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ABSTRACT 

RAISED SHORELINES AND ICE LIMITS IN THE INNER MORAY FIRTH AND LOCH 

NESS AREAS, SCOTLAND 

C.R. FIRTH Ph.D. THESIS 

This thesis provides an assessment of the changes in relative 
sea level during the Lateglacial and Flandrian in the inner Moray 
Firtl1 and Loch Ness areas. 

All identifiable marine, fluvial and glacial features and 
deposits below lOOm O.D. were examined by detailed morphological 
mapping; and all terrace fragments were accurately levelled. Local 
sequences of relative sea level movements and deglaciation events 
are outlined. Correlation of shoreline fragments is aided by height
distance diagrams. 

In the inner .Moray Firth area 10 raised marine shorelines 
related to the deglaciation of the Late Devensian ice sheet are 
recognised. Each s horeline declines in altitude towards N25 E. The 
sequence of shorelines indicates that during deglaciation relative 
sea level fell. Deglaciation occurred rapidly in the deep water 
channels of the Moray, Inverness, Beauly and Cromarty Firths, whilst 
in the narrow valleys (Ness, Conan, Orrin, Glass) limited ice 
wastage was associated with substantial falls in relative sea level 
of at least 19m at Inverness, 13m at Balblair and 6m at Muir of Ord. 

D~ring the Loch Lomond Sta dial relat ive sea level remained 
stable in the area and extensive marine erosion formed the Main 
Lateglacial Shoreline. Advance of ice during this period initiated 
a lacustrine transgression in Loch Ness. Subsequently, during ice 
decay, the drainage of the ice-dammed lake in Glens Spean and Roy 
temporarily raised the level of Loch Ness by circa 4m. 

During the Flandrian, an initial fall in relative sea level 
was replaced by a rise which culminated in the formation of the 
highest Flandrian shoreline at 9m O.D. Subsequently relative sea 
level fell towards present level forming 5 successively lower 
shorelines. 

Correlation of Lategl acial and Flandrian shoreline sequences 
with those in other areas of Scotland is attempted. The implications 
of the shoreline sequence to glacio-isostatic movements is also 
evaluated. 
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CHAPTER ONE 

INTRODUCTION 

It has long been noted that Scotland has experienced widespread 

changes in relative sea level (eg. Sibbald, 1707; Nimmo, 1777; Blackadder, 

1824) but it was Jamieson (1865) who first proposed that many if not 

all of these changes resulted from glacio-isostasy (although he never 

used the term in his publications). Since that time isostatic move-

ments in Scotland have become a major focus of interest. Despite the 

implications of Jamieson ' s work, however, most studies of raised shore

lines in Scotland continued to propose a series of raised horizontal 

levels, usually at 25 ft (7.6 m), 50 ft (15.2 m) and 100 ft (30.5 m) , 

even up to the early 1960 ' s. 

The revolution in Scottish shoreline studies occurred when 

Sissons (1962, 1963a) demonstrated that horizontal levels are unlikely 

to exist in an isostatically affected area , and many studies followed 

which substantiated his views. The detailed research carried out by 

Sissons and his co-workers in different areas of Scotland has demon

strated the complexity of the shoreline sequence , notably where shore

lines occur in association with ice decay . As local studies have been 

completed so correlation has become possible between different areas 

of Scotland (eg . Cullingford and Smith , 1980 ; Sutherland , 198lb) and 

it has sometimes been possible to set deglacial events into a regional 

context (Dawson, 1982) . However most studies have been in south east 

and western Scotland , and few detailed studies are available for other 

areas. 

2. The Study Area 

The Inner Moray Firth is one area where detailed information on 

relative sea level change is lacking. Although several authors have 

remarked upon the clarity of the shoreline evidence (eg . Horne and 
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Hinxman, 1914; Ogilvie, 1923), and a number of local studies have 

been undertaken (eg. Synge, l977a; Sissons, l98lb; Haggart, 1982) no 

detailed study of the area as a whole has been undertaken. This 

account attempts to remedy these deficiencies. The area of study 

comprises the Inner Moray Firth (Beauly, Inverness and Western Moray 

Firths and the lower Conon valley) and Loch Ness (Figs. 1 and 3). In 

the east the limit of the area is defined by Muckle Burn and in the 

west by the valleys of Strath Conon and Strath Glass. In the north 

the boundary of the study area is defined as the river Conon whilst 

in the south it is located just south of Fort Augustus. 

3. Objectives 

This research attempts to identify the sequence of relative sea 

level movements during the Lateglacial and Flandrian for the study 

area. The objectives are:-

i) to identify and map all raised marine features and related 

fluvial and fluvio-glacial deposits. 

ii) to determine the altitude of all raised marine features 

in relation to the national datum level. 

iii) to analyse the altitude data in the terms of the errors 

involve~ to determine to what degree one shoreline fragment 

can be distinguished from another on the basis of altitude. 

iv) to relate former relative sea levels to glacial events. 

v) to correlate raised marine features across the study area 

and in turn correlate glacial events. 

vi) to deduce a chronology of relative sea level movements and 

glacial events for the whole study area. 

vii) to attempt to correlate relative sea level move-

ments in the present study area with those in other areas 

of Scotland. 
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4. Structure of the Thesis 

This thesis is divided into three sections. In the first section 

a general background to the work is presented, in the second the 

detailed results of the field work are outlined and in the final section 

the results are analysed. 

The first section, the general background section, comprises 

Chapters 2 to 4. In Chapter 2thepre-Quaternary geological history 

of the study area is outlined together with brief introduction to the 

present coastline. In addition a review of glacio-isostatic theory 

is also outlined with emphasis placed upon the pattern and nature of 

glacio-isostatic rebound. Chapter 3 comprises a review of literature 

relating to the Late Devensian ice sheet. This review considers in 

detail relative sea level movements outlined for other areas of 

Scotland and then discusses the Late Devensian events currently 

proposed for the Inner Moray Firth area. In Chapter 4 the methodology 

is outlined. Considerable emphasis is placed on the analysis of 

altitude data and a discussion is presented on the errors involved in 

the collection of such data. 

Chapters 5-8 present the field data. In Chapters 5, 6 and 8 the 

field data relating to the Open Coastline, Inverness Firth and Beauly 

Firth are described by locality. In contrast, Chapter 7 considers the 

Late Devensian and Flandrian events in the Ness valley and Loch Ness 

areas as a whole. 

Chapters 9-11 present the results of the field study. In Chapter 

9 the mode and time of formation of the main marine erosion features 

of the study area are discussed. Chapter 10 considers the construction 

of shorelines associated with ice sheet decay and in this way derives 

a regional deglaciation chronology as well as outlining changes in 

relative sea level. In Chapter 11, shorelines and events relating to 

the Loch Lomond Stadial and Flandrian Interglacial are presented. 
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In Olapter 12 a summary of the main findings relating to 

relative sea level changes, glacio-isostatic movements and deglaciation 

chronology are presented. This chapter also outlines the areas where 

future research would be beneficial. In the appendices all the altit-

udinal and stratigraphical data derived by the author is presented, 

and this ·includes over 6 000 altitudes and the records from nearly 

200 boreholes. This is supplemented by commercial borehole records 

which are referred to in the text. 

5. Definition of Terms 

i) Late Devensian:- this is defined by Mitchell et al. (1973) 

as the glacial stadial between 26 000 yrs. B.P. and 10 000 

yrs. B.P. and is considered equivalent to Oxygen Isotope 

Stage 2 in core V28-238 (Shackleton and Opdyke, 1973) which 

has been dated to 32 000-13 000 yrs. B.P. Due to the incon-

sistencies in the dates it is proposed here that the term 

Late Devensian embraces the period 30 000-10 000 yrs. B.P. 

ii) Lateglacial:- Gray and Lowe (1977) and Lowe and Gray (1980) 

suggested that the term "Lateglacial" should refer to 

11 
••• the period between the thermal improvement that led 

to the final widespread decay of the Late Devensian ice 

sheet and the thermal improvement that resulted in the 

final disappearence of ice from Scotland following the Loch 

Lomond Readvance. 11 (1980, p.l76). This is equivalent to 

the Lateglacial Interstadial (dated at circa 13 000-11 000 

yrs. B .P.) and the Loch Lomond Stadial (dated at circa 

11 OOQ-10 000 yrs. B.P.). This is at variance with the 

usage of the term "Lateglacial" in relation to Scottish 

raised shoreline studies. In such studies Lateglacial is 
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often used to refer to shorelines which may have been 

formed at an early stage of deglaciation of the Late 

Devensian ice sheet, and according to this usage the term 

"Lateglacial" refers to a much longer time interval, perhaps 

18 ooo-10 000 yrs. B.P. In accordance with the shoreline 

usage the term "Lateglacial" is used here to refer to the 

period of time from the commencement of the deglaciation 

of the Late Devensian ice sheet to the conclusion of the 

Loch Lomond Stadial. 

iii) Flandrian:- this term has been used as a formal stage name 

for the present interglacial stage in place of the equi

vocal term "Postglacial". The use of the term Flandrian 

has been recommended by the Quaternary Era Sub-Committee 

(Mitchell et al. 1973) and its lower limit is defined as 

10 000 yrs. B.P. This terminology is adopted here. 

iv) Altitude:- this term is used specifically to denote the 

altitude in relation to Ordnance Datum (Newlyn). Ordnance 

Datum (O.D.) (Newlyn) is defined as the Mean Sea Level at 

Newlyn between 1915 and 1921. All altitudes derived by the 

author and referred to in the text relate to O.D. (Newlyn) 

and are quoted in metres. 

v) Radiocarbon Ages <14c) :- the radiocarbon ages are all based 

on a 14c half life of 5 570 yrs. and are uncorrected. The 

errors quoted for 14c dates are one standard deviation 

about the mean. 

vi) Raised Beach:- this term has often been used in the literature 

to refer to a variety of relict marine forms. In this 

study the term is avoided and the specific generic terms 
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used for the relict marine features (eg. raised marine 

terrace, raised shingle beach, raised shingle ridge). 

vii) Shoreline:- this term represents a synchronous marine or 

lacustrine water level and as such is not represented by 

a morphological feature. In this study the term shoreline 

is used in accordance with the convention presently adopted 

in Scotland, namely that a raised shoreline refers to a 

comparable level identified on similar relict marine or 

lacustrine features. Shoreline fragment refers to a short 

stretch of shoreline inferred from a relict marine or 

lacustrine feature of limited extent. 

viii) Sea Level:- the term sea level is used here to refer to 

shoreline altitudes at a specific site and does not relate 

to a specific water level (eg. MHWST, MLWST). 

ix) Terrace/Terrace Fragment:- a terrace is a surface of 

x) 

marine, fluvial or fluvio-glacial deposition or erosion 

which is often dissected into individual fragments. Where 

the terrace is marine in origin it is referred to as a 

marine terrace and is characterised by a surface of marine 

erosion or deposition and a steeper non-marine backslope. Where 

fluvio-glacial and fluvial terraces are identified indiv-

idual features are termed terrace fragments whilst a coll

ection of terrace fragments which were formed at the same 

time are called a terrace surface. 

Delta:- deltas have been identified throughout the study 

area. They may be of fluvial or fluvio-glacial origin and 

relate to marine or lacustrine surfaces. Where levels have 

been identified from them the evidence usually consists of 
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level areas defined by breaks of slope. Such areas may 

reflect the grading of the delta or its erosion in relation 

to a specific level. 
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CHAPTER TWO 

BACKGROUND 

l. Pre Quaternary Geology 

The Pre-Quaternary geology of the Inner Moray Firth is dominated 

by extensive areas of Moinian basement rocks and Devonian Old Red Sand

stone (Fig. 2). The geological structure of the area was influenced 

by Caledonian earth movements, and the Great Glen Fault may have orig

inated at this time. D.I. Smith (1977) notes that this fault is still 

active, with more than 60 earthquakes having been recorded since 1768 

(Ahmad, 1967; Lilwall, l967;Browitt, Burton and Lidster, 1976). Sub

sidence in the North Sea basin has been a major feature of the geolog-

ical events of the area since the Carboniferous. (Bacon and Chesher, 

1975) . 

The chief lithological units of the Moinian Assemblage are psamm

itic granulites, pelitic schists and semi-pelitic granulites or schists 

(Johnstone, 1966). These rocks outcrop on both sides of the Great Glen 

and form the interior land to the west and south of the study area 

(Fig. 2). Locally the Moine rocks outcrop at lower altitudes, notably 

as fault-bounded blocks north of Rosemarkie and along part of the 

southern shore of the Beauly Firth. Phemister (1960) suggested that 

the Moines represent sedimentary rocks of estuarine or lagoonal facies 

which underwent regional metamorphism during the Caledonian Orogeny. 

Anderton et al. (1979) and Owen (1976) suggested that the Moinian 

sediments accumulated in a trough on the 'northern' side of an expand

ing "Iapetus Ocean" during Pre-Cambrian time. Late in the Cambrian 

the "Iapetus Ocean" began to close and continued to do so throughout 

the Ordovician and Silurian. During this closure a series of orogenic 

phases resulted in major folding of the Moinian Series along NE-SW axes. 

Regional metamorphism also took place at this time. During the Lower 
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Ordovician, Northern Scotland became the edge of a highland mass and 

uplift and erosion continued together with major tectonic movements 

(eg. along the Moine Thrust). These processes resulted in the Moine 

rocks being brought to the surface. Phillips et al. (1976) have pro

posed that during this phase the convergence of subducted slabs result

ed in the formation of the Great Glen Fault. The final closure of the 

"Iapetus Ocean" during the Silurian and early Devonian resulted in the 

intrusion of a number of Caledonian granites, include the Foyers, 

Moy and Findhorn Granites (Owen, 1976) (Fig. 2). 

At the begining of the Devonian much of Scotland was occupied 

by a mountain range. Within this region, structurally controlled basins 

of subsidence were present and one of these (the Orcadian Cuvette) 

occupied the Moray Firth area. Sediments from the Moine Mountains were 

deposited in the irregularly floored Orcadian Cuvette to form the Middle 

and Upper Old Red Sandstone sequences (Murchison, 1839; Millar, 1841; 

Mykura, 1983). The Orcadian Cuvette has been interpreted as an enclosed 

subsiding basin in which formed a sequence of lacustrine sediments 

(Mykura, 1975). In the Inner Moray Firth the Moinian basement rocks 

are overlain by a sequence of basal conglomerates and sandstones which 

show great lateral variation. The conglomerates outcrop in the area 

around Kiltarlity and the Kilmorack Gorge (Fig. 2), in the south~eastern 

area of the Black Isle and as a southern rim to the Devonian deposits 

east of Inverness. Overlying these beds with conformity are a series of 

sandstones with occasional shale beds (Horne, 1923). In the Nairn

For~es area Upper Old Red Sandstone beds rest unconformably on Middle 

Old Red Sandstones (Westall, 1951; Tarle, 1961). The Upper Old Red 

Sandstone Beds consist of sandstones with seams of clay and occasional 

flags and shales. 

Major movements along the Great Glen Fault have been proposed 
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for the Devonian (OWen, 1976; D. I. Smith, 1977). The fault comprises 

a central zone of crushed and comminuted rock up to 4 km wide. North 

of the Great Glen, the fault follows the coastline of the Black Isle and 

Caithness (Chesher and Bacon, 1975). Horne and Hinxman (1914) suggested 

that it was a normal fault with a downthrow to the east of some 1800 m. 

However Kennedy (1946) proposed that it was a transcurrent fault with 

a sinistral movement of 65 km. Holgate (1969) proposed that the evidence 

indicated two periods of transcurrent movement; a sinistral shift of 

133 km in the Devonian and a dextral shift of 29 km in the Eocene. In 

contrast Garson and Plant (1972) proposed a dextral movement of 120 km 

in the Lower Devonian and a second dextral movement of 32 km in the 

Upper Cretaceous. More recent work by Bacon and Chesher (1975) suggested 

that during the Mesozoic the fault moved in a normal sense. Movements 

along the fault are controversial and D.I. Smith (1977) concluded that 

numerous movements have occurred along the Great Glen since its format

ion. The presence of faults along the axis of the Beauly Firth 

(Armstrong, 1975 in Peacock, 1977), Cromarty Firth and Rosemarkie Gorge 

(Horne and Hinxman, 1914) have been suggested, but these are largely 

unknown. 

There is no evidence of Carboniferous deposits in northern Scotland, 

so the area is considered to have been an upland massif at the time 

(OWen, 1976). Subsequently either before or during the Variscan Orogeny, 

minor folding of the Old Red Sandstone beds occurred to produce the 

synclinal structure in the Black Isle. 

Since the Variscan Orogeny the Inner Moray Firth has been marginal 

to the large Mesozoic sedimentary basin beneath the Moray Firth and 

North Sea. Subsidence of this basin is closely linked with the opening 

of the Atlantic, and Bott (1971, 1975) suggested that the subsidence 

resulted from isostatic response to crustal thinning. The thinning has 
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been explained by the transformation of basult to eclogite in the lower 

part of the crust as a result of loading (Collette, 1968, 1971). 

Ziegler and Louwerens (1979) proposed that the main features of Mesozoic 

rifting and later events resulted from the emplacement of a rift cushion 

at the crust-mantle interface. The subsidence of this cushion caused 

the development of a single bro.ad saucer-shaped North Sea Basim. In 

the Inner Moray Firth area this basin is bounded by the Great Glen 

Fault and the Lossiemouth Fault. Subsidence by normal movements along 

these fault planes has been suggested (Bacon and Chesher, 1975). During 

the Cenozoic, North Sea subsidence was accompanied by uplift in the 

Scottish Highlands, although the magnitude of the movements are unknown. 

2. Topography 

The topography of the Inner Moray Firth is largely controlled by 

lithology and structure. Major lines of weakness such as the Great 

Glen and Strath Glass Faults have been exploited by glacial erosion to 

form deep, steeply-sided troughs. In contrast the resistant rocks of 

the Moines and basal Conglomerates (Old Red Sandstone) have undergone 

reduced erosion when compared with the sandstones and shales of the Old 

Red Sandstones. The former produce upstanding blocks (eg. Ord Hill, 

Drumdefelt Hill and Dunain Hill) (Fig. 3), while the latter are charact

erised by areas of subdued relief. The distribution of the lithologies 

enables division of the area into two distinct topographic areas; 

east and west of the Great Glen (Ogilvie, 1923). 

West of the Great Glen lie the broad glacially deepened valleys of 

Strath Connon, Strath Glass and the Beauly Firth, each being bounded 

by steep sides. Only in the areas NE of the Muir of Ord and south of 

Kiltarlity does the ground rise more gently. The steep sides of the 

major valleys result in a narrow coastal zone, and only where extensive 

-13-



glacial or marine deposition has taken place does this zone widen 

to any great extent. The western side of the Great Glen forms a 

very steep slope which is continued north along the eastern shore 

of the Black Isle by outcrops of conglomerate. This steep slope 

is interrupted by the valleys of Glen Moriston and Glen Urquhart and 

the embayments of Munlochy Bay and Rosemarkie. These valleys may 

follow fault lines but Ogilvie (1923) suggested that those on the 

Black Isle probably represent lines of former glacial meltwater flow. 

The impressive gorge at Kilmorack probably has a similar meltwater 

origin but the exact date of formation is unknown. Farther inland on 

the Black Isle, the NE-SW strike of the rocks is represented by 

several consequent streams. Here the conglomerates and sandstone 

have been differentially eroded to produce scarp and vale topography. 

In this way the land gradually rises to the main drainage divide in 

the peninsula. 

On the eastern side of the Great Glen the land rises more gently. 

North of Dores the sides of the Glen rise gradually across Middle 

-Old Red Sandstone rocks before rising abruptly on the Moines. Between 

Inverness and Forres, the Middle and Upper Old Red Sandstone rocks 

form a wide lowland coastal zone, into which the wide glacial trough 

of Strath Nairn leads. This low lying area is dominated by glacial, 

fluvio-glacial and raised marine features. Much of the coastal 

lowlands between Ardersier and the River Findhorn have become covered 

by extensive deposits of windblown sand, notably the Culbin Sands 

(Steers, 1937). Farther inland glacial deposits mantle much of the 

surface. In contrast where the Moines outcrop in the Great Glen, 

steep slopes are common but unlike the western flank, this side of 

the valley has no major tributary valleys. 

In the Glen itself, Loch Ness occupies the glacially eroded 

Great Glen Fault. The deepest part of this basin occurs at 200 m 
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below mean sea level and by volume Loch Ness is the largest fresh 

water lake in Britain. The subsurface topography of the lake is largely 

unknown, the only survey having been carried out by Hurray and- Pullar (1910). 

3. The Present Coastline 

a) Introduction 

The coastline of the Inner Moray Firth may be divided into 3 

areas. The innermost area (Fig. 3) is the Beauly Firth, lying between 

Lovat Bridge (NH 515 449) and the Kessock Narrows. Beyond this the 

Inverness Firth (Ogilvie, 1923) (Fig. 3) extends from the Kessock 

narrows to the promontories of Chanonry Point and Fort George. The 

outermost area, here termed the open coastlands, consists of the 

western end of the Moray Firth. Each area is characterized by different 

landform assemblages, and the differences result from variations in 

the principal coastal parameters (tides, waves, subsurface gradient, 

coastal configuration and sediment supply). 

b) Tidal Regime and Tidal Currents 

Table l summarizes tidal data for the 20 secondary ports around 

the Moray Firth (Fig. 4a). This data indicates an increase in the 

altitude of each water surface (MHWS, MHWN, MTL, MLWN, MLWS) towards 

the Inner Moray Firth. Similarly tidal range increases in amplitude 

towards the inner Firths (Fig. 4b). Data from the Beauly Firth is 

lacking, although the single measurement of MHWS at Lovat Bridge of 

2.58 m (Highland Regional Council, 1974) is in accord with the rise 

of this water surface. Trend surface analysis of the tidal data 

relating to MHWS level (Table l) indicates that this surface is 

represented by a linear surface rising towards S 4 7° H at a rate of 0.0065 ny' 

km. 

Study of the tidal circulation in the Inner Moray Firth area 
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Tidal Port No MHWS MHWN MTL MLWN MLWS 
Fig, 4a 

Aberdeen 1 2.05 1.15 0.225 -0.65 -1.65 

Peter head 2 1.60 0,90 0.025 -o. 7o -1.70 

Fraser burgh 3 1. 70 0.90 0.075 -o. 7o -1.60 

Banff 4 1.30 0.60 -0.250 ~1.10 ..-1.80 

Whitehills 5 1.90 1.10 0.350 -0.30 -1.30 

Buckie 6 2.00 1.10 0.300 -0.50 -1.40 

Lossiemouth 7 2.00 1.10 0.300 -0.50 -1.50 

Burg head 8 2.00 1.10 0.300 -0.50 -1.50 

Nairn 9 2.20 1.20 0.375 -0.50 -1.50 

McDermott 10 2.10 1.20 0.425 ..-0.40 -1.20 

Fortrose 2.05 1.15 + + + 

Inverness 11 2.55 1.45 0.500 -0.45 -1.55 

Cromarty 12 2.20 1.30 0.450 -0.40 -1.30 

Invergprdon 13 2.30 1.40 0.475 -0.40 -1.40 

Dingwall 2.30 1.50 + + + 

Portmahomack 14 2.00 1.20 0.350 -0.40 -1.40 

Meikle Ferry 15 2.30 1.30 0.375 -0.60 -1.50 

Golspie 16 1.95 1.05 0.250 -0.55 -1.45 

Wick l'l' 1.69 0.99 0.290 -0.31 :=:1.21 

Duncansby Head 1.39 0.69 + + + 

+ = data, not available 

TABLE 1 Tidal Data for the Moray Firth area. (m o.D.} 
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has been restricted to the narrows at Kessock (Craig and Adam9,1969) 

and Chanonry Point (Ogilvie, 1914). Craig and Adams (1969) have 

suggested that ;·.the tidal movements in the Kessock narrows are complex. 

The Inverness and western Beauly Firths have normal estuarine circul

ation, characterised by seaward movement of upper water and landward 

flow of deep water . . The outer part of the Beauly Firth is dominated 

by reverse estuarine circulation, the upper water having a net move-

ment westward and the deeper water moving slowly eastward. They suggest

ed that this reversal is related to the outflow of the River Ness. 

Surface tidal movements reach velocities of at least 4 knots, whilst 

the significant movements at depth help to maintain the deep channel. 

Craig and Adams(l969) also suggested that the tide race extracts the 

wave energy from the waters, thus protecting those areas to the lee-

ward of it from wave activity. 

Ogilvie (1914) conducted limited observations on the currents 

associated with Spring tides in the Chanonry narrows (Fig. 5). He 

suggested that during the flood tide the main movement is along the 

north shore of Chanonry Ness at velocities of 2 knots or more. Strong 

eddy currents occur south of Chanonry Ness and Fort George. During 

the ebb the main current is located in the centre of the narrows. 

Ogilvie (1914) considered that the deep channels of the narrowsand 

south of Chanonry Ness are a result of these tidal currents. He 

also suggested that sediment accumulation occurs at Fort George 

and Chanonry Points because tidal currents move towards these areas 

during ebb and flood tides. 

c) Wave Action 

Wave activity is generally dependant upon the direction of 

prevailing winds, fetch, coastal configuration and nearshore topography 

(Zenkovich, 1967). Data from Inverness (Small and Smith, 1971) 
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indicates that the dominant wind direction is from the SW. This 

direction, although normal for the British Isles, is accentuated 

in this area by air flows being channelled along the Great Glen. 

The Beauly and Cromarty Firths also funnel air flow and as a result local 

air movements in the area are complex. 

In the enclosed basins of the Beauly and Inverness Firths the 

fetch is limited, varying between 4-15 km. Both Firths also have 

shallow nearshore gradients, and these factors result in reduced 

wave activity. 

On the Open Coastline fetch is markedly greater particularly 

when associated with easterly winds. The northern coastline (along 

the Black Isle) has a steep nearshore gradient and no embayments 

and therefore is characterised by higher wave energy. The effects 

of wave action are reduced to some extent by the directions of maxi

mum fetch (to the NE) lying sub-parallel to the coastline. In contrast 

the southern coastline lies oblique to the direction of maximum fetch, 

yet is characterised by a shallow nearshore gradient and wide em

bayments which help to dissipate wave energy. In this area the 

importance of easterly winds is reflected in the dominant westerly 

movement of sediment (Steers, 1973). 

d) Sediment Supply 

Four large rivers drain into the Inner Moray Firth~ the Findhorn, 

Nairn, Beauly and Ness (Fig. 3). Each of these rivers flowsthrough 

areas of extensive fluvio-glacial deposits and thus sediment input 

into the coastal zone should have been large near the outlets of 

these rivers. Elsewhere however, the streams reaching the coast are 

small. Sediment input is therefore very variable. 
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e) Coastal Landforms 

i) Beauly Firth 

This area is characterised by extensive saltmarshes especially 

in the west, fringed by mud and sand flats. To the east of the area 

the saltmarshes and mud/sand flats are narrower and locally strewn 

with large subrounded boulders. Locally (eg. between Clachncharry 

and Bunchrew) the saltmarsh is replaced by a steep shinglebeach. 

Around much of the Beauly Firth saltmarshes have been reclaimed. 

ii) Inverness Firth 

This basin is more open than the Beauly Firth and as a consequence 

experiences waves with greater energy. The resultant landforms are 

steep shingle storm beaches beyond which extend sand and mud flats 

(Plate 1 ) especially on the southern coast. In the sheltered em

bayments of Castle Stuart and Munlochy Bay (Fig. 3) saltmarshes 

occur. On the northern coastline intertidal rock platforms occur 

locally and are backed by a steep and locally degraded cliffline. 

Chanonry Ness and Fort George represent major depositional features 

built mainly during higher relative sea levels (Ogilvie, 1914). 

Ogilvie (1914) suggested that modern sediment accumulation is only 

occurring at the distal end of the features and erosion is dominant 

at the proximal ends. 

iii) The Open Coastline 

This area may be divided into the southern and northern coast

lines. The northern coastline is marked by a narrow intertidal rock 

platform which is locally overlain by modern and raised sand and 

shingle coastal deposits. The southern coastline is character-

ized by wide sandy beaches backed by shingle storm beaches, sand 

and shingle ridges and locally by extensive sand dunes (eg. Culbin 

Sands). In certain localities large sand and shingle bars have built 
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up (eg. The Bar and Carse of Delnies spit) (Fig. 3). Steers (1937, 

1973) suggested that these large features were produced during the 

last 300 years. He also proposed that each feature is moving 

westward by erosion in its proximal end and deposition at its distal 

end. Landward of each major accumulation there are sandy saltmarshes. 

iv) Relationship of Landforms to Tidal Level 

A limited number of altitude measurements were undertaken on 

modern coastal landforms (Appendix I). Saltmarsh surfaces were 

measured at several localities (Table 2). The results indicate that 

the upper surface of the saltmarshes lies close to MHWS. Measure

ments on shingle beaches indicated great lateral variations in 

altitude within short distances that can not be related to a modern 

water level. As a result these beaches were considered to result 

from storm action. The distribution of sand and shingle ridges is 

limited to the Open Coastline area. As a result it was considered 

inappropriate to measure the altitude of these features. 

4. Glacio-Isostasy 

a) Introduction 

The theory of glacio-isostasy was first proposed by Jamieson 

(1865) who suggested a relationship between relative sea level and 

ice cover. Jamieson (1882, 1887) later elaborated his hypothesis 

to suggest that the amount of uplift was proportional to the original 

thickness of the ice mass. The development of these ideas has resulted 

in a glacio-isostatic theory that is in accord with the field evidence. 

Although the basic theory is generally accepted, more recent studies 

(eg. M8rner, 1980) have suggested that isostatic movements are more 

complex than originally proposed. 
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Location No. of Mean Grid Ref. Mean 
Altitudes Altitude 

(m O.D.) 

Spital Shore 15 NH 5625 4905 2.48 

Tarradale 6 NH 5551 4869 2.23 

Lentran 5 NH 5929 4590 2.81 

Munlochy Bay 15 NH 6555 5328 2.19 

Castle Stuart 11 NH 7365 4973 2.27 

TABLE 2 Location and altitude of Saltmarsh deposits in the 
Inner Moray Firth Area. 

Readvance 

Lammcrmuir
Stranraer 

Aberdeen 

Dinnc t 

Aberdeen
Lannnermuir 

Perth 

Ohan Ford 

Loch Lomond 

Wester Ross 

Otter Ferry 

Achnasheen 

TABLE 3 

Location 

Ce ntral Valley 

NE Scotland 

Grampians 

Eastern Scotland 

Eas t e rn Scotland 

Oban Ford Area 

Widespread 

Wester Ross 

Cowal Peninsula 

Achnasheen 

Proponents 

CharlP.sworth 
(1926) 

Synge (1956) 

Synge (1956) 

Sissons (1967) 

Simpson (1933) 

· synge (1966) 

Numerous see 
Sissons (1967) 

Robinson and 

Modern 
Equivalent 

None 

None 

None 

None 

Stillstand or 
Minor Readvance 

None 

Accepted 

Ballantyne (1979) Accepted 

Sutherland(l98lb) Accepted 

Sissons (1982a) Accepted 

Major Readvances Proposed for Scotland 
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b) Theory 

The premise behind glacio-isostatic theory is that changes in 

surface load on the earth ' s crust caused by the accumulation or 

melting of ice masses result in vertical crustal movements (Walcott , 

1980) . These vertical crustal movements are achieved by flowage 

within the earth, denser materials being moved at depth to compensate 

for loading or unloading at the surface (Andrews,l970). The nature 

of the flow is very complex due to lateral variations in the flowage 

of material within the earth, possible changes from laminar to non

laminar flow and variations in flow patterns taking place through 

time (Walcott, 1980). Several authors (Broecker, 1966; McConnell , 

1968; Walcott, 1970, 1980; Peltier and Andrews, 1983) have attempted 

to model flowage resulting from glacio-isostasy. Several models 

have been produced, ranging from models which envisage flowage in a 

relatively thin layer (thin channel models) to those which envisage 

flowage through much of the mantle (linear viscoelastic models) . 

Von Bemmelan and Berlage (1935) proposed the thin channel 

model. In this model all the isostatic flowage occurs within a thin 

zone or channel between the rigid lithosphere and mesosphere . Values 

obtained by Minester et al. (1974) suggest flowage could be confined 

to a layer 350 km thick associated with viscosity values of 2 x 10
21 

poise . Some current concepts of plate movement support this theory 

(Harper, 1978). 

The linear viscoelastic model (Haskell , 1935) supposes that 

flowage occurs throughout much of the mantle . This model has been 

applied to postglacial uplift data in Canada (Peltier, 1976; Peltier 

and Andrews , 1976) and has produced a good fit when a realistic 

deglaciation chronology is considered (Bryson , et al . 1969) . A 

variation of this model assumes layers of different viscosity within 
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the earths crust, but flowage throughout the crust still occurs 

(Peltier and Andrews, 1983). 

c) Disposition of Displaced Materials 

Displacement of material due to glacio-isostasy presents the 

problem of where the sub-crustal material is moved to or from and 

how this effects the altitude of the crust. Daly (1934) suggested 

that slow relaxation times (the times taken to displace/recover 1/~ 

of the displacement) and high viscosities within the earth's crust 

would result in an uplift bulge in peripheral areas (Fig. 6). The 

rigidity of the earth's crust would mean that this peripheral bulge 

would extend many kilometers beyond the ice margin (Daly, 1934; 

Walcott, 1970). Initially, evidence for peripheral bulges was lacking 

so ideas of flowage from beneath ice sheets to below the oceans crust 

were proposed (eg. Bloom, 1967). The wide displacement of material 

to beneath the ocean floor requires lower viscosities than are 

currently proposed (eg. Walcott, 1970, 1980; Peltier, 1976). More 

recently evidence has been presented for areas marginal to the 

Late Devensian ice sheets which suggests forebulge or peripheral 

bulge subsidence (Kaye and Barghoon, 1964; M~rner, 1969; Walcott, 

1972; Cathles, 1975). It has also been suggested that the peri

pheral bulge migrates towards the centre of isostatic uplift during 

ice sheet decay (Br¢gger, 1901; Newman et al., 1980). 

d) The Patterns and Nature of Isostatic Rebound 

Following the work of Jamieson (1865) glacio-isostatic movements 

were recognized in Scandinavia (De Geer, 1888 , cf. M~rner , 1979) 

North America (Whittlesey, 1868; Shaler , 1874) and other areas . In 

Scandinavia , North America and Scotland sequences of tilted shorelineshave 

been subsequently identified as having resulted from differential 

-24-



<( 

w =Crustal depression at ice margin 

Glac io-isostatically depressed crust 

FIGURE 6 

FI GURE 7 

not to scale 

The location and form of a peripheral bulge 

(a fte r Da ly , 193 4) 

Distance 

The effect of a hin geline on s horeline g r a dient 

- 25-



isostatic movements (eg . Sissons, Smith and Cullingford, 1966; 

M5rner, 1969; Andrews, 1970) . In each area it is accepted that the 

shoreline sequence only indicates part of the uplift, since an unknown 

portion of the uplift occurred as the ice sheet thinned while the 

area remained ice covered . 

The pattern of uplift was originally proposed to be regular 

(eg . Wright, 1914), in that the amount of uplift at any site was 

directly proportional to ice thickness. Sauramo (1939, 1955) proposed 

more irregular patterns of uplift when he introducedtheconcept of 

hinge lines. A hinge line represents a boundary across which rates 

of uplift markedly change and it is normally represented by a marked 

change in the gradients of individual shorelines (Fig. 7). Marner 

(1969, 1972) also identified a series of hinge lines in Scandinavia. 

In Scotland, Sissons, (1972) suggested that uplift may vary 

locally, for specific blocks in the Forth Valley indicated separate 

uplift histories, with some shorelines being dislocated across block 

boundaries. 

The nature of uplift has often been illustrated by uplift 

curves (eg . Andrews, 1970). Uplift curves produced from dated sea 

level indicators nearly all have an inverted exponential form , with 

rates of uplift decreasing with time (eg . Wahsburn and Stuiver, 1962; 

Broecker, 1966; Sissons and Brooks , 1971; M~rner , 1970; Grant , 1980) . 

These uplift curves assume that irregularities are the result of 

variations in the eustatic curve. Sissons (1967) and Gemmell (1975) 

suggested that uplift may be complicated by readvances redepressing 

the crust . More recently it has been suggested that uplift may 

have been a discontinuous process (Sis99ns,l972; M5rner , 1980; 

Grant, 1980). In the Forth Valley, Sissons (1972) identified an 

area in which there had been no differential uplift between the 

formation of two shorelines; outside of this area differential 
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uplift between the two shorelines was recognized. Sissons and Cornish 

(1982) identified dislocated shorelines and suggested that the dis

locations occurred over a short time period. Similar features have 

been noted by M~rner (1980) who suggested that much of the faulting 

resulted from high stress and strain rates during periods of rapid 

uplift. Grant (1980) provided further evidence of irregular isostatic 

uplift and he suggested that this may result from discontinuous 

isostatic readjustment (accelerating and decelerating rates) . Isostatic 

uplift thus appears to be a complex process. 

e) Summary 

Isostatic theory is accepted in simple form but has many 

problems associated with its detail. Several models have been 

proposed and as of yet can not be resolved. The material displaced 

by ice accumulation is suggested to form a peripheral bulge which 

migrates towards the centre of ice accumulation during ice sheet decay. 

The nature of i sostatic uplift may generally be represented by 

exponential curves showing decreasing uplift rates. More recent study 

has indicated that the uplift was probably complex and irregular. 
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CHAPTER THREE 

THE LATE DEVENSIAN IN SCOTLAND 

1 . Introduction 

The Devensian stage in Britain has been defined as the glacial 

stage between 116-10 ka. B.P . (Bowen, 1978) . This stage has been 

divided into 3; the Early (pre 50 000 B.P.), the Middle (50 000-

26 000 B.P.) and the Late (26 000-10 000 B.P.) Devensian (Mitchell 

et al., 1973). The dates outlined are based on stratigraphical 

evidence from the British Isles and are not in accord with those 

determined from the oceanic sedimentary record (the Late Devensian 

equivalent is stage 2 dated at 32 000-13 000 B.P. in core V28-238) 

(Shackleton and Opdyke, 1973) . In consequence the Late Devensian 

is dated to circa 30 000-10 000 B.P. 

The growth, limits, age and decay of the Late Devensian Scot

tish ice sheet have been subjects of considerable debate. The 

'traditional' viewpoint is that the ice sheet covered the mainland 

of Scotland and was confluent with Scandinavian ice. In recent 

years Sutherland (198la) and Sissons (198la, 1983a) have suggested 

a smaller ice sheet , which originally built up in the Early Devensian . 

During the deglaciation of the Late Devensian ice sheet several 

major readvances have been proposed (Table 3) . The validity of 

these events has been questioned , some have been disregarded,and 

some redefined as stillstands (Table 3). The final decay of the 

Scottish ice sheet is also in dispute (eg. Peacock , 1970; Sissons, 

1976b) . Before the events in the Inner Moray Firth area can be 

considered it is necessary to review those currently proposed for 

the rest of Scotland. 
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2. The Growth and Extent of the Late Devensian Scottish Ice-Sheet 

a) Traditional Viewpoint 

The growth of the Late Devensian ice sheet in Scotland has 

traditionally been placed after 30 000 B.P . (Sissons, 1967, 1976b ; 

Price, 1983). 
14 +480 

This date is based on a C date of 28 100_
450 

yrs. 

B.P. from a buried soil at Teindland (Fig. 8) (Fitzpatrick, 1965; 

Edwards , Caseldine and Chester, 1978); a woolly rhinoceros bone 

+1370 
beneath till at Bishopbriggs dated at 27 550_

1680 
yrs. B.P. (Rolfe, 

1966) (Fig. 8) and peat beneath till at Tolsta Head dated at 27 333 

+240 
_

240 
yrs. B . P. (von Weymarn and Edwards, 1973). These dates were 

interpreted to suggest that much if not all of Scotland was ice free 

prior to 30 000 B.P. (Sissons, 1967). The Scottish ice sheet later 

reached its maximum extent circa 18 000 B.P., this date being based 

on the evidence from ocean sediments (Shackelton and Opdyke, 1973) 

14 
and C dates from England (eg. Straw and Clayton, 1979). 

The maximum limit of the Late Devensian ice sheet is largely 

unknown in Scotland. On the west coast many authors (eg. Boulton 

et al. 1977; Synge, 1977b, 1980; Denton and Hughes, 1981) have 

suggested a limit on the Atlantic continental shelf. The limit 

is placed east of St. Kilda because this island was not covered by 

Scottish mainland ice (Wager, 1953; Sutherland, Ballantyne and 

Walker, 1982) . The rest of the Outer Hebrides are considered to 

have been covered by ice (eg . Boulton et al . 1977). 

In eastern Scotland the inferred pattern of former ice sheet 

flow (Fig . 9) based on the distribution of erratics and shelly till 

(Fig. 8), was interpreted as having resulted from the confluenceof 

the Scottish and Scandinavian ice sheets (Charlesworth, 1955; 

Synge, 1956). Interpretation of Quaternary North Sea sediments (eg. 

Holmes , 1977; Thomson and Eden, 1977; Eden, Holmes and Fannin, 1978) 
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has provided a similar conclusion. Charlesworth (1955) and Synge 

(1956) also suggested that the Scottish ice sheet did not cover 

part of North East Scotland (Fig. 10). This concept of "moraine

less Buchan" (Synge, 1956 p.l32) was based on a distinction between 

'fresh' and 'modified' morainic forms and was later criticized by 

Clapperton and Sugden (1977). Clapperton and Sugden (1972, 1975, 

1977) suggested that the area contained a fluvio-glacial channel 

network associated with the deglaciation of an ice sheet and they 

inferred that all of North East Scotland was glaciated during the 

Late Devensian. 

b) 'New' Viewpoint 

Sutherland (l98la) and Sissons (l98la, l982b, l983a) have 

suggested that the growth of the last ice sheet commenced prior to 

30 000 B.P. Sutherland (l98la) proposed that ice first accumulated 

in the Early Devensian and that an ice sheet remained in Scotland 

throughout the Mid Devensian. This ice sheet formed the basis of 

the Late Devensian ice mass. 

Sissons (1981~,1982b, 1983a) , suggested that the Late 

Devensian ice sheet in Scotland was smaller than traditionally pro

posed. On the west coast evidence from the Outer Hebrides (von 

Weymarn, 1974; Coward, 1977; Peacock and Ross, 1978; Flinn, l978a)indi

cates that tbE:.. area n-ourished a local Late Devensian ice cap. Peacock 

and Ross (1978) and Flinn (l978a) suggested that this ice cap developed 

in situ. In contrast Sissons (1980, l98l~c,l982b, l983a), 

suggested that initially the Scottish mainland ice covered much 

of the island chain. Subsequently calving in the deep waters 

around the islands resulted in a large mass of ice on and west of 

the Outer Hebrides. He proposed (1983a) that the Late Devensian 

ice sheet would normally have stabilized amidst the Inner Hebrides 
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but no exact limits were given. 

In eastern Scotland several limits of the Late Devensian 

ice sheet have been proposed. Synge (l977a), J.S. Smith (1977) 

and Synge and Smith (1980) suggested that parts of Caithness and 

North East Scotland were unglaciated during the Late Devensian 

(Fig. 10). Large drift accumulations at Lothbeg and Elgin (Fig. 8) 

were reported to represent the limits of an ice sheet that was 

not confluent with the Scandinavian ice mass. Evidence from 

Shetland (Hoppe, 1970, 1974; Flinn, l978b, c) suggests that this 

area nourished a local ice cap and was not covered by Scandinavian 

ice (eg. Boulton, 1977). Sissons (l98la) re-interpreted this 

evidence and that from the North Sea (eg. Thomson and Eden, 1977) 

and suggested that the Late Devensian Scottish ice margin lay along 

or near to the Wee Bankie Moraine (Fig. 10) and was not confluent 

with Scandinavian ice. The proposed eastern limit in north east 

Scotland is similar to the limit of the Aberdeen-Lammermuir Re

advance (Fig. 10) which Sissons (1967 p. 145) noted as the " 

possible maximal extent of this ice sheet ... ". 

3. Initial Deglaciation of the Late Devensian Scottish Ice Sheet 

From the study of oceanic sediments Ruddiman and Mcintyre 

(1981) suggested that the decay of the Late Devensian European 

ice sheets resulted from snow starvation due to southerly positions 

of the polar oceanic and atmospheric fronts. Sissons (l98la) 

suggested that such a process could have resulted in the maximum 

limits of the British ice-sheet being non-synchronous. He suggested 

that while the more southerly parts of the ice sheet were advancing 

the more northerly ice margins may even have been retreating. 

This may be interpreted to suggest early deglaciation of the northern 
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parts of the Scottish ice mass. 

Ruddiman and Mcintyre (1981) also suggested that circa 50% 

of the ice in the European ice sheets was removed by downdraw 

caused by calving. During this period of active downwasting the 

polar fronts remained south of the ice sheets. To what extent 

this process is applicable to the Scottish ice sheet is unknown, 

but it suggests that if the ice sheet terminated in the sea it 

probably remained active during the initial decay of the ice sheet. 

In contrast Price (1983) proposed that much of the ice mass became 

stagnant in the relatively early stages of deglaciation. He suggested 

that ice sheet decay resulted from progressive downwasting in situ. 

a) Stillstands and Readvances: Eastern Scotland 

Outside the Moray Firth (see below) only two interruptions in 

the decay of the Late Devensian ice sheet are c urrentl y proposed for 

eastern Scotland, the Perth Stage and Achnasheen Readvance (Fig. 

10) (for the purpose of this thesis Eastern Scotland is defined as 

those areas east of the main drainage divide) . 

The Perth Stage was initially identified as a major readvance 

by Simpson (1933) . At a site northwest of Perth, Simpson identified 

rhythmically laminated sediments overlain by kettied outwash. He 

interpreted the laminated deposit as varves, and estimated that they 

took 640 years to accumulate. The kettled outwash was interpreted 

as evidence of a subsequent major ice readvance across the varves. 

Sissons (l963b, l964)mapped the .limits of this readvance in central 

and eastern Scotland. In the Forth, Earn and Tay valleys distinct 

shorelines (Sissons and Smith, l965a; Sissons et al., 1966, Culling

ford, 1972, 1977) were associated with the Perth limits proposed 

by Sissons (Fig. 10). At Stirling (Fig. 8) Sissons and Smith 

(l965a) identified a fall in relative sea level of 25 m during which 

the ice retreated only a short distance from the maximum Perth 
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extent. A similar major drop in the marine limit was also suggested 

in the Earn and Tay valleys (Sissons et al., 1966; Cullingford, 

1972 1 1977) • 

Paterson (1974) disputed the evidence of the Perth Readvance. 

He suggested the rhythmites identifed by Simpson were not annual 

deposits but successive discharges of sediment down the front of 

an advancing delta. On these grounds the marine sequence could have 

accumulated in a short time and a readvance or major still stand 

did not have to occur. Sissons (1976b) suggested that the major 

drop in the marine limit associated with the event was evidence 

of a halt in ice retreat or possible minor readvance. This major 

drop in the marine limit has been disputed (Armstrong, Paterson 

and Browne,l975; Browne, 1980; Browne et al., 198la) on the basis 

of high level marine clays lying within the suggested ice limits. 

Smith and Cullingford (1981) have contested the evidence of the 

high level marine clays but this matter remains unresolved. 

In the Achnasheen (Fig. 8) area Sissons (1982a) identified 

a series of moraines produced during an ice sheet readvance. He 

proposed that a glacial readvance occurred in this area and resulted 

in the formation of an ice-dammed lake. Sissons (1982a) suggested 

that the readvance may be correlated with the Wester Ross Readvance 

but admits that such a correlation has associated problems. As a 

result he concluded that the relation of the Achnasheen Readvance 

to other glacial events in Scotland is unknown. 

b) Stillstands and Readvances: Western Scotland 

An early stage of deglaciation in the South Western Inner 

Hebrides was identified on Islay (Dawson, 1982, 1983) (Fig. 8). 

In central Islay a moraine associated with a distinct Lateglacial 

shoreline is thought to have been produced at one of the several 
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margins of the Late Devensian ice sheet. The extensive nature of 

the deposits and the drop of the marine limit across the moraine 

has been interpreted to represent a major halt in ice sheet decay 

(Dawson, 1982, 1983a) On the basis of location and shoreline 

gradient Dawson (1982, 1983a) considers this to be one of the 

earliest known recessional limits of the Scottish ice sheet. 

In sw Argyll Sutherland (198lb) proposed that a readvance 

or stillstand (the Otter Ferry Stage) occurred circa 12 900 yrs 

B.P. in ' the Cowal Peninsula (Fig. 8). The ice limit is associated 

with a well developed raised shoreline. Sutherland (198lb) suggested 

that the ice margin remained stable for 200-400 years while relative 

sea-level fell 20-25 m. Sutherland (198lb) also proposed that the 

readvance was caused by an increase in precipitation which resulted 

from the northward passage of the polar oceanic and atmospheric 

fronts around 13 000 B.P. as proposed by Ruddiman and Mcintyre 

(1981). Sutherland (198lb p. 251) tentatively correlated the Otter 

Ferry Stage with the Perth Stage, on the basis of similar marked 

drops in the marine limit and similar shoreline gradients. 

Farther north Synge (1966) and Synge and Stephens (1966) 

proposed a stage in ice sheet retreat which was represented by the 

Oban Ford Moraine (Fig. 8). It was suggested (Synge and Stephens, 

1966) that the moraines were associated with a high sea level at 

130-140 feet (40-43 m) and represent a synchronous major readvance. 

Gray and Sutherland (1977) suggested that the ice limits do not 

mark a readvance or significant, synchronous, recessional stage but 

more probably brief, diachronous halts in the general recession. 

In the case of the ice limit near Ford at the south end of Loch 

Awe, Sutherland (198lb) suggested that it may be correlated with 

the Otter Ferry Stage on the basis of a fall in the marine limit of 

at least 11 m. 
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In western Inverness-shire (Fig. 8) Peacock (1970) noted that 

high raised beaches terminate at the mouths of sea lochs or slightly 

within them. Farther inland lower Lateglacial shoreline fragments 

were identified. Peacock (1970) tentatively suggested that the 

termination of the high raised shoreline fragments may be related 

to a readvance or stillstand during the recession of the Scottish 

ice sheet. 

In Wester Ross (Fig. 8), Robinson and Ballantyne (1979) 

identified an end moraine which they traced intermittently over 

30 km (Fig. 10). They suggested that the moraine was formed during 

a readvance. Price (1983) disagrees with this view and considered 

that a stillstand during the ice sheet recession couldhaveproduced 

the same feature. Sissons and Dawson (1981) later showed that the 

Wester Ross Readvance is associated with a gradual drop in relative 

sea-level as the ice retreated. As no major local fall in the marine 

limit occurs, correlation with the Perth and Otter Ferry Stages 

could not be made. 

4. Final Deglaciation and the Loch Lomond Readvance 

Sissons (1976b) and Price (1983) suggested that the Late 

Devensian ice sheet had disappeared by circa 12 500 B.P. Sissons 

suggested that as the downwasting proceeded, mountains and hills 

gradually appeared above the ice surface, the ice becoming increasingly 

restricted to valley floors and basins. This interpretation of 

total ice sheet decay is supported by biostratigraphical evidence. 

Studies of coleoptera (Coope and Brophy, 1972; Bishop and Coope, 

1977) and marine shells (Peacock, 1975, 1980) indicate that large 

parts of Scotland were ice free by 13 000 B.P. and that the climate 

was as warm as present (Bishop and Coope, 1977). Study of 
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over 60 pollen sites indicatsvegetation growth during the Lateglacial 

Interstadial (Sissons, l976b) . 
14 

The oldest C dates from basal 

+120 
organic deposits vary between 12 750_

120 
B.P . (Lowe , in Sissons , 

+390 
l976b) and 13 151_

390 
B. P. (Sissons and Walker , 1974). In addition 

Ruddiman and Mcintyre (1981) suggested that at circa 13 000 B.P . 

polar waters withdrew from the Scottish coastline and were replaced 

by warmer waters. 

The biostratigraphical evidence is in contrast with the ideas 

proposed by Sutherland (l98lb) . He suggested that an ice advance 

occurred at Otter Ferry at circa 12 900 B . P. andthat ice remained in the area 

for 200-400 years. Sutherland (1980, l98lb) suggested that the 

14 
pollen evidence may have been misinterpreted since the basal C 

dates may be too old as a result of contamination. He also suggested 

(l98lb) that no tangible evidence of total ice sheet decay exists , 

so that ice may have remained in Scotland during the whole of the 

Lateglacial Interstadial. This idea was earlier proposed by Pea-

cock (1970) and Sugden (1970) the former having suggested that the 

volume of ice involved in the Loch Lomond Readvance could not have 

accumulated in the time available. 

Studies of coleoptera (Bishop and Coope, 1977) indicate that 

after 12 000 B.P. the climate deteriorated ,and by circa ll 000 B.P . 

Scotland was subject to severe periglacial conditions . This deter-

ioration coincided with the passage of the polar oceanic and atmos-

pheric fronts southward (Ruddiman and Mcintyre , 1981). This cold 

period has been termed the Loch Lomond Stadial (Sissons, 1967 , 

l974a , l976b, l979d) and is associated with an advance or readvance 

of valley glaciers and the development of an ice cap in the Western 

Highlands (Fig. 10) . During this period extensive periglacial 

erosion has been suggested in coastal areas (Sissons, l974b, l976a , 

1979; Gray , 1978; Dawson , l98db) . Detailed former environmental 
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conditions have been proposed on the basis of former glacier limits 

(Sissons and Sutherland, 1976; Sissons, 1980). The stadial ended 

at circa 10 300 B.P. (Gray and Lowe, 1980) with rapid climatic 

amelioration, as the polar fronts moved poleward to locate north 

of the British Isles (Ruddiman and Mcintyre, 1981). 

5. Late Devensian Events in the Inner Moray Firth 

Since 1900 a number of authors (eg. Horne and Hinxman, 1914; 

Ogilvie, 1923, J.S. Smith, 1968; Synge, 1977a) have investigated 

the deglaciation of the Inner Moray Firth area. The early studies 

(Horne and Hinxman, 1914; Ogilvie, 1914, 1923) outlined a series 

of events associated with the deglaciation of the Late Devensian 

ice sheet. Interpretation of some of the features has been questioned 

(Synge, 1977a) and the underlying hypothesis relating to horizontal 

shorelines has been discounted (Sissons, 1962). Recent investi

gations have related raised shorelines to former ice limits 

(Synge, 1977a; J.S. Smith, 1977). The sequence of events proposed 

in these recent studies has rarely been questioned but they have 

proved difficult to reconcile with events in other areas of Scotland. 

(cf. Sutherland, 198lb). 

a) The Early Studies 

The officers of the Geological Survey (cf. Horne and Hinxman, 

1914; Horne, 1923) described evidence relating to the maximum 

glaciation of the area. They identified,from studies of erratics 

and striae,two separate directions of ice sheet movement in the 

study area (Fig. 11). Horne (1923) noted that the ice which flowed 

across the lowland belt south of the Moray Firth was deflected by 

ice radiating from Ross-shire. At higher elevations more northerly 

ice movements are indicated but the relationship of these to lower 

striations are unknown (Horne, 1923). The last ice sheet glaciation 
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was considered to have been followed by a period of valley glacier 

development. Ice marginal features were noted at several locations 

(Fig. 12) and terminal moraines were described south of Kiltarlity 

and west of Muirton Maines (Horne and Hinxman, 1914). At Muirton 

Mains Horne and Hinxman (1914) suggested that the terminal moraine 

rests upon the 100 foot beach. This same water level was associated 

with an ice margin at Muir of Ord, so this sea-level was attained 

during the retreat of the ice mass. Subsequently the ice readvanced 

to form the moraine at Muirton Mains. 

Ogilvie, (1914, 1923) considered that 4 raised shoreline 

levels are represented in the Inner Moray Firth area at altitudes 

of 90, 50, 25 and 15 feet, although he noted that raised marine 

features also occur at other altitudes. In the Strath Conon and 

Muir of Ord areas Ogilvie (1923) suggested that ice contact features 

are contemporaneous with a "90 foot" beach. He also suggested that 

lower beaches may have been over-ridden by readvancing ice, or have 

large kettleholes associated with them. Ogilvie did not present 

a detailed discussion of deglaciation events in the study area. 

b) More Recent Studies 

More recently J.S. Smith, (1968) and Synge (l977a) have 

suggested a pattern of deglaciation for the Inner Moray Firth area. 

The first stage of deglaciation was described as a general down

wasting and retreat of the ice mass (J.S. Smith, 1968, 1977), 

which resulted in a series of fluvio-glacial deposits in the area 

between Inverness and Forres (Fig. 13). Synge (l977a) and Synge 

and Smith (1980) suggested that the ice initially retreated as far 

as Inverness, because the highest shoreline described by them is 

found at this locality (Fig. 13). 

A subsequent readvance of ice to the Ardersier-Chanonry 
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Locations in the inner Moray Firth and Loch Ness 
areas referred to in the text. 
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Ness Points has been advocated by several authors (Kirk, Rice 

and Synge, 1966; J.S. Smith, 1968; 1977; Synge, 1977a). This 

event is reported to be represented by a large morainic ridge 

west of Inverness airport, which extends as far as Ardersier 

village. 

The Ardersier Readvance is reported to have been followed 

by ice retreat to Alturlie(Fig. 13) where a large morainic feature 

pitted by kettleholes is said to mark a halt of the retreating ice 

margin in the firth (Synge and Smith, 1980). J.S. Smith (1968) 

and Synge (1977a) suggested that this retreat stage is associated 

with the esker system at Torvaine in the Ness Valley (Fig. 13). 

Synge (1977a) also suggested that the above features are of the 

same age as a lateral moraine on the eastern slopes above Loch Ness. 

The ice continued to retreat from this limit until ice streams 

in the Beauly Firth and in the Great Glen became separated. The 

termini of these ice streams are claimed to be marked by extensive 

outwash deltas at Kessock and Inverness (Fig. 13). Synge (1977a) 

suggested that these deltas were produced when relative sea-level 

was at 33-34 m. J.S. Smith (1977) suggested that this ice limit 

was associated with an esker which he traced for nearly a mile along 

the slope south of Lentran (Fig. 13 ), . 

Synge (1977a) and Synge and Smith (1980) proposed that the 

ice then retreated westward along the Beauly Firth as far as 

Englishton, while in the Great Glen the contemporary ice margin 

was located in Glen Urquhart and at Inverfariga:g (Fig. 1 3 ). In the 

Great Glen this ice limit was associated with a high lake level, 

while in the Beauly Firth an outwash fan at Englishton was suggested 

to have been produced while sea-level remained at 34 m. Synge 

(1977a) suggested that sea level later fell to a low level close to 
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present to form a large fan at Bunchrew. However this view has been 

challenged by Haggart (1982) . 

The next recessional stage is said to be marked by outwash 

deposition at the Muir of Ord (Fig. 13). Synge and Smith (1980) 

suggested that during this period of deposition ice occupied the 

Conon Valley. However, J.S. Smith (1968) suggested that the 

outwash fan had been deposited during a marine regression, the 

sea initially penetrated as far inland as Muirton Mains. Such 

an interpretation is not in accord with the ice contact topography 

described by Ogilvie (1923) in the Muir of Ord area. 

It was also proposed that relative sea-level rose while 

meltwaters formed outwash spreads at Contin and Balblair (Kirk 

et al., 1966; Synge,l977a; Synge and Smith, 1980). These outwash 

spreads are said to be associated with a prominent "sea-level notch" 

around much of the coastline and within Loch Ness. Synge and Smith 

(1980) suggested that this shoreline is associated with a moraine 

near Glendoe Lodge (Fig. 14) although they do not present evidence 

to support this correlation. 

The events described are considered by Synge (1977a) to 

have been followed by a period of ice decay. Palynological invest

igations at Loch Tarff(Pennington et al., 1972) indicate that the 

ice retreat was followed by the milder climatic conditions of the 

Lateglacial Interstadial. The pollen diagram also indicates a 

later climatic deterioration during the Loch Lomond Stadial. 

During this period ice is considered to have advanced northwards 

along the Great Glen and terminated at the southern end of Loch 

Ness (Synge, 1977a; Sissons, 1979c). A separate glacier advanced to 

10 km west of Loch Ness in Glen Moriston (Sisson~, 1977). Synge 

(1977a) suggested that this ice advance was not related to a former 

lake level in Loch Ness. In contrast Sissons (1979a) suggested 
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that the altitude of Loch Ness was at 22.5 mat its southern end 

during this period. Sissons (1979a, b, c, 198lb) suggested that 

the large ice-dammed lakes . in the vicinity of Glen Spean and 

Glen Roy drained catastrophically to form large outwash spreads 

at Fort Augustus (Fig. 13). The volume of water involved temp-

orarily raised the level of Loch Ness by 8.5 m. This high lake 

overspilled at the northern end to drain, via the gorge it cu~ into 

the Beauly Firth. Relative sea-level at this time (the end of the 

Loch Lomond Stadial) was suggested to be at circa 2m (Sissons, 198lo}. 

Sissons (198lb) also suggested that during the Loch Lomond Stadial 

extensive marine erosion occurred in the Beauly Firth. He also dis-

puted the evidence presented by Synge (1977a) which indicated that 

the sea entered Loch Ness during the Lateglacial. 

The age of the reported retreat and readvance stages are 

unknown except for those associated with the Loch Lomond Stadial. 

Synge (l977a) suggested that the prominent shoreline around Loch 

Ness was produced circa 12 600 B.P. when the ice was located at 

Balblair and Contin. A similar pattern of deglaciation was proposed 

for the Cromarty Firth (Peacock, 1974, 198 1). Study of the marine 

deposits in the Cromarty Firth (Peacock, 1974; Peacock, Graham and 

Gregory, 1980) has indicated that the deepest marine deposit may 

be correlated with the Clyde beds of the Forth and Clyde estuaries 

Radiocarbon dates from Central Scotland suggest that such deposits 

formed between 13 500 and 10 000 B.P. Peacock (1974, 1981) suggested 

that the lack of earlier Errol and St. Abbs Bed deposits may 

indicate the area was covered by ice prior to 13 500 B.P. 

In contrast to the late deglaciation dates proposed above the 

14 
C date from the basal organic material from Loch Droma of 12 810 

+155 
_155 B.P. (Kirk and Godwin, 1963) has been interpreted to indicate 

early deglaciation of the area (J.S. Smith, 1968) and Scotland as a 
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whole (Sissons, l984a, l976b). Recent studies of Sutherland (1980, 

l98la) have suggested that the date may be too old due to contamin-

ation. 

The suggested events for the Inner Moray Firth are problematical 

For example the Ardersier Readvance proposed by Kirk et al. (1966) 

is not linked anywhere to a specific sea-level. The Lateglacial re

lative sea-level movements are far more complex than any other area 

of Scotland, and in some cases shoreline fragments lie within ice 

limits which they predate. As a consequence it is felt that no 

logical sequence of ice sheet deglaciation has been demonstrated in 

the Inner Moray Firth area. 

6. Late Devensian Events Peripheral to the Inner Moray Firth 

Beyond the inner Moray Firth deposits and landforms relating 

to the Late Devensian have been identified (eg. Peacock et al., 1968; 

Smith, 1968). To the north of the Beauly Firth in the Cromarty and 

Dornoch Firths raised shoreline fragments of Lateglacial age have 

been identified at several levels (Ogilvie, 1926, J.S. Smith, 1968), 

however no attempt has been made to relate these directly to stages 

in the retreat of the last ice sheet. Ogilvie (1926) did remark 

upon the western termination of high shoreline fragments in the 

Dornoch Firth and this was interpreted by Sissons (1967) as a 

possible location for a drop in the marine limit associated with 

an ice margin. However, the only detailed research carried out in 

this area was by Peacock (1974) and Peacock et al. (1980) who sugge~ted 

that the Cromarty Firth may not have been deglaciated until some-

time after 13 500 B.P. 

To the east of the study area more detailed studies are available. 

It has long been recognised (Jamieson, 1865; Bremner, 1934) that 

more than one till is present east of Elgin. Bremner (1934) sug0ested 

that the ice which finally advanced across the Elgin area came 
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from the North-west; and both Synge (1956) and Peacock ~t a~. (1968) 

have proposed that this ice movement was a readvance of the last 

ice sheet (the limits of this readvance lying from Buckie to 

Whitechurch, Peacock eta~., 1968). More recently it has been 

proposed that the limit of the Late Devensian ice sheet may have 

possibly lain in this general area (Synge and Smith, 1980; 

Sutherland, 1984). As the ice withdrew so marine features were 

formed and these have been reported by Ogilvie (1926) and 

Peacock et al. (1968). Peacock et al. suggested that shorelines 

were present which declined in altitude towards the east, but no 

mention was made of associated ice limits or major drops in the 

marine limit. However, Peacock et al. (1968) do draw attention 

to considerable deposits of glacio-lacustrine silty-clays which 

occur just east of thP. present study area near Forres. These 

silty-clays ranrye in altitude from circa 50ft (l5.2m) to 100ft 

(30.5m), whilst the highest marine feature in the area is reported 

at 50ft (l5.2m) (Pe~cock ~tal., 1968) near Grange Hall (NJ 064 

606). The considerable exten~ of the glacio-lacustrine deposits 

suggests the presence of a former ice dammed lake at the mouth of 

the river Forres. Shoreline fragments associated with such a lake 

may therefore be present in the eastern section of the present 

study area. 

Fart.her east near Loch Spynie glacio-marine deposits have been 

identified (Buchan, 1935). Buchan (1935) noted that the glacio

marine deposits contain numerous drop stones and a fauna which 

included the arctic species Portlandia arctica (Gray) and 

Ophiolepis gracilis (Allman). Buchan suggested that the deposit 

could be correlated with the Clyde Beds, but Peacock (pers. comm.) 

suggested that the arctic fauna indicated correlation with the Errol 

Beds to be more likely. There is therefore evidence to suggest that 

initial deglaciation in the Moray Firth occurred whilst actic 
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waters were still present. To what extent these arctic waters 

remained during initial deglaciation is unknown, but Peacock (1974) 

and Peacock et al. (1968) have suggested that a climatic amelior

ation had occurred by the time the Cromarty Firth was deglaciated. 

7. Summary 

Late Devensian glacial events in Scotland remain largely 

speculative even though considerable research has been undertaken 

(cf. Sissons, l98la). The development and limits of the Late 

Devensian ice sheet are still largely unknown, although ideas 

of a smaller ice sheet are becoming more popular. The pattern 

of deglaciation is largely unknown, although stillstands and/ 

or readvances have been proposed. Problems still exist over 

the final decay of the ice sheet and the possibility exists that 

ice may have remained in the Highlands during the Lateglacial 

Interstadial. The limits of the Loch Lomond glaciers and the 

associated environment are well known for large areas of Scotland. 

In the Inner Moray Firth area the proposed pattern of deglaciation 

is not entirely logical. 
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CHAPTER FOUR 

FIELD METHODS AND DATA ANALYSIS 

1. Introduction 

Sissons (1962, ·l963a) outlined a series of problems associated 

with previous Scottish raised shoreline studies. He suggested the use 

of a detailed unselective methodology (eg. Sissons and Smith, l965a) 

to solve some of these problems. This methodology has been reviewed 

(Gemmell, 1975; Gray, 1975, 1983; Rose, 1981) and debated on several 

occasions (Sissons, 1967; Synge and Stephens, 1967), but remains the 

basis for many Scottish shoreline studies (Fig. 15). In order to 

allow comparisons with other research, the present study adheres to 

the suggested methodology, but where applicable modifications have been 

made. The methodology consists of field methods (morphological mapping, 

stratigraphical studies, altitudinal determination) and data analysis. 

2. Field Methods 

a) Morphological Mapping 

All marine, glacial and fluvial features below 100m O.D. were 

mapped unselective!ly at a scale of 1:10 000. The maps portray 

specific landforms by symbols modified from Sissons and Smith (l965a) 

and Gray (1975) (Fig. 16). The mapping allowed tne relationships 

between specific features to be determined and an assessment for later 

altitude determination to be made (cf. Cullingford, 1972). In the 

Ness Valley area (Fig . 46) the mapping was initially undertaken from 

aerial photographs and later modified in the field. 

b) Stratigraphical Studies 

The sedimentary composition of depositional features and 

of erosional forms was determined by the use of a soil auger . Further 
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work was conducted using a Hiller peat borer with auger attachment 

in order to identify the general stratigraphy in areas of 'carse' 

deposits. Haggart (1982) outlined a detailed Flandrian stratigraphy 

for specific sites in the study area. As a result the present study 

was confined to the identification of specific horizons, (ie. the 

'buried gravel layer' Sissons 198lb) . The methodology adopted was 

that used by Sissons (198lb), the boreholes being located at 20 m 

intervals from the landward limit of 'carse' deposits. Once 

consistency was obtained in the borehole stratigraphy the coring 

locations were spaced at 50 m intervals. Each borehole surface al

titude was determined by instrumental levelling from Ordnance Survey 

Bench Marks (Newlyn Datum). The tilt of each auger hole from 

vertical was measured using a clinometer and corrections were applied 

to the depth measurements. In practice the tilt ranged from 2° to 

7°. By using such techniques 196 augerholes were recorded. This 

information was supplemented by detailed observations of sediment 

stratigraphy in natural sections and by the study of commercial bore

hole records. 

c) Altitude Determination 

The altitudes of all well-developed raised shoreline fragments, 

fluvio-glacial and fluvial terrace fragments were determined at 50 

pace (approx 50 m) intervals. This procedure permitted the gradients 

of specific features to be determined and in this way, where other 

evidence was not forthcoming, relict outwash features were dist

inguished from marine terraces; the former having considerably steeper 

gradients (Sissons and Smith, 1965a). In addition the altitudes of 

specific features, such as the lowest points on the rims of kettle

holes, were also determined. All altitudes were obtained by instru

mental levelling from Ordnance Survey Bench Marks (Newlyn Datum) , using 

-52-



Zeiss and Wild automatic levels reading to 0.01 m. The level was 

checked for collimation errors and adjusted as necessary every two 

weeks during fieldwork. Any traverse with a closing error greater 

than 0.10 m was repeated. 

Various staff positions were adopted depending upon the type 

of feature being surveyed. On terrace fragments the altitude was 

determined 3-5 m away from the break of slope at the rear of the 

feature. The measured point thus avoided areas covered by colluvium, 

yet the altitudinal difference between this point and the buried 

break of slope was minimized (Fig. 17). This is thought to be 

important on steeply sloping beach fragments (Gemmell, 1975) which 

are common in the study area. on shingle ridges the staff was posit

ioned at the crest of the feature. The altitudes determined for the 

various features were subjectively classed as being of good, moderate 

or poor quality. 

d) Errors Associated with the Field Methods 

The correlation of shoreline fragments on the basis of altitude 

requires a knowledge of the precision of the field data. Within the 

data set there are three possible types of error: observational error, 

instrumental error and inherent landform error. 

i) Observational Error 

In any study gross observational errors, such as misreading 

a staff, can occur. By using the field methods outlined above such 

errors are minimised since each feature was mapped and levelled 

on separate occasions, and each altitude was viewed in the context 

of those around it. 

Certain observational errors are dependent on the operator. 

In this study the positioning of the staff during altitude determin

ation was the most subjective operator-controlled element. In order 
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to produce consistent results the author always positioned the staff. 

A measure of the possible altitude variation caused by selecting the 

staff position was made by remeasuring three fragments of various 

quality. After 6 or more months a site was remeasured, the altitude 

being determined at the same point initially marked on the map 

(Table 4). The results suggest that the staff holder could vary 

the altitude of a measured point by as much as 0.29 m on a 'poor' 

feature, but most altitudes had a possible variation between 0.05 m 

and 0.15 m. 

ii) Instrumental Error 

Instrumental errors consist of datum errors within the Ordnance 

Survey Bench Marks System and errors caused during the traverse by 

slight misalignment of the instrument. The datum errors in the Bench 

Mark network are dependent upon the type of bench mark in use (Geodetic, 

Secondary or Tertiary) and the distance between Bench Marks (Seymour, 

1980) (Table 5) . As the area has a high density of Bench Marks 

it is reasonable to suggest that all the Bench Marks altitudes are 

regionally correct to 0.02 m. Large errors in the datum altitudes 

were avoided by checking the altitude of one Bench Mark against 

another when there was possibility of movement (for example, in the 

case of Bench Marks situated on milestones) , but at no time was this 

found to have occurred. Errors caused by misalignment of the level 

are in part indicated by the closure error of the traverse and could 

reach a maximum of 0.10 m but rarely exceeded 0.05 m. Sutherland 

(l98lb) suggested that such errors could be distributed throughout 

the traverse but as the closure error did not entirely consist of 

collimation errors this process was not undertaken. 
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Quality of 
Fragment 

Poor 

Moderate 

Good 

TABLE 4 

Location 
Original Resurveyed 

Difference 
Altitude Altitude 

12.42m l2.56m O.l4ffi 

Avoch 12.82m 12. 53m 0.29m 

(NH 6983 5379) l3.06m l2.90n O.l6m 

l3 .32m l3. 25m 0.07m 

Mean difference O.l84m 

Estimate of inherent uncertainty 0.354m 

29.6lm 29.64m o.o3m 

Munlochy 
29.37m 29.28m 0.09m 

29. 74m 29.28m O.llm 
(NH 6359 5238) 

29.0lm 29.05m o.o4m 

29.58m 29.5lm 0.07m 

Mean difference o.o68m 

Estimate of inherent uncertainty o. 242m 

6.6lm 6.65m o.o4m 

Wester Lovat 
6. 77m 6.74m o.o3m 

6. 77m 6.79m o.o2m 
(NH 5415 4611) 

6.70m 6.68m o.o2m 

6.60m 6.69m 0.09m 

Mean B.ifference 0.040n 

Estimate of inherent uncertainty 0.064m 

Comparison of initial and secondary survey altitudes 
on certain shoreline fragments. 
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Order of Bench 
Mark Network 

Geodetic 

Secondary 

Tertiary 

TABLE 5 

Inherent Error 

+ - 2F m:m 

± SF m:m F= distance between 
bench marks 

t l2F m:m 

Errors associated with the Ordnance Survey 

bench mark networks (Seymour, 1980). 

(km) 

Physiographic Constraint Definition 

Staircase 

Continuity 

Ice-margin 

TABLE 6 

Raised beaches that occur one above the 

other cannot be contemporaneos with 

each other. 

Raised beach fragments which are conn

ected by an unmeasured section must be 

contemporaneous with each other. 

Shoreline fragments which are correlated 

with an ice margin cannot be correlated 

with raised beaches which lie within 

the said ice margin 

Physiographic constraints used in the analysis of 

shoreline altitude data. (Cullingford, 1972). 
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iii) Inherent Landform Error 

As the point of measurement is affected by the extent of 

colluvium some variability will occur in the altitude of the point 

of measurement along a fragment (Fig. 17). A measure of this 

variability was calculated by Sutherland (l98lb, p. 73) which he 

called an "estimate of inherent uncertainty of the landforms". 

Using Sutherland's (l98lb) equation 'estimates of inherent uncertainty' 

were calculated for the remeasured fragments and were found to range 

from 0.35 m for 'poor' terrace fragments to 0.06 m for 'good' 

features (Table 4). 

When all these errors are combined it is suggested that the 

magnitudes of the altitude error associated with specific landforms 

are 0.55 m for 'poor' features, 0.32 m for 'moderate' features 

and 0.16 m for 'good' features (Table 4). Such errors are only 

applicable to the present study. The magnitude of the errors sig

nifies that shorelines separated vertically by more than 1.20 m 

should form discrete populations. If only 'good' and 'moderate' 

altitudes are used, then shorelines as close as 0.70 m should be 

separable. In practical terms the errors indicate that separate shore

lines can be identified if they have an altitude separation of l m 

or more. 

3. Data Analysis 

The data analysis involved an as objective study as possible 

of the altitudinal information within the constraints of morphological 

analysis. One of the prerequisites of such a study is an understanding 

of the relationship between the altitudes of raised shoreline fragments 

and former water levels. Kidson (1982, p. 135) suggested that 

II marine deposits cover such a wide range of heights from the sea-

ward margin of the near shore to the crests of storm beaches, that 

they must be interpreted with great care". Storm beaches, shingle 
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ridges, marine terraces, estuarine deposits and erosional marine 

terraces may all form at separate altitudes in relation to the same 

mean tidal level. It is often claimed that such differences can be 

corrected by the measurement of similar modern coastal features 

(eg. Smith, 1966; Dawson, 1979; Synge and Smith, 1980), but 

environmental changes (eg. variations in fetch, storm and tidal 

conditions) may invalidate such a process (Kidson, 1982). The only 

way to produce meaningful correlations between raised shoreline frag

ments is to compare similar features. Shingle ridges are features 

which bear little relation to mean tidal level (Kidson, 1982) and 

as a result are not used in the determination of former shorelines. 

In contrast measurement of modern coastal features in the study area 

(see Chapter 2) suggests that the break of slope associated with 

marine terraces is equivalent to Mean High Water Ordinary Spring Tide. 

Although such a relationship may be valid for Flandrian deposits 

(which formed in a similar sedimentary environment to modern terrace 

features) it may not be applicable for Lateglacial marine feabures. 

The analysis of the altitudinal data was based on the equidi

stant shoreline diagram (Gray, 1975). Sutherland (198lb, p. 75) 

stated that such diagrams are" ... graphical representations of 

landform altitudes in which the height of a particular feature 

(y-axis) is plotted with respect to the distance of the feature 

from a common origin, projected at right angles into a vertical 

plane running through the origin". The ideal plane of projection 

is normal to the isobases, but since the isobases are unknown 

for the area, a series of projection planes were produced at 15° 

intervals from a W-E aligned plane to one aligned SE-NW. The origin 

of the projection planes was the arbitarily chosen point on the 

National Grid NH 000 000. The altitude data was plotted on these 

planes and correlation of shoreline fragments made on the basis of 
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marked alignments of points under morphological constraints (Table 6) . 

Specific shorelines were only identified by using terrace fragments 

associated with altitude determinations considered as 'good' and 

'moderate'. 

It is critical that a projection plane normal to the isobases 

should be chosen, since Cullingford (1977, p. 16) stated that any 

" ... deviations from this alignment cause distortions that may lead 

to miscorrelations, especially where vertical separation of successive 

shorelines is small". Within the literature (eg. Sissons et al., 

1966; Cullingford, 1977; Sutherland, l98lb) conflicting opinions 

exist on how to determine the projection plane normal to the isobases. 

The earlier shoreline studies (eg. Sissons and Smith, l965a; Cullingford 

and Smith, 1966; Sissons et al., 1966) selected the plane" ... as 

being the one most nearly at right angles to the isobases so far as 

they are known at present" (Sissons et al., 1966, p. 10). In 

the study area only isobases for the Main Postglacial Shoreline have 

been suggested (Sissons, 1967; Jardine, 1982) but due to possible 

differences in the isobase patterns for separate shorelines(Gray, 

1983) this pattern cannot be used for the study of Lateglacial 

shorelines. Sutherland (l98lb) and Gray (1983) have suggested that 

the projection plane that produces the minimum gradient for a shore

line with the maximum correlation coefficient will be the one normal 

to the isobases. This statement is illustrated in Fig. 18 where 

points A, B and C are considered to lie on the isobases shown. By 

projecting the points onto a series of planes (eg. XY, XZ) it is 

evident that the line producing the minimum gradient is also that 

normal to the isobases. This hypothesis is based on a single line 

of data and as a result alterations in the relative positions of the 

points cannot be produced by altering the plane of projection. 
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Shoreline fragment~ occur in a spatial distribution (Fig. 19) and as 

a result variations in the plane of projection can alter the locations 

of the fragments relative to each other. Cullingford (1972, 1977) 

suggested that the projection plane that maximises the correlation 

coefficient for a shoreline and maintains consistent decreases inthe 

gradient of successive shorelines is the one that is approximately 

normal to the isobases. This relies on an a priori argument for the 

pattern of isostatic uplift which may not be valid. 

In order to solve the above contradictions, two data sets were 

formulated for a hypothetical coast similar in general dimensions to 

the present study area. One set of data was produced for isobases 

which sloped at a gradient of 1.08 m/km in a direction N30°E while 

the second has the same slope and data points but is associated with 

isobases that slope in a direction N60° E. The points were projected 

onto a series of planes aligned from S-N to W-E and the gradients 

and correlation coefficients were calculated (Table 7). The results 

indicate that the correlation coefficient is the only reliable indicator 

of the plane lying normal to the isobases, since it maximises at this 

point. The gradient is thus dependent upon the relationship of the 

isobases to the spatial distribution of the data points. 

Gray (1975) noted that shorelines associated with strong 

isobase curvature produce greater errors in the projection of points 

in relation to each other on an equidistant diagram. According to 

Sutherland (198lb) such shorelines are more likely to be associated 

with Lateglacial events. Therefore in this study the location of 

shoreline fragments was always considered when correlations were proposed. 

Marked isobase curvature may be associated with a wide spread of points 

and thus a reduced correlation coefficient for a specific shoreline 

in the equidistant diagram. In such cases data from localised 

areas was analysed separately in order to see if significant improvements 

-63-



I 

I 

I 

I 

I 

I 

I 

I 

FIGURE 19 A hypothetical diagram which illustrates 
the fact that different projection planes 
can alter the relative position of data 
points to each other and thus invalidate 
the findings outlined by Sutherland (l98lb). 

-64-



z 
\ 

0' \ 
\ ··~ 

E \ \ 
\ 

\ 

(' 

B' 

t:. 
X 

25 

20 

5 

X 

\ \ 
\ 

\ \ 

\ 

\ ~B 
\ 

\ 

lS{A \ 
'\.t:) 

\<.:> 
\ 

\ 

Projection Plane 

25~ 

20 ~(' 
§ 
:::= 15 
.2' 
"' 

:J: 10 

5 

X ProJectaon Plane 

- 6 5-

10 - lsobases (m) 
\ Projection 

X Plane \ 

\ 
\ >( 

~ 
\ 

\ \ 
\ 

\ 
\ \ 

\ \ 

\ 
't:) 

\ 
,<.:> 

\ 

y 

z 



Projection Plane 

N-S 

Nl5' E-Sl5' W 

N30' E-S30' W 

N45'E-S45'W 

N60'E-S60'W 

N75' E-S75' W 

E-W 

TABLE ~a 

Projection Plane 

N-S 

Nl5' E-Sl5' l'l 

N30' E~S30' W 

N45' E-S45' W 

N60'E-S60'W 

N75' E-S75' W 

E-W 

TABLE 7b 

Gradient Correlation Coefficient 
(m/km) 

1.395 0.330 

2.394 0.857 

1.818 0.968 

1.435 0.993 

1.226 0.999 

1.123 0.996 

1.094 0.989 

Gradient and correlation coefficients produced 

from a data set associated with isobases 

declining in altitude towards N60~E with a 

gradient of 1.08 m/km. 

Gradient Correlation Coefficient 

(m/km) 

1.018 0.646 

1. :304 0.958 

1.045 0.996 

0.802 0.952 

0.646 0.893 

0.552 0.832 

0.495 0.767 

Gradients and correlation coefficients produced 

form a data set associated with isobases 

declining in altitude towards N30'E with a 

gradient of 1.08 m/km. 
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in the fit of the data were achieved. If the data sets indicated 

differing isobase patterns then marked isobase curvature was 

accepted (similar patterns indicated either separate shorelines 

or poorly developed shorelines) . If no improvement in the correlation 

coefficient was produced, the data was considered as a poor represent

ation of a single shoreline or insufficient to distinguish shorelines 

where vertical separation is small. 

The gradients of specific shorelines were determined by using 

minimum least squares linear regression analysis. The data produced 

by altitudinal determination of shoreline fragments is not wholly in 

accord with the prerequisites of such a statistical technique due to 

auto-correlation of altitudes from individual terrace fragments 

(Gray, 1975), and the non-independence of individual shoreline fragments 

(Tarrant, 1970; Gemmell, 1975). Since the correlation coefficient 

has been used as a criterion to define the projection plane normal to 

the isobases, it was important to minimise the first of these problems. 

Consequently the arithmetic mean of individual shoreline fragments 

was used (Gray, 1974a, 1983). Cullingford (1977 p. 17) noted that 

this technique is" ... probably to be preferred in areas where 

the shoreline remnants are highly fragmented", as is the case in 

the present study area. Data grouping introduces three problems:-

i) how the mean position of the fragment is determined 

ii) whether this position should lie on the original fragment 

iii) loss of detail due to short fragments having an equal 

significance to longer fragments 

The position of the fragment mean may be derived either from a 

projection plane, by identifying the mid-point; by obtaining 

the mean of the grid referenced points; or by identifying the centre 
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point of the fragment (Sutherland, 198lb). Tests indicate , thilt the PJSition 

of the mean point varie s by a few metres depending on the method being 

used and this has no effect on the final equidistant diagram. As a 

result shoreline fragment means were determined using the arithmetic 

mean of the grid referenced points. 

Cullingford (1977) proposed that in order to avoid over 

emphasis of the short fragments, the longer fragments should be 

divided into two or more 'sub-fragments'. He noted that this technique 

involves problems in the choice of suitable 'sub-fragments' lengths. 

If the errors involved in altitude determination are known as well 

as the shoreline gradient, then lengths of the 'sub-fragments' can be 

calculated and this is illustrated in Fig . 20 . For example 

a terrace fragment associated with a shoreline with a gradient of 

0. 5 m/km and a potential measurement error of 0.40 m would have to be 

traced over 800 m before one point could be distinguished from another. 

