allowing the Salix fen 

to be colonized by Cory!us. Additional support is given by the low pollen 

count at 319 cm. At f i r s t , this was considered an error in the pollen 

preparation technique but an adjacent sample from 320 cm. also showed a 

scarcity of pollen. Total pollen concentration at this level is only 

11.4 grains x 10 3/cm 3. 

During zone BY14B4 the .Coryloid curve reaches a consistently high 

value of 33-63% but towards the top of the zone aquatics, such as Potamogeton 

and Typha angustifolia return with other indicators of waterlogged 

conditions such as Equisetum and Filipendula. This suggests a r ise in 

watertable. 

The transgressive overlap of the upper peat layer is clearly erosional 

with a large piece of coarse gravel 55 x 40 x 26 mm. resting d i rect ly on the 

peat. Pollen supports this conclusion : there are taxa indicative of a 

rise in watertable but there is no suggestion of a return to reedswamp or 

saltmarsh conditions. 
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The intercalated minerogenic layer which consists of a lower l i gh t 
grey micaceous sand and gravel and fines upwards contains the highest total 
pollen concentration recorded at the s i te , 259,9 grains x 10 3/cm 3 at 
170 cm. Most is contributed by Pinus which reaches 138.3 grains x 10 3/cm 3. 
High values of pine pollen in marine or estuarine deposits are a common 
occurrence. Godwin (1975)* notes that: 

"where estuarine clays occur between peat layers the clays 
invariably y ie ld high values for the percentage of contained 
Pinus pollen, values greatly in excess of those in the 
adjacent peat layers" (p.106) 

Reasons given for the high Pinus frequencies include long distance 

wind transport, surface d r i f t i n g , d i f ferent ia l destruction and the incorp­

oration of secondary pollen by the erosion of pine peat layers. Pinus 

pollen is well known for i t s buoyancy in water and this factor combined 

with one or a l l of the above reasons probably contributes to the high 

values encountered. There is evidence that Pinus immigrated into the 

immediate area prior to the clast ic sedimentation of stratum 10, indeed 

the lower boundary of zone BY14B is located at a signif icant rise in Pinus. 

No diatoms were counted through the upper marine clast ic layer of 

the interf ingering sequence at BY14B and therefore statements of changing 

water depth and sa l in i ty are not possible at present. The sequence does 

show a marked f in ing upwards however. 

The transit ion to the upper peat, layer was not sampled but the 

lowermost pollen spectrum of this peat layer does show high values for 

Gramineae both in percentage and concentration, abundant Phragmites 

rhizomes recorded in the stratigraphy, Chenopodiaceae pollen and inclusions 

of s i l t . A Phragmi tes reedswamp environment is therefore inferred. 

Zone BY14B7 contains a decline in Pinus and an increase in Alnus 

pollen representation. The decline in Pinus pollen can in part be regarded 

as due to the reversion to biogenic sedimentation eliminating the bias given 
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to Pinus pollen in marine sediments by i t s buoyancy. The expansion of 

Alnus to form an Alder carr with Corylus may also have contributed to the 

decline by f i l t e r i n g out more Pinus pollen from the regional pollen ra in. 

I t is interesting to note that Alnus f i l l s the niche that Salix 

developed in the lower peat5 values of Salix are only sporadic in the 

upper peat. Evidence also exists for a fa l l i ng watertable. This is 

suggested by the presence of woody detri tus in the matrix of the peat, a 

horizon with l i t t l e pollen ( total concentration = 8.7 grains x 10 3/cm 3) 

at 130 cm. and an increase in the corroded class of determinable pollen 

( f ig .5.11) . 

Above 130 cm. damper habitats and a r ise in watertable are inferred 

from spores of Selaginella selaginoides, a clubmoss which occurs in damp 

slacks along the present coast (Duncan 1980) and Equisetum. This inter­

pretation is supported by the pollen of the aquatics Potamogeton and 

Myriophyllum spicatum. 

The minerogenic layer overlying the upper peat at BY14B is inter­

preted as a col luvial deposit consisting of yellow-brown s i l t y sand and 

gravel with iron-staining and l i t t l e organic content. 

In conclusion environmental evidence suggests a decrease in water 

depth with a gradual transit ion to reedswamp at the base of the lower peat. 

Within the lower peat there is an indication of a f a l l in watertable with 

the development of Salix-fen. There is also some evidence for destruction 

of some pollen types perhaps by oxidation. Increased frequencies of 

pollen of damp-loving and aquatic taxa suggest a rise in watertable towards 

the transgressive contact though the erosive nature of that contact has 

removed evidence, i f any, for a return to reedswamp and saltmarsh 

conditions. 

The intercalated marine clast ic layer shows evidence for a f in ing 
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upwards sequence interpreted as a decrease in water depth. 

The upper peat at BY14B contains evidence for an i n i t i a l reedswamp 

community succeeded by an Alder carr with Corylus and the woodland 

epiphyte Polypodium which suggests a lowering of the watertable. Towards 

the top of the peat the return of aquatic pollen and other indicators of 

damp conditions suggests a return to wetter conditions. 

6.4.3 Barnyards - s i te interpretation 

The Barnyards s i te provides some very good indicators of the tendency 

of sea-level movement. The lower regressive contact is interpreted as 

representing a f a l l in sea-level. The al t i tude of the regressive overlap 

fa l l s from 8.76 m. at BY14B to 1.94 m. at BY3B and an age difference of 

c.400 years is inferred from one radiocarbon date at BY3B (9200 - 100 B.P. 

Hv 10.010) and pollen evidence at BY14B (see Chapter 7). This variation 

of age and al t i tude is.considered a good indicator of sea-level movement. 

Consistent environmental change from an in ter t ida l deposit to a reedswamp 

is recorded at BY3B while at BY14B to landward, a reedswamp community 

is succeeded by a Salix-fen with some evidence for a decomposition layer. 

The transgressive overlap also shows a measurable age gradient even 

though the contact is erosive at BY14B. The al t i tude of the transgressive 

overlap also varies from 2.11 m. at BY3B to 7.88 m. at BY14B, a rise of 

5.77 m, again supporting the evidence of a r ise in sea-level. Further 

indications are given by a rise in watertable at BY14B below the erosion 

contact and at BY3B a reedswamp environment changes to a saltmarsh 

environment. 

The upper regressive contact does not show a difference in al t i tude 

or age though a f a l l in sea-level is inferred since the stratigraphy and 

pollen at BY14B show a reedswarnp to Alder fen succession and at more 

seaward sites the presence of iron-^stained horizons in the upper layers 

of the upper clast ic sequence strongly supports a f a l l in watertable. 
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Because the site is on a re lat ive ly open coast and because of the 
measurable age and al t i tude gradients on two of the contacts, the Barnyards 
site is considered to contain evidence for regional changes in sea-level. 
The detailed evidence outlined for the s i te w i l l therefore be used as an 
informal model to supplement the data from other sites in the area. 

6.4.4 Moniack 29B 

M29B is a complex core since i t comprises six biogenic layers and 

six minerogenic layers, the lower three of which are considered to represent 

marine events. 

The lowermost pollen spectrum is at 685 cm. in stratum 3 at the 

transit ion between the lower clast ic sequence and lower peat. The 

depositional environment of the lower clast ic sequence at M29B is uncertain 

since no diatoms have been preserved. However shell fragments presumed 

to be of marine origin were found in a similar stratigraphic position in 

the adjacent M29A borehole. Stratum 2 at M29B contains bryophyte remains 

attr ibutable to Fontinalis sp. at 690 cm. which suggests the presence of 

small pools or streams in the v i c in i t y . The lowermost pollen spectrum 

reveals a high total pollen concentration of 160.6 grains x 10 3/cm 3 

though nearly a l l is contributed by Cyperaceae. Pollen of Gramineae, 

spores of Equisetum and a seed of Juncus articulatus type a l l suggest 

an open reedswamp area with pools of water and a vegetation cover of 

sedges, grasses and rushes. No evidence for saltmarsh vegetation is 

present, though the stratigraphy does not indicate a depositional hiatus. 

Strata 4 to 6 have been correlated with the grey s i l t y sand layer 

in M4B (6.87 - 7.24m.) which contains marine diatoms. Two pollen counts 

below this layer in M29B contain Cyperaceae, Gramineae, Filipendula 

and spores of- Equisetum and Selaginella which suggest a high watertable 

prior to clast ic deposition. The stratigraphy of stratum 3 shows l i t t l e 

internal variation and gives no evidence for succession to fenwood 
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environments, indicating reedswamp conditions persisted throughout. 

At 649 cm. in stratum 4 seeds of Carex sp. and Menyanthes t r i f o l i a t a 

are indicative of freshwater l i t t o r a l habitats which could suggest only 

strata 5 and 6 relate to a marine event. 

The two pollen spectra above the inferred marine layers show a 

return to an almost identical environment of open reedswamp with standing 

fresh water, though the increase of Coryloid pollen to 38.1% may ref lect 

some colonization of Cory!us onto the bog surface. 

The clast ic strata 10 to 14 contain abundant diatoms (figs.5.19 

and 5.20). The transgressive overlap with stratum 9 is erosional. The 

diatom assemblage in zone M29BD1 shows no evidence of transit ion with the 

marine planktonic form Paralia sulcata reaching 84.5% of total valves at 

600 cm. I f the data are considered as a sum of total species then the 

swamping effect of P.sulcata can be gauged. Even so there is a complete 

lack of diatom species with an a f f i n i t y to fresh and fresh-brackish water 

conditions and an interpretation of f u l l y marine conditions during zone 

M29BD1 is hard to escape. 

The abrupt change to a brackish diatom assemblage zone M29BD2 

dominated by Diploneis interrupta is correlated with a change in s t ra t ­

igraphy from a l igh t grey clayey s i l t , stratum 13, to a grey s i l t y clay 

with monocot. rootlets at 441 cm, 8.91 m. O.D. As in zone BY3BD3 at 

Barnyards Diploneis interrupta becomes almost monodominant. Other species 

include Diploneis ovalis and Navicula pus i l la , both indicative of an 

upper saltmarsh environment (Round 1960). D. ovalis is also able to 

withstands periods without water cover. The continued presence of 

Paralia sulcata (c 1-3% total valves) suggests periodic marine inundation. 

The isolation contact is a concept used by Fennoscandian researchers 

to denote the change from brackish to fresh conditions in lake basins 
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consequent upon isostat ic upl i f t raising the threshold of the lake basin 
above the level of marine act iv i ty (e.g. Alhonen, 1971, Eronen-1 97'4, Kjemperud 
1981). However at M29B because of the dominance of Diploneis interrupta 
when calculated as a percentage of total valves the fresh and fresh-
brackish zone is restr icted. If a sum using % species is used the fresh 
and fresh-brackish curve r ises dramatically to c. 60% (f ig.5.20) . 
Therefore whether or not an isolation contact i s defined depends entirely 
on the sum used. 

A thin peat band, stratum 15, between 393 and 398 cm. (9.34-9.39 m.) 

marks the return to biogenic sedimentation and provides evidence consistent 

with a reduction in water depth and the removal of marine conditions. One 

pollen spectrum from 395 cm. shows a high concentration of Alnus, Gramineae 

and Equisetum. The proximity of the high ground of the eastern crag and 

ta i l feature could have provided a suitable habitat for Alnus with reed-

swamp vegetation at the sampling s i t e . 

Above the thin peat layer is a series of three minerogenic and 

three biogenic layers. The minerogenic layers are total ly dominated by 

fresh and fresh-brackish forms and are interpreted as al luvial or lake 

deposits. The Moniack al luvial fan provided a possible dam to the north 

east and any water held behind i t would also be enclosed by the high 

ground of the eastern crag and ta i l feature and the high ground of Cabricti 

to the south and east. Ephemeral shallow lake deposits could have 

accumulated behind the al luvial fan until the outlet lowered the threshold. 

An alternative explanation could be that the three minerogenic and three 

biogenic layers represent a gradual f i l l ing-up process with renewed 

c las t i c deposition caused by renewed act ivi ty of the Moniack al luvial fan. 

The f i r s t non-marine c las t ic layer comprising stratum 16, 

333-393 cm. is a grey-brown clayey s i l t a n d includes certain diatoms 

indicative of oligotrophic conditions such as Pinnularia gibba, P.mesolepta, 
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Eunotia pect.inalis, label !ar ia flocculosa and Frustulia rhomboides which 

can indicate dystrophic conditions. A seed of Carex rostrata at the 

transition to the overlying peat suggests a shallow aquatic environment 

with standing or slowly flowing water. 

The overlying peat layer strata 17 and 18 contains rhizomes of 

Phragmites and high Gramineae pollen frequencies, Potamogeton pollen and 

seeds attributable to P.natans and P.c . f . alpinus, an Kippuris vulgaris 

seed and pollen of Typha angustifolia a l l suggesting an open reedswamp area 

with shallow pools. 

Two further c las t ic and biogenic layers overlie strata 17 and 18 

but the processes of formation and environments of deposition are similar 

to the f i r s t example. One feature worthy of note is the development of 

Salix fen during zone M29B4'largely at the expense of Alnus. 

In conclusion the paucity of biostratigraphic evidence for the 

basal peat at M29B allows no firm conclusions to be made concerning the 

transition to the lower peat. The peat i t se l f was probably formed entirely 

by reedswamp communities and there is l i t t l e evidence for watertable f luc ­

tuations. Strata 5 to 6 at least are considered to be marine in origin by 

analogy with M4B, however bad diatom preservation precludes any positive 

conclusions on changes in water quality and depth. The peat layer above 

shows a return to reedswamp conditions with l i t t l e differentation in 

habitat discernible. The transgressive overlap to the marine c las t i c 

sequence of strata 10 to 14 is erosional with the superposition of marine 

sediments directly on peat. 

Diatoms through this layer show marine conditions obtained to 

c.440 cm. above which the increase in brackish taxa and. a change in the 

stratigraphy is interpreted as a decrease in water depth and sa l in i ty . 

The peat layer marking the return to terrestr ia l sedimentation is only 
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th in yet suggests the environment of deposition was that of a reedswamp. 

Above the marine c las t ic layers l i e three biogenic and three c las t ic 

layers, the lat ter are interpreted as shallow lake deposits formed behind 

the dam afforded by the Moniack fan. Subsequent changes in watertable 

movement and sedimentation regime are not considered to have a marine cause. 

6.4.5 Moniack 4B 

j 

No pollen was counted for M4B so information is only available from 

diatom counts through the minerogenic layers and from the stratigraphy. 

Stratum 1 contains evidence for a reedswamp environment with abundant 

Phragmites rhizomes recorded. The contact.with the overlying c l a s t i c layer 

is however clear ly erosional with stratum 2, a dark grey micaceous s i l t y 

fine sand containing the marine diatom Paralia sulcata in frequencies of 

25-30%. There i s a suggestion of transition however with fresh-brackish 

and brackish forms including Amphora oval i s , Navicula radiosa, N.peregrina, 

N. digitoradiata, N. elegans, Calbneis formosa and Diploneis interrupta in 

the lower levels of zone M4BD1. Although redeposited at M4B certain of 

these forms, including Navicula peregrina, N. radiosa;, N. elegans and 

Achnanthes lanceolata were found living by Round (1960) exclusively on 

the higher parts of the vegetated saltmarsh. 

The decrease of fresh-brackish and brackish forms coincides with 

increases in marine and marine-brackish diatoms including Paralia sulcata, 

Grammatophora oceanica van macilenta, Cocconeis scutellum and Rhabdonema 

minuturn, the lat ter three species of which were considered by Edsbagge 

(1965) to favour the west coast l iving as attached forms down to 15-20 m. 

water depth. An increase in water depth through zone M4BD1 i s inferred. 

M4BD2 is dominated by the brackish water species Navicula peregrina 

which reaches 77.2% total valves. With the reappearance of the fresh-

brackish species Amphora oval i s and Nav icula radiosa together with the 
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persistence of the marine planktonic form Paralia sulcata, an upper s a l t -
marsh environment with both freshwater and marine influences is inferred. 
The supposition of decreasing water depth and a transition from saltmarsh 
to reedswatnp is supported by a decrease in particle size and an increase 
in organic content between strata 4 and 5., stratum 6 contains abundant 
Phragmites rhizomes. « 

There i s l i t t l e evidence of vegetation succession within the thin 

(16 cm) Phragmites peat of strata 6 and 7. The transition to minerogenic 

sedimentation is gradual and the two diatom counts at 400 and 410 cm. 

that comprise zone M4BD3 do show a gradual increase in marine and marine-

brackish species. 

6.4.6 Moniack - Site Interpretation 

The overriding d i f f icu l ty with Moniack as a s i te for the inter­

pretation of sea-level changes is that i t l i e s landward of the marked 

constriction provided by the Moniack al luvial fan. Changes in sedimen­

tation regime from biogenic to minerogenic could therefore be caused by 

the periodic build up and breakdown of barriers to seaward. Due to 

d i f f i cu l t ies in sampling only a small number of borings were put down 

through the surface of the fan and these were a l l towards i t s edge. Con­

sequently the exact nature of i t s extent through time is not known. 

However certain suggestions can be made:-

(1) In a l l the deeper boreholes the lower peat layer of the spl i t t ing 

up sequence appears to be intact save for M26 where i t has been eroded 

by subsequent marine action. 

(2) In a l l boreholes save for those nearer to the al luvial fan, 

M12, 26, 41 and 42 the blue grey s i l t y clay unit above the lower peat is 

also undisturbed. In Ml2 and M26 only the upper part of this unit has 

been eroded by al luvial or colluvial action. In M41 and M42 however 
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diatoms sampled in the f ie ld suggest a l l the c las t ic layers are non-
marine in origin. 

(3) In certain boreholes c las t i c material of non-marine origin i s 

present only at altitudes above the regressive overlap of the blue-grey 

s i l t y clay unit e.g. M6, 7, 8/24, 10, 11, 29A, 29B, 30, 31 and 32. 

The evidence points therefore to a renewal of act iv i ty on the 

Moniack al luvial fan contemporary with or sl ight ly after the culmination 

of marine conditions. I t is suggested therefore that prior to this time 

the Moniack fan had not completely blocked the entrance to the Moniack 

s i t e , however what effect the variation in width of constriction had on 

palaeotidal range i s unknown. Boreholes M43, 44 and 45 to the east of 

the fan show l i t t l e consistency in stratigraphy and do not help resolve 

the problem. 

The regressive overlap above the lower c las t ic sequence does show 

evidence for a measurable fa l l in altitude over and above differences 

contributed by post-depositional processes. I t f a l l s from 7.48 m. at 

Ml to 4.33 m. at M9 though nearer the Moniack al luvial fan i t r ises again 

suggesting local control over sedimentation. The contact is transitional 

and therefore in an uplifted area must have an age gradient. This suggests 

a fa l l in sea- level , though the gradient of the contact is half that of 

the lower regressive contact at Barnyards. This suggests local factors 

contributed to the formation of the overlap. 

The transgressive overlap of the lower peat r ises from 5.53 m. at 

M7 to 9.95 m. at Ml, a difference of 4.42 m. Even though some contacts 

are clearly erosional, as diatoms show at M29B, the gradient i s taken 

to represent a time-transgressive sea-level r ise over the land surface 

of regional significance. 

Within the blue-grey s i l t y clay sequence at Moniack there is 
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evidence for a grey s i l t y sand layer, the top of which ranges from 
6,12 m. at Mil to 8.09 m. at M32. In places i t is intercalated with 
peat layers as at M4B and M5A. At M4B diatoms show an i n i t i a l erosive 
phase followed by gradual decrease in water sa l in i ty and depth and a 
transition to a thin Phragmites peat layer. I t i s considered to have 
been formed rapidly and probably represents a temporary increase in the 
rate of sea-level r i s e . The fact that the peat layer overlying i t at 
M4B i s composed entirely of Phraqmites with no evidence for a fa l l in 
water-table confirms that the deposition of the grey s i l t y sand layer 
took place within a period of more gently r ising sea- leve l . 

The regressive overlap above the marine blue-grey s i l t y clay 

sequence is transitional as diatoms and pollen indicate at M29B. The 

overlap fa l l s in altitude from Ml to M4A but seawards of M4B the overlap 

rises and continues with l i t t l e alt i tudinal change. This is taken to 

suggest that local conditions of sedimentation contributed to the form­

ation of the overlap. As an index point this overlap would therefore 

only be of local signif icance. 

6.4.7 Arcan Mains 7 

One fu l l pollen diagram exists from Arcan Mains (Davis 1979) 

and selected curves are shown in f ig . 6.1 using pollen counts by Davis. 

No micro or macrofossil evidence is available from the lower 

c las t ic sequence at AM7 and i ts depositional environment is therefore 

unknown. Pollen from stratum 3, zone AMI shows l i t t l e variation in 

composition. High Betula values with Juniperus, Ericaceae and Calluna 

suggest a birch-juniper heath type of vegetation on the slopes surrounding 

the s i te with waterlogged conditions present at the s i te i t s e l f . This 

is demonstrated by pollen of F'ilipendula, Myriophyllurn spicatum, 

M.alternif lorum, Potamogeton, Tyjplialati f o l i a , Equisetum and Sphagnum. 
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Fig . 6.1 Arcan Mains Pollen Diagram after Davis (1979). 

Only selected curves shown. 
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The transgressive contact of the lower peat is . transitional and 

Phragmites rhizomes suggest a reedswamp environment. Diatoms through 

the overlying c las t i c layer reveal marine conditions obtained only 

during the deposition of strata 12 and 13 v/ith a long transition of fresh 

and fresh-brackish species above and below 250 cm. 

The transition to the upper peat layer is also transitional and 

contains abundant Alnus pollen with Fil ipendula, Gramineae and Salix 

suggesting an Alder carr with Betula, Ulmus, Quercus and T i l i a growing 

on the surrounding slopes. 

6.4.8 Arcan Mains - s i te interpretation 

The si te is a poor one for the evaluation of tendency-of sea-level 

movement. The stratigraphy shows l i t t l e consistency between boreholes. 

Only within the central area of the gully are there deposits less affected 

by subsequent erosion. 

The lower regressive contact at AM7 may not relate to a marine 

event since no indication is given by pollen, diatoms or stratigraphy of 

a marine depositional environment. 

The transgressive contact of the lower peat is transitional and 

can be corre la ted between boreholes AM5..6, 7, 10 and 11 suggesting a 

consistency within the central gully area. 

The marine horizon is extremely thin, only c . 10 cm. at AM7. This 

is in accord with the suggestion of Shennan (1980) that transition zones 

should increase in thickness landward under conditions of a r is ing and 

fa l l ing sea- level . 

The upper regressive contact i s also transitional and can be 

correlated between boreholes AM5S 7, 10 and 11. 

With regard to the Barnyards model the transgressive contact at 
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Arcan Mains could represent a regionally significant event. The s igni f ­
icance of the upper regressive contact is unknown however and more 
stratigraphic and micropalaeontological work needs to be undertaken before 
local influences on sedimentation can be assessed. 

6.5 Conclusion * 

The data presented in this chapter contains consistent evidence 

for changes in watertable and sedimentary regime consequent upon r ises 

and f a l l s in sea- level . The three si tes investigated are variable in 

quality in the registration of regional events. 

Barnyards, with i ts more open location and consistency in l i tho-

stratigraphy and biostratigraphy seems to offer the best possibi l i ty 

for evaluating regional from local ef fects. 

The stratigraphy of a l l three si tes i s basical ly similar in that 

i t records two peat layers separated by marine c las t ic layers. Below 

the lower peat at Barnyards and Moniack there i s a further series of 

marine strata whilst at Arcan Mains the depositional environment of the 

lov/er c las t ic sequence has not been determined with certainty. 

At Moniack a third peat intercalated with marine strata has been 

described. The regional significance of the grey s i l t y sand layer 

that underlies i t is not certain, yet a similar sand layer occurs within 

the marine c las t ic cover sequence at Barnyards (BY 2-10) at similar 

alt i tudes. At Moniack, this layer seems to represent a minor trans-

gressive event within a period of general sea-level r i s e . 

The general consistency of stratigraphy suggests events of regional 

significance have an influence at a l l s i tes with local conditions 

modifying the" sequences in deta i l . 
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CHAPTER 7 
w 

FLANDRIAN SEA-LEVEL CHANGES IN THE INNER MORAY FIRTH AREA 
« 

In the previous chapter the environmental evidence for sea-level 

change at each si te was given in deta i l . This chapter provides chron­

ological and altitudinal information in the form of a provisional time 

depth (or rather time-altitude) graph. 

7.1 Barnyards 

The rational r ise in Cory!us pollen is tradit ionally considered 

as the zone IV/V boundary (Godwin 1940b). Newey (1966) and Brooks (1971) 

use the Corylus r ise as an aid to the dating of the Main Buried Beach 

and Shoreline of the Forth. The Corylus r ise occurs near the base of the 

peat layer overlying the Main Buried Beach at West Flanders Moss, Bield 

and the Homesteads s i tes and is one criterion used to suggest an approx­

imate age for the shoreline of c . 9600 B.P. , a second cri ter ion being a 
14 + C date of 9640 - 140 B.P. for a comparable feature in the Tay estuary. 

However, the Corylus r ise i s demonstrably diachronous in northern-Scotland. 

Birks and Mathewes (1978) suggest a date of c . 8730 B.P. at Abernethy 

Forest while at Loch of Winless in Caithness the rational Cory!us r ise 

occurs in the lower half of zone LW3 which is dated 10300 - 9340 B.P. , 
14 

though the C dates may be sl ight ly old due to hard water error 

(Peglar 1979). Smith and Pilcher (1973) give nine dates on the rational 

Corylus l imit which range from c . 7735 to c . 9550 B.P. for 9 si tes in the 

Br i t ish I s l e s . However, most of the nine si tes used to delimit the age 

of the rational r ise in Corylus are located in Northern Ireland and 

north-west England with only one s i te Bigholm Burn in Galloway, from 

Scotland. Recent work (Birks unpublished) does suggest a time transgressive 

immigration of Corylus north and eastwards throughout the Bri t ish Is les 
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supporting the ear l ie r hypothesis of Deacon (1975) that refugia of 

Cory!us existed to the south and west of the Bri t ish Is les during the 

last glacial period. The inferred time-transgressive immigration of 

Cory!us suggests that use of the rational Cory!us l imit as an aid to 

dating s i tes without a radiocarbon chronology could introduce an age 

error band wider than previously suggested for the Main Buried Shoreline 

(Newey 1966, Brooks 1971). 

At Barnyards the rational Cory!us l imit marks the lower l imit of 

zone BY3B3 at 391.5 cm, only 2 cm. above the regressive overlap with the 

lower c las t i c sequence. The radiocarbon date of 9200 - 100 B.P. 

(Hv 10010) i s therefore verif ied by the pollen evidence and records a 

fa l l ing sea-level at this time. 

Correlation of pollen assemblage zones from BY3B and BY14B, given 

in table 7.1 below, does suggest an age gradient for the lower regressive 

overlap at BY14B estimated in chapter 6 at c.400 years. 

TABLE 7.1. 

BY14B BY3B 

9 

8 
7 
6 

5 
5 

4 4 

3 
3 9200 - 100 2 

2 1 

1 



At BY14B the frequency of Juniperus pollen in the basal layers 

of the lower peat reaches 19.0% in BY14B2 and together with the r ise 

of Coryloid concentration during BY14B3 and 4 i t does suggest an ear l ier 

age for peat in i t iat ion on the lower c las t i c sequence at the more 

landward s i t e . 

14 

This has recently been confirmed by a provisional C date for 

the base of the lower peat at BY14B of 9610 - 130 B.P. (BIRM 1123, R.E.G. 

Williams, pers. comm.). This indicates although the two dates at 

BY14B and BY3B are not signif icantly different at the 95% leve l , there 

was a period of fal l ing sea-level of more than 400 years' duration. 

The date of the beginning of the following r ise in sea-level i s 

not known though pollen evidence at BY3B suggests the peat layer was 

formed in less than c . 1000 y rs . since there is no indication of 

signif icant change in the regional pollen rain throughout the whole 

of peat formation. A r ise in sea-level is therefore inferred by 

c. 8200 B.P. at BY3B. 

At BY14B, the more landward sampled site,there is evidence for 

the immigration of Pinus into the local area prior to the marine c las t ic 

sedimentation of stratum 10. Birks (1970) and Birks and Mathewes 

(1978) note a r ise in Pinus pollen at Abernethy Forest dated at 

c . 7225 B.P. while 0'Sull ivan favours a gradual immigration of Pinus 

into the Grampians between c.8000 B.P. and 6600 B.P. At Coire Bog, Ross 

and Cromarty, Birks (1975) has dated a pine stump within the peat 

profile at a level corresponding to the Alnus r ise and Pinus decline. 

The date, 6980 - 100 B.P. (Q887) i s quite comparable to that suggested 

by Birks and Mathewes (1978) and 0'Sullivan(1975). In coastal areas of 

Caithness, however, Pinus appears not to have reached high percentages 

(Birks 1977). Other Flandrian pollen diagrams from the Moray Firth do 
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show high frequencies of pine before the alder r i s e supporting immig-

ration into the area at this time (Kingsteps Quarry, Knox 1954, Whitehills 

near Alness, Durno, pers. comm.). Dating is therefore imprecise but 

suggests marine c las t i c deposition under a r is ing sea-level at BY14B 

between 8000 B.P. and 6600 B.P. - with a date of 7200 B.P. considered 

a good estimate. A provisional data for the base of the upper 

regressive overlap at BY14B yielded an age of 5510 - 80 B.P. (Birm 1122, 

R.E.G. Williams pers. comm.). 

The r ise in Alnus pollen to 42.6% in BY14B7 is a feature common 

to many Flandrian pollen diagrams. In the eastern Grampians 0'Sullivan 

(1975) has dated the Alnus r ise to between 5600 and 5900 B.P. however 

in other less suitable areas Alnus never constituted a major part of 

the vegetation (Birks 1970). The age for the regressive overlap at 

BY14B is verif ied by pollen evidence but may be sl ight ly young since 

the exact location of the overlap was not sampled, there being a 12 cm. 

gap between successive cores. 

14 

In conclusion, pollen, stratigraphy and three C determinations 

on regressive overlaps show a fa l l in sea-level ini t iated at 9610 - 130 B.P. 

and lasting until some time after 9200 - 100 B.P. and ending before 

c . 8200 B.P. the subsequent r ise in sea-level has not been dated but 

pollen analysis from the erosive transgressive overlap at BY14B suggests 

an age of c . 7200 B.P. The ini t iat ion of the subsequent fa l l i s considered 

to be somewhat before 5510 - 80 B.P. 
There is additional stratigraphic evidence for sea-level change within 

the lower c las t i c sequence at Barnyards but i t is unsupported by pollen, 
14 

diatom, or C analysis . At BY13B (f ig.5.2) the lower marine c las t ic 

sequence l i e s between the upper layers of a glacial t i l l and the regressive 

overlap dated between c.9600 and 9200 B.P. The whole of the lower c las t i c 
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sequence is therefore considered chiefly of Late Devensian age. I t 

shows a t r ipart i te f iner •* coarser -»• f iner succession with 67 cm. light 

grey s i l t y clay overlain by 72 cm. grey s i l t y sand and succeeded by 

361 cm. of grey s i l t s and c lays . I t is not known i f the coarser 

stratum is transitional with'the layer beneath or above. The change 

in lithology could be suggested as representing a change in sedimentary 

environment within the Late Devensian perhaps reflecting a r ise in sea-

level followed by a f a l l . 

Above the peat layer in boreholes BY2 -*• 10 is a thin layer of s i l t y 

sand entirely within the upper marine c las t i c sequence. Again, no pollen 

or diatom evidence is available from this layer but i t indicates an 

interval of coarser marine c las t ic sequence. An age bracket of 

c.8200 B.P. to c.5500 B.P. i s suggested based on pollen evidence at 

BY3B and the provisional date at BY14B for the upper regressive 

overlap. 

7.2 Mohiack 

At Moniack the regressive overlap of the peat layer overlying the 

marine lower c las t ic sequence has not been dated but pollen from the base 

of this peat at M29B shows the rational r ise of Coryloid curye within 

zone M29BD2 and a lack of Juniperus pollen. A similar age to peat 

in i t iat ion at BY3B is assumed - c.9200 B.P. 

At M4B four provisional dates provide a time control (R.E.G. 

Williams pers.comm.). The transgressive overlap of the lower peat 

directly beneath the dark grey micaceous s i l t y sand of stratum 2 i s dated 

at 7430 ~ 170 B.P. (Birm 1127) This age is considered sl ight ly old 

for the dating of the s i l t y sand layer since the contact i s erosional. 

A provisional data on the regressive overlap of the thin Phragmites 
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peat of strata 6 and 7 gave an age of 7270 - 90 B.P. (Birm 1126). As 

argued in chapter 6 this contact cannot be interpreted at present as a 

fa l l in sea-level since there i s no independent evidence from other sea-

level indicators such as a measurable age-altitude gradient or environ­

mental succession within the overlying peat layer which could suggest a 

fa l l in sea- leve l . I t is considered that the regressive overlap could 

equally represent a period of reduced sea-level r ise after the deposition 

of the sand layer allowing peat growth to keep pace. The two dates are 

not signif icantly different at the 67% level though the means do show 

an increased age with depth. This does suggest the marine s i l t y sand 

was deposited between 7430 and 7270 B.P. The weighted mean of the two 

dates is 7310 - 80 B.P. but an age nearer to 7270 B.P. i s preferred since 

the transgressive overlap i s erosional. 

A sample from the transgressive overlap of the thiiVPhragmites 
14 + 

peat layer of strata 6 and 7 gave a provisional C age of 7100 - 120 B.P. 

(Birm 1126, R.E.G. Williams, pers. comm.) which again i s not signif icantly 

different from Birm 1126 at the 67% level or Birm 1127 at the 95% level 

yet the means of the determinations are consistent with stratigraphy. 