As the gradients could not be calculated until the 'sub-fragments' 

were derived a standard practice was used. Shoreline fragments were 

subdivided into 'sub-fragments' up to 500 min length. Tests on 

specific shorelines (Table 8) indicated that this subdivision did 

not significantly affect shoreline identification nor did it alter 

shoreline gradients. 

Sissons (1972) suggested that shorelines are better represented 

as zones of altitudinal data which are bounded by standard error bars. 

It must be remembered that some regional variation in the altitudinal 

data is due to variations in fetch and tidal regime. Standard error 

bars thus produce a shoreline zone in excess of that resulting from 

errors associated with altitude determination. Therefore, in this 

study the shorelines are represented as single lines. Shoreline residuals 

were also plotted on separate height distance diagrams and inspected 

to see if any patterns were evident. Thesewere compared with possible 
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Error Bars 

+Measured Point 

FIGURE 20 

distance 

Di~gramrnatic representation of the ideal sub-fragment 

length. The error bar reffers to the altitude 

measurement error for a particular shoreline fragment. 

It can be seen that point C c ;.m ea~i~y be confussed 

with point A on the basis of the errors involved. For 

this reason it would be inappropriate to place th~se 

altitude measurements in different sub-fragments. In 

contrast point B is less likely to be confussed with point 

A so it could be placed in a separate sub-fragment. The 

length ·of the ~:i"ubfragment is therefore dependent upon the 

gradient of the shoreline. 
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TABLE 8 

Gradient (m/km ) 

With sub fragments Without s ubfragmen ts 

o. 4077 0. 2845 

0. 3177 0. 3036 

0. 2 724 o. 2 722 

0.2373 0.2406 

0. 2099 0. 2134 

0.1886 0.1911 

0.1719 0.1731 

0.1482 0.1468 

0.1280 0.1235 

0.1190 0.1118 

0.1180 0.1077 

Comparison of the gradients obtained from on -Lateglacial 

shoreline (ILG
88

) when fragments longer than 500m were 

a) divided into subfragments (with subfrags.) 

b) used as single fragments (without subfrags.) 
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external factors. 

As shorelines in areas affected by glacio-isostasy are displaged 

in two dimensions, it is possible to define the spatial displacement 

patterns by trend surface analysis (Smith, Sissons and Cullingford, 

1969; Gray, 1974a, 1978; Cullingford and Smith, 1980). Gray, (1972a, 

1975, 1978) noted that the shoreline data collected in Scotland 

was not entirely suitable for trend surface analysis due to clustering, 

non-independence and auto-correlation, but he claimed that such 

problems could be overcome by using arithmetic means for shoreline 

fragments. This claim was disputed by Doornkamp (1972) who suggested 

that the use of means is not valid since it reduces the variability 

of the data. However, Robinson (1972) and Gray (1972b) have demonstrated 

that the use of shoreline fragment means does not produce significantly 

different results from surfaces produced using all the data points. 

Tarrant (1970) and Gemmell (1975) suggested that shoreline fragments 

relate to a single surface whereas trend surface analysis attempts 

to fit a surface to a population with an expected normal distribution. 

The 'true shoreline' as represented by the buried break of slope 

(Fig. 17) will not produce a series of points with a normal distribution. 

The point of measurement on the shoreline fragment is influenced by 

the thickness of colluvium at the break of slope and the population 

derived from these points is likely to have a normal distribution. 

As a result the use of trend surface analysis is valid hut· individual 

shoreline surfaces are located below the 'true shorelines', which 

are buried beneath colluvium. 

The spatial distribution of shoreline data tends to produce 

empty areaswhereboundary effects become important. Such effects 

become more pronounced as the trend surfaces reach higher orders. 

For this reason trend surface maps were only produced for the best 

developed shorelines to the cubic level using grouped data with an 
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adapted programme (Whitten, 1964). The F-test was applied to decide 

if quadratic and cubic surfaces gave a greater understanding of the 

data distribution (Chayes, 1970). The residuals from the trend 

surface analysis were also plotted and resulting patterns compared 

to external factors. 

4. Summary 

Field techniques derived by Sissons and his co-workers were 

applied to the study area. The resulting data was analysed within 

the constraints of the errors associated with it in an as objective 

manner as possible. Where possible the original data was modified 

to be compatible with the statistical tests used. In this way a 

series of distinct raised shorelines was identified. 
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The Field Evidence 

An Introduction to Chapters 5, 6, 7 and 8 

The study area (Fig. l) has been divided into four regions: 

a) the Open Coastlands 

b) the Inverness Firth 

c) the Great Glen 

d) the Beauly Firth 

The field evidence relating to former sea levels and ice-sheet recession 

is presented for each of these regions in the next four chapters. For 

each region a map is presented to show the location of the major glacial 

features (including proposed ice~limits) and the location of the detailed 

morphological maps referred to in the text. In addition to table giving 

the mean altitude and location of all the raised marine and lacustrine 

features (which are divided into subfragments where appropriate) is also 

presented for each region. For each region specific localities are 

decribed in detail, with both the previous and present interpretations 

of the features and deposits being outlined and discussed. For each 

locality a local sequence of events is proposed. Detailed morphological 

maps (at 1:10 000) for areas not described in the text are available 

from the author. 

In the study area extensive fluvio-glacial and glacial deposits 

occur which have an irregular hummocky morphology, and throughout the 

text these are referred to as kames (fluvio-glacial) or morainic, ridges 

(glacial). Sections in these deposits are rare and often only reveal the 

upper l-2 m of sediment. The sections which are available usually occur' 

in gravel pits (eg. Dochgarroch Saw Mill, NH 6226 4118; Laggan Gravel 

Pit, NH 6295 3938; Moray Hill Sand Pit, NH 5732 4942; Mid Caul Gravel 

Pit NH 7756 5045) and usually display sand and/or gravel dep0sits which 

have been lain down by the action of running water. Peacock et al. (1968) 

have suggested that similar features and deposits to the east of Forres 

formed during in situ ice decay. However they noted that the deposits 
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may have been lain down either supra-glacially or sub-glacially (cf . 

Gjessing, 1960) . Since the actual mode of formation is uncertain and 

many of the sections reveal little evidence relating to ice retreat or 

relative sea level change they are not discussed within the thesis. 

Detailed accounts of the location and description of the sections 

are however available from the author . The hummocky deposits are 

therefore interpreted as having been overlain or underlain by ice 

when they were formed. In contrast terrace fragments and outwash 

deltas which have a regular undisturbed surface are considered not 

to have been underlain by ice when they were formed . 

Throughout the study ice limits are placed along the margins 

of undisturbed fluvio-glacial deposits which lie adjacent to hummocky 

terrain or along terminal/lateral moraines. In the former case the 

ice lying adjacent to the ice margin may have been at the surface 

or buried and it may have been either 'active' or ' dead ' . Where a 

moraine is present active ice is assumed to have been present . Ice 

margins associated with fluvio-glacial deposits must not therefore 

be interpreted as limits of active ice, mearly limits of ice masses . 

Specific morphological features (marine/lacustrine/fluvio-glacial/ 

fluvial terraces and shingle ridges) are identified by a number with 

a prefix letter which is dependant upon the process of formation. 

Marine terrace and lacustrine terrace fragments are prefixed by the 

letter 'S' , shingle rides are prefixed by the letter ' R' and fluvial 

and fluvio-glacial terrace fragments are prefixed by the letter ' T '. 

Features are referred to in the text by these identification numbers 

and where possible features identified in published papers are also 

referred to by these figures. All altitudes referred to in the text 

for raised marine/lacustrine terrace fragments and shingle ridges are 

mean altitudes for the fragment as a whole rather than individual 

altitude measurements (Appendix l). 
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CHAPTER FIVE 

THE OPEN COASTLANDS AND THE NAIRN VALLEY 

1. Lochloy 

a) Previous Research 

The region directly east of Nairn, here termed Lochloy, 

stretches from Kingsteps (NH 9038 5736) to Cothill (NH 9522 5858) 

(Figs. 21, 22). Little detailed research has previously been 

carried out in the area. Horne (1923) described large areas of 

fluvio-glacial deposits and raised shoreline fragments. He suggest

ed that these features are truncated by a cliffline which extends 

from Nairn to the river Findhorn. He associated this cliffline 

with sand beaches at 15-30 ft (4.6-9.1 m). 

Ogilvie (1923) proposed that the only clear evidence of 

marine action in the area was a cliffline associated with a 25 ft 

(7.6 m) sea level. Similarly J.S. Smith (1977) suggested that the 

area is largely covered in fluvio-glacial deposits. 

b) Field Evidence 

The Lochloy region can be divided into three distinct 

areas; to the north a broad terrace area below 10 m, in the 

centre a narrow strip of land with marine terraces, and to the 

south an area of fluvio-glacial deposits and landforms. The 

area in the north in which the broad terrace lies is extensively 

wooded and covered with deposits of wind-blown sand and for these 

reasons no altitude determinations were attempted. The southern 

margin of the terrace is defined by a steep degraded cliff circa 

5-10 m high. 

The central area consists of a staircase of raised marine 

features (Figs. 22, 23, Rl-R6, S8-S24). In the Maviston area 
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Shoreline No. of 
Fragment Points 

Sl 7 

Sl 7 

S2 9 

S3 7 

S4 5 

S5 5 

S6 6 

S6 6 

S7 8 

S8 6 

S8 6 

S9 4 

SlO 9 

SlO 6 

Sll 7 

Sll 7 

Sl2 7 

Sl2 6 

Sl3 6 

Sl4 7 

Sl4 7 

Sl5 9 

Sl5 8 

Sl5 8 

Sl5 8 

Sl5 8 

S20 7 

S20 7 

S21 9 

S21 8 

TABLE 9 

Mean r1ean 0Jality of 
Grid Ref. Altitude Measurements 

NJ 0033 6044 16.02 G 

NJ 0062 6034 15.73 G 

NJ 0061 6042 12.68 G 

NJ 0067 6070 9.42 G 

NJ 0096 6054 7.43 M 

NH 9927 5929 24.00 M 

NH 9938 5940 21.99 G 

NH 9927 5918 22.06 G 

NH 9891 5950 23.14 p 

NH 9379 5837 21.73 M 

NH 9449 5855 22.30 M 

NH 9470 5859 21.91 M 

NH 9432 5861 18.35 G 

NH 9375 5846 18.82 G 

NH 9383 5859 15.08 G 

NH 9408 5865 14.84 G 

NH 9361 5819 23.56 M 

NH 9385 5828 23.29 M 

NH 9277 5779 24.93 M 

NH 9214 5761 23.82 M 

NH 9239 5767 23.91 M 

NH 9157 5775 14.71 G 

NH 9197 5776 14.63 G 

NH 9233 5779 14.50 G 

NH 9264 5788 14.42 G 

NH 9293 5799 14.38 G 

NH 9281 5805 11.99 G 

NH 9254 5795 12.08 G 

NH 9147 5749 23.31 M 

NH 9182 5753 23.26 M 

Raised Shoreline Fragments in the Open 

Coastlands Region. P=Poor, M=Moderate, G+Good. 
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Shoreline No. of Mean Mean Quality of 
Fragment Points Grid Ref. Altitude Measurements 

S22 8 NH 9114 5752 23.10 M 

S22 8 NH 9082 5749 22.72 M 

S23 10 NH 9165 5768 17.34 M 

S23 9 NH 9124 5767 17.43 M 

S24 5 NH 9080 5756 17.35 M 

S25 7 NH 8764 5538 23.01 p 

S26 8 NH 8318 5578 18.83 G 

S26 8 NH 8355 5593 18.85 G 

Rl 7 NH 9483 5846 23.73 G 

Rl 6 NH 9508 5856 24.04 G 

R2 7 NH 9430 5841 23.50 G 

R2 6 NH 9455 5849 23.38 G 

R3 8 NH 9430 5844 23.03 G 

R3 7 NH 9461 5853 23.19 G 

R3 7 NH 9487 5858 23.18 G 

R4 6 NH 9439 5854 20.81 G 

R5 8 NH 9423 5855 19.78 M 

R5 7 NH 9449 5864 19.78 M 

R5 7 NH 9374 5842 19.66 M 

R6 3 NH 9239 5792 12.54 p 

TABLE 9 continued 
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(NH 9402 5834) raised marine features form a staircase of 5 levels . 

The highest level (T/S 271) forms a broad flat-topped ridge at 

26.4 m. To the west and east this ridge grades into fluvio-glacial 

deposits so its marine origin is questionable. Below this is a 

flat-topped ridge (Sl2) at 23 . 4 m with a channel to the rear. 

Towards the east the surface of Sl2 is represented by 3 shingle 

ridges (Rl-R3) at 23.9-23.1 m. Below these shingle ridges (Rl-R3) 

there are raised marine terraces at 22 . 0 m (SB, S9) , 18.5 m (SlO) 

and 15.0 m (Sll) . Farther west terraces occur at 24 . 9-22 . 9 m (Sl3 , 

Sl4, S21, S22), 17.4 m (S23, S24), 14.9 m (Sl5) and 12 . 0 m (S20) . 

Many of the features are exceptionally well developed and extend 

over considerable distances . The higher features (Sl3, Sl4, S21 , S22) 

form a continuous flat-topped ridge with a break of slope to its 

rear only at its eastern and western extremities. For the most part 

the ridge overlooks a semi-enclosed basin to the south in which lower 

kettled terraces are present (T 272-T 274) . The surface of the flat

topped ridge is largely horizontal but in the east the surface slopes 

northward. This northward slope can in part be attributed to wind

blown sand accumulating on the southern margin of the feature and 

for this reason altitudes were determined along the centre of the 

ridge rather than at its present day crest. 

In contrast, the southern area is characterized by N-S trending 

kames and kettleholes. Severalpoorly defined terraces also occur 

(T 272-T 275). The highest (T 275) occurs at circa 26 m while the 

lower (T 272-T 274) are pitted by small kettleholes . Several of 

the lower terraces (T 272-T 274) occur within a semi-enclosed basin. 

The steep sided valley of Auldearn Burn (Fig. 22 , B) is located 

within the fluvio-glacial deposits. The present stream is a mis

fit and the valley was probably a subglacial meltwater channel, 
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related to the eastward flow of meltwaters. 

c) Discussion 

The raised shoreline fragments in the Lochloy area (Rl-R6, 

S8-S24) consist of staircases of raised marine features at levels 

between 24.9 m (Sl3) and 12.0 m (S20) with a possible area of marine depo

sits at a lowerlevel (Fig. 22, A). The relationship of the highest 

marine features (Rl-R3, Sl2-Sl4, S2l, S22) to the fluvio-glacial 

depositsto the south is problematical. It is possible that the ice 

may have melted from the area by the time that the highest raised 

shoreline features were formed. Alternatively ice may have lain 

directly to the south of the raised marine ridge when it was being 

formed. The second hypothesis is preferred for several reasons:-

i) There is evidence of ice being present to the 

south of the marine ridge after the highest 

marine features had been formed. The lower 

terraces to the south of the marine ridge are 

kettled (Fig. 24, T 272-T 274) and the slope 

directly south (Fig. 24, A) of the marine ridge 

is also kettled. 

ii) To the south of the highest raised shoreline 

features, in the area proposed to have been covered 

by ice,there are few terrace fragments at circa 

26 m. If the ice had not been present the sea 

would have flooded this area via Nairn and so numerous 

marine terraces would be expected. 

iii) If the ice had not been present the highest marine 

features would have formed a barrier between 

water to the north and to the south. However, 
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the northward slope of the surface of the raised 

marine ridge (Fig. 24) suggests northward drainage 

of water , rather than water on either side of the 

feature. If ice had been present,the northward 

slope of the surface of the ridge can be explained 

as an outwash deposit. 

It is therefore inferred that while the highest raised shoreline frag

ments were being formed ice lay directly to the south . The slope 

(Fig . 24, A) to the south of the raised marine ridge is interpreted as 

an ice contact slope and so some of the raised marine features (Sl4 , 

S21, S22) lay directly against the ice margin. It is probable that 

the ice was stagnant for no evidence of active ice movement during the 

period of formation of the marine features is present. The raised 

marine ridge varies in altitude by 2 m along its length and this may 

be interpreted as the result of a falling relative sea level . Altern

atively, the range in altitude may indicate that the altitudes were 

determined on outwash deposits :r:ather than on raised marine features . 

d) Sequence of Events 

i) Ice covered the whole area and meltwaters flowed 

subglacially eastward along the Auldearn valley . 

ii) The ice mass started to downwaste and retreat . 

iii) The sea penetrated into the area from the north 

to form raised marine features at 24 . 9-22.9 m 

(Rl-R3, Sl2-Sl4 , S21 , S22) . At this time stagnant 

ice lay directly to the south . In some localities 

marine terraces were formed adjacent to the ice 

mass . 

iv) Relative sea level fell to form raised marine 
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features at 22.0 m (S8, S9), 18 . 8 m (R4), 17 . 4-

18.5 m (SlO, S23 , S24, R5), 15.0 m (Sll, Sl5) and 

12.0 m (S20). During this period of time the mass 

of dead ice inland melted and terraces were devel-

oped in an enclosed basin (T 272-T 274). 

v) The raised marine deposits were then cliffed along 

their northern margin and a lower group of raised 

marine terraces were formed (Fig . 22, A) at circa 

6-8 m. 

2. Kildrummie and the Lower Nairn Valley 

a) Previous Research 

Kildrummie is located 3 km SW of Nairn on the northern slopes 

of Strath Nairn (Figs. 21, 25). The features around Kildrummie and 

in lower Strath Nairn have attracted considerable discussion since 

1877. In 1877 attention was drawn to the long sinuous ridge that was 

said to extend from Nairn to the moor of Culloden (Fig. 21) . Fraser 

(1877) suggested that the ridge was an esker . Horne (1923) described 

the same feature in great detail. He suggested that it is composed 

of sand and gravel and forms a prominent ridge which locally divides 

into a series of anastomosing ridges. 

Ogilvie (1923) identified the ridge as an esker , which he traced 

from Loch Flemington (Fig . 21) to Kildrummie where it ends in a steep 

slope which he identified as a sea cliff cut during the "maximum 

submergence" (p. 395) (circa . 30 . 5 m) . North of the ridge he identified 

kames and drumlins orientated NE-SW. He suggested that these mounds 

are truncated by cliffs which lie adjacent to a zone of "kames for 

the most part smoothed by surf .. . " (p . 395). Ogilvie indicated that 

the latter features have accordant summits at about 80 ft (24 . 4 m). 

He described the ' surf-smoothed kames' as being truncated to the north 
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by a cliff related to a 25 ft (7.6 m) relative sea level. 

J.S. Smith (1968) and Small and Smith (1971) identified a series 

of ridges extending between Culaird (Fig. 21) and Kildrummie. They 

suggested that these ridges could be related to subglacial meltwater 

channels in the Dalcross area (Fig. 21) and that the ridges are anesker 

comple~J.S. Smith (1968, 1977) inferred that the features indicated 

a continuous phase of ice downwastage with the ice surface gradient 

causing an easterly subglacial flow of the meltwater. He also 

suggested that highest raised marine feature in the area is a raised 

shingle ridge which occurs at 87ft (26.5 m) (Fig. 25, B). J.S. Smith 

inferred that the smooth fluvio-glacial mounds which lie at a lower 

level than, and north o~ the shingle ridge have been modified by wave 

action. 

Synge (1977a) and Synge and Smith (1980) suggested that raised 

marine features occur up to 38 m in the Kildrummie area. They proposed 

that the esker ridge identified by earlier researchers (termed the 

Flemington esker by Harris and Peacock, 1969) terminates in a flat

topped ridge at 36-38 m. The surface of this flat-topped ridge was 

described as pitted by small kettleholes. Synge (1977a) considered 

that the flat surface of the feature resulted from meltwaters of a 

subglacial river debouching into the sea. He advocated that if the 

ice roof of the tunnel in which the esker was forming collapsed a 

crevasse would have been produced, and if the sea then flooded into 

the crevasse a flat-topped feature would have resulted. On the basis 

of the kettlehole evidence Synge proposed that relative sea level had 

fallen below the surface of the ridge by the time the ice melted. 

Synge (1977a) and Synge and Smith (1980) also suggested that a lower 

relative sea level at 33 m resulted in marine erosion of the eastern 

ends of the Flemington esker. They considered that wave action 

associated with this period produced small beach r.Ldges at the eastern 

-87-



endsof the individual esker ridges. Farther north at Moss-side 

(Fig. 25, A) Synge (1977a, P. 86) described " ... horizontally bedded 

glacial outwash gravels punctured by kettleholes filled to the brim 

with gravel ... ", and he advocated that the infilling of the kettle

holes resulted from wave action. At a lower altitude Synge and Smith 

(1980) identified a beach ridge at Delnies (Fig. 25, B) at 29m. They 

suggested that the fluvio-glacial features in the vicinity of the 

shingle ridge are " marine washed " (p. 20). 

b) Field Evidence 

Lower Strath Nairn forms a broad valley between Kilravock Castle 

(NH 8143 4934) and Howford Bridge (Fig . 25) . In this area terrace 

fragments are well-developed particularly on the southern slopes . 

Although terrace fragments occur up to an altitude of 100 m, altitude 

measurements were restricted to features below 40 m. Many of the 

higher, unmeasured features are probably kame terraces which were 

formed in close association with large meltwater channels east and 

south of Piperhill (Fig. 25). At Howford Bridge the river Nairn turns 

northward through a broad ridge of fluvio-glacial deposits before 

it enters the sea . In this area terrace fragments are only locally 

developed. 

Below Piperhill (Fig . 25) five distinct fluvial terrace fragments 

were identified (T 248-T 252). Four of the terrace fragments 

(T 248 , T 250-252) extend over considerable distances and these 

represent surfaces which progressively decline in altitude down 

valley (Fig . 26) . The surfac$of the terrace fragments are frequently 

dissected by channels. Farther up-valley the terrace fragments merge 

into a single feature. On the northern side of the river Nairn low

lying terrace fragments (T 235-T 256) occur beneath a steep bluff . The 

features on the northern side of the river are correlated with the two 
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poorly-developed terrace fragments occur (T 258-T 264, Fig. 25) . In 

the east the area is extensively channelled and pitted by small 

kettleholes . In the west a number of terrace fragments were identified. 

Terrace fragment T 264 extends into the area from the SW and in this 

direction it rises to circa 42 m. A number of channels produced by 

fluvio-glacial erosion lead onto this terrace fragment (T 264) from 

the north (ie. Fig. 25, D). The best developed of the terrace fragments 

(T 262, T 263) descendsin altitude northwards through the Kildrummie 

Gap. The higher of these terrace fragments (T 262) lies adjacent to 

the kettleholes formed between the ridges of the Flemington esker complex. 

North of the eastern section of the Flemington esker there is a 

broad lowland area. In the east this lowland area (Fig. 25 , H) is 

occupied with kames which are surrounded by broad peat-floored dead

ice hollows. In the west a series of terrace fragments occur (Figs. 

25, 26 , T 266-T 270 , T 273) . The highest terrace fragments (T 266 , 

T 267) rise westward to an altitude of 27.7-28 .7 m. Both terrace 

fragments (T 266, T 267) are channelled and pitted with kettleholes 

and both end eastward in a steep slope at the base of which lies 

terrace fragment T 263 . Terrace fragment T 263 extends northward and 

correlates with T 268 , T 269 and T 273. Below terrace fragment 

T 268 a channel grades eastward into a large flat-bottomed depression 

(T 270) . Borehole records indicate that T 270 is composed of circa 

2 m of grey sand which is locally overlain by peat. The margin of 

the depression (T 270) is sharply defined and altitude measurements 

suggest the existence here of a former lake shoreline at 20.2 m. 

The outflow of the former lake, here termed Kildrurnrnie lake is located 

at Lochdhu Pass (Fig. 25, E). East of the former lake are two 

dissected poorly-defined terrace fragments (T 271, T 272). Each 

terrace fragment declines in altitude northward (Fig. 26) and ~oth 

are pitted by small kettleholes. It may be inferred that when these 
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terrace fragemnts formed (T 271, T 272) water flow through the 

Lochdhu Pass. 

The northern margin of Kildrummie lake terminates at a steep

sided bluff which rises to circa 30 m. At the top of the bluff an 

irregular surface (Fig. 25, F) is pitted with small kettleholes 

and dissected by numerous small channels. An exposure in the de

posits reveals beds of sands and gravels with pockets of contorted 

silts and sands (Fig. 27). Detailed examination indicates that most 

of the deposit consists of:-

0-1.2 m 

> 1.2 m 

Massively bedded rounded-subrounded gravel with 

sand and cobbles. 

Well-bedded steeply-inclined sands and gravels 

interbedded with finely-bedded medium-coarse sand 

with occasional fine gravel layers. 

The steeply inclined beds may indicate foreset bedding, but in the 

context of this deposit it is more likely to represent current 

action. Within these deposits there are pockets of sand and silt 

up to 3 . 5 m thick. At depth the sands and silts are finely-bedded 

and often exhibit cross bedding and ripples (Fig. 27). Towards 

the base of the sand and silt pockets small reverse faults are 

also present. At the top the sands and silts are contorted. 

The contortions are interpreted as load structures resulting from 

the extrusion of water upon sediment loading. None of the sed

imentary structures are unequivocally indicative of marine action. 

North of the irregular surface (Fig. 25, F) there is a 

subdued undulating surface at circa 25 m. At certain localities 

kames and kettleholes occur, but at other sites poorly-defined 

terrace fragments are present. The highest raised marine feature 
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identified in the area occurs just south of Nairn (S25) at 23.0 m. 

Laterally this feature may grade into a fan at the northern end 

of the Lochdhu Gap. The other raised marine terrace in the region 

occurs at 18.8 m (S26) and it lies directly below two kettleholes 

whose lowest rims occur at 23.1 m and 23.3 m. 

c) Discussion 

The Flemington esker forms the most distinctive feature in 

lower Strath Nairn . The ridges indicate a considerable flow of 

water eastward through subglacial channels, yet the ridges end 

abruptly in a flat-topped ridge (T 265) . Synge (1977a) suggested 

that the flat-topped ridge represents a crevasse-filling graded to 

a former high relative sea level at 36-38 m (the crevasse having 

formed when the former ice roof of the esker tunnel collapsed) . . 

Alternatively the flat top may reflect a subglacial water table 

developed in an esker tunnel . The surface of the flat-topped ridge 

(T 265) declines regularly in altitude towards the east (Fig . 26) 

and it is not graded to a specific water level. Farther east small 

esker fragments are present and these may represent a continuation 

of the Flemington esker complex. It is thought that meltwaterG 

initially flowed across the present course of the river Nairn at 

Howford Bridge, but later the waters flowe d northward when the flat 

topped ridge was formed . The flat-topped ridge is considered to 

be a crevasse filling for several reasons:-

i) Kame terrace fragments in the vicinity of Loch 

Flemington · indicate that the ice margir. lay at 

circa 55 m, while meltwaters drained into the 

Flemington eske r system, which is surrounde d by 

land at circa 25- 40 m. On these grounds it is 

inferred that whilst meltwate rs still flowed along 
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the esker tunnels the ice mass was 15-20 m thick . 

The ice mass would probably have become thinner towards 

the east and the possibility that the roof of the 

tunnel (in which the esker formed) collapsed is 

likely . 

ii) The eastern end of the flat-topped ridge is crossed 

by channels (T 275, T 276). Water flowing through 

these channels must have drained across an ice surface 

This flow is more likely to have been sub-aerial 

rather than subglacial . 

Below the flat-topped ridge (T 265) there are several kettled 

terrace fragments (T 259-T 263 , T 266 , T 267) . The higher terrace 

fragments (T 266, T 267) end abruptly westward in a steep slope. No 

terrace fragments at a similar or higher altitude were identified 

farther west . These features are interpreted as small outwash fans 

related to an ice margin located directly west of Kildrummie Gap. 

Terrace fragment T 262 truncates the higher outwash fans 

(T 266, T 267) and is related to a northward flow of water through 

Kildrummie Gap . T 262 is correlated with T 259, T 260 and T 274 

(Fig. 25) . Small blocks of ice lay buried in these terrace fragments 

and between the ridges of the Flemington e sker complex while these 

terrace fragments formed . Whether ice lay farther south in the 

Nairn valley is problematical, since T 248 may represent a kame 

terrace or an outwash fan. The water which flowed through the 

Kildrummie Gap would also have drained into the broad depression 

occupied by Kildrummie lake (T 270) . 
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Terrace fragment T 263 also leads northward through the 

Kildrummie Gap and into the Kildrummie lake basin via terrace fragments 

T 268, T 269 and T 275 . Farther south terrace fragment T 263 was 

traced to a series of meltwater channels and these imply either ice 

located to the south or the flowage of meltwater down the Nairn 

valley from an ice margin located in the west . Above the Kildrummie 

lake basin this terrace surface descends to 23 . 7 m, so the Kildrummie 

lake was at or below this level. The lowest Kildrummie lake occurs 

at 20.5 m and so at the time of formation sea level must have lain 

at or below this altitude. The poorly-developed fan at the mouth 

of the Lochdhu Gap may grade to a poorly-developed raised marine 

terrace (S25) at 23.0 m. The Kildrummie lake associated with this 

fan must have had a water surface at circa 26 m, and this is equiv

alent to the lowest portions ofT 266 and T 26 7 . 

The terrace fragments developed east of Kildrummie lake are 

associated with water which drained from the south . These features 

(T 27 l , T 272 ) are pitted by small kettleholes and must have been 

formed during ice wastage. It is probable that the terrace frag- · 

ments (T 271, T 272) represent the former course of the river Nairn , 

which would have drained through the Lochdhu Gap . Whether water 

also flowed along the present course of the river (through the 

Howford Gap(Fig . 25 , G) is unknown but the lack of terrace frag 

ments at an appropriate altitude detracts from such a proposal . 

T 271 and T 272 may be of the same age as the outwash fans ~ the 

western end o f Kildrummie lake (T 262, T 263 ) . On this basis T 26 2 

would be related to terrace fragment T 271 which grades to a 21 . 5 m 

lake level , while T 263 would correlate with T 2 72 which grades down 

to a lake at 21.0 m. 

The ridge of high ground (Fig . 25 , F) north of the former 

Kildrummie lake shows no evidence of being washed by the sea as 
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proposed by Synge (1977a) and Synge and Smith (1980) . The channels 

and kettleholes on the surface of the feature are indicative of sub

aerial deposition and the sand and gravel deposits with pockets of 

sand and silt are interpreted as outwash. It is thought that the 

pockets of sand and silt represent kettleholes which became infilled 

as the ice melted which is indicated by tectonic and water escape 

structures in these sediments. This ridge of fluvio-glacial sediments 

(Fig. 25 , F) must have formed while ice covered the Kildrummie lake 

basin, and it may be the same age as the flat-topped ridge (T 265) 

at the eastern end of the Flemington esker. 

The fluvial terraces at the eastern end of lower Strath Nairn 

(T 248-T 257) merge upstream. Sissons (1982a) noted that most Scottish 

river terraces merge downstream, rather than diverge. Many authors 

(King and Oakley, 1936; Bloom, 1978) have suggested that lower terraces 

which have steeper gradients may be attributed to dissection which 

resulted from a fall in base level. In contrast, Clayton (1977), 

Rose (1978) and Castleden (1980) have indicated that sediment character

istics and river discharge properties are the most important variables 

in determining the gradients of river terraces. However, Rose 

(1978) noted that where river terraces formed in close proximity 

to the sea, a fall in sea level resulted in incision and an increase 

in the terrace gradient. Since the fluvial terraces of lower Strath 

Nairn (T 248-T 257) have formed in close proximity to the coast it 

is possible that the steeper gradients of the lower terraces reflect 

a fall in base level. However, the fall in base l evel may only 

ref~ct part of the increase in gradient. 

The two lowest terrace surfaces in Strath Nairn (T 251 , T 253 , 

T 255 and T 252 , T 254 , T 256) form broad continuous terraces which 

are related tothe present outflow of the river Nairn through the 

Howford Gap (Fig. 25 , G) . The higher terrace fragments (T 248 - T 250) 
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may be correlated in several ways : -

i) On the basis of altitude,T 248 may be correlated with 

T 249 (Fig. 28) since no other terrace fragment is high 

enough to be correlated with this feature (T 249). Such 

a correlation implies that the gradient of T 248 becomes 

steeper (Fig . 28) and this is supported by the steeper 

gradient at the eastern end of this terrace fragment 

(T 248) . The downstream projection of terrace fragment 

T 249 may possibly suggest correlation with fragment T 257, 

which in turn implies the drainage of meltwater through 

the Howford Gap . On this basis water associated with 

the lower terrace fragment T 250 would also have drained 

through the same gap. 

ii) The downstream projection of terrace fragment T 248 

(ignoring the steeper eastern end of this terrace fragment) 

however may also indicate correlation with either fragment 

T 271 or T 272 at the eastern end of Kildrummie lake . 

The altitude of terrace fragment T 248 near Piperhill 

(Fig . 28) may equally suggest correlation with fragment 

T 26 2 and the flowage of water through the Kildrummie Gap. 

In a similar way terrace fragment T 250 may be correlated 

with terrace fragment T 257. Therefore the waters 

a s sociated with this lower terrace surface drained through 

the Howford Gap. This proposal however does not explain 

the formation of terrace fragment T 249 . 

An alternative proposal is that fragment T 248 is a kame 

t e rrace. In the north the ice would have lain adjacent 

to the Flemington esker (T 265) and could therefore explain 

the poor development of a terrace fragment equivalent to 
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T 248 in this area . 

iii) The final hypothesis combines the theories presented 

above . It suggests that outwash related to an ice margin 

to the west flowed down Strath Nairn and formed terrace 

fragments T 248 and T 264. The Howford Gap may have been 

blocked at its northern end by a mass of dead ice so that 

the meltwaters flowed into the Kildrummie lake via the 

Kildrummie Gap (T 259 , T 260, T 262) and around the 

eastern end of the Flemington esker ridge (T 272) (Fig . 29). 

A fall in level of Kildrummie lake resulted in the formation 

of a lower terrace surface (T 263, T 268 , T 269, T 271 , 

T 273) associated with the same pattern of drainage . 

Deglaciation thereafter resulted in the drainage of melt

water through the Howford Gap . A consequence of this 

change in drainage pattern is the steep gradient at the 

NE end of terrace fragment T 248 and the formation of 

T 249. Thereafter a lower base level resulted it the 

formation of terrace fragment T 250 and the drainage of 

associated meltwaters through the Howford Gap . 

The second and third hypotheses are considered the more 

acceptable due to the coincidence of terrace levels either side of 

the river Nairn. In contrast the first hypothesis does not incorporate 

the transfer of meltwater through the Kildrummie Gap. 

The evidence also indicates that marine f eatures do not occur 

south of the fluvio-glacial ridge (Fig. 25, F) , because in this area 

the rims of small kettleholes and outwash deposits occur down to 

altitudes of 21.0 m. Ice the refore remaine d in the area until re

lative sea level fell below 21.0 m. North of the ridge (Fig. 25 , F) 

marine features are only locally developed. The fluvio-glacial 
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features in the area are poorly-defined as far west as Blackcastle 

(Fig. 21). Farther west marine features occur up to 27.4 m (R7). 

This implies that much of the area north of the fluvio-glacial ridge 

lies below the marine limit. It is therefore possible that the poorly 

defined fluvio-glacial features have been modified by wave action. 

d) Sequence of Events 

i) A series of meltwater channels and kame terraces formed 

in association with downwasting ice on the southern slopes 

of Strath Nairn between circa 40-120 m. Meltwaters in 

the Croy area drained underneath the ice mass to form an 

esker system from Culaird to Howford Bridge and possibly 

also farther east. 

ii) The ice mass downwasted to circa 55-60 m in the Loch 

Flemington area and ~arne terraces were formed which drained 

into the Flemington esker system. In the east the roof 

of the esker tunnel collapsed and formed a crevasse in 

which a flat-topped ridge developed (T 265) . Farther 

north a broad fluvio-glacial ridge was possibly formed 

at the same time (Fig. 25, F). 

iii) The ice mass continued to downwaste and the ice margin 

retreated westward to the Kildrummie Gap. Outwash 

related to this ice margin formed outwash fans T 266 

and T 267 which grade into a Kildrummie lake at circa 

26 m. Water flowed out fro m the lake through the Lochdhu 

Gap and formed a fan graded to a raised shoreline fragment 

(S25) at 23.0 m. 

iv) The main ice mass retreated westward and left large ice 

masses in the vicinity of the Flemington esker ridges and 

at the northern end of the Howford Gap. Outwash drained intothe 
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KildrunEie lakes at 21.5 m and 21.0 m through the KildrunEie 

Gap and east of the flat-topped esker ridge (Fig. 29). 

v) The Howford Gap became deglaciated and the river Nairn 

formed lower outwash terrace fragments (T 250, T 257). 

A succession of lower river terraces (T 251-T 256) were 

then formed. During the same time period the 20.0 m level 

of Kildrummie lake (T 270) was infilled with sediment. 

3. Other Areas/Features of Interest 

a) Dyke and Kintessack 

The villages of Dyke and Kintessack lie at the eastern extremity 

of the study area (Figs. 21, 30). The area forms a narrow strip of land 

confined between the Culbin Forest to the north and Muckle Burn to the 

south. The only published reference to the area is by Ogilvie (1923), 

who identified marine features near Dyke at 90ft (27.4 m), 80ft 

(24.4 m) and 45ft (13.7 m). He described these marine features as 

being cliffed to the north by a prominent feature related to a 25 ft 

(7.6 m) raised marine terrace (Fig. 30, B). 

The highest terrace fragment in the area occurs at the eastern 

end of a broad morainic ridge (Fig. 30, A). The terrace fragment (Fig. 30, 

S5) lies at 24.0 m for much of its length but rises in altitude at its 

northern end. Below this is a well-developed shoreline terrace (S6) at 

22.0 m which is related to terrace S7 which lies north of the morainic 

ridge. East of S6 there are several large elongated kame ridges and a 

large kettlehole. In contrast S7 forms a broad surface. A dense 

tree cover made it impossible to map the surface of S7 but it ~s thought 

to grade westwards into fluvio-glacial features. A large meltwater 

channel (Fig. 21) grades into the fluvio-glacial features which occur 

at the western end of S7. In the east S6 may be related to lower 

outwash terrace fragments T 278 and T 279. T 278 is a kettled and 
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dissected outwash spread which is graded to a raised shoreline fragment 

at 15.9 m. Below this, raised shoreline fragments occur at 12.6 m (s2) 

and 9 . 4 m (S3) the latter has a large lettlehole in its surface. 

The outwash and raised marine terraces are cliffed to the north. 

Adjacent to the cliff is a broad terrace (Fig. 30 , B) which is locally 

overlain by wind-blown sand. The presence of blown sand excluded 

altitude measurements but a raised marine terrace at 7.4 m (S4) in this 

area is thought to correlate with B (Fig. 30) . 

The features in the Dyke and Kintessack area are unusual in 

several respects:-

i) The highest terrace feature (S5) indicates that although 

water flowed from the north extensive fluvio-glacial 

deposits occur below it. It is therefore suggested that 

the horizontal part of the terrace fragment may represent 

an ice-dammed lake shoreline fragment. The glacio

lacustrine sediments identified by Peacock et al. (1968) 

to the east of Kintessock support this conclusion 

(see page 49b). 

ii) Terraces S6 and S7 although horizontal merge to the 

east and the west with kettled outwash graded to the raised 

shoreline fragment at 15.9 m. The altitudes of S7 are of 

poor quality and may explain the lack of gradient of the 

feature. In contrast S6 forms a distinct terrace fragment 

at 22 .0 m. As a result S6 is interpreted as an ice dammed 

lake shoreline fragment, with the ice lying to the south 

of the broad morainic ridge (Fig. 30 , A) during this period. 

iii) The kettlehole in shoreline fragment S3 is the lowest 

kettle identified in the study area, with its lip occurring 

at 9 .0 m. However, this region is probably one of the first 

that would have been deglaciated as the ice retreated westward. 
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It is therefore suggested that ice lay to the south of the broad 

morainic ridge (Fig. 30, A) and produced small glacier-dammed lakes 

at 24.0 m (S5) and 22.0 m (S6). The latter lake drained onto an 

outwash surface (S7, T 278, T 279) associated with an ice margin 1.5 km 

to the west. This outwash surface declines eastward where it merges 

with a raised shoreline fragment at 15.9 m (Sl). Relative sea level 

then fell to form marine terraces at 12.6 m (S2) and 9 .4 m (S3), and 

during this time buried blocks of ice remained in the area. These 

deposits were then cliffed and a raised marine terrace was produced 

at 7.4 m (S4, Fig. 30, B). Relative sea level then fell to its 

present level and the lower marine deposits were covered by wind-blown 

sand deposits (Ogilvie, 1923; Steers, 1937). 

b) Fluvio-glacial Features between Nairn and the River Findhorn 

Inland of the narrow strip of land occupied by high raised marine 

features there is an extensive area of glacial and fluvio-glacial 

deposits. Across the higher ground several ridges are aligned N-S 

en echelon. No exposures are present in these ridges and thus their 

composition is unknown. Their alignment (transverse to the expected 

ice flow) and their asymmetric profile suggest that they represent 

glacial meltout ridges associated with sediment-rich bands of decaying 

ice. In contrast, in the valleys the ridges are aligned E-W and 

exposures indicate that they are composed of fluvio-glacial sands and 

gravels. 

Between Grigorhill (NH 9062 5456) and Hillend Belt (NH 9375 5466) 

there is a single esker ridge intermittently developed (Fig. 21). 

This esker may represent a continuation of the Flemington esker system. 

Towards the east the esker feeds into a large meltwater channel which 

extends eastward towards Dyke. Other meltwater channels from Muckle 

Burn (Fig. 21) and from Hardmuir (Fig. 21) merge with the main melt-

water channel. Throughout the area large kettleholes are common and 

locally kame terraces are present. The features together represent 
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a downwasting ice mass with meltwater having flowed subglacially 

in an easterly direction. 
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1. Ardersier 

CHAPTER SIX 

THE INVERNESS FIRTH 

a) Previous Research 

Ardersier village lies at the eastern end of the Inverness 

Firth below an area of higher ground (Figs. 31, 32). The area has 

been of particular geomorphological interest since the last century . 

Jamieson (1874) described an exposure of grey clay near Ardersier 

at Kirkton (NH 7852 5645) from which he obtained arctic marine shells . 

He described the clay as being buried beneath, or enveloped within , 

a brown unfossiliferous mass of gravel and silt , and he claimed 

that the clay layer was the remnant of some bed that had been des

troyed by later glacier action . Wallace (1883) referred to the same 

section as a deposit of blue clay which contains numerous shell 

fragments overlain by a mass of yellow till. He identified several 

marine shells (Leda pernula (Nuculana pernula (MUller)), Tellina 

calcarea (Chemnitz) (Macoma calcarea (Chemnitz)) , Astarte elliptica 

(Brown)) and concluded that the clay accumulated in an arctic environ

ment. Further study by Robertson (in Wallace, 1883) indicated that 

the shells were still comparatively intact and showed little sign 

of being water worn and some were interpreted as in situ. Several 

marine micro fossils were also identified (Table 11) . Robertson 

noted that the micro fauna was not necessarily of Arctic origin 

but they indicated cooler waters than present . 

Horne (1923) described the same section as a grey clay overlain 

by 6ft (1.8 m) of stratified sand, capped by a sandy and clayey 

deposit about 4 ft (1 . 2 m) thick containing some stones . J.S. Smith 

(1968 ) and Synge and Smith (1980) interpreted these reports of the 

section at Kirkton as evidence of a readvance of ice. J.S. Smith 

(1968, 1977) believed that sections in the bluff behind Ardersier 
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Shoreline No. of Mean Mean Quality of 
Fragment Points Grid Ref. Altitude Me as uremen ts 

S24 5 NH 9080 5756 17.35 M 

S25 7 NH 8764 5538 23.01 p 

S26 8 NH 8318 5578 18.83 M 

S26 8 NH 8355 5593 18.85 G 

S27 7 NH 8140 5552 24.22 M 

S28 7 NH 8108 5492 21.96 M 

S29 2 NH 8063 5497 12.80 M 

S30 1 NH 8068 5505 11.75 p 

S31 4 NH 8062 5505 9.83 M 

S32 3 NH 7857 5506 28.50 M 

S33 6 NH 7909 5608 26.97 M 

S33 5 NH 7910 5586 26.23 M 

S34 10 NH 7934 5534 21.20 M 

S35 8 NH 7844 5640 22.51 p 

S 35 7 NH 7813 5634 20.51 p 

S36 3 NH 7819 5658 11.04 M 

S37 9 NH 7885 5481 18.50 M 

S38 8 NH 7787 5627 8.75 G 

S38 7 NH 7778 5656 8.86 G 

S39 5 NH 7976 5614 7.21 M 

S40 6 NH 7744 5316 13.50 M 

S41 9 NH 7754 5350 5.68 G 

S41 10 NH 7778 5377 5. 36 G 

S42 6 NH' 7728 5324 6.84 M 

S43 6 NH 7680 5294 7.94 M 

S43 7 NH 7652 52 78 7.43 M 

S44 10 NH 7611 5256 8.46 G 

S45 5 NH 7584 5241 7.57 M 

S46 10 NH 7553 5222 8.43 M 

S47 5 NH 7411 5834 19.74 M 

S48 3 NH 7307 5 711 30.25 p 

S49 8 NH 7324 5689 25.16 M 

S50 8 NH 7313 5654 16.60 M 

TABLE 10 Raised shoreline fragments in the Inverness Firth 
region. P = Poor, M = Moderate, G = Good. 
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Shoreline No. of Mean Mean Quality of 
Fragment Points Grid Ref. Altitude Measurements 

851 8 NH 7353 5708 14.58 M 

S51 7 NH 7344 5682 14.78 M 

S52 5 NH 7358 5715 13.95 M 

S53 6 NH 7350 5664 11.56 M 

S53 6 NH 7354 5674 11.89 M 

S54 9 NH 7412 5829 8.53 p 

S55 5 NH 7368 5669 8.09 G 

S56 1 NH 7444 5606 7. 57 M 

S57 4 NH 7411 5644 7.01 M 

S58 10 NH 7486 5624 4.58 M 

S58 9 NH 7422 5607 4.77 M 

S59 9 NH 7425 5635 4 . 81 M 

S60 5 NH 6983 5379 13.19 M 

S61 6 NH 6933 5564 22.55 M 

S62 5 NH 6856 5544 19.86 M 

S63 5 NH 7356 4989 19.36 M 

S64 5 NH 7348 4982 15.08 M 

S65 10 NH 7385 5053 8.41 M 

S66 10 NH 7366 5021 7.66 M 

S69 9 NH 7345 4990 8. 51 M 

S70 3 NH 7349 4949 3.56 p 

S71 9 NH 7417 4985 7. 93 M 

S72 4 NH 7390 4923 8.55 M 

S73 3 NH 7383 4922 7.29 M 

S74 2 NH 7407 4903 11.83 p 

S75 7 NH 7373 4894 7.13 M 

S76 1 NH 7335 4882 17.30 p 

S77 4 NH 7320 4896 16.57 M 

S78 l NH 7265 4907 15.29 p 

S79 4 NH 7283 4902 14.67 M 

S80 2 NH 7225 4908 29.27 M 

S81 4 NH 7233 4909 23.22 p 

S82 2 NH 7256 4913 8. 57 M 

TABLE 10 ( <Cont.) 
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Shoreline No. of Mean Mean Quality of 
Fragment Points Grid Ref. Altitude Measurements 

S83 7 NH 7190 4937 6. 93 M 

S83 7 NH 7217 4925 7.03 M 

S84 2 NH 7139 4931 7.51 p 

S85 5 NH 7136 4914 8.76 G 

S86 9 NH 6823 5094 14.41 G 

S87 2 NH 6820 5100 20.38 p 

S88 3 NH 6735 4982 22.10 p 

S89 10 NH 6763 4984 4.38 G 

S90 3 NH 6829 5227 32.54 p 

S9l 8 NH 6786 5222 29.29 M 

S92 3 NH 6835 5234 8.46 p 

S93 9 NH 6800 5231 8.47 M 

S94 9 NH 6724 5234 3.02 G 

S94 9 NH 6762 5232 3.13 G 

S95 2 NH 6604 5366 3.44 p 

S96 8 NH 6530 5342 3.14 G 

S96 7 NH 6553 5353 2.96 G 

S96 7 NH 6583 5362 2.67 G 

S97 8 NH 6549 5297 2.95 M 

S98 6 NH 6493 5281 4.40 M 

S98 5 NH 6512 5295 4.05 M 

S99 6 NH 6757 5226 8.91 p 

SlOO 10 NH 6403 5278 29.02 M 

SlOl 10 NH 6359 5238 29.59 M 

SlOl 9 NH 6324 5213 28.86 M 

Sl02 7 NH 6285 5186 27.70 M 

Sl03 3 NH 6252 5165 29.18 M 

Sl04 3 NH 6258 5161 26.83 M 

Sl05 6 NH 6296 5186 14.42 p 

Sl06 3 NH 6408 5269 17.57 M 

Sl07 2 NH 6447 5307 14.80 M 

Sl08 8 NH 6424 5170 28.94 M 

Sl09 l NH 6415 5160 26.95 M 

suo l NH 6418 5168 24.63 M 

TABLE 10 (cont.) 
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Shoreline No. of Mean Mean Quality of 
Fragment Points Grid Ref. Altitude Measurements 

Slll 2 NH 6466 5234 17.90 M 

8112 3 NH 6460 5231 17.82 M 

Sll3 3 NH 6433 5209 17.58 M 

8114 2 NH 6464 5242 14.50 p 

8115 9 NH 6399 5172 10.93 M 

Sll6 3 NH 6315 5CD94 14.02' M 

8117 2 NH 6343 5173 7.98 M 

8117 3 NH 6339 5193 7.87 M 

8119 3 NH 6380 5196 6.69 G 

8120 3 NH 6364 5196 6.81 G 

8121 6 NH 6458 5246 5.28 G 

Sl21 6 NH 6437 5232 5.46 G 

8122 7 NH 6442 5284 5.29 G 

8122 6 NH 6410 5255 5. 39 G 

R7 9 NH 8147 5547 27.35 M 

R8 7 NH 8113 5494 24.86 M 

R9 7 NH 7863 5521 29.63 M 

RlO 2 NH 7855 5511 30.55 p 

Rll 8 NH 7910 5539 29.04 G 

Rll 7 NH 7899 5579 28.33 G 

Rll 7 NH 7896 5606 28.70 M 

Rl2 6 NH 7803 5302· 9.38 G 

Rl2a 6 NH 7786 5647 9.62 G 

Rl2a 5 NH 7797 5661 9.04 G 

Rl3 5 NH 7816 5406 8.17 G 

Rl3 6 NH 7817 5400 8.42 G 

Rl3a 5 NH 7783 5669 9.45 M 

Rl4 6 NH 7334 5640 9 .. 17 G 

Rl5 3 NH 7379 5639 8.90 M 

Rl6 7 NH 7365 5682 9.62 G 

Rl6 7 NH 7370 5709 9. 74 G 

Rl7 5 NH 7375 5717 9.28 G 

Rl8 5 NH 7383 5692 8.43 M 

Rl9 10 NH 7407 5625 8.58 G 

R20 5 NH 7382 5707 8.61 M 

TABLE 10 (cont.) 
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Shoreline No. of Mean Mean Quality of 
Fragments Points Grid Ref. Altitude Measurements 

R2l 9 NH 7391 5682 7.76 M 

R22 5 NH 6983 5407 9.64 M 

R23 7 NH 7371 5009 22.74 M 

R24 10 NH 7264 4904 17.32 G 

R25 9 NH 7339 4998 9.78 G 

R26 2 NH 7339 4972 9.99 G 

R27 6 NH 7166 4942 10.43 G 

R28 10 NH 7153 4825 9.90 G 

R28 10 NH 7150 4780 9.94 G 

R29 6 NH 7100 4766 5.50 M 

R30 5 NH 6760 4993 9.21 M 

R3l 4 NH 6822 5235 10.51 G 

TABLE 10 (ocnt.) 
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Ostracoda For arnini f e ra .. 

Cytheridea punctillata (Brody) Polymorphina lactea (W . & T . ) 

Cytheridea papillosa (Bosquet) Polymorphina asummata (Will.) 

Cytheridea Sorblana (Jones) Pollstomella striato-punctata 
( F . & M. ) 

Cytherura Sarsii (Brody) Pollstomella Arctica (P. G. ) 

TABLE 11 Microfossils identified by Robe rston in t he 

Type of 
Feature 

Erosional 
Notch 

Shingle 
Ridge 

Marine 
Terrace 

Erosional 
Notch 

Erosional 
Notch 

Erosional 
Notch 

Erosional 
Notch 

Shingle 
Ridge 

blue shelly clay deposits found near Ardersier . 
The names are unmodified from the original paper 
(Wallace , 1883) 

Grid Present Suggested 
Proponent 

Ref . Study.'No .! Altitude 
m O. D. 

NH 782 557 - 32 . 92 J. Smith , 1968 

NH 791 556 Rll 27 . 10 J . Smith , 1968 

NH 782 565 S35 26 . 82 J . Smith, 1968 

NH 780 560 - 32 Synge , 19 77 a 

NH 780 560 S35 24 Synge , 19 77 a 

NH 780 560 S38 9 Synge 1977a 

NH 780 560 - 7 Synge , 19 77 a 

NH 790 557 Rll 31 Synge , 1977a 

TABLE 12 Raised marine features identified by J . S . Smith 
(1968) and Synge (1977a) in the Ardersier area 
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village (Fig. 32) show beds deformed by the same re-advance of ice. 

He suggested that the sand and silt beds with inliers of marine 

clays represent ice borne material dredged up from the Inverness 

Firth and pushed into a ridge form. The ridge was thought to be a 

readvance moraine. He initially suggested that outwash associated 

with his proposed moraine grades to a low relative sea level, but 

in 1977 he suggested in contrast that there is a significant drop 

in the marine limit west of the moraine. 

Synge (1977a) and Synge and Smith (1980) also suggested that 

an arc of fluvio-glacial deposits above Ardersier village represent 

the frontal remnant of morainic deposits associated with a readvance 

Synge advocated that when this ridge formed,relative sea level was 

at a low level. Later sea level rose and during the subsequent re

gression a series of marine features were said to have been formed 

in the Ardersier area (Table 12) . 

In contrast, Ogilvie (1914) did not associate the changes in 

sea level with ice retreat. He identified 4 former marine levels at 

100ft ( 30. 5 m), 50ft (15. 2 m), 25 ft (7.6 m) and 1 5 ft (4.6 m). 

He suggested that the two higher levels were partially eroded when 

relative sea level stood at 25ft (7.6 m). 

b) Field Evidence 

The higher ground at Ardersier is cliffed along its western 

and northe rn margins, and a series of sections are exposed. The 

s ections r e veal steeply-dipping beds o f sand and silt and occas iona l 

clay layers. These are truncated by horizontally bedded sands and 

fine gravels. The upper beds (some 2-3 m thick) locally show sym-

me trical ripple ma rks, which a re indicative of c urre n t action probably 

produced in a mari ne e n v ironme n t (Allen , 1 970). The l o wer b e ds are well sqpos 

at NH 7802 5596 (Fig . 32, B) (Plate 2). At thi s s ect i on b e d s o f s ilty clay, s ilt 
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and fine sand a r e fo lde d . Mo r e d e t a ile d inspe ction reveal e d sand 

bed s (0 . 2- 0 . 5 m thick) interb e dde d with f ine ly-b edde d layers of silt , 

sand and c l ay . Within these f i ne l y - bedde d l a y e rs the r e are a 

series of soft sediment defor matio n s truc tures (Fig . 34 , Plate 3 ) . 

At certain s i tes we l l - deve loped l oad c a s t s a nd water escape struct

ures are evident . The core of o n e of t he f o l ds is composed of a 

ball of silty c l ay around which t h e oth e r bed s a ppear to have b e en 

draped . The well-deve l oped load casts a nd wa t e r escape s tructure s 

indica t e that the sedi ments wer e initia lly d epo s ite d in wate r . The 

horizonta l beds which locally t r u nca t e t hese d e pos it s indicate that 

the d e f ormat i on occurred befor e the uppe r bed s we r e lain down . 

Samples of the various sediments we r e s i e v e d (1 25 ~m) but no faunal 

remains we r e i dent ified . 

Th e higher grou nd at Arde r s i e r ri ses t o c irc a 4 2 m and forms 

an undulat i ng topography wh i c h s lopes towa rds the e a s t . Below the 

cre s t ar e a se ries of s hing l e ridges (R9 -Rll) and assoc iate d marine 

terraces (S32 , S33 ) (Fig . 32 ) . The highe st ridge (RlO) at 30 . 6 m 

extends westward fr om an area of h igh e r ground to the cliffline 

above Arde rsie r village . To the north of this shingle ridge (RlO) 

l ies another ridge (R9 ) at 29 . 6 m and together these two marine 

ridges repre s ent a tombolo b e tween the higher land masses to the 

west and east . Farthe r e ast another ridge (Rll) forms a prominent 

feature, the c r e st of which lies at 28 . 7 m and this is fronted by a 

marine terrace (S 33 ) at 26 . 6 m. 

Below the s e shingle ridges there are marine terraces at 21 . 2 m 

(S 34) , 21.6 m (S 35 ) , 1 8 . 5 m (S37) and 11.0 m (S 36) (Figs . 32 , 33 ) . 

The first of these features (S34) is pitted by a large k e ttl ehole 

whose rim lies at 20 . 8 m. Shoreline terrace fragment S 35 lies 

between 23 . 9 -1 9 . 2 m and it is thought that it may be a composite 

feature because of this large range in a lti tude of its break of 

slope. 
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Farthe r east a sta irc a se of raised shore line fragments is present , 

the highest ridge (R7) a t 27 . 4 m en c l oses a s mall kettlehol e . Below 

this a mar ine terrace a t 24 . 2 m (S27 ) exte nds southward to grade i n to 

a shing l e ridge (R8) at 24 . 9 m. Thi s r idge e nc lose s an a r ea whic h is 

extensivel y kettled . Below t h e ridge (R8 ) is a stairc ase of raised 

marin e t erraces at 21 . 9 m (S28) , 1 2 . 8 m (S29 ) , 11. 8 m (S 30) and 

9 . 8 m (S3 1 ) . To the south ther e are k a mes and d ead ice hollows , and 

many of t hese fluvio - glac i a l fea tures lie b e l o w the altitude of the 

marine t erraces described above . 

Th e higher raised shor e line f r agments a r e truncated by a c liff

l ine wh ich extends intermittent ly t hrough out t h e Arde rsier area . In 

t he west this c l iffline is fron ted by a n a rro w, s t e eply-sloping , raised , 

shing l e beach between 5 . 5 a n d 7 . 6 m (S41-S43 ). East of this the cliff 

is absent a nd sh ing l e ridges a r e p r e s ent. The crests at t ain ed 

altitudes of 9 . 4 m (Rl 2) a nd 8 . 3 m (Rl 3 ) . North and east of Ardersier 

village t he c liff line i s fro n ted by a series o f s and and shingle 

ridge s a nd t errace f r agme nts. Locally , she ll s are abundant in the 

l ower ma rine f eat u r es . The highe st s hingle ridge s (RUa , RDa) both 

occur at 9 . 4 m a nd they are c ontinue d t o the NW by a broad shingle 

spit . Be l ow th i s the r e are marine t e rrace s a t 8 . 8 m (S38 ) and 7. 2 m 

(S 39 ) and a serie s of lowe r shingle ridges (eg . Fig. 32 , C , D) . In 

the north the shingle ridge s have bee n c ove r e d by wind- blown sand 

and there for e altitude measureme nts were not attempted in this area . 

c) Discus s ion 

The contorted sediments exposed in the sections to the north 

of Ardersier village have been interpreted as evide nce of a major 

readvance of ice (Smith , 1968 , 1 9 77; Synge, 1977a ; Synge and Smith , 

1980) . There is however reason to believe that this i n terpre tat i on 

i s i n error . The sediments themselves consist of we l l bedded sands 
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and silts with clay lenses and are indicative of deposition by running 

water . Further, deformation structures in glacial sediments can result 

from a number of processes and they are not conclusive evidence of 

an ice readvance . Carruthers (1947, 1948 ) and Sugden and John (1976) 

i ndicated that sediments folded by glacial processes are found in 

c l ose association with till. At Ardersier no till was identified by 

t he present author and the deposits interpreted as till at Kirkton 

by Wallac e (1883) were subsequently described as fluvio-glacial 

sediments (Horne , 1923 ). The deformation structures are thus con

sidered to have resulted from water expulsion from super saturated 

sediments which were initially deposited sub-aqueously . This inter 

pretation is in accord with the views of Robertson (in Wallace , 1883 ) 

that some marine shells in the grey clay are in situ , and therefore 

the sediments were deposited in the sea . In order to accumulate 

such a large volume of material an ice margin must have lain close 

by. The meltwater would have flowed directly into the sea so the 

ice margin may have , in part , been floating . The expulsion of water 

from the sediments may be explained in three ways:-

i) Glacier movement deformed the soft sediments , and this 

movement could have been initiated by a f l oating ice 

margin becoming unstable . 

ii) Sub-aqueous deposition resulted in turbidity flows or 

slumping which deformed the sediments. 

iii) Localised sediment loading resulted in expulsion of water 

and the deformation of the sediments . 

In each case there is no need to invoke a major readvance , particularly 

since till deposits are absent. 

The deformed sediments at Ardersier thus indicate a high 

re l ative sea l evel. The uppermost horizontal beds are also marine 
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in orig i n and l ie at c i rca 30 m. These deposits may b e r e late d to the 

highest marine features of the a r ea (R9 , Rl O) a t 30 . 6 m a nd 29 . 6 m. 

These l a t er features , which a r e ridges , ind i cat e c onsiderabl e areas 

of open water . It is l i kely tha t the open wa t e r lay to the north and 

that t h e r i dges represent success ive level s during a fa ll i n relative 

sea l eve l . The lower ridge (Rll ) a nd associat e d marine terrace (S 33 ) 

al so r ef l ect open water north of Ardersier . 

The large kettlehole (whose r i m l ies at 20 . 8 m) in shore line 

fragment S34 presents a prob l em of formation . It i s possible that 

an i ce raf t ed or in situ mass of i ce was bu r i e d in the sedi ments which 

make up the h i gh ground at Ar ders i er . Unde r this hypothe s is the mass 

of i ce would have been in pla ce wh ilst the h i g h er shingle ridge s 

we r e b eing formed (R9 - Rll) . The mass of i ce the n melted after relative 

sea l eve l fe ll below 20 . 8 m. Alte r na t ive l y , the shingle ridge s may 

have formed ad j acent to a ma s s of i ce to the south . This ice wi thdrew 

and l eft ablock of ice in t he sediments which we r e then r e worke d by 

marine p rocesses to form S34 . Subsequently rel a tive sea l e vel f e ll 

below 20 . 8 m and t he b l ockof i c e me l ted . The s econd theory is s upported 

by the p r esence of e xte nsive f l uvi o -glac i a l d eposits to the south 

whose surface lie b e low the marine limit o f the a rea, although n oevidence 

of modification by marine processes i s pre sent . It i s conc l uded 

that a large mass of i c e did lie south o f Arde rsier whil e the higher 

raised marine fe a ture s we re formed . Howeve r , the extent of this ic e 

mass is large l y unknown . It is also hard to r e concil e the exact 

origin of the k e ttled raised shoreline f r agment (S 34) , for it is 

possibl e that marine features were forme d in close p r oximi ty to a 

decaying ice mass . 

After the 9 . 8 m (S 3l ) ra i sed shorel ine fragment formed there 

was a period of extensive marin e erosion . Th i s was followed by the 

for mation o f another sequence of r aised marin e featur es (Rl l-Rl 3 ) , 
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s38-S4 3) between 5 . 5 m and 9 . 4 m. 

d) Sequence of Events 

i) The ice sheet downwasted and retreated to the Ardersier 

a r ea . 

ii) Whi le the ice lay in the Inverness Firth and south of 

Ardersier meltwaters depo s ited sands and silts sub

aqueously in a marine environment . These sediments 

became deformed by either glacier movement , slumping, 

or through sediment loading. 

iii ) Re l at i ve sea l eve l fell a nd truncated the contorted sand 

and s ilt beds and deposited marine sands and gravels 

at circa 30 m. 

iv) Re l ative sea level fell to form raised marine features 

at 28 . 5 m (S34 , R9 , RlO); 26 . 6 m (Rll , R7, S33) ; 24 .0 m 

(S27 , R8) ; 21. 6 - 22 . 0 m (S28 , S35); 18 . 5 m (S37); 12. 8 m 

(S29); 11. 8 m (S30 , S36) and 9 . 8 m (S 31). During at 

l east the initial fall in relative sea level small masses 

of ic e remained in the area , whil e farther south larger 

masses of dead ice may have been present . 

v) During a period of marine erosion the higher raised 

marine features were truncated and an extens i ve c liff-

line developed. 

vi) A large spit formed adjacent to the cliff north of 

Ardersier (RUa) while a smaller spit (Rl2) sealed the 

depression south of the village. Marine terraces which 

correlate with these shingle ridges occur at 8 .4-8 . 8 m 

(S41, S38). 

vii) Relative sea level then fell to produce a series of raised 

shingle ridges and marine terraces (eg . Rl 3 , S38 ) 
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2. Alturlie 

a) Previous Research 

The village of Alturlie stands on a promontory on the shores 

of the Inverness Firth some 9 km NE of Inverness (Figs. 31, 35). 

The promontory has been ascribed a variety of origins. Ogilvie 

(1923) described it as a remnant of a fluvio-glacial apron which 

covered the western part of the Inverness Firth. He noted that in 

this area the apron is pitted withkettleholes. He also suggested 

that the deposits had been partially eroded by marine action when 

relative sea level stood at 15 ft (4.6 m), at the same time a looped 

bar extended the point seaward. 

J.S. Smith (1968) interpreted the deposits at Alturlie as 

asymmetric moraine ridges which had been subsequently modified by 

marine processes. He suggested that the highest marine feature in 

the area, a shingle ridge, lay at 102ft (31.0 m). He advocated that 

the morainic ridges represent an ice limit which he associated with 

the Tomnahurich-Torvean gravel complex in the Ness valley (Fig. 39) 

and kame terraces on the southern slopes of the Beauly Firth. 

Synge (l977a) and Synge and Smith (1980) identified the 

features at Alturlie as a large morainic feature pitted by kettleholes. 

They suggested that features mark a halt of the retreating ice margin 

in the Inverness Firth. Synge (l977a) advocated that the ice limit 

could be traced westwards and then southwestwards by lateral moraines. 

He also proposed that the Tomnahurich and Torvean ridges at Inverness 

(Fig. 39) were deposited while ice lay at the Alturlie ice margin. 

Synge and Smith (1980) suggested that subsequently the Alturlie 

area was covered by the sea, and the highest marine feature they reported from 

the area was a shingle ridge at 29 - 30m. They a lso proposed t hat t he 

morainic deposits were later cliffed by Postglacial seas which stood 

at 11.0 m and 8.0 m. 
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Haggart (1982) concluded that there was no evidence of an 

ice limit at Alturlie. Instead he suggested that the area was made 

up of fluvio-glacial deposits that resulted from ice decay. 

b) Field Evidence 

The higher ground at Alturlie is made up of a series of ridges 

(Fig. 35), the highest of which reaches circa 31 mat its crest. 

Exposures in the ridges (NH 7150 4920, NH 7262 4818) indicate that 

they are composed of a series of cross-bedded sands and coarse gravels. 

The ridges are interpreted as fluvio-glacial deposits. Between some 

of the ridges there are large kettleholes, while in other localities 

(Fig. 35, A, B) the ridges lie adjacent to flat-bottomed semi-

enclosed basins which contain laminated clays and silts. Analysis of these 

laminated sediments by sieving (125 ~m) revelled no faunal remains. 

The highest unequivocal marine feature in the area is a raised 

shingle ridge (R24) whose crest reaches 17.3 m. Above this there is a 

flat-topped hill (S80) at 29.3 m and a poorly-defined terrace fragment 

(S8l) at 23.2 m, both of which may be of marine origin. However horizont

ally bedded deposits at circa 29 m are present in a gravel pit section 

(NH 715 493). Although the marine origin proposed by J.S. Smith (1968) 

is accepted the morphological feature of a shingle ridge which he 

and Synge (l977a) identified in association with these deposits could 

not be distinguished. Lower well-defined raised marine terraces are 

also present at 16.6 m (S77) and 14.7 m (S79). 

The high ground and higher marine features (S77-S80, R24) 

have been cliffed. Adjacent to the cliffs are shingle beaches (S83, 

S85) at 8.8 m and 7.0 m and a shingle cuspate foreland (R27), the crest of 

which reaches 10.4 m. Farther south there is a shingle ridge (R28), 

the crest reaching 9.9 m (Fig. 35). Below this ridge (R28) two 

lower ridges (R29, R29a) are present. 

c) Discussion 

The fluvio-glacial ridges which make up the high ground at 

Alturlie can not be related to a former ice margin. The lack of 



alignme nt of these ridges suggests that ice decay was chaotic and 

was probab l y associated with stagnant ice . The origin of the laminated 

c l ays and silts within the flat - bottomed basins between the fluvio

glac i a l ridges is unknown . It is possib l e that the deposits are 

marine , but a l ternatively , they may be lacustrine . 

The highest inferred marine feature in the area (S80 ) at 29 . 3 m 

and t he marine deposits at cir ca 29 m indicates that much of the 

promontory could have been modified by marine action . Howe v e r , there are 

few we ll developed marine features in the area and this may be explained 

as a r esult of ice coverage or because of the limited fetch situations 

between many of the ridges . 

Subsequently the fluvio - glacial deposits were cliffed. Since 

the small cuspate foreland (R27) lies adjacent to this cliffline it 

must have developed at a later date . The cuspate foreland is also 

correlated with the raised shingl e beach (S85) a nd the raised shingle 

ridge (R28) found farther to the south . 

d) Sequence of Events 

i) The ice shee t downwasted and formed a series of kames 

in the Alturlie area. 

ii) The sea inundated into the area and formed raised marine 

features at 1 7 . 3 m (R24) , 16 . 6 m (S77) and 14 . 7 (S79). 

Highe r features at 29 . 3 m (SBO) and 23 . 2 m (S8l) may 

also be marine . As relative sea leve l fell large masses 

of ice may have r emained in the area . Between some of 

the kames laminated deposits of marine or lacustrine 

origin accumulated . 

iii) The fluvio - glacial and higher raised marine depos its 

were cliffed . 

iv) Shingle ridges (R27 , R28) and shingle beaches (S85 ) 

were formed adjacent to this cliffline to a maximum 



altitude of 10.4 m. 

v) Relative sea level fell to form raised shingle ridges 

(R 29 ) and lower raised shingle beaches (S83) . 

3. Munlochy Bay and Valley 

a) Previous Research 

Munlochy Bay forms an inlet aligned approximately at rightangles 

to the main tre nd of the Inverness Firth (Figs. 31, 36, Plate 4). 

The Bay is continued inland by the steep sided valley of Munlochy 

which has a similar alignment as the Inverness Firth. Horne and 

Hinxman (1914) suggested that within thisvalley there are shoreline 

fragments at 100 ft ( 30.5 m) and at 50 ft (15.2 m). They reported 

that the highest shoreline fragment is composed mainly of sand and 

gravel, but with area s of stiff laminated clay. Above the main valley 

they described a series of fluvio-glacial gravel deposits which they 

associated with terminal moraines on Millbuie Moor (Fig. 31). 

Ogilvie (1923) suggested that r aised marine features are 

present in Munlochy Bay/valley at a variety of altitudes. He ident

ified the highest marine terrace (SlOl) as being at 100 ft (30.5 m) 

and associated this with an outwash plain,(rernnant of which he 

identified just within the entrance of Munlochy Bay) . . 

J.S. Smith (1968) also indicated that a series of raised marine 

features are present in this area. He suggested that the highest 

marine features (SlOl, SlOB) form a distinct notch on both sides 

of the valley at an altitude of 89-90 ft (27.4 m), but he described 

none of the lower marine features. 

b) Field Evidence 

On the slopes of Munlochy valley and above Munlochy Bay there 

are a series of raised shoreline fragments (S90-Sl22, R3l; Figs. 
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36 , 37) . The h i ghest a nd most dis tinc t f eatures form a marine terrace 

at 29 . 0 - 29 . 3 m (S 9 l , S l OO , SlOl , Sl 03 , Sl OB ) (Plate 5 ). On the 

northe r n s ide of Munlochy va l ley t he h i gh est shoreline fragment 

(SlOl) appears to grade laterally i n to a l ower marine terrace (S l 02) 

at 27 . 7 m. At another l ocality (S l 04 , Sl 09 ) a marine terrace at 

27 . 0 m form s a separate terrace s urface be low the highest marine 

terrace . At l o we r altitud es there are a serie s o f raised marine 

t e rraces whic h are only loca l ly deve l oped (S l 04 - Sl07 , Sll0-S l l 6 ) . 

Many gullies a r e pre sent on the va l ley s i des a nd they appear to grade 

to t he highes t raised marine terrac e s , but some dissect the highest 

marine f e ature and grade to lower ra i sed marine t e rraces . Th i s i n

dicates a progre ss i ve fall in r elative sea l e ve l , and precludes the 

pos s i bility that the lower marine featu r es we re formed earlier than 

those above the m. At the head of t he valley (Fig . 36 , B) l a minated 

g rey c l ays occur beneath sand and grave l dep os its of an alluvial fan . 

The c l ays are p r obabl y marine depos i ts , but n o faunal remains were 

ob t a ined to substanti a t e th i s view. 

The f l oor of Munloc hy valley is c omposed of grey silty clays 

which cont ain shell fra gments and wh i ch overlie sands and gravels . 

Towards the head of t h e valley t h e s ilty c lay deposits become peaty 

and at certai n l ocalities islands of p eat have bee n identified 

(Haggart , pers . comm . ) . The surface o f the silty clay forms a series 

of hori zonta l sections (Sll 7 , Sll9 - Sl2 2 ) linked by gently sloping 

ramps. In the east the lowest horizonta l section (Sl 2l , Sl22) is 

separated fro m lower marine terraces (S 9 5 - S98 ) by a distinct slope. 

Around the shores of Munlochy Bay there is a degraded cliff 

l ine (Plate 4) . This cliffline could be traced as far inland as 

Bayhead Farm (Fig . 36 , C ) . Lying adjacent to the cliffline are 

several shingl e beach e s a nd shing l e r i dges (R31 , S92 , S9 3) at 

8 . 5-10 . 5 m. Below t hese t her e i s a l ower raised est uarine terrace 
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PLATE 4 Munlochy Bay at low tide(viewed from NH 6548 5388 looking 

towards ESE). Note the raised estuarine deposits adjacent 

to the present day mudflats, the steeply sloping raised 

shingle beaches on the opposite side of the bay and the 

degraded cliffline behind these shingle features. 



r 

I 
I-' 
w 
~ 
I 

PLATE 5 Shoreline fragment SlOO in Munlochy Valley (viewed from 

NH 6434 5179). The lower house stands on the shoreline 

fragment, whilst lower Flandrian estuarine deposits occur 

in the bottom of the valley. 



at 3 .0 m (S94) . 

On the hillslopes above Munlochy Bay/valley there are several 

fluvio-gl acial features . In the valley to the SE of Drumderfe t Hill 

(Fig . 36 , D) a peat filled depression lies adjacent to a poor l y 

defined outwash terrace fragment (T 230 ) . This terrace fragment 

only extends a short distance down valley and can not be correlated 

with the raised marine features in the a rea. Directly north of 

Munlochy village there are several small meltwater channels (Fig . 

36 , E). Farther west in the vicinity of Muirton Burn (v1H 628 54 7) 

there i s a dissected outwash fan whose meltwaters would have passed 

into Munlochy valley via Big Burn (Fig . 36) . West of Munlochy 

the higher ground is composed of kame a nd kettle topography , indicat-

ive of downwasting ice. 

At the head of Munlochy valley a ridge (Fig . 36 , A) divides the valley 

:into two arms . Leading into the northern arm are a series of well-

developed meltwat er channels which extend NW to kame and kettle 

topography around Tore (Fig. 36) and eastwards to the Glackmore 

col (which d i vides the Munlochy basin from that of Redcastle Burn) 

Leading into the southern arm of the valley are meltwater channels 

associated with cols at Taindore (F ig . 36 , G) and Ashley (Fig . 36 , H) 

The latter forms a channel which passes near Bogalian Church 

(NH 6350 5050) to a poorly-defined terrace fragment (T 232 ) which 

extends down to circa 30 m. 

c) Discussion 

The fluvio - glacial deposits in the Munlochy area testify to 

extensive decay of a former ice mass . Many of the meltwater channels 

associated with these deposits ultimately lead into Munlochy valley , 

but the direct association of these features with the raised marine 

terraces i s only known near Ashley . Meltwaters flowed from the Beauly 
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Fir t h across the Ashl ey c ol and p r obab l y g r a ded to the highes t marine 

ter r ace in Munlochy va l ley (S l OB) . On these grounds it is probable 

that me l twaters flowed into the Munloch y a r e a ac ross the Glackmore 

a nd Taindore cols at the same time . The presence of dec aying ice in 

t he vicinity of Tore is also l ike l y du ring this p eriod . This indicates 

t hat ice r e maine d in the Beauly Firth , on t he higher parts of the 

Black Is l e and in the sou thern l i mb of Munlochy valle y , whil s t the Inv erness 

Firth and much of Munloc hy valle y were ice free . 

The c larity of the highest raised mar ine t e rraces throughout 

t he Munlochy area suggests either cons i der able s tab ility of r e lative 

s ea l eve l or high sediment availab ility dur ing the ir formation . The 

likelihood that meltwaters poured into the a r ea whil e these marine 

fea t ures formed makes the latter expl a nat i on the more plausible . 

Lower marine terraces are only l ocally devel oped and this may reflect 

r edu ced sediment input when the mel twaters n o l onger f lowed acros s 

the co l s . The presence of gull i es wh i ch dissec t the highest rai s ed 

marine terraces and which grade to l ower r a i sed shore line f ragme nts 

ind ica t es a progress i ve fal l i n r e lat i ve sea l evel. 

The marine terraces l ocated in the b ottom of Munlochy valley 

(Sll 7 , Sll 9- Sl22) a r e unl i ke most of the estua rine depo s its in the 

study a r ea , f o r they a r e no t sepa r a t e d by d i s tinc t slope s. In the 

Forth valley s i mila r s ilty clay depos its h ave p roduced a similar 

phenomen o n (D. E . Smith , 1 968 ) but on a conside r ab l y larger scale . 

It is pos s i b l e that the hori zonta l s ec tions repre sent the forme r 

saltmarsh areas and the sloping ramp s the f o rme r mudf lats . Restric ted 

fetch in the es tuary of the time r e sulte d in no inte r vening s lope 

being forme d whe n r e l ative s e a level f e ll t o a lower level . Loca t e d 

in the highest of the terraces composed of s ilty clay are islands o f 

peat (Haggart pers . comm) . Limited statigraphical study suggested tha t 

the peats contain layers of silty clay . It is possible that the peat 
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mosses continued to accumulate as the silty clays were deposited , and 

this hypothesis was advocat ed by Sissons a nd Smith (l965b) for similar 

features in the Forth valley . 

The abrupt end of the c liff line which is found around Munlochy 

Bay suggests that the marine e rosion did not occur farther inland. 

As a small shingle cuspate foreland (R3 l) lies adjacent to this 

cliffline it is unlikely that the cl i ff a nd the f oreland formed at 

the same time. In contrast , it is p r ob ab l e that the foreland (R3l) , 

shingle beaches (S92 , S93 , S99 ) a nd the highest estuarine deposits 

(Sll 7) were formed at the same time . 

d) Sequence of Events 

i) The ice sheet that forma lly c ove r e d the Munlochy area 

downwasted and retreated . Dur ing t h is time period an 

outwash terrace (T 230) was f ormed south of Drumderfit 

Hi l l . 

i i) Ice retreated from t he I nvern e ss Firth and Munlochy 

valley and al lowed the sea t o enter the area at 29 . 0 m. 

Dur ing this time meltwa ter f lowed into Munlochy valley 

f r om ice t o the north n ear Tore a s well as from an ice 

ma ss i n the Beaul y Firt h. 

iii) Re lative s ea leve l fell to produce raised marine terraces 

at 27.0 m (Sl02 , Sl04 , Sl09 ), 24.6 m (SllO), 17.5 m 

(Sl06 , Sl l l-Sll3 ) and 14 .0-14. 8 m (SlOS, Sl07 , Sll4, 

Sll6 ) . 

iv) Subsequently, during a period of marine erosion a cliff 

was formed around Munlochy Bay. 

v) At the head of Munlochy valley raised estuarine 

deposits accumulated as sea level rose . Peat mosses 
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sea l evel . The ri se culminated at 8 . 0 m (Sll7) a n d 

on the mor e e x p ose d shores around Munlochy Bay shingl e 

beaches (S92 1 S93 1 S99 ) and a shingle cuspate fore l and 

(R31) formed . 

vi) Relative sea l eve l fe ll t o form raised estuarine terraces 

at 6 . 8 m ( S 119 1 S 1 20) 1 5 . 3 m ( S 1 21 1 S 1 2 2 ) 1 4 . 2 m 

(S98) 1 3 . 4 m (S95 ) a nd 3 . 0 m (S9 4 1 S96 1 S97). 

4 . Ot her Featur es/Areas o f I nte r e st 

a) Fortrose and Chano n ry Ne ss 

Chanonry Ness fo r ms a p romonto r y into the north eastern end of 

the I nver ness Fir th . The narr ow t ria ng l e o f land (Figs . 31 1 38 ) 

s epara t es the Inverness F irth f r om t he Op e n Coastlands . Ogil vie 

(1 914) suggested that the p r omontory wa s compo sed of raised marine 

features at 100 ft (30 . 5 m) 1 75 ft (22 . 8 m) , 50 ft (15 . 2 m) 1 25 ft 

(7 . 6 m) a n d 1 5 f t (4 . 6 m). He de s c ribe d t h e lower two features as 

a c omplex breached shingle cuspate fo r e land. 

J.S . Smi th (1 968) sugge sted that the highest marine feature 

identified by Ogilv i e (19 1 4 ) was a kame mo r a ine truncated by marine 

deposit s a t 101 ft (30. 8 m) . Smith a s s oc i a t e d this moraine with the 

deposits a t Arde r s ier and pos tulated that toge ther the features 

represented a n i ce readvance limit . He also suggested that the beds 

of stratifie d s and and clay in the Rosemarkie Glen (Fig. 38 ) were 

deposited du ring the same glacial event . 

The promontory of Chanonry Ness is characterised by a staircase 

of raised marine features. The highest marine feature (S4 9 ) 1 

(Fig . 38 ) forms a distinct marine terrace eroded into an alluvial fan 

(T 246) whic h rises towards the mouth of Rosemarkie Glen . The alluvial 

fan and raised shoreline fragment may merge at the site of Fortrose . 

Bel ow this marine terrace there are three lower marine terraces 
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S50 (1 6 . 6 m), S51 (14 . 6 m) and S53 (11 . 7 m). Each of these marine 

features i s comp osed o f coarse sand and gravel overlying coarse gravel 

with bou l ders . Ly ing b e l o w the se terrace s are a series of raised 

shingle r idges (Rl4 - R20) t h e h i ghe s t of which rises to 9.7 mat its 

cre st. The lower of t h ese r idge s f orms a raised cuspate foreland . 

Below these ridges raised marine depo s it s occur at 7 . 8 -7.0 m (R21, S56, 

S 57 ) and at 4 . 7 m (S58 , S59) . These lowe r marine features are composed 

of we ll-rounded fine gravel and s and with she lls. Locally , especially 

towa rds the end of the p r omont o r y , the ma rine fea tures are overlain 

by wi nd- blown sand . 

The most like l y sour ce of sed iment f or the raised marine features 

lies t o t he north in Rosemark i e Gl en. He r e a roc k gorge (as indicated 

by the rock quarry at NH 728 583 has been in f illed with stratified 

depos i ts wh i ch have been d issected and p a rtly r e moved. Sections in 

these deposits (eg . NH 7293 5781) indicat e that these deposits rise 

at l eas t 100 m. At on e section (NH 7362 5784) crossbedded sands and 

gravel s are i n t e rbedd ed with r ed clay l ayer s and beds of silty clay 

with a ngula r c l asts . The s u rfac e of these d epos its forms a steeply

slop ing t err ace . Ob ser vation s o f t he inc lination of the crossbedded 

sediments indicat es that the deposits dip up -valley. The thickness, 

dip and c omposition o f the deposits sugge st that they were formed 

while ice l ay in the Inverne ss Firth to an altitude of at least 110 m. 

The silty clay b e d s with angular clasts may represent glacio-lacustrine 

sedimentation, while the crossbedded sands and gravels are indicative 

of a fluvio-glacial origin. It is possible that the deposits may 

have accumulated subglacially or alternatively they may have formed 

during deglaciation . As the high level fan (T 246) is associated with wa t e r 

which flowed through the Rosemarkie Glen it is evident that the massive 

deposits in the Glen were formed before the alluvial fan . 
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b) Rosehaugh Valley 

Rosehaugh Burn drains into the Inve rness Firth at the village 

of Avoch (Fig . 31). The line of the valley is continued to the SW 

by Munlochy valley , and a col at 34m separates the two drainage basins . 

A series of misfit streams (Rosekill Burn , Killien Burn) and dry 

meltwater channels pass into the val l ey from the north . Each melt

water channel extends into a reas of extensive fluvio-glacia l deposits . 

At the mouth of Kill i e n Burn a dissected fan (T 240) extends 

down valley where it grades into a raised shoreline fragment (S6 l ) 

at 22 . 6 m. A lower fan (T 241) is graded to a marine terrace (S62) 

at 19. 9 m. The surface of the lower raised marine terrace is pitted 

by a deep kettlehole which has become filled with peat . In the rest 

of the area there is no evidence to suggest that ice was present when 

the raised shoreline fragments (S6l , S62 ) were formed . However , it 

may be inferred from the size of Killien valley , and the meltwater 

channel s wh i ch grade to the surface of the highest fan (T 240) that 

meltwater flowed into the area when the raised marine terraces were 

formed. It is therefore tentatively suggested that decaying ice lay 

to the north of the area while the raised marine shoreline fragments 

(S6l , S62) were produced. 

c) Raddery Valley 

Raddery valley (Fig. 31) trends ENE-WSW and at its eastern end it 

turns through a right angle to pass into Rosemarkie Glen . To the 

west the valley is divided into two arms by Ord Hill (Fig . 31) . The 

northern arm forms a broad depression continued across a shallow col 

(circa 91 m) into the basin of Killien Burn. At the eastern end of 

Raddery valley there are several steeply-sloping kame terraces, the 

lowest of which descends to circa 75 m. Water from this kame terrace 

must have drained throu gh Rosemarkie Glen . Below this terrace the 
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flat va l ley bottom i s charac t e rise d by extensive deposits of white 

sand. These depos its ext e nd t o the WSW whe r e they pass into a narrow 

channel which leads t o the c ol . The c hanne l is eroded in outwash 

deposits wh i ch are b ounded by ice c ontact s lopes to the west a n d 

descend eastwards to circa 90 m. All the s e f eatures are attributed 

to a do wnwast ing ice ma ss whic h r e treate d towards the west . It is 

possibl e that the wh i te sands repre sent a former lake which was 

dammed b y higher kame terrace s a nd the deposits which filled Rose

mark i e Gl en . The sed i ments we r e certa inly d eposited while ice lay 

to the SW s ince me l twat ers must h ave d raine d through the channel at 

the h ead of the valley . Th e r e lationship o f the features in Raddery 

valley to those at For trose a nd in t he Roseha ugh valley is unknown . 

It i s possib l e t hat i ce r emaine d in t h e Ra dde ry valley while meltwaters 

drained t h r ough Rosemark i e Glen a nd Killie n Burn . 

d ) I n tertida l Rock Platform 

Along the northe rn shore o f the I nve rne ss Firth an intertidal 

rock platfo rm can occasionally b e i d e ntified (espe cially between 

Kilmuir a nd Munloc hy Bay ) (Fig . 31). The pla tform i s also present 

north of Fortrose and at Nairn (Fig . 21). The platform is 30-50 m 

wide and fre quently mantled by Flandrian san d an d shing l e inc luding mod e rn 

deposits . At seve ral sites it is ove rlain b y till and fluvio-

glacial depo s its , but many of these d eposits have been d i spl aced to t h e ir 

p r esent positions by mass movement processes . No e viden ce of ice moulding of the 

platform was identified . Near Munlochy Bay the rock p l atform is 

backed by a degraded cliff 4-6 m high . The platform cert ainly 

predates Flandrian marine terraces and at no site was it found 

eroded into higher raised marine features . The age of the platform 

is therefore problemat ica l and it may represent more than one phase 

of mar i ne e r osion . 
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1 . Introduct i on 

CHA PTER SEVEN 

I NVERNESS AND THE GREAT GLEN 

Va r ious interpretations have been proposed for the deposits and 

l andfo r ms which lie i n t he Grea t Gl e n (Fraser , 18 76 ; Horne and 

Hinxman , 1941 ; Ogi l vie , 1923 ; J . S . Smith , 1968 , 19 77 ; Peacock , 1977; 

Synge , l977a ; Sissons , l 979a , c , l 98 l b , d ; Synge a nd Smith , 1980) . 

The early researchers (Horne and Hi nxman, 19 14 ; Ogilv ie , 19 2 3 ) limited 

their investigations to the nar row s t r i p of land b etween the northern 

end o f Loch Ness and the sea (termed the Ness valley) (Fig . 39 ) . 

Horn e a nd Hinxman suggested t hat the Ness vall e y is occupied 

by numerous fluvio- g l ac i a l terraces . They a lso de s c ribed gravel 

t e rrace fragmen t s wh i ch border Loc h Ness at 100 ft (c irca 30 m) 

betwee n Tor Po int and Bona Fer ry (Fig . 45 ), a nd they concluded that 

these may not be o f ma rine orig in. Ogilvie (1 923 ) suggested that 

the higher part of Inve rne s s r e sts on a r e mnant of a great fluvio 

g l acial apro n which wa s d epos ited when r e l a tive s ea l e vel s tood at 

90 ft ( 2 7 . 4 m) . 

The v i e ws of the early r e s earcher s ha ve bee n qualified or 

superc eded by mo r e rec ent studie s . At present two contrasting inter

pretations ex i s t for the d eposits and landfo rms which lie in the 

Gr eat Glen. J. S . Smith (1968 , 1977 ) and Synge (l97 7a) have advocated 

a Lateglacia l ma rine incursion into Loch Ness . In contrast , Sissons 

(l979a , l 98 lb , d , p e rs . comm . ) suggeste d that there is no evidence 

for a Lateglacial marine incursion and considers that many of the 

landforms in the a r e a resulted from or were modified by a j6kulhlaup 

f l ood at the end of the Loch Lomond Stadial . 
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Sl4 7 

Sl 48 

Sl 49 
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Sl5 l 
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TABLE 13 

No . of Mean Mean Quality of 
Po ints Grid Re f. Al t itude Me a s ure ments 

5 NH 6957 4513 31. 0 1 M 

6 NH 6 960 4513 31. 2 3 M 

3 NH 70 6 7 4546 30 . 64 M 

3 NH 7095 4586 27 . 31 M 

3 NH 7077 4571 27 . 67 M 

8 NH 7030 4556 27 . 30 M 

3 NH 695 8 45 31 27 . 80 G 

8 NH 6925 4497 27 . 60 G 

3 NH 6904 4529 27 . 13 M 

5 NH 692 7 4578 27 . 18 M 

4 NH 6929 4561 24 . 83 M 

2 NH 6 997 4591 24 . 6 1 M 

9 NH 7017 4609 15 . 78 p 

3 NH 7080 46 48 16 . 25 M 

7 NH 65 38 4363 16 . 62 M 

6 NH 6501 4423 13 . 73 M 

6 NH 6002 3838 24 . 33 M 

8 NH 6043 3791 25 . 78 p 

7 NH 6002 3826 16 . 65 G 

8 NH 59 83 3805 16 . 44 G 

6 NH 6011 3784 1 7 . 26 p 

4 NH 6022 3782 1 8 .10 M 

8 NH 6020 3586 35 . 27 p 

8 NH 6012 3570 34. 60 M 

5 NH 5958 3546 34 . 83 p 

5 NH 5961 3537 25 . 48 M 

7 NH 5895 3348 1 8 . 82 G 

5 NH 5231 29 11 26 . 98 M 

3 NH 5 100 2993 2 7.09 M 

3 NH 3886 0858 29 . 53 M 

6 NH 4245 1613 31. 68 G 

9 NH 429 2 163 1 17.19 M 

Ra i sed sho r e line fragments in the Inve rness an d 

Lo ch Ness r egi on. P =Poor, M =Mo de r a t e , G =Good . 
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Shoreline No . of Mean Mean Qu a lity o f 
Fragment Points Grid Ref . Alti tude Measur ements 

Sl 55 5 NH 4242 1505 29 . 18 M 

Sl56 6 NH 3980 1150 29 . 62 M 

Sl57 9 NH 3882 1060 28 . 96 G 

Sl57 8 NH 3855 1038 29 . 23 G 

Sl58 4 NH 3908 0889 28 . 90 Jl1 

Sl59 ll NH 3662 0902 36.06 M 

Sl60 7 NH 3840 0831 32 . 53 G 

Sl6l 2 NH 3813 0846 22 . 37 M 

S285 3 NH 4923 2111 21.00 M 

R32 6 NH 5985 379 1 19.40 M 

R32 6 NH 6006 3781 19 . 42 M 

R33 6 NH 6003 3532 28 . 67 G 

R33 6 NH 5984 3544 28 . 66 G 

R34 6 NH 5985 3503 19 . 92 G 

R34 6 NH 5965 3513 20 . 34 G 

R35 5 NH 5859 3303 28 . 02 M 

R36 6 NH 4950 2150 17.67 G 

R37 5 NH 4913 2098 28 . 98 M 

R38 7 NH 3846 0851 17 . 83 G 

TABLE 1 3 ( cont . ) 
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PLATE 6 The southern end of Loch Ness (viewed from NH 3947 0853, looking 

towards the NE.). Note the limited fetch environment across the 

loch and the indentation of Glen Moriston(in the centre of the 

plate) . 



a) Eve nts Proposed by Synge and Smith 

Synge (l 977a) suggested that the highest marine feature in 

the Inverness are a is a hig h delta surface at Lochardil (Figs. 40 , 

45 , Tl4 2 , Tl 43 ). He proposed that the delta surface descends north-

ward from a n i ce contac t slope , declinnig from 46 m to 42 m and that 

relative s ea l eve l s t ood at circa 4 2-4 3 mat the time of its formation . 

He conc luded that the a ssociated ice front lay in the Inverness area . 

However , Synge a l s o s uggeste d that while the sea stood at this level 

water passed thr ough the Torbreck channel (Figs. 40 , 46) from a lake 

at 56 m in Loch Nes s. He c laimed that evidence for this high lake 

level exists in Gl e n Urquhart whe re a moraine was correlated with 

deltaic outwa s h a t 56- 57 m. Synge advocated that the 56 m loch 

level was impounded between a receding ice margin in the Great 

Glen and a drif t plug in the Ness valley. This conflicts with the 

ice limit proposed b y him f or the Lochardil delta . 

J . S. Smith (1968 , 1 9 77), Synge (l9 77a) and Synge and Smith 

(1980) suggested that whilst ice occupied the Ness valley and 

Beauly Firth relative sea l e vel f e ll to circa 33-34 m (Fig . 40) . 

Extensive spre ads of deltaic gravel were deposited at Culcabock , 

Inverness (Tl5 3 ). Synge suggested that" ... the course of the 

main subglacial river that fed the delta is represented by the massive 

esker ridge of Tomnahurich and Torvaine." (p. 8 7). Synge 

considered that the ice then retreated southward to allow the sea 

(still at the same relative level) to extend up the Ness valley 

as far as Clachnahulig (NH 6423 4275) where a raised shoreline 

fragment occurs at 33 m. 

Further ice recession was proposed whilst relative sea level 

fell (Synge, l977a) . Synge suggested that the ice front lay l km 

west of Drumnadrochit in Glen Urquhart and between Inverfarigaig and 
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Foye rs in the Grea t Gl e n (Figs . 39 , 40) . He proposed that meltwaters 

in Glen Urquhar t f o rme d a de lta at 4 7 m whilst the river Foyers was 

diverted through Gl e n Lia t h (Fig. 39 ) to form a delta at Inver

farigaig at 46 m. Synge inte rpre ted the two deltas as evidence 

of a 46- 47 m l eve l of Loch Ne ss and h e suggested that water from 

the lake passed down t h e Ne ss valley by way of the highest fluvi al 

terrace (Tl 75) t o a l ow r e lative sea leve l (below 26m) . 

Synge ma int ain ed t h a t with a further withdrawal of the ice front , 

meltwate r s forme d a de l ta a t Foyers in a loch at 39 m. He also 

considered tha t d e lta flats at 37 m at Drumnadrochit accord with 

the same l och l evel. 

Syn ge ( l 977a) a nd Synge and Smith (1 980) advocated that relative 

sea leve l t hen r o se t o f o rm a prominent Lateglacial shoreline . 

J . S . Smith (1968 ) indentified seve ral rai s ed shoreline fragments 

in the Ne ss va lley at circa 88 - 90 ft (2 6 . 8 -27 . 4 m). He suggested 

that th e n o rthe rn end of Torvean e ske r is notched (Sl 3 7) , whilst 

fa:r:ther sou th the raised marine terrac es are kettled (Tl75). J . S . 

Smith traced the raised marine features throughout the Ness valley 

and advocate d a Lateglacial marine incursion into Loch Ness. 

A shing l e ridge at Dares (Fig. 45 , R 33 ) at 96 ft (29 m) was attributed 

to this marine incursion, whilst Synge (l9 77a) also correlated 

deltas at Drumnadrochit (T201) , Invermoriston (Sl 5 2) and Foyers 

(T208 ) with this marine incursion , as well as a shore platform at 

31 m between Invermoriston and Fort Augustus . In particular he drew 

attention to a section in the platform at Rhubha Ban (Fig . 39 ) 

which shows beach gravels overlying deltaic deposits at 30 m. 

Synge noted that the raised shoreline is absent at Fort Augustus 

and he suggested that the end moraine in this area postdates the 

formation of the Lateglacial shoreline . Synge also cited evidence 
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from lake s e diments cores obtained from Dares Bay to support his 

hypothesis o f a marine incursion. Analysis of the cores by Pennington 

et al. (1 9 72 ) i ndicated a salt content no higher than that obtained 

from lake s e diment cor e s from the lakes of Cumbria. However, 

one hori zon of t he Dares c ore had a total halide count more than 

doubl e that from a ny of the lake sediments in Cumbria and Synge 

conside r ed t h is significant in terms of a Lateglacial marine incursion. 

He sugge sted tha t t h e gen e ral abse nce of salt in the lake sediments 

can be expl ained by t he fo rmer pre senc e of a high threshold in 

the Nes s vall ey t~at acted as a barrier to incoming tidal waters. 

Syn ge p roposed that a late r p e riod of widespread ice wastage 

was associa t ed with a fall in relative sea level. He indicated that 

a climatic d e t e rioration during the Loch Lomond Stadial resulted in 

an advance of glac i e rs in Glen Moriston, Strath Errick and the Great 

Glen. He suggest ed t ha t late ral moraine s at Tomanhoid (Fig. 4 2 ) 

and Bunoich (Fig. 42 ) near Fort Augustus mark the limit of this ice 

advanc e . On the b a sis o f pollen evidence from Loch Tarff and Loch 

Oich (Pennington e t al., 19 72) he correlated these moraines with the 

Loch Lomond Stadial and considered that during this period relative 

sea level was low. 

Synge suggested that after the final disappearance of the 

ice at the beginning of the Flandrian,relative sea level rose once 

more. He considered that sea level attained a maximum altitude of 

10-12 m in the Inverness area at circa 7 000 B.P. 

b) Events Proposed by Sissons 

Sissons (1 979a, c, 198 lb, d) suggested that many of the land

forms in the Great Glen, can be attributed to a j~kulhlaup that 

occurred at the end of the Loch Lomond Stadial. He (1 979c) identified 
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an ice limit at Fort Augustus which he correlated with Loch Lomond 

stadial ice limits in Glen Spean and Glen Roy (Fig . 41) . Sissons 

(l 9 79a) noted that inside the ice limit a very extensive outwash 

terrac e commences a few kilometres SW of Fort Augustus and rises 

from 31m at Borlum (Fig . 42 , Sl 60) to circa 40 m SW of Fort Augustus , 

where i t is extensively kettl ed . Since he placed the outwash terrace 

within the Loch Lomond Stadia l ice limits he could not correlate 

it with Synge ' s (l977a) proposed Lateglacial marine shoreline . 

Sissons (l979a) also noted that the large outwash terrace is anomalous 

in s everal respects since it is extensively kettled , well within the 

ice limit and graded to an apparent high loch level. He (l98lb, d) 

also proposed that at Inverness a l ow l evel alluvial fan which makes 

up much of l ower Inverness (at Longman) (Fig . 46) is also anomalous. 

Peacock (1977) had suggested that this feature was deposited during 

the Loch Lomond Stadial as a consequence of summer meltwater floods . 

However , Sissons (l98lb) noted that the alluvial fan is composed 

of gravels which lack silt and clay, and postulated that these latter 

sediments would be expected if the feature had accumulated from a 

series of snowmelt floods . He also noted that the alluvial fan extends 

completely across the Beauly Firth and that it infills a former 

channe l . H e suggested that an alluvial fan deposited by periodic 

floods would have not such a characteristic . Finally he indicated 

that the alluvial fan is composed of material coarser than that 

carried by the present river Ness . Sissons also claimed that the 

highest shoreline fragments around Loch Ness occur at 18 . 2 mat the 

northern end and at 22 . 5 m (S l 6 l) at the southern end . 

Sissons (l979a , l98lb) proposed that the anomalous features 

at Fort Augustus and Inverness can be explained by the drainage 

of a former ice-dammed lake in Glen Spean and Glen Roy . He maintained 
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that as glacier ice retreated after the Loch Lomond Stadial advance , 

an ice-dammed lake in Glen Roy merged with an ice-dammed lake in the 

Spean valley to form a lake at 260m which attained a volume of 5 km
3

. 

Sisson s (1979a) suggested that this lake drained subglacially in a 

sing l e catastrophic event which possibly formed the Spean gorge . 

He proposed that the water f lowed northward subglacially with a peak 

3 -1 
discharge of circa 22 500 m s and drained into Loch Ness which 

then stood at 22 . 5 mat its southern end . Sissons considered that 

the ice in Glen Spean had thinned some 200 m when the j5kulhlaup 

occurred and that a s imilar thinning of ice at Fort Augustus would 

have placed the terminus of the glacier at the proximal end of the 

large outwash spread . He advocated that the large volume of water 

associated with the j 5kulhlaup formed the kettled outwash spread 

near Fort Augustus and proposed that the discharge of water into 

Loch Ness temporarily raised it by 8 . 5 m from 22.5 m to 31m 

(Fig. 40) . At the northern end of the loch, Sissons envisaged that 

the overflow waters drained into the Ness valley and he attributed 

the prominent bluff on the eastern side of the valley and the width 

of the valley to this drainage. Sissons (198ld) also maintained 

that the debris derived from the enlargement of the Ness valley was 

deposited as the low-level alluvial fan at Inverness. He concluded 

that since the alluvial fan resulted from a single flood event its 

anomalous features (lack of silt, filling a former channel , very 

coarse material) could be explained . Sissons advocated that Loch 

Ness then returned to its pre-j5kulhlaup level (Fig. 40) although 

he suggested (1979a , 1 98 ld) that later j5kulhlaups may have occurred 

from later ice-dammed lakes in Glen Spean and Glen Roy . However , 

he postulated that these j5kulhlaups were of a smaller magnitude 

and for this reason left no evidence in the Fort Augustus area. 
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The events outlined by Sissons suggest that the terrace 

fragments in the Ness valley (Tl75-Tl90) were formed during or 

after the main j~kulhlaup event and that there is no evidence for 

a Lateglacial marine incursion into Loch Ness. 

2 . Field Evidence 

a) Fort Augustus 

Fort Augustus (Figs. 39, 42) (Plate 7) lies on the low ground 

at the southern end of Loch Ness . At this site the river Tarff enters 

the Great Glen from the east, while the river Oich drains northward 

from Loch Oich to Loch Ness. 

On the eastern side of the Great Glen above Fort Augustus there 

is a marked drift limit (Fig . 42, a). In this area , a ridge north 

of Tomamhoid (NH 3862 0781) has been identified as a lateral moraine 

by Synge (1977a) , but outcrops of bedrock in this ridge belie the 

proposed moraine origin . However, a drift limit occurs along the ridge. 

The drift limit rises from Loch Ness along the Allt an Dublair stream 

(Fig . 42) to an altitude of circa 107 m. Outside this ice limit 

a narrow rock-cut terrace (Sl58) at 28.9 m is present. Within the 

ice limit a high-level fan grades to a poorly-developed terrace fragment 

at 29 . 3 m (Sl51) . 

At a distance of circa 0.5 km inside the ice limit there is a 

high-level delta (Sl60) that is graded to a 32 . 0 m level of Loch Ness. 

The delta is composed of coarse gravel and sand and is backed by a 

complex of ice disintegration features. The delta extends southward 

into a meltwater channel (Fig . 42 , D) which leads to an outwash 

terrace fragment (T220) . It is inferred that ice lay adjacent to 

the outwash terrace fragment (T220) while the delta was deposited. 

In the north the high-level delta is truncated by a cliff against 
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which a small terrace fragme n t (Sl6 l) occurs . The a l titude of this 

lowe r terrace (S l 6 l ) was mea sure d at 22 . 4 m but this va lue i s probabl y 

too low b ecause the break of s lope is obscure d by a r oad. 

Ri dge R38 (F i g . 4 2) lie s along the e dge of Loch Ness bel ow 

t e rrace Sl 6 l . The r idge attains a n altitude of 18 m, circa 2m above 

pre s ent l och l eve l . The ridge may b e a storm ridge , but since i t is 

veget a t ed and is presentl y be ing e r o d ed it may re l ate to a fo r mer 

loch l eve l . 

West of the h i gh de l ta (S l60) a s e rie s of river te r race fragmen ts 

of the river Tar f f (T22 l-T224 ) are presen t . Te rrace f r agment T22l 

may be associated wi th S l 6 l (Fig . 42 ) a nd a forme r 22 . 4 m l evel of 

Loch Ness . Terrace f r agmen t s T22 and T223 a r e r e late d to a l och level 

below 16 . 7 m a nd hence ma y corre late with the shingle ridge R38 . The 

lowest rive r t e rrace fra gme n t (T224 ) is g rade d to the present delta 

of the river Tarff . 

Much o f the s outhe rn part o f Fort Augu stus stands on a ridge 

of hummocky f l uvi o -glac ial d eposits wh i c h rise t o circa 38 m. These 

are continued westwards by a low lyin g a r ea (Fig . 4 2 , E) 

which is inte r secte d by nume rous channe ls and extens i ve l y p i tted . 

Farthe r south this a r ea forms a distinc t ke ttl e d terrace fragment 

(T225) . 

The northe rn part of Fort Augu s tus stands within an area of 

kames and roches moutonn~es . Sissons (l979c) s uggested that the 

eastern l imit of the kames marks the l i mit of the Loch Lomond Stadial 

ice , while Synge (l 9 77a) suggested that the large r i dge near Jenkins 

Park (Fig . 4 2 , B , C) is a lateral moraine . A section in the ridge 

revea l s stratifie d sands and gravel s and may indicate that the ridge 

i s a kame . The two me l twater channels which lead from the kame 

topogr aphy (Fi g . 42 , F , G) may repr esen t progl acial dra i nage channels . 
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outwash spread T218, also note the fluvial terrace fragments 

of the R. Tarff in the foreground. 



About l km SW of Fort Augustus a large outwash spread (T218, 

Sl59) (Plate 7) is present on the western side of the Great Glen. 

The outwash surface merges southward with extensively kettled topography 

at circa 40 m, and is related to an ice margin which lay circa 4 km 

within the ice limits proposed at Fort Augustus. At the northern 

end the outwash forms a horizontal surface at circa 36 m (Fig. 42, 

Sl59) which suggests that it grades to a former 36 m level of Loch 

Ness. Above the outwash surface (T218) a higher outwash terrace 

fragment (T266) is present whilst to the east a lower terrace 

fragment (T227) occurs. This latter terrace fragment (Fig. 42, T227) 

rises southward to circa 31 m beyond which extensively channelled 

deposits occur. Towards the north terrace fragment T227 is correlated 

with terrace fragment T228 at 25.3 m and with the extensively 

channelled area (Fig. 42, E) on the opposite side of the river Oich. 

Between Fort Augustus and Invermoriston a series of raised 

shoreline terraces occur on the western side of the Great Glen at 

circa 29-30 m (Sl55-Sl57). The shoreline t erraces are rock platforms l0-20m wide 

and are backed by a cliff locally eroded in bedrock. The surface 

of the terraces slope towards the loch and are locally mantled by 

large sub-rounded boulders. At Rubha Ban (Fig. 39) a terrace section 

shows steeply-dipping sand and fine gravel beds unconformably overlain 

by horizontally-bedded sands and fine gravels. This is interpreted 

as foreset and topset bedding of a former delta. Due to scrub and 

dense forest cover the rock shoreline fragments were only measured 

at three localities (Sl55-Sl57) which have altitudes of 29.1 , 29 .6, 

and 29.2 m. As a result a former 29 .0- 29.5 m level of Loch Ness is 

suggested. 
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b) Glen Moriston 

Invermoriston (Figs. 39 , 43) lies at the eastern end of Glen 

Moriston where this valley joins the Great Glen . Sissons (1977) 

mapped the limits of the Loch Lomond stadial glaciers in this valley 

as lying some 10 km to the west of Invermoriston (Fig . 39) . On the 

southern side of the valley at Invermoriston a high-level terrace 

occurs (Sl52) which descends from 33m to level out at 31.7 m. This 

terrace is interpreted as a delta graded to a raised shoreline fragment 

at 31.7 m (Fig . 43) . Along its southern margin a former course of 

the river Moriston is present . The delta is cliffed at its proximal 

end , and a raised shoreline terrace (Sl53) is present along the base 

of this cliff. A section at the front of the lower terrace (Sl53) 

indicates that it is in part man-made land, so no altitude measure-

ments were taken on it. 

North of the river a fluvial terrace fragment (T213) at circa 

35 m is considered to be the same age as the high-level delta (Sl52) 

Below the high river terrace (T213) there are two lower river terrace 

fragments (Fig. 43 , T214 , T21S), the lowest of which grades to a 1 7 . 2 m 

level of Loch Ness . East of the delta area (Fig . 43) there is kame 

and kettle topography through which the river Moriston has cut a gorge, 

in part reaching bedrock. East of the gorge broad river terrace frag

ments are present on both sides of the valley (T216 , T217). The exact 

relationship of these river terrace fragments to former levels of 

Loch Ness is unknown. 

c) Foyers 

The village of Foyers lies on the eastern side of the Great 

Glen about half-way along Loch Ness (Figs . 39 , 44) . Here the river 

Foyers descends 120 m to Loch Ness via a series of wa terfalls and 
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a deep rock gorge. At the mouth of the gorge there are several 

terrace fragments (Fig. 44, T207-T212). The highest terrace fragment 

(T207) is interpreted as a kame terrace since it occurs on the slopes 

of the Great Glen and descends towards the NE from 39 m to 36 m. 

This kame terrace (T207) is correlated with an abandoned channel 

of the river Foyers (Fig. 44, A) which descends to circa 38 mat the 

mouth of the gorge. The kame terrace is truncated by a lower terrace 

fragment (T208) which descends from 31 m at the mouth of the gorge 

to 28 m at its distal end. The lower terrace fragment (T208) is 

interpreted as a delta on which a shingle ridge (R37) occurs at 29.3 m. 

This delta (T208) is dissected by two lower deltas of the river Foyers. 

One of the lower deltas (T210, T2ll) is graded to a raised shoreline 

fragment (S285) at 21.0 m, whilst the other delta (T212) is graded 

to the present loch level. On the surface of the lowest delta (T212) 

a shingle ridge (R36) whose crest rises to 17.5 m occurs adjacent 

to the loch side. 

d) Glen Urquhart 

The eastern end of Glen Urquhart lies at the confluence of the 

rivers Enrick and Coiltie (Figs. 39, 45). These rivers drain into an 

embayment (Urquhart Bay) of Loch Ness. Directly we st of Drumnadrochit 

(Fig. 45) a large morainic ridge (Fig. 45, A) surrounded by outwash 

is present. The ridge is aligned N-S and its surface is covered 

with large boulders. The location of the ridge at the entrance of 

the Enrick valley, its N-S alignment, and its close association with 

outwash terrace fragments suggest that it may be a terminal moraine asproposE 

by Synge(l977a). A s mall morainic ridge (Fig. 45 ,B) in the valley of the rive 

Coiltie may represent the ice margin in this valley when the morainic 

ridge at A (Fig. 45) was formed. 
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A series of outwash terrace fragments (Fig . 45 , Tl 92 - Tl 95 ) 

commence ne ar the morainic ridge east of Drumnadr ochi t . The highest 

out wash t e rrace f r agme nt (Tl92 ) desc ends from c i rca 6 1 m to 56 m a nd 

is pitte d b y s ma ll kettle hole s . The outwash terrace f r agmen t Tl 92 

merges with a n a lluvi a l fan (Tl 93 ) which passes toward s the SE 

i nto Gl e n Co iltie . Be l ow T l 92 large kettl e ho l es occur wi t h a poo r l y -

develope d t errace f rag me nt (T l 94 ). Be tween T l 94 and the mor a inic 

mound (Fig . 45 , A) a l owe r t e rra ce fragme nt (Tl9 5) descends i n 

a l titude from 49 -4 5 m. Ea c h of the s e t e rrace fragments (Tl 92 - Tl 95) 

is inte r p r e t ed as a n outwash fan as s o c iate d with a retreat i ng ice 

margin . Since none o f the outwash fans grade into raised shor e l ine 

fragments they cann ot b e relate d to forme r leve l s of Loch Ness 

as propose d by Synge (1 97 7a) . Instead , the large kett l eho l e be l ow 

terrace fragme nt Tl 92 s ugge sts that i c e may have lain to the east 

whilst the outwash f ans we re f ormed . The three outwash fans (Tl92 -

Tl 95 ) are dissected by a series of terrace fragments (Tl 96 - T202) 

of the rive r Enrick . The highest of these terrace fragments may 

represent fluvio-glacial outwash t e rraces . 

The lowe r ground at the eastern end of Glen Ur quhart bet ween 

Drumnadrochit and Urquhart Bay is a compl e x de l ta . In the north 

the delta (T201) descends from 29 .7 m to 24 m but i t has a hor i zon ta l 

secti on ai: 27 . 1 m. The lower portion of the delta is composed of 

sands and silts , while farther up- valley it is composed of sands 

and grave l s . In the west the delta is dissected by lower terrace 

fragments (T20 2- T205) of the Enrick and Coi l tie rivers (F i g . 45) . 

The terrace fragments (T 20 2- T205) merge with the de l ta and then 

with t he pre sent f l oodpl ain a s the y ext end downstream . South of the 

river Coiltie a r i ver t err ace fragment (T206) also me r ges wi th the 

presen t f l oodpla i n , and t h i s f r agmen t a l so has a horizontal sect i on 
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at 27.5 m. The only measureable shoreline fragment in the area occurs 

just south of Urquhart Bay (Sl50) and has an altitude of 26.9 m. 

It is suggested that the horizontal sections of terrace fragments 

T20l and T206 relate to a loch level at circa 27 m. It is also 

suggested that when ~och level fell the rivers Coiltie and Enrick 

modified the foreset deposits laid down during the 27 m loch level. 

e) Dares and Lochend 

Dares is located 2 . 5 km south of the outl et of Loch Ness 

(Figs. 39 , 46). In the low ground between An Torr and Clune Farm 

(Fig . 46) several terrace fragments and raised shoreline features 

are present. Directly below Clune Farm a kame terrace is present 

(Tl9l) and lower still a steeply-sloping terrace fragment (Tl92) 

occurs, which descends to a flat-topped terrace fragment at 35 . 3 m 

(Sl44). Several meltwater channels grade to the latter feature 

(Sl44) which also lies adjacent to a large kettlehole (Fig . 46) . 

The steepl y-sloping terrace fragment (Tl92) indicates that ice lay 

in the area while Sl44 was formed A lower shoreline terrace (Sl45) 

occurs at 34 . 5 m and truncates shoreline terrace Sl 44 . Sl 45 is 

correlated with a poorly-developed shoreline terrace (Sl46) at 

34 . 8 m which overlooks Loch Ness. 

Within the area of low ground are t he t h r ee a rc uate s h ing l e ridge s (R 33 , 

R34 , R34a) which Synge (l977a ) iden t i f i ed. Th e l owest (R34a) i s unvegetated anc 

oc c urs 3 m a b ove p resent loch l eve l . Th is ridge is considered to 

be related to present loch level . The remaining ridges occur at 

20 m (R34) and at 29 m (R33) and are interpreted as shingle ridges 

produced during higher levels of Loch Ness . The highest ridge 

(R33) is continued as a poorly-developed raised shoreline terrace 

(Sl47) at 25 . 4 m and this is composed of shingle and sand. 
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Pennington e t al . (1972 ) obta i ned 2 Mac k e r e th cores of sediment 

fr om Dare s Bay . Ana l ys i s of these sed i ments only identified grey 

mic r o - lamina t e d g l ac i a l c l ay and no micr ofossil s or lake muds were 

f ound (Pennington e t a l ., 19 72 ) . Th ey a t t ributed the l ack of o r ganic 

matte r t o s tron g wa t er move ments whic h t r a n s f e r s s uch sediment to 

deeper wate r . On e core wa s analysed f or tota l halide content and 

Pennington e t a l . con c l uded that " ... i t s e ems unlikely that sea 

water was present in t h e loc h dur i ng the format i on of the clays ... " 

(p. 26 7) . Howeve r , on e s amp le f r om 1 . 33-1. 35 m (take n from a s tratum 

of grey c lay with b r o wn s and ) has a ha l i de content double that found 

in any othe r l ay e r . Haggart (1 98 2) sampl ed on e cor e 

a t 29 leve l s and prepare d s lides for diatom a na l ys i s . He ide ntified 

d i atoms i n only two of the sampl es (at circa 3 . 5 m depth) and 

r ep o r ted that these we re of fresh water a nd f r esh - brackish affinity . 

At Loc hend (Figs . 39 , 46) a wel l-devel oped s hore line t e rra c e 

(Sl39 ) occ urs at 24 . 3 m (a r oad i n part obscur es the b r eak of slope 

of Sl 39 so the altitudes deter mined on lt may be t oo low) . On the 

othe r side of the loch a poorly - deve l oped t e rrace (Sl40) occ ur s 

at 25 . 8 m and this extends as fa r no r t h as Cambusloch Bay (Fig . 46 ) , 

whe r e two l arge depressions pit i ts sur face . 

At a l ower a ltitude a shing l e ridge (R32) a t 19 . 4 m i s continued 

as a s h o r e line terr ace (Sl43) a t 1 8 . 1 m. Ano t her s hore line t e rrace 

(Sl4l ) occurs at 16 . 5 m a nd i s only 0 . 5 m above t h e p r esent l och 

l evel. However , the l evel o f Loc h Ne s s a t 16 m i s artificial since 

the outlet was r a i sed by circa l m whe n t he Ca l edo na in Canal was 

constructe d (R . Moray , per s . c omm . ) . 
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f ) Inve rness a nd the Nes s valley 

Inverness (Fig s . 39 , 46 ) lies at the northern end of the Great 

Gl e n at the s i te wher e the river Ness enters the sea . South of 

Inverness a narrow a r e a o f low ground (below 100 m) extends as far 

a s the no r thern end o f Loch Ness . Borehole evidence from the Inverness railway 

yard (NH 6710 4 570) a nd f rom Craig Dunain Hospital (Fig . 46) indicate 

t hat bedr ock i s burie d ben eath at lea st 100m of Quaternary sediments . 

The northe r n e nd o f t h e Great Gl en is therefore choked with Quaternary 

g la c ial a nd fl uvio-glac ial deposits. 

The higher g r ound of Inverne ss (eg. Lochardil and Raigmore) 

(Fig . 46 ) i s compos e d of several outwash terrace fragments (Tl42 -

Tl 53 ) whic h me r ge wi t h i ce -decay topography towards the SW . The 

highe st outwa sh sur f a ce (Tl4 2 , Tl 43 ) descends northwards from circa 

45 m t o c irc a 40 m. Syng e ( l 977a) suggested that the slope south 

o f t e rra c e fragment Tl4 2 is an i ce contac t slope . However , the 

pre s e nc e of a me ltwa ter channe l (Fig. 46, B) at the base of this 

slope sugges ts that Synge 's inference may be incorrect. The lack 

of high t e rrace fragments farth e r south may indicate that the ice 

margin lay jus t s outh of t e rrace fragments Tl42 and Tl43 whilst 

they were being formed. Since this outwash surface (Tl42, Tl43) is 

built ove r no altitude me asurements were taken on it. For this 

reason it is unknown if the outwash surface is graded to a raised 

shore line fragment towards the south. If the outwash surface is 

graded to a high relative sea level then on the basis of spot heights 

on the 1:10,000 map this relative sea level lies below circa 40 m. 

Another outwash surface is represented by terrace fragments 

Tl 44-Tl49 . The terrace fragments in the south (Tl48 , Tl49) merge 

into kames and an esker ridge (Fig . 46 , A) and it is suggested that 

the se terrace fragments lay adjacent to the ice margin . This outwash 

surface (Tl44-Tl49) descends towards the north from circa 45 m 

- 170-



(Tl49) to circa 35 m (Tl44) . Since th i s out wash surface i s built 

over no altitude determinations were attempted a n d as a r esult it i s 

unknown if the surface grades into a ra i sed shoreline f r agment 

towards the north. 

A second lower outwash surface is made up of te r race fragments 

Tl50- Tl52. Fragment Tl52 is a f l at-topped hill wh i ch overlooks extens

ive ice stagnation topography towards the NW. Terr ace fragment Tl 50 

descends from the outlet of a marginal me l twater channel at Tor b r eck 

at 51 m NE to Ballon at 39m (Fig . 46) , in a distance of 3 . 5 km . 

A large alluvial fan grades onto terrace fragment Tl50 from Big Burn 

(Fig. 46) and this may be attributed to former me l twater f l ow down 

the valley of the Big Burn . It is suggested that terrace f r agmen ts 

Tl50 and Tl5 2 were formed while ice lay in the vicinity of Torbreck . 

On the basis of spot heights from the Ordnance Survey 1 :10 000 map 

terrace fragment Tl50 is correlated with the housed and therefore 

unmeasured terrace fragment Tl51 . Fragment (Tl51) descends to circa 

33 m and like the higher outwash surfaces (Tl42 , Tl 43 ; Tl44 - Tl49) it 

is uncertain if it merges into a raised marine terrace . 

The higher outwash surfaces at Inverness are dissected by the 

fourth and most extensive outwash surface which is represented by 

terrace fragment Tl 53 . Towards the south terrace fragment Tl53 passes 

into large meltwater channel s (Fig . 46 , B , C) one of which , the Tor

breck channel (Fig . 46 , C) , extends southwards 2 . 5 km to Cullaird 

(NH 6356 4033) At its southern end the Torbreck channel declines 

in a l titude towards the south and it is inferred that the channel was sub

glacially produced ill this area . The second meltwater channel (Fig . 46 , 

B) is truncated by the steep bluff that extends along the eastern side 

of the Ness valley . Since the channel (Fig . 46 , B) ends at c i rca 

38 m and no terrace fragments other than kame terraces are present 
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that can be correlated with the channel it is inferred that ice lay 

in the Ness valley whilst the channel was being formed. Terrace 

fragment Tl53 descends from 44 m at Torbreck and grades to several 

raised shoreline fragments (Sl30-Sl32) near Raigmore at 27 .2 m. 

Shoreline fragmer,ts and small deltas also occur at a similar altitude 

farther east (Sl26-Sl29) . The outer part of terrace fragment Tl53 

is graded to another , lower, shoreline fragment (Sl33) at 24 . 8 m 

and this is correlated with the flat-topped hill (Sl34) at 24 . 6 m. 

In the Raigmore area there are also several small deltas 

graded to raised marine terraces (Figs . 46 , 47 , Sl23-Sl25) at 30- 31 m. 

One of the marine terraces (Sl25) is eroded into a higher outwash 

terrace fragment (TlSS) which continues into a marginal meltwater 

channel (Fig . 46 , D). It is suggested that while the meltwater 

channel and terrace fragment TlSS formed, ice lay in the vicinity 

of Castlehill (Fig. 46) . However the relationship of these outwash 

features to the higher outwash surfaces at Inverness is unknown. 

Terrace fragment Tl53 is dissected by streams which are locally 

flanked by terrace fragments . In one of the stream valleys a terrace 

fragment (Tl57) grades into a raised shoreline terrace (Sl36) at 

16.2 m. A poorly-developed marine terrace (Sl35) and a small alluvial 

fan probably relate to the same relative sea level. 

The high ground at Inverness ends northward in a degraded 

cliffline. In the east the cliffline is succeeded seaward by steeply-

sloping raised shingle deposits and modern shingle beaches. At 

Inverness the cliff is fronted by two wide terraces (Fig . 46 , G , J). 

The higher terrace (Fig. 46 , G) terminates against the cliffline 

at circa 10 m on the eastern side of the river Ness and is more 

extensive to the west of the river . The western portion of terrace 

G (Fig . 46) descends from 13m to 9 m where it ends in a shingle ridge. 
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Boreholes indicate that the terrace (Fig . 46 , G) is composed of sand 

and gravel with some silt and clay layers , and is here interpreted 

as a marine deposit . 

The surface of the lower terrace (Fig . 46 , J) rises gradually 

in altitude from 2-3 m near the coast to 4-6 m inland . Boreholes 

(Fig. 48) indicate that the terrace is composed mainly of gravel with 

large cobbles and boulders and that the deposit is of a considerable 

thickness . Layers of silt or clay are only reported from the upper 

1-2m of the deposits . Beneath the gravel , laminated clays , silts 

and sands with marine shells have been interpreted as Lateglacial 

marine sediments (Peacock , 1977). Inspection of Fig. 48 indicates 

that the deposits of gravel extend across the Kessock narrows and 

infill a former channel in the Lateglacial marine deposits . Above 

the buried channel a later channel has been eroded into the gravel 

deposits . 

North of the Kessock narrows a degraded cliffline fronted by 

raised marine shingle deposits is also present . This cliffline 

truncates a broad terrace fragment which for the most part is built 

over . However, in the west a raised shoreline fragment (Sl62) occurs 

at 33 . 4 m and it is suggested that it is graded to an outwash 

terrace towards the west . 

West of the caledonian canal there are two terrace fragments 

(Figs . 46 , 47 , Sl37 , Tl59) . The higher terrace fragment (Sl37) 

descends in altitude from 17 . 8-16. 0 m while the lower fragment (Tl59) 

declines from 17.0 m and is graded to a raised shoreline fragment 

at 13 . 7 m (Sl38) . The surface of the lower terrace fragment (Tl59) 

is pitted by large kett l eholes (Fig . 46) . Above these terrace 

fragments (Tl59 , Sl37) and north of the Torvean ridge terrace frag

ments are absent . Commercial bores show that the area north of the 

Torvean ridge is composed of till overlain by a tDin layer of gravel , 
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yet directly to the east the high outwash surfaces of Inverness are 

made up of thick accumulations of fluvio- glacial and marine deposits 

(Fig . 48) . It is s uggested that the area north of the Torvean ridge 

lacks fluvio-glaci a l deposits because the meltwaters flowed east-

ward along the s ide of the Torvean ridge towards Inverness , and 

becaus e i ce c ove r e d this area whilst the high outwash surfaces at 

Inverne s s were forme d. 

Sections in the Torvean ridge (Fig . 46 , I) show that it is 

composed of bedded sands and gravels . Many of the sand layers 

exhib it c ros s -be dding whilst the arched nature of the beds across 

the feature supports the view that it is an esker . The ridge extends 

westward to Poll Crua idh (Fig. 46 ) where it me rges into a series 

of kame t e rra ces , whilst to the north it is continued by the 

Tomnahurich ridge (Fig. 46 , H) . The top of the esker ridge rises 

from circa 65 m at Tomnahurich to circa 100 mat Poll Cruaidh . 

To the south of Inverness on the western side of the Great 

Glen, ll kame terraces (Figs. 46, 47 , Tl6l-Tl7l) are present . The 

highest kame terrace (Tl6l) passes into the Torvean esker at circa 

100 m. The 10 kame terraces below Tl6l descend in altitude down-

valley (Fig . 47) and the lowest declines to 62 m. The lowest kame 

terrace is the most extensive and is pitted by large kettleholes . 

This kame terrace (Tl7l) merges into a series of esker ridges along 

its southern margin and at its northern end it grades into an esker 

whose crest descends to circa 40 mat Clachnahulig (Fig . 46 , K). 

Below the lowest kame terrace (Tl7l) a wide area of kame and 

kettle topography , crossed by esker ridges occurs . This area of 

fluvio-glacial ice stagnation t0pography extends SW to Loch Darroch . 

East of the river Ness an extensive area of fluvio-glacial 

deposits extends from Torbreck (Fig . 46) SW to Loch Ness . Kame 

terraces are rare and poorly- developed, while eskers are small and 
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and discontinuous. East of the large ridge in the vicinity of 

Darroch Wood (Fig. 46) a series of dead ice hollows and kames are 

present , and are indicative of the decay of a stagnant ice mass. 

Below the extensive areas of kame and kettle topography 

a series of terr ace fragments (Tl72-Tl90) are present on both sides 

of the river Ness. The highest of these terrace fragments (Tl72) 

occurs on the weste rn side of the Ness valley and declines in 

altitude from 38 .0 m-34.8 m. Fragment Tl72 merges into a lower 

terrace fragment (Tl73) which descends to 32 . 7 m (Figs . 46 , 47) . 

Below fragment Tl7 3 a poorly -developed terrace fragment occurs 

which slopes steeply downvalley. The downvalley gradient of frag

ments Tl72 and Tl7 3 suggests that the terrace surface would rise 

above kames and eskers l km to the SW in the vicinity of terrace 

fragment Tl90 (Fig . 46) . Above Tl90 two modified terrace fragments 

occur at circa 40 m and these are tentatively correlated with terrace 

fragments Tl72 and Tl73 . Since the unmeasured fragments merge 

into fluvio-glacial deposits to the NE and SW it is suggested that 

they lay adjacent to the ice margin. It is inferred that terrace 

fragments Tl72 and Tl73 are outwash deposits related to an ice margin 

mthe Ness valley (Fig . 49). 

The lower terrace fragments (Tl75-Tl90) are located in a broad 

steep-sided trench . The steep slope on the eastern side of the trench 

extends from Inverness Castle (NH 6665 4501) southward to Loch 

Dochfour (Fig . 46) . Lying adjacent to the steep slope are several 

terrace fragments (Tl60 , Tl82 , Tl83 , Tl86 , Tl8 7) . Terrace fragment 

Tl60 is the most northerly of these terrace fragments and it occurs 

at Inverness at circa 18 m. Farther south fragment Tl8 2 lies at 

24 m but this is a very narrow terrace fragment . In contrast fragment 

Tl 8 3 is a large alluvial fan that spreads out from the mouth of the 
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valley of Big Burn and it descends to 14 m. Farther south terrace 

fragment Tl86 descends gradually from 28 m to 26 . 5 m before it 

rapidly declines to 22 m (Fig . 47). To the rear of the steeply 

declining section there is a large steep-sided channel , whi l st 

towards the wesL the terrace is fronted by ground which is extensively 

channelled and pitted by small depressions . 

West of the river Ness the steep side to the trench extends 

from the northern end of the Torvean esker southwards to Loch 

Dochfour. Te rrac e fragment Tl75 lies adjacent to this steep slope 

and the terrace is composed of sand and gravel . The surface of fragment 

Tl75 rises to the SW from 24 . 4 mat Clachnahulig (Fig . 46 , K) to 27 . 3 m, 

with a gradient of 2 . 5 m/km. This steep gradient precludes the 

marine origin proposed for this terrace fragment by J.S. Smith (1968 ) 

and Synge (l9 77a) . Below fragment Tl75 a lower terrace fragment 

(Tl77) is present, the surface of which is channelled and pitted 

by small depressions. On t he basis of the gradient of the river 

terraces (Tl77 and Tl8 6) and their altitude, terrace fragment Tl75 

may be tentatively correlated with fragment Tl 86 (Fig. 4 7 ) . 

The remaining terrace fragments (Tl78 -Tl8 l , Tl84, Tl 88 -Tl90) 

(Figs. 46 , 47) occur on both sides of the river Ness but are often 

poorly-developed . Terrace fragments Tl80 , Tl8 l, Tl8 4 , Tl 89 and 

Tl90 are correlated to form a terrace surfac e which descends from 

18 . 0 m to 12 . 5 m. Below this terrace surface the present river 

floodplain occurs (Tl8 5 ). The higher t e rrace fragme nts (Tl 78 -Tl80, 

Tl 88 ) are often short or have irregular surfaces. One of the 

terrace fragments (Tl79) has a section which rises downstream 

(Fig. 47) and this is interpreted as a grave l bar. Many of these 

terrace fragments (Tl78 -Tl80 , Tl88 ) pass into channe lled topography 

or they merge downstream with each other . The large altitude 
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range and varied gradient of terrace fragments Tl78 -Tl80 and Tl88 

mak.e correlation between them impractical. 

3 . Implications of J~kulhlaup Activity in the Great Glen 

a) Introduction 

Sissons (l979a, l 98lb) proposed that some of the landforms 

in the Great Glen were due to j~kulhlaup activity (see pages 151-154). 

For this reason it is necessary to consider the possible effects 

of j~kulhlaups of the magnitude proposed by Sissons would have had 

on Loch Ness and the Great Glen. Of prime importance is the possible 

outflow of water at the northern end of the Loch for this would have 

controlled the rise in the level of Loch Ness. 

b) Drainage of Ice-Dammed Lakes 

Ice-dammed lakes have been observed to drain in a variety of ways. 

Most i ce -dammed lakes are emptied within a few days during annual 

(eg. Marcus, 1960 ; Stone , 1963; Magg, 1969; Higgins, 1970) or irreg

ularly (eg. Charlesworth, 1 957; Gilbert, 1971; Whalley, 1973) timed 

catastrophic events . However, Hallersley-Smith (1969) suggested 

that some ice-dammed lakes are emptied over a long time period. In 

most cases the ice-dammed lakes are completel y emptied (Blachut and 

Ballantyne, 1976) unless a rock l edge or lip is present; but the 

rate at which they are emptied is dependant on such factors as 

temperature of the lake water , obstructions to water flow, rate 

of glacial flo~ the presence of icebergs in the lake and,if it 

drains subglaciall~ the length of the ice tunnel. The form of the 

drainage hydrograph is also dependant on the drainage route. Lakes 

which overflow through supraglacial or marginal routes show an 

initial rise in the downstream discharge record (Fig. 50) followed 

by a gradual drop in the rate of flow (Maag, 1969) . Subglacial or 
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englacial drainage systems generally show a sharp initial rise and 

a sharper, sudden fall in the hydrograph (Thorarinsson, 1939, Fig. 50) . 

Clague and Mathews (1973) proposed that the instantaneous water 

discharge (Qt) of lakes which are emptied by subglacial or englacial 

routes is not d ependent on the time (t) since the start of the 

j~kulhlaup but on the volume of water (Vt) released from the lake 

during that time. Their study of several ice-dammed lakes suggested 

that the relationship between maximum flood discharge (Q ) 
max 

(in m3 s-
1

) and available water storage (V ) (in m3 x 106 ) may 
max 

be represented by:-

75V 
max 

0 . 67 

Sissons (l979a) suggested that the ice-dammed lake in Glen 

Spean and Glen Roy drained sub-glacially through the Spean Gorge . 

In this case the j~kulhlaup hydrograph would be expected to show 

a sharp rise and a sharper, sudden fall. It is expected that the 

entire lake would have been emptied since there is no rock bar to 

inhibit drainage . Sissons (l979a) suggested that the level of the 

ice dammed-lake stood at 260 m when it drained for the first time 

when it contained 5 km3 of water. On the basis of Clague and 

Mathews (1973) formula Sissons suggested that the maximum outflow 

of water would have been about 22 500 m3 

It is accepted that the ice dammed-lake drained through 

the Spean Gorge since no evidence of submarginal drainage occurs 

in Glen Spean (eg. hillslopes swept clean of drift) . Equally 

it is accepted that the ice-dammed lake stood at 260 m when it 

drained for the first time, and therefore 5 km3 of water was dis-

charged into Loch Ness. (Prior to this drainage lake level maintained 

several leve ls controlled by the various outlets as attested by 
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the well - developed "paral lel roads " in Gl en Spean and Glen Roy . 

(Sissons , 1 9 78 ). The shoreline would not have formed if t he 

l ake level had constantly varied with periodic drainage) . . 

In order to obtain a crude esti mate of the time taken 

(t max in seconds) to drain the ice - dammed lake the j ~kulhlaup 

hydrograph was approximated by a straight line (F i g . 51) where 

the maximum discharge (Qmaxl is 22 500m3 s-1 , and after this 

discharge equals z e ro . Since the area under the line r epr esen ts the 

volume of water di s charged (V m3
) it is possib l e to calcul ate the 

time taken (tmax) to empty the ice- dammed lake . Since :-

vmax 

it is suggested that the ice dammed-lake drained in approximately 

5 days . Such an approximation underestimates the time taken to 

drain the ice-dammed lake since the hydrograph is better r epresented 

by the dotted line in Fig . 51. The straight line hydrograph a l so 

overestimates the discharge du ring the rising limb of the hydrograph 

whilst underestimating the falling limb . 

c) Geomorphic Effects of J~kulhlaups 

Blachut and Ballantyne (1 9 76) have summarised the ma i n geomorphic 

effects of catastrophi c dra inage of ice- dammed l akes . They noted that 

the presence of permafrost and col d g l ac i er ice can great l y inf l uence 

the effects of the f l ood . S i nce discharging lake waters empl oy lit tle e ne rgy 

in sed ime n t tran sp ort t h ey can be aggressive e r osive agents immediately be l o w 

the l ake outl et . They suggested that for this reason drainage of 

i c e - dammed lakes can be assoc i ated with the formation of sub - g l acial 

rock-cut mel twater channel s , scoured bedrock and extensive erosion 

and modif i cation of ou twash fans . In addition , due to their h i gh 
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competence the flood waters will transport large volumes of gravel 

and boulders. These sediments are deposited to form large, poorly-

sorted, strongly imbricated bars, megaripples and steeply-cross-bedded 

scour and fill structures in the proglacial zone (eg . Parde , 1942; 

Malde, 1968). Blachut and Ballantyne suggested that specialized 

features such as pitted outwash can also possibly be attributed 

to catastrophic lake drainage since ice masses are often swept 

downstream. 

d) Possible and Proposed Geomorphic Effects in the Great Glen 

Sissons (1979a) suggested that considerable subglacial erosion 

resulted from the drainage of the ice-dammed lake in Glen Spean and 

Glen Roy. He proposed that the eroded material was deposited at 

Fort Augustus as a large outwash fan graded to a loch level raised by 

8 .5 m by the influx of water. Deposition of a large volume of material 

in the immediate proglacial area is characteristic of jekulhlaup 

events. The rise of 8.5 m proposed by Sissons is harder to 

account for since it is depende nt on the rate of outflow of water 

at the northern end of the loch. Loch Ness has an area of 56.4 km2 

and to raise its level by 8.5 m a water volume of 4.794 x 10
8

m
3 

would have been required. This volume of water represents 9%of that 

which drained from the ice-dammed lake. For the loch to rise by 

8 .5 m the outflow at the northern end would have had to have been 

less than inflow. Since the rate of discharge into the loc h may be 

approximated by the straight line shown in Fig . 51, and the volume 

needed to raise the loch level is known it is possible to calculate 

- 1 
the maximum discharge (Qcrit in m3 s ) at the northern end of the 

Loch. The volume (inm3
) of excess water (Ve) is represented by the 

shaded portion of Fig . 51 . Since the ice-dammed lake is calculated 
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to have drained in 5 . 14 days (444 444 seconds) the gradient (k ) of 

the straight line is : -

Qmax 

t 
max 

22 500 

444 444 
0 . 0506 

Also Q1 = Q 
max Q and t 1 is the time (in seconds) taken to raise crit 

the loch level by 8 . 5 m. 

Therefore 
v 

e 
l l 0 . 5 X Q X t 

V 0 . 5 X Q1 X Ql 
e 

0 . 0506 

V X 0.0506 X 2 
e 

7 000 m3 

v 
e 

Q1 /0.0506 

15 000 m3 
- 1 

s 

By using similar criteria the maximum discharge rate was calcul ated 

for a variety of rises in loch level (Table 14) . 

It is of interest to compare the expected maximum discharge 

rate with that which could h a ve flowed through the Ness valley . 

Sissons (198lb , d) suggested the steep- sided valley through which the 

river Ness flows was formed by the j6kulhlaup event . This valley 

is 500 m wide at its narrowest point and it is suggested that this 

may be taken to represent the width of the channel during the 

j 6kulhlaup . Sissons also noted that large boulders are present in 

the deposit at Inverness which he attributed to the j6kulhlaup event . 

Graphs of river competence (Hjulstrom , 1935 , 1939 ; Nevin , 1946; 

Sundborg , 1956) indicate that mean river velocities of 4-5 m/s are 

required to transport boulders , although such values are approximat -

ions . Since the j6kulhlaup is considered to have raised the loch 

level by 8.5 m this value plus the normal depth of the river during 

flood (l m) may be considered as an approximation of the depth 
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Ris e in loch 
leve l (m) 

1 

2 

3 

4 

5 

6 

7 

8 

8 .5 

9 

10 

TABLE 14 

500 

10 25 000 

9.5 2 3 750 
6 
~ 9 22 500 
rl 
Q) 8 20 000 
~ 
~ 
Ill 7 17 500 ..c: 
() 

'H 6 15 000 
0 

il 
5 12 500 

0.. 4 10 000 Q) 
Q 

3 7 500 

TABLE 15 

Volume of water Critical D~s~~arge 
required to rai6e 

3 Q 't (m s ) 
loch level (xlO m ) crl 

56.4 20 100 

112.8 19 100 

169.2 18 400 

225.6 17 700 

282.0 17 150 

338.4 16 650 

394.8 16 200 

451.2 15 750 

479.4 15 500 

507.6 15 300 

564.0 14 950 

The critical maximum discharge (Q . , Fig. 51) 
crlt 

required at th e outlet of Loch Ness to raise its 

level by a specific amount during the j~kulhlaup 

flood. 

Proposed channel width (m) 

450 400 350 

22 500 20 000 17 500 

21 370 19 000 16 600 

20 250 18 000 15 750 

18 000 16 000 14 000 

15 750 14 000 12 500 

13 500 12 000 10 500 

11 250 10 000 8 750 

9 000 8 000 7 000 

6 750 6 000 5 250 

3 -1 
Potential discharge (m s ) that may have occured at 

the outlet of Loch Ness during the j~kulhlaup. 
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of the channel during the jBkulhlaup. On this basis the maximum 

outflow at the northern end of the loch would have been the 

depth of the channel x the width of the channel x the velocity of 

the water:-

(9.5 m X 

23 750 

500 m X 
-1 

5 m) (sec ) 

Similar maximum discharges have been calculated for narrower and 

shallower channels (Table 15). The calculated discharge at the 

northern end of Loch Ness is therefore greater than that attributed 

to the jBkulhlaup and so it is unlikely that an 8.5 m rise in loch 

level would have occurred. However, if the rise in loch level was 

less than that proposed by Sissons or if the channel was narrower 

or shallower than suggested above, then a rise in loch level would 

have been possible. 

4. Discussion 

a) Morainic Limits 

In the Great Glen morainic limits are present at Fort Augustus 

and in Glen Urquhart. Synge (l977a) and Sissons (l979c) have suggested 

that the ice limit at Fort Augustus is of Loch Lomond Stadial 

age. Pollen evidence from Loch Tarff (Fi.g 39) and Loch Oich 

(Pennington et al., 1972) suggests that Lateglacial Interstadial 

deposits are only present outside the ice limits proposed at Fort 

Augustus. For this reason and because the ice limit is in accord 

with the Stadial ice limit identified in Glen Spean (Sissons, l 9 79c) 

it is suggested the ice margin at Fort Augustus is of Loch Lomond 

Stadial age. 

In Glen Urquhart two morainic ridges are present (Fig. 45, 

A, C) and it is proposed that these may represent former ice limi ts. 

The morainic ridges indicate that two separate ice lobes existed 
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when they were formed, one in the valley of the river Enrick and 

the other in the Coiltie valley. Glaciers related to the Loch 

Lomond Stadial occur well to the south (Peacock, 1975; Sissons, 

1977) and so it is thought unlikely that the ice limits in Glen 

Urquhart are of Stadial age. For this reason it is suggested that 

the ice limits in Glen Urquhart are related to the deglaciation of 

the Late Devensian Scottish ice sheet. One of the morainic ridges 

(Fig. 45 , A) in Glen Urquhart lies adjacent to three outwash fans 

(Fig. 45 , Tl92-Tl95). The highest outwash fan (Tl92) was formed 

while ice lay at the proposed ice margin (Fig. 39) . While the lower 

outwash fans Tl94 and Tl95 were produced large masses of ice were 

present outside the ice margin. It is highly probable that ice still 

lay in the Great Glen during this time but positive evidence to 

support this view is not present. Synge (l977a) proposed that the 

three outwash fans (Tl92-Tl95) are graded to high levels of Loch Ness 

but there are no raised shoreline fragments to support this view . 

b) Anomalous Gravel Deposits 

Within the Great Glen there are anomalous deposits of gravel at 

Inverness and Fort Augustus. The large accumulation of gravel SW of 

Fort Augustus forms an outwash terrace (T218) which is graded to a 

raised shoreline fragment (Sl59) at 36 m. The outwash terrace and 

raised shoreline fragment are related to an ice margin 4 km inside 

the maximal limit of the Loch Lomond Stadial glacier in the area. 

The gravel deposit is anomalous in several respects :-

i) The outwash is graded to the highest level of Loch 

Ness identified at its southern end and this cannot be 

attributed to marine action. Outwash related to a more 

advanced Loch Lomond Stadial ice margin (T220) i s 
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graded to a 32 m loch level. 

ii) Most large outwash spreads related to Loch Lomond 

Stadial glaciers occur at or just within the maximal 

limit, yet the Fort Augustus feature occurs 4 km inside 

the ~imit (Sissons, l979a) 

iii) Outwash spreads formed during the Loch Lomond Stadial 

in the interior of Scotland are much smaller than that 

present at Fort Augustus, (Sissons , l979a). 

iv) The chaotically kettled area to the south of the Fort 

Augustus outwash spread has no parallel with features 

of comparable age (Sissons, l979a). 

These anomalies can be explained if it is suggested that the outwash 

was deposited by the j~kulhlaup which drained the 260 m lake in Glen 

Spean and Glen Roy, b u t with different loch level changes than 

proposed by Sissons (l 9 79a). Firstly the altitude of the raised 

shoreline fragment (Sl59) related to the outwash can be explained by 

the large volume of water raising the level of Loch Ness temporarily 

(the amount of rise is discussed below) and it has been demonstrated 

that such a rise would have been possible . Secondly the position 

of the outwash is consistent with the amount of glacier decay that 

occurred prior to the j~kulhlaup event . When the ice-dammed lake 

drained, the Trieg glacier in Glen Spean had thinned by circa 200 m 

(Sissons, l979a) and the same amount of thinning at Fort Augustus 

places the snout of the glacier circa 4 km SW of the maximal limit. 

Thirdly the size of the outwash spread can be attributed to the 

jBkulhlaup having transported a large volume of debris which it 

deposited rapidly once it left the ice tunnel . Finally , the 

chaotically kettled area may be explained by large quantities of 

ice blocks being transported by the jBkulhlaup. 
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The low-level terrace at Inverness (Fig . 46 , J) overlies Lateglacial 

marine deposits (Peacock, 1977) and is overlain by Flandrian marine 

deposits (Sissons, 198lb). Both Peacock and Sissons have advocated 

that the low-level terrace is of Loch Lomond Stadial age . Sissons 

has also indicated that the low-level terrace is graded to a relative 

sea level close to that which formed the Main Lateglacial Shoreline , 

which is again indicative of a Stadial age. However, Sissons (198lb) 

noted that the low-level terrace is anomalous in several respects . 

i) The terrace covers a large area (circa 6 km2 ) and is 

composed of gravel and large boulders (Fig. 48) which 

could only have been transported during a flood event. 

ii) The gravel extends completely across the Kessock Narrows 

and infills a former channel in the Lateglacial marine 

sediments . If the deposit had built up from periodic 

floods it would have been unable to extend across the 

narrows. 

iii) Silt and clay depos its are only found in the upper 1-2 m 

of the deposit yet such material would be present in 

sediments which accumulated from periodic deposition . 

iv) The terrace surface slopes gently seaward in the form of 

a single alluvial fan, yet if it had accumulated over 

a long period of time several l evels and old channels 

of the river Ness would be expected to be present . 

These irregularities can be explained if it is suggested that the 

gravel was deposited in a single event of catastrophic magnitude . A 

single event explains the coarse grained nature of the deposit , how 

the buried channel in the Lateglacial marine sediments became infilled and 

how the alluvial fan has an apparently undissected surface . Since the 
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volume of sediment is large and the calibre of material very coarse 

the event must have been of high magnitude. A single catastrophic 

event would have occurred in association with the jekulhlaup which 

drained the 260 m ice-dammed lake in Glens Spean and Roy . Since 

it has been propo sed that the jekulhlaup event raised the level 

of Loch Ness it is highly likely that a major flood of water would 

have passed through the Ness valley to Inverness. Sediments eroded 

from the Ness valley by the sediment free loch waters would have 

been deposited at Inverness due to the loss of water competence . 

The view proposed by Sissons (198lb) that the large low level deposit 

of gravel at Inverness (Fig. 46 , J) resulted from a jekulhlaup flood 

i s therefore accepted. 

c) Loch Levels in Loch Ness 

Synge (1977a) suggested that there is evidence to support 5 

former levels of Loch Ness at circa 56 m, 46 - 47 m, 39 m, 27 - 30 m 

and 18 m one of which he proposed was a marine shoreline . In contrast 

Sissons (1979a) advocated only two former loch levels at circa 

18-2 2 .5 m and 32 m and the latter was attributed to a temporary rise 

in loch level caused by a jekulhlaup flood. The outwash fans in 

Glen Urquhart (Tl92-Tl95), Foyers (T207) and Inverfarigaig described 

by Synge as evidence of his 3 highest loch levels do not grade into 

raised shoreline fragments . It is therefore difficult to suggest 

to what , if any , loch level these outwash deposits are graded to . 

At Dores raised shoreline fragments Sl45 , Sl46 occur at circa 34 . 5 m 

but the extent of the lake at this level is unknown . It is possible 

that some of the outwash deposits in Glen Urquhart , Inverfarigaig 

and Foyers are related to this loch level. However , if Loch Ness 

was occupied by a stagnant ice mass (which ismore likely since it is 

200 m deep) then alluvial fans from tributary valleys could have formed 
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adjacent to the ice mass. At the same time small ice-dammed lakes 

could have formed and these together with the alluvial fans could 

have occurred at a variety of altitudes so that no extensive lakes 

have to be proposed. For this reason it is suggested that the 

evidence of 34.5 m loch level is confined to the northern end of 

Loch Ness. 

Evidence of lower loch levels is more widespread. At the northern 

end of the l och , shoreline fragments occur at 27-24.3 m (Sl39, Sl40, 

Sl47, Sl50), 18-19 m (Sl43, Sl48) and 16 .5 m (Sl4l). At Foyers 

raised shoreline fragments are present at circa 28m (R37, T208) and 

21.0 m (S 285) . At the southern end of the loch shoreline fragments 

occur at circa l 7 m (R38, Sl54) , 22 .4 m (Sl6l) , 29 - 30 m (Sl55-Sl58) , 

31-32 m (Sl53, Sl60) and 36m (Sl59) the last being related to the 

j~kulhlaup deposit SE of Fort Augustus and therefore of Loch Lomond 

Stadial age. Other than the lowest shoreline fragments (Sl43, Sl48, 

Sl54 , R38) and the fragment associated with the j~kulhlaup (Sl59) there 

are 2 distinct groups of shoreline fragments. One group lies between 

25-32 m and the other between 18-23 m. Each group of shoreline 

fragments rises in a ltitude towards the SW and this is attributed to 

glacio-isostatic tilting. The lower group form a single shoreline 

the fragments of which truncate higher shoreline fragments at Foyers, 

Lochend and Fort Augustus and therefore are younger features. In 

contrast, the higher group of shoreline fragments form a single 

shoreline at the northern end of the loch but occur at two separate 

levels (29-30 m, 31-32 m) at the southern end. At no locality are 

the shoreline fragments of the 29 - 30 m, 31 - 32 m and 36m(j ~kulhlaup) 

levels related to each other so their age relative to each other is 

problematical. 
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Sissons (l979a) suggested that the j~kulhlaup deposit (T218, 

Sl59) and the high-level delta (Sl60) at Fort Augustus were both 

formed when the level of Loch Ness was temporarily raised by 8 .5 m. 

This correlation is considered unlikely for several reasons:-

i) The high-level delta (Sl60) is related to a more 

advanced ice limit than the j~kulhlaup deposit. 

ii) The high-level delta (Sl60) and the j~kulhlaup 

deposit grade to different levels of Loch Ness. 

iii) The high delta at Invermoriston (Sl52) is graded to 

a similar loch level as the high level delta (Sl60) 

at Fort Augustus. It is unlikely that both features, 

many kilometres apart and deposited in separate 

valleys are graded to the same temporary j~kulhlaup 

loch level. 

It is therefore proposed that the high-level delta (Sl60) at Fort 

Augustus can be correlated with the high-level delta (Sl52) at Inver

moriston , and that they are older features than the j~kulhlaup deposit. 

Since the high level delta (Sl60) at Fort Augustus occurs within the 

maximal Loch Lomond Stadial glacier limits the feature must have formed 

as the ice began to retreat. 

The raised shoreline terraces at 29 - 30 m (Sl55- Sl58 ) are best 

developed outside the Stadial ice limit but may be present at or just 

within the maximal ice limit (Sl5l). The shoreline terraces are 

erosional (locally in bedrock) and their lack of development on the 

higher deltas (Sl52, Sl60) suggests thattheypre-date or are of the same 

age as the deltas. However since the high level deltas are graded 

to raised shoreline fragments l-2 m above the erosional terraces it 

is difficult to reconcile the fact that the terraces and deltas resulted 

from the same level of Loch Ness . It is concluded that the erosional 
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shoreline terraces were formed prior to the high-level deltas (Sl52, 

Sl60). However, this requires a rise in loch level between the formation 

of the erosional shoreline terraces and the high-level deltas, and also 

does not explain why equivalent features are not present at the northern 

end of Loch Ness. The fact that the erosional shoreline terraces are 

locally cut in rock and are circa 10-20 m wide indicates considerable 

erosion in a limited fetch environment. Similar features in Glen Roy 

(Sissons, 1978) and in coastal areas (Gray, 1978; Dawson, 1980b) have 

been attributed to extensive frost action during the Loch Lomond Stadial. 

In addition rpaid rock platform formation has been reported from contemp

orary ice-dammed lakes (J. Rose pers. comm.). Formation of the erosional 

shoreline terraces at this time also explains the proposed transgression 

at the southern end of the Loch which is not present at the northern end. 

It is suggested that the erosional shoreline terraces began to form 

as the climate deteriorated with the onset of the Loch Lomond Stadial. 

As the Stadial glaciers advanced they redepressed the earth's crust which 

resulted in a lacustrine transgression at the southern end of Loch Ness. 

The transgression is partly represented by the steep slope which 

characterises the surface of the erosional shoreline terraces. The 

transgression culminated when the ice reached its maximal l~it and 

this level is represented by the high level delta (Sl60) at 32 m at 

Fort Augustus. In contrast, no transgression occurred at the northern 

end of Loch Ness because the redepression of the earth's crust did not 

alter the relative level of the outlet with respect to the raised 

shoreline fragments in this area (Fig. 52). The period of formation 

and the localised nature of the transgression indicate that the 24-29 m 

level of the loch was a lacustrine level rather than the marine level 

proposed by Synge (l977a) . 
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Since the level of Loch Ness stood at 32 m when the ice began to 

retreat from the Stadial limits and since the j~kulhlaup deposit 

SW of Fort Augustus is graded to a 36 m loch level it is proposed that 

the volume of water present in the j~kulhlaup temporarily raised the 

level of Loch Ness by circa 4 m. Such a rise in loch level represents 

4.5 % of the volume of water involved in the postulated j~kulhlaup 

and would indicate a possible maximum discharge of 17 000 m3 s- 1 at the 

northern end of the Loch (see above ) . 

Sissons (1979a) suggested that after the j~kulhlaup Loch Ness 

returned to the level (circa 18 -23m)it had started at. Since it 

has been suggested that the flood was of a considerab l e magnitude and 

deposited the large low-level gravel deposit (Fig. 46 , J) at Inverness 

considerable erosion must have occurred in the Ness valley. As the 

outlet of Loch Ness rests on deposits of gravel it is expected that 

the erosion would have both widened and lowered the outlet. The extent 

to which the outlet was lowered is unknown, but since the next distinct 

shoreline in Loch Ness occurs at circa 18 - 23 m the maximal lowering 

of the loch was by circa 6 - 7 m. At Fort Augustus chaotically pitted 

deposits occur at circa 25m . Sissons (pers. comm .) suggested that 

pitting of the deposits is man made. However, these deposits may also be 

interpreted as gravels eroded by a later j~kulhlaup. Sissons (1 98 ld) 

postulated that later j~kulhlaups would have occurred from the Glen 

Spean ice-dammed lake but that they would have been of a smaller 

magnitude. Such events may not have been great enough to raise the 

level of Loch Ness but they could have eroded deposits along the course 

of the river Oich. It is suggested that the pitted deposits at 

Fort Augustus (Fig . 42 , E) were formed by a later j~kulhlaup and thatthere-

for the loch level had fallen below 25 . 3 m by this time . It is therefore 

possible to infer that the shoreline at 18-23 m around Loch Ness 

was occupied relatively soon after the j~kulhlaup event which drained 

-196-



the 260 m ice-dammed lake in Glens Spean and Roy. 

There is no morphological evidence to suggest the level of 

Loch Ness during the Lateglacial Interstadial . Haggart (1982) tentat-

ively proposed that evidence of the Lateglacial Interstadial is 

however present in the lacustrine sediment cores retrieved from 

Dares Bay. It is proposed here that Loch Ness stood at the same 

level during the Lateglacial Interstadial as during the early Loch 

Lomond Stadial (eg. 29 mat the southern end and at 24 . 3 mat the northern 

end) . During the Lateglacial Interstadial the loch therefore became 

free of ice but due to the limited fetch environment lacutrine 

shoreline fragments were unable to form. 

d) Inverness and the Ness Valley 

Sissons (l98lb, d) suggested that the river Ness lies in 

a steep-sided trench eroded by the j~kulhlaup flood . An approximation 

of the water surface in the Ness valley related to the j~kulhlaup 

is represented by the straight line which joins the j~kulhlaup deposit surface 

at Inverness with the temporarily raised loch level at circa 30 m 

at the northern margin of Loch Ness (Cambusloch Bay) (Figs. 46, 47) . 

It is evident from Fig. 47 that several of the terrace fragments which 

lie in the steep sided trench (Tl60, Tl75-Tl77 , Tl82 , Tl86) lie 

several metres (5-10) above the approximate j~kulhlaup water surface. 

The gradients of the more southerly terrace fragments (Tl75-Tl77, 

Tl86) suggest that they are related to loch levels above 30 m at 

the northern margin of Loch Ness (eg. Cambusloch Bay) (Figs . 46 , 47). 

Below these terrace fragments (Tl75-Tl77, Tl82, Tl86) the deposits 

in the trench on both sides of the river have irregular surfaces . 

West of fragment Tl86 the ground is chaotically channelled and pitted 

by small depressions , whilst to the east a steep-sided channel is 
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present . Lower terrace fragments on the western side of the river 

Ness have irregular surfaces which contain large gravel bars . It is 

suggested that the irregular ground below terrace fragments Tl75 and 

Tl86 was formed as a result of the j~kulhlaup and that the steep-sided 

trench was in ex~stence prior to the j~kulhlaup event . The above 

discussion suggests that the channel related to the j~kulhlaup event 

would have been circa 450 m wide and since it relates to a 4 m rise 

in loch level the depth of the channel would have been circa 6 -7 m. 

Such a channel would have had a potential maximum discharge of circa 

-1 
14 000-16 000 m3 s (Table 15). This is not greatly different from 

-1 
the calculated critical discharge of 17 700m3 s required to raise 

the Loch level by 4 m (Table 14). As the flood waters receded 

several terrace fragments were formed , and after the catastrophic 

flood the river Ness drained along a new channel related to terrace 

fragments Tl80, Tl8l, Tl84and Tl89. 

It is inferred that the higher terrace fragments in the steep-

sided trench were formed prior to the first j~kulhlaup event as were the 

kame terraces and high-level outwash deltas (Tl42-Tl53) at Inverness . 

The highest kame terrace (Tl6l) passes into the Torvean esker so glacier 

ice was confined within the Great Glen when the esker was formed . Since 

the crest of the esker lies at 80 m at Torvean it indicates a consider-

able thickness of ice in the area. Since the high-level deltas at 

Inverness (Tl42-Tl53) occur as high as 40 m it seems unlikely that 

they were formed at the same time as the esker. Indeed the ice limit 

was probably located seaward of Inverness when the esker was formed. 

The succession of kame terraces (Tl6l-Tl7l) indicate successive 

positions of the ice margin as the ice mass downwasted, and 

became increas ingly confined within the Ness valley . The kame and 

kettle topography below the lowest kame terrace (Tl7l) is indicative 

of in situ ice decay . Similar kame and kettle topography east of the 
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river Ness suggests the ice- decay was wi despread . At Inverness , there 

are several outwash surfaces but it is difficu l t to cor rel ate a par t i cular 

outwash surface with a particul ar kame terrace . However on the basis 

of altitude it is suggested that the lower kame terraces (Tl68 - Tl 7l ) 

are likely to correlate with the outwash surfaces (Tl42 - Tl 53 ) at 

Inverness. 

Each of the four outwash surfaces at Inverness (Tl42 - Tl53) i s 

related to an ice margin which lay in the Ness valley (F i g . 49) . For 

each ice margin it is suggested that ice occupied the ground nor th 

of the Torvean ridge and therefore lay near to the western margin of 

the outwash surfaces . In contrast , in the east , each lower outwash 

surface is related to an ice margin with a more southerl y position . It 

is therefore inferred that the four outwash surfaces are related to 

a retreating ice margin . However the distance of ice retreat was on l y 

5 km . The lowest outwash surface (Tl53) is graded to raised shore l ine 

fragments at 27 . 0 m (Sl30-Sl32) and 24 . 8 m (Sl33 , Sl34) . Since the 

lower raised shoreline fragments (Sl33, Sl34) are essentially part 

of the same outwash surface it is suggested that they are related to 

the same ice margin as the 27 m shoreline fragments . The higher outwash 

surfaces could not be measured so it is unknown if they grade into 

shoreline fragments. However, if the outwash surfaces do grade into 

marine terraces then the latter must lie below circa 40 m for the 

highest surface , circa 35 m for the second outwash surface and circa 

33 m for the third . Since raised shoreline fragments occur at 30-31 m 

(Sl23 - Sl25) east of Inverness and at 33.4 m (Sl62) north of the Kessock 

Stra i t it is suggested that some of the higher outwash surfaces can be 

correlated with these shoreline fragments. It is tentatively proposed 

that the third outwash surface (Tl50- Tl52) correlates with the raised 

shore l ine fragments at 30-3 1 m (S l 23 - Sl25) and that the second 
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outwash surface is related to the raised marine terrace at 33 .4 m 

(Sl62). The highest outwash surface is probably related to a relative 

sea level between 35-40 m. 

Below the outwash surfaces at Inverness raised shoreline fragments 

occur at 16 . 2 m (Sl36) and 13.7 m (Sl38). Neither of these raised 

shoreline fragments can be directly related to a specific ice margin. 

However, it is considered significant that the river terrace fragment 

(Tl59) which grades into marine terrace Sl38 is pitted by kettleholes. 

It is inferred that a mass of ice lay in the area (north of the Torvean 

esker) until relative sea level fell below 13.7 m. Farther south 

Sl36 and Sl38 may correlate with river terrace fragments in the steep 

sided trench of the Ness valley. Projection of the terrace fragments 

(Tl75, Tl77 and Tl86) upstream (Fig. 47) suggests that Loch Ness lay 

at circa 37 m whilst the higher terrace fragment (Tl75) formed and 

at 33m when the lower fragments (Tl77, Tl86) formed (unless the loch 

extended farther north than Cambusloch Bay) • In the vicinity of 

Dochfour House (NH 6046 3920) an unmeasured terrace fragment at circa 

35 m modified by human activity is present and this is tentatively 

correlated with terrace fragment Tl75. The lower terrace fragments 

(Tl77, Tl86) may correlate with the raised shoreline fragments at 

34.8 mat Dores (Sl45, Sl46). However, this latter correlation is ten

tative since evidence for this loch level is only present at Dores. 

The terraces in the steep-sided trench therefore cannot be related to 

any ice margin, however it is suggested that ice probably lay in Loch 

Ness while the features were formed. The presence of glacier ice 

is postulated for several reasons:-

i) A kame terrace fragment at Foyers (T207) descends to 

circa 36 m and this could correlate with the lake 

shoreline fragments (Sl45, Sl46) at Dores. If such a 

correlation is accepted the ice margin must have lain 
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at Foyers . Howeve r, a more northerly position of the 

front of the ice is possible since the kame terrace 

(T207) and the lake at 34 . 8 mat Dares could represent 

localised ice marginal phenomena. 

ii) None of the large tributaries of Loch Ness have shoreline 

fragments which can be correlated with loch levels 

above 32 m. 

iii) The presence of a circa 32 m lake in the Dares area 

requires the presence of glacier ice in the Great Glen 

in order to impound the l ake . 

In contrast , higher outwash terraces (Tl72 - Tl74) in the Ness 

valley are related to an ice margin l km north of Dochfour House . 

Since the highest of the outwash terraces (Tl72) descends from 38m 

to 33 m it cannot be correlated with the high outwash surfaces 

(Tl42-Tl53) at Inverness . The downstream projection of the terrace 

surface also indicates that it is too high to be correlated with shore-

line fragments Sl36 and Sl38. The outwash is therefore r e lated to 

a relative sea l evel above 16 m but below 27 m. 

The evidence from the Ness valley indicates that relative sea 

l eve l fell from circa 35m and possibly circa 40 m to below 13 . 7 m 

while ice masses were still present in the Inverness area . However , 

the ice masses in question were stagnant masses and the margin of the 

ice sheet retreated at least 10 km and possibly 27 km in the same time 

period . During the initial fall in sea level the retreat of the 

ice margin was limited . Relative sea level fell ll m from circa 

35m (and possibly circa 40 m) to 24 m while the ice margin retreated 

a maximum of 5 km . There is no evidenc e to suggest that the ice 

remained active during the period of ice retreat . 
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5. Sequence of Events 

i) The Late Devensian ice sheet downwasted and became 

confined to the Great Glen. A kame terrace at circa 

100 m was formed on the western side of the Great Glen 

and this is related to the Torvean and Tomnahurich 

esker . The front of the ice sheet at this time lay 

east of Inverness . 

ii) The ice sheet continued to downwaste and formed a series 

of kame terraces on the western side of the Great Glen . 

iii) The ice retreated south of Inverness and formed a high 

outwash surface (Tl42, Tl43) which is probably graded 

to raised shoreline fragments at circa 40 m. 

iv) Relative sea level fell to form a raised shoreline 

fragment at 33.8 m (Sl62) which is correlated with 

a second outwash surface at Inverness (Tl44-Tl49) and an 

ice margin south of the city (Fig. 49) . 

v) The ice front retreated to Torbreck , but a mass of ice 

still remained north of the Torvean esker . Meltwater 

formed a third outwash surface (Tl50-Tl52) graded to 

raised shoreline fragments at 30- 31 m (Sl23-Sl25). 

vi) Meltwaters flowed from an i ce margin 2-3 km south of 

Inverness via the Torbreck channel and formed a fourth 

outwash surface (Tl5 3 ) which is graded to raised shore-

line fragments at 27 m (Sl30-Sl32). At the same time 

ice still occupied the Ness valley north of Torvean. 

vii) While the ice margin maintained its position south of 

Inverness relative sea level fell to 24 .0 m. 
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viii) Relative sea level fell to 16.5 m and then 13.5 m and 

then below this. The ice margin retreated from the 

Ness valley and formed progressively lower outwash 

surfaces. The lowest outwash terrace (Tl77, Tl68) 

may be correlated with a kame terrace at Foyers 

(T207) and an ice-dammed lake in the northern part 

of Loch Ness at circa 35 m at Dores. During the same 

time period outwash fans were formed at Inverfarigaig 

and in Glen Urquhart. The outwash fans in Glen Urquhart 

are related to separate lobes of ice in Glen Coiltie 

and Glen Urquhart. The extent of the ice in Loch Ness 

at this time is largely unknown but it is thought to 

have been present in much of the Loch. 

ix) The Late Devensian ice sheet then retreated from the 

study area and Loch Ness became ice free. During the 

Lateglacial Interstadial the level of Loch Ness stoodat circa 

28-29 m at its southern end and at circa 24 m at its 

northern end. 

x) At the start of the climatic deterioration at the end of 

the Lateglacial Interstadial the level of Loch Ness stood 

at circa 24m at its northern end and at circa 28-29 m 

at its southern end. The severe periglacial climate 

that ensued formed erosional terrace fragments (locally 

in bedrock) at the southern end of Loch Ness at circa 

29-30 m. 

xi) The glaciers related to the Loch Lomond Stadial 

advanced and redepressed the earth's crust which 

resulted in a transgression of circa 2-3 m at the 

southern end of Loch Ness. The glaciers reached their 
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maximum extent at Fort Augustus and 10 km SW of 

Invermoriston. 

xii) The Stadial glaciers began to retreat and outwash was 

deposited in a loch at 32.0 mat Fort Augustus. 

xiii) The stadial glacier retreated to circa 4 km south of 

Fort Augustus. While the ice lay at this position the 

ice-dammed lake at 260 m in Glen Spean and Glen Roy 

drained subglacially through the Spean gorge (Sissons, 

l979a). The 5 km3 of water involved in the jekulhlaup 

deposited a large outwash spread at Fort Augustus and 

because discharge into Loch Ness temporarily exceeded 

outflow at the northern end the level of the loch was 

raised by 4 m. Outflow at the northern end of the loch 

of the jakulhlaup waters caused extensive erosion in the 

Ness valley and deposited a large low level terrace 

at Inverness graded to a sea level at circa 2-5 m. 