At M29B the corresponding transgressive overlap is erosional since 

diatom zone M29BD1 directly overlying the peat is ful ly marine in 

character. 
The upper regressive overlap at the base of the organic cover 

14 + 

sequence at M4B gave a provisional C age of 4760 - 90 B.P. As noted 

in Chapter 6 the overlap shows a r ise in altitude from M6 to M1Q 

(fig.5.13) and.local sedimentation factors were suggested responsible 

caused by the renewed act iv i ty of the Moniack al luvial fan contempor­

aneous with or s l ight ly after the deposition of the marine blue-grey 

s i l t y clay sequence. The radiocarbon date tends to confirm this hypothesis, 

being c.1000 years later than at the other two si tes in the area -

Barnyards and Arcan. 
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I n c o n c l u s i o n , p o l l e n f rom M29B and f o u r C dates f rom M4B g i ve 

t ime c o n t r o l t o the changes i n sea - l eve l suggested i n Chapter 6 . 

A f a l l i n s e a - l e v e l i s i n d i c a t e d a t c.9200 B.P. by p o l l e n evidence 

f rom M29B. The age o f the i n i t i a t i o n o f the f o l l o w i n g r i s e i n sea - l eve l 

i s unknown but th ree dates a t M4B on the t r a n s g r e s s i v e ove r lap below the 

s i l t y sand l a y e r and both con tac ts o f the o v e r l y i n g t h i n peat l a y e r - not 

s i g n i f i c a n t l y d i f f e r e n t a t the 95% l e v e l - i n d i c a t e a r i s e i n s e a - l e v e l 

between c.7400 and 7100 B.P. a t M4B. The s t r a t i g raph ic evidence may 

a lso p rov ide evidence f o r d i f f e r e n t components o f the r i s e , an i n i t i a l 

r a p i d r i s e f o l l owed by a r e d u c t i o n i n the r a t e o f r i s e , or perhaps a 

f a l l , a l l o w i n g peat growth t o extend seawards. The f i n a l f a l l i n sea-

l e v e l f rom the s i t e i s cons idered t o have taken place some t ime before 

4760 - 90 B.P. 

7.3 Arcan Mains 

14 

Of th ree C dates f o r Arcan Mains , two g ive eyidence f o r change 

i n s e a - l e v e l . The base o f the lower peat o f AM7 i s dated a t 5420 - 280 B.P. 

(Hv.10014) I t i s no t known i f the lower c l a s t i c sequence r e l a t e s t o a 

marine episode s ince the re are no equ ivoca l i n d i c a t o r s o f an i n t e r t i d a l 

o r sa l tmarsh d e p o s i t . The age de te rm ina t i on i s , n e v e r t h e l e s s , c l e a r l y 

er roneous. Regional p o l l e n spec t ra a t t h i s l e y e l i n zone AMI 

( f i g s . 5.26 and 5.27) shows h igh Betu la f requenc ies w i t h some Quniperus 

suggest ing an e a r l y F l and r i an d a t e . The reason f o r the erroneous date 

i s unknown, i t i s cons idered u n l i k e l y t h a t s i g n i f i c a n t con tamina t ion 

occur red du r ing sampl ing o r i n the removal o f d e t r i t a l m a t e r i a l i n t he 

l a b o r a t o r y . 

The t r a n s g r e s s i v e ove r l ap o f the lower peat i s dated a t 7700 - 80 B.P. 

c o n s i s t e n t w i t h p o l l e n evidence f o r h igh C o r y l o i d p o l l e n f requenc ies and 

low p inus and Betu la va lues . The ove r lap i s t r a n s i t i o n a l w i t h f r e s h and 
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f r e s h - b r a c k i s h diatoms i n the c l a s t i c i n t e r f i n g e r i n g sequence. Mar ine or 

mar ine -b rack i sh c o n d i t i o n s are apparent on l y a t c.250 cm. and are 

represented by a t h i n l a y e r cor responding approx imate ly t o s t r a tum 13. 

The long t r a n s i t i o n t o marine c o n d i t i o n s suggests t h a t c l a s t i c d e p o s i t i o n 

was i n i t i a l l y f r e s h and caused by a r i s e i n the w a t e r t a b l e produced by 

a r i s e i n s e a - l e v e l . The date i s t h e r e f o r e i n d i r e c t evidence f o r sea-

l e v e l r i s e a t t h i s t ime and g ives a maximal age f o r the a r r i v a l o f marine 

c o n d i t i o n s a t the s i t e . 

The upper r eg ress i ve ove r l ap i s dated a t 5775 - 85 B .P . , an age 

suppor ted by p o l l e n evidence from f i g s . 5.26 and 5.27 and f rom the 

diagram by Davis (1979) which shows the predominance o f A l n u s , a f a l l 

i n Pinus and w i t h Ulmus, Quercus and T i l i a i n c o n s i s t e n t percentages. 

Desp i te the lack o f c o n s i s t e n t s t r a t i g r a p h i c c o n t r o l a t the s i t e the 

date i s cons idered t o be good evidence f o r a f a l l i n sea - l eve l a t t h i s 

t i m e . 

7.4 Summary Chronology o f Flandrian Sea-Level change i n the i nne r Moray F i r t h 

dttoultd 

There i s i n s u f f i c i e n t evidence t o c o n s t r u c t a^ reg iona l chrono-

l o g i a l scheme o f sea - l eve l tendencies (Shennan 1982, Tooley 1982) . 

However, c e r t a i n broad conc lus ions can be drawn. 

Between 9600 and 9200 B.P. the area was dominated by a f a l l i n g 

r e l a t i v e s e a - l e v e l . This f a l l i n s e a - l e v e l con t inued a f t e r 9200 B.P. 

but a more exac t s ta tement o f the minimum sea - l eve l reached cannot be 

made. A date f rom der i ved p l a n t m a t e r i a l o f 8748 - 100 B.P. (SRR 1068, 

Peacock e t a l . 1978) f rom 13.5 - 13.96 m. depth i n Cromarty bore C2 

suppor ts the hypothes is o f a low s e a - l e v e l a f t e r 9200 B.P. 

A r i s i n g sea - l eve l i s i n f e r r e d by c . 8200 B.P. which i s an es t ima te 

14 

o f the age o f the t r a n s g r e s s i v e ove r lap a t BY3B. P r o v i s i o n a l C dates 

o f 7430 - 170, 7270 - 90 and 7100 - 120 B.P. f rom Moniack are considered 
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TABLE 7.2 

Summary Chronology o f P o s i t i v e and Negat ive Tendencies 

Years BP. P o s i t i v e 
Tendencies 

Negat ive 
Tendencies 

5000 

6000 

7000 

8000 

'MAIN POSTGLACIAL 
SHORELINE' 

9000 

'MAIN BURIED 
SHORELINE1 

10000 
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t o rep resen t the reg iona l r i s e i n s e a - l e v e l , w h i l e the date o f 

7700 - 80 B.P. f rom Arcan i s thought t o g i ve evidence f o r a r i s e i n the 

wa te r t a b l e consequent upon a r i s e i n sea - l eve l t o seaward. 

The c u l m i n a t i o n o f the r i s e i n sea - l eve l can on l y be dated between 

7100 - 120 B.P. and 5775± 85 B.P. w i t h respec t t o dates a t Moniack and 

Arcan Mains, though an es t ima te o f the age i s g iven as 6100 - 6400 B.P. 

A f t e r t h i s date r e l a t i v e s e a - l e v e l i n the reg ion f e l l towards the 

p r e s e n t . I t i s no t known i f any minor s t i l l s t a n d s o r r i s e s i n sea-

l e v e l i n t e r r u p t e d the general f a l l . Table 7.2 summarizes the chronology 

o f p o s i t i v e and negat i ve tendenc ies f o r the Moray F i r t h a rea . 

7.5 A T ime^A l t i t ude Graph o f F l and r i an sea - l eve l changes i n the 
i nne r Moray F i r t h " 

The i n c l u s i o n o f a l t i t u d i n a l i n f o r m a t i o n i nco rpo ra tes a f u r t h e r 

e r r o r i n t o the r e c o n s t r u c t i o n o f former s e a - l e v e l s s ince the accuracy 

o f the a l t i t u d e de te rm ina t i on i s dependent upon the accuracy i n d e t e r ­

min ing present a l t i t u d e , o r i g i n a l a l t i t u d e and the r e l a t i o n s h i p o f an 

index p o i n t t o i t s contemporary s e a - l e y e l . 

I n assessing the accuracy o f p resent a l t i t u d e , e r r o r s can occur 

i n the measurement o f depth., l e v e l l i n g t o a benchmark and the accuracy o f 

the benchmark r e l a t e d t o O.D.Newlyn. 

(a ) Measurement o f depth i s dependent upon the a b i l i t y t o l o c a t e 

boundar ies between s t r a t a a c c u r a t e l y , the type o f equipment used i n 

b o r i n g and the angle o f the borehole f rom the v e r t i c a l . 

(b) L e v e l l i n g between borehole and benchmark i n t h i s s tudy i s g e n e r a l l y 

cons idered t o be accura te t o -0 .05 m. 

(c ) The accuracy o f a benchmark i s dependent upon i t s d i s tance f rom 

Newlyn and on the o rder o f the benchmark (see Chapter 4 ) . For i n t e r - s i t e 

comparison benchmarks are cons idered accura te r e l a t i v e t o each o the r t o 



-0 .01 m. whereas f o r i n t e r - r e g i o n a l comparison the e r r o r can be qp t o 

- 0 . 20 m. f o r Sco t land r e l a t i v e t o O.D. Newlyn (Eady 1976) . 

One o f the g r e a t e s t e r r o r s i nhe ren t i n e v a l u a t i n g the a l t i t u d e 

o f an index p o i n t i s the degree o f p o s t - d e p o s i t i o n a l c o n s o l i d a t i o n t h a t 

has occu r red . Accord ing t o Tooley (1978a) a l l 

"sediments undergo c o n s o l i d a t i o n , the r a t e o f which i s a 
f u n c t i o n o f t i m e , dra inage and l o a d " (p .16) 

Jelgersma (1961) cons iders t h a t the g rea t v a r i e t y o f unconso l ida ted 

depos i t s i n the coas ta l zone can mean c o n s o l i d a t i o n may vary f rom 0 t o 

90%. I f such l a r g e f a c t o r s are c o r r e c t then compaction can be a se r i ous 

e r r o r i n assessing the a l t i t u d e o f f o rma t i on o f the peat which c o n s t i t u t e s 

an index p o i n t . Indeed van de Plassche and Preuss (1978) s t a t e : 

"Compaction i s a very t roublesome f a c t o r i n sea - l eve l h e i g h t 
" r e c o n s t r u c t i o n and should be reckoned w i t h as soon as the 
s o f t rock m a t e r i a l u n d e r l y i n g the s e a - l e v e l i n d i c a t o r does 
not ( c o n s i s t o f 100% sand) . Samples t h a t have been lowered 
as a r e s u l t o f compaction can on ly be used i f the amount o f 
l ower ing and the e r r o r i n t e r v a l can be r e l i a b l y es t imated 
or c a l c u l a t e d . R e l a t i v e s e a - l e v e l curves based upon index 
po in t s t h a t have been s u b j e c t t o compaction f o r which no 
r e l i a b l e c o r r e c t i o n can be a p p l i e d are o f very l i t t l e use 
f o r the Sea-Level P r o j e c t " ( pp .2 -3 ) 

There have t r a d i t i o n a l l y been two ways o f overcoming the prob lem. 

One i s on ly t o use basal peat dates ( c . f , Jelgersma 1961) - however 

Shennan (1980) has argued t h a t t h i s rou te produces the p o s s i b i l i t y o f 

b iased sampl ing . An a l t e r n a t i v e i s t o compute c o r r e c t i o n f a c t o r s f o r 

c o n s o l i d a t i o n o f pea t . 

C u l l i n g f o r d e t a l . (1980) have app l i ed c o r r e c t i o n f a c t o r s f o r 

peats a t t r a n s g r e s s i v e over laps by comparing the mean d ry bu lk d e n s i t y 

o f uncompacted monocotyledonous peat t o the f o s s i l peat and assuming 

t h a t the f o s s i l peats be fore b u r i a l had a comparable bu lk d e n s i t y t o 

the unconso l ida ted peat and t h a t the amount o f subsequent compaction i s 
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d i r e c t l y p r o p o r t i o n a l t o the inc rease i n bu lk d e n s i t y . Using t h i s method 

t h e i r es t imated range o f compaction v a r i e d f rom 40 t o 68%. 

Apar t f rom the g r e a t v a r i a b i l i t y i n peat s t r u c t u r e , the f a c t t h a t 
t 

c o n s o l i d a t i o n i s t ime-dependent m i l i t a t e s aga ins t the use o f a s i n g l e 

c o r r e c t i o n f a c t o r . In t h i s s tudy no such f a c t o r s are a l lowed f o r and i t 

i s recognized t h a t t h i s may be an impor tan t source o f e r r o r . However s i x 

o f the n ine rad iocarbon dates used i n the t i m e - a l t i t u d e graph are on 

reg ress i ve over laps where c o n s o l i d a t i o n , a l though a problem w i l l be o f 

a sma l le r magnitude s ince the u n d e r l y i n g predominant ly minerogenic l a y e r s 

w i l l compact l ess on a p p l i c a t i o n o f load f rom above than a peat l a y e r 

o f comparable t h i c k n e s s . 

For an index p o i n t t o be used on a sea - l eve l curve or t i m e - a l t i t u d e 

graph an e x p l i c i t s tatement o f the r e l a t i o n s h i p o f the sample t o i t s 

contemporary re fe rence t i d e l e v e l i s needed. A t a b l e showing the i n d i c a t i 

range o f commonly dated m a t e r i a l s and t h e i r re fe rence t i d e l e v e l s was 

g iven i n Chapter 6 ( t a b l e 6 . 1 ) . In t h i s s e c t i o n the secondary component 

o f i n d i c a t i v e range, the accuracy o f the re fe rence t i d e l e v e l w i l l be 

d i scussed . 

Table 7.3 summarizes t i d e data f o r the twenty secondary p a r t s 

around the Moray F i r t h , the l o c a t i o n s o f which are shown i n f i g . 7 .1 ,A . 

For i n t e r - s i t e comparison on l y the c o r r e c t i o n f a c t o r s de r i ved f rom the 

inne r Moray F i r t h s i t e s are needed t o reduce the re fe rence t i d e l e v e l s 

t o MHWS or MTL. I f c o r r e l a t i o n between areas i s the aim then comparable 

c o r r e c t i o n f a c t o r s have t o be c a l c u l a t e d f o r these areas a l s o . I f 

r e l a t i o n s h i p t o O.D. i s needed then the mean and s tandard d e v i a t i o n o f 

the t i d e - l e v e l has t o be used. An i n d i c a t i o n o f the v a r i a b i l i t y o f t i d a l 

range around Scot land i s g iven i n f i g . 7 . 1 , B . 

Changes i n palaeo t i d a l range a re a p o t e n t i a l l y g rea t source o f 
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TABLE 7.3 

Moray F i r t h Area T ide Levels (M.O.D) 

HAT1 M l 2 MHWS MHWN MTL MLWN MLWS LAT 1 

Aberdeen 2.55 2.3 2.05 1.15 0.225 -0 .65 -1 .65 -2 .25 

Peterhead 1.99 1.8 1.6 0.9 0.025 - 0 . 7 . - 1 . 7 -2 .32 

Fraserburgh '2.11 1.91 1.7 0.9 0.075 - 0 . 7 -1 .6 -2 .18 

Banf f 1.62 1.46 1.3 0.6 -0 .25 - 1 . 1 - 1 . 8 -2 .45 
W h i t e h i l l s 2.36 2.13 1.9 1.1 0.35 - 0 . 3 - 1 . 3 -1 .77 

Buckie 2.49 2.25 2.0 1.1 0.30 - 0 . 5 - 1 . 4 -1 .91 

Lossiemouth 2.49 2.25 2.0 1.1 0.30 -0 .5 - 1 .5 -2 .05 

Burghead 2.49 2.25 2.0 1.1 0.30 - 0 . 5 - 1 . 5 -2 .05 

Nai rn 2.74 2.47 2 .2 1.2 0.375 - 0 . 5 - 1 .5 -2 .05 

McDermott 2.61 2.36 2.1 1.2 0.425 - 0 . 4 - 1 . 2 -1 .64 

Fo r t rose 2.55 2.30 2.05 1.15 + + + + 
Inverness* 3.17 2.86 2.55 1.45 0.50 -0 .45 -1 .55 -2 .11 

Cromarty* 2.74 2.47 2.2 1.3 0.45 - 0 . 4 - 1 .3 -1 .77 

Invergordon* 2.86 2.58 2.3 1.4 0.475 - 0 . 4 - 1 .4 -1 .91 

Dingwal l 2.86 2.58 2.3 1.5 + + + + 
Portmahomack 2.49 2.25 2.0 1.2 0.35 - 0 . 4 - 1 . 4 -1 .91 

Me ik le Fer ry 2.86 2.58 2.3 1.3 0.375 - 0 . 6 - 1 .5 -2 .05 

Golsp ie 2.43 2.19 1.95 1.05 0.25 -0 .55 -1 .45 - 1 .98 

Wick 2.10 1.9 1.69 0.99 0.29 -0 .31 -1 .21 -1 .65 

Duncansby 1.73 1.56 1.39 0.69 + + + + 
Head 

A l l data n = 17 Inner F i r t h s * n = 3 

HAT 2.48 + 0.37 2.92 - 0.22 

M 1 2.23 0.33 2.63 - 0.20 

MHWS 1.99 + 0.29 2.35 i 0.18 

MHWN 1.12 + 0.20 1.38 - 0.07 

MTL 0.28 + 0.18 0.475 - 0.025 

MLWN -0 .52 + 0.19 -0 .42 - 0.02 

MLWS -1 .46 + 0.16 -1 .42 - 0.13 

Co r rec t i on f a c t o r s Inner F i r t h s * n = 3 

HAT 

H 1 -

MHWS 0.57 + 0.04 HAT 

H 1 - MHWS 0.29 + 0.02 

MHWS -

H 1 • 

..MTL 1.88 + 0.16 MHWS -

H 1 • MTL 2.16 + 0.18 

HAT MTL 2.45 + 0.20 

MHWN - MTL . 0.91 + 0.05 

+ data no t a v a i l a b l e . These secondary p o r t s are ignored i n f u r t h e r t rea tmen t 

"j HAT + LAT are e x t r a p o l a t e d values 
2 Ml = HAT + MHWS 

2 ; 
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F i g . 7.1 T i d a l Range around S c o t l a n d . 

7.1A Secondary po r t s used i n t a b l e 7 . 3 . 

Spr ing t i d a l range shown i n met res . 

7 . IB Spr ing t i d a l range around Scot land 
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e r r o r i n the c o n s t r u c t i o n o f sea - l eve l curves and t h e i r c o r r e l a t i o n 

between a rea . In t h i s study a constancy o f palae n t i d a l range i s 

assumed. 
* 

7.5 .1 Graph c o n s t r u c t i o n 

A p r o v i s i o n a l t i m e - a l t i t u d e graph f o r the inner Moray F i r t h area 

con ta ins n ine rad iocarbon dated index p o i n t s , the erroneous Arcan Mains 

d a t e , Hv lOOH, 5420 - 280 B.P. i s not i nc luded i n f u r t h e r a n a l y s i s . 

Each index p o i n t i s p l o t t e d w i t h respect t o MHWS f o r the i nne r 

Moray F i r t h us ing the r e l a t i o n s h i p s o f i n d i c a t i v e range and t i d e - l e v e l s 

shown i n t ab l es 6.1 and 7 . 3 . Inc luded i n the a l t i t u d i n a l e r r o r i s a 

c o n s i d e r a t i o n o f the f o l l o w i n g sampl ing e r r o r s , i d e n t i f i c a t i o n o f 

boundary, measurement o f dep th , angle o f borehole and sampl ing d e n s i t y 

( c f . Shennan 1980) . Since the angle o f borehole produces an u n i d i r ­

e c t i o n a l e r r o r the t o t a l sampl ing e r r o r equals +0.40 m. - 0.36 m. The 

w id th o f each box i s r e p r e s e n t a t i v e o f a range o f | (T around the mean 

14 

C d a t e . A lso inc luded on the diagram ( f i g . 7 . 2 ) i s an assessment o f 

the tendency o f sea - l eve l movement represented by each index p o i n t . 

For example index p o i n t 2 i s f rom Barnyards 3B, Hv 10010 dated 

a t 9200 - 100 B.P. I t has a present a l t i t u d e o f 1.94 - 1.99 m.O.D. 

Tota l sampling e r r o r o f +0.40 - 0.36 m. g ives an a l t i t u d i n a l range o f 

1.54 - 2.35 m. In a d d i t i o n the i n d i c a t i v e range o f Phragmites peat 

a t a r eg ress i ve ove r lap g ives a f i n a l range o f 1.33 - 2.38 m. A t a b l e 

o f d e t a i l s o f age and a l t i t u d e o f index p o i n t s used i s g iven i n Table 7.4 

No sea - l eve l curve i s drawn j o i n i n g the e r r o r boxes because o f the 

poor spread o f data p o i n t s . L i t t l e i n f o r m a t i o n i s a v a i l a b l e on the age 

o r a l t i t u d e o f the i n i t i a t i o n o f the main F land r i an r i s e i n sea - l eve l 

nor i t s c u l m i n a t i o n . However, the h ighes t a l t i t u d i n a l l i m i t o f F land r i an 

marine d e p o s i t i o n i s c. 9m. f o r Barnyards and 10.05 in. Moniack. 
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F i g . 7 .2 Sea-Level index p o i n t s f o r the i n n e r 

Moray F i r t h area showing tendency o f 

s e a - l e v e l movement. 
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In a d d i t i o n c o n s o l i d a t i o n i s not taken i n t o account and t h i s cou ld 

mean t h a t the t ime course o f MHWS l i e s some way.above t h a t shown i n 

f i g . 7 . 2 . The e v a l u a t i o n o f new data t o enable a curve t o be drawn i s 

an aim f o r f u t u r e resea rch . 

TABLE 7.4 

Index p o i n t A l t i t u d e (m) Age B.P. S i t e 

1 5.98 - 7.03 9610 
+ 

130 . Barnyards * 

2 1.33 - 2.38 9200 + 100 Barnyards 

3 6.93 - 7.94 7700 + 
80 Arcan 

4 6.52 - 7.53 7430 
+ 

170 Moniack * 

5 6.57 - 7.62 7270 
+ 

90 Moniack * 

6 7.05 - 8.06 7100 
+ 

120 Moniack * 

7 8.15 - 9.20 5510 + 80 Barnyards * 

8 8.39 - 9.44 5575 + 85 Arcan 

9 8.10 - 9.15 4760 
+ 

90 Moniack * 

* denotes p r o v i s i o n a l C data (R.E.G. W i l l i a m s , pers.comm.) 

7.6 F land r i an sea - l eve l change i n the inne r Moray F i r t h area 

The course o f MHWS i s suggested to have f a l l e n f rom between 5.98 -

7.03 m. a t 9610 - 130 B.P. t o 1.33 - 7.38 m. a t 9200 - 100 B.P. 

both dates coming f rom the reg ress i ve ove r l ap o f the lower peat a t 

Barnyards. A l though the dates are no t s i g n i f i c a n t l y d i f f e r e n t a t the 95% 

l e v e l i t i s assumed an age d i f f e r e n c e o f c . 400 years e x i s t s between 

these two p o i n t s . Th is g i ves a maximum r a t e o f f a l l o f 3.17m./100 y r s 

and a minimum r a t e o f 0.56m./100 y r s . 

The minimum a l t i t u d e o f the e a r l y F l a n d r i a n f a l l i n sea - l eve l i s 

not known but Peacock e t a l . 1980 suggest a f i g u r e o f -6m. O.D. based on 

marine fauna! s tud ies o f the Cromarty C2 bo reho le . The i r 1 4 C date 
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from de r i ved p l a n t debr i s a t 8748 - 100 B.P. cou ld g i ve a broad es t ima te 
o f the age f o r t h i s minimum. Morpho log ica l evidence f o r an e a r l y 
F land r i an low sea - l eve l i nc ludes the impress ive i n c i s e d g u l l i e s between 
Jemimav i l le and Cromarty noted by J .S.Smi th (1963) . 

Because o f a lack o f data po in t s no r e l i a b l e conc lus ions can be 

made concern ing the i n i t i a t i o n o f the F land r i an r i s e i n sea - l eve l nor 

o f the ra tes o f r i s e i n v o l v e d . However, i f the i n t e r p r e t a t i o n o f the 

t r ansg ress i ve ove r l ap a t BY3B i s c o r r e c t then an age o f c.8200 B.P. 

and an a l t i t u d e o f c. 2 m . O.D. may p rov ide an e s t i m a t e . 

Index p o i n t 3 f rom Arcan Mains i s cons idered t o rep resen t a r i s e 

i n w a t e r t a b l e p r i o r t o the a r r i v a l o f marine c o n d i t i o n s a t the s i t e and 

i t s age o f 7700 - 80 B.P. may be s l i g h t l y e a r l y f o r the i n i t i a t i o n o f 

marine c o n d i t i o n s . Index p o i n t s 4 and 5 f rom Moniack l i e e i t h e r s i de 

o f the grey micaceous s i l t y sand l a y e r . Both are shown as i n d i c a t i n g 

p o s i t i v e tendencies s ince the re i s i n s u f f i c i e n t evidence as y e t t o 

i n t e r p r e t t he reg ress i ve ove r l ap o f the t h i n peat l a y e r above the 

sand as a f a l l i n s e a - l e v e l . 

The c u l m i n a t i o n o f the F land r i an r i s e i s suggested t o have taken 

place a t c. 9 m . , the a l t i t u d i n a l l i m i t o f the F land r i an marine sediments 

a t Barnyards, a t c . 6100 - 6400 B.P. The a l t i t u d e may i n f a c t be a 

l i t t l e h ighe r s ince c o l l u v i a l d e p o s i t i o n prec luded the c o n f i d e n t i d e n t ­

i f i c a t i o n o f the l i m i t a t Barnyards . The a l t i t u d e a t Moniack, some 1 m. 

h ighe r i s taken t o rep resen t l o c a l enhancement o f the a l t i t u d e o f MHWS 

through the c o n s t r i c t e d nature o f the s i t e . 

The f i n a l f a l l i n s e a - l e v e l i s r e g i s t e r e d a t Arcan Mains ( i ndex 

p o i n t 7) and Barnyards ( index p o i n t 8) a t 5775 - 85 B.P. and 8.15 8.39 -

9.44 m. and 5510 - 80 B .P . , 8.15 - 9.20 m.O.D. The Moniack index p o i n t (9) 

i s thought t o r e f l e c t l o c a l c o n d i t i o n s caused by the renewed a c t i v i t y o f 

the Moniack a l l u v i a l fan and may r e f l e c t a delay i n peat g rowth . Fu r the r 

research i s needed t o c l a r i f y t h i s prob lem. 
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CHAPTER 8 

INTER-REGIONAL CORRELATIONS 

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

I n c o r r e l a t i n g between areas o f d i f f e r i n g t e c t o n i c h i s t o r y t he 

wide v a r i e t y o f processes a c t i n g on a l o c a l and reg iona l sca le and over 

d i f f e r i n g t ime per iods makes meaningful a l t i t u d i n a l comparison d i f f i c u l t 

on a l l bu t the very broadest s c a l e . The most hopefu l avenue f o r p resent 

research c o r r e l a t i n g between areas o f d i f f e r e n t t e c t o n i c h i s t o r y i s t h a t 

o f the c h r o n o s t r a t i g r a p h i c c o r r e l a t i o n o f per iods o f p o s i t i v e o r nega t i ve 

tendencies o f s e a - l e v e l . 

I n comparing the chronology o f sea - l eve l change between areas 

o f d i f f e r e n t t e c t o n i c h i s t o r y the r e g i s t r a t i o n o f events w i l l d i f f e r i n 

t h e i r d u r a t i o n and i n t e n s i t y w i t h s h o r t p e r i o d , h igh ampl i tude events 

o f f e r i n g the bes t p o s s i b i l i t y o f r e c o g n i t i o n i n a l l a reas . However, 

meaningful c o r r e l a t i o n can on l y be at tempted i f s i m i l a r f e a t u r e s are 

compared. For example, the adopt ion and use o f terms such as t r a n s ­

g ress ion and reg ress ion by d i f f e r e n t workers i n s l i g h t l y d i f f e r e n t 

senses has impor tan t repercuss ions f o r the c o r r e l a t i o n o f schemes produced 

f o r each area (Shennan 1982, Tooley 1982) . 

I n prev ious research i n Scot land i t has been i m p l i c i t l y accepted 

t h a t the count ry as a whole has acted u n i f o r m l y w i t h respec t t o the 

e u s t a t i c f a c t o r and t h a t i f former t i d a l range can be regarded as 

cons tan t then d i f f e r e n c e s i n index p o i n t a l t i t u d e can be exp la ined w i t h 

re fe rence t o d i f f e r e n t i a l g l a c i o - i s o s t a t i c recovery . Prev ious a t tempts 

t o c o r r e l a t e w i t h i n Scot land have tended to use schemes o f measured and 

named sho re l i nes such as the sequence o u t l i n e d f o r sou th -eas t Scot land 

(Sissons 1976) and t h e i r c h r o n o s t r a t i g r a p h i c connota t ions r a t h e r than 

t ime per iods o f i n f e r r e d r i s e and f a l l i n s e a - l e v e l . The use o f 
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shorel ine s tudies 1s of great value In the fol lowing ways:-* 

(1) providing information on the post-formational t i l t i n g of such 

features across Scotland ( e . g . S issons 1966). 

(2) providing a method of r e l a t i v e dat ing. 

(3 ) that i t al lows approximate absolute time l i m i t s to be placed 

on undated shore l ines from areas devoid of datable material -

with reference to wel l defined sequences from other areas 

( e . g . Gray 1974). 

(4) that such a scheme provides good a l t i t u d i n a l l i m i t s for the 

construct ion of s e a - l e v e l curves . 

However, i t i s suggested that th is method i s of l e s s use in 

cor re la t ion between areas of d i f f e r ing tec ton ic h is tory where such 

shorel ines are absent or have not been t raced . The construct ion of 

regional chronologies of pos i t i ve and negative tendencies from a l l 

ava i lab le evidence, including data from s h o r e l i n e s , w i l l allow more 

f l e x i b i l i t y for in ter - reg iona l comparison including the use of s t a t ­

i s t i c a l techniques. I t w i l l a lso produce a l e s s parochial view of s e a -

level study. 

This i s e s s e n t i a l l y the same kind of argument proposed in pollen 

ana lys is for the adoption and use of local and regional pol len assemblage 

zones once the l imi ta t ions of the Godwin zonation scheme were r e a l i z e d . 

Like the Godwin scheme, shore l ine sequences are an exce l l en t tool for 

explanation wi th in the area in which they occur . 

However because no chronological scheme of periods of t ransgress ive 

and regress ive overlap has been outl ined for Scotland and s ince i n s u f f ­

i c i e n t data have been co l lec ted for the inner Moray F i r t h area for anything 

other than a prel iminary o u t l i n e , a further in te res t ing technique of 
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c h r o n o s t r a t i g r a p h i c c o r r e l a t i o n , histogram a n a l y s i s , w i l l be discussed 
i n s e c t i o n 8.2. This has d i r e c t relevance to the problem o f s y n c h r o n e i t y 
o r d i a c h r o n e i t y o f s h o r e l i n e s . 

F o l l o w i n g t h i s s e c t i o n , a l t i t u d i n a l comparisons w i l l be made f o r 
Scotland i n s e c t i o n 8.3 - assuming a constancy o f p a l a e c / t i d a l range 
a t the present stage o f research. This leads on t o the c o n s t r u c t i o n 
o f a p r e l i m i n a r y i s o s t a t i c curve f o r the i n n e r Moray F i r t h area and i t s 
comparison w i t h two o t h e r published i s o s t a t i c curves f o r Scotland 
( s e c t i o n 8.4). The f i n a l s e c t i o n contains a b r i e f review o f the t i m i n g 
o f s e a - l e v e l change i n areas o f d i f f e r e n t t e c t o n i c h i s t o r y , and comments 
on the use of s h o r e l i n e s t u d i e s i n c o r r e l a t i o n . 

14 
8.2 S t a t i s t i c a l e v a l u a t i o n o f C data 

14 
The s t a t i s t i c a l e v a l u a t i o n o f C data by means o f histogram 

a n a l y s i s o f f e r s an i n t e r e s t i n g t o o l f o r the c o n s i d e r a t i o n o f r e g i o n a l l y 
s i g n i f i c a n t events such as r i s e s and f a l l s i n s e a - l e v e l . I t has been 
a p p l i e d t o F l a n d r i a n sea-level s t u d i e s i n the southern North Sea (Geyh 
1971, Geyh and S t r e i f 1970) i n the E n g l i s h Fenland (Shennan 1980, 1982) 
and North-VJest England (Tooley 1982). I t can be a p p l i e d t o any 
phenomenon t h a t causes the r e g i o n a l presence o f dated m a t e r i a l and has 

4 
als o been used t o v e r i f y Weichselian c h r o n o s t r a t i g r a p h y on a 10 y r time 
scale (Geyh and Rohde 1972). I n Scotland i t can be a p p l i e d t o a p r e l i m ­
i n a r y assessment o f the r e g i o n a l s y n c h r o n e i t y o r d i a c h r o n e i t y o f 
s h o r e l i n e s . 

Radiocarbon ages w i t h t h e i r standard d e v i a t i o n s represent Gaussian 
frequency d i s t r i b u t i o n s and the area, under the curve may be approximated 
by a polygon c o n s t r u c t e d , f o r example, by a number o f r e c t a n g l e s . I f 
t h e area under the curve i s kept constant the standard d e v i a t i o n 
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determines the h e i g h t o f the polygon - the l a r g e r the standard d e v i a t i o n 
the lower the h e i g h t (Geyh 1980). 

The program MHIST.GEN used i n t h i s study w r i t t e n by Dr. I.Shennan 
and developed by Mr. M.J. Davis uses cla s s i n t e r v a l s o f 50 years t o 
group the data. I t represents the area under the Gaussian frequency 
d i s t r i b u t i o n curve f o r each data by e i g h t r e c t a n g l e s . This means, f o r 

14 
example, i f one standard d e v i a t i o n o f a C date i s 100 years then one 
r e c t a n g l e i s contained w i t h i n each cla s s i n t e r v a l . Histograms are i n 
e f f e c t s u p e r p o s i t i o n s o r summations o f the Gaussian frequency d i s t r i b ­
u t i o n s (represented by the r e c t a n g l e s ) f o r each date considered. 