The extensive erosion lowered the outlet of Loch Ness 

by up to 7 m. 

xiv) Later jekulhlaup events eroded deposits at Fort Augustus 

and grade to a level of Loch Ness between circa 25 m 

and 22.4 m. 

xv) Relative sea level rose to deposit Flandrian marine 

sediments at circa 9-10 m at Inverness and then fell 

to present level. During the same period of time 

raised lake shoreline fragments were formed at 22 . 4 m 

and 17.0 mat the southern end of the loch. The 

outlet of the loch was lowered during this period. 
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CHAPTER EIGHT 

THE BEAULY FIRTH AND THE CONON VALLEY 

1 ) Englishton 

a) Previous Resea r ch 

Eng l ishton (Fig . 53 , 54 ) lie s on the southern side of the Beauly 

Firth , 5 km west of I n verness. Horne and Hinxman (1914) suggested that 

a n i ce marginal channe l occurs in this area south of Cnoc a Chinn 

(Fig . 54 , A) and they p r oposed that the channel formed while ice 

occupied the Beau l y Firth. Th ey a l so suggested that a raised shoreline 

f r agment at 100 ft (30 . 5 m) is pre sent at Englishton (Fig . 54 , Sl81) . 

Ogil v i e (1923) s ugg ested that the high-level marine features in the 

Engl ishton area rep resent a large dissected alluvial fan derived from 

the Bun ch rew Burn. He al s o described lower alluvial fans at 65 ft 

(19 . 8 m) and 30 f t (9 .1 m) . 

Synge ( l 977a) a nd Sy nge and Smith (1980) also described a series 

of alluvia l fan s in t h e Englishton area. Synge proposed that the 

highest all uvial fan (Sl8l) i s related to a 30m relative sea level , 

and i s also r e late d to the lateral meltwater channels which pass 

through the Cnoc ~ Chinn gap (Fig. 54, A). He also suggested that 

whil s t the ice stood at this position relative sea level fell and 

me ltwaters produced the large alluvial fan at Bunchrew (Fig . 54 , B) 

Synge con s idered that the large size of the Bunchrew alluvial fan 

compared with the catchment area of the present Bunchrew Burn 

precludes a Flandrian origin. This interpretation is disputed by 

Haggart (198 2) , who proposed that the large alluvial fan at Bunchrew 

may have been deposited during the Flandrian. 

b) Field Evidence 

In the Englishton area (Figs . 54, 55) deltas and alluvial fans are 

present at several levels. The highest feature (Sl8 l) descends 
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Shoreline No. of Mean Mean Quality of 
Fragment Points Grid Ref. Altitude Measurements 

Sl62 7 NH 6615 4820 33.37 M 

Sl63 5 NH 6517 4812 29.90 M 

Sl64 4 NH 6421 4871 27.79 M 

Sl65 3 NH 6268 4857 15.50 p 

Sl66 6 NH 6192 4838 10.95 M 

Sl67 7 NH 6332 4844 9.46 M 

Sl68 2 NH 6275 4849 9. 85 p 

Sl69 8 NH 6239 4835 10.11 G 

Sl70 4 NH 6228 4827 4.39 G 

Sl7l 3 NH 6252 4831 5.07 p 

Sl72 6 NH 6197 4828 5. 36 M 

Sl73 3 NH 6125 4840 7. 89 p 

Sl74 4 NH 6100 4854 3.35 G 

Sl75 2 NH 6090 4867 10.04 M 

Sl76 4 NH 6085 4883 13.00 M 

Sl77 7 NH 5992 4860 9. 39 G 

Sl77 6 NH 6024 4857 8.51 G 

Sl78 4 NH 5883 4930 7.45 M 

Sl79 4 NH 6126 4533 29.60 M 

Sl80 2 NH 6121 4539 22.12 p 

Sl81 9 NH 6069 4562 29.03 M 

Sl82 2 NH 6072 4579 21.35 p 

Sl83 3 NH 5879 4567 16.10 p 

Sl84 9 NH 5901 4570 15.34 M 

Sl85 7 NH 5820 4535 22.03 M 

Sl86 5 NH 5786 4524 22.56 p 

Sl87 10 NH 5735 4526 3.38 G 

Sl87 10 NH 5775 4552 3.12 G 

Sl87 9 NH 5809 4565 3.09 G 

Sl88 8 NH 5693 4492 5.31 G 

Sl89 3 NH 5692 4481 22.50 M 

Sl9>0 7 NH 5685 4438 20.35 G 

Sl90 6 NH 5671 4416 20.61 G 

Sl91 3 NH 5576 4407 29.05 M 

Sl92 6 NH 5629 4442 28.80 M 

TABLE 16 Raised shoreline fragments in the Beauly Firth and 
Canon valley region. P = Poor, M = Moderate, G = Good 
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Shoreline No . of Mean Mean Quality of 
Fragment Points Grid Ref . Altitude Measurements 

Sl 93 4 NH 5751 4469 29.36 p 

Sl94 3 NH 5626 452 8 6.04 M 

S l 95 5 NH 5617 452 6 7.17 M 

Sl96 3 NH 5630 455 1 5. 76 G 

Sl9 7 7 NH 5648 46 10 7.87 G 

Sl9 7 8 NH 5629 462 6 7. 33 G 

Sl98 6 NH 5637 4585 7. 8 7 G 

Sl99 7 NH 5644 4582 5.10 G 

S200 8 NH 5616 4642 3 .41 G 

S200 7 NH 5651 4628 3 .07 G 

S200 7 NH 5666 4606 2 . 8 7 G 

S201 3 NH 5637 4563 4 .84 M 

S20 2 5 NH 5572 4631 5 .9 2 G 

S20 3 4 NH 5552 4636 4. 28 G 

S204 2 NH 5533 4623 5.77 M 

S205 8 NH 550 1 4616 5. 76 G 

S206 7 NH 5489 462 7 5 .84 G 

S207 4 NH 5703 449 0 11.15 M 

S208 7 NH 5910 4918 9 . 21 p 

S208 6 NH 5931 49 00 9 . 38 M 

S209 5 NH 5460 4599 6 .74 G 

S210 9 NH 5465 46 10 6.01 G 

S211 7 NH 5462 46 1 4 6 . 49 M 

S212 5 NH 5417 46 00 6 .56 G 

S2l2 5 NH 5439 4602 6 . 32 G 

S213 1 NH 5415 4639 5 .06 M 

S214 6 NH 5381 4593 6 . 56 M 

S2 15 10 NH 52 71 452 0 30. 50 p 

S216 6 NH 5615 49 16 9 . 2 8 G 

S2 17 5 NH 564 2 4919 2 . 52 G 

S2 18 8 NH 5606 4907 3 . 24 G 

S21 8 8 NH 5581 4887 3 .03 G 

S219 5 NH 5544 487 3 9 . 80 M 

TABLE 16 (cont.) 
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Shor e line No . o f Mean Mean Quality of 
Fragment Points Grid Ref. Altitude Measurements 

S220 10 NH 5477 4962 26.95 M 

S22l 10 NH 52 2 7 4860 28.20 M 

S222 8 NH 51 89 4700 31.79 p 

S22 3 4 NH 5204 4701 19 . 30 M 

S224 3 NH 5216 4705 11.50 p 

S225 3 NH 5211 4678 11.50 M 

S226 7 NH 5245 47 36 13.36 M 

S226 6 NH 526 8 4765 12 0 89 M 

S22 7 4 NH 52 76 4791 18.70 M 

S228 4 NH 5288 4785 13.56 M 

S229 8 NH 545 7 4862 5 . 32 M 

S230 6 NH 54 36 4856 5.53 M 

S23 l 10 NH 5402 4837 5 . 86 G 

S2 32 3 NH 54 37 4844 4.70 M 

S233 6 NH 5 4 15 4809 4 . 93 G 

S23 4 8 NH 54 31 4788 3 . 21 M 

S2 35 7 NH 5504 4859 3 . 59 M 

S2 35 6 NH 5477 4851 3 . 72 M 

S236 lO NH 5 3 71 4806 5 . 86 G 

S237 9 NH 5424 4612 6 . 67 M 

S 32 7 9 NH 5426 4606 6 . 72 M 

S238 3 NH 5317 4760 7.25 M 

S239 3 NH 5326 4755 5.68 M 

S240 4 NH 5327 4746 4. 86 M 

S24l 2 NH 5313 4750 8 . 52 M 

S2 42 2 NH 5301 4746 6 . 80 M 

S24 3 10 NH 5275 4708 6 .55 M 

S244 6 NH 5206 4554 7.05 M 

S245 3 NH 5209 4670 8 . 82 G 

S246 2 NH 5230 4642 8 . 53 G 

S247 8 NH 5222 4672 9 . 36 G 

S248 3 NH 5127 4578 8 . 74 M 

S249 8 NH 5115 4520 8 . 90 G 

TABLE 16 (cont . ) 
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Shoreline No . of Mean Mean Quali ty o f 
Fragment Points Grid Ref. Altitude Measurement s 

S250 4 NH 5279 4725 8 . 54 G 

S25l 6 NH 5254 4722 9 . 36 p 

S252 4 NH 5285 4768 8 . 85 M 

S253 9 NH 5117 4595 29 . 40 M 

S254 10 NH 5021 4297 28 . 98 M 

S255 2 NH 5060 4187 28 . 66 p 

S256 5 NH 5120 4199 28 . 23 p 

S257 5 NH 5143 4209 29 . 53 M 

S258 5 NH 5166 4226 29 . 21 p 

S259 10 NH 5196 4275 29 . 34 p 

S260 8 NH 5194 4314 16 . 40 M 

S26l 7 NH 5376 5384 19.21 M 

S262 3 NH 5362 5373 18 . 15 M 

S263 10 NH 5357 5313 27 . 85 M 

S264 3 NH 5343 5309 20 . 70 p 

S265 8 NH 5302 522 3 28.20 M 

S266 lO NH 5297 5268 22 . 31 p 

S267 3 NH 5299 5335 11 . 50 p 

S268 5 NH 5237 5216 24.30 M 

S269 10 NH 5203 5204 26.20 M 

S270 9 NH 5190 5230 25 . 40 p 

S27l 4 NH 5134 5230 25 . 13 p 

S272 7 NH 5248 5330 10. 39 p 

S273 9 NH 5263 5328 8 . 26 M 

S274 9 NH 4919 5 357 10.54 M 

S274 10 NH 4953 5363 10 . 50 M 

S274 lO NH 4972 5380 10. 24 M 

S275 8 NH 4934 5326 26 . 23 M 

S275 8 NH 4969 5313 26.07 M 

S276 7 NH 5020 5345 19 . 61 M 

S277 8 NH 4955 5351 18.91 M 

S278 5 NH 4922 5355 19.20 M 

S279 3 NH 4829 5371 17 . 63 p 

S280 2 NH 4832 5375 15 . 52 M 

S28l 10 NH 4790 5383 15.78 M 

TABLE 16 (cont . ) 
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Shoreline No . o f Mean Mean Quality of 
Fragment Points Gri d Re f. Altitude Me as uremen t s 

S282 5 NH 4730 5385 26 . 23 M 

S282 6 NH 4779 537 7 26 . 36 M 

S283 8 NH 4671 5396 25 .08 p 

S284 6 NH 4598 5400 24 .1 7 M 

S284 5 NH 4571 540 2 24 . 45 M 

R39 4 NH 6177 4827 10. 56 M 

R40 5 NH 6117 4854 9 . 35 G 

R41 2 NH 6044 486 1 10.12 M 

R42 5 NH 6061 4570 28 . 80 M 

R43 5 NH 5313 4765 10 . 27 G 

R44 3 NH 5221 4658 9 . 47 M 

TABLE 16 (cont.) 
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in altitude from 38 m t o 28 m. Its frontal margin is truncated by 

a degraded cliffline , whil s t its surface is dissected by KrrktonBurn . 

A section (NH 6080 4558) r ev ea ls steepl y - dipping beds of gravel with 

sand and cobbles . The g r ave l s a r e rounded to sub-rounded and occasionally 

contain balls of till . Thes e lay e rs are overlain with unconformity (Plate 8) 

by a horizontal bed of we ll-rounde d gravel with cobbles and sand . The 

structures are inter preted as fo r e s e t and topset bedding which indicate 

that the feature is a delta . The j unction between the foreset and top-

set bedding has an altitude of 26 .1 m and it has been suggested (All en , 

1976) that this is indicative o f f orme r relative sea level during the 

formation of deltas . Howeve r , this view is not accepted since the 

junction is an erosive contac t a n d it is unknown if such a contact 

i s related to MLWS rather than MHWS . The surface of the delta (Sl8 l) 

i s over l ain by a sma ll sand ridge (R42) whose crest lies at 28 . 8 m. 

The apex of the de l ta occur s a t the eastern end of two large meltwater 

channe l s (Fig . 54 , A) wh i ch a r e e roded in bedrock. These channels 

extend westward to kame and kettle topography . 

A f l at- topped hi ll (S l 79 ) at 29 . 6 m is interpreted as a marine 

t e rrace fo r med at the s a me time as the high-level delta (Sl8l) . Lower 

poorly - def ined t e rraces a t 21 . 4 (Sl82) and 22 . 1 m (Sl80) which occur 

seawa r d o f t he de lta a r e also interpreted as marine features . 

The Bunchr ew alluvia l fan (Fig . 54 , B) descends in altitude 

from c irca 20m to sea l evel . The alluvial fan has poorly-defined 

t e rra c e s deve l op e d on its surface below circa 6 m, and these lower 

t e rraces grade westwards into estuarine deposits . To the rear of 

the Bunchrew alluvial fan there is no degraded cliffline , yet this 

cliffline is well developed totheeast and west of the alluvial fan . 

At Englishton the degraded cliffline is fronted by a lower alluvial 

fan at the mouth of Kirkton Burn (Fig . 54 , C) · 
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c) Di scussion 

The h i gh-l eve l d e lta at Englishton (Sl81) passes into meltwater 

cha nn e l s (F ig . 54 , A) wh ich extend westward . It can be inferred that 

i ce occupied the western end of the channels whilst the delta was formed . 

However , the exact pos ition of the ice front is unknown but it is 

proposed that the ice occupied the Beauly Firth a short distance west 

o f Eng l ishton (Fig . 53 ). The ice front terminated in the sea and 

r etr eat was probab l y ma rked by calving . The high - level delta surface 

(S l 8 1 ) does not g r ade into raised shoreline fragments although a marine 

t e r race (Sl79) at 29 . 6 m indicates marine action up to this level. The 

delta may be g r aded t o a relative sea level below 29 . 6 m and therefore 

ind i catesa fa ll in re lative sea level. The poorly-developed sand 

ridge (R42) may a l so be indicative of a fall in relative sea level . 

The h i gh l eve l de lta (Sl81) is succ eeded seaward by marine 

t e rraces at c i rca 21-22 m (Sl80 , Sl82) which are indicative of a 

c onti nued fa l l in r e l a tive sea level. These high level marine features 

are trunca t ed by a low leve l cliff related to an even lower relative 

s ea l eve l . 

The alluvia l fan at Bunchrew although graded to sea level is too 

large to have b een formed by present fluvial activity . It is unlikely 

that t h e alluvial fan formed during the Flandrian (cf . Haggart , 1982) 

since Flandrian marine deposits lie on its surface and it is not 

graded to any of these deposits . It is also unlikely that the alluvial 

fan formed directly after the Englishton de lta was produced while ice 

still occupied the Beauly Firth (cf. Synge , 1977a) ; since the low

level cliff which truncates the Englishton delta would be expected to 

truncate the Bunchrew alluvial fan. As the low l eve l cliff is also 

not present behind the alluvial fan it is suggested that these features 

were formed at the same time . The degraded low-level cliff is therefore 
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related to a relative sea level close to that of present . At 

the same time water dischargealong the Bunchrew Burn was great enough 

to form a large alluvial fan and protect this section of the coast 

from extensive marine erosion . 

d) Sequence of Events 

i) The Late Devensian ice sheet downwasted and its margin 

retreated into the Beauly Firth . 

ii) While the ic e margin l ay across the Beauly Firth west 

of Englishton,meltwaters flowed through the meltwater 

channels south of Cnoc a ' Chinn and formed,the English-

ton delta (Sl8l) . While this delta was being formed 

relative sea level fell from 29 . 6 m (Sl79) to below 

circa 28 m. 

iii) Relative sea level continued to fall and formed raised 

marine terraces at circa 21 - 22 m (Sl80 , Sl82) . 

iv) Relative sea level then fell to circa 2 m and during 

a period of extensive ma rine erosion many of the higher 

raised marine features were truncated. In contrast , 

sediments transported by the Bunchrew Burn were deposited 

at the coast to form a large alluvial fan . 

v) Relative sea level then rose and formed raised marine 

features on the Bunchrew alluvial fan up to circa 7 m. 

From this point relative sea level fell and alluvial 

fans below circa 7 m were deposited . 

2 . Kiltarlity and Balblair 

a) Previous Resea rch 

The area of Kiltarlity and Balblair (Figs . 53 , 56) lies west of 

the Beauly Firth. The area is dissected by the river Beauly, with 
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FIGURE 56 The Balblair and Kiltarlity areas. 
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Balblair lying to the north of the river and Kiltarlity to the south . 

The officers of the Geological Survey (Horne and Hinxman , 1914) 

suggested that the terraces in the Kiltarlity/Balblair region are 

fluvial in origin , and were formed by the river Beauly and the Belladrum , 

Bruiach and Allt Croiche streams . Above these terraces they descr i bed 

hummocky drift composed of sand and gravel. 

J . S . Smith (1968 , 1977) suggested that the high- level terrace 

fragments at Balblair (Figs. 56, 58 , T70 , Tl08) represent an outwash 

delta. He described moraines and kames near Kilmorack (Fig . 56) as 

contemporaneous with the de lta formation . Harris and Peacock (1969) 

a lso suggested that the higher terrace fragments at Balblair and 

Kiltarlity are delta fragments deposited by meltwaters which flowed 

through the Kilmorack Gorge. They proposed that the Balblair delta 

(T70 , Tl08) became dissected and a series of lower terraces were 

formed as relative sea level fell . 

Synge (l977a) and Synge and Smith (1980) described the Balblair 

delta (T70) as an outwash feature with topset and foreset bedding , 

and related the feature to a former ice margin in the Kilmorack area 

(Fig. 56) . They propos e d that the delta formed whilst relative sea 

level stood at 26 m. 

b) Field Evidence 

On the northern side of the river Beauly east of Kilmorack Gorge 

there are terrace fragments at seve r a l levels (Figs . 56 , 58 , T70-

Tl02) . The highest terrace fragment (T70) descends in altitude from 

37 m at Ki lmorack Church (NH 4942 4432) to 27 m at Balblair (Fig . 56) . 

Along most of its length T70 dec linesregularly in altitude , but at 

its eastern end the feature is stepped with horizontal sections at 

30 . 2 m and 29 . 1 m. These horizontal sections are interpreted as raised 

- 218-



I 
N 
I-' 
1.0 
I 

b' 

I. 

0 
0 

E 

20 

s 
(NH 510 4001 

T112 

~ 

T11ff 

'r"' 

~~o-o-;; 
~9~ 
""'- T1t1 

~'\ 120 T113 T11~~--~·.::.'-~S25B ~117 

"---s2s9 

....._.. T125 

n'2N>l>s ~ ·~~ '0./m 
T12~~~ 

T12B ~~123 
~131 T130 

T132 

2 km 3 

FIGURE 57 Altitude data for the Kiltarlity area. 

5260 

4 
N 

(NH 510 1.1.2 I 



marine terraces , a view supported by the presence of a raised marine 

shoreline fragment (S253) at 29 . 4 m located NE of T70 . Sections in 

T70 at Balbl air sand and gravel pit (NH 511 444) indicate clear topset 

and foreset bedding . The sections reveal coarse sub- rounded- rounded 

gravel with sand up to 1 m thick which overlies steeply- inclined beds 

of gravel and sand . The steeply- inclined beds of gravel contain sand 

and cobbles and are often characterised by graded bedding . At lower 

levels sand deposits predominate and are characterised by climbing 

ripples and fault structures . The deposits are interpreted as rapidly 

deposited sediments in a deltaic environment . 

To the north of Kilmorack Gorge above terrace fragment T70 

kame and kettle topography occurs . The relation of this kame and 

kettle topography to the high delta (T70) at Balblair is unknown . 

Similarly terraces developed in the gorge have an uncertain relation 

with the high delta (T70). 

A series of river channels and terrace fragments (T7l - Tl02) 

occur below the high Balblair delta (T70) . Many of the terrace frag

ments are discrete features which are difficult to correlate with each 

other , but an attempt o f correlation has been made (Table 17) on the 

basis of gradient and staircase constraints . Certain of the river 

terrace fragments are graded to raised shoreline fragments (eg . T8l , 

T84 , T85) but these relate to base levels below circa 10 m. The cross

cutting relationships of the river terrace fragments (T71-Tl02) 

suggests relative sea level fell as the fragments were formed . 

The high-level delta at Balblair (T70) is truncated at its east

e rn margin by a degraded cliffline . Deposited against the cliff are 

extensive estuarine clays which form a raised shoreline terrace at 

9 . 8 m (S249) . The estuarine deposits are overlain by small alluvial 

fans and are succeeded seaward by a lower raised shoreline fragment 
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at 7 . 0 m (S244) . 

South of the river Beauly a series of terrace fragments are 

present (Figs . 56 , 57 , Tl08- Tl35) . At the mouth of the Ki l morack 

Gorge a broad kettled outwash terrace fragment (TlOB) descends east

wards from 40 . 5 m to 34 m. This terrace surface is continued far t her 

east where it descends to 28 m. This feature is considered of the 

same age as the high-leve l delta at Balblair (T70) . Adjacent to 

Tl08 another terrace fragment (T l 27) descends from 31 m to 26 . 5 m. 

Channels on the surface of the higher terrace fragment (Tl08) descend 

onto the surface of the l ower feature (Tl27) . 

The highest terrace fragments in the Kiltarlity area (Tlll , 

Tll5 , Tll6) descend northward to 27 - 29 m. The frontal margins of 

these terrace fragments are dissected by river channels which are 

graded to a lower terrace fragment (Tl22). Towards the south terrace 

fragment Tlll extends into two narrow channels (Fig . 56 , A, B) which 

are eroded through a broad morainic ridge . South of the morainic 

ridge a broad terrace fragment (Tll2) extends southward into kame 

and kettle topography . Farther east at Home Farm another terrace 

fragment (Tl09) may b e c orrelated with fragment Tlll . Tl09 either 

continues along the course of Belladrum Burn or passes into a meltwater 

channel (Fig . 56 , C) , which extends northward where it passes into a 

small delta (Tll7) which descends to 29m. 

A lower terrace surface is represented by several alluvial fans 

(Tll8-Tl21) for the streams of Allt Caoiche , Culburnie Burn and 

Bruiach Burn . These alluvial fans extend towards the east where they 

merge into terrace fragments (Tl22 - Tl26) below the high Kiltarlity 

terrace (Tlll) . Channels which start on the surface of the high 

Kiltarlity terrace fragment (Tlll) pass onto and end on the surface 

of the lowerterrace fragment Tl22 . This indicates that water continued 

to flow across the surface of fragment Tlll whilst the lower terrace 
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fragments (Tl22-Tl26) were being formed. 

Farther east a broad channe~d terrace fragment (Tl23) descends 

from 26 m to 18 m a long the Dounie Burn , but surprisingly north of 

Dounie Farm (NH 5142 4285) it rises towards the north and this rise 

is attributed to the river Beauly . Towards the east Tl23 is graded 

to a raised shoreline fragment (S260) at 16 . 4 m. A three metre section 

in Tl23 reveals horizontal beds of fine sand (0 . 01 - 0 . 05 m thick) altern

ating with silts. Coarse sub-rounded gravels with sand are exposed 

6 m above the beds of fine sands and silts . The deposits are inter

preted as bottomset and topset beds of a delta . 

The two higher terrace surfacesin the Kiltarlity area (Tlll 

Tll7 , Tl l 8- Tl26)are dissected by the streams of Belladrum Burn and 

Bruiach Burn and several lower terrace fragments are present (Tl28-

Tl32). The lower terrace fragments were only measured at a few local

ities, but it is suggested that at least 3 lower river terrace surfaces 

occur. None of the lower terrace surfaces can be related to 

raised shoreline fragments or former ice margins . 

c) Discussion 

The features in the Balblair/Kiltarlity area represent a complex 

sequence of deltas whichweredissected during a fall of relative sea 

level. The correlation of individual terrace fragments is presented 

in Table 17 although the fragmentary nature of some of the features 

makes certain correlations rather tentative. A more important con 

sideration is the correlation of the deltas in the Kiltarlity area with 

those at Balblair and their relation to relative sea level and former 

ice margins . The high Balblair delta (T70 , Tl08 ) occurs on both 

sides of the river Beauly. On the northern side of the river the 

delta (T70) is graded to raised marine terraces at 30 . 2 m and 29 . 1 n , 

but its frontal surface descends to 27 m. Shoreline fragment S253 at 
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Group 

A 

B 

c 

D 

E 

F 

G 

H 

TABLE 17 

Correlated Fragments 

T70 , Tl08, Tl09 , Tlll, Tll 3 , Tll7 

T73 , TllO, Tll2 , Tll8, Tll9 I Tl20 , Tl22-Tl25 

T74, T91(?) 

T75, T76, T77 

T78-T81 

T82-T86 

T87-T89 

T90, Tl00-Tl03 , Tl06 , Tl07 

Proposed correlation of fluvial and fluvio
glacial terrace fragments in the Kiltarlity 
and Balblair areas (Figs. 56-58) 



29 . 4 m is correlated with the high delta surface . It is possible 

that the high Balblair delta fo rmed as relative sea level fell and 

so the feature is graded to more than one raised shoreline fragment . 

The relation of the high delta (T70, Tl08) to the ice margin is more 

problematical . It is possible that ice was located at the eastern 

end of the Kilmorack Gorge when the high Balblair delta (T70 , Tl08) 

was formed. Alternatively, water may have drained through the gorge 

at the time of formation . The size of the delta and its kettled 

surface certainly indicate that the feature was formed as a result 

of meltwater activity . 

The highest terrace fragments in the Kiltarlity area (Tlll, 

Tll4-Tll7) all descend to 27-29 m. The similarity in altitude of 

the frontal margins of these terrace fragments (Tlll , Tll4- Tll7) is 

cons idered to indicate that relative sea level was at circa 27- 29 m 

when these deltas were produced . This relative sea level is at the 

same altitude as that proposed fo r the high -leve l delta at Balblair 

(T70) . It is therefore suggested that the high - leve l delta at 

Balblair (T70, Tl08) and the high Kiltarlity de ltas (Tlll , Tll4- Tll7) 

were formed at approxim~tely the same time. 

The inferred location of the ice front whilst the high Ki ltarlity 

deltas were formed is dependent upon the interpretation of the broad 

terrace fragment Tll2 behind the morainic ridge . Under one 

interpretation Tll2 is a continuation of terrace fragment Tlll and 

on this basis the ice margin lay south of the morainic ridge where 

terrace fragment Tll2 extends into kame and kettle topography . However 

this interpretation is considered unlikely since there would have 

been an insufficient head of water for the meltwaters from terrace 

fragment Tl09 to have flowed uphill in the meltwater channel (Fig . 56 , 

D) which links Tl09 with the delta Tll7. The second interpretation 

is that the ice lay adjacent to the morainic ridge and over the 
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meltwater channel (Fig . 56 , C) when the high Kiltarlity detlas 

(Tlll , Tll4-Tll7) were formed . The ice then retreated to the kame 

and kettle topography south ofthe terrace fragment Tl l 2 and terrace 

fragments Tl09 and Tll2 were formed . At this time meltwater drained 

from fragments Tl09 and Tll2 through the channels (Fig . 56 , A, B) 

which dissect the morainic ridge , across the surface of terrace frag -

ment Tlll onto the surface of the lower terrace fragment Tl22 . 

Below the high Kiltarlity deltas (Tlll , Tll4- Tll7) there is 

a lower terrace surface represented by terrace fragments Tll8- Tl26 

This lower surface is graded to a raised shoreline fragment (S260) 

at 16.4 m and it is correlated with the large terrace fragment (T73) 

on the northern side of the river Beauly . It is suggested that 

terrace fragment Tll2 also correlates with this lower terrace surface 

(Tll8-Tl26) and therefore ice occupied the area of kame and kettletopograph 

whilst relative sea l eve l stood at circa 16 m. It is inferred that 

relative sea level fell 13 m from 29 m to 16 m whilst the ice margin 

retreated only 0 . 5 km . 

After the marine terrace at 1 6 .4 m (S260) was formed relative 

sea level fell and the higher terrace surfaces were dissected . Several 

terrace fragments were formed (T74- Tl07 , Tl27-Tl32) , but few of these 

terrace fragments can be related to specific raised shorelines . However , 

fragments T80 and T81 are graded to a raised shoreline fragment at 

c irca 9 m (S249),whilst fragments T84 and T85 are graded to a circa 

7 m level and are correlated with marine terrace S244 at 7 . 0 m. 

The high-level delta at Balblair (T70) is truncated by a degraded 

cliff line . At the base of this degraded cliffline there are extensive 

estuarine deposits . Since it is unlikely that a major cliff and 

extens ive estuarine deposits would have formed at the same time it 

i s suggested that the cliff predates the estuarine deposits . 

- 226-



d) Sequence of Events 

i) The Late Devensian ice sheet r e treated to the 

Balblair area. 

ii) Whilst the i ce limi t stood in the vicinity of 

Kilmorack Gorge and along the morainic ridge SE of 

Kiltarlity large de ltas at Balblair (T70 , Tl08) 

a nd Kiltarlity (T lll , Tll4-Tll7) were produced . 

iii) 

These deltas, which are r e lated to relative sea levels 

between 27-30 m, may indicate a fall in relative sea 

l eve l during their accumulation. 

The ice margin r etreated 0 . 5 km i n the Kiltarlity 

area where it decayed in situ and fo rmed kame and 

kettle topography . Meltwaters drained from this mass 

of ice through channels in the morainic ridge (Fig . 

56 , A, B) to a lower terrace surface (T73 I Tll8-

Tl26) which is graded to a raised shor e line f r agment 

(S260) at 16 . 4 m. 

iv) Re l ative sea l eve l continued to fall and the high 

de ltas at Balblair and Ki l tarlity were dissected . 

Terrace fragments were formed at a variety of altitudes 

v) 

(T74 -T77) . 

Re l ative sea level fel l and the high-level de lta 

at Ba l blair (T70) was truncated by marine erosion 

and a low-level cliff was formed . 

vi) Subsequently extensive estuarine sediments were 

deposited adjacent to the low-level cliff at 8 . 9 

(S249) and terrace fragments of the river Beauly 

graded to this same level . 

vii) Relative sea level then fell and the river Beauly 

a series of river terraces at successively lower 
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altitudes (T82-Tl07) . Some of these river terrace 

fragments are graded to relative sea leve l s below 

8 . 9 m (eg . T84 , T85 , Tl07) . 

3 . The Muir of Ord and Orrin Valley 

a) Previous Research 

Muir of Ord (Figs . 53, 59) lies on the narrow lowland that 

separates the Beauly Firth from Strath Canon , and the river Orrin drains 

into this area from the west . Horne and Hinxman (1914) claimed that 

lateral moraines are present on the hills west of Muir of Ord and that 

these pass into a series of flat - topped ridges which merge with a large 

raised beach at 100 ft (30 . 5 m) (T67, T69) south of the village . They 

also claimed that the raised beach (T67 , T69) merges northward into 

kame and kettle topography . Horne and Hinxman also identified raised 

marine terraces at 100 ft (30.5 m) north of Highfield (Fig . 61, S263 , 

S265) and near the confluence of the Orrin and Conan rivers (S275) . 

They noted that the raised beaches south of Muir of Ord terminate 

southward in a degraded cliff which they attributed to marine erosion 

whilst relative sea l eve l stood at 50 ft (15 . 2 m) and later at 25 ft 

(7.6 m) . 

In contrast, Ogilvie (1923) suggested that the terrace south of 

Muir of Ord (T67 , T69) is a fluvio-glacial deposit pitted by kettleholes . 

He suggested that the surface is unaffected by marine activity and that 

it merges into ka me and ke ttl e topography towards the north . Ogilvie 

s ugge ste d that the kame and ke ttle t opo graphy in the north is truncated 

by marine terraces at 80 ft (24 . 4 m) (S 26 3 , S 265 , T39) whilst the out

wa s h fan (T67, T69 ) south of the village is trunc ated by raised marine 

f eatures at 80ft (24.4 m) , 50ft (15. 2 m) and 2 5 ft (7 . 6 m) . Ogilvie 

a lso proposed that the river Orrin may have a t one time flowed farther 

e ast in the vicinity of Highfield . 
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Kirk et al . (1966) suggested that the terrace surface south of 

Muir of Ord (T67 , T69) is an outwash delta graded to a 98 ft (29 . 9 m) 

relative sea level. They suggested that ice occupied the lower Conon 

valley whilst the delta was formed. They considered that the ice front 

later retreated as far west as Muirton Mains (Fig . 53) when relative 

sea leve l stood at 85 ft (25 . 9 m) north of Muir of Ord . 

J .S . Smith (1968) suggested that the large terrace (T67 , T69) south 

of Muir of Ord represents an outwash fan pitted by kettleholes and 

formed in close proximity to the ice margin . He suggested that poorly-

developed shingle ridges occur on the surface of the outwash fan to an 

altitude of 98 ft (27 . 1 m). The kame and kettle topography in the 

vicinity of Highfield was said to have been modified by marine action 

up to an altitude of 89ft (27 . 1 m) (J . S . Smith , 1968) . In contrast , 

J . S . Smith (1977) suggested that the terrace fragments south of Muir 

of Ord (T67 , 'I69) are a delta formed by a " ... net seaward displacement 

of the shoreline . .. " (p. 75) related to the fluvioglacial outwash at 

Contin (F ig. 53) . This interpretation inferred that the terrace frag-

ments at Muir of Ord were formed after the reported outwash fan at 

Contin which lies circa 7 km to the west . 

Harris and Peacock (1969) believed that f luvio-glacial deltas 

occur both south and north of Muir of Ord but no attempt was made 

to relate these deltas to former sea level . Farther east they described 

a large Lateglacial raised shoreline fragment at Arcan Mains (Fig . 

61, S275) . 

Finally Synge (l977a) and Synge and Smith (1980) claimed that 

outwash gravel in the Muir of Ord area had been truncated by marine 

action at circa 30 m. They proposed that the large terrace surface 

south of Muir of Ord (T67 , T69 ) was formed whilst ice occupied the 

Conan valley . 

- 230-



I 
N 
w 
f--' 
I 

4(}-

30 

d 
9 
E 

r---2327 

2o~~ -sm 

1(}-

S\ol 
CNI< szo 4 701 

Muir of Ord 

1 
~/ "' 

-5227 

~ 
R43 

------- - -- ??5_2- --
S243 -5238 

5236 ~ 
- -s233 

S230 

S240 
S234 

2 km 

FIGURE 60 Altitude data for the Muir of Ord area. 

~6~-----S220 

S229 

--------s 2 35 

3 4 NE 
INH SSO SOOI 



b) Field Evidence 

Muir of Ord lies in an area of kame and kettle topography (Fig . 59) . 

Many of the kettleholes are large (eg . Fig. 59 , A) and well developed . 

From the north an esker ridge (Fig . 59 , B) extends into the area of 

kame and kettle topography , while a meltwater channel (T37) extends 

westwards from this area along the course of the present Allt Fionnaidle 

streaJ11 . The meltwater channel merges westward into kame and kettle 

topography and kame terraces (T33 , T35) near Faebait (Fig . 53) . 

Higher terrace fragments (T34 , T36) occur within the meltwater channel 

(T37) . The meltwater channel is continued southward by kame terrace 

T38 which is pitted by small kettleholes and flanked to the west and 

the east by larger kettleholes . It is therefore suggested that masses 

of dead ice occupied the Muir of Ord and Orrin valley whilst melt

waters flowed along this meltwater channel . 

South of Huir of Ord an extensive terrace is pitted by numerous 

large kettleholes (Fig. 59, T67 , T69 , C) . Sections (NH 5305 4812 , 

NH 5446 4881) indicate that the frontal sections of the terraces are 

composed of finely-bedded , steeply-dipping sands with occasional gravel 

layers . At one site (NB 5287 4834) horizontal beds of sand with occasion

al fine gravel layers overlie steeply-dipping layers of fine sand . 

This is interpreted as foreset and topset beds and therefore the 

terrace is an outwash delta (the Muir of Ord Outwash Delta) . In the 

east small channels extend onto the surface of the delta from kame 

and kettle topography and this suggests the presence of localised 

masses of ice in the area east of Muir of Ord while the delta was 

formed . In the east the surface of the delta (T69) declines in 

altitude from 32 m southward and is graded to a raised shoreline 

fragment (S220) at 27 . 0 m. In the west the surface of the outwash 

delta (T67) descends southward to 23 . 8 m. However, the delta surface 

-232-

aa0349
Sticky Note
Note there is no p233 in the paper version of this thesis.



is terraced at 28 . 2 m (Fig . 60) and this is interpreted as a raised 

marine fragment (S221) . 

The Muir of Ord outwash delta is truncated to the south by a 

degraded cliffline . In the east the degraded cliff is succeeded sea

ward by a steeply-sloping raised shingle beach and estuarine clays 

which form raised shoreline fragments at 5.5- 5 . 9 m (S230 , S231 , S236) , 

4.9 m (S229 , S232 , S233) and 3 . 4 m (S234 , S235) . In the east the 

raised estuarine clays rise to 9 . 4 m (S252) and are succeeded seaward 

by a broad sand ridge (R43). 

The kame and kettle topography at Muir of Ord extends northward 

where it is truncated by a river terrace fragment (Figs . 61 , 62 , T65) . 

Farther north a series of outwash terraces (T39-T42) are present near 

Highfield and these are truncated and dissected by marine (S263 - S270) 

and fluvial terraces (T44-T65) . 

The highest outwash terrace fragment (T39) near Highfield 

descends northward in altitude from 28 m to 24 m. Farther west lower 

outwash terrace fragments occur (T40 , T41) and these attain maximum 

a ltitudes of 27.5 m (~40) and 28m (T4 1) . Sections (NH 516 528) 

in the lower terrace f ragment (T41) reveal a horizontal layer of sub

rounded gravel with sand overlying steeply- inclined beds of sand and 

sand with gravel . Towards the base of the section (Fig. 67) fine 

sands are interbedded with silts and load structures are present . At 

one section a drop stone is present in the lower sands. It is con

cluded that the sediments were deposited in a prograding delta . The 

inc lination of the beds and the general increase in sediment calibre 

towards the south suggests that the delta prograded northwards . It 

is suggested that the 3 outwash terrace fragments (T39 - T41) are out 

wash deltas termed here the Highfield Outwash Deltas . 

None of the high Highfield Outwash Deltas (T39-T41) can be 

related to former sea level , but in adjacent areas raised shoreline 
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fragments occur at 28.2 m (S265) and 27.9 m (S263) (it should be 

noted that the altitudes determined on S263 and S265 may be too 

low since a road lies close to the inferred break of slope) . 

The ice-contact slope of the Highfield Outwash Deltas (T39-

T41) lies adjacent to a raised shoreline fragment (S269) at 

26 .2 m. Towards the SW this raised shoreline terrace merges into 

a kettled outwash surface (T42) whilst to the south it ends in a 

steep kettled slope which descends to lower terrace fragments (TSl, 

T53) . It is suggested that the steep kettled slope is an ice

contact slope in front of which a marine terrace (S269) was formed 

whilst ice lay adjacent to the slope. The kettled outwash delta 

(T42) is of limited extent but lies adjacent to a small esker ridge 

(Fig. 61, D) and the large meltwater channel in Clash Wood (Fig. 

61 , E). Both features indicate the presence of ice in the Muir 

of Ord area and Orrin valley whilst the outwash delta (T42) was 

formed. 

The lowest of the Highfield Outwash Deltas (T42) is dissected 

by fluvial terraces (T44-T48) (Figs. 61 , 62) . Terrace fragment T44 

initially trends eastwa rd, but later bifurcates and one section 

extends north (T48) and the other (TSl) eastward below the ice

contact slope related to S269. Terrace fragment TSl is continued 

northward along the course of the Logie Burn by fragment T52 which 

merges into a raised shoreline fragment (S266) at 22 . 3 m. A 

slightly higher terrace surface (T43, T53) merges into a poorly

defined raised marine terrace (S268) at 24 . 3 m. However, this 

terrace surface (T43, T53) may also be graded to raised shoreline 

fragment S266. 

Below T43-T53 occur two river terrace fragments(T65 , T66) 

which are related to the present Logie Burn. These occur within the 

kame and kettle topography at Muir of Ord . Since the surface of 
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the Muir of Ord ice-contact deposits lie below the altitude of the 

higher terrace fragments (T43-T53) it is suggested that a mass of 

decaying ice lay in the Muir of Ord area whilst these terrace fragments 

were formed . 

To the NE of the Highfield Outwash Deltas there are several 

well-developed and extensively channelledriver terrace fragments 

(T54-T63) (Figs. 61, 62) . The most extensive terrace surface (T54 -

T56) descends in altitude from 39 m to 10 m. The steep gradient 

of this terrace suggests that it is related to a base level below 

10 m. A higher terrace fragment (T57) descends eastwards to occur 

below a raised shoreline fragment (5272) at 10 . 4 m. The lower terrace 

fragments (T60-T63) are more fragmentary and merge downstream . The 

gradients of these river terrace fragments (T60-T63) are steep and 

each of them is related to a relative sea level below 10 m. 

Farther upstream several river terrace fragments (Tll - T32) occur 

on both sides of the Orrin valley (see Appendix I ) . These t e rrace fragments are 

developed below kame and kettle topography associated with the Allt 

Fionnaidh meltwater channel (T37). The river terrace fragments (Tll-

T32) occur at 5 separate levels and each terrace surface exhibits 

a very steep down-valley gradient ( 25 m/ km) . It is considered that 

these river terrace fragments (Tll-T 32) correlate with the lower 

river terrace fragments (T54-T6 3) farther downstream . However, the 

multitude of the terraces and the steep gradients preclude any sat

isfactory correlations. 

On the western side of the Orrin valley near Arcan Mains 

(Fig. 6 1) a narrow terrace fragment (TlO) descends northward from 

3 2 m to 26 m. In the north fragment TlO is graded to a raised shore

line terrace (5275) at 26 . 2 m, whilst t o the south and east it merges 

into fluvio-glacial landforms. The meltwater channels which lead 

onto this outwash terrace (TlO) suggest that ice occupied the Orrin 
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valley up to circa 80 m. Below shoreline fragment S275 shoreline 

terraces occur at 19 . 0-19 . 6 m (S276-S277). Marine terraces at a 

similar altitude occur near Conan Mains (Fig . 61 , S261 , S262) . 

Features S276 and S277 have been partially eroded by river terraces 

of the rivers Conon and Orrin (T6-T9) . These river terrace fragments 

(T6-T9)are dissected by numerous channels but appear to be graded 

to a raised shoreline fragment at 10.4 m (S274) . Haggart (1982) noted 

that Flandrian marine deposits occur in a gully in the surface of 

S 274 and so this shoreline fragment is probably of Lateglacial age . 

c) Discussion 

Although the Muir of Ord area is characterised by a complex 

array of terrace fragments they may be interpreted in a straightforward 

manner. During ice statnation in the Orrin valley and at Muir of Ord , 

meltwaters flowed northward into the Conon valley and southward into 

the Beauly Firth and formed outwash deltas (Fig. 62a ).The Muir of Ord Outwash 

Delta is graded to raised shoreline fragments at 28 . 2 min the west 

(S220) and 27.0 min t he east (S 221) and this difference in altitude 

is attributed to isostatic tilting . The s urface of the outwash delta 

descends to 24 m and this suggests a possible lower relative sea 

level during its formation . 

North of Muir of Ord 5 raised delta surfaces are present (TlO, 

T39-T42). Two of these deltas (TlO, T4 2 ) are graded to raised shore-

line fragments at circa 26 m (S 269 , S 275 ). The 3 higher deltas near Highfield 

(T39 - T4 1 ) (F ig . 62a) cannot be directl y r e l ated t o raised mar ine features 

but they are correlated with the raised marine terraces (S263 , S265) 

at circa 28 m. The 5 deltas are interpreted as having formed whilst 

the ice margin retreated. The lowest d e ltas (TlO, T4 2 ) are considered 

to b e of the same age as the Muir of Ord Outwash Delta (T67, T69) (Fig. 6 2a). 

When these outwash deltas were produced (TlO , T42 , T6 7, T69) ice 
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occupied the Orrin valley and Muir of Ord (Fig . 62a). Meltwaters flowed along 

the Allt Fionnaidle channel (T37) and locally from higher ground to 

the west and east of Muir of Ord. A raised shoreline fragment at 

26 . 3 m some 2 km east of Arcan Mains (Fig . 61) suggests that the lower 

Conan valley was ice free whilst these deltas (TlO , T42 , T67 , T69) 

were produced . 

The higher outwash deltas at Highfield (T39 - T4l) are related 

to an ice margin which lay 0.5 km farther north than that related 

to outwash delta T42 . It is possible that ice may have occupied the lower 

Canon valley (Fig . 62a) while these highe r outwash deltas (T39-T4l) 

were formed since there is no evidence of raised shoreline fragments at 

or above 28 m west of the deltas . A test of this hypothesis could 

be made on the northern slopes of the Canon valley , but this area 

lies outside the study area. 

During ice stagnation in the Muir of Ord area , relative sea level 

fell from 28m (S2 65 ) to 22 . 5 m (S266) . The location of the ice 

margin in the Orrin valley whilst the lower shoreline fragment (S266) 

was formed is unknown but it is considered likely that meltwater 

still flowed through the Allt Fionnadle channel (T 37) and deposited 

sediments at the front of the Muir of Ord Outwash Delta (T67, T69) . 

It is therefore concluded that whilst ice lay in the Muir 

of Ord area relative sea level fell circa 6 m from 28 m to 22 . 5 m. 

This relative fall in sea level was associated with a retreat of the 

ice margin of l km or more . 

There is widespread evidence in the form of lower marine 

terraces from the Canon valley (S 276-S 262) and the Beauly Firth 

(S227) to suggest that relative sea level then fell to circa 18-19 m. 

Marine terraces at 1 3 . 5 m (S228) , 11 . 5 m (S267) and 10 . 4 m (S272, 

S274) indicate a continued fall in relative sea level. The lowest 
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marine terrace (S274) merges into fluvial terrace fragments of the 

river Conon (T6) and river Orrin (T7-T9) . Lower fluvial terrace 

fragments in the Orrin valley are graded to base levels below 10 m. 

It is suggested that relative sea level fell below 10 m during the 

Lateglacial since Flandrian marine deposits have been identified 

in a buried gully in shoreline fragment S274 (Haggart , 1 982 ) . Sub

sequently a rise in relative sea level resulted in the deposition 

of Flandrian marine sediments to circa 9 m (S252 , S27 3 , R44) in the 

Beauly and Conon valleys . It is possible that during this period 

the river Conon reoccupied some of its abandoned terrace fragments 

(eg . T6) . Evidence in the form of raised estuarine terraces from 

south of Muir of Ord indicates that relative sea level then fell . 

d) Sequence of Events 

i) The Late Devensian ice sheet downwasted and retreated 

from the Cromarty Firth to the Muir of Ord area . 

Whilst ice occupied the Orrin valley and Muir of 

Ord aPd possibly the lower Conon valley, three outwash 

deltas (T39-T4l) were produced. These deltas were 

formed whilst relative sea level fell from circa 

28 m to circa 26 m. 

ii) Ice occupied the Orrin valley and Muir of Ord 

whilst outwash deltas were formed south of Muir 

of Ord (T6 7 , T69) , near Highfield (T42) and near 

Arcan Mains (TlO) . At this time relative sea 

level stood at 26 - 28 m (S220, S22l , S269, S275). 

Locally masses of ice were present on the higher 

ground east and west of Muir of Ord but the lower 

canon valley was ice free . Large masses of ice 
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remained buried in the Muir of Ord outwash Delta . 

iii) Relative sea level fe l l to 22 . 3 m (S266) and outwash 

is graded to this level north of Muir of Ord (T44 -

T53) and possibly along the southern margin of the 

Muir of Ord Outwash Delta (T67 , T69) . Whilst these 

terrace fragments were formed ice still remained in 

the Muir of Ord area and it is suggested that ice 

may still have occupied the Orrin valley . 

iv) Relative sea level fell and raised marine terraces 

were formed at circa 18-19 m (S227 , S262 , S276-S278) , 

13 . 5 m (S228) , 11.5 m (S267) and 10 . 4 m (S272 , S274). 

v) Relative sea level fell below 10 m and the river 

terrace fragments in the Orrin valley were formed 

(T54-T63). 

vi) Relative sea level rose to circa 9 m and deposited 

Flandrian marine sediments in the Conan valley and 

Beauly Firth (R44 , S252 , S273) . 

vii) Subsequently relative sea level fell and raised estuarine 

sediments were deposited at circa 5.7 m (S230, S231 , 

S236) , 4 . 9 m (S229 , S232 , S233) and 3.4 m (S234 , 

S235) . During this time the rivers Canon and Orrin 

dissected river terrace fragments in the upper valleys 

but buried river terrace fragments graded to low 

relative sea levels. 

4 . Other Sites of Interest 

a) Marybank and Muirton Mains 

Marybank and Muirton Mains lie at the western end of the lower 

Canon valley (Figs . 53, 56). Raised marine terraces have been 

described in this area by several authors (Horne and Hinxman, 1914; 
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Ogilvie, 1923; Kirk et al., 1966; J.S. Smith, 1963). The highest 

marine terrace (circa 26-28 m) has been associated with the Cantin 

outwash fan (Kirk et al., 1966; Synge and Smith, 1980) and with 

well-developed shoreline fragments on the northern slopes of the 

Conon valley. Horne and Hinxman (1914) suggested that the highest 

marine terrace is composed of finely laminated blue and grey estuarine 

clay locally overlain by till. They also reported that marine shells 

had been found in this clay. 

Between Marybank and Muirton Mains (Fig. 63) there are several 

shoreline fragments (S282-S284). The more easterly features at 

25-26 m (S282, S283) are partly obscured by a road and the altitudes 

determined may therefore be rather low. The more westerly raised 

marine terrace (S284) occurs at 24 . 3 m and is succeeded upvalley by 

outwash terrace fragments (Tl, T2) which merge into kame and kettle 

topography. South of the kame and kettle topography a small depression 

(NH 455 538) filled with 2 m of grey finely laminated clay occurs. 

Investigations have not identified any faunal remains, but the 

deposit is thought to represent the estuarine clays reported by Horne 

and Hinxman (1914). 

The raised terrace fragments (S282-S284) are interpreted as 

representing two former relative sea levels at circa 26m (S282, 

S283) and at 24.3 m (S284). The lower shoreline fragment (S284) is 

related to ice stagnation features west of Muirton Mains and a similar 

ice margin is anticipated for the higher marine features. The marine 

terraces are correlated with the Cantin outwash fan, which is related 

to an ice margin at the eastern end of Loch Achilty (Bartlet pers. 

comm.) (Fig. 53). At Marybank lower raised shoreline fragments occur 

at 17.6 m (S 279) , 15.5 m (S280) and 15.8 m (S281). Below these 

there is an extensive river terrace fragment (T6) which merges east-
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wards into a raised shoreline fragment (S274) at 10.4 m. 

b) North Kessock-Coulmore 

Between Coulmore and North Kessock (Fig . 53) there is a narrow 

strip of low-lying land (below 35m)which lies between the shore of the 

Beauly Firth and a steep slope up to 30 m high to the north. Horne 

and Hinxman (1914) suggested that the steep slope is a cliffline 

associated with a shoreline fragment at 100 ft (30 . 5 m) which makes 

up much of the surface of the narrow strip of land . However, they 

suggested that the surface of the 100 ft beach is greatly eroded and 

succeeded by lower raised shoreline fragments at 25ft (7. 6 m) . 

In contrast Ogilvie (1923) suggested that the only well -developed 

raised marine feature in the area is at 15 ft (4 . 6 m) . He suggested 

that higher raised marine features are only poorly-developed and 

that much of the surface is composed of glacial and fluvio-glacial 

deposits. He also proposed that the well-developed terraces at 

Craigton (NH 661 479) are outwash terraces, and that the highest 

marine terrace in the area is represented by a small notch at 80 ft 

(24. 3 m). In contrast, J.S. Smith (1 966 ) suggested that the high 

terrace at Craigton (Sl62) is an outwash delta graded to a 90 ft 

(27 . 4 m) sea level. He associated the delta with a major readvance 

stage but later (1968 , 1 977 ) reinterpreted it as an ice recessional 

phase . Synge (1977a ) and Synge and Smith (1 980) suggested that 

the terrace fragment at Craigton could be correlated with the outwash 

deltas at Inverness. 

The narrow strip of land between Coulmore and North Kessock 

is characterised by kame and kettle topography. Many of the fluvio

glacial features lie below the possible marine limit of the area 

(identified at 29 m at Englishton) , yet high raised marine terraces 
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are only poorly-developed (Sl65, Sl66 , Sl76). In the east many 

of the higher terrace fragments have been extensively modified by 

the construction of the A9 road and housing developments . However , 

at Craigton a raised shoreline terrace (Fig. 46, Sl 62 ) o c curs at 33 . 4 m and 

this merges westwards into an outwash terrace . Farther west a kame 

merges into an outwash terrace (Tl4 l,NH 635 489) wh i ch is graded to a raised 

shoreline fragment (Sl 64 ,NH 644 488) at 27 . 8 m. Whil s t these raised marine 

features (Sl62, Sl64) were formed ice occupied the Beauly Firth 

(Fig. 53). Subsequently the main channel of the Beauly Firth became 

ice free but small masses of ice may have remained on the northern 

shore and protected the fluvio-glacial deposits from marine action. 

Alternatively , the fluvio-glacial deposits may have been modified by 

marine processes but due to a limited fetch environment and limited 

sediment supply marine features were unable to form . 

At some later date the deposits between Craigton and Coulmore 

were eroded and a cliffline was produced . Seaward of this cliffline 

a steeply-sloping raised shingle beach occurs which rises to circa 

8-10 m and locally b road ens to form narrow shingle terraces (Sl69, 

Sl77) and shingle ridges (R38 , R40) (See Table 1 6 ). 

c) The Moniack Alluvial Fan 

The Moniack Alluvial fan lies at the mouth of Moniack Burn south 

of the broad ridge of Kirkhill (Figs. 53 , 65 ). The alluvial fan is 

developed to the north and south of a broad fluvio-glacial ridge 

(Fig. 65 , A) which has been reported as" . .. wave washed .. . " (Ogilvie, 

1 923 ; J.S. Smith, 1 968 ; Synge and Smith, 1980) . Ogilvie suggested 

that the low ground south of the ridge (Fig. 6 5, A) is a drained lake, 

whilst Haggart (1 98 2) suggeste d the a r ea may be of marine origin. 

Ogilvie (1 923 ) also suggested that the cliffline, which he correlated 

with a shore line fragment at 25 ft (8 . 7 m) can only be traced as far 
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inland as the Moniack fan (Fig. 65). 

Sissons (l98lb) suggested that the cliffline is part of the 

Main Lateglacial Shoreline formed during the Loch Lomond Stadial 

when relative sea level stood at circa 2 m. The feature was later 

reoccupied by a higher Flandrian relative sea level. Haggart (1982) 

demonstrated that Flandrian marine deposits occur in a basin SW 

of the Moniack alluvial fan and he suggested that they were deposited 

when relative sea level stood at circa 10 m. 

The broad ridge (Fig. 65, A) which divides the Moniack alluvial 

fan has a flat top at 29m (Sl91, Sl92) and is considered to represent 

a kame modified by marine action. Further evidence in support of 

marine action to this altitude is provided by deltas Tl33 and Tl34 

which occur to the east and which grade into a 29.0 m raised shoreline 

fragment (Sl93). 

South of the kame ridge a river terrace fragment (Tl35) is 

graded to a raised shoreline fragment (Sl90) at 20.5 m. However, 

there is no evidence to suggest that the shoreline fragment represents 

a lake rather than a marine feature . After the formation of this 

terrace fragment (Tl35) the Moniack Burn passed northward into the 

valley of Newton Burn. 

In the valley of Newton Burn a degraded cliffline extends to 

the limit of the Moniack alluvial fan (Tl 36) . West of this point 

marine erosion was arrested by the presence of the alluvial fan . 

Seaward of the degraded cliff steeply-sloping raised shingle beaches 

and estuarine deposits are present (eg. Sl94-Sl 96, S 200). Since 

Haggart (1 98 2) has demonstrated that Flandrian marine deposits lie 

west of the Moniack alluvial fan it is suggested that the alluvial 

fan is partly Flandrian in origin . It is also concluded that the 

alluvial fan attained its present dimensions when the degraded cliff

line was formed . 
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CHAPTER NINE 

LATEGLACIAL MARINE EROSION 

1. Introduction 

In previous chapters a cliff at a low level (5 - 30 m) has been 

described in many parts of the study area. This c liff i s well 

developed in fluvio-glacial and raised marine deposits (eg . at Ardersier) 

but locally is eroded in bedrock (eg. at the mouth of Munlochy Bay). 

The cliff is between 5- 30 m high and is succeeded seaward by raised 

marine shoreline fragments which range in altitude from circa 5 m 

to circa 11 m. The cliffline is almost continuous throughout the 

study area and is only absent at 6 localities (inner Moniack valley, 

Munlochy valley , Bunchrew , Castle Stuart , Rosemarkie and the Conan 

valley) (Figs. 31 , 53) . It is considered likely that the cliff 

represents the same erosional event throughout the study area and 

for this reason the feature is termed the 'low-level cliff '. 

Many researchers (Horne and Hinxman , 1914; Horne , 1923; 

Ogilvie, 1923; Steers, 1937; J . S . Smith , 1966; 1968; Synge and Smith , 

1980) suggested that the ' low- level cliff ' is the same age as the 

adjacent raised shoreline fragments . J.S . Smith (1966 , 1968) and 

Synge and Smith (1980) suggested that the ' low-level cliff ' was 

produced during the Flandrian as a result of a transgression which 

reached as high as circa 10-11 m in the study area . However, the proposed 

Flandrian origin is questioned since it does not explain why the 

'low-level cliff ' is equally well developed in exposed and sheltered 

fetch environments . It also does not explain the great altitude 

variation in the raised marine deposits which lie seaward of the 

' low-level c liff' . 

In contrast Sissons (198lb) suggested that the 'low-level 

cliff ' was produced during the Loch Lomond Stadial. From detailed 

stratigraphical work in the Moniack area (Fig . 53) Sissons concluded 
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that the ' low-level cliff ' is related to a buried gravel layer . 

He indicated that the buried gravel layer is separated from the 

cliff by a more steeply sloping surface of marine erosion (Fig . 68). 

Sissons proposed that the buried gravel layer is a deposit formed 

by marine erosion, which overlies Lateglacial marine sediments and 

is overlain by Flandrian marine deposits . He correlated the buried 

gravel layer at Moniack with the Buried Gravel Layer near Grangemouth 

in the Firth of Forth (Sissons , 1 969 , 1976a) and concluded that they 

resulted from marine erosion during the Loch Lomond Stadial . On 

the basis of this correlation Sissons (198lb) suggested that the 

inner edge of the buried gravel layer (at Inverness) represents the 

Main Lateglacial Shoreline (Sissons, 1974b , 1976a) . The erosional 

features (cliff, buried gravel layer , sloping surface) were considered 

to demonstrate" ... a major period of marine erosion with a stable 

or slowly transgressing relative sea level followed by further 

eros ion as sea level rose circa 7 m." (S issons , 1981bp . 4) . This suggests 

thatthe ' low-level cliff ' was produced at the culmination of the 

transgression which fol lowed the formation of the Main Lateglacial 

Shoreline. 

2 . Distribution and Field Relation of the Buried Gravel Layer 

Using techniques employed by Sissons (198 lb) (see Chapter 4) 

the stratigraphical relationships of the ' low-l evel cliff ' with the 

surrounding deposits were determined. Such investigations were 

restricted to areas of raised estuarine deposits (Beauly Firth, 

Munlochy Bay) , since it was not possible to use a Hiller borer in 

areas covered by sand or shingle. These records were supplemented 

by commercial borehole records. The results indicate a general 

stratigraphy of dark grey clay-silt with sand layers and occasionally 

peat overlying a grave l layer (the buried gravel layer) which could 
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only be penetrated 1-5om. Occasionally the gravel layer was either 

absent or thin enough to be penetrated. In these areas a tough 

light grey-pink clay or silty sand is encountered. North of Beauly 

(NH 527 475) the estuarine silty clay is underlain by a tough light 

grey silty clay and silty sand. The surface of these deposits occurs 

at circa 5 m and they are impossible to penetrate by augering. 

In total 24 transects of boreholes were undertaken, 17 in 

the Beauly area and 8 in the Munlochy area (Figs. 69 -71) . One trans

ect in the Beauly area (Fig. 69, Ll) followed a transect completed 

by S l ssons (l98lb) and verified his results to within ± 0.20 m. 

With the exception of 3 transects (L9, LlO, L24) the dark grey silty 

clays are underlain by a gravel layer up to l km wide in places 

(Fig . 71). Contour maps (Figs. 69 , 70) of the altitude of the surface 

of the buried gravel layer indicate that it rises gently landward 

in both the Beauly Firth and Munlochy Bay. In the Beauly Firth 

the inner edge of gravel layer occurs at circa 2 m whereas in Munlochy 

Bay it is at circa -1 to 0 m. From the inner margin there is a more 

steeply sloping grave l surface which rises towards the base of the 

'low-level cliff '. At most sites it was impossible to trace the 

steeply sloping surface to the base of the 'low-level cliff ' because 

of colluvium, raised shingle beaches or buildings . However along 

transects Lll and Ll3 the steeply sloping surface rises landward and 

terminates at 7 . 9 and 8 . 2 m respectively at the base of the 'low

level cliff '. Similar results were produced by Sissons (l98lb) who 

also believed that the buried gravel layer locally overlies bedrock 

and till. 

It is concluded that the raised estuarine deposits in the 

Beauly Firth and Munlochy Bay are underlain by an extensive shallow

sloping buried gravel layer. This layer rises gently landward and 

is separated fromthe 'low-level cliff' by a more steeply sloping 

- 255-



65 66 .. 

Munlochy Bay 

-IT..-t 

~~31 Altotudl of 11oon Lltlljlocool Shcnlona 

- 10- Contour 1•1 

0-- - - Contour of buroocl griWal 11,.r 1•0.01 

~ 1.o~ Novel 'tttr · 

FIGURE 70 The l ocatio n o f the bo r e h o l e transects in Munlochy 
Bay , t h e a lti t ude of t he b uried g r a ve l layer in this 
a r ea and t h e i nferred a l t i tude of the Main Lateglacial 
Sh o r e line . 

- 256-



10 

H27 

H3'i 

FIGURE 7l 

10 

40 m 00 I.Om 00 

40 m 00 120 m 120 160 

1,0 

.. 
fl2a 

cr 
00 120m 160 200 240 

Ill 

-G:ZJ 

IT] 

IIIIIIIll 

Sections drawn up along the transect lines to 
reveal the depnh of the ' buried gravel layer'. 

-257-

PNt 

O~rll Grey 
Silty Cliy 

s.nd 

(n¥e( 

Stlty ~rd 

L ~ttgliCiil 
I'!¥ tnt 

Deposits 

Hte~CitOUS 
Grey SiR! 



so. 100 

UllJ Drl r.r., 
Sollr Cillo 

D s-1 -lir.wl 

~ s.u, 
5() 150 200 150 -

100 m 

UIIID 

~ 

16) 

L7 ,,_ 

FIGURE 71 ( conL) 

- 259 -



"l 

--·-·- - ---
L2J· I 

L22 riilJ O~rk Grey IIIII Gravel ~ 
P&Jty-Silty 

Silty Clay Clay 

g a 
ez • ~ Silty Sand mil Rock H155 

0 -

-2 

SOm 110 c:J . Sand .. Peat L17 TI'IM«t 

FIGURE 71 (cont.) 

-26o-



surface 6 - 7 m high. It is difficult to interpret the buried gravel 

layer as a fluvial deposit since it slopes down towards the axis of 

the river valleys . Moreover , it does not exhibit a down- valley 

gradient and so the feature is interpreted as marine in origin . 

The buried gravel layer is locally up to l km wide and in 

view of this and its exten s ive nature it must represent a period 

of considerable marine erosion. The gravel layer itself is inter-

preted as a lag deposit having been derived from the erosion of 

underlying sediments . In order to produce such erosion relative 

sea level would have had to have been stable or slowly transgressing 

for a considerable period of time. 

The steeply s loping s urface which separates the buried gravel 

layer from the 'low-leve l cliff' may be interpreted in several ways :-

i) A fossil talus slope . 

ii) A surface which resulted from marine erosion as 

relative sea l evel rose from the level of the buried 

gravel layer. 

iii) A shingle beach similar to the features which occur 

along the present coastline (Chapter 2) . 

It is unlikely that the steeply sloping surface is a fossil talus 

slope since Sissons (l98lb) identified a sloping bedrock surface 

(in place of the gravel which the surface is usually composed of) 

at one location. It is equally unlikely that the steeply sloping 

surface is a shingle beach since the feature is much larger than the 

shingle beaches found at the present coast . It therefore seems 

likely that the steeply sloping surface is an erosional feature and 

that the transgression that produced it reached as high as circa 

7-8 m, this altitude is related to the base of the 'low-level cliff' · 

(cf . Sissons , l98lb). 
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S i nce the ma rine e rosion in the B 1 · eau y F~rth and Munlochy Bay 

was con siderab l e such an e vent should have occurred throughout the 

study a r ea , a n d i t is proposed that the ' low-leve l cliff ' is repre-

sen tative of th i s e r os ion event. However, the 'low-level cliff ' lies 

adjacent to Fl andrian marine deposits and it is possible that cliff 

retreat occurred during t h i s time period . The extent of Flandrian 

cliff retreat is however c on s ide red to have b een mino r for several reasons 

i) In cer t ain a r ea s the ' low-leve l cliff ' lies 

adjacent t o Flandrian estuarine deposits and such 

areas a r e n o t ch a racterised by marine erosion a t the 

present coas t. 

ii) If the eros i on during the Flandria n had been considerable 

a p l atfor m of marine erosion would occur , yet no such 

featu r e has b een identified whic h can b e related to 

Fland ria n d epos its. 

iii) I n a r eas wh e r e the cliff lie s a djacent to raised Flandrian 

shing l e bea c h e s the s hingle bea ches vary in altitude 

f rom 4-11 m and grade late rally into ea c h other . At 

no point do e s a lower s h ingl e beach truncate a higher 

one , s o e rosion must have been minima l . Since the raised 

shingl e b e ache s occupy t he s a me pos ition as the steeply 

s loping surf ace of marine e r os i on t hey are probably 

a dra p e of deposits on top o f th i s surfac e (Fig . 68 ) . 

3 . Age and Correlation of the Buried Er os i o na l Fea tures 

Near Beauly the d eposits which over lie the burie d gravel layer 

have bee n studied in d e tail by Hagga r t (1 98 2) . He indicated by pollen 

analysi s that the deposits are Flandria n in age a nd he also obtained 

14 C dates from buried peats which o verl ie t he burie d g ravel layer. 
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The o ldest date is 9 610±1 30 B.P. (Birm-11 23 ) and therefore provides 

a minimum age for the buried gravel layer. Moreover, since the peat 

was obtained from the surface of a proposed buried beach (Haggart , 

1982 ) it may be inferred that the buried gravel layer is considerably 

older than circa 9 600 years B.P. 

The buried grave l layer overlies and truncates firm grey/pink 

silty-clays and silty sands . Commercial boreholes reveal that these 

deposits often contain cobbles and shells. At Inverness Peacock 

(1 977) interpreted the latter deposits as marine in origin and Late-

glacial in age . It is also important to note that the formation of 

the 'low-level cliff ' was associated with erosion of existing Late-

glacial marine sediments . In the Beauly are a the 'low-level cliff' 

truncates all the Lateglacial marine features, including the Balblair 

delta , above the highest Flandrian deposits (circa 10m). On these 

grounds it may be argued that the buried gravel layer formed after 

Lateglacial sea l evel fell below circa 10 m and some time before 

9 600 B.P. 

Sissons (198lb) suggested that the buried gravel layer in 

the study area correlates with the Buried Gravel Layer in the Forth 

Valley (Sissons, 1969 , l 976a ; Sissons and Rhind , 1 9 71) . This 

correlation is accepted for a number of reasons, namely that in 

both areas the buried gravel layer 

i) is ex tensive 

ii) is of similar thickness 

iii) is overlain by Flandrian d eposits dated to at least 

9 600 B.P. 

iv) truncates Lateglacial marine s edime nts and locally 

till and bedrock . 

v) represents a period of marine erosion between periods 

dominated by marine deposition. 
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vi) is developed in areas with restricted fetch. 

vii) is separated from the cliff by a steeply sloping 

surface. 

Sissons (l974b) also correlated the Buried Gravel Layer in the Forth 

valley with a broad rock platform at -18 m north of Berwick 

(Eden, Carter and McKeown, 1969). Eden, et al. reported that the 

rock platform is succeeded landward by a steeply sloping surface of 

marine erosion to -ll m, which terminates at the base of a submerged 

cliff . Morphological similarity of the rock platform, cliff, and 

steeply sloping surface of marine erosion with the erosion features 

in the study area makes this correlation acceptable. It has also 

been suggested that the Buried Gravel Layer in the Forth valley 

correlates with the Main Rock Platform in western Scotland (Sissons, 

l974b; Gray, 1978; Dawson, l980b, Sutherland, l98lb). However, 

it has also been suggested that the Main Rock Platform may have 

been formed at some earlier time and was retrimmed by the sea during 

the Loch Lomond Stadial (Peacock et al. 1978, Sutherland, l98lb) 

or during the Flandrian (Browne and McMillan, 1984). 

Sissons (1974b) suggested that the break of slope at the land

ward margin of the Buried Gravel Layer represents a shoreline and 

he referred to this as the Main Lateglacial Shoreline. In view 

of the similaritY,bQthcrmorphology and stratigraphy, of the buried 

gravel layer in the study area with that in the Forth valley the view pro

posed by Sissons l98 lb that the break of slope at the landward margin of the buried 

gravel layer represents the Main Lateglacial Shoreline in the Inverness area, 

is adoptedhere . The altitude of the landward nargin of tae buried gravel 

layer for each of the transects is represented in Figs. 69 and 70. 

The altitude varies by up to l m in the Beauly Firth area and 

this may be related to factors such as exposure. However, the mean 

altitude of the Main Lateglacial Shoreline is 2 m at the head of 
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the Beauly F i rth a n d -0. 2 m in Munlochy Bay. This difference in 

altitude b e tween the two areas is thought to have resulted from 

glacio-isostatic tilting. 

The period of formation of the Main Lateglacial Shoreline has 

been assig n ed to different periods by different authors (Sissons, 

l 9 74b; Synge , 1 980; Paterson, Armstrong and Browne, 1981). Synge 

(1980) s uggested that the Main Lateglacial Shoreline formed shortly 

a f t e r the Main Perth Raised Shoreline during a period of low relative 

sea leve l. He proposed that relative sea level fell circa 30m 

in the Forth valley and then transgressed once more whilst remnants 

o f th e Late -De ve nsian ice sheet still remained in the area. A 

s imilar patte rn of events have been described by Synge (l977a) in 

the Inverness a rea. He suggested that after the high-level 

delta was f orme d at Englishton (Fig. 53) relative sea level fell 

to n ear p r esent leve l, this view being based on the occurrence of 

an alluvial fan a t Bunchrew. Synge proposed that subsequently 

relative sea level rose once more to allow the formation of a high 

level delta at Balblair (Fig. 53 ). This sequence of events is 

considered una c c eptable for several reasons:-

i) The implied relative change in sea level must have 

been rapid and little time would therefore have been 

available for the prolonged period of marine erosion 

necessary to form the Buried Gravel Layer. 

ii) No reasonable explanation is given as to why marine 

erosion should have become so important. 

iii) The cliff associated with the Main Lateglacial Shoreline 

at Beauly truncates the high-level delta at Balblair 

and therefore postdates this feature, rather than 

predating it as inferred by Synge (1 980) . 
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iv) The size of the alluvial fan at Bunchrew does 

not necessitate large volumes of meltwater and thus 

a nearby ice mass. Therefore the inferred drop in the sea 

level is unfounded . 

Paterson et al. (1981) suggested that the Main Lateglacial 

Shoreline formed prior to the ice advance of the Loch Lomond Stadial. 

They suggested that base level during the Loch Lomond Stadial was 

low since channels which descend to -1 3 m were formed in the Earn-

Tay area at this time . Tentative relative sea level curves 

for Ardyne (Peacock et al ., 1978) , does not however support the 

postulated low Loch Lomond Stadial relative sea level. The assignment 

of the channels to a Lateglacial age is based on the correlation 

of gravels which lie in the channels (Earn gravel) with gravels which 

are overlain by sands and silts (Carey Beds) formed prior to 9 640 

years B . P . (Callow and Hassall , 1 970) . None of the gravel deposits 

have revealed a fauna to support their correlation and the fact that 

channels in which the Earn gravels are found appear to truncate the 

higher Carey Beds (Fig . 72) suggests that the channels may be of 

Flandrian age . Farther east, at Perth the deep channels are infilled 

by Flandrian sediments . Since it is possible that the deep channels 

are of Flandrian age rather than Loch Lomond Stadial age the Main 

Lateglacial Shoreline need not be of pre-Stadial age . 

Sissons (1974b , 1 976a) suggested that the Main Lateglacial 

Shoreline was formed during the Loch Lomond Stadial and maybe during 

the latter part of the Lateglacial Interstadial . Sissons (1974b) 

argued that semi-diurnal freeze-thaw cycles in the intertidal zone 

aided by wave action resulted in rapid cliff retreat . It is certainly 

accepted (eg . Davies ,l980) that cliff retreat can be rapid in peri

glacial areas of unconsolidated sediments, and this may account for 
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much of the erosion which formed the Buried Gravel Layer. Rapid 

erosion of bedrock by periglacial coastal processes is however disputed . 

Many authors (eg. Zenkovitch, 1967; Davli=s , 1980) have argued that 

marine erosion is limited in periglacial areas due to the presence 

of sea ice. There is however a growing body of evidence (eg . 

Jahn, 1961; Tricart, 1969; Moign, l974a, b ; Williams and Robinson , 

1981; Trenhaile, 1983; Trenhaile and Mercan, 1984) to suggest that 

periglacial marine erosion may be rapid in bedrock . It is suggested 

that the only period that occurred since circa 13 000 B. P . when 

periglacial conditions occurred is the Loch Lomond Stadial and 

possibly the end of the Lateglacial Interstadial (Sissons , l974b , 

l976a; Gray and Lowe, 1977). It is likely that the Buried Gravel 

Layer was produced during this period, a view supported by the 

relative sea level curves produced by Peacock et al. (1978) and 

Sutherland (l98lb) for the SW Highlands. Both curves (Fig . 73) 

tentatively suggest a relatively stable sea level between 12 000 

and 10 000 years B.P. Although it would be wrong to directly 

fit the SW Highlands relative sea level curves to other areas of 

Scotland it is possible to suggest that the form of these curves 

may have been similar to the changes in relative sea level in NE 

Scotland. On these grounds a relatively stable or slowly transgressing 

relative sea level may have occurred prior to and probably during 

the early Loch Lomond Stadial in NE Scotland. 

Sissons (1969) suggested that the build up of ice during the 

Loch Lomond Stadial could have initiated a redepression of the earth's 

crust. This redepression may have resulted in a relative marine 

transgression which aided the formation of the Buried Gravel Layer. 

Shoreline evidence presented by Sutherland (l98 lb) may also be 

interpreted as representative of a redepression of the earth's crust. 

Certainly after the formation of the Main Lateglacial Shoreline ther e 
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was a relative marine transgression which produced the steeply 

sloping surface of marine erosion in the Inverness area and near 

Berwick-on-Tweed. This transgression rose between circa 6 -7 m 

in the Inverness area , whilst in the Forth valley the culmination 

of this transgression is correlated with the maximum limit of the 

Loch Lomond Stadial glaciers at the Mentieth Moraine (Sissons, 

1966, 1976b, 1983b) and dated at circa 10 300 years B.P. On these 

grounds Sissons (1974b) suggested that the Buried Gravel Layer 

was produced between 11 000 and 10 500 B.P. and it is proposed here 

that the 'low level cliff' and the steeply sloping surface of 

marine erosion may have formed between 10 500 and 10 300 B.P . However, 

the inferred transgression at the end of the Loch Lomond Stadial 

is not represented on the sea level curves for SW Scotland (Peacock 

et al., 1978; Sutherland, 198lb). Similarily, the Main Rock Platform 

is not succeeded landward by a steeply sloping surface of marine 

erosion. In fact evidence from Loch Etive (Gray 1 974~ 197~) suggests 

that relative sea level was at the same level or just below the Main 

Lateglacial Shoreline at the end of the Loch Lomond Stadial. 

Sissons (1974b) suggested that the reason for this anomaly could 

be related to retarded glacial rebound or renewed down-warping of the 

earth's crust caused by the Loch Lomond Stadial glac iers. 

4. Conclusions 

Within the Inverness area there is a well developed 'low-

level cliff' which is associated with a buried gravel layer. The 

buried gravel layer consists of material derived from the erosion 

of Lateglacial marine sediments, till and bedrock. The erosion is 

likely to have occurred as the result of climatic deterioration after 

~ 12 000 B.P. while relative sea level remained stable or 

possibly slowly transgressed. The landward margin of the buried gravel 
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layer is correlated with the Main La t eglacial Shor e line in t he 

Forth valley . 

During the Loch Lomond Stadi a l re l a t ive sea l eve l began t o 

rise , possibly as a result of i ce loading . The r ise i n sea l e ve l 

formed a steeply i nclined sur face of marine e r os i on which a ttains 

a maximum altitude of circa 7- 8 mat the base of the ' l ow-le ve l 

cliff '. The transgress i on probab l y c u lmina t ed at ci r ca 10 300 y ears 

B.P ., and is correlated wi th the maxi mum extent of the Loch Lomond 

Stadial glaciers in the Forth Val ley . Subsequently ext e n s ive Flandrian 

raised marine sediments were depos i ted agai ns t the ' low-leve l cliff '. 

Some marine erosion at the ' low-level c li ff ' may have o c curred during 

the Flandrian , but thi s is thought to have been mino r. 



CHAPTER TEN 

SHORELINES FORMED PRIOR TO THE MAIN LATEGLACIAL SHORELINE 

l. Introduction 

In the study area 186 Lateglacial raised shoreline fragments 

occur that predate the Main Lateglacial Shoreline. In previous chapters 

it has been shown that many of these shoreline fragments are associated 

with ice-sheet decay. It has also been proposed that at certain 

localities glacier retreat is associated with changes in relative 

sea level. 

The Lateglacial shoreline fragments in the study area have been 

correlated by using schemes of horizontal shorelines (Horne and Hinxman, 

1914; Horne, 192 3 ; Ogilvie, 1923) and tilted shorelines (Synge, l977a; 

Synge and Smith, 1980). The concept of regionally horizontal raised 

shorelines developed in the British Isles following the publication of 

the Geological Survey of Scotland Sheet 31 in 1875. Glacio-isostatic 

theory implies that unless ice loading is equal everywhere horizontal 

shorelines are not formed (Wright, 1936) and as a result the concept 

of horizontal shorelines has been severely criticized. In contrast 

considerab le evidence has been presented from Scandinavia, North 

America and Scotland (eg. Smith and Dawson, 1983) which suggests that 

raised shorelines in areas affected by glacio-isostatic uplift are 

glacio-isostatically tilted. In the study area detailed altitude 

determinations indicate that Lateglacial raised shoreline fragments 

occur at a wide variety of altitudes and not in discrete horizontal 

bands (eg. '100ft', '50ft'). If the raised marine terraces are 

correlated on the basis of horizontal shorelines then fragments assoc

iated with a specific ice limit can be correlated with shoreline 

fragments which lie within the ice limit. Such correlations would 

only be tenable if relative sea level maintained a constant altitude 

during ice sheet retreat, a circumstance which did not occur in the study a 
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On these grounds the concept of horizontal shorelines is rejected . 

2 . Correlation of Shoreline Fragments 

All the Lateglacial raised shoreline fragment altitudes were 

plotted on a series of height distance diagrams aligned in projection 

planes at 15 ° intervals between W-E and SE- NW . On visual inspe ction 

tilted shorelines could only be identified in the projection planes 

between S-N and S60°W-N50°E. For each plane of projection individual 

shorelineswere constructed on the basis that the large deltas at 

the head of the Beauly Firth (Balblair delta, Muir of Ord delta , Orrin 

valley delta) were formed synchronously . The raised shoreline fragments 

associated with these deltaswereused to produce a tilted line/zone 

which was then projected eastwards/northwards (Appendi x III. Other 

tilted shorelines were then produced on the basis of morphological 

constraints (Table 6) . A list of shoreline fragments associated with 

each shoreline for each projection plane was then compiled and 

compared , and this revealed two contrasting models of correlation . In 

the first model (applicable to projection planes between N30°E and N60°E) 

the shoreline fragments associated with the large deltas at the head of 

the Beauly Firth are correlated with the poorly-developed raised marine 

terraces at 24 m at Inverness . In the second model (applicable to 

projection planes between North and Nl5 °E the deltas at the head of the 

Beauly Firth are correlated with the well developed delta at Inverness (~ 

which is graded to raised marine terraces at 27 m. It is therefore possi 

that all the large deltas in the study area were produced during the same 

period . However this model is inconsistant since it correlates the 

delta at Englishton with the delta at Balblair and these deltas can 

not be related to the same ice margin . The problem of which model 

is superior was resolved by identifying the shoreline fragments that 

occur in the same shoreline under both models . In this way 3 shore

lines were identified in which ten or more fragments are clearly 
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No . of/ Pr ojection P1a.,e (degr ees from North) 
Points 90 75 60 45 40 35 30 25 20 15 0 

I 
0 . 0 842 0 . 179 8 0. 2 82 1 0 . 3659 0 . 3840 0 . 3956 0 . 4005 0 . 3989 0 . 39 15 0 . 379 3 0 . 3236 
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16 
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Fr agmen ts used in ca l culat ion o f above fi gures I r= cor re1 ation coe ff . 

S40 , 553 , 560 , 579 , 586 , 5 105 , 5107 , 5 114 , 5 116 , 5165 , Sl 83 , 5260 , 5 280 , 5281 . 

S61 , 5110 , 519 1 , Sl9 2 , 52 20 , 522 1 , S25 3 , S269 , 52 75 . 

S49 , SBO , S91 , SlOO , 5101 , S10 3 , SlOB , 5123-5125 , S16 3 . 

Preliminary regression analysis of the three best developed shorelines to determine t he general 
trend of the shoreline isobases . 



present. For each shoreline a gradient and correlation coefficient 

was calculated for projection planes at 5° intervals between w-E 

and S-N (Table 18), and trend surface analysis was also undertaken. 

The results indicate that for two of the shorelines the correlation 

coefficient is greatest along the plane S25°W-N25°E . For 

the third shoreline the correlation coefficient is greatest along the 

0 0 
plane S20 W-N20 E. 

Height distance diagrams were then produced for projection 

planes aligned S25°W-N25°E and S20°W-N20°E. Inspection revealed that 

in both cases the shoreline fragments associated with the deltas at 

the head of the Beauly Firth correlate with the shoreline fragments 

at 24 m at Inverness. It was also noted that the projection plane 

0 0 
S25 W-N25 E produces a more coherent shoreline sequence for the 

Beauly Firth area and for this reason it is taken as being normal to 

the isobases of the Lateglacial shorelines. 

On the basis of morphological constraints and marked alignments 

of points, tilted shorelines were derived for the projection plane 

S25°W-N25°E (Fig. 74). Inspection of the height distance diagram 

indicates 3 bands of shoreline fragments. In the upper and lower 

bands shoreline fragments were correlated to form discrete shore-

lines . In the central band the shorelines fragments can be correlated 

in two ways (Scheme A and Scheme B) (Fig . 75) to form 7 shorelines 

(ILG -ILG ) . The difference between the two schemes is minor and 
3 9 

essentially depends upon how the raised marine features east of Nairn 

correlate with those west of Nairn . The problem of which scheme is 

more appropriate was resolved by obtaining the correlation coefficient 

0 
and regional gradient of each shoreline along projection planes at 5 

0 0 
intervals from S-N to S45 W-N45 E for :-
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i) Scheme A 

ii) Scheme B 

iii) the data common to Scheme A and Scheme B (Test). 

The resulting data (Table 19) was analysed with specific 

attention being directed at how the gradient for each shoreline under 

Scheme A or B compared with that from the common data set. It was 

expected that the added data set would not greatly alter the gradient 

of the shoreline and it i s concluded that Scheme A is applicable for 

shorelines ILG -ILG and that Scheme B is applicable for shorelines 
3 s 

ILG -ILG (Fig . 76) . A list of shoreline fragments and associated 
6 9 

gradients for the shorelines is presented in Table 20 . The shore-

lines (ILG , ILG , ILG , ILG ) with the greatest number of 
4A sA sB 10 

shore line fragments were analysed by Trend Surface Analysis (Table 21). 

For each shoreline the linear trend surface is statistically signif-

icant , but surfaces of higher order produce no significant improvement 

in the fit of the data , except for the quadratic surface for shoreline 

ILG 
sA 

Isobase maps were only produced for the trend surfaces which 

were statistically s ignificant (Fig . 77) and on inspection a marked 

simi l arity in these maps is evident . 

3 . Analysis of Residuals 

The residuals produced from the Trend Surface Analysis (Fig. 78) 

and linear regression (Fig . 79) were analysed for the best developed 

shorelines In both cases the residuals (ILG I ILG A' ILG B' ILG ). 
4A S 8 10 

could not be related to external factors nor did the residuals indicate 

excessive curvature of the isobases ; indeed in most cases the residuals 

produced lay within the error limits introduced into the study by 

altitude determination. 
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I 
N 
-....1 
CD 
I 

Shoreline No. of Projection Plane (degrees from North) 
Points 90 75 60 45 35 30 25 20 15 10 0 

Grad 5 
o. ):J60 0.3300 0.3474 0. 3951 o. 4973 o. 5539 o. 7380 1.6391, 

ILGl ~~- 9991 o. 9990 0.9989 0. 9987 o. 9983 0.9981 o. 9973 0.9914 I 
r 

Grad 
8 

0.3218 o. 3201 0.3415 o. 3944 o. 5071 0.5704 0.6571 o. 7812 o. 9701 l. 8827 
ILG2 r o. 9 782 o. 9789 0.9793 0.9800 0. 9793 o. 9789 0.9781 o. 9766 o. 9732 o. 9378 

Grad 0. 2620 0.2716 0.2961 o. 3419 0.4208 0.4570 o. 4985 o. 5439 0.6227 
ILG3A 11 o. 8481 o. 8924 o. 9297 0.9622 o. 9863 o. 9896 0.9880 0.9779 0.8218 r 

Grad 0.3458 0.3437 o. 3632 0.4106 0.5030 o. 5497 0.6078 0.6799 o. 95 39 
ILG

38 
11 o. 9386 o. 95 72 0.9722 o. 984 7 0.9929 o. 99 34 0. 9912 0. 9844 o. 8697 r 

Grad 9 
o. 2379 0.2634 0.3003 0.3555 0.4052 0. 4353 o. 4668 o. 4987 o. 5277 0.5485 0.5332 

ILG3T r o. 7178 0. 7993 0.8700 0.9321 0.9660 0.9787 o. 9864 0.9869 o. 97EM 0.9504 0.8294 

Gra~ 0.2804 0.2822 0.2990 o. 3352 0.3999 0.4302 0.4654 0.5053 0.6102 
ILG4A 18 0.8902 0.9258 0. 95 34 o. 9751 0.9878 o. 9879 0.9840 o. 9738 o. 8506 r 

Grad 
19 

0.3305 0.3304 0.3481 o. 3885 0.4328 0.4618 0.4963 o. 5367 0.5828 0.7078 
ILG48 r 0. 9102 0 . 9416 0.9654 o. 9832 0.9906 o. 9919 0.9907 0. 9853 0.9736 0.8465 

Grad 16 
0.2648 0.2851 0. 3164 0.3644 o. 4079 0.4324 0.4588 0.4843 o. 5059 0.5199 0.4929 

ILG4T r 0. 7889 0.8586 o. 9151 0.9594 0. 9786 0.9828 0.9815 o. 9722 0.9514 0. 9154 o. 7763 

Grad 21 0.2448 0.2482 0. 26 75 o. 3089 0. 355 7 0.3877 0.4273 0.4760 0.5349 0.6020 0.6872 
ILG5A r 0.9261 0. 9481 0.9667 o. 982 7 0.9910 0.9936 o. 9939 o. 9903 o. 9792 0. 9539 o. 7938 

Grad 19 
0.2665 0.2709 0.2925 o. 3382 o. 3896 0.4245 o. 4676 o. 5202 0.5832 0.6535 o. 7315 

ILG
58 r o. 9245 o. 94 79 0.9676 0. 9846 0.9934 0.9960 0.9962 0.9922 0.9802 0.9532 o. 7868 

ILG5T 
Grad 17 

0.2326 o. 245 7 0.2740 0.3255 o. 3793 0.4141 0.4544 0.4994 0.5450 0.5806 o. 5286 
r 0. 8585 0. 9001 o. 9 368 0.9696 o. 9871 0.9924 ·.0.9931 o. 985 7 0.9642 o. 9186 0.6961 

ILG6A 
Grad 8 0.1892 0.1916 0 . 2080 o. 2449 0. 2 89 8 0. 3228 o. 3668 o. 4271 0. 5128 0.6392 0.1010 

r o. 9791 o. 9836 0. 9876 0. 9913 o. 99 32 0. 99 38 o. 9936 0. 9919 o. 9867 0.9722 0.7837 

ILG
68 

Grad 5 0.1689 0.1768 0 . ·1989 0.2447 0. 3007 0.3425 0.3992 0 . 4774 o. 5853 0. 7164 0.3409 
r 0. 9549 0.9659 0.9766 o. 9879 0.9953 o. 99 82 0.9992 0.9951 o. 9771 0.9179 0.2875 

Grad 
11 

0.1994 o. 1952 0. 2038 o. 2282 0.2577 0.2783 0.3046 0.3381 o. 3815 0.4384 0.6052 
ILG7A r 0.9502 o. 9627 o. 9731 o. 9822 o. 9 876 0. 9899 0.9916 0 . 9922 0. 9909 0.9854 0.9371 

Grad 6 
0.1075 0.1206 0.1405 0.1712 0.1999 0.2168 0.2350 0.2530 o. 2684 o. 2772 0.2530 

ILG
78 r o. 6826 o. 7582 o. 8273 o. 8916 0. 92 88 0.9431 0.9519 o. 9519 0.9383 0.9046 0. 7516 

Grad 5 0.0842 0.0977 0.1184 0.1516 0.1835 o. 2025 o. 2223 0.2408 0.2535 0.2543 0.2020 
ILG7T r 0.6258 0.7014 o. 7757 o. 8509 o. 8977 o. 9164 o. 9279 0.9269 0.9058 0.8559 0.6520 

Grad 
13 

0 . 1577 0.1709 0 . 1937 0.2310 0.2670 o. 2886 0.3121 o. 3359 0.3565 o. 36 76 0. 3256 
ILG8A r 0.7951 o. 8549 o. 9075 o. 9536 0.9770 o. 9838 o. 9846 0. 9757 0.9518 0.9053 0.7120 

ILG88 
Grad 17 0.1180 0.1190 0.1280 0.1482 0.1719 0.1886 o. 2099 0.2373 o. 2724 o. 3177 0.4077 

r 0.9420 0.9565 o. 9689 0.9803 o. 9869 0.9893 0.9905 0.9892 o. 9827 0.9652 0.8205 

ILG8T 
Grad 

11 
0.0889 0.1079 0.1371 0.1834 . 0.2487 0.2688 o. 2791 0.2578 0.1689 

r 0.6224 0. 7109 0.8020 o. 8963 0.9682 0.9709 0.9000 o. 8133 0.5570 

ILG9A 
Grad 4 0.0737 0.0813 0.0973 0.1298 0,1712 0. 2028 0.2441 o. 2900 o. 3046 o. 2024 0.0923 

r o. 8332 0. 8514 0. 8710 o. 8932 o. 9071 o. 9094 0.9000 o. 85 73 o. 7261 0.4302 0.2601 

ILG98 
Grad 6 0.1150 0.1228 0.1377 0.1632 0.1884 o. 2039 o. 2210 0.2384 0.2536 0.2613 0.2220 

r 0 . 8343 0.8817 0.9225 0.9566 0. 9718 o. 9742 0.9704 o. 9563 0.9260 0.8708 0.6459 

ILGlO 
Grad 22 0.0885 0.0902 0.0972 0.1115 0.1271 0.1375 0.1501 0.1651 0.1824 0.2013 0.2255 

r 0.8365 o. 8675 o. 8934 0.9160 o. 9283 0.9328 0.9350 o. 9 335 0.9254 o. 9054 o. 7864 

TABLE 19 Results of the regression analysis for the different schemes of shorelines derived from the projection 
plane S25'w-N25"E. ILG3A=Scheme A, ILG38= Scheme B, ILG

3
T=data set common to Scheme A and B, 

Grad= gradient (m/km) , r= correlation coeff. 
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I 
N 
<Xl 
0 
I 

Shoreline 

ILG
1 

ILG
2 

ILG 3A 

ILG 4A 

ILG5A 

ILG6A 

ILG
78 

ILG
88 

ILG
9 8 

ILG
10 

TABLE 20 

Gradient 
m/km 

0 . 554 

0 . 570 

0 . 457 

0 . 430 

0. 427 

0 . 367 

0 . 235 

0 . 210 

0 . 221 

0 . 150 

Correlation 
Coeff . 

0 . 9981 

0 . 9789 

0. 9896 

0 . 9879 

0. 99 39 

o. 9936 

0 . 95 19 

0 . 9905 

0 . 970 

0 . 935 

Significance 
Level 

>99.95 

>99.95 

>99 . 95 

>99 . 95 

>99 .95 

>99 . 95 

>99 .95 

>99 . 95 

>99 . 95 

>99 . 95 

Shore line Fragments used in 
analysis 

Sl2 1 Sl4 1 S 32 

S8 1 S 9 1 S2l 1 S22 1 S 33 

S25 1 S27 1 S49 1 S80 1 Sl00 1Sl0l 1 Sl03 
Sl25 I Sl63 

Sl0 1 S28 1 S34 1 S35 1 Sl04 1 Sl09 1 Sl26 1 
5127 1 5129-5132 1 Sl64 1 Sl79 1 S263 1 

S265 

523 1S24 1S26 1S47 1S6l 1S81 1Sll0 1Sl33 
Sl34 1Sl91 1Sl92 1S220 1S22l 1S252 1S253 
S269 1S282 

Sl1 1 S37 1 S62 1 588 1 S266 1 S284 

S63 1 S87 1 Sl80 1 Sl82 1 5189 1 S264 

Sl5 1S50 1S76 15106 15lll 1Sll2 15190 1526l 
5262 1 5276-5278 

S5l 1 57 7 1 Sl36 1 S227 1 S279 

S20 1529 1S40 1552 1S64 1S 78 1S 79 1S86 , 510 5 
Sl07 , Sll4 , Sll6 1Sl35 , Sl83 , Sl84 , 5260, 
S280 , S28l 

Other Frags . 

S105 , R9 1 R10 

R1- R3 , R7 1Rll 

S123 , 5124, 
R4 1 R8 

5102 15181 
RS 

R46 

S255 - S260 

5185 I Sl86 

5223 1 R24 

R6 

The proposed shorelines for the Inner Moray Firth area , each shoreline declines towards N25. E 



I 
N 
CXl 
I--' 
I 

Shoreline Gradient of Direction of Sum of Degrees of Variance F ConfidencE 
Linear TSA Linear TSA squares(m) freedom (m) 

(m/km) (declines towards) 

Due to Linear 216 . 576 2 108 . 288 
315 . 03 

Deviation from Linear 5 .156 15 0. 344 

ILG4A 0 . 417 27 .16 ' N of E 
Due to Quadratic l. 376 3 0 . 459 

1.45 
Deviations from Quad . 3 . 778 12 0. 315 

Due to Cubic 1.806 4 o . 452 
1.18 

Deviations from cubic 3 .051 ~ 8 0 . 381 

Due t o Linear 331.990 2 165.995 
75 7 . 30 

Deviation from Linear 3 . 945 18 0 . 219 

ILG 5 A 0.412 26 . 82. N of E 
Due to Quadratic 2 . 783 3 0.928 

11.97 
De viation from Quad. 1.163 15 0.078 

Due t o Cubic 0 . 387 4 0.097 
l. 4 3 De viati on from Cubic 0.745 11 0.068 

Due t o Linear 72. 428 2 36 . 214 
363 .92 

Devi a tion from Linear 1 . 393 14 0.099 

0 . 212 24 . 56 N of E 
Due to Quadratic 0.637 3 0 . 212 

. 3 .09 ILG
88 Deviation from Quad . o . 756 11 0.069 

Due to Cubic 0 . 578 4 0 . 145 
1.61 

Deviation from Cubic 0 . 629 7 0 . 089 

-- -- --- -· - --·------

TABLE 21 The gradient and direction of decline of the linear trend surface for the 4 best developed 

Lateglacial shorelines in the Inner Moray Firth area and the calculation of F-ratios for the 

contribution of successively higher-order trend surfaces . 

level( %) 

> 99 . 9 

< 95 

< 95 

> 99 . 9 

> 99 . 9 

< 95 

> 99 . 9 

< 95 

< 95 



I 
N 
CXl 
N 
I 

Shoreline Gradient of 
Linear TSA 

(m/km) 

ILG
10 

0 . 153 

TABLE 21 (cont.) 

Direction of Sum of 
Linear TSA Squares 
(declines towards) (m) 

Due to Linear 28 . 149 
Deviation from Linea1: 4 . 044 

24.06 N of E 
Due to Quadratic 1.434 
Deviation from Quad. 2.610 

Due to Cubic 1.027 
Deviation from Cubic 1.548 

- --- ----- - --- - - ---- -- ----- - ---------

Degrees of Variance F ConfidencE 
freedom (m) Level (%) 

2 14.075 
66 . 13 > 99 . 9 

19 0 . 213 

3 0 . 478 
2. 93 < 95 

16 0 . 163 

4 0 . 257 
1.99 <95 

12 0 . 129 
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4. The Shorelines and Associated Ice Limits 

a) ILG and ILG 
l 2 

The highest shoreline fragments in the Ardersier area are 

correlated with the highest shoreline fragments in the Lochloy area 

(Fig. 76) · In both these areas the higher raised marine terraces and 

raised shingle ridges form a distinct group of features . However the 

large vertical range of these marine features suggests that the shore-

line fragments are composite, having been produced during at least 2 

periods of relative sea level stability. The two clearest shorelines 

are referred to as ILG and ILG and exhibit regional gradients of 
l 2 

0.554 m/km and 0.570 m/km respectively. Shoreline ILG occurs at 
l 

Ardersier and may correlate with the poorly-developed shoreline terrace 

fragment (S90) at 32.5 mat the entrance of Munlochy Bay and also with 

the highest outwash surface (T 142, T 143) at Inverness. Shoreline 

ILG occurs at 26.6 m at Ardersier (S33) and possibly may be correlated 
2 

with the raised marine terrace at Craigton (Sl62) at 33 . 4 m and 

the outwash delta surface at Inverness which descends to circa 35 m 

(T 144). 

During the formation of shorelines ILG and ILG , remnants of 
1 2 

the last ice sheet lay directly inland of the coastal zone . During 

this period a mass of ice was located inland of Lochloy whilst farther 

west the ice margin was located in the vicinity of the Flemington 

esker and probably occupied most land areas south of Ardersier (Fig. 80). 

The correlation of the high deltas at Inverness with shorelines ILG 
l 

and ILG indicates that the ice had retreated from the deep water 
2 

channel of the Inverness Firth by this time and that the ice margin 

lay immediately south of Inverness and just west of Craigton (Fig. 80). 

b) ILG 
3A 

Shoreline ILG
3
A has a gradient of 0.457 m/km and is locally 
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The proposed s1~chronous ice cargins and associated Lateglacial 
shorelines in the inner Moray Firth and Loch Ness areas . 



(Sl23-Sl25) (which grade into Inverness outwash delta T 151), with 

the shoreline terrace fragments at 29 m in Munlochy Bay (SlOO, SlOl) 

and with well developed terrace fragments in the Fortrose/Ardersier 

area. Also associated with this shoreline is the poorly-developed 

marine terrace at Nairn (S25) which is related to an ice margin near 

Kildrummie Gap (Figs. 25, 80). It has also been suggested that the 

well developed marine terrace fragments in Munlochy valley resulted 

from meltwaters which flowed into the area from the Beauly Firth. 

It is therefore proposed that when shoreline ILG
3

A was produced ice 

occupied the Ness valley as far north as the Torvean esker. Farther 

east large masses of stagnant ice were still present inland from the 

coast and some of these masses of ice may have been associated with 

a tongue of ice in the Nairn valley. However the limited thickness 

of the ice at Kildrummie suggests that the ice in this area was in-

active. In the Beauly Firth the ice occurred up to an altitude of 

80 m east of Gallowhill (Fig. 31). From Gallowhill the ice front 

may have extended inland to Tore (Fig. 80) and possibly to the complex 

of moraines at Easter Kinkell (Horne and Hinxman, 1914). Between 

the formation of shoreline ILG
2 

and shoreline ILG
3
A relative sea level 

fell circa 4.5 m at Inverness and this coincided with a 1-2 km retreat 

of the ice front in the Ness valley. 

c) ILG
4

A 

Shoreline ILG has a gradient of 0.430 m/km. It is locally 
4A 

represented by the highest shoreline terrace fragments north of Muir 

of Ord at 28 m (S263, S265), the high level delta and associated 

raised marine terrace at Englishton at 29 m (Sl79, Sl81), the small 

outwash delta and marine terrace fragment at Charleston (T 141, Sl64), 

the most extensive delta surface at Inverness (T 153) which is graded 

to raised shoreline fragments at 27m (Sl29, Sl30) and by well developed 
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shoreline fragments in the Ardersier and Lochloy areas . 

The shoreline terrace fragments north of Muir of Ord (S263 , S265) 

have been associated with three small outwash deltas in the Highfield 

area (Fig . 61 , T 39-T 41). It has been suggested (see page 240) 

that these deltas (T 39-T 41) indicate the presence of ice in both the 

Orrin and Canon valleys. The 27 m proglacial delta surface at Inverness 

(T 153) was produced whilst ice occupied the Ness valley as far north 

as Torvean . Thus the ice margin in the Ness valley retreated only 

a short distance between the formation of shorelines ILG
3
A and ILG

4
A. 

To the west of Inverness the small outwash deltas at Charleston (T 141) 

and Englishton (Sl8l) indicate the presence of ice in the Beauly Firth 

at this time . The exact location of the ice front in the Beauly Firth 

may be interpreted in three ways:-

i) The deltas at Englishton (Sl8l) and Charleston (T 141) 

formed in relation to the same ice front (Fig . 80) 

which crossed the Beauly Firth diagonally (being more 

advanced on the northern shore of the Beauly Firth) . 

such irregular ice fronts are not uncommon where the 

snout of the g lacier ends in water as for example at 

steensby Gletscher in north Greenland (Ahnert, 1963) 

and at sydglelscher in south Greenland (Dawson, l983b) . 

ii) The ice front lay across the Beauly Firth at Englishton 

iii) 

and a mass of stagnant ice lay along the northern shore 

between coulmore and Charleston. This interpretation 

is aided by the poor development of Lateglacial shore

line fragments along the northern shore of the Beauly 

Firth . 

The delta at Charleston was produced prior to that 

h · margin having retreated rapidly at Englishton, t e ~ce 
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d) ILG sA 

due to calving and thus relat1.'ve 1 1 h · sea eve av1.ng been 

unaltered in the time . Examples of suggested rates 

of calving from Antarctica range between 300-2 000 m/yr 

(Loewe, 1960; Robin, 1972 ) and with such high rates 

of ice front retreat it would be possible for two 

shoreline fragments only 3 km apart to be formed in 

relation to the same relative sea level yet at different 

ice margins. 

Shoreline ILG has a r egional gradient of 0 . 427 m/km . This sA 
shoreline correlates the deltas at Balblair (T 70) (which is graded to 

a raised shoreline fragment at 29.4 m (S253}) , Muir of Ord (T 67 , T 69) , 

in the Orrin valley (T 10, T 42) and with the raised shoreline 

fragments at 24 m at Inverness (Sl33, Sl34) . It is also thought likely 

that the deltas at Kiltarlity (T lll) and Cantin (T l) were also being 

produced at this time . These various deltas are correlated with well 

developed shoreline terrace fragments in the Conan valley at 26 m, 

Beauly Firth, Ardersier area and Lochloy area . 

By the time this shoreline had been produced ice had retreated 

from the lower Canon valley to Loch Achonachie and Loch Achilty . A 

mass of ice still lay at Muir of Ord and in the Orrin valley but much 

of the eastern end of this ice mass was stagnant . In the Kiltarlity 

area the ice front lay just south of Kiltarlity (Fig . 80), whilst 

another mass of ice lay in the vicinity of the Kilmorack Gorge. In 

the Ness valley the limit of the ice is considered to have been similar 

to the limits proposed for shoreline ILG
4

A, that is, lying south of 

Inve rness near Torbreck and in the Ness valley as far north as Torvean. 
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e) 

This is a poorly-developed shoreline with a regional gradient 

of 0 . 367 m/km. The shoreline consists of an outwash delta at Muirton 

Mains (T 1 , S284) at 24 . 8 m and is also thought to correlate with the 

lowest sections of the deltas at Kiltarlity (T 111) , Balblair (T 70) 

and Muir of Ord (T 67 , T 69) . The ice limits are identical to those 

proposed for shoreline ILG
5

A except for the Inverness area where no 

equivalent fragment of shoreline ILG appears to be present . However , 
6A 

a mass of ice must still have been present north of the Torvean esker 

rid~. 

f) 

This is a very poorly defined shore line , with many of the shore-

line fragments being of poor quality . At no point could the shoreline 

fragments be associated with an ice front. The gradient of the shore-

line is 0 . 235 m/km and this figure is only accepted as an approximation . 

The most westerly shoreline fragment Sl89 occurs at 22 . 5 min the 

Beauly Firth whilst in the e ast the shoreline is represented by fragment 

S63 at 19.4 m. 

g) ILG
88 

Shoreline ILG is a well deve l oped shoreline with a regional 
sB 

gradient of 0.210 m/km. Shore line fragments correlated with this 

shoreline were identified in the Beauly Firth at 20 . 5 m (Sl90) in the 

Conan valley at 19-19.5 m (S276-S 2 77) , in Munlochy valley at circa 

17-18 m (Sl06 , Slll) , in the Fortrose are a at 16 . 6 m (S50) and in 

the Lochloy area at 15 m (Sll) . This sho r e line could not be related 

to an ice front, although it does lie abov e ke ttled shoreline 

fragments. 
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h) ILG 
gB 

This shoreline is very poorly- developed d an at no point cou l d 

it be related to an ice margl· n . It eli 1 s gra ent of 0 . 221 m km is tho ught 

to only represent a general slope of the shoreline . Thi s shoreli ne 

rises from 14.5 ill at Fortrose to 18 . 6 min the Beauly Firth . 

i) ILG 
10 

Shoreline ILG is very well-developed and has a regional 
10 

gradient of 0.150 m/km . Shoreline fragments related to this shor eli ne 

occur at Kiltarlity at 16 . 4 m (S260) , in the Beauly Firth , in Munlochy 

valley, in the Conan valley , at Ardersier , at Fortrose and at Lochloy 

at 12 . 0 m (S20). In the Kiltarlity area the shoreline is related 

to an ice limit circa 1 km south of Kiltarlity (Fig . 80) . This 

represents a 0 . 5 km retreat in the ice margin since the formation of 

shoreline ILG whilst in 
6A 

the same time sea level fell 12 . 5 m. It 

has been suggested that shoreline ILG may be correlated with an 
10 

ice margin at the northern end of Loch Ness (see pages 2oo-201 ) ' and 

this ice margin indicates that ~~e ice sheet retreated approximately 

7 km since the formation of shoreline ILG . During the same period 
2 

of time relative sea level fell 19 m. 

j) Shoreline Fragments below ILG 
10 

Below shoreline ILG there are a group of shoreline fragments 
10 

which can not be correlated to form distinct shorelines . All these 

shoreline fragments lie below 15 m and therefore they usually only 

occur where the ' low level cliff ' is absent or only poorly-developed. 

The shoreline fragments below shoreline ILG are thought to represent 
10 

more than one shoreline but the limited amount of data does not permit 

correlation . At Inverness one of the shoreline fragments (Sl38) at 

13 . 5 m is graded into a kettled outwash terrace (T 159) . It has been 

suggested (see pages 200-201 ) that this kettled outwash terrace 
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fragment may be related to a loch at a 32 m level at the northern 

end of Loch Ness. It is possible the ice limit associated with this 

loch was located at Foyers, however 1't 1·s equally possible that the 

lake was a small ice marginal feature and th · at 1ce occupied the greater 

part of Loch Ness. 

k) Remaining Shoreline Fragments 

There are only 5 raised shoreline fragments which are not part 

of the proposed shoreline sequence (Sl- S3, S215 , S222) . Shoreline 

fragments S215 and S222 are both poorly-developed features which occur 

at the head of the Beauly Firth. The break of slope of fragment S215 

is partially obscured by a road, whilst the 1.5 m range in altitude 

of S222 makes it one of the poorest marine terraces in the study area . 

Since the altitudes determined on shoreline fragments S215 and S222 

are of a poor quality correlation of the fragments with specific 

shorelines must remain speculative, but on the basis of altitude these 

features may be correlated with shoreline ILG . However , shore-
4A 

line ILG is related to an ice margin at Englishton and the shoreline 
4A 

fragments in question (S215 , S222) lie inside this ice margin. The 

correlation of the marine terraces S215 and S222 with shoreline ILG 
4A 

can only be proposed if relative sea level maintained the same level 

whilst the ice front retreated from Englishton to Balblair (a distance 

of 10 km) and this infers a rapid retreat of the ice margin . 

Shoreline fragments Sl-S3 at Kintessack can be correlated with 

specific shorelines , but the correlations have associated problems. 

Shoreline fragment Sl may be related to shoreline ILG
4

A but this 

correlation is not in accord with the proposed ice margin near Brodie 

Castle (Figs. 21, 80) (see pages 102-105 ) . It is possible that the 

ice margin near Brodie Castle relates to a stagnant mass of ice but 

the size of the outwash surface in this area suggests a considerable 

- 293-



flow of meltwaters and therefore a larger mass of ice. Shoreline 

fragment S3 may be correlated with shoreline ILG
10

, but the presence 

of a large kettlehole which pits this shoreline fragment is difficult to 

reconcile with the proposed shoreline. The shoreline fragments identified 

by Peacock et al. (1968) directly east of Kintessock suggest that further 

study in this area may solve the problems associated with shoreline frag

ments Sl-S3. However since glacio-lacustrine deposits (Peacock et al., 

1968) and shoreline fragments (see page 104) have been identified in the 

same general area it is considered premature to attempt the proposed corr

elations until further study is undertaken. 

5. Implications of the Shoreline Sequence 

a) Patterns of Deglaciation 

The shoreline sequence provides ample information on the pattern of 

deglaciation and basically suggests that large masses of ice remained at 

inland sites whilst coastal areas and the areas presently covered by the 

sea became deglaciated. The broad area of lowland east of Inverness was 

still covered by large masses of stagnant ice whilst coastal areas had 

become deglaciated as far west as Inverness. Similarily it can be demonstrat 

ed that in the same amount of time it took the Beauly Firth to become 

deglaciated the ice front at Inverness and north of Muir of Ord only re

treated 0.5-3 km. The ice margin therefore retreated rapidly in the broad 

deep water channels (Inverness Firth, Moray Firth, Beauly Firth, Cromarty 

Firth) where the snout of the glaciers terminated in the sea, whilst 

inland of these areas ice wastage was slower. It is proposed that ice 

retreat in the broad deep water channels was the result of calving rather 

than ablation. It would also seem that the broader Cromarty Firth became 

deglaciated earlier than the Beauly Firth whose narrow entrance may 

have slowed ice sheet retreat. Similar patterns of deglaciation have 

been observed in Spitsbergen (Peacock in Armstrong et al., 1975) and have 

been proposed for the Forth and Tay estuaries (Armstrong et al., 1975; 

Browne et al., 198la). 
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The field evidence in the Ness valley and from the slopes 

bordering the Beauly Firth indicates · a progress1vely downwasting ice 

mass . It is possible that these ice decay features represent the 

final decay of stagnant ice masses whilst in other areas the ice 

remai ned active . However since the only morphological evidence indic-

ative of Late Devensian active ice in the study area is the mor ainic 

ridge in Glen Urquhart, it is considered unlikely that the ice 

remained active in the Beauly Firth and Ness valley during ice decay . 

b) Relative Sea Level Movements in Association with Ice Sheet Decay 

The shoreline sequence indicates a progressive fall in Lateglacial 

relative sea level . Some of the shorelines (ILG -ILG ) indicate a 
3A sA 

progressive retreat of the ice margin in the Beauly and Cromarty 

Firths , whilst relative sea level fell; yet these same shorelines are 

also associated with a near stable ice margin in the Ness valley . In 

the Beauly Firth whilst the ice front retreated from North Kessock to 

Balblair (a distance of 16 km) relative sea level fell at least ll m 

at Inverness from shoreline ILG (at circa 35 m) to shoreline ILGsA 
2 

(at 24 m) . The drop in the marine limit between North Kessock at 

33 . 4 m and Balblair at 29m is however small . In contrast evidence 

of substantial falls in relative sea level associated with near stable 

ice margins occurs at Inverness, Kiltarlity and Muir of Ord . At 

Inverness relative sea level fell at least ll m from circa 35 m (ILG ) 
2 

(and possibly from circa 40 m (ILG )) to 24m (ILG ) whilst the ice 
1 sA 

margin remained l-3 km south of the city. In addition it has been 

suggested that the limit of the ice mass had only retreated 10 km to 

the northern end of Loch Ness by the time r elative sea level had fallen 

to 16 . 0 m (ILG ) some 19 m below shoreline ILG . 
10 2 

It has also been 

demonstrated (see pages 200-201 ) that masses of stagnant ice still 

area after r elative sea level had fallen remained in the Inverness 
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to 13.5 m. In the Kiltarlity area relative sea l evel fell from 29 m 

(ILG
5

A) to 16 m (ILG ) whilst the ice f 
10 rant retreated 0.5 km, whilst 

at Muir of Ord relative sea level fell 6 m between the formation of 

shorelines ILG
4

A (at 28m) and ILG
6

A (at 22 . 5 m) yet during the same 

period of time the ice front only retreated 1 km. The ice fronts 

therefore appear to have stabilized once the ice became confined to 

the narrow valleys of the Ness, Orrin, Glass and canon . The slower 

rates of ice decay in the narrow valleys may be interpreted as a stand-

still of the ice, but the standstill may have resulted from the 

narrowing of the valleys rather than from climatic change. However, 

since there is little evidence in the study area to suggest that the 

ice remained active (and active ice would be implied by a standstill) it 

is considered premature to infer a standstill . 

c) I sostatic Conside rations 

The shoreline sequence is indicative of continued uplift during 

deglaciation. The tilt of the shorelines indicates that the major 

ice mass lay to the south wes t of the study area . Except for one 

shore line (ILG ) (which is poorly developed) each shoreline has a 
gB 

lower regional gradient than the one above it . The change in gradient 

between ILG and ILG indicates that 66 % of the tilting occurred 
3A 10 

whilst ice remained in the area . This implies that initial glacio-

isostatic uplift was rapid. In contrast shorelines ILG
3
A-ILG

5
A have 

almost identical gradients, and except for the Beauly Firth these 

three shorelines are associated with near stationary ice limits . It 

is proposed that during the time these shorelines were formed differ-

ential glacio-isostatic uplift was limited . There then followed a 

period of rapid glacio-isostatic uplift during which relative sea 

level fell some 13 m. The r educed rate of uplift may be explained 

in several ways:-
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i) 

ii) 

The three shorelines (ILG - ILG ) f 
3
A sA were armed very 

rapidly in response to high sediment input rates from 

the decaying ice sheet As a result they represent 

only a short time period of shoreline formation . 

During the period of formation of ILG - ILG the ice 
3A sA 

sheet stabilized so that isostatic uplift slowed. 

After this period of l·ce tab ' l' s l lzation rapid ice 

decay resumed. As the ice margin did not retreat a 

great distance during the subsequent uplift much of 

the ice wastage must have been achieved by downwasting 

of the ice mass. This of course assumes that eustatic 

change at the time was positive . 

6 . Dating and Correlation with Other Areas of Scotland 

a) Dating 

During the study no organic material was found which could be 

associated with the Lateglacial shorelines . The oldest 14c date avail-

able in the study area at 9 6::.0:'. 130 B . P. (BIRM 1123 ; Haggart, 1982) 

refers to a buried peat which overlies marine deposits that cover the 

buried gravel layer. Outside the area 14c dates have been obtained 

+480 
from deposits at Teinland to the east (28, 140_ 450 B . P ., Edwards et al. , 

1976) and at Loch Drama (12 810±155 B.P . , Kirk and Godwin , 1963) to 

the west (see Chapter 3). The Loch Drama date has often been quoted 

as evidence of deglaciation of most of the Northern Highlands by 

12 BOO B.P. (Sissons , 1967 , l 974a , l976b; Price, 1983) . If this date 

is accepted than the study area must have been deglaciated prior to 

this by several hundreds of years . Sutherland (1980 , l98lb) has 

suggested that the Loch Drama date is in error because it is composed 

of derived allochthonous plant debris from a recently deglaciated 

area , indicating that the date may be too old . 
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It has been argued elsewhere (Chapter 5) that the Buried Gravel 

Layer formed early in the Loch Lomond Stadial, so the Lateglacial 

shorelines ILG -ILG predate circa ll 000 B.P. Peacock (1974) and 
1 10 

Peacock et al., (1980) in their study of Late Devensian and Flandrian 

stratigraphy and marine faunas from two boreholes in the Cromarty Firth 

suggested that deglaciation was relatively late in the area. The 

lowest marine strata (Lower Findhorn Beds) encountered in the bore-

holes contain high boreal to low arctic faunas similar to the Late 

Devensian Clyde Beds of western Scotland. The Clyde Beds have been 

dated to between 13 500 and 10 000 B.P. (Peacock, 1981). Peacock 

(1974, 1981) suggested that the lack of a stratum in the Cromarty Firth 

equivalent to the Errol Beds of the Tay Estuary, (with their charac-

teristic arctic fauna, Peacock, 1975) may reflect either ice coverage 

in the Cromarty Firth prior to 13 500 B.P. or an incomplete sedimen-

tary record produced by the boreholes. Since the Cromarty Firth 

must have been deglaciated when shoreline ILG was formed it is 
4A 

inferred that shorelines ILG -ILG may have formed after 13 500 B.P. 
4A 10 

b) Correlations with Other Areas of Scotland 

Due to the lack of absolute dates the Lateglacial shoreline 

sequence in the Inner Moray Firth area can only be compared with other 

areas of Scotland on the basis of morphology. The salient character-

istics of the Inner Moray Firth shoreline sequence are:-

i) 

ii) 

Rapid calving of ice in deep water Firths. 

Markedly similar gradients of three shorelines (ILG -
3A 

ILG ) , with the possible implication of a reduction 
sA 

in ice wastage. 

iii) A drop in relative sea level of at least 19 m and 

possibly 23 m whilst the ice margin retreated a 

limited distance. 

Only four areas exist in Scotland which have broadly similar 
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characteristics to those of the Inner Moray Firth area, these being 

the Cowal Penninsula, Wester Ross, the Firth of Forth and the Firth 

of Tay. 

1) Firths of Forth and Tay 

In the Forth, Earn and Tay valleys distinct shorelines (Sissons 

and Smith, 1965a; Sissons et al., 1966; Cullingford, 1972, 1977) were 

associated with the Perth Readvance limit identified by Sissons (l963b, 

1964). In the Forth the highest of these shorelines has a gradient 

of 0.43 m/km and it is called the Main Perth Raised Shoreline (Sissons 

and Smith, 1965a). In the Forth the Main Perth Raised Shoreline is 

succeeded by two lower shorelines which have markedly similar gradients 

to the Main Perth Raised Shoreline, and these lower shorelines are 

associated with an 8 km retreat in the ice margin (Sissons and Smith, 

1965a). Sissons and Smith inferred that relative sea level fell 

rapidly before the ice retreated west of Stirling. They suggested 

that relative sea level fell 25 m whilst ice stood near the Stirling 

Gap and at least 9.5 m whilst ice occupied the lower Carron valley. 

Similarly a major drop in relative sea level with limited ice margin 

retreat has been proposed for the Earn and Tay valleys (Sissons et al., 

1966; Cullingford, 1972, 1977). Cullingford (1977) suggested that 

relative sea level fell by at least 17 min the Tay valley. In this 

area he also identified several shorelines (LPl-LP4) below the Main 

Perth Raised Shoreline and these have gradients between 0.32-0.23 m/km. 

He related these lower shorelines to ice limits similar to those 

proposed for the Main Perth Raised Shoreline. Smith (1965) also 

tentatively identified one shoreline (LG8) below the Main Perth Raised 

Shorelines in the Forth valley, and this lower shoreline has a gradient 

of 0.14 m/km. In contrast to Cullingford the lower shoreline in the 

Forth valley lies inside the ice limits proposed by Sissons and Smith 

to be synchronous with the Main Perth Raised Shorelines. 
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The concept of the Perth Readvance has since been revised and 

it has been suggested that the ice front may relate to a minor readvance 

or standstill of the ice sheet (Sissons, 1974a, 1976b). In addition 

the extent of the drop in the marine limit at Stirling and in the Earn-

Tay area has been disputed (Francis et al., 1970; Armstrong et al., 

1975; Browne et al., 198la, b; Laxton, 1984). In the Forth valley 

Francis et al., Browne et al., 198la) and Laxton have outlined the 

occurance of marine deposits inside the ice limit at Stirling at 

altitudes in excess of those proposed by Sissons and Smith (1965a). 

On the basis of the supposed marine deposits a fall in the marine 

limit of only 5 m at Stirling is proposed by the various authors rather 

than the 15 m fall postulated by Sissons and Smith. However, the 

stratigraphical evidence presented by Francis et al.,Browne et al. and 

Laxton is at variance with the morphological evidence according to Smith 

and Cullingford (1981) , and the faunal remains could have been re-worked. 

It may be concluded that probably significant falls in the marine limit 

occurred at Stirling and in the Carron valley at this time, although 

the amount is uncertain. 

The Forth-Tay area is similar in many respects to the Inner 

Moray Firth. Firstly both areas have a shoreline sequence which demon-

strates 3 shorelines with similar gradients followed by lower shore-

lines with considerably lower gradients. Secondly the actual gradients 

of the shorelines are similar; ILG
3
A-ILG

5
A (0.457-0.427 m/km) are 

similar to the Main Perth Raised Shoreline (0.43 m/km), whilst ILG -
GA 

ILG (0.367-0.150 m/km) are similar to the Lower Perth Shorelines 
10 

(0.32-0.23 m/km). Thirdly both areas may demonstrate a limited retreat 

in the ice margin associated with a substantial drop in relative sea 

level. However, it is possible that the proposed drops in relative 

sea level in the Earn-Tay and Inverness areas are related to stagnant 

ice masses rather than an active ice margin. Finally in both areas 

it has been suggested that ice retreat occurred at a faster rate in 
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the broad deep water channels which resulted in the presence of 

stagnant masses of detached ice inland of the coastal zone . On the 

basis of these morphological similarit1'es 1·t is tentatively proposed 

that Inverness shorelines ILG - ILG may be 
3

A sA correlated with the Main 

Perth Raised Shorelines . Similarly shorelines ILG - ILG can be 
6A 10 

correlated with the Lower Perth Shorelines in the Earn- Tay valleys 

(LPl-LP4) and possibly with the lower Lateglacial shoreline in the 

Forth Valley (Smith , 1965 , LG8) . It should be noted that the tentat-

ive correlations relate to the shorelines and not the various ice 

margin positi ons . 

ii) Cowal Peninsula 

Sutherland (l98lb) identified a series of shoreli nes in the 

Cowal Peninsula , some of which he related to a near stable ice margin 

(CLG - CLG ) . He suggested that a 20 m drop in relative sea level 
2 5 

occurred at Otter Ferry whilst ice remained in the area . He outlined 

other drops i n the marine limit of 22 m in Glendariel and 26 m at the 

southern end of Loch Long . He correlated the most extensive shoreline 

(CLG) , which has a regional gradient of 0 . 327 m/km , with the limit 
2 

of a readvance or stillstand of the ice. Lower shorelines related 

to the same i ce front have gradients between 0 . 286 m/km and 0 . 204 m/km , 

and below this shoreline gradients lie between 0 . 129 m/km and 0 . 112 m/km 

(Sutherland , 198lb) . Sutherland also revised the Lateglacial sea 

l e vel curve proposed by Peacock et al. (1977, 1978) . Sutherland' s 

curve (Fig . 73) indicates a rapid fall in relative sea level between 

circa 13 000 and 12 000 yrs. B.P. and was used to tentatively date 

the maximum of the ice limit to 12 900±200 yrs . B. P . Sutherland also 

inferred that the ice front remained stable for 50-850 yrs . He 

suggested that the stable ice front had been caused by a readvance 

of ice initiated by increased precipitation . 
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The Lateglacial relative sea level changes in the Cowal Peninsula 

are comparable to those in the Inner Moray Firth for three reasons . 

Firstly faunal evidence from the Cromarty Firth (Peacock , 1974 ; Peacock 

et al .' 1978) suggests that the Lateglacial shorelines in the Inner Moray 

Firth area were formed at a similar time as those in the Cowal Peninsula . 

Secondly , both areas demonstrate substantial falls in relative sea level 

associated with limited ice retreat . Finally the gradient of shorelines 

ILG3A - ILGSA (0.457-0 . 427 m/km) is not greatly dissimilar to the gradien t 

of shoreline CLG2 (0.327 m/km), a view advocated by Sutherland (198lb) 

and supported by Sissons and Dawson (1981) Dawson (1984) and Gray (1983) . 

Gray (1983) noted that raised shorelines on the west coast of Scotland 

have lower regional gradients than the same shoreline on the east coast . 

In contrast there are several differences between the Cowal 

Peninsula and the Inner Moray Firth areas . Firstly the shoreline 

sequence in the Cowal Peninsula demonstrates a progressive change in 

the tilt of the shorelines , whereas in the Inner Moray Firth area 

shorelines with a similar gradient are succeeded by shorelines with 

a markedly lower regional granient . Secondly , a moraine at Otter 

Ferry is interpreted as evidence of a readvance or stillstand of the 

ice sheet and therefore an active ice mass , whereas evidence for 

active ice in the Inner Moray Firth area is lacking. The lack of a 

readvance or stillstand in the Inner Moray Firth may reflect the 

location of the area in relation to the patterns of precipitation . 

A readvance of an ice sheet may be expected to be most pronounced on 

the western side of the Highlands since the glaciers in the area are 

more likely to receive precipitation inputs. However the glaciers 

which extended into the Inner Moray Firth area are likely to have 

been less sensitive to climatic change due to rain shadow effects. 

It is tentatively suggested that the Lateglacial relative sea 

level changes in the cowal Peninsula are approximately synchronous 

with those in the Inner Moray Firth. Shoreline CLG 2 in the Cowal 

P · 1 relate w1."th any of the Inverness shorelines en1.nsu a may cor 



ILG3A - ILG6A ' especially as there is no reason to suggest synchroneity 

of the Lateglacial ice margins. On th is basis the lower shorelines 

in the Inner Moray Firth (ILG - ILG ) 
7B 

10 
can be tentatively correlated 

with the lower shorelines in the Cowal Peninsula (CLG - CLG ) . 
3 8 

iii) Wester Ross 

Sissons and Dawson (1981) related a shoreline (the Main Wester 

Ross Shoreline) with the Wester Ross Readvance limit identified by 

Robinson and Ballantyne (1979) . The regional gradient of the Main 

Wester Ross Shoreline lies between 0.33- 0 . 39 m/km depending on the 

plane of projection us e d (Sissons and Dawson , 1981) . In the Wester 

Ross area there is no substantial drop in the marine limit , instead 

Sissons and Dawson suggested that relative sea level fell as the ice 

r e tre ate d from the Wester Ross Readvance limit . They suggested that 

in Loch Ewe a drop in relative sea level of circa 11 m is associated 

with a retreat of the ice front of circa 17 km . 

The relative sea level changes in the Inner Moray Firth are only 

similar to those in Wester Ross in two respects . Firstly the gradient 

of the Main Wester Ross Shoreline is not dissimilar (see above) to the regional 

gradients of the Inverness shu r e lines ILG
3
A-ILG

5
A Secondly in both 

areas rapid ice retreat associated with a falling relative sea level 

is recorded in the broad sea lochs . In the Beauly Firth the ice 

sheet retreated circa 10 km from En glishton t o Balblair whilst rela-

tive s ea level fell only 3 m. 

The relative sea leve l e vents in the Weste r Ross area differ 

from those in the Inner Moray Firth are a for seve ral reasons . Firstly 

the Wester Ross area does not demonstrate a major drop in the marine 

limit , and at no location are large stagnant ice masses reported 

stranded on land due to rapid calving in the deep water lochs . However 

the lack of substantial drops in the marine limit in the Wester Ross 

area may r ef l ect an ice margin which was maintaine d during a period 

d · th reduced accumulation the ice margin 
of h i gh mass balance an Wl 
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retreated rapidly. Secondly, the shore line sequence at Wester Ross 

only provides information about one shoreline and so no comparison 

with lower shorelines can be made . Finally, the Main wester Ross 

Shoreline is related to a readvance limit and therefore active ice , 

whilst it is uncertain if the ice remained active in the Inner Moray 

Firth area (although a possible explanation of the lack of active 

ice has bee n cited above). 

Due to the lack of comparable shoreline data , and the uncertainty 

of the age of the Main Wester Ross Shoreline it is thought premature 

to correlate the relative sea level events in the two areas . 

c) Correlations with Areas Perhiphera l to the inner Moray Firth 

Raised shoreline fragments have been identified in the Cromarty , 

Dornoch and Outer Moray Firths (Ogi lvie , 1926; Peacock et al ., 1968; 

Smith, 1968 ) at a variety of a ltitudes . Although it is accepted that 

correlations should be possible with these peripheral areas they are 

not proposed for several reasons:-

i) The method of altitude determination in some of the other 

studies was inaccurate (eg . Ogilvie , 1926) . 

ii) The altitude , location and geomorph i c relationship of all 

the raised marine features are not recorded in some of the published 

works (eg. Peacock et al ., 1968 ; J . S . Smith , 1968) 

iii) As distance increases so miscorrelations from isobase 

curvature become more likely . 

7. Summary 

In the Inner Moray Firth area 10 tilted shorelines related to 

the deglaciation of the Late Devensian ice sheet have been identified . 

The shoreline sequence indicates that deglaciation occurred rapidly 

in the deep water sea lochs probably due to calving . Rapid ice 

· 1 ft 1 rge masses of stagnant ice stranded inland . recesslon e a 
Once 



the ice retreated into the narrow valleys (Ne ss , Glass , canon , orrin) 

ice wastage s l owed and was assoc i a t e d with a f a ll in r e lative sea 

l eve l of 1 9 m and poss i b l y 23 m. It ha s been infe rred from the shore

line sequence that g l ac i o-isostat i c uplif t wa s retarded whilst the 

ice fronts maintained a l most stationary positions . Subsequently rapid 

thinning of the ice mass (rather t han retreat) r e sulted in rapid 

uplift and shorelines wi th a sign ificant l y lowe r g radient were for med . 

Evidence is l acking to suggest t hat t h e i ce rema ined active in the 

area during the fa l l in re l ative sea l eve l , bu t this may reflect 

re l atively low precipitation input into the g l ac i e rs which extended 

into the study area . 

The relative changes in Lategl acia l sea l eve l in the Inner Moray 

F i rth are tentatively dated at after 13 500 y r s . B . P . and prior to 

l l 000 yrs . B . P . on the basis of faunal evi dence (Pe a c ock , 19 74 ; 

Peacock et a l. , 1980) and the ident i fication of the Main Lateglacial 

Shoreline in the study area . On the grounds of marke d similarities 

in shoreline sequences the relative sea level events in t he Inner 

Moray Firth area are correlated with those in the Cowal Peninsula 

(Sutherl and , l 98 l b) and Forth- Earn-Tay va ll eys (eg . S i ssons e t al ., 

1966) . It is suggested that the Main Per th Ra i sed Sh o r e line s , Cowal 

shorel i ne CLG
2 

and Inverness shorel i nes ILG 3A - ILFSA may be of a 

similar age . 
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CHAPTER ELEVEN 

FLANDRIAN AND LOCH LOMOND STADIAL SHORELINES 

1. Introduction 

Evidence for Loch Lomond Stadial shorelines has been cited from 

the Beauly Firth, Munlochy Bay and Loch Ness areas (see Chapter Nine). 

In the Beauly Firth, a buried gravel layer has been identified and 

correlated with the Main Lateglacial Shoreline of Sissons (1974b), 

whilst around Loch Ness raised lacustrine shoreline fragments have 

been correlated with Loch Lomond Stadial ice. The buried gravel layer 

is thought to be present throughout the study area and is often over

lain by Flandrian marine deposits which rise to circa 10 m. The 

Flandrian deposits often occur in staircases of raised shoreline 

fragments so it is inferred that several Flandrian raised shorelines 

are present in the study area. 

Haggart (1982) determined Flandrian relative sea level movements 

for 3 locations in the present study area (Barnyards, NH 5231 4725 ; 

Moniack, NH 545 4 4350 and Arcan Mains, NH 4961 5 371) by detailed analysis 

of sedimentary cores (pollen illlalysis, diatom analysis, sediment 

analysis and radio-carbon dating). He concluded (Fig . 81) that between 

circa 9 600 and 9 200 B.P. the area was characterized by a fall in 

relative sea level, which probably continued after 9 200 B.P. and 

according to Peacock et al. (1980)may have reached a minimum l eve l of -6m 

some time after 8 750 B.P. Haggart ' s sea level curve indicates that 

relative sea level was rising by circa 8 200 B. P . and that the rise 

continued until it culminated at circa 9 m between 7 100±120 B. P . and 

5 775±85 B.P. He correlated the culmination of the rise with the 

Main Postglacial Shoreline (Sissons et al ., 1966). After 6 100 B . P . 

relative sea level fell towards present level . 

Haggart (1982) also identified a burie d beach in the Barnyards 

area (NH 5231 4725) which is overlain by a peat whose base has been 
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I 
w 
0 
00 
I 

I Shoreline No . of Projection Plane (degrees Eas t of North) 
Points 90 75 60 45 30 25 20 15 10 0 

Grad 
15 

0.0383 0.0380 0 . 0401 0.045 3 0.0557 0.0608 0.0675 0.0761 0 . 0869 0 . 1159 
IFl r 0 . 7545 0 . 7751 0. 7929 0 . 8099 0 . 8265 0.8318 0 . 8363 0 . 8394 0.8390 0 . 8057 

IF
2 

Grad 
5 

0 . 0099 0 . 0119 0 . 0146 0 . 0190 0 . 0271 0 . 0312 0 . 0365 0 . 0434 0 . 0521 0 . 0730 
r 0 . 3255 0 . 392 3 0 . 4586 0 . 5324 0.6243 0.6615 0.7028 0. 7482 0. 7964 0. 8757 

Grad 
8 

0.1072 0.1259 0. 1486 o. 1664 0 . 1760 0. 1691 0 . 1567 0.1388 0. 116 7 0.0672 
IF 

3 r 0 . 5730 0 . 6333 0.6776 0. 689 7 0.6347 0,.,5941 0 . 5411 0.4766 0 . 4032 0 . 2424 

IF
4 

Grad 
18 

0 . 0554 0.0509 0.0502 0.0528 0 . 0599 0.0637 0 . 0685 0 . 0746 0.1063 
r 0 . 9547 0 . 9598 0 . 9631 0 . 9651 0 . 9657 0 . 9653 0 . 9646 0 . 9632 0 . 9488 

Grad 
9 

0 . 0570 0.0524 0 . 0 5 13 0 . 0534 0 . 0592 0 . 0622 0 . 0660 0.0706 0 . 0763 0 . 0916 
IF

5 r 0 . 7138 0 . 7251 0 . 73 17 0 . 7352 0 . 7353 0. 7342 0 . 7 322 0. 7289 0 . 7238 o. 7029 

Grad 0 . 0288 0 . 0255 0 . 0240 0 . 0240 0 . 0253 0 . 0261 0 . 0270 0 . 0281 0 . 0294 0 . 0319 
IF

6 
17 

0 . 5586 0.5454 0.5309 0.5137 0. 4909 0 . 4811 0.4696 0 . 4557 0.4387 0 . 3891 r 

Grad 0 .1914 0 . 1467 0.1257 01169 0 . 1165 0 . 1182 0.1209 0 . 1246 0 . 1296 0 . 1443 
LNlA 10 

0 . 9660 0 . 9654 0.9644 0 . 9633 0 . 9620 0 . 9614 0 . 9609 0 . 9603 0 . 9595 0 . 95 77 r 

Grad 0 . 3473 0 . 2690 0 . 2 319 0 . 2166 0 . 2168 0 . 2202 0 . 2254 0 . 2326 0 . 2422 0 . 2705 
LNlB 7 

0 . 9723 0 . 9779 0. 9805 0 . 9821 0 . 9 831 0 . 9833 0 . 9835 0 . 9836 0 . 9837 0 . 9836 r 

Grad 0 . 1833 0 . 1417 0 . 1223 0 . 1143 0 . 1147 0 . 1166 0 . 1195 0 . 1234 0 . 1287 0 . 1442 
LN2 3 

0 . 9943 0 . 9964 0 . 9975 0 . 9983 0 . 9989 0 . 9904 0 . 9992 0 . 9996 0 . 9995 0 . 9998 r 

--

TABLE 22a Results of the regression analysis for the Flandrian marine shorelines in the Inner Moray Fi r th 

area and the lacustrine shorelines of Loch Ness . Grad = gradient (m/km) , r = correlation coeff . 



I 
w 
0 
\.0 
I 

. I 
Gradient Correlation Signif. Shorellne 

Shoreline Fragments used in Other Shore line (m/km) Coeff. Level 
(%) 

regression analysis Fragments 

IF
1 

0 . 056-0 . 076 0.82-0 . 84 >99.95 S39 IS55 IS711S72 I Sll7 1 S24l 1 S245-S250 S 38 1S44 1S46,S54 1 S65 1S69 
S252 I S273 S82 I S85,S92 1S93 1S99 1Sl67 

Sl68 1Sl69 1Sl75 1Sl77 1S208 1 
S216 1S219 1Rll , Rl2 1Rl4-Rl9 
R22 1R27-R29 1R3l 1R38 1R40 . 

IF
2 0 . 027-0 . 043 0.62-0.75 <95 Sll9, Sl20 1 Sl75 I Sl94 1 S238 S209 1S2ll,S2l4 1S237 1S242-

S244. 

IF
3 

0 . l 76-0.139 0 . 63-0.48 <95 S209 1S2ll 1S2l4 1S237 1S242-S244 

IF
4 

0 . 060-0.075 0.95-0 . 96 >99.95 S58 1S59 1Sl2l,Sl22,Sl94 , Sl96,S202,S204- S4l, Sl72 , R29, R39. 
S206 , S2lO , S230,S23l,S236,S239 

IF
5 0 . 059-0.070 0 . 73-0 . 74 <95 S98 , Sl99,S20l , S203 , S213,S232,S233 , S240 S89, Sl70 

IF
6 0.025-0 . 028 0 . 49-0 . 44 <95 S94 , S96 , S97 , Sl87 , S200 , S218 , S234 , S235 Sl74 

LNlA 0 . 116-0 . 125 0 . 96-0 . 96 >99 . 95 Sl39 , Sl40 , Sl47 , Sl49 , Sl50, Sl55- Sl58 R33 , R34 , R37 

LN1B 0 . 217-0 . 233 0 . 98-0 . 98 >S9 . 95 Sl39 , Sl40 , Sl47 , Sl49 , Sl50, Sl52 , Sl60 R33 , R34 , R3 7 

LN2 0 . 115-0. 12 3 0 . 99-0. 99 <95 Sl43 , Sl48 , Sl6l R32 , R34 

TABLE 22b The proposed F1andrian marine shorelines in the Inner .Moray Firth area and the raised lacustrine 

shorelines identified around Loch Ness . Each shoreline generally declines towards the NNE . 



dated to 9 610±130 B.P. He showed that this buried beach attains a 

maximum a ltitude at its landward margin of 5 . 98- 7. 03 m and on the 

basis of 14c dates and pollen 1 ana ysis he correlated it with the Main 

Buried Beach of the Forth and Tay valleys (S ' 1ssons , 1966 , 1976b) . 

Haggart (1982) also identified a widespread layer of mar ine gr ey 

silty fine sand which occurs up to · 8 d h ' Clrca m an w 1ch was deposited 

between circa 7 400 and 7 200 yrs . B. P . H 1 e corre ated this layer with 

a similar deposit identified in seve ral are as of eastern Scotland 

(Sissons and Smith, 1965b ; Smith et al ., 19 80 ; Morrison et al ., 1981 ; 

Smith, Cullingford and Brooks, 19 83 ) but was unsure of the nature of 

the event which it represented. 

2. Correlation and Analysis o f Shore line Fragments 

All Loch Lomond Stadial and Flandrian shoreline fragments were 

plotted on a series of height di s tance di agrams . The diagrams were 

produced for projection planes at 15° inte rvals between the planes 

W-E and SE-NW. The shore line fragments we r e correlated by identifying 

marked alignments of points \\ ic.hin the cons traints of morphology . 

Distinct shorelines could only be i denti f i e d in the projection planes 

between W-E and S-N. On each p r o j ection p lane 6 Flandrian marine 

shorelines (IF -IF ) and three Loch Ness shor e lines (LN -LN ) are 
l 6 1A 2 

present, and the shore line fr agments coul d only be correlated in one 

way. 

For each shoreline t he gr adien t and corre l ation coefficient 

were calculated for proj ection p l anes a t 5° in te rvals between W-E and 

S-N (Table 22). It has been demonstr a t ed (see Chapte r 4) that the 

correlation coefficient should be gr eat est a l ong t he proj e ction plane 

that lies normal to the i sobases . For these sho r e lines it was found 

that the corre lation coe ffici ent was gr eates t along different projection 
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planes for different shorelines . However f h , some o t e shorelines 

are composed of shoreline fragments which have a limited spatial 

distribution (IF , IF , IF , IF ) while others 2 3 5 6 are composed of a 

limite d numbe r of shoreline fragments (IF , LN ) . Poorly defined shore-
2 2 

line s are unlikel1· to give representative data in the determination of 

the p r o j e ction plane normal to the isobases . The correlation coeff-

icients of the remaining shorelines are greatest along the projection 

1 3 0 0 0 0 
p ane s S 0 W-N30 E (IF ) and Sl5 W- Nl5 E (LN , IF ) . It is likely 

4 1B 1 

that the projection plane which lies normal to the isobases of the 

Flandrian shorelines lies close to one of these directions, but the 

pre cise direction can not be ascertained . It can be argued that since 

the Lateglacial shorelines in the study area are normal to the isobases 

when projected along the plane S25° W- N25° E , that the same plane of 

projection may be appropriate for s~e Stadial and Flandrian shorelines 

(following Sutherland, 198lb). HO\vever this proposal is rejected 

b e cause it presupposes that the pattern of glacio-isostatic uplift has 

not altered since the Lateglacial, a point refuted by Gray (1983) . 

Since no plane of projection ca11 be identified which lies normal to 

the isobases of the Flandrian and Loch Lomond Stadial shorelines the 

gradients of these shorelines are quoted as a range of values . The 

range of values is derived from the maximum to the minimum gradient 

0 0 0 
values found between the projection planes S30 W-N30 E and SlS 

W-Nl5° E. 
0 0 

The projection plane S25 W-N25 E is used however to 

portray the shoreline data (Fig . 82) . 

Trend surface analysis was unde rtaken on the two best developed 

Flandrian shorelines (IF, IF). The results (Table 23) indicate that 
1 4 

for each shoreline the linear surface is statistically significant , but 

surfaces of higher order produce no significant improvement in the 

explanation of the results. 
For the latter reason trend surface maps 

for the l inear trend surfaces (Fig . 83) . 
we re only produced 
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IF4 

TABLE 23 

Gradient ol Direction of Sum of Degrees of Variance F Confidence 
Linear TSA Linear TSA Squares freedom level (%) 

(m/km) (declines towards) (m) 

' Due to Linear 3.141 2 1.571 
Deviations from Linea:r o. 227 15 0.015 

103.69 > 99.9 

0.081 2 3. 6 8~ N of E 
Due to Quadratic 0.051 3 0.017 

1.14 < 95 
Deviations from Quad. 0.177 12 0.015 

Due to Cubic 0.048 4 0.012 
0.58 < 95 Deviations from Cubic 0.173 8 0.020 

Due to Linear 2.784 2 1.392 14.35 > 99.9 
Deviations from Linea:r 1.163 12 0.097 

0.058 32.67 
. 

N of E 
Due to Quadratic 0.252 3 0.084 

0.83 < 95 
Deviations from Quad. 0.911 9 0.101 

Due to Cubic 0.210 4 0.053 
0.37 < 95 

Deviations from ,Cubic o. 720 5 0.144 

The gridient and direction of decline of the linear trend surfaces for the two best developed 

Flandrian marine shorelines in the Inner Moray Firth area and the calculation of F- ratios for 

the contribution of successively higher-order trend surfaces. 
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Trend surface maps produced for the best developed Flandrian shorelines in 
the inner Moray Firth area, and the residuals produced from these maps. 



The residuals from the linear regression analysis for the best 

developed shorelines (IF
1

, IF
4

, LN
1
A/B) were plotted on height distance 

diagrams for the projection plane S25~-N25°E (Fig. 84). The residuals 

from the marine shorelines (IF , IF ) can not be related to external 
1 4 

factors. In contrast, both LN 
1
A and LN 

1
B show that the shoreline 

fragments at the southern end of Loch Ness are less steeply inclined 

than is suggested by the gradients for the shorelines as a whole. 

For this reason the shoreline fragments at the northern and 

southern ends of Loch Ness were analysed separetely for shoreline LN • 
IA 

The results (Table Z4) indicate that both sub-sets of data produce 

lower gradients than those proposed for the shoreline as a whole. 

This may be interpreted in three ways:-

i) The shoreline fragments have been correlated incorrectly 

and do not represent the same shoreline, but this is 

considered unlikely on morphological grounds. 

ii) The shoreline is composed of several sections which have 

markedly different gradients (Fig. 85) • 

iii) The shoreline gradients for the sub-sets are correct 

for the shoreline as a whole, but the two sections 

are separated by a dislocation (Fig. 85). 

Unless more data can be obtained it is impossible to deduce which of 

these interpretations is correct. 

3. Shorelines Around Loch Ness 

a) LN 
IA 

This shoreline has a gradient between 0.116 and 0.12 4 m/km and 

it is composed of the rock platform fragments at the southern end of 

Loch Ness (Sl55-Sl5~ and the terrace fragments at circa 27-24 m at 

the northern end of the Loch. It is suggested that this shoreline 

was produced during the Loch Lomond Stadia! (see Chapter Seve~. The 
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Shore line 

LNlA 

LNlA 

(North) 

LNlA 

(South) 

TABLE 2 4 

Gradient Constituen t Shoreline Fragments 
(m/km) 

0.1182 Sl39,Sl40,Sl47,Sl49,Sl50,Sl55-Sl58 

0.0823 Sl39,Sl40,Sl47,Sl49,Sl50 

0.0174 Sl55-Sl58 

Comparison of the shoreline gradients of shoreline 

LN
1

A as a whole and its northern and southern 

components. 
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roCk platform fragments indicate erosion of bedroCk in an environment 

of limited fetch and this is attributed to erosion by periglacial 

processes. Since the buried gravel layer is also thought to have 

formed during the Loch Lomond Stadia! and both the lacustrine rock 

platform and buried gravel layer were formed by periglacial processes, 

it is suggested that the two features were formed at a similar time. 

On these grounds shoreline lN lA may be equivalent to the Main Late

glacial Shoreline. 

b) lN 
lB 

Shoreline LN
1
B consists of the shoreline fragments which are 

graded into outwash deltas (Sl52, Sl60} at the southern end of Loch 

Ness and the terrace fragments at circa 27-24 m at the northern end 

of the Loch. Shoreline LN is related to Loch Lomond Stadia! ice 
lB 

which lay just within its maximal limits and the shoreline has a 

gradient between 0.216 and 0.232 m/km. It is suggested that this 

shoreline formed after the Stadia! ice had depressed the crust. The 

depression resulted in a lacustrine transgression at the southern end 

of Loch Ness but because it did not alter the relative position of 

the outlet no transgression is recorded at the northern end of the 

Loch (Fig. 52}. For this reason shorelines LN
1
A and LN

1
B are repres

ented by the same terrace fragments at the northern end of the Loch. 

Shoreline LN
18 

was therefore formed at th~ culmination of the 

transgression from the Loch Ness equivalent of the Main Lateglacial 

Shoreline (LN
1

A}. Since shoreline LN
18 

is also related to a retreat 

margin of Loch Lomond Stadia! ice it is possible to suggest that the 

shoreline formed at circa 10 300±200 yrs. B.P. (for this is the date 

placed upon the initial decay of Loch Lomond Stadia! glaciers in 

Scotland}. It has also been suggested that the formation of the Main 

Lateglacial Shoreline in the Beauly Firth was followed by a marine 

transgression whidh . formed the steeply inclined surface of marine 
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FIGURE 86 Diagrammatic representation of morphology, buried morph
ology and stratigraphy at the head of the Firth of Forth 
(modified from Sissons, 1983b) and a relative sea level 
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erosion. It has also been argued that the steeply inclined surface 

of marine erosion formed prior to circa 9 600 yrs. B.P., probably at 

the end of the Loch Lomond Stadia!. Since both the steeply inclined 

surface of marine erosion in the Beauly Firth and shoreline LN
18 

represent a transgression at the end of the Loch Lomond Stadia! it 

is proposed that they were formed at the same time. On these grounds 

the top of the steeply inclined surface of marine erosion is equivalent 

to shoreline LN
18

• 

c) LN 
2 

Uniquely this shoreline is derived from only 3 shoreline fragments. 

These 3 fragments give a shoreline gradient between 0.096 and 0.087 m/km 

according to the plane of projection used, however, such values must 

be regarded as tentative in view of the paucity of the data. It is 

suggested that Loch Ness occupied shoreline LN soon after the jokulhlaup 
2 

occurred which drained the 260 m ice-dammed lake in Glen Roy and Glen Spean. 

The proposed gradient of the shoreline is, however, markedly shallower 

than shoreline LN
18 

which is thought to have been abandoned directly 

after the j okulhlaup event. The marked change in gradient between 

shorelines LN and LN may be interpreted in two ways. Either shore-
IB 2 

line LN was formed some time after LN or that rapid uplift and 
2 1B 

possibly dislocation of LN occurred soon after it was abandoned. 
IB 

'!he evidence presented for Fort Augustus suggests that a jokulhlaup 

which occurred after the first catastrophic flood (which emptied into 

the loch represented by shoreline LN ) emptied into a loch at a level 
lB 

near to that of shoreline LN • The period of time between the formation 
2 

of the shorelines is therefore considered to have been short. As a 

result it is inferred that isostatic uplift must have been rapid at 

the time. 
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Commercial Borehole Records . Sources 

Ml -M4 , L5-L8, LlO, Lll 

66/4. 66/5 • 

216, 219-221 . 

A9 Beauly and Cromarty Firth diversions: 

Proposed Kessock -Inverness Bridge . 

Lab. Ref. S/1044 2. June 1974 . 

Scottish Developme nt Dept. 

Highland Regio nal Council (1974) 

Beauly Railway Br i dge. 23p. 

Dredging Investi gations Ltd. (19 75 ) 

Prel iminary site investigation of 

shoreline routes A9 trunk road Inverness-

Highfield. Highla nd Regional Council. 

123p. 
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4. Flandrian Marine Shorelines and Marine Sediments 

a) IF 
1 

This shoreline correlates the highest shoreline terrace fragments 

which postdate the formation of the buried gravel layer. At the head 

of the Beauly Firth the shoreline fragments occur at circa 9 m and 

they decline in altitude towards the NNE, occurring at 7.9 m in 

Munlochy valley and at 7. 4 m at Kintessack. The distribution of the 

terrace fragments is limited and the calculated gradient lies between 

0.055 and 0.076 m/km. Flandrian shingle beaches and shingle ridges 

occur 0.5-2.0 m higher than this shoreline and lie against the 'low 

level cliff'. These shingle marine features are correlated with IF 
1 

but like other shingle features they were not used in the calculation 

of the shoreline gradient. 

b) IF 
4 

Shoreline IF is the best developed and spatially most extensive 
4 

Flandrian marine shoreline, and it has a gradient between 0.059 and 

0.074 m/km. The shoreline declines in altitude from circa 6 m at the 

head of the Beauly Firth to 4.8 mat Fortrose. 

c) IF 
6 

Shoreline IF is another well developed shoreline which consists 
6 

of wide terraces which are often composed of estuarine deposits. The 

shoreline declines in altitude from 3.4 m at the head of the Beauly 

Firth to 3 m at Munlochy Bay with a gradient between 0.024 and 0.028 m/km 

depending on which projection plane is used. 

d) IF , IF , IF 
2 3 5 

These shorelines are poorly developed and could only be ident-

ified at the head of the Beauly Firth and in Munlochy valley. Since 

these shorelines are only defined by a small number of terrace fragments 

which are spatially localised it is considered inappropriate to place 
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any significance on the gradients calculated. 

e) Buried Deposit of Tough Grey Silty Sand 

Stratigraphical investigations north of Beauly (Figs. 69, 71, 

L9, LlO) identified a tough grey silty sand beneath a buried layer of 

peat. The surface of the tough grey silty sand rises to over 5 m at 

its landward margin. In the same area Haggart (1982) found that the 

surface of this deposit lies mainly at 4-5 m, but attains a maximum 

altitude of 6-7 m at its landward margin. The uniform nature of the 

surface and its wide extent suggests that it is a buried beach, but 

until further, very detailed stratigraphical studies are undertaken 

it is not possible to give a precise altitude for the shoreline 

associated with these deposits. Haggart dated the peat deposits which 

lie on the surface of the grey silty sand by pollen analysis and 1 '+c 

assay. The 1 '+c date gave an age of 9 610±130 yrs. B.P. (Birm 1123, 

Haggart, 1982) whilst pollen analysis suggested that the grey silty 

sand was deposited before the rational rise in Corylus which is 

traditionally considered as the Pollen Zone IV/V boundary (Godwin, 1940). 

Haggart therefore concluded that the beach formed around circa 

9 600 yrs. B.P. 

f) Grey Micaceous Silty Fine Sand Layer 

Stratigraphical investigations at the head of the Beauly Firth 

revealed a layer of grey micaceous silty fine sand, which wedges out 

landward, within the dark grey estuarine silty clays in a number of 

borehole transects (Figs. 69, 71, Ll-L4, Lll, Ll3, Ll4). The silty 

sand layer is between 0.1 and 0. 7 m thick and attains a maximum altitude 

of circa 8 m. Haggart (1982) also identified this grey micaceous silty 

fine sand layer and attributed it to a marine inundation. 1'+c dated 

peat samples from above and below the silty sand layer in the Moniack 

area indicate that it formed between circa 7 400 B.P. and circa 
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7 200 yrs. B.P. (Haggart, 1982). Haggart notes the similarities of 

the deposit with a layer found farther south by Smith et al. (1980), 

Morrison et al. (1981) and Smith et al. (1983) • Smith, Cullingford 

and Haggart (in press) conclude that the grey micaceous silty fine 

sand layer may either represent a period of increased marine trans

gression or that the deposit may have resulted from a storm surge. 

5. Relative Sea Level Movements 

By using the detailed information presented by Haggart (1982) 

and Peacock et al. (1980) in conjunction with the morphological 

evidence presented here the relative sea level movements in the Inner 

Moray Firth area since the Loch Lomond Stadial are outlined. The 

evidence is most detailed at the head of the Beauly Firth and as a 

result altitudes of relative sea level are quoted for this area 

unless stated otherwise. The suggested sequence of events are:-

i) Lateglacial Interstadial-Early Loch Lomond Stadial. 

Relative sea level was stable or slowly transgressing. 

Extensive marine erosion by periglacial shore erosion 

resulted in the formation of the buried gravel layer. 

This period ended with the formation of the Main Late

glacial Shoreline at circa 2 m. 

ii) Late Loch Lomond Stadial. Relative sea level rose 

rapidly, and resulted in the formation of the steeply 

inclined surface of marine erosion. Relative sea level 

rose at least 5-7 m during this period since the steeply 

inclined surface rises from the Main Lateglacial shoreline 

to circa 7-9m. In most areas the 'Low Level Cliff' was 

formed when relative sea level reached the top of the 

steeply inclined surface of marine erosion. 
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iii) Early Flandrian. (Prior to 9 600 B.P.) Relative sea 

level fell to form the buried beach whose surface rises 

to circa 7 m at its landward margin. The surface of the 

beach was deposited at or just prior to 9 600 B .P. 

iv) Circa 9 600 to 8 200 B.P. Relative sea level fell during 

this period. Peacock et al. (1980) have suggested that 

sea level may have reached a minimum altitude of -6 m 

in the Cromarty Firth some time after 8 750 B.P. On the 

basis of tilted shorelines it may be infered that relative 

sea level attained a higher altitude at the head of the 

Beauly Firth, but what this level is remains unknown. 

v) Circa 8 200 to 5 800 B.P. By circa 8 200 B.P. sea level 

had started to rise and culminated at circa 9 m between 

7 100±120 B.P. and 5 775±85 B.P. (Haggart, 1982). The 

culmination of the rise is correlated with shoreline IF • 
1 

During the rise in relative sea level a storm surge or 

period of increased marine transgression between circa 7 400 

and 7 200 yrs. B.P. deposited a layer of grey micaceous 

silty fine sand up to an altitude of circa 8 m. 

vi) Circa 5 800 B.P. to Present. Relative sea level had 

started to fall by circa 5 800 B.P. As the fall progressed 

towards present sea leve~ five lower Flandrian shorelines 

were formed (IF -IF ) • The wide estuarine terrace fragments 
2 6 

associated with shorelines IF and IF may indicate temp-
4 6 

orarily stable sea levels. 

6. Correlations with Other Areas of Scotland 

The most detailed evidence of the changes in relative sea level 

since circa 11 000 B.P. in Scotland occur in the Forth valley. The 

sequence of events outlined for the Forth valley has been summarised 
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on several occasions (eg. Sissons, 1976b, 1983b) and is presented 

here as a relative sea level curve and a sectional diagram (Fig. 86). 

The sequence of events outlined in the Forth valley .Ls essentially 

the same as that proposed in the Inner Moray Firth. As a result 

direct correlations are possible. 

Sissons (1976a, b, 1983b) indicated that the transgression 

which followed the formation of the Main Lateglacial Shoreline 

culminated in the formation of the High Buried Beach. Sis sons ( 1966) 

noted that the High Buried Beach lies on outwash associated with the 

Menteith moraine and that it is absent from within the morainic arc. 

He suggested that ice was still present at the moraine when the High 

Buried Beach was formed, and proposed a date of formation between 

10 300 to 10 100 B.P. (Sissons, 1976b). In the Inner Moray Firth 

area the transgression which followed the formation of the Main Late-

glacial Shoreline formed the steeply inclined surface of marine 

erosion, and this has been associated with shoreline LN which is 
IB 

related to Loch Lomond Stadial ice which lay just within the maximal 

ice limit. The exact dates of formation of the inclined surface and 

shoreline LN
1
B are unknown, however, it is suggested that these features 

are approximate correlations of the High Buried Beach in the Forth 

valley. 

In the Forth valley the formation of the High Buried Beach is 

followed by a fall in relative sea level (Sissons, 1966). Associated 

with this regression are the Main and Low Buried Beaches dated at 

circa 9 600 B.P. and circa 8 800 B.P. respectively by poll~n analysis 

and 14c dates (Sissons, 1966; Newey, 1966; Kemp, 1971; Sissons and 

Brooks, 1971). Cullingford et al. (1980) also identified a buried 

beach in the Tay valley dated to 9 640±140 B.P. which they correlated 

with the Main Buried Beach in the Forth valley. The buried beach 

identified by Haggart (1982) and .in this study at the head of the Beauly 
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Firth is similar in composition to those found in SE Scotland. The 

14c date of 9 610±130 B.P. (Birm 1123, Haggart, 1982) obtained from 

the peat resting on the buried beach is comparable with those obtained 

for the Main Buried Beach in the Tay and Forth estuaries. On this 

basis the buried beach at the head of the Beauly Firth is correlated 

with the Main Buried Beach. However, the absence of an equivalent 

to the Low Buried Beach in the Inner Moray Firth area may reflect the 

limited nature of the stratigraphical work carried out in the area. 

In the Beauly Firth area, Haggart (1982) indicated that sea 

level had begun to rise by 8 200 B.P. He suggested that the trans-

gression culminated at circa 9 m at the head of the Beauly Firth 

between 7 100±120 B.P. and 5 775±85 B.P. The deposits formed at the 

culmination of the transgression are represented by shoreline IF 
1 

which is the highest visible Flandrian shoreline in the area. 

Sissons et al. (1966) called the highest visible Flandrian shoreline 

in the Forth valley the Main Postglacial Shoreline. Shorelines from 

other areas of Scotland (Table 25) have been correlated with the Main 

Postglacial Shoreline which is thought to have been abandoned before 

6 500 B.P. in the western Forth valley (Sissons and Brooks, 1971). 

However, Smith et al. (1983) have suggested that the culmination of 

the transgression may have been time transgressive, occurring progress-

ively later at sites farther from the centre of isostatic uplift. 

Shoreline IF is considered equivalent to the Main Postglacial Shore-
1 

line for several reasons. Firstly it forms the highest visible 

Flandrian shoreline in the study area. Secondly its gradient between 

0.055 and 0.076 m/km is similar to those derived elsewhere for the 

Main Postglacial Shoreline (Table 25). Finally the time of formation 

of IF is comparable with the date of formation of the Main Post-
1 

glacial Shoreline. 
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Shoreline 

MPG 
PG-2 
PG-3 
PG-4 

MPG 
LCl 
LC2 
LC3 
LC4 
LCS 

PSl 
PS 3 
PSS 

MPG 

CFl 
CF2 
CF3 
CF4 
CFS 
CF6 

TABLE 25 

Location Gradient Source 
(m/km) 

0.076 Sissons, 1976b 
0.071 

Forth Valley 
0.047 D.E. Smith, 1968 
0.000 (short 

0.090 
0.032 

Tay Valley 
(short 

Culling ford, 19 72 
0.019 
0.000 (short 
0.027 

0.05 
Firth of Lome 0.01 Gray, 1974b 

0.01 

Jura and !slay 0.05 Dawson, 1979 

0.062 
0.051 

Cowal Penin sula 
0.030 (short 

Sutherland, 
0.039 
0.030 
0.025 

The location and gradients of Flandrian shorelines 
identi f ied in Scotland. MPG = Main Postglacial, 
(short) = gradient calculated from boo small a data 
set. 

19811 

Shoreline identified Suggested correlation 
in present 

IFl 

IF
4 

IF
6 

TABLE 2 6 

study 

MPG, PSl, CFl 

PG- 3 , LCl, PS3, CF4 

LC4 or LC5, PS5, CF6 

Correlation of marine Flandrian shorelines in the 
Inner Moray Firth area with shorelines identified 
in other areas of Scotland (see Table ·25). 
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Below the Main Postglacial Shoreline several lower Flandrian 

shorelines have been identified throughout Scotland {Table 25). 

D.E. Smith {1968) identified 3 lower shorelines in the Forth valley, 

{PG1-PG3) , whilst Cullingford {1972) identified 5 (LC1-LC5) in the· 

Tay. Gray {1974b) identified 4 lower Flandrian shorelines (PS2-PS5) 

in the Firth of Lome area and Sutherland (198lb) outlined 5 shorelines 

(CF2-CF6) in the Cowal Peninsula. Dates for these shorelines are 

largely absent and tentative correlations have been attempted on the 

basis of morphology (Cullingford, 1972}. In each area certain of the 

lower Flandrian shorelines are well developed and they have been 

correlated on this basis (Table 26). It is tentatively suggested 

that the two well developed lower Flandrian shorelines (IF , IF ) 
4 6 

in the Inner Moray Firth area can be correlated with other parts of 

Scotland in a similar way. Therefore shoreline IF may be tentatively 
4 

correlated with PG3 in the Forth (Sissons et al., 1966), LCl in the 

Tay (Cullingford, 1972}, PS3 in the Firth of Lome (Gray, 1974b) and 

CF4 in the Cowal Peninsula (Sutherland, 198lb). Similarly shoreline 

IF may be correlated with shorelines LC4 or LC5, PS5, and CF6 (Table 25). 
6 

The gradients of shorelines IF , LC4, LC5, PS5 and CF6 (Table 25) 
6 

are markedly similar and therefore are in accord with the proposed 

correlation. In contrast, shoreline IF has a markedly steeper gradient 
4 

than those calculated for shorelines LCl, PG3, PS3 and CF4. Although 

the steeper gradient for shoreline IF could reflect complications 
4 

in isostatic movements, it is thought more likely to be due to limit-

ations in the extent of the data available. 

7. Isostatic Considerations 

A redepression of the crust is indicated when the Loch Lomond 

Stadia! and Flandrian shoreline sequence is combined with the Lateglacial 

shoreline sequence. The gradients of shorelines ILG
10 

and LN
1
A are 
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significantly lower than the gradient of LN 
18 

which is associated 

with ice near the maximum of the Loch Lomond Stadia! ice limits at 

Fort Augustus. The steeper gradient (although possibly complicated 

by dislocations of the shoreline) implies that isostatic tilting 

initiated by Loch Lomond Stadia! ice was greater than that associated 

with the final decay of the Late Devensian ice sheet. Since it has 

been suggested that ice lay in Loch Ness and therefore beyond the 

Stadia! ice limits when shoreline ILG was formed it is inferred 
10 

from the shoreline gradient evidence that this ice mass was not of 

a considerable thickness. It is suggested that the ice that occupied 

Loch Ness was a dead ice mass, which was either unrelated to the main 

ice sheet or representative of an ice sheet that was stagnant and 

confined to the bottoms of valleys. 

The shorelines also indicate that initial isostatic recovery 

at the end of the Loch Lomond Stadial was rapid. It is suggested 

that shoreline LN
2 

formed shortly after LN
1
B since a later jokulhlaup 

deposit at Fort Augustus is associated with this shoreline (LN ) • 
2 

The gradients indicate that nearly half of the isostatic uplift since 

The the formation of LN
18 

occurred before the formation of LN
2

• 

Flandrian shorelines indicate that differential uplift continued 

between the formation of shorelines IF and IF • 
1 6 

Isostatic readjustments since the Loch Lomond Stadia! may not 

have been uniform. Specific shorelines in Lodh Ness (LN
1
A, LN

18
) 

indicate that sUbsections of the shorelines have a lower gradient 

than eadh shoreline as a whole. Similar variations in tilt have been 

noted in the Forth valley {Sissons, 1972) and in Glen Spean {Sissons 

and Cornish, 1982). It is also possible to suggest that some of the 

shorelines in Loch Ness may be dislocated (Fig. 84) • Limited evidence 

is therefore available to suggest that the glacio-isostatic uplift 

in the Inner Moray Firth area may have been complex. However, until 
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more data becomes available it remains difficult to tell how these 

complications arose. 