The a p p l i c a t i o n o f t h i s method t o coastal s t u d i e s l i e s i n t h e 
f a c t t h a t periods o f marine i n g r e s s i o n should i n h i b i t peat growth and 
be represented by minima i n the histogram and periods o f r e g r e s s i o n should 
produce optimum c o n d i t i o n s f o r c o a s t a l peat growth and be represented 
by maxima i n t h e histogram. I t i s t h e r e f o r e i n the a n a l y s i s o f peaks 
and troughs i n the r e s u l t i n g histogram t h a t o p p o r t u n i t y occurs f o r the 
i d e n t i f i c a t i o n o f r e g i o n a l l y s i g n i f i c a n t events. The c l a r i t y o f t h e i r 
expression i n an u p l i f t e d area could be taken as evidence f o r the degree 
o f s y n c h r o n e i t y or d i a c h r o n e i t y o f r e g i o n a l l y s i g n i f i c a n t events. 

There are many problems i n t h e a p p l i c a t i o n o f histogram a n a l y s i s -
both i n i t s s t a t i s t i c a l t e s t i n g and i n t e r p r e t a t i o n . Bias can e n t e r the 
i n i t i a l sample p o p u l a t i o n through the r e l a t i v e a c c e s s i b i l i t y o f samples o f 
d i f f e r e n t ages or p r e f e r r e d c o l l e c t i o n of samples r e l a t e d t o a p a r t i c u l a r 
aspect or through contaminated or erroneous data. 

S t a t i s t i c a l problems i n c l u d e the p r o b a b i l i t y o f random f l u c t u a t i o n s 
(Shennan 1979), the s i g n i f i c a n c e o f the h e i g h t o f maxima and minima 
and the number o f radiocarbon dates needed. 

Geyh (1980) showed t h a t the presence o f s i g n i f i c a n t maxima and 
minima i . e . those t h a t r e l a t e t o r e a l events as opposed t o random events 
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i s dependent on the number o f dates used and the s i z e o f the class i n t e r v a l . 
He i d e n t i f i e d : 

r e l i a b l e histograms, which are c o n s t r u c t e d from a t l e a s t 25 dates 
14 

per c l a s s i n t e r v a l o f two standard d e v i a t i o n s o f the average C date. 
Real minima w i t h a w i d t h o f a t l e a s t 1 c l a s s i n t e r v a l can then be r e l i a b l y 
i d e n t i f i e d . 

common histograms, w i t h between 4 and 25 dates per c l a s s i n t e r v a l and 
u n r e l i a b l e histograms t h a t have a p o p u l a t i o n o f l e s s than 4 dates 

per c l a s s i n t e r v a l , r e a l minima can then o n l y be detected w i t h reference 
t o the g e o l o g i c a l r e c o r d . 

I n t e r p r e t a t i o n a l d i f f i c u l t i e s a r i s e because the exact nature o f t h e 
r e l a t i o n s h i p o f peat growth t o s e a - l e v e l movement i s p o o r l y understood 
and i t i s not known how periods o f synchronous peat growth and non-peat 
growth r e l a t e t o the t r a n s g r e s s i o n - r e g r e s s i o n schemes d e r i v e d by o t h e r 
methods (Shennan 1980). 

An a l t e r n a t i v e b u t associated method i s t o screen the data before 
histogram c o n s t r u c t i o n assessing t h e tendency o f sea-level movement 
f o r each index p o i n t (Morrison 1976, Shennan 1982). With the a d d i t i o n 
o f t h i s e x t r a f a c t o r f u r t h e r d i f f i c u l t i e s are encountered. The i n i t i a l 
histogram a n a l y s i s charted peat growth and no peat growth. With 
tendencies added t h e r e i s p o t e n t i a l l y more bias i n between area com­
par i s o n from the i n c l u s i o n o f data p o i n t s from regions d i f f e r i n g i n 
i s o s t a t i c u p l i f t or subsidence and which w i l l g r e a t l y a f f e c t the r e g i s t ­
r a t i o n o f p o s i t i v e and negative tendencies. I n t h i s study a l l dates 
are from i s o s t a t i c a l l y u p l i f t e d areas and even though u p l i f t may be 
d i f f e r e n t i a l ( s i n c e areas w i t h s i m i l a r i s o s t a t i c h i s t o r i e s have not 
been d e f i n e d ) i t i s f e l t t h a t l ess bias w i l l accrue than i f data p o i n t s 
were i n c l u d e d from areas w i t h d i f f e r e n t t e c t o n i c h i s t o r i e s o f u p l i f t 
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and subsidence (Morrison 1976). 
T h e o r e t i c a l l y areas showing g r e a t e r u p l i f t w i l l r e g i s t e r prop­

o r t i o n a t e l y l e s s p o s i t i v e tendencies. However much depends on the scale 
of r e s o l u t i o n o f t h e technique. With such a poor data base and w i t h 
refinement o f the method o f the order o f c. 100 y r s i t i s suggested 
t h a t the technique should only be seen i n t h i s study as an e x p l o r a t o r y 
attempt t o i d e n t i f y r e g i o n a l tendencies w i t h a timescale o f c. 100 -
200 y r s , no d i f f e r e n t from t h a t a v a i l a b l e from t h e g e o l o g i c a l r e c o r d . 

A l l p ublished S c o t t i s h radiocarbon dates from a F l a n d r i a n c o a s t a l 
c o n t e x t were a b s t r a c t e d from the j o u r n a l Radiocarbon and placed on 
computer f i l e . Only F l a n d r i a n peat dates (Younger than 10,000 B.P) were 
r e t a i n e d f o r f u r t h e r a n a l y s i s . 99 dates remained, i n c l u d i n g 3 dates 
from Barnyards and Arcan Mains ( b u t not t h e 6 recent p r o v i s i o n a l 
dates) and they are shown i n t a b l e 8.1. No tendencies o f sea-level 
movement were assumed and no screening f o r erroneous dates such as those 
comprised o f allochthonous m a t e r i a l was undertaken.. 

A histogram was drawn using the program MHIST, GEN and i t i s 
reproduced i n f i g . 8.1. The o r d i n a t e scale or height i s p r o p o r t i o n a l t o 
the standard d e v i a t i o n o f t h e dates used. The 99 dates are spread over 
a p e r i o d o f c. 8000 y r s or 160 class i n t e r v a l s which means t h a t i t can 
be regarded, according t o S t r e i f (1980), as an u n r e l i a b l e histogram. 
However, c e r t a i n t e n t a t i v e conclusions can be drawn w i t h reference t o 
the g e o l o g i c a l r e c o r d . The broad minimum a t 8700 - 9150 B.P. appears 
t o be i n agreement w i t h the age o f the Low Buried S h o r e l i n e o f the Forth 
and Tay (Sissons and Brooks 1971, C u l l i n g f o r d e t a l . 1980). The peak 
between 8000 and 8700 B.P. suggests a p e r i o d conducive t o peat growth 
d u r i n g a f a l l i n s e a - l e v e l . However, the minimum a t c 7900 B.P. and the 
maximum a t 7500 B.P. are harder t o e x p l a i n . There i s l i t t l e support i n 



TABLE 8-1 SCOTTISH C14 DATA - UNSCREENED 

LAB. SITE AGE STD. N.G.'R. 
CODE DEV. 

901 SRR66 POi'SAVIE ,TAYSIDE 8150 50 32912 72532 
902 SRR67 ' ECMGfiVIB/TAYSIDE 8320 57 32912 72532, 
903 SRR63 ECflGAVIE, 3SYSIDE 8331 74 32912 72532 
904 SRR69 BURNSIDE, TAYSI'DE 8170 67 33259 72361 
905 SRR70 BDRNSIDE,TAYSIDS 3S16 52 33259 72861 
906 SRR71 CARES', STRATHEARN 7778 55 31747 71703 
907 SRR72 CAREY , STRATI-IEARN 9524 67 31747 71703 
908 NPL127 CAREY/STRATIiEARN 7605 180 31717 71710 
909 12795 CAREY,ST£&THEARN 9640 140 31717 71710 
910 SRR1399 iicjEKstsraY 8555 60 31899 71783 
911- SRR1398 8505 50 31899 71783 
912 SRR1397 IKNEFNE12Y 7530 50 31899 71733 
913 SRR1147 CORDON, SH&THEMN 8370 45 31345 71813 
914 SRR1394 CORDON, SIRATE3SU52I 7525 50 31845 71813 
915 SRR1396 CULFARGIE/STRATHEAFN 7780 50 31625 71717 
916 SRR1395 CULFARGIE, STRAIT-EARN 7555 50 31625 71717 
917 SRR1401 KINTILLO, STRATHEARN 7465 55 33143 .71766 
918 SRR1400 KINTILLO, 5TRATKEARN 7180 55 33148 71756 
919 SRR1150 GLEMCS.R3E / STRATHEARN 6679 40 32022 72255 
920 SRR1151 GEENCZVESE, STRATHEARN 6083 40 32022 72256 
921 SRR1510 HOLE OF CLIEN 6170 90 32050 72030 
922 SRR1511 HOLE. OF CLIEN 7500 90 32050 72030 
923 IGS1 ST.HECEaSLS,FIPE 5830 110 34541 72348 
924 IG32 ST.MICHAELS,FIFE 7S05 130 34541 72348 
925 IGS3 ST.MICHAELS, FIFE 9345 160 34541 72348 
926 SRR1331 ST.Miai^r.S,FIFE 5820 95 34540 72350 
927 SRR1332 ST.KECHAELS,PIEE 7310 100 34540 72350 
923 SRR1333 ST .MICHAELS,FIFE 7050 100 34540 72350 
929 SRR1334 ST.MiaiAELS/FIFE 7555 110 34540 72350 
930 Q421 EASTF.CF DUN3ARNEY 8421 157 0 0 
931 Q422 BROCHBARNS/TAYSIDE 8354 143 0 0 
932 SRR1148 FULLERTON fKINCARDINE 6704 55 36748 75605 
933 SRR1149 FUTiLERTCN ,KIRCSSDINE 70S6 50 36748 75605 
934 BIRM8S7 FULLERTCN ,KH^CARDINE 6880 110 3G743 75605 
935 BIRM823 FDLLERTCN,KIKCARDINE 7140 120 35748 75605 
936 SRR869 MMOTCN, KINCARDINE 7340 75 36337 75650 
937 SRR336 ARDLER/ TAYSIDE 9730 60 32743 74173 
938 SRR26 MLIIRFAD FLOW 4746 50 24530 56200 
939 Q640 GIRVAN/AYRSHIRE 9020 150 21910 59370 
940 QS41 GIR\?AN,EK'3CH'/AYR . 9352 150 22040 59930 
941 Q639 NEWTON STSl-EffiT 6159 120 24160 56400 
942 Q538 LOCHAR KDSS,DC3MFSIES 6645 120 30560 56800 
943 Q637 REDKIRK POINT 8135 150 33020 56510 
944 15070 NS\3IE COTTAGES 4290 100 31650 56510 
945 15069 WEST PRESTON 1850 95 29520 55530 
946 15068 V7IGTC/M BAY 2290 95 24400 55300 
947 15514 CARSEffi^Oai 6325 120 24433 56263 
948 15513 KOSS OF CREE 4000 120 24456 56147 
949 Q642 DUNDONALD BURN 9620 150 23370 63730 
950 Q318 GATEHOUSE OF FLEET 6244 140 0 0 
951 BIE45 R03ERTHILL, DUI-5FRIE5 3847 60 31100 57970 
952 BIEM187 GIRVAN /RLY.BR. AYR 8400 200 21900 59850 
953 BIK4190 TURN3SRRY BR.AYR 8420 150 22020 60630 
954 BIRM188 BARGALY 7960 350 25960 55390 
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TABLE 8-1 (CONTINUED) 

955 BIKM189 PAIMJRE 6240 240 24500 56367 
956 Q398 BRIGHDOSE BAY 9540 180 0 0 
957 BIRM219 PALNURE BURN 7450 200 24500 56576 
958 BIRM221 VKXJDSIBE , IRVINE ,AYR 3944 190 23300 63670 
959 3IRM218 NEWBIE COTTAGES 3480 110 31630 56480 
960 BIKM220 NEKBIE COTTAGES 5630 116 31670 55490 
961 BIRM222 NEW3IE COTTAGES 7540 150 31660 56500 
962 GU373 BUNDQNflLD BURN 8950 90 23370 63720 
964 GU375 KEWBIE MAINS 7812 131 31710 56510 
965 BIRM256 BATTLEHILL, ANNAN 6800 250 32157 56494 
966 BIRM258 HORSEKOLM, DUMEECEES 5410 160 30313 57062 
967 BIRM323 SOUTH CARSE 9390 130 29383 55944 
968 BIRM324 MIDTCvJN /DUMFRIES 6470 230 31189 56577 
969 BIRM325 NEH3IE COTTAGES , AYR 7400 150 31644 56515 
970 BIRM415 PALNURE 6540 120 24500 55367 
971 IGS149 TRGGN/AYR 8015 120 23361 63111 
972 IGS150 TROON, AYR 9090 320 23361 63111 
973 Q1172 LCCH SNICGR'.VAT 4SGS 90 6330 5090 
974 SRR381 DOHDCNALD BURN,AYR 8070 70 23372 63717 
975 SRR382 CUNDGNALD EURN/AYR 9730 90 23372 63717 
976 GU64 NEW3IE COTTAGES, 7254 101 31670 56490 
977 GU65 SAKDYKNOTS BRIDGE 7425 136 30170 57760 
980 Q533 FLANDERS 13DSS 5492 130 0 0 
981 11839 KIPPEN/FORTH VALLEY 8590 140 26300 69600 
982 11838 KIPPEN,FORTH VALLEY 8270 160 26300 69500 
933 SOUTH FLANDERS 8010 130 25310 69510 
984 EASTER OFFERAXCE 7480 125 25820 69520 
985 WEST FLANDERS KOSS 6490 125 25600 69550 
986 PEST FLANDERS MOSS 6135 105 25500 69550 
987 DRIPEND 4120 105 27490 69650 
988 Q667 LITTIEKDOD, KIPPEN 3249 160 26549 69592 
989 Q280 AIRTH COLLIERY 8421 157 2S0C0 63700 
991 BIEK652 XINFAUNS/PERTH 5180 100 216S0 82140 
992 SRR353 GRESNHILL /CRISFF • 9530 70 20132 82376 
993 11543 EENBECOIA 5700 120 769 88498 
994 Q666 HSATHERSKOT,PERTH 3556 150 0 0 
995 SRR371 SALT NSSS,SEETIjy>!D 3940 50 3443" 5035 
996 BIRM2 LINI'KOD KOSS,RENFREW 3572 64 4330 6540 
997 BI2M3 CLIPPENS FARM 9231 95 24330 66540 
998 BIRM4 VZESTEtt FUKCOD 8039 128 24320 66590 
999 3IEM13 LINKED raSS 3513 55 24390 66640 
1002 SRR1063 CRC^i^RTY FIRTH 8748 80 25870 86150 
1003 EV1010 BARNYARDS 9200 100 
1004 HV1012 ARCAN 5775 85 
1005 EV1013 ARCAN 7700 80 
100.5 BIKM1122 BftJEJYASDS 14B 5510 80 
1007 3IRL41123 BMamSDS 14B 9610 130 
1008 BIRM1124 KONIACK 4B 4760 90 
1009 BISM1125 KDNIACK 43 7100 120 
1010 EIRM1126 KCNLACK 43 7270 90 
1011 BIKM1127 M3NIACK 43 7430 170 

N.B. DATES 1006 TO 1011 ARE NOT INCLUDED IN THE HISTOGRAM ANALYSIS 



F i g . 8.1 A Location o f index p o i n t s used i n 
i n i t i a l histogram a n a l y s i s i n c l u d i n g 

14 
a l s o the s i x p r o v i s i o n a l C dates 
from the i n n e r Moray F i r t h area. 

F i g . 8.1 B Frequency d i s t r i b u t i o n histogram 
14 

using 99 unscreened C dates from 
a F l a n d r i a n c o a s t a l c o n t e x t . 
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the g e o l o g i c a l record as known t o suggest a p e r i o d o f i n g r e s s i o n and no 
peat growth f o l l o w e d by a p e r i o d o f s e a - l e v e l f a l l and a g r e a t e r e x t e n t 
o f peat growth a t these times. A l t e r n a t i v e e x p l a n a t i o n s could i n c l u d e a 

14 
random f a c t o r , d i s t o r t i o n s o f the C time scale o r sampling b i a s . A 
notable f e a t u r e o f the histogram i s a c o n s i s t e n t f a l l from 7500 t o 
6850 B.P. which could be c o r r e l a t e d w i t h t h e r a p i d r i s e o f sea-level 
to the F l a n d r i a n maximum. I n the F o r t h and Tay and on t h e o u t e r east 
coast o f Scotland Sissons (1976) and Morrison e t a l . (1981) consider the 
Main P o s t g l a c i a l S h o r e l i n e t o be s l i g h t l y diachronous having an age o f 
c. 6400 B.P. In t h e western Forth V a l l e y , c. 6100 B.P. i n the mid Tay 
v a l l e y and 5800 B.P. on the east coast n o r t h o f Aberdeen and i n North 
East F i f e . The histogram does show two minima a t 6400 - 6450 B.P. and 
5950 - 6000 B.P. w i t h a s l i g h t r i s e i n between. The s i g n i f i c a n c e o f 
t h i s r i s e i s not known hov/ever. Minima from c. 5000 B.P. t o the present 
probably r e c o r d a l a c k o f dated samples a t these times. 

The dates comprising the i n i t i a l histogram were not screened and 
i n c l u d e d c l e a r l y allochthonous dates such as SRR 1068 from the Cromarty 
F i r t h (Peacock e t a l . 1980). I n order t o remove dates o f dubious 
q u a l i t y and t o assess the tendencies o f sea-level movement t h e o r i g i n a l 
99 dates were screened i n d i v i d u a l l y t o assess t h e i r relevance as sea-
l e v e l i n d i c a t o r s . 64 dates remained 35 were termed i n d i c a t i v e o f a 
p o s i t i v e tendency and 31 as n e g a t i v e . The discrepancy occurs since 
dates, such as Q641 9362 - 150 B.P. from Girvan were considered t o 
represent equal evidence f o r both p o s i t i v e and negative tendencies. 
The r e s u l t i n g double-edged histogram i s shown i n f i g , 8.2 and the data 
given i n t a b l e 8.2. I t i s comprised o f an average o f 0.5 dates per 
class i n t e r v a l f o r p o s i t i v e tendencies and 0.2 dates per c l a s s i n t e r v a l 
f o r n egative tendencies again both showing u n r e l i a b l e t y p e s , maxima 
and minima can be expected t o be i n f l u e n c e d g r e a t l y by random f a c t o r s . 



TABLE 8-2 SCOTTISH C14 DATA WITH TENDENCIES 

+ = POSITIVE TENDENCY 
- = NEGATIVE TZNDEKOT 

IAB. SITE AGE STD. N.G.R. TENDENCY 
CODE DEV. 

901 SRR66 PCv\GAVIE/TAYSIDE 8150 50 32912 72532 + 
902 SRR67 ECMGAVUS /TAYSIDE 8320 57 32912 72532 -903 SRR68 TCXGAVIE/TAYSIDS 8331 74 32912 72532 + 
903 SRR68 POAGAVIE , TAYSIBE 8331 74. 32912 72532 -
904 SRR69 BURNSIDE/TAYSIDE 8170 67 33259 72861 + 
905 SRR70 BURN3IDE/TAYSIDE 8616 52 33259 72361 -906 SRR71 CAREY ,SERaTEEARai 777e 55 31747 71703 + 
907 SRR72 CAREY, STRAT3EA52J 9524 67 31747 71703 — 

908 NPL127 CAREY,STRATHEARN 7605 180 31717 71710 + 
909 12796 CAREY,STRATHEARN 9640 140 31717 71710 — 

910 SRR1399 INNERNETHY 8555 60 31S99 71783 + 
910 SRR139 I^M5KETHY 8555 60 31S99 71733 -
911 SRR1398 EEIEKSEEHY 8505 50 31S99 71783 -
912 SRR1397 xN'NERNETI-iY 7530 50 31899 71783 + 
913 SRR1147 CORDON , STRATKEARN 8370 45 31845 71813 -
914 SRR1394 CORDON,SIRMCHEARN 7525 50 31845 71813 + 
915 SRR1396 CULFAEGIE, STRATHEARN 7780 50 31625 71717 + 
916 SRR1395 CULFARGIE, STFATTiEARN 75o5 50 31625 71717 + 
917 SRR1401 KINTILLO,STF&THEARN 7465 55 33148 71766 + 
918 SRR1400 KEEPILLO, STRATHEARN 7180 55 33148 71766 
919 SRR1150 GL^CA?SE,STRATKFARN 6579 40 32022 72256 + 
920 SRR1151 GLEMCARSE /STRAEiEARN 60S3 40 32022 72256 -
921 SRR1510 EQLS OF CLIEN 6170 90 32050 72030 -
922 SRR1511 EOLE O? CLIEtf 7500 SO 32050 72030 + 
923 IGS1 ST.MICHAELS, FIFE 5C30 110 34541 72343 -924 IG32 ST.Mia^Prr.S^FIFE 7605 130 34541 72343 + 
925 IG33 ST .KICI-LAELS, FIFE 9945 160 34541 72343 -
926 SHR1331 ST .MIC^.T-Tfi/FIFE 5890 95 34540 72350 -
927 SRR1332 ST.MICHAELS/FIFE 7310 100 34540 72350 -I* 
923 SRR1333 ST.MICHAELS/FIFE 7050 100 34540 72350 + 
929 SRR1334 ST.MICHAELS,FIFE 7555 110 34540 72350 + 
932 SRR114 FUTJ-EraON/KINCARDINE 5704 55 36748 75505 -933 SRR1149 FULLERTCN /KINCARDINE 7086 50 36748 75605 + 
934 BIKM367 FULLERTCN, KINCARDINE 6S30 110 36743 75605 + 
935 BIRM823 FULLERION, KIKCASDINE 7140 120 36748 75605 + 
936 SRR869 MARYTON /KINCARDINE 7340 75 36837 75650 -
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TABLE 8-2 (CONTINUED) 

937 SRR386 ARDLER/TAYSIDE 9730 60 32743 74173 -
940 Q541 GIRVAN ,ENCCH ,AYR 9362 150 22040 59930 -
940 Q641 GIRVAN ,mCCR, AYR 9362 150 22040 59930 + 
942 Q538 LOCHAR KOSS,BUIvlFRIES 6S45 120 30560 56800 — 

944 15070 NEwBIE COTTAGES 4290 100 31650 56510 -
945 15069 W.PRSSTCN 1350 95 29520 55530 -
961 BIRM222 NEW3IE COTTAGES 7540 150 31660 56500 
962 GU373 DUNDONALD BURN 8950 90 23370 63720 + 
965 BIRM256 RATTLEHILL, ANNAN 6800 250 32157 56494 + 
966 BIRM258 HORSEHOLM tDUMFRIES 5410 160 30313 57062 -
967 BIRM323 .'SOUTH CARSE 9350 130 29383 55944 + 
967 BIRM323 SOOTH CARSE 9390 130 29383 55944 -
968 BIRM324 MIDTC73J /DUMFRIES 6470 280 31189 56577 -
969 BIRM325 -NE'SIE COTTAGES,AYR 7400 150 31644 56515 + 
970 BIRM415 PALNURE 6540 120 24500 56357 -
971 IGS149 TROON, AYR 8015 120 23361 63111 + 
973 Q1172 LOCH SNIOGRAVAT 4683 90 63S00 60900 -
974 SRR381 DUKCCNALD EURN,AYR 8070 70 23372 63717 + 
976 GU64 KEv'BIE COTTAGES 7254 101 31670 56490 + 
981 11839 KIPPEN rFORTH W.LEY 8690 140 25300 69600 -
982 11838 KIPPSN/FORTH VALLEY 8270 160 26300 69600 + 
983 SOUTH FEifiNDERS 8010 130 26310 69610 + 
984 EASTER OFFERSHCE 7480 125 • 25820 69520 + 
985 WEST FLANDERS MOSS 6490 125 25600 69550 -
989 Q230 AIRTH COLLIERY 8421 157 29000 68700 + 
992 SRR353 GREEMHILL/CRIEFF 9590 70 20182 82376 — 

999 BIRM13 LINW30D MOSS 3513 56 24390 66640 -
1003 HV1010 BARNYARDS 3B 9200 100 -
1004 HV1012 ARCAN 5775 85 -
1005 HV1013 ARCAN 7700 80 + 



F i g . 8.2 A Location o f screened index p o i n t s 
used i n histogram a n a l y s i s 

F i g . 8.2 B Frequency d i s t r i b u t i o n histograms 
using screened data. The number 

• o f dates f o r negative tendency 
should read 31 
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I t should be expected t h a t r e a l minima - t h a t r e p r e s e n t an- a c t u a l 
l a c k o f peat dates caused by marine i n g r e s s i o n - should be c o i n c i d e n t i n 
both histograms or perhe.ps s l i g h t l y o f f s e t w i t h the minimum being 
recorded i n the t r a n s g r e s s i v e tendency histogram s l i g h t l y before the 
e q u i v a l e n t minimum i n the r e g r e s s i v e tendency histogram. 

There are two such occurrences i n the diagram. The upper h i s t ­
ogram shows a minimum almost reaching the base l i n e a t 9150 B.P. w i t h a 
corresponding though s l i g h t l y l a t e r minimum i n the lower histogram a t 
8900 - 9050 B.P. A second minimum occurs i n the upper histogram between 
6300 and 6450 and 6300 B.P. The two minima could be i n t e r p r e t e d as 
c o r r e l a t i n g w i t h the Low Buried Shoreline and Main P o s t g l a c i a l 
S h o r e l i n e o f the F o r t h , Tay and east coast o f Scotland. 

A f u r t h e r notable f e a t u r e i s the lack o f dates showing negative 
tendencies between 8000 and 6700 B.P. suggesting a s i g n i f i c a n t r e g i o n a l 
r i s e o f s e a - l e v e l . A f t e r 6000 B.P. t h e r e are no dates t h a t r e c o r d a 
p o s i t i v e tendency i n d i c a t i n g t h a t r e l a t i v e sea-level f a l l obtained 
throughout Scotland c o n t r a r y t o J a r d i n e (1975). 

Histogram a n a l y s i s i s t h e r e f o r e l i k e l y t o become an i n c r e a s i n g l y 
used technique as the data base expands. For Scotland the technique 
i s based on poor data. I t does show w e l l the general r i s e i n r e l a t i v e 
s e a-level between 8000 and 7000 B.P. w i t h a f a l l from c. 6000 B.P. 
I t a l s o perhaps i n d i c a t e s a degree o f d i a c h r o n e i t y f o r the f o r m a t i o n o f 
the Low Buried S h o r e l i n e and Main P o s t g l a c i a l Shoreline y e t w i t h a 
degree o f p r e c i s i o n no g r e a t e r than t h a t given by an i n i t i a l i n s p e c t i o n 
of t he g e o l o g i c a l record. 
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8.3 Comparison of sea-level changes in the inner Moray Fir th with 
other areas of Scotland 

J.B. Sissons (1981b) has recently ident i f ied a thin but widespread 

gravel layer of marine origin between Late Devensian and marine deposits 

underlying the Beauly Carse. The shoreline of the gravel layer 

of which he correlates with the Main Lateglacial Shoreline (Sissons 

1974) and he suggests i t resulted from an erosional phase during the 

low sea-level of Loch Lomond Stadial times. 

At Barnyards beneath the lower peat the presence of a coarser 

layer of s i l t y sand overlying f iner s i l t y clays, a l l of Late Devensian 

age - suggests a higher energy environment. The alt i tude of the s i l t y 

sand layer - at 1.25-1.95 m. is quite comparable in alt i tude to the 

feature described by Sissons. He considers the gravel layer to have 

two components, a gentle seaward sloping surface with a shoreline at the 

break of slope is suggested to vary between 1.1 and 2.6 m. O.D. The 

method used to detect the layer consisted of pushing rods down without 

sampling un t i l a resistant stratum, presumed to be the gravel layer, 

was encountered. This method must produce a degree of subject ivi ty. 

However, the broad conclusions are accepted and the Barnyards site is 

suggested to contain evidence of an erosive phase during the Late 

Devensian which may correlate with the feature described by Sissons. 

I ts composition is not of gravel, however, which probably reflects the 

d i f fe ren t methods of sampling and recording. 

The sequence of shorelines (sensu Sissons 1966) has not been 

outlined for the Moray Fir th area yet sea-level movements for the 

period 9600 - 5800 B.P. have been described in Chapter 7. The lower 

peat at Barnyards has similar age, stratigraphic relationships and 

pollen characteristics to the thin peat layer overlying the Main 



Buried Beach (Newey 1966, Sissons 1966, Brooks 1971). The age of the 

landward l i m i t of marine clastic deposition preceding peat formation is 

given by the provisional 1 4 C data of 9610 - 130 B.P. at BY14B - very 

comparable in age to the Main Buried Shoreline of the Forth and Tay 

dated at 9600 B.P. 

Rates of sea-level change determined by the two dates on the 

regressive overlap at Barnyards calculated between BY14B and BY3B gives 

a maximum of 3.17 m/100 yrs and a minimum of 0.56 m/100 yrs (Chapter 7). 

In order to assess rates of change i n sea-level in the Forth and Tay 

at this time data were extrapolated from the sea-level curves of Sissons 

and Brooks (1971) and Cullingford et a l . (1980). 

In the western Forth Valley i f 9600 B.P. and 9.9 m. is accepted 

for the age and alt i tude of the Main Buried Shoreline and 8900 B.P. 

and 6.8 m. for the succeeding trough or regression minimum in the curve 

between the formation of the Main and Low Buried Beaches, i t suggests a 

rate of f a l l of 0.44 m/100 yrs. 

Similar calculations fo r lower Strathearn using 3.2 m. and 

9600 B.P. fo r the age of the Main Buried Shoreline and 2.6 m. and 8800 B.P. 

fo r the succeeding minimum results in a rate of f a l l of 0.075 m/100 yrs. 

The comparison of rates therefore shows the minimum estimate from the 

Moray Fir th is larger than the western Forth, an area accepted as having 

a greater magnitude of total u p l i f t . Reasons fo r this could include 

a d i f fe ren t isostatic history for the Moray Fir th area in the 

early Flandrian caused for instance by the migration of the forebulge 

or a redistribution of the isobases. 

a phenomenon of the data collection. The accepted practice in 

the Forth and Tay has been to date shorelines, not the most seaward 

expression of biogenic sedimentation, therefore the minima on the 



-co i -

curves of Sissons and Brooks 1971 and Cullingford et a.1. (1980) are 

extrapolations and may be in error. I f isostatic history is to be 

explained then data are needed from other locations than at the land­

ward l i m i t of marine ac t i v i t y . 

The difference in gradient of the respective curves can be seen 

in f i g . 8.3 where selected sea-level curves are plotted on the same 

axis. The curves used are those from Sissons and Brooks (1971) 

Cullingford et a l . (1980) and two from Jardine (1975) in addition to 

the index points from the Moray Fir th area. The two curves from eastern 

Kirkcudbright - Dumfries and Wigtown Bay d i f f e r from the originals 

published by Jardine (1975) however. Jardine calculated t ida l correction 

factors to reduce the 'primary' index points to 'secondary' ones which 

recorded the course of Mean Tide Level. Because none of the other curves 

have been drawn to MTL fo r ease of comparison in f i g . 8.3, Jardine's 

two curves, 3 and 4 are drawn using the original primary points and w i l l 

therefore d i f f e r from the published curve. The inner Moray Fir th index 

points are the only ones to use indicative range of index point to a 

reference tide level and to include error boxes fo r age and a l t i tude, 

the la t ter based on sampling error, error in tide level and indicative 

range. 

I t is not known i f the equivalent of the Low Buried Beach of the 

Forth exists in the Beauly area. There is the suggestion of a break 

in slope between BY7 and BY8 ( f i g s . 5.2 and 5.3) but i t has been inter-
14 

preted as a channel deposit. The pollen and C data at BY3B suggest 

an age older than the Low Buried Beach of the Forth dated at 8800 B.P 

in the Forth (Sissons 1966) and perhaps 8500 - 8600 B.P. in lower 

Strathearn. 

One of the more s t r ik ing features about f i g . 8.3 is the dis­

s imi lar i ty of the two curves for the north shore of the Solway Fir th 
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Fig. 8.3 Selected sea-level curves from Scotland compared 

to the inner Moray Fir th index points. 

1. Western Forth Valley (Sissons and Brooks 1971) 

2. Lower Strathearn (Cullingford et a l . 1980) 

3. Eastern Kirkcudbright and Dumfriesshire. 

N.B. Curve drawn through original data points 

(af ter Jardine 1975) 

4. Wigtown Bay. N.B. Curve drawn through original 

data points (af ter Jardine 1975) 
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to the rest. This has been suggested, in Chapter 3, to be due to-
differences in data interpretation rather than to actual differences in 
the al t i tude and timing of transgressive and regressive overlaps. I f 
the suggestions made in Chapter 3 are implemented and concerning the 
change in interpretation of certain index points (e.g. South Carse, 
9390 - 130 B.P.) and the rejection of others (e.g. Redkirk Point 
8135 - 150 B.P. and Newbie Mains 7812 - 131 B.P.) i t is remarkable how 
the 'redrawn' curve parallels that of lower Strathearn. 

The period of low sea-level shown in the western Forth curve 

between 8690 - 140 B.P. and 8270 - 160 B.P. has a later age of between 

8370 - 45 B.P. and 7525 - 50 B.P. fo r lower Strathearn perhaps indicating 

d i f fe ren t i a l isostatic u p l i f t causing sl ight diachroneity. The com­

parable low point in the inner Moray Fir th area l ies between 9200 - 100 B.P. 

and c. 1000 yrs later estimated from pollen evidence at BY3B and 

supported by the radiocarbon date from the Cromarty bore C2 mentioned 

above. (Peacock et a l . 1980). This difference in postulated age fo r 

the inner Moray Firth with respect to the Fi r th and Tay may again re f lec t 

the d i f fe ren t approaches used and the fac t that no osci l la t ion equivalent 

to the rise and f a l l in sea-level that led to the formation of the Low 

Buried Beach has been determined in the inner Moray F i r th . 