8. Summary 

The shorelines formed during the Loch Lomond Stadia! and the 

Flandrian for the Inner Moray Firth area indicated complex movements 

in relative sea level. Essentially relative sea level rose from 

the Main Lateglacial Shoreline to form the steeply inclined surface 

of marine erosion in the Beauly Firth. This rise in sea level is 

attributed to a redepression of the earth's crust (as indicated by 

the shorelines of Loch Ness) initiated by a build up of ice during 

the Loch Lomond Stadia!. At the end of the Loch Lomond Stadia! 

relative sea level began to fall and it formed a buried beach at 

circa 9 600 B.P. which is correlated with the Main Buried Beach in 

the Forth Valley. Soon after 9 200 B.P. relative sea level attained 

a minimum altitude of circa -6 m (Peacock et al., 1980) before it 

rose once more to culminate at 9 m between 7 100 and 5 800 B.P. when 

shoreline IF was formed (this is equivalent to the Main Postglacial 
1 

Shoreline). Since circa 5 800 B.P. isostatic uplift has continued 

and relative sea level has fallen to produce 5 lower Flandrian shore-

lines (IF -IF ) , two of which (IF , IF ) may correlate with Flandrian 
2 6 4 6 

shorelines identified elsewhere in Scotland. 
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1. Methodology 

CHAPTER 'IWELVE 

CONCLUSIONS 

All identifiable marine, fluvial and glacial features and deposits 

below 100 m. O.D. in the study area have been examined by detailed 

morphological mapping at a scale of 1:10 000. In addition, all terrace 

fragments and some dead-ice deposits have been accurately instrument

ally levelled in relation to Ordnance Datum (Newlyn) , whilst strati

graphical studies have been 1.mdertaken on some deposits. In evaluating 

the accuracy of the altitude data, it has been suggested that individual 

shorelines can be separated if the surface altitudes are more than one 

metre apart. Interpretations of the sequence of deposits and land

forms has mainly been based on morphology because of limited strati

graphical evidence, but has enabled detailed local sequences of events 

to be outlined. Correlation of the shoreline fragments within the 

study area has been aided by the construction of height-distance 

diagrams with their x-axes aligned normal to the inferred isobase 

pattern. Alternative schemes of fragment correlation have been consid-

ered but by applying morphological constraints and isostatic theory 

it has been possible to reduce the schemes to a single sequence of 

shorelines. 

2. Lateglacial Shorelines and Deglaciation 

In the Inner Moray Firth area 10 tilted shorelines related to 

the deglaciation of the Late Devensian ice sheet have been identified. 

The shorelines are best represented on a height-dist~ce diagram 

aligned along the plane S25°W-N25°E, with individual shorelines 

declining in altitude towards N25°E. Each shoreline has a lower 

regional gradient than the one above it and on the basis of gradient 

the shorelines may be divided into 3 groups. 
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The highest group of shorelines, ILG and ILG , extend as far 
1 2. 

west as Inverness and have regional gradients in excess of 0.55 m/km. 

Shoreline fragments related to these two shorelines are best developed 

east of Ardersier where they attain altitudes of 28.5 m (ILG ) and 
1 

27m (ILG ). However, these shorelines rise up to circa 35m (ILG) 
2. 2 

and possibly circa 40 m (ILG ) at Inverness where they are related 
1 

to a former ice margin just south of Inverness. 

The second group of shorelines, ILG
3
A-ILG

6
A, have regional 

gradients which are markedly similar to each other (0.457-0.367 m/km ) . 

Each shoreline also extends farther west than the one which precedes 

it, reflecting ice recession westwards. Shoreline ILG
3
A rises up from 

23.0 m near Nairn to 30.6 m at Inverness and is related to ice in 

the Ness valley and in the Beauly Firth. It has been suggested that 

the ice in the Beauly Firth was extensive enough for meltwaters to 

overflow into Munlodhy valley. Farther east s .tagnant masses of ice 

were present in the Nairn valley and probably south of Ardersier. 

Shoreline ILG
4

A rises from 18.8 m at Lochloy to 29.6 m. at Englishton. 

The fluvio-glacial features associated with this shoreline indicate 

that ice still lay in the Ness valley but had retreated just west of 

Englishton in the Beauly Firth and entirely from the Cromarty Firth. 

By the time shoreline ILG
5
A was formed the ice had retreated west of 

Balblair, south of Kiltarlity and from the lower Canon valley and 

large deltaic deposits were formed in these areas. However ice retreat 

in the Orrin and Ness valleys was limited during this same period of 

time. Shoreline ILG is only poorly developed and rises from 14.8 m 
6A 

at Lochloy to 24.2 m in Strath Canon. This shoreliae is related to 

limited ice retreat in Glen Orrin, Strath Conan and Strath Glass. 

The lowest group of shorelines, ILG -ILG , have gradients which 
7B 10 

are significantly lower (0.235-0.150 m/km ) than those in group two. 

Of these shorelines only ILG and ILG are well developed, the former 
eB 10 
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rising to 20.4 m in the Beauly Firth and the latter to 16.4 m. near 

Kiltarlity. Shorelines ILG 8-ILG are not related to a specific 
7 gB 

ice margin but it is inferred that ice retreat during shoreline 

formation was limited in the Kiltarlity and Ness valley areas. In 

contrast shoreline ILG is related to an ice margin south of Kiltarlity 
10 

and probably also to an ice margin at the northern end of Lodh Ness. 

The sequence of shorelines indicates that deglaciation occurred 

rapidly in the deep water channels of the Moray, Inverness, Beauly 

and Cromarty Firths, probably as a result of ice calving. Rapid ice 

recession in the deep water Firths left large masses of dead ice 

inland, whilst in the narrow valleys (Ness, Glass, Canon, Orrin), 

where the ice sheet became land-based, ice wastage would have been 

considerably slower. 

The retreat of the ice margin in the Ness valley is associated 

with a sUbstantial fall in relative sea level at Inverness from 

circa 35 m (and possibly circa 40 m. ) to 16 m , whilst significant 

falls in relative sea level also occur at Balblair (at least 13 m ) 

and Muir of Ord (at least 6 m ) each being related to limited retreat 

of the associated ice margin. On the basis of faunal evidence from 

the Cromarty Firth (Peacock, 1974; Peacock et al., 1980) this fall 

in relative sea level is tentatively dated to more recent than 

13 500 yrs. B.P. but prior to 11 000 yrs. B.P. There is insufficient 

evidence to suggest that the majority of the ice remained active 

during the fall in relative sea level and it is proposed that mudh 

of the fall took place whilst a mass of dead ice occupied the Ness 

valley and probably Loch Ness. This view of stagnan.t ice decay is 

also supported by the low regional gradient of the lowest Lateglacial 

shoreline ( ILG ) • It is suggested that Lodh Ness became ice free 
10 

during the Lateglacial Interstadial. 

The shoreline sequence has also been used to correlate the 
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Lateglacial events in the Inner Moray Firth with other areas of 

Scotland. It is tentatively proposed that shorelines ILG -ILG can 
3A sA 

be correlated with the Main Perth Raised Shorelines in the Forth and 

Tay valleys and with shoreline CLG in the Cowal Peninsula. The lower 
2 

shorelines in the study area (ILG -ILG ) may be tentatively corr-
7B 10 

elated with the Lower Perth Shorelines (LP1-LP4) in the Tay valley 

and shorelines CLG -CLG in the Cowal Peninsula. 
3 8 

3. Events of the Loch Lomond Stadial 

With the deterioration of climatic conditions associated with 

the commencement of the Loch Lomond Stadial periglacial marine erosion 

became important and formed the buried gravel layer. The landward 

margin of the buried gravel layer is correlated with the Main Late-

glacial Shoreline of Sissons (1974b). In Loch Ness a well-developed 

rock platform which makes up part of shoreline LN
1
A is tentatively 

considered as the lacustrine equivalent of the Main Lateglacial Shore-

line around Loch Ness. The accumulation of Loch Lomond Stadia! ice 

initiated a lacustrine transgression in Loch Ness and possibly at the 

coast where it formed the steeply-inclined surface of marine erosion 

landward of the Main Lateglacial Shoreline. It is proposed that the 

Loch Lomond Stadia! ice reached its maximum limit at the southern end 

of Loch Ness and that as it began to decay a prominent shoreline, LN 
1
B, 

was formed. After the ice had retreated some 8 km the level of the 

loch was temporarily raised as a result of the catastrophic drainage 

of the ice-dammed lake in Glen Spean and Glen Roy. It is proposed 

that water from the jokulhlaup which drained the ice-dammed lake 

deposited a large outwash fan at the southern end of Loch Ness and 

temporarily increased the level of the loch by 4 m, this change in 

level being in contrast to the view of Sissons (1979a). Outflow of 

this water at the northern end of the loch resulted in extensive 
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erosion in the Ness valley and the deposition of a large alluvial 

fan at Inverness. This erosion is considered to have lowered the 

outlet of the loch and resulted in a fall of loch level of up to 8 m. 

4. Flandrian Events 

From the top of the steeply inclined surface of marine erosion 

landward of the Main Lateglacial Shoreline, at circa 7-9 m, relative 

sea level fell to S-7 m to form a buried beach dated at 9 600 yrs. B.P. 

(Haggart, 1982) which is correlated with the Main Buried Beach in the 

Forth valley. After 9 600 yrs. B.P. relative sea level fell and it 

has been suggested that it may have reached a minimum altitude of -6 m 

in the Cromarty Firth after 9 200 yrs. B.P. but prior to 8 200 yrs. B.P. 

(Peacock et al., 1980; Haggart, 1982). Subsequently relative sea level 

rose to form shoreline IF which is dated between 7 100±120 yrs. B.P. 
1 

and 5 775±85 yrs. B.P. (Haggart, 1982). This shoreline is correlated 

with the Main Postglacial Shoreline identified in other areas of 

Scotland and therefore its date of formation may be between 6 800 and 

6 000 yrs. B.P. (eg. Smith et al., 1983). After 6 000 yrs. B.P. 

relative sea level fell and five lower Flandrian shorelines were formed 

(IF -IF). Two of the lower Flandrian shorelines {IF , IF) are well 
2 6 4 6 

developed and are tentatively correlated with well-developed Flandrian 

shoreline·s in the Cowal Peninsula (CF , CF , Sutherland, 198lb) , the 
4 6 

Firth of Lome (PS3, PSS, Gray, 1974b) and in SE Scotland (PG3, D.E. Smith, 

1968; LCl, LC4 or LCS, Cullingford, 1972). 

5. Isostatic Considerations 

The Lateglacial and Flandrian shoreline sequences indicate a 

period of glacio-isostatic uplift interrupted by crustal depression 

during the Loch Lomond Stadia!. During the decay of the Late Devensian 

ice sheet gl acio-isostatic uplift was continuous, as indicated by the 
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successively lower regional gradients of Lateglacial shorelines 

ILG -ILG 
1 10 

However it is possible that whilst shorelines ILG
3
A-ILG

5
A 

were formed isostatic tilting was reduced due to a stillstand of ice 

at Inverness. Thereafter isostatic uplift was rapid with 60% of the 

tilting of the pre-Loch Lomond shorelines being achieved between the 

formation of shorelines ILG A and ILG 
5 10 

Accumulation of ice during the Loch Lomond Stadia! resulted in 

a redepression of the earth's crust and the formation of a shoreline 

(LN
1
B) with a steeper gradient than shoreline ILG

10 
Subsequent 

uplift and tilting may not have been uniform since shoreline fragments 

at the southern end of Loch Ness are less steeply inclined than the 

shoreline in which they occur. Isostatic recovery was also rapid at 

the end of the Loch Lomond Stadia! with 70% of the subsequent tilting 

occurring between the formation of shorelines LN
1

B and IF
1

• 

6. Future Research 

There are several areas of future research which arise from the 

present study. 

a) Detailed studies of the stratigraphy and micro/macro-fossil 

content of the sediments in the Beauly, Inverness and Moray Firths 

may provide more information on the time scale, sequence of events 

and environmental changes which accompanied the Lateglacial shoreline 

sequence. Rediscovery of shell sites recorded in the literature may 

also be of value. 

b) Stratigraphical studies of cores from Loch Ness may reveal 

environmental changes since deglaciation and cast f~rther light upon 

the effects and timing of the catastrophic flood event. 

c) Stratigraphical studies from some of the large kettleholes 

around the Beauly and Inverness Firths may reveal marine incursions 

and produce information relating to the marine limit of the area. 

d) Investigation of the relationship between the moraines in 
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the Loch Ashie and Easter Kinkel! areas and the proposed shoreline 

sequence may provide information on whether a large amount of the 

ice remained active in the study area prior to or during the fall 

in Lateglacial relative sea level at Inverness. 

7. Final Remarks 

Until more 14c dates become available, determination of the 

time scale of the events described here and the correlations proposed 

with Late Devensian events elsewhere in Scotland will remain problem

atical. However, the fall in relative sea level associated with the 

deglaciation of the Late Devensian ice sheet, the sUbsequent ice 

advance during the Loch Lomond Stadia! and the effects of the Main 

Postglacial transgression are all recorded here and elsewhere in 

Scotland. In contrast, the fluctuations in the levels of Loch Ness 

are unique and as such are possibly the most distinctive events in 

the study area. The pattern of land movements, in which crustal 

recovery during the Late Devensian was interrupted by crustal 

depression during the Loch Lomond Stadia! before resuming during the 

Flandrian, demonstrates the sensitivity of crustal response to ice 

loading and unloading in this area. 
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APPENDIX I 

ALTITUDE DATA 

1. PRESENT COASTAL DEPOSITS 

1. Saltmarshes 2. Mudflats 

i) iv) i) 

NH 5652 4916 2.15 NH 6535 5307 2.07 NH 6580 5337 1 .39 
NH 5650 4913 2.26 NH 6532 5305 2.17 NH 6584 5339 1 .29 
NH 5646 4910 2.33 NH 6529 5304 2.34 NH 6587 5340 1 .38 
NH 5642 4911 2. 48 NH 6527 5313 2. 32 NH 6589 5342 1 .31 
NH 5639 4910 2. 52 NH 6530 5315 2.24 NH 6564 5327 1 .39 , 

NH 5634 4909 2.55 NH 6532 5316 2.23 NH 6567 5330 1 .30 
NH 5631 4908 2. 51 NH 6584 5346 2.09 NH 6570 5332 1 . 35 
NH 5627 4907 2.54 NH 6581 5345 2.13 NH 6573 5334 1.27 
NH 5622 4906 2.51 NH 6578 5344 2.27 NH 6575 5335 1 .27 
NH 5616 4902 2.·52 NH 6575 5342 2.26 

NH 5611 4900 2. 56 NH 6572 5340 2.27 ii) 

NH 5607 4898 2.62 NH 6568 5338 2.13 NH 5580 4871 1.78 
NH 5604 4896 2.54 NH 6566 5335 2.10 NH 5584 4873 1. 57 

NH 5601 4895 2.66 NH 6563 5334 2.23 NH 5587 4874 1 . 47 
NH 5600 4893 2.49 NH 6559 5332 2.01 NH 5591 4877 1 . 59 

NH 5594 4879 1 .87 
ii) v) NH 5597 4882 1. 62 

NH 5563 4866 2.29 NH 7386 4978 2.74 

NH 5559 4878 2. 53 NH 7383 4979 2.39 

NH 5554 4870 2.23 NH 7377 4979 2.16 3 . S~ingle Beach 

NH 5548 4870 2.30 NH 7374 4977 2.10 i) 

NH 5543 4867 2.21 NH 7371 4974 2. 21 NH 7536 5218 2 0 57 
NH 5540 4865 1.86 NH 7364 4973 2.15 NH 7541 5220 2. 94 

NH 7358 . 4971 2.04 NH 7546 5223 2.76 
iii) NH 7355 4970 2. 22 . NH 7553 5226 3. 21 

NH 5922 4588 2. 90 NH 7353 4968 2.33 NH 7557 5229 3.04 

NH 5925 4589 2.85 NH 7351 4967 2.27 

NH 5929 4590 2.81 NH 7348 4964 2.35 ii) 

NH 5934 4591 2.70 NH 6159 4817 2.90 

NH 5936 4592 2.79 NH 6165 4815 3.42 
NH 6172 4816 3.69 
NH 6178 4817 2.74 
NH 6183 4817 3.04 

-Al-



2. RAISED SHORELINE FRAGMENTS 

Grid Ref Alt. Grid Ref. Alt. Grid Ref. Alt. 

81 S3 87 
NJ 0018 6043 16.08 NJ 0053 6070 9.71 NH 9906 5956 22.96 
NJ oo22 6o44 16.06 NJ 0057 6o68 9.69 NH 9902 5954 22.56 
NJ 0029 6047 15.71 NJ oo62 6o6g 6.70 NH 9897 5952 22.67 
NJ oo34 6o46 15.87 NJ 0068 6070 9.33 NH 9893 5951 23.35 
NJ 0039 6043 16.17 NJ 0073 6070 9.06 NH 9888 5959 23.54 
NJ 0043 6042 16.18 NJ 0077 6070 9.02 NH 9884 5948 23.52 
NJ oo47 6o4o 16.08 NH 9881 4946 23.42 
NJ 0051 6039 16.18 s4 NH 9878 4945 23.18 
NJ 0054 6037 16.07 NJ o1o4 6o46') 7.68 
NJ 0058 6035 15.88 NJ 0100 6050 7.22 S8 
NJ 0062 6034 15.86 NJ 0098 6052 7.33 NH 9~39 5851 21.92 
NJ 0065 6032 15.60 NJ 0095 6055 7.65 NH 9443 5854 22.28 
NJ 0069 6030 15.24 NJ 0092 6059 7.49 NH 9447 5855 22.43 
NJ 0072 6030 1S.29 NJ 0090 6063 7.47 NH 9451 5856: 22.48 

NH 9455 5856 ' 22.21 
82 85 NH 9459 5857 22.50 
NJ 0100 6033 11.62 NH9923 5922 24.04 NH 9389 5840 21.71 
NJ 0097 6035 11.98 NH9927 5924 23.98 NH 9386 5839 21.66 
NJ 0093 6036 12.07 NH9929 5927 24.03 NH 9381 5838 21.78 
NJ 0084 6038 12.24 NH9930 5930 23.88 NH 9376 5836 21.74 
NJ 0080 6038 12.33 NH9928 5928 24.09 NH 9372 5834 21.82 
NJ 0076 6038 12.50 NH 9367 5833 21.69 

NJ 0073 6039 12.61 s6 
NJ 0069 6o4o 12.67 NH 9940 5~~0 21.68 S9 
NJ 0065 6042 12.65 NH 9939 59ll6 21.92 NH §ti6665859 21.82 
NJ 0061 6045 12.67 NH 9938 59~2 22.11 NH 9469 '~ 5859 21.98 
NJ 0058 6o48 12.81 NH 9938 59?38 . 22.17 NH 9469 5859 21.90 
NJ 0056 6050 12.gl NH 9936 5955 22.07 NH 9475 5861 21.94 
NJ 0053 6056 12.til NH 9934 5930 21.97 

NJ 0049 6059 12.fi)l NH 9932 5925 21.79 S10 
NJ oo46 6o6o 12.~6 NH 9931 5~22 21.79 NH 9437 5863 18.44 
NJ 0042 6059 12.9S NH 9929 59$9 21.99 NH 9440 586~ 18.61 
NJ 0038 6058 12.9~ NH 9926 5~16 22.35 NH 9442 5865 18.~] 

NJ 0034 6057 12.9~ NH 9923 59}4 22.32 NH 9445 5866 18.41 
NJ 0030 t>055 13.36 NH 9919 5911 22.10 NH 9448 5868 18.C5i 

-A2-



810 S12( ·t } S15 (cont.) con . (cont.} 
NH 9412 5855 18.42 NH 9388 58g99 23.25 NH ~176 5775 14.98 

NH 9416 5856 18.39 NH 9391 5829 23.25 NH 9180 5774 14.88 
NH 9421 5856 18.13 NH 9395 5829 23.39 NH 9184 5775 14.82 
NHiJ9425 5858 18.28 NH 9200 5776 14.49 
NH 9365 5841 18.31 813 NH 9204 5776 14.37 
NH 9369 5843 18.97 NH 9269 5774 24.77 NH 9207 5776 14.51 
NH 9373 5845 19.01 NH 9272 5776 24.80 NH 9210 5776 14.50 

NH 9377 5847 18.77 NH 9275 5778 24.82 NH 9214 5776 14.45 
NH 9380 5848 18.86 NH 9278 5780 24.94 NH 9220 5777 14.15 

NH 9383 5849 18.97 NH 9282 5782 25.06 NH ~223 5777 14.20 

NH 9285 5783 25.21 NH 9227 5777 14.31 
S11 NH 9231 5778 14.68 

NH 9372 5855 15.15 S14 NH 9234 5779 14.78 

NH 9376 5856 15.05 NH !);e03 5758 23.75 NH 9239 5781 14.71 

NH 9379 5857 15.67 NH 9206 5759 23.74 NH 9243 5780 14.63 

NH 9383 5859 15.10 NH 9210 5760 23.78 NH 9247 5780 14.56 

NH 9386 5861 15.05 NH 9214 5761 23.84 NH 9252 5783 14.58 

NH 9390 5863 15.01 NH 9918 5762 23.83 NH 9256 5784 14.60 

NH 9393 5864 15.13 NH 9221 5763 23.83 NH 9260 5786 14.45 

NH 9397 5865 14.98 NH 9224 5765 23.95 NH 9263 5788 14.45 

NH 9399 5865 14.93 NH 9227 5766 23.96 NH 9265 5788 14.25 

NH 9404 5856 14.99 NH 9231 5"P67 23.94 NH 9269 5790 14.34 

NH 9408 5865 14.95 NH 9235 5767 23.91 NH 9272 5792 14.44 

NH 9412 5865 14.77 NH 9239 5767 23.94 NH 9216 5794 14.27 

NH 9416 5865 14.61 NH 9243. 5767 23.77 NH 9280 5798 13.72 

NH 9420 5866 14.66 NH 924~. 5768 23.83 NH 9281 5796 14.12 

NH 9252 5769 23.99 NH 9286 5797 14.34 

812 NH 9289 5798 14.51 

NH ~365 5817 23.72 Bli5 NH 9292 5798 -4.54 

NH 9362 5817 23.71 NH :IH41 5776 14.68 NH 9296 5799 -4.72 

NH 9358 5816 23.89 NH ~144 5776 14.53 NH 9300 5799 14.73 

NH 9354 5816 23.70 NH 9149 5775 14.51 NH 9304 5801 14.28 

NH 9350 5816 23.54 NH 9153 5775 14.67 NH 9299 5805 13.80 

NH 9366 5824 23.19 NH 9157 5775 14.81 

NH 9370 5825 23.29 NH 9161 5775 14.58 S20 

NH 9374 5827 23.31 NH S.H65 5775 14.85 NH 9292 5809 12.41 

NH 9379 5828 23.35 NH 9168 5775 14.83 NH 9288 5808 12.08 

NH 9384 5828 23.26 NH 9172 5775 14.93 NH 9285 5807 11.99 
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Grid Ref. Alt. Grid Ref_:. Alt. Grid Ref. Alt. 
820 {-cont.) S22 (cont.) 824 (cont.) 
NH 9281 5806 11.89 NH 9108 5751 23.10 NH 9.085 5757 17.59 
NH 9278 5804 11.72 NH 9104 5751 22.94 NH 9088 5757 17.50 
NH 9275 5802 11.76 NH 9101 5750 22.76 
NH 9271 5800 12.07 NH 9098 5749 22.69 825 
NH 9267 5798 11.99 NH 9091 5748 22.71 NH 8777 5534 22.51 
NH 9262 5797 11.98 NH 9087 5748 22~80 NH 8773 5535 22.62 
NH 9258 57g6 11.92 NH 9083 5749 22.68 NH 8770 5536 23.00 
NH 9254 5795 12.03 NH 9079 5750 22t..7l."- NH 8766 5537 23~21 

NH 9251 5795 12.06 NH 9075 5749 22.76 NH 8762 5538 23,40 
NH 9246 5793 12.18 NH 9072 5748 22.78 NH 8752 5542 23.01 
NH 9242 5792 12.38 NH 9067 5747 22.64 NH 8745 5542 23.80 

821 S23 S26 

NH 9128 5749 23.13 NH 9184 5769 17.52 NH 8299 5557 18.83 
NH 9132 5749 23.23 NH 9180 5769 17.23 NH 8302 5561 18.82 
NH 9137 5748 23.25 NH 9176 5768 17.49 NH 8305 5564 18.81 
NH 9142 5748 23.31 NH 9172 5769 17.58 NH 8309 5566 19.10 
NH 9146 5748 23.44 NH 9167 5769 17.19 NH 8313 5566 19.07 
NH 9153 5750 23.47 NH 9163 5768 17.14 NH 8335 5581 18.71 
NH 9157 5750 23.34 NH 9159 5768 17.26 NH 8337 5583 1$.66 
NH 9162 5751 23.27 NH 9155 5767 17.29 NH 8341 5585 18.66 

NH 9165 5752 23.32 NH 9151 5767 17.36 NH 8343 5587 18.63 

NH 9169 5752 23.26 NH 9147 5766 17.35 NH 8346 5589 18.82 

NH 9172 5752 23.22 NH 9141 5767 17.48 NH 8350 5590 18.72 

NH 9176 5752 23.28 NH 9135 5767 17.36 NH 8354 5591 18/.!62;::• 

NH 9180 5753 2g.l9 NH 9131 5766 17.50 NH 83~8 5594 18.89 
NH 9184 5753 23.26 NH 9128 5766 17.54 NH 8361 5596 18.89 
NH 9188 5754 23.23 NH 9123 5767 17.38 NH 8364 5598 19.05 
NH 9192 5755 23.27 NH 9119 5761 · 17.39 NH 8367 5601 19.20 

NH 9197 5756 23.38 NH 9115 5767 17.30 

NH 9112 5767 17.45 S27 
S22 NH 9108 5766 17.50 NH 8129 5546 24.47 

NH 9127" 5753 23.09 NH 8133 5~48 24.25 
NH 9124 5753 23.23 .S24 NH 8136 5550 24.00 

NH 9120 5753 23.25 NH 9069 J5755 17.06 NH 8140 5553 24.29 

NH 9117 5152 2].23 NH 9077 5756 17.15 NH 8144 5555 24.28 
NH 9112 5751 23.21 NH 9083 5757 17.44 NH 8147 5556 24.16 

NH 8148 5557 24.10 
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Grid Ref. Alt. Grid~·;Ref. Alt. Grid Ref. Alt. 

828 S34 S37 (cent.) 
NH 8115 5~81 22.28 NH 7927 5518 21.48 NH 7886 5480 18.70 
NH 8113 5483 22.05 NH 7930 5520 21.27 NH 7883 5481 18.70 
NH 8110 5486 22.24 NH 7931 5524 20.90 NH 7878 5482 18.45 
NH 8107 5493 22.04 NH 7934 5527 20.90 NH 7875 5483 18.68 

NH 8106 5496 21.73 NH 7935 5531 21.47 NH 7866 5484 18.18 
NH 8104 5498 21.53 NH 7938 5535 21.21 

NH 8102 5504 21.87 NH 7939 5539 20.99 S38 

NH 7937 5545 21.18 NH 77.92 5614 8.79 
S29 NH 7935 5548 21.27 NH 7790 5618 8.82 

NH 8062 5494 12.79 NH 7932 5550 21.34 NH 7789 5621 8.56 

NH 8064 5499 12.89 · NH 7788 5624 8. 54 

S35 NH 7787 5627 8.59 
830 NH 7859 5640 23.22 NH 7785 5632 8.73 
NH 8068 5505 11.75 NH 7855 5640 23.12 NH 7783 5636 8.99 

NH 7851 5640 22.76 NH 7781 5640 8.97 
S31 NH 7847 5640 22.62 NH 7779 5644 9.10 

NH 8066 5509 9-73 NH 7842 5641 22.50 NH 7779 5647 9.12 

NH 8063 5506 9.71 NH 7838 5640 22.41 NH 7779 5651 8.81 

NH 8060 5504 9.75 NH 7833 5639 21.72 NH 7779 5655 8.83 

NH 8059 5502 10.14 NH 7828 5639 21.79 HN 7778 5659 8.67 

NH 7824 5639 21.8Y NH 7776 5664 8.67 

S32 NH 7820 5638 21.26 NH 7775 5669 8.84 

NH 7861 5504 28.24 NH 7817 5637 21.58 

NH 7857 5506 28.79 NH 7813 5635 2e.57 S39 

NH 7853 5508 29.39 NH 7809 5633 19.46 NH 7:970 5615 7.25 
NH 7807 5630 19.62 NH :{.973 5614 6.98 

833 NH 7804 5628 19.24 NH 7976 5614 7.12 

NH 7:909 5617 26.83 NH 7979 5613 7.44 

NH 7909 5614 26.98 S36 NH 7981 5613 7.28 

NH 7909 5610 2V).12 NH 7822 5659 11.05 

NH 7908 5606 27.08 NH 7819 5658 11.03 s4o 

NH 7908 5602 26.97 NH 7816 5657 11.05 NH 7737 5324 12.63 

NH 7908 5599 26.84 NH 7740 5322 13.15 

NH 7908 5594 26.68 S37 NH 7743 5319 13.23 

NH 7909 5590 26.37 NH 7900 5481 18.40 NH 7746 5116 13.58 

NH 7910 5587 26.03 NH 7896 5481 18.31 NH 7749 ~311 13.83 

NH 7910 5583 25.97 NH 7892 5480 18.47 NH 7751 5305 13.53 

NH 7911 5578 26.11 NH 7889 5480 18.63 

-AS-



Grid Ref . Alt . Grid Ref. Alt . Grid. Ref . Alt . 

s4l S42 
(cant.) 

s46 
(cont . ) 

NH 7742 5337 6. 11 NH 7736 5329 7.22 NH 75~~ 5207 9.60 

NH 7745 5340 6.22 NH 7732 5326 6.83 NH 7520 5205 9. 75 
NH 7748 5343 5.85 NH 7729 5324 6.58 NH 7517 5204 9.85 

NH 7751 5346 5.79 NH 7718 5317 6. 65 NH 7514 5202 9. 36 

NH 7754 5350 5.62 NH 7714 5315 6. 46 

NH 7757 5353 5. 53 S47 

NH 7761 5356 5.45 s44 NH 7407 5828 19 . 82 

NH 7763 5359 5.37 NH 7628 5264 8 .39 NH 7409 583J 19.60 

NH 7766 5362 5.18 NH 7624 5262 8. 37 NH 7411 5834 19 .70 

NH 7768 5365 5. 41 NH 7621 5261 8.37 NH 7413 5837 19 . 86 

NH 7771 5368 5.48 NH 7617 5259 8 .19 

NH 7773 5370 5. 36 NH 7613 5258 8. 53 S48 

NH 1775 5373 5. 33 NH 7609 5256 8. 67 NH 7309 5713 30.11 

NH 7777 5375 5. 58 NH 7606 5254 8. 64 NH 7307 5711 30 .19 

NH 7780 5379 5.17 NH 7602 5251 8 .48 NH 7304 5708 30 .17 

NH 7782 5382 5.16 NH 7599 5249 8.63 

NH 7783 5384 5.01 NH 759.";i 5246 8 . 33 S49 

NH 7784 5387 5. 58 NH 7316 5679 25 .17 

NH 7787 5389 5. 53 S45 NH 7318 5681 25 .38 

NH '7591 5244 7 . 57 NH 7321 5685 24.94 

S43 NH 7588 5243 7. 47 NH 7323 5687 25.01 

NH 7688 5299 8.07 NH 7585 5241 7. 55 NH 7325 5690 25.22 

NH 7685 5297 7. 33 NH 7582 5240 7.54 NH 3728 5693 25.10 

NH 7683 5295 7. 67 NH 7575 5235 7.74 NH 3730 5697 25 .25 

NH 1680 5293 8.14 NH 7332 5701 25 .28 

NH 1613 5290 8. 50 s46 NH 7335 5705 25 .81 

NH 7669 5288 1. 93 NH 7571 5233 8. 02 NH 7338 5709 25 .73 

NH 7664 5285 7.56 NH 7567 5230 8. 34 NH 7340 5711 25 . 93 

NH 7659 5282 7. 53 NH 7563 5227 8.47 

NH 7656 5281 7. 68 NH 7559 5225 8.43 850 

NH 7653 5279 7. 41 NH 7555 5222 8.69 NH 7306 5644 16.27 

NH 7650 5277 7.20 NH 7551 5220 8. 41 NH 7307 5647 16.35 

NH 7642 5272 7.15 NH 7547 5218 8. 36 NH 7309 5650 16.61 

NH 7639 5270 7.47 NH 7544 5216 8. 34 NH 7311 5653 16 .77 

NH 7541 5214 8 . 58 NH 7314 5656 16 .76 

S42 NH 7532 5211 8 . 62 NH 7316 5659 16 . 43 

NH 7138 5332 1.30 NH 7529 5209 9.29 NH 7318 5661 16. 62 

NH 7320 5663 16.97 
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Grid Ref. Alt. Grid.Bef. Alt. Grid Ref. Alt. 
I 

S51 S54 858.( ) cont. 
NH 7352 5706 14.58 NH 7400 5819 8.84 NH 1·402 5618 4.70 
NH 7353 5709 14.54 NH 7404 5821 8.89 NH '1406 5617 4.74 
NH 7355 5712 14.42 NH 7408 5825 8.81 NH 7.ij10 5615 4.72 
Nl[;-7-356 5717 14.57 NH 7411 5827 8.82 NH 7415 5613 4. 74 
NH 7357 5720 14.85 NH 7414 5830 8.28 NH 1419 5610 4.72 
NH 7352 5703 14.45 NH 7417 5832 7.95 NH ·~422 5608 4. 64 
NH 7351 5699 14.55 NH 7418 5833 7.80 NH 1~26 5605 4.73 
NH 7350 5696 14.65 NH 7418 5837 8. 50 NH 1~30 5602 4. 80 
NH 7349 5693 14.89 NH 7419 5839 8.88 NH 1a35 5600 4. 84 
NH 73lt7 5689 14.85 NH 1439 5597 4. 99 
NH 7345 5685 14.78 S55 
NH 7344 5682 14 .78 NH 7379 5667 8.10 S59 
NH 73q2 ,678 14 .97 NH 7376 5668 8.09 NH 7419 5640 4.81 
NH 7340 5674 14 . 65 NH 7364 5671 8.19 NH 7422 5635 4. 76 
NH 7339 5672 14.55 NH 7361 5669 8.02 NH 7426 5631 4. 67 

NH 7360 .5668 · 8.04 NH 7430 5627 4.76 
S52 NH 7434 5624 4.78 
NH 7359 5722 114 .10 S56 NH 7437 5622 4.86 
NH 7359 571S 14.15 NH 7444 5606 7. 57 NH 7439 5618 5.05 
NH 7358 5717 13.85 NH 7416 5648 4.87 
NH 7357 5711 13.59 S57 NH 7414 5652 4.88 
NH 7356 5707 14.06 NH 7407 5646 6. 97 NH 7412 5655 4.89 

NH 7410 5645 6.96 NH 7410 5659 5.05 
553 NH 7413 5644 7.03 NH 7409 6663 5. 41 
NH 7354 5672 11 .88 NH 7415 5642 7.06 NH 7406 5667 5.51 
NH 7353 5670 11 .81 
NH 7393 5669 11.92 858 s6o 
NH 7345 5654 10.99 NH 1]71 5630 4. 46 NH 6983 ,5383 13.06 
NH 7346 5657 11.30 NH 7374 5622 · 4.49 NH 6983 5378 13.13 
NH 7348 5661 11.44 NH 'Xl74 5628 4.37 NH 6983 5375 13.32 
NH 7350 5664 11 . 55 NH 7379 5627 4. 49 NH 6983 5371 13.24 
NH 7351 5666 11 .77 NH 7384 5625 4. 54 
NH 7.353 5674 11 . 99 NH 7388 5624 4. 62 861 
NH 7355 5677 12.17 NH 7321 5622 4.78 NH 6942 ~562 22 .41 
NH 7356 5681 11 . 92 NH 7395 5621 4 •. 67 NH 6938 5563 22 .74 
NH 7356 5683 11.93 NH 7398 5619 4. 66 NH 6935 5564 22.68 
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Grid Ref. Alt. Grid Ref. .Alt. Grid Ee:r •. Alt. 
sUi- st>;-- ---871 ( c ont • ) (cont.} (cont .1 
NH 6931 5564 22.54 NH 7392 5066 8.14 NH 7413 4985 7.89 
NH 6927 5565 22.54 NH 7394 5070 8.20 NH ·7409 4983 8.01 
NH 6923 5566 22.37 NH 7406 4981 7.65 

s66 NH 7402 4980 7.52 
562 NH 7357 5005 1.58 
NH 6837 5531 21.45 NH 7359 5008 7.49. S72 
NH 6840 5533 20.93 NH 7361 5012 7.54 NH 7388 4929 8.52 
NH 6846 5537 20.37 NH 7364 5016 7.80 NH 7389 4924 8.50 
NH 6850 5540 20.03 NH 7365 5019 7.75 NH 7389 4920 8.70 
NH 8653 5542 19.80 . NH 7368 5023 7.64 NH 7392 4917 8.49 
NH 6856 5544 19.83 NH 7370 5026 7.61 
NH 6860 5546 19.91 NH 7372 5029 7.68 S73 
NH 6663 5549 19.71 NH 7373 5032 7.78 NH 7383 4918 7.46 

NH 7374 5035 7.74 NH 7383 4922 7.16 
S63 NH 7383 4925 7.25 
NH 7354 4982 18.93 S69 
NH 7355 4986 19.19 NH 7339 4~79 8.94 S74 

NH 7356 4990 19.43 NH 7340 4982 9.17 NH 7405 4905 11.86 

NH 7357 4993 19.61 NH 7338 4983 8.44 NH 7409 4902 11.80 
NH 7380 4946 19.68 NH 7341 4986 8.02 NH 7412 4903 11.36 

NH 7344 4989 8.09 
s64 NH 7347 4993 8.36 

NH 7346 4975 15.22 NH 7350 4997 8.72 575 
NH 7348 4979 15.10 NH 7353 4999 8.58 NH 7381 4892 6.60 

NH 7348 4982 15.01 NH 7354 5002 8.23 NH 7376 4891 7.12 
NH 7349 4985 14.94 NH 7372 4892 7.16 
NH 7349 4988 15.11 S70 NH 7369 4894 7.25 

NH 7J53 4971 3.49 NH 7366 896 7.30 
S65 NH 7349 4970 3.49 NH 7363 4898 7.35 
NH ]316 5037 8.43 NH 7346 4967 3.71 NH 7383 4896 7.11 

NH 73~.9- 50.#.l 9.02 

NH 7380 5044 9.12 S71 S76 
NH 1.383 5048 8.57 NH 7434 4987 7.95 NH 7335 4882 17.32 
NH 7385 5051 8.29 NH 7429 4988 8.17 

NH 7386 5055 8.50 NH 742~ 4988 8.31 577 
NH 7388 5052 8.12 NH 74B3J 4986 7.88 NH 7315 4898 16.81 

NH 7390 5069 7.71 NH 7417 4986 7.98 NH 7318 4897 16,79 
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Grid Ref. Alt. Grid Ref. Alt. .Grid...Ref. Alt. 

S11 (cont.} S83 (cent.} S87 
NH 7321 4897 16.55 NH 7217 4925 1.00 NH 6820 5101 20 . 30 

NH 7327 4893 16.11 NH 7220 4923 7.41 NH 6819 5099 20.47 

NH 7225 4922 6.82 

878 NH 7228 4921 6.84 s88 

NH 7265 4907 15.29 NH 6737 4984 22.81 
S84 NH 6735 4982 21.58 

879 NH 7139 4933 7.51 NH 6732 4979 21.34" 

NH 7276 4903 14.69 NH 7139 4929 7.51 
NH 7280 4902 14.81 S89 

NH 7284 4902 14 . 68 S85 NH 6749 4975 4.11 

NH 7292 4899 14.53 NH 7137 4921 8.75 NH 6752 4975 4.08 

NH 7136 4916 8~;84 NH 6756 4975 4.20 

880 NH 7135 4913 8.72 NH 6760 4976 4. 38 

NH 7223 4909 29.24 NH 7134 4908 8.45 NH 6764 4977 4.72 

NH 7226 4907 29.29 NH 7138 ~924 9.03 NH 6766 4979 4.73 
NH 6767 4982 4. 57 

S81 S86 NH 6768 4986 4. 43 

NH 7232 4913 23.68 NH 6803 5048 13.81 NH 6768 4989 4.27 

NH 7233 4911 23.35 NH 6804 5050 14 .15 NH 6769 4993 4.17 

NH 7234 4907 23.16 NH 6805 5056 13.47 NH 6769 4996 4.22 

NH 7234 4904 22.71 NH 6806 505~ 14.01 NH 6770 5001 4.66 

NH 6807 5063 14.16 
S82 NH 6807 5065 13.94 890 

NH 7254 4913. 8.52 NH 6808 5068 14.20 NH 6828 5229 32 .14 

NH 7258 4912 8.62 NH 6810 5072 14 .14 NH 6829 5227 32.80 

NH 6812 5076 13 .91 NH. 6830 5225 32.68 

S83 NH 6814 5079 13 . 62 

NH 7180 4940 7.19 NH 6817 5083 . 14 .15 891 

NH 7183 4939 1.oo NH 6818 5086 14.30 NH 6797 5227 28 .84 

NH 7187 4938 6.91 NH 8620 5090 14.53 NH 6794 5226 28 . 87 

. NH 7190 4937 6.75 NH 8623 5093 14 . 20 NH 6790 5224 29.38 

NH 7194 4936 6.83 NH 8625 5098 14 .81 NH 6787 5222 29.23 

NH 7197 4934 6.86 NH 8627 5102 14.65 NH 6784 5221 29.51 

NH 7201 4933 6.93 NH 8630 5105 14.91 NH 6782 5220 29.59 

NH 7205 4931 7.10 NH 6834 5108 14 . 52 NH 6778 5218 29.92 

NH 7209 4928 6.98 NH 67'P5 5217 29.49 

NH 7213 4926 1.06 
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Grid Ref. Alt. Grid Ref . Alt. Grid Ref. Alt. 

S92 S96 S98 

NH 6833 5235 8 .77 NH 6517 5333 3. 29 NH 6484 5276 4 . 50 

NH 6835 5232 8 . 50 NH 6521 5335 3. 21 NH 6487 5278 4. 41 

NH 6837 5229 8.12 NH 6526 5337 3.07 NH 6491 5279 4.38 

NH 6529 5339 3.06 NH 6495 5281 4.50 

S93 NH 6534 5345 3.13 NH 6497 5283 4.42 

NH 6786 5228 8. 50 NH 6535 5347 3.27 NH 6501 5287 4.18 

NH 6789 5229 8. 40 NH 6537 5349 3.22 NH 6504 5290 4.03 

NH 6792 5230 8.14 NH 6539 5351 2 .87 NH 6508 5292 4.12 

NH 6796 5230 8.52 NH 6542 5353 3.07 NH 6512 5294 4.26 

NH 6800 5231 8.84 NH 6546 5353 2.95 NH 6515 5299 3.93 

NP. 6803 5231 8. 56 NH 6550 5354 2.88 NH 6519 5301 3.89 

NH 6807 5232 8. 29 NH 6554 5356 2 .96 

NH 6810 5233 8. 21 NH 6556 5354 2 .95 S99 

NH 6813 5233 8.73 NH 6561 5351 2 .91 NH 6769 5224 8 .73 

NH 6565 5352 2.97 NH 6763 5225 9.10 

S94 NH 6568 5355 2 .95 NH 6759 5227 9.39 

NH 6710 5235 3.01 NH 6572 5359 2 .87 NH 6756 5227 9.29 

NH 6714 5234 2. 82 NH 6578 5363 2 .60 NH 6749 5226 8 .38 

NH 6718 5234 2 . 93 NH 6584 5364 2.58 NH 6745 5226 8. 54 

NH 6774 5230 3. 02 NH 6589 5365 2 .61 

NH 6722 5234 2 .93 NH 6594 5365 2 . 63 S100 

NH 6726 5234 3.00 NH 66oo 5363 2 .47 NH 6380 5255 29 .07 

NH 6730 5234 2 .96 NH 6383 5257 29 .00 

NH 6735 5234 3.00 S97 NH 6385 5260 29 .15 

NH 6738 5234 3.14 NH 6537 5297 2 .88 NH 6387 5261 29 .14 

NH 6746 5235 3.38 NH 6541 5299 2 .91 NH 6396 5271 29 .95 

NH 6749 5234 3.01 NH 6544 5300 2.84 NH 6398 5272 29 .45 

NH 6752 5234 3.10 NH 6548 5300 2. 80 NH 6402 5276 29.12 

NH 6755 5233 3.01 NH 6551 5298 3.11 NH 6405 5279 28 . 94 

NH 6758 5233 3.01 NH 6554 5295 3.06 NH 6409 5282 29 .00 

NH 6762 5232 3.14 NH 6556 5293 3.03 NH 6413 5287 28 .84 

NH 6765 5231 3. 34 NH 6558 5291 2.93 NH 6424 5299 29.46 

NH 6769 4230 3. 32 NH 6444 5320 28.44 

NH 6771 5230 3.18 

S95 

NH 6605 5366 3.46 

NH 6602 5367 3.43 

-AlO-



Grid Ref. Alt. Grid Ref. Alt . Grid Ref. Alt. 

8101 8105 S1i2 

NH 6372 5249 29.61 NH 6287 5169 14 .07 NH 6453 5225 18.82 

NH 6369 5246 29.37 NH 6292 5170 14.32 NH 6457 5229 18.17 
NH 6366 5244 29.74 NH 6296 5172 14 . 62 NH 6460 5231 17.82 

NH 6363 5242 29.01 NH 6299 5174 14.50 

NH 6360 5239 29 . 51 NH 6300 5175 14 .26 8113 

NH 6356 5235 29.11 NH 6304 5180 14.16 NH 6431 5205 17.09 
NH 6353 ·5233 29.92 NH 6432 5209 17 .38. 

NH 6351 5230 29.81 8106 NH 6437 5212 18 .27 

NH 6342 5226 29 . 56 NH 6412 5273 17.61 

NH 6339 5223 29.11 NH 6407 5268 17.54 S114 

NH 6335 5222 29.62 NH 6405 5265 17 .57 NH 6462 5240 14.71 

NH 6330 5217 29.12 NH 6467 5243 14.25 

NH 6328 5216 28.85 8107 

NH 6325 5213 28 . 45 NH 6445 5306 14.70 8115 

NH 6320 5210 28 .33 NH 6449 5309 14.87 NH 6381 5178 9. 90 

NH 6317 5207 28 . 55 NH 6383 5175 10 .17 

NH 6313 5206 28.88 8108 NH 6383 5172 10 . 59 

NH 6311 5205 28.80 NH 6432 5181 29.14 NH 6389 5175 10.67 

NH 6ti-30 5178 28.48 NH 6405 5161 10.49 

8102 NH 6!J27 5175 28 .85 NH 6407 5167 10 .80 

NH 6295 5191 28.56 NH 6425 5172 28.96 NH 6410 5170 11.3) 

NH 6294 5190 28.20 NH 6Ji23 5168 29 . 36 NH 6411 5172 11.38 

NH 6290 5189 27 . 65 NH 6/i20 5166 38 . 67 NH 6409 5175 11.17 

NH 6285 5186 27.77 NH 6418 5163 38.83 NH 6409 5172 11 .08 

NH 6281 5184 27.69 NH 6417 5159 29 .22 

NH 6277 5182 27.15 S116 

NH 6274 5180 27.11 8109 NH 6310 5090 14.29 

NH 6415 5160 26.95 Nli 6317 5094 14.15 

8103 NH 6318 5099 13.63 

NH 6255 5166 26.98 8110 

NH 6252 5165 29 .07 NH 6418 5168 24.63 S117 

NH 6248 5165 29 . 49 NH. 6344 5195 7.94 

8111 NR 6340 5194 7.58 

8104 NH 6464 5232 17.94 NH 6334 5190 8.10 

NH 6261 5163 26.62 NH 6467 5235 17.95 NH 6345 5172 7.91 

NH 6258 5161 26.81 NH 6340 5173 8.05 

NH 625·5 5160 27.07 

-All-



Grid Ref. Alt. Gr.id Ref. Alt. Grid Ref. Alt. 

8119 s122( t ) con • S12B( t ) con • 
NH 6366 5218 6.81 NH 6409 5253 5.38 NH 7024 4557 25.94 
NH 6365 6216 6.73 NH 6405 5250 5.28 NH 7029 4559 26.51 

NH 6362 5214 6.74 NH 6402 5246 5.43 NH 7034 4560 26.95 

NH 7039 4561 27.55 
S120 S123 NH 7043 4562 27.64 

NH 6383 5199 6.66 NH 6957 4513 30.42 NH 7047 4562 27.95 
NH 6381 5196 6.71 NH 6953 4507 31.86 NH 7050 4561 28.37 

NH 6377 5193 6.69 NH 6951 4505 32.00 

NH 6949 4502 32.15 S129 
S121 NH 6944 4497 32.30 NH 6955 4530 28.01 

NH 6469 5252 5.12 NH 6958 4531 27.80 

NH 6462 5248 5.34 S124 NH 6961 4533 27.64 

NH 6460 5246 5.40 NH 6977 4523 31.00 

NH 6455 5245 5.45 NH 6975 4520 31.35 S130 

NH 6452 5243 5.23 NH 6974 4517 31.92 NH 6932 4510 27.65 

NH 6449 5240 5.11 NH 6967 4519 31.08 NH 6930 4508 27.40 

NH 6447 5238 5.43 NH 6963 4517 30.73 NH 6927 4506 27.75 
NH 6443 5235 5.56 NH 6960 4515 30.35 NH 6925 4503 28.06 

NH 6440 5232 5.57 NH 6924 4498 28.65 

NH 6436 5228 5.52 S125 NH 6920 4497 28.91 

NH 6433 5227 5.38 NH 7070 4548 30.4T NH 6917 4496 28.79 

NH 6420 5232 5.28 NH 7067 4546 30.67 NH 6916 4494 28.88 

NH 7063 4545 30.78 

S122 Sl31 

NH 6459 5297 5.18 S126 NH 6906 4533 27.11 

NH 6457 5296 5.17 NH 7093 4583 27.10 NH 6904 4530 27.12 

NH 6454 5294 5.16 NH 7095 4586 27.06 NH 6902 4525 27.17 

NH 6449 5293 5.42 NH 7097 4580 27.79 

NH 6442 5289 5.68 S132 

NH 6434 5274 5.80 S127 NH 6935 4580 27.19 

NH 6429 5272 5.40 NH 7080 4573 27.67 NH 6931 4579 27.20 

NH 6425 5270 5.33 NH 7077 4571 28.21 NH 6926 4578 27.12 

NH 6423 5267 5.34 NH 7075 4569 28.50 NH 6923 4578 27.16 

NH 6419 5263 5.36 NH 6920 4577 27.23 

NH 6415 5259 5.43 S128 

NH 6412 5256 5.46 NH 7020 4555 26.44 

-Al2-



Grid Ref. Alt. Grid Ref. Alt. Gird Ref. Alt. 

Sl33 11138( t ) con • Sl41( t ) con • 
NH 6935 4564 24.74 NH 6502 4415 13.86 NH 5982 3805 16.39 

NH 6931 4562 24.91 NH 6501 4420 13.76 NH 5983 3809 16.25 

NH 6928 4560 24.80 NH 6499 4427 13.74 NH 5985 3812 16.38 

NH 6924 4557 24.88 NH 6499 4431 13.66 NH 5988 3816 16.67 

NH 6499 4435 13.56 NH 5992 3819 16.61 

Sl34 NH 5995 3822 16.68 

NH 6998 4592 24.67 8139 NH 5998 3824 16.69 

NH 6996 4591 24.55 NH 6011 3844 23.81 NH 6003 3826 16.54 
NH 6oo8 3842 24.27 NH 6007 3828 16.62 

Sl35 NH 6005 3840 24.48 NH 6010 3830 16.69 

NH 7004 4607 16.02 NH 6003 3838 24.84 NH 6012 3832 16.75 

NH 7007 4605 16.55 NH 5994 3835 24.49 

NH 7012 4606 16.08 NH 5991 3831 24.13 8142 

NH 7016 4606 15.76 NH 5984 3816 23!70 NH 6015 3783 17.60 

NH 7018 4607 15.79 NH 5982 3813 23.11 NH 6013 3785 17.39 

NH 7019 4610 15.63 NH 5980 3810 22.80 NH 6012 3789 17.09 

NH 7017 4613 15.49 NH 5978 3807 23.28 NH 6oo8 3782 17.09 

NH 7027 4613 15.29 N.H 5976 3804 22.92 NH 6011 3780 17.20 

NH 7029 4610 15.48 NH 5974 3802 23.30 NH 6oo6 3785 17.20 

NH 5972 3~98 23.16 

8136 8143 

NH 7081 4651 16.35 Sl40 NH 6019 3779 18.23 

NH 7080 4648 16.22 NH 6039 3777 25.92 NH 6022 3779 18.22 

NH 7080 4645 16.19 NH 6040 3181 26.10 NH 6024 3784 17.93 

NH 6041 3785 25.78 NH 6024 3788 17.96 

Sl37 NH 6042 3788 25.66 

NH 6546 4377 16.05 NH 6044 3793 25.89 S144 

NH 6544 4375 16.50 NH 6045 3796 25.94 NH 6021 3576 35.18 

NH 6541 4373 16.86 NH 6o46 3800 25.76 NH 6016 3597 34.92 

NH 6538 4370 17.18 NH 6047 3805 25.22 NH 6016 3593 35.25 

NH 6536 4367 17.48 NH 6017 3590 35.21 

NH 6533 4363 17.58 Sl41 NH 6018 3586 35.22 

NH 6532 4358 17.75 NH 5984 3800 16.45 NH 6022 3584 35.44 

NH ,981 3798 16.45 NH 6025 '3582 35.66 

Sl38 NH 5979 3800 16.43 NH 6023 3579 35.28 

NH 6504 4412 13.78 NH 5980 3802 16.49 

-Al3-



Grid Ref. Alt. Grid Ref. Alt. Grid Eef. Alt. 

8145 8150 8155 (cant. ) 
NH 6020 3560 35.37 NH 5245 2911 26.82 NH 4239 1509 28.57 
NH 6021 3564 34.96 NH 5240 2911 25.42 

NH 6021 3567 34.84 NH 5237 2911 26.51 S156 
NH 6018 3569 34.24 NH 5233 2911 26.97 NH 3987 1157 29.83 
NH .. 6015 3572 34.31 NH 5229 2912 26.96 NH 3984 1155 29.56 
NH 6010 3574 34.54 NH 5225 2911 27.27 NH 3981 1152 29.81 
NH 6005 3577 34.51 NH 5221 2911 26.81 NH 3979 1149 29.31 
NH 6002 3580 34.22 NH 3976 1146 29.91 . 

8151 NH 3973 1143 29.31 
8146 NH 3883 0856 28.99 

NH 5953 3541 34.72 NH 3886 0858 29.96 8157 
NH 5955 3544 34.85 NH 3889 0860 29.64 NH 3896 1069 29.90 
NH ·5958 3546 34.91 NH 3892 1066 29.40 
NH 5960 3549 34.96 8152 NH 38.89 1064 28.57 . 
NH 5962 3552 34.71 NH 4256 1604 31.34 NH 3886 1062 28.60 

NH 4253 1606 31.66 NH 3881 1060 28.69 
8147 NH 4249 1608 31.74 NH 3$78 1059 28.87 

NH 5972 3546 26.77 NH 4246 1611 31.63 NH 3874 1056 28.95 
NH 5968 3542 26.13 NH 4243 1614 31.73 NH 3871 1053 28.75 

NH 5965 3539 25.78 NH 4239 1e17 31.67 NH 3$68 1050 28.92 

NH 5961 3536 25.27 NH 4237 1620 31.67 NH 3864 1047 28.51 

NH 5958 3534 25.30 NH 3860 1045 28.19 

NH 5955 3532 25.46 8154 NH 3855 1043 28.46 

NH 5952 3529 25.60 NH 4307 1634 16.93 NH 3851 1041 29.93 
NH 4304 1633 17.10 NH 3842 1035 29.47 

8148 NH 4300 1634 17.22 NH 3838 1033 29.57 
NH 5886 3337 18.75 . NH 4296 1633 17.25 NH 3832 1032 29.47 
NH 5889 3341 18.92 NH 4292 1632 17.24 NH 3828 1030 30.26 

NH 5892 3346 18.65 NH 4288 1630 17.11 

NH 5896 3350 18.99 NH 4285 1628 17.21 8158 

NH 5898 3352 19.11 NH 4282 1626 17.31 NH 3905 0886 29.08 

NH 5901 3355 18.75 NH 4278 1625 17.37 NH 3909 0890 28.77 

NH 5904 3358 18.57 Nll 3911 0892 28.95 
8155 NH 3907 0888 28.80 

~>149 NH 4244 1501 28.97 

NH 5103 2992 27.00 NH 4243 1503 29.44 S159 

NH 5100 2993 27.08 NH 4242 1505 29.73 NH 3671 0917 35.97 

NH 5096 2995 27.19 NH 4241 1507 29.19 NH 3670 0915 35.90 

-Al4-



Grid Ref . Alt . Grid Ref . Alt . Grid Ref . Alt . 

8159( t ) con • 
8163 8168 

NH 3674 0917 35 .81 NH 6510 4816 29 ~ 78 NH 6273 4848 9. 31 

NH 3674 0902 35 . 75 NH 6513 4814 30 .20 NH 6276 4850 10 .39 

NH 3671 0901 36 . 34 NH 6517 4812 29 . 98 

NH 3661 0901 36 .12 NH 6521 4810 30 . 01 8169 

NH 3657 0900 36 .10 NH 6526 4809 29 . 51 NH 6253 4840 9. 98 

NH 3654 0897 36 .17 NH 6249 4839 10 .14 

NH 3651 0895 36 . 05 8164 NH 6245 4837 9. 86 

NH 3648 0892 36.20 NH 6435 4870 28 .13 NH 6241 4836 9.70 

NH 3646 0890 36 . 26 NH 6!131 4870 27 . 65 NH 6237 4834 10 . 07 

NH 6427 4870 27 .12 NH 6234 4832 10 .16 

8160 NH 6424 4870 27 .07 NH 6229 4832 10 .15 

NH 3835 0827 32 . 61 NH 6420 4871 26 .82 NH 6225 4832 10. 80 

NH 3833 0829 32 .12 NH 6416 4871 27 . 20 

NH 3830 0832 31 . 62 NH 6413 4872 28 . 21 8170 

NH 3826 o84o 32 . 50 NH 6222 4827 4.42 

NH 3826 0830 32 . 39 8165 NH 6225 4826 4. 38 

NH 3~27 0827 32 . 56 NH 6271 4858 15 . 57 NH 6230 4827 4. 26 

NH 3857 0832 32 . 58 NH 6267 4858 15 . 53 NH 6234 4827 4. 50 

NH 3854 0831 32 . 31 NH 6265 4856 15 .35 

NH 3852 0830 32 . 76 8171 

8166 NH 6248 4828 5. 20 

8161 NH 6181 4838 10 . 84 NH 6252 4831 4.81 

NH 3829 0847 22 . 34 NH 6186 4838 11.19 NH 6255 4833 5. 21 

NH 3836 0844 22 . 39 NH 6189 4837 10. 63 

NH 6194 4838 11 .01 8172 

8162 NH 6197 4838 10 . 96 NH 6207 4829 5. 59 

NH 6608 4811 32 . 96 NH 6201 4837 11 . 06 NH 6203 4829 5. 29 

NH 6610 4814 32 . 94 NH 6198 4829 5 .• 37 

NH 6611 4817 33 .11 8167 NH 6195 4828 5. 21 

NH 6613 4819 33 .14 NH 6344 4847 8 .80 NH 6190 4826 5. 36 

NH 6616 4822 33 . 46 NH 6340 4847 8 . 65 NH 6187 4825 5. 35 

NH 6619 4824 33 .11 NH 6336 4846 9. 21 

NH 6621 4833 34 . 20 NH 6331 4845 9. 54 8173 

NH 6624 4840 34 .11 NH 6328 4844 10.02 NH 6128 4837 7.65 

NH 6626 4842 33 . 72 NH 6324 4842 10 . 01 NH 612·5 4840 7. 91 

NH 6625 4834 32 . 99 NH 6321 4839 10 . 00 NH 6122 4843 8 .10 

-A15-



Grid Ref. Alt. Grid Ref. Alt. Grid Ref. A1t. 

8174 8179 S182 
NH 6108 4854 3.31 NH 6125 4533 29.64 NH 6073 4578 21.34 

NH 6102 4855 3.27 NH 6123 4534 29.28 NH 6070 4579 21.36 

NH 6096 4854 3.38 NH 6127 4532 29.70 
NH 6095 4851 ].43 NH 6130 4532 29.91 S183 

NH 5876 4565 16.19 

5175 8180 NH 5879 4567 15.99 
NH 6088 4866 10.19 NH 6120 4538 22.19 NH 5882 4568 16.14 

NH 6092 4868 9.88 NH 6122 4539 22.04 
8184 

8176 S181 NH 5886 4567 15.52 

NH 6078 4884 . 12.87 NH 6071 .4574 28.54 NH 5889 4568 14.98 

NH 6083 4883 12.89 NH 6071 4570 28.48 NH 5893 4568 15.21 

NH 6092 4883 13.oe NH 6070 4566 28.81 NH 5896 4569 15.93 
NH 6087 4883 13.18 NH 6068 4562 29.37 NH 5900 4570 15.30 

NH 6069 4558 29.57 NH 5905 4571 15.14 

8177 NH 6069 4554 29.72 NH 5909 4572 14.12 

NH 6013 4859 8.12 NH 6070 4550 30.20 NH 5913 4573 14.26 

NH 6009 4860 8.83 NH 6070 4546 30.85 NH 5918 4575 14.27 

NH 6oo4 486o 9.79 NH 6070 4543 32.01 

NH 6001 4859 10.15 NH 6067 4541 33.09 S185 

NH 5996 4858 8.90 NH 6065 4544 32.58 NH 5804 4530 22.74 

NH 5992 4859 9.13 NH 6062 4548 31.93 · NH 5807 4532 22.70 

NH 5987 4860 9.12 NH 6059 4551 31.33 NH 5810 4533 21.66 

NH 5983 4862 9.04 NH 6057 4554 30.69 NH 5819 4537 21.02 

. NH 5979 4862 9.57 NH 6054 4556 30.16 . NH 5823 4538 20.82 

NH 6024 4857 8.44 NH 6052 4557 29.77 NH 5827 4539 21.11 

NH 6027 4856 8.63 NH 6050 4559 29.40 NH 5830 4539 23.08 

NH 6031 4855 8.49 NH 6046 4561 28.78 

NH 6037 4851 8.53 NH 6o84 4563 28.25 8186 

NH 6o84 4560 28.93 NH 5794 4525 23.29 

8178 NH 6084 4557 29.62 NH 5790 4524 23.25 

NH 5877 4933 7-57 NH 6083 4553 30.39 NH 5786 4523 23.27 

NH 5881 4931 7.58 NH 6083 4550 30.88 NH 5782 4523 22.47 

NH 5885 4929 7.48 NH 6083 4546 31.43 NH 5778 4523 22.03 

NH 5888 4928 7.17 NH 60 84 4543 32.12 

-Al6-



Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

S187 8188( t } con • S193 
NH )."[18 4522 3.97 NH 5700 4494 5.22 NH 5755 4473 29.32 
NH ).7~2 4523 3.64 NH 5704 4494 5.41 NH 5753 4471 29.17 
NH )7~5 4523 3.55 NH 5750 4468 29.54 
NH iT28 4524 3.48 S189 NH 5147 4463 29.42 

NH ~-131 4524 3.29 NH 5689 4478 22.34 

NH ~.Y37 4525 3.23 NH 5693 4481 22.50 8194 

NH ~-7'~2 4527 3.22 NH 5695 4483 22.72 NH 5624 4525 6.25 

NH )."!46 4529 3.13 NH 5626 4529 6.05 

NH ~-750 4531 3.30 S190 NH 5627 4531 5.81 

NH ~-753 4533 3.02 NH 5689 4448 20.39 

NH ).7>57 4535 2.94 NH 5687 4446 20.18 S195 

NH $762 4538 3.09 NH 5686 4441 20.22 NH 5620 4533 6.99 

NH 5766 4539 3.06 NH 5686 4438 20.46 NH 5618 4529 7.17 

NH ~-"li71 4 541 3.16 NH 5684 4434 20.56 NH 5617 4526 7.21 

NH ~-775 4544 3.08 NH 5683 4431 20.35 NH 5615 4522 7.18 

NH 'j"f77 4547 3.07 NH 5681 4426 20.27 NH 5613 4519 7,29 

NH 5181 4551 3.11 NH 5679 4422 20.38 

NH ~.183 4553 3.16 NH 5676 4420 20.60 8196 

NH 5189 4555 3.36 NH 5673 4418 20.67 NH 5631 4554 5.64 

NH 5P91 4557 3.20 NH 5669 4415 20.57 NH 5629 4551 5.86 

NH 5194 4559 3.38 NH 5666 4413 20.57 NH 5629 4548 5.78 

NH 5797 4560 3.25 NH 5664 4409 20.89 

NH 5803 4562 3.34 8197 

NH 5806 4563 3.23 S191 NH 5645 46oo 8.51 

NH 5810 4565 2.98 NH 5573 4403 29.02 NH 5647 4603 8.23 

NH 5813 4567 2.82 NH 5576 4406 29.08 NH 5649 4606 7.96 

NH 5817 4568 2.75 NH 5579 4408 29.04 NH 5650 4609 7.50 

NH 5820 4569 2.85 NH 5650 4615 7.72 

NH 5824 4570 3.21 8192 NH 5648 4618 7.76 
NH 5621 4437 28.64 NH 5645 4620 7.39 

8188 NH 5624 4439 28.86 NH 5642 4621 7.33 

NH 5680 4495 5.59 NH 5627 4441 28.97 NH 5639 4623 7.18 

NH 5685 4489 5.38 NH 5631 4443 28.72 NH 5635 4624 7.19 
NH 5688 4489 5.27 NH 5634 4446 28.78 NH 5631 4625 7.52 

NH 5693 4491 5.04 NH 5638 4448 28.64 NH 5647 4626 7.43 

NH 5696 4492 5.27 NH 5623 4628 7.20 

NH 5700 4493 5.22 NH 5620 4630 7.41 
NH 5617 4631 7.38 

-Al7-



Grid Ref. Alt. Grid Ref. Alt . Grid Ref. Alt. 
Sl98 S200( t ) 8206( t ) con • con • 
NH 5633 4576 8.20 NH 5672 46oo 2.76 NH 5497 4630 5. 70 
NH 5634 4579 7.80 NH 5675 4598 2.82 NH 5493 4628 5,72 
NH 5636 4583 7.91 NH 5489 4627 5.84 
NH 5637 4586 7.74 8201 NH 5485 4625 5~99 

NH 5640 4590 7.68 NH 5640 4565 4.91 NH 5480 4624 5.98 
NH 5641 4593 7.88 NH 5637 4562 4.86 NH 5477 4623 6.,03 

NH 5635 4560 4.76 
8199 S207 
NH 5648 4592 4.66 8202 NH 5708 4491 11.35 
NH 5646 4589 4.71 NH 5579 4633 5.74 NH 5704 4490 10.55 
NH 5644 4587 4. 93 NH 5576 4632 5-9~ NH 5701 4489 11.05 
NH 5643 4582 5.13 NH 5572 4631 5.97 NH 5697 4488 11.63 

NH 5643 4579 5.10 NH 5568 4629 5.96 
NH 5643 4574 5.66 NH 5565 4628 6. 00 S208 

NH 5643 4569 5.48 NH 5900 4925 9.23 
8203 NH 5903 4923 9.33 

8200 NH 5547 4635 4.20 NH 5907 4920 9.09 
NH 5600 4646 3.39 NH 5550 4635 4.42 NH 5910 4918 9,05 

NH 5595 4645 3.44 NH 5554 4636 4.16 NH 5914 4bl5 8.92 
NH 5607 4646 3. 38 NH 5556 4632 4.34 NH 5918 4913 9_,29 

NH 5611 4645 3.47 NH 5921 4910 9.56 
NH 5616 4644 3.31 S204 NH 5924 4907 9_,65 

NH 5631 4637 3.52 NH 5531 4622 5.88 NH 5927 4904 9.40 
NH 5634 4637 3.42 NH 5535 4623 5.65 NH 5930 4901 liD. . OO 

NH 5637 4636 3.39 NH 5932 4898 9.48 

NH 5640 4635 3.27 8205 NH 5935 4896 8.98 

NH 5643 4634 3. 09 NH 5485 4614 5.78 NH 5937 4894 8.82 

NH 5649 4632 3.15 NH 5489 4615 5.92 

NH 5653 4629 2.88 NH 5493 4615 5.81 8209 

NH 5656 4625 3.07 NH 5498 4616 5.68 NH ~452 4599 6.68 

NH 5658 4622 3.09 NH 5502 4616 5.71 NH 5456 4598 6.68 

NH 5659 4618 2. 92 NH 5507 4617 5 .64" NH 5460 4599 6.83 

NH 5659 4615 3.02 NH 5513 4617 5.80 NH 5464 4599 6.81 

NH 5661 4611 2. 92 NH 5517 4618 5.75 NH 5470 4601 6.61 

NH 5663 4608 2. 92 

NH 5666 4605 2.81 8206 8210 

NH 5669 46 2.84 NH 5502 4631 5. 61 NH 5480 4617 5.87 

-Al8-



Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

5210( t ) con • S214( t ) con • ·s218( t ) con • 
NH 5476 4616 5.86 NH 5379 4592 6.64 NH 5618 4912 3.14 

NH 5473 4614 5.82 NH 5375 4591 6.52 NH 5593 4901 3.28 

NH 5469 4612 5.98 NH 5372 4590 6.28 NH 5589 4898 3.25 
NH 5464 4610 6.o4 NH 5586 4895 3.23 

NH 5461 4608 6.11 S215 NH 5583 4893 3.18 

NH 5458 4607 6.11 NH 5282 4535 30.78 NH 5582 4889 3.14 

NH 5454 4606 6.17 NH 5280 4533 30.53 NH 5580 4886 3.07 

NH 5449 4604 6.18 NH 5277 4530 30.46 NH 5578 4882 3.07 

NH 5272 4525 30.59 NH 5577 4878 2.71 

8211 NH 5270 4522 30.97 NH 5576 4874 2.55 

NH 5448 4608 6.73 NH 5269 4519 30.74 

NH 5456 4611 6.48 NH 5266 4516 30.65 8219 

NH 5459 4612 6.56 NH 5265 4512 30.43 NH 5536 4868 9.45 

NH 5464 4614 6.44 NH 5264 4507 29.98 NH 5538 4870 9-95 
NH 5467 4616 6.34 NH 5262 4~03 29.83 NH 5540 4873 9.86 

NH 5471 4618 6.50 NH 5551 4877 10.39 

NH 5474 4620 6.38 8216 NH 5556 4876 9.34 

NH 5599 4911 8.85 

8212 NH 5603 4911 8.97 5220 

NH 5406 4597 6.70 NH 5615 4916 9.22 NH 5459 4957 27.27 

NH 5414 4600 6.76 NH 5620 4918 9.65 NH 5462 4958 27".25 

NH 5418 4601 6.59 NH 5622 4919 9.76 NH 5467 4959 26.96 

NH 5422 4602 6.45 NH 5471 4960 26.98 

NH 5426 4602 6.29 8217 NH 5475 49.62 26.94 

NH 5431 4602 6.35 NH 5634 4917 2.72 NH 5479 4963 26.77 

NH 5435 4602 6.37 NH 5638 4918 2.61 NH 5483 4964 26.97 

NH 5439 4602 6.31 NH 5642 4919 2.44 NH 5488 4965 26.68 

NH 5443 4603 6.26 NH 5647 4920 2.45 NH 5493 4964 26.73 

NH 5445 4603 6.33 NH 5650 4919 2.41 NH 549T 4963 26.99 

8213 8218 S221 

NH 5415 4639 5.06 NH 5599 4903 3.16 NH 5234 4878 28.70 

NH 5601 4905 3.35 NH 5233. 4875 28.33 

8214 NH 5604 4907 3.34 NH 5231 4871 28.09 

NH 5390 4595 6.79 NH 5608 4909 3.24 NH 5229 4867 28.17 

NH 5386 4594 6.66 NH 5611 4910 3.24 NH 5227 4865 28.35 

NH 5383 4594 6.46 NH 5614 4911 3.19 NH 5226 4861 28.27 

-Al9-



Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

8221( t ) con • S226( t ) con • 5231 
NH 5226 4852 28.14. NH 5253 4744 13.10 NH 5418 4848 5.69 
NH 5222 4846 27.96 NH 5258 4750 13.00 NH 5414 4846 5.79 
NH 5221 4842 27.87 NH 5261 4752 12.52 NH 5410 4844 5.99 
NH 5221 4839 27.96 NH 5263 4756 12.27 NH 5407 4841 5.91 

NH ·5272 4 774 12.95 NH 5404 4839 5.84 
S222 NH 5278 4779 13.22 NH 5401 4836 5.92 
NH 5176 4685 31.12 NH 5275 4778 13.38 NH 5396 4831 5.71 
NH 5179 4689 31.77 NH 5394 4829 6.03 
NH 5182 4692 31.56 S227 NH 5391 4827 5.92 
NH 5184 4695 31.92 NH 5277 4789 18.72 NH 5389 4824 5.82 
NH 5186 4699 33.24 NH 5277 4786 18.62 

NH 5197 4710 32.42 NH 5275 4792 18.76 S232 
NH 5201 4714 32.07 NH 5273 4795 18.70 NH 5434 4840 4.74 

NH 5703 4715 31.72 NH 5437 4844 4.69 
S228 NH 5440 4847 4.67 

S223 NH 5283 4781 13.48 

NH 5208 4704 18.64 NH 5287 4783 13.65 S233 

NH 5205 4703 19.05 NH 5289 4786 13.63 NH 5421 4821 4.75 
NH 5202 4700 19.93 NH 5291 4788 13.51 NH 5420 4815 5.01 
NH 5200 4698 19.62 NH 5419 4811 4.97 

S229 NH 5417 4806 4.84 
8224 NH 5477 4863 5.12 NH 5409 4802 4.94 
NH 5215 4702 10.69 NH 5474 4863 5.34 NH 5406 4798 5.05. 
NH 5216 4706 11.47 NH 5470 4863 5.30 

NH 5217 4708 11.84 NH 5466 4863 5.23 S234 

NH 5462 4863 5.48 NH 5429 4781 3.18 

8225 NH 5458 4862 5.37 NH 5427 4778 3.30 

NH 5209 4675 11.49 NH 5454 4862 5.25 NH 5425 4777 3.35 
NH 5211 4678 11.60 NH 5450 4860 5.45 NH 5430 4785 3.18 
NH 5213 4680 11.31 NH 5431 4789 3.12 

8230 NH 5433 4793 3.20 
S226 NH 5444 4861 5.72 NH 5434 4797 3.25 
NH 5234 4727 13.36 NH 5441 4859 5.58 NH 5436 4802 3.11 

NH 5238 4731 13.69 NH 5438 4857 5.46 

NH 5243 4733 13.74 NH 5435 4854 5.52 8235 
NH 5244 4735 13.48 NH 5432 4852 5.43 NH 55i6 4858 3.41 

NH 5249 4739 12.99 NH 5426 4850 5.49 NH 5513 4858 3.38 
NH 5251 4742 13.15 NH 5508 4859 3.43 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

8235( t ) con • 8237 ( cont • } 8243 

NH 5504 4859 3.62 NH 5440 4616 6.63 NH 5296 4750 6.73 
NH 5501 4860 3.10 NH 5444 4608 6.74 NH 5295 4746 6.58 
NH 5496 4860 3.79 NH 5440 4606 6.65 NH 5279 4715 6.15 
NH 5491 4860 3.79 NH 5438 4606 6.79 NH 5275 4714 6.43 
NH 5487· 4858 3.69 NH 5434 4607 6.71 NH 5271 4702 6.67 

NH 5481 4857 3.84 NH 5431 4607 6.57 NH 5269 4698 6.66 

NH 5478 4853 3.72 NH 5424 4607 6.68 NH 5267 4696 6.58 

NH 5474 4850 3.68 NH 5413 4607 6.75 NH 5266 4692 6.68 

NH 5472 4846 3.66 NH 5409 4603 6.73 NH 5266 4688 6.59 

NH 5469 4843 3.75 NH 5405 46oo 6.92 NH 5267 .4683 6.51 

NH 5466 4840 3.59 
NH 5463 4838 3.48 8238 8244 

NH 5461 4834 3.46 NH 5315 4757 7.03 NH 5211 4563 6.89 

NH 5458 4828 3.55 NH 5317 4760 1.36 NH 5209 4560 6.93 
NH . 5319 4763 7.35 NH 5209 4556 7.22 

8236 NH 5206 4552 7.14 

NH 5386 4820 6.09 8239 NH 5206 4548 7.11 

NH 5382 4816 6.04 NH 5325 4756 5.55 NH 5203 4544 7.05 

NH 5379 4814 6.01 NH 5326 4758 5.80 

NH 5376 4811 5~90 NH 5328 4761 5.68 8245 

NH 5373 4808 5.79 NH 5213 4669 8.72 

NH 5370 4805 5.86 8240 NH 5209 4670 8.89 

NH 5367 4802 5~59 NH 5324 4740 4.74 NH 5205 4671 8.79 

NH 5364 4798 5.75 NH 5326 4744 4.96 

NH 5358 4796 5.78 NH 5328 4148 4.93 S246 

NH 5354 4792 5.77 NH 5329 4752 4.79 NH 5227 4642 8.53 
NH 5231 4642 8.55 

8237 8241 

NH 5409 4609 6.61 NH 5313 4751 8.79 8247 

NH 5412 4610 6.77 NH 5312 4748 8.25 NH 5217 4685 9.55 
NH 5415 4611 6.77 NH 5218 4681 9.55 
NH 5419 4612 6.70 8242 NH 5219 4678 9.65 

NH 5423 461~ 6.60 NH 5302 4748 6.84 NH 5219 4673 9.18 

NH 5427 4613 6.63 NH 530l 4745 6.76 NH 5221 4661 9.24 

NH 5432 4614 6.70 NH 5227 4662 9.22 

NH 5437 4615 6.65 NH 5224 4665 9.23 
NH 5221 4668 9.30 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 
8248 S253( t } S258 { t ) con • con • 
NH 5124 4575 8.62 NH 5110 4582 29.68 NH 5163 4221 29.52 
NH 5127 4577 8.63 NH 5118 4595 28.83 NH 5167 4225 28.99 
NH 5130 4581 8.98 NH 5119 4599 29.63 NH 5169 4229 28.82 

NH 5120 4602 29.45 
S249 NH 5122 4605 29.39 S259 
NH 5122 4502 9.21 NH 5123 4609 29.78 NH 5199 4285 29.55 
NH 5118 4507 9.25 NH 5126 4612 29.57 NH 5198 4288 28.46 
NH 5116 4509 9.18 NH 5184 4273 28.91 
NH 5112 4518 8.92 S254 

NH 5112 4521 8.70 NH 5040 4279 28.75 S260 
NH 5113 4528 8.74 NH 5042 4276 28.36 NH 5207 4334 16.03 
NH 5114 4533 8.61 NH 5044 4273 28.17 NH 5205 4332 16.23 
NH 5114 4538 8.60 NH 5045 4269 28.60 NH 5196 4325 15.91 

NH 5035 4262 28.50 NH 5197 4321 15.84 
S250 NH 5033 4258 28.20 NH 5198 4318 15.84 
NH 5245 4721 8.69 NH 5025 4252 28.07 NH 5196 4315 16.52 
NH 5247 4724 8.71 NH 5030 4254 28.92 NH 5194 4312 16.44 
NH 5250 4726 8.35 NH 5193 4308 16.20 
NH 5252 4729 8.42 S255 NH 5190 4306 16.55 

NH 5060 4189 28.43 NH 5187 4304 16.64 
S251 NH 5059 4185 28.89 NH 5182 4302 16.65 
NH 5257 4730 8.18 

NH 5258 4726 7.87 S256 S261 
NH 5257 4723 7.95 NH 5116 4207 26.84 NH 5372 5377 18.57 
NH 5254 4718 7.94 NH 5119 4205 27.51 NH 5373 5381 19.02 
NH 5252 4717 8.12 NH 5122 4202 28.47 NH 5374 5385 19.04 
NH 5249 4716 8.31 NH 5123 4198 29.35 NH 5373 5388 18.45 

NH 5123 4195 30.13 NH 5378 5389 19.75 
S252 

NH 5290 4772 8.76 S257 S262 
NH 5288 4768 9.04 NH 5145 4210 30.16 NH 5360 5371 18.12 
NH 5283 4766 8.61 NH 5143 4215 29.75 NH 5361 5373 18.22 
NH 5280 4766 9.00 NH 5139 4217 29.52 NH 5364 5375 18.11 

S253 S258 S263 
NH 5104 4574 29.27 NH 5160 4215 30.89 NH 5345 5295 28.39 
NH 5108 4579 29.04 NH 5162 4217 30.13 NH 5347 5298 28.06 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

S263( t } eon • 3267 5271( t ) con • 
NH 5351 5303 27.68 NH 5297 5332 11.45 NH 5133 5229 25.25 

NH 5353 5307 27.90 NH 5300 5535 11,48 NH 5132 5225 25.40 

NH 5355 5311 27.99 NH 5299 5338 11.50 

NH 5359 5316 27.53 S272 

NH 5361 5320 27.44 S268 NH 5236 5336 9.96 

NH 5362 5323 26.55 NH 5246 5220 24.95 NH 5239 5334 10.42 

NH 5365 5326 26.57 NH 5243 5219 24.03 NH 5243 5333 10.66 

NH 5367 5330 26.45 NH 5235 5215 24.11 NH 5248 5330 10.52 

NH 5232 5214 24.04 NH 5252 5327 10.50 
8264 NH 5227 5212 24.39 NH 5256 5325 10.13 

NH 5344 5313 18.87 NH 5260 5323 10.51 

NH 5344 5308 20.68 S269 

NH 5342 5305 20.71 NH 5199 5217 26.18 S273 

NH 5197 5214 26.31 NH 5269 5317 8.67 

8265 NH 5198 5209 26.17 NH 5267 5322 8.45 

NH 5292 5209 28.31 NH 5202 5207 26.25 NH 5272 5328 8.31 

NH 5294 5213 28.12 . NH 5205 5207 . 26.23 NH 5269 5331 8.08 

NH 5297 5216 28.13 NH 5208. 5207 26.13 NH 5265 5332 8.13 

NH 5300 5220 27.86 NH 5213 5206 26.41 NH 5261 5330 8.17 

NH 5303 5224 28.26 NH 5206 5193 26,06 NH 5257 5329 8.17 

NH 5306 5229 28.56 NH 5202 5192 26.06 NH 5253 5332 8.17 

NH 5309 5233 28.20 NH 5199 51~1 26.15 NH 5252 5334 8.16 

NH 5311 5237 28,03 

5270 6274 . 

8266 NH 5115 5234 25.07 NH 4904 5366 10.70 

NH 5276 5250 22.47 NH 5161 5235 25.38 NH-4908 5364 10.73 

NH 5271 5267 21.83 NH 5185 5233 25.36 NH 4911 5363 10.68 

NH 5275 5272 21.71 NH 5189 5233 25.39 NH 4915 5362 10.63 

NH 5278 5277 22,10 NH 5192 5231 25.48 NH .-4919 5363 10.57 

NH 5285 5268 21.70 NH 5193 5230 25.59 NR 4924 5366 10.32 

NH 5289 5266 22.10 NH 5195 5228 25,30 NH 4927 5366 10.40 

NH 5294 5265 22.45 NH 5197 5225 25.46 NH 4930 5364 1(!).28 

NH 5297 5268 22.31 NH 5199 5222 25.82 NH 4934 5363 10.62 

NH 5298 5271 22.42 NH 4938 5360 1ch.85 

NH 5299 5276 22.66 8271 NH 4942 5359 10.83 

NH 5301 5280 22.18 NH 51.16 52.3.~ 25.04 NH 4945 5359 10.31 

NH 5301 5284 22.50 NH 5134 5232 24.84 NH 49~7 5361 10.31 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

6274( t } 8276( t } 9281 
con ~ con • (cont.) 

NH 4951 5362 10.26 NH 5013 5342 19.67 NH 4796 5381 15.79 
NH 4954 5362 10.31 NH 5016 5345 19.70 NH 4792 5383 15.76 
NH 4959 5363 10.45 NH 5020 5347 19.50 NH 4788 5383 15.73 
NH 4962 5364 10.77 NH 5023 5349 19.27 
NH 4964 5368 l0.69 NH 5027 5348 19.53 S282 

NH 4963 5371 10.21· NH 5030 5347 19.89 NH 4702 5391 26.17 
NH 4962 5375 10.09 NH 4705 5390 25.92 
NH 4962 5378 10.08 S277 NH 4709 5389 25.31 
NH 4974 5384 10.49 NH 4944 5352 18.91 NH 4717 5387 25.16 
NH 4977 5383 10.16 NH 4947 5351 19.06 NH 4722 5387 25.25 
NH 4979 5381 10.26 NH 4950 5347 19.03 NH 4725 5386 25.24 
NH 4282 5380 10.17 NH 4953 5351 18.79 NH 4731 5385 25.17 
NH 4985 5380 10.07 NH 4958 5351 18.71 NH 4736 5384 25.50 
NH 4987 5380 10.23 NH 4961 5351 19.14 NH 4743 5383 26.03 
NH 4990 5379 10.42 NH 4965 5351 18.89 NH 4747 5382 26.59 
NH 4992 5377 10.45 NH 4965 5355 18.81 NH 4754 5381 26.46 

NH 4758 5381 26.55 
S275 S278 NH 4761 5380 26.28 

NH 49l5 5334 27.57 NH 4914 5351 19.01 NH 4764 5379 25.86 
NH 4918 5334 26.47 NH 4918 5355 19.07 NH 4772 5378 25.59 
NH 4922 5334 26.42 NH 4922 5355 19.13 NH 4777 5377 25.61 
NH 4924 5334 26.15 NH 4926 5356 19.58 NH 4779 5376 25.81 
NH 4928 5333 25.74 NH 4931 5356 19.24 NH 4783 5376 26.36 
NH 4938 53l9 26.59 NH 4786 5375 26.24 . 

NH 4942 5318 26.26 S279 NH 4790 5374 26.38 
N~ 4948 5318 26.39 NH 4833 5371 17.37 NH 4793 5373 26.37 
NH 4954 5316 26.06 NH 4830 5371 17'. 89 
NH 4957 5316 26,17 NH 4831 5377 17.77 S283 
NH 4961 5315 25.99 NH 4652 5399 24.32 
NH 4965 5314 26.26 S280 NH 4657 5398 24.14 
NH 4969 5313 26.03 NH 4832 5314 15.53 NH lf664 5397 25.37 
NH 4972 5310 26.02 NH 4831 5377 15.51 NH 4668 5396 25,27 
NH 4977 5310 26.01 NH 4675 5395 24.62 
NH 4281 5311 26,02 S281 NH 4678 5394 25.12 

NH 4808 5380 15,05 NH 4683 5393 25.91 
8276 NH 4804 5380 15.42 NH 4688 5392 25.78 
NH 5010 5339 19.71 NH 4800 5380 15.66 
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Grid Ref. Alt. 

8284 

NH 4612 5399 24.18 

NH 4604 5400 24.50 

NH 4599 5401 24.40 

NH 4596 5401 24.08 

NH 4592 5401 23.88 

NH 458'7 5400 23.95 

NH 4578 5403 23.'72 

NH 4574 5403 24.21 

NH 4570 5404 24.40 

NH 4567 5404 24.96 

NH 4566 5397 24.95 

8285 
NH 4919 2111 21.06 

NH 4923 2111 21.01 

NH 492'7 2111 20.94 
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3. RAISED SHINGLE RIDGES 

Grid Ref . Alt. Grid Ref. Alt. Grid Ref. Alt. 

Rl R3 (cont.) R5 (cant.) 
NH 9471 5842 23.65 NH 9462 5854 23.06 NH 9432 5857 19.94 

NH 9475 5844 23.77 NH 9457 5853 23.15 NH 9429 5856 19.91 

NH 9480 5846 23.79 NH 9452 5852 23.24 NH 9425 5854 19.74 
NH 9484 5846 23.71 NH 9447 5850 23.09 NH 9421 5853 19.86 

NH 9488 5847 23.58 NH 9444 5849 23.04 NH 9417 5854 19.79 

NH 9~90 5848 23.75 NH 9439 5848 23.00 NH 9413 5852 19.73 

NH 9494 5850 23.86 NH 9436 5846 22.93 NH 9410 5851 19.60 

NH 9ij98 5851 23.87 NH 9497 5860 22.88 NH 9363 5837 19.51 

NH 9503 5853 24.02 NH 9494 5859 23.28 NH 9385 5847 19.72 

NH 9506 5855 24.06 NH 9490 5858 23.11 NH 9381 5845 19.73 
NH 9510 5856 24.07 NH 9487 5858 22.99 NH 9378 5844 19.71 

NH 9514 5859 24.10 NH 9483 5858 23.29 NH 9384 5842 19.64 

NH 9518 5859 24.11 NH 9479 5857 23.29 NH 9370 5841 19.71 

NH 9476 5856 23.45 NH 9366 5839 19.64 

R2 NH 9473 5855 23.40 

NH 9419 5837 23.55 NH 9469 5855 23.26 R6 

NH 9423 5838 23.35 NH 9466 5855 23.12 NH 9243 5795 12.31 

NH 9426 5839 23,53 NH 9238 5792 12.56 

NH 9429 5841 23.70 R4 NH 9235 5789 12.75 

NH 9433 5842 23.51 NH 9446 5857 20.92 

NH 9437 5843 23.50 NH 9443 5856 20.92 R7 

NH 9441 5844 23.36 NH 9440 5855 20.87 NH 8157 5556 26.89 
NH 9445 5846 23 .33 NH 9437 5853 20.76 NH 8156 5554 27.30 

NH 9449 5847 23 .64 NH 9435 5852 20.75 NH 8154 5551 27.51 

NH 9453 5848 23.39 NH 9432 5852 20.64 NH 8150 5549 27.36 

NH 9457 5849 23.26 NH 8147 5547 27.52 
NH 9461 5850 23.28 R5 NH 8145 5544 27.58 
NH 9464 5851 23 . 37 NH 9460 5866 19.70 NH 8141 5542 27. 57 

NH 9~55 5866 19.70 NH 8138 5540 27.33 
R3 NH 9451 5865 19.84 NH 8135 5538 27.10 
NH 9431 5845 23.10 NH 9448 5864 19.96 

NH 9427 5844 23.09 NH 9445 5863 19.84 R8 

NH 9424 5842 23 .08 NH 9442 5862 19. 69 NH 8111 5504 24.99 
NH 9420 5841 23.03 NH 9439 5860 19.70 NH 8110 5501 25.14 

NH 9416 5840 23 .00 NH 9435 5859 19.70 NH 8111 5497 24. 97 
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Grid Ref . Alt . Grid Ref . Alt . Grid Ref . Alt . 
R8 

(cont. ) 
R11 (cont . ) R13a 

NH 8113 5493 24 . 81 NH 7910 5544 28 ,84 NH 7785 5677 9. 64 

NH 8116 5487 24 .45 NH 7910 5548 28 . 98 NH 7783 5673 9. 43 

NH 8114 5490 24.78 NH 7910 5553 28 .31 . NH 7782 5668 9.73 
NH 8118 5484 24.19 NH 7782 5665 9.30 

R12 NH 7783 5660 9.13 

R9 NH 7812 5391 8. 64 

NH 7852 5535 28 . 91 NH 7809 5392 9. 40 R14 

NH 7855 5523 29 .06 NH 7805 5393 9. 65 NH 7324 5630 9. 27 

NH 7858 5522 29. 56 NH 7800 5394 9.T4 NH 7320 5629 8 .80 

NH 7863 5520 29. 75 NH 7:1 97 53 91 9.44 NH 7334 5640 9. 24 

NH 7866 5520 29. 99 NH 7794 5389 9.43 NH 7338 5643 9.29 

NH 7870 5519 30. 00 NH 7341 5646 9.37 

NH 1879 5518 30.16 R13 NH 7345 5649 9.02 

NH T815 5408 8.01 

RlO NH 7813 5406 7.71 R15 

NH 7853 5512 30. 27 NH 7811 5404 8.07 NH 7376 5640 8 . 94 

NH 7857 5510 30.83 NH 7819 5406 8.71 NH 7379 5639 8 .80 

NH 7822 5405 8.33 NH 7383 5637 8 . 95 
Rl1 NH 7825 5403 8.10 

NH 7902 5568 27.18 · NH 7828 5400 8.36 R16 

NH 7901 5571 28.08 .. NH 7831 5398 - 8.71 NH -7361 5672 9.40 

NH 7899 557 5 28 . 49 NH 7807 5400 8 .. 14 NH 7J63 5675 9. 67 

NH 7898 5578 28 . 58 NH 7804 5398 8.81 NH 7365 5678 9. 62 

NH 7897 5583 28 . 60 NH 7806 5397 8.38 NH 7366 5682 9. 67 

NH 7897 5587 28 . 66 NH 7366 5685 9. 53 
NH 7896 5.591 28 .74 R12a NH 7367 5688 9.70 

NH 7895 5595 28 .75 NH 7786 5638 9. 69 NH 7367 5692 9.78 

NH 7895 5598 28 . 82 Nli 7787 5642 9. 64 NH . 7368 5695 9.73 

NH 7895 5602 28 . 83 ~l.i 7788 5646 9. 76 NH 7369 5699 9.74 

NH 7895 5605 28 . 74 wu 7784 5647 9. 65 NH 7370 5702 9. 84 

NH 7896 5611 28 ,. 21 NH 7783 5652 9. 53 NH 7371 5710 9. 63 

NH 7898 5614 28 . 66 ~Iii 7785 5656 9. 45 NH 7371 5714 9. 55 
NH 7900 5617 28 . 93 Nli 7789 5660 9. 32 NH 7372 5718 9.71 

NH 1910 5540 29 .11 ~lf 7193 5662 9.16 NH 7372 5722 9. 98 

NH 7911 5537 29 .14 ~H 7796 5662 8.98 

NH 7910 5533 29 .32 NR 7801 5661 9.07 R17 

NH 7909 5530 2-9.31 ~H 7804 5659 8. 68 NH 7375 5724 9.81 

NH 7909 5525 29 . 27 NH 7375 5720 9.35 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

Rl7 (cont.) R21 (cont) R25 (cont.) 
NH 7375 5717 9.17 NH 7389 5686 7.72 NH 7330 4901 9.94 

NH 7375 5714 9.03 NH 7387 5689 7.72 NH 7333 4898 9.87 

NH 7374 5711 9.06 NH 7386 5694 7.84 NH ·7341 4893 10.46 

NH 7386 5697 8.01 NH 7344 4894 9. 75 
Rl8 NH 7346 4895 9.36 
NH 7382 5699 8. 75 R22 NH 7350 4896 9.77 
NH 7382 5696 8,53 NH 6982 5414 10.01 NH 7355 4898 9.53 
NH 7382 5692 8.50 NH 6982 5910 9.47 
NH 7383 5689 8.44 NH 6983 5106 9.40 R26 

NH 7384 5686 7.92 NH 6984 5"03 9.51 NH 7340 4974 10.02 

NH 6984 5400 9.82 NH 7338 4970 9.96 
Rl9 
NH 7428 5620 8.20 R23 R27 
NH 7424 5619 8.33 NH 7365 5000 21.68 NH 7157 4945 10.35 

NH 7417 5618 8.50 NH 7366 5002 22.32 NH 7161 4943 10.28 
NH 7413 5620 8.58 NH 7368 5006 22.61 NH 7164 4942 10.27 
NH 7408 5623 8.6o NH 7370 5009 23.11 NH 7168 4941. 10.19 
NH 7405 5625 8.49 NH 7373 5012 t 23.44 NH 7170 4939 10.31. 
NH 7401 5628 8.68 NH 7376 5015 23.05 NH 7173 4939 11 .. 1S 
NH 7396 5631 8.72 NH 7377 5018 22.98 

NH 7392 5633 8.78 R28 

NH 7387 5635 8.92 R24 · NH 7151 4843 10.49 
NH 7245 4911 17.33 NH 7151 4839 9. 75 

R20 NH 7249 4907 17.45 NH 7152 4836 9.54 

NH 7381 5714 8.75 NH 7253 4906 17.37 NH 7153 4830 9.61 

NH 7382 5711 8.59 NH 7257 4905 3:7.12 NH 7153 4826 9.59 
NH 7382 5707 8.61 NH 7260 4904 17.12 NH 7153 4822 10.00 

NH 7382 5704 8.58 NH 7266 4903 17.28 NH 7154 4818 10.23 

NH 7382 5701 8.54 NH 7270 4j02 17.04 NH 7154 4814 10.19 
NH 7274 4901 17.17 NH 7154 4811 10.06 

R21 NH 7278 4899 17.44 NH 7154 4806 9.54 
NH 7397 5669 7.49 NH 7283 4898 1!".67 NH 7153 4803 9.77 
NH 7395 5672 7.64 NH 7153 4796 9.68 

NH 7393 5675 7.75 R25 NH 7152 4790 9.90 
NH 7399 5678 7.83 NH 7324 4904 9.55 NH 7153 4786 9.86 
NH ·7390 5682 7.80 NH 7327 4903 9.82 . NH 7152 4780 9.19 
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Grid Ref Alt. Grid Ref. Alt. Grid Ref. Alt. 

R28 
(cont.) R32 (ocnt.) R35 

NH 7151 4776 9. 73 NH 5994 3794 18.47 NH 5856 3297 28.35 
NH 7149 4773 10.07 NH 5998 3795 18.38 NH 5858 3300 27.92 
NH 7148 4768 10.18 NH 6oo4 3797 18.09 NH 5859 3303 27.99 
NH 7147 4765 10.13 NH 6007 3798 18.21 NH 5861 3306 28.03 
NH 7145 4762 10.24 NH 6010 3798 18.28 NH 5863 3309 27.81 

NH 6005 3782 19.58 

R29 NH 6oo8 3779 19.52 R36 

NH 713~ 4756 5.69 NH 6012 3776 18.95 NH 4940 2152 17.46 
NH 7147 4774 5.27 NH 6015 3776 18.65 NH 4943 2150 17.81 
NH 7145 4771 5.57 NH 4947 2150 17.79 
NH 7142 4769 5.36 R33 NH 4951 2150 17.63 

NH 7139 4766 5.46 NH 6010 3526 28.17 NH 4956 2149 17.65 
NH 7136 4760 5.62 NH 6008 3529 28.29 NH 4961 2148 17.67 

NH 6005 3532 28.67 

R30 NH 6002 3534 28.93 R37 
NH 6764 4998 8.74 NH 5998 3536 28.96 NH 4905 2089 29.35 
NH 6762 4996 8.82 NH 5996 3537 28 .98 NH 4909 2094 29. 27 

NH 6761 4993 9.32 NH 5993 3539 28.90 NH 4913 2098 28.53 

NH 6759 4990 9.27 NH 5990 3541 28.88 NH 4917 2102 28.94 

NH 6756 4986 9.92 NH 5986 3543 28.82 NH 4920 2105 28.79 
NH 5983 3545 28.77 

R31 NH 5979 3547 28.47 R38 

NH 6816 5233 10.11 NH 5975 3549 28.13 NH 3857 0844 17.99 
NH 6820 5234 11.18 NH 3853 0846 17.86 
NH 6824 5235 10.60 R34 NH 3850 0848 17.91 
NH 6828 5236 10 .18 NH 5992 3496 19.77 NH 3847 0851 17.92 

NH 5990 3500 19.89 NH 3844 0853 17.91 
R32 NH 5987 3503 19.58 NH 3849 08 56 17.58 
NH 5977 3793 19.49 NH 5984 3505 19.93 NH 3831 0859 17.65 
NH 5979 3792 19 .06 NH 5981 3507 20 .04 

NH 5983 3792 19.38 NH 5977 3509 20. 28 R39 

NH 5987 3791 19.29 NH 5974 3511 20.36 NH 6172 4826 11.08 

NH 5989 3790 19.45 NH 5971 3513 20 .45 NH 6176 4826 10. 57 
NH 5992 3789 19.70 NH 5967 3514 20.53 NH 6179 4827 10. 51 

NH 5995 3786 19 .99 NH 5963 3516 20.31 NH 6181 4829 10. 07 
NH 6003 3784 19.84 NH 5959 3518 20.33 

NH 5990 3783 19.10 NH 5955 3518 20.05 
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Grid Ref . Alt . 

R40 
NH 6122 4849 9. 97 
NH 6119 4852 9.34 

NH 6116 4855 9.38 

NH 6114 4857 9.02 

NH 6112 4859 9.04 

R41 

NH 6043 4860 10 .10 

NH 6045 4862 10 .14 

R42 

NH Q654 4567 . 28 . 66 

NH 6058 4568 28 . 91 

NH 6061 4570 28 . 95 
NH 6065 4571 28 . 97 
NH 6068 4572 28 . 79 

R43 

NH 5318 4782 10 . 26 

NH 5317 4776 10 . 26 

NH 5310 4757 10 .30 

NH 5311 4759 10 .09 

NH 5309 4753 10 ,47 

R44 

NH 5224 466.0 9.74 
NH 5221 4658 9. 62 

NH 5218 4656 9.10 
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4. OUTWASH AND FLtNIAL TERRACE FRAGMENTS 

Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

Tl T6 (cont.} T6 (cont.) 
NH 4523 5403 27.65 NH 4725 5400 12.53 NH 4807 5394 11.05 
NH 4530 5408 26.59 NH 4721 5399 12.84 NH 4803 5395 11.13 
NH 4542 5410 25.02 NH 4717 5399 12.94 NH 4798 5396 11.06 
NH 4546 5410 25.34 NH 4714 5398 13.17 NH 4793 5397 11l04 
NH 4542 5409 25.30 NH ~712 5398 13.72 NH 4789 5398 10.99 

NH 4708 5398 14.24 NH 4784 5399 11.10 
T2 NH 4699 5402 15.24 NH 4781 5399 11.44 
4507 5425 26.31 NH 4696 5402 15.13 NH 4776 5400 11.44 
4512 5423 25.77 NH 4693 5402 14.73 NH 4773 5400 11.59 
4516 5421 25.29 NH 4690 5402 15.01 NH 4769 5401 11.73 
4521 5420 25.11 NH 4686 5404 15.44 NH 4765 5402 11.86 
4527 5418 24.86 NH 4683 5403 15.35 NH ' 4760 5402 12.07 

NH 4678 540~ 15.21 NH '4757 5402 12.33 
T3 .NH 4813 5388 11.83 NH 4753 5403 12.86 
NH 4778 5384 15.94 NH 4816 5386 11.17 NH 4748 5401 12.95 
NH 4778 5385 15.91 NH 4820 5385 11.21 

NH 4775 5386 16.07 NH 4831 5384 11.68 T'J . 

NH 4771 5387 16.43' NH 4833 '5384 11.26 NH 5008 5363 11.69 
NH 4839 5383 11.43 NH 5012 5364 11.98 

T4 NH 4843 5382 11.32 ' NH 5018 5362 12.35 
NH 4748 5322 14.94 NH 4846 5378 11.57 NH . 5022 .5363 12.13 
NH 4743 5392 15.22 NH 4854 5371. 10.97 NH 5025 5362 11.97 

NH 4857 5375 10.86 liH 5028 5360 12.14 

T5 NH 4864 537~ 11.~5 NH 5031 5358 12.14 
NH 4734 5393 14.49 NH 4866 5376 11.50 NH 5035 5357 12.55 
NH 4729 5395 14.51. NH 4870 5374 11.56 NH 5038 5355 13.46 

NH 4874 5372 11.32 NH 504·1 5354 13.62 
T6 NH 4879 5371. 11.23 NH 5044 .5352 14.05 
NH 4148 5398 12.80 NH 4883 5368 11.01 NH 5046 5349 14.20 

NH 4744 5397 12.73 NH 4887 5368 11.25 

NH 4740 5397 12.89 NH 4891 5368 11.02 T8 

NH 4738 5400 13.03 NH 4896 536'1 11.23 NH 5029 5335 15.04 
NH 4733 5403 12.90 NH 4900 5367 11.11 NH 5026 5337 15.21 
NH 4728 5402 12.43 NH 4809 5393 1!1..04 NH 5023 5338 15.12 

-A31-



Grid Ref • . Alt. Grid Ref. Alt. Grid Ref. Alt. 
T8 Tl6 (cont.) T11 

(cont.) 
NH 5018 533~ 15.09 NH 4771 5171 70.27 NH 4872 5162 51.39 
NH 5015 5335 15.54 NH 4775 5172 69.16 NH 4875 5163 50.78 
NH 5012 533S 15,95 NH 4779 5172 68.48 NH 4881 5163 50.15 
NH 5002 5328 16.11 NH 4783 5171 67.74 NH 4884 5163 49.49 
NH 5001 5325 17.06 NH 4787 5170 66.91 NH 4902 5160 47.78 
NH 5000 5329 17.76 NH 4791 5168 66.70 NH 4906 5159 47.20 
NH 5000 5322 18.64 NH 4797 5170 65.98 NH 4909 5158 46.38 

NH 4799 5168 65.09 
T9 T17 
NH 5004 5334 15.08 T12 NH ~828 5160 57.05 
NH 5003 5338 15.20 . NH 4829 5167 62.28 NH ~825 5161 57.33 
NH 5003 5141 14.95 NH 4834 5166 6~.78 NH qS23 5162 57.33 
NH 5003 5!144 14.73 NH 4837 5166 61.41 NH 4820 5161 58.08 

NH 5005 5348 14.56 NH 4839 5165 61.23 . NH a817 5160 58.80 
NH 4843 5164 60.80 NH 11614 5159 59.48 

T10 NH 4611 5158 60.25 

NH 4989 5296 25.82 . T13 

NH 4986 5293 26.26 NH 4799 5163 63.75 Tl8 

NH 4983 5291 26.67 NH 4801 5166 63.44 NH 49i1 5148 45.88 

NH 4980 5289 26.92 NH 4803 5168 62.87 NH 4908 5150 46.60 

NH 4976 5289 27.89 NH 4806 5~68 62.61 NH 4906 5150 46.50 
NH 4981 528a 27.95 NH 4809 5168 62.27 NH 4900 5150 47.61 

NH 4983 527B 27.75 NH 4813 5169 61.76 NH 4897 5153 48.51 

NH 4986 5271 28.00 NH 4815 5168 60 .. 95 NH 4889 5154 49.08 

NH 4986 5266 28.44 NH 4818 5167 60.62 NH 4879 5153 49.57 
NH 4988 5261 28.61 NR 4873 5153 50.19 

NH 4986 5252 29.78 T14 NH 4870 5153 50.93 
NH 4989 5248 29.96 NH 4862 5162 54.88 NH. 4866 5153 51.57 
NH 4989 5244 30.40 NH 4864 5163 54.35 

NH 4992 5241 31.10 T19 

NH 4991 5236 31.34 T15 NH 483.5 51Sa 55.14 

NH 4990 5233 31.95 NH 4916 5156 47.27 NH 4831 5158 55.96 

NH 4989 5231 32.36 Nil 4920 5154 46.82 NH 4828 5156 56.13 

NH 4985 5229 32.85 NH 4923 5153 46.09 NH 4825 5155 56.66 

NH 4984 5225 32.93 NH 4762 5126 77.40 
NH 498~ 5221 33.02 T16 NH 4759 5127 77.35 
NH 4986 5217 33.87 NH 4869 5161 52.24 
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Grid Ret. Alt. Grid Ret. Alt. Grig J!s;t. Al:t. 
T20 T23 T27 

NH 4907 5109 53.91 NH 4773 5124 77.69 NH 4806 5147 64.75 
NH 4904 5109 54.20 NH 4776 5121 78.01 NH 4811 5146 63.64 

NH 4900 5109 54.82 NH 4778 5117 78.85 NH 4816 5145 62.80 

NH 4897 5110 55.28 NH 4821 5144 61.49 
T24 NH 4824 5143 60.65 

T21 NH 4870 5121 59.04 NH 4827 5141 59.87 
NH 4726 5129 80.12 NH 4673 5121 58.52 NH 4831 5138 59.23 
NH 4730 5129 79.50 NH 4876 5121 58.04 NH 4835 5137 58.53 

NH 4735 5129 76.74 NH 4879 5119 57.34 NH 4839 5138 58.09 
NH 4740 5129 78.14 NH 4884 5118 56.97 
NH 4744 5129 77.61 NH 4888 5117 56.09 T28 

NH 4748 5129 77.13 NH 4891 51l7 55.17 NH 4'847 5136 56.09 

NH 4753 5131 76.29 NH 4899 5118 53.88 NH 4856 5136 55.56 
NH 4759 5132 75.72 NE 4903 5117 · 53.16 

NH 4767 5131 75.27 NH 4907 5li16 52.56 T29 

NH 4768 5128 75.75 NH 4911 5115 52.00 NH 4827 5148 58.44 

NH 4770 5127 76.55 NH 4914 5116 51.48 NH 4831 5145 57.74 
NH 4752 5129 76.77 NH 4917 5117 51.15 NH 4836 5144 57.04 

NH ~841 "5144 56.71 
T22 T25 NH 4844 5144 56.50 
NH 486o 5123 59.79 NH 4780 5105 82.53 NH 4847 · 5143 56.20 

NH 4856 5123 60.30 NH 47"'{.8 5102 83.90 NH 4850 5141 55.61 

NH J1652 5123 61 .. 04" NH 4784 5095 85.66 . NH 4853 5139 55.13 
NH 4849 5124 61.59 NH 4783 5091 86.89 NH 48'57 5139 54.79 

NH 4845 5124 62.63 NH 4783 5087 87.71 NH 4861 5139 54.26 
NH 4842 5125 63.27 NH 4783 5084 88.92 
NH 4839 5126~, 64.32 NH'4783 5081 89.89 T30 

NH 4834 5128 65.25 NH 4793 5130 73.14 

NH 4830 5129 65.97 T26 NH 4792 5128 73.90 
NH 4825 5130 67.12 NH 4805 5143 68.27 NH 4792 5126 74.50 
NH 4821 5131 67.99 NH 4809 5140 67.61 NH 4791 5123 75.94 
NH 4817 5132 69.43 NH 4813 5137 67.02 NH 4791 5119 . 77.12 
NH 4808 5131 71.40 NH 4815 5136 66.48 

NH 4804 5131 72.26 NH 4819 5135 65.85 T31 

NH 4799 5131 73.18 NH 4782 ,124 74.08 
.NH 4783 5119 74.88 
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Grid Ref. . Alt. Grid Ref • Alt. Grid Ref. Alt. 

T31 T35(eont.} T37 
(cont.) (cent.} 

NH 4783 5115 76.26 NH 4827 5088 86.85 NH 5034 5034 64.33 

NH 4784 5111 77.66 NH 5038 5035 63.65 

NH 4784 5107 79.07 T36 NH 5042 5035 63.08 

NH 4946 5084 73.50 NH 5048 5037 62.46 

T32 NH 4949 5086 72.96 NH 5051 5038 61.76 
..... 

NH 4779 5147 62.27 NH 4953 5088 72.75 NH 5055 5039 6lll!7 

NH 4782 5149 68.56 NH 4957 5089 72.36 NH 5059 5041 60.69 

NH 4784 5152 68.05 NH 4959 5087 71.60 NH 5063 5042 6o.o4 .. 
NH 4775 5149 69.60 NH 5066 5044 59.90 

NH 4772 5148 62.87 T37 NH 5069 5045 59.52 

NH 4768 5151 71.13 NH 4848 5087 83.12 NH 5072 5046 58.79 
NH 4922 5085 73.90 NH 5076 5047 58.30 

T33 NH 4924 5083 74.22 NH 5080 5049 57.34 

NH 4806 5077 94.62 NH 4922 5081 73.95 NH 5084 5050 56.78 

NH li810 5078 93.76 NH 4931 5079 73.80 NH 5087 S053 56.27 

NH 4813 5080 93.00 NH 4934 5079 73.33 NH 5091 5055 55.75 

NH 4818 5080 92.30 NH 4938 5079 72.92 NH 5093 5055 55.15 

NH 4823 5079 91.31 Nn 4942 5079 72.46 NH 5097 5055 54.75 

NH 4828 5080 90.07 NH 4948 5080 71.61 NH 5101 5055 54.16 

NH 4831 5080 . &8.86 NH 4949 5081 71.03 NH 5105 5054 53.65 

NH 4835 5080 88.02 NH 49qo 50e1 70.6€) NH 5110 5054 53.19 

NH 4838 5079 87.87 NH : ·4964 5080 70.07 NH 5115 5054 52.77 
NH. 4967 5081 69.46 NH 5119 5053 . 52.05 

T34 NH ·4971 5079 69.22 NH 5122 5051 51.45 
I 

NH ~94l 5084 74.42 NH .4976 5079 69.11 NH 5127 5050· 50.89 

NH 4943 5087 ·74.11 NH I ;42.81 5080 69.27 NH 5132 5050 50.42 

NH 4947 5088 73.38 NH · 4985 5079 68.59 NH 5137 5052 49.77 

NH ~989 5076 68.34 NH 5141 5053 49.32 

T35 NH · .4 992 507 5 68.18 NH 5143 5054 48.98 

NH 4851 5079 . 84.34 NH 4995 5072 68.23 NH 5147 5056 48.51 

NH 4853 5081 83.76 NH. ~997 5069 67.89 NH 5133 5081 49.71 

NH 4849 5077 84.96 NH 5001 5067 67.72 NH 5137 5082 49.28 

NH 4845 50~8 84.82 NH 5015 504~ 69.01 NH 5141 5081 48.81 

NH 4843 5081 85.27 NH 5019 5042 67.92 NH 5144 5081 48.49 

NH ~840 5085 85.12 NH 5022 5037 66.55 · . NH 5148 5081 48.23 

NH 4836 5087 85.48 NH 5027 5035 65.73 NH 5151 5080 48.00 

NH 4831 5087 86.13 NH 5Q31 503~ 64.87 NH 5155 5079 47.46 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

'1'37 (cont. ) !'39 TLl(cont.) 

NH 516o 5o80 47.12 NH ~214 5262 24.70 NH 5203 5233 25.58 
NH 5163 5o82 46.40 NH 5218 5258 24.84 NH 5206 5231 25.24 
NH 5167 5o84 45.75 NH 5223 5257 25.07· NH 5209 5231 25.26 

NH 5170 5o88 45.99 NH 5227 5255 25.12 . · NH 5208 5227 25.28 

NH 5170 5092 45.81 NH 5231 5253 25.06 

NH 5171 5096 45.23 NH 5235 5251 25.11 ·T42 

NH 5171 5106 44.64 NH 5238 5249 24.98 NH 5111 5182 28.34 

NH 5106 5071 53.43 NH 5242 5249 24.82 NH 5125 5191 27.48 

NH 5103 5073 53.52 NH 5246 5248 24.77 NH 5130 5193 27.06 

NH 5099 5075 53.84 NH 5252 5248 24.62 NH 5136 5195 26.78 

NH 5094 5077 54.12 NH 5256 5247 24.74 

NH 5090 5077 54.48 NH 5261 5245 24.63 T43 

NH 5o87 5078 54.75 NH 5264 5245 24.66 NH 5175 5190 24.96 

NH 5084 5078 55.33 NH 5268 5244 24.75 . NH 5171 5193 25.57 
NH 5081 5077 55.41 NH 5168 5193 26.01 

NH 5077 5075 44.93 T4C . NH 5165 5191 26.63 

NH 5074 5074 56.28 NH 5211 5258 24.49 NH 5162 5189 26.92 
NH 5070 5072 56.73 NH 5211 5253 25.13 NH 5158 5187 27.17 
NH 5066 5070 57.25 NH 5213 5249 25.09 
NH 5062 5068 57.80 NH 5214 5246 25.24 T44 

NH 5060 5064 58.18 NH 5216 5242 25.48 NH ' 5116 5161 28.60 

NH 5059 506o 58.80 NH 5218 5238 25.90 NH 5116 5157 28.56 
NH 5057 5055 59.21 NH 5108 5157 29.31 

T41 NH 5105 5157 30.06 
T38 NH 5177 5266 25.61 ··NH 5100 5157 30.33 
NH 52k1 5030 37.28 NH 5179 5263 25.90 NH 5096 5156 30.88 
NH 5242 5026 26.85 NH 5182 5260 25.99 NH 5092 5155 31.16 
NH 5244 5023 36.65 NH 5184 5256 26.20 NH 5088 5155 31.78 
NH 5233 5030 37.48 NH 5187 5253 26.16 NH 5082 5156 32.23 
NH 5231 5032 38.25 NH 5190 5249 26.28 NH 5072 5157 33.10 
NH 5229 5036 38.77 NH 5191 5246 26.02 NH 5068 5157 33.34 
NH 5227 5039 39.06 NH 5200 5252 25.10 NH 5064 5156 33.66 
NH 5225 5044 39.78 NH 5199 5245 25.23 NH 5060 5156 34.22 

NH 5223 5047 40.01 NH 5200 5240 25.20 NH 5054 5156 34.67 
NH 5222 5052 40.33 NH 5201 5235 25.60 NH 5050 5155 35.37 

· NH 5045 5156 35.77 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T45 T48 (cont.) T53 (cont.) 
NH 5164 5179 25.38 NH 5141 5220 24.45 NH 5222 5192 23 . 96 

NH 5160 5176 25.41 NH 5136 5220 24.79 NH 5228 5196 23.92 

NH 5158 5172 25.43 NH 5141 5213 25.10 NH 5231 5198 23.81 

NH 5153 5170 25.79 NH .,145 5215 24.80 

NH 5148 5178 26.02 NH 5148 5218 24.43 T54 

NH 5144 5178 26.29 NH 5150 5223 24.38 NH 5035 5156 33.84 

NH 5140 5177 26.63 NH 5153 5226 24.16 NH 5031 5154 34.46 

NH 5136 5177 26.87 NH 5155 5229 24.55 NH 5028 5151 35.30 

NH 5131 5176 26.88 NH 5159 5245 24.20 NH 5023 5149 35 . 42 

NH 5128 5174 27.17 NH 5163 5241 23.84 NH 5021 5147 36.15 

NH 5122 5175 27.27 NH 5018 5145 36.84 

T49 NH 5015 5143 37.52 

T46 NH 5155 5250 23.44 NH 5010 5141 37.91 

NH 5183 5136 27.71 NH 5145 5240 23.87 NH 5007 5139 38.29 

NH 5182 5134 27.97 NH 5003 5138 38.56 

T50+T51 NH 4998 5136 39 .06 

T47 NH )202 5176 24.44 

NH 5141 5149 26.53 NH 5206 5175 24.16 T55 

NH 5145 5150 26.01 NH 5209 5175 24.15 ' NH 5044 5168 32.28 

NH 5149 5151 26.15 NH 5213 5176 23.99 NH 5046 5170 31 .88 

NH 5154 5153 25.95 NH 5216 5178 23.75 NH 5049 5171 31 .15 

NH 5J~8 5150 26.19 NH 5220 5180 23.61 NH 5051 5174 30 . 28 

NH 5161 5152 25.95 NH 5223 5181 23.68 NH 5062 5178 29.79 

NH 5164 5154 25.80 NH 5065 5180 29.38 

NH 5164 5159 25.61 T52 NH 5069 5183 28.76 

NH 5165 5163 25.06 NH 5191 5174 24.69 NH 5072 5183 28 .35 

NH 5172 5168 25.49 NH 5188 5178 24.74 NH 5076 5184 27.76 

NH 5173 5164 25.45 NH 5185 5181 24 .39 NH 5079 5186 27 .30 

NH 5175 .5160 25.68 NH 5184 5186 24.65 NH 5081 5194 26 .. 64 

NH 5176 5156 25.97 NH 5085 5196 26 . 22 

NH 5178 5153 26.07 T53 NH 5089 5198 25.62 

NH 5179 5152 25.99 NH 5216 5187 24 .36 NH 5092 5200 25.15 

NH 5213 5185 24 . 64 NH 5096 5201 24 . 63 

T48 NH 5211 518.3 24.72 NH 5100 5202 24 .17 

NH 5143 5234 23 . 93 NH 5209 5181 24I. QJ. 

NH 5143 5229 24.07 NH 5207 5180 24 .79 T56 

NH 5144 522~ 24.25 NH 5219 5190 24.13 NH 510Lf 5203 23.59 

-A36-



Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T56 (cant .) T57 T60 (cant . ) 
NH 5107 5205 23 .34 NH 5192 5296 13.89 NH 5021 5173 32.27 

NH 5111 5206 22 .89 NH 5188 5294 13 .95 NH 5026 5175 31.56 

NH 5114 5208 22 . 45 NH 5184 5294 13.96 NH 5031 5177 30 .83 

NH 5118 5209 21 .95 NH 5180 5293 14.13 NH 5034 5179 30 . 65 

NH 5113 5212 22.27 NH 5176 5292 14.24 NH 5036 5183 30 .45 

NH 5116 5215 21.74 NH 5171 5293 14.29 NH 5039 5187 29 .46 

NH 5118 5217 21. 51 NH 5167 5291 14.71 NH 5041 5190 28.82 

NH 5118 5221 20 .79 NH 5162 5291 15.13 NH 5045 5203 26 . 96 

NH 5124 5231 20.55 NH 5159 5292 15.48 NH 5048 5194 28 . 21 

NH 5126 5235 19.91 NH 5157 5292 15.43 NH 5049 5198 27 .81 

NH 5127 5238 19 .16 NH 5051 5200 27.74 

NH 5128 5241 18.80 T58 NH 5054 5203 27.16 

NH 5130 5245 18.91 NH 5230 5301 10.01 

NH 5132 5248 18.41 NH 5226 5299 10 . 35 T61 

NH 5135 5253 18.24 NH 5224 5296 10.79 NH 5013 5179 31.01 

NH 5136 5256 17.68 NH 5222 5293 11. 45 NH 5016 5181 31.00 

NH 5138 5261 16.93 NH 5023 5189 29 .05 

NH 5142 5267 16.21 T59 NH 5021 5186 29.69 

NH 5144 5272 15.97 NH )265 5318 8 ,41 NH 5067 5236 22 . 67 

NH 5146 5277 15.59 NH 5263 5315 8 . 47 NH 5065 5234 23 .31 

NH 5147 5282 15.34 NH 5260 5312 8.61 NH 5062 5230 23 .81 

NH 5149 5285 14 .85 NH 5257 5311 8 .74 NH 5061 5225 24 .31 

NH 5151 5289 14 .36 NH 5254 5309 9 .14 NH 5063 5220 24 . 67 

NH 5156 5297 13.83 NH 5250 5308 9.42 NH 5062 5212 25 .20 

NH 5159 5298 13. 43 NH 5059 5209 25 . 54 

NH 5162 5301 12.82 T6o NH 5056 5208 25 .83 

NH 5164 5304 12 . 41 NH 4985 5133 36 . 67 NH 5052 5208 26.60 

NH 5168 5309 12. 28 NH 4988 5136 36. 13 NH 5048 5206 27 .00 

NH 5181 5320 10.63 NH 4990 5139 35 . 57 

NH 5176 5321 10.59 NH 4991 5142 35 . 41 T62 

NH 5173 5324 10.90 NH 4993 5146 34 .91 NH 5017 5190 28 .66 

NH 5174 5327 10.53 NH 4993 5148 34.86 · NH 5020 5193 28 .05 

NH 5175 5331 10.13 NH 5009 5164 33 .77 NH 5023 5195 28.08 

NH 5172 5335 10.01 NH 5014 5168 33 . 35 NH 5026 5198 27.44 

NH 5176 5309 11.55 NH 5018 5171 33 .05 NH 5028 5201 27 .08 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T62 
(cont. ) 

T65 (cont.) T67 (cont.) 
NH 5030 5203 26.46 NH 5188 5134 24.69 NH 5225 4841 27.64 

NH 5034 5207 26.20 NH 5187 5130 24.90 NH 5228 4838 27.36 

NH 5037 5210 25.82 NH 5181 5128 25.45 NH 5232 4836 26.81 

NH 5039 5213 25.36 NH 5177 5123 25.53 NH 5236 4834 26.44 

NH 5042 5215 24.88 NH 5178 5119 25.77 NH 5239 4832 26.04 

NH 5047 5218 24.42 NH 5179 5115 26.17 NH 5241 4830 25.87 

NH 5049 5220 23.99 NH 5236 4818 26.20 

NH 5051 5227 23.47 T66 NH 5240 4816 25.77 

NH 5056 5233 22.85 NH 5197 5121 23.85 NH 5244 4815 25. 27 

NH 5058 5237 22.58 NH 5198 5122 23.65 NH 5249 4814 24.98 

NH 5061 5240 22.32 NH 5199 5126 24.05 NH 5252 4813 24.79 

NH 5063 5244 21. 58 NH 5202 5129 23.65 NH 5250 4812 24.78 

NH 5205 5132 23.49 NH 5259 4812 24.76 

T63 NH 5211 5135 23.44 NH 5266 4811 24.28 

NH 5078 5252 20.23 NH 5214 5137 23.52 NH 5269 4811 24.00 

NH 5075 5249 20.58 NH 5215 5141 23.22 NH 5273 4810 24.12 

NH 5072 5245 21.15 NH 5215 5145 23.12 NH 5277 4809 23.81 

NH 5066 5246 22.06 

NH 5081 5254 19.80 T67 T68 

NH 5082 5258 19.51 NH 5277 4957 32.35 NH 5232 4916 29.11 

NH 5084 5262 19.20 NH 5276 4954 32.05 NH 5231 4914 29.15 

NH 5086 5266 18.69 NH 5271 4953 31.99 NH 5228 4912 29.35 

NH 5087 5271 18.20 NH 5267 4952 31.73 NH 5226 4910 29.71 

NH 5264 4951 31.49 NH 5222 4907 30.64 

T65 NH 5261 4953 31. 30 NH 5219 4904 32.38 

NH 5214 5153 22.96 NH 5259 4951 30.79 NH 5215 4903 33.24 

NH 5210 5151 23.01 NH 5256 4949 30.61 NH 5212 4902 34.67 

NH 5207 5147 23.20 NH 5254 4946 30.36 

NH 5203 5147 23.42 NH 5252 4944 30.41 T69 

NH 5198 5148 23.56 NH 5249 4939 30.12 NH 5498 4943 26.42 

NH 5195 5149 23.79 NH 5247 4936 30.20 NH 5494 4940 26.39 

NH 5192 5148 23.80 NH 5244 4933 29.97 · NH 5491 4937 26. 37 

NH 5189 5147 23.38 NH 5240 4930 29.95 NH 5488 4934 26.23 

NH 5189 5144 23.62 NH 5239 4925 29.52 NH 5485 4931 26.67 

NH 5189 5140 24.10 NH 5237 4922 29.09 NH 5482 4928 26 .67 

NH 5188 5137 24.38 NH 5235 4919 29.11 NH 5479 4932 26.38 
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T69 (cent.) T70 (cent.) T71~cent.) 
NH 5477 4937 26.63 NH 4985 4444 35.28 NH 4970 4421 30.08 
NH 5475 4941 26.83 NH 4991 4450 35.64 NH 4973 4424 29.70 
NH 5473 4945 26.69 NH 4993 4453 35.53 NH 4426 4975 29.31 
NH 5472 4950 26.80 NH 4995 4456 35.18 
NH 5446 4959 27.49 NH 4998 4458 35.00 T72 
NH 5442 4961 27.59 NH 5002 4461 34.94 NH 4976 4419 26.61 

NH 5439 4964 27.62 NH 5006 4462 34.79 NH 4978 4421 26.30 
NH 5439 4969 27.77 NH 5029 4474 33.91 NH 4990 4429 25.62 
NH 5437 4974 27.95 NH 5033 4476 33.58 NH 499Qr;4425 26.15 
NH 5434 4978 28.32 NH 5036 4478 33.34 NH 4989 4422 26.43 
NH 5421 4982 28.45 NH 5038 4481 33.40 NH 4988 4420 26.86 
NH 5417 4985 28.52 NH 5042 4483 32.88 NH 4982 4419 27.09 
NH 5413 4927 28.71 NH 5045 4486 32.86 NH 4982 4415 27.49 
NH 5409 4988 28.94 NH 5047 4487 32.67 HN 4982 4413 27.75 
NH 5404 4989 29.17 NH 5050 4489 32.25 
NH 5400 4991 28.99 NH 5053 4492 31.81 T73 
NH 5410 5003 29.98 NH 5056 4495 31.64 NH 4996 4400 24.87 
NH 5407 5005 29.78 NH 5058 4497 31.44 NH 4999 4403 23.99 
NH 5404 5007 29.54 NH 5061 4500 31.20 NH 5004 4405 23.46 
NH 5399 5008 29.65 NH 5065 4503 30.83 NH 5007 4408 23.14 
NH 5386 500Y 30.66 NH 5068 4506 30.25 NH 5011 4409 23.15 
NH 5382 5009 30.89 NH 5071 4510 30.28 NH 5015 4410 23.02 
NH 5379 5011 30.98 NH 5074 4513 30.15 NH 5019 4410 22.57 
NH 5374 5012 31.41 NH 5078 ~516 29.99 NH 5023 4412 22.79 
NH 5370 5010 31.64 NH 5080 4517 29.42 NH 5026 4413 22.71 
NH 5367 5009 32.14 NH 5082 4521 29.17 NH 5028 4413 22.62 
NH 5363 5008 32 .14 NH 5085 4523 29.21 NH 5031 4414 22.28 

NH 5087 4528 28.95 NH 5033 4416 21.68 
T70 NH 5088 4531 27.98 NH 5035 4417 21.20 
NH 4959 4437 35.96 NH 5090 4534 27.65 NH 5038 4420 20.48 
NH 4962 4439 36.10 NH 5091 4537 27.39 NH 5041 4424 20.03 
NH 4966 4436 36.35 NH 5093 4541 27.03 NH 5051 4435 19.38 
NH 4970 4437 36.41 NH 5095 lf545 27.24 NH 5054 4436 18.80 
NH 4973 4440 3a).21 NH 5057 4440 18.38 
NH 4978 4441 35.89 T71 NH 5060 4442 17.72 
NH 4982 4442 35.56 NH .. 4968 4420 30.52 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T74 T78(cont.) T81 (cent.) 
NH 4999 4396 20.35 NH 5022 4365 1~~79 NH 5244 4404 9.51 
NH 5002 4400 20.31 NH 5026 4365 15.23 

NH 5005 4400 19.58 NH 5029 4365 14.77 T82 

NH 5008 4401 19.50 NH 5003 4360 14.38 
NH 5010 4402 20.18 T79 NH 5006 4359 14.26 

NH 5012 4403 20.30 NH 5054 4394 13.07 NH 5013 4358 13.56 
NH 5015 4404 20.26 NH 5057 4396 12.80 NH 5016 4358 13.32 
NH 5019 4404 20~24 NH 5061 4398 12.49 NH 5019 4359 13.21 

NH 5022 4405 2o.ov NH 5064 4399 12.37 NH 5023 4359 13.03 
NH 512l 4428 1.4.62 NH 5069 44oo 11.81 

NH 51lk 4426 14.66 T83 
NH 5111 4424 15.06 T80 NH 5077 4405 9.92 
NH 5109 4422 15.47 NH 5100 4408 11.28 NH 5074 4406 10.35 
NH 5105 4420 15.69 NH 5106 4406 10.92 NH 5069 4407 10.38 

NH 5110 4407 10.89 NH 5065 44oa 10.33 

T75 NH 5119 4409 10.38 NH 5060 4410 10.62 

NH 5028 4404 16.45 NH 5111 4413 10.23 NH 5057 4411 10.97 
NH 5030 4406 15.88 NH 5118 4416 9.86 NH 5057 4408 11.42 

NH 5025 4401 17.18 NH 5119 4421 9;J88 NH 5054 4406 11.51 

NH 5023 4397 16.96 NH 5122 4422 9.19 NH 5051 44o4 11.82 

NH 5024 4392 16.87 NH 5126 4422 9.Y9 
NH 5024 4388 16.94 NH 5129 4423 9.64 T84 

NH 5132 4426 9'.53 NH 5133 4384 9.04 

T76 NH 5137 4386 9.07 
NH 5105 4415 10.94 T81 NH 5139 4389 9.16 
NH 5102 4414 10.95 NH 5246 4452 8.26 NH 5142 4392 8.90 

NH 5248 4447 8.29 NH 5146 4395 8.92 

T77 NH 5249 4443 8.37 NH 5148 4398 8.88 
NH 5129 4432 10.05 NH 5249 4439 8.26 NH 5152 44oo 8.61 

NH 5128 4429 10.39 NH 5249 4434 8.60 NH 5156 4403 8. 56 
NH 5126 4427 10.45 NH 5248 4430 8.64 NH 5158 4406 8.49 

NH 5246 4427 8.69 NH 5126 4439 8.71 

T78 NH 5245 4423 8.91 NH 5126 4443 8.58 

NH 5005 4365 16.59 NH 52~4 4419 9.05 NH 5126 4447 8.51 
NH 5009 4364 16.54 NH 5243 4414 9.20 NH 5125 4451 8.50 

NH 5014 4365 16.18 NH 5243 4410 9.31 NH 5130 4438 8.19 
NH 5020 4364 16.28 NH 5244 4406 9.52 NH 5130 4441 7.97 

-A40-



Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 
T84 ) T88 (cont.) T90 (cont.) (cent. 
NH 5130 4445 8.00 NH 5159 4376 7.81 NH 5141 4443 6.11 
NH 5130 4450 8.08 NH 5165 4380 7.34 NH 5139 4447 5.95 
NH 5130 4454 8.16 NH 5169 4382 7.43 NH 5139 4451 5.71 
NH 5130 4458 8.47 NH 5172 4385 7.45 
NH 5131 4461 8.47 NH 5175 4388 7.21 T91 
NH 5133 4465 8.44 NH 5179 4392 7.06 NH 5247 4408 11.40 
NH 5135 4468 8.21 NH 5247 4414 11.47 

T89 NH 5248 4418 11.50 
T85 NH 5226 4481 6.68 
NH 5228 4458 7.06 NH 5224 4478 6.51 T92 
NH 5225 4460 7.00 NH 5221 4475 6.34 NH 5~47 4494 7.62 

NH 5218 4473 6.35 NH ~247 4498 7.26 
T86 NH 5214 4471 6.31 NH 5247 4503 7.05 
NH 5241 4474 6.39 NH 5213 4460 6.29 NH 5248 4509 7.19 
NH 5241 4470 6.83 NH 5208 4458 6.52 NH 5249 4513 7.70 
NH 5240 4465 6.92 NH 5205 4457 6.66 NH 5252 4517 7.97 

NH 5200 4456 6.61 NH 5253 4520 8.01 
T87 NH 5233 4515 5.06 NH 5256 4523 8.04 
NH 5054 4375 9.74 NH 5231 4512 5.12 NH 5258 4525 8.43 
NH 5054 4311 9.66 

NH 5231 4508 5.16 
NH 5049 4364 10.11 

NH 5232 4504 5.38 T100 
NH 5047 4360 10.62 

NH 5232 4501 5.36 NH 5037 4335 10.40 
NH 5037 4364 10.63 

NH 5039 4338 10.41 
NH 5034 4361 10.50 T90 NH 5042 4339 10.54 
NH 5031 4357 10.85 

NH 5183 4411 7.25 NH 5045 4340 10.41 
NH 5028 4353 10.66 

NH 51&\1) 4411 7.02 NH 5049 4349 9.99 
NH 5025 4357 10.60 

NH 5176 4410 7.00 NH 5052 4351 9.25 
NH 5022 4349 10.99 

NH 5lfu8 :4406 6.88 NH 5054 4354 9.32 
NH 5019 4348 11.62 

NH 5165 4407 6.53 NH 5057 4358 9.24 
NH 5016 4347 12.10 

NH 5163 4409 6.49 NH 5061 4363 9.02 
NH:5008 4347 12.86 

NH 5161 44i2 6.39 
NH 5158 4415 6.32 .T101 

T88 
NH 5157 4420 6.15 NH 5166 4364 7.20 

NH 5146 4373 8.27 
NH 5152 4432 6.11 NH 5169 4365 7.03 

NH 5150 4374 8.12 
NH 5149 4434 5.75 NH 5172 4366 6.91 

NH 5154 4374 7.82 
NH 5146 4436 5.94 NH 5178 4368 6.92 

NH 5159 4376 7.81 
NH 5143 4440 6.00 NH 5180 4370 6.77 

-A41-



Gr id Ref . Alt . Grid Ref. Alt. Grid Ref. Alt. 

T102 Tl06 ( t ) Tl08 ( t ) con • con • 
NH 5191 4390 7 . 43 NH 5210 4525 4.37 NH 4995 4311 31.34 

NH 5192 4394 6. 78 NH 5207 4523 4.46 NH 4995 4307 31.07 

NH 5191 4397 6. 54 NH 5203 4521 4.90 NH 4996 4303 30.84 

NH 5189 44oo 6. 44 NH 4995 4297 30.85 

NH 5188 4404 6. 31 Tl07 NH 4998 4314 31.20 

NH )189 4408 6.03 NH 5245 4524 2.44 NH 5002 4312 30.55 

NH 5249 4525 2. 24 NH 5007 4307 30.30 

Tl03 NH 5252 4527 2 .17 NH 5009 4305 30.07 

NH 5200 4463 5. 79 NH 5257 4529 2.06 NH 5012 4302 29.88 

NH 5200 4468 5. 91 NH 5264 4535 2 .10 NH 5014 4300 29.57 

NH 5200 4471 6.02 NH 5014 4296 29.49 

NH 5200 4476 5. 99 Tl08 NH 5015 4293 29.21 

NH 5200 4480 5. 99 NH 4984 4347 33 .99 NH 5017 4290 29.18 

NH 5200 4485 5. 63 NH 4980 4348 34. 27 NH 5019 4286 29.18 

NH 5212 4480 5.34 NH 4976 4349 34. 36 NH $032 4287 29.7$ 

NH 5213 4484 5.39 NH 4969 4349 34.08 NH 5035 4285 29.51 

NH 4966 4352 34. 37 NH 5038 4282 29. 32 

Tl05 NH 4964 4354 34.92 NH 5040 J4279 28 • r~~ 

NH 5204 4539 4.14 NH 4960 4356 35.53 NH 5042 4276 28.75 

NH 5206 4541 3.85 NH 4957 4357 36.03 NH 5044 4273 28. ]'6 

NH 5209 4543 3.88 NH 4953 4360 35.99 NH 5045 4269 28. i 7 

NH 5212 4544 3. 60 NH 4957 4368 35.62 NH 5047 4265 27.83 

NH 5216 4546 3. 51 NH 4955 4371 36.08 NH 5047 4262 27.1-+9 

NH 5220 4548 3.33 NH 4953 4374 36.41 NH 5048 4257 21 .11 

NH 5223 4550 3.02 NH 4950 4378 36.77 NH 5048 4254 26.81 

NH 5226 4553 2.89 NH 4947 4381 37.13 NH 5035 4262 28.oo 

NH 5228 4556 2.57 NH 4936 4381 37.48 NH 5033 4258 28.50 

NH 4931 4383 38.01 NH 5025 4252 28. 20 

Tl06 NH 4930 4385 38.52 NH 5030 4254 28. 07 

NH 5234 4518 3.11 NH 4930 4388 38.89 

NH 5228 4519 3.37 NH 4931 4392 39.32 Tl09 

NH 5226 4518 3.78 NH 4929 4391 39.76 · NH 5204 4128 43.09 

NH 5224 4517 4.02 NH 4927 4398 39.84 NH 5206 4125 43.72 

NH 5214 4525 4.00 NH 4926 4401 39.94 NH 5206 4121 44.41 

NH 5217 4528 3.48 NH 4928 4403 40.56 NH 5206 4117 45.15 

NH 5221 4514 4.24 NH 4996 4315 31.61 NH 5205 4113 45.94 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

Tl09( t ) con • Tlll ( t ) con • Tll2 ( t ) con • 
NH 5203 4no 47.05 NH 5096 4125 4o.64 NH 5117 4106 45.62 
NH 5201 4106 47.85 NH 5099 4123 41.25 NH 5ll9 4102 46.04 
NH 5200 4103 49.25 NH 5103 4120 41.96 NH 5122 4100 46.96 
NH 5197 4100 50 .38 NH 5106 4118 42.35 NH 5125 4097 47.96 
NH 5193 4097 51.36 NH 5108 4115 43.00 NH 5128 4095 48.58 
NH 5190 4096 51.56 NH 5112 4ll2 44.01 NH 5131 4093 49.08 
NH 5187 4096 51.94 NH 5114 4110 44.64 NH 5126 4091 50.21 
NH 5183 4096 52 . 27 NH 5112 4117 43.64 NH 5125 4088 51.03 

NH 5109 4120 42.97 NH 5125 4084 51.86 
TllO NH 5108 4124 41.87 NH 5124 4081 52.40 
NH 5174 4108 46.16 NH 5107 4127 41.06 NH 5125 4074 53.49 
NH 5178 4lll 45.30 NH 5110 4131 40.55 NH 5131 4071 54.07 
NH 5179 4ll4 44.32 NH 5lll 4133 39.64 NH 5136 4068 55.18 
NH 5181 4ll9 43.41 NH 5120 4148 36.77 NH 5139 4067 56.12 
NH 5182 4122 42.39 NH 5124 4152 37.54 NH 5142 4o64 57 .08 
NH 5187 4127 41.91 NH 5128 4152 38.69 NH 5146 4062 57.60 
NH 5187 4130 41.85 NH 5162 4155 37.65 NH 5149 4060 58.42 
NH 5188 4133 41.24 NH 5124 4158 36.56 NH 5152 4059 59.29 
NH 5191 4138 40.65 NH 5121 4164 35.83 NH 5155 4057 60.17 
NH 5193 4141 39 .75 NH 5ll9 4168 35 .14 NH 5158 4055 61 .00 
NH 5194 4145 39.23 NH 5119 4175 34 .48 

NH 5191 4149 38.83 NH 5122 4178 34 .09 Tll3 
NH 5189 4152 38 .25 NH 5125 4181 33 .47 NH 5160 4215 30 .89 
NH 5186 4155 37.80 NH 5124 4183 32.57 NH 5162 4217 30.13 

NH 5122 4184 31.03 NH 5163 4221 29 .52 
Tlll+Tll4 NH 5167 4225 28.99 
NH 5086 4165 33.01 Tll2 NH 5169 4229 28.82 
NH 5087 4162 33.62 NH 5150 4131 ·43.80 

NH 5088 4159 34 .65 NH 5147 4131 43.64 Tll;) 
NH 5089 4155 3 5. 47 NH 5138 4127 42.69 NH 5059 4146 31 .90 
NH 5090 4151 36.05 NH 5138 4124 43.52 NH 5057 4144 31.39 
NH 5091 4146 36.67 NH 5138 4122 44.04 . NH 5053 4143 30 .95 
NH 5089 4142 37.05 NH 5138 4ll7 45.03 NH 5049 4143 30.87 
NH 5089 4138 37.37 NH 5130 4ll3 45.65 

NH 5089 4134 38.34 NH 5126 4111 45.62 Tll7 
NH 5093 4193 39.07 NH 5123 4llO 45.56 NH 5194 4261 33.17 
NH 5094 4194 39.79 NH 5120 4108 45.58 NH 5196 4265 33.05 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

Tll7 ( t ) con • Tll8( t ) con • Tll9( t ) con • 
NH 5198 4269 32.76 NH 4934 4070 43.62 NH 5016 4161 29.75 

NH 5198 4274 32.68 NH 4932 4068 44.80 NH 5016 4166 29.26 

NH 5198 4278 32.08 NH 4932 4063 45.96 

NH 5199 4282 30.72 NH 4946 4070 41.45 Tl20 

NH 5199 4285 29.55 NH 9949 4073 40.76 NH 4966 4157 30.84 

NH 5198 4288 28.46 NH 4952 4076 39.87 NH 4966 4162 30.65 

NH 5184 4273 28.91 NH 4956 4079 38.97 NH 4966 4167 31.28 

NH 5187 4271 30.11 NH 4959 4083 38.30 NH 4963 4169 31.63 

NH 5190 4270 31.07 NH 4962 4086 37.51 NH 4963 4172 32.94 

NH 5192 4268 32.06 NH 4966 4089 36.52 NH 4963 4175 34.42 

NH 4969 4092 35.87 NH 4963 4184 36.02 

T118 NH 4966 4183 34.65 

NH 5035 4147 30.29 T119 NH 4969 4183 33.49 

NH 5034 4144 30.66 NH 4981 4102 34.82 NH 4974 4183 31.94 

NH 4968 4152 31.15 NH 4985 4102 35,46 NH 4977 4183 30.80 

NH 4968 4149 31.33 NH 4988 4103 36.43 NH 4983 4183 29.95 

NH 4967 4144 31.82 NH 4993 4104 37.31 

NH 4966 4139 32.38 NH 4996 4105 37.98 T121 

NH 4965 4136 32.94 NH 4999 4105 38.91 NH 5039 4140 30.35 

NH 4964 4132 33.74 NH 5003 4106 39.54 NH 5036 4140 30.79 

NH 4965 4129 34.16 NH 5006 4107 39.38 NH 5033 4141 31.12 

NH 4965 4125 34.58 NH 5010 4106 39.39 NH 5034 4136 32.06 

NH 4964 4121 35.07 NH 5010 4103 40.20 NH 5032 4134 32.15 

NH 4964 4117 35.47 NH 5010 4099 40.93 NH 5037 4144 29.97 

NH 4964 4113 35.65 NH 5006 4114 38.21 

NH 4964 4108 36.05 NH 5006 4117 37.38 T122 

NH 4964 4104 36.50 NH 5006 4120 37.07 NH 4980 4201 28.95 

NH 4963 4100 36.66 NH 5010 4124 36.63 NH 4983 4202 28 '~~2 

NH 4956 4099 37.56 NH 5010 4128 35.61 NH 4986 4203 28.14 

NH 4951 4095 39.01 NH 5011 4132 34.74 NH 4989 4204 27.70 

NH 4949 4092 39.55 NH 5012 4136 34.04 NH 4993 4205 26.50 

NH 4949 4087 40.09 NH 5012 4140 33.37 'NH 4996 4205 25.30 

NH 4946 4084 40.78 NH 5014 4145 32.28 NH 5000 4207 24.65 

NH 4942 4081 41.39 NH 5015 4149 31.75 NH 5002 4207 24.12 

NH 4940 4077 42.34 NH 5015 4153 30.69 NH 5015 ·4203 24.48 

NH 4937 4073 42.96 NH 5015 4157 30.34 . NH 5016 4198 24.93 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T122{ t } con • T123 ( cont • ) T123 (cont • } 

NH 5017 4196 25.18 NH 5142 4307 17.69 NH 5157 4226 23.95 
NH 5017 4190 25.44 NH 5141 4311 17.79 NH 5157 4223 24.75 
NH 5017 4185 26.05 NH 5140 4314 17.84 NH 5157 4218 25.19 " 

NH 5017 4180 26.53 NH 5139 4318 18.04 NH 5155 4215 25.96 
NH 5017 4176 26.97 NH 5139 4323 17.98 

NH 5017 4173 27.50 NH 5138 4328 18.19 T124 
NH 5016 4171 28.08 NH 5136 4333 18.29 NH 5131 4229 25.24 
NH 5080 4176 28.53 NH 5134 4337 28.48 NH 5129 4.225 25.01 
NH 5079 4180 27.89 NH 5149 4344 17.24 NH 5128 4227 24.67 
NH 5077 4183 26.97 NH 5152 4340 17.52 NH 5126 4230 24.15 
NH 5075 4187 26.32 NH 5156 4338 17.39 NH 5125 4233 23.66 
NH 5073 4189 25.54 NH 5160 4335 17.17 NH 5124 4237 23.08 
NH 5071 4193 24.94 NH 5162 4332 16.97 NH 5124 4240 22.50 
NH 5069 4196 24.44 NH 5163 4329 16.78 NH 5125 4243 21.73 
NH 5067 419~ 24.14 NH 5159 4325 16.52 NH 5128 4250 20.77 
NH 5067 420o 23.81 NH 5163 4324 16.37 NH 5129 4254 20.41 
NH 5067 42Q6 23.49 NH 5167 4322 16.32 NH 5128 4257 20.04 
NH 5066 421? 23.15 NH 5171 4319 16.31 

NH 5065 42I5 22.99 NH 5174 4316 16.22 T125 
NH 5065 4220 22.60 NH 5177 4316 16.22 NH 5081 4276 21.89 
NH 5065 4223 22.13 NH 5180 4298 17.08 NH 5082 4279 21.43 
NH 5099 423~ 22.00 NH 5176 4295 17.11 NH 5083 4283 21.80 
NH 5100 4232 22.22 NH 5173 ij292 16.93 

NH 5102 4229 22,81 Nlll 5170 4290 17.06 Tl2T 
NH 5105 4226 23.43 NH 5168 4286 17.37 NH 5059 4267 26.44 
NH 5107 422~ 24.02 NH 5165 4284 17.47 NH 5058 4270 26.75 
NH 5113 4211l 24.52 NH 5163 4281 17.54 NH 5052 4289 27.66 
NH 5113 4214 24.77 NH 5161 4278 17.93 NH 5043 4294 27.75 

NH 5160 4274 18.19 NH 5040 4295 27.81 
T123 NH 51€>0 4270 18.28 NH 5057 4291 27.71 
NH 5149 4282 17.82 NH 5161 4265 18.46 

NH 5148 4285 17.72 NH 5161 4261 18.80 ·T128 

NH 5148 4287 17.81 NH 5160 4250 19.06 NH 5122 4248 18.59 

NH 5146 4291 17.59 NH 5160 4247 20.00 NH 5120 4245 19.13 

NH 5146 4295 17.82 NH 5163 4236 21.97 NH 5116 4242 19.42 

NH 5145 4299 17.72 NH 5161 4233 22.61 NH 5118 4238 19.68 

NH 5144 4304 17.97 NH 5157 4230 23.07 NH 5119 4235 20.24 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

Tl28( t ) con • Tl30( t ) con • T134 ( t ) con • 

NH 5120 4231 20.91 NH 5110 4244 19.00 NH 5802 4504 29.75 

NH 5122 4228 21.29 NH 5109 4239 19.48 NH 5799 4503 30.30 

NH 5124 4225 21.96 NH 5111 4236 20.21 NH 5795 4500 30.54 

NH 5126 4223 22.96 NH 5794 4525 23.29 
NH 5128 4222 24.13 T131 NH 5790 4524 23.25 

NH 5130 4218 24.61 NH 5116 4277 14.98 NH 5786 4523 23.27 

NH 5131 4216 25.11 NH 5118 4274 15.66 NH 5782 4523 22.47 

NH 5133 4213 25.33 NH 5121 4272 16.12 NH 5778 4523 22.03 

NH 5135 4210 26.02 NH 5125 4271 16.74 NH 5793 4498 31.25 

NH 5134 4207 26.68 NH 5128 4268 17.52 NH 5790 4495 32.03 

NH 5134 4203 27.37 NH 5789 4491 32.82 

NH 5134 4199 27.97 T132 NH 5786 4488 33.44 

NH 5134 4196 28.44 NH 5101 4283 13.34 NH 5785 4483 34.41 

NH 5128 4185 30.05 NH 5102 4281 13.67 NH 5786 4479 35.41 

NH 5130 4182 30.68 NH 5101 4277 14.44 NH 5788 4475 36.25 

NH 5128 4178 31.61 NH 5097 4275 14.77 NH 5786 4469 26.65 

NH 5125 4175 32.09 NH 5096 4273 14.97 NH 5774 4481 25.06 

NH 5126 4171 33.12 NH 5090 4271 15.21 NH 5768 4481 32.24 

NH 5128 4167 33.74 NH 5087 4269 15.40 NH 5764 4479 31.87 

NH 5130 4164 34.67 NH 5134 4252 17.80 NH 5760 4477 31.09 

NH 5135 4255 17.58 NH 5755 4473 29.32 

T129 NH 5132 4249 18.24 
NH 5039 4147 29.13 NH 5131 4246 18.77 Tl35 
NH 5040 4151 28.38 NH 5565 4382 27.32 
HN 5042 4155 27.70 T133 NH 5571 4386 27.08 

NH .5043 4157 26.87 NH 5737 4451 28.70 NH 5577 4390 25.79 
NH 5732 4447 31.06 NH 5580 4393 25.24 

T130 NH 5730 4443 31.37 NH 5583 4394 24.55 

NH 5114 4270 15.29 NH 5728 4439 32.44 NH 5586 4397 24.09 

NH 5116 4268 15.85 NH 5726 4436 33.33 NH 5589 4399 24.03 

NH 5119 4264 16.10 NH 5725 4433 34.20 NH 5593 4402 23.84 

NH 5120 4261 16.69 NH 5723 4431 34.56 NH 5596 4405 23.34 

NH 5121 4256 17.43 NH 5600 4407 22.71 

NH 5119 4252 17.77 T134 . NH 5604 4409 22.50 

NH 5116 4249 18.28 NH 5809 4507 29.02 NH 5608 4412 22.26 

NH 5113 4246 18.70 NH 5806 4506 29.20 NH 5610 4415 21.86 
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Grid Ref. Alt . Grid Ref, Alt . Grid Ref. Alt. 

Tl35 ( t ) Tl36( t ) Tl36 
con . con • (cant.) 

NH 5613 4418 21 . 54 NH 5560 4417 19. 36 NH 5520 4460 13 . 20 

NH 5617 4419 21.35 NH 5563 4413 19. 98 NH 5628 4468 7.45 

NH 5620 4421 20 .11' NH 5561 44ll 20 . 35 NH 5626 4470 7 .22 

NH 5624 4424 20 . 72 NH 5558 4407 20 .78 NH 5624 4473 6. 30 

NH 5627 4426 20 . 66 NH 5555 4403 21.64 NH 5622 4476 6.99 

NH 5631 4428 20 . 56 NH 5553 4401 22.33 NH 5620 4479 7. 16 

NH 5634 4430 20.45 NH 5550 4398 23.15 NH 5618 4483 7 .00 

NH 5638 4432 20.37 NH 5548 4395 23 . 58 NH 5615 4486 6. 91 

NH 5642 4433 2CD .1 7. NH 5542 4382 25 .37 NH 5614 4489 6.93 

NH 5658 4403 21.38 NH 5539 4386 24 . 53 NH 5610 4491 7 .04 

NH 5655 44oo 21.52 NH 5538 4388 23 .95 

NH 5652 4398 21. 7·9 NH 5535 4391 23 . 57 Tl 37 

NH 5649 4395 22 .01 NH 5533 4393 22 . 93 NH 5804 4530 23 .08 

NH 5646 4392 22 .70 NH 5530 4395 22.52 NH 5807 4532 22 .74 

NH 5644 4388 22 .38 NH 5527 4398 22 ,09 NH 5810 4533 22 .70 

NH 5525 4401 21.63 NH 5794 4525 23 .29 

T136 NH 5523 4404 21.05 NH 5790 4524 23 .25 

NH 5626 4462 7 .83 NH 5520 4408 20 . 58 

NH 5623 4460 8.63 NH 5518 44ll 20 .01 Tl38 

NH 5621 4457 9.32 NH 5522 4413 20.21 NH 5903 4556 29.02 

NH 5617 4455 10 .10 NH 5520 4415 19.97 NH 5900 4555 29.20 

NH 5612 4452 10.68 NH 5518 4418 19 .09 NH 5896 4553 29 .32 

NH 5609 4450 10 . 98 NH 5514 4425 18.09 NH 5894 4550 30.29 

NH 5607 4448 n.4o NH 5512 4428 17 . 54 NH 5894 4545 31.18 

NH 5603 4446 12 .03 NH 5510 4431 16 ~ 69 

NH 5600 4445 12.77 NH 5508 4434 15 . 96 T139 

NH 5597 4443 13.73 NH 5504 4442 15.31 NH 5855 4562 16 .86 

NH 5593 4441 13 .94 NH 5502 4445 14.65 NH 5859 4563 16 .44 

NH 5588 4439 13.99 NH 5501 4447 14 .10 NH 5864 4562 17.23 

NH 5584 4437 14.94 NH 5509 4444 14 .12 NH 5869 4561 17 .ll 

NH 5580 4436 15 .62 NH 5500 4454 12.58 NH 5872 4563 16 . 66 

NH 5575 4435 15 .98 NH 5503 4457 12 . 39 

NH 5572 4438 17.04 NH 5507 4458 12 . 45 T140 

NH 5569 4435 17 . 56 NH 5510 4459 12.28 · NH 6178 4560 18 . 05 

NH 5566 4433 18 . 06 NH 5514 4460 12 . 44 NH 6176 4562 15.31 

NH 5563 4419 18.80 NH 5517 4458 13 .32 NH 6174 4565 13.98 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T140( t ) con • T150 T150( t ) con • 
NH 6170 4569 12.75 NH 6497 4107 50.48 NH 6577 4114 53.40 
NH 6168 4571 11.22 NH 6502 4107 50.02 NH 6574 4112 54.36 
NH 616~ 4574 9.52 NH 6506 4J.06 49.65 NH 6572 4109 55.42 
NH 6164 4577 8. 75 NH Qf)19 4103 48.93 NH 6571 4106 56.54 
NH 6159 4583 5.87 NH 6520 4106 48.90 NH 6571 4103 57.62 
SH 6158 4585 5.36 NH 6521 4109 48.90 NH 6572 4099 58.58 
NH 6156 4586 4.79 NH 6522 4112 48.54 NH 6573 4095 59.53 
NH 6155 4587 4.12 NH 6524 4116 48.93 NH 6643 4180 43.21 
NH 6153 4590 3.55 NH 6526 4119 49.10 NH 6641 4175 44.03 
NH 6158 4591 3.01 NH 6528 4121 48.67 NH 6639 4172 43.85 
NH 6162 4593 3~38 NH 6532 4123 48.65 NH 6636 4169 43.61 
NH 6163 4585 7.65 NH 6535 4126 48.41 NH 6634 4166 43.46 
NH 6167 4584 7.90 NH 6544 4109 49.00 NH 6630 4163 44.36 
NH 6196 4561 17.22 NH 6540 4109 48.79 NH 6628 4160 44.68 
NH 6199 4562 16.03 NH 6537 4108 49.42 NH 6625 4158 44.93 
NH 6204 4564 14.39 NH 6508 4096 49.10 NH 6622 4154 45.90 
NH 6208 4565 12.88 NH 6506 4094 49.31 NH 6620 4151 46.76 
NH 6211 4566 11.38 NH 6503 4091 49.46 NH 67~4 4257 39.20 
NH 6214 4567 10.04 NH 6502 4086 49.72 NH 6750 4255 39.56 
NH 6219 4568 8.78 NH 6499 4083 50.34 NH 6748 4252 40.01 
NH 6222 4569 7.28 NH 6555 4159 46.62 NH 674(3 4250 40.12 
NH 6226 4571 6.08 NH 6556 4163 46.68 NH 6743 4248 40.13 
NH 6230 4572 4.81 NH 6556 4166 46.82 NH 67~9 4245 40.15 
NH 6234 4574 4.03 NH 6556 4169 46.93 NH 6736 4243 40.98 

NH 6238 4575 3.74 NH 6556 4171 46.90 NH 67~J 4240 41.16 
NH 6241 4576 3.50 NH 6551 4177 46.34 NH 6730 U239 41.42 

NH 6555 4180 46.40 

T141 NH 6558 4182 46.45 T152 
NH 6390 4881 28.90 NH 6562 4184 46.57 NH 6464 4100 51.09 
NH 6387 4883 29.02 NH 6565 4186 46.18 NH 6467 4102 50.99 
NH 6384 4880 29.34 NH 6570 4188 45.70 NH 6470 4105 50.87 
NH 6378 4883 29.27 NH 6592 4128 47.76 

NH 6373 4884 29.38 NH 6590 4125 48.58 T153 

NH 6369 4885 29.52 NH 6587 4123 49.35 NH 6454 4071 46.10 

NH 6365 4885 29.72 NH 6585 4120 50.14 . NH 64 50 4069 46.37 

NH 6360 4885 29.56 NH 6582 4118 51.25 NH 6447 4o68 46.77 
NH 6580 4116 52.38 NH 6442 4o66 46.58 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

Tl53(cont.) T153 (cent.) T153 ( cont • ) 
NH 6439 4065 46.76 NH 6614 4165 40.14 NH 6789 4297 34.87 
NH 6435 4063 46.98 NH 6618 4167 39.96 NH 6803 4463 30.62 
NH 6431 4061 47.02 NH 6621 -4110 39.63 NH 6803 4460 30.53 
NH 6428 4060 47.40 NH 6624 4173 39.84 NH 6803 4456 30.98 
NH 6425 4059 48.04 NH 67.13 4261 36.36 NH 6803 4452 31.34 
NH 6422 4057 48.57 NH 6714 4264 36.19 NH 6803 4448 32.11 
NH 6566 4397 43.97 NH 6715 4267 35.97 NH 6804 4442 32.50 
NH 6566 4157 43.52 NH 6716 4270 35.88 NH 6804 4438 32.32 
NH 6568 4160 42.99 NH 6719 4273 35.82 NH 6805 4433 32.79 . 
NH 6613 4205 37.55 NH 6723 4275 35.33 NH 6804 4429 32.97 
NH 6615 4207 37.81 NH 6727 4276 35.28 NH 6804 4425 33.24 
NH 6612 4211 37.27 NH 6731 4277 35.18 NH 6800 4421 32.88 
NH 6608 4212 37.07 NH 6733 .4277 35.23 NH 6799 4416 33.55 
NH 6604 4213 37.17 NH 6737 4278 35.38 NH 6799 4412 33.37 
NH 6600 4213 37.10 NH 6739 4280 35.20 NH 6800 4407 33.50 
NH 6596 4214 37.03 NH 6740 4282 35.33 NH 6799 4402 33.73 
NH 6615 4212 37.31 NH 6706 4252 37.03 NH 6797 4398 33.98 
NH 6616 4215 37.55 NH 6709 4254 36.63 NH 6788 4474 30.59 
NH 6619 4219 37.48 NH 6711 4258 37.13 NH 6788 4478 30.37 
NH 6621 4222 37.53 NH 6701 4251 36.74 NH 6789 4482 30.04 
NH 6625 4190 38.24 NH 6697 4250 36.48 NH 6790 4486 30.38 
NH 6621 4189 37.87 NH 6693 4250 36.34 NH 6790 4490 30.38 
NH 6618 4187 37.87 NH 6682 4258 36.49 NH 6791 4494 30.22 
NH 6614 4186 38.63 NH 6681 4255 36.14 NH 6792 4498 29.99 
NH 6611 4183 39.75 NH 6679 4252 36.28 NH 6793 4502 29.82 
NH 6609 4181 39.42 NH 6678 4248 36.58 NH 6794 4506 29.83 
NH .6605 4181 39.48 NH 6680 4240 37.02 NH 6898 4442 31.63 
NH 6602 4181 39.54 NH 6677 4238 36.86 

NH 6897 4439 32.21 
NH 6600 4182 39.41 NH 6675 4234 36.81 

NH 6895 4435 32.63 
NH 6598 4172 40.35 NH 6674 4230 36.84 NH 6894 4431 33.55 
NH 6597 4169 40.47 NH 6671 4227" 36.95 NH 6893 4428 34.25 
NH 6596 4166 4o.82 NH 6670 4224 37.04 NH 6871 4456 30.61 
NH 6595 4163 41.21 NH 6780 4286 36.73 NH 6873 4459 30.26 
NH 6603 4159 41.56 NH 6782 4289 35.90 NH 6874 4462 30.18 
NH 6606 4162 40.94 NH 6784 4291 35.01 NH 6876 4465 30.06 
NH 6610 4164 40.77 NH 6786 4296 34.81 NH 6878 4469 29.86 
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Grid Ref. Alt. Gr.id Ref. Alt. Grid Ref. Alt. 

Tl53 
(Gont.) 

T154 T157 ( t ) con • 

NH 6879 4473 29.80 NH 6898 4442 31.63 NH 7063 4619 18.07 

NH 6881 4476 29.67 NH 6897 4439 32.21 NH 7060 4616 18.87 

NH 6878 4483 29.73 NH 6895 4435 32.63 NH 7057 4613 19.10 

NH 6878 4486 29.30 NH 6894 4431 33.55 

NH 6879 4489 28.83 NH.6893 4428 34.25 T158 

NH 6880 4492 28.52 NH 6972 4592 17.29 

NH 6881 4496 28.50 T155 NH 6976 4593 17.75 

NH 6~32 4510 27.65 NH 7058 4529 34.07 NH 6985 4596 17.84 

NH 6930 4508 27.40 NH 7057 4526 34.15 NH 6989 4598 17.25 

NH 6927 4506 27.75 NH 7055 4524 34.86 NH 6992 4600 17.35 

NH 6925 4503 28.06 NH 7054 4518 35.21 NH 6994 4603 16.98 

NH 6924 4498 28.65 NH 7052 4516 35.67 

NH 6920 4497 28.91 NH 7050 4513 36.27 T159 

NH 6917 4496 28.T9 NH 7047 4509 36.85 NH 6526 4361 17.18 

NH 6916 4494 28.88 NH 7046 4507 37.52 NH 6523 4357 17.49 

NH 69,2 4564 29.09 NH 7046 4502 38.77 NH 6520 4356 17.97 

NH 6950 4560 25.08 NH 7046 4499 39.71 NH 6515 4355 18.oo 

NH 6949 4557 25.26 NH 7046 4495 4o.8o NH 6512 4355 18.47 

NH 6948 4555 25.57 NH 6524 4377 16.19 

NH 6921 4554 25.05 T156 NH 6521 4379 15.89 

NH 6918 4551 25.37 NH 7086 4544 35.43 NH 6518 4382 15.90 

NH 6916 4548 25.94 NH 7088 4547 35.06 NH 6513 4395 14.83 

NH 6913 4545 26.49 NH 7090 4550 34.63 NH 6510 4399 14.83 

NH 6911 4542 26.65 NH 7092 4553 34.30 NH 6507 4402 14.65 

NH 6908 4537 26.93 NH 7093 4557 33.90 NH 6505 4405 14.09 

NH 6906 4533 27.11 NH 7095 4560 33.92 NH 6504 4409 14.01 

NH 6904 4530 27.12 NH 7096 4565 33.87 

NH 6902 4525 27.17 NH 7097 4569 33.33 T166 

NH 6901 4521 27.26 NH 7099 4573 32.88 NH 6255 4244 96.4o 

NH 6900 4517 27.34 NH 7098 4577 32.77 NH 6256 4245 96.84 

NH 8698 4513 27.45 NH 7100 4579 32.42 NH 6261 4245 96.23 

NH 6897 4510 27.65 NH 6266 4247 95.67 

NH 6896 4507 27.78 T157 

NH 6894 4503 28.09 NH 7071 4628 17.63 . T167 
NH 7068 4625 17.85 NH 6242 4218 93.22 
NH 7066 4622 18.07 NH 6245 4220 92.77 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T167 ( t ) con • T169 ( t ) con . Tl71( t ) con • 
NH 6247 4223 92.03 NH 6363 4302 63 .80 NH 6262 4217 70.21 

NH 6251 4227 91.62 NH 6362 4305 64 .00 NH 6267 4217 70.02 

NH 6253 4231 91.37 NH 6365 4306 64.16 NH 6268 4217 69 . 87 

NH 6256 4235 91.20 NH 6370 4307 63.67 NH 6274 4219 68 . 91 

NH 6259 4237 91.10 NH 6373 4308 63.14 NH 6277 4222 68 .72 

NH 6262 4239 90.89 NH 6378 4308 62.83 NH 6279 4224 68 .19 

NH 6266 4241 90.81 NH 6382 4307 62 .30 NH 6281 4227 68.09 

NH 6269 4243 91.11 NH 6386 4307 61.65 NH 6285 4228 68 .11 

NH 62'[4 4243 89. 84 NH 6394 4306 61. 56 NH 6292 4231 67 .85 

NH 6277 4245 89 .95 NH 6395 4308 60 . 52 NH 6293 4232 67 . 56 

NH 6288 4252 89 .40 NH 6396 4309 60. 37 NH 6307 4245 65.77 

NH 6291 4255 89 .04 NH 6401 4309 59 .77 NH 6338 4249 61.74 

NH 6294 4257 88 .21 NH 6406 4307 59.86 NH 6335 4247 62.02 

NH 6299 4257 87 .09 NH 6331 4246 62.36 

NH 6303 4258 86 . 44 Tl70 NH 6338 4254 62.65 

NH 6307 4258 85 .60 NH 6315 4252 64 .68 NH 6335 4252 62.99 

NH 6317 4256 65 .06 NH 6331 4250 63 .09 

T168 NH 6321 4258 65 .31 NH 6317 4246 63 .68 

NH 6340 4271 67 .60 NH 6322 4259 64.42 

NH 6341 4274 67.31 NH 6325 4261 64 .08 Tl72 

NH 6343 4278 67 .17 NH 6331 4262 63 . 50 NH 6325 4135 34 .81 

NH 6344 4282 66.80 NH 6336 4262 63.17 NH 6324 4133 35 . 28 

NH 6346 4286 66.46 NH :f£338 4262 62.84 NH 6323 4131 35 .70 

NH 6349 4289 66. 12 NH 6317 4134 35 .34 

NH 6352 4293 65 .99 Tl71 NH 6312 4134 35 .58 

NH 6355 4294 65.63 NH 6229 4181 73.57 NH 6308 4133 36 .01 

NH 6356 4297 65 .24 NH 6232 4183 73 .45 NH 6304 4131 36 .06 

NH 6362 4297 64 . 69 NH 6234 4185 73.30 NH 6300 4128 36 .11 

NH 6366 4297 64 . 50 NH 6236 4188 73 .13 NH 6299 4125 36.41 

NH 6370 4297 64 .13 NH 6239 4190 73.05 NH 6297 4121 36 . 70 

NH 6241 4194 72.87 NH 6297 4116 37 .15 

T169 NH 6242 4198 72.99 NH 6298 4111 37 .47 

NH 6365 4291 63 .79 NH 6243 4203 73.00 NH 6300 4106 37 . 59 

NH 6369 4294 63 .35 NH 6245 4206 72.75 NH 6272 4090 36 .04 

NH 6372 4295 62 .93 NH 6247 4210 72. 86 NH 6269 4094 38.03 

NH 6374 4298 62 . 59 NH 6250 4212 72.11 NH 6270 4096 37 .91 

NH 6372 4300 63 .05 NH 6254 4214 71.45 NH 6272 4099 37 . 58 

NH 6368 4301 63.40 NE 6252 4216 70.77 Nr 627G 4103 37 .38 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T172( t ) con • T175(cont.} T176( cent.) 