The thin grey s i l t y sand layer found at Moniack to certain marine 

diatoms and at Barnyards where i t l ies solely within the upper clastic 

sequence is provisionally dated between 7430 - 100 B.P. and 7270 - 90 B.P. 

I t is correlated with the grey micaceous s i l t y f ine sand layer of 

Smith et a l . (1980) and Morrison et a l . (1981) which is dated between 

7555 - 7180 B.P. in East Fife and 7140 - 7050 B.P. at Fullerton near 

Montrose. There is therefore evidence for a discrete event prior to the 

culmination of the main Flandrian rise in sea-level in eastern Scotland, 

though i t is not recorded at a l l sites. The range of recorded alt i tude 
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of the layer is approximately 4-6.5 m.O.D. in the Montrose area and 
c. 4.5-9 m. in the East Fife area. At Moniack recorded altitudes range 
from 5.95 m. to 8.33 m. and at Barnyards from 3.73 to 5.11 m. At 
Barnyards the layer is not recorded landward of BY10 yet the a l t i tudinal 
range at Moniack suggests that the erosive transgressive overlap 
at BY14B (7.88 m) is within the range of this event. Pollen evidence 
from BY14B suggested this transgressive overlap is dated some time 
af ter c. 7200 B.P. 

The cause of formation of the layer is not known. Theories 

advanced include a storm surge (D.E. Smith unpublished) or a minor trans­

gressive episode succeeded by a s l ight regression (Smith et a l . 1980). 

A storm surge hypothesis is a t t ract ive . The sand layer is 

certainly a unique event in the mid-Flandrian history of the east coast 

of Scotland. Arguments in favour of a surge could include:-

the layer is usually thin 20 cm. is uniform in grain size (a 

sandy s i l t ) and often has an erosive lower contact. 

the age of the layer is remarkable uniform ( i f correctly corr­

elated) being c. 7300 B.P. in the inner Moray F i r th , 7555 - 7180 B.P. 

in East Fife and 7140 - 7050 B.P. at Fullerton near Montrose. 

i t is precisely in the more landward positions relative to the 

contemporary t ida l range that one would expect evidence fo r extreme 

events to be preserved, more seaward locations would be susceptible to 

later reworking by natural coastal processes. 

an extension of the former point, i t could be suggested that the 

slowing in the rate of sea-level rise compared to the period 

8200 B.P. - 7500 B.P. would i n i t i a t e conditions more l i ke ly for the 

preservation of such a layer. 
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The search fo r modern analogues is probably meaningless with 
so much of the present coastline the product of man's ac t iv i t i e s , indeed 
i t i s doubted i f a completely natural coastline showing a transit ion 
from inter t idal -»• saltmarsh reedswamp freshwater Alnus or Quercus 
fen exists today. 

Kumar and Sanders (1976) have described characteristics of modern 

and ancient storm deposits and consider them to contain a dist inct ive 

three part sequence; from the base upward consisting of (a) a basal lag 

containing coarse gravel (b) f ine ly laminated sand up to 2 m, thick 

(c) burrow-mottled sand coarser than (b) . 

The lower two units (a) and (b) are considered to result from 

storms, the lag formed during maximum storm intensity and the overlying, 

f iner sand is inferred to have been deposited rapidly under conditions 

of intense bottom shear as the storm waned. The upper unit is considered 

to result from f a i r weather processes creating wave-ripple laminae 

between the wave base and the breaker zone or burrow-mottled sediment 

further to seaward(p.l45). 

The environments studied by Kumar and Sanders are not s t r i c t l y 

comparable to the predominatly low energy sedimentary environments 

in which the sand layer is preserved today. In these environments 

conditions leading to the creation of a gravel lag deposit would not 

operate. However, an attractive origin for the sand layer could be 

that of rapid deposition out of suspension. At M4B diatoms counted 

through the sand layer proper (zone M4BD1) show l i t t l e variation in 

species content or species numbers, which could suggest rapid 

deposition. 

Evidence from the 1953 storm surge shows no evidence that 

sediments such as those found at M4B were la id down extensively. In 

south-east England the only sedimentary evidence on the natural coast 
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was a thin veneer of clay of limited extent and closely association 

with dune breaching (Tooley 1979). The sand layer is an exceptional 

event however and comparison with a storm surge with a return period 

of 10 years that affected a largely man-made coastline is probably 

inval id . 

An alternative interpretation for the layer could include 

that i t represents a minor transgressive episode within a general 

period of rising sea-level. At M4B the i n i t i a l erosive phase repres­

ented by the sand layer is succeeded by a succession in diatoms from 

marine to brackish spectra. The thin overlying Phragmites peat 

contains no evidence f o r environmental succession that may be expected 

under conditions of f a l l i n g sea-level and the sequence could be inter­

preted as an i n i t i a l erosive event caused by a rise in sea-level followed 

by a f a l l or equally a decrease in the rate of rise allowing peat 

accumulation over brackish facies. 

I f the sand layer has an eustatic or igin i t should be capable of 

resolution in the available eustatic curves. Morner's eustatic curve 

(1979b) does show a d is t inc t osci l la t ion with a f a l l in sea-level 

recorded at c. 7000 B.P. as does the sea-level curve fo r north-west 

England (Tooley 1974). 

In an upl i f ted area rises in sea-level are events of inter­

regional significance but tend to record a shorter time span fo r the 

event than in areas of less isostatic u p l i f t . Therefore a sudden increase 

or pulse in the rate of sea-level rise in an upl i f ted area, i f i t has a 

eustatic or ig in , should be capable of ident i f ica t ion in areas of less 

isostatic u p l i f t . I t is perhaps indicative of the scale of resolution 

of the eustatic sea-level curves mentioned above that no increase in 

the rate of sea-level rise is shown at this time. Alternatively i t 
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could be argued as proof of a storm surge or ig in . 

the culmination of the Flandrian rise in sea-level is recorded 

at an alt i tude of 9 m. and an age between 7100 - 120 B.P. and 

5775 - 85 B.P. with a preferred age of 6100 - 6400 B.P. Table 8.3 

compares age brackets and alti tude information for the formation of the 

Main Postglacial Shoreline in eastern Scotland and the Flandrian maximum 

of sea-level rise fo r the Solway Firth area (Jardine 1975) 

TABLE 8.3 

Location Altitude (m) Preferred age (B.P.) 

East Fife c. 8.3 m. 5900 (1) 

Mid-Tay 9.7 - 11.5 m. 6100 (1) 

Western Forth 14.4 m. 6600 (2) 

Moray Firth 9m. 6100 - 6400 

Kirkcudbright 8.18 m. 4300 (3) 

There is therefore some evidence for a diachroneity of the 

Flandrian culmination of sea-level away from the centre of isostatic 

u p l i f t . The resolution afforded by the inner Moray Firth data is poor 
14 

however since of the three C dates on the upper regressive overlap, 

the Arcan Mains data is considered the most reliable and the s i te is 

some 5-6 km. north-west of Barnyards and Moniack. The dates are 

comparable to those published apart from the Solway Firth and together 

with the comparable altitudes and with no evidence of a higher Flandrian 

shoreline in the inner Moray Fir th the maximum al t i tudinal l i m i t of the 

Flandrian marine sequence at Moniack, Arcan and Barnyards is equated 
14 

with the Main Postglacial Shoreline. More C dates are needed to allow 

meaningful suggestions about diachroneity or synchroneity and much 

more care needs to be taken that similar features are being compared 

(see Section 8.5). 
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8.4 A preliminary isostatic curve fo r the Moray Fir th area 

Two isostatic curves are available for Scotland (Sissons and 

Brooks 1971, Cullingford et a l . 1980). Their construction uses the 

relationship S + E = I where. 

S = Relative sea-level 

E = Eustatic sea-level 

I = Isostatic recovery 

The eustatic factor used in the two curves, from the western Forth Valley 

and lower Strathearn was a mean value calculated through extrapolation 

from several 'eustatic' curves. For the inner Moray Fir th area, as 

a f i r s t approximation, values were extrapolated from three 'eustatic' 

curves (Tooley 1974, Mttrner 1979b and Kidson and Heyworth 1978) for each 

index point age, averaged and added to altitudes converted to MTL. 

Fig. 8.4 shows the preliminary isostatic curve. The comparable curves 

fo r the Forth and lower Strathearn are also shown. 

The diagram shows that the inner Moray Fir th area has an isostatic 

u p l i f t history comparable to the Forth and Tay areas with c. 42 m. of 

total u p l i f t since 9600 B.P. and 11.5 m. since 5800 B.P. These figures 

should only be seen as approximate since the construction of the diagram 

is prone to many errors especially in the determination of a l t i tude , 

such as those relating to the accuracy of the original index point 

a l t i tude, the accuracy of interpolation from the eustatic curve and the 

accuracy of the original eustatic curve. The isostatic curve for the 

inner Moray Firth is drawn within an a l t i tudinal error band equal to the 

original error boxes of the index points. The total error is consider­

ably larger. 

Nevertheless several interesting features are apparent in the 

curve. F i r s t l y , the i n i t i a l amount of u p l i f t in the inner Moray Firth 
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Fig. 8 .4 Isostatic recovery curves fo r Scotland I 

Tay curve from Cullingford et a l . (1980). Forth 

curve from Sissons and Brooks (1971). Inner 

Moray Fir th curve calculated from original 9 

index points reduced to MTL and with the eustatic 

component added. The fiustatic component is 

calculated as the mean value of 3 'eustatic' curves 

(Mttrner 1979, Tooley 1978a, Kidson and Heyworth 

1978) at each corresponding age. 
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appears to have been greater than that of the Forth at c. 9200 B.P. 
Secondly, the rate of isostatic u p l i f t fo r the inner Moray Fir th appears 
to have been greater than in both the Forth and Tay unt i l c. 7300 B.P. 
Thirdly, the inner Moray Fir th and Tay curves appear to cross at 
c.6500 - 7000 B.P. with the Tay recording a greater amount of isostatic 
u p l i f t since that date. 

One possible explanation of these features is that they are real 

differences and give evidence fo r d i f f e ren t i a l isostatic u p l i f t caused 

by d i f f e r i ng glacial histories and geological structure between the areas. 

However i t is thought probable that the differences are a phen­

omenon of the method of curve construction and l i e within the error 

band fo r the resolution of the data. The u p l i f t curves for the Forth 

and Tay were constructed at 1000 and 500 y r . intervals, respectively, 

whilst the Moray Firth area curve was based on the actual age of the 

original index points. Furthermore the eustatic calibration of the 

former two curves was derived from a number of 'eustatic' curves. The 

Forth curve includes data from the curves of Godwin et a l . (1958), 

Shepard (1963), Schofield (1964), Moran and Bryson (1969) and MOrner 

(1969) ( in Sissons and Brooks 1971) and the lower Strathearn curve -

called here the Tay curve - includes data from a l l f ive of the above 

curves and in addition those of Kidson and Heyworth (1973) and Tooley 

(1974). The Moray Firth curve was derived only from these la t te r three. 

Recent work by Mflrner (1976) has ef fec t ive ly halted the search fo r a 

global eustatic curve and therefore the Tay and Forth curves include 

data from eustatic curves that probably contain error from including 

data points from widely d i f f e r ing areas. 

In an attempt to see i f the differences in the isostatic curves 

given in f i g . 8.4 could be explained by differences in construction, a l l 

three were redrawn in a similar way using an age fo r each individual 
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Fig. '8;5 Isostatic recovery curves fo r Scotland I I . 

A l l curves derived from original data points 

related to MTL with the eustatic component 

derived from Mflrner (1979), fo r each 

corresponding age. 
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index point used in the original sea-level curve or time altitude graph 

and a eustatic factor taken from the curve of Mflrner (1979b) which is 

claimed to be the best approximation to the form of eustatic change in 

North West Europe. The result is shown in f ig. 8.5. The variability 

of the data is great caused in part by the inaccuracy of interpolation 

from an oscillating curve and therefore no reliance should be placed on 

the curves shown in f ig. 8.5, they are to be considered.merely an 

exercise in assessing the isostatic factor. 

The greater amount of isostatic uplift in the inner Moray Firth 

area for 9200 B.P. compared to the western Forth is seen as a phenom­

enon of curve construction. However, the curves for the inner Moray 

Firth and Tay s t i l l cross at c. 7000 B.P. suggesting a differential 

rate of isostatic recovery between the two areas. It may s t i l l be 

caused by the inclusion of data points from Barnyards 14B and Moniack 

which are minimal ages for the removal of marine conditions from the 

respective si tes, the true age could be somewhat older and the dangers 

of circular argument must be stressed. 

However there is some support in the geological record for a 

decrease in the rate of isostatic uplift in the inner Moray Firth area 

with respect to the Tay. At Hole of Clien, St. Michael's and 

Fullerton in the middle Tay valley, East Fife and near Montrose 

respectively, the grey si l ty sand layer described in section 8.1 below 

forms a distinct, separate, wedge into the coastal peat mosses. The 

wedge extends further landward relative to the later carse deposits. At 

Moniack the reverse is true and the grey si l ty sand layer, i f correlation 

is correct, does not extend into the coastal peat further than the 

wedge formed by the blue-grey si l ty clay which is probably the correlative 

of the carse clay of the Forth and Tay. This could suggest a differential 

isostatic recovery, though again the errors inherent in the above 
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speculation are large and depend greatly on the validity of l i th-
stratigraphic correlation by chronostratigraphic means and the validity 
of Moniack as a site reflecting regional events since Moniack is a site 
open to local influences on sedimentation. 

A further line of evidence supporting the speculation is the fact 

that the correlative of the Main Buried Shoreline in the inner Moray 

Firth is now at 6.59 m. compared to 3.2 m. in lower Strathearn and yet 

the present altitude of the correlative of the Main Postglacial Shoreline 

is c. 9 m. though probably slightly higher compared to a maximum of 

11.5 m. in lower Strathearn. It is considered that while the speculation 

of differential rates of uplift between the Tay and Moray Firth area -

due to the differences in glacial history and tectonic history - is an 

attractive one, the available data do not prove such a differential 

isostatic history at present. 

8.5 Other Correlations 

The registration of positive and negative tendencies between areas 

of uplift, stability and subsidence will depend greatly on the rate and 

direction of the eustatic and isostatic factors as defined in chapter 1. 

I f a similar eustatic history can be assumed for Britain and perhaps even 

north-west Europe then differences in the date of initiation of positive 

and negative tendency periods will have an isostatic cause. It may 

therefore be suggested that in a subsiding area positive tendencies will 

predominate, begin earlier and last longer than in a stable or uplifting 

area; negative tendencies will probably reflect an inter-regional signif­

icant fall in sea-level. In an uplifting area negative tendencies will 

predominate, begin earlier and last longer than a stable or subsiding 

area; positive tendencies will probably reflect an inter-regional, 

significant rise in sea-level. 

Given this theoretical background,correlation can be made between 
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areas of different tectonic history to identify differences in the reg­
istration of positive and negative tendencies and to identify possible 
causes. This approach is not incompatible with previous research in 
Scotland which has tended t6 identify and name discrete features or 
shorelines. I f the definition of a shoreline by Jardine (1981) is 
accepted - that of the intersection, of mean tide level and the land 
surface at any given time in any given area - then any sea-level index point 
can be regarded as a shoreline for the scales of time and space within 
which i t is considered to be representative. Shorelines such as the 
features described in the Forth and Tay would then only define the boundary 
conditions between the end of a positive tendency and the beginning of a 
negative tendency period. 

In north-west England Tooley (1982) has identified twelve time 

periods characterized by transgressive overlap and twelve time periods char­

acterized by regressive overlap. This new scheme, derived from a reassess­

ment of the basic data for north-west England is considered to supersede 

the Lytham I - IX transgression sequences which used mixed criteria to 

establish the limits. 

The time interval c. 9300 B.P. to 8600 B.P. corresponds to the f irst 

of Tooley's transgressive overlap periods. This interval is based on three 
14 

C dates from Heysham Harbour and two from deep boreholes in Morecambe 

Bay. Of the three dates from Heysham Harbour two are from the middle of 

peat layers and are disturbed samples. Only one date shows corroborating 

evidence for a rise in watertable, Birm. 140, 8925 -200 B.P. some 63 cm. 

below the transgressive overlap. The dates are not good evidence for the 

initiation of a transgressive episode prior to 9,000 B.P. and a later date 

of c. 8900 B.P. is preferred. This suggests the f irst period of trans­

gressive overlap can be considered as c. 8900'B.P. to c. 8600 B.P. This 

time period is characterized by evidence for a negative tendency of sea-level 
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change in the Moray Firth area. There are two possible reasons for the 
proposed opposite movements of sea-level between the areas at this time. 

I f the relationships mentioned above are valid, a positive tendency 

period should start earlier in NW England than the Moray-Firth. Due to 

lack of stratigraphic control provided by a shoreline sequence i t is 

unknown as yet i f the equivalent of the Low Buried Shoreline of the Forth and 

Tay exists in the Moray Firth area. Tooley's f i rst transgressive overlap 

period and dates of 8800 B.P. and 8500 - 8600 B.P. for the Low Buried 

Beach in the Forth and .Tay do suggest further research may enable further 

refinement of the chronological scheme during the time period 9000 -

8500 B.P. in the inner Moray Firth. 

Alternatively the lack of a Low Buried Shoreline may reflect a 

higher rate of isostatic recovery in the inner Moray Firth producing 

continued negative tendencies. However, the dangers of a circular argument . 

must be stressed here. 

The second time interval of transgressive overlap in north-west 

England lasts from c. 8450 B.P. to c.7600 B.P. and corresponds to^the period 

of positive tendency in the inner Moray Firth area which commenced 

c.8550 B.P. The rise in sea-level between these dates was dramatic, 

approximately 8-10 m. in north-west England and greater than this figure in 

the inner Moray Firth area. Tooley (1974) has suggested this dramatic 

restoration of sea-level correlates with the final catastrophic disinteg­

ration of the Laurentide ice sheet (Bryson et a l . 1969) consequent 

upon the transgression of Hudson Bay. 

Between c. 7400 B.P. and c. 7150 B.P. a second period of regressive 

overlap is recorded in north-west England. This might be taken as evidence 

to suggest that the thin peat layer above the thin si l ty sand layer at 

Moniack dated at 720Q - 7100 B.P. may represent a fall in sea-level. 

However the interval is based on only two radiocarbon dates in north 
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west England and such a conclusion is premature. 

A further interesting feature of the scheme is the alternation of 

transgressive and regressive overlap periods between 6750 and 5500 B.P. 

Approximate dates are given below in table 8.4 

TABLE 8.4 

Transgressive Regressive 
Overlap (B.P.) . . Overlap (B.P.) 

4. 6400 - 6450 3. 6500 ' - 6750 

5. 5950 - 6000 , 4. 6050 - 6300 

6. "5490 - 5750 5. 5750 - 5900 

It can be suggested that i f the transgressive episodes have regional sig­

nificance they may well be capable of recognition in areas with increased 

isostatic uplift. There are two time periods given in table 8.4 that 

provide optimum conditions for shoreline formation between 6300 and 

6400 B.P. and between 5900 and 5950 B.P. In Scotland the Main Postglacial 

Shoreline is considered to have been formed c. 6400 B.P. in the western 

Forth Valley, c.6100 B.P. in the Tay and 5800 - 5900 B.P. in East Fife. I f 

the transgressive episodes recorded in-.north-west England do have regional 

significance then there is the possibility that in Scotland the differences 
14 

in.date noted above may be caused by a clustering of C dates resulting 

from a decrease in the rate of sea-level f a l l . Alternatively the diachroneity 

may result from the practice of dating the shoreline in different estuaries 

at differing distances from the centre of isostatic uplift. 

The earliest dated overlaps in the Fenland are found at 

Adventurer's Land, Guyhirn. (Shennan 1980) where an erosional transgressive 

overlap was dated at 6575- 95 B.P. (Hv 10.011, AL4), and therefore data 

from this area only provides slight overlap in time with the scheme outlined 

for the inner Moray Firth area. Interestingly however the boundaries between 
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Wash I, Fenland I and Wash II and Fenland II are considered c.6300 B.P. 

and c.5600 B.P. respectively, a slightly later end to transgressive episodes 

is suggested likely in a subsiding area such as the Fenland compared to 

an uplifted area. The data are possibly not incompatible therefore 

with the idea of two periods registering negative tendencies in parts 

of eastern Scotland at c . 6400 B.P. and c.5900 B.P. and great care 

is suggested when statements are made concerning the synchroneity or 

diachroneity of the Main Postglacial Shoreline in Eastern Scotland 

especially when the shoreline has not been traced between sites. 

In Fennoscandia where total isostatic uplift has been approximately 

three times that of Scotland i t is easier to distinguish between shorelines 

since isostatic uplift has raised and preserved features shortly after 

their formation. 

The f i rst Flandrian transgression (ALV-2) in Sweden began c.9280 B.P. 

and reached its maximum at 8850 B.P. (Mtirner, 1969). Other postglacial 

transgression maximum (PTM) are given below where they overlap in time 

with the inner Moray Firth area (Table 8.5). 

TABLE 8.5 

Postglacial Transgression Maxima (after Mttrner 1969) for 
the Kattegatt region 8800 - 5500 B.P. 

ALV 2 8800 B.P. 
PTM 2 . 6950 B.P. 
PTM 3A ' 6450 B.P. 
PTM 3B 6250 B.P. 
PTM 4A 5850 B.P. 
PTM 4B 5650 - 5500 B.P. 

According to Mflrner (1979) these oscillations are well dated and 

strati graphically separated, the peaks representing shorelines. I t is 

remarkable how these dates mirror the accepted dates for shoreline formation 

in south-east Scotland where the Low Buried Beach is considered to have been 

formed at 8800 B.P. (Sissons 1976). The 6950 B.P. date is close to that 
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suggested fof the 'grey micaceous si l ty sand' layer in the Forth (Sissons, 
unpublished) and PTM 3A to 4A record three separate transgressions covering 
the time period assumed for the formation of the Main Postglacial Shoreline 
(Morrison et a l . 1980), a greater resolution of events being possible in 
Fennoscandia due to the increased amount of uplift compared to Scotland. 

Using diatom stratigraphy, Digerfeldt (1975) identified seven 

transgressions into a former lagoon at BarsebSckmossen, Western Skane, Sweden. 

'The f i rst is dated between 6750 - 7150 B.P., the second c. 6400 - 6200 B.P. 

and the third from c.5900 - 5700 B.P. While i t is accepted that Digerfeldt's 

transgression scheme and of Mflrner are constructed using different criteria 

the broad agreement in age (to an accuracy of c . - 200 yrs) suggests similar 

processes were operating. 

In Blekinge,Sweden, Berglund (1971) identified six marine trans­

gressions, those that overlap in age with the inner Moray Firth include 

TABLE 8.6 

I 6950 - 6650 B.P. 

II 6450 - 6250 B.P. 

I I I 5850 - 5550 B.P. 

IV 5450 - 5250 B.P. 

In conclusion i t is remarkable how closely many of the shorelines 

noted for Sweden mirror those of Scotland in time of formation. The 

greater degree of resolution afforded in Fennoscandia by the larger amount 

of uplift does suggest the possibility of two or perhaps three transgressions 

at or about the time of the formation of the Main Postglacial Shoreline 

which could suggest the Main Postglacial Shoreline is a complex feature 
14 

in eastern Scotland. Ideally close C dating of the regressive overlap 

associated with the fall in sea-level from its Flandrian maximum should 

be attempted from the centre of uplift outwards to identify the effects 
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of positive tendencies found in other areas during the time period 

6600 - 5800 B.P. 

In conclusion the identification of time periods of positive and 

negative tendencies provides a flexible method of correlation between 

areas of differing and similar tectonic history. The use of this 

approach could lead to modelling the inter-regional resitration of 

events and enable statistical matching techniques to be'employed 

(Shennan 1982). It is admitted however that in certain areas of 

Scotland this aim will be impossible to achieve through lack of 

< datable material. 
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CHAPTER 9 

CONCLUSIONS 

9.1 Flandrian coastal evolution in the Moray Firth 

Three new si tes, at Barnyards near Beauly, Moniack near Kirkhill 

and Arcan Mains in Strathconon were investigated to provide altitude 

age and environmental information on sea-level movements during the 

Flandrian Age in an area with l i t t le or no previous research. 

Pollen analysis was used to provide independent age corroboration 

of the radiocarbon method, as an indicator of possible unconformities 

in sedimentation and to identify environmental change consequent upon 

the addition and removal of marine conditions. 

Diatom analysis provided data relevant to the study of the 

depositional environment of the clastic horizons that characteristically 

interfinger the peat layers. 

Stratigraphic analysis allowed the identification of units within 

peat layers to provide additional information on v/ater table movements 
14 

and together with pollen analysis and C dating allowed the 

time - transgressive nature of transgressive and regressive overlaps to 

be assessed as evidence for sea-level rise and fa l l . 

An effort has been made to evaluate the errors inherent in age 

and altitude of index points used in the reconstruction of former 

sea-levels. It is suggested that the evaluation of such errors, 

especially in altitude is a prerequisite for further research in 

Flandrian sea-level change. 

A preliminary chronological scheme for sea-level change within 

the study area suggests a period of falling sea-level from 9600 B.P. to 

later than 9200 B.P. The age of the subsequent rise in sea-level is 
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unknown but i t was probably under way by c. 8200 B.P. Further dates on 

the transgressive overlap formed by this rise are 7700 B.P. at Arcan 

Mains and 7400 and 7100 B.P. at Moniack. 

The culmination of the Flandrian rise in sea-level is given an 

age limit of 7100 - 5800 B.P. but an age of 6100 - 6400 B.P. is preferred 

for the formation of the highest Flandrian Shoreline in the area which 

is correlated with the Main Postglacial Shoreline of eastern Scotland, 

However certain reservations about the formation of the Main Postglacial 

Shoreline have been expressed. 

Prior to the culmination of the Flandrian rise in sea-level a 

thin but widespread grey si l ty sand layer was deposited. As in other 

areas in eastern Scotland the layer forms a distinct wedge into the 

coastal peat layers at Moniack and can be traced as a consistent horizon 

within the blue-grey and orange clay-si l ts of the clastic cover sequence 

at Barnyards, correlated with the carse deposits of eastern Scotland. 

An age of 7430 - 7270 B.P. is assumed for the layer, interpreted as 

being formed either by an increase in the rate of sea-level rise within 

a period of regionally rising sea-level or by a sudden event such as a 

storm surge. This age is quite comparable to other areas of Scotland 

where the layer has been identified. 

Local factors on sedimentation affecting the suitability of 
14 

C dated index points have been assessed at Moniack and Arcan Mains. 

Altitudinal information is considered less reliable with com­

paction and changes in palaeotidal range not resolved in this study. 

Errors involved in sampling, indicative range and conversion to a 

reference tide level have been studied to provide a minimum error for 

the vertical range of sea-level. 
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The altitude of the shoreline underlying the lower peat in the 
study area, dated at 9600 B.P. is given as 5.98 - 7.03 m. and i t is 
correlated with the Main Buried Shoreline of the Forth and Tay. The 
altitude of the succeeding minimum is not known but extrapolation of 
data from transgressive and regressive overlaps at Barnyards and Moniack 
suggest a minimum value of +2 m. and -3 m. respectively with an age 
bracket of 9200 - 8200 B.P. at Barnyards. Peacock et a l . (1980) suggest 
an altitude of c . -6 m. and an age of 8800 B.P. for this minimum. 
It is unknown i f there is a feature comparable with the Low Buried 
beach of the Forth and Tay and at present the minimum referred to above 
encompasses the age 9200 - 8200 B.P. and may include an intervening 
rise and fall in sea-level. However i f the increased rate of isostatic 
recovery between 9600 B.P. and 9200 B.P. compared to the Forth and Tay 
is valid, the registration of such a rise and fall which caused the 
formation of the Low Buried Beach in the Forth and Tay may be absent 
in the Moray Firth area. 

The altitude of the limit correlated with the Main Postglacial 

Shoreline of eastern Scotland is at c. 9 m.O.D. in the inner Moray 

Firth comparable to the altitude for the Main Postglacial Shoreline in 

the Tay and Solway Firth areas but less than that recorded for the 

western Forth Valley. The age, 6100 - 6400 B.P., of its formation is 

too wide a period to assess arguments for the possible diachroneity of 

this feature. Certainly within the resolution of the ^ C method 

and sites investigated at present i t is not possible to demonstrate 

diachroneity. 

A preliminary isostatic curve suggests 42 m. of uplift at 

9600 B.P. and 11.5 m. at 5800 B.P. The form of the curve is comparable 

to that of the Forth and Tay areas, though the inner Moray Firth curve 
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and that of the Tay appear to cross at c. 7000 B.P. with the Tay showing 

a greater amount of uplift since this date. This feature of the two 

uplift curves may be incapable of resolution within the errors inherent 

in curve construction but i t is felt there are some grounds in the 

geological record for supporting such a speculation. 

9.2 Proposals for further research 

More research is needed to refine the scheme of sea-level change 

in the inner Moray Firth area outlined in Chapter 7. An attempt has 
14 

to be made to increase the data base to produce more C dated index 

points for periods deficient in time control and to produce additional 

stratigraphic data to assess the altitudinal limits of marine activity 

for each rise and fall in sea-level. Periods deficient in time and 

altitude control include 9200 B.P. to 7700 B.P. and 7100 to 5800 B.P. 

which cover the period of minimum sea-level during the early Flandrian, 

the initiation of the succeeding rise in sea-level and the culmination 

of the rise represented by the Main Postglacial Shoreline. 

In order to evaluate the inter-regional variation in altitude and 

timing sites are required at locations further from the centre of 

isostatic recovery. Three such sites at Munlochy Bay (NH 6351), Delny 

(NH 7372) and Rhynie - Mounteagle (NH 8478) do suggest a fall in 

altitude of, for instance, the highest postglacial shoreline, from a 

maximum at the head of the Beauly and Cromarty Firths. At Rhynie -

Mounteagle i t is suggested that no late Flandrian marine sediments are 

present, the only units attributable to marine activity l ie at 

c. 4-6 m. O.D. and may relate to a Late Devensian or early Flandrian 

isolation of the site. 

Further research is needed on the definition, recognition and 

dating of the 'Main Postglacial Shoreline' in eastern Scotland. In 
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Chapter 8 i t was suggested that a serious limitation of shoreline'studies 

lies in inter-regional correlation with areas of differing tectonic 

history. Because the later Flandrian shorelines in Scotland l ie close 

to each other in altitude and have similar gradients the possibility 

of incorrect lithostratigraphic correlation is great. It is tentatively 

suggested that future research should, in areas with datable material, 

adopt a more flexible approach using periods of positive and negative 

tendencies derived from all available data, including shorelines. 

This would possibly enable the recognition of discrete events such as 

those noted in Southern Sweden where greater isostatic uplift means 

the shoreline sequence is capable of finer resolution. 

The time altitude graph produced is the only one for Scotland 

to include an explicit altitudinal error component for measuring 

error and relationship of the index point to its contemporary sea-level. 

The investigation of other post-depositional influences on altitude 

such as consolidation is a priority for the future. 

In Scotland as a whole the aim for future research must be to 
14 

produce more C dated index points with an assessment of the error 

in age and altitude. Sea-level curves drawn as a single line through 

index points are therefore to be regarded as only one possible scheme 
for sea-level change within a wider error band. Allochthonous material 

14 

and C dated points without good strati graphic control are to be 

regarded as unsuitable for the production of sea-level curves. 

Once reliable data have been synthesized for each area of Scotland 

according to similar operational definitions and procedures, an attempt 

can be made to assess the between-area differences in the altitude of 

sea-level change and to suggest reasons for the differences. Rates of 

change of sea-level could then be evaluated for specific time periods 
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and linked to models of isostatic recovery. 

A final stage in analysis would be the three-dimensional 

representation of variation in index point altitude with age. Trends 

of isostatic recovery could then be mapped by incorporating tidal 

and eustatic calibration. A preliminary study of this nature using 

the dated index points used in the histogram analysis is in progress. 
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APPENDIX I 

Laboratory Schedule for Pollen Analysis 

Pollen counts for -

Barnyards 3B 

Barnyards 14B 

Moniack 29B 

Arcan Mains 
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Laboratory Schedule for Pollen Analysis 

Stages 1.2, 1.4 and 1.5 should be applied to peats. Gytjjas and lake marls 

may require the addition of stages 1.1 and 1.3 in strict order. 

1.1 Solution of Carbonates and Disaggregation 

Add 5 tablets of Lycopodium to 0.5 cm3 material. 

1.1.1 Add 10% solution cold HC1, leave until effervescence stops, s t i r . 

1.1.2 Centrifuge, decant 

1.2 Evacuation of Alkali-soluble organic compounds 

1.2.1 Add KOH (10% solution), s t i r . 

1.2.2 Heat in boiling water for 30 mins. Stir occasionally 

1.2.3 Decant through 180 sieve. Wash residue 

1.2.4 Centrifuge. Decant and wash until supernatant liquid unstained 

1.3 Hydrofluoric acid digestion of siliceous material 

1.3.1 Add HF (30% solution) to residue. Stir well. \ f i l l tube. 

1.3.2 Heat in boiling water until stratified sediment appears 1 hr. 

1.3.3 Stir , centrifuge, decant 

1.3.4 Add HC1 (10% solution). Heat in boiling water 3-5 mins. 

1.3.5 Centrifuge, decant, wash with distilled water, s t i r , centrifuge, 

decant 

1.4 Acetylation. Evacuation of unaltered Lignin and Cellulose 

1.4.1 Add Glacial Acetic Acid. St ir , centrifuge, decant 
1.4.2 Add acetylation mixture. Stir well, 1:9 cone. Ĥ SO. - Acetic 

anhydride 
1.4.3 Heat in boiling water, 1 minute. Stir occasionally 
1.4.4 Centrifuge. Decant 

1.4.5 Add Glacial Acetic Acid, St ir , centrifuge, decant 

1.4.6 Add distil led water, s t i r , centrifuge, decant.. 2X 
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1.5 Staining 

1.5.1 Add Tertiary Butyl Alcohol, Centrifuge, decant 

1.5.2 Add 1ml Tert. But. Alcohol + 2 drops safranin., place in 
small vials, centrifuge, decant. 

1.5.3 Add silicone fluid, same volume as sample, s t i r , plug with 
cotton wool. 
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APPENDIX I I 

Laboratory Schedule f o r Diatom Analysis 

L i s t o f Diatom taxa wi th ecological notes 

Diatom counts f o r -

Barnyards 3B 

Moniack 4B 

Moniack 29B 
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Laboratory Schedule f o r Diatom Analysis 

1. Place 1 cm3 i n 150 ml.. Pyrex beaker 

2. Add 30% solut ion of H 2 0 2 

3. Leave overnight , i f reaction not complete, heat gently 
u n t i l effervescence stops 

4. Disperse residue by ag i t a t ion i n remaining l i q u i d , 
decant i n to cent r i fuge tubes 

5. Add d i s t i l l e d water, c en t r i fuge , decant 3X 

6. Transfer random sample to cover s l ips on a hot p la t e . 
Evaporate l i q u i d 

7. Place a small amount o f Mi crops 163 mountant on microscope 
sl ides on a gentle heat and inve r t microscope 
cover s l ips (22 x 22 mm.) 
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Achnanthes brevipes Agardh v . intermedia (Kutz) Cleve. - BM e 

A. f l e x e l l a (Kutz.) Brim. Z (e) 

A. lanceolata (de Brebisson) Grunow. ZB e 

Actinoptychus undulatus (Bailey) Ral fs . MB P 

Amphora marina W.Smith. MB(b) 

A. oval i s Kutz. ZB b 

Auliscus sculptus (W.Smith) Ra l f s . M b 

Biddulphia aur i t a (Lyngbye) de Brebisson et Godey. M e 

Caloneis brevis Gregory. M(b) 

Caloneis formosa (Gregory) Cleve. B(b) 

Cocconeis clandestina A. Schmidt. M e 

C. distans Gregory. M(e) 

C.placentula Ehrenberg. ZB e 

C. scutellum Ehrenberg. MB e 

Coscinodiscus excentricus Ehrenberg. MB p 

Cyclote l la comta (Ehrenberg) Kutz. ZB p 

Cymatosira belgica Grunow. M e 

Cymbella c i s t u l a (Hemprich) Grunow. ZB e 

C.cuspidata Kutz. ZB(e) 

C.hungarica (Grunow) Pantocsek. (Z) e 

C. sinuata Gregory. ZB e 

C. turgida (Gregory) Cleve. ZB(e) 

C. ventricosa Kutz. ZB e 

Diatoma hiemale (Lyngbye) Heiberq. Z ( P ) 

D. vulgare Bory ZB p 

Didymosphenia geminata (Lyngbye) M.Schmidt Z e 

Dimerogramma marina (Gregory) Ral fs . Mb(e) 

D. minor (Gregory) Ra l f s . Mb(e) 

Diploneis didyma Ehrenberg. MB b 

D.interrupta (Kutz.) Cleve. Bb(e) 
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D.l ineata (Donkin) CIeve. , M b 

D. oval i s (Hilse) Cleve. ZB b 

D. smi th i i (de Brebisson) Cleve. MB e 
" « 

D. stroemi Hustedt. M e 

Epithemia argus Kutz. ZB e 

E. turgida (Ehrenberg) Kutz. ZB e 

E. zebra (Ehrenberg) Kutz. ZB e 

Eunotia arcus Ehrenberg. Z e 

E. diodon Ehrenberg. Z e 

E. g r a c i l i s (Ehrenberg) Rabenhorst. Z(e) 

E. lunar is (Ehrenberg) Grunow. ZB e 

E. monodon Ehrenberg. Z(e) 

E. pec t ina l i s (Di l lwyn) Rabenhorst. Z e 

E. praemonos Ake Berg. Z(e) 

Eunotogramma marinum (W.Smith) Peragullo. M -

Frag i l a r i a bidens Heiberg. ZB(e) 

F. b r e v i s t r i a t a Grunow. ZB(e) 

F. construens (Ehrenberg) Grunow ZB e 

F. construens (Ehrenberg) Grunow v . venter (Ehrenberg)Grunow ZB(e) 

F. pinnata Ehrenberg. ZB e(p) 

F. schu lz i i Brockmann. B e 

F. virescens Ralfs v . clavata Grunow. B(e) 

Frus tu l ia rhomboides (Ehrenberg) De Toni . Z(e) 

Gomphonema acuminatum Ehrenberg. ZB e 

G. acuminatum Ehrenberg v.coronata (Ehrenberg) W.Smith. ZB e 

G. angustatum (Kutz . ) Rabenhorst ZB(e) 

G. constrictum Ehrenberg. ZB e 

G. g rac i le Ehrenberg ZB(e) 

G. in t r ica tum Kutz. ZB e 

Grammatophora oceanica (Ehrenberg) Grunow. 

v . macilenta (W.Smith) Grunow. MB e 
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G. serpentina (Ralfs) Ehrenberg. -M e 

Gyrosigma balticum (Ehrenberg) Rabenhorst. B b 

Meridion c i r cu la re Agardh. ZB p 

Navicula americana Ehrenberg. Z(b) 

N. avenacea de Brebisson B b 

N. cancellata Donkin M b 

N. c incta (Ehrenberg) Kutz. ZB(b) 

N. dementis Grunow B(b) 

N. dicephala (Ehrenberg) W. Smith ZB(b) 

N. d ig i to rad ia t a (Gregory) A. Schmidt. B b 

N. elegans W. Smith. B(b) 

N. hennedyi W. Smith. M b 

N. hungarica Grunow. ZB b 

N. lanceolata (Agardh) Kutz. ZB b 

N. la t iss ima Gregory. M b 

N. l y r a Ehrenberg. M b 

N. marina Ra l f s . MB b 

N. palpebral i s De Brebisson M b 

N. peregrina (Ehrenberg) Kutz. B b 

N. pupula Kutz.var. rectangularis (Gregory) Grunow . ZB b 

N. p u s i l l a W. Smith. ZB b 

N. radiosa Kutz. ZB b 

N. scoliopleura A. Schmidt. M b 

Neidium i r i d i s (Ehrenberg) Cleve. ZB(e) 

N.productum (W.Smith) Cleve. ZB(e) 

Nitzschia acuminata (W.Smith) Grunow. MB b 

N. bi lobata W. Smith B(b) 

N. circumsuta (Bailey) Grunow. B(b) 

N. navicular is (de Brebisson) Grunow. B b 
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N. palea (Kutz , ) W. Smith. ZB(b) 

N. pa lus t r i s Hustedt. " Z(b) 

N. punctata (W.Smith) Grunow. BM b 

N, scalar is (Ehrenberg) W.Smith B ( b ) ' 

N. sigma (Kutz . ) W.Smith. BZ b 

N. t r y b l i o n e l l a Hantzsch. BZ b 

Opephora pac i f i c a (Grunow) P e t i t . M e 

Para!ia sulcata (Ehrenberg) Kutz. M p 

Pinnularia boreal i s Ehrenberg. ZB(b) 

P. divergens W. Smith Z(b) 

P. g e n t i l i s (Donkin) Cleve. Z(b) 

P. gibba Ehrenberg. Z(b) 

P. in te r rupta W.Smith. Z(b) 

P. l a t a (de Brebisson) W. Smith Z(b) 

P. major (Kutz) Cleve. ZB(b) 

P. mesolepta (Ehrenberg) W. Smith Z(b) 

P.microstauron (Ehrenberg) Cleve. Z(b) 

P. n o b i l i s Ehrenberg. Z(b) 

P. stauroptera (Rabenhorst) Cleve. (Z)b 

P. subcapitata Gregory. Z(b) 

P. v i r i d i s (Nitzsch) Ehrenberg. ZB(b) 

Plagiogramma staurophora (Gregory) Heiberg M e 

Podosira s t e l l i g e r (Bailey) Mann M e(p) 

Rhabdonema arcuatum Kutz. M e 

R. minutum Kutz. M e 

Rhoicosphenia curvata (Kutz) Grunow. ZB e 

Rhopalodia gibba (Ehrenberg) O.MUller. ZB e 

R. gibberula (Ehrenberg) 0. Mli l ler B e 

Scoliopleura tumida (de Brebisson) Rabenhorst. BM b 
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Stauroneis anceps Ehrenberg. " z(b) 

St . phoenicenteron Ehrenberg. ZB(b) 

St . s m i t h i i Grunow. ZB(b) 

S u r i r e l l a b i se r ia ta de Brebisson. ZB(b) 

S u r i r e l l a fastuosa Ehrenberg. M b 

Synedra Crys ta l l ina (Agardh) Kutz. MB e 

S. g a i l l o n i i (Bory) Ehrenberg. MB e 

S. pulchel la (Ralfs) Kutz. BZ e 

S. tabulata (Agardh) Kutz. BM e 

S. ulna (Nitzsch.) Ehrenberg ZB e 

Tabel lar ia fenestrata (Lyngbye) Kutz. ZB e 

T. f locculosa (Roch) Kutz. Z e 

Trachyneis aspera (Ehrenberg) Cleve. M b 

Z - Fresh 

ZB - Fresh-brackish 

BZ - Brackish-fresh 

B - Brackish 

BM - Brackish-marine 

MB - Marine-brackish 

M - Marine 
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APPENDIX I I I 

Particle size and loss on ignition determinations for -

Barnyards 3B 

Barnyards 14B 

Arcan Mains 
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Barnyards 3B. Particle Size {%) 

• 

Depth Gravel Coarse Med. Fine Coarse Med. Fine Clay 
• 

Depth 
Sand Sand Sand S i l t S i l t S i l t 

Clay 

415-20 0 0.05 0.39 3.09 79.46 7.37 2.54 7.10 
410-15 0 0 0.20 3.28 63.67 13.41, 4.86 14.10 
405-10 0 0 0.63 3.01 64.77 15.21 3.92 12.36 
400-05 0 0.07 1.19 9.08 41.31 25.54 8.64 14.24 
395-400 0 0 0.89 7.12 41.41 21.20 10.19 19.19 
393r75 0 0 1.00 4.10 43.70 23.97 10.87 16.36 
365-70 0 0 0.10 0.20 44.80 19.77 11.20 23.93 
360-65 0 0 0.15 0.31 38.66 27.98 12.37 20.53 
355-60 0 0 0.77 1.64 20.75 34.71 21.27 20.86 

Loss on ignition (%) 

430 - 35 1.60 
425 - 30 1.34 
420 - 25 1.39 
415 - 20 1.49 
410 - 15 1.43 
405 - 10 1.47 
400 - 05 1.62 
395 - 400 1:86 
393 - 95 2.29 
365 - 70 12.42 
360 - 65 8.06 
355 - 60 8.44 



BY14B particle Size (%) 

Depth 
i 
Gravel Coarse 

Sand 
Med. 
Sand 

Fine 
Sand 

Coarse 
S i l t 

Med. 
S i l t 

Fine 
S i l t 

Clay 

520-5 35.73 6.42 9.77 19.18 19.34 4.06 2.45 3.06 
515-20 28.66 7.12 9.37 21.29 24.17 3.64 2.42 3.32 
510-15 57.05 3.62 4.26 13.31 15.46 2.90 1.42 1.98 
505-10 36.97 5.36 7.86 17.80 21.77 4.80 2.12 3.32 
500-05 15.24 2.54 7.87 33.60 34.13 3.21 1.38 2.03 
495-500 7.89 4.57 10.98 36.90 25.95 7.62 0.30 5.79 
490-95 0 0.91 30.36 40.43 25.09 0.92 0.77 1.52 
485-90 0 0 4.67 47.31 41.76 2.74 0.77 2.75 
480-85 8.15 0.61 3.65 14.70 46.47 12.82 4.79 8.81 
475-80 2.35 0.86 3.16 9.95 58.68 9.98 3.08 11.94 
470-75 0.78 0.62 0.99 3.18 37.01 35.36 3.05 19.01 
465-70 4.85 4.50 5.25 9.61 45.59 8.22 3.93 18.05 
460-65 21.85 4.86 5.40 8.78 38.32 6.15 2.27 12.37 
455-60 60.29 6.03 5.30 7.65 14.20 1.94 0.67 4.02 
450-55 7.00 3.18 2.74 ' 4.45 76.8 2.35 0.66 2.82 
445-50 23.97 8.41 7.75 16.03 30.15 5.82 2.28 4.89 
440-45 0.73 0.71 0.85 3.64 47.66 19.64 5.87 20.90 
435-40 2.04 1.98 2.31 4.89 62.63 5.06 3.05 18.42 
430-35 0 0.58 0.77 3.37 66.3 7.82 3.17 17.99 
425-30 0 0 0.75 5.82 57.85 10.26 4.04 21.28 
420-25 0 0.73 1.02 8.79 59.93 10.21 3.05 16.23 
415-20 0 0.77 0.92 2.30 38.79 10.86 3.93 21.42 
410-15 0 0.62 0.83 1.63 47.39 16.67 6.75 26.11 
405-10 0 0 0.10 0.95 36.51 23.12 13.29 26.03 
400-05 0 0 0.30 1.13 63.32 5.97 2.39 26.89 
395-400 0 0 0.27 0.96 64.73 6.83 4.04 23.17 
390-95 0 0.56 1.00 6.94 65.44 7.44 1.95 16.67 
385-90 0 0.63 0.83 3.14 57.83 24.61 5.30 7.66 
380-85 0 0 1.19 1.74 76.82 5.98 1.74 12.53 
375-80 0 1.23 1.85 1.85 33.58 34.81 2.46 24.22 
370-75 0 0.87 0.87 1.41 25.85 23.01 20.89 27.10 
364-70 0 0.34 0.87 3.12 9.78 28.17 32.62 25.10 
225-30 21.24 7.90 16.95 29.63 15.39 5.09 0.65 3.15 
220-25 8.34 5.91 19.66 35.84 11.53 9.07 1.87 7.78 
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BY14B Loss on ignition {%) 

520 - 25 0.1 
515 - 20 0.13 
510 - 15 0.14 
505 - 10 0.17 
500 - 05 0.09 
495 - 500 0.12 
490 - 95 0.08 
485 - 90 0.17 
480 - 85 0.21 
475 - 80 0.27 
470 - 75 0.39 
465 - 70 0.55 
460 - 65 0.38 
455 - 60 0.32 
450 - 55 0.45 
445 - 50 0.53 
440 - 45 0.73 
435 - 40 0.25 
430 - 35 _ 0.56 
425 - 430 0.46 
420 - 25 0.51 
415 - 20 0.70 
410 - 15 0.68 
405 - 10 0.70 
400 - 05 0.86 
395 - 400 0.63 
390 - 95 0.63 
385 - 90 13.43 
380 - 85 25.71 
375 - 80 28.59 
370 - 75 5.47 
364 - 70 3.29 
225 - 30 2.19 
220 - 25 2.25 
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Arcari Mains. Particle Size (%) 

Depth Gravel Coarse Med. Fine Coarse Med. Fine Clay Depth 
Sand Sand Sand S i l t S i l t S i l t 

570-75 0 0.58 3.52 87.65 0.116 1.66 1.294 5.180 

565-70 0 0.38 4.06 75.85 16.341 1.405 1.263 0.701 

560-65 0 0.40 6.22 65.82 24.01 1.91 0.82 0.820 

555-60 0 0.45 4.48 49.99 26.598 12.112 1.874 4.496 

552-55 0 1.14 10.51 53.59 27.409 3.678 2.622 1.051 

548-52 0 0.45 1.30 60.84 30.273 3.141 2.853 1.143 

520-25 0 0 0.36 0.76 55.14 18.222 4.661 20.855 

515-20 0 0 0.52 8.49 70.36 5.741 2.017 12.872 

510-15 0 0 0.51 8.93 65.57 9.153 1.886 13.949 

505-10 0 0 0.69 4.21 38.29 23.29 12.467 21.053 

500-05 0 0 0.28 4.26 53.35 14.572 7.992 19.546 

Loss on ignition (%) 

570 - 75 0 
565 - 70 0 
560 - 65 0 
555 - 60 0 
552 - 55 0 

548 - 52 0 
520 - 25 0.006 
515 - 20 0.004 
510 - 15 0.005 

505 - 10 0.005 

500 - 05 0.004 



-344-

APPENDIX IV 

C dates for the inner Moray Firth area 



S E A - L E V E L DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES ( s e c o n d e d i t i o n ) 

i n t e r n a l programming no. 

1. G e o g r a p h i c l o c a l i t y o f s a m p l e 

s a m p l e no. BY14B : 141-6 

s 
s 
C 0 T L A N D •1 

1 27 

B E A U L I N V E R N E S S 
DO 

c o u n t r y , s t a t e 
o r s e a and s e c t o r 

g e o g r a p h i c r e g i o n 
o r town o r c o u n t y 

2 a . C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

0 
1 

2 9 2 8 
R i g h t Up 

5 2 2 6 
72 73 

4 7 0 8 
79 

i n t e r n a l codo f o r n a t i o n a l g r i d ; 

g e o c o o r d i n a t e s E o r W o f G r e e n w i c h 
and N o r S o f t h e e q u a t o r ( r e q u i r e d ) 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) " 

2 b . A l t i t u d e o f s a m p l e / i n d i c a t o r 
a l t i t u d e o f s a m p l e above ( + ) o r b e l o w (-) l o c a l z e r o datum 
- i f a w a t e r l e v e l i s n o t i n d i c a t e d by t h e s a m p l e i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , measured from t o p ) 5 8 « 8 I 

j j / + JD • 0, 5„ 
a l t i t u d e measured ( l ) 
d e r i v e d from map ( 2 ) / e s t i m a t e d e r r o r 

( i n m e t r e s ) 

IS • 22 

+ 
23 

1 • 4 1* 

a l t i t u d e o f l o c a l z e r o datum above (+) o r b e l o w (-) mean s e a l e v e l 
mark ( m e t r e s ) 
e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e mean s e a l e v e l mark 
and r e l a t i o n t o l o c a l z e r o datum ( m e t r e s ) 

i f s a m p l e i s t a k e n from b e l o w l a n d s u r f a c e , g i v e i n d e p t h o f s a m p le-
t o p from s u r f a c e ( m e t r e s ) 

t h i c k n e s s o f s a m p l e d i n t e r v a l ( m e t r e s ) 

3-

-J3 

S e c o n d a r y i n f l u e n c e s on a l t i t u d e o f d a t a p o i n t s i n c e sampled [ n o t o r i a l was formod 
g e o t e c t o n i c i n f l u e n c e s 

s t r o n g u p l i f t 
s l i g h t u p l i f t 
a l i g h t s u b s i d e n c e 
s t r o n g s u b s i d e n c e 
a r e a can be l o o k e d upon a s s t a b l e 

C o n s o l i d a t i o n , c o m p a c t i o n o f u n d e r l y i n g 
s e d i m e n t s ( f r o m c o m p a r i n g t h e g e o l o g y o f 
n e i g h b o r i n g d a t a p o i n t s o r from d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

6 . a b s o l u t e l y no i n f o r m a t i o n 
I f r e a s o n s f u r movements can be s p e c i f i e d , 
c h e c k t h e l i s t and i n d i c a t e t h e d i r e c t i o n 
by "+" f o r u p l i f t o r "-" f o r s u b s i d e n c e . 
F o r q u e s t i o n a b l e movements f i l l ' i n " ? " 
and f o r no i n d i c a t i o n w r i t e "0". 
l o c a l f a c t o r s : 

l o c a l f a u l t i n g 

h a l o k i n e t i c movements 
Hi 
+ 

«5 m 

+ 
'.SO 

• -.53 

amount i n m e t r e s 

e s t i m a t e d e r r o r 

r e g i o n a l f a c t o r s : 

c p o i r o g e n i c movements ? o t h e r s : 

g l a c i o - i s o s t a s y 

h y d r o - i s o s t a s y 

t o t a l amount o f l o c a l m. 
40 • 44 ( f i l l i n , i f p o s s i b l e ) 5t • . n 

t o t a l amount o f r e g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

R e l a t i o n o f s a m p l e / i n d i c a t o r t o an nncien.t w a t e r l e v e l B p e c . f y t h e W Q t e r l c v o l i w h l c U 

i s r e p r e s e n t e d by t h e i n d i c a t o r ! 

0 • 
2 0 

+ 

ei 
0 0 9 

71 
«-

V. 

1 
I - _/? 

t h i c k n e s s o f i n t e r v a l w i t h i n w h i c h t h e 
f o s s i l w a t e r l e v e l o c c u r r e d = i n d i c a t i v e 
r a n g e ( m e t r e s ) . 
v e r t i c a l d i s t a n c e o f m i d p o i n t o f i n d i c a ­
t i v e r a n g e t o t o p o f i n d i c a t o r i n m e t r e s 
above (•) o r b e l o w (-) t o p . 
minimum v a l u e f o r w h i c h t h e a n c i e n t 
w a t e r l e v e l was h i g h e r ( + ) o r l o w o r ( - ) 
t h a n t o p o f s a m p l e ( m c t r o o ) . 

1. g r o u n d w a t e r t a b l e 
2 . mean h i g h t i d e l e v e l -
3. mean s e a l e v e l 
'l.meon low t i d e l e v e l 
5. mean h i g h B p r i n g t i d o 
6. mean low s p r i n g t i d o 
7. moan h i g h neap t i d e 
8. mean low n eap t i d e 
9.otorm f l o o d l e v e l s 
0 . u n s p e c i f i e d ooa l o v o l 



Typo or w a t e r l e v e l i n d i c a t o r 
1 0 . o r g a n i c l o y o r 

2| p o s i t i o n of sample: 
1 1 . top o f l a y e r 
1 2 . base of l a y e r 
1 3 . middle o f l a y e r 
14. f u l l i n t e r v a l o f l a y e r 
1 5 . i n upper p a r t o f l a y e r 
l C . i n lower p a r t o f l a y e r 
17. c o n t a c t to top o f l a y e r 
1 8 . c o n t a c t to base of l a y e r 
1 9 . o t h e r s : 

- J H O -

20. e r o s i o n a l f e a t u r e 
21. c l i f f f a c o 
22. c l i f f foot 
23. c l i f f overhang 
2 ' i . b i o t i c s o l u t i o n a l n o t c h 
25. b i o t i c b o r e h o l e ( s ) 
26. sea cave 
27. marine p l a t f o r m ( s o l i d ) 
28. marine t e r r a c e ( g r a v e l ) 
2 9 . o t h e r s : 

3 0 . c o n s t r u c t i o n a l f e a t u r e 
3 1 .beach 
3 2 . dune b a r r i e r 
3 3 . s a l t marsh s u r f o c o 
3 ' l . t i d n l f l a t s u r f a c e 
3 5 . n a t u r a l levee(u«diff.) 
3 6 . r i v e r o r c r e e k l e v e e 
3 7 . f r i n g i n g c o r a l r e e f 
3 8 . b a r r i e r c o r a l r e e f 
3 9 . o t h e r s : 

.40. s t r u c t u r e s 
4 1 .scdimentory s t r u c t u r e s 

42. b i o t u r b a t i o n s t r u c t u r e s 
43. a r c h e o l o g i c a l s t r u c t u r e s 
44. d e s s i c a t i o n f i s s u r e s 

I n d i c a t o r o c c u r s a s 
1. remnant, i s o l a t e d 
2 , p a t c h 3 . w i d e s p r e a d 

6. M a t e r i a l sampled ( t y p e / g e n u o / s p e c i e s ) 

01 
02 

.wood:.. 
, s h e l l s : 

10. p e a t : 
11. ph r a g m i t e s peat 
12. sedge peat 
13. wood fen peat 
14. moss peat 
15. r a i s e d bog peat OJ.bones: 

0 4 . c o r a l s 1 6 . h i g h l y decomposed peat 
20.hydrotherroal sediments 

s t r o m a t o l i t e s : 05 
06 
07 
08 
09 

c o r a l l i n e a l g a e : 
c h a r c o a l 
l i m n i c muds:.... 
s o i l s : 

21. v o l c a n i c a s h e s 
22. v a r v e c l a y 
23. beachrock 
24.ooid s 
25. mangrove, u n d i f f . 
26. Rhizophora mangrove 
27. A v i c c n n i a mangrove 
2 o . S o n n e r a t i a mangrove 

30. n r c h c o l o g i c a l m a t e r i a l : 
3 1 . worked wood 
3 2 . worked s h e l l s 
3 3 . worked bones 
3 4 . worked r o c k s 
3 5 . t o o l s 
3 6 . manure 
3 7 . c h a r c o a l 
3 8 . o t h e r s : 

I n - s i t u n a t u r e and u n d i a t u r b -
nnce of sampled m a t e r i a l : 
1 . c e r t a i n l y i n s i t u , not eroded 
2 . c e r t a i n l y i n s i t u , top eroded 
3 . c e r t a i n l y i n s i t u , p o s s i b l y eroded 
4 . p r o b a b l y not i n s i t u , not s u r e 
5. not i n s i t u , but s t i l l s u i t a b l e 

7 . 
+ 

T i d a l range 
amount o f a n c i e n t l o c a l t i d a l range w i t h 
e r r o r i n t e r v a l o r tendency (+ o r - ) 

_w| o f changes s i n c e d e p o s i t i o n o f m a t e r i a l . 

modern t i d a l range 
a t c l o s e s t p o i n t 
o f open s e a 

8. 

9. 

Paleocoftflt 
type o f a n c i e n t c o a s t 
L h i g h c o a s t 6 . d e l t a c o a s t 
2.dune b a r r i e r c o a s t 7 . o p e n t i d a l f l a t 
3 . l a g o o n c o a s t 8 . s h e l t e r e d t i d a l f l a t 
4.open bay • 9 . o t h e r s : 
5 . r i v e r e s t u a r y 

Modern c o a s t 
type o f a c t u a l c o a s t 
( l o o k f o r no. from l i s t above) 

10. Lower sediment c o n t a c t to i n d i c a t o r 
n a t u r e o f u n d e r l y i n g m a t e r i a l 
1 . m n r i n e - a u h t i d n l 
2 . m n r i n c - i n t r a t i d a l 
3 . m a r i n e - s u p r a t ida1 
4. b r a c k i s h ( l a g o o n n l ) 
5 . l i m n i c ( l a k e s e d i m e n t ) 

6. s e m i t e r r e s t r i a l ( p e a t ) 
7 . p c d o l o g i c a l ( s o i l s ) 
8 . f l u v i a l , e o l i a n 
9 . bed r o c k 

11. Upper sediment c o n t a c t t o i n d i c a t o r 

7 i f sample i s t a k e n from below l a n d s u r f a c e , 
f i l l i n no. f o r n a t u r e o f o v e r l y i n g m a t e r i a l 
from l i s t above. 

12. l 4 C - d a t i n g of samplo PROVISIONAL 
F 

l a b o r a t o r y - c o d e 
^ and -number 

£ ] y e a r of d a t i n g 

0 

13. C o n t a m i n a t i o n 
i o n exchange 

7 jZ h a l f - l i f e o f l 4 C 

6 13C v a l u e (% ) 
u s e d f o r c o r r e c t i o n 
S U E S S - c o r r e c t i o n a l 
o t h e r c o r r e c t i o n s = 2 

0! r e s u l t i n y e a r s BP 

s p e c i f y s i g m a - i n t c r y o l o f r e s u l t 
( sigma 1 = 1 , sigina 2 = 2 ) 

L 
L 

r e c r y s t a l l i s a t i o n 

h a rd w a t e r e f f e c t 

p e n e t r a t e d by r o o t s 

i n f i l t r a t i o n o f humic 
a c i d s 
f u n g i , b a c t e r i a , a l g a e 

o l d e r m a t e r i a l i n c l u d e d 

a r t i f i c i a l c o n t a m i n a t i o n 
by younger m a t e r i a l 

K n o t checked, 
p o s s i b l e 

2.checked, not 
p o s s i b l e 

3 * c h e c k e d , con­
t a m i n a t e d 

4 • p r e t r e a t cd, 
c o n t a m i n a t i o n 
p a r t l y d o m i n a ­
t e d 

5 . c o n t a m i n a t i o n 
reduced by 
c a l c u l a t i o n 

o t h e r s : , 

14. Other k i n d s o f uge d e t e r m i n a t i o n 
01. v o r v e 
02. d endro 

^ 0 3 . p o l l e n 
0 4 . f a u n a , f l o r a 
0 5 * a r c h e o l o g y 
06.pota ssium-a rgon 
07•thorium-uranium-mcthods 
0 8 . t c p h r n 
OO.otliorn: 
10. i nd j. m e t 
renu I t ; 
( t r a n s f o r m i n t o y e a r s ISP, 
and e n t e r under no.12) 

I S . Age o f w a t e r l c v o l i n d i c a t o r 
- i f d a t e d sample i t s e l f does not r e p r e s e n t w a t e r 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

|_iS 

16. 

1 . i n d i c a t o r i s o l d e r t h a n dated sample 
2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i.s p r a c t i c a l l y o f same age 
4 . i n d i c a t o r i s s l i g h t l y younger 
5 . i n d i c a t o r i s younger th a n d a t e d sample 

A d d i t i o n a l d a t a 
d i s t a n c e o f s i t e t o a c t u a l 
c o a s t l i n e o f open s e a 

it 
l 9 ( i n k i l o m e t r e s ) 

I n s t i t u t e : D a te: S i g n a t u r e i 
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S E A - L E V E L DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES ( s e c o n d e d i t i o n ) 

i n t e r n a l programming no. s a m p l e no. BY14B : 358-63 

1. G e o g r a p h i c l o c a l i t y o f s a m p l e 

s. C 0 T L A N D 17 

B E A U L Y > I N V E R N E S S 
,59 

c o u n t r y , s t a t u 
o r s e a and s e c t o r 

g e o g r a p h i c r e g i o n 
o r town o r c o u n t y 

2 a . C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

91 
0 4 2 7 4 8 4 2 9 2 8 g e o c o o r d i n a t e s E o r W o f G r e e n w i c h 

and N o r S o f t h e e q u a t o r ( r e q u i r e d ) 
R i g h t Up 

?6 5 2 2 67j 73 
4 7 0 8 

70 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) ' 

—K i n t e r n a l code f o r n a t i o n a l g r i d i NH 

2b. A l t i t u d e o f s a m p l e / i n d i c a t o r 
a l t i t u d e o f sample above (+) o r b e l o w (-) l o c a l z e r o datum 
- i f a w a t e r l e v e l i s n o t i n d i c a t e d by t h e s a m p l e i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r • • ( m e t r e s , measured from t o p ) 

/ 0 • 0 a l t i t u d e m e a s u r e d ( l ) 
d e r i v e d f r om map ( 2 ) / e s t i m a t e d e r r o r 

( i n m e t r e s ) 

a l t i t u d e o f l o c a l z e r o datum above { + ) o r b e l o w (-) mean s e a l e v e l 
_22)mark ( m e t r e s ) 

I? 3 • 5 8 
0 • 0 5 36 

e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e moan t e e l e v e l mark 
and r e l a t i o n t o l o c a l z e r o datum ( m e t r e s ) 

i f s a m p l e i s t a k e n from b e l o w l a n d s u r f a c e , g i v e i n d e p t h o f sample-
top from s u r f a c e ( m e t r e s ) 

t h i c k n e s s o f s a m p l e d i n t e r v a l ( m e t r e s ) 

S e c o n d a r y i n f l u e n c e s on a l t i t u d e o f d a t a p o i n t s i n c e s ampled m a t e r i a l was formed 
g e o t e c t o n i c i n f l u e n c e s 
J . s t r o n g u p l i f t 
2 . s l i g h t u p l i f t 
J.slight s u b s i d e n c e 
' l . s t r o n g s u b s i d e n c e 
5. a r e a c a n be l o o k e d upon a s s t a b l e 
6. a b s o l u t e l y no. i n f o r m a t i o n 

I f r e a s o n s f o r movements can be s p e c i f i e d , 
c h e c k t h e l i s t and i n d i c a t e t h e d i r e c t i o n 
by "+" f o r u p l i f t o r "-" f o r s u b s i d e n c e . 
F o r q u e s t i o n a b l e movements f i l l ' i n " ? " 
and f o r no i n d i c a t i o n w r i t e "0". 
l o c a l f a c t o r s : 

l o c a l f a u l t i n g 

C o n s o l i d a t i o n , c o m p a c t i o n o f u n d e r l y i n g 
s e d i m e n t s ( f r o m c o m p a r i n g t h e g e o l o g y o f 
n e i g h b o r i n g d a t a p o i n t s o r from d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

« • 
* • ...Hi 

amount i n m e t r e s 

e s t i m a t e d e r r o r 

r e g i o n a l f a c t o r s : 

e p e i r o g e n i c movements 

0 

1 
l _ 2 S l 

h a l o k i n e t i c movements 
-12 

I 

o t h e r s : 

g l a c i o - i s o s t a s y 

h y d r o - i s o s t a s y 

t o t a l amount o f l o c a l m. t o t a l amount o f r e g i o n a l m. 
<0 • 4-1 ( f i l l i n , i f p o s s i b l e ) .. 5? • ( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

'k. R e l a t i o n o f s a m p l e / i n d i c a t o r t o an a n c i e n . t w a t e r l e v o l ^ ^ . f y t h e w a t e r l c v o l i w h i c h 

i s r e p r e s e n t e d by t h e i n d i c a t o r : 

0 • 2 
+ 
1 
• + 
« 
0 2 

71 
1 
1-

t h i c k n e s s o f i n t e r v a l w i t h i n w h i c h t h e 
f o s s i l w a t e r l e v e l o c c u r r e d = i n d i c a t i v e 
r a n g e ( m e t r e s ) . 
v e r t i c a l d i s t o n c e o f m i d p o i n t o f i n d i c a ­
t i v e r a n g e t o t o p o f i n d i c a t o r i n m e t r e s 
above (+) o r b e l o w (-) t o p . 
minimum v a l u e f o r w h i c h t h e a n c i e n t 
w a t o r l e v e l was h i g h e r ( + ) o r l o w o r ( - ) 
t h a n t o p o f s a m p l e ( m o t r o u ) . 