NH 6278 4105 37.14 NH 6410.4249 24.49 NH 6388 4201 23.45 
NH 6281 4108 36.90 NH 6407 4247 24.50 NH 6386 4196 23.38 

NH 6284 4111 36.63 NH 6404 4245 24.71 

NH 6288 4114 36.61 NH 6400 4243 24.91 T177 

NH 6290 4117 36.41 NH 6397 4240 25.04 NH 6421 4257 22.36 

NH 6292 4121 36.42 NH 6393 4238 25.03 NH 6419 4255 22.95 

NH 6293 4123 36.32 NH 6389 4234 25.12 NH S390 4237 24.40 

NH 6296 4127 36.12 NH 6388 4231 25.28 NH 6392 4240 24.29 

NH 6300 4129 35.95 NH ~386 4230 25.39 NH 6395 4243 23.72 

NH 6303 4132 35.71 NH 6385 4226 25.44 NH 6398 4246 23.33 
NH 6306 4134 35.65 NH g383 4223 · 25.49 NH 6'J01 4248 23.59 
NH 6310 4135 35.37 NH 6379 4220 25,41 NH 6403 4250 23.86 

NH 6314 4136 35.23 NH 6377 4216 25.48 NH 6406 4253 23.81 

NH 6319 4136 35.07 NH ~375 4213 25.Bl NH 6408 4254 23.66 
NH 6374 4209 25.ei1 NH 6415 4241 21.72 

T173 NH 6373 4205 25.Y.8 NH 6414 4237 22.16 

NH 6338 4144 32.77 NH 6371 4202 25.85 NH 6412 4235 22.15 

NH 6336 4142 32.72 NH 6369 4197 26.06 NH 6416 4232 22.00 

NH 6333 4138 32.74 NH 6368 4194 26.41 NH 6414 4229 21.99 

NH 6336 4136 33.33 NH 6367 4191 26.53 NH 6411 4226 22.14 

NH 6335 4133 33.99 NH 6365 4185 26.70 NH 6406 4229 21.97 

NH 6332 4130 34.16 NH 6364 4181 26.78 NH 6lj03 4225 22.11 

NH 633l 4128 34.15 NH 6359 4178 26.94 NH 6399 4223 22.50 

NH 6328 4125 33.74 NH 6358 4174 27.10 NH 637 4218 22.48 

NH 6325 4123 33.94 NH 6356 4170 27.35 NH 6395 421li. 22.17 

NH 6321 4120 34.27 NH 6355 4167 27.64 NH 6393 4211 22.11 

NH 6317 4117 34.62 NH 6357 4161 26.76 NH 6392 4206 22.12 
NH 6356 4157 26.64 NH 6392 42()S 22.44 

T174 NH 6353 4151 26.29 NH 6392 4199 22.47 

NH 6349 4155 29.35 NH 6351 4147 26.56 NH 6390 4195 22.21 

NH 6347 4152 29.56 NH 6349 4140 28.88 

NH 6345 4149 30.13 NH 63~7 4136 28.94 T178 

NH 6343 4146 30.77 NH 6345 4133 28.60 NH 6415 4241 21.72 
NH 6342 4130 27.01 NH 6414 4237 22.16 

T175 NH ~412 4235 22.15 

NH 6417 4252 24.38 T176 NH 6416 4232 22.00 

NH 6414 4250 24.52 NH 6389 4206 23.42 NH 6414 4229 21.99 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

Tl78( t ) eon • T179 (cont.) T183(cont.) 
NH 6411 4226 22.14 NH 6290 4093 22.47 NH 6505 4238 19.69 
NH 6406 4229 21.97 NH 6303 4091 19.58 NH 6502 4238 19.08 
NH 6403 4225 22.11 NH 6300 4090 19.16 NH 6498 4240 18.80 
NH 6399 4223 22.50 NH 6297 4090 19.00 NH 6494 4240 18.36 
NH 6397 4218 22.48 NH 6490 4241 17.71 
NH 6395 4214 22.17 ID180 NH 6485 4242 17.52 
NH 6393 4211 22.11 NH 6425 4253 15.69 NH 6481 4243 16.99 
NH 6392 4206 22.12 NH 6427 4257 15.66 NH 6478 4244 16.28 
NH 6392 4203 22.44 NH 6423 4227 15.69 NH 6472 4242 15.85 
NH 6392 4199 22.47 NH 6422 4188 15.74 NH 6467 4243 15.00 
NH 6390 41~5 22.21 NH 6422 4192 15.79 NH 6464 4243 14.62 
NH 6318 4153 23.59 NH 6424 4194 15.79 NH 6460 4243 14.51 
NH 6366 4151 23.58 NH 6420 4186 1Q.00 NH 6457 4245 13.84 

NH 6424 4244 15.58 NH 6499 4204 22.40 
T179 NH 6424 4249 15.55 NH 6495 4205 21.16 
NH 6375 4148 20.61 NH 6491 4204 20.02 
NH 6377 4149 20.22 T181 NH 6488 4202 19.81 
NH 6380 4151 20.21 NH 6285 4086 16.26 NH 6485 4199 19.43 
NH 6373 4145 21.17 NH 6289 4087 16.30 NH 6483 4197 19.34 
NH 6309 4094 18.68 NH 6293 4086 16.22 NH 6480 4194 19.22 
NH 6314 4096 18.86 NH 6310 4085 15.72 "NH' 5468 ~183 18.25 
NH 6317 4097 18.77 NH 6314 4086 15.64 NH 6464 4181 17.74 
NH 6321 ~099 19.02 NH 6320 4086 15.62 NH 6462 4178 17.56 
NH 6329 4104 20.71 NH 6324 4086 15.68 NH 6459 4175 17.17 
NH 6332 4106 20.75 NH 6327 4087 15.66 

NH 6336 4109 20.42 NH 6332 4087 15.59 T184 
NH 6338 4110 20.18 NH 6337 4086 15". 53 NH 6441 4163 14.38 
NH 6340 4112 20.03 NH 6340 4085 15.67 NH 6444 4165 14.32 
NH 6343 4113 19.95 NH 6447 4168 14.12 
NH 6332 4091 17.00 !182 NH 6447 4173 13.82 
NH 6334 4094 17.25 NH 6450 4163 23.89 NH 6447 4177 13.51 
NH 6336 4096 17.57 NH 6448 4161 24.34 NH 6449 4181 13.33 
NH 6339 4098 17.89 NH 6446 4159 24.01 NH 6449 4186 12.99 
NH o307 4099 21.65 Nk 6444 4157 23.53 'NH 6451 4190 13.07 
NH 6305 4091 21 .. 87 NH 6451 4199 13.08 
NH g298 4098 22.29 T183 NH 6454 4200 12.72 
NH 6294 4096 22.23 NH 6508 4237 20.27 NH 6458 4201 13.22 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T185 T188 T191( t ) con • 
NH 6447 4248 9.23 NH 6218 4027 22.30 NH 6032 3543 50.60 

NH 6446 4245 9.28 NH .6222 4029 21.76 NH 6031 3539 51.22 

NH 6447 4241 9.54 NH 6225 4031 21.70 NH 6031 3534 51.49 

NH 6447 4238 9.92 NH 6228 4033 21.44 NH 6031 3530 51.44 

NH 6447 4213 10.01 NH 6231 4034 21.21 NH 6033 3527 51.59 

NH 6450 4215 11.09 NH 6234 4036 21 ... 13 

NH 6453 4217 11.77 NH 6238 4038 20.85 T192 

NH 6458 4218 12.41 NH 6242 4038 20.62 NH 6033 3585 36.37 

NH 6461 4217 13.18 NH 6034 3582 36.11 

NH 6464 4216 13.41 T189 NH 6031 3579 36.58 

NH 6468 4216 14.41 NH 6310 4038 21.21 NH 6030 3574 37.30 

NH 6472 4215 15.15 NH 6313 4039 20.76 NH 6028 3570 37.63 

NH 6476 4214 15.83 NH 6316 4045 19.84 NH 6026 3566 37.67 

NH 6479 4213 16.38 "NH 6320 4049 18.74 NH 6026 3563 38.51 

NH 6483 4212 17.19 NH 6323 4050 17.95 NH 6025 3560 39.50 

NH 6487 4212 17.63 NH 6326 4053 17.03 NH 6025 3555 40.59 

NH 6327 4055 16.11 NH 6025 3551 42.43 

Tl86 NH 6322 4055 16.46 

NH 6294 4037 26.08 NH 6320 4057 16.16 Tl92 

NH 6291 4035 26.63 NH 6318 4059 16.46 NH 5030 2947 59.22 

NH 6289 4033 26.56 NH 6314 4o6o 16.32 NH 5029 2943 59.00 

NH 6286 4033 27.16 NH 6311 4061 16.67 NH 5027 2937 58.63 

NH 6283 4031 27.27 NH 6308 4061 17.05 NH 5025 2934 58.31 

NH 6278 4030 27.15 NH 5024 2938 58.06 

NH 6275 4027 27.44 T190 NH 5023 2936 57.97 

NH 6271 4026 27.94 NH 6164 4036 18.07 NH 5022 2933 57.49 

NH 6265 4026 27.90 NH 6162 4034 18.27 NH 5022 2917 47.04 

NH 6261 4027 27.54 NH 6161 4032 18.11 NH 5021 2913 56.52 

NH 6257 4027 27.78 NH 6158 4033 18.23 NH 5019 2909 56.13 

NH 6252 4027 28.08 NH 6155 4026 18.04 NH 5039 2928 56.84 

NH 6152 4025 18.92 NH 5037 2932 57.47 

Tl87 NH 5036 2935 57.84 

NH 6224 4023 25.33 Tl91 NH 5036 2939 58.31 

NH 6221 4022 25~;73 NH 6o4o 3568 49.60 .NH 5035 2942 58.89 

NH 6204 4016 27.06 NH 6039 3563 50.29 

NH 6033 3546 50.15 
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Grid Ref Alt. Grid Ref. Alt. Grid Ref. Alt. 

T195 T200 T201 

NH 5045 2988 48.94 NH 5078 2991 
(cant.) 

25.81 29.01 NH 5113 2991 
NH 5046 2984 48.66 NH 5075 2994 29.28 NH 5108 2991 26.17 

NH 5047 2981 48.27 NH 5072 2996 29.81 NH 5103 2992 27.00 

NH 5048 2977 47.98 NH 5070 2997 30.18 NH 5100 2993 27.08 

NH 5048 2973 47.76 NH 5069 2998 30.46 NH 5096 2995 27.19 
NH 5049 2970 47.48 NH 5068 3001 30.69 NH 5092 2996 27.58 
NH 5052 2969 47.70 NH 5067 3005 31.24 NH 5081 2990 28.52 

NH 5054 2971 46.93 NH 5067 3008 31.50 NH 5080 2993 28.57 

NH 5056 2974 46.10 NH 5076 3006 29.74 

NH 5059 2977 45.50 T201 NH 5077 3004 29.40 

NH 5062 2979 44.58 NH 5085 2919 38.94 

NH 5064 2982 43.52 NH 5088 2921 38.25 T202 

NH 5092 2923 37.38 NH 5075 3011 29.79 

T196 NH 5095 2925 36.85 NH 5077 3010 29.17 

NH 5029 2994 49.15 NH 5097 2928 35.96 NH 5128 2997 24.93 

NH 5033 2994 48.78 NH 5099 2931 35.08 

NH 5037 2991 48.37 NH 5101 2934 34.21 T203 

NH 5041 2991 47.76 NH 5104 2937 33.39 NH 5039 2869 56.01 

NH 5045 2992 47.17 NH 5107 2941 32.15 NH 5040 2871 55.07 

NH 5049 2992 46.45 NH 5110 2945 31.20 NH 5042 2874 54.24 

NH 5112 2947 30.50 

T197 NH 5114 2950 29.74 T204 

NH 5034 3002 43.90 NH 5117 2954 28.68 NH 5046 2877 52.32 

NH 5031 3003 44.40 NH 5117 2959 27.70 NH 5053 2880 51.16 

NH 5026 300:3 44.66 NH 5118 2963 26.70 NH 5056 2883 50.31 
NH 5118 2966 25.85 NH 5059 2885 49.18 

T198 NH 5120 2970 25.57 NH 5060 2881 49.54 

NH 5050 3001 33.92 NH 5120 2974 24.63 NH 5061 2883 48.43 

NH 5047 3001 34.33 NH 5120 2978 24.57 NH 5062 2887 47.30 

NH 5042 3003 34.84 NH 5121 2982 24.34 NH 5064 2892 46.47 

NH 5039 3005 35.37 NH 5123 2986 24.58 NH 5066 2896 45.88 

NH 5124 2989 25.09 NH 5071 2896 44.61 

T199 NH 5125 2993 25.49 NH 5074 2898 44.07 

NH 5064 3002 32.15 NH 5129 2984 24.18 . NH 5076 2900 43.37 

NH 5061 3001 32.77 NH 5126 2985 24.62 NH 5078 2904 42.27 

NH 5051 3001 33.06 NH 5L20 2987 24.84 NH 5082 2905 41 .09 

NH 5054 3004 33.37 NH ~117 2989 25.40 NH 5086 2908 39.36 
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Grid Ref . Alt. Grid ref. .Alt . Grid Ref . Alt. 

T204 ( t ) T206 ( t ) T213 
con . con . (cont.) 

NH 5088 2910 39 . 29 NH 5202 2921 20 .47 NH 4246 1646 33.10 

NH 5091 2914 38 .72 NH 5206 2919 19.98 NH 4249 1647 32.78 

NH 5094 2917 37 . 57 NH 5213 2920 19.39 NH 4252 1649 32.68 

NH 5218 2918 18.82 

T205 NH 5224 2916 19.75 T214 

NH 5049 2870 48 . 91 NH 5229 2916 18.27 NH ~241 1632 21.60 

NH 5047 2870 50 . 20 NH 5234 2915 17.53 NH 4244 1633 21.30 

NH 5239 2914 17.28 NH 4247 1634 21.36 

NH 4252 1635 20.97 

T206 T207 NH 4255 1636 20.82 

NH 5095 2881 40 . 33 NH 4906 2076 38 .72 NH 4254 1626 20.39 

NH 5099 2880 39 . 74 NH 4909 2078 38 .04 NH 4258 1627 20.57 

NH 5102 2882 38 .78 NH 4912 2080 37 . 51 NH 4262 1629 20.59 

NH 5106 2884 38 . 17 NH 4266 1631 19.99 

NH 5110 2g85 37 .09 T208 NH 4269 1631 19.76 

NH 5113 2g86 36 . 85 NH 4932 2085 29 .57 NH 4274 1630 20.01 

NH 5115 2888 36 . 31 NH 4929 2087 29 .26 NH 4278 1630 19.55 

NH 5118 2889 35 .03 NH 4926 2089 29.03 NH 4281 1631 19.28 

NH 5122 2893 34 . 35 NH 4924 2092 28 .69 

NH 5129 2894 33 .71 NH 4921 2095 28.42 T215 

NH 5133 2896 33 .12 NH 4275 1626 17.62 

NH 5137 2898 32 . 59 T210 NH 4270 1626 17.96 

NH 5142 2901 31 .45 NH 4934 2101 23.11 NH 4267 1625 18.33 

NH 5147 2903 30 . 52 NH 4931 2103 22.69 NH 4263 1624 18.70 

NH 5149 2907 29 .80 NH 4928 2105 22.43 NH 4259 1622 19.08 

NH 5152 2910 28 .79 

NH 5156 2913 27 .72 T212 T218 

NH 5160 2914 27.52 NH 4949 2097 20.10 NH -3640 0883 36.78 

NH 5164 2914 27.02 NH 4951 2101 19.64 NH 3638 0881 36.61 

NH 5168 2921 25.57 NH 4953 2105 19.37 NH 3636 0879 37.11 

NH 5173 2921 24.94 NH 4958 2107 18.41 

NH 5177 2920 24.44 NH 4962 2109 17.93 T219 

NH 5185 2925 23.20 NH 4966 2113 17.51 NH 3835 0820 34.14 

NH 5188 2926 22.55 NH 4967 2116 16.83 .NH 3836 0823 33.25 

NH 5190 2925 21.93 NH 3835 0827 32 .61 

NH 5193 2924 21.73 T213 

NH 5198 2921 21 . 20 NH 4246 161.~3 33.13 

-A56-



Grid Ref. Alt. Grid Ref. Alt. Grid Ref . Alt . 

T221 T227 T234 (cont. ) 
NH 3798 0827 26.12 NH 3669 0862 30.19 NH 6238 5110 19 .09 

NH 3796 0824 27.01 NH 3669 0866 30 . 26 NH 6235 5108 19 . 60 

NH 3793 0822 27.53 NH 3671 0869 29.54 NH 6232 5107 19 . 63 

NH 3790 0824 27.84 NH 3673 0872 28 . 98 NH 6228 5105 19.72 
NH 3674 0875 29 .18 

T222 T235 
NH 3823 0864 16.71 T228 NH 6283 5088 19 .08 

NH 3819 0861 16.84 NH 3759 0945 25.47 NH 6286 5091 18.38 

NH 3817 0859 17.23 NH 3765 0945 25.28 NH 6290 5092- 17 . 66 

NH 3814 0858 17 .71 NH 3769 0945 25 .33 NH 6293 5095 17.94 

NH 3812 0855 18.27 

NH 3809 0853 18.97 T229 T236 

NH 3806 0851 19.81 NH 3766 0937 19 .08 NH 6318 5115 11 .88 

NH 3807 0842 20.52 NH 3764 0939 19 . 23 NH 6316 5112 12.34 

NH 38o4 o84o 20.78 NH 3758 0940 19 .01 NH 6313 5108 12 . 74 

NH 3801 0839 21.43 NH 6312 5105 12 . 77 

NH 3798 0837 22.00 T231 NH 6309 5102 13 .13 

NH 3793 0836 22.79 NH 6683 5235 4.75 NH 6306 5099 13.27 

NH 3775 0826 25 .00 NH 6687 5235 4.85 NH 6304 5096 13 . 42 

NH 3777 0829 24 . 20 NH 6689 5234 4.73 NH 6301 5094 13 .86 

NH 3780 0832 23 . 28 NH 6692 5234 4.30 NH 6298 5091 14 . 28 

NH 3783 0835 22 . 68 NH 6695 5234 3.82 NH 6295 5089 14 . 60 

NH 3786 0839 22 . 75 NH 6699 5234 3. 66 NH 6292 5086 14.96 

NH 6703 5235 3.20 NH 6289 5084 15.37 

T223 NH 6707 5235 3. 20 NH 6291 5079 15.88 

NH 3774 0845 21.25 NH 6293 5080 15.38 

NH 3774 0849 21 .15 T233 NH 6297 5081 14 .76 

NH 3775 0854 20 .34 NH 6248 5160 28.39 NH 6299 5086 14.40 

NH 3774 0859 20 .30 NH 6247 5156 28 .09 NH 6203 5088 13 . 93 

NH 3771 0862 20 .00 NH 6245 5153 28 .11 NH 6205 5090 13 .70 

NH 3769 0865 19 .74 NH 6241 5150 28 . 72 NH 6208 5093 13.48 

NH 3769 0868 19 . 59 NH 6237 5147 29 .15 NH 6387 5082 15.78 

NH 3769 0873 19 . 59 NH 6383 5079 16.11 

NH 3769 0877 19 .37 T234 NH 6380 5076 16 .71 

NH 3769 0881 19.38 NH 6247 5116 18 .41 NH 6321 5102 12 . 86 

NH 3769 0885 19. 07 NH 6243 5114 18.18 NH 6324 5104 12.30 

NH 377Z 0888 18.64 NH 6241 5112 18.43 NH 6327 5106 11.72 
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Grid Ref'. Alt. Grid Ref. Alt. Grid Ref'. Alt. 

T236( t ) T239 T241 
con • 

NH 6331 5106 11.57 NH 6367 5168 12.73 NH 6804 5522 25.88 

NH 6335 5108 11.24 NH 63.70 5168 12.65 NH 6808 5523 26.13 

NH 6338 5110 11.47 NH 6371 5175 11.98 NH .6817 5531 24.95 
NH 6341 5112 11.36 NH 6375 5177 11.94 NH 6821 5531 24.56 

NH 6345 5115 11.36 NH 6824 5530 23.87 
NH 6348 5117 11.05 T240 NH 6837 5531 21.45 

NH 6351 5119 11.14 NH 6812 5547 30.02 NH 6840 5533 20.93 
NH 6354 5121 10.96 NH 6815 5548 29.78 NH 6846 5537 20.37 
NH 6356 5123 10.82 NH 6818 5550 29.54 NH 6850 5540 20.03 
NH 6360 5143 10.33 NH 6821 5552 29.09 NH 6853 5542 19.80 

NH 6357 5142 10.24 NH 6824 5555 28.49 NH 6856 5544 19.83 

NH 6353 5142 10.51 NH 6828 5556 27.90 NH 6860 5546 19.91 
NH 6349 5140 10.72 NH 6832 5555 27.18 NH 6863 5549 19.71 
NH 6346 5139 11.05 NH 6836 5554 27.07 

NH 6340 5137 11.12 NH 6840 5554 26.47 T242 

NH 6336 5135 11.24 NH 6844 5555 25.96 NH 6794 5508 25.13 

NH 6332 5132 11.25 NH 6800 5541 28.31 NH 6792 5502 25.14 

NH 6330 5128 11.10 NH 6797 5538 28.43 NH 6790 5500 25.04 
NH 6328 5126 11.31 NH 6793 5537 28.82 NH 6787 5498 25.34 
NH 6325 5122 11.47 NH 67.05 5468 30.08 NH 6784 5497 25.57 
NH 6323 5119 11.78 NH Ej708 5470 29.89 NH 6780 5496 25.70 
NH 6321 5117 11.92 NH 6711 5472 29.60 

NH 6713 5475 29.40 T243 

T231 NH 6716 5478 29.03 NH 6878 5547 16.07 
NH 6287 5169 14.07 NH 6719 5481 28.98 NH 6875 5545 16.12 

NH 6292 5170 14.32 NH 6720 5485 28.43 NH 6872 5541 16.80 
NH 6296 5172 14.62 NH 6723 5487 27.88 NH 6870 5539 16.93 

NH 6725 5490 27.41 NH 6868 5537 17.20 
T238 NH 6730 5489 27.19 NH 6866 5535 17.43 
NH 6318 5189 12.26 NH 6735 5494 27.31 

NH 6324 5194 11.48 NH 6738 5497 .27.20 T244 

NH 6340 5201 9.72 NH 6740 5499 28.07 NH 6826 5507 21.32 

NH 6334 5200 9.53 NH 6741 5502 28.50 NH 6829 5509 21.06 

NH 6326 5195 10.40 NH 6745 5504 29.05 NH 6832 5509 20.97 
NH 6324 5194 11.23 NH 6748 5507 29.09 NH 6836 5512 19.64 

NH 6320 5192 11.91 NH 6751 5510 29.36 NH 6844 5526 19.10 
NH 6753 5513 29.65 NH 6847 5528 18.71 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T244 ( t ) T248 T248 ( t ) con • con • 
NH 6850 5530 17.95 NH 8568 5082 35.37 NH 8677 5157 31.07 

NH 6852 5531 17.97 NH 8571 5083 34.84 NH 8679 5160 30.96 

NH 6858 5532 17 .34 NH 8574 5085 34.42 NH 8683 5162 30.84 

NH 6861 5530 17.11 NH 8577 5086 34.30 NH 8685 5165 30.71 

NH 6671 5534 16.54 NH 8580 5087 34.21 NH 8688 5168 30.68 

NH 6873 5534 16.28 NH 8583 5088 33.97 NH 8691 5170 30.52 

NH 6881 5536 16 . 21 NH 8588 5089 33.80 NH 8694 5173 30.41 

NH 6881 5538 15 .72 NH 8592 5088 34.01 NH 8697 5175 30.29 

NH 8597 5089 33.75 NH 8699 5179 30.40 

T245 NH 8599 5091 33.35 NH 8700 5182 30.33 

NH 6788 5530 28 . 20 NH 8603 5093 33.26 NH 8703 5186 30.41 

NH 6790 5527 27 .65 NH 8608 5094 33.12 NH 8705 5189 30.32 

NH 6793 5524 27 .00 NH 8611 5095 32.98 NH 8707 5191 30.05 

NH 6794 5520 26 .73 NH 86:+5 5096 33.09 NH 8710 5195 29.71 

NH 6795 5516 26 . 28 NH 8617 5100 32.99 NH 8712 5198 29.41 

NH 6797 5512 25 .11 NH 8619 5103 32.84 NH 8714 5200 29.12 

NH 6801 5511 24 .37 NH 8620 5107 32.88 

NH 8623 5109 32.76 T249 

T246 NH 8626 5112 32.67 NH 8751 5247 23.98 

NH 7350 5758 30.83 NH 8628 5115 32.40 NH 8749 5243 24.60 

NH 7350 5757 30.71 NH 8632 5118 32.38 NH 8747 5240 24.82 

NH 7347 5750 31.69 NH 8635 5120 32.49 NH 8744 5238 25.00 

NH 7345 5748 30.38 NH 8639 5122 32.21 NH 8741 5235 25.12 

NH 7342 5746 30.21 NH 8641 5124 32.04 

NH 7340 5744 30.18 NH 8644 5126 32.25 T250 

NH 7338 5745 31.47 NH 8646 5129 31.90 NH 8633 5129 29.75 

NH 7335 5742 31.25 NH 8649 5132 31.83 NH 8631 5128 29.93 

NH 7332 5741 31.50 NH 8651 5135 31.69 NH 8628 5126 30.15 

NH 7330 5739 30.96 NH 8652 5138 31.83 NH 8624 5124 30.41 

NH 7328 5736 31.03 NH 8656 5141 31.71 NH 8621 5123 30.54 

NH 7326 5734 31.12 NH 8660 5143 31.56 NH 8618 5122 30.55 

NH 7309 5713 30.11 NH 8663 5145 31.29 NH 8713 5205 24.45 

NH 7307 5711 30.19 NH 8666 5148 31.18 NH 8710 5202 24.53 

NH 7304 5708 30.J.7 NH 8669 5150 31.23 NH tJ'{.:08 5200 24.39 

NH 7301 5705 29.56 NH 8672 5152 31.22 NH 8704 5197 24.46 

NH 7398 5703 29.11 NH 8674 5155 31.19 NH 8701 5195 24.76 
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Grid Ref . Alt . Grid Ref . Alt . Grid Ref. Alt . 

T250( t ) T251( t ) T251( t ) con . con • con • 

NH 8695 5201 25 .36 NH 8669 5207 22 . 48 NH 8747 5262 18 .16 

NH 8692 5200 25 . 64 NH 8667 5205 22 .84 NH 8744 5260 18 .07 

NH 8689 5198 25 .77 NH 8664 5202 23 .00 NH 8742 5258 18 .30 

NH 8686 5195 25 .87 NH 8662 5198 23 . 25 NH 8739 5255 18 . 44 

NH 8683 5194 25 . 94 NH 8658 5197 23 . 45 NH 8736 5252 18 . 61 

NH 8681 5192 25 .78 NH 8654 5197 23 . 58 NH 8733 5250 18 . 44 

NH 8678 5191 25 .89 NH 8650 5196 23 . 98 NH 8731 5248 18 . 93 
NH 8673 5189 26 .05 NH 8647 5196 24 ,34 NH 8728 5245 19 . 24 

NH 8669 5188 26 .33 NH 8644 5195 24 .89 NH 8726 5242 19 .32 
NH 8674 5178 26.47 NH 8641 5193 24 .87 NH 8725 5239 19 .36 

NH 8672 5175 26 . 94 NH 8639 5190 25 .07 

NH 8669 5172 27 .03 NH 8637 5188 25 . 28 T252 
NH 8666 5170 27 .13 NH 8827 5291 18 . 23 NH 8643 5201 23 .72 

NH 8660 5175 26 . 55 NH 8826 5294 17 . 63 NH 8644 5204 23 . 23 

NH 8658 5172 26 . 92 NH 8826 5297 17 .13 NH 8646 5207 22 .82 

NH 8655 5168 27 .18 NH 8821 5296 16 . 47 NH 8648 5210 22 .80 

NH 8650 5163 27 . 28 NH 8819 5293 16.21 NH 8650 5213 22 .78 

NH 8647 5160 27 . 47 NH 8815 5291 15 .81 NH 8653 5215 22 . 52 

NH 8644 5157 28 .05 NH 8811 5289 15 . 54 NH 8657 5217 22 . 25 

NH 8642 5154 28 . 27 NH 8807 5285 15 . 47 NH 8660 5219 22 . 23 

NH 8643 5148 28 .86 NH 8803 5284 15 . 54 NH 8663 5223 22 . 25 

NH 8642 5145 29 .07 NH 8800 5282 15 .73 NH 8663 5230 22 .39 

NH 8640 5141 ·29 .35 NH 8797 5280 15 . 56 NH 8665 5234 22 .38 

NH 8637 5139 29 . 77 NH 8793 5283 15 .89 NH 8667 5239 20 . 95 

NH 8634 5137 29 .87 NH 8792 5279 15 . 92 NH 8669 5243 20 . 52 

NH 8652 5166 27 . 20 NH 8788 5277 16 . 44 NH 8672 5246 20.21 
NH 8784 5276 16 . 48 NH 8674 5247 19 .83 

T251 NH 8782 5275 16 . 49 NH 8677 5250 19 .81 

NH 8697 5216 21 .35 NH 8777 5274 16 . 84 NH 8681 5253 19 . 66 

NH 8693 5217 21 . 45 NH 8773 5276 17 .14 NH 8683 5257 19 . 54 

NH 8687 5215 21 . 62 NH 8770 5271 17 . 54 NH 8686 5259 19 . 29 

NH 8684 5214 21.98 NH 8768 5270 17 .70 NH 8689 5263 18 .76 

NH 8680 5212 22 .05 NH 8763 5269 17 .83 NH 8692 5265 18 .61 

NH 8678 5209 22 . 43 NH 8760 5267 18 .05 NH 8694 5269 18 . 55 

NH 8676 5207 22 .71 NH 8756 5266 18 .16 NH 8695 5272 18 .36 

NH 8674 5204 22 .18 NH 8752 5264 18 . 28 NH 8697 5276 18 . 45 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T252( t ) T253 T263 
con . (cont.) 

NH 8700 5277 18 . 23 NH 8703 5357 16.50 NH 8525 5390 26.14 

NH 8704 5278 17.97 NH 8706 5358 16.25 NH 8529 5388 26.10 

NH 8708 5277 17.68 NH 8709 5359 16.11 NH 8534 5389 26.60 

NH 8711 5275 17.37 NH 8712 5358 15.98 NH 8537 5390 26.61 

NH 8716 5276 17 .05 NH 8716 5357 15.88 NH 8541 5388 26.69 

NH 8719 5279 17.15 NH 8544 5386 26.80 

NH 8721 5281 16.88 T257 NH 8547 5385 26.75 

NH 8725 5284 16.52 NH 8753 5391 19.20 

NH 8729 5286 16.57 NH 8753 5392 19.09 T264 

NH 8732 5287 16 . 23 NH 8755 5396 18.89 NH 8501 5257 33.52 

NH 8738 5286 16.35 NH 8511 5261 33.39 

NH 8740 5292 16 .46 T261 NH 8513 5264 33.25 

NH 8743 5293 16.30 NH 8584 5369 27.77 NH 8515 5267 32.98 

NH 8752 5295 15.62 NH 8588 5368 27.81 NH 8517 5270 32.52 

NH 8754 5298 15.22 NH 8593 5368 27 .91 NH 8520 5275 32.15 

NH 8756 5301 15.03 NH 8522 5278 31.87 

NH 8759 5303 15.05 T262 NH 8529 5279 31.69 

NH 8762 5307 15.09 NH 8578 5359 27.35 NH 8534 5278 31.18 

NH 8763 5310 14.87 NH 8576 5363 27.51 NH 8539 5279 31.04 

NH 8765 5314 14.76 NH 8574 5367 27.53 

NH 8767 5319 14.42 NH 8570 5370 27.36 T265 

NH 8768 5323 14.44 NH 8566 5372 27.40 NH 8612 5386 36.55 

NH 8770 5326 14.22 NH 8564 5375 27.33 NH 8608 5384 36.42 

NH 8565 5349 28.87 NH 8617 5379 36.44 

T253 NH 8563 5352 28.71 NH 8613 5379 36.63 

NH 8664 5337 18.47 NH 8561 5356 28.74 NH 8609 5378 36.95 

NH 8666 5340 17;.99 NH 8559 5359 28.58 NH 8605 5382 . 36.81 

NH 8669 5342 18.09 NH 8558 5362 28.77 NH 8600 5382 37.07 

NH 8671 5344 17.62 NH 8557 5366 28.58 NH 8596 5380 36.98 

NH 8674 5346 17.60 NH 8550 5368 29.05 NH 8591 5379 37.25 

NH 8678 5347 17.23 NH 8546 5371 29.03 NH 8586 5378 37 . 61 

NH 8682 5348 17.06 NH 8541 5371 28.78 NH 8583 5379 37 .74 

NH 8686 5350 17.09 NH 8537 5372 28.27 NH 8621 5389 36.62 

NH 8691 5351 16.77 NH 8534 5374 28.11 NH 8625 5390 36.24 

NH 8694 5352 16.55 NH 8532 5377 28.17 NH 8628 5390 36 . 35 

NH 8698 5353 16.64 NH 8530 5381 28.12 NH 8632 5391 36.26 

NH 8526 5382 28 .18 NH 8635 5392 35.90 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T265{ t } con • T267 ( t ) con • T27q cont.) 
NH 8637 5394 35.97 NH 8594 5390 27.31 NH 8684 5448 20.32 
NH 8641 5394 35.08 NH 8597 5393 26.98 NH 8680 5449 20.80 
NH 8645 5394 35.06 NH 8600 5396 26.80 NH 8675 5449 19.97 
NH 8650 5395 34.92 NH 8602 5398 26.62 NH 8670 5447 19.80 
NH 8654 5396 34.91 NH 8605 5400 26.64 NH 8668 5446 19.81 
NH 8658 539't 34.57 NH 8612 5399 26.59 NH 8667 5443 19.95 
NH 8662 5397 34.33 NH 8616 5400 26.46 NH 8664 5442 20.02 
NH 8666 5398 33.18 NH 8619 5403 26.31 NH 8661 5442 20.11 
NH 8671 5398 34.01 NH 8658 5442 20.13 
NH 8677 5391" 33.82 T268+T269 NH 8655 5442 20.11 
NH 8671 5397 33.82 NH 8521 5437 24.28 NH 8653 5441 20.33 
NH 8685 ~397 33.74 NH 8525 5439 23.89 NH 8649 5440 20.29 

NH 8529 5440 23.76 NH 8645 544l 20.33 
T266 NH 8515 5419 25.56 NH 8642 5444 20.36 
NH 8564 5438 26.61 NH 8518 5421 25.39 NH 8638 5445 20.27 
NH 8567 5439 26.70 NH 8521 5423 25.11 NH 8634 544§ 20.14 
NH 8572 5439 26.67 NH 8526 5417 25.14 NH 8630 5443 20.07 
NH 8580 5432 26.54 NH 8529 5418 25.07 NH 8625 5443 20.17 
NH 8582 5433 26.36 NH 8532 5420 24.82 NH 8621 54lf3 20.18 
NH 8585 5436 26.23 NH 8534 5423 24.53 NH 86oo 5450 20.33 
NH 8590 5439 25.24 NH 8537 5426 24.11 NH 8597 5451 20.40 
NH 8559 5430 27.10 NH 8540 5428 24.01 NH 8593 5451 20.30 
NH 8557 5427 27.47 NH 8544 5432 23.78 NH 8591 5450 20.28 
NH 8556 5423 27.76 NH 8 586 54·~0 20.35 
NH 8554 5420 27.96 T2~0 NH 8582 545i 20.29 
NH 8552 5416 27.98 NH 8691 5494 20.36 NH 8579 5449 20.32 
NH 8549 5412 28.24 NH 8693 5492 20.28 NH 8575 5448 20.35 
NH 8548 5408 28.31 NH 8696 5489 20.20 NH 8571 5441 20.§3 
NH 8546 5405 28.23 NH 8697 5486 20.12 NH 8568 5441 20.54 
NH 8537 5408 28.67 NH 8699 5482 20.17 NH·8565 5448 20.47 

NH 8533 5407 28.78 NH 8701 5477 . 20.15 NH 8561 544$ 20.56 
NH 8702 5474 20.18 NH 8558 54Y~ 20.91 

T267 NH 8703 5469 20.14 NH 8554 5441 21.29 
NH 8577 5385 28.00 NH 8703 5466 20.14 NH 8551 5439 21.57 
NH 8581 5386 27.69 NH 8704 5463 20.11 

NH 8585 5387 27.67 NH 8700 5459 20.07 T271 

NH 8589 5389 27.56 NH 8699 5457 20.14 NH .:8747 5493 21.21 
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Grid Ref. Alt. Grid Ref. Alt. Grid Ref. Alt. 

T271( t ) eon • T275 T279 ( cont •) 
NH 8747 5491 21.42 NH 8689 5391 32.18 NH 9964 5955 20.70 

NH 8749 -5488 21.83 NH 8690 5396 32.16 NH 9967 5953 20.98 

NH 8752 5484 21.54 NH 8693 5398 32.20 NH 9970 5951 20.76 

NH 8753 5479 21.64 NH 9974 5949 20.82 

NH 8755 5476 22.38 T276 NH 9977 5946 20.64 

NH 8755 5462 ~2.72 NH 8728 5403 29.67 NH 9980 5944 20.46 

NH 8755 5459 23.01 NH 8729 5399 29.92 

NH 8143 5494 20.70 NH 8729 5394 29.85 T280 

NH 6736 5495 20.32 NH 8728 5391 29.69 NH 8918 5581 7.43 

NH 8733 5496 20.47 NH 8914 5582 7.17 

NH 8729 5496 20.52 T271(Lochloy) NH 8904 5581 7.31 

NH 8723 5498 20.86 NH 9423 5813 26.32 

NH 8720 5499 20.90 NH 9420 5812 26.34 T281 

NH 8715 5499 21.00 NH 9417 5812 26.35 NH 8895 5545 7.04 

NH 9413 5811 26.43 NH 8899 5546 6.95 

T272 NH 9409 5810 26.53 NH 8902 5549 6.63 

NH 8751 5490 22.10 NH 9406 5807 26.62 NH 8904 5552 6.50 

NH 8767 5493 21.32 NH 9403 5803 26.61 NH 8905 5556 6.35 

NH 8768 5489 21.70 NH 9397 5805 26.15 NH 8905 5560 6.30 

NH 8768 5485 22.37 NH 8907 5564 6.12 

NH 8768 5481 22.77 T277 NH 8910 5567 5.81 

NH 8768 5477 23.27 NJ 0108 6035 7.98 NH 89l3 5569 5. 70 

NH 8768 5474 23.56 NJ 0108 6039 7199 NH 8917 5571 5.86 

NH 8768 5467 23.67 NJ 0106 6043 7.~3 NH 8915 5574 6.04 

NH 8769 5462 23.87 NJ.. 0104 6046 7.68 NH 8912 5574 6.01 

NH 8770 5459 24.26 NH 8908 5574 5.80 

T278 NH 8904 5575 5.53 

T273 NH 9992 6041 17.51 NH 8899 5576 5.54 

NH 5512 5429 26.16 NH 9996 6042 17.40 NH 8897 5580 5.70 

NH 5514 5432 25.99 NJ 0001 6042 17.12 NH 8881 5543 1.09 

NJ 0005 6042 . 16.72 NH 8878 5540 7.25 

T274 NJ 0010 6042 16.44 NH 8875 5538 7.21 

NH 8755 5462 22.72 NJ oo14 6o4a 16.32 NH 8874 5528 7.70 

NH 8755 5459 23.01. NH 8874 5524 1.98 

T279 NH 8882 5493 8.!8 

NH 9960 5957 20.84 NH 8884 5493 8.27 

NH 8887 5492 8. 53 
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Grid Ref . Alt. 

T281( t ) con • 
NH 8895 5491 8. 52 

NH 8899 5488 8. 65 

NH 8898 5484 8.77 

NH 8897 5482 8.83 

NH 8896 5476 8.92 

NH 8889 5471 9.33 
NH 8885 5470 9.53 
NH 8881 5471 9.61 

NH 8877 5472 9.65 

NH 8874 5473 9.67 

NH 8869 5475 9. 81 

NH 8861 5477 9.90 

NH 8857 5477 9.81 

NH 8852 5478 10.05 

NH 8849 5480 9.96 

NH 8846 5482 10.19 

NH 8843 5483 9. 90 

NH 8840 5483 9.97 

HN 8835 5482 10. 33 

HN 8831 5481 10.36 

NH 8828 5478 10 . 68 

NH 8824 5477 11.14 

NH 8820 5476 11.25 

NH 8816 5475 11. 32 

NH 8813 5474 11.46 
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5. Rims of Kettleholes 

Grid Ref. Alt. 

NJ 0029 6047 15.71 

NJ 0079 6073 8.94 

NH 8755 5 462 22.72 

NH 8736 5495 20.32 

NH 8311 5555 21.23 

NH 8165 5556 2 7. 2 3 

NH 7951 5542 20.80 

NH 6873 5552 17. 78 

NH 6162 4847 21.37 
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APPENDIX II 

BOREHOLE DATA 

!.Boreholes flerived by the Author 

. * Alt1tude Description 

Hl (Alt. 6.02)NH 5804 4556 

5.62 Grey brown silty~clay 

5. 42 . Tan sand and gravel 

H2 (Alt. 4.86)NH 5803 4557 

2.97 Dark grey silty-clay 

2.83 Tan sand and gravel 

H3 (Alt. 3.59)NH 5802 4559 

1.89 Dark grey silty-clay 

1. 71 Gravel 

H4 

1.65 

1.60 

H5 

1.61 

1.60 

H6 

(Alt. 3.43)!m 58ol 4562 

Dark grey silty-clay 

Tan sand and gravel 

(Alt. 3.4l)NH 5799 4565 

Dark grey silty~clay 

Gravel 

(Alt. 3.18}NH 5797 4567 

1.79 Dark grey silt~lay 

1.58 

1.55 

H7 

1.63 

1.41 

1.39 

Grey sand 

Gravel 

(Alt. 2.42}NH 5796 4569 

. Dark grey sil ty ..... clay 

Grey sand 

Gravel 

Altitude Description 

H8 (Alt. 6.85)NH 548o 4608 

6.20 Grey-brown silty-clay 

6.16 Tan sand 

5.qo Dark grey silty clay 

Gravel 

H9 . (Alt. 6.58) NH 5480 4610 

~.34 Grey-brown sitly-clay 

4.25 Dark grey silty-clay 

4.00 Micaceous grey sand 

2.87 Dark grey peaty silty clay 

2.14 :Brown peat 

Gravel 

mo 
5 .QO. 
2.58 

2.50 

2.00 

1.89 

llll 

4.36 

2.5li 

2.22 
1.60 

1.49 

1.443 

(Alt. 6.3~) NH 5480 4613 

Grey-brown silty clay 

Dark grey silty-clay 

Dark grey peaty silty-clay 

:Brown peat 

Pale grey silty sand 

Gravel 

(Alt .• 6.13) NH 5480 4615 

Grey brown silty-clay 

Dark grey silty-clay 

Dark grey peaty silty-clay 

:Brown peat 

Dark grey silty-clay 

Gravel 

Pink ..... grey sand 

*All altitudes (Alt.) are in metres (O.D.) 
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Altitude Descri tion 

Hl2 (Alt . Jl0 . 80)NH 5452 4594 

0 . 23 Sand 

Gravel 

Hl3 (Alt . 8 .36) NH 5450 4596 

0.41 Tan sand 

Hl4 

6 . 46 

6 . 42 

Gravel: 

(Alt . 7 . 07) NH 5450 4598 

Grey-brown silty~clay 

Tan sand 

5 . 21 Dark grey silty~clay 

Gravel 

Hl5 

5. 50 

4 .07 

3 . 94 

3 . 27 

2 . 93 

Hl6 

4 . 86 

3 . 28 

3 . 00 

(Alt . 6 . 64) NH 5449 4599 

Grey~brown silty~clay 

Dark grey silty clay 

Micaceous grey sand 

Dark grey peaty silty clay 

Brown peat 

G:rayel 

(Alt . 6 . 40} NH 5448 4603 

Grey or0vn srlty~clay 

Dark grey silty clay 

Dark grey peaty silty~clay 

2 . 72 Brown peat 

2.25 

Hl'7 

4 . 51 

4 . 02 

3 . 87 

2 . 63 

2 . 05 

Grey silty- sand 

Grayel 

(Alt . 6 .30} NH 5447 4604 

Grey brown silty~clay 

Dark grey silty~clay 

Dark grey sand 

Dark grey peaty silty~clay 

:Peat 

Grayel 

- B2 -

Al.t ltude 

Hl8 

4 . 44 

3 . 47 

2 . 02 

1.31 

0 . 88 

Hl9 

9. 43 

H20 

6 . 43 

4 . 82 

3 . 88 

H21 

6 . 85 

5. 03 

5. 01 

4 . 24 

4 . 21 

1..98 

H22 

6. 63 

4.96 

4 . 80 

4 .39 

Descri t i on 

(Alt . 6 . 63) NH 5447 4605 

Grey..,..brown silty clay 

Dark grey silt y- clay 

Coarse grey sand 

Dark grey silty- cl ay 

Brown peat 

Gravel 

(Alt . 10 . 13}~H 5112 4538 

Sand 

Gravel 

(Alt . 8 . 52}NH 5115 4537 

Grey~brovn silty- clay 

Dark grey sil ty- clay 

Dark grey sand 

Gravel 

(Alt . 8 . 46)NH 5117 4536 

Grey~brown silty- clay 

Dark grey silty-clay 

Micaceous grey sand 

Dark grey silty-clay 

Light gr ey sand 

Dark grey s i lty-clay 

Gravel 

(Alt . 8 .38)NH 5120 4535 

Grey brown silty-clay 

Dark grey silty-clay 

Micaceous grey sand 

Dark grey silty-clay 

Light grey sand 



Altitude Description 

H23 

6. 61 

5.74 

5.72 

5.38 

(Alt . 8 .34} NH 5122 4534 

Grey-brown silty-clay 

Dark grey silty~clay 

Micaceous grey sand 

Dark grey silty-clay 

4.73 Light grey sand 

1.83 

H24 

6.32 

5. 62 

5. 42 

4.82 

4.73 

4.02 

3.86 

l. 79 

H25 

6. 50 

5. 58 

5. 47 

2.32 

1.85 

Dark grey s1lty-clay 

Gravel 

(JUt . 8.38) NH 5124 4532 

Grey~brown silty~clay 

Dark grey silty~clay 

M1caeeous grey sand 

Dark grey silty~clay 

Peat 

Dark grey silty~clay 

Light grey sand 

Dark grey silty-clay 

Grayel 

(Alt . 8 . 06} NH 5128 4530 

&rey~ewown silty~clay 

Dark. grey silty~clay 

Mtcaceous grey sand 

Dark grey silty~lay 

Grey s~nd with peat 

Grayel 

AH:ltude 

H27 

Hl . 52 

10 .46 

10 . 41 

H28 

9.05 
8.06 

7. 91 

H30 

8. 23 

7.30 

5.70 

5. 52 

2.72 

2. 61 

1.95 

H3l 

7. 92 

Descript ion 

{ ll. 22) NH 5122 4 562 
Brown sand 

Dark grey silty- clay 

Grey sand 

Gravel 

{Alt . 10.31 ) NH 5124 4562 
Brown silty- sand 

Dark grey silty- clay 

Grey sand 

Gravel 

(Alt · ' 9·. 53) NH 5125 4560 
Brown silty- sand 

Gravel 

(Alt . 9.15) NH 5127 4560 
Brown silty~sand 

Grey~brown silty-sand 

Dark grey silty- clay 

Micaceous grey sand 

Dark grey silty clay 

(frey sand 

Dark grey silty- clay 

Gravel 

(Alt . 8.88) NH 5128 4559 
Brown silty-sand 



Altitude Description 

H32 

7. 59 

7. 54 

6. 98 

(Alt . 8. 56}NH 5133 4567 

Brown silty-sand 

Wood 

Coarse sand 

0.72 Dark grey silty- clay 

Gra-vel 

H33 

7. 92 
6. 22 

4. 54 

4. 49 

l. 73 

(Alt . 8 . 58} NH 5135 4553 

Brown silty- sand 

Grey-brown silty-sand 

Dark grey silty-clay 

Micaceous grey sand 

Dark grey silty-clay 

Gravel 

H34 (Jut . 8 . 241 NH 5144 4552 

5. 95 
4. 25 

4.09 

0.77 

H35 
10 .17 

H36 

9.39 

9.13 

8.79 

H37 

8. 71 

7. 67 

@rey..-br~wn silty-clay 

Dark grey silty-clay 

Micaceous grey sand 

Dark grey silty~clay 

Gravel 

(Alt . 11 .10) NH 5129 4588 

Brown sand 

Gravel 

(Alt . 9. 96} NH 5132 4587 

Brown sand 

Grey..-brown silty~lay 

Tan sand 

Gravel 

(Alt. 9. 26} NH 5134 4585 

Brown sand 

Grey- br own silty..-clay 

Gravel 

Altitude Descript ion 

H38 

7 .01 

0.07 

H39 
6. 67 

0 .35 

H4o 

6. 53 

0 . 54 

0 . 49 

H41 

6.34 

6. 08 

5.89 
..-0 . 51 
,-0 . 65 

H42 

6. 28 

5. 91 

5 . 77 

.... 0 . 23 

H43 

5. 95 
1.48 

..... 0 .17 

-B4-

(Alt . 8 . 69 ) NH 5136 4584 

Grey-br own s i lty- clay 

Dark grey s i lty- clay 

Gravel 

(Alt . 8 .33 ) NH 5138 4584 
Grey-brown sil ty- clay 

Dark grey silty- clay 

Gravel 

(Alt . 8 .14) NH 5140 4584 
Grey..-brown silty- clay 

Dark grey silty-clay 

Grey sand 

Gravel 

(Alt . 8 .01) NH 5142 4583 

Grey-brown silty-clay 

Dark grey silty-clay 

Micaceous grey sand 

Dark grey silty-clay 

Grey sand 

Pink-grey silty-sand 

(Alt . 7.84} NH 5143 4582 

Grey..,.. brown silty- clay 

Dark grey silt y-clay 

Micaceous grey sand 

Dark grey silty-clay 

Gravel 

(JUt . 7 . 63) NH 5151 4577 

Grey..-brown silty- clay 

Dark grey silt y- clay 

Grey sand+fine gravel 

Gravel 



Altitude 

H44 

11 . 92 

11.69 

11 .37 

Description 

(Alt . 12. 20)NH 5133 4604 

Brown silty sand 

Sand and fine gravel 

Brown silty sand 

Gravel 

H45 (Alt . 10 .76) NH 5136 4603 

10 . 56 

10 . 47 

10 .18 

10 .13 

Brown sand 

Tan sand 

Peat 

Light brown sand 

Gravel 

H46 (Alt . 9. 49} NH 5138 4602 

8. 91 

8.80 

7. 63 

H47 

8. 91 

8. 28 

7 . 52 
0 . 26 

H48 

6.84 

0 .05 

H49 

6. 50 

5. 91 

5.80 

0. 22 

~rey~brown silty~clay 

~rey sand 

Dark grey silty..-clay 

Gravel 

(Alt . 2 . o~:n NH 5142 46o3 

Grey..-orown silty..-clay 

Tan sand and fine gravel 

Grey..-brown silty-clay 

Dark grey silt y- clay 

~ravel 

(Alt . 8 . 641 NH 5142 4600 

Grey~brown silty~clay 

.Dark grey silty.,.-clay 

Gravel 

(Alt . 8 . 65} NH 5145 4599 
Grey..-br own silty..-clay 

Dark grey silty.,.-clay 

Micaceous grey sand 

Dark grey silty..-clay 
Gravel 

Alt itude 

H50 

6. 79 
6.01 

5. 97 
0. 64 

H51 

6. 29 

4.87 

4.80 

-0 . 94 

H52 

6.04 

0. 45 

H53 

11 .04 

Description 

(Alt . 8. 62) NH 5148 4598 

~rey..-brown silty..-clay 

Dark grey s i lty..-clay 

Micaceou s grey sand 

Dark grey silty-clay 

Gravel 

{Alt . 7 . 91) NH 5154 4594 

Grey..-br own silty- clay 

Dark grey silty- clay 

Micaceous grey sand 

Dark grey silty- clay 

~ravel 

(Alt . 7 .83) NH 5162 4590 

Grey- brown silty-clay 

Dark grey silty-clay 

Gravel 

(Alt . 11 . 41) NH 5164 4651 

Sandy..-silt 

~ravel 

(Alt . 11 .19) NH 5166 4651 

Brown silty- sand 

9. 61 Peat 

-BS-

9. 20 

9 . 02 

H55 

9.85 

9. 30 

9. 21 

8 .71 

8. 52 

5. 94 

Dark brown silty- clay 

Dark g-rey silty- clay 

Rock 

(Alt . 10 . 81) NH 5168 4650 

Brown silty- sand 

Grey-brown silty-clay 

Tan sand 

Peat 

Dark grey peaty silty- clay 

Dark grey silty- clay 



Altitude Description 

H55 (cant. 1 
5. 91 Wood 

4.96 Dark grey silty-clay 

4. 92 . Sand and gravel 

3 . 66 Tough light grey sand 

Gravel 

H56 

9.87 

9. 61 

9.50 
9.12 

8 .38 

0.15 

0.11 

(Alt . 10 .34)NH 5170 4649 

Brown sil ty..-sand 

Grey-brown silty-clay 

Sand 

Dark grey silty-clay 

Peat 

Dark grey silty-clay 

Gravel 

Light grey silty..-clay 

H57 (Alt . 9. 64}NH 5175 4646 

9. 22 

8 . 60 

8.31 

1.07 

0.87 

H58 
8.47 
R . 14 

Brown silty~sand 

Grey..-brown silty-clay 

Peat 

Dark grey silty..-clay 

Sand 

Tough grey silty clay 

(Alt . 9.151 NH 5178 4645 

Erown s;i:lty..-sand 

Br0wn neatv sil tv..-clav 

Alti:tude 

H60 

7 . 28 

6 . 76 

6. 27 

H61 

6. 68 

5.14 

4.89 

H62 

6.32 

4.60 

4.39 

H63 

5.77 
5. 41 

5. 22 
4. 51 

4.32 

Description 

(Alt . 8.30} NH 5246 4719 
Grey .... brown silty-clay 

Grey sil ty~sand 

Dark grey silty- clay 

Gravel 

(Alt . 7 .86) NH 5250 4713 
Grey- brown silty-clay 

Dark grey silty-clay 

Erown peat 

Tough grey silty- clay 

(Alt . 7 . 57) N~ 5252 4711 

Grey- brown silty- clay 

Dark grey silty- clay 

Brown peat 

Tough grey silty- clay 

(Alt . 7 · 22 ) NH 5262 4707 
Grey~llrown silty-clay 

Dark grey silty- clay 

Micaceous grey sand 

Dark gr~y silty- clay 

Brolffi Peat 

Tough grey silty- clay 

(Alt . 6. 04} NH 5268 4704 
Grev- llrown silty- clay 



Altitude 

H66 

4.84 

4.33 

3.23 

H68 

6.86 

6.34 

H69 

6.17 

5.36 

Description 

(Alt . 6.26) NH 528o 4695 

Grey-brown silty-clay 

Grey sand 

Dark grey silty-clay 

Tough grey silty-clay 

(Alt. 8.34} NH 5271 4 755 

Grey-brown silty-clay 

Micaceous grey sand 

Gravel 

(Alt. 7.88)NH 5273 4753 

Grey-brown silty-clay 

Tough ash-grey silty-sand}clay 

Rock 

(Alt . 7 .17} NH 5274 4 752 

.Grey-brown silty-clay 

Tough grey silty~clay 

3.92 Tough grey silty-sand 

Gravel 

H70 

5.77 

5.63 

5 . 19 

(Al t . 7 .71} NH 52 76 4 750 

Grey~brown silty~clay 

Dark grey silty~clay 

Brown peat 

Tough grey silty-clay}sand 

Altitude 

H72 

5. 72 

5.55 

4. 79 

4.67 

4.54 

H73 
4. 71 

4. 63 

4.32 

4.10 

Description 

(Alt . 7 .19) NH 5287 4739 

Grey-brown silty clay 

Coarse tan sand 

Dark grey silty-clay 

Peaty silty-clay 

Erown peat 

Tough grey silty-clay 

(Alt . 6.02)NH 5293 4734 

Grey-brown silty-clay 

Sedge peat 

Dark grey silty-clay 

Brown peat 

Tough grey silty-clay 

H74 (Alt . 5;54) NH 5299 4731 

3.73 

1.09 

H75 

3. 53 

l. 77 

H76 

1.25 

Grey-brown silty-clay 

Dark grey silty-clay 

Gravel 

(Alt. 4.76)NH 5303 4729 

c~ey-brown silty-clay 

Dark grey silty-clay 

Gravel 

(Alt . 4.86)NH 5305 4728 

Dark grey silty-clay 



Altitude 

H78 

3. 69 

2. 67 

2. 25 

H19 
8 .86 

8. 49 

H80 

7.78 
6.91 

5. 6!5 

H81 

4. 64 

4. 60 

4.08 

H82 

4.54 

3 .81 

3 .74 

3.00 

2. 20 

Description 

(Alt. 5. 20} NH 5311 4727 

Grey-brown silty-clay 

Dark grey silty~clay 

Tough grey silty-clay 

Fine sand 

(Alt . 9.10) NH 5366 4816 

Brown peat 

Peaty silty~sand 

Sand and gravel 

(Alt . 8 .01} NH 5367 4814 

Brown peat 

Micaceous grey sand 

Peaty sand 

Gravel 

(Alt . 6.18} NH 5368 4811 

Brown peat 

Micaceous gre¥ sand 

·.Dark gre¥ sil ty..-clay 

Grayel 

(Alt . 4.88). NH 5372 4809 

Peaty sitly~clay 

Grey~brown silty- clay 

Micaceous grey sand 

Dark grey silty- clay 

Brown peat 

Gravel 

Altitude Description 

H84 

3.37 

1. 56 

H85 

2. 58 

1.50 

(Alt . 4. 24}NH 5375 4805 

Grey~brown silty~clay 

Dark grey silty-clay 

Gravel 

(Alt . 4.13)NH 5385 4794 

Grey~brown silty-clay 

Dark grey silty-clay 

Gravel 

H86 (Alt . 3 .84) NH 5395 4787 

2. 45 

0 . 93 

0 .37 

H88 

7.28 

6. 96 

H82 

4. 63 

4. 49 

H90 

Grey-brown silty-clay 

Dark grey silty-clay 

Coarse grey sand 

Gravel 

(Alt . 10 .15; NH 5379 4825 

Tan sand + gravel 

Gravel 

(Alt. 7 . 49) NH 538o 4826 

Brown sand 

Brown P.eaty silty-clay 

Gravel 

(Alt . 5.95) NH 5382 4823 

Brown peaty silty-clay 

Tan sand 

Gravel 

(Alt . 5.3a) NH 5385 4822 

H83 

3.93 

3 . 59 

3. 51 
1.68 

·(Alt . 4.471 NH 5373 4807 4.86 Tan sand 

~rey~brown peaty silty-clay 4. 46 

Dark grey silty-clay 4.10 

Micaceous gTey ·sand 3.86 

Dark grey silty- clay 
Gravel 

-B 8-

Grey-brown silty- clay 

Dark grey silty-clay 

Grey sand 

Gravel 



Altitude Description 

H91 

4. 57 

3 . 69 

3 . 45 

(Alt. 4 . 77} NH 5387 4821 

Fine tan sand 

Grey- brown silty~clay 

Micaceous grey sand 

2.99 Dark grey silty~clay 

2 . 54 

2 . 35 

2 . 23 

H92 

3 .38 

1. 72 

1.24 

H93 

3 . 22 

1.66 

1.53 

1.06 

Brown peat 

Dark grey silty~clay 

Grey sand 

Gravel 

(Alt . 4 . 48}NH 5387 4820 

Grey- brown silty~clay 

Dark grey silty-clay 

Grey coarse sand 

Gravel 

(Alt . 4 .17 }NH 5388 4818 

Grey~brown silty~clay 

Dark grey silty~clay 

Coarse grey sand 

Coarse tan sand 

Gravel 

H94 CAlt . 4 . 06 }NH 5389 4817 

2 . 62 

1.77 

Grey-l5rolJll :;;il:ty..,..cla¥ 

.Dark grey silt y..-clay 

Coarse tan sand 

H25 (Alt. 3 . 82} NH 5396 48o5 

2 . 91 

1.26 

1.21 

Grey.,...b~own silty ... clay 

.Dark grey silty..,..clay 

Grey sand 

Gravel 

Altitude 

H96 

2 . 47 

2 .19 

H97 

1.06 

- 0 .14 

H98 

8 . 22 

H99 

6 . 00 

5. 85 

HlOO 

4 . 54 

4 . 34 

men 
3 . 94 

3 . 65 

Hl02 

3 .76 

3 . 53 

3 . 21 

- B9 -

Description 

(Alt . 3 . 23) NH 5408 4785 

Grey- brown silty-clay 

Coarse tan sand 

Coarse grey sand 

(Alt . 1 . 55) NH 5426 4769 

Grey- brown silty- clay 

Dark grey silty- clay 

Gravel 

(Alt . 8 . 53) NH 5417 4852 

Brown sand 

Gravel 

(Alt . 6 . 49) NH 5417 4850 

Grey- brown silty- clay 

Brown peat 

Gravel 

(Alt . 5.17) NH 5419 4849 

Brown silty-sand 

Grey-brown silty- clay 

Gravel 

(Alt . 4 . 35} NH 5422 4848 

Brown silty- sand 

Grey-brown silty- clay 

Gravel 

(Al t . 4 .02) NH 5423 4846 

Brown silty-sand 

Grey- brown silty- clay 

Coarse grey sand 

Gravel 



Altitude Description 

Hl03 

3 . 21 

2 . 94 

2 . 48 

Hl04 

1.66 

1.55 

Hl05 

2 . 88 

2 . 26 

1.94 

1.01 

Hl06 

2. 73 

1.97 

J. . 57 

1.03 

Hl07 

2 . 96 

1.97 

1.22 

1.14 

Hl08 

1.11 

0 . 91 

0.04 

(Alt . 3 . 74) NH 5425 4845 

Brown silty-sand 

Grey- brown silty-clay 

Coarse tan sand + gravel 

Gravel 

{Alt . 3 . 87) NH 5426 4843 

Brown silty-sand 

Tan sand 

Gravel 

(Alt . 3 . 97} NH 5428 4842 

Brown silty~sand 

Dark grey silty-clay 

Grey s~lty-sand 

Tan sand 

Gravel 

(Alt . 3 . 68). NH 5430 4840 

Brown silty- sand 

Dark grey silty- clay 

Grey sand 

Tan sand 

Gravel 

(Alt . 3 . 481 NH 5431 4838 

Brown silty~sand 

Dark grey silty~clay 

Grey sand 

Gr avel 

Tough grey silty~clay 

(Alt . 1 . 65) NH 5453 481 3 

Dark grey silty~clay 

Grey sand 

Dark grey silty- clay 

Gravel 

Altitude Descript ion 

Hl09 

0 .16 

..-0 . 25 

HllO 

3 . 42 

3 .15 

3 . 03 

Hlll 

3 . 97 

3 . 65 

2 . 99 

2 .11 

Bll2 

3 . 99 

3 . 93 

2 . 90 

2 . 27 

1.92 

1.85 

Hll3 

3 . 78 

2 . 72 

2 . 39 

1.87 

1.64 

(Alt . 1 . 33) NH 5472 4797 

Grey-brown silty- clay 

Dark gr ey silt y-clay 

Gravel 

(Alt . 4 . 27) NH 5445 4863 

Grey-brown silty-clay 

Brown peat 

Coarse gr ey sand + gravel 

Gravel 

(Alt . 4 . 21) NH 5446 4861 

Brown silty-sand 

Dark grey silty-clay 

Grey silty- sand 

Brown peat 

Gravel 

(Alt . 4 . 19) NH 5448 4860 

Brown peaty-sand 

Tan sand 

Dark gr ey s~lty-clay 

Brown peat 

Dark grey silty- clay 

Gravel 

Ash~grey fine sand 

(Alt . 4 . 26) NH 5449 4858 

Tan sand 

Grey-br own silty- clay 

Brown peat 

Dark grey silty-clay 

Grey sand 

Gra-vel 

-BlO-



Altitude Description Altitude Description 

Hll4 (Alt. 3.98} NH 54514857 Hl20 (Alt. 3.83) NH 54924866 

3 .41 Tan sand 

3 .07 

2 . 41 

2 .05 

1.77 

1.66 

Grey-brown silty-clay 

Dark grey silty-clay 

Brown peat 

3.37 Fine brown sand 

Gravel 

Dark grey silty-clay 

Coarse grey sand 

Gravel 

(Alt. 3 . 82} NH 54534855 

Tan sand 

Hl21 

2 .59 

Hl22 

2.16 

1.85 Dark grey silty-clay 

Hll6 

l. 54 

1.05 

0.99 

Hll7 

0.77 

0.37 

-0.18 

Coarse grey sand Hl23 

Gravel 1.80 

l. 75 

(Alt. 1.961 NH 54694840 1.64 

Grey~brovn silty-clay 

Tan sand 

Dark grey silty~clay Hl24 

Gravel 1.74 

(Alt . l. 08} NH 54874819 

Grey~brown silty~clay Hl25 

Grey sand 1.51 

Tan sand 1.34 

Gravel 1.25 

-~-- f"'l l a.., • r'7 ,....,....,. '\ ~TTT r\ , 00\ . 1"'\LO 

(Alt . 2 .91) NH 54944862 

Grey-brown silty-sand 

Gravel 

(Alt~ 2 .59) NH 54954860 

Grey-brown silty-clay 

Gravel 

(Alt . 2 .32) NH5495 4858 

Grey-brown silty-clay 

Gravel 

Light tan sand 

Gravel 

(Alt. 2 .16) NH 5496 4857 

Grey-brown silty-clay 

Gravel 

{Alt. 1.96) ·NH 54964855 

Grey-brown silty-clay 

Coarse grey sand 

Gravel 

Tough grey silty-sand/clay 



Altitude Descri tion 

Hl27 (Alt. 7 .01) NH 55974905 

6 .90 Sand +fine gravel 

Gravel 

Altitude Descri tion 

Hl35 (Alt. 5.57) NH 56224916 

5.17 Brown /tan sand 

Tan sand + gravel 

Hl28 

3 . 52 

(Alt . 3.76} NH 55984904 Hl36 (Alt . 3.99) NH 56234914 

Sand 3.81 Tan sand 

Gravel 

Hl29 

2 . 60 

Hl30 

2 . 31 

1.66 

Hl31 

2.11 

1.45 

Hl32 

2 .18 

1.15 

Hl33 

2 . 31 

1.73 

1.48 

1.41 

1.01 

Gravel 

(Al t · 3 • 25) NH 55984902 

Grey-brown silty~clay 

Gravel 

(Alt . 3 . 36} NH 55984899 

Grey-brown silty~clay 

Dark grey silty-clay 

Gravel 

(Alt. 3 .12} NH 55994897 

Grey~brown silty-clay 

Dark grey silty-clay 

Gravel 

(Alt. 3 .03) NH 55994894 

Grey~brown silty~clay 

Dark grey silty~clay 

Gravel 

(Alt. 2 .77) NH 56014888 

Tan silty-sand 

Grey-brown silty-clay 

Dark grey silty~clay 

Coarse tan sand 

Dark grey silty-clay 

Gravel 

Hl34 (Alt . 6.92) NH 562249~8 

6.22 Tan sand 

Gravel 

Hl37 

3.10 

Hl38 

2 . 21 

0.70 

0.65 

(Alt . 3.25) NH 56234911 

Tan sand 

Gravel 

(Alt. 2 .75) NH 56234909 

Grey-brown silty-clay 

Dark grey silty-clay 

Gravel 

0.49 Tough grey silty-clay 

Pink-grey sand 

Hl39 

2 .09 

0.99 

0.37 

0.23 

(Alt. 2 . 63) NH 56244907 

Grey~brown silty-clay 

Dark grey silty-clay 

Grey sand 

Tough grey silty-clay 

Light grey· fine sand 

Hl40 (Alt . 2 .72} NH 56254~04 

2.05 

1.11 

..-0.21 

~0.33 

..-0.41 

-Bl2-

Grey~brown silty-clay 

Dark grey silty-clay 

Grey sand 

Dark grey silty-clay 

Coarse grey sand 

Tough grey silty-clay 



Altitude Description Altitude Description 

Hl41 (Alt. 2.63)NH 56254902 Hl48 (Alt. 3.70) NH 67235232 

2.20 Grey-brown silty-clay 3.06 Brown peat 

2.06 Brown silty-sand 2.94 Peaty sand 

0.82 Dark grey silty-clay Gravel 

0.23 Coarse dark grey sand 

Light grey silty-clay Hl49 (Alt. 3.06) NH 67235234 

2.62 Brown-grey peaty-silty-clay 

Hl42 (Alt. 2.6l)NH 56264894 2.53 Grey sand 

1.88 Grey-brown silty-clay 1.83 Dark grey silty-clay 

0.85 Dark grey silty-clay 1.50 Tan sand 

-0.03 Dark grey coarse sand 1.22 Pink sand 

-0.14 Dark grey silty-clay Rock 

Gravel 

Hl50 (Alt. 2. 53) NH 67245235 
Hl43 (Alt. 8.46)NH 67515226 2.32 Brown-grey peaty-silty-clay 

8.16 Brown sand 2.15 Grey sand 

Tan sand + gravel o. 57 Dark grey silty-clay 

0.38 Gravel 

Hl44 (Alt. 3.59)NH 67505229 Tough pink sand 

3.04 Dark brown peaty-clay 

Rock lil51 (Alt. 2.36) NH 67245237 
2.01 Dark grey silty-clay 

Hl45 {Alt. 2.99)NH 67505231 1.95 Grey sandl 

2.49 Brown peaty-silty-clay 0.22 Dark grey silty-clay 

1.10 Dark grey silty .... clay Ciravel 

Gravel 

Hl52 (Alt. 2.24) NH 67255241 

Hl46 (Alt. 2 · 75) NH 67525232 1.88 Grey-brown peaty-silty-clay 

2.28 Brown peaty-silty-clay 1.80 Grey sand 

2.21 Grey sand 0.39 Dark grey silty-clay 

0.35 Dark grey silty-clay Gravel 

Rock 

Hl53 (Alt. 3.72) NH 67115233 

Hl47 (Alt. 2.47)NH 67525234 2.98 Brown peaty-silty-clay 

2.05 Brown peaty-silty-clay 2.90 Grey sand 

0.05 Dark grey silty..-clay 2.72 Dark grey silty-clay 

Gravel Gravel 
-Bl3-



Altitude Descr iption Altitude Descr i ption 

Hl54 (Alt . 2 . 98 )NH 671252 34 Hl61 (Alt . 2 . 63) NH 65925363 
2 . 62 Brown- grey peaty- silty-clay 2 .17 Brown silty- sand 

2 . 54 Grey sand 0 . 73 Dark gr ey s i lty- clay 

2 . 01 Dark grey silty- clay 0 . 65 Coarse grey sand 

1.82 Grey sand 0 .18 Dark gr ey s ilty- clay 

1.09 Dark grey silty- clay Gravel 

Rock 

H162 (Alt . 2 . 47) NH 65925361 

Hl55 (Alt . 2 . 58)NH 67125236 1.44 Gr ey- brown silty-clay 

0 . 54 Dark grey silty- clay 1. 05 Dark gr ey s ilty- clay 

Gravel 0 . 62 Gr ey sand 

-0 . 49 Dark gr ey silt y- clay 

Hl56 (Alt . 2 . 50)NH 67135238 Gravel 

0 . 49 Dark grey silty~clay 

Gravel Hl63 (Alt . 2 . 43) NH 65935360 

1.34 Grey- brown silty- clay 

Hl57 (Alt . 2 . 43)NH 67145240 - 0 . 44 Dark grey s i lty- clay 

0 . 29 Dark grey silty- clay Rock 

Gravel 

Hl64 (Alt . 2 . 30) NH 65935357 

Hl58 (Alt . 2 . 60)NH 67155244 1.16 Gr ey- brown silty- clay 

2 . 04 Dark grey s i lty- clay -0 . 91 Dark grey s i lty- clay 

1.93 Ash- grey sand - 1 . 09 Brown sand 

-1. 305 Dark grey silty- clay Rock 

Gravel 

Hl65 (Alt . 2 . 38) NH 65945355 

Hl59 (Alt . 3 . 98)NH 6591 5367 1. 60 Grey- brown silty- clay 

3 . 72 Sand 1.45 Tan sand 

Gravel - 1 . 29 Dark grey s i lty- clay 

Gr avel 

Hl60 (Alt . 3 . 06)NH 65915365 

2 . 91 Brown silty- sand Hl66 (Alt . 3 . 43) NH 65675358 

2 . 32 Dark grey silty- clay 3 . 08 Br own silty-sand 

1. 65 Grey sand Rock 

1. 20 Pink- grey sand 

Gravel 
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Altitude Description Altitude Description 

Hl67 (Alt . 2.85)NH 6568535t Hl74 (Alt . 3. 23) NH 65455354 
2. 24 Coarse tan sand 2.74 Tan sand 

0. 57 Dark grey silty- clay - 0 . 24 Dark grey silty- clay 

Hl68 

2. 23 

-1.22 

Gravel 

(Alt . 2. 62)NH 65695355 Hl75 

Tan sand ~ fine gravel 1 .80 

Dark grey silty- clay 1 .71 

Gravel - 0 . 91 

Hl69 (Alt . 2.70)NH 65705353 

2. 33 

2.01 

1.86 

-1 . 60 

Brown sand Hl76 

Dark grey silty- clay 2. 32 

Tan sand 2.01 

Dark grey silty-clay 1 .71 

Gravel -0 .85 

Hl70 (Alt . 2. 66)NH 65705350 

2. 23 

2.00 

1.84 

- 2.35 

Hl71 

2.15 

-2 . 42 

Fine brown sand Hl77 

Dark grey silty- clay 2. 05 

Tan sand 1 . 57 

Dark grey silty- clay -1 .38 

Gravel 

(Alt . 2. 63)NH 65725348 Hl78 

Fine brown sand 5.82 

Dark grey silty- clay 

Gravel 

Gravel 

(Alt . 2. 64) NH 65465351 
Grey- brown silty- clay 

Grey sand 

Dark grey silty- clay 

Gravel 

(Alt . 2.75) NH 65475348 
Tan sand 

Dark grey silty- clay 

Grey sand 

Dark grey silty- clay 

Rock 

(Alt . 2. 50) NH 65485341 
Grey- brown silty- clay 

Grey sand 

Dark grey silty- clay 

Rock 

(Alt . 6.11) NH 64635300 
Br own sand 

Gravel 

Hl79 (Alt . 5. 58) NH 65645299 

Hl72 

5. 52 

Hl73 

4. 42 

(Alt . 5.75)NH 65445358 5.12 

Brown sand 4. 64 

Gravel 

(Alt . 4. 47)NH 65445356 

Sand + fine gravel 

Gravel 

Hl80 

4. 46 

4.36 

-Bl5-

Brown- grey sandy- silty- clay 

Coarse tan sand ' + gravel 

Gravel 

(Alt . 5.21) NH 64655297 
~rey-brown silty- clay 

Grey sand 
Gravel 



Altitude Description Altitude Description 

Hl81 (Alt . 5. 5l)NH 64675293 Hl82 (Alt . 5 . 48)NH 64685291 

5. 11 Grey- brown silty- clay 5 . 11 Grey- brown silty- cl ay 

4 . 79 Tan sand 5 . 03 Fine tan sand 

4 . 71 Grey-brown silty- clay 4 . 91 Grey- brown silty- clay 

Gravel Gravel 

2 Commercial Borehole Records 

.Altitude Description 

Ml 
Alt . -11.81 

- 14 . 55 

-16 . 23 

:-:17 . 75 

- 18 . 67 

-20 .19 

- 23 . 70 

- 24 . 61 

-28 . 57 

- 35 . 89 

- 38 . 18 

- 53 .87 

- 58 . 60 

M2 
Alt. -8 . 3 

- 10 . 74 

- 12 . 72 

~19 . 27 

- 19 . 58 

- 23 . 69 

- 31.16 

- 31 . 46 

- 31.71 

-45 . 74 

- 54 . 02 

(NH 6643 4760) 

Brown fine to coar se sand , grav el , cobbles and boulders 

Cobbles and Boulders 

Brown fine sand and gravel with some cobbles 

Cobbles and boulders 

Brown fine to coarse sand and gravel 

Coarse gravel with boulders 

Brown and black organic sandy clay with shell fragments 

Brown silty clay f ine sand with sil t layers 

Brown silty clay with layer s of sandy silt 

Brown clayey silt with layers of silty clay 

Brown silty fine sand 

Grey silty sand 

(NH 6631 4776) 

Sandy fine to coarse gravel with shell fragments 

Grey sandy silt with fine to coarse gravel + cobbles 

Fine to coarse sand and gravel with cobbles and boulders 

Boulder 

Fine to coarse sand and gravel with cobbles and boulders 

Coarse sand and gravel with cobbles 

Boulder 

Fine to coarse sand and gravel with cobbles 

Boulders with cobbles , fine to coarse sand + gravel 

Grey- brown silty fine sand 
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Altitude 

M3 
Alt . -1 . 68 

-7 . 47 

-10 . 98 

- 26 . 06 

-29.72 

-34 . 45 

-41.30 

-47 . 86 

M4 
Alt . 0.91 

-20 . 52 

- 21.52 

-23 . 78 

-26 . 52 

L5 
Alt. 27 . 25 

26 . 03 

22 . 45 

21 . 95 

18 . 95 

18.29 

16 . 35 

12 . 95 

- 0 . 25 

L6 
Alt . 5 . 16 

4 . 86 

1.90 

- 6 . 20 

- 15 . 48 

- 16 . 72 

- 18.76 

- 20 .19 

Description 

(NH 6660 4739) 

Medium to coarse gravel with cobbles and boulders 

Fine to coarse sand with occasional gravel 

Sandy fine to coarse gravel with cobbles and boulders 

Fine to coarse sand with gravel 

Grey-black organic silty clay with pebbles and shell 
fragments 

Brown silty fine sand 

Brown silty fine sand with bands of silt 

(NH 6675 4730) 

Brown sandy fine to coarse gravel with cobbles and 
boulders 

Brown sandy fine to coarse gravel with cobbles and 

pockets of grey silty clay with shell fragments 

Grey silty clay with shells and occasional gravel 

Brown silty fine sand 

(NH 6888 4522) 

Sandy clayey silt with gravel 

Brown fine sand 

Sandy fine to medium gravel 

Brown fine sand 

Brown sndy clayey silt 

Sandy fine to coarse gravel with clay binder 

Boul9-ers 

Sandy fine to coarse gravel with clay binder 

(HN 6858 4564) 

Topsoil 

Brown f ine sand 

Sandy fine to coarse gravel 

Fine sand 

Brown silty sand 

Fine sand 

Sandy fine to coarse gravel and cobbles 
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Altitude 

17 
Alt . 2.77 

2. 54 

0.24 

-3 . 54 
-3.84 

-4.48 

-9 . 51 
-22.56 

18 
Alt . 2. 64 

0. 61 

-0 .36 

-1.36 

-1 . 51 

-2 .36 

-4 . 26 

- 4. 96 

-6 .36 

- 6. 96 
-8.66 

-9 .86 

-10 .89 

- 25 .31 

110 
Alt . 3 .86 

2.86 

Topsoil 

Fill 

Description 

(NH 6833 4586) 

Fine to coarse sand and fine to medium gravel 

Grey silty sand 

Grey sandy silt 

Brown fine sand 

Brown silty fine sand 

(NH 6766 4612) 

Brown clayey fine to coarse sand with gravel and 
cobbles 

Coarse sand and fine to coarse gravel 

Boulders 

Coarse sand with fine to coarse gravel 

Boulders 

Coarse sand with fine to coarse gravel 

Boulders 

Coarse sand with fine to coarse gravel 

Boulders 

Coarse sand with fine to coarse gravel 

Grey- brown fine sand with shells and pebbles 

Grey sandy silt with shells and occasional cobbles 

Brown fine sand 

(NH 6609 4793) 

Brown fine sand and boulders 



Altitude 

Lll 
Alt . 27 . 97 

27 . 67 

25 .47 

24 .87 

23 .17 

22 . 47 

19 . 97 
18 .17 

13.37 

12.57 

9.37 

9. 29 

5.33 
5. 28 

:L97 

3.35 

66/4 
Alt . 7.0 

6. 69 

5.35 

3 .70 

0 .35 

0 .00 

- 2. 20 

66/5 
Alt . 8 .1m 

7.55 
4.40 

4.00 
0;80 

- 0 .40 

~2.75 

DescriptcLon 

(NH 6609 4793) 

Topsoil 

Brown fine to coarse sand with fine to coarse gravel 

Boulders 

Brown fine to coarse sand with fine to coarse gravel 

Boulders 

Brown fine to coarse sand with fine to coarse gravel 

Boulders 

Brown fine to coarse sand with fine to coarse gravel 

Boulders 

Brown sand with fine to coarse gravel 

Brown silty sand 

Brown sand with fine to coarse gravel 

Brown silty sand 

Brown sand with fine to coarse gravel 

Boulder 

(NH 5199 4586) 

Topsoil 

Brown mottled clay and silt with some sand 

Brown silty fine sand 

Loose grey fine sand with traces of peat 

Dark grey silt 

Dense grey sandy gravel 

(NH 5197 4589) 

Topsoil 

Brown mottled silt + some sand + some peat 

Dark grey silt with some sand and peat 

Brownish grey silty sand and some peat 

Dark grey silt 

Grey sandy gravel with silt layers. 
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Altitude 

216 
Alt. 10.00 

9.70 

8 .17 

5. 73 

0. 86 

0 . 42 

219 
Alt. 2. 4o 

2.10 

-1.05 

-10 .19 

220 
Alt . 2.13 

1.90 

-0 . 31 

-0 . 92 

-28.96 

-34.45 

221 
Alt . l. 50 

l. El5 

0 . 44 

- 3. 99 

- 5. 70 

-12.52 

- 16 . 33 

D escription 

(NH 5166 4619) 

Topsoil 

Mottled brown and grey fine sand and silt with 
organic matter . 

Brown highly organic clay with large fragments of 
timber and grey silty clay 

Grey silty clay with occasional fragments of wood 
and shells 

Grey sandy gravel 

(NH 5421 4685) 

Topsoil 

Mottled brown and grey silty clay 

Light grey fine to medium sand with occasional cobbles 

(NH 5407 4698) 

Topsoil 

Mottled brown and grey fine sandy silt with occassional 
gravel 

Grey very sandy fine to coarse gravel with occassional 
cobbles 

Light grey fine to medium sand becoming fine to 
coarse sand in places 

Grey silty clay with occassional gravel 

(NH 5529 4846) 

Topsoil 

Brown organic clay and grey silty clay 

Light grey fine to coarse sand with occasional fine 
to medium gravel and pockets of light grey silt 

Grey fine sandy silt 

Grey slightly sandy clay 

Grey clayey sandy fine to coarse gravel with cobbles 
and small boulders 
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APPENDIX III 

CONSTRUCTION OF SHORELINE DIAGRAMS 

All the Lateglacial shoreline fragment altitudes were plotted on 

a series of height-distance diagrams aligned along projection planes 

at 15 intervals between W-E and SE-NW. Visual inspection indicated 

that tilted shorelines could only be identified in projection planes 

between S-N and S60 W-N60 E . However unlike some previous raised 

shoreline studies (eg. Smith, 1965; Cullingford, 1972; Dawson , 1979; 

Sutherland, 198lb) no marked alignment of shoreline fragments was 

evident in the diagrams . A standardised approach therefore had to 

be adopted in order to identify tentative shorelines as well as the 

plane of projection normal to the isobases . The standardised 

app~oach assumed two points : -

i) the shoreline fragments associated with the Balblair , Muir 

of Ord, Highfield and Orrin deltas (S220 , S221 , S253, S269 , 

S275 , S282) were part of the same shoreline . 

ii) that it should be possible to connect these shoreline fragments 

by a straight line along the plane normal to the isobases 

and by a zone between two parallel lines for other projection 

planes . Since for the latter the fit of the data is unlikely 

to be poorer giving a greater spread to the results . 

For each projection plane between N-S and S6ifW-N6if E 

the following procedure was implemented by only using shoreline 



ii) Marked localised alignments of shoreline fragments for other 

shorelines were then identified (Figs . 87b) . These correl

ations were produced on the basis of morphological constraints 

and are represented by a tilted zone between two parallel lines. 

iii) The short sections of shoreline identified in section ii) 

were extended by projecting the visually identified parallel 

lines eastward and westward within the morphological constraints 

present (Figs . 8 7c) . Again different correlations were 

identified particularly for shoreline fragments lying below 

the shoreline identified in section i) . However the various 

lines proposed usually differed in the correlation of shoreline 

fragments west of Nairn with those east of Nairn. 

iv) Other possible shorelines (usually of poor quality) were 

then identified (Figs . 8 7d). 

v) A list of shoreline fragments associated with each shoreline 

was then compiled, this taking full account of the limited 

number of variations in the correlations proposed . 

It must be noted that this process was only undertaken to 

identify shoreline fragments that consistently correlate 

with a single shoreline no matter what the plane of projection . 

Three shorelines were identified which had 10 or more common 

shoreline fragments and these were then used to define the 

best plane of projection. Once this plane of projection had 

been identified the same procedure was carried out to identify 

the specific shorelines, but in this case more emphasis was 

placed upon the possible variations in correlation. 
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