1. g r o u n d w a t e r t a b l e 
2. mean h i g h t i d e l e v e l 
3. mean s e a l e v e l 
'(.mean low t i d e l e v e l 
5. mean h i g h r.pring t i d o 
6, mean low s p r i n g t i d o 
"/.mean h i g h neap t i d o 
8. moan low neap t i d e 
9. s t o r m f l o o d l e v e l s 
O . u n a p n c i f l e d ana l e v a l 



•O'tG-

Typ 

2 
of water l e v e l i n d i c n t o r 
lO.or.^nnic l n y o r 
p o s i t i o n of sample: 
1 1 . top of 1 a y e r 
12.l)i*> MO of ] n y c r 
1 3 . .del.I c of l o v e r 
1 ' l . f u l l i n t e r v a l of l a y e r 
1 3 . i n upper p a r t of l o v e r 
l f - . i n lower p a r t of l a y e r 
1 7 . c o n t n e t to top of l a y e r 
lB.conl.nct to base of l a y e r 
l9.ot l - . c r s : 

er'ooionnl f e a t u r e 
c l i f f f a c e 
c l i f f f o o t 
c l i f f overhang 
b i o t i c s o l u t i o n o l n o t c h 
b i o t i c b o r e h o l e ( s ) 
sen cove 

2 7 .marine p l a t f o r m < 3 o l i d ) 
2 f l .marine t e r r a c e ( g r a v e l ) 
2 9 . o t h e r s : 

20 . 

2 3 . 
2'i. 
2 5 . 
: 6 . 

30. con s t r u c t i o n a 1 f e n l u r a 
31. beach 
32. -June b a r r i e r 
33 . s a l t marsh s u r f a c e 
3 ' l . t i d a l f l a t s u r f a c e 
3 5 . n a t u r a l l c v e e d i n d i f f . ) 
3 6 • r i v e r or c r e e k l e v e e 
3 7 . f r i n g i n g c o r a l r e e f 
3 O . b a r r i e r c o r a l r e e f 
3 9 . 0 t h e r a : 

'|0 . 51 rue t u r e s 
k 1. sedi m c n t o r y s t r u c t u r e s 

'12 . b i o t u r b a t ion s t r u e t u r c s 
•'l 3 . a r c h o o l o g i c a l s t r u c t u r e ! 
' i ' l . d e s s i c a t i o n f i s s u r e s 

I n d i c a t o r o c c u r s a s 
1. remnant, i s o l a t e d 
2 . p a t c h 3-wido s p r e a d 

M a t e r i a l sampled ( t y p e / g e i i u n / s p e c i e s ) 

3 
01. wood: 
02. s h e l l s : 
0 3 . bones 
O'l . c o r a l s : 
0 5 . s t roma t o l i t ca1.. . 
0f>. r.ora 1 l i n e a l g a e : , 
07 . chn rcoa 1 : 

OO.limnic muds: 
0 9 . s o i l s : . . . . . . . . . . . 

10. peat 
11. phrngmites peat 
12. sedge peat 
13-wood fen peat 
1 'i . moss pea t 
1 5 - r a i s o d bog peat 
1 6 . h i g h l y decomposed peat 
20. hydrothori.ia 1 sediments 
2 1 . v o l c a n i c a s h e s 
2 2 . v a r v e c l a y 
2 3.bca chrock 
2'i . ooid s 
2 5•mangrove, u n d i f f . 
26. Rhiz.ophora mangrove 
27. A v i c e n n i a mangrove 
2R.Sonnera t i a mangrove 

j o . a r c h c o l o g i c a l 
31. worked wood 
3 2 . worked s h e l l s 
33. v o r ' r t R ( i bones 
3'1. worked r o c k s 
35. t o o l s 
36. manure 
37. chareoa 1 
3 f t 1 .others: 

m a t e r i a l : 

J n - s i t u n a t u r e and u n d i o t u r b -
ance of sampled m a t e r i a l : 
1 . c c r t s j n l y i n s i t u , not eroded 

top eroded , c e r t a i n 1. y 3. n 
c. or t a i n l y i n 
,probably not 
not i n s i t u , 

s i t u 
s i t u , p o s s i b l y eroded 
i n s i t u , not s u r e 
hut s t i l l s u i t a b l 

T i d a l range 

4 
amount o f a n c i e n t l o c a l t i d a l range w i t h 
e r r o r i n t e r v a l o r tendency (+ or -) 
of changes s i n c e d e p o s i t i o n of m a t e r i a l . 

modern t i d a l range 
at. c l o s e s t p o i n t 
of open sea 

E 
Pa 1 cocoa s I 

type o f A n c i e n t c o a s t 
1.hi g h con s t 

tin no ba r r i o : * c 
, lagoon coa at 
ope n b a y 

, r i v e r e s t u a r y 

6.dc1 to coa at 
7-opnn t i d a l f l a t 
8. s h e l t e r e d t i d a l f l a t 
9.o t h e r s : 

9 . Modern c o n s t 
type of a c t u a l c o a s t 
( l o o k f o r no. from l i s t above) 

10. Lower sediment c o n t a c t to i n d i c a t o r 
n a t u r e of u n d e r l y i n g m a t e r i a l 
1 . rna r i n e- sub t idn 1 6. s e m i t c r r c s t r i n l ( p e a t ) 
2 . tan ri n e- i n t ;-n t id.* 1 7 . p c r i o i o ^ i ca J. ( s o i l s ) 
3 . ma r i n o - supra t i d n 1 fl.fluvinl., c o l i n n 
'l.bmci»ish ( I n gnonaJ ) 9 . b cd r o c k 
5 • 1 i mil i c ( l a k e s e d i m e n t ) 

11. Upper sediment c o n t a c t to i n d i c a t o r 
i f sample i s t a k e n from below l a n d s u r f a c e , 
f i l l i n no. f o r n a t u r e of o v o r i y i n g m a t e r i a l 
from l i s t above. 

I * . 

1'iC-dating of sample 
i r 12 

9 8 

n 

l a b o r a to i-y-code 
and -number 

y e a r of d a t i n g 

h a l f - l i f e o f 1'iC 
S 13C v a l u e (%.) 
used f o r c o r r e c t i o n 
S U E S S - c o r r e c t i o n s 1 
o t h e r c o r r e c t i o n s = 2 

l - c s u l t i n y e a r s BP 

s p e c i f y gigma-intorva1 of r e s u l t 
(sigina 1 = 1, sigma 2 = 2 ) 

13_-

] 
1 
I 

J -

=3= 
1 
• 
,• 

Con tnmina t i on 
io n exchange 

r e c r y s t a l l i s a t i o n 

h a rd w a t e r e f f e c t 

p e n e t r a t e d by r o o t s 

i n f i l t r a t i o n of humic 
a c i d 3 
f u n g i , b a c t e r i a , a l g a e 

o l d e r m a t e r i a l i n c l u d e d 

a r t i f i c i a l con t amino t i o n 
by younger m a t e r i a l 

1.not checked, 
po s s i b l e 

2 . c hecked, not 
p o s s i b l e 

3-chccked, con­
t a m i n a t e d 

l . p r e t r c n t c d , 
c o n t a m i n a t i o n 
p a r t l y e l c m i n a -
ted 

5•con tamina t i o n 
reduced by 
c a l c u l a t i o n 

o t h e r s 

Other k i n d s of age d e t e r m i n a t i o n 
01 . v a rv c. 
0 2 . dendro 
03. p o l J. en 
O't . fauna , f l o r a 
05.a r c h e o l o g y 
Ob. potf.ssiiim-nrgou 
0 7 . t h o r i um-uranium-methodu 
0 3.t ephra 
0 9 - o t h e r s : 
10 . i n d i r o c t 
r e s u l t : 
( t ran :i f o rin i n t o y e a r s HP, 
and e n t e r under no.12) 

15. Age o f w a t e r l e v e l i n d i c a t o r 
- i f dated sample i t s e l f docs not r e p r e s e n t wator 
l e v e l i n d i c a t o r , j i v e an age e s t i m a t i o n : 

1 . i n d i c a t o r i : ; o l d e r than d a t ed sample 
2 . i n d i c a t o r i n s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y of sano o j c 
' i . i n d i c a t o r i s s l i g h t l y younger 
5 . i n d i c a t o r i n younger than d a t ed sample 

l 6 . A d d i t i o n a l d a t a 
"I I d i s t a n c e o f s i t e to a c t u a l 
(0j c o a s t l i n e o f open sea 
J - — 1 ( i n k i l o m e t r e s ) L i s 

I n o t i t u t o: Da to i S i g nnturo: 

http://lB.conl.nct
http://l9.otl-.crs


S E A - L E V E L DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES ( s e c o n d e d i t i o n ) 

i n t e r n a l programming no. 

1. G e o g r a p h i c l o c a l i t y o f s a m p l e 

s a m p l e no. BY3B : 388-93 

s 
_ » 

C 0 T L A N D 
27 

B E A U L Y > I N V E R N E S S 

c o u n t r y , s t a t e 
o r s e a and s e c t o r 

g e o g r a p h i c r e g i o n 
o r town o r c o u n t y 

2 a . C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

R i g h t Up 

g e o c o o r d i n a t e s E o r W o f G r e e n w i c h 
and N o r S o f t h e e q u a t o r ( r e q u i r e d ) 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) ' 

i n t e r n a l code f o r n a t i o n a l g r i d ; n a t i o n a l g r i d d e s i g n a t i o n : 

2 b . A l t i t u d e o f s a m p l e / i n d i c a t o r 
a l t i t u d e o f sample above ( + ) o r b e l o w (-) l o c a l z e r o datum 

-f 
+ 1 « 9 9 

1 
_» / + 0 • 0 5 

17 

i f a w a t e r l e v e l i s n o t i n d i c a t e d by t h e s a m p l e i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , m e a s u r e d from t o p ) 
a l t i t u d e m e a s u r e d ( l ) 
d e r i v e d f r om map ( 2 ) / e s t i m a t e d e r r o r 

( i n m e t r e s ) 

I B • 13 

21 • 

a l t i t u d e o f l o c a l z e r o datum above (•) o r b e l o w (-) mean s e a l e v e l 
mark ( m e t r e s ) 
e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e mean s e a l e v o l mark 
and r e l a t i o n t o l o c a l z e r o datum ( m e t r e s ) 

i f s ample i s t a k e n from b e l o w l a n d s u r f a c e , g i v e i n d e p t h o f sample-
t o p from s u r f a c e ( m e t r e s ) 

J 3 
t h i c k n e s s o f s a m p l e d i n t e r v a l ( m e t r e s ) 

a 
S e c o n d a r y i n f l u e n c e s on a l t i t u d e o f d a t a 
g c o t e c t o n i c i n f l u e n c e s 
1. s t r o n g u p l i f t 
2 . s l i g h t u p l i f t 
3. s l i g h t s u b s i d e n c e 
'•.strong s u b s i d e n c e 
5. a r e a c a n be l o o k e d upon a s s t a b l e 
6. a b s o l u t e l y no i n f o r m a t i o n 

I f r e a s o n s f o r movements can be s p e c i f i e d , 
c h e c k t h e l i s t and i n d i c a t e t h e d i r e c t i o n 
by "+" f o r u p l i f t o r "-" f o r s u b s i d e n c e . 
F o r q u e s t i o n a b l e movements f i l l ' i n " ? " 
and f o r no i n d i c a t i o n w r i t e " 0 " . 
l o c a l f a c t o r s : 

l o c a l f a u l t i n g 

h a l o k i n e t i c movements 

p o i n t s i n c e s a m p l e d m a t e r i a l was formed 
C o n s o l i d a t i o n , c o m p a c t i o n o f u n d e r l y i n g 
s e d i m e n t s ( f r o m c o m p a r i n g t h o g e o l o g y o f 
n e i g h b o r i n g d a t a p a i n t s o r from d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

ft «3 
+ I • 

amount i n m e t r e s 

e s t i m a t e d e r r o r 

r e g i o n a l f a c t o r s : 

o p c i r o g e n i c movements 

_23 

a 
ID 

o t h e r s : 

1 g l a c i o - i s o s t a s y 
Jill 
f h y d r o - i s o s t a a y 
M 

t o t a l amount o f l o c a l m. 
40 • 44 ( f i l l i n , i f p o s s i b l e ) • 

t o t a l amount o f r e g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

4. R e l a t i o n o f s a m p l e / i n d i c a t o r to an a n c i e n t w a t e r l ° v o l B ( j c c i f y t h e w a t c r l e v o l < v h i c h 

i s r c p r o s o n t e d by t h e i n d i c a t o r : 

i 2 0 
*• 

0 9 
7} 

• 
i 

I -

t h i c k n e s s o f i n t e r v a l w i t h i n w h i c h t h e 
f o s s i l w a t e r l e v e l o c c u r r e d = i n d i c a t i v e 
r a n g e ( m e t r e s ) . 
v e r t i c a l d i s t n n c e o f m i d p o i n t o f i n d i c a ­
t i v e r a n g e to t o p o f i n d i c a t o r i n m e t r e s 
above (+) o r b e l o w (-) t o p . 
minimum v a l u e f o r w h i c h t h o a n c i e n t 
w a t e r l e v e l was h i g h e j " ( + ) o r l o w o r ( - ) 
t h a n t o p o f s a m p l e ( m e t r e s ) . 

1. g r o u n d w a t e r t a b l e 
2. mean h i g h t i d e l e v e l 
3. mean s e a l e v e l 
'i.mean low t i d e l e v e l 
5. mean h i g h s p r i n g t i d o 
6. mean low s p r i n g t i d o 
7. mean h i g h neap t i d e 
8. moan low n eap t i d e 
9. s t o r m f l o o d l o v e l s 
0 . u n s p e c i f i e d son l e v o l 



Typo o f water l e v e l i n d i c a t o r 
1 0 . o r g a n i c l a y e r 
p o s i t i o n of sample: 
1 1 . top o f l a y e r 
1 2 . base of l a y e r 
1 3 . middle o f l a y e r 
l ' l . f u l l i n t o r v a l o f l a y e r 
1 5 . i n upper p a r t o f l a y e r 
l 6 . i n lower p a r t o f l a y e r 
17. c o n t a c t to top o f l a y e r 
1 8 . c o n t a c t to base o f l a y e r 
1 9 . o t h e r s : 

20. c r o s i o n a l f e a t u r e 
21. c l i f f f a c e 
22. c l i f f f o o t 
2 3 - c l i f f overhang 
2 ' i . b i o t i c s o l u t i o n a l n o t c h 
2 5 . b i o t i c b o r e h o l e ( s ) 
2<j.sea cave 
27. marine p l a t f o r m ( s o l i d ) 
2 8 . marine t e r r a c e ( g r a v e l ) 
2 9 . o t h e r s : 

3 0 . c o n s t r u c t i o n a l f e a t u r e 
3 1 . beach 
3 2 . dune b a r r i e r 
3 3 . s a l t marsh s u r f a c e 
3 < i . t i d a l f l a t s u r f a c e 
3 5 . n a t u r a l l c v e o ( u n d i f f . ) 
3 6 . r i v e r o r c r e e k l e v e e 
3 7 . f r i n g i n g c o r a l r e e f 
3 8 . b a r r i e r c o r a l r e e f 
3 9 . o t h e r s : 

4 0 . s t r u c t u r e s 
4 1 . sedimentory s t r u c t u r e s 

4 2 . b i o t u r b a t i o n s t r u c t u r e s 
4 3 . o r c h e o l o g i c a l s t r u c t u r e s 
4 4 . d e s s i c a t i o n f i s s u r e s 

I n d i c a t o r o c c u r s a s 
1. remnant, i s o l a t e d 
2. p a t c h 3 . w i d e s p r e a d 

M a t e r i a l sampled ( t y p e / g e n u s / s p e c i e s ) 

01. wood: 
02. s h e l l s : 
03. bones: 
04. c o r a l s : 
05. s t r o m a t o l i t e s : .. 
06. c o r a l l i n e a l g a e : 
07. c h a r c o a l : . . . . . . . 
O S . l i m n i c muds:.... 
09. s o i l s : ... 

1 0 . p e a t 
1 1 . p h r a g m i t e s peat 
12. sedge p e a t 
13. wood f e n peat 
1*1.moss peat 
15. r a i s e d bog peat 
16. h i g h l y decomposed peat 
2 0 . h y d r o t h e r m a l s e d i m e n t s 
2 1 . v o l c a n i c a s h e s 
2 2 . v a r v e c l a y 
2 3 . beachrock 
2 4 . o o i d s 
25. mangrove, u n d i f f . 
2 6 . Rhiaophora mangrove 
27. A v i c e n n i a mangrove 
2 8 . S o n n e r a t i a mangrove 

30. a r c h e o l o g i c a l m a t e r i a l : 
3 1 . worked wood 
32. worked s h e l l s 
3 3 . worked bones 
3'l.worked r o c k s 
3 5 . t o o l s 
3 6 . manure 
3 7 . c h a r c o a l 
3 8 . o t h e r s : 

I n - s i t u n a t u r e and u n d i s t u r b 
ance of sampled m a t e r i a l : 
1 . c e r t a i n l y i n s i t u , not eroded 
2. c e r t a i n l y i n s i t u , top eroded 
3 . c e r t a i n l y i n s i t u , p o s a i b l y eroded 
' 1 . p r o b a b l y not i n s i t u , not s u r e 
5.not i n s i t u , but s t i l l s u i t a b l e 

7. 
+ 

T i d a l range 
amount o f a n c i e n t l o c a l t i d a l range w i t h 
e r r o r i n t e r v a l o r t e n d e n c y (+ o r - ) 
o f changes s i n c e d e p o s i t i o n o f m a t e r i a l . 4 • 1 

modern t i d a l range 
a t c l o s e s t p o i n t 
o f open sea 

8. 

M 

P a l c o c o a s t 
type o f a n c i e n t c o a s t 
l . h i g h c o a s t 6 . d e l t a c o a s t 
2.dune b a r r i e r c o a s t 7.open t i d a l f l a t 
3.lagoon c o a s t 
4 . o p e n bay 
5 . r i v e r e s t u a r y 

!Modern c o a s t 

8 . s h e l t e r e d t i d a l f l a t 
9 . o t h e r s : 

I c [ t y pe o f a c t u a l c o a s t 
I I ( l o o k f o r no. from l i s t above) 

1 0 . Lower sediment c o n t a c t to i n d i c a t o r 
n a t u r e o f u n d e r l y i n g m a t e r i a l 

6. s c m i t c r r c s t r i a l ( p e a t ) 
7. p c d o l o g i c a l ( s o i l s ) 
8 . f l u v i a l , e o l i a n 
9. bed r o c k 

1 . mar i n e - s u b t itUil 
2. m a r i n e - i n t r a t i d a 1 
3 . m a r i n e - s u p r a t i d a l 
4. b r a c k i s h ( l a g o o n a l ) 

11. 

5 .1imnic ( l a k e s ediment) 

Upper sediment c o n t a c t to i n d i c a t o r 
i f sample i s taken from bolow land s u r f a c e , 
f i l l i n no. f o r n a t u r e o f o v o r J y i n g m a t e r i a l 
from l i s t above. 

13. 

0 0 

J l a b o r a t o r y - c o d e 
and -number 

y e a r of d a t i n g 

h a l f - l i f e o f l 4 C 
E 1 3 C v a l u e ( % ) 
used f o r c o r r e c t i o n 
S U E S S - c o r r e c t i o n s ! 
o t h e r c o r r e c t i o n s = 2 

M 
r e s u l t i n y e a r s BP 

s p e c i f y s i g m a - i n t e r y o 1 o f r e s u l t 
( s i g m a 1 = 1 , sigma 2 = 2 ) 

2 
4 
I 
L 
L 
1 

C o n t a m i n a t i o n 
i o n exchange 

r e c r y s t a l l i s a t i o n 

h a rd w a t e r e f f e c t 

p e n e t r a t e d by r o o t s 

i n f i l t r a t i o n o f humic 
a c i d s 
f u n g i , b a c t e r i a , a l g a e 

o l d e r m a t e r i a l i n c l u d e d 

a r t i f i c i a l c o n t a m i n a t i o n 
by younger m a t e r i a l 

1. not checked, 
p o s s i b l e 

2. c h e c k e d , not 
p o s s i b l e 

3. checked, con­
t a m i n a t e d 

4 . p r e t r e a t e d , 
c o n t a m i n a t i o n 
p a r t l y e l e m i n a -
t e d 

5. contamina t i o n 
r educed by 
c a l c u l a t i o n 

o t h e r s : 

14, Other k i n d s o f age d e t e r m i n a t i o n 
0 1 • v e r v e 
02.dendro 

•tioi.pollen 
04. f a u n a , f l o r a 
0 5. a r c h e o l o g y 
06. p o t a s s i u m - a r g o n 
07. thorium-uranium-methods 
OS.tephra 
0 9 . o t h e r s : 
1 0 . i n d i r e c t 

15. Age o f w a t e r l e v e l i n d i c a t o r 
- i f dated sample i t s e l f does not r e p r e s e n t w a t e r 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

r e s u l t : , 
( t r a n s f o r m i n t o y e a r s BP, 
and e n t e r undor no.12) 

16. 

1 . i n d i c a t o r i s o l d e r than dated sample 
2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y o f same age 
4 . i n d i c a t o r i s s l i g h t l y younger 
5 . i n d i c a t o r i s younger than d a t e d sample 

A d d i t i o n a l d a t a 
d i s t a n c e o f s i t e t o a c t u a l 
c o a s t l i n e o f open sea 
( i n k i l o m e t r e s ) 01. 5 7} 

I n s t i t u t e : D a te: S i g n a t u r o : 



-351- • 
S E A - L E V E L DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES ( s e c o n d o d i t i o n ) 

i n t e r n a l programming no. s a m p l e no. M4B : 283-288 j 

1. G e o g r a p h i c l o c a l i t y o f sample 

s 
s 
c 0 T L A N D i « 

M 0 N I A C K I N V E R N E S S 
..43 

c o u n t r y , s t a t e 
o r aoa and s e c t o r 

g e o g r a p h i c r o g i o n 
o r town o r c o u n t y 

2 a . C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

51 
0 4 2 6 0 W 5 7 2 7 4 6 h 59 

R i g h t Up 

Co 
2 1 

73 
4 3 9 3 

76 

i n t e r n a l code f o r n a t i o n a l g r i d i 

g e o c o o r d i n a t e s E o r W o f G r e e n w i c h 
and N o r S o f t h e e q u a t o r ( r e q u i r e d ) 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) ' 

NH 

2b. A l t i t u d e o f s a m p l e / i n d i c a t o r 
a l t i t u d e o f s a m p l e above ( + ) o r bolow (-) l o c a l z e r o datum 
- i f a w a t e r l e v e l i s n o t i n d i c a t e d by t h e sample i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , measured from t o p ) 
a l t i t u d e m e a s u r e d ( l ) 
d e r i v e d from map ( 2 ) 

} 8 • 7 5, 
- J 2 / + 0 • 0 5 i ; 

• 22 

+ 
• a? 

/ e s t i m a t e d e r r o r 
( i n m e t r e s ) 

I 

8 3 
3? 

0 
33 

• 0 5 

a l t i t u d e o f l o c a l z e r o datum above (+) o r b e l o w (-) mean s e a l e v e l 
mark ( m e t r e s ) 
e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e mean s e a l e v e l mark 
and r e l a t i o n t o l o c a l z e r o datum ( m e t r e s ) 

i f s a m p l e i s t a k e n f r om b e l o w l a n d s u r f a c e , g i v e i n d e p t h o f samplo-
t o p from s u r f n e o ( m e t r e s ) 

t h i c k n e s s o f s a m p l e d i n t e r v a l ( m e t r e s ) 

3> S e c o n d a r y i n f l u e n c e s on a l t i t u d e o f d a t a p o i n t s i n c e sampled m a t e r i a l was formed 
g e o t c c t o n i c i n f l u e n c e s 
1 s t r o n g u p l i f t 
2. s l i g h t u p l i f t 
3. s l i g h t s u b s i d e n c e 
't. s t r o n g s u b s i d e n c e 
5. a r e a can be l o o k e d upon a s s t a b l e 
6. a b s o l u t e l y no i n f o r m a t i o n 

I f r e a s o n s f o r movements can be s p e c i f i e d , 
c h e c k t h e l i s t and i n d i c a t e t h e d i r e c t i o n 
by "+" f o r u p l i f t o r "-" f o r s u b s i d e n c e . 
F o r q u e s t i o n a b l e movements f i l l i n " ? " 
and f o r no i n d i c a t i o n w r i t e "0". 
l o c a l f a c t o r s : 

l o c a l f a u l t i n g 

C o n s o l i d a t i o n , c o m p a c t i o n o f u n d e r l y i n g 
s e d i m e n t s ( f r o m c o m p a r i n g t h e g e o l o g y o f 
n e i g h b o r i n g d a t a p o i n t s o r from d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

• 4< 

4-
• 

amount i n m e t r e s 

e s t i m a t e d e r r o r 

r e g i o n a l f a c t o r s : 

c p o i r o g o n i c movemonts 

.23 

h a l o k i n e t i c movements 

o t h e r s : 

g l a c i o - i s o s t a s y 

? h y d r o - i s o s t a s y 

t o t a l amount o f l o c a l m. 
*3 • ( f i l l i n , i f p o s s i b l e ) 

. 5» • « 
t o t a l amount o f r e g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

A. R e l a t i o n o f s a m p l e / i n d i c a t o r t o an n n c i c n . t w a t e r l e v e l B p e c i f y t h f i w f t t e r l c v e l i w h i c h 

i s r e p r e s e n t e d by t h e i n d i c a t o r : 

0 2 0 
L i S 

.. 1*. 
1 
I -

t h i c k n e s s o f i n t e r v n l w i t h i n w h i c h t h e 
f o s s i l w a t e r l e v e l o c c u r r e d = i n d i c a t i v e 
r a n g e ( m e t r e s ) . 
v e r t i c a l d i s t a n c e o f m i d p o i n t o f i n d i c a ­
t i v e r a n g e to t o p o f i n d i c a t o r i n m e t r e s 
above ( + ) o r b e l o w (-) t o p . 
minimum v a l u e f o r w h i c h t h e a n c i u n t 
w a t e r l e v e l was h i g h e r ! + ) o r l o w o r ( - ) 
t h a n t o p o f s a m p l e ( m e t r e s ) . 

1 . g r o u n d w o t e r t a b l e 
Z.menn h i g h t i d e l e v e l 
3.mean s e a l e v e l 
'l.mcan low t i d e l e v e l 
3.mean h i g h s p r i n g t i d e 
6. mean low s p r i n g t i d e 
7. moon hig'n nenp t i d e 
8. mean low n e a p t i d e 
9. s t o r m f l o o d l o v c l s 
O . u n a p o c i f l e d noo l c v o l 



5. Typo o f water l e v e l i n d i c a t o r 
1 0 . organic l a y e r 
p o s i t i o n of sample: 
-. 1. top of l o y o r 
i Q . V i n s c o f l a y e r 
13.middle o f l a y e r 
1 ' l . f u l l i n t e r v a l o f l a y e r 
15.in upper p a r t o f l a y e r 
l 6 . i n lower p a r t o f l a y e r 
17. c o n t a c t to top o f l a y e r 
1 8 . c o n t a c t to b a s e o f l a y e r 
1 9 . o t h e r s : 

20. c r o s i o n a l f e a t u r e 
21. c l i f f f a c e 
22. c l i f f f o o t 
23. c l i f f overhang 
2 ' l . b i o t i c s o l u t i o n a l n o t c h 
25. b i o t i c b o r e h o l e ( s ) 
26. sea cave 
27. marine p l a t f o r m ( s o l i d ) 
2fl.marine t e r r a c e ( g r a v e l ) 
2 9 . o t h e r s : 

30. c o n s t r u c t i o n a l f e a t u r e 
31. heach 
32. dune b a r r i e r 
33. s a l t marsh s u r f a c e 
34. t i d a l f l a t s u r f a c e 
35. n a t u r o l l c v c c ( u n d i f f . ) 
36. r i v e r o r c r e e k l e v e e 
37. f r i n g i n g c o r a l r e e f 
38. b o r r i e r c o r a l r e e f 
3 9 . o t h e r s : 

4 0 . s t r u c t u r e s 
41 •sedimentory s t r u c t u r e s 

42. b i o t u r b a t i o n s t r u c t u r e s 
43. a r c h e o l o g i c . a l s t r u c t u r e s 
44. d e s s i c o t i o n f i s s u r e s 

I n d i c a t o r o c c u r s a s 
1. remnant, i s o l a t e d 
2. p a t c h 3.wide s p r e a d 

C. H«tfeftr;ial sampled ( t y p e / g e n u s / s p e c i e a ) 

ft 
01. wood:.. 
02. s h e l l s : 
03. bones:. 

10. p e a t : 
11. phrogmitos peat 
12. sedge peat 
13. wood fen peat 
1*1.moss peat 
1 5 . r a i s e d bog peat 

0 4 . c o r a l s 1 6 . h i g h l y decomposed peat 
20.hydrotherma1 s e d i m e n t s 

s t r o m a t o l i t e s : 05 
06 
07 
08 
09 

c o r a l l i n e a l g a e : 
c h a r c o a l : . . . . . . . 
l i m n i c muds:.... 
s o i l s : 

21. v o l c a n i c a s h e s 
22. v a r v e c l a y 
23. beachrock 
2 4 . o o i d s 
25. mangrove, u n d i f f . 
26. Rhizophora mangrove 
27. A v i c c n n i a mangrove 
2 8 . S o n n e r a t i a mangrove 

3 o . o r c h e o l o g i c a l m a t e r i a l : 
31. worked wood 
32. worked s h e l l s 
33. worked bones 
34. worked r o c k s 
35. t o o l s 
36. manure 
37. chnrcoa1 
3 8 . o t h e r s : 

.0 I n - s i t u n a t u r e end u n d i s t u r b 
ance of sampled m a t e r i a l : 
1. c e r t a i n l y i n s i t u , not eroded 
2. c c r t o i n l y i n s i t u , top eroded 
3. c e r t a i n l y i n s i t u , p o s s i b l y eroded 
4. p r o b a b l y not i n s i t u , n o t s u r e 
5. not i n s i t u , but s t i l l s u i t a b l e 

T i d a l range 
— I amount o f a n c i e n t l o c a l t i d a l range w i t h 

J e r r o r i n t e r v a l o r t e n d e n c y {+ o r - ) 
_3jJ o f changes s i n c e d e p o s i t i o n o f m a t e r i a l . IB 4 1-

modern t i d a l range 
a t c l o s e s t p o i n t 
o f open sea 

9. 

P a l e o c o a s t 
t ype of a n c i e n t c o a s t 
1. h i g h c o a s t 
2. dune b a r r i e r c o a s t 
3.lagoon c o a s t 
4.open bay 
5 . r i v e r e s t u a r y 

Modern c o a s t 
t y p e o f a c t u a l c o a s t 
.(look f o r no. from l i s t above) 

6 . d e l t a c o a s t 
7.open t i d a l f l a t 
8 . s h e l t e r e d t i d a l f l a t 
9 . o t h e r s : 

10. Lower sediment c o n t a c t to i n d i c a t o r 
I n a t u r e o f u n d e r l y i n g m a t e r i a l 

1 . m a r i n e - s u b t i d a l 6 . s e m i t c r r e s t r i a 1 ( p e a t ) 
2 . m a r i n e - i n t r a t i d a 1 7 > p e d o l o g i c a l ( s o i l s ) 
3 • m a r i n e - s u p r a t i d a 1 8 . f l u v i a l , e o l i a n 
4 . b r a c k i s h ( l a g o o n a l ) 9.bed r o c k 
5 . l i m n i c ( l a k e s ediment) 

11. Upper sediment c o n t a c t to i n d i c a t o r 
i f sample i s taken from below l a n d s u r f a c e , 
f i l l i n no. f o r n a t u r e of o v e r l y i n g m a t e r i a l 
from l i s t above. 

12 l'.C-dating o f .sample PROVISIONAL 13. 

R 
8 

J 
l a b o r a t o r y - c o d e 
and -number 

y e a r o f d a t i n g 

h a l f - l i f e o f l 4 C 
E 13C v a l u e (5« ) 
used f o r c o r r e c t i o n 
S U E S S - c o r r e c t i o n = 1 
o t h e r c o r r e c t i o n s ^ 

r e s u l t i n y e a r s BP 

s p e c i f y s i g m a - i n t e r v a l o f r e s u l t 
( s i g i n a 1 = 1, sigma 2 = 2) LI 

C o n t a m i n a t i o n 
i o n exchange 

r e c r y s t a l l i s a t i o n 

h a rd w a t e r e f f e c t 

p e n e t r a t e d by r o o t s 

i n f i l t r a t i o n of humic 
a c i d s 
f u n g i , b a c t e r i a , a l g a e 

o l d e r m a t e r i a l i n c l u d e d 

a r t i f i c i a l c o n t a m i n a t i o n 
by younger m a t e r i a l 

1 . not c h e c k e d , 
p o s s i b l e 

2. c h e c k e d , not 
p o s s i b l e 

3. c h e c k e d , con­
t a m i n a t e d 

4. p r e t r c a t e d , 
c o n t a m i n a t i o n 
p a r t l y e l e m i n a -
t c d 

5. c o n t a m i n a t i o n 
reduced by 
c a l c u l a t i o n 

o t h e r s : 

14, O t h e r k i n d s o f age d e t e r m i n a t i o n m O l . v a r v e 
02.dendro 
0 3 . p o l l e n 
04. f a u n a , f l o r a 
05. a r c h e o l o g y 
06. pota ssium-argon 
07•thorium-uranium-methods 
0 8 . t e p h r a 
0 9 . o t h e r s : 
1 0 . i n d i r e c t 
r e s u l t : 
( t r a n s f o r m i n t o y e a r s BP, 
and e n t e r under no.12) 

15. Ago of w a t e r l e v e l i n d i c a t o r 
- i f d a t e d sample i t s e l f does not r e p r e s e n t w a t e r 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

1 . i n d i c a t o r i s o l d e r than dated sample 
2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y o f samo ago 
4 . i n d i c a t o r i s s l i g h t l y younger 
5 . i n d i c a t o r i s younger th a n dated samplo 

l 6 . A d d i t i o n a l d a t a 
d i s t a n c e o f s i t e t o a c t u a l 
c o a s t l i n e o f open sea 
( i n k i l o m e t r e s ) 

4 0 • 

I n i t i t u t o : Datoi S i g n a t u r e : 

http://43
http://archeologic.al


S E A - L E V E L DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES ( s e c o n d o d i t i o n ) 

i n t e r n a l programming no. s a m p l e no. M4B :419-424 

1. G e o g r a p h i c l o c a l i t y o f s a m p l e 

s 
s 
C 

• 

0 • T L A N D » 

M 0 N I A C K , | l i N V E R N E S S 
TO 

c o u n t r y , s t a t e 
o r s e a and s e c t o r 

g e o g r a p h i c r e g i o n 
o r town o r c o u n t y 

2 a . C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

w 
R i g h t Up 

5 4 2 \ 

g e o c o o r d i n a t e s E o r W o f G r e e n w i c h 
and N o r S o f t h e e q u a t o r ( r e q u i r e d ) 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) ' 

• i n t e r n a l code f o r n a t i o n a l g r i d ; n a t i o n a l g r i d d e s i g n a t i o n : M . 

2b. A l t i t u d e o f s a m p l e / i n d i c a t o r 

i 7 • 4 0, 

J/ + 0 • 0 5, 

18 • ii 

+ 
. J 3 16 

a l t i t u d e o f sample above ( + ) o r b e l o w (-) l o c a l z e r o datum 
- i f a w a t e r l e v e l i s not i n d i c a t e d by t h e s a m p l e i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r . ' ( m e t r e s , measured from t o p ) 
a l t i t u d e m e a s u r e d 
d e r i v e d from map 

( 1 ) / 
( 2 ) / 

e s t i m a t e d e r r o r 
( i n m e t r e s ) 

17 
4 • 1 9 

V 

0 
?3 

jsl s 
1 ?6 

a l t i t u d e o f l o c a l z e r o datum nbovo ( + ) o r b e l o w (-) mean s e a l e v e l 
mark ( m e t r e s ) 
e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e mean s e a l e v o l mark 
and r e l a t i o n t o l o c a l z e r o datum ( m e t r e s ) 

i f s a m p l e i s t a k e n from b e l o w l a n d s u r f a c e , g i v e i n d e p t h o f sample-
top from s u r f a c e ( m e t r e s ) 

t h i c k n e s s o f s a m p l e d i n t e r v a l ( m e t r e s ) 

• 
S e c o n d a r y i n f l u e n c e s on a l t i t u d e o f d a t a 
g c o t e c t o n i c i n f l u e n c e s 
1. s t r o n g u p l i f t 
2. s l i g h t u p l i f t 
3 . a l i g h t s u b s i d e n c e 
' t . s t r o n g s u b s i d e n c e 
5. a r e a can be l o o k e d upon a s s t a b l e 
6. a b s o l u t e l y no i n f o r m a t i o n 

I f r e a s o n s f o r movements can be s p e c i f i e d , 
c h e c k t h e l i s t and i n d i c a t e t h e d i r e c t i o n 
by "'+'* f o r u p l i f t o r "-" f o r s u b s i d e n c e . 
F o r q u e s t i o n a b l e movements f i l l ' i n " ? " 
and f o r no i n d i c a t i o n w r i t e "0". 

l o c a l f a c t o r s : 

' l o c a l f a u l t i n g 

h a l o k i n e t i c movements 

p o i n t s i n c e s a m p l e d m a t e r i a l was formed 

C o n s o l i d a t i o n , c o m p a c t i o n o f u n d e r l y i n g 
s e d i m u n t s ( f r o m c o m p a r i n g t h e g e o l o g y o f 
n e i g h b o r i n g d a t a p o i n t s o r f r om d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

• 

+ 
50 

• 
....a 

amount i n m e t r e s 

e s t i m a t e d e r r o r 

r e g i o n a l f a c t o r s : 

e p e i r o g e n i c movements 

1 
U-id 

o t h e r s : 

g l t i c i o - i s o s t a s y 

? h y d r o - i s o a t a s y 
la 

t o t a l amount o f l o c a l m. 
to • ( f i l l i n , i f p o s s i b l e ) .. ft • . .52 

t o t a l amount o f r e g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

R e l a t i o n o f s a m p l e / i n d i c a t o r t o an a n c i e n t w a t e r l e v c l 8 p c c . f y t h e w n t e r l o v o l i w h i c n 

i s r e p r e s e n t e d by t h e i n d i c a t o r : 

> • 2 k 
+ 

+ j0 
L i'f 

• 2 0 ?; * 
" 1 

1 
n !* 7'i 

t h i c k n e s s o f i n t e r v a l w i t h i n w h i c h t h e 
f o s s i l w a t e r l e v e l o c c u r r e d = i n d i c a t i v e 
r a n g e ( m e t r e s ) . 
v e r t i c a l d i s t a n c e o f m i d p o i n t o f i n d i c a ­
t i v e r a n g e to t o p o f i n d i c a t o r i n m e t r e s 
above ( + ) o r b e l o w (-) t o p . 
minimum v a l u e f o r w h i c h t h e a n c i e n t 
w n t e r l e v e l wa« h i g h e r ( + ) o r l o w e r ' -
t h a n t o p o f onmplo ( m e t r e s ) . 

) 

1. g r o u n d w a t o r t a b i c 
2. mean h i g h t i d e l u v o l 
3 . mean s e a l e v e l 
't.mean low t i d e l e v o l 
5. moan h i g h s p r i n g t i d o 
6. mean low s p r i n g t i d e 
/.mean h i g h nenp t i d e 
8. mean low n eap t i d e 
9. s t o r m f l o o d l e v e l s 
O . u n o p o c i f i c d s e c l e v e l 



-001-
Typo o f w a t e r l e v e l i n d i c a t o r 

1 0 . o r g a n i c . l a y e r 
p o s i t i o n of sample: 
11. top o f l a y e r 
12. b a s e of l a y e r 
13. middle o f l a y e r 
1 ' i . f u l l i n t e r v a l o f l a y e r 
15.in upper p a r t o f l a y e r 
l 6 . i n lower p a r t o f l a y e r 
17. c o n t a c t to top o f l a y e r 
18. c o n t a c t to base o f l a y e r 
1 9 . o t h e r s : 

20. e r o s i o n a l f e a t u r e 
21. c l i f f f a c e 
22. c l i f f f o o t 
23. c l i f f overhang 
2 ' i . b i o t i c s o l u t i o n a l n o t c h 
25. b i o t i c b o r e h o l e ( s ) 
26. sea c a v e 
27. marine p l a t f o r m ( s o l i d ) 
28. marine t e r r a c e ( g r a v e l ) 
2 9 . o t h e r s : 

30. c o n s t r u c t i o n a l f e a t u r e 
31. beach 
32. dune b a r r i e r 
33. s a l t marsh s u r f a c e 
34. t i d a l f l a t s u r f a c e - . . 
35. n a t u r a l l e v e e ( u n d i f f . ) 
36. r i v e r o r c r e e k l e v e e 
37. f r i n g i n g c o r a l r e e f 
38. b a r r i e r c o r a l r e e f 
3 9 . o t h e r s : 

40. s t r u c t u r e s 
41. s c d i m e n t o r y s t r u c t u r e s 

42. b i o t u r b a t i o n s t r u c t u r e s 
43. a r c h e o l o g i c a l s t r u c t u r e s 
44. d e s s i c a t i o n f i s s u r e s 

I n d i c a t o r o c c u r s a s 
1. remnant, i s o l a t e d 
2. p a t c h 3.wide s p r e a d J3 

M a t e r i a l sampled ( t y p o / g e n u s / s p e c i e s ) 

01. wood 
02. s h e l l s : 
03. bones: . .. 
04. c o r a l s : 
05. s t r o m a t o l i t e s : . . 
06. c o r a l l i n e a l g a e : 
07. c h a r c o a l : 
0 8 . l i m n i c muds:.... 
0 9 . s o i l s : 

10. p e a t : ....< 
11. p h r a g m i t e s p e a t 
12. sedge peat 
13. wood fen peat 
14. moss peat 
15. r a i s e d bog peat 
16. h i g h l y decomposed peat 
20. h y d r o t h e r m a l s e d i m e n t s 
21. v o l c a n i c a s h e s 
22. v a r v o c l a y 
23. b e a c h r o c k 
2 4 . o o i d s 
25. mangrove, u n d i f f . 
26. Rhizophorn mangrove 
27. A v i c c n n i a mangrovo 
2 8 . S o n n e r a t i a mangrove 

30. a r c h e o l o g i c a l m a t e r i a l : 
31. worked wood 
32. worked s h e l l s 
33. worked bones 
34. 
35. 

.worked r o c k s 

. t o o l s 
36. manure 
37. c h a r c o a l 
3 8 . o t h e r s : 

I n - s i t u n a t u r e and u n d i B t u r b -
ance of sampled m a t e r i a l : 
1. c e r t a i n l y i n s i t u , not eroded 
2. c e r t a i n l y i n s i t u , top eroded 
3. c e r t a i n l y i n s i t u , p o s s i b l y eroded 
4. p r o b a b l y not i n s i t u , not s u r e 
5. not i n s i t u , but s t i l l s u i t a b l e 

7. 
+ 

T i d a l range 
amount o f a n c i e n t l o c a l t i d a l range w i t h 
e r r o r i n t e r v a l o r tendency (+ o r - ) 
o f changes s i n c e d e p o s i t i o n o f m a t e r i a l . 16 4 

modern t i d a l range 
a t c l o s e s t p o i n t 
of open s e a 

P a l e o c o a s t 
type o f a n c i e n t c o a s t 
l . h i g h c o n s t 6 . d e l t a c o a s t 
2.dune b a r r i e r c o a s t 7.open t i d a l f l a t 
3.lagoon c o a s t 
4.open bay 
5 . r i v e r e s t u a r y 

Modern c o a s t 
type o f a c t u a l c o a s t 
( l o o k f o r no. from l i s t above) 

8 . . i h o l t e r e d t i d a l f l a t 
9 . o t h e r s : 

10. Lower sediment c o n t a c t to i n d i c a t o r 
n a t u r e of u n d e r l y i n g m a t e r i a l 
1.marine-subt i r i n l JSl 
2. m a r i n e - i n t r a t i d a l 
3. m a r i n e - s u p r a t i d a l 
4. b r a c k i s h ( l a g o o n a l ) 
5 . l i m n i c ( l a k e s e d i m e n t ) 

(•. semi t e r r o s t r i n 1 ( p e a t ) 
7. p e d o l o g i c a l ( s o i l s ) 
8. f l u v i a l , e o l i a u 
9. bed r ock 

11. Upper sediment c o n t a c t to i n d i c a t o r 
i f sample i s t a k e n from below l a n d s u r f a c e , 
f i l l i n no. f o r n a t u r e o f o v o r l y i n g m a t e r i a l 
from l i s t above. 

12. l 4 C - d a t i n g o f sample PROVISIONAL 
R 

8 

I 
• 

l a b o r a t o r y - c o d e 
and -number 

y e a r o f d a t i n g 

h a l f - l i f e o f l 4 C 
£ 13C v a l u e l%> ) 
used f o r c o r r e c t i o n 
S U E S S - c o r r e c t i o n = 1 

13. C o n t a m i n a t i o n 
i o n exchange 

0 0 
<gj o t h e r c o r r e c t i o n s = 2 
I I 2 r e 3 U * t * n y e a r s BP 

s p e c i f y s i g m a - i n t c r y a 1 o f r e s u l t 
( sigme 1 = 1 , sigma 2 = 2 ) 

1 

1 

4 

r e c r y s t a l l i s a t i o n 

h a r d w a t e r e f f e c t 

p e n e t r a t e d by r o o t s 

i n f i l t r a t i o n o f humic 
a c i d s 
f u n g i , b a c t e r i a , a l g a e 

o l d e r m a t e r i a l i n c l u d e d 

a r t i f i c i a l c o n t a m i n a t i o n 
by younger m a t e r i a l 

1. not checked, 
p o s s i b l e 

2. c h e c k e d , not 
p o s s i b l e 

3. checked, con­
t a m i n a t e d 

4. p r e t r c n t c d , 
c o n t a m i n a t i o n 
p a r t l y d o m i n a ­
t e d 

5 • c o n t a m i n a t i o n 
r e d u c e d by 
c a l c u l a t i o n 

o t h e r s : 

14. O t h e r k i n d s o f age d e t e r m i n a t i o n 
01. v e r v e 
02. dendro 

-^03. p o l l e n 
04. f a u n a , f l o r a 
05. a r c h e o l o g y 
06. p o t a s s i u m - a r g o n 
071 thorium-uranium-methods 
08.tephro 
0 9 . o t h e r s : 
1 0 . i n d i r e c t 

15. Age of w a t e r l e v e l i n d i c a t o r 
- i f d a t e d sample i t s e l f does not r e p r e s e n t w a t e r 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

• 1 . i n d i c a t o r i s o l d e r than dated sample 
2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y o f same age 
4 . i n d i c a t o r i s s l i g h t l y younger 
5 . i n d i c a t o r i s younger th a n dated sample 

r e s u l t : , 
( t r a n s f o r m i n t o y e a r s BP, 
and e n t e r undor no.12) 

16. A d d i t i o n a l d a t a 
d i s t a n c e o f s i t e t o a c t u a l 
c o a s t l i n e o f open sea 4 1 0 • 1 73 ( i n k i l o m e t r e s ) 

I n s t i t u t o 1 Dote: S i g n s t u r o : 



SEA-LEVEL DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (second e d i t i o n ) 

i n t e r n n l programming no. sample no. 
M4B : 4? f i - 4 3 1 

1. Geographic l o c a l i t y o f sample 

s 
s 

C 0 T L A N D 

M 0 N I IA 
I 

C K » i IN 
I 

V E R N E S S 

c o u n t r y , s t a t e 
o r sea and s e c t o r 

geographic r e g i o n 
o r town o r cou n t y 

2a. C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

0 0 w 5 7 2 7 4 6 t 
R i g h t Up 

ge o c o o r d i n a t e s E o r W o f Greenwich 
and N o r S o f t h e eq u a t o r ( r e q u i r e d ) 

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

i n t e r n a l code f o r n a t i o n a l g r i d ; n a t i o n a l g r i d d e s i g n a t i o n : 

2b. A l t i t u d e o f sample / i n d i c a t o r 

•/ 
a l t i t u d e o f sample above ( + ) o r below (-) l o c a l z oro datum 
- i f a water l e v e l i s n o t i n d i c a t e d by the sample i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , measured from t o p ) 
a l t i t u d e measured ( l ) / e s t i m a t e d e r r o r 
d e r i v e d f r o m map ( 2 ) / ( i n metres) 

+ 4 2 6 

V 0 • 0 

33 * 30 

a l t i t u d e o f l o c a l z e r o datum abovo ( + ) o r below (-) moan sea l e v e l 
mark ( m e t r e s ) 
e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e mean sea l e v e l mark 
and r e l a t i o n t o l o c a l zero datum ( m e t r e s ) 
i f sample i s taken f r o m below l a n d s u r f a c e , g i v e i n d e p t h o f sample-
t o p from s u r f a c o ( m e t r e s ) 

t h i c k n e s s o f sampled i n t e r v a l ( m e t r e s ) 

0 
Secondary i n f l u e n c e s on a l t i t u d e o f data 
g c o t e c t o n i c i n f l u e n c e s 
1. s t r o n g u p l i f t 
2. s l i g h t u p l i f t 
3. s l i g h t subsidence 
' l , s t r o n g subsidence 
5. area can be looked upon as s t a b l e 
6. a b s o l u t e l y no i n f o r m a t i o n 

I f reasons f o r movements can be s p e c i f i e d , 
check t h e l i s t and i n d i c a t e t h e d i r e c t i o n 

p o i n t s i n c e sampled m a t e r i a l was formed 
C o n s o l i d a t i o n , compaction o f u n d e r l y i n g 
sediments ( f r o m comparing t h e geology o f 
n e i g h b o r i n g d a t a p o i n t s o r from d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

4! • 
«? 

• 53 

amount i n metres 

e s t i m a t e d e r r o r 

by f o r u p l i f t o r f o r subsidence. 
For q u e s t i o n a b l e movements f i l l ' i n "?" 
and f o r no i n d i c a t i o n w r i t e "0". 
l o c a l f a c t o r s : 
? 

0, 
+ 

l o c a l f a u l t i n g 

h a l o k i n e t i c movements 

r e g i o n a l f a c t o r s : 

1 c p o i r o g e n i c movements 

g l e c i o - i s o s t a s y 

o t h e r s : 

? h y d r o - i o o s t a s y 
"iZl 

t o t a l amount o f l o c a l m. 
1 1» ( f i l l i n , i f p o s s i b l e ) . !5 • t: 

t o t a l amount o f r e g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

' t . R e l a t i o n o f s a m p l e / i n d i c a t o r t o an nncien.t w a t e r ^ ^ B p e c i C y t h e w n t e r l o v o i , w h i ch 
i s r e p r e s e n t e d by the i n d i c a t o r : 

i 10 
t h i c k n e s s o f i n t e r v a l w i t h i n which t h e 
f o s s i l water l e v e l o c c u r r e d = i n d i c a t i v e 
range ( m e t r e s ) * 
v e r t i c a l d i s t a n c e o f m i d p o i n t o f i n d i c a ­
t i v e range t o t o p o f i n d i c a t o r i n metres 
above ( + ) o r below (-) t o p . 
minimum v a l u e f o r which t h e a n c i e n t 
w a t e r l e v e l was h i g h e r ! + ) o r l o w o r ( - ) 
t h a n t o p o f snmnln (motx'oo). 

1. groundwotcr t a b l e 
2. mean h i g h t i d e l e v e l 
3. mean sea l e v e l 
'l.mccn low t i d e l e v e l 
5. mean h i g h s p r i n g t i d o 
6. mean low s p r i n g t i d o 
7. mean h i g h neap t i d o 
fi.mcan low nenp t i d e 
9.storm f l o o d l e v e l s 
O . u n n p e c i f i c d eoa l e v e l 



5. Typo of witter l e v e l i n d i c a t o r 
10.organic I n y e r 
p o s i t i o n o f sample: 
11, t o p . o f l a y e r 
12, base of l a y e r 
13, middle o f l a y e r 
1 ' l . f u l l i n t e r v a l o f l a y e r 
15.in upper p a r t o f l a y e r 
l 6 , i n lower p a r t o f l a y e r 
17.contact to top o f l a y e r 
l f i . c o n t . i c t t o base o f l a y e r 
19.others: 

-356-

20. crooional feature 
21. c l i f f face 
22. c l i f f foot 
23. c l i f f overhang 
2'l.biotic s o lutional notch 
25. b i o t i c borehole(s) 
26. sea cave 
27. marine platform ( s o l i d ) 
28. marine terrace (gravel) 
29.others: 

30. constructional feature 
31. beach 
32. dune b a r r i e r . 
33. s a l t marsh surface 
3<j. t i d a l f l a t surface 
35. natural l e v e c ( u n d i f f . ) 
36. r i v e r or creek levee 
37. fringing c o r a l reef 
38. b a r r i e r coral reef 
39.others: 

'lO. s t r u c t u r e s 
k1.sedimentory s t r u c t u r e s 

42. bioturbation structures 
43. archoological s t r u c t u r e s 
't'k.dessication f i s s u r e s 

I n d i c a t o r occurs as 
1. remnant, i s o l a t e d 
2. patch 3.wide spread 

6. M a t e r i a l sampled (type/getius/species) 

0 1 . wood:.. 
02. s h e l l s : 
03. bones:. 
O'l 
05. s t r o m a t o l i t e a : . 
06. c o r a l l i n e algae 
07. c h a r c o a l : 
OA.limnic muds:... 
0 9 . s o i l s : 

10. peat: 
11. phragmites peat 
12. sedge peat 
13. wood fen peat 
l't.moss peat 
15*raised bog peat 

c o r a l s 1 6 . h i g h l y decomposed peat 
20.hydrothcrmal sediments 
2 1 . v o l c a n i c ashes 
22.varve c l a y 
23.beachrock 
2't.ooids 
25.mangrove, u n d i f f . 

m m m • 2o.Rhizophora mangrove 
27,Avicennia mangrove 
28.Sonneratia mangrove 

3o.orcheological m a t e r i a l : 
31. worked wood 
32. worked s h e l l s 
33. worked bones 
3'i • worked rocks 
35. tools 
36. manure 
37. charcoal 
38.others: 

X n - s i t u nature and u n d i s t u r b -
nncc o f sampled m a t e r i a l : 
1. c e r t a i n l y i n s i t u , not eroded 
2. c e r t a i n l y i n s i t u , top eroded 
3. c e r t a i n t y i n s i t u , p o s s i b l y eroded 
'1.probably not i n s i t u , not sure 
5.not i n s i t u , but s t i l l s u i t a b l e 

T i d a l range 
amount of ancient l o c a l t i d a l range with 
error i n t e r v a l or tendoncy 1+ or -) 
of changes since deposition of material. 

modern t i d a l range 
at c l o s e s t p o i n t 
o f open sea 

Paleocoast 
type o f a n c i e n t coast 
1. h i g h coast 6 . d e l t a coast 
2. dune b a r r i e r coast 7.open t i d a l f l a t 
3.lagoon coast 8 . s h e l t e r e d t i d a l f l a t 
4.open bay 9.others: 
5 . r i v e r estuary 

9. Modern coast 
type of actual coast 
(look for no. from l i s t above) 

10. Lower sediment c o n t a c t to i n d i c a t o r 
n a t u r e o f u n d e r l y i n g m a t e r i a l 
1. m a r i n o - s u b t i d a l 6 
2. m a r i n e - i n t r a t i d n 1 7 
3. marine-supra t i d a l 
'4.brackish ( l a g o o n a l ) 9 
5.1imnic ( l a k e sediment) 

s c m i t e r r c s t r i a l (peat) 
pedological ( s o i l s ) 

0 . f l u v i a l , eolian 
bed rock 

11. Upper sediment c o n t a c t t o i n d i c a t o r 
i f sample i s taken from below land surface, 
f i l l i n no. for nature of overlying material 
from l i s t above. 

12. '• 1/iC-dating of sample PROVISIONAL 13-

_4i 

M r 

0 

l a b o r a t o r y - c o d e 
and -number 
year o f d a t i n g 

h a l f - l i f e o f l'tC 
6 13C v a l u e ) 
used f o r c o r r e c t i o n 
SUESS-correction=1 
o t h e r c o r r e c t i o n s = 2 

r e s u l t in years BP 

s p e c i f y s i g m a - i n t c r y a l o f r e s u l t 
( sigma 1 = 1, aighia 2 = 2) 

1 

± 
1 

i 
111 

Contamination 
io n exchange 
r e c r y a t a l l i s a t i o n 
hard water e f f e c t 

p e n etrated by r o o t s 
i n f i l t r a t i o n o f humic 
acids 
f u n g i , b a c t e r i a , algae 

o l d e r m a t e r i a l i n c l u d e d 
a r t i f i c i a l c o n tamination 
by younger m a t e r i a l 

1. not checked, 
po s s i b l e 

2. checked, not 
possible 

3. checked, con­
taminated 

d.pretreatcd, 
contamination 
p a r t l y elemina-
tcd 

5. contamination 
reduced by 
c a l c u l a tion 

o t h e r s : 

I t Other kinds o f age d e t e r m i n a t i o n mOT ..verve 
O2.dendro 

' ««| W 03. p o l l en 
Oh.fauna,flora 
05. archeology 
06. potassium-argon 
07•thorium-uranium-mothods 
08.tephra 
0 9 . o t h e r s : . . . . . . 
1 0 . i n d i r e c t 

15. Age o f water l e v e l i n d i c a t o r 
- i f dated sample i t s e l f does not represent water 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

•
1 . i n d i c a t o r i s o l d e r than dated sample 

2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y o f same age 
k.indicator i s s l i g h t l y younger 
5 . i n d i c a t o r i s younger than dated sample 

r e s u l t : . . . . , 
( t r a n s f o r m i n t o years DP, 
and e n t e r under no.12) 

16. A d d i t i o n a l data 
distance of s i t e to actual 
c o a s t l i n e of open sea 
( i n kilometres) 

4 0 
* n 

I n i t i t u t o ; Data: S i g n a t u r e : 

http://lfi.cont.ict


"3b / -

SEA-LEVEL DOCUMENTATION 

COMPUTER-KORM FOR THE COLLECTION OF SAMPLE DATES (second e d i t i o n ) 

i n t c r n n l programming no. sample no. M4B : 472-77 

1. Geographic l o c a l i t y o f sample 

s 
5 

C 0 T L A N D 
»7 

M 
. it 

0 N I A C K 
i 

' I 1 
N V E R N E S S 

c o u n t r y , s t a t e 
o r aea and s e c t o r 

geographic r e g i o n 
o r town o r cou n t y 

2a. C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

SI 0 
4 2 6 0 1 N 5 7 2 7 4 6 N 

59 
R i g h t Up 

g e o c o o r d i n a t e s E o r W o f Greenwich 
and N o r S o f t h e e q u a t o r ( r e q u i r e d ) 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) ' 

i n t e r n a l code f o r n a t i o n a l g r i d ; n a t i o n a l g r i d d e s i g n a t i o n : NH 

2b. A l t i t u d e o f sample / i n d i c a t o r 

... 5 6 • 8 i 
J / + 0 * 

a l t i t u d e o f sample above ( + ) o r bolow (-) l o c a l z e r o datum 
- i f a w a t e r l e v e l i s n o t i n d i c a t e d by the sample i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , measured from t o p ) 
a l t i t u d e measured ( l ) / e s t i m a t e d e r r o r 
d e r i v e d f r o m map ( 2 ) / ( i n m e t r e s ) 

a l t i t u d e o f l o c a l z ero datum above ( + ) o r below (-) mean sen l e v e l 
mark ( m e t r e s ) 

+ 
?5 * 7? 

e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e mean sea l o v e l mark 
and r e l a t i o n t o l o c a l zero datum ( m e t r e s ) 

27 
4 • 7 1 i f sample i s taken from below l a n d s u r f a c e , g i v e i n d e p t h o f 

to p fro m s u r f a c e ( m e t r e s ) 

0 
J 3 

• 0 5 36 
t h i c k n e s s o f sampled i n t e r v a l ( m e t r e s ) 

3* Secondary i n f l u e n c e s on a l t i t u d e o f data p o i n t s i n c e sampled m a t e r i a l was formed 
g e o t e c t o n i c i n f l u e n c e s 

-iS 1. s t r o n g u p l i f t 
2. s l i g h t u p l i f t 
3. s l i g h t subsidence 
't . s t r o n g subsidence 
5. area can be looked upon as s t a b l e 
6. a b s o l u t e l y no i n f o r m a t i o n 

I f reasons f o r movements can be s p e c i f i e d , 
check t h e l i s t and i n d i c a t e t h e d i r e c t i o n 
by "+" f o r u p l i f t o r "-" f o r subsidence. 
For q u e s t i o n a b l e movements f i l l ' i n "?" 
and f o r no i n d i c a t i o n w r i t e "0". 
l o c a l f a c t o r s ; 

l o c a l f a u l t i n g 

C o n s o l i d a t i o n , compaction o f u n d e r l y i n g 
sediments ( f r o m comparing t h e geology o f 
n e i g h b o r i n g d a t a p o i n t s o r from d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

amount i n metres 

e s t i m a t e d e r r o r 

r e g i o n a l f a c t o r s : 

e p e i r o g e n i c movements 

h a l o k i n e t i c movements 
-ifl 

o t h e r s : 

g l a c i o - i s o s t a s y 

h y d r p - i s o a t a s y 

t o t a l amount o f l o c a l * m . 
«0 • 44 ( f i l l i n , i f p o s s i b l e ) • 

t o t a l amount o f r e g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

R e l a t i o n o f s a m p l e / i n d i c a t o r t o an nncicn.t w a t e r l e v e l 

5" 0 
• 

2 0 
+ 

C. 0 • 0 9 

71 

I 
I - I ?« 

t h i c k n e s s o f i n t e r v a l w i t h i n which t h e 
f o s s i l water l e v e l o c c u r r e d = i n d i c a t i v e 
range ( m e t r e s ) . 
v e r t i c a l d i s t a n c e o f m i d p o i n t o f i n d i c a ­
t i v e range t o t o p o f i n d i c a t o r i n metres 
above ( + ) o r below (-) t o p . 
minimum v a l u e f o r which t h e o n c i e i i t 
w a t e r l e v e l was h i g h o r ( + ) o r l o w o r ( - ) 
t h a n t o p o f sample ( n o t r o r i ) . 

JEEI 

s p e c i f y t h e water l e v e l , which 
i s r e p r e s e n t e d by the i n d i c a t o r : 

1. groundwotor t a b l e 
2. mean h i g h t i d o l e v e l 
3. mean sea l e v e l 
'l.meon low t i d e l e v e l 
5. moan h i g h s p r i n g t i d e 
6. mean low s p r i n g t i d o 
7. mean higVi neap t i d o 
fl.tr.can low nenp t i d e 
9.storm f l o o d l e v e l s 
O.unnpocifioci sea l o v e l 
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G3 
Typo o f water l o v e l i n d i c a t o r 

10.organic l a y e r 
p o s i t i o n o f sample: 
11. top o f l a y e r 
12. h,isc o f l a y e r 
13. middle of l a y e r 
l ' i . f u l l i n t e r v a l o f l a y e r 
1 5 . i n upper p a r t of l a y e r 
l o . i n lower p a r t o f l a y e r 
17.contact to top o f l a y e r 
1(1.contact t o base of l a y e r 
19.others: 

20. c r o n i o n a l f e a t u r e 
21. c l i f f face 
22. c l i f f f o o t 
23. c l i f f overhang 
2 ' l . b i o t i c s o l u t i o n o l notch 
25. b i o t i c b o r e h o l c ( s ) 
26. sea cave 
27. marine p i n t f o r m •( s o l i d ) 
28. marine t e r r a c e ( g r a v e l ) 
2 9 . o t h e r s : 

30. c o n s t r u c t i o n a l f e a t u r e 
31. beach 
32. dune b a r r i e r 
33. s a l t marsh surface 
3 % . t i d a l f l a t s urface 
35. n a t u r a l l e v e c ( u n d i f f . ) 
36. r i v e r or creek l«vce 
37. f r i n g i n g c o r a l r e e f 
38. b a r r i e r c o r a l r o o f 
39.others: 

'lO. s t r u c t u r e s 
4 1. scditnentory s t r u c t u r e s 

4 2 . b i o t u r b a t i o r . s t r u c t u r e s 
'O.nrcheological s t r u c t u r e s 
4 4 . d e s s i c a t i o n f i s s u r e s 

I n d i c a t o r occurs as 
1. remnant, i s o l a t e d 
2. patch 3.wide spread 

M a t e r i a l sampled (type/genus/species) 

01 
02 
03 
O'l 
05 
06 
07 
08 
09 

1 wood :.. 
. s h e l l s : 
,bones:. 

10. peat: • 
11. phragmites peat 
.12.sedge peat 
13.wood fen peat 
l't.moss peat 
15-raised bog peat 

c o r a l s ' . . . . 16. h i g h l y decomposed peat 
20.hydrotherma1 sediments s t r o m a t o l i t e s : . 

c o r a l l i n e algae 
c h a r c o a l : 
1 i mn i c mud s:. • • 
s o i l s : . . . . . . . . . 

21. v o l c a n i c ashes 
22. varve c l a y 
23. beachrbek 
24.ooids 
25.mangrove, u n d i f f . 
2o.Rhizophora mangrove 
27.Avicennia mangrove 
28.Sonneratia mangrove 

30. a r c h e o l o g i c a l m a t e r i a l ; 
31. worked wood 
32. worked s h o l l a 
33. worked bones 
3'i.worked rocks 
35. t o o l s 
36. manure 
37. charcoal 
38.others: 

0 I n - s i t u nature and u n d i s t u r b -
ance o f sampled m a t e r i a l : 
1. c e r t a i n l y i n s i t u , not eroded 
2. c e r t a i n l y i n s i t u , top eroded 
3. c e r t a i n l y i n s i t u , p o s s i b l y eroded 
'1. probably not i n s i t u , not sure 
5.not i n s i t u , but s t i l l s u i t a b l e 

7. + 
T i d a l range 

amount o f an c i e n t l o c a l t i d a l range w i t h 
e r r o r i n t e r v a l or tendency (+ o r -) 

id o f changes since d e p o s i t i o n o f m a t e r i a l . 

modern t i d a l rango 
a t c l o s e s t p o i n t 
o f open sea 

Palcocoaat 
type o f a n c i e n t coast 
1. high coast 
2. dune b a r r i e r coast 
3.lagoon coast 
4.open bay 
5 . r i v e r estuary 

Modern coast 

6 . d e l t a coast 
7.open t i d a l f l a t 
8 . s h e l t e r e d t i d a l f l a t 
9.others: 

type o f a c t u a l coast 
( l o o k f o r no. from l i s t above) 

10. Lower sediment contact to i n d i c a t o r 
nature of u n d e r l y i n g m a t e r i a l 
1. marine-sub t ida 1 (1. semi t c r r e a t r i o 1 ( p e a t ) 
2. m a r i n c - i n t r a t i d . t l 7 • p c d o l o g i c a l ( s o i l s ) 
3. m a r i n e - s u p r a t i d a 1 8 . f l u v i a l , e o l i a n 
4. b r a c k i s h ( l a g o o n a l ) 9.bed rock 
5.1imnic ( l a k e sediment) 

11. Upper sediment c o n t a c t t o i n d i c a t o r H i f sample i s taken from below land s u r f a c e , 
f i l l i n no. f o r n a t u r e o f o v e r l y i n g m a t e r i a l 
from l i s t above. 

12. l 4 C - d a t i n g o f sample PROVISIONAL 13> Contamination 

B 
h 

I "I 1 1 U 
1 9 8 i 
5 ?« 5 7 ?, 

0 • 

4' 7 4 3 
s p e c i f y 
(sigma 1 

l a b o r a t o r y - c o d e 
and -number 
year of d a t i n g 

h a l f - l i f e o f l4C 
S 13C value ( t f t ) 
used f o r c o r r e c t i o n 
SUESS-correction=1 
o t h e r c o r r e c t i o n s = 2 

3 r e s u l t i n years BP 

2) 

n i o n exchange l . n o t checked, n p o s s i b l e . 
r e c r y s t a l l i s a t i o n 2.checked, not 

p o s a i b l c 
hard water e f f e c t 3.checkod, con­

taining ted 

i penetrated by r o o t s 4 . p r c t r c a t ed, 
contamination 

~— i n f i l t r a t i o n o f humic p a r t l y elemina-
1 
1 

a c i d s ted 1 
1 f u n g i , b a c t e r i a , algae 5.contamination 

reduced by 

4 o l d e r m a t e r i a l i n c l u d e d c a l c u l a t i o n 
4 

a r t i f i c i a l c o n t a m i n a t i o n 
i by younger m a t e r i a l 

14. Other k i n d s o f age d e t e r m i n a t i o n 
0 1 . verve 
02. dendro 

M0y. p o l l e n 
04. f a u n a , f l o r a 
05. archeology 
06. po ta ssium-argon 
07•thorium-uranium-methods 
0 8 . t c p h r a 
0 9 . o t h e r s 
1 0 . i n d i r e c t 

15. Age o f water l e v e l i n d i c a t o r 
- i f dated sample i t s e l f does not r epresent water 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

• 1 . i n d i c a t o r i s o l d e r than dated sample 
2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y o f same ago 
4 . i n d i c a t o r i s n l i g h t l y younger 
5 . i n d i c a t o r i s younger than dated sample 

r e s u l t : ., 
j ( t r a n s f o r m i n t o years DP, 
I and e n t e r under no.12) 

16. A d d i t i o n a l data 
d i s t a n c e o f c i t e t o a c t u a l 
c o a s t l i n e o f open sea 
( i n k i l o m e t r e s ) 

I n s t i t u t e ) Dote 1 S i g n a t u r e : 
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SEA-LEVEL DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OK SAMPLE DATES (second e d i t i o n ) 

i n t e r n a l programming no. sample no. AM : 126-131 

1. Geographic l o c a l i t y o f sample 

s 
5 

c 0 T L A N D i 1 i 1 27 

s T R A T H C 0 N 0 N 

c o u n t r y , s t a t e 
o r sea and s e c t o r 

geographic r e g i o n 
o r town o r c o u n t y 

2a. C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

4 3 0 3 7 
r 
¥ 5 7 3 2 3 0 N 

R i g h t Up 1 4 9 6 3 
6C 8 

g e o c o o r d i n a t e s E o r W o f Greenwich 
and N o r S o f t h e eq u a t o r ( r e q u i r e d ) 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) ' 

• i n t e r n a l code f o r n a t i o n a l g r i d i n a t i o n a l g r i d d e s i g n a t i o n : NH 

2b. A l t i t u d e o f sample / i n d i c a t o r 
a l t i t u d e o f sample above ( + ) o r below (-) l o c a l z e r o datum 
- i f a w a t e r l e v e l i s n o t i n d i c a t e d by t h e sample i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , measured from t o p ) 
a l t i t u d e measured ( l ) / e s t i m a t e d e r r o r 
d e r i v e d f r o m map ( 2 ) / ( i n metres) •/ 0 0 

+ 
» • 

1 • 2 6,, 

0 
V 

• 0 5 
35 

a l t i t u d e o f l o c a l z ero datum above ( + ) o r below (-) mean sea l e v e l 
mark ( m e t r e s ) 
e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e moan sea l e v e l mark 
and r e l a t i o n t o l o c a l zero datum ( m e t r e s ) 

i f sample i s taken f r o m below l a n d s u r f a c e , g i v e i n d e p t h o f sample-
t o p from s u r f a c e ( m e t r e s ) 

t h i c k n e s s o f sampled i n t e r v a l ( m e t r e s ) 

0 
Secondary i n f l u e n c e s on a l t i t u d e o f data 
g c o t e c t o n i c i n f l u e n c e s 
1. s t r o n g u p l i f t 
2. s l i g h t u p l i f t 
3. s l i g h t subsidence 
' i . s t r o n g subsidence 
5. area can be looked upon as s t a b l e 
6. a b s o l u t e l y no i n f o r m a t i o n 

I f reasons f o r movements can be s p e c i f i e d , 
check t h e l i s t and i n d i c a t e t h e d i r e c t i o n 
by "+" f o r u p l i f t o r "-" f o r subsidence. 
For q u e s t i o n a b l e movements f i l l ' i n "?" 
and f o r no i n d i c a t i o n w r i t e "0". 
l o c a l f a c t o r s : 

l o c a l f a u l t i n g 

ffij h a l o k i n e t i c movements 

4-

p o i n t s i n c e sampled m a t o r i a l was formed 
C o n s o l i d a t i o n , compaction o f u n d e r l y i n g 
sediments ( f r o m comparing t h e geology o f 
n e i g h b o r i n g data p o i n t s o r from d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

a; I 
i • J 

+ 
J . » 

amount i n metres 

e s t i m a t e d e r r o r 

r e g i o n a l f a c t o r s : 

c p o i r o g e n i c movements o t h e r s : 

g l a c i o - i s o s t a s y 

h y d r o - i B O S t a a y 

«0 • 
t o t a l amount o f l o c a l m. 
( f i l l i n , i f p o s s i b l e ) ..Si 

1 
* Si 

t o t a l amount o f r e g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l e ) 

' l . R e l a t i o n o f s a m p l e / i n d i c a t o r t o an nncien.t w a t e r l e v e l 

6* 
0 » 

2 0 
+ 

3 • 0 9 
7J 

...71 

1 
7' 

t h i c k n e s s o f i n t e r v a l w i t h i n w h i c h t h e 
f o s s i l w a t e r l e v e l o c c u r r e d = i n d i c a t i v e 
range ( m e t r e s ) . 
v e r t i c a l d i s t a n c e o f m i d p o i n t o f i n d i c a ­
t i v e range t o t o p o f i n d i c a t o r i n metres 
above ( + ) o r below (-) t o p . 
minimum v a l u e f o r which t h e a n c i e n t 
w a t e r l e v e l was h i g h e r ( + ) o r l o w e r ( - ) 
t h a n t o p o f sample ( m e t r e s ) . 

s p e c i f y t h e w a t e r l e v e l , w h ich 
i s r e p r e s e n t e d by t h e i n d i c a t o r : 

1. groundwater t a b l e 
2. mean h i g h t i d e l e v e l 
3. mean sea l e v e l 
'Linear, low t i d e l e v e l 
5. mcun h i g h s p r i n g t i d o 
6. mean low s p r i n g t i d o 
7. mean h i g h neap t i d e 
8. mean low neap t i d e 
9. storm f l o o d l e v e l s 
O.Unopocifice! BOD l e v e l 
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5. Typo o f water l e v o l i n d i c a t o r 

10.organic l a y e r 
p o s i t i o n o f sample: 
11. top o f l a y e r 
12. base o f l a y e r 
13. middle of l a y e r 
14. f u l l i n t e r v a l o f l a y e r 
15.in upper p a r t o f l a y e r 
l£.in l o v e r p a r t o f l a y e r 
17.contact to top o f l a y e r 
i l l . c o n t a c t t o base of l a y e r 
10.others: 

ZO.erosional f e a t u r e 
21. c l i f f face 
22. c l i f f f o o t 
23. c l i f f overhang 
2 ' l . b i o t i c s o l u t i o n a l notch 
25. b i o t i c b o r e h o l e ( s ) 
26. sea cave 
27. marine p l a t f o r m ( s o l i d ) 
2fl.marine t e r r a c e ( g r a v e l ) 
29.others: 

30. c o n s t r u c t i o n a l f e a t u r e 
31. heach 
32. dune b a r r i e r 
33. s a l t marsh surface 
3 < j . t i d a l f l a t surface 
35. n a t u r a l l e v e e d i n d i f f . ) 
36. r i v e r o r creek levee 
37. f r i n g i n g c o r a l r e e f 
3 0 . b a r r i e r c o r a l r e e f 
3 9 . o t h e r s : 

dO.structures 
V].scdimentory s t r u c t u r e s 

l ) 2 . b i o t u r b n t i o n s t r u c t u r e s 
<i3.archeologicol s t r u c t u r e s 
M . d e s s i c a t i o n f i s s u r e s 

I n d i c a t o r occurs as 
1. remnant, i s o l a t e d 
2. patch 3.wide spread 

M a t e r i a l sampled (type/genus/species) 10.peat 
11.phragmites peat 

• •••• 12.sedge peat 
13.wood fen peat 
ld.moss peat 
15.raised bog peat 

c o r a l s : 1 h i g h l y decomposed peat 

0 1 . wood:.. 
0 2 . s h e l l s : 
0 3 . bones:. 
O'l. 
0 5 . s t r o m a t o l i t e s : . . 
06. c o r a l l i n e algae: 
07. c h a r c o a l : . . . . . . . 
OB.limnic muds:.... 
0 9 . s o i l s : . . 

20. hydrothermal sediments 
21. v o l c a n i c ashes 
22. varve c l a y 
23. beachrock 
24.ooids 
25. mangrove, u n d i f f . 
26. Rhizophora mangrove 
27. Avicennia mangrove 
2B.Sonneratia mangrove 

30. a r c h c o l o g i c a l m a t e r i a l : 
31. worked wood 
32. worked s h e l l s 
33. worked bones 
3't.worked rocks 
35. t o o l s 
36. manure 
37 • c h arcoal 
38.others: 

.0 
I n - s i t u n a t u r e and u n d i a t u r b -
ance of sampled m a t e r i a l : 
1. c e r t a i n l y i n s i t u , not eroded 
2. c e r t a i n l y i n s i t u , top eroded 
3. c e r t a i n l y i n s i t u , p o s s i b l y eroded 
'l.probably not i n s i t u , not sure 
5.not i n s i t u , but s t i l l s u i t a b l e 

T i d a l range 
amount o f a n c i e n t l o c a l t i d a l range w i t h 
e r r o r i n t e r v a l o r tendency (+ o r -) 
o f changes since d e p o s i t i o n o f m a t e r i a l . 3 • 7„ 

modern t i d a l range 
at c l o s e s t p o i n t 
o f open sea 

Paleocoast 
ty p e o f a n c i e n t coast 
1. h i g h coast 
2. dune b a r r i e r coast 
3.lagoon coast 
4.open bay 
5 . r i v e r e s t u a r y 

6.delta coast 
7.open t i d a l f l a t 
8 . s h e l t e r e d t i d a l f l a t 
9.others: 

Modern coast 
t y p e of a c t u a l coast 
(look f o r no. from l i s t above) 

10. Lower sediment contact to i n d i c a t o r 
n a t u r e o f u n d e r l y i n g m a t e r i a l 
1 . m a r i n c - s u b t i c l a l 6 
2. m a r i n e - i n t r a t i d n l 7 
3. marine-supra t i d a l 
'(.brackish ( l a g o o n a l ) 9 
S.limnic ( l a k e sediment) 

s c m i t e r r c s t r i a l ( p e a t ) 
p e d o l o g i c a l ( s o i l s ) 

8 . f l u v i a l , e o l i a n 
bed rock 

11. Upper sediment contact t o i n d i c a t o r 
i f sample i s taken from below land s u r f a c e , 
f i l l i n no. f o r n a t u r e o f o v e r l y i n g m a t e r i a l 
from l i s t above. 

12. 1'tC-dating o f sample 13. 
I laboratory-code 

2J and -number 

1 
2 

year o f d a t i n g 

h a l f - l i f e o f I'lC 
6 13C v a l u e ( # 1 ) 
used f o r c o r r e c t i o n 
SUESS-corrections 1 
o t h e r c o r r e c t i o n s = 2 

r e s u l t i n years BP 

s p e c i f y s l g m a - i n t c r v a l o f r e s u l t 
(sigma 1 = 1, sigma 2 * 2) 

1 

£ 

L 
L 
L 

L 

Contamination 
i o n exchange 

r e c r y s t a l l i s a t i o n 

hard water e f f e c t 

penetrated by r o o t s 
i n f i l t r a t i o n o f humic 
ac i d s 
f u n g i , b a c t e r i a , algae 

o l d e r m a t e r i a l i n c l u d e d 

a r t i f i c i a l c ontamination 
by younger m a t e r i a l 

1. not checked, 
p o s s i b l e 

2. checked, not 
p o s s i b l e 

3. checked, con­
taminated 

k.pretroatcd, 
contamina t i o n 
p a r t l y elemina-
t c d 

5•con t a m i n a t i o n 
reduced by 
c a l c u l a t i o n 

o t h e r s : 
14 Other k i n d s o f age d e t e r m i n a t i o n 

01. verve 
02. dcndro 
03. p o l l e n 
04. f a u n a , f l o r a 
0 5 . archeology 
06. potassium-argon 
07. thorium-uranium-methods 
08. tcphra 
09.others; 
1 0 . i n d i r e c t 

15. Ago o f water l e v e l i n d i c a t o r 
- i f dated sample i t s e l f does not represent water 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

• 1 . i n d i c a t o r i s o l d e r than dated sample 
2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y o f same age 
4 . i n d i c a t o r i s s l i g h t l y younger 
5 . i n d i c a t o r i s younger than dated samplo 

r e s u l t : 
( t r a n s f o r m i n t o years DP, 
and e n t e r under no.12) 

l 6 . A d d i t i o n a l data 
d i s t a n c e o f s i t e t o a c t u a l 
c o i i d t J i n e o f open sea 
( i n k i l o m e t r e s ) 

0 

I n a t i t u t o ! Dotoi S i g n a t u r e : 



SEA.LEVEL DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (second e d i t i o n ) 

i n t e r n a l programming no. sample no. AM : 303-8 

1. Geographic l o c a l i t y o f sample 

s 
5 

c 0 T L A N D 
T" 

J7 

s 
- J ? 

T R A T H C 0 N 0 N 
SO 

c o u n t r y , s t a t e 
o r sea and s e c t o r 

g e ographic r e g i o n 
o r town o r cou n t y 

2a. C o o r d i n a t e s 
L o n g i t u d e L a t i t u d e 

SI 0 4 3 0 2 7 
R i g h t Up 

6& 
4 9 6 3 

73 

i n t e r n a l code 

g e o c o o r d i n a t e s E o r W o f Greenwich 
and N o r S o f t h o e q u a t o r ( r e q u i r e d ) 

c o o r d i n a t e s o f n a t i o n a l r e c t a n g u l a r 
g r i d ( o p t i o n a l ) ' 

i n t e r n a l code f o r n a t i o n a l g r i d ; n a t i o n a l g r i d d e s i g n a t i o n : M . 

2b. A l t i t u d e o f sample / i n d i c a t o r 
a l t i t u d e o f sample above ( + ) o r below (-) l o c a l z ero datum 

J 7 • 2 8 
« 

J / + 0 • 0 5 
17 

18 • 
+ 3 

23 • 0 3 

0 0 5 
V • 

i f a w a t e r l e v e l i s n o t i n d i c a t e d by t h e sample i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , measured from t o p ) 
a l t i t u d e mcasur ed ( 1 ) / e s t i m a t e d e r r o r 
d e r i v e d f r o m map ( 2 ) / ( i n m e t r e s ) 

a l t i t u d e o f l o c a l z ero datum abov.o («•) o r below (-) mean sea l e v e l 
mark ( m e t r e s ) 
e s t i m a t e d e r r o r i n i d e n t i f i c a t i o n o f t h e mean sea l e v e l mark 
and r e l a t i o n t o l o c a l zero datum ( m e t r e s ) 

i f sample i s taken f r o m below l a n d s u r f a c e , g i v e i n d e p t h o f sample-
t o p from s u r f a c e ( m e t r e s ) 

t h i c k n e s s o f sampled i n t e r v a l ( m e t r e s ) 

3- Secondary i n f l u e n c e s on n l t i t u d o o f data p o i n t s i n c e sampled m a t e r i a l was formed 
g e o t e c t o n i c i n f l u e n c e s 
1. s t r o n g u p l i f t 
2. s l i g h t u p l i f t 
3. a l i g h t subsidence 
' i . s t r o n g subsidence 
5. area can be looke d upon as s t a b l e 
6. a b s o l u t e l y no i n f o r m a t i o n 

C o n s o l i d a t i o n , compaction o f u n d e r l y i n g 
sediments ( f r o m comparing t h e geology o f 
n e i g h b o r i n g data p o i n t s o r fr o m d e t e r m i ­
n a t i o n o f u n d e r l y i n g m a t e r i a l ) : 

I f reasons f o r movements can be s p e c i f i e d , 
check t he l i s t and i n d i c a t e t h e d i r e c t i o n 
by "+" f o r u p l i f t o r "-" f o r subsidence. 
For q u e s t i o n a b l e movements f i l l i n "?" 
and f o r no i n d i c a t i o n w r i t e "O". 
l o c a l f a c t o r s : 

l o c a l f a u l t i n g 

• " i 
+ 

}0 
• 53 

amount i n metres 

e s t i m a t e d e r r o r 

-23 

r e g i o n a l f a c t o r s : 

] e p e i r o g e n i c movements 

h a l o k i n e t i c movements 

o t h e r s : 

g l a c i o - i s o e t a s y 

h y d r o - i s o s t a s y 

t o t a l amount o f l o c a l m. 
40 • ( f i l l i n , i f p o a s i b l e ) • .11 

t o t a l amount o f r o g i o n a l m. 
( g i v e e s t i m a t i o n , i f p o s s i b l o ) 

R e l a t i o n o f s a m p l e / i n d i c a t o r t o an nncicn.t w a t e r l e v e l B f j e { . . f y t h e w o t e r l e v e l > w h i c h 

i s r e p r e s e n t e d by the i n d i c a t o r : 
0 • 2 0 

ta + 
+ 0 • 2 0 

73 
*• 

p 
1 
I* ?! 

t h i c k n e s s o f i n t e r v a l w i t h i n w hich t h e 
f o s s i l w a t e r l e v e l o c c u r r e d = i n d i c a t i v e 
range ( m e t r e s ) . 
v e r t i c a l d i s t a n c e o f m i d p o i n t o f i n d i c a ­
t i v e range t o t o p o f i n d i c a t o r i n metres 
above (•) o r below (-) t o p . 
minimum v a l u e f o r w h i c h t h e a n c i u i i t 
w a t e r l e v e l was h i g h o r ( + ) o r l o w o r ( - ) 
than t o p o f sample ( m e t r e s ) . 

1. groundwater t a b i c 
2. mean h i g h t i d e l e v e l 
3. mean sea l e v e l 
'i.mean low t i d e l e v e l 
5. meun h i g h s p r i n g t i d e 
6. mean low s p r i n g titSo 
7. mean h i s h nenp t i d o 
8. mean low nc&p t i d e 
9. storm f l o o d l o v o l s 
O . u n o p o c i f l e d uaa l e v e l 



JQC-

Typc o f water l e v e l i n d i c a t o r 
, lO.organic l a y e r 

I j p o s i t i o n o f sample: 
11. top of l a y e r 
12. base of l a y e r 
13. middle o f l a y e r 
14. f u l l i n t e r v a l o f l a y e r 
15.in upper p a r t o f l a y e r 
i G . i n lower p a r t o f layer. 
17.contact t o top o f l a y e r 
lO.contact t o base o f l a y e r 
19.others: 

20. e r o s i o n a l f e a t u r e 
21. c l i f f face 
22. c l i f f f o o t 
23. c l i f f overhang 
24. b i o t i c s o l u t i o n a l notch 
25. b i o t i c b o r e h o l e ( s ) 
26. sea cave 
27. marine p l a t f o r m ( s o l i d ) 
28. marine t e r r a c e ( g r a v e l ) 
29.others: 

30. c o n s t r u c t i o n a l f e a t u r e 
31. beach 
32. dune b a r r i e r 
33. s a l t marsh surface 
34. t i d a l f l a t s u r f aco 
35. n a t u r a l l c v e e ( u n d i f f . ) 
36. r i v e r or creek levee 
37. f r i n g i n g c o r a l r e e f 
38. b a r r i e r c o r a l r e e f 
39.others: 

40. s t r u c t u r e s 
41. sedimentory s t r u c t u r e s 

42. b i o t u r b a t i o n s t r u c t u r e s 
43. a r c h e o l o g i c a l s t r u c t u r e s 
44. d c s s i c a t i o n f i s s u r e s 

I n d i c a t o r occurs as 
1. remnant, i s o l a t e d 
2. patch 3,wide spread 

6. M a t e r i a l sampled (typo/genus/species) 

0 1 . wood:........... 
02. s h e l l s : . . . . . . . . . 
03. bones: 
04. c o r a l s : 
05. s t r o m a t o l i t e s : . . 
06. c o r a l l i n e algae: 
07. c h a r c o a l : 
Ofl.limnic muds:.... 
0 9 . s o i l s : 

10. peat: 
11. phragmites peat 
12. sedge peat 
13. wood fen peat 
14. moss peat 
15. r a i s e d bog peat 
16. h i g h l y decomposed peat 
20. hydrothermal sediments 
21. v o l c a n i c ashes 
22. varvc c l a y 
23. beachrock 
24.ooids 
25. mangrove, u n d i f f . 
26. Rhizophora mangrove 
27>Avicennia mangrove 
28.Sonneratia mangrove 

J o . o r c h c o l o g i c a l m a t e r i a l : 
31. worked wood 
32. worked s h e l l s 
33. worked bones 
34. worked rocks 
35. t o o l s 
36. manure 
37. charcoa1 
38.others: 

I n - s i t u nature and u n d i e t u r b -
ance of sampled m a t e r i a l : 
1. c e r t a i n l y i n s i t u , not eroded 
2. c e r t a i n l y i n s i t u , top eroded 
3. c e r t a i n l y i n s i t u , p o s s i b l y eroded 
4. probably not i n s i t u , not sure 
5. not i n s i t u , - but s t i l l s u i t a b l e 

7 . . T i d a l range 
• I amount o f a n c i e n t l o c a l t i d a l range w i t h 

e r r o r i n t e r v a l o r tendency (+ o r -) 
o f changes since d e p o s i t i o n o f m a t e r i a l . u 3 m 7„ 

modern t i d a l range 
at c l o s e s t p o i n t 
o f open sea 

Paleocoast 
1 type o f a n c i e n t coast 
J L h i g h coast 6 . d e l t a coast 
i 2.dune b a r r i e r coast 7.open t i d a l f l a t 
I 3.lagoon coast 8 . s h e l t e r e d t i d a l f l a t 

4.open bay 9.others: 
5 . r i v e r estuary 

Modern coast — 
type o f a c t u a l coast 
( l o o k f o r no. from l i s t above) 

10. Lower sediment contact to i n d i c a t o r 
n a t u r e o f u n d e r l y i n g m a t e r i a l 
1 . ir.arin e-subt ida 1 6 
2. m n r i n e - i n t r a t i d a 1 7 
3. m a r i n e - s u p r a t i d a l 8 
4. b r a c k i s h ( l a g o o n o l ) 9 
5 .1imnic ( l a k e sediment) 

8, s c m i t e r r c s t r i o l ( p e a t ) 
p e d o l o g i c a l ( s o i l s ) 
f l u v i a l , e o l i a n 
bed rock 

11. Upper sediment contact t o i n d i c a t o r 
i f sample i s taken from below land s u r f a c e , 
f i l l i n no. f o r nature o f o v e r l y i n g m a t e r i a l 
from l i s t above. 

12. l 4 C - d a t i n g o f sample 

31 0 0 
111 8 

I ' 7 7 0 0 
St 

s« 
s p e c i f y 
(sigma 1 

J 

l a b o r a t o r y - c o d e 
and -number 

13. Contamination 
ion exchange 

year of d a t i n g 

h a l f - l i f e o f 14C 
8 13C value (?•• ) 
used f o r c o r r e c t i o n 
SUESS-corrections 1 
o t h e r c o r r e c t i o n s ^ 

r e s u l t i n years BP 

4 

w 
1 

r e c r y s t a l l i s a t i o n 

hard water e f f e c t 

p e n e t r a t e d by r o o t s 
i n f i l t r a t i o n o f humic 
ac i d s 
f u n g i , b a c t e r i a , algae 

o l d e r m a t e r i a l i n c l u d e d 
a r t i f i c i a l c ontamination 
by younger m a t e r i a l 

1. not checked, 
p o s s i b l e 

2. checked, not 
p o s s i b l e 

3. checked, con­
taminated 

4. p r c t r e a t e d , 
c o n t a m i n a t i o n 
p a r t l y elemina-
ted 

5. c o n t a m i n a t i o n 
reduced by 
c a l c u l a t i o n 

o t h e r s : 

14. Other k i n d s o f age d e t e r m i n a t i o n 
I I 01.va rv e 

0 3 02.dendro 
I «i W 0 3 . p o l l e n 

0 4 . f a u n a , f l o r a 
05.orcheology 
06. po to ssium-argon 
07. thorium-uranium-methods 
08. tephra 
09.others: 
1 0 . i n d i r o c t 
r e s u l t : 
( t r a n s f o r m i n t o years BP, 
and e n t e r under no.12) 

15. Age o f water l e v e l i n d i c a t o r 
- i f dated sample i t s e l f docs not r e p r e s e n t wator 
l e v e l i n d i c a t o r , g i v e an age e s t i m a t i o n : 

• 1 . i n d i c a t o r i s o l d e r than dated samplo 
2 . i n d i c a t o r i s s l i g h t l y o l d e r 
3 . i n d i c a t o r i s p r a c t i c a l l y o f same age 
4 . i n d i c a t o r i s s l i g h t l y youngcr 
5 . i n d i c a t o r i s younger than dated soirple 

16. A d d i t i o n a l 

7 b 
data 
d i s t a n c e o f s i t e t o a c t u a l 
c o a s t l i n e o f open sea 
( i n k i l o m c t r o s ) 

I n s t l t u t e : Do t o i S ignature .' 
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SEA-LEVEL DOCUMENTATION 

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (second e d i t i o n ) 

i n t e r n a l programming no. sample no. AM : 484-90 

1. Geographic l o c a l i t y o f sample 

s 
S 

c 0 T L A N D 17 

s T R A T H C 0 N|O N 00 

c o u n t r y , s t a t e 
o r sea and s e c t o r 

geographic r e g i o n 
o r town or cou n t y 

2a. C o o r d i n a t e s 
Longitude L a t i t u d e 

0 4 3 0 3 7 w 
HI 

5 
?s 

7 3 2 3 0 N 
R i g h t Up 

«J 4 9 6 3 
.-B 7? 

5 3 5 8 
79 

g e o c o o r d i n a t e s E o r W o f Groonwich 
and N o r S o f t h e eq u a t o r ( r e q u i r e d ) 

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

• i n t e r n a l code f o r n a t i o n a l g r i d ; n a t i o n a l g r i d d e s i g n a t i o n : Ntl. . . 

2b. A l t i t u d e o f sample / i n d i c a t o r 
a l t i t u d e - o f sample above ( + ) o r below (-) l o c a l z ero datum 
- r i f a water l e v e l i s n o t i n d i c a t e d by the sample i t s e l f , 
f i l l i n a l t i t u d e o f i n d i c a t o r , ( m e t r e s , measured from t o p ) s 

5 • 4 7 

/V-0 • 0 a l t i t u d e measured 
d e r i v e d from map 

( 1 ) / 
( 2 ) / 

es t i m a t e d e r r o r 
( i n m e t r e s ) 

i j • 22 

4 8 4 23 • 
0 0 6 
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APPENDIX V 

A method of representing Flandrian coastal sequences 
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The newly developed scheme for the description and l ithological 

c lass i f icat ion of Flandrian coastal sequences developed by Barckhausen 

et a l . (1977) is hierarchical in character. There are three levels in the 

hierarchy - complexes, sequences and facies units. Each level contains 

a number of profile types. Complexes, described in chapter 3, contain 

3 profile types - X, Y and Z. Sequences comprise the middle level of 

the hierarchy and are subdivisions of complexes. They are themselves 

composed of one or more facies units. Stre i f (1978) outlines ten 

sequences. 

(1) c l a s t i c sequence (qhk) : c l as t i c sedimentary succession without 

intercalated peat layers. 

(2) organic basal sequence (qhOB) : succession of peat and limnic muds 

or soi l horizons at the base of c las t ic Flandrian (Holocene) deposits. 

(3) organic cover sequence (qhOD) : succession of peat or limnic muds 

which occur at the present surface and which is underlain by c las t i c 

Flandrian (Holocene) deposits. 

The qhOB or qhOD sequences can occur in the c las t i c (X) complex as 

well as in the interfingering (Y) complex and may also be absent. The 

following sequences are found only in the Y complex and are characterist ic 

of i t : -

(4) lower c las t i c sequence (qhKU) : c l as t i c sedimentary unit > 5 cm. 

which underlies lowermost intercalated peat layer and may be underlain by 

an organic basal sequence. 

(5) Spli t t ing up sequence (qhA) : sedimentary succession between the 

bottom of the lowermost intercalated peat layer and the top of the 

uppermost one. 

(6) upper c l a s t i c sequence (qhKO) : c las t ic sedimentary unit > 5 cm. 
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Fig. AV-1. Schematic cross-section through the coastal deposits 

with lables for principal profile types 

(XI , X2, X3, X4, Y l , e t c . ) . Numbers refer to 

sequences described in text. 

1 = Clast ic sequence (qhK) 

2 = Organic basal sequence (qhOB) 

3 = Organic cover sequence (qhOD) 

4 = Lower c las t ic sequence (qhKU) 

5 = Splitt ing up sequence (qhA) 

6 = Upper c l a s t i c sequence (qhKO) 

7 = Organic sequence (qhO) 

8 = Clast ic basal sequence (qhKB) 

9 = Clast ic interbedded sequence (qhKE) 

10 = Clast ic cover sequence (qhKO) 

Source : S t re i f (1978) 
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thick which overlies the uppermost intercalated peat and may be overlain 

by an organic cover sequence. 

The remainder are characterist ic of the peat (Z) complex. 

(7) organic sequence (qhO) : succession of peat and limnic mud with 

at least one interbedded layer of c las t ic sediments > 5 cm. thick. 

(8) c l a s t i c basal sequence (qhKB) : c l as t i c sedimentary unit which 

occurs in the basal parts of the coastal Holocene deposits and which i s 

covered by an organic sequence. The thickness of the c las t i c basal 

sequence is less than that of any covering organic sequence. 

(9) c las t ic interbedded sequence (qhKE) : unit of c las t ic sediments 

which is interbedded in the organic sequence unrelated to an upper or 

lower c las t i c unit of a spl i t t ing up sequence. This c las t i c interbedded 

sequence may not exceed 50% of the total thickness of the organic 

sequence. The qhKE unit may consist of one individual layer and/or of 

several thin layers 5 cm. thick. 

(10) c l a s t i c cover sequence (qhKD) : c l a s t i c sedimentary unit which 

occurs at the present surface and which is underlain by the organic 

sequence. The thickness of the c las t i c cover sequence must be less 

than that of the underlying organic sequence. 

In a coastal context there are a f ini te number of interrelationships 

these ten sequences can hold. St re i f (1978, f i g . l ) outlines twelve 

'subordinate profile types' incorporating al l possible combinations of 

sequences. These are shown in f i g . AV-1 and the numbers 1-10 denote 

sequences numbered in the text. 

Facies units are the lowest division of the hierarchy and have a 

variable number of 'special profile types' which are defined individually 

with regard to speci f ic objectives. In this study 'special profile types' 
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are used to distinguish between c las t i c layers of marine and non-marine 

origin. A schematic diagram of the most commonly encountered 'special 

profile types' is given in Chapter 3, f ig.3.4 and they are described bel,ow -

X» XI , 1 - marine c l a s t i c sedimentary succession without intercalation 

of peat layers. Definition of marine origin based on lithology, stratigraphic 

relationships and micropalaeontological analysis . No internal di f fer­

entiation of marine sequences are made. 

X,X2, 18 - terrestr ia l c l as t i c sedimentary succession without inter­

calation of peat layers. 

X, X2, 16 - terrestr ia l c las t ic sequence (qhK) underlain by thinner 

organic basal sequence (qhOB) 

X,X3,17 - organic cover sequence (qhOD) overlying thicker terrestr ia l 

c las t ic sequence. 

X,X4, 15 - terrestr ia l c l as t i c sequence underlain and overlain by 

organic basal and cover sequences. 

Y,Y1, 2 - marine c l a s t i c upper and lower sequences, separated by a 

single organic spl i t t ing up sequence (qhA). 

Y ,Y3, 3 - organic cover sequence (qhOD) underlain by upper marine 

c las t ic sequence, single organic layer comprising a splitting-up sequence 

and a lower marine c las t ic sequence. 

Y,Y3, 4 - as special profile 3 above saye the spl i t t ing up sequence 

comprises two peat layers and are marine c l a s t i c layer. 

Y,Y 5 - -as special profile 4 above save the spl i t t ing up sequence has 

three peat layers and two minerogenic layers, the upper of which is non-marine 

in origin. 

Y,Y3, 6 - as special profile 5 above save the spl i t t ing up sequence has 

three peat layers and two minerogenic layers, the upper of which is non-

marine in origin. 
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Y,Y3, 7 - as special profile 6 above except the splitting up sequence 

has four peat layers and three minerogenic layers only the lower of which 

is marine. 

Y, Y3,8 - as special profile 7 above save the lower minerogenic 

layer of the splitting up sequence is part marine, part non-marine. 

Y,Y3, 9 - as special profile 6 above except the lower minerogenic 

layer of the splitting up sequence is part marine, part non-marine. 

Y,Y1,10 - the profile type is characterized by an upper clastic 

sequence (qhKO) of non-marine origin underlain by a splitting up sequence 

of two peats and a single minerogenic layer of non-marine origin with 

a lower marine clastic sequence at the base. 

Y,Y1,11 - as special profile type 10 above except the single 

minerogenic layer within the splitting up sequence is marine in origin. 

Y,Y1,12 - as special profile type 10 above save the splitting up 

sequence comprises a single peat layer. 

Y,Y1,13 - as special profile type 12 above except the splitting up 

sequence comprises three peats and two minerogenic layers, al l of non-

marine origin 

Y,Y1,14 - as 13 above except there are four peatsand three minerogenic 

layers. 